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AGENDA 
Day 1:  October 31, 2000 

GSFC Introduction  Wolff  15 Minutes  8:00 - 8:15      Page 4 
Program Management  Grant  45  8:15 - 9:00      Page 14 
Science   Yee  45  9:00 - 9:45      Page 97
BREAK     15  9:45 - 10:00
System   Kusnierkiewicz 90  10:00 -11:30   Page 128
Software   Chu  60  11:30 - 12:30  Page 195
LUNCH     45  12:30 - 1:15
R&QA   Ali  30  1:15 - 1:45      Page 231
SPACECRAFT 
IEM    Marth  30  1:45 - 2:15      Page 261
Processors   Perschy  15  2:15 - 2:30      Page 274
SSR    Bogdanski  15  2:30 - 2:45      Page 308
Cdm/Tlm I/F  Oden  15  2:45 - 3:00      Page 319
C&DH Software  S. Williams  30  3:00 - 3:30      Page 330
BREAK     15  3:30 - 3:45
RF Comm   DeBoy  15  3:45 - 4:00      Page 526
GNS   Heins  60  4:00 - 5:00      Page 466
GNS Software  Chacos  45  5:00 - 5:45      Page 394
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AGENDA 
Day 3:  November 2, 2000 

SPACECRAFT CONTINUED 
IEM (CONT’D) 
Boot Code   Schneider  45 Minutes  8:00 - 8:45       Page 359
RIU    Reiter  15  8:45 - 9:00       Page 1004
DC/DC Converters  Temkin  15  9:00 - 9:15       Page 1014
Power System  Butler  60  9:15 - 10:15     Page 1030
BREAK     15  10:15 - 10:30 
G&C   Radford  15  10:30 - 10:45   Page 1070
G&C Software  Wilson  60  10:45 - 11:45   Page 918
Autonomy   Harvey  60  11:45 - 12:45   Page 786 
LUNCH     45  12:45 - 1:30 
Mission Operations  Knopf  60  1:30 - 2:30       Page 715
Ground System  Rodberg  60  2:30 - 3:30       Page 682
BREAK     15  3:30 - 3:45
MOC   Mitnick  30  3:45 - 4:15       Page 610
Ground Station  Gemeny  30  4:15 - 4:45       Page 578
MDC   Lafferty  30  4:45 - 5:15     Page 545
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AGENDA 
Day 4:  November 3, 2000 

Mechanical   Vernon  30 Minutes   8:00 - 8:30       Page 869
Solar Array Deployments  Vernon  30  8:30 - 9:00       Page 892
Launch Vehicle Interfaces Vernon  30  9:00 - 9:30       Page 984
Alignments/Error Budget  Sadilek  30  9:30 - 10:00     Page 970
BREAK     15  10:00 - 10:15
Thermal   B. Williams  45  10:15 - 11:00    Page 836
FMEA, FTA, PRA  Farmer, STi  60   11:00 - noon
Safety   Dion  30  Noon - 12:30    Page  1014
Conclusion/Wrap-up  ALL 
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Thermosphere-Ionosphere-Mesosphere 
Energetics and Dynamics (TIMED) Project 

( Overview to Red Team Committee I 
John Wolff- NASAIGSFC 
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The TIMED Mission is the first science mission in the Solar Terrestrial Probe Program. The TIMED 
Mission will explore the Earth's Mesosphere and Lower Thermospherellonosphere (MLTI) region. 
(60 to 180 km) 

A Science Definition Team (SDT) was established in December 1990, by NASA's Space Physics Division 
to develop a satellite program for exploration of the MLTI region, which resulted in the TIMED Mission. 
Phases AIB Definition Studies were conducted by GSFC's Flight Projects Directorate (FPD) during 1991, 
to develop the mission concept defined by the SDT. 

The original TIMED Mission consisted of two identical spacecraft carrying nine instruments each. The 
operation lifetime of each spacecraft would be 2 years with a design goal of 5 years. 

The TIMED Mission was removed from GSFC, and through a restructuring process was downsized to one 
spacecraft and four instruments. In 1994, NASA HQ assigned responsibility for performing the Phase CID 
effort to the JHUIAPL. 

The JHUIAPL assumed overall management of the mission definition, including the preliminary design of 
the spacecraft, ibe development of four science investigations, and development of mission operations 
concept. 

John Wolff- NASNGSFC 
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( Interdisciplinary Investigators 1 

Interdisciplinary Investigators 

A. Smith 
J. M. Forbes 
D. C. Fritts 
J. U. Kozyra 
H. G. Mayr 
S. C. Solomon 

NCAR 
University of Colorado 
University of Colorado 
University of Michigan 
NASAIGSFC 
NCAR 

Ground-based Community Representatives 

J. W. Meriwether Clemson University 
J. Thayer SRI, International 

John Wolff- NASNGSFC 
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m ~ a n a ~ e r n e n t  Philosophy 1 

TIMED to be managed in a "lite touch" mode. 

0JHUIAPL to manage the TIMED Mission for the GSFC. 
eGSFC to exercise minimum oversight of JHUIAPL. 
0GSFC TIMED Project staffed with approximately 2 - 3 FTE's. 
0JHUIAPL internal policies a procedures to be used where applicable. 

JHUIAPL responsible for managing the instruments: 

.SABER GFE from LaRC. 
*SEE and TlDl under contract to JHUIAPL. 
*GUVI build and tested at JHUIAPL. 

JHUIAPL d responsible for MO & DA. 

John Wolff- NASAIGSFC 
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I NASAIGSFC TIMED Project Organization 1 
TIMED Project Manager 

John Wolff 
Project Administrative Assistant 

Terri Hynson 

I Project System engineer (PT) L -------. 
Bruce Campbell 

b 

Business Manager (PT) 
Phil Shimkaveg 

I Project Scientist I 
I Dr. Richard Goldberg I 

------- 1 Flight Assurance Manager (PT) 
I Ron Perison I 

I Contract Manager (PT) I 
I James Debelius I 

------- Co-Location John Wolff- NASAIGSFC 
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GSFC Project Manager's Assessment I 

Assessment 

.Project in good shape to meet a March 2001 Launch. 

.JHU/APL has done a good job. 

John Wolff- NASNGSFC 
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TZMED PROJECT OFFICE 
David G. Grant 
Proj ect Manager 

Tel: 240-228-5297 
FAX: 240-228-5297 

e-mail: david.grant @ j huapl.edu 

The Johns Hopkins University 
Applied Physics Laboratory 

Laurel, MD 20723-6099 









Reliability and Quality 
Assurance 
S. R. Pumrin 

Management Systems 
support 

S. L. Quinn 

Svace Department 

Space Department Head 
S. M. Krimigis 

Asst. Dept. Head for Business 
L. J. Crawford 

Asst. Dept. Head tor Operation 
W. L. Ebert 

Program Manager Chlef Englneer 
T.B. Coughlin E. J. Hoffman 

I I 
I 

I I 
Program Development 

Olttce of Education 
and Outreach 
K. B. Beisser 

Engineering and Technology 
Branch 

G. H. Fountain 

Space Systems Appilcatlons 
W. S. Devereux 

Electronic Systems 
A. L. Lew 

Integration and Operations 
R. K. Huebxhman 

Mechanical Systems 
W. E. Skuilney 

RF Engineering 
M. L Edwards 

SR 
Science and Analysis Branch I 

C.4. Meng I 
Atmospheric and Ionospheric 

Remote Sensing 

Space Sclence lnstrumentatlon 
R. M. Henshaw 

Mlsslon Concept and Analysis 
T. E. Strlkwerda 

Ocean Remote Sensing 
R. F. Gasparovic 

Space Physics 
R. W. McEntire 

- 

SRS 
Software and Data Systems 

L. L. Suther 
K. J. Heeres 

M. I. Chu 

I Managers 
J. F. Appleby 
R. E. Dove 

D. J. McMorrow 

Program Managen 
M. C. Chiu 
D. G. Grant 
J. T. Mueller 
C. T. Pardoe 

M. R. Peterson 
J. J. Suter 

13. E. Tossman 
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TIMED Is A Design To Cost Mission 
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TIMED Management Approach 
Based Upon NEAR Program "B, F, C" Paradigm 
Streamlined Management 
- APLISD Allows Program Managers Wide Decision 

Making Latitude 
Seasoned System Engineers, Major Program 
Element Leads 
- Delegation of Technical Authority, Responsibility 

Subsystem Lead Engineer Empowerment 
- bxperience 
- Stability 
- End-to-End Commitment 
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TIMED Management Approach 

Use Proven APL Technical Practices and 
Procedures. Strong NASA Heritage. Value 
Added Requirement. P&P are Simplified and 
Accessible. 
- Reviews 
- Tests 
- R&QA 
- Documentation 
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TlMED Management Approach 

Peer Reviews; Closure of Action Items Responsibility of 
Subsystem Lead Engineer. Formal Documentation or 
Tracking Not Required at Project Level. 

System Level Reviews; Closure Indicated Via Subsystem 
Lead Engineer Memo. Spacecraft System Engineer 
Delegated RFA ReviewIApproval Authority. 
Documentation/Tracking Via PA Office. 
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TZMED Management Approach 

- PFR's, SPR'S 
PFR Process Starts at Subsystem Level Acceptance Testing 

SPR Process Starts Upon Delivery of Software 

Spacecraft System Engineer , Spacecraft SW Engineer 
Delegated ReviewIApproval Authority 

Anomaly Goes Through Reporting, Analysis, Corrective 
d 

Action, Verification, concurrence of CCB (HWIS W) 

Documentation, Tracking via PA Engineering 
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* 

- 

TIMEDManagernent Approach 

Communications 
- Spacecraft Status Meetings 

Weekly, Ph.B Start Through I&T Start 
Spacecraft System Eng. Chair, Full Design Team, PA, 
Mfg, etc. 
Present Mechanical Status, Other Subsystem by Turn, 
Weight and Power Margins, Status All, Problems 
Published Minutes 
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TIMED Management Approach 

Communications 
- Staff Meeting 

Weekly, PHB Start Through I&T Start 
Project Manager, Project Scientist, System 
Engineering Office, Program Element Leads 
System Concerns, Schedule, Staffing 
Top Five Problem List 
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TIMED Management Approach 

Oversight 
- Hands on Lightly 
- APL 

Weekly Meeting with SD Programs Manager - 
Quarterly Status Brief with SD Head, SD MAC 

- 

Weekly Status Brief with Program Manager 
~ o n t h l v  Status Brief with Program Manager 

rr 

Immediate, Complete Disclosure of Serious Problems 
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Instrument Management Approach 

Consistent with "B, F, C" 

Small Oversite Team 

Fully Integrated Interaction (Engineer-to-Engineer) 



TIMED Program 

Program Executive - V. Elsbernd 
Program Manager - J. Wolff NASNGSFC 
Program Scientist - M. Mellott NASA/HQ 

JHUIAPL TIMED Proiect Office 
Project Manager - D. Grant TIMED 
Project Scientist - S. Yee Science Wosking Group 

Project Administrator - M. A. Haug 

Technical Direction Technical Contract Technical Direction 
Representative Representative 

Dennis Fort Ashruf El-Dinary Doug Mehoke 

Payload Manager - Ed Prozeller 
Payload System Engineer - Kevin Heffernan 

Software Engineer - R.  Gary 

SABER 
Jim Miller (PM) 

Langley Research 

Product Assurance 
L. Mastracci 

Center L 
Loren Zollinger 

Utah State Univ. 

( APL Contract 

SEE 
Mike Anfinson 

(PM) 
Univ. of Colorado 

(LASP) 

1 APL Contract 

TIDI 
Chas. Edmonson (PM) 

Univ. of Michigan 
(SPRL) 

Technical Direction 
Agent 

Bernie Ogorzalek 

i S A  contract 1 
GUVI 

Tom Pardoe (PM) 
APLIAerospace 

TIMED Instrument Management Organization 

Q6 

I 

Ad-Hoc Technical 
Support 

Mechanical - Steve Vernon 
Thermal - Bt.uce Williams 
Structures - Ed Schaeffer 
Optics - Keith Peacock 

Detectors - Hugo Darlington 
Alignment - Al Sadilek 

Flight S/W - Steve Williams 
Processors - Joe Bogdansky 

+ 
GSFC Staff (for Reviews) 

Joe Wonsever et. al 
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Instrument Management Approach 

Documentation 
- Product Assurance Implementation Plan (PAIP) 

- Software Development Plan (SDP) 

- Interface Control Document (ICD) 

- Instrument Calibration Plan (ICP) 

- Technical Requirements Specification (TRS) 

- Acceptance Test Plan (ATP) 

Reviews 

- CODR, PDR, CDR, PSR 
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Instrument Management Approach 

Communications 
Weekly Telecons 

Monthly Management Updates 

Quarterly Technical Interchange Meetings (TIMs) 

Six-Month Management Reviews 

Instrument Accommodation Workshops 
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TIMED Program Chronology of Significant Events 

TIMED Kickoff - 20 May 94 
Instrument Downselect - 5 Oct 94 
Systems Requirements Review - 14 Oct 94 HQ 
(R. Howard) Chair 

TIMED Conceptual Design Review - 14 Dec 94 
APL (M. Chiu) Chair 
Instrument Design Phase - Feb 95 
Technology Insertion Assessment - Feb 95 
Technology Insertion Review - May 96 
- Integrated Electronic Module 
- Low Cost Mission Operations 

Q1, Q2 
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TIMED Program Chronology of Significant h vents 

Initiate TIMED Phase B - 10 Jun 96 

Preliminary Design Review - 18, 19 Feb 97 
APL/GSFC (Em Hoffman, J. Wonsover) Co-Chair 

Non-Advocate Review - 20,21 Feb 97 
HQ (P. Evanich) Chair 

Program Management Council Review - 21 Apr 97 
HQ (J. Dailey) Chair, Initiate Phase CID 

Critical Design Review - 2, 3, 4 Dec 97 
APLIGSFC (E. Hoffman, J. Wonsover) Co-Chair 
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TIMED Program Chronology of Significant Events 

Exit Spacecraft Storage, Commence Testing - 1 Jun 00 

Mission Ops Review - 8 Jun 00 
APLIGSFC (E. Hoffman W. Mack) Co-Chair 

Red Team Review - 3 1 Oct 00, 1 , 2 , 3  Nov 00 
HQ (W. Taylor) Chair 

Flight Operations Review - 8, 9 Nov 00 
GSFC (W. Mack) Chair 

Pre-Ship Review - 29 Nov 00 
APLIGSFC Co-Chair 

Ship to Vandenberg - 1 1 Dec 00 
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TIMED Program Chronology of Significant Events 

Flight Readiness Review - TBD 
NASA Chair 

Mission Readiness Review - TBD 
NASAIGSFC Director Chair 

Launch Readiness Review - TBD 
NASA Chair 

Launch - 7 Mar 01 





TIMED Key Personnel 

Name (Degree) 

MANAGEMENT 

D. Grant (MS) 

E. Prozeller (MS) 

CIENCE 

. Yee (PhD) 

i" . Christensen (PhD) 

r . Woods (PhD) 

I . Russell (PhD) 

YSTEM ENGINEERING 

. Kusnierkiewicz (MS) 

. Chu ( P O )  

. Harvey (BS) 

. Grunberger (BS) 

. Nordeen (BS) 

. Heffernan (MS) 

Classification 

Princ. Prof. Staff 

Princ. Prof. Staff 

Princ. Prof. Staff 

;r. Research Scientisl 

'rofessor 

'rinc. Prof. Staff 

;r. Prof. Staff 

;r. Prof. Staff 

'rinc. Prof. Staff 

'rinc. Prof. Staff 

'rinc. Prof. Staff 

Supervisory Position 

Staff 

Staff 

Dir. Atmospheric Sensing Technologies, 
JHUIAPL 

Princ. Director, Space and Environment 
Technology Center, Aerospace Corp. 

Laboratory for Atmospheric and Space 
Physics, Univ. of Colorado. 

Co-Director, Center for Atmospheric 
Sciences, Hampton Univ. 

Dir. National Center for Atmospheric 
Research 

Assistant Group Supervisor 

Assistant Group Supervisor 

Section Supervisor 

Staff 

Staff 

Section Supervisor 

Program Position 

'roject Manager 

'ayload Manager 

'roject Scientist 

XJVI Principal Inv. 

IEE Principal Inv 

IABER Principal Inv. 

'ID1 Principal Inv 

Aission System Engineer 

Aission Software Engineer 

iutonomy System Eng. 

hound System Syst. Eng. 

Aission Operations Syst. Eng 

'ayload System Engineer 

Sxp. 
.y rs) - 

4 1 

36 

2 7 

24 

3 1 

16 

33 

3 8 

25 

Exp. (Program) 

'OPAZ, ALTAIR, Polar BEAR 

JTBMD, MSX 

JARS, MSX 

dSX,NEAR 

lubble, GRO,EUVE, 

Ielta, MSX 

4SX, AGRE 

ASX, FUSE, Delta 

ASX, CONTOUR 

XTE, TR 
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SOR Management for the program 
Stan Purwin 

Heara Lee 
BSEE, MSME, MBA B.S. in Business Management 
34 yrs professional experience in 24 yrs experience in Materials 
Engineering And Quality Management - 

ASQ Certified Quality Manager 

Syed Ali 

M.S. QA Engineering 

27 yrs of Q.A.P.A. experience 

20 yrs in Aerospace Fabrication process 

IOm Cooper 

M. S. in Technical Managenient 

19 yrs EEE reliability physics, & 
quality engineering 

8 yrs NASA related projects 

12 yrs experience on BMDO & NASA 
pro grains 

Jim Kinnison 
B.S., M.S., Physics 
13 yrs experience in Radiation Effects 
13 yrs expereience for NASA & 
BMDO 

Question - 6 
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SOR Key Staff for the program 
Carlos Casti 110 

B.S. in Engineering Technology 
201  yrs Quality Assurance experience 

10 yrs NASA related 

Jonathan Coo~ersmith - - 
I 

BA Physics, University of Virginia, 1986. 

13 yrs experience in clean room operations 

13 yrs experience in scientific 'contamination 
control 

I 

John Farnan 

B.S. Business Management 

17 yrs experience in Materials Management 

17 yrs experience in DoD, BMDO and NASA 
programs 

Juan Lander 

M.S. in Computer Science 

17 yrs experience in component testing 

14 yrs NASA related projects 

Andy Moor 

M. S. Engineering Management 

13 yrs experience space reliability parts 
engineering 

10 yrs NASA based program 

Question - 6 
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TIMED Management Approach 

What Are We About 

- Test, Test, Test, Test, Test! 



TIMED Program - Phase E 
NASA TIMED Promam Office 
Program Executive - V. Elsbernd 

p r o g r a m - ~ a n a ~ e r  - J. Wolff NASAJGSFC 
Program Scientist - M. Mellott NAStVHQ 

I Education & Public Outreach 

JHUIAPL TIMED Proiect Office 
K. Beisser 

Resource Manager Project Manager - D. Grant 
D. Bennett Project Scientist - S. Yee 

Project Administrator - M. A..Haug 

I Ground Based Science Teams 

I 

Ground Station Mission Om Center 
E. Rodberg 
W. Mitnick 

Ground System Engineer 
E. Rodberg 

Instrument POCs 
SABER - R. Grube 

TIDI - D. Gel1 
GUVI - B. Ogorzalek 

SEE - G. Tate 

--- Change Control Board 

7 

Autonomy Engineer 
R. Harvey 

Mission 011s Manager 
W. Knopf 

I 

Eng. Support 
C&DH - J. Perschy 
Power - M. Butler 

G&C -W. Dellinger 
GNS - R. DeBolt 

Thermal - B. Williams 
RF Comrn -C. DeBoy 

E M  - P. Marth 

I 

Mission System Engineer - D. Kusnierkiewicz 
Mission Software Engineer - M. Chu 

I 

Mission Ops Team 
R. Dragonette 

M. Packard 
P. Boie 

C. Kowal 
D. Tady 
G. Chiu 

PJ Clark (s/w) 
D. Wichard (slw) 

S. Lundfelt 

Science Data Svstem 
P. Lafferty 

PI Institutions, IDS'S 

Public Access 
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Change Control Board 

Chairman 
D. Kusnierkiewicz 

Mission System Engineer 

NASAIGSFC c I Program Office 

I 

Sam Yee - Project Scientist 
Instrument Principal Investigators 

M. Chu - Mission Software Engineer 
W. Knopf - Mission Operations Manager 

R. Harvey - Autonomy Engineer 
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TIMED PROJECT OFFICE 
David G. Grant 
Project Manager 

Tel: 240-228-5297 
FAX: 240-228-5297 

e-mail: david.grant @ j huapl.edu 

The Johns Hopkins University 
Applied Physics Laboratory 

Laurel, MD 20723-6099 









Rellabllity and Quality 
Assurance 
S. R. Purwin 

Space Department 

Space Department Head 
S. M. Krimigis 

Asst. Dept. Head for Buslness 
L. J. Crawford 

Asst. Dept. Head for Operation 
W. L. Ebert 

Program Manager Chief Engineer 
T.B. Coughlin E. J. Hoffman 

I 

Management Systems 
Support 

S. L. Quinn 

Office of Education 
and Outreach 
K. B. Beisser 

Engineering and Technology 
Branch 

G. H. Fountain 

Program Development Program Managers 
Managers M. C. Chiu 

J. F. Appleby D. G. Grant 
R. E. Dove J. T. Mueller 

D. J. McMorrow C. T. Pardoe 

Space Systems Applications 
W. S. Devereux 

Electronic Systems 
A. L. Lew 

integration and Operations 
R. K. Huebschman 

E. H. Rodberg 

Mechanical Systems 
W. E. Skullney 

SR 
Science and Anaiysls Branch I 

RF Engineering 
M. L. Edwards 4 

Atmospheric and lonospheric 
Remote Sensing 

SRI 
Space Sclence Instrumentation 

R. M. Henshaw 
R. L. McNutt 

1 I M. R. Peterson 
J. J. Suter 

Mlsslon Concept and Analysis 
T. E. Strikwerda 

Ocean Remote Sensing 
R. F. Gasparovic 

SRP 
Space Physics 
R. W. McEntire 

Software and Data Systems 
L. L. Suther 
K. J. Heeres 

M. I. Chu 
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TIMED Is A Design To Cost Mission 
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TIMED Management Approach 
Based Upon NEAR Program "B, F, C" Paradigm 
Streamlined Management 
- APLISD Allows Program Managers Wide Decision 

Making 
Seasoned 

Latitude 
System Engineers, Major Program 

Element Leads 
- Delegation of Technical Authority, Responsibility 

Subsystem Lead Engineer Empowerment 
- bxperience 
- Stability 
- End-to-End Commitment 



Roles and Responsibilities TIMED Program 

NASA , 

JHUIAPL Space De~artment TIMED Program Office 
Department Head: S. M. Krimigis Program Executive: V. Elsbernd (HQ) 
Programs Manager: T. Coughlin Program Manager: J. Wolff (GSFC) 

Program Scientist: M. Mellott (HQ) 

Product Assurance 
S. Ali 

H. Utterback 

Resource Manager 
n n-____LL 

I Mission Ops. Mgr. I I Int. & Test Director I I 

I 

Project Scientist: S. Yee 

I I I T. KilleedJ. Kozyra/H. MayrIJ. Russelll 
Project Administrator: M. A. Haug S. SolomodT. Woods 

U. Dennerr I I 1 

I 
I 

W. Knopf 

Mission Ops. Team 
R. Nordeen 
M. Packard (SS) 
R. Dragonette (SS) 
P. Boie (SS) 
C. Kowal 
D. Tady 
G. Chiu 
PJ Clark 
D. Wichard 
S. Lundfelt 

JHU/APL 
TIMED Proiect Office 

Project Manager: D. Grant 

Mission Autonomy Engineer 
R. Harvey 

S. Kozuch 

I&T Engineers 
M. Colby 
M. Hill 
H. Nguyen 
R. Bachtell 
V. Bailey 
S. Dion (Safety) 
J. Coopersmith (Contam.) 

Science Working Group 
Project Scientist: S. Yee 

Ground Svs. Eng. 
P. Grunberger 

E. Rodberg 
H. Winters (SW) 

- 

I 

Mission System Engineer 
D. Kusnierkiewicz 

Mission Software Engineer 
M. Chu 

Mission Ops. Center 
E. Rodberg 
W. Mitnick (LSE) 

A. SmithIA. ChristensedJ. ForbesD. Frittsl 

Ground Based Science 

Ground Station 
S. Gemeny 

Mission Data Center 
P. Lafferty 

Mechanical - S. Vernon Pavload Software I, Structure - E. Schaefer . .Gary(  

ower - G. Dakermanji SABER - D. Fort TDA 

SIC Svs. Eng. 
D. Kusnierkiewicz 

Flight Software 
M. Chu 

G&C - W. Radford 
- D. Wilson (LSE) 

Cornm. - R. Bokulic 
Navigation - W. Devereux C 

Payload Manager 
E. Prozeller 

Pavload Sys. Eng. 
K. Heffernan 

- A. Chacos (LSE) 
C&DH - J. Perschy 

I Payload Ops. Centers - S. Williams (LSE) 

SABER - R. Grube Thermal - B. Williams 

TIDI - D. Gel1 MC - G. Seylar 

GUVI - B. Orgazalek b Mfg. - R. Stanford 

, SEE - G. Tate 
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TIMED Management Approach 

Use Proven APL Technical Practices and 
Procedures. Strong NASA Heritage. Value 
Added Requirement. P&P are Simplified and 
Accessible. 
- Reviews 
- Tests 
- R&QA 
- Documentation 
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TIMED Management Approach 

Peer Reviews; Closure of Action Items Responsibility of 
Subsystem Lead Engineer. Formal Documentation or 
Tracking Not Required at Project Level. 

System Level Reviews; Closure Indicated Via Subsystem 
Lead Engineer Memo. Spacecraft System Engineer 
Delegated RFA ReviewIApproval Authority. 
Documentation/Tracking Via PA Office. 
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TIMED Management Approach 
- Waiver 

Performance Does Not Meet Specifications 

Subsystem Lead Engineer Submits Written Request 

Spacecraft S ys tem Engineer, Spacecraft S W Engineer 
Granted ReviewIApproval Authority 

Note: All RFA, PFR, SPR or Waiver Closures with Implicit 
I 

Changes in System Level Performance, Substantial Risk or 
Major Cost/Schedule Impact are Processed 
Project Office. 

Through the 
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TIMEDManagement Approach 

Communications 
- Spacecraft Status Meetings u 

Weekly, Ph.B Start Through I&T Start 
Spacecraft System Eng. Chair, Full Design Team, PA, 
Mfg, etc. 
Present Mechanical Status, Other Subsystem by Turn, 
Weight and Power Margins, Status All, Problems 
Published Minutes 
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TZMED Management Approach 

Communications 

- I&T Planning Meeting 

Daily, I&T Start Through Launch 

I&T Director Chair, I&T Team, MO Team, Ground 
System, Instruments 

Assignments, milestones for Day, Near Team Schedule 

Daily Update of I&T Plan 
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TIMED Management Approach 

Communications 
- MO Forum, Biweekly 
- Software Segment Leads, Biweekly 
- IEM Team, Weekly 
- G&C Team, Weekly 
- GNS Team, Weekly 
- R. F. Comm. Team, Weekly 
- Instruments 
- Etc. 
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TIMED Management Approach 

Oversight 
- Hands on Lightly 
- APL 

Weekly Meeting with SD Programs Manager 
Quarterly Status Brief with SD Head, SD MAC 

- NASAIGSFC 
Weekly Status Brief with Program Manager 
Monthly Status Brief with Program Manager 
Immediate, Complete Disclosure of Serious Problems 
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Instrument Management Approach 

Consistent with "B, F, C" 

Small Oversite Team 

Fully Integrated Interaction (Engineer-to-Engineer) 



TIMED Program 
NASA TIMED Proaram Office 
Program Executive - V. Elsbernd 

Program Manager - J. Wolff NASNGSFC 
Program Scientist - M. Mellott NASA/HQ 

Payload Manager - Ed Prozeller 
Payload System Engineer - Kevin Heffernan 

Software Engineer - R. Gary 

JHUIAPL TIMED Proiect Offke 
Project Manager - D. Grant 
Project Scientist - S. Yee 

Project Administrator - M. A. Haug 

H Product Assurance 
L. Mastracci 

TIMED 
Science Working Group 

Technical Direction 
Agent 

Dennis Fort 

Technical Contract 
Representative 

Ashruf El-Dinary 

NASA 506 

Jim Miller (PM) 
Langley Research 

Center LJ 
I ct 

Loren Zollinger 
(PM) 

Utah State Univ. 
( S W  

APL Contrac 

Mike Anfinson 

Univ. of Colorado 
(LASP) 

Technical Direction 
Representative 
Doug Mehoke 

I APL Contract r 
TIDI 

Chas. Edmonson (PM) 
Univ. of Michigan 

( S P W  

Technical Direction 
Agent 

Bernie Ogorzalek 

4SA Contract 

Tom Pardoe (PM) 
APLIAerospace 

TIMED Instrument Management Organization 

I 

Ad-Hoc Technical 
Support 

Mechanical - Steve Vernon 
Thermal - Bruce Williams 
Structures - Ed Schaeffer 
Optics - Keith Peacock 

Detectors - Hugo Darlington 
Alignment - AI Sadilek 

Flight S/W - Steve Williams 
Processors -Joe Bogdansky 

+ 
GSFC Staff (for Reviews) 

Joe Wonsever et. a1 
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Instrument Management Approach 

Documentation 
- Product Assurance Implementation Plan (PAIP) 

- Software Development Plan (SDP) 

- Interface Control Document (ICD) 

- Instrument Calibration Plan (ICP) 

- Technical Requirements Specification (TRS) 

- Acceptance Test Plan (ATP) 

Reviews 
- CODR, PDR, CDR, PSR 
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Instrument Management Approach 

Communications 
Weekly Telecons 

Monthly Management Updates 

Quarterly Technical Interchange Meetings (TIMs) 

Six-Month Management Reviews 

Instrument Accommodation Workshops 
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TIMED Program Chronology of Signifcant Events 

TIMED Kickoff - 20 May 94 
Instrument Downselect - 5 Oct 94 
Systems Requirements Review - 14 Oct 94 HQ 
(R. Howard) Chair 

TIMED Conceptual Design Review - 14 Dec 94 
APL (Me Chiu) Chair 
Instrument Design Phase - Feb 95 
Technology Insertion Assessment - Feb 95 
Technology Insertion Review - May 96 
- Integrated Electronic Module 
- Low Cost Mission Operations 

Q1, Q2 



TIMED Program Chronology of Significant Events 

Initiate TIMED Phase B - 10 Jun 96 

Preliminary Design Review - 18, 19 Feb 97 
APLIGSFC (E. Hoffman, Jo Wonsover) Co-Chair 

Non-Advocate Review - 20,21 Feb 97 
HQ (Po Evanich) Chair 

Program Management Council Review - 21 Apr 97 
HQ (J. Dailey) Chair, Initiate Phase CID 

Critical Design Review - 2, 3 ,4  Dec 97 
APLIGSFC (Eo Hoffman, J. Wonsover) Co-Chair 
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TIMED Program Chronology of Signifcant Events 

Concept of Missions Operations Review - 14 May 
98 APLIGSFC (E.Hoffman, J. Wonsover) Co-Chair 

Independent Annual Review - 7 Jul98 
HQ (P. Evanich), LaRC (J. Schick) Co-Chair 

Pre-Environmental Review - 26 Oct 99 
APLIGSFC (E. Hoffman, J. Wonsover) Co-Chair 

Post-Environmental Review - 29 Feb 00 APLIGSFC 
(E. Hoffman, J. Wonsover) Co-Chair, Commence 
Spacecraft Controlled Storage 



TIMED Program Chronology of Signifcant Events 

Exit Spacecraft Storage, Commence Testing - 1 Jun 00 

Mission Ops Review - 8 Jun 00 
APLIGSFC (E. Hoffman W. Mack) Co-Chair 

Red Team Review - 31 Oct 00, 1 , 2 , 3  Nov 00 
HQ (W. Taylor) Chair 

Flight Operations Review - 8, 9 Nov 00 
GSFC (W. Mack) Chair 

Pre-Ship Review - 29 Nov 00 
APLIGSFC Co-Chair 

Ship to Vandenberg - 1 1 Dec 00 
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TIMED Program Chronology of Significant Events 

Flight Readiness Review - TBD 
NASA Chair 

Mission Readiness Review - TBD 
NASAIGSFC Director Chair 

Launch Readiness Review - TBD 
NASA Chair 

Launch - 7 Mar 01 





TIMED Key Personnel 

Name (Degree) 

MANAGEMENT 

D. Grant (MS) 

E. Prozeller (MS) 

SCIENCE 

3. Yee (PhD) 

4. Christensen (PhD) 

T. Woods (PhD) 

I. Russell (PhD) 

r. Killeen (PhD) 

SYSTEM ENGINEERING 

D. Kusnierkiewicz (MS) 

M. Chu (PhD) 

2. Harvey (BS) 

?. Grunberger (BS) 

2. Nordeen (BS) 

K.  Heffernan (MS) 

Classification 

Princ. Prof. Staff 

Princ. Prof. Staff 

Princ. Prof. Staff 

Ir. Research Scientis! 

'rofessor 

'rinc. Prof. Staff 

Ir. Prof. Staff 

Ir. Prof. Staff 

'rinc. Prof. Staff 

'rinc. Prof. Staff 

'rinc. Prof. Staff 

Supervisory Position 

Staff 

Staff 

Dir. Atmospheric Sensing Technologies, 
JHUIAPL 

Princ. Director, Space and Environment 
Technology Center, Aerospace Corp. 

Laboratory for Atmospheric and Space 
Physics, Univ. of Colorado. 

Co-Director, Center for Atmospheric 
Sciences, Hampton Univ. 

Dir. National Center for Atmospheric 
Research 

Assistant Group Supervisor 

Assistant Group Supervisor 

Section Supervisor 

Staff 

Staff 

Section Supervisor 

Program Position 

'roject Manager 

'ayload Manager 

'roject Scientist 

XJVI Principal Inv. 

;EE Principal Inv. 

ABER Principal Inv. 

'ID1 Principal Inv. 

Ylission System Engineer 

Ylission Software Engineer 

iutonomy System Eng. 

;round System Syst. Eng. 

Ylission Operations Syst. Eng. 

'ayload System Engineer 

41 OPAZ, ALTAR, Polar BEAR 

36 TBMD,MSX I 
3xp. 
Y rs) 

Exp. (Program) 

XTE, TRMM 

27 UARS, MSX 



TIMED Key Personnel 

I Name (Degree) 
I Classification 

Dakermanji (PhD) 

LIGHT SUBSYS. DEV. 

r. Prof. Staff 

r. Prof. Staff 

B r. Prof. Staff 

Supervisory Position 

I 
rinc. Prof. Staff 

r. Prof. Staff 

r. Prof. Staff 

Program Position 

rinc. Prof. Staff 

r. Prof. Staff 

r. Prof. Staff 

r. Prof. Staff 

rinc. Prof. Staff 

enior Prof. Staff 

r. Prof. Staff 

r. Prof. Staff i ssoc. Prof. Staff 

taff 

taff 

taff 

1;;;tn Supervisor 

taff 

taff 

F 
taff 

taff 

Section Supervisor 

E t a n t  Group Supervisor 

echanical Lead 

tructures Lead 

r hermal Lead 

ower System Lead 

ower Test, Solar Arra 

ower Converters 

&C Lead 

&C Analyst 

&C Test 

&C Software Lead 

Communications Lead 

ownlink Board 

plink Board 

ntennas 

Communications Test 

8 assini, MSX, EPIC 

30 FAR, 

39 CE, MSX, NEAR 

18 ONTOUR 

25 elta, MSX, NEAR 

26 SX,NEAR i 



TIMED Key Personnel 

GPS Navigation System 
JGNS) 

I Name (Degree) 
I Classification 

. Devereux (MS) 

. Heins (MS) 

. DeBolt (MS) 

A. Chacos (MS) 

Command and Data 
andling (C&DH) 

. Perschy (MS) 

. Oden (BS) 

Supervisory Position 

. Bogdanski (MS) 

. Reiter (BS) 

. Williams (MS) 

. Schneider (MS) k 

. Marth (MS) 

. Seylar (BS) 

roduct Assurance 

. Ali (MS) 

anufacturing 

. Stanford 

. Hogan 

rinc. Prof. Staff ection Supervisor r r 

Princ. Prof. Staff 

Princ. Prof. Staff 

Sr. Prof. Staff 

Sr. Prof. Staff 

Princ. Prof. Staff 

Sr. Prof. Staff 

r. Prof. Staff taff 1 I 

Staff 

Staff 

Staff 

Staff 

Staff 

Staff 

rin. Prof. Staff ssistant Group Supervisor P I 

Program Position 

3NS Lead 

3NS Test 

;NS Engineer 

iNS Software Lead 

X D H  Lead 

Yit. Cmd. Decoder 

lolid State Recorder 

[emote Interface Unit 

I&DH Software Lead 

loot Code Software Lead 

ntegrated Electronics Mod. 
.ead 

3MC Engineer 

'roduct Assurance Lead 

Aechanical Mfg. Lead 

Jlectronic Mfg. Lead 

Exp. (Program 

P 
rilliant Pebbles 

AR, MSX 

OPEX, ACE 

AR, MSX 

ONTOUR, ACE, NEAR, TOPEX 

OPEX, NEAR 

ACE, NEAR, MSX 

SX, ACE, NEAR, CONTOUR 

SX,NEPSTEP, ACE I AR, MESSENGER 

r OPEX, DSRFS, CONTOUR 

1 AR, MSX, ALTAIR, TOPEX 



TIMED Key Personnel 

Name (Degree) 

NTEGRATION AND 

S. Kozuch (BS) 

. Nguyen (MS) 

. Hill (BS) 

. Colby (BS) 

V. Bailey (BS) 

. Bachtell 

GROUND SYSTEM DEV. 

. Rodberg (MS) 

. Dove (BS) 

. Mitnick (BS) 

. Lafferty (BS) 

S. Gemeny 

ISSION OPERATIONS 

. Knopf (MS) 

. Packard (MS) 

. Dragonette (MS) 

. Boie (BS) 

Classification Supervisory Position Program Position 

Ir. Prof. Staff 

issoc. Prof. Staf taff 

;r. Prof. staff 

f 
'rofessional esident Subcontract Engineer 

'rofessional esident Subcontract Engineer 

'rofessional esident Subcontract Engineer 

'rinc. Prof. Staff ssistant Group Supervisor 

r .  Prof. Staff I.. h-. Prof. Staff ection Sup. 

k. Prof. Staff taff 

;r. Prof. Staff taff F 
;r. Prof. Staff 

'rofessional esident Subcontract Engineer 

I&T Director 

Test Conductor 

Test Conductor 

Test Conductor 

Test Conductor 

Test Engineer 

round System Lead 

ission Ops Center Lead 

ission Ops Center Software 
ad 

ission Data Center Lead 

round Station Lead 

ission Operations Manager 

pacecraft Specialist (G&C) 

pacecraft Specialist (GNS) 

pacecraft Specialist (RF 

Exp. (Program) 
(Y rs.) 

~ S X ,  NEAR, ACE, CONTOUR 

~ A P ,  FUSE, ACE, SOH0 

~ S X ,  NEAR, CONTOUR 

P elta, NEAR, MSX, ACE 

PTE, TOPEX, ACE 

CE, NEAR, MSX 

SX, NEAR, ACE, CONTOUR 

SX, Galileo, Cassini, NEAR 

NMARSAT, OSC, COMSAT 

i 
SX, NEAR, Delta 

SX, NEPSTP, NEAR 

SX, NMD 

SX 



Thermosphere 

TIMED 
Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

SOR Management for the program 
Stan Punvin 

BSEE, MSME, MBA 
34 yrs professional experience in 
Engineering And Quality 
ASQ Certified Quality Manager 

Syed Ali 

M. S. QA Engineering 

27 yrs of Q.A.P.A. experience 

20 yrs in Aerospace Fabrication process 

Kim Cooper 
M. S. in Technical Management 

19 yrs EEE reliability physics, & 
quality engineering 
8 yrs NASA related projects 

Heara Lee 
B.S. in Business Management 
24 yi-s experience in Materials 
Management 
12 yrs experience on BMDO & NASA 
programs 

Jim Kinnison 
B.S., M.S., Physics 
13 yrs experience in Radiation Effects 
13 yrs expereience for NASA & 
BMDO 

Question - 6 
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SOR Key Staff for the program 
Carlos Casti 110 

B.S. in Engineering Technology 

20+ yrs Quality Assurance experience 

1 0 yrs NASA related 

Jonathan Coopersmith 

BA Physics, University of Virginia, 1 986. 

13 yrs experience in clean room operations 

13 yrs experience in scientific contamination 
control 

John Farnan 

17 yrs experience in Materials Management 

17 yrs experience in DoD, BMDO and NASA 
programs 

Juan Lander 

M.S. in Computer Science 

17 yrs experience in component testing 

14 yrs NASA related projects 

Andy Moor 

M.S. Engineering Management 

13 yrs experience space reliability parts 
engi neering 

10 yrs NASA based program 

Question - 6 









TZMED 
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Red Team Review 31 Oct. - 3 Nov. 2000 

TZMED Management Approach 

What Are We About 
- Test, Test, Test, Test, Test! 



TIMED Program - Phase E 
NASA TIMED Program Offke 
Program Executive - V. Elsbernd 

Program Manager - J. Wolff NASAIGSFC 
Program scientist - M. Mellott NASA/HQ 

I I 1 

I I I 

Ground Based Science Teams 

Autonomv Engineer Mission System Engineer - D. Kusnierkiewicz 
R. Harvey Mission Software Engineer - M. Chu Change 

Education & P ~ ~ b l i c  Outreach 
K. Beisser 

Science Working Group 

Resource Manager 
D. Bennett 

I 

I 

JHUJAPL TIMED Proiect Office 
Project Manager - D. Grant 
Project Scientist - S. Yee 

Ground Station 
S. Gemeny 

Ground Svstem Engineer 
E. Rodberg 

Mission Ops Center 
W. Dove 

W. Mitnick 

Mission Ops Manager 
W. Knopf 

Instrument POCs 
SABER - R. Gurbe 

TIDI - D. Gel1 
GUVI - B. Orgazalek 

SEE - G. Tate 

I 

Eng. Support 
C&DH - J. Perschy 
Power - M. Butler 

G&C -W. Dellinger 
GNS - R. DeBolt 

Thermal - B. Williams 
RF Comm 4. DeBoy 

IEM - P. Marth 

Mission Ops Team 
R. Dragonette 

M. Packard 
P. Boie 

C. Kowal 
D. Tady 
G. Chiu 

PJ Clark (s/w) 
D. Wichard (dw) 

S. Lundfelt 

Science Data Svstem 
P. Lafferty 

PI Institutions, IDS'S 
Public Access 
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SCIENCE 

Jeng-Hwa Yee 
TIMED Project Scientist 

Applied Physics Laboratory 
Johns Hopkins University 

Laurel, Maryland 
Tel: (30 l)-953-6206 
Fax: (301)-953-6670 

e-mail: jeng-hwa - yee @ j huapl.edu 



Outline 

Science Overview 

Mission Science Objectives and Success Criteria 
TIMED Science Implementation: Roles, Responsibilities 
and Communications 

Mission Requirements and Ins trumentIS pacecraft 
Performance 

Science Recovery Plan 

Summary 
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Thermosphere, Ionosphere, Mesosphere, 
Energetics, Dynamics (TIMED) 

TIM: Region of Interest (60-180 km); 
ED: Scientific Interest (Energetics, 

Dynamics). 

The first in the Solar Terrrestrial Probe Mission 
- a mission dedicated to understand the interface 

between the atmosphere and space. 
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TIMED Core Region of Interest (60-180 km) 

- a critical part of Earth's Ionosphere, Thermosphere, and 
Mesosphere (ITM) region 

- the least-explored and least-understood region of the Earth' s 
atmosphere: 

only limited data sets existed from rocket and groundbased 
experiments 

- spatial limitation: limited in geographic location; 

- temporal limitation: limited in time and duration of the 
observations. 

AE, DE, SME and UARS provided the first glimpse of region 

- lack of comprehensive and complete global data set to 
examine the basic structure and energy balance 
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Basic Structure Parameters 

State Variables: 

- p (pressure), n (density), T(temperature) Equation of State 

Motion Variables: 

- u (zonal wind), ~(meridional wind), w (vertical wind) 
Equation of Motion 
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Mission Minimum Success Criteria 

For one season, provide global scale measurements in the MLTI 
region (between 60 and 180 km) of: 

- temperature from emission of CO, at 15.4 ym, 0, at 762 nrn, or 0 
at 630 nm 

- 0 density from the 130.4 nm, 135 -6 nm or 844.6 nm emission of oxygen 
- horizontal wind velocity 

with a vertical resolution of at least a scale height 
The local time drift rate of the orbits allows approximately 24 hour 
local time measurement within a season 
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Mission - 

Requirements Mission Science Objectives 
I 

Orbit and 
Launch Vehicle 
Requirements 

v 

Spatial Coverage 
Requirements 

Question 12 

Instrument 
Performance 
Requirements 

- 
Spacecraft 

Performance 
Requirements 

Temporal Coverage 
Requirements 

Instrument 
Interface 

Requirements 

- 
Launch 
Window 

Requirements 

Measurement 
Requirements 

Special 
Operations 

Requirements 

- Data Analysis 
Requirements 
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TIMED 
Mission 
Science 

Objectives r 

Question 12 

life time1 : > 6 months 
measurements l : global 

measurements1: 
- density (pressure) 
- temperature 
- winds 
- energy inputs 
- energy outputs 

data analysis1 
interpretati~nl?~ 
- spatial coverage: 

60-1 80 km 
- spatial resolution 

-2 (V) x 500 (H) km 
- temporal coverage 

all local time 
- temporal resolution 
- ability to resolve tided2 
- ability to observe at 

similar local time at 
same latitude during 

each seasons3 

special requirements l y 2 :  

- measurements at 
summer high-latitudes 

TIMED Science Implementation 
Requirements/Goals Flo wdo wn 

I. Measurement Requirements/Goals 

'Science Definition Documents 
2SWG meeting notes 



TZMED 
Thermosphere . Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

TIMED 
Mission 
Science 

Objectives 

Question 12 

life time1 : > 6 months 
measurements1: global 

measurements1: 
- density (pressure) 
- temperature 
- winds 
- energy inputs 
- energy outputs 

data analysis/ 
interpretation112 
- spatial coverage: 

60-1 80 km 
- spatial resolution 

-2 (V) x 500 (H) km 
- temporal coverage 

all local time 
- temporal resolution 
- ability to resolve tides1 
- ability to observe at 

similar local time at 
same latitude during 

each seasons3 

special requirements 1.2 

- measurements at 
summer high-latitudes 

TZMED Science Implementation 
Requirements/Goals Flo wdo wn 

2. Instrument Requirements 

Mission System 
Engineering Requirements 

IScience Definition Documents 
2SWG meeting notes 
31nstrument Requirements Documents 
4Groundbased Implementation Plan 
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A GUVI 
(Aerospace Corp. 

APUJHU) 

* composition 
* temperature 
* auroral inputs 
* electron density 

Global Ultra-Violet Ima~er  

SEE 
(Univ. of Colorado) 

* solar EUV 
irradiance 

* composition 

errment 

SABER 
(NASA Langley, 
SDUUtah State) 

* pressure 
* temperature 
* infrared cooling 

rates 
* composition 

Sounding of Atmosphere using Broadband 
Emission Radiometry 

(Univ. of Michigan' 

* vector winds 
* temperature 
* composition 

ler Interferometer 
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Ground-based Investigator Contributions 

TIMED ground-based component will provide supplementary 
and complimentary data for 

providing necessary cross-validation; 

aiding the study of large-scale tidal and planetary waves (i.e. tides, 

providing important measurements of momentum and energy inputs 
from small-scale gravity waves 

understanding the neutral-ion coupling and joule heating 

TIMED Ground-based Investigation Plan, 1997 
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TZMED Measurement Capabilities 
State variables Energy in - TIMED - Ground 

Combined 

u 
Pressure k 

Density 
Temperature 

Q? Winds 
Solar Particles C@(B) NO(Q OH 

Joule Heating Chemistry CQ(v2) O&) 
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Requirements Performances 

TIMED 
Mission 
Science 

Objectives 

Questions 7, 12 

Orbits 
- type: circular 
- altitude: 625 km 
- inclination: 74.1 " 
life times: 2 years 
instrument performance3 
spacecraft performance6 
instrument interface7 
ground-based program4 
special requirements 
- launch window: favorable 

beta angles to permit 
measurements at summer 
high latitudes2 

- yaw maneuvering5 
- SABER stray light 
calibration7 

31nstrument Requirements Documents 
4Groundbased Implementation Plan 
5Mission System Engineering Requirements 
6General and Specific Interface Documents 

- type: circular 
- altitude: 625 km 
- inclination: 74.1 " 
- launch vehicle: Delta I1 
life time7: 2 years 
instrument performance7 
instrument interface7 
spacecraft performance7 
ground-based based program 
- 14 PIS selected on 612000 
special requirements 
- launch window: favorable 

beta angles to permit 
measurements at summer 
high latitudes8 

- yaw maneuvering7: -every -60 days 
- SABER stray light calibration 

-implemented for early operations 

71nstrument and Spacecraft Performance 
(RTR materials) 

%equirement is still met for 3/01 launch 
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Summary 
TIMED investigation plan is developed at the SWG meetings. It implements a joint 
space (NASAITIMED) and ground-based (NSFICEDAR) collaborative studies 
program to achieve the TIMED mission science objectives. 

SWG meetings have been the avenue for communication between instrument 
development teams, the science team, the mission implementation team at APL, and 
the NASA program offices. 

Most of the instrument/spacecraft interface requirements have been met (waiver 
requests have been granted) and the spacecraft performance meets all science 
requirements. 

Most of the instrument performance requirements have been met. For those which 
have not been met, waivers have been granted and the impacts on the science have 
been found to be minimal. 

Mission science objectives will be met with the instrument and spacecraft 
performance as-tested. 

The entire science investigation team (both space and ground-based components) is 
eagerly awaiting the launch of TIMED. 
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TIMED Mission Overview 

Program Conceptual Design Review in December, 1994 
18 month delay before restart with full team in June, 1996 
The baseline design for the TIMED spacecraft was re-defined after 
June 1996 start 
- Therefore, this review will address processes beginning with 

June 1996 start 
CoDR review, WAS,  etc. will not be covered 
PDR represents baseline of the TIMED spacecraft as 
realized today 

Redundancy in spacecraft subsystems was not a requirement, but 
a goal 
No one instrument is considered mission critical 
- Instrument single string design acceptable 
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TIMED Spacecraft Parameters 

Mass: 587 kg (Allocation from LV is 660 kg) 
Power: 426 W (Array output, EOL, 1 failed 

string, Beta 0 orbit average) 
SSR Capacity 2.5 Gbit (1.9 Gbit required) 
Uplink Data Rate (S-Band) 2 kbps 
Downlink Rate (S-Band) 4.59 Mbps, 2.295 Mbps, 10.361 kbps, 

5 kbps (TDRSS comm) 

Attitude Control 0.5", each axis, 30 

Attitude Knowledge 0.03", each axis, 30 

Position Knowledge 
Velocity Knowledge 
Time Accuracy 

300 m, each axis, 30 

0.25 rnfsec, each axis, 30 
10 ms 
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Spacecraft Description 

Aluminum Structure, A1 Honeycomb Panels 
- Composite Optical Bench for TIDI, Star Cameras 
- Aluminum Face Sheets on Solar Panels 

Three Axis stabilized; no propulsion 
- One side of spacecraft always cold (180" yaw maneuver every 60 days) 

On-board Autonomous GPS Navigation 
S-Band Communications 
Two solar panel wings (GaAs Cells) with single axis drive 

22 cell Individual Pressure Vessel Nickel Hydrogen battery 
Most Spacecraft relay commands executable without software through 
Critical Command Decoder (CCD, located on Uplink Card in IEM; 
always powered) 
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Spacecraft Description (Cont'd) 

Fully redundant spacecraft bus (Both Star Trackers Needed to meet 
Attitude Knowledge Requirement) 
Two 1553 Bus Architecture (Similar to NEAR) 

- C&DWSpacecraft 1553 Bus 
- G&C 1553 BUS 

AIUs are RTs on C&DH 1553, BCIRT for G&C 1553 
AIUs are responsible for safing spacecraft 

Instruments are on C&DH 1553 Bus 
- Instrument Discretes Only for SIC Monitored Temperatures 

Interface through RIUs 
- Each IEM is a single-string C&DH processor, 2.5 Gbit SSR, GPS 

Navigation System (GNS), and RF Communications "S~bsystem'~ 
(Similar to ACE) 

- No Discrete (non-1553) Cross-Strapping Between IEMs 
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Ground System Architecture 

Crndfflm 
Signals 

TIMED Ground System I 

Ground 
Station 

Real-time 
Tim Frames 

f ~ i s s w n  Operations Center 

Cmd Frames 
Equlp Control TIMED I I TIMED 

Network Network 

instrument 

Packet Streams 

nterdlsclplinary 
investigators U 

Kindergarten to 

12th Grade 

Public 
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TIMED Mission Operations Concept 
TIMED spacecraft has a high degree of autonomy to enable 
inexpensive Mission Operations with a small Mission Operations 
Team 
- GreyhoundTM Bus Paradigm 

Spacecraft is the "bus", instruments are the "passengers" 
Instrument operations are "decoupled" from spacecraft 
operations 
Spacecraft provides sufficient resources for unconstrained, 
independent instrument operations 

Operations are single-shift, seven dayslweek 
- Six Mission Ops Team members, including the Mission Ops 

Manager 
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TIMED Operations Concept (cont'd) 

Report - Execute INSTRUMENTS 

t 
PAYLOAD 

OPERATIONS 
CENTERS 
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TIMED Mission Operations Concept (cont'd) 

Mission Ops Team (MOT) is responsible for operating spacecraft 
from the Mission Operations Center (MOC) 
- MOC is responsible for DELIVERING instrument commands 

to spacecraft, NOT responsible for instrument command 
CONTENT 

Instrument Teams are responsible for operating instruments from 
flight Payload Operations Centers (POCs) 
- Each POC prepares command uploads and forwards them via 

FTP to MOC for transmission to the spacecraft 
- Each instrument stores and executes its own commands, time- 

tags its own data, which is then stored on the SSR for later 
downlink 
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TIMED Mission Operations Concept (cont'd) 

MOC, Mission Data Center (MDC), Science Data System (SDS), 
Ground Station, GUVI POC at APL 
- USN for back-up ground stations 

TIDI POC at SPRL Ann Arbor, MI 
SEE POC at LASP, Boulder, CO 
SABER POC at NASA Langley 
POCs connect to MOC via Internet or modem 

- Back-up POCs at APL 
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System Engineering 

APL process characterized by small, highly motivated and skilled 
team of experienced engineers and scientists 
High degree of experience of lead technical people and the APL 
culture fosters system level thinking and perspective at the 
subsystem level 
Small size of organization and project team enables open, frequent 
communications 
- Openness of environment encourages rapid problem 

identification and resolution 
* Historically, APL has a very low turnover rate 

- Continuity of key personnel (design engineers) throughout the 
life of the project 

Reduces need for excessive documentation 
DYK - 16 
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System Engineering (Cont'd) 

Key to the success of the APL "process" is the role of the Lead 
Engineer 
- Experienced engineer with "cradle to grave" responsibility; 

That is, one individual who is responsible for a given 
component, subsystem, or activity from program start 
through the end of Phase C/D 
Has responsibility for design, implementation, testing at 
sub-assembly and assembly level, flight qualification 
testing, spacecraft level I&T support, documentation, etc. 
This level of responsibility and involvement helps cultivate 
the system level perspective throughout the technical team 
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System Engineering (Cont'd) 

Strong APL emphasis on testing 
- Testing at all levels: 

Piece Part 
- Radiation 

Subassembly 
Assembly 
Subsystem 
SpacecraftIGround System/Operations 

- Simulation Testing at subsystem level 
Mini-MOCs, Spacecraft emulators 
- "Test it as you fly it" 
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Requirements Flowdown 

Science requirements flowed down into high level mission 
requirements in "TIMED System Requirements Document", 7363- 
9001. 
- Covers Spacecraft, Ground System, Launch Vehicle, 

Integration and Test, Mission Operations and Data System 
Requirements at the top level 

Subsystem level requirements derived by lead engineers, reviewed 
and iterated with system engineer 
- Documented by lead engineer 

Instrument requirements derived by APL instrument managers 
working with instrument teams 
- APL instrument leads perform interface functions between 

instrument development teams and system engineer 
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Documentation 
Mission level requirements documents, spacecraft level integration 
and test plans and procedures are formal program documents 
(7363-XXXX) 
Instrument interface documents are formal program documents 
Subsystem level requirements documents, test plans and 
procedures may be either formal program documents or informal 
memos (left to discretion of lead engineers) 
All APL hardware drawing packages under Level 2 Configuration 
Control (Formal change notice required) 
- Spacecraft harness and instruments (GUVI) Level 2a; red 

lined drawings permitted 
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Resource Management 

All resource reserves (mass, power, data rate, etc.) are held at the 
system level by the system engineer 
- No distinction is made between margin and reserves 
- Subsystems are not given allocations of either 
- Component/subsystem resources are tracked and updated 

regularly (either as best known estimate or actuals) 
Holding all marginheserves at system level allows for more 
flexible, efficient allocation across the entire system 
For example, subsystem power was allowed to grow as 
needed, causing growth in solar arrays, which was allowed 
because mass margin was comfortable 

- Reserves were allocated to instruments so as not to overly 
constrain their design efforts 
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Memory Margins 

Subsystem 

GNS Tracking 

GNS Navigation 

AFC 

AIU 

GUVI 

SEE 

TIDI 

Memory Margin 

48% RAM 
44% Flash 
87% RAM 

34% RAM 
56% Flash 
53% RAM 
69% Flash 
1.5% RAM 
69% PROM 
22% EEPROM 
57% RAM 
69% EEPROM 
67% PROM 
55% ROM 
17% RAM 
44% EEPROM 
26% PROM 
3% EEPROM 
6% RAM 

Memory Capacity I 
2M SRAM 
4M Flash 

2M SRAM 
4M Flash 
2M SRAM 
4M Flash 
128 Kbytes 
16 Kbytes 
128 Kbytes 
320 Kbytes 
256 Kbytes 
48 Kbytes 
8 Kwords 
448 Kwords 
128 Kwords 
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Risk Management (Cont'd) 

- Example: Remote Interface Units1 RIO ASIC 
Actel implementation baselined, fall forward option 
maintained, not exercised 

- Example: IEM backplane bus choice: PC1 or IEEE 1394 
PC1 chosen; no development required vs. 1394 ASIC 

- Example: Use of plastic parts 
Development of discipline, dry box storage in labs 
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Configuration Control Boards 
Different boards for different phases of program, different 
disciplines 

- Fabrication phase 

Spacecraft system engineer, lead engineer, R&QA, 
technical services representatives, others as required 

- Hardware CCB 
Spacecraft system engineer, lead engineer, R&QA, others 
as required (for example, the software system engineer 
may be brought in if it is decided to fix a hardware 
problem in software 

- Software CCB 
Mission system engineer, Mission software system 
engineer, software segment engineer, software subsystem 
lead, software QA, others (I&T, Mission Ops) as required 
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Configuration Control Boards (Cont'd) 

- Operations CCB 
Mission system engineer, software system engineer, mission 
ops manager, others as required 
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Hardware Test Program 
Box Level (Typical) 

Defined in TIMED Component Environmental Specification, 7363-9010 
- Also imposed on instruments and procured items 

Bench Ambient & Thermal Test 
- -29' to +5S0 C 

Powered Vibration 
- Sine Survey, 3 axis 
- Sine, 3 axis 
- Random, 3 axis 

Thermal Vacuum 
- One unpowered survival cycle 
- Six operational cycles -29 C to +55 C 

Cold and hot turn-on, min and max temp 
Complete test procedure at plateaus, 1st and 6th cycle 

Baseline Test 
Problem Failure Reporting Process begins with box level acceptance testinmyK - 36 
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Hardware Test Program 
Spacecraft Level 

Baseline Performance Test of integrated spacecraft 

- Full performance test of all subsystems (PreIPost TV) 
Simulations, special tests, system end-to-end tests 
- Includes testing of cross-strapped configurations (PreIPost TV) 

Environmental Test Program as detailed in 7363-XXXX 
- Sine survey 
- Random vibration 
- Acoustics 

- Thermal vacuum 
Suvival(1 cycle), balance (1 cycle), and operational cycles 
(4) 
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Deployment Testing 

Mechanism 
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Contamination Control Results 

I SABER (vent) I 715 I 4 I 

TQCM position 

I Above top deck I 5 I 1 I 
I Side I 1 I 0.1 I 

Requirement (Hzlhr) 

Results indicate a successful program of contamination modeling 
which yielded bakeout requirements and successful bakeouts of 
individual components. This included both spacecraft and 
instrument hardware. (We were also able to waive bakeouts of 
some of the electronics, apparently with no adverse effects.) 

Final Rate 
(Hz/hr) 

The TIMED spacecraft will NOT have an outgassing problem 
on-orbit 
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Requirements Verification Matrix 
I I I I I I Verification 1 Pre-Vlb I Pat-Vib 1 Post-Acoustlc ~estsl~hermol ~acu&n Post-N 1 VAFB 

I I I I I I I I I 
Mechanlcbl I 

Deslgn. Analysis. 
Envelopel I IF  to Launch Vehlcle check T 
Mass Mass~ro~ertles T . 

lVlb I I I 1 1 I I Vibration 1 I I I I I 
Ishock I Pvro/Shock ~ e d  T I 

CCD 
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Question 12 

I I 

I I 
Recetve CCSDS comwtible commands RF or Bc 
Forward to C&DH Processor 

Send C&DH Processor aenerated relax commands to PSU; refurn veriflbation to ~~bcessor BPT 
Hard LVS 

Watchdw Tlrrer 
BPI  

Implement ~ a r h  LVS 

seband 

I 

Send all udlnked lwallv addressed relav commbnds to PSl 

T 
T 
T 
T 

BPI 
BPI  

RF Watchdoa timer (reset CCD and CDU dlaltal clrcults. send flaa to 
Provide stable clock to C&T I/F board I I 

- 

T 
T 
T 
T 

p.ocessor) 

Decode and lmdement several Internal CCD non-relav commands 

T 
T 

- -- 

T 
T 
T 
T 

BPT 

T 
T 

Bm 

T 
T 
T 
T 

T 

T 
T 

T L  

T 
T 
T 
T 

T 

T 
T 

T ,  
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T 
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Requirements Verification Matrix 
I I I I I I I Verification I Re-Vlb I Post-Vib I Post-Acoustic Tests IThermaI ~acuud  Post-N 

I I I I I I I 

I I I 
U~llnk 2 k b ~ s  Moraln: 6 b e  = 1€47\ BPT T T T T T 
Downlink 4 Mbos (RS, Realtime + SSR Plovboc Morain 3 d k ~ e  = 1~461 BPT T T T T T 

1 0 k b ~ s  m3 Reoltlme I l ( ~ e  = 1~461 BPT T T T T T 
I I I 

I I I I I I I I I I I I 

BER I pockets wl  detected and floaaedlerrors: I 1 .DO€d I BPT I T I T 1  T I T I T 
I Pockets w/ undetected erron: I I 1 . ~ ~ € - l d  BPT T I T 1  T T T 

95% of Instrument sourc 
pockets must be collec 
by spacecraft bus and 

Avollobllltv delivered to POCs (MD BPT T T T T T 

U~llnk l~ufflclent Unk Moraln over 95% of s l  I I Antenno Ronae te6tomwnent ~bst  I 
I I I I I I I I I I 

l~lmlna I l l 0 m  I I Time ~erlflcotlod T I T T I 
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Requirements Verification Matrix 

Broadcast Message to in!truments 
VerificaHon Pre-Vib Post-Vib Post-AcousHc TestsTherrnal Vacuum Post-TV VAFB 

BPT, Sims T T T T T T 

Attitude 
Nadir Pointing. 1 RPO pitch, 0 Roll ar Sims T T T T T T 
180 deg. Yaw as required Sims T T T T T T 
Control: 0.5 deg. each axis. 3 sigma Sims T T T T T T 
Knowledge: 0.03 deg.. each axis, 3 sigm Sims T T T T T T 
Jitter/Stabiliiy less than 0.005 deg p-p @ 0.5 to 10 Hz Design/Analy:is 
Constraint: Sun vector greater than 90 deg from +Y panel during norm1 ops Sims T T T T T T 
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Requirements Verification Matrix 

DYK - 47 

Survh/al o to ZV, 35 to 40 v 1 I I I 
Conducted Susceptibility (CSO1 - 02 2 v p p  10 Hz to 400 MHz, CB 56 V fc 
Conducted Emissions (CEO143 per 7363-9038, tailored for TIMED) 
Inrush Current 2.5 A after first 1 CUS~ 1 I 

Question 12 
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Requirements Verification Matrix 
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Thermal 

Radiatic 

Question 12 

1 

Subsystem Interface Require 
Temperature reporting to +/- 

n 

nents 
2 deg. 

Autonomous Fault Protection and Soling 

,Mission Lifetime: 

C:. 

2 years 

Autonomy 

Analysis 

Verification 

N 
N 

AnalysisIPiec 
Test 

T 

Pre-Vib 

T 
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T 
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T 

'&&mat Va 
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Subsystem Engineering Design Reviews 
(Peer Reviews) 

Solar Array 
Uplink Card 
- CCD 

Structure 
Power 
Harness 
Downlink Card 
- Downlink Modulator 
- Downlink Framer 

Antennas 
RF CableISwitch Assembly 
Battery 

July 19,1997 
October 15,1997 
October 15,1997 
October 14,1997 
November 21,1997 
November 19,1997 
April 12,1998 
October 17,1997 
November 20,1997 
July 13,1998 
March 12,1998 
March 26,1998 
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Subsystem Engineering Design Reviews (Cont'd) 
(Peer Reviews) 

IEM 
- C&DH November 20,1997 
- SSR November 20,1997 
- PC1 November 20,1997 
- RIUs November 20,1997 
- GNS April 10,1997 
- CMD&TLM I/F March 17,1997 
- DCIDC Converter Cards November 25,1997 
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Subsystem Engineering Design Reviews (Cont'd) 
(Peer Reviews) 

G&C 
- AIU 
- FC 
- ST 
- Gyro 
- Rods 
- Wheels 
- Solar Array Drive 

November 21,1997 
November 20,1997 
December 11,1997 
December 18,1997 
November 4,1997 
November 4,1997 
November 13,1997 

(Note: Procured units were not "reviewed" in the strict sense) 
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PDR RFA Status 

A l l  

1 

2 

3 

- BY 

7363-9001 Rev. B 

SEI-97-068 

58-97-059 

Accwnt for dlrknce sepamllng phase centen of 
GPS antemor m d  CG of S/C 

C w l d . r  carmon orcAlalor (or GNS & C&DH 

Reconalder 750 reqY to Include bunch effech 

W* power-up of wheels mad wllh LV 

Does IEM krt bed hdly wppod IEM - 
Does Sob rods work In ecllpw; doer nm ve& 
anbigul*l aHect lhermal M e  of S/C Harvey 

VemonlYee 

11/3/1997 

10/30/1997 
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System Level Reviews 
Pre-Environmental Review 

Held at APL October 26,1999 

Member 
Eric J. Hoffman 
Josef A. Wonsever 
Harry L. Culver 
Andrew G. Santo 
Thomas J. Spitzer 
Robert J. Vernier 
Judi von Mehlem 
James W. Woods 

Expertise Institution 
Co-chair; Systems APL 
Co-chair; Flight Assurance GSFC 
Electrical Systems GSFC 
Systems APL 

GSFC 
GSFC 

RF/Sys terns APL 
Mechanical-Structures GSFC 

Summary Documentation 
SDO-11006, dated October 29,1999, by E. J. Hoffman and J.A. Wonsever 
"Minutes of TIMED Pre-Environmental Review, 26 October 1999" 
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Pre -Environmental Review RFA Status 

Descri~tion AssianeeIDate 

Solar array hinge damper heaters B. Williams/l 1 11 8/99 

Spacecraft -level SW testing vs. unit 
level regression testing M. Chu 1 1/25/99 

TlDl Profiler waiver D. Grant 1 111 1/99 

System time recovery spec Kusnierkiewicz 1 1/25/99 

Solar array contamination bakeouts Kusnierkiewicz 1 1 11 1/99 

Plan for GSE crashes S. Kozuch 1111 1/99 

Pyro bus fuse margin Kusnierkiewicz 1 111 1 199 

Autonomy to support environmental 
testing R. Harvey 1 1/25/99 

Autononmy interaction testing R. Harvey 1 1/25/99 

Verification Matrix Kusnierkiewicz 1 1/25/99 

Antenna performance C. Deboy 1 111 8/99 

AIU margin D. Wilson 1 111 8/99 

Closed By 

SEM-00-4-37 1 

SRS-00-033 

GSFC Memo 

SEA-99-0074 

SEA-99-0061 

Email from Hien 
Nguyen, dated 
06/02/00 

SEI-00-034 

SEI-00-034 

Presented at Post-ER 

SER-99-036 

SEA-2000-0020 

Closure Date 

7/7/00 

2/25/00 

1 0/5/00 

12/22/99 

1 111 5/99 

Procedure 
developed 

early Nov. 
'99 

1 111 8/99 

6/ 1 6/00 

6/ 1 6/00 

2/29/00 

11/19/99 

6/ 1 3/00 
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Post -Environmental Review RFA Status 

Classify "Autonomy Rule Init" 
1 command as critical 

2 Waiver for SABER out-of-spec 
conditions 

3 Correlate thermal model 

4 ACS Bias Error 

5 Identify and trend parameters 

Revisit disposition of PFR TSC- 
6 092, battery differential heater 

onloff sense 

Ali 

B. Williams 

Dellinger 

Kusnierkiewicz 

Butler 

Closed BY Closure Date 

DYK - 59 

Question 9 



TZMhfD 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Mission Ops Review #1 

Held at APL May 1998 
Review Team: 
Madeleine Marshall (ICS) (Chairperson) 
Andy Good (APL) 
- MSX Planning Team Lead 

Mark Holdridge (APL) 
- NEAR Mission Operations Manager 

Dan Ossing (APL) 
- MSX Performance Assessment Team 

Keith Kalinowski (GSFC) 
- HST, NGST Operations 

Alex Herz (Omnitron) 
- VCL Operations 

Chris Silva (Allied Signal) 
- FUSE Operations 

7 RFAs generated, all closed (Covered in Mission Operations Presentation) 
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Mission Ops Review #2 

Held at APL June 8,2000 
Eric Hoffman (APL) (Co-chairman) 
William Mack (GSFC) (Co-chairman) 
John Catena (GSFC) 
Mark Holdridge (APL) 
- NEAR Mission Operations Manager 

Eric Holmes (GSFC) 
Eric Isaac (GSFC) 
James Joyce (JHU) 
- FUSE Mission Operations Manager 

Hector Zayas (GSFC) 

Summary Documentation: SDO-11047, June 20,2000, E. J.Hoffman and 
W.F.Mack, "Minutes of TIMED Mission Operations Review, 8 June 2000" 
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RFA Status from Mission Ops Review #2 

round test comman 

ORAD response pending; I was working 
rectly with someone at Cheyenne 
ountain on this. Then I was referred back 

Kusnierkiewicz o fill out a form formally requesting the 
nformation from NORAD. I filled out the 

ubmitted it through Carl Smith at 
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Total Operating Hours (Pre- and Post- SIC Integration) 
Pre Env Post Env Post-Can Pre Env Post Env Post-Can 

IEM#1 Receiver 
10/17/99 2/15/2000 9/22/2000 
1325 Hrs 2566 Hrs 4229 Hrs IEM#2 Receiver 

1 011 7/99 211 512000 9/22/2000 
141 8 Hrs 2673 Hrs 4046 Hrs 

IEM#1 C&DH,SSR,GNS 937 Hrs 1947 Hrs 3180 Hrs IEM#2 C&DH,SSR,GNS 886 Hrs 1703 Hrs 2445 Hrs 
Xmtr#l 266 Hrs 528 Hrs 913 Hrs Xmtr#2 474 Hrs 656 Hrs 711 Hrs 
Riu's for IEM#1 978 Hrs 1961 Hrs 2866 Hrs Riu's for IEM#2 623 Hrs 1384 Hrs 1865 Hrs 

PSE lnterface #1 
Battery On-Line 

AIU#1 
Flight Computer#l 
IRU (Gyro) #1 
Magnetometer #1 
Primary Torque Rods 
SAD # I  
Star Tracker #1 
Reaction Wheel #1 
Reaction Wheel #2 

734 Hrs 1976 Hrs 2987 Hrs . PSE lnterface #2 
100 Hrs 1110Hrs 1572Hrs* 

Hrs 
Hrs 
H rs 
H rs 
Hrs 
Hrs 
H rs 
Hrs 
Hrs 

2129 Hrs 3230 Hrs AIU#2 
81 5 Hrs 1498 Hrs Flight Computer#2 
778 Hrs 1504 Hrs . IRU (Gyro) #2 
695 Hrs 1522 Hrs l Magnetometer #2 
11 0 Hrs 477 Hrs Secondary Torque Rods 
89 Hrs 499 Hrs SAD #2 

772 Hrs 1534 Hrs . Star Tracker #2 
1290 Hrs 2100 Hrs . Reaction Wheel #3 
1301 Hrs 2109 Hrs l Reaction Wheel #4 

746 Hrs 1877 Hrs 3173 Hrs 

752 Hrs 
108 Hrs 
181 Hrs 
338 Hrs 
36 Hrs 
67 Hrs 
8 Hrs 

556 Hrs 
547 Hrs 

1552 Hrs 2285 Hrs 
464 Hrs 585 Hrs 
331 Hrs 910 Hrs 
669 Hrs 1492 Hrs 
52 Hrs 423 Hrs 
76Hrs 436Hrs 

771 Hrs 1531 Hrs 
11 94 Hrs 1904 Hrs 
1184 Hrs 1995 Hrs 

GUVl Instrument 1 186 Hrs 1702 Hrs 2101 Hrs SEE Instrument 110Hrs 701Hrs 1175Hrs 
SABER Instrument 739 Hrs 1433 Hrs 1902 Hrs . TlDl Instrument 108 Hrs 787 Hrs 1239 Hrs 

* Flight Battery removed 2/11/2000 and stored, battery simulator used and number reflects Peak Power trackers usage. 
mPSUDU has 843 hours since rework to correct single point failure 
GEE has 296 hours since EGS rework 
mGUVI has 231 hours since 1553ltube rework 
0TIDI has 260 hours since Interpoint Converter reworWCal lamp intensity variation tests 
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TIMED Residual Risk Assessment 

Mission 

S~acecraft 

Instruments 

GUVI 

SABER 

SEE 

v 
IEM 

RF Communications 
C&DH 

GPS Navigation 

Remote Interface Units 
Guidance and Control 

Attitude Interface Unit 

Attitude Flight Computer 

LM Star Trackers 

Bisk 
1= low 

5= high 

Concern 

Extensive testing of spacecraft and 

1 
ground system, mission simulations and 

mission operations team training, 
Spacecraft redundancy 

1 
Extensive testing, redundancy (No one 

instrument is mission critical) 

2 
Detector problem, intra-instrument 

harness cables replaced late in program 

1 Successful testing program 

1 Successful testing program 

3 Likely degradation from launch 

1 Redundancy, successful testing program 
1 Redundancy, successful testing program 

1 
Redundancy, extensive testing and 

analysis program 
1 Redundancy, successful testing program 

1 
Redundancy, NEAR heritage, successful 

testing program 
1 Redundancy, successful testing program 

2 Two required to meet attitude knowledge 
requirement 

Photek tube 
GUVI has redundant 

detectors 

EGS failure at SIC Modifications made, 
environmental testing successfully requalified 

Likely degradation has 

Etalon bonds 

Relatively little heritage 

been quantified, 
degraded performance 

within specification 

Successfully completed 
qualification program, 

Interpoint converter fix 
implemented 
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TIMED Residual Risk Assessment (Contsd) 

S~acecraft Subsvstems 

Honeywell Inertial Reference Units 

Ithaco Reaction Wheels 
Ithaco Torque Rods 

SAICAdeas Magnetometers 
APL Sun Sensors 

SchaeferIMoog Solar Array Drives 

Power Subsytem 
Power System Electronics 

Peak Power Trackers 

Battery 

Solar Arrays 

Thermal 

Ground system 

Risk 
1= low 

5= high 

2 

1 
1 
1 
1 

1 

1 

1 

1 

1 

1 

2 

Rationale Concern Mitigation 

Known limited lifetime of ring laser gyro 

Heritage, 4 for 3 redundancy 
Passive, redundant coils, heritage 

Redundant, heritage 
Simple, passive design, redunancy 

Heritage, Redundancy, successful test 
program 

Redundancy, successful testing program 
Successful testing program, graceful 

degradation 
Heritage, bypass circuitry, testing 

Successful requalification 

Succesful Testing Program 

Dependence on Internet and network 
configuratiordstability, PROC-L rewrite 

Redundancy, heritage, Known limited lifetime of 
ring laser gyro lifetime is 19,000 hours; 

TIMED requirement is 17,520 

Successful failure analysis 
Cell debonding experienced and corrective action 

post-delivery implemented, successful 
requalification 

Risk to launchlearly ops only; 
Implementation of APL effort to minimize impact to 

network security firewalls; TIMED; POCS have modem 
late rewrite of critical S/W access. PROC-L will have 

N&V, TOPS testing 

DYK - 66 





TIMED 
Thermosphere • Ionosphere • Mesosphere • Energetics and Dynamics 

Red Team Review  31 Oct. - 3 Nov. 2000 

mic-1 

System Software Overview 

Martha I. Chu 
 

Phone: (240) 228-7961 
Fax: (240) 228-3839 

e-mail: martha.chu@jhuapl.edu 
 

The Johns Hopkins University 
Applied Physics Laboratory 

Laurel, Maryland 20723 
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Software System Engineering (1 of 3) 
• Key to success of the APL “software process” is the relationship between 

the Lead Engineer and Lead Software Engineer 
– Experienced subsystem software engineer with software “cradle to 

grave” responsibility  
• That is, one individual who is responsible for a given subsystem 

software from program start through the end of mission  
• This person reports to subsystem lead engineer that facilitates the 

communication and delivers the “hardware box” (hardware with 
software running inside) with the lead engineer 

• Has responsibility for software requirements, design, coding, 
testing at unit, software integration, acceptance, spacecraft level 
I&T support and mission simulation, software maintenance, 
documentation, etc. 

• The relationship and integration of hardware and software 
promote “box” level success. 
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TIMED Organization Chart 



Roles and Responsibilities I TIMED Program I 
1 NASA : I 

1 Product Assurance 1 

1 TIMED Prorrram Office 1 
...- -.---.- -.... -.-..- 

I 

Program Manager: J. Wolff (GSFC) 
Program Scientist: M. Mellott (HQ) I 

I 
i 

Mission Svstem Engineer 
D. Kusnierkiewicz Ground Based Science 

Mission Autonomy En~ineer Mission Software Engineer 
R. Harvey M. Chu 

I I i 

S. Ali 
H. Utterback 

Mission Ops. Mar. 
I - 

JHUIAPL U Science Working Group 
TIMED Proiect Office Project Scientist: S. Yee 

Project Manager: D. Grant A. SmitMA. ChristensedJ. ForbesID. Frittsl 

I L 

Mission ODS. Team 
R. Nordeen 
M. Packard (SS) 
R. Dragonette (SS) 
P. Boie (SS) 
C. Kowal 
D. Tady 
G. Chiu 
PJ Clark 
D. Wichard 
S. Lundfelt 

Int. & Test Director 

I&T Engineers 
M. Colby 
M. Hill 
H. Nguyen 
R. Bachtell 
V. Bailey 
S. Dion (Safety) 
J. Coo~ersmith (Contam.) 

Ground Svs. Enn. 
P. Grunberger 

E. Rodberg 
H. Winters (SW) 

Mission Ops. Center 
E. Rodberg 
W. Mitnick (LSE) 

S/C Sys. Eng. 
D. Kusnierkiewicz 

Flight Software 
M. Chu 

echanical - S. Vernon 
Structure - E. Schaefer 

ower - G. Dakermanji 
G&C - W. Radford F 

Pavload Manager 
E. Prozeller 

Pavload Sys. Ene, 
K. Heffernan 

Pavload Software 
R. Gary 

ISABER - D. Fort (TDA) 

GUVI - B. 0 orzalek SE 
Ground Station - D. Wilson W E )  SEE - A. Din 
S. Gemeny Comm. - R. Bokulic 

avigation - W. Devereux ID1 - D. Mehoke (TCM) 
Mission Data Center - A. Chacos (LSE) 
P. Lafferty C&DH - J. Perschy 
Payload Ops. Centers - S. Williams (ME) 
SABER - R. Grube hermal - B. Williams 
TIDI - D. Gel1 MC - G. Seylar 
GUVI - B. Orgazalek fg. - R. Stanford 
SEE - G. Tate - J. Hogan 

- J. Weiner 
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Software System Engineering (2 of 3) 
• Communication is key to success  

– Meetings where information has been exchanged 
• Weekly management meetings 
• Weekly spacecraft meetings  
• Weekly ground system meetings to discuss and resolve issues 
•  Weekly Forum meetings (with Mission Operations team) to 

discuss Mission Operations team’s requirements and issues 
•  Weekly segment software lead engineer meetings to discuss 

issues 
• Bi-weekly subsystem lead software engineer  meetings to 

discuss issues and facilitate software reuse and software 
process 

• Monthly schedule meetings to identify schedule and cost issues  
• Daily spacecraft I&T meetings, during spacecraft environment 

tests  
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Software System Engineering (3 of 3) 
• Communication is key to success (Con’t)  

– Bring Mission Operations specialist in the program early to learn 
the subsystems and to voice issues with Mission Operations 

– Subsystem software lead engineer works for subsystem lead 
engineer to facilitate the communication between hardware and 
software  

• Same model used for APL Instrument team 
• Mission software engineer facilitates the resolution of issues spanning 

subsystems (GNC, C&DH, etc.) and segments (spacecraft, ground 
system, and instruments) 
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Software Quality Assurance Plan (1 of 4) 
• Documented in TIMED Software Quality Assurance Plan, 7363-9101, 

September, 1996 
– Defines the application of Space Department Software Quality 

Assurance Guidelines (SDO-9989) to the TIMED mission 
– Signed by SOR Group Supervisor, SD Chief Engineer, TIMED 

Project Manager, Software Quality Assurance Officer, Mission 
System Engineer, Mission Software Engineer, etc. 

– Defines following subjects: 
• TIMED Organization 
• Responsibilities 
• Software Categories - Deliverability, Technical risk, 

Development risk, and Criticality  
• Satellite Safing Modes 
• Configuration Management 
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Software Quality Assurance Plan (2 of 4) 
– Defines following subjects: 

• Security and Privacy 
• Certification  
• Required Documentation 
• Verification and Validation - Reviews, Audits, Code 

Walkthroughs, and Unit testing 
• Independent Verification and Validation 

– Identify the following major software subsystems : 
• Spacecraft System Segment  

– Command and Data Handling (C&DH); Mission Critical* 
– Guidance and Control (G&C); Mission Critical* 
– GPS Navigation System (GNS); Mission Critical* 
 
* Using Software Categories 
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Software Quality Assurance Plan (3 of 4) 
– Identify the following major software subsystems: (Con’t) 

• Ground System Segment 
– Mission Operations Center (MOC); Mission Impact* 
– Mission Data Center (MDC); Mission Impact* 
– Science Data System (SDS); Mission Impact* 

• Instrument Segment 
– SABER; Mission Impact* 
– SEE; Mission Impact* 
– GUVI; Mission Impact* 
– TIDI; Mission Impact* 

 
* Using Software Categories 
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Software Quality Assurance Plan (4 of 4) 
Appropriate documentation for different software categories 



TIMED 
Thermosphere • Ionosphere • Mesosphere • Energetics and Dynamics 

Red Team Review  31 Oct. - 3 Nov. 2000 

mic-10 Q4,Q5 

Instrument QA Interface 

SOR 

Inst. SDP 

SWQA PA Plan 

Inst. PAIPs 

Required PAIP written by 
each Inst.Team 

Required SDP written by 
each Inst.Team 

•Called out all HW processes, documentation 
& configuration requirements, inspection & 
audit points, parts handling (ESD), etc. 

•Approved by APL PA Engineer & 
Instr. Manager & monitored through 
weekly Telecons, TIM, & formal 
design reviews 

•Approved by APL SW Instr. Manager 
monitored through weekly Telecons, 
TIM & formal SW design reviews 

•Called out all SW development 
processes, QA & Test tracking in detail 
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Software Development Plan 
• Required by the TIMED Software Quality Assurance Plan for all major 

software subsystems including instruments 
• Developed by each subsystem software lead 
• Defined by the software development process: 

– Specifies components 
– Categorizes software (criticality, usage, technical risk, and 

development risk) 
– Specifies documentation, testing, reviews, and configuration 

management 
– Signed by software leads, subsystem lead engineer, segment 

software engineers, segment software engineer, mission software 
engineer, mission system engineer, and the Software Quality 
Assurance Officer 
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Software Development Plan 

         Subsystem     Sign-off date 
 

Mission Data Center Rev. B  5/5/98 
Mission Operations Center   1/17/97 
Command and Data Handling  1/3/97 
Guidance and Control   12/10/96 
GPS Navigation System  3/13/97  
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TIMED General Software Development Process 



TIMED 
Thermosphere • Ionosphere • Mesosphere • Energetics and Dynamics 

Red Team Review  31 Oct. - 3 Nov. 2000 

mic-14 Q1,Q3 
  
martha.chu@jhuapl.edu 

Software Verification and Validation 
• Reviews (SRR, PDR, CDR) 
• Code walkthroughs 
• Unit testing 
• Module integration testing 
• Independent testing at subsystem level 
• Independent Validation & Verification 

– Established for C&DH, GNS and G&C 
• Spacecraft Integration & Test 
• Mission Simulations 
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Purchased Software  

• Commercial Off-the-Shelf (COTS) Software 
– EPOCH 2000 - ISI product 

• Acceptance tested 
– Front End - ISI product 
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TIMED Subsystem Software that Performed 
IV&V 

• AIU Boot Code 
• Mongoose Boot Code 
• Command and Data Handling 
• Guidance and Control System including simulation 

models 
• GPS Navigation System 
• Load, Dump, and Compare Software (planned) 
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• Documented in TIMED Mission Software Configuration Management 
Plan, 7360-9670, September 21, 1998 
– Document configured 

• Software Development Plans 
• Requirement Specifications 
• Interface Control Documents 
• Acceptance Test Plans 
• IV&V Test Plans 
• Controlled by Sign off 

Configuration Management 
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– Delivered versions are archived and controlled 
• Source Code 
• Build Files  
• Input Test Data Sets 
• Output Test Data Sets (if applicable) 
• File Descriptions 
• Test Plans 
• Test Scripts (regression test scripts) 
• Test Reports 

Configuration Management 
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Configuration Management 
– Development environments are archived and controlled 

• Compiler, Linker 
• Operating Systems 
• COTS Software 

– Other items related to spacecraft are archived and controlled 
• Command and Telemetry Definition 
• Parameter and Data Structure 
• Autonomy Rules 
• Display Pages 
• Test Results 

– Software Problem Report (SPR) or Problem Failure Report (PFR) 
are used to track changes 
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Software Problem Report Process 
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Configuration Management 

– Configuration Control Board Organization 
• Software Quality Assurance Officer (Chair) 
• Mission System Engineer 
• Mission Software Engineer 
• Segment System Engineer 
• Software Subsystem Lead 
• I&T and/or Mission Operations Lead 
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Other Risk Reduction Action 

• Software Rework  
 Two Mission Operations Center Software elements planned to be 

rewritten due to the criticality and large number of problems  
– Command Interface Software (completed) 
– Load, Dump, and Compare (in progress)  
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TIMED Mission Software Status (1 of 4) 

• Software last delivery date 
– Flight Software 

• AIU Boot Code   11/98 
• Mongoose Boot Code   9/99   
• Command and Data Handling  9/00 
• GPS Navigation System   8/00 
• Guidance and Control    2/00 
• Autonomy Rules   9/00 
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TIMED Mission Software Delivery Status  
(1 of 4) 
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TIMED Mission Software Delivery Status  
(2 of 4) 



TIMED 
Thermosphere • Ionosphere • Mesosphere • Energetics and Dynamics 

Red Team Review  31 Oct. - 3 Nov. 2000 

mic-26 Q4,Q5 

TIMED Mission Software Delivery Status  
(3 of 4) 
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TIMED Mission Software Delivery Status  
(4 of 4) 
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• Executable Lines of Code  
–   Flight Software 
 AIU Boot Code    2,000 

Mongoose Boot Code  11,000   
Command and Data Handling  
(not including Autonomy Rules)  17,800 
GPS Navigation System  32,200 
    Navigation   25,200 
    Tracking     7,000  
Guidance and Control   43,500 
    AIU    19,000 
    AFC    24,500 

     

TIMED Mission Software Status 
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• Executable Lines of Code  

– Ground Software 
Mission Operation Center 
    (not including EPOCH 2000)  67,000 
Mission Data Center   20,700 

TIMED Mission Software Status 



TIMED 
Thermosphere • Ionosphere • Mesosphere • Energetics and Dynamics 

Red Team Review  31 Oct. - 3 Nov. 2000 

mic-30 Q5 

Cumulative SPRs vs Time 
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TIMED Flight, Ground and Instruments SPRs Status 
(10/20/00) 
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TIMED Flight, Ground and Instruments SPRs Status 
(10/20/00) 
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Opened SPR vs Subsystem 
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Residual Risks 
• Delivery of Load, Dump, and Compare Software is late 

– Risk Mitigation 
• Identify problems and initiate a rewrite 
• Will perform IV&V on the software 
• Will check the FSW loading on TOPS before loaded on 

spacecraft 
• If the problem happens on orbit, previous FSW will still exist 

on the redundant processor 
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Residual Risks 
• No formal regression tests for Ground Critical Software 

– Can easily revert to the previous version 
– Will use on the TOPS first before use on orbit 
 

• Configuration Management Procedures for Command 
Scripts/Procedures, EPOCH Displays, Command 
Definition Data, Parameter and Data Structure, Autonomy 
Rules, and TOPS is in the process of developing 
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PERFORMANCE ASSURANCE 

Syed Ali 
The Johns Hopkins University 
Applied Physics Laboratory 

Tel. 240-228-6130 
Fax 240-228-6696 

Syed.Ali @ j huapl.edu 
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J.M. Fischer Admin Assistant 

- 

SOR-3 
COMPONENT RELIABILITY 

K.A Cooper,* Sect. Supvr. 

K.A Fretz 
E.J. Kane 
A.F. Moor * 
K.M. Warren 
M. Baluck 

. 

SOR-4 
EEE PARTS MANAGEMENT 

H. Lee, Sect. Supvr. 

L.A Eline 
J.L. Farnan 
K.J. Larsen 
A. Uy 

SOR-5 
ADVANCED TECHNOLOGY 
and PART QUALIFICATION 

K.A Cooper, Acting Sect. Supv~ 
J.R. Lander, Assist. Sect. Supvr. 

G.S. Bognaski 
D.J. Leopold 
E. Nhan 
D.R. Roth 
K.E. Waddell 

Question - 6 
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SOR Management for the program 
Stan Purwin 

Heara Lee 
BSEE, MSME, MBA B.S. in Business Management 
34 yrs professional experience in 24 yrs experience in Materials 
Engineering And Quality Management 

ASQ Certified Quality Manager 12 yrs experience on BMDO & NASA 
Syed Ali programs 

M.S. QA Engineering Jim Kinnison 

27 yrs of Q.A.P.A. experience B.S., M.S., Physics 

20 yrs in Aerospace Fabrication process 13 yrs experience in Radiation Effects 
13 yrs expereience for NASA & 

Kim Cooper BMDO 
M.S. in Technical Management 

19 yrs EEE reliability physics, & 
quality engineering 
8 yrs NASA related projects 

1012310o Question - 6 
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SOR Key Staff for the program 
Carlos Castillo 

B.S. in Engineering Technology 

20+ yrs Quality Assurance experience 

10 yrs NASA related 
Jonathan Coopersmith 

BA Physics, University of Virginia, 1986. 

13 yrs experience in clean room operations 
13 yrs experience in scientific contamination 
control 

John Farnan 

B.S. Business Management 
17 yrs experience in Materials Management 
17 yrs experience in DoD, BMDO and NASA 
programs 

Juan Lander 
M.S. in Computer Science 

17 yrs experience in component testing 
14 yrs NASA related projects 

Andy Moor 
M.S. Engineering Management 

13 yrs experience space reliability parts 
engineering 
10 yrs NASA based program 

Question - 6 
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P.A. REQUIREMENTS 
(lof 3) 

Product Assurance Implementation per JHUIAPL PA Plan 7363- 
9028a Sept 4 1996 

EEE parts procured to established reliability specifications (* see 
attached slide) 

- Parts Obtain Process Chart 

- Fabrication Flow Chart 
All the deliverable hardware including the outside vendors and 
TIMED instruments were reviewed by SOR (see attached slide) 
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P.A. REQUIREMENTS 

SOR monitored supplier PA activities and provided source inspections 
SOR performed qualification on EEE parts that had no demonstrated 
reliability (* * see attached slide) 

EEE part traceability maintained 

GIDEP Alert System used to check all parts lists 

- each new lot 

- periodically entire inventory uploaded into GIDEP database 



Parts Obtain Process 
r- PEPL: Design Engineer 

ESTABLISH PARTS LlST 

UPDATUREVIEW PARTS LlST 

PEPL FEEDBACK 
TO DESIGN ENGINEERS 

GENERATE PURCHASE REQUISITIONS 
OR 

TRANSFER PARTS FROM EXISTING 
INVENTORY 

KEY PURCHASE REQUISITIONS 
AND 

PURCHASE ORDERS INTO 
Data base 

EXPEDITUCONFIRM PURCHASE ORDER 

Question 4 

PREPARE AND PULL PARTS FOR 
FABRICATION, 

EPL REVIEW FOR SIGNOFF 

FILE TEST WORK ORDER, PURCHASE 
REQUISITIONIORDER, PARTS RECEIVER, 

TEST DATA 

STORE QUALIFIED PARTS IN STKROOM 

PARTS TEST DATA REVIEW 

GlDEP SEARCH 

PRIORITIZE PARTS IN PROCESS 

RECEIVE PARTS FROM VENDOR 
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Start 
with Keleased ~ r a w i n g  

I\bpvl L l l l  

Accumulation for Kit 

Controlled 
Storage 

Discrepancy 
'I v v Disposition 

4 

Begin Probled Failure Reporting 

+ 

Testing 

Rej ected/Failed Hardware Form (DDF) 

Material 
Review Board 

Testing 
I 

End Item 
inspection and 

I I 

Performance 
Environmental 4 

4 Testing 

v 
1 0/23/00 -1 SWA10 

Repair and 
Rework Rework 
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Instrument QA Interface 

Required PAIP written by 
each 1nst.Team 

I 

I 

Required SDP written by 

SOR 

each 1nst.Team 

Inst. SDP 

PA Plan 

Called out all HW processes, documentation 
& configuration requirements, inspection & 
audit points, parts handling (ESD), etc. 

SWQA 

@Approved by APL PA Engineer & 
Instr. Manager & monitored through 
weekly Telecons, TIM, & formal 
design reviews 

1 O/23/OO 

Called out all SW development 
processes, QA & Test tracking in detail 

.Approved by APL SW Instr. Manager 
monitored through weekly Telecons, 
TIM & formal SW design reviews 
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** Qualification Tests 

Radiation Hardness Assurance Tests 

Temperature Cycling 

HAST or S teady-S tate Temperature Humidity 
Bias Life Test (85185) - (Plastic Parts Only) 

Destructive Physical Analysis 

High Temperature Operating Life 

Question - 4 
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Formal Configuration Control Boards 

Different boards for different phases of program 

.Fabrication Phase 
Spacecraft System Engineer, Lead Engineer, 
Technical Services representatives, others as 

.Test and Integration Phase 
Spacecraft System Engineer, Lead Engineer, 
others as required (for example, the software 
engineer may be brought in if it is decided to 
hardware problem in software) 

required 

svstem 
fix 

Question - 5 
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PEFORMANCE ASSURANCE ACTIVITIES 

All design specifications were reviewed 
Supported subsystem, system, and Instrument design 
reviews 
Reviewed test plans and procedures 
Provided R&QA inputs for acceptance data package 
Monitored subcontractor activity, as necessary 
Reviewed as-build documentation and configuration 
control 
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Inspection Criteria 
of APL Fabricated Hardware 

Use of NASA andlor TSD - STD 800.1 workmanship 
- 

standards 
- Soldering of electrical connections NASA - STD 

- Crimping, Cable, harness & wiring NASA - STD 

- Conformal coating & staking NAS 5300.4 (35) 
- Printed wiring board design MIL - PTF - 55 1 10 
- ESD Control NASA - STD 8739.7 
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PFRs and Waivers 

.Problem Failure Reporting (PFR) begins at start of box acceptance 
testing at spacecraft integration (see chart) 

-Written against failures and anomalies 

.Waivers are issued for areas where performance does not comply with 
specifcations 

-Example: EMC out-of-spec conditions or excessive turn-on inrush current 
(not classified as a failure) 

.All waivers issued for instruments are at box level acceptance testing. 
-Some Instrument waivers were granted within the instrument teams for 
non-compliances that did not affect science performance. (e.g., GUVI 
detector dark count, SABER filter performance) 
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Test Conductor 
Initiate PFR by 
entering the failures 
or problems into 
Database from Test 
and Integration area 

PFR PROCESS 

Test Review Board 
verifies the anomaly of 
the PFR within 24 
hours and fill in 
verification of the 
problem and 
supporting analysis 

fill in Corrective Action 

Program office review and 
approve for completeness 
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PFR Tally By Subsystem 

IEM 

Project Code 
TIMEDIGUVI 

Power 
"TIMEDISC I Spacecraft ~ntegration I 

Subsystem 
GUVI Instrument 

and Testing 
TIMEDITID1 ( TIDI Telescope I 1 

Open 
0 

I GRAND TOTALS: I 

* These includes the instruments after deliver and at integration and testing 
process with the spacecraft 

Closed 
7 

Total PFRs 
7 
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'IFR No. 

[Dl-0 12 

Date 

I3il211999 

Originator 

'ed Sholar 

Cognizant 
Engineer 

TG Sholar 

nichael Colby Bernie 
Ogorzalek 

dike Butler i~utler 
I I 

Nfsite Grnd Station 
" - 

Nfsite Grnd Station 

Closing Description i 
Date I (summary) $ 1  Corrective Action 

Post Ship 
Contamination 

$hrough field testing at VAFB. 

" "  " -  " "  -- 

BER Performance 

- 1, &ne for now, but when flight 

o definitive reason for the 
udden increase in surface 
leanliness was ever 
etermined. The particles 
ere determined to be black 

e paint. Several tape 
then have resutted 
no increase in the 

urface cleanliness levels in 
of the 4 telescopes. 
ral of these tape lifts 
"post-ship". The 

escopes were cleaned in 

ivery to APL from SPRL. 
lifts at the primary 
r baffle showed the 

orst case surface 
leanliness level of < 200. 
ape lifts will be performed up 

' 
pyros are installed at APL pinpuller , 
before shipment to VAFB, the 
existing pinpuller shaft will be 

1 Ireplaced with a new shaft. 

[cracked Cell ,I 
I 
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Waiver Summary 

SEE 

InstrumentISub Assemblies 

GUVI 

No. of Waiver 

TIDI 
-- 

Star Tracker 

SABER 

Total 
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Instrument/ Waiver 
Sub Number 

Assemblies 
SEE Instrument 1 

SEE Instrument 2 

SEE Instrument 3 

SEE Instrument 4 

GUVI 5 
Instrument 

GUVI 6 
Instrument 

Waiver Description 
Date 

10/25/99 

1011 4/99 

10/14/99 

7/24/00 

3/24/99 

7/3/00 

Reference 

PFR TSC025 

Email Oct 14,99 
George Seylar 

Status Description 
C/O 

C Impedance requirement of 
1553 Bus Interface 

C EMCIEMI Out of Spec. 

C Capacitor out of spec for 
voltage rating 

C On-orbit interface temperature 
prediction waiver 

C Electromagnetic 
Compatibility testing 

C Waiver for out of spec 
Turn -on current transient 
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Waiver Description cont. 
Instrument/ Waiver 

Sub Number 
Assemblies 

STAR Tracker 13 

STAR Tracker 14 

STAR Tracker 15 

STAR Tracker 16 

STAR Tracker 17 

STAR Tracker 18 

10123100 

Reference 

Lockheed Martin 
Document # 

2AO9 13 1 
Lockheed Martin 

Document # 
2AO9 13 1 

Lockheed Martin 
Document # 

2AO9 13 1 
Lockheed Martin 

Document # 
2AO9 13 1 

Lockheed Martin 
Document # 

2AO9 13 1 
Lockheed Martin 

Document # 
2A09131 

Status 
C/O 

C 

C 

C 

C 

C 

C 

Description 

Waiver for power turn on 
transient requirements 

Waiver for STAR Tracker 
weight limit 

Waiver for STAR Tracker 
magnitude determination 

Waiver for a sinusoidal 
vibration levels. A sine burst 
test to be specified 
Waiver for gravity field 
sensitivity 

Waiver for EM1 performance 
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Instrument/ Waiver 
Sub Assemblies Number 

STAR Tracker 19 

STAR Tracker 20 

SABER 21 

SABER 22 

SABER 23 

SABER 24 

SABER 25 

1 012 3100 

Waiver Description cont. 
Date 

61 10199 

6110199 

813 1199 

813 1199 

813 1/99 

813 1/99 

913199 

Reference 

Lockheed Martin 
Document # 

2AO9 13 1 
Lockheed Martin 

Document # 
2AO9 13 1 

SDL Waiver 
request # 3 

SDL Waiver 
request # 4 

SDL Waiver 
requets # 5 

SDL Waiver 
request # 6 

SEM 00-4-372 

Status 
c/o 

C 

C 

C 

C 

C 

C 

C 

Description 

Waiver for one degreelsec 
tracking rate 

Waiver for power bus voltage 
turn on rate 

EMC exceeded limits at various 
points 

Ambient levels exceeded limits 
from 20 to 5 KHZ 

Differential mode-emission 
peaks every 10 HZ from 100 to 
1.4 KHZ. Exceeded the limit 
Ambient emissions were above 
the limit 

On-orbit temperature prediction 
waiver SWA29 
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INTEGRATED ELECTRONICS MODULE (IEM) 

PRESENTATION OUTLINE: 
1. Overview 
2. Processors1 
3. Solid State Recorder (SSR) 
4. RF Communications 
5. Critical Command Decoder1 

Command & Telemetry lnterface 
6. DCIDC Converters2 
7. Remote lnterface Unit (RIU) 
8. GPS Navigation Subsystem (GNS) 
9. GNS Software 
10. C&DH Software 
11. Boot Code 
Note: 1. lncludes C&DH, GNS and Flight Computer processors 

2. lncludes converters for IEM and Flight Computer 

Paul Marth 
James Perschy 
Joseph Bodanski 
Christopher Deboy 
Stephen Oden 

Deanna Temkin 
Al Reiter 
Robert Heins 
Al Chacos 
Stephen Williams 
Susan Schneider 

IEM-PM- 1 
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Integrated Electronics Module (IEM) 
Overview 

Paul Marth 

PHONE: (240) 228-5322 
FAX: (240) 228-1 093 
e-mail: paul.marth @jhuapl.edu 
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IEM 
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IEM 

SIZE: 7.1 x13x10.5 inches 
WEIGHT: 25.2 Ibs. 
POWER: 53.3 Watts (Fully Powered) 



i-i 
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IEM DESIGN OVERVIEW 
Four Subsystems on Nine Plug-in Cards in a Common Housing 
1. Command & Data Handling (C&DH) Subsystem 

a. C&DH Processor (1 card, A2) 
- Mongoose V Processor (12 MHz Clock) 
- 2 Mbytes EDAC SRAM, 4 Mbytes EDAC FLASH EEPROM 
- Summit 1553 Bus Controller 
- PC1 Bus Controller (Mastermarget when idle) 

b. Solid State Recorder (SSR) (1 Card, A3) 
- 2.5 Gbits Storage with Refresh 
- Read Block, Write Block, Memory Scrub Logic with EDAC 
- Byte Readwrite 
- PC1 Bus Controller (Target) 

c. Command & Telemetry Interface (C&T) (1 Card, A6) 
- I2C Bus Controller (SIC Temps) 
- IEM Analog Hskp Telemetry (Mux & AID Conv.) 
- Discrete lnterfaces (AIU's, Separation Sw) 
- PC1 Bus Controller (Target) and CCD lnterface 

dm Downlink Formatter, Reed-Solomon (R-S) Encoder, and 
PC1 Controller (Mastermarget) (On Downlink Card, A7) 

em Critical Command Decoder (CCD) (On Uplink Card, A8) 
- lnterfaces with Command Detector Unit (CDU), Power System 

Electronics (Relay cmds, Low Voltage Sense), and C&T Card 
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IEM DESIGN OVERVIEW (Con9t) 
GPS Navigation Subsystem (GNS) 

a. GNS Receiverrrracker (1 Card, A4) 
- RF Downconverter 
- Sampled IF(2 Bit AID Converter lnterfaces with ASlC Tracker) 
- 12 Channel ASlC Tracker( lnterfaces with Tracking Processor on A5 Card) 

b. GNS Dual Processor (1 Card, A5) 
- Mongoose V Tracking Processor (Interfaces with Nav Processor & ASlC Tracker) 
- Mongoose V Navigation Processor (Configured same as C&DH Processor) 
- PC1 Controller (Target) (Interfaces Nav Processor to PC1 Bus) 

RF Communications Subsystem (S-Band) 
a. Downlink (1 Card, A7) 

- SSPA, Frequency Synth., and Vector Modulator 
- Vector Modulator lnterfaces with C&DH Downlink Formatter on card 

b. Uplink (1 Card, A8) 
- RF Downconverter, IF Section, Frequency Synth., PLUAGC, 

and Command Detector Unit (CDU) 
- CDU lnterfaces with C&DH Critical Command Decoder (CCD) on card 

Power Conditioning Subsystem 
a. DClDC Converters for C&DH, GNS & RIU's (I Card, A l )  

b. DCIDC Converters for RF Communications (I Card, A9) 
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IEM REVIEWS 

1. A formal engineering review (EDR) was not held at the IEM level. 
There was an informal mechanical review (FFR)' of the IEM housing. 

2. Presentations on the IEM were given at the SIC PDR and CDR. 
No IEM RFA's were issued at these reviews. 

3. Engineering Design Reviews, EDR's, for each IEM subsystem were held. 
These are covered under the subsystem presentations. 

4. The motherboard and subsystem interfaces were implemented and 
tested on wire-wrapped and brassboard versions of the IEM and 
were under constant scrutiny during IEM engineering model development 

1. FFR = Fabrication Feasibility Review 

Question: 1 
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IEM DOCUMENTATION 
REQUIREMENTS: 
a. GNS 

7363-9336, 15 Nov. 1997 - "GPS Navigation System (GNS) Requirements 
7363-9333, 24 Sep. 1997 - "Software Requirements Specification for the GPS Navigation Subsystem" 
7363-3348, 29 Sep. 1997 - "Software-Hardware Interfaces for the GPS Navigation Subsystem" 
7363-93328, 21 Apr. 1998 - "GPS Navigation System (GNS) Software External ICD" 

b. C&DH 
7363-91 10, 26 Nov. 1997 - "TIMED Command & Data Handling System Software Requirements Spec." 
7363-91 1 5, Undated - "TIMED Command and Data Handling Software Command Spec." 

c. RF Communications 
Uplink Requirements, 15 Oct. 1997 - Contained in EDR Data Package 
Downlink Requirements, 6 Apr. 1998 - Contained in EDR Data Package 

d. Power Conditioninq 
Requirements, 8 Apr. 1997 - Contained in EDR Data Package 

2. IEM TEST PLAN: 
Informal APL memorandum - 1 Jun 1998, "IEM EM TEST PLANIREVISED" 

3. IEM TEST PROCEDURESIREPORTS: 
Automated Test Procedure Files 

Log Books: Engineering Model, Flight Unit #1 and Flight Unit #2 
Question: 9 
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IEM TEST SETUP (Box Level) 
NETWORK 

I Power (UPWK. DWNl N w  J1 

I POWER GSE Power Bus (C&DH/GNS, R1U9sb J2 

1553 Bus B J12 I I E M = E :  1553 BUS A J13 
- Processor 12C Bus 1 - -Keyboard/Mouse ti Disetes  

51 4 
I 4  E 

- Monitor Baseband (CmdTTlm) , --b - Interface Electronics Pwr Switchina 
--I b. 

Baseband Cmdfrlm (Data, Clk) (Relay Cmds, LVS) 

FRONT END 
I PROCESSOR e-( IRIG-6 Time Code 

- A4 
UPLINK - ~5 

GSE 133.7 MHZ TP 
- A6 

10 -A7  

C&DH Processor 

GNS Receiver 
GNS Dual Processor 
Cmd & Tlm Interface 
Downlink 

I I I I 

Uplink RF 
I I I I - A8 Uplink 

- A9 DCIDC Converter #1 I 

(Test ControlIMonitor) PE!?l 
ToIFrom C&DH 

Processor 

J 4 

~5 GPS 
SIMULATOR 

I Workstation I 

Test Points P RF GPS Signals 

1. IEM TESTBED Simulates: RIU's, Instruments, PSE, AIU's, Separation Switch, IEM AIB lndicator and IEM RTIBC lndicator 
IEM-PM- 10 

Preamp ' , 
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IEM PIFR's = IEM Level 
PIFR No. Unit Date Originator Status Closed Description (Summary) 

TIEM-001 
TIEM-002 
TIEM-003 
TIE M -004 
TIE M -005 
TIEM-006 
TIE M -007 
TIEM-008 
TIE M-009 
TIEM-01 0 
TIEM-01 1 
TIEM-012 
TIEM-013 
TIEM-014 
TIEM-01 5 
TIEM-016 
TIEM-01 7 
TIEM-018 
TIEM-01 9 
TIE M -020 
TIEM-021 
TIEM-022 
TIEM-023 

SSR-1 12/15/1998 Mastracci 
ANT-2 0211 211 999 Mastracci 
IEM-1 04/26/1999 Marth 
IEM-1 04/26/1 999 Marth 
IEM-1 04/26/1 999 Marth 
IEM-1 04/27/1999 Marth 
IEM-1 04/28/1999 Marth 
IEM-1 04/30/1999 Marth 
IEM-1 05/01/1999 Marth 
IEM-1 05/04/1999 Marth 
IEM-1 03/31/1999 Marth 
IEM-2 03/26/1999 Marth 
IEM-2 03/31/1999 Marth 
IEM-2 03/30/1 999 Marth 
IEM-2 O3/3O/l999 Marth 
IEM-2 03/31/1999 Marth 
IEM-2 03/31/1999 Marth 
IEM-2 03/31/1999 Marth 
IEM-2 03/31/1999 Marth 
IEM-2 04/07/1999 Marth 
IEM-2 04/08/1999 Marth 
IEM-2 10/1 3/1999 Rodberg 
IEM-1 1011 311 999 Rodberg 

03/02/1999 Solid State Recorder (Solder Re-Flow Problem) Card rejected. Hand soldered SIN-2,3. 
03/02/1 999 Antenna Mast Assy (Reworked) 
06/10/1999 Stale Tlm, Cmd fails (tlm lags due to GSE delay causes proc to indicate failed cmds) 
02/22/2000 GNS Cmd CLTU timeout (thought to be an incomplete cmd transmission by GSE) 
06/10/1999 SSR frames lost. FTP to MDC impacts Frt End tlm process (MDC FTP priority adjusted) 
06/10/1999 Cmd Failure, Proc. cmd-to-cmd delay too short for COP-1 (Proc. timing changed) 
06/10/1999 Testbed not confirming relay cmds (Faulty connection to Testbed discowred, corrected) 
06/10/1999 GNS 1 PPS Intermittent (loose TV chamber test connector, corrected ) 
0611 011 999 Random SSR Dump Data (Test procedure problem preented start of SSR recording) 
06/22/1999 IEM Turn ON Anomaly (same as TIEM-023) 
06/10/1999 Erratic Downlink Card Temp. (Interface problem between C&T and Dwnlnk cards) 
06/10/1999 Failed GNS command (conflict between manual and procedure generated cmds) 
02/22/2000 C&DH relay cmd CLTU timeout (similar to TIEM-004) 
02/22/2000 No response to C&DH Cmds, suspect "glitch" during IEM turn-on (Reset IEM to clear) 
06/10/1999 Loss of GNS 1PPS Test Signal (see TIEM-008) 
06/10/1999 Erratic Downlink card temperature (See TIEM-01 1) 
06/10/1999 Apparent C&DH Cmd problem (Proc. Error caused cmds setup for wrong IEM ID) 
10/05/1999 1st of 2 SSR dumps "Out of Sync" (PC1 bus arbitration problem corrected by ACTEL change) 
02/22/2000 C&DH relay cmd CLTU timeout (similar to TIEM-004 and TIEM-013) 
06/10/1999 Miss 2 "Sticky Clear" Cmds (Cmd stacking due to GSE delays causes apparent failed cmds) 
06/10/1999 Miss 2 "Critical" Relay Cmds (delay between cmds not sufficient, NOOP inserted) 
10/18/1999 SSR Synch errors (SSR FIFO controller address pointer error with low probability & impact) 
1011 811 999 C&DH processer hangs-up when tuned-on at cold temp. (Found/replaced fouled connector) 

- -- - - - 

Question: 8 

Pre-SIC Operating Hours: Flight Unit #I - 425 Hrs, Flight Unit #2 - 193 Hrs 
IEM-PM- 12 
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IEM PIFR's - Spacecraft Level 
Question: 7 

PIFR Unit Date Originator Status Closed Description (Summary) 
No. 

1 TSC-005 IEM-EM 11/05/1998 Colby C 08/02/1999 CLTU error flag not functional on EM-IEM (ACTEL replaced) 
2 TSC-006 IEM-EM 10/28/1998 Colby C 06/15/1999 RF Test Conn Turning (Staked conn) 
3 TSC-011 IEM-EM 12/03/1998 Kozuch C 01/11/1999 SSR Sync Error (PC1 ACTEL replaced) Also see TIEM-018 and TSC-019 
4 TSC-014 IEM-2 04/19/1999 Nguyen C 10/05/1999 SSR Missing Frm - Sync 1 Bit Lat (GSE prob.) 
5 TSC-019 IEM-2 05/10/1999 Nguyen C 10/05/1999 SSR Sync Error (PC1 ACTEL replaced), Also see TSC-011 and TIEM-018) 
6 TSC-023 IEM-1 0611 511999 Nguyen C 07/22/1999 Expected more data for CDH1 dump (Insert delay after status write and before read) 
7 TSC-024 IEM-1 06/22/1999 Nguyen C 07/22/1999 RF Cmd failures (GSE connection to wrong cmd clock causes cmd failures) 
8 TSC-027 IEM-1 06/24/1999 Colby C 03/14/2000 IEM/SEE missing/duplicate packets (not repeatable), possible PC1 transaction failure 
9 TSC-028 IEM-1,2 06/29/1999 Colby C 09/20/1999 Using rf link, Xfer layer failure & cmd lockout (CCD ACTEL replaced to fix bit flip) 
10 TSC-035 IEM-2 07/27/1999 Nguyen C 09/20/1999 C&DH C2-PPT-STAT-B not correct (C&DH software modified to add this telltale) 
1 1 TSC-042 IEM-1 0811 311 999 Nguyen C 09/28/1999 If a processor resets while in FLASH state, haw to power cycle to run application 
12 TSC-043 IEM-EM 0811 911 999 Colby C 10/18/1999 GNS 1 - No AGC (Intermittent in EM GNS connector) 
13 TSC-044 IEM-1 08/30/1999 Colby C 09/20/1999 IEM not running application (caused by software bug, ops procedure, EDAC handling) 
14 TSC-045 IEM-EM 08/31/1 999 Nguyen C 10/20/1999 C&DH reset while testing GNS (Console induced reset) 
15 TSC-047 IEM-1,2 09/01/1999 Nguyen C 10/05/1999 Actiw AIU Select Command (cmd for each AIU needed) 
16 TSC-049 IEM-2 09/14/1999 Nguyen C 02/22/2000 GNS BB Load caused xfer failures (Noise induced error) 
17 TSC-054 IEM-2 09/20/1999 Nguyen C 02/22/2000 CDH xfer lyr fails in baseband (Noise induced error) 
18 TSC-061 IEM-1,2 10/1 811 999 Nguyen C 12/08/1999 Both lEMs giw SEE status when both ON, IEM(RT) status should be ignored (now is) 
19 TSC-070 IEM-2 1 1/23/1999 Nguyen C 12/20/1999 CLCW data mixed when both lEMs ON (MOC SNV changed to detect problem ) 

IEM-PM- 13 
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IEM -Residual Risk 

- Failure free operation at the spacecraft level, including environmental 
testing and extensive use during mission simulations. 

- Two IEM's provide full redundancy and eliminate loss of mission due to a 
single point IEM failure 

a. On a scale of 1 - 5, where 1 = Low Risk, 5 = High Risk 

IEM-PM- 14 
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Spacecraft Processors 
James A. Perschy 
240-(228)-8488 

Mongoose V Processor used for C&DH, GNS, and AFC 
computers 

C&DH, GNS computers reside in IEM 
- GNS is a dual Mongoose configuration 

AFC is an identical hardware design to the C&DH 
computer, but is packaged separately with a DCIDC 
converter card 

RTR- 1 O/3 1 /00 



Topic 

Requirements 
Specification 
Engineering Design Review 
Actel FPGA Design Verification 
Card Test Sequence 
Card Block Diagrams and Layouts 
AFC Block Diagram and Layout 
Card Level Testbed, Performance Ver. 
AFC Test Sequence 
AFC Thermal Vacuum Test 
Test Matrix (SW vs Hardware Tested) 
Test Procedure (Sample) 
Processor Card Test History 

Slide Questions 

8 through 15 1,3,9 
16 3,7,8 
17 3,7,8 
1 8 through 23 
24,25 
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Processor Requirements (2 of 2) 

- MIL-STD- 1553 for C&DH and AFC processors 

- PC1 bus for C&DH and GNS processors 

- Local bus for GNS processor (16 address and 16 
data lines) 

- Interrupts and discretes to meet C&DH, GNS, and 
AFC requirements. The driver is GNS. 

- All non-transformer coupled interfaces have series 
protection resistors 



Processor Specification (1 of 3) 

CPU 
- Mongoose-V MIPS based processor 

Throughput 

- 3-VAX MIPS, 10 RISC MIPS at 12 MHz using no-wait-state 
SRAM 

Memory 

- 2- megabyte SRAM using 4-Meg Iridiurn/Motorola/Auston epi- 
MCM6246, 5 total for 32-bit word with 8-EDAC parity bits 

- 4 -megabyte Flash EEPROM using Intel M28F008, 5 total for 
32-bit word with 8-EDAC parity bits 

- 1 -megabyte console boot ROM using Intel M28F008, one for 8- 
bit wide bus 

RTR- 1 013 1 I00 JAP-5 
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Engineering Design Review (1 of 8) 

C&DH Hardware EDR held November 20, 1997. R. F. Conde 
and P. Dm Schwartz reviewers. Minutes SEE-97-0204 

Covered Processor, Recorder, Command & Telemetry 
All 22 action items closed 

Processor related action items: 

- l ,2 ,3 ,  5, 7, & 8 answered by J. A. Perschy 

- 4, 7, & 8 answered by J. D. Kinnison 

- 6 ,  & 13 answered by D. E. Rodriguez 
- 19 & 22 answered by S. P. Williams 

Design engineers and reviewers each have greater than 15-years 
experience in spacecraft analysis and engineering. Resumes 
available from the HR Department 

RTR- 1 013 1 100 1,3,9 (sheets 8 through 15) 
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E D R  (2  of 8) 
1. Ensure that the practice of not using pullup resistors on some buses that are in a high impedance state 

for short lengths of time is consistent with worst case leakage currents (so that the bus can not transition 
to mid-logic levels while in the high impedance state). 
Assigned to Jim Perschy and Dan Rodriguez 

The PC1 bus control signals do have 1 OK ohm pullup resistors actively negating these bc t i ons  when 
they are not driven by a terminal. The synchronous clock distributed on the motherboard is always actively 
driven. The data lines do not have pullup resisters. They input to synchronizing flip flops that can only 
change state on the positive going edge of the synchronous clock. The PC1 backplane capacitance for 6 PC1 
nodes is 150 pF. The worst case leakage current for an Acte11280A I 0  interface over -55 degree C to +I25 
degree C temperature range is 1Oua. The voltage change per microsecond is 50 udl5OPF x lusec = 0.33 
V. This allows sufficient time for the turn around cycles on the PC1 bus. 

2. Is it required to independently enableldisable EDAC for SRAM and Flash memory on the processor 
board. 
Assigned to Jim Perschy 

The software designers require this feature. It requires one extra control flip flop to independently 
enableldisable these two functions. 

3. Ensure that the +12V power used to reprogram the flash memory is put in a known state when the 
+12V is turned off. 
Assigned to Jim Perschy 

The +12volts is bled through a 3.48 K ohm resister added to its output on the DCJDC converter card. It is 
also bled through the resistor divider network which inputs to the 12 volt telemetry channel. When the 
voltage drops below 11.5 volts, the flash memories internally disable erase and write functions. 

4. Is there any permanent or temporary damage caused by an upset during flash memory reprogramming; 
what is the probability of this happening. 
Assigned to Jim Kinnison 

SOR-5-96068, December 5, 1997, J. D. Kinnison "C&DH hardware EDR Action Item 4 Response" 
RTR- 1 013 1 100 
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EDR (3 of 8) 

5.  Consider additional protection (on-board or off-board) on processor board console interfaces, 
especially since may need to interface flight hardware to a Sun workstation. 
Assigned to Jim Perschy 

The processor console interfaces to the processor card through 1 K ohm series resistors located in both the 
console and the on the processor card. The console is battery powered. To complete the decoupling a 
Telebyte TM model 268 RS-232 opt0 isolation modules give 1500 VAC isolation across the UART. 

6 .  Ensure that the PC1 interface is adequately terminated during all possible test configurations, especially 
single board test configurations. 
Assigned to Dan Rodriguez 

Board Level Testing: The HP PC1 tester (E2925) is interfaced to the board under test through an adapter 
card which provides appropriate pull-up or pull-down termination for all of the PC1 control signals 
consistent with the PC1 specification. The multiplexed addressldata lines use a current limiting 330-Ohm 
series resistor resident on the board under test. These lines are always driven either by the HP card or the 
board under test. 

IEM Chassis: The PC1 control signals are all terminated with either pull-up or pull-down resistors on 
the motherboard. The multiplexed addressldata bus is always driven either by the addressed target 
controller or by the master, including when there are no active transactions. The C&DH processor contains 
a PC1 master controller and the system arbitration logic. The arbitration logic is designed so that the 
C&DH processor is the default controller on startup, reset, and when no transactions are occurring. It is the 
first card to be populated in the chassis thus always ensuring that the PC1 signals are appropriately driven. 

RTR- 1 013 1 100 
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EDR (4 of 8) 

1. Consider triple voting and refreshing critical portions of Actel FPGAs. Critical portions include those, 
that if upset, would either have a detrimental effect at the system level, or would result in potential 
hardware overstress, such as bus contention. 
Assigned to all Actel designers: Jim Perschy, Dan Rodriguez, A1 Reiter, Steve Oden, Joe Bogdanski, 
George Theodorakos, John Penn 

After review of the Critical Command Decoder (CCD) and C&T Interface ACTEL's, triple voting was 
added in a number of places, particularly in the CCD. Refreshing of these circuits was included wherever 
possible. 

No triple voting was provided in the Downlink "Framer" ACTEL. It essentially refreshes itself at every 
frame time and should "reset" itself in the case of SEUs. 

2. Calculate the upset rate of each C&DH subsystem. 
Assigned to Jim Perschy and Jim Kinnison 

The upset rate of the processor card is: 0.83 uncorrectable but detected upsets per year in EDACed SRAM, 
assuming 30 second scrub and two hours in the South Atlantic Anomaly per day, and 0.006 upsets per 
year, mostly due to non-TMR voted, flip flops in the Summit 1553 controller and the Actel FPGAs. See 
Excel spreadsheet - Single Event Upsets.xls. 

RTR- 1 013 1 100 
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EDR (5 of 8) 

What happens if there is a PC1 bus time-out when the other master is not present (a test only condition). 
Assigned to Dan Rodriguez 

The arbitration logic, which resides on the C&DH processor card, is designed to always default to the 
C&DH processor as the PC1 master controller. In the event that a bus time-out occurs due to a problem on 
the bus, while there is no other master present, the arbitration logic will indeed attempt to transfer bus 
control to the non-existent (downlink card) master. However, since the Downlink card is not present, it's 
request line (PCI-REQ#) will not be active. This signal is resistively pulled to its inactive state on the 
motherboard. The arbitration logic will in turn simply cycle control back to the C&DH processor card. 
The state transition fiom C&DH control through Downlink Card control and back requires four PC1 clock 
cycles. One additional clock cycle is required before the C&DH processor begins to drive the PC1 
AddressIData bus. The total time during which the bus is un-driven is 2Psec. This is a benign condition as 
identified in the response to action item # 1. 

10. Determine the upset rate of the SSR control logic (not the DRAM). 
Assigned to Joe Bogdanski 

1 1. Consider simplifying the CCD GSE interfaces. 
Assigned to Steve Oden 

Some changes were made to the CCD GSE interfaces, and were accepted as reasonable by all affected 
parties. 

RTR- 1013 1 I00 
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EDR (6 of 8) 
12. Consider changing the 54AC14 to an HCS 14 on the CCD-Converter I/F. 

Assigned to ~ t k v e  Oden 

The power-on-reset interface from the converter to the CCD was changed to use a CD40106 Schmitt trigger 
circuit (no restrictions on riselfall times) for buffering the signal to both the CCD and the receiver CDU 
ACTEL's. 

13. Ensure adequate demonstration of margin for synchronous circuits in Actel FPGAs which do not use 
global clock networks - the concern is clock skew between flip flops. The primary issue is that for 
those cases where it is not possible to use a global clock OR ensure proper operation by design (e.g. 
use masterlslave flip flops for shift registers that don't use a global clock), that adequate margin can be 
shown for each flip flop. Is margin demonstrated by successful simulation, or by examining margin at 
the terminals of each flip flop, or some other method ? 
Assigned to Dan Rodriguez 

For the designs which employ internal buffering and distribution of clock signals (instead of the low-skew 
clock driver macros) margin is ultimately demonstrated by careful simulation over the full mil-temp and 
voltage ranges, -55°C to 125°C and f lo%, respectively. Margin is determined by successful simulation 
since the in-spec operating range of the devices on the spacecraft is -30°C to 65°C for temperature and no 
worse than *5% for voltage. 

If further analysis is desired to determine the extent of margin available, this can be accomplished by 
running the Actel "Timer" application software. This is a static timing analysis tool with which the clock 
chain timing delays can be observed element by element from the clock source to each of the destination 
flip-flops. By comparing the relative time delays through each of the paths, clock skew can be determined. 

RTR- 1 013 1 100 

The logic structures that typically fall under greatest question are long shift registers. If the global clocks 
cannot be used, an alternative masterlslave flip-flop structure has been devised that provides greater 
assurance of correct operation by using the clock state instead of edges to propagate the data through the 
chain. This eliminates the sensitivity to clock edge skew but is dependent on clock period. Hence, a slower 
clock will provide greater margin 

JAP- 1 3 
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E D R  (7 of 8) 
14. Substitute a CD40106 as the 12C bus data receiver due to HCTS risetirne limitations. 

Assigned to Steve Oden 

A CD40106 Schmitt trigger circuit will be used to buffer the 12C input data to the C&T Interface card. The 
output of this circuit is buffered by an HCTS14 Schmitt trigger circuit into the C&T ACTEL, but riselfall 
times are not a problem there. 

15. How can 12C bus data line interfaces be adequately protected. 
Assigned to A1 Reiter and Steve Oden 

The bi-directional data line at the C&T card interface is connected to a transistor collector with a 1.5K pull- 
up resistor (data out) and to a CD40 106 Schmitt trigger circuit (data in). A decision was made to add no 
additional protection circuitry. The RIU did add 1 OK resistors in series with its CD4O 106 inputs. 

16. Determine if the Command and Telemetry board will add PC1 bus pullup resistors. 
Assigned to Steve Oden 

50K pull-up resistors were added on the internal C&T data bus lines to the "B" side of the dual-port 
RAM'S. 

17. Add risetime and falltime control on the 12C data and clock interfaces. 
Assigned to Steve Oden and A1 Reiter 

Rise and fall times were measured on the breadboard C&T card and RIU setup, and were found to be 
acceptable without additional circuitry. 

RTR- 1 013 1 /00 JAP- 14 
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EDR (8 of 8) 
18. Determine if collisions are possible between the Downlink Framer and Processor if both try to read 

Status Word 1 on the Downlink Framer board at the same time. 
Assigned to John Penn 

Yes, collisions are possible and are handled by the processor polling the status word and rewriting the status 
if necessary. Software "fix" has been tested. 

19. Ensure that there are spacecraft commands to support all the modes in the Downlink Framer board. 
Assigned to Steve Williams 

20. Ensure that the processor software periodically refreshes control information it loads in the dual port 
RAM on the Downlink Framer board. 
Assigned to Steve Williams 

2 1. How are SSR codeblocks synchronized to CCSDS packets. 
Assigned to John Penn 

AAer a "reset", the PC1 Downlink ACTEL looks for the first word count from an SSR codeblock 
transaction. Each additional SSR codeblock transaction should follow the known pattern of repeating 
counts due to the mismatch in size between data packets and SSR codeblocks. If "sync" error occurs, 
meaning the expected first word of an SSR codeblock transaction does not match the expected count then a 
flag is set and transmitted in the fiame indicating that an unexpected codeblock count occurred. No action 
is taken to correct the error by the hardware. Only error "detection" occurs which needs to be recognized 
by the processor/software. The "sync" error is cleared by a hardware or a "soft reset" for restarting an SSR 
dump. 

22. Determine the maximum harness length possible for the power and ground lines daisychained to the 
RIUs, while keeping the voltage to the RIUs in specification due to IR drops in the harness and 
connector pins. 

Assigned to A1 Reiter 

SRI-00-028 
RTR- 1 013 1 I00 JAP- 15 
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Common Processor Board - Card Side A 

Bourns Mininet ' 
resistor network 

National 54AC - 

Actel 1280 1 

C-Modules only 

PC1 Compatible 
Interface 

AustinIMotorola 
epi SRAM 

Intel Flash 

Berg connector 

SynovaIHoneywell 
Mongoose V 

MIPS Processor 

UTMC dual port 
memory 

AirBornTM connector 
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MIL-STD-1553 Board - Card Side B 

Console Connector: 
UART, 
Boot select, 
Flash program 
enable, 
Test osc enable 

Actel 1280: 
Shared Memory 
& Spmmit 1553 bus 

F, 1 interface,, 
Watchdog timer, 
Reset logic 

Boot 
PROM 
I -Mbyte 

controller w 
1553 bus 
It ransceivers I 
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GPS Track Processor Board - Card Side 
Console Connector 

Discretes 1 Discretes ? - I 
Mongoose-V 

I I 32-bit MIPS RISC, 

Memory 

16, 

EDAC memory bus, LI "ART 

il Actel 1280: 
Watchdog 
timer, 
Reset logic 

Boot 
PROM 
1 -M bvte 

I 

Discretes 
Interrupts Local Bus 
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GPS Track Processor Board - Card Side B 

Console boot . 
ROM 

Local bus - 

RTR- 1 013 1/00 

2-M bytes SRAM 
with EDAC 

Synchronizing 
address latches 

- Synova/Honeywell 
Mongoose V 

M l PS Processor 

nter Processor 
lual port memory 
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Attitude Flight Computer 
Power 

Housing 

Power 
interface 
card card 

Backplane 

MIL-STD-1553 Options Side A Side B 
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EM Attitude Flight Computer 
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Processor Card Test Bench 

3 
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Red Team Review 31 Oct. - 3 Nov. 2000 

Processor Hardware Residual Risk 

None 
- Processor card failure and upset rate have been 

evaluated and accepted 



Solid State Recorder 

J. F. Bogdanski 

The Johns Hopkins University 

Applied Physics Laboratory 
11 100 Johns Hopkins Road 

Laurel, MD 20723-6099 

October 20,2000 
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Red Team Review 31 Oct. - 3 Nov. 2000 

TIMED SSR Board 

2.5 Gigabits 

I 
October 20,2000 joe.bogdanski @jhuapl.edu I 2of 1 1  
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Red Team Review 31 Oct. - 3 Nov. 2000 

October 20,2000 

TIMED SSR Block Dia 
Controller '7 

Dual Ported 

PC1 Bus 

-7 Traffic Cop 

Block Read -4 r 
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b Block Write 

EDAC - 5 * 
Memory Scrub * 

EDAC - 5 
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t Byte 
Read B Write 

1 
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Memory Stack 
10 - 8Meg x 8 bit 
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Red Team Review 31 Oct. - 3 Nov. 2000 

SSR Specifications 
Requirements 

- 1.9 Gbits User Data Space 

- Read 4Mbitdsec 
- Write 30Kbitslsec 
- Simultaneous R e a m r i t e  
- Random R e a m r i t e  
- Low Power Mode 
- Map Around Bad Memory 
- PCIBus 
- Size 6"xS" effectively double sided board 

- Radiation 
>> No latchup 
>> 15krads 
>> Low probability of SSR induced data 

error. 

Performance 
- 2.5 Gbits User Data Space 

- Read 5MbitsIsec 
- Write SMbitslsec 
- Simultaneous R e a m r i t e  
- Random to the block level (244 byteslblock) 
- 5.35Watts Operate, 1.1 Watts Standby 
- Readwrite Pointers can be set by Processor 

- PCIBUS 
- Size 6"x8" effectively double sided board 

- Radiation 
>> No latchup 
>> 15krads 
>> c 10 -\rrors/year in control section 
>> c 10 -20 errorslday in memory 

October 20,2000 
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Red Team Review 31 Oct. - 3 Nov. 2000 

Design Review 
C&DH EDR held November 20,1997. 
- R. F. Conde and P. D. Schwartz reviewers. 

- Minutes SEE-97-0204 

Reviewers 
- R. F. Conde 17 years designing flight hardware 
- P. D. Schwartz 25 years designing flight hardware 

Action item closed 
- EDR item #7 (memo SEE-00-0046) 
- EDR item #10 (memo SEE-00-0047) 

Other documents 
- TIMED SSR User Guide (memo SEE-99-0011) 
- Clarification of Actel A1280 Error Rates (memo SOR-5-97064) 
- TIMED C&DH Hardware EDR (memo SEE-97-0204) 

October 20,2000 
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Red Team Review 31 Oct. - 3 Nov. 2000 

SSR Test Verification Matrix 
Requirements 
1.9 Gbit s User Data Space 
Read > 4MbitsIsec 
Write > 30Kbits/sec 
Simultaneous ReadIWrite 
Random ReadNrite 
Low Power Mode 
Map Around Bad Memory 
PC1 Bus 
Size 6"x8" 
Radiation 
Temp ESS -34°C to +90°C 
Temp Working - 15°C to +68OC 

Test Type 
S 
S 
S 
S 
S 
S 
S 

S, D 
D, F 
D, P 

E 
S 

Tests Key 
D by Design 
E Environmental Stress Screening 
F Fit Check 
P Part Test & Screening (SOR) 
S Software Test (Bench, Base Line, Short, Full) 

October 20,2000 
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Margin Test 
Engineering Model 

- 24MHz crystal (Design Frequency) 

>> Board Test Passed 
>> Data Rate 5.35Meg-bitslsec 

- 32MHz crystal (+33 % Design Frequency) 

>> Board Test Passed 
>> Data Rate 6.62Meg-bitslsec 

- 40MHz crystal (+66% Design Frequency) 

>> Board Test Failed 

October 20,2000 
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Tenney Mite 5 

Thermal Test Setup 

Fluke 52 

Exerciser PCIBus & t' 
Analyzer 

\ Board Under Test 

October 20,2000 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Test/Ouemtion 
SSR Cards - Test Chronology 

S/N-001 S/N-002 S/N-003 
a 

Date Result Date Result Date Result 
1. Visual Inspection (by engineer) 
2. Turn ON 
3. Bench Test (Preliminary) 
4. Baseline Test (Room Temp.) 
5. Rework 
6. ESS 
7. Post ESS Baseline Test (Room Temp.) 
8. Pre-Coat Thermal Test (1 cycle) 
9. Confbrml Coat 
10. Post Coat Visual 
1 1. Post Coat Turn ON 
12. Post Coat Baseline Test (Room T e q )  
13. Thermal Test (5 cycles) - Short SSR Test 
14. Thermal Test (1 cycle) - Full SSR Test 
15. Final Inspection and closeout 
16. Delivery (IEM I&T) 

Passed 
Passed 
Passed 
Passed 
No Rework 
Passed 
Passed 
Passed 
- - -- --- - - 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 

Notes: 1. Thermal Test Range (on card): - 15OC to +6g°C (card powered) 
2. ESS = Environmental Stress Screening: 20 cycles, -34OC to +90°C (card unpowered) 
3. Short Test: Checks all controllers and spot checks memory 
4. Full Test: Checks all controllers and test all memory 
5. Baseline: Checks all controllers and memory boundaries 
6. After extensive rework SIN-001 was declared Non-Flight. Cause of failures was reflow 

solder technique. This was corrected before S/N-002 and S/N-00.3 builds. 

Passed 
Passed 
Passed 
Passed 
No Rework 
Passed 
Passed 
Passed 
--------- 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 

October 20,2000 joe.bogdanski @jhuapl.edu 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

SSR Cards - Powered Test Hours 
Te st/Ope ra tio n Sf'-001 

Date Time (Hrs) 

Turn ON 12/23/98 0.5 
Bench Test (Preliminary) 12/23/98 Failed 
Baseline Test (Room Temp.) --------- 
Post ESS Baseline Test (Room Temp.) --------- ---------- 
Pre-Coat Thermal Test (I cycle) --------- ---------- 
Post Coat Turn ON --------- ---------- 
Post Coat Baseline Test (Room Temp) --------- ---------- 
Thermal Test (5 cycles) - Short SSR Test --------- ---------- 
Thermal Test (1 cycle) - Full SSR Test --------- ----- - ---- 
Totals (As Delivered to Space Craft) --------- ---------- 

S/N -002 
Date Time (Hrs) 

S/N -003 
Date T i m  

1/18/99 0.25 
111 9/99 1 
111 9/99 7.5 
1/22/99 8 
1/23/99 15 
2/9/99 1 
2/9/99 7.5 
2110199 7.5 
211 1- 12/99 15 
211 5/99 62.75 

Notes: 1. Thermal Test Range (on card): - 15OC to +6g°C (card powered) 
2. ESS = Environmental Stress Screening: 20 cycles, -34OC to +90°C (card unpowered) 
3. Short Test: Checks all controllers and spot checks memory 
4. Full Test: Checks all controllers and test all memory 
5. Baseline: Checks all controllers and memory boundaries 
6. After extensive rework SIN-001 was declared Non-Flight. Cause of failures was reflow 

solder technique. This was corrected before SIN-002 and SIN-003 builds. 

October 20, 2000 
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SSR Residual Risk 

To Date 
- None 

October 20,2000 
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Integrated Electronics Module (IEM) 

Uplink Card Critical Command Decoder (CCD) 

Command and Telemetry (C&T) Interface Card 

Stephen F. Oden 
(240) 228-8483 

steve.oden Q j huapl.edu 
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TIMED IEM UPLINK CARD 

CRITICAL COMMAND DECODER (CCD) REQUIREMENTS 

Receive CCSDS compatible commands from Uplink Receiver Command Detector Unit 
(CDU) or from GSE (baseband) 

Forward all commands to C&DH Processor via Command & Telemetry lnterface card 

Send all uplinked, locally addressed relay commands to Power Switching Unit 

Decode and implement several internal CCD (non-relay) commands 

Send C&DH Processor-generated relay commands to Power Switching Unit; notify 
Processor when relay command has been sent 

Upon receipt of a "Hard" low bus voltage indication from the Power Subsystem, issue a 
stored set of relay commands for orderly load reduction; send flag(s) to C&DH 
Processor 

Perform "No commands received" timeout (RF Watchdog Timer); reset CCD and CDU 
digital circuits and send flag to C&DH Processor 

Provide stable clock to Command & Telemetry lnterface card 

SFO-2 
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IEM AlB Select 
I---------# 

IEM N B  'CDH, GNS I 
(SlDLA-B-pOS) ?Lproces~or~ I - - - - - - - - . 

Detect Sync *- Detect Start of Critical CMD r - - - - - - - - -  - -. Fnah (RESET CMD) 3 And Data Header and Header Pattem 
C&T ; 

I Receiver t Polarity Generator - - - - - - - - - J  Interface I 

CDU ,-'I -- I  Detect +Test Fast Timeout I 1 - - - - - - - - - Unambiguous 
r--- - - - - -  MUX . b (2 k ~ z )  -. Data 

Internal *- Reset LVS Flags 
I  I  

4 
I )  Fnab , 

* ~nabl lnh CDH CMD's 

EnablelReset PRN Code , 

I Baseband Uplink Logic Generator - 
I  . 
I Select RcvrIBB - Valid Enablellnhibit 
- - - - - - - -. (BE-sEL1.2) Relay CMD 

-W 

~n;lb, BCH Code , 
Uplink Transfer 

I---------* 
Unswitched Generator 

I DClDC I  Power-on Reset , Uplink Data (PR-CMD-DA) 

; converter f WP-PO-RSJ) 

m I 

End Of Detect BCH Errors Clock (PR-CMD-CK) --)( I 

i- - !Er!- - J CLTU (Tail Sequence) Gate (PR-CMD-GJ) 
CBT 

, CMD Timeout RFTimeout Busy (PR-CMD-BSY) Interface ; 
Test Fast 

Down Counter I L R e s e t  Uplink Logic Timeout - 
Reset Reset 

CLTU Timeout , No CI TLI Fnd 
Enablellnhibit Enablellnhibit 

; ,Uplink Uplink Logic 
Down Counter 

Logic 
m CMD r - - - - - - - - -  

Busv b Rcvr Clock1 + 
CMD Arbitration 

I  
Uplink CMD (CDH-INH) +I I 

r--------.- . 3 + Shift Register 
Uplink I 

I & Transfer Enable .-EMb (PON-RW 
Receiver 1 

I  I rn (HARD-LVSA. B) C-,U I C&T I I 
/CLTU ERR1 & I  

8 -  - - - - - - - 4' - Shift Register 
- 

Hard LVS - Shutdown 

CMD Buffer 
IEM A43 Select . 

T Data (PSW DA) 
I--------; 

k (psw CK) 2 power I 
13 IPSW FNI Switching I 

Gate /PSW GTI J 

Timing I --------  
CDU I - - - - - - - - -  

L - - - - - - - - .  J.9  MH7 c ~ ~ l ; l a c k  11 C&T 
I ---------  Interface 

TIMED IEM Uplink Card Critical Command Decoder (CCD) ACTEL 
SFO-3 
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IEM Uplink Card Critical Command Decoder (CCD) 
Design Review History & Action ltem Status 

1. System PDR: 18 February 1997 
- No Action Items 

2. CCD PDR: 17 March 1997 
- 9 Action Items: all closed (ref. memo SEE-00-0043, 16 September 2000 

3. CCD EDR (part of Uplink EDR): 15 October 1997 
- 5 Action Items: all closed (ref. E-mail, "Uplink EDR Action Items", S.F. Oden to 

C.C. DeBoy, 31 October 1997 

4. CCD EDR (part of C&DH EDR): 20 November 1997 
- 3 Action Items: all closed (ref. memo SEE-00-0048, 20 September 2000 

5. System CDR: 2-3 December 1997 
- 1 Action ltem (#13), assigned to G. Dakermanji and S.F. Oden: closed (ref. E-mail, 

"CDR Action 13 Response", from G. Dakermanji and S.F. Oden to E.J. Hoffman, 
24 February 1998 

(Questions I ,  9) 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

IEM Uplink Card Critical Command Decoder (CCD) 

Action ltem 
Number Brief Description of Action Item 

1 ProLide shortened wrsion of Uplink RF watchdog timer for ground test 

2 Consider implication that CCD has no "security" or authentication capability 

3 Determine if PRN-encoded Uplink to CCD is a problem for LEO-T ground station 

4 Determine use of antenna co-ax relay tell-tale on Uplink or C&T card 

5 Determine shielding requirements for CCD relay command interface to Power Switching 

6 ProLide power-on resets to Uplink and C&T wirewrap boards in breadboard IEM 

7 

I 

I 11 IConsider changing the GSS baseband power interface to the Uplink card CCD 

Reiew all inter-IEM signal interface lines to wrify sufficient ESD protection 

9 

Status Document 

Deelop a test philosophy for integrating the CCD with the rest of the Uplink circuitry 

Card Level PDR Action ltem Summary 
(Questions 1, 9) 
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IEM Uplink Card Critical Command Decoder (CCD) 
Residual Risk Assessment 

After a review of the CCD design, ACTEL simulations, card level testing, IEM level testing, 
and spacecraft system level testing, there appears to be no residual risk to its use in the 
TIMED mission. 
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r - - - - - - - -  
1 Critical % 
:Command : (PR CMD CK) Parallel 

Decoder I (PR-CMD-DA) UplinkCMD's , 
------ -  J 

External lnterface 
Logic 

r - - - - - - - -  Analog Data 1 IEM I E M f O - 7 ) J , J  

Uplk. Dwnlk, : (TEMP-8-9) MUX's, 
CDH. GNS. I Conditioning : SSR, DC-DC I  M VOLT 0-17 Amplifiers, 

:- -c~~"_";s- ; (TM-VOLT_~~-I~) AID Conversion 

I - - - - - - - -  
Serial To 
Parallel 

Digital 
Convert 

Telemetry 

Input Data 
I - - - - - - - -  ' (PR CMD BSY) Relav CMD Complete Arbitration, 

Critical I Ad& Cnl mtnr 

19 To Serial * r  
IDLY CMD CK) 2 Command : 

Verification . ) Convert . (DLY-CMD-DA) c Decoder ; 
I - - - - - - - - . 

.-------a 
I - - - - - - - - *  v I I--------, 
I Attitude I  (AU1.2 HTB. SEL. SAF. LOW 8 4 Event I fAIU1.2 SOFT) 4 Attitude : 
I  System I '_ - - - - - - - . Buffer 'I System I 

SP SW) SeparatdAttached 2 1 --------  1 

r<&CeCFag- --------. : 
I - - - - - - - -  
I CritiMl 1 (RF TIM OT) Command Timeout Clear Shutdown Flag / ' ' (RESET CMD) Ground Reset I - - - - - - - - I  

:- _O_~C_O!!?L -: - 
T I  (MSTR-RST) IEM r - - - - - - - -  

I C&DH ! (PR ERROR) Processor Error I A :Backplane 

TIMED IEM Command & Telemetry (C&T) Interface Card 
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IEM Command and Telemetry (C&T) lnterface Card 
Design Review History & Action Item Status 

1. System PDR: 18 February 1997 
- No Action ltems 

2. C&T Card PDR: 17 March 1997 
- 4 Action Items: all closed (ref. memo SEE-00-00-0043, 16 
September 2000) 

3. C&T Card Hardware EDR (part of C&DH EDR): 20 November 1997 
- 5 Action Items: all closed (ref. memo SEE-00-0048, 20 September 
2000) 

4. System CDR: 2-3 December 1997 
- No Action ltems 

* No PFR's issued against C&T lnterface Card * 

(Questions 1, 7, 9) 
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IEM Command & Telemetry (C&T) Interface Card 

I Action Item I I I 

/ 6 I Provide ~ower-on resets to U~l ink  and C&T wirewra~ boards in breadboard IEM I Closed I SEE-00-0043 

Number 

7 Reiew all inter-IEM signal interface lines to wrify sufficient ESD protection 

10 Make the C&T card power-on reset receiving circuit a Schmitt trigger type 

Brief Description of Action Item 

Card Level PDR Action ltem Summary 
(Questions I ,  9) 

Status Document 
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IEM Command and Telemetry (C&T) lnterface Card 
Residual Risk Assessment 

After a review of the C&T lnterface card design, the C&T ACTEL design and simulations, 
card level testing, IEM level testing, and spacecraft system level testing, there appears to be 
no residual risk to its use in the TIMED mission. 
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Command and Data Handling Software 
Red Team Review 

Steve Williams 

Stephen.Williams@j huapl.edu 

(443) 778-8883 

(240) 228-8883 

C & DH Software 
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Agenda 

Software Overview 

Software Development 

High-level Reviews 

Code Walkthroughs 

Testing 

Software Problem Reports 

Residual Risk 

C & DH Software 
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Software Overview 

(1553 Bus, 
Instruments CmdITLM Card 
(1553 Bus) (PC1 Bus) 

Time, Time Sync, 
Command Packets, Time, Time Sync, Cmd Packets, 

GNS Message, Spacecraft Status, 
Housekeeping, 

output discrete 

Uplink data, input discretes, 
Software LVS Discrete, TLM Packets, 

TLM and Diagnostic Packets, Status Relay commands, 1 PPS, 
Status, Spacecraft Attitude, 

Discretes 
\ 

Time Sync, PPT Control voltages, 
Solar Array Currents, Battery cur 

SSR Blocks, 

SIC Currents, Battery and Bus 
Address and Control, 

System 
SSR Card 

(1553 Bus) Voltage, Battery Pressure, 
EDAC Bytes, (PC1 Bus) 

Relay Telltales 

Command Packets, Att i tud 
Time,Reset, 01,  Rate and Mode Select, 

Separation Notice, 
1 PPS Return, 

IEM Status' TC Real-time Packets, CLCW, Time, Time Sync, 
TLM Packets Transfer Frame Headers, 

Position, Velocity, 
1 Status 

Time. Status \ 

Telemetry Packets, 1 PPS 

(PC1 Bus, 
l EMlRT 

Discrete) 
(1553 Bus) 

Downlink Card 
(PC1 Bus) 

C & DH Software 
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Software Development - 3 
(addresses review item 4) 

3. No code walk-throughs were held for Builds 2 and 3 
The software might have benefited from code walk-throughs for these 
builds. However, due to the schedule and budget constraints, the lead 
C & DH software engineer decided that the time was better spent 
doing testing than doing code walk-throughs. 

C & DH Software 
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Deviation from the Mission Software 
Configuration Management Plan 

(addresses review item 4) 

We delivered a document to the Mission Software Engineer that 
summarized the changes and testing of the new build. We delivered the 
new .s3r file to Mission Operations. We did not deliver source code, 
data sets, a test plan and test scripts to the Mission Software Engineer. 
We did not perform regression testing on software deliveries after 
Build 3.7. We relied on the C & DH baseline performance test 
developed by the I & T team and run on the spacecraft 

C & DH Software 
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High-Level Reviews - 1 
(addresses review items 1,2  and 4) 

Software Interface Design Review 
- held on 04/25/97 
- chaired by Harry Utterback, SOR Software Quality Assurance 
- no designated reviewers, but 32 attendees acted as the review board 
and generated 4 RFAs (SOR-97015) 
- RFAs responded to in SEE-97-094 

Software Requirements Review 
- held on 06/09/97, chaired by Harry Utterback 
- no designated reviewers, but 25 attendees acted as the review board 
and generated 14 RFAs (SOR-97027) 
- Software Requirements Specification JHUIAPL 7363-9 1 10 
- RFAs responded to in SEE-97-0 13 1 and SEI-97-070 

1 013 1 100 C & DH Software 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

RFA Summary for Software Interface 
Review 

(addresses review items 1,  2 and 4) 

-" * 

for bad SSR blocks fr 

r distinguishing between transmission errors and data content errors 

C & DH Software 
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RFA Summary of C & DH Software 
Requirements Review 

(addresses review items 1 ,2  and 4) 

: RFA Summary of C & DH Software Requirements Review - 06/09/97 
t *----- ^r".xxrrx...r"^x-*^r - " " A " " "  .--" - - A" < - " " " " " A " -  - -  * -  

I Item # Brief Descri~tion Closure 
I 1 $Minor changes to the Requirements Specification document itself SEE-97-01 31 
--*------------* -.---- ""-- - +" .-. ------ --"----"*-- -- - "- "-"-"-----------*- ------- 

2.Consider chanaes to the format of the Command Check Failure buffer. SEE-97-0131. 

I rt the most recent N entries of the packet success and packet failure buffers 

, . . . -. . - 131. 
.-A,-, .. "~ 

C & DH Software 
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Hieh-Level Reviews - 2 u 
(addresses review items 1 ,2  and 4) 

Software Preliminary Design Review 
- held on 07/25/97, chaired by Hany Utterback 
- reviewers were Brian Heggestad (FUSE flight S/W), Doug Reid 
(TIMED G & C S/W) and Michael White (FUSE flight SIW) 
- Software Functional Design Document - JHUIAPL 7363-9 1 13 
- 1 1 action items (SOR-97-033, responses in SEE-97-0197) 

C & DH Software 
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RFA Summarv of C & DH Software PDR 
rl 

(addresses review items 1 , 2  and 4) 

Item # Brief Description Closure ------ ""-- ----- --- ---- ----*-- - - -----*------ - -* "" ----" ------*----- ""  --- u- - -"--- - - - --- - -- - *  ------+-.- -------- - ------ 
l a  Fix miscellaneous errors in the desian document. SEE-97-01 97 

Provide a rationale for the 4 millisecond offset between the start of a 1553 major frame in the bus 
i 1 bicontroller and the sendina of the time svnchronization messaae to the C & DWrernote terminal. SEE-97-01 97 
i !Determine the threshold of bad blocks before the software declares an entire SSR memory chip to be 
i 1c:bad. SEE-97-01 97 

1 2' Fix miscellaneous errors ....... in the .. presentation ..... material. .............. ...... .. . .. ..... SEE-97-01 97 * -p,,,,m,--,m., ".., -,,"" ..,..---,-,-,-- "" ,-,- -..,- -" 
. , A * - ,  ,,,- " -,-. ,"-.-" ,--,,A 

- ,*",, .....-..am..- ""* "-.-,,,A" -,*.--*-" ,,+-,-*.---, &" ,* ,*-.,-,.----,- ....... 
3jls th 

.............. .. ...... 1 .A ............ -MU I SEE-97-01 97 ' Can s a value 
i 4jof O? 
L.." -.--.--.." . .................... .............. ..... .. ""- ...... .......-........ ........... ," ..-.. ....... -. * -. .... - - ......... SEE-97-01 97 

: Is there an advantage to having a time-out of the watchdog timer interrupt the processor instead of 

i 10eAre there data flow diaarams for the SSR Plavback. 1 Hz and 16 Hz functions? SEE-97-01 97 

C & DH Software 
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Code Walkthroughs - 1 
(addresses review items 1,2 and 4) 

A total of nine code walkthroughs were held from 9/98 through 11/98, 
covering all Build 1 code and SSR code from Build 2. 

Three walk-throughs of 1553 bus controller software 
- reviewers not on the C & DH software team were Russ Redman 
(TIMED IEM Testbed S/W) and Paul Haring (NEAR AIU and 
TIMED AIU Flight S/W) 
- RFAs and their responses are in SER-98-048, SEE-98-0096 (review 
1); SER-98-050 (review 2); SER-98-052 (review 3); SEE-00-0050 (all) 

One walk-through of low-level hardware functions, intempt handlers, 
PC1 bus driver, and the GNS interface software 
- reviewers not on the C & DH software team were Horace Malcom 
(TIMED GNS Flight S/W) and Rich Conde (ACE C & DH System) 
- RFAs and their responses are in SEE-98-0095 

1 0/3 1 /OO C & DH Software SPW-15 
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Code Walkthroughs - 3 
(addresses review items 1 ,2  and 4) 

Two walk-throughs of Downlink, Memory Dump and Solid-state 
Recorder software 
- reviewers not of the C & DH software team for the first review were 
Rich Conde and Michael White, with no external reviewers for the 
second review. 
-RFAs and responses to both reviews are in SEE-98-0115 and SEE-OO- 
0050. 

C & DH Software 
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Testing - 4 
u 

(addresses review item 3) 

We were dependent on spacecraft testing and other individuals to 
verify certain aspects of the software. 
- Peak power tracking software operation was verified by power 
system engineers 
- Operation of C & DH as a remote terminal and interaction between 
the two C & DH processors is best tested at a spacecraft level. 
- The interface between the GNS and C & DH processors is best tested 
at a spacecraft level. 
- Although John Hueber and the autonomy software developer tested 
autonomy software, the best testing has been done by the Autonomy 
System Engineer. 

C & DH Software 
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Software Problem Reports 
(addresses review items 7 and 9) 

All Software Problem Reports relating to the C & DH software have 
been answered. 

Where SPRs indicated a software bug, either a new software load has 
been made that fixes the bug or a conscious choice has been made not 
to fix the bug. 

C & DH Software 



SPR No, r System Version 

(addresses review items 7 and 9) 

reset 
~-, -, --. ..,.-,.*.u--..,--.-,-. 

ase ----" ....................... 1 Closed -,,,.,, ". . 12/03/98~' v 

ase 1 Closed l2/10/98 1 
Retransmit flaa not set i fixed in later release ! Closed 1 2/14/98 3 
Add figures of merit to C&DH-to-AIU GNS 

f i 

1 0/3 1 /00 C & DH Software SPW-23 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

(addresses review items 7 and 9) 

C&DH 3,7 !SIC C&DH and GNS interface ontirne output 
C&DH 3.8 1 G&C RAM direction bit failed to toggle - ----- - - - --- * % "- - -- "- - - -- ----- --+ - ----- --- --- ---- - - 
C&DH 3.8 j Watchdog reset was obserwd - - 

'Peak Power Tracking needs to be tested C&DH_3,7- . .  L"-- ....... .....- ... ..--" ---- ---- I -  ....... 
Telecornrnand Packet load command needs to 

fixed in later release &Closed ! 05/28/99 
I -  -- not a -- software + - *  . bug Closed r 08/10/99 -V---A--< 

fixed in later release Closed 1 07/25/99 
n e w  ->-a-e observed "-  o again ' closed 0811 0199 ' 

0 " -."- -"w>------ - ---------- 
fixed in Build 3.9 Closed j 08/24/99" 
fixed in Build 3.9 'Closed 1 09/03/99 - * "-*-"-------"."."-w-*- -----?----- 

not a software bug - Closed -1 - 0911 3199# 
additional _ testing lI-I_̂ Î l XI-IX* Closed X̂I r --I= 09/24/99, --- ---" 

I 

i 
additionaltesting 'Closed 09/24/99: - - - -- - -- -,--. "-"- -- -"-* *----- j--" ".-"--A - 

I 
I 

C & DH Software 
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C & D H S P R s - 3  
(addresses review items 7 and 9) 

Software swa~s two TLM ~oints fixed in Build 3.1 1 closed 1 2/02/99 ! 
I Autonomy current fire cnt exceeded max fire : 

cnt for Rule 303 not fixed i Closed 12/13/99. 
: not a software bug closed 12/20/99; 

I Noticed 1553 errors during a commanding , 

problem not a software bug i closed 0 1 ~  9/00/ 
1553 retry failures occurred on both IEM 1 
Sides 1&2 not a software bug 1 Closed 1 1 107199 1 
Abort crnd is to get executed before any no- I 

OPS - - - fixed in Build 3.10 - - 7 v v  - 1  Closed - - - -  1 1/07/99 ! 
- - "  w".uu 1 fixed in Build 3.1 1 c / released . 0911 8/00; Watchdog ?i meL_reset - - -_- - --.---A - - - --" , - u -- --b,,,,--e+".,. -- -----n---- 

AIU #2 Stopped outputting packets to C&DH ' i 

1553 bus fixedinBuild3.11b~Closed 09/20/00i 
" - *  - - " A "  ----- ----"------ "..------*+------"." 

C & DH Software 
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Recent Software Deliveries 
(addresses review items 7 and 9) 

Build 3.8, on 09/07/99. Documented in SRS-99-147. Fixed PFR TSC- 
039,044 and SPR 237. 
Build 3.9, on 10/05/99. SRS-99-176. Fixed SPRs 206 and 212. 
Changed the implementation of the Autonomy Rule Fire Count Clear 
as requested by the Autonomy Engineer. 

Build 3.10, on 1 1/04/99. SRS-99-195. Fixed PFR TSC-070, SPRs 272 
and 332. 

Build 3.1 1, on 12/03/99. SRS-99-209. Fixed SPRs 337, 340. 

Build 3.11b, on 08/17/00. SRS-00-132. Fixed SPR 540. 

Build 3.11c, on 10/03/00. SRS-00-173. Fixed SPR 530. 

C & DH Software 
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- 

Residual Risk 
(addresses review item 13) 

Risk is that there are software bugs that have not been found during 
testing to this point. 

The amount of testing that the software has received on the spacecraft 
and in the lab provide confidence that any such bugs will be minor. 

New software can be loaded to the spacecraft to correct any bugs 
deemed major enough to require correction. 

Evidence from testing shows that the robust nature of the software 
watchdog timer means that the software is very good at detecting its 
own faults. 

C & DH Software 
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Agenda 
Acronym List 

Common Boot Simplified Hardware Block Diagram 

Common Boot Requirements Overview 

Common Boot Design Overview 

Common Boot Statistics 

Common Boot Development Overview (review criterion 4) 

Summary of Documentation (review criterion 4) 

Summary of Reviews and Action Items (review criteria 1,4, 9) 

Summary of Test, Verification, and Validation (review criteria 3,4, 7) 

Summary of Software Deliveries (review criterion 8) 

Summary of Configuration Management (review criterion 4) 

Summary of Boot Archive 

Residual Risk (review criterion 8) 

Review Action Items and Attendees (review criteria 1,4, 9) 

Software Problem Reports (review criteria 4, 7) 
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Common Boot Simplified Hardware Block Diagram 

GNS Reset ----) 

TIM ED Mongoose-V Processor Card 

Custom Hardware (Actels) 

Boot Flash I 
App. Flash 

Param. Flash 

Extern Comm Interface 
AFC: 1553 

C&DH: uplinkldownlink 
GNS: PC1 

SRAM r 

T 

Mongoose V 
C P U  

AFC 1 C&DH Reset 
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Common Boot Statistics 
Lines of Code: 
- 11,000 C / Assembly Statements 

- 22,000 comment lines 

Size of Executable: 
- 243.4 Kbytes 

SRAM Usage: 
- 632 Kbytes (Boot code, data and buffers, exception vectors) 

- up to 1.4 16 Mbytes for Application 

Interrupt Rate: 
- 32 Hz for C&DH, 10 Hz for AFC, 1 Hz for GNS 

SRAM Scrub Rate: 
- 2 Mbytes / 32 sec 

Boot Time: 
- - 40 seconds includes 20 second delay waiting for "stay in boot" command 

SES-8 
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Common Boot Development Overview 

Per TIMED Software Quality Assurance (SQA) Plan, JHUIAPL 7363- 
9101 
AFC Boot development evolved into Common Boot development 

Common Boot Software is considered Mission Critical 

SQA Plan covers software requirements, design, coding, testing, 
delivery, and maintenance 

SQA Plan identifies required documentation, software reviews, test 
and verification, and configuration management 

Review Criterion: 4 



TIMED 
Thermosphere Ionosphere . Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Common Boot Software Documentation (1 of 2) 
Development Plan: 
- TIMED Software Quality Assurance (SQA) Plan, JHUIAPL 7363-9 101 

Operational Concept: 
- information provided in design documentation 

Requirements: 
- TIMED Boot Program Software Requirements Specification Document, JHUIAPL 

7363-9354, Rev-0- 1 

Top Level Design: 
- TIMED Boot Program Software Preliminary Design Document, JHUIAPL 7363- 

9358, initial release 

Detailed Design and Interface Control: 
- TIMED Boot Program Software Detailed Design 1 Interface Control Document, 

JHUIAPL 7363-9358, Rev-0-4 

Review Criterion: 4 SES-10 
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Common Boot Review Summary (2  of 2)  

Review Date Action Items Status 
Code 
walkthroughs* 

reviewers from 
AFC, C&DH, 
GNS subsystems 

Post Software 
Deliverv ~ev iew*  
Post 
Environmental 

None 

None 

NIA 

NIA 

all bugs found were fixed 
(a small number); 
numerous items related to 
style or clarity closed 

NIA 

NIA 

* Independent 
Reviewers 

Review Criteria: l , 4 , 9  SES- 13 
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Common Boot Test and Verification 

Unit 1 Integration Testing 
- complete unit / integration testing performed 

- record of unit testing documented in APL memo SRS-00-160 

- documented tests, procedures, expected results, date of tests, and results for unit / 
integration testing of all Common Boot commands and telemetry 

Acceptance 1 Regression Testing 
- archived acceptance / regression test scripts 

- documented procedures, date of tests, and results in SRS-99-204 

- used on Boot Versions 0.6 and 0.7 

Review Criteria: 3,4,7 
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Common Boot Verification and Validation 

Verification 
- all requirements verified by combination of unit, build, and acceptance I regression 

tests, documented in APL memo SRS-00-159 

Independent Verification 
- requirements and design verified by independent reviewers 

Independent Validation 
- Independent regression testing 
- MOPS demonstrated ability to load new application program and exercise Boot on 

all subsystems supported by Common Boot on each delivery of Common Boot or 
Application 

Review Criteria: 3,4,7 
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Common Boot Archive Summary 
Archive Resides on APL Space Department UNIX System: 
- MOPS Delivery Archive 

executables and tools needed to load Boot on SIC 

- Boot Document Archive 

archive document, flash procedures, design, requirements, 

unit test, verification matrix 

- Flat Boot Archive 
form of Boot used in early application development 

- Flight Boot Archive 
complete source for flight Boot 

- PMON Archive 

console Boot used in development only 

- Boot Test Archive 

regression and other test scripts 

- Boot Tools Archive 
tools supporting Boot build, disassembly, load, etc. 

Review Criterion: 4 
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Common Boot Software Residual Risk 

Residual Risk is LOW 
- Common Boot has been thoroughly tested and verified 

- Boot 0.7 has been in use over one full year running on three subsystems on SIC 
with no problems (failure free run time, -600 nominal reboots for C&DH 1 GNS, 
-200 nominal reboots for AFC, 8-12 application loads per subsystem) 

- All known software problems or bugs have been identified in SPRs (13 total) , 
evaluated, and fixed (9) or work-arounds provided (4) 

- Significant portions of Boot code taken from application code development - the 
shared design 1 implementation has been verified in application as well as Boot 

- TIMED SQA and Configuration Management Plans followed for Common Boot 
development 

Review Criterion: 8 
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Common Boot Software Requirements Review 
Action Item Summary (1 of 3) 

Description 
Should EDAC on SRAM be 
disabled during RAM tests and 
then enabled? 
Consider using walking 1 's test and 
walking 0's test for writing to 
memory in SRAM tests instead of 
specified tests. 
An ICD is needed to define actions 
needed for MOPS to prepare 
uploads, initiate program 
execution, System Boot Block Cell 
Management, etc. 
Clarify when 10 second Boot delay 
period occurs so that "Stay In 
Boot" command can be properly 
timed. 

Status 
Closed 1 Adopted 

Closed / 
Not Adopted 

Closed / Adopted 

Closed I Adopted 

Response 
Yes. Also, EDAC always enabled when 
executing out of RAM. See also SW CDR 
action item #8. 
Decided not to use walking 1's and 0's tests. 
Changed data pattern OxAAAA.5555 to 
OxA5C3.El69. 

MOPS agrees to generate a "TIMED 
Processor Load and Dump Detailed Design 
Document" to address this item. 

Clarification added to requirements document. 
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Common Boot Software Requirements Review 
Action Item Summary (2 of 3) 

Relocate a sentence in 
reauirements document. 
State command checksum size. 

Clarify action taken for unused 
cells when copying a Flash 
segment to the SRAM buffer. 
Assess impact of the Boot rejecting 
dump commands when a dump is 
already in progress. 
Access the adequacy of the 
Parameter Block Dump commands. 

Status 
Closed I 
Adopted 
Closed I 
Adopted 
Closed I 

Not Adopted 

closed I 
Adopted 

Closed I 
Adopted 

Resgonse 
Done. 

Command checksum size is 16-bits. 

This is considered a design issue. 

MOPS indicates this is the desired and 
expected approach. 

The Mongoose V processor boards will 
support separate enablingldisabling of EDAC 
for Flash and SRAM. Therefore, the Boot can 
dump parameter block flash segments using 
the physical memow dump command. 
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Dynamics 

Common Boot Software Requirements Review 
Action Item Summary (3 of 3) 

Description 
Determine method to initiate soft 
reset. 

Suggest moving Boot ~ l & k  cell 
design information to an appendix. 
Clarify details of requirements for 

Fix minor typos and other errata. 

Status 
Closed 1 Adopted 

Closed 1 Adopted 

Closed 1 Adopted 

Closed / Adopted 

Response 
This command shall support resetting the 
processor by accessing the soft reset discrete 
or via the watchdog. Note: the requirement 
was later changed to eliminate the watchdog 
option. 
Moved to design document. 

Done. 

Done. 
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Common Boot Software Preliminary 
Design Review Summary (2 of 4) 

SPD 1 

SPD 4 

SPD 5 

- 

preliminary design document. 

Description 
Add definition of ACTELS to 

Status 
Closed I Adopted 

Typo 
Consider simplifying action to take 
on failure of RAM tests. 

run time. 

Closed / Adopted 
Closed / 

Not Adopted 
Update encoding of reset 
information. 
Clarify location of command 
interpreter portion of Boot code at 

Response 
ACTEL is the name of the company that 
manufactures Field Programmable Gate 
Arrays (FPGA). Added both to acronym list. 

Closed / ~ d o ~ t e d  

Closed / Adopted 

Fixed. 
Considered suggestion. Decided to keep 
flexibility in design. 
Done. 

Command Interpreter will be located and run 
from Flash with the rest of the Boot. The 
code to implement the Flash erase and write 
must be copied to and executed from SRAM 
by the Boot before programming Flash. 
Note: A later change was to copy the entire 
command interpreter function of the Boot to 
SRAM and execute from there. 
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Common Boot Software Preliminary 
Design Review Summary (3 of 4) 

A1 # 
SPD 6 

SPD 7 

1 documentation for descriptions of I I design documentation. 

Description 
Suggest MOPS fill incomplete 

SPD 8 

program cells with pad value. 
Delete reference to "active FC" 

I word count. 

Status 
Closed 1 Adopted 

Do not reference C&DH command 

SPD 9 

Response 
MOPS agrees to use 0-fill for incomplete 

Closed I Adopted 
program cells. 
Table containing reference is AFC specific. 

Closed 1 Adopted 

Boot commands. 
Memory dump packet is missing a 

- 

Removed from Common Boot description. 
Boot commands will be described in Boot 

Closed I Adopted Add word count to memory dump packet. 
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Common Boot Software Preliminary 
Design Review Summary (4 of 4) 

A1 # 
SPD 10 

SPD 11 

SPD 12 

SPD 13 

How can the following be avoided 
in the Boot: an endless cycle of 
resets if the Boot reads an 
unitialized location in Flash which 
can cause a double-bit EDAC error 
/ processor reset. 
Consider a "lost contact" time-out 
after the boot program 'stay' has 
been issued. Go to application if 
all else OK. 
Specify word-boundaries for Flash 
access. 
Identify subsystem specific Boot 
requirements for C&DH and GNS. 

Status 
Closed / Adopted 

Closed / 
Not Adopted 

Closed / Adopted 

Closed / Adopted 

Response indicates that the hardware 
automatic reset on double-bit error will be 
disabled to handle this (done by Reset Actel). 
Note: Furthermore, the Boot initializes EDAC 
for all of SRAM prior to enabling EDAC 
interrupts. These steps prevent the problem. 
Determined that if Boot commanded to wait in 
command interpreter it should do so. 
Suggestion not implemented. 

Specified 32-bit word boundaries for dumping 
memorv including Flash. 
It was determined that there were no 
subsystem specific Boot requirements for the 
C&DH or GNS. 
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Common Boot Software Critical 
Design Review Summary (1 of 2) 

Description 
Fix errata. 
Determine differences in hard and 
soft SRAM tests. 

Provide a means to trigger all 
software interrupt service routines. 
Recommend adding Boot 
command to do so. 

Determine length of time interrupts 
disabled in Flash programming and 
impact on Boot operation. 

Confirm whether CUC time is 
available to use in tagging rejected 
commands. 

Status 
Closed / Adopted 

Closed / 
Not Adopted 

Closed / Adopted 

Closed / Adopted 

Response 
There is no difference in the tests performed 
except for the following: different memory 
ranges can be specified in the Boot Block Cell 
for hard and soft SRAM tests. 
Boot interrupt service routines were tested 
during software development. Post- 
development their functioning can be inferred 
from indicators in the telemetry and the 
correct functioning of higher level 
commandable functions. Suggestion not 
implemented. 
Interrupts are off no longer than 20 micro- 
seconds at a time. This will not lengthen with 
aging of the Flash and does not interfere with 
Boot operations. 
Boot telemetry and rejected command time 
tags are: CUC for the AFC subsystem, and an 
internal count of seconds since the last reset 
for the C&DH and GNS subsystems. 

SES-27 
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Common Boot Software Critical 
Design Review Summary (2 of 2) 

Description 
Determine if all commands except 
the "Stay In Boot" are to be 
rejected during the Boot idle 
~eriod.  
Determine the need for the Boot to 
support the Buffer Dump 
command. 
Do not reset the hardware registers 
that capture the reset cause so that 
the Boot does not clear the Actel 
reset cause register is available to 
the application programs. 
Delete the requirements to disable 
EDAC during memory test. This is 
no longer needed since double bit 
errors will no longer cause a 
processor reset. 

Status 
Closed 1 Adopted 

Closed 1 Adopted 

Closed 1 Adopted 

Closed 1 Adopted 

Response 
Yes, they are. 

Not absolutely necessary, but requires little 
additional code and provides a convenience 
for MOPS. 
The Boot will preserve the contents of the 
Actel reset cause register as requested. 

Requirement deleted. 
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AFC Boot Software Requirements Review 
Participants 

Harry utterback* 
Shane Hutton 
Mike ~ackard* 
Walter   it nick* 
Steve ~ i l l i ams*  
Sean ~ c ~ h e e *  
Ray ~ a r v e ~ *  
Horace ~ a l c o m *  
Mike Mitchell 
Wmen w rank* 
A1 ~hacos* 
Martha ~ h u *  
Steve ~ffenbacher* 

Chair 
Presenter 
TIMED Mission Ops 
TIMED Ground System 
TIMED C&DH Software 
TIMED Ground System Software 
TIMED Autonomy Rules 
TIMED GNS Software 
TIMED Flight Software 
TIMED G&C Software 
TIMED GNS Software 
TIMED Mission Software 
TIMED G&C Software 

*. 
independent reviewers 
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Common Boot Software Requirements and 
Preliminary Design Review Participants 

Harry utterback* 
Mike Mitchell 
John Hayes* 
Dan Ossing* 
Horace ~ a l c o m *  
Steve ~ i l l i a m s *  

Chair 
Presenter 
Boot Expert 
TIMED Mission Ops 
TIMED GNS Software, Boot Expert 
TIMED C&DH Software 

* 
independent reviewers 
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Common Boot SPR Summary (1 of 3) 

SPR 
# 
28 

118 

128 

141 

145 

Description Status 

Flat Boot fails to successfully load 
application. 
Boot 0.1 does not support 
parameter loads. 

Closed / Fixed 

Closed / Fixed 

Boot 0.2 does not operate properly 
on the C&DH in the low rate 
downlink mode (also a problem for 

Closed / Fixed 

Same as SPR 141 I Closed / Fixed 

C&DH application code). 
Boot 0.3 does not successfully load 
the AFC application. 

Response 

Closed / Fixed 

Enabling caching in Boot corrects problem. 

Added requirements to support parameter 
loads. Implemented and verified parameter 
load and compare commands. Delivered in 
Boot 0.2. 
Determined that a 1.6 msec delay in the low 
rate downlink mode corrects the problem. 
Delivered in Boot 0.5. 

Modified Boot implementation of Mil-Std 
1553 validation algorithm to handle 
command messages which span two major 
frames. Delivered in Boot 0.5. 
Same as SPR 141 I 
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Common Boot SPR Summary (2 of 3) 

SPR 
# 

Description 

Boot 0.5 does not record the 
calculated checksum of the Boot 
Command Interpreter (CI) 
program. 
Boot 0.5 does not use the Boot 
Block Cell enableidisable memory 
scrub parameter correctly. 
Boot 0.5 does not count soft reset 
commands properly. 
Boot 0.6 occasionally gets in a 
degraded mode and is unable to 
jump to AFC application. Power 
cycle required to recover. 

Status Response 

Closed / Fixed Record the CI checksum calculated by the 
Boot in the Boot Transfer Region of 
SRAM and downlink the value in Boot 
telemetrv. Delivered in Boot 0.6. 

Closed 1 Fixed Correct problem. Delivered in Boot 0.6. 

Closed / Fixed Correct problem. Delivered in Boot 0.6. 

Closed / Fixed Corrected race condition by initializing a 
Boot state variable before enabling 
interrupts instead of after. Delivered in 
Boot 0.7. 
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Common Boot SPR Summary (3 of 3) 

SPR 
# 

- - -  

Description 

Boot 0.7 has the wrong CCSDS 
packet length specified in its 
telemetry packets. 

Boot 0.7 Reset Counter Bug: reset 
counter in Boot software does not 
work properly. 

Incorrect Reset Type reported in 
Boot normal telemetry for soft 
resets from a~olication. 
Erased Flash segment incorrectly 
marked invalid in Boot telemetry. 

status 

Closed / Correct 
Operation Verified 

Closed / 
Workaround 

Closed / 
Workaround 

Closed / 
Workaround 

Response 

Testing Boot telemetry flowing through 
USN and APL systems detected no 
problems as a result of this software bug. 
Code not changed. 
Using two types of workarounds for reset 
counting. AFC using change to Boot Block 
Cell which causes Boot reset counter to 
work. C&DH and GNS using combination 
of autonomy rule reset counting and 
application reset counting. Code not 
changed. 
Workaround: correct reset type available 
elsewhere in normal telemetry. Code not 
changed. 
Since actual segment status is unaffected 
and correct status is reported when segment 
is reprogrammed or following reset, no code 
change is needed. 
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New SPR Summary 

SPR 
# 

Description 

Boot 0.7 does not accept desired 
application starting addresses; 
jumps to application using slower 
than desired DRAM address space. 

Boot 0.7 normal telemetry does not 
indicate RAM test address range 
specified in Boot Block Cell 
(BBC). 

Status 

Open / 
Workaround 

Open / Fix 
Documentation 

- -- 

Response 

Opened 10/18/00. Workaround identified: 
application code change. C&DH and GNS 
subsystems already use workaround / meet 
application timing requirements. AFC 
evaluating impact and need for code 
changes if any. Boot documentation will be 
updated to reflect valid iump addresses. 
Opened 10/20/00. Update documentation to 
reflect valid ranges for RAM tests. 
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TIMED GPS Navigation 
System (GNS) 

Hardware Test 

Spacecraft System Level Test 

Prepared by : Robert J Heins 

240-228-6 195 
Robert.Heins @ j huapl .edu 
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GNS Presentation Topics 

GNS Block Diagram 

Documentation 
- Design Review WAS, System Requirements, Test Plans, Procedures 

GNS Flight Hardware Component Test Summary 
- GPS flight antennas test 
- Preamplifier module level test 
- Downconverter module level test 
- GTA ASIC 

GNS Card Level Test Summary 
- GNS processor card level test 
- GNS receiver card level test 
- Integrated GNS receiver and processor card test (Powered Thermal) 
- Extended Engineering Model Test (Susceptibility, lPPS long term jitter) 

Ref Question #: 5 

Spacecraft Level Test GNS Data Evaluation 
- EM1 Susceptibility 
- Thermal-Vacuum (T-V) 
- Post T-V 
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GPS L1 Simplified Block Diagram 
All In-View - 

Test 

....................................... I I : : I  
i : Dual Rad-Hard Processors 

Downconverter u CIA Code 
Tracking I 

i GPS Tracking ASIC (GTA) i ....................................... 
: : 

Control and 110 

j IEM Card I ! IEM Card ......................................................................................................................................... : 

-b 
1 PPS 
UTC 

Power 
Reset 

+ 
Telemetry 

Commands - 
Data 

Ref Question #: 5 
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GNS Receiver Card 

GTA 
ASIC 
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GNS Dual Processor Card 

Tracking Processor Navigation Processor 
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GNS Preliminary Design Review -- April 10,1997 

GNS PDR Reviewers: 

David 
Kushnierkiewicz 
(TIMED Spacecraft 
System Engineer) 

Paul Marth 
(IEM System 
Engineer) 

George Seylar 
(TIMED EMI/EMC 
Engineer) 

James Perschy 
(IEM Hardware 
Engineer) 

Ed Reynolds 

Ref Question #:9 

Determine if a 1 PPS warning flag is 
needed 

Add 12 volt monitor 

Determine if the IEM cards have a 
common end panel 

Identify GNS test connector signals 

Determine how electrical isolation is 
maintained between the GNS GSE and 
spacecraft 

Clarify the inband wideband isolation 
requirement 

Assess worse case E-fields at launch 
site 

Determine if 1 PPS 100 ps spec is 
adequate for non-coherent navigation 
experiment 

Provide estimates of power 
consumption for an ACTEL GTA design 

Response 

A 1 PPS flag is included in the GNS design and specified in the GNS System 
Requirements Document 7363-9336 

- -- - -- -- - - - - - 

A GNS 12 volt telemetry monitor was added to the IEM design 

End panels have been deleted from the IEM design 

Test signals are documented in JHUIAPL memorandum SEA-97-0051 

Isolation techniques are described in JHUIAPL memorandum SEA-97-0051 

Isolation requirements of -1 20 dBm per MHz are specifiedin the G N S S ~ S ~ & ~  
Requirements Document 7363-9336 

Documented in TIMED EMC Control Plan and EM1 ~erformance Requirements 
Specification document number 7363-9038 

- -- 

The 100 ps specification has been determined more than adequate for the non- 
coherent navigation experiment 

An estimate of 0.5 watts per channel was provided to the TIMED system 
engineer 
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TIMED GNS Test Flow (Simplified) 

Design - 

Antenna Spacecraft EM IEM 
RF Mockup Tests Integration Test 

GNS Engineering M GNS Flight HW Test 
Model (EM) Modules,Antenna 

Hardware (HW) GNS IEM Cards 
Fabrication & Test I I ( 2 s . )  

Antenna and 
Preamplifer 
Installation L 

GNS IEM \ 
Flight IEM 

Integration & 
Test 

(2 Units) 

GNS Flight 

Development and 

Software 
Requirements Test I 

Spacecraft 
Integration 
and Test 

GNS Data 
Evaluation 

Ref Question #:5 
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GNS Documentation 

Document No. Date Document Title 

GNS System Requirements (Exclusive of SofhYare) 
7363-9336 Nov-97 GPS Navigation System (GNS) Requirements 

SEA-99-0040 Attachment 3 Aug-99 GPS Tracker ASIC(GTA) for TIMED -- Requirements and Description 

SEA-97-0067 Jul-97 GPS Navigation System Antenna Procurement 

GNS Test Plans & Procedures -- Hardware Components 
SEA-98-0077 Oct-98 Documentation of TIMED GNS Preamplifier Module Test Plan 

SEA-98-0032 May-98 TIMED GPS Navigation System Preamplifier Test Procedure 

SEA-98-0078 Oct-98 TIMED GNS RF Downconverter Module Test Plan 

SEA-98-0045 Jul-98 TIMED GPS Navigation System Downconverter Test Procedure 

SEA-98-0080 Oct-98 Documentation of TIMED GNS Antenna Test Plan 

QT702630 Oct-96 Qualification Test Procedure, Globalstar GPS Antenna 

SEA-98-0079 Oct-98 Documentation of TIMED GNS Receiver Card Test Plan 

SEA-98-0070 Sep-98 GPS Navigation System Receiver Card Functional Test Procedure 
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GNS Documentation -- Continued 

Document No. Date 

GNS Test Plans & Procedures -- System Level 

Analysis 

SEA-99-0040 Attachment 2 

SEA-98-0095 

SEA-99-0022 

SRM-008-97 

SRM-02597 

SEA-97-032 

SEA-97a7 

Action Item Response 

Document Title 

TIMED Integrated GNS Test Plan 

Documentation of GNS Acqusition and Track Thresholds Test Procedure 

TIMED Spacecraft GNS Time Correlation Test Procedure Used at the Goddard 
Space Flight Center (GSFC) Facility 

Functional Description of VHDL Source Files for the GPS Tacking ASIC 

TIMED GPS Navigation System Flight Model Preamplifier Test Results 

AGC TLM Oscillation in TIMED IEM GNS Receiver 

Effect of RFIIF Filter Bandwidth on Delay-Locked Loop Tracking Noise 

Analysis of Preliminary GNS SAW Filter performance Predictions 

Algorithm for Construction of Psuedorange for TIMED 

Investigation of Algorithms for Tracking GPS Satellites 

Feb-98 TIMED Mission CDR Action Item #12 
May-97 Response to GNS PDR Action items #4 and #5 

S e w  Responses to TIMED GNS Preliminary Design Review Action Items 
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TIMED GNS Antennas Installed On Spacecraft RF Mockup 

GNS POD 
Antenna 

Side 2 

S-Band 
Antenna 

GNS POD 
Antenna 

Side 1 
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GNS Antenna Verification Test Matrix 

I I Vendor Acceptance Tests I JHUIAPL Test I 

POD SN001 

PreIPost 
Si02 

VSWR 

POD SNO02 I X-No S i 0 2  

Flight S N O O ~  1 =i= 
Flight SNOO4 

Flight SN005 

X X X X-VSWR 

1 x X X X-VSWR X 

Vib- 
ration 

X 

Optical 
Bench 

Cou~le 
SIC 

Install 

X 

X 

T-V 

VSWR, 
Range 
Test 

T-V, 
Thermal 

Life 

X 
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RF 
Mockup 

VSWR, 
Range 
Test 

X 

X 

X 

X-VSWR 

X 
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Summary of Vendor (Ball Aerospace) Antenna Test Results 

Item Requirement 

RHCP Gain 

Peak 

Elev 10 to 90" Elev 

@ 2215 MHz 

VSWR 

4 dBic 

-3 dBic 

NU 

5 1.5:l 

RHCP Sidelobe 

Elev 0 to -90" Elev 

LHCP Suppression 

Elev 10" to +90° 

< -7 dBic 70% coverage 

< -7 dBic 90% coverage 

Elev 10" to -90" 

T-V Measured Following Vib & 

< -9 dBic 80% coverage 

5.07 dBic 

SN003 

5.03 dBic 

> -2.5 dBic > -2.5 dBic 

SN004 

5.02 dBic 

> -2.5 dBic 

< -4 dBic I < -4 dBic 1 < -4 dBic 

Note: Values shown are worse case values measured over k2.5 MHz bandwidth centered about 
1575.42 MHz 
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Vendor Flight Antenna Test Detail 

- Vendor -- Ball Aerospace 
- Globalstar test heritage, modified per PI 305894 test requirements 
- Tests performed following Si02 Coating 

- Thermal-Vacuum 
-105°C to 80°C for 10 cycles 

17 minute soak time 

- Mechanical Vibration 
APL vibration specifications in PI 305894 (include effects of mounting pedestal) 

- Thermal Life Cycle 
-100°C to 7S0, 350 cycles 

- Range test (RHC & LHC gain pattern, phase) 
2" increments, 360" coverage 

Ref Question #: 3 
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RF Mockup Tests 

POD 2 Elevation Cut Gain Patterns 

RF Mockup Measurements Compared to 'Free Radiation' Antenna Measurements 
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RF Mockup Tests 

POD 1 and 2 Conic Cut Patterns 

RF Mockup Measurements Compared to 'Free Radiation' Antenna Measurements 
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RF Mockup Tests 

POD 1 Elevation Cut Patterns 

RF Mockup Measurements Compared to 'Free Radiation' Antenna Measurements 
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JHUIAPL GPS Antenna Test Summary 

- Optical bench vibration test 
Flight antennas SN003 and SN004 assembled on pedestals and installed on optical bench 

Antenna return loss measured before, during, after vibration 
- Spare flight antenna SN005 thermal-vacuum test 

-100°C to +7S°C, six cycles 

Return loss monitored for any relative change 

- Spacecraft RF Mockup 
Performed with two POD antenna units, SNOOl and SN002 

5 22 dB variation in gain wrt prior antenna 'free radiation' baseline test 

No nulls found in antenna FOV 

Coupling from S-Band to GPS antennas < -45 dB@S-band, , < -57 dB @ 1575 MHz 

- Antenna hat-coupler test 
VSWR and coupling loss through antenna measured 

Coupling losses measured on order of 19.5 dB 

Hat couplers used for spacecraft level GNS test 

- No anomalies 
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Preamplifier Module Test Summary 

Parmeter 

Noise Figure 

Current 

Input VSWR 

Output VSWR 

DC Impedance 

Passband Gain 

Gain Ripple 

3 dB Bandwidth 

250 MHz StopBand 

Phase Linearity 

Gain Compression 

Reauirement 

3 3.1 dB 

3 65 ma 

3 1.5 over 2.5 MHz BW 

3 1.5 over 2.5 MHz BW 

$ 1  ohm 

25 dB 

3 1 dB p/p over 5 MHz 

36 MHz a 3 MHz 

90dB 

3 6" p/p over 3.5 MHz 

5 dBm over 39 Mhz BW 

Measured" 
SNll4 

< 2.25 dB 

< 59.9 ma 

< 1.28 

< 1.18 

< 0.39 ohms 

> 33.81 dB 

< 0.47 dB 

33.81 to  38.4 MHz 

> 87.5 dB 

< 4.99" 

> 7.6 dBm 

Measured* 
SNll3 

< 1.94 dB 

< 52 ma 

< 1.18 

< 1.27 

< 0.28 ohms 

> 33 dB 

< .36 dB 

36.02 to 36.87 MHz 

> 90.7 dB 

< 5.05" p/p 

> 6.4 dBm 

Note : Measured' values listed are worse case values measured over -30°C to  +80°C, Nominal and Nominal 
-e 10% Voltage 
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RF Downconverter Module Pre-Encapsulation Test Verification Matrix 

Temperature --> 

Pwr Voltage --> 

-30°C 

Nominal, +lo%, 
-10% 

+25"C 

Nominal, +lo%, 
- 10% 

Nominal, +lo%. 
-10% 

Parameter Reauirement 

rotal DC Power 

4.309 MHz 21 kHz Analog BB Cen Freq 

Min Gain 

AGC Dynamic Range 

Passband 

> 1.8 MHz 1 dB Bandwidth 

6 dB Bandwidth c 2.8 MHz 

25 dB Bandwidth c 3.5 MHz 

Analog BB Spun 

A/D Digital BB Freq 

Osc Freq Offset 

c -20 dBc over 20 MHz 

1.401 MHz 21.5 kHz 

Osc Phase Noise 

@ 100 Hz 

@ 10 kHz 
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Special Parts Screening and Test -- RF' Downconverter Chip 

- GEC Plessey GP2010 

- On all units 
GIDEP Review 
Visual 
Dimensions check 
Initial electrical test, -40°C, 2S°C, +lOO°C 
X-Ray 
24 hour +12S°C bakeout (flight parts) 
Visual 
Flight parts bagged 

- On selected parts from lot 
1000 hour, +12S°C lifetest (22 samples) 
20 temperature cycles, -50°C to +150°C (15 samples) 
200 hour 85/85 THB test (15 samples) 
Destructive parts analysis (5 samples) 
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GPS Tracking ASIC 

Key GNS component that implements digital functions for 12 channels of GPS tracking, data 
recovery, and timing 
Designed by Dr. D.M. Gruenbacher of KSU 
Designed using VHDL language and environment 
Design synthesized and tested using Synopsis design and test compilers 
Implemented in Honeywell 2300 series CMOS gate array 
- Radiation hard to 1 Mrad(Si) 
- Latchup immune 
- Low SEU rates 
- Temperature -55°C to +125OC 
- 150mw power 

Functional description of VHDL source files and GTA requirements are documented in 
JHUIAPL memorandum SEA-99-0040 

Vendor requirements, including Vendor screening and test, given in JHUIAPL PI 10914 
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GNS GTA Development and Test Flow 

Design P l  

Review L 
ASIC 

Design Files '? 
Deliver-to- 

ASIC Fab & 
JHUIAPL 

Vendor Test 

Flight GTA 

ASIC Fab & 

Vendor Test 

See JHUlAPL Test Plan Memo 

SEA-98-0079 and Test Procedure 
- 

Memo SEA-98-0070 for GNS 

GTA Card Level Tests 

See PI10914 for 

GNS Cad GNS 

Level GTA Test 
Test 
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Honeywell GTA ASIC Test 
- Wafer lot acceptance 
- Mil Spec PRF-38535 Class Q 

10 cycles, -65°C to 150°C (unpowered) 
Constant acceleration 
Particle Impact Noise Detect 
X-ray 
Hermetic test 
3 temperature (2S°C, -5S°C, 125°C) powered electrical 
Pre-Condition Burn-in (powered), 21 hours @ 150°C 
25°C powered electrical test 
Dynamic burn-in(powered), 125 hours @ 150°C 
Repeat 3 temperature (2S°C, -5S°C, 125°C) powered electrical 
Final visual 

- Group B test 
- Group C life test (500 hours @150°C) 
- Group D (package evaluation) 
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GNS Receiver Card Function Test 
GTA Function Verification Matrix 

Voltage --> 
Temp --> 

GTA Function Test 

Nominal 
+lo% 
- 10% 

EM 

-30°C I 25°C I +80°C 

Flight 

25°C 
Nominal 
+lo% 
-10% 

Nominal 
+lo% 
-10% 

GTA Test Points 

Nominal 
+lo% 
-10% 

1 PPS Function 

1 PPS Distribution 

1 PPS Freq Stability 

Code Rate 

Carrier Phase Measure Function 

I I I I 

I & Q Accum Funct - Noise lnput I X I X I X I X 

I 

X 

X 

X 

X 

X 

Code Phase Measure Function 

I I I I 

GTA Master Reset I X I X I X I X 

X 

I & Q Accum Funct - Static SIGN and MAG Input 

I & Q Accum Funct - Autocorrelation 

PRN Code Generation 

Note: Follow-on integrated flight GNS card tests are performed over multiple temperature cycles 
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GNS Receiver Card Level Test 
GTA Function Test Description 

GTA Function Test 

GTA Test Points 

1 PPS Function 

1 PPS Freq Stability 

1 PPS Distribution 

Code Rate 

Carrier Phase Measure Function 

Code Phase Measure Function 

I & Q Accum Funct - Noise Input 

I & Q Accum Funct -- Static SIGN 
and MAG lnput 

I & Q Accum Funct - 
Autocorrelation 

PRN Code Generation 

GTA Master Reset 

Test Descri~tion 

Active PRN code and code epoch signals are detected at test points 

1 PPS Frequency is measured as a function of programmed 1 PPS rates 

The standard deviation of 1 PPS frequency measurements is measured 

Distribution of multiple 1 PPS signals over the backplane is verified 

Code epoch rate is measured as function of programmed code NCO rate 

Integrated phase is measured as a function of programmed 1 PPS and carrier NCO rates 

Code phase is measured as a function of programmed 1 PPS and code NCO rates 

I & €2 Correlation values are read and compared with expected result 'noise' only input 

I & Q Correlation values are read and compared with expected result for static MAG and 
SIGN input values 

Early, Prompt, Late accumulator autocorrelation profiles verified using locally generated 
test signal 

Each GTA channel is tested to verify the capability to track any of the 32 PRN codes in the 
GPS constellation. 

Reset of the GTA --to default 1 PPS and NCO rates -- via the IEM backplane signal is verified 

Fliaht Unit 
PassIFail 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 
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Flight GNS Receiver Card SNOOl Test Chronology 
Test - 
Receiver Pre Stress Card Function 
Receiver Unpowered Thermal Stress 
Receiver Post Stress Card Function 
Integrated GNS Test 

Date - 
Dee 98 
Dec 98 
Jan 99 
Jan 99 

Receiver Post Conformal Coat Jan 99 
Receiver Card Rework Feb 99 
Receiver Requalificatiom March 99 
Receiver Card Integrated in IEM March 99 
GNS Receiver SNOOl Operating Test Time 

Flight GNS Processor Card SN002 Test Chronology 
Test 
Processor Pre Stress Card Function 
Processor Unpowered Thermal Stress 
Processor Post Stress Card Function 
Integrated GNS Test 

Date - 
Dee 98 
Dec 98 
Dec 98 

Jan 

Processor Post Conformal Coat Jan 99 
Processor Card Integrated in IEM Feb 99 
GNS Processor SN002 Operating Test Time 

Remarks 
Ambient 
20 cycles, -34°C to +90°C 
Ambient 
6 Cycles, +25"C,-29"C, 8O0C,+25OC; Nominal, +lo%,-10% volt 
Tested with GNS processor SN002 
AGC test point oscillation detected 
Per DCN E21489190 
1 cycle, 2S°C,-29"C, +80°C ; Flight processor SNOOl 
-- 
96 Hours 

Remarks 
1 cycle powered thermal, +25"C, -30°C, +65"C 

20 cycles, -34°C to +90°C 
1 cycle powered thermal, +2S°C, -30°C, +65"C 
6 Cycles, +25"C,-29"C, 80°C,+25"C; Nominal, +lo%,-10% volt 
Tested with GNS receiver card SNOOl 
1 cycle powered thermal, +25"C, -30°C, +65"C 
Integrated in JEM with temporary EM receiver 
96 Hours 
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Integrated GNS (Powered Thermal) Test Verification Matrix 

GNS Receiver SNOOl and Processor SN002 

Health Discretes I/F 

1 PPS I/F I 
Osc Freq offset 

I Master Reset 

1 Power Draw 

Test 
Cycle --> 
Temp --> 

Voltage -> 

Post 
Stress 

Baseline 
+25"C 

Nominal 

Cycle 1 
-29°C 

DC-DC 

Cycles 2 Post 
to 6 Thermal 

-29°C +25"C 
+80°C 

Nominal DC-DC 
+lo% Card 
-10% 

Conformal 

Nominal 
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Basic Test Configuration for GTA Function and Integrated GNS Card Tests 

EM IEM Test Chassis with Backplane 

DC-DC 
Converter 

I GNS Dual 
Processor 

Software El 

4 Test Points 

GNS 
Receiver 

pi-j Emulation 
Cards 

Serial I 
GNS Preamplifier L 

GPS Simulator 

Test Utilities 
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Integrated GNS Card Test -- Powered Thermal 
Code & Carrier Phase Track Residuals (Jitter) 

Flight Rcvr Card SNOOl/Dual Processor SN002 -- Jan-Mar 1999 

1- code Residuals (meters) - - -M - - Carrier Phase Residuals (Radians) I 

Ref Question #: 7 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Integrated GNS Card Test -- Powered Thermal 
Power Consumption 

Flight Rcvr Card SNOOl/Dual Processor SN002 -- Jan-Mar 99 

- Temperature GNS Power 
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Flight GNS Receiver Card SN002 Test Chronology 

Test 
Receiver Pre Stress Card Function 
Receiver Unpowered Thermal Stress 
Receiver Post Stress Card Function 
Integrated GNS Test --Thermal Cycle 1 

Receiver Card Rework 
Receiver Post Conformal Coat 
Integrated GNS Test -- Cycles 2-3-4 
Receiver Card Integrated in IEM #2 
GNS Receiver SN002 Operating T i e  

Date - 
Jan 99 
Jan 99 
Feb 99 
Feb 99 

Feb-Mar 99 
March 99 
March 99 
March 99 

Remarks 
Ambient 
20 cycles, -34°C to +90°C 
Ambient 
+2S°C,-29"C, 80°C, +2S°C ; Nominal, +lo%,-10% voltage 
tested with Flight GNS processor SNOOl 
Per DCN E21489190 
Ambient temp, nominal voltage ; tested with EM processor 
2S°C,-29"C, 80°C, 25°C ; Nominal, +lo%,-10% voltage, tested with EM processor 

64 Hours 

Flight GNS Processor Card SNOOl Test Chronology 

Test 
Processor Pre Stress Card Function 
Processor Unpowered Thermal Stress 
Processor Post Stress Card Function 
Integrated GNS Test -- Cycle 1 

Processor Post Conformal Coat 
Used to Requal Receiver SNOOl 
Processor Integrated in IEM 
GNS Processor SNOOl Operating Time 

Date - 
Jan 99 
Jan 99 

Jan 99 
Feb 99 

Feb 99 
March 99 
March 99 

Remarks 
1 cycle powered thermal, +2S°C, -30°C, 4 5 ° C  

20 cycles, 34°C to +90°C 
1 cycle powered thermal, +2S°C, -30°C, 4 5 ° C  
+2S°C,-29"C, 80°C, +2S°C ; Nominal, +lo%,-10% voltage 
tested with GNS receiver card SN002 
1 cycle powered thermal, +2S°C, 30°C, 4 5 ° C  
1 cycle, 2S°C,-29"C, +80°C 

48 Hours 
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IEM GNS Integration 

Test tracking software loaded to evaluate tracking performance 

Version 3.01 navigation processor software installed to evaluate functionality of 

GNS command and telemetry interface 

GNS function tests performed before and after each axis of IEM mechanical 

vibration 

GNS function tests performed at temperature plateaus in IEM thermal vacuum 

test (six cold-hot cycles) 

Ref Question #: 3 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

GNS EM1 Susceptibility -- GNS Engineering Model Measurements 

Measured GNS Susceptibility to In-Band CW EM1 Test Configuration to Measure 
GNS Susceptibility to CW EM1 

Simulator L Power kvel at each frequency 
adjusted to maximum kvel 
(thmhold) where GNS can 
acquire and back GPS 
simulator \ "4. r" 

Source 

Preamplifie 

Tracking 
S o h a m  0 

GNS operated to detect 
acquisition and tnck al , simulated GPO signals 

+ GNS AGC lest Point 

Test Port 

Single CW Tone GNS In-Band SuscepRMllly 
Apd 16.1999 GNS EMI3 

I - Track-Hdd herhdd - - - -- - ~ooulslnar lhrarhdd ~ v s t e r n  ~eauirement 1 

1570.00 1580.00 

CW Frequency (MHz) --> 
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Measured GNS Susceptibility to CW EM1 

NO change h GNS acqubltlon a tra&hdd 
ttvestdds w e  detoctmd f a  cutof-bond CW 
of +10 dBm power b v d  (lMh of test 
hmunentm).  Msaswed at CW treqwndea 
d o w t o O a l  M+kdupto7GHZ 

GNS AGC Test Point Voltage As 
Function of CW Power Level 

Typlcd GNS AGC VoHog. Va CW 
Aptl16.19W GW EMIS 
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Spacecraft Level 'Free Radiation' Test (GNS EM1 Susceptibility) Test Configuration 

1 

GPS Simulator Rack I 

GNS GSE Rack 
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Spacecraft Level Free Radiation GNS Test Summary 

511311999 / GUVI, G&C, S-Band 

I 

61301 1999 

912211 999 

AGC Measurements 

SEE, GUVI, G&C, S-Band 

SABER, SEE, GUVI, G&C, S-Band 

1 01711999 

AGC measurements within 
k0.1 volt wrt baseline 

TIDI, SABER, SEE, GUVI, G&C, 
S-Band 

AGC measurements within 
k0.1 volt wrt baseline 

AGC measurements within 
k0.1 volt wrt baseline 

AGC measurements within 
k0.1 volt wrt baseline 

RF Acq & Track 
Threshold 

Measurements 

Measurements within k 1 
dB of baseline 

Measurements within + 1 
dB of baseline 

Measurements within 21 
dB of baseline 

Measurements within + 1 
dB of baseline 
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I m d  GNS Perfoamance V m  

- 

96 Hour 

GNS 
Performance 

(Side 1 and 2) 

Spacecraft 
Time 

Correlation 

Spacecraft Test --> Separation 
Simulation 

Event Driven 
(Side 1 and 2) 

GNS Test Item 

SNS Cmd & TLM Function 

'arameter Limits 

'VST Accuracy 

Motion File-GNS PV Residuals 
- - -- - - 

Sun Vector Residuals 

Telemetered Range/Phase Residuals 

'ime Accuracy 

KF Clk/Freq Bias 

1 PPS Test Point Offset 

Spacecraft Time Correl 

Ivent Flag Accuracy 

Ivent Prediction Accuracy 

2bit Elements Accuracy 
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Example of Position and Velocity Residuals -- SA Enabled 
Difference Between GPS Simulator Motion file PV and GNS 1 PV 

96 Hour Test Jan 2000 

80 
position enor 09-Feb2000 17:57:40 

60 

i i i i 

30 35 40 45 50 55 
hrs since BG14 epoch 

ECEF Position Error in HLC (GRT Jan 19,2000) 

v.7 

0 1 2 3 4 5 6 7 8 9 
hn since BG14 epoch 

ECEF Velocity Error in HLC (Jan 17,2000 GRT) 
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Example of Position and Velocity Residuals -- SA Disabled 
Difference Between GPS Simulator Motion file and GNS PV 

96 Hour Test Aug 2000 

Side 1 
Position error Day 242-2000 

40 - I I ! I 

ecef x 
ecef y - : 

30 - ............................. ~ .......... .................. ...................... .......................................... ......................................... .......,...,.,,.,,,.,.< r',.,.,,,,.,,., ,,.,,.,,, . . ecef z 
,, - 

Side 2 
Velocity error Day 242-2000 

0.04 I ! I I I 

ecef x 
ecef y 

-30 1 I I I I I I I 
66 68 70 72 74 76 78 80 

hrs since BG14 epoch 

-0.03 1 I I I I I I 

66 68 70 72 74 76 78 80 

hrs since BG14 epoch 
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GNS PVT Residuals Test Flow 

Simulation 
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Motion File Configuration 

Generated using BG-14 Propagator 
Orbit : 625 km height, 74.1" inclination 
Solar flux and geomagnetic index models : peak of last solar cycle 
Third body effects enabled 
Gravity model GEM10 30x30 
Nadir pointing spacecraft (Except Separation Simulation Test) 

GPS Simulator Configuration 

Calibrated signal levels to GNS preamp module inputs ( RF cable and antenna hat-coupling 
losses compensated for) 
GPS satellite antenna simulation enabled 
- -130 dBm @ 90" and 5" elevation 

GNS antenna simulation enabled 
- Antenna gain pattern based on measured flight antenna data 

Selective Availability enabled through June 2000 tests -- Disabled for August 2000 Tests 
Lever arm : -1 meter along zenith 
GPS Ephemeris and almanac message simulation data derived from actual GPS message data 
GPS Ephemeris : Includes perturbation parameters in augmented Kepler parameter set 

Ref Question #: 3 rjh-47 
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Freauencv Bias-- 96 Hour Test August 2000 

Ref Question #: 7 
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IEM GNS Side 2 Oscillator Aging 

Flight IEM Side 2 GNS Reference Oscillator Frequency Offset 

ESEa Offset Derived from KF Clock Frequency Bias 
Offset Derived from 1 PPS Frequency Measurement 

--t- RX Board Temperature "C 

Ref Question #: 7 rjh-52 
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IEM GNS Side 1 Oscillator Aging 

Flight IEM Side 1 GNS Reference Oscillator Frequency Offset 

I Offset Derived from KF Clock Frequency Bias I 

Ref Question #: 7 
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Spacecraft-Ground Time Correlation Test Configuration 

GPS Antenna 

TrUTlrn 1 PPS 1 
Mearum lPPS Offset 

(Osdlloswpe or Counter) 

GNS 1 PPS 
W121B 
55- 

GNS GSE Test Owd Maid p l r  od 

0 

Ground- 
Spacecrsft 

On-L~M 
PW..  Tlm, 

Tag& Tokmotry 
Correlation 

Tlm-Tapgd 
Toknwty 

Fnmos Flk I 

I Synchmnko to UTC L 

ONS eabllng : 
Four Watd p l n  

4 MBl(k.c D m l l n k  
SSR Dump (-400 hnm.h.e) 

TIMED 
Space 
craft 

-- 

Ref Question #: 7 
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Example of UTC Reference lPPS and GNS lPPS Time Difference 

GNS I PPS Offset Measurements 
Static Navigation Mode -- TruTime Receiver 1 PPS Reference -- 47-107 Facility 6/21/00 

Ref Question #: 7 

Measurement (One Per Second) --> 
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GNS SPR Summary 

SPR 315 Navigation Processor Exception 
occurred in Element Set 
Generation task 

SPR 378 GNS locked up trying to load 
boot code 

SPR 404 CNS Orbit Element sets need to 
be ljven in UT time (not TDT) 
for use by SGP4 propagator 

SPR 418 Six second error in prediction 
products 

SPR 417 Prediction task sets wake-up 
time incorrectly 

SPR 429 Contact Flag Lead Time 

Closed: Correction to prevent 
exceptions included in version 
4.05 software loaded prior to 
January 2000 spacecraft test 

Closed: GNS performance test 
procedure modified to delay 
navigation processor reset 
command following boot code 
load commands 

Closed: Time conversion 
correction included in 
navigation processor software 
version 4.06 

Closed: Correction tested and 
included in navigation 
processor software version 4.06 

Closed: Correction to index 
pointer tested and included in 
navigation processor software 
version 4.06 

Corrected in navigation 
processor software version 4.07 

Ref Question #: 7 





Reference RTR Item vs GNS VG number 
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TIMED RF Communications System 

Chris DeBoy 

RF Engineering Group 
Space Department 

JHU/A PL 
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RF Communication System 

Telemetry 

Commands 

Telemetry 

Commands 

Block Diagram 
IEM #1 

1 ,  S-Band I 3w 
I Downlink Card #1 

I I 
1 Di2exer- 

( I  
' 

S-Band I I 
I U ~ l i n k  Card #1 

Zenith T 

RF Splitter 

I 
I 

Transfer 
Switch 

Shaped-beam 
Antenna 

S-Band 
Uplink Card #2 

Hemi-beam 
Antenna 

I I 
I 

RF Splitter 

Transfer 
Switch 

Nadir A S haped-beam 
Antenna 



Uplink Card Block Diagram 
: A n a l o g  

Sect ion 
Non-Coh. i RF Sec t ion  1st IF 2nd IF:  -+ 

A G C  Sys t e r i  
149  MHz 15.3 M ~ Z  , , i AGC Con t ro l  

L N A  and  2073  M H z  i , , 

b 2nd , - i and  Telemetry 
Input  1st Downconverte;  ) , I F  Str ip  

Downconvertei-  

Y PLL I 16 kHz 

15.3  MHz 
Reference f I .......................... Subcarr ier  

Frequenc  
Synthesiz  r W A 

C M D  
Detec tor  

Uni t  

l- 
: A n a l o g  
: Sect ion 

Critical  

Decoder  

I . '  
a '  

. '  ................ Digital  Section ! .......................... 

T C X O  
30 .6  MHz 

Digital  
Section .......................... 

4 

I 
I '  . '  . . 

* '  
, '  . .  
I '  

I '  

I .  b 
I '  

, '  . '  

I ,Reference s ignal  
to downlink card  

Non-coh.  
Navigation 
Counters  

: 
: 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Downlink Card Block Diagram 

Digital Board Analog Board 
l ' - . - . - - - - - ' - - - . - .  

I 

'A' Side '0' Side 

Backplane Connector 
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System Requirements 
Fully redundant 

Compatible with APL, backup, and contingency ground stations 

Compatible with NTIA emission requirements, CCSDS recommendations 

Bit Rates 

High rate downlink 4.59 Mbps Reed-Solomon encoded 

Low rate downlink 10.36 kbps Reed-Solomon encoded 

Uplink at 2 kbps 

Link Margin Reauirements 

a 

a 

0 

Antenna 

a 

a 

u 1 

Downlink High Rate: > 3 dB (P, = IE-7) 

Downlink Low Rate: > 3 dB (P, = 1E-6) 

Uplink: > 6 dB (P, = 1E-6) 

Requirements 

Downlink High Rate: cover a 66" cone about nadir 

Uplink and Downlink Low Rate: cover 95% of the sphere about the SIC 6 
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RF System Technical Reviews 

Subassembly Reviews 
Uplink Card (Receiver) 

Engineering Design Review held 15 October 1997 

Technical Reviewers (all APL): 

M. Reinhart, SER (Lead RF Engineer, CONTOUR) 

M. Boehme, SEA (RF Design Eng'r, GPS Applications) 

J. Bogdanski, SEE (Senior Digital Design Engineer) 

List of RFA's: D. Tracy, SOM-2-97-028,22 Oct 97 

EDR RFA Responses: C. DeBoy, SER-98-044,9 Sep 98 

RFA Status: All Closed 

Question 1, 9 
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Rl? System Technical Reviews, contsd 
Subassembly Reviews 

Downlink Card (Transmitter, Framer and PC1 ACTELs) 

Engineering Design Review held 12 April 1998 

Technical Reviewers (all APL): 

M. Reinhart, SER (Lead RF Engineer, CONTOUR) 

M. Boehme, SEA (RF Design Engineer, GPS Applications) 

G. Theodorakis, SER (Senior Digital Design Engineer) 

J. Bogdanski, SEA (Senior Digital Design Engineer) 

List of RFA's: D. Tracy, SOM-2-98-007, 13 Apr 98 

EDR RFA Responses: S. Cheng, SER-98-046,8 Sep 98 

S. Cheng, SER-00-068,20 Oct 00 

RFA Status: All Closed 

Question 1, 9 
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RE' System Technical Reviews, contsd 
Subassembly Reviews 

Antennas 

Antenna Engineering Design Review held 13 Jul98 

Technical Reviewers (all APL) : 

B. Mallalieu (Fleet Systems) (Senior Antenna Design Engineer) 

J. von Mehlem (SER) (Senior RF System Engineer) 

RFA's: (one) Examine Reliability of Soldered Interconnects for the Nadir Antenna 

EDR RFA Responses: G. Clatterbaugh, TSE-98-060,5 Aug 98 

RFA Status: Closed 

Question 1,9  
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RF' System Technical Reviews, cont'd 
Subassembly Reviews 

Cable and Switch Assemblies 

Engineering Design Review held 12 Mar 98 

Technical Reviewer: 

P. Schwartz, SEE (Senior Electrical Design Engineer) 

List of RFA's: D. Tracy, SOM-2-98-006, 13 Mar 98 

EDR RFA Responses: J. Goldman, SER-98-022'29 Apr 98 

RFA Status: All Closed 

Question 1 , 9  
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RF System Test Program 

Cards: 

Antennas: 

Cables: 

Switch Assembly: 

Initial Performance Test (-34°C to +85"C) 

Environmental Stress Screening (refer to SOR-98014, -34°C to +90°C, unpowered ) 
Post-Conformal Coat (-34°C to +85OC) 
Post-IEM Integration 

Initial Performance Test 

Radiation Patterns 

Thermal Vacuum(- 100°C to +75"C ) and Vibration Testing 

Electrical Testing (at WLGore and APL, -70°C to +75"C) 

Dielectric Withstanding Voltage Test (at WLGore) 

TDR Testing (-70°C to +75"C) 

Pre-integration Bakeout (+70°C) 

Post-integration Testing 

Electrical Testing (vendor and APL, -34°C to +85"C) 

Thermal Vacuum and Vibration Testing (-34°C to +60°C) 

Post-Integration Testing 

Question 7 
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Residual Risk 

After reviewing the hardware design, RFA's, PIFR, and 
test results pre- and post- integration, no residual risk is 
noted. 
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Simplified TIMED Ground System Diagram 

TIMED Ground System 

TI m 
Frames 

Telemetry 

APL Ground 
Station 

Cmd 
Frames 

MDC , Telemetry 

I 
PML 
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MDC Software Requirements (1 of 2) 
(Addresses review item 5) 

TIMED Mission Data Center Software 
Requirements Specification, JHUIAPL 7363-9327 
- Covers Real-time and Playback Telemetry Service 
- Real-time and dump telemetry archiving 
- Command archiving 
- USN Telemetry Retrieval and Archiving 
- Archive Map utility 

PML 
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MDC Software Requirements (2 of 2) 
(Addresses review item 5) 

Section 8.0 of the TIMED General Instrument 
Interface Specification, JHUIAPL 7363-9050 
- Covers Interface Requirements between MDC and POCs 
- Covers Orbit File requirements used by the POCs and the MOC 

Requirements Verification Matrix is at the end of 
this package. 

PML 
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MDC Software Release Overview (1 of 4) 
(Addresses review item 5) 

Build 1 Release 
- Included Telemetry Server Software 
- Provided MDC in support of Mini-MOCs 
- Real-time and playback stream services 
- Ground receipt time indexing. 
- Released in March, 1998 (labeled MINIMOC) 

PML 
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MDC Reviews Summary 
(Addresses review items 1,2, and 4) 

Review 
Build 1 Rqmts Rev. & 
Design Rev. 

SIC CDR 

Build 1 Code 
Walkthrough 

Additional Build 1 Code 
Walkthrough 

Build 2 Rqmts. Rev. 

Command Spooler Code 
Walkthrough 

Build 2 Design Rev. 

Archive Map and FTP 
Monitor Code 
Walkthroughs 
Build 3 Rqmts. Rev. 

Build 3 Design 
(Lead engineer & 
developer collaboration; 
not a formal review) 

Date 
0410 1 /97 

12/4/97 

Chairperson 
Harry Utterback 
(TIMED Software 
Quality Assurance) 
Dave Grant 
(TIMED Program 
Mgr.) 
Kevin Lyons 
(MDC Lead 
Engineer) 
Kevin Lyons 

Kevin Lyons 

Kevin Lyons 

Martha Chu 
(TIMED Mission 
Software Systems 
Engineer) 
Kevin Lyons 

Harry Utterback 

Kevin Lyons 

Review Team 
13+ attendees; 
TIMED senior and 
principal staff 
(Refer to CDR 
materials) 

6+ attendees; 
TIMED software 
developers 
6+ attendees; 
TIMED software 
developers 
13+ attendees; 
TIMED senior and 
principal staff 
6+ attendees; 
TIMED software 
developers 
11 + attendees; 
TIMED senior and 
principal staff 

6+ attendees; 
TIMED software 
developers 
10+ attendees; 
TIMED senior and 
principal staff 
Lead engineer and 
module developer 

Action Items Status 
SOR-97013 

SRS-98-001 thru 004 
None for MDC 

Informal - Notes in Informal - Notes in 66 items /al l  closed 
MDC files MDC files 

Informal - Notes in Informal - Notes in 4 items / all closed 
MDC files MDC files 

SRS-98-109 I SRS-98-109 1 14 items / all closed 

Informal - Notes in Informal - Notes in 7 items / all closed 
MDC files MDC files 

I 1 
SRS-98-112 I SRS-00-176 1 6 items / all closed 

Informal - Notes in Informal - Notes in 10 items / all closed 
MDC files MDC files 

I I 
SOR-98050 1 SRS-00-177 1 3 items / all closed 

None; design issues N/A 
handled informally 

PML 
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MDC Testing (3 of 6) 
(Addresses review item 3) 

Build 3 Testing 
- SIC Mission Operations testing served as primary test 

mechanism for Build 3. 
- Formal Build 3 testing at the sub-system level with a formal 

report was forgone in light of the following: 

>> Lessening manpower funding during Build 3 development 
and testing phases. 

>> New capabilities were tested informally by MDC lead 
engineer. 

>> Reliance on SIC Mission Operations testing was considered 
sufficient. 

PML 
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MDC Software Problem Reports (1 of 4) 
(Addresses review item 7 and 9) 

Total of 32 SPR's written against MDC. 
29 have been closed, 3 remain open. 
Open SPRs 
- SPRs 243 and 244 address an issue where telemetry archival 

and playback were too slow resulting from input telemetry 
containing disordered time stamps. 

>> Both SPRs fixed with release OPS-1-1 and OPS-1-2 
>> Both SPRs awaiting closure of related SPR 361 because ... 
>> SPR 361 affects MDC configuration and processing speed. 
>> We want to test the fix for the above SPRs in the final MDC 

configuration. 

10/17/00 PML 17 
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MDC Software Problem Reports (3 of 4) 
(Addresses review item 7 and 9) 

. - . 243 - MDC 
2 4 4 1 ~ ~ ~ -  

269: MDC _ . 
311 'MDC 

MDC -.. Rel-IT-1-1 - -. . . -  c Playback: PTP size error _ - - - . - - - -. - 
SABER POC rejected by firewall - MDC_ReL!T-_1-1- _ - _-- - _ - - . - - - _ --- - - - - - - - - - - - - - . - - . - -- 

MDC ReLIT-1-1 - TLM stops when local network disconnected 
MDC rel-ops-1-0 & 
MOC 3.011 :Archive Server - . 

MDC rel-ops-1-0 & 
MOC - - -  3.011 - - -  ! Exceeding - -  - -  the capacity of -MDC-acchiving software - - - - - 

- 
Cbsed 12/1/!998 l6:39 -. - - 
Cbsed --L1w_1_2/1 0/1998 - -  16:351 - - - *  

cbsed- 1/20/1999 9: 02 

Cbsed _ - 1  5/11/199913:46 

C bsed - - 6/9/1999 14: 1_7: 
MDC rel-ops-1-0 & 

M E  3.0-1- a - . - - .  :No data in MDC-archive - - -  - -  - . ---- 'Cbsed _- : -  - 6/9/1999 15:08 
MDC 3.0- _* MDC failed to archive, ;t&e, and forward - . -  . 'Cbsed _ . -  ' 812611999-1358' 
MDC rel-ops-1-1 - . MDC archival ingestion is too slow - - - A ;Released ; 9/15/1999 - -  16:24 s - 
MDC rel-ops-1-1 v Playback rate is also below specs. . Released j 9/1_5/1 999_16:338 

: Only 8-minutes of data- avqihble-on the MDC - - - -  - - -  C bsed- . _ ,- -9/29/_1999 1 1-:g 
Correct ~ i m e  Checking for-Packets- to be Archived . -- - "  -- I C u bsed- - - ;- 10/7/1 - - 999 1 0:42 

MDC r e L O P S L 2  - -. .. . . . i Sta(t.timeoutsiderangeandplayPack?a!s. . . . . . iCbsed . . . !.-10/26!!999 1.213, 
I serve! and _M!?A_S7~~~-FG-4!.!! .n_o?.?nni_ng. ..-.. . - ... i Clqset . L. 11!3!199_9, 15:54_i !!!!'!?-.F!-EJJ -2 - .. . . - ,  .. : ~ . 

PML 
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MDC Software Problem Reports (4 of 4) 
(Addresses review item 7 and 9) 

-. . 359, MDC . MDC rel-OPS-1-2 . MDC Orbit Product Generation software . . Closed- i 12/23/199913:153 . - -  . - 

361 * MDC i MDC rel-OPS-1-2 . -. ~- - .-. n -. -.-- .- ".. . .  - . " -  -. Set  up-a MDC for-mission data only _ -  A -. - -. submitted . 12/28/1 . -...- 999 -. 16;26: 
367 MPC_ _ -wC-re_Lg'_S.J-22_ -_ _ _ _  _ - - .  C&DH - .  High- Priorjy Housekeeping- -_ - - A - - - - . - :Closed , . - ,_ 1- - 1/7/2000 16:39< 
375 MDC _ MDCrel-OPS-1-2 - - - -  , - - Automatic Ftppush from F E  to MDC failedfor VC6 & VC7 -. --- Closed- __ I _ -  1/13/2000 14;OO' 
397 MDC . M& ~-~LOPS-I-P - .  ? - A  - - -  - - -  - - Component Change MDC Orbit Processor Softyare _ - - - - - ,  closed - -- . - .  1/24/2000-16:26' - 

. - 415. MDC MDC rel-OPS-1-2 Move directory for telemetry status - -  'Closed _ i 2/17/2000 17:OO 
- - -  449: MDC 'ORBIT P P C E  1.2 Time stamps for PVAT are supposed to be "centered" . - +Closed .. 311 - 6/2000 14:36: 

- - -  4 5 0 ' ~ ~ ~  *. . : ]ORBITPROCE-1 - .2 . - The delimiter is missing. - . -  . -  - -  . - -  . - -  . C l o d  4/6/2000 9.138' 
- - -. 474  MDC - .  MD-C rel-OPS-1-2 I Modify and provide - -  . means - of distributing s/c data - -. -. + ICFsed -, - 6/9/200OA10:23i I 

. . - a  503f MDC . - 'ORBIT PROC 1.3 _ 'verify FOM's on state vectors ised to &eate predicted P V A ~ S .  - - ' c bsed . - -  8/10/2000 - 15:03t 

- - 522. MDC MDC rel-OPS-1-2 - - - -  Time - Checking of - Source - -  65 data - - - -  . - -  . - A  - - Closed - ] 911/2000_ 11 :49, 
, - 535 M ~ T  d m  L MDC - - r & 0 ~ ~ - 1 - 2  . - unable t i  retrieve data from the MDC- ' ~ b s e d  - 9/19/2000 17:49' 
-. - 5 4 7 ' ~ ~ ~  MDC  el-OPS-1-3 - MDC Real-time ingest failed with 2 differe~t TOPS KC-time day; - - ", Closed : * - -  9/27/2000 10:45' 

- n - -  552J$C _.  A MPC ~MOP$J~-. --- - - -  - M ~ C  - failed d to archive telemetry with - GR -- time in - 2006. - -- . -. -- . - 2Closed - - . -- ;-. !0/6/2000 - 8:43: - 

PML 
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MDC Requirements Verification Matrix (1 of 13) 
- ,  - (Addresses review item 12) - - 

.- - . - %st plan- - Test Reports - " i~ornrnen$ - 
~ u a l f i c a  tion 

Telemetry Service  (TS) Method Notes Build 1 Tests Build 2 Tests 

Real-Time Telemetry Service (RTS) 
The R* shall be capable of receiving 

:tebmetry from multiple sources. The 
format of the data shall be a form of 

MDC-TS - 1 augmented transfer frame described 
'above. ' h e  protocol used shan be 

I 

TCPIIP sockets with the RTS acting as TL,M SVC 
a server to a source client I .  L -  - - -  - - - Test _ Build 1.0 Test # l  Testrtl - _ _ - - 
The RTS shall be responsible for - 

MDC-TS -2 transforming the input data into a 

. -- - , S upple mented Telemetry Frame. Test Build 1.0 Test #2 
The RTS shall be able to handle at  TLMSVC ' 

mC-TS-3 b a s t  4 simulaneous input st[eams. + 
" - - - -  - - "  Test Build 1.0 + Test # l  Test#1-  - -  - . "- 

' ?he  RTS shall be capable of receiving 

MDC-TS -5 

data via a TCPIIP stream at a rate of , 

70 kbps, not including delays due to 
network traffic. Test/ Analysis 
The RTS shall be capable of receiving 
telemetry on all virtual channels prior to, 

.- 'Launch:_ ., -. , - -  , Test- 
The RTS shall provide s "ppleme"ted 
Tekmetry Packets (STPs), CCSDS 
Telemetry Packets (TPs), POC 
Telemetry Packets (PTPs), 
Suppkmented Telemetry Frames 

k ( S _ T F s ) a n d ~ T e ~ m e - ~ y F r a ~ n e s ( ~ s ) .  . Test 

TLM svc 
Build 1.0 Test #I  Test #l  j 

TLM svc 
Build 1.0 Test - - # l  ., . - - - -  Test # l  --- , ' . -- .- .. ---  . - .- 

Budd 1.0 TLM SVC 

Build 1.5 Test # l _  Test-#l . . _ -  a - - - - 

1011 7100 PML 21 
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MDC Requirements Verification Matrix (2 of 13) 

Method Telemetry Service (TS) 
A " .  * A " . - -  . -  A " -  A 

Notes Bu~ld 1 Tests Build 2 Tests 

I-Time Telemetry Service (RTS) I , 

TLMSVC * 

Build 1,O Test # l  . Test#l  ; .  . -  A - A Test - 

Test 

Test 

?he R E  shaU be capabk of providing 
f telemetry to multiple clients. The 

MDC-TS-7 protocolused shallbe TCPIIP sockets , 

with the RTS acting as a server to a 

- -  b ,destination client. 
-:?he R'IS shall albw selection of data 

- 

MDC-TS-8 ,based on source, front-end, virtual 
.channel, application ID, and quality. 
alhe R E  shall provide a stream servlce 

'ILMSVC 
BuiM 1 .O Test #3, Tes t #5 Test #2,#4 

>for a t  least 30 clents for a total 
MDC-TS-9 

aggregate rate of 1320 kbps, not 

. "-.---- - -  .- inckding-d_e@ys due to network traffiic. 
The R'IS shaU be capable of 

MDC-TS-10 
'supporting service at  t a s t  68.8 kbps 
for each stream up to 30, not including 

- ---. - delays due to network traffic. 
;?he RTS shall restrict access to input 

MDC-TS -3 1 client services based on a maintained 
,list of +lid input-client IP- address-es. 
"be  RTS shall provide the capability to 

' 7LMSVC 

-. - T e s t # l  Tes t# l__  

7LM S VC 
Test #5 

Test - - 

Test- 

_BuiM 2.0- 

_ Build 2.0 

maintain a Est of nlid input client IP : 
MDC-TS~32 

:addresses that albw RTS input client 'ILM S VC 
Test 

PML 
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MDC Requirements Verification Matrix (3 of 13) 
-- - - - -  -- - - . - 

- - - . .  - >.- - - ~ e s t ~ b n  -- Test Reports _- - - - .- - Comments  
Qualificatmn 

Telemetry Service (TS) Method Notes Budd 1 Tests Budd 2 Tests 

Real-Time Telemetrv Service (RTS 1 
\ ,  

The RTS shanrestrictaccess to output 
.chent services based on a mamtamed 
,list of ~ 6 d  output client IP addresses. 
'The RTS shanpromde the capability to 
:maintain groups of output clients. The 
,output cfient groups shallcontain at  a 
minimum a group name, list of vahd IP 
addresses that a b w  RTS output client 
access ,  and a maximum number of 
concurrent connechons for 

The RTS shallrestrict access to the 
MDC operator console services based 
on a maintained listofvalid MDC 
operator console IP addresses. 

- .  

 the RTS shanprovide the capabhty to 
maintain a list of va6d MDC operator 
console IP addresses that allow 

. . 

Test 

Test- 

Test. 

Test 

Build 2.0 
TLM svc 

Tes t#5  _ 

MDC-TS -34 

TLM svc 
Test #5 Build 2.0 

~ e s  t;d mformally by 
MDC k a d  engineer. 
Feature no longer used .  
Acces s  now restricted , 
by frewall. 
Tested mfom-ally by- 
MDC lead engmeer. 
Feature no Longer used.  ' 
Access  now restricted 
by frewall. . -  -* - 

.administrahve access .  - . .  -- - 
The RTS shandlsconnect any mput 

'telemetry stream where the Ground 
Recelpt Tnne differs 6om the RTS 

MDC-TS-52 system time by more than one hour. 
Nohf~ation of this event wd be 
mchded m the Telemetry Serwr  

r - Momtor status te le metry. - - A -  - 
'The RTS s h a n a b w  the e x c l s ~ o n  of 

MDC-TS-57 APIDs from output by user 
specf iahon .  

Tes led d u m g  h s m n  
Operat l~ns  Testmg - . - ?  

Often used  capabihty. 
Tested d u m g  Msslon 
Operatons Testmg. 

Test 

Test Build 3.0 

PML 
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MDC Requirements Verification Matrix (5 of 13) 

- - - - - - - - - Test Plan - . - Test Reports _ ,Comments ._ - - - - - ,  
~ualification 

Telemetry Service (TS) Method Notes Build 1 Tests Build 2 Tests . . ---- - - - - -  - - . * - -  -"- - 
Playback - Telemetry .. - Service (PTS) - .  

- .  - .  - .  - - - - - - - . , 

. T h e - ~ f i  s h i n b e  cipable of - 

,supporting a (1296 kbps)/N aggregate 

,hlDC-73-16 
'service for each of the clients where N 
;is the number of clients, if the number 
;of clients is greater than 10 and less 
'than 49. ... ..... .-... -.-.-......-.-..... ..... Test : .... { . . . . . . . . . . . . . . . . .  2.0 
;The PTS shan maintain the rate of 123 ! 

Build 1.5, Build 

MDC-TS-17 .kbps for each of a t  least two MOC 
,clients. - -  Test . . . - .  Build 2.0 
The PTS shanrestrict access  to input 

MDC-TS -38 client services based on a maintained 

- - list of valid input client 1P addresses. Test 
,The PTS shall provide th; capability to 

" 

maintain a list of valid input client IP 
mC-TS-39 

addresses that a b w  PTS input client 
a c c e s . ~ .  Test 
The PTS shalrestrict access  to output 

MDC-TS-40 , client services based on a maintained 
list of valid oflput clie_nt IP addresses. - - - - -. - - - - - - - Test 

1 O/ 1 7/00 

Build 2.0 

Build 2.0 

Build 2.0 

PML 

'ILMSVC 
Test #4 ..... _ r l . . . _ _  Test . #3 _ ...._.... __._-_ .-_. ....... 

m s v c  > 

Test #4 Test #3 
A . "  . . . . . . .  

'ILMSVC ; 
Test #6 - - - -  
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MDC Requirements Verification Matrix (6 of 13) 

Telemetry Service (TS) Method Notes Build 1 Tests Build 2 Tests ' 

Playback Telemetry Service . - (PTS) . , . - - . .  

'The PTS shallprovide the capability to 
z maintain groups of output clients. ?he 
output client groups shall contain at  a 

MDC-TS-41 ,minimumagroupname,~istofvalidIP 
,addresses that allow P?S output client 
access ,  and a maximum number of 

.concurrent connections for Test 

'The PTS shallrestrict access to the 
MDC operator console services based 

MDC-TS-42 
'on a maintained list of valid MDC 
'operator console IP addresses. Test 

,The PTS shallprovide the capability to 
;maintain a list of valid MDC operator 

,MDC-TS-43 
console IP addresses that allow 
administrative access.  Test - , 

'The PTS shall provide playback 
service based on data quality 

I 

MDC-TS-53 1 

(indicated in the Ground Receipt 
Header). Good data only, bad data 
only and both good and bad services 

Build 2.0 - - 

Build 2.0 

Build 2.0 . - 

TLMSVC 
Te>st#6 - 

~ e s t e d  mfdrmaiy by 
!MDC lead engineer. ' 

Feature no longer used. i 

Access now restricted , 
by frewall 

'Tested informally by 
'MDC lead engineer. 
Feature no longer used. 

>Access  now restricted 
I 

by fuewall. 
- i 

L 

I 
ORen used capability. 

'Tested during hass ion , 

- - - - . - - - . - A . ' shallbe , provided. _ -  --.- Test - _ .  . - 'Operations Testing. , Build.?.O --.- . . , - 2 .  - - ; - --.- - . . t  

The P'IS shall aUow the exclusion of ORen used capabhty. 
MDC-TS-58 APIDs from output by user ,Tested durrng h h s  lon 

- -  . - - , spe.cific.a tion, < - - .A - -- . - -- . - _ - _- Build_?.(' - -- . . - _ A  . - - -- . - -- - - -- Operations Testmg. - -1 -- - . 

PML 
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MDC Requirements Verification Matrix (7 of 13) 
- -- .- .- 

Test P h n  Test ~ e ~ o r t s  Comments 
Qua hfic a tlon 

Telemetry Service (TS) Method Notes Bulld1Test.s Bulld2Tests  

'=elem_etry Archive - -. - - -. _ _ - - -. - -. - - - - A  - - - - - - - -.- -- - a  

,The MDC shall archlve antelemetry 
_ MDC-TS:8 _ data o n k e .  - Demonstrauon Build 1.5 _ _ 

The MDC shallarchive anoriginal 
telemetry formats for the life of  the 

MDC-TS-19 
mission for re-ingestion in c a s e  of 
mgest f a t h e .  
The MDC shall provide backup and  

MDC-TS-44 recovery s e m c e s  for the online 

Analysis 

Test/ 

TLM SVC Test # l  
Test #l RATS Test # l ,  #2 _ - . .  .- 

Butld 2.0 RATS T e s t # l ,  # 2  

Legato tape backup 
u -- - - - - - - - telemetry archive, - - Demonstration B?l~ld2.0 - - - system - " - -  in place. - -  -- 

MDC-TS -20 

MDC-TS-45 

MDC -TS -4 6 

MDC-TS -54 

- .  - 

The MDC shall make the archived data 
avaihble withln 20 seconds  of receipt 
a t  the MDC over a network connection. Bulld 1.5, Build 

- -  - .  . - .  Test - 2.0 - 
The MDC shallmake the archwed data 
avaihble wlthm 10 minutes of receipt  
of a telemetry data file vla a Flle 
Transfer Protocol (FTP) from a 
Ground Stabon Front-end.. Test Bulld 2.0 

The MDC shanprovlde the capab~hty to 
recelve telemetry frames wlthout 
archivmg. The MDC w d  determine o n  
a message by message basls, whether 
or  not the data should be  archived. 

Test/ Analysis Build 2.0 

The MDC shan provide the capability to 
switch by operator command the 
archiving of duplicate telemetry. 

- .  Test Bulld 3.0 

Tesled by ground 
system, TLMpkyback 

- ? -  

lest - . - -  . 
Pending anival of new@ 
ordered faster computer, 
due 10/30/0O. Target 
test compkhn dale IS 
Nov 00. 

Tested during Mssion 
Operations Tesmg 

Have never implemented 
lhis requirement and no 
one has noticed or cares 
about it. Intend to 
cons~der remomg this 
requuemenL Target 
review compkhon date 
is Dec. 00. 

. - - - -  

PML 
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MDC Requirements Verification Matrix (8 of 13) 
.- - - .- - - .- .- .- - -- - - 

- - ~ e s ;  P-Ian - Test Reports !Comments - - 
Quahfic ation 

Telemetry Service (TS) Method Notes ' BuiM 1 Tests Build 2Tests : 
~ ~ l e r n e t r ~  G e  Service ( F S )  a - a  . .-- ! 

The TFS shall provide telemetry fibs 
: c a p a b G  amiable on 

MDC-TS-21 ' upon requests. 
the TIMEDIMDC web 

Test - - Buikl3.O _ - _  site. Used often. - - - - - -1. -- - - -  - - - - - - - - --. - 2- - - -  - - -  
?he TFS shan albw selection of data 
based on source, front-end, virtual 

,channel  application ID, quality, and 
MDC-TS-22 

Spacecraft or Ground Receipt time. 
allowing a client to give a start and stop 
time for data. Test Build 3 .0  
The TFS shall albw the time ordering 

MDC-TS-23 'to be selected by Ground Receipt 
'Tie. - Test Build 3.0 - 

The TFS shall albw the time ordering 
MDC-TS-47 

to be sebcted by SpacecraRTime. Test Bulld 3.0 

, 

'Capabilty available on  
;theTIMED/hlDCweb 
site. Used often. 

- ,  
'Capabllty avaibbk on 
'the TlMEDlMDC web 

- - ,  site. Usedoflen. _ + 

'capabiUy avaibble on 
.the TIMED/MDC web 
' s f e .  Used often. 

1 

- 3 -  - ; -  

FTP - -- ~ e l e m e t r ~  - - - - File- Requirements _ - - - . -  - - . -  - - - .- - ,  I - - -  - - 
lThe MDC shallbe capabl: of r e c e G g  

MDC-TS-24 and archiving telemetry data from the 1 

:Tested during m s s m  
ground station via FTP. Test Bu-M2.0 ' 'operatons tes tmg. 

'The MDC shall be capable of usmg :Have the capabilty but 
l iupkmented as  a Push ' 

MDC-TS-25 to get telemetry data from the Test/ ibomMOCins teadof  , 
iground station and store the data. ~~~~~~~~~i~~ - B,,U 2,0 - -  - - -  - - - - _ _  f - - - -  :~$!from KC. - . 
The MDC sha l  monitor the real-time 

ttekmehy stream and detecta 
MDC-TS-55 'message indicating the avaihbility of a 

'telemetry file from Universalspace 

; ~ e s t e d  hfonnaliy by 
!MDc lead. AddkDnal 
' testhg forthcoming vid + 

'missbn  operations 
Net  _ Test Buiki 3.0 , tes tng. - .. 

1 01 1 7/00 PML 
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MDC Requirements Verification Matrix (9 of 13) 
- - . - 

~ e s t  Plan - Tes t-Reports Comments 
Qua hfic a tion 

Telemetry Service (TS) Method Notes Build 1 Tests Build 2 Tests 

Command - .  Archive , . . .  
. - -  - 

: T ~ ~ M D c  shallprovde the capabihty to Cmd Spook r  Test 
MDC-TS-26 maintain an offline copy of all data that #1 

n sent  to the spacecraft. Analysn Build 2.0 RATS Test #1,  #2 

MDC-TS -27 

<The MDC shallprovide the capabihty to 
configure and control all TCPAP Tested both informany 

socket connection servlces w~thout by MDC kad engineer 
and ako  used often 

, a f f e c b g  operabons. Thn includes a t  a durng msslon 
minunum addlng and removng vahd IP ,operatmns tes tng. Now 
addresses to and from chent k t s ,  use frewan to restrlct 
c bslng actlve connections, and m 

* - Test - Bulld 2.0 _ access.  - - - - - - - - - 
<The MDC shallprovde a Te1emeh.i 
Server monitor s e rvce  to the MOC. 

$The protocol used shaU be TCPlTP 
,socketwlth the MDC achng a s  a chent TLM S VC 
to $e_MOC ser_w_r, -.- A Test . - Bu1ld2.0 . - - - _ - -- . .- Tesl#!.-- . 1 - - . . -- - _ - - 

,THIS REQUIREMENT DELETED - Thk 
'MDC shallpromde the capab~hty to 
determine and s e t  the quahty of the 
telemetry frame, by the state of the 

-7 
quahy k g s  within the message. Test - -  BulH 2.0 . . - .  Requtrement dekted 

Not mpkheteh .  ~ a i e  A 

reaLtme capabiity to 

:The MDC shall provide a daily report 
'containmg the processing status of the 
Tekmetry Server processes.  

Test/Anaiysis , Build 2.0 

check MDC health. 
htend to consder 

(deleting the requiement. 
Target revrw 
compktlon date 6 Dec. 
00. 

PML 
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MDC Requirements Verification Matrix (10 of 13) 
.- - .- - -- - .  

. . Test Plan - Test Reports  omm meals -- 

Quahficahon 
,Te lemet .~  Service (TSL. . -. _ - Me hod  Notes Bulld 1 Tests B u u  2 Tests 
Other T e k m e  try Eequireme nts 

The MDC shal prowde the capabiht;to 
generak on demand the Archiw Map 
sorted by Ground Receipt Ti. Thls 

'report shallcontain at a minimum for 
each AP ID allcontiguous ranges of 
CCSDS packets stored in the 

Archlw Map 
Test #1, #2, 

#32_#4_ . _ - .- 

Oflen used capabiYy. 
Tested dumg MPswn 
Openllonr Testmg. 

Telemetry Server. - Testl Analysts 
The MDC shalprovide the capablliy to 

Build 2 0 

Bulld 3 0 

Build 2 0 

B u g  3.0 

Bulld 3 0 

generate on demand the Archiw Map 
sorted by Spacecraftlime. This report 
shal  contain at a rmnimum for each 
AP ID all contiguous ranges of 
CCSDS packets stored In the 
Telemetry Archlw Test! Analysls 

,The MDC shal  prowde the capablhty to, 
generate the Archiw Change Report 
Th~s  report shal  be ordered by the 
hme of lngeshon by h e  archrw, and 
sha l  contam at a minrmum for each 
AP ID allcontiguous ranges by 
Ground Rece~pt Time of CCS DS 

I MDC-TS -49 

Tested dumg h%sm 
Openhons Testng. packets p Testl Analysis. 

The MDC shal  provide the capability to 
generate the Archiw Change rep or^ 
This report shal  be ordered by the , 

time ofingestion by the archiw, and 
shal  contain at a minimum for each 
:AP ID allcontiguous ranges by 
'Spacecraft Tme ofCCSDS packets 

Archiw Map 
Test #1, #2. , 

proce-. - . .- 

The MDC shal  provide the &C wilh 
Testl Analysis- 

two text reports for each klemety 
dump receiwd from a ground station. 

' 

a)  The MDC shall provide a report 
' 

showing the APIDs and spacecraft 
hme of the blocks of telemetry updakd 
in Ute-arch~w as a resuk of the proce _ Test 

Tested dumg ffirmn 
Operahoos - A - . Tesmg . - . 

' MDC-TS -56 

PML 
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Buikl 2 Tests , 

Qualification 
Data Product Production (DPP) . - -. - - - ---.-. " -. " - - -. - . - -  - . - Method Notes Build 1 Tests 

~ & n n e d  and  As - Flown , - -  Timeline - - .  Files - - - - * - -  - - 

:The MDC shan provide the TIMED data 
jusers the capability to run an 
additional report for which the users 

'MDC-DPP-3 ;win be able to specify a time range and* 
ithe source(s) of the timeline data for 

f 

, t :either Planned or As Fbwn timelines 
- . - . -  . -  - Test Build 3.0 

'Notification Message for the MOC, 
.POCs, and Project Scientists to 

, 

'indicate the availability of a new data 
MDC-DPP-4 lproduct or an update of an exis ting , 

I 

DPP Test #1, #2, 
[data product The File Change #3, #4, # 5 ,  #6, #7, 
.Notification Message will be provided . 1 1 #8, #9, #lo,  #11, 
:for the -- - ,--- --- - - -  Test .- - Build 2.0 -- - *A - # 12 - - - .- 

rested nfonnany by the , 
i oftware deve bper. . - - . - .  - - 

PML 
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- . - .- - .- - - - .- - - Testplan - Test Reports - .- - Comments -- - . - -- , 
- ~ualification 

jand storing the Spacecraft Telemetry 
! 

MDC-DPP-5 
Definition Files as  sent from the MOC. 

:The MDC shallmake these Spacecraft 

, 

' DPP Test # 3 ,  #4, : 

,Telemetry Definition Files available to #5, #6, #7, #8, #9, ;  
the POCs. . -  . Test BuikI 2.0 

..>> ........................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

'Other ,. Data Product Requirements ....... . . _  ......... ....... __.__.... . ....... ._. 1 ....... ....,.- - ....... .... i-- __. -, .....- _. - _  ..... -_. --_ .......,_-._......_ ____,  

i ?he MDC shall be responsible for ' , 
j j i protecting all of the data products that i 
I ! 

!the MDC receives or produces from ; I 

; IMDC-DPP-6 {loss or corruption. ?he MDC shan ; i I 
' .  
: !  :maintain a copy of all data products on ! 1 ! 

ia stable off-line medium for the life of .: Test/ 
, . :Legato tape backup 
, , ithe mission. This data shan be ,system in place - "  -...... ............... .................................... :Dem??strati??i. - J 3 u W L P  ............................. ! ... _ . ........ : .............. ..... .... i 

PML 
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Station Diagram 
Overview 

nrenna ararus 
uto-track Status 

n tenna Control Upgraded 
Pass / Schedule Configuration Tracking 

Antenna 
Orbital Elements Receiver 

system 
Auto-track control Controller I 

u I Controller I 1 M°C 
SC Command (TW) 
Admin / Control (TCP) APL 

Front Uplink 
SC Telemetry (TCP) End 

Ground System User Status (TCP) Processor 
Station 

c.1 Electronics Downlink 
SC Telemetry (FTP) System 

MDC ' 
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- - p  

Ground Station 
Critical Design Review 

CDR - November 14,1997 
- Chairman Rich Huebschman 22 Years Space RF Systems Design & 

Spacecraft Systems Engineering 
- Members Glen Baer 26 Years Spacecraft Power Subsystem, 

Ground Systems, and Operations 
- Bob Heins 36 Years RF Systems Development 
- Ed Prozeller 34 Years RF, Ground Systems 
- Bill Gray Bio 

- Action Items 
D 14 Action Items were generated on the Ground Station Design 

Addresses review item 1 & 2 
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Major Sub Systems 
Antenna System 
- Antenna 
- Antenna Control Electronics 
- Antenna Scheduling system 

Electronic Equipment Suite 
- Receivers 
- Bit Syncs 
- Sub Carrier Generators 
- Exciters 
- Power Amps 

Front End Processor 
- CCSDS Telemetry & Command processing 
- Equipment configuration 
- Sub system Scheduling 
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Modifications to support TIMED 
Addition of Up-link Capability to Antenna System 
- Added Diplexers RHC & LHC (Purchased) 
- Added Auto-track Band Pass filters (Purchased) 
- Upgraded LNAs to mitigate G/T degradation 
- Installed dual, low loss up-link coaxial cables 

Post modification testing showed: 
- No measurable changes in auto-track performance 
- No measurable changes in bore sight alignment 
- System G/T average of 23.3 dB (0.7 dB degradation) 
- Results Documented in internal Memos 

SER-98-027 & SER-98-065 

Addresses review item 3 
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Antenna Tracking Statistics 

Statistics for the TIMED Primary Ground Station 
- November 1999 - September 2000 

Based on MSX passes 
- Out of 243 attempted passes, 241 were successful. 
- Of the 241 successful passes, 

>> 1 15 attempted to utilized the Auto-Track capability 
>> 1 15 Successfully acquired Auto-Track 
>> Total Auto-Track duration of 1089 minutes. 

- This represents a success rate of 99.2%, and an MTBF of 120 
passes measured over a total of 243 passes. 

Addresses review item 8 & 10 
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Antenna Tracking Statistics 
(continued) 

Failure Items during the test period: 
- A Limit light failure, causing a continuous limit condition was 

detected prior to the pass and not included as a failed contact 

- A Hydraulic control device failed after electrical storm causing 
failure to move antenna 

- Tachometer failure induced excessive rate causing the system to self 
safe 

Addresses review item 7, 8 & 10 
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Antenna Control Electronics 
Existing system 
Extensive operational history 
APL Design and implementation 
In house Technical support 
NO Changes were required to support TIMED 

Addresses review item 7, 8 & 10 
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Antenna Scheduling system 
(continued) 

SCF provided software 
- Not under TIMED program Control 
- Is under Configuration Control within SCF 
- TIMED interfaces with this system for scheduling 

Simple Scheduling workaround is available 
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~ - 

Station Detailed Block Diagram 
Downlink 

Addresses review item 13 
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Station Detailed Block Diagram 

Addresses review item 13 
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Electronic Equipment Suite 
(continued) 

Operated with Spacecraft RF' since early 1999 
- Monitored telemetry during I&T 
- Monitored telemetry post Environmental testing 
- Supported All simulated contacts during all mission 

simulations performed at APL 

Addresses review item 10 
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RF & Baseband Equipment 

RF' equipment Purchased for TIMED 

Downlink 
*Receivers 

*MR700 - 1 High Rate 
eMR700 - 2 Low Rate 
*MR700 - 3 Spare 

*Bit Synchs 
*DSI 7715 - 1 High Rate 

*DSI 7715 - 2 High Rate 
*DSI 7715 - 3 Low Rate 
*DSI 77 15 - 4 Spare 
*DSI 77 15 - 5 Spare 

Uplink 
*Subcarrier Generators 

eGDP782 - 1 Primary 
eGDP782 -2 Backup 

*Exci ter 
eTSS2000 -1 Primary 
*TSS2000 -2 Backup 

*Solid State Power 
Amplifier 

*SSPA - 1 Primary 
*SSPA - 2 Backup 

Miscellaneous 

@RS-232 Switch 
Control Transfer 

@Matrix Switch - 1 
Signal Transfer 

@Matrix Switch - 2 
Spare 

Addresses review item 6 & 13 
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Detailed Block Diagram 
Front End Processor 

Electronics - Command Generator 
Telemetry Sim ulator 

CCSDSlTDM Telemerty 
Processor I 

Station Time d 
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COTS LEO-T CCSDS Telemetry and Command Processor 
Purchased from Integral Systems Inc. Lanham, MD 
Enhancements to meet TIMED requirements 
- Software TCP/IP interface to APL Antenna control software 

- Redundant up-link chains 
- TIMED Specific Ground Receipt Header 
- Auto delete after Successful FTP 
- GPIB Driver for Instrument Control 

Participated in TIMED Testing: 
- Bench Level Testing 
- I&T 
- Environmental 
- Simulations 

Addresses review item 6, 10 & 13 
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Front End Software Deliveries 
Date Version Chanqe 
10/27/98 1.7 Initial Delivery 
12/01/98 1.7.1 0 CLTU Tail Sequence fix 
03/23/99 TIMED FE 1.0 Minor Upgrade, GPlB driver 
08/15/99 Sun OS 2.5.1 Y2K Patch 
09/15/99 TIMED FE 1.04 GPlB Driver, Database Updates 
12/29/99 TIMED FE 1.05 Fix CLCW processing 
02/26/00 TIMED FE 1.06 Attempted Viewer bug fix 
09/21/00 TIMED FE 1.07 Equipment Driver Updates, 

Fix Viewer Bug 

Addresses review item 8 
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Requirements Matrix 

:ategory 
r reference to 
lequirements 
locument 
ieneral 

Description 
T h e  Primary Ground S ta t ion  h a s  responsibi l i ty  for  commanding  t h e  
satellite a n d  receiving telemetry a n d  s c i e n c e  d a t a  t r ansmiss ions .  T h e  
Primary Ground Stat ion sha l l  make u s e  o f  existing J H U I A P L  Satellite 
Communicat ions Facilities a s s e t s  to  t h e  d e g r e e  prac 
T h e  Primary Ground S ta t ion  s h a l l  b e  c a p a b l e  o f  s imul taneous  upl ink 
a n d  downlink to t h e  T I M E D  Satellite. 
T h e  Primary Ground  S ta t ion  s h a l l  s u p p o r t  rapid,  d u r i n g - p a s s ,  receive 
mode  de tec t ion  a n d  s w i t c h - o v e r  in o r d e r  t o  minimize d a t a  l o s s  in t h e  
e v e n t  o f  an  unexpec ted  a u t o n o m o u s  swi tch  b y  the  satellite f rom M o d e  
l a ,  l b ,  3a o r  3b to M o d e  2 a s  de f ined  in sec t ion  
T h e  Primary Ground  S ta t ion  s h a l l  b e  a u t o m a t e d .  It s h a l l  allow 
schedul ing ,  conf igura t ion ,  a n d  c o n d u c t  o f  p a s s e s  u n d e r  c o n t r o l  o f  t h e  
M OC. 

T h e  Primary Ground  S ta t ion  s h a l l  b e  loca ted  o n  the  c a m p u s  o f T h e  
J o h n s  Hopkins  Univers i ty ,  Appl ied  P h y s i c s  Laboratory in Laurel ,  
M ary lan d .  
Point ing Requirements  
T h e  Primary Ground S ta t ion  s h a l l h a v e  t h e  ability to  acqu i re  a n d  track 

l the  TIMED satellite a t  a n y  po in t  in a  p a s s ,  us ing  2-Line Element  S e t s  a s  
the  so le  external s o u r c e  o f  po in t ing  da ta .  Orbi tal  Elements  will b e  
provided in NORAD 2-line format  p r i o r t o  t  

Demonstrated via: 
[Method) 

TRUE 
Testing ... Mission 
Simulations, I&T 

Testing ... Mission 
Simulations, I&T 

Testing ... Mission 
Simulations. I&T 

TRUE 

Testing ... MSX 
Tracking Tests 
3ngoing analysis 
3nd Testina 
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Requirements Matrix 

Demonstrated wa: 
(Method) 

Category 
or reference to 
Requirements 
Document 

IThe ability to auto-track the satellite is a derived requiremnt. In the 

Descri~tion 

event of loss of auto track lock the auto track systemshall revert to 
program track and attempt to reacquire lock for the duration of the 
pass. 

I 

Testing ... MSX 
Tracking Tests 

Testing ... Mission 
Simulations. I&T 

I 

4.4.1 

4.4.1.1 

C o m n d  Handling 
The Pnrrrary b u n d  Station shall ingest, in real t k ,  CCSDS 
Telecomnd Frarnes from the MOC 

4.4.1.2 
The physicalinterface fromthe MOC shall be TCPIIP via 100Mbps 
Ethernet LAN dedicated to TIMED. 

4.4.1.3 

4.4.1.4 

4.4.1.5 

Telecomnd F m s  shall be randomized and packaged into 
C o m n d  Link Transmission Units (CLTUs) using 64-bit codeblocks 
Physical Link Operations Procedure - 2 (PLXIP-2) shall be used to 
initiate a c o m n d  uplink sequence. 
PLOP - 2, Acquisition Sequence, Carrier Modulation Mode - 2 (CMM- 
2) shall consist of at least 500 bits of "1010 ...". 

4.4.1.6 

4.4.1.8  he COP-1 Protocol shall not be enabled in the Ground Station. 

There shall be one (1) Transfer Fram per CLTU. 
For contiguous CLTUs, Idle Sequence, Carrier Modulation Mode - 4 

4.4.1.7 

-- 

Testing ... Mission 
Simulations. I&T 

(CMM-4) shall consist of a minirmmof 1 octet and a rnalcirmmof 3 
octets of "1010.. .". 

Testing ... Mission 
Simulations, I&T 
Testing.. . Mission 
Simulations, I&T 
Testing ... Mission 
Simulations, I&T 
Testing.. . Mission 
Simulations, I&T 

Testing.. . Mission 
Simulations, I&T 
Testing ... Mission 
Simulations. I&T 
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Requirements Matrix 

)r reference to 
qequirements Demonstrated wa: 
Xcument 

t.4.1.9 

Description 
C o m d  CLTUs shall be transmtted as an NRZ-Lfomtted serial bit 

1.4.1.10 

(Met hod) 

streamat a 2 kbps rate, bi-phase mdulated on a 16 kHz sinewave 
subcarrier which is in tum residual carrier phase rmdulated on the main 
uplink carrier. 

t.4.1.11 

Testing ... Mission 
Simulations, I&T 
Testing ... Mission 

The c o m n d  data clock shall be coherent with the uplink subcanier. 
Doppler corrpensation of the RF uplink signal shall be made for the 

1.4.2 

1.5.1.1 I ~ ~ ~ s i n ~ l e  downlink carrier I~imulations, I&T 
I ITesting ... Mission 

Simulations, I&T 

initial Space Craft acquisition and subsequent re-acquisition in 
accordance with Section 4.4.1.11 of TIMED Ground Station 
Requiren-ents Documnt, 7363-93 18 

- - 
4.5.4of TIMED Ground Station Requiremnts Documnt, 7363-9318 
Receive serial digital TIMED satellite telemtry and science data via 

Testing.. . Mission 
Simulations, I&T 

RF Requiremnts 
Shall support the downlinkmdes and f o m t s  described in Section 

Simulations, I&T 
Testing ... Mission 

Testing ... Mission 

4.5.1.2 

4.5.1.3 

4.5.1.5 Irandortization in accordance with Ref. 7, section 6 I~imulations, I&T 
I ~ e r f o q  or bypass (as configured) CCSDS Reed - Solomn Decoding ITesting... Mission 

Polarization diversity is not a requiren-ent 
Recover data from the CCSDS corrpliant telen-etry fran-es transmtted 

4.5.1.4 

- - - .  

4.5.1.6 Ion the received transfer h m s  I~imulations, I&T 

Simulations, I&T 
Testing ... Mission 

by the TIMED satellite 
Provide bit synchronization for each specified modulation mode (Table 
1. sec. 4.5.5). Perform or bypass (as configured) CCSDS Convolutional 

Simulations, I&T 

Testing ... Mission -. . - - 

decoding (rate %, K=7). 
Perfomfram synchronization on the bit synchronized data and de- 

Simulations, I&T 
Testing ... Mission 
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Requirements Matrix 

Category 
or reference to 
Requirements 
Document I Description 

Data Handling 
Add a Programdefined Ground Receipt Header to each received 
telemetry frame time tagged with an accuracy of 1 m e c  with regard to 
UTC as defined in Ref. 6 section 5.0 Table 1 
Provide for separation of dump telemetry data (VC6) from the real-tim 
data (VC7) 

Provide for short termstorage of all received data for 72 hours 

Data Delivery 

h d i a t e l y  forward all data to the MOC via TCPIIP socket interface 
VC7 Frames shall be given priority for forwarding whenever they are 
available 

Demonstrated i a :  
(Met hod) 
Testing.. . Mission 
'Simulations, 1&T 

Testing.. . Mission 
Simulations, I&T 
Testing ... Mission 
Simulations, I&T 
Testing.. . Mission 
Simulations, I&T 
Testing ... Mission 
Simulations, I&T 
Testing ... Mission 
Simulations, I&T 
Testing.. . Mission 
Simulations, I&T 
Testing ... Mission 

4.5.3.3 

4.5.3.4 

4.5.3.4 

Frams shaU be buffered in the ground station for 72 hours 
Post pass the Pmmy Cbund Station shall support the forwarding of 

Simulations, I&T 
Testing.. . Mission 

all stored data to the MDC via FTP push 

VC6 and VC7 shall be available in separate files 

Simulations, I&T 
Testing.. . Mission 
Simulations, I&T 
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Requirements Matrix 

I 
. . 

14.5.4of TIMED QDund Station Requiremnts Docunmt, 73639318 Isimulitions, I&T 
I~onfieuration and contmlshall be pmvided both bcally and remtely ( 

Demonstrated da:  
(Met hod) 

Test iw ... Mission 

category 
or reference to 
Requirements 
Document 

4.6.2 l~themet  LANdedicated to TIMED 
h e  cistine antenna svstemshall be abk to be schedukd fmmthe 

Description 

4.6.1 

I MOCwithout the need for bcal support for the scheduling of the pass 
or the conduct of the schedukd pass. Any pass shall be schedukd in 

4.5.4 RF Requkmnts  
khall suovort the downlink d e s  and fomats described in Section 

fmm the TIMED MOC for all ground station functionality necessary to 
support a pass 
R m t e  operations shall be effected using TCPIIP via 100 Mbps 

4.6.3 

4.6.4 

lof the pass t i m  at ekvation angks above 5degrees. 
lThe MTBF shall be 100passes. demonstrated by support over a 

accordance with predefmed conflict ruks. 
The station shall pemit contml fmmthe MOC to conduct prepass 
testing of cormrand and tekmtry data fbw 
Operational contml over the e&ting antenna systeNs) and equipmnt 

4.6.5 

4.6.6 

4.6.7 

4.7.1.1 

4.7.1.2 

4.7.1.3 

shall be avaikbk to the MOC to the esent  currently availabk for 
recovery fmmanonalous operationalconditions occuning during a 
pass 
Shall provide for mnitoring of status paramten for TIMED specific 
downlink ekctmnics 
Shall have the capability to pmvide mnitoring of status paramten f o ~  
the antenna system. 
The Prinrary QDund Station shall be capabk of supporting up to six 
passes perday. 
All segmnts of a pass interrupted by antenna 'keep-out-zones' shall 
be supported. 
The antenna travel h i t s  shall support at kast 1 unsegmnted pass per 
cluster down to an ekvation of 5 degrees. 
The Rirrary h u n d  Station shall be availabk to support at kast 80% 

Testing ... Mission 
Simulations, 1&T 

4.7.2 

4.7.3 

4.8.1 

TRUE 

. .. 

nininurnof 300passes. 
The MlTR shall not exeed  60 houn. based on repairs over the m s t  
recent 2 years. 

Shall support automted tekmrry data-flow testing 

Testi ng... Mission 
Simulations, I&T 
Testi ng... Mission 
Simulations, L%T 

Testi ng... Mission 
Simulations, I&T 
Testi ng... Mission 
Simulations. I&T 
Testi na... Mission 
Simulations. I&T 
Testi ng... MSX 
Tracking Tests 
Testi ng... MSX 
Tracking Tests 

Analysis 
Testing ... MSX 
Tracking Tests 
Testi ng... MSX 
Tracking Tests 
Testi ng... MSX 
Tracking Tests 
Testi ng... Mission 
Simulations. IBT 
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Requirements Matrix 

Cat ego ry 
or reference to 
Requirements 
Document r Demonstrated via: 

Shall support automated command data-flow testing Isimulations, I&T 

Description 

Shall conform to Ground Support Equipment (GSE) telemetry (~esting.. . ~ i s s i o n  

(Met hod) 
Testing.. . Mission 

requirements stated in Ref. 5, SE 1-97-062 l~imulations. I&T 
Shall provide standard NTSC video signal from a camera for operators I 
in the MOC to vellfy nominal operation of the antenna. True, Existing 

Analysis, 
The Primary Ground Station shall not be capable of causing damage to 
other R F. s ys terns on the APL campus. 

While operating in other than the contingency mode, the Prunary 

The R.lmary Ground Station shallnot be susceptible to damage due to Testing.. . MSX 
radiation fonnother nearby systems. ITracking Tests 

Testing, Free 
Radiation 
Analysis, 
Testing, Free 

Ground Station shall not interfere with MSX operations. Radiation 
Analysis & 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Mission Operations Center 
Software 

Red Team Review Presentation 

Walter L. Mitnick 

JHUIAPL 
240-228-65 141443-778-65 14 



TIMED 
Thermosphere . Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Introduction 
The MOC Software Development Plan (SDP) , document 
# 7363-9035, included the following sections: 

System Overview 

Software Components 

Build Schedule 

Design Review Plan 

Configuration Management Plan 

Test Plan 

Documentation Plan 

Addresses review item 4. 
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MOC Software System Components: 
Computer Software Configuration Items (CSCIs) 

SPACECRAFT I POCS I 

* a large portion of the CSCls highlighted in the 
STATION circle is the EPOCH-2000 COTS software 
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MOC Software Builds 

1 Software Development Plan 

/ Mini-Moc Build 
1 Integration * + -  - " - -  and -- Test - Build - - - -  w 

/Mission Operations Build 

Addresses review item 4. 
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MOC Software Design Review Plan 

+--XII-,,.-~--.u*.,,-,.,, ~ -.... " ~ " u.-IIIX., . ̂" .-.plpl-., .,,~plplplpl~pl,.,,,.plpl.. ". ̂ ." I1 . IIpl~pl-plpl.. 

/ software --.AX Development a ,I -.----.. l.lll- Plan i - ....- Accomplished .a"" (YIN) I 
i 

,.n .̂.xr.." "." ,.,... " ..A. .I....,.. -.-. ~ .. x xr̂ ..*,- ^ , r..r.x ....r..._, -.".î ._;_ " , . ..-n.-lrr_ ...- - .̂ . ..-.--.-.-<-.- ~--- 
view for ea 

> I, !%&re - .A ._- .v . . .  __.  . . _  . , - . ~ , A A - ,  
I 

Y j Detailed design reviews as needed ' I 

I 
> -" - " " " " -  "- " - -  " """* - - " " " ". I - - -""-- ".- -" " -  

Addresses review items 1,2,4, and 5. 
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MOC Software Design Reviews 

Design reviews - 3 reviews chaired by H. K. Utterback, the 
TIMED Software Quality Assurance engineer (over 30 
years of space-related software experience). 

Peers usually from within TIMED project - approximately 
25 r>er review 

iMOC Software Build 1 Design Review 
) - -- ----- - 
!MOC Software Build 2 Design Review 
* " ---- ----- ----- "-- 

f 
., ".-....,".----..-. ,---, 4.. " ,. ,.-" Items I Responses - -.-, " I " I . " ~ " - ~ ~ ~ ~ - - X  

i 
..,- <"A". ",," 

j Memo #(s) 
".",",-",,"--u"-"-"-*" """--",-v--.-p-- 4 

0510811 997 t H. K. Utterback and peer, S . "--I- X "  - . . A  - -  A - - A " - -  *-"-",- 
; SEI-98-027 

----*. .- -.---*-- % & "-A "- 

0412211 998 1 H. K. Utterback and peer, S --- --_- - ^ " " -  - - -  --"." _,-- -.- - * SEI-98-036 
1 SEI-98-053 

Addresses review items 1,2,6, and 9. 

~tems j 
9 Resolved : 
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MOC Software Design Reviews (continued) 

Code Walk-throughs - always included at least one 
reviewer that was not part of the MOC software team - 
usuallv about 6-8 ~ e o ~ l e  attended each walk-through 

1211 811 998 Build Telemtry Utility 'Dennis Whichard 

try Chooser II 1 Event Logger .,.., ,, ,.",,,* -..,,. ".-."~- ."  ...-... - ,.,. ".."~ ....,, "" 

0812311 998 I Engineering Dump Utility !Dennis Whichard 

Addresses review items l ,4,  and 6. 
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MOC Configuration Management 

i Software Development ---- , Plan ," -... - -  ,-,,, : , Accomplished (YIN) 
i 

!Source code management system 
i Software problem reports 
1 Release management 
i Release notes 
iA method to roll back to a prior version 
;should a new release fail 

Addresses review items 4, 5 ,  and 7. 
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MOC Software Test Plan (continued): 
Acceptance testing 

EPOCH-2000 (COTS from Integral Systems, Inc., ISI) 
acceptance test was conducted in January 1998. 

The results were documented in memos SEI-98-006 and 
SEI-98-025. 

Acceptance testing was run versus the MOC Requirements 
Document. 

Results were documented in a spreadsheet with one line 
per requirement. Each requirement was either to be 
satisfied by IS1 or APL. 

10/24/00 Addresses review items 3 , 4 ,  and 5. 
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MOC Software Test Plan (continued): 
Acceptance testing 

After several iterations (i.e. bug fixes and enhancements), 
IS1 eventually satisfied all requirements that APL expected 
to be satisfied by IS1 code. 

APL did not run a formal acceptance test against the 
requirements to be satisfied by APL code. 

We have informally updated this requirements matrix 
(included in this package as reference). 

Addresses review items 3,4, and 5. 
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MOC Software Test Plan (continued): 
Acceptance testing 

Summary of the requirements matrix update: 
- 166 total requirements 
- 106 satisfied by IS1 code 

- 58 satisfied by APL code 

- 2 unsatisfied requirements 

Unsatisfied requirements : 
- Resource management tools 

- Graphical telemetry software 

Addresses review items 3,4, and 5. 
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MOC Software Test Plan (continued): 
Unsatisfied Requirements : Graphical Telemetry Software 

Ths  software shall account for the status of the data recorder, 
processor memory, autonomy rules, downlink, battery, 
momentum, and other resources. The model shall track these 
resources in response to planned events. 
- APL's C&DH Memory Allocation Manager (MAX) accounts 

for processor memory and autonomy rules. Software to 

manage the other resources has not been produced. 

- Management of these resources is currently performed 
manually. 

Addresses review items 3,4, and 5. 
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MOC Software Test Plan (continued): 
Unsatisfied Requirements: Resource Management Tools 

The MOC shall include COTS software that provides graphical 
representations for commanding and telemetry via products 
such as Dataviews, PV-Wave, and/or IDL. 
- Telemetry is currently viewed via tabular displays and plots. 
- There is an Advanced Technology Development project 

underway that has integrated GSFC's GENSAA and GENIE 
expert systems with EPOCH-2000. TIMED plans to take 
advantage of these products. 

Addresses review items 3,4, and 5. 
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MOC Software Documentation Delivered 

!Merge Utility Manual 0611 811 999 1 i , ,.-- Z"""*.". -- 
!Mission ,......., -. ... - .  - Op ..... 
j MOC Software: Build 3 Desian Notes 

t -. -.--..,I"" ,*-A- -" X ..I.,.. "^ ,,XI"^ "-^--I i 
l Mission Operati 1 7363-9304 1 

1 0/24/00 Addresses review items 5. 
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Open MOC Software Problem Reports 
(as of 10/23/2000) 

Addresses review items 4 and 7. 
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CMDIF rewrite (continued) 

Multi-threaded program reduced to one thread. 

C program re-written in C++. 

Design review and code walk-through were conducted. 

Tested on TOPS before release to the spacecraft. 

Current version, delivered 6/1/2000, is stable. 

Only one SPR is open (submitted 1011 1/2000, status is 
fixed) 

Addresses review items 1,4, and 7. 



TIMED 
Thermosphere Ionosphere . Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

PROCL rewrite 

PROCL is the APL Processor Load Utility 

PROCL takes loads from processor developers and turns 
them into STOL procedures and updates expected images 

PROCL was used to create the processor loads during I&T 

New requirements evolved after the program was in use 

A rewrite in Visual Basic was deemed the most efficient 
solution 

New features include a GUI user interface, a link to the 
Access database for load configuration management, and 
an interface with the MOC Scheduler for fitting load 
scripts into available contacts 

10/24/00 Addresses review items 4,6, and 7. 
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PROCL rewrite (continued) 

Design review was conducted 

Code walkthrough is scheduled for 1 112012000 

Has been extensively tested on TOPS 

Planned release is 1 210 112000 

Addresses review items l ,4 ,  and 7. 
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MOC Software Operational Time 
Build 4 Minor Releases 

Software has been operational for a average of 22.5 
months, but bug fixes are ongoing 

For example, minor releases in build 4: 

Addresses review item 8. 
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entry shall make use of 
editing features such as 
command line recall, 
cursor movement, 

i overs trike mode, insert 
i mode, etc. to facilitate data 
1 
i en try. 
t ... " "," 

i Although most TCL 
'statements shall be either 
ispacecraft commands or 
I 

' telemetry checks (tchecks), 
[TCL shall include wait 
/statements and 
programming language- 

I 

/like features such as 
I 

,decision constructs and 
' I variables. k wA-ITre-K ii-wwiZE 
I 

a construct must be 
'available to allow the TCL 
:script to wait until a 
telemetry mnemonic is in a 

! 
specified range before 

a continuing execution. 
" .-" .---. - " . - 

executed all of these 
features on series of 

cmd al-reboot 
commands. note thai 

cursor movement 
may be 

accomplished via 
mouse or arrow keys 
- *  " - - - "  

atp-script2 executed. 
this script includes a 
wait statement, an if 
then else construct, 

and a variable. 

atp-script2 executed 
this script includes 

the required do whilc 
loop. 
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/absolute wait (i.e. wait for 
in seconds), a countdown 

2.1.5.2.2 
/clock shall display the 
/number of seconds left 
until the wait is over. 

'either local (i.e. valid only 
2.1.5.3 i 

I 
in the current command 
/script) or global (i.e. valid 
/over all command scripts.) 

" " - - - I " . " " " I " " " " " .  -"I_ - 

/TCL shall include the 
1 capability of assigning a 
variable to a telemetry 
value. 

i 
i --- . - . . . -- . *. - --- *-. - - 
An IF-THEN-ELSE 
construct shall be 
/included in TCL. It shall 
include a test of a 
condition. The test may 1 include telemetry 
mnemonics, variables, or 
iconstants. 

atp-script2 includes 
a wait 5. countdowr 
clock is displayed in 
procedure window 

atp-scrip t3 and 
atp-scrip t4 

demonstrate this 
requirement. 

actually, the 
requirement should 

read "TCL shall 
include the 
capability of 

lssigning a telemetry 
value to a variable." 

Demonstrated in 
atp-scrip t5. 

" "  """- 

demonstrated in 
a tp-scrip t6. 
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,." .,,.,. __."j"X"^,-^ --.,.-u-- .,.- -..-.I.I " .... 
i Opera tors shall include j 1 equals, not equals, less 
/ than, greater than, less 
I than or equal to, or greater 

demonstrated in 
atp-scrip t6. 

,- .,, ..u.,,-*,u,m,-" .,,, 

demons &a ted in 
atp-scriptll. note 
at telemetry points 

st be defined for 

\The test may be based on 
'either the raw or the 

2.1.5.5.3 1 
! engineering value of a 
I 
I telemetry mnemonic. "- * 

" [The test miinclude 
!multiple conditions 

2.1.5.5.4 I conca tena ted with an 
1 AND or an OR. 

demons tra ted in 
atp-scrip t6. 

- " 

demons tra ted in 
atp-script6. 

- " "  -" 
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capability to write 
comments into the event 

/log, so that the status of an 
IF-THEN-ELSE statement 
'may be recorded. See 
1 Command /Teleme try /  vent Logger described 
j la ter in this document. 

demonstrated in 
a tp-scrip t6. 

TCL scripts may call other 
TCL scripts with 
arguments. text arguments are 1 

jpassedto atp-script7 1 
.... XI.^,^. ...."I. .̂" .XI-..--,,, 

demonstrated in 

.,.-_I_-.- - -*_,.--..-." --,*.-," 
e prompt capability 

, 
1 shall include a variable in demonstrated in 

2.1.5.7.2 
/which the opera tor's atp-script8 

i Y N 
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no way to test this 
fully, but a tp-scrip t3 

and atp-script4 
j TCL execution errors 
1 should be handled I 
I gracefully and should 

meaningful error 

generate an error for ! 
the variable A in g 

; Y 
a tp-scrip t4 with a 
meaningful error i 

message. also note, 1 
zpoch does not crash j 

1 One possible TCL 
3 

g l command argument shall 
j be a filename. When 
i 
i executing a TCL statement 
/with such an argument, 
/ the contents of the file 
!shall be substituted for the 

i 

I 

demonstrated with 
atp-script8 ' 

/ argument. 
-<- "-. < ". - -* 4""- < -----" -- w - ' M  <* * - - - w e  " 

I 
~TCL shall allow variable 
!length commands. These 

2.1.5.10 !commands may include a 
'length field which shall be I (computed automatically. 

" 1 " "  
I TCL shall include 
1 command mnemonics 

demonstrated with / 

!which map to part of a 
2.1.5.11 i 

j command, all of a 
demonstrated with i 

atp-script9. , 

1 command, or to multiple 
1 commands. - A- - 

10/24/00 - - 
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i !For example, if the 
1 command Relay 20 A 
/means turn the star 
/camera on, 
/ STARCAM-ON could be ; 
/mnemonic for this 
/command, while 
L 

STARCAM ON could be a 
/mnemonic for "Relay 20" 
1 with an enumerated 
Iparameter for "A", while / SENSORS-ON Relay 20 A 
!and Relay 21 A. -.-".-.."-"...-*.-a ,...-. -. --w.n. ,, "em-.... "..," ... -,...,,.. 
TCL shall include a 
WRITE command which 
/allows values to be put 

!.1.5.12 1intotheeventlog.See 
i 1 Command/Telemetry 

Event Logger described 
j later in this document. ---. --- ""*;--"+-- ""-"-" -- -- - " - 
I The informa tion needed to 
1 build spacecraft 
commands from TCL 
/statements shall be 
1 maintained in a command 

1.1.5.13 3 1 dictionary (rather than 
I / hard-coded).. See 
 a at abase Management / Sys tem described later in 
1 this document. 

demonstrated with 
atp-script9. 

demonstrated with 
atp-scrip t8. 

accomplished via a 
tandem of the 

EPOCH/ORACLE 
database and APL 
ASCII description 

files 
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~TCL shall include the 
1 capability for entering a 
!literal spacecraft 
! I command, i.e. specify the 
I 
\exact bits which shall 
/comprise the CCSDS 

!.1.5.14 
!packet to be sent to the    round Station. These 
j bits shall be either 
1 supplied directly in the 
~TCL command or 
I 
j supplied as 
I 

/command to call a C 
L1.5.15 

Iprogram and to pass 

lmanage a pass 
! autonomously. 
/specifically, the MOC 
ishall be able to execute a 

2.1.5.16 
/script of commands at a 
1 given time and take 
1 actions contingent on 
i \telemetry without real- 
I time opera tor action. 

file passed through 
argument to a 

command, i.e. the 
filename is handed 
to the iem tes tbed, 

and the testbed 
sends the bits in the 

designated file. 
filename pass 

through 
demonstrated in 

a tp-script9. note 
that in practice the C 

program needs to 
redirect its output to 

demonstrated with 
a tp-script9. 
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The MOC shall include a 
redundant commanding 
capability so that no 
single hardware failure 
can cripple this 
functionality. 

The MOC shall include a 
editor for building 
/command scripts. The 
t 
$process for creating new 
i command scripts and ' modifying existing I ;command scripts shall br 
1 user-friend1 y. 
I --" - -- --*--- 

This environment shall 1 include a test mode whicl 
/shall allow for syntax 
/checking of scripts 
1 without routing the 

L2.1.2 

i commands to the 
spacecraft. This 

1 environment shall inch 
I / a simulated telemetry 

this requirement was 
dropped as 

documented in the 
signed off document 

MOC Functional 
Software Design 
Spec, Mini-MOC 

version 

Solaris UND( 
includes the 

/usr/dt/bin/dtpad 
editor which is user 
friendly. EPOCH 

accesses this editor 
via the environment 

variable 
EPOCH-EDITOR. 

[SI delivered the core 
EPOCH internal 

simulator w/o the 
loopback capability 
through APL's tlmif 

and cmdif code 
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The MOC shall include a 
utility to print a merged 
listing of a script. The 
merged listing includes 
script line numbers. Also, 
if the script calls another 
script, the called script is 
included in the listing, etc. 

1 1 "  ~ , " 
Remote script viewer : 

' , " I  a * -  

The script viewing utility 
shall provide a window of 
a script as it is executing, 
with the current line 
highlighted. -",",,-,-,.-,,,.-"---.--- "," -*,"---",.,.,-,-.--- 
The lines shall have line 

shall allow the operator to 
branch in the script based 
on line number or label. 
Note that the opera tor 
shall not be allowed to 
branch into blocks such as 
IF-THEN-ELSE and FOR- 
NEXT loovs. 

it works: as user 
gandc, cd 

/disks/d3/home/ep 
och/ timed/database 
/procedures/ timed. 

$EPOCH-BIN/s tol-I 
ine.sh 

atp-script2.prc > 
/disks/d3/home/ga 
ndc /alp-script2.mrg 

demonstrated with 
atp-script2 

demonstrated with 

demonstrated with 
atp-script1 . 

demonstrated 2nd 
half of the 

requirement in 
atp-script2, by 

manually executing 
"GOT0 25". 
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/The window shall include 
2.3.1.4 

/a  script nesting stack. 

- - - - *  -7 "" ----" .*-- "" -"- - 
The window shall contain 
a minimum of n (TE3D) 
/lines as well as vertical 
and horizontal scroll bars. 

2.3.1.5 The script viewing utility 
shall also include a 

j method to return focus to 
/the current line if it has 
been scrolled off the page. 

I 
I 

*X^ ^ I - - A- -,- "̂ II"~IX̂ XX"""̂  I " - - . -" - "- 
/The utility shall allow this 
window to be viewed by I a n Y  workstation in the 

IMOC or at a POC. Each 
1 
workstation shall have 
/control over its own 

2.3.1.6 
/vertical and horizontal 
1 scroll bars. However, 
j when a new command is 
/ executed by the 
1 workstation controlling 
/ the 

., . , "..."."A "," --,,,-" ^, ^ 

atp-script1 and 

demonstrated with 
atp-script1 and 

a tp-scrip t2. note 
that TBD lines was 

configurable via 
resizing the window. 

there is a vertical 
scroll bar and a 

horizontal scroll bar. 
. " - - -  " - . -  

configured stream s2 
to be tied to node 

oliver in epoch.cfg. 
ran s2 stream on 

diver, connected to it 
from arnold. 



A TCL STEP ON 
command shall put the 
script into step mode, i.e. 
when the opera tor sends 
the TCL CONTINUE 
command, the script shall 
wait after each command 
line. 

- - 
ATCL~STEPOFF 
command shall put the 
script into normal mode, 
i.e. when the operator 
sends the TCL 
CONTINUE command, 
the script shall execute 
commands until an event 
such as a WAlT statement 
or a command validation 
failure halts the script. . --------- "- -- --- . -" - 
The script viewing utility 
shall display the 
substituted value for TCL 
variables as opposed to 
the variables themselves. 

EPOCH does not 
behave exactly this 

way. Entering 
"STEP" steps one 
line, and entering 

"CONTINUE" 
continues without 

stepping. However, 
by entering "STEP" 

repeatedly, the 
ntended behavior is 

achieved. 
* .  

Thermosphere Ionosphere Mesosphere Energetics and Dynamics 
Red Team Review 31 Oct. - 3 Nov. 2000 

ditto the response to 
2.3.1.7 

the arguments to the 
script variables are 
expanded in the log, 

demonstrated in 
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nd verification 

isyntax checking on all 
2.4.6.1.1 1 

i commands before they arc 
1 

I demonstrated in 
atp-scriptlo. 

/sent to the spacecraft. 
w ". ..- " "  ^ - - *  -_-- ___" "___-  

/ ~ h i s  utility shall include 
I the capability for the user 

/to define command usage 
demonstrated with 
IT-CHRG-RATE which shall include 

2.4.6.1.2 /command 
argument rang( I 

/constraints, command 
I sequence constraints, and 

1 other ----- TBD . constraints. ---- _--I-- 

I 

command w/ pre-tv 
condition lT-MODE 

= MOC. 

" - " - "  " "--"* 

temporarily modifid 
/The MOC shall have the 
]capability to verify I 
j execution of commands 
i which have telltales in 

L4.6.2 
I j telemetry. The 
1 command/ telltale 
/mapping shall exist in the 
/command / telemetry 
1 1 dictionary. 

I 

commands 
i t-P- 1 6HZ-TLM 
(expect non-zero) 

and ILP-IHZ-TLM 
(expect 0) in EPOCH 
ORACLE command 
definition form to 

check 
ZMO-STP-SENT. it 

worked. 
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" I ' h e h l ~  commanding 
function shall be 
password protected. In 
other words, the ability to 
send a command to the 
spacecraft shall only be 
granted to a user who has 
entered an appropriate 
password. This check 
could either be based on a 
password entered at t 
-,----.--.--..-.--..A---,~. ,. 
Normally, each command 
sent to the spacecraft shall 
wait until the previous 
command has been 
authenticated by the 
spacecraft. However, 
there shall also be a 
bypass mode in which 
commands do not wait for 
spacecraft authentication. 
The capability to lock 
critical spacecraft 
commands (i.e. require an 
''are you sure" prompt) 
shall be included in the 
MOC. There shall be a 
way to enable and disable 
the lock capability (for all 
commands treated as a 
whole) via TCL. 

- - 

temporarily locked 
command 

IT-CHRG-RATE by 
checking "Critical" 

:heck box on EPOCH 
ORACLE command 

definition form. 

commanding 
privilege was 
disabled in 

appropriate config 
file for user generic. 
;eneric got command 

rejection upon 
subsequent 

command attempt. 

demonstrated in 
a tp-scrip tl0. 
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-I-.--- .---..--I ---- -----.--- --I.,.. --,-.-~.--" "./"-" .̂ . .. ^ ",,"lXI TMOC commanding shall 1 
[include real-time I these capabilities 

2.4.6.6 /commands, time-tagged ' were tested during 

1 J "Time-tagged commands" i 

1 are commands which are 
/the same as real-time : 
\commands with the 

2.4.6.6.1 /addition of a command tested during I&T 
jprocessor memory address ; 
i in which the command is , I I stored, and a UTC 
/command execution time. 

1 and consis tent method for , 

L4.6.6.2 /converting any real-time I tested during I&T 
I command into a time- 

/commands which include . 

!.4.6.6.3 /a  processor ID, a starting : tested during I&T 
/address to load, a load ' 

ithe capability to break 
1.4.6.6.4 ' tested during I&T 

Iprocessor loads into units , 

/of delivery. i 
- .̂-X----.X.I-". --.-- -4- ---.-I.-.. .XI" -... ̂  ,, ., ", , , ,, " _ ^ ,XX.,,X, ". . , 

1 0/24/00 
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generate CCSDS 
telecommand packets. 
These packets shall be 
stuffed into frames. These 
frames shall be generated 
for a designated virtual 
channel. 
" -.,-------. 
The MOC may also 
include an option to send 
the packets without 
stuffing them in to frames. 
This stuffing would then 
take place at the Ground 
Station. 

demonstrated in 
a tp-scrip tl 1 . tested 

with fel. 

EPOCH allows us to 
lo  this, however, our 

current design 
precludes it. 

-" "" * - ""- - - - 
TIMED is not 

ipecifically using the 
NEAR style 
embedded 

commands. We 
expect that the MOC 

will handle all 
commands needed 

on TIMED. 

The MOC shall be able to 
generate embedded 
commands. 

must allow for embedded 
command definitions. 

embedded command 

Ditto 2.4.6.8 

Ditto 2.4.6.8 
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i 
I The MOC must be able to 
,block embedded 
commands into the fixed- 

/ size CCSDS command 
'packets. 

--*I - - - x x  _--I*-̂ . -^ "XI-XI 

The MOC must be able to 
include TBD CRCs and 
checksum for every 
command, including 
embedded commands. 

of decommu ta ting, 
displaying, and alarming 
all TIMED spacecraft 
telemetry. 
The MOC shall be able to 
ingest telemetry from both 
the spacecraft and the 
ground support 
equipment. 

however, using i 
CMDIF directives i 

BEGINPACKET 
i and END-PACKET 

we will be able to 1 

block mu1 tiple j 
commands into a j 

single CCSDS 
command packet. - - -  - - -  - - - - - . - - I - -  ""-- 

Ditto 2.4.6.8, but r 

CMDIF generates r 
CRCs and A Y  

checksum as I 
; 

reauired. I 

MOCs; telemetry 1 
databasehasbeen Y 

I 

mature for over 6 i 
months L 

I 

tested via the Mini- ; 

MOCs 
; Y 
I 

I 
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3.1.1.1 1 utility for building fromthe viewer and Y j N : 

:mnemonics on a display : "Error: Point not 
I 

Y i  N 
/must be flagged when the , found" in event log I 

1 The process for creating i 

: subjective,but we I I i 1 and modifymg telemetry 
3.1.1.4 I feel that it is user- I Y 1 N 

3 displays shall be user- . 
friendly. ! 1 i 

I friendly. 2 I 
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' Displays may be in 
I 
i tabular, plot, or graphica 
i 
tforma t. The graphical 
[format shall include the 
1 ability to display switcht 

3.2.1.1.1 
!red/green lights, and us, i 
defined graphics such as 

'representations of tape 
'recorder reels and sys ten I 1 schema tics. 
I 

/plots may include up to 5 
i telemetry points per plot. 
'Plots shall include groun 
f 3.2.1.1.2 j universal time (UT) or 
/spacecraft UT on the 
< 

j dependent axis, as 
/ designated by the user. 

-""--f. ""---.- " -Î- -" - ~,""-XI"-XI"^"""~_ 

[The telemetry may be I 
1.2.1 A.3 j displayed in raw or 

1 engineering units. 
" I  - 
/Rawtelemetrymaybe " 

1.2.1.1.4 1 viewed in binary, decirna: 
1 or hexadecimal. -" -" 

!The window shall inclid 
/telemetry mnemonics, 

1.2.1.1.5 1 
/values, units, and 
i comments. 
I -.a".. . - - *  * 

demonstrated with 
a tp-display-8 

"" . - " - *  "" " - * ---" 
EPOCH suppord4 
points per plot. The 

IS1 RFP response 
denied the ability to 
support 5 points per 

plot. APL has 
relaxed this 
requirement. 

--"*-"+.-" ----- "--- - 

atp-display 1 

3 o b ' s _ ~ e w _ P a ~ ~ . ~ a  
g (from NEAR 

directory) 
demonstrates this. 
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Alarmed values shall be 
highlighted in some 
fashion. 

Stale values, i.e. telemetry 
mnemonics which have 
not received a valid value 
within TBD seconds, shall 
be highlighted in another 
fashion. 

allow the opera tor to 
output a copy of a display 
window to the printer. 
Snaps should be triggered 
by a single mouse click. 
Snap output should 
include the contents of the 
display window as well 
as the hostname of the 
wor 

telemetry point 
ZMO-BYTE-007 in 
page atp-display1 
changes to red and 

yellow based on 
alarm sta tus when 
running the byter 

telemetry simulator. 
IS1 flags a telemetry 
mnemonic as stale 

after reading n 
consecutive fill 
frames, i.e. no 

telemetry from any 
source for n seconds 

snapped 
atp-display1 by 
using the SNAP 

button on the 
gandc-mini-moc 

viewer. 
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.I---.----,--------,-." -,-..- - ".-" -....-I-.l- ^ 

j APL modified this 
i requirement - color 

The color of a telemetry 
mnemonic on a display 
shall be specified in the 
telemetry database. 

needs to be specified 
in EDL. Color needs 
to be removed from 
.scr files, then color 
added in .pag file. 

' Demonstrated in 

j the display does not 

relemetry displays shall 
automa tically include 
header informa tion such 
2s the display name, UTC, 
2nd data source (such as 
spacecraft VCO, simulator 
K 3 ,  etc.) 

autorna tically 
include any of these, 
however, the display 
builder allows the 

user to build 
displays with all of 

these., as 
demonstrated in 
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We never 
3enchmarked exactly 
33.33 kbps, but the 
telemetry displays 

have routinely 
supported testing of 
111 TIMED data rates. 
APL is relaxing this 

requirement. 

byter and tlmif 
supplying telemetry 
demonstrates this 

requirement. 
a tp-script10 with 
same tlm sources 
demonstrates this 

requirement. . . "" *."""" - . 
his requirement was 
dropped in section 

11.1 of the signed off 
Mini-MOC 

Functional Design 
document 

" - "*-" " 

~ e l e m e t r ~  displays shall 
be able to keep up with a 
full workstation screen of 
telemetry (approximately 
128 telemetry points) 
which is updating once 
per second. (The telemetry 
rate is 33.33 kbps.) This 
performance should be 
maintained if an X- 
terminal i 

The MOC shall be able to 
display telemetry from 
multiple input sources on 
one screen, and shall be 
able to access telemetry 
from multiple input 
sources from one TCL 
script. 

The MOC shall include a 
redundant telemetry 
decommutation capability 
so that no single hardwarc 
failure can cripple this 
functionalitv. 
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telemetry 
!A telemetry 
I decommu ta tion is 

3.3.2 
1 decommuta tion process 
:shall describe the 

described in the 
I 
;structure of telemetry. 

EPOCH ORACLE 
database ......... --------- ..,. *------~.--- -..-...-+-..---.-*-,,,--,.- ~.. ... x...---.---...-+..,- ~- "  

!It shall include telemetry i 
i mnemonics, engineering 
i 
conversions, alarm 

I 

3.3.2.1 a informa tion, formatting 
1 
I informa tion, units, and 
j other informa tion for each 
!item 

it does. 

ZMO-BYTE-007 on 
atp-display1 is an 

example of this 
behavior. This point 
is only valid when 

I 

j Telemetry decommuta tion 
i 

j shall be provided for 
I 
'subcommuta ted values. 
i 

t 
I 

i -- ---"" ----* %*-"-" - 
i It shall be possible to 
j genera te derived values 
I using an arbitrary 
!function based on actual 
1 telemetry values. This 
j derived telemetry shall be 
j treated the same as actual 
j telemetry values for the 
i 
{purposes of displaying, 
$alarming, etc. 
> - -  - -  a 

the application 
identifier = 0x400. 

Satisfied by APL's 
Derived Telemetry 

Utility, that was used 
extensively in the 
G&C Mini-MOC. 
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Engineering units may 
also be based on 
polynomial equations, 
lookup tables, and state 
definitions. 

................... - -.". .-.--..* --* - .- ...... 

The informa tion needed to 
decommuta te telemetry 
shall be maintained in a 
telemetry dictionary 
(rather than hardcoded). 
See Database Managemen 
System described later in 
this document. 

the EPOCH ORACLE 
database includes 

these features. note 
that there is no 

EPOCH lookup table. 
rather, EPOCH has a 

lookup table of 16 
pairs with linear 

interpolation 
between the values. 
also, note that APL 

has the hooks to do a 
lookup table. 

"" -" -" -- - "- - 
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/conversions may be 
'modified independently ! ion a workstation by 
I I worksta tion basis. These 
'changes are temporary 
/and do not affect the 
/ telemetry dictionary. 
'There shall be a method oj 
restoring the conversions 
to the telemetry dictiona 
" " - " "" 

Telemetry decommuta tion 
and display shall include 
a command processor 
command history display 
and an autonomy rule 
status display. 

Alarm conditions may be 
based on a logical 
combination of arithmetic 
expressions. For example, 
alarm telemetry point A if 
telemetry point A is 
greater than 10 
engineering units AND 
telemetry point B is less 

we changed the 
conversion for 

zmo-byte-007 on 
a tp-displays. 

EPOCH allows APL 
code to access 
telemetry. This 

means that at the 
least an APL post- 
EPOCH processor 

:an accomplish this. 

3a tisfied by context- 
dependent alarms. 
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/shall display all 
l~nacknowled~ed alarms. 
/Each alarm shall include 
'the time it occurred, the 
! out-of-limi t value, the limi 
which was exceeded, and 
the alarm message. 

Alarms shall be included 
in a time-tagged event log. 
See Cornrnand/Telemetry 
Event Logger described 
later in this document. 

----- ""-" "--" ". "" - - - "" - - -- +" -* 

Alarm limits may be 
modified through TCL. 
"Alarms^rriay"be modified' ' 

independently on a 
workstation by 
wnrksta tinn ha~is,-~This .. 
The informa tion needed to 
alarm telemetry shall be 
maintained in a telemetry 
dictionary (rather than 
hard-coded). 

demonstrated with 
ZMO-BYTE-00 7 

and popup tlm-limit 
directive. alarm 
acknowleged by 

deleting or 
refreshing. 

ZMO-BYTE-007 
and popup tlm-limit 

directive. alarm 
acknowleged by 

deleting or 
refreshing. "-"--- - . -"" 

demonstrated in 

demonstrated with 
ZMO-BYTE-00 7 



/The telemetry playback 
/user interface shall use a 
/VCR paradigm, with stop, 

i pause, forward, reverse, 
1 fast-forward, rewind, and 
1 a variable speed slider 
:control. It shall also 
include a step mode, i.e. 
!packet by packet, in the 
/forward or reverse 
f direction. 

The engineering dump 
shall include up to 7 
telemetry points on a 
tabular report and up to 
100 telemetry points on a 
file designed for input to a 
spreadsheet. The output 
shall be in engineering 
units. 

The hex dump capability 
shall allow the user to 
view up to 10 bytes of data 
on a tabular report. The 
output shall be in hex. 

The requirement for 
reverse dropped in 
signed off build 1 
design document. 

The telemetry 
chooser provides this 

function, and has 
been used for the last 
2 years during I&T. 

Provided by 
engineering dump. 

100 points were 
never explicitly 

tested, but it should 
work. The 

engineering dump 
output has been used 

extensively by the 
GNS team 

Provided by 
engineering dump. 
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.".,-. ."..."-.-,-", ...- " ,-.- 

shall take less than 1 
minute to produce a report 1 Eng dump has a 6 
of 7 or less telemetry minute overhead to 
points in engineering ! read the database, so 
units for the period of one this test took 7 
hour. minutes. 

The software shall include ! 
the capability to produce a ; 
report which includes the 
daily and cumulative on- , 

time for boxes on a 
Used extensively 

spacecraft, i.e. box-a has 
during I&T. 

been on for 256 hours 
since the start of 
integration. Parameters 
shall be based on a 
cornbina tion of te 
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jThe software shall include 
I the capability to produce a 
I 
j report which includes the 
1 daily and cumulative 
/number of relay switches 

3.8.1.2 
for relays on the  spacec craft, i.e. relay-5 has 

switched 322 times 
since the start of 

I internation. 

The capability shall exist 
to produce a report which 
includes the daily and 
cumulative minimum, 
maximum, and mean 
values for given telemetry 
mnemonics. Telemetry 
mnemonic data may be 
screened by a combination 
of telemetry conditions, i.e. 
only consider b 

Used extensively 
during I&T. ' 

Y 

I 

i 
! 

I 

Satisfied by APL's : Y 
TrendingUtility. I 

I 

1 
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I ---- -"IIIX̂ Iw"III-"IXXXIXX X I .  _.I" ---I " 

I The Command Validation 
shall include a method to 

i 
: designate one 
user/workstation pair as 
i the only valid source for 

5.1.2 i 
f commands origination 
j within the MOC. This 
Ipair may be changed via a 
1 password protected 
j utility. 

5.2.1 !log all commands in a 

j ~ h e  MOC shall be able to 
enable or disable each 

i.3.1 
; POC's ability to command 
; the spacecraft. 
I 

) ' ?  Y '  4 "  " 4  

i.4' " Command packaging . 
" * 

this functionality is 
satisfied by the 

design. 

MOC/POC 

MOC/POC 
Command Filter's 
Opera tor Interface 

GUI. Used 
extensively during 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

networking protocol 
requirements. At a 
minimum, this packaging I 
shall include CCSDS : Tested in the EM 
packet information and i Mini-MOC. 
designate the virtual 

f 

: 
channel on which the data j 
is to be uplinked. The 
communication with the i 
Ground - ------*" "-- ."" "----- ".""< -"-"--"--" "- - 
T'he MOC shall also 
include the option of f done in APL code 
stuffing packets into i 

transfer frames. I 

include the ability to i 

apply an arbitrary 
function to transfer i this functionality has 
frames. For example, a been provided by 
transfer frame with an \ adding a file name 
invalid length could be I and a file name pass- 

i 
constructed. This i through to EPOCH 
capability will be used to , commands 
debug the spacecraft 
Command and Data 
Han 
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I 
5.7.1 [commands based on their MOC/POC 

Command Filter. 
* "-. " "- "--- 

Provided by APL's 
Command Interface 

Program and 
MOC/POC 

Command Filter 
Program - -- - . - - . 

Isource and destination. 
-"-I---- ̂ LX ---I -Ix.XXXXIXX. ^ -._^-" I--I 

iCommands originating 
within the MOC shall be 
able to address all of the 
/ground support 
/equipment and all of the 
I spacecraft. 
1,- ."-1,1"--- ."."̂  ---.lll ",._ ".,*" 

Only one workstation a t a 
time shall be able to 
command the spacecraft. 
The test conductor shall 
control which works ta tior 
may command at any 
given time. 

this functionality is 
satisfied by the 

design. 

---_. 
Commands originating at 
instrument POCs shall be 
able to address only the 

Provided by APL's 
MOC/POC 

Command Filter. 
appropriate instrument or 
its supporting ground 
support equipment. 

" -  - 
Commands with 
unauthorized source- 
destination pairs shall be 
alarmed, audited, and 

Provided by APL's 
MOC/POC 

Command Filter. 
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!A time-tagged log of all , 

ispacecraft commands sen 
/shall be maintained in thc 
JMOC. Note that POC 
/commands may only be 

5.7.1.9 
1s tored as bits. Also note 1 
' that it is a goal to include 
i 
MOC GSE commands in 
this logging, but not POC 

ke priority over POC 

6 + ' ' GS/MOUMDC server 
<- < 

:6.1 Telemetry Processor 
, * I. z ., 4 ' 

1 I ~ h e  Telemetry Processor 
1 shall communicate with 

I 
I 

i 

i6.1.1 i the Ground Station. The 
communication between 

i /the MOC and the Ground 

 he Telemetry processor 
'shall be able to receive 
/telemetry in three different 

6.1.2 1 formats: Reed-Solomon 
1 encoded,Reed-Solomon 
1 1 decoded, Standard 
I 

Telemetry Units 
i 

Provided by the 
MOC. 

the implementation 
of this functionality 
s being performed in 

APL code. 

. ,.. .... -.,. ~ ,- 

his requirement has 
been modified per 
signed off moc sw 
bld 1 des doc. now 

must be able to 
receive TF+'s. 

Satisfied by APL 
front-end and 

fission Data Center. 
" - - - "  " A " - .  
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._."._,-,,,_,,,II__"_..~_,X ,-,,I,, _ _ ~ , , ~ X , , X X , , , ~ ^ . , . _  ,____,._ 
/The Telemetry Processor 
f shall send real-time 
telemetry to 

~~e l eme t r~ /~s se s smen t .  -""-" " - - --- -- ----- 
/ ~ h e  Telemetry Processor 
Ishall send all telemetry to 
1 the MDC. This includes 
'both real-time and data 
/recorder playback 
1 telemetry. 

*- .I ? -\ - -  < -  --..<.---- 
I The Telemetry Processor 
must be able to handle a 
/rate of 800 kbps. This rate 
/ is derived from (the data 
!recorder playback rate of 
4.8 Mbps ' a 10 minute 

) divided by one 
I hour to subsequently play / this data from the ground 
[station to the MOC. 

jThe MOC shall include 
/ the capability to request 

6.2.1.2 Ithereplayofstored 
/telemetry from the Ground 
[Station. 

10/24/00 

demonstrated on 
a tp-displa yl 

3a tisfied by the APL 
fission Data Center. 

3a tisfied by the APL 
vlission Data Center. 

Provided by MDC 
and Front-Ends. 
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'ground trace or orbit 1 
I 

/tracker software) shall I 

3 I 

i 'show the satellite's I 

I 

i I 
I 

Satisfied by Satellite , i 
l position relative to a map 

Toolkit STK. 
Y i  N ;  

i i of the earth. Predicted j 

I 
9 

I I i 
1 [ground trace as well as I 

I / coverage areas of the 
1 1 

! 
1 1  round Station network is : ! 
i I 

' reauired. 
I 
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~ ; t & o m ~  rule tion 
software shall provide the 
capability to define an 
autonomy rule in an 
English-like manner, and 
have it translated into 
TCL. (This capability 
becomes more or less 
important depending on 
the design of the TBD 
C&DH autonomy capabil 

A graphical 
representation of the 
spacecraft's planned 
operational tirneline is 
required. Such a product 
must illustrate the 
planned/predic ted 
operational status the 
spacecraft bus subsystems 
(an equivalent 
representation of the 
instrument operational 
stat 

Satisfied by APL's 
Autonomy Rule 

Compiler. 

APL software 
produces a timeline 
that shows contacts 
and milestones such 

as SAA crossings 
and eclipses. The 

requirement to make 
this representation 
graphical has been 

rela xed. 
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-- 
~This softw>re shall 
account for the status of 
I the data recorder, 
processor memory, 
autonomy rules, 

7.5.1 downlink, battery, 
momentum, and other 
resources. The model 
shall track these resources 

1 in response to planned 
/ events. 

/The Expected Image shallh 
be built from a TBD source 
such as command loads 
and/or binary files. 

-X-I.-~IXX -̂__X^XII" .---.--- ^___ 

The Actual Image shall be 
built from telemetry. A 
process shall check 
telemetry for processor 
dumps. If they are 
encountered, the actual 
image shall be updated. 
"I"-. "-ÎI-III--̂II"̂--" XI---- 

APL's C&DH 
Memory Allocation 

Manager &IN0 
accounts for 

processor memory 
and autonomy rules 
Software to manage 
the other resources 

has not been 
produced. 

Satisfied by CMDIF 
and PROCL. 

3a tisfied by PROCL. 

i 

J..., 

Y 1 resources is currentld 
i 
i 
I 

i done manually. I 
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The ~c&afImage shall be 
milt from telemetry. A 
x-ocess shall check 
:elemetry for processor 
iurnps. If they are 
mcountered, the actual 
mage shall be updated. 
" - -  -"+-  - - " " - " " A " "  " -  
f i e  output of the compare 
shall be differences. 

" --------* -a" "-""-- 
Other output shall be 
contents of either the 
actual or expected image. -me" 

All operations may be 
specified for a range of 
physical or logical 
memory. 

pp -.- ----- 
Logical memory relates to 
the APL data structures 
concept. ---- "" ---.---- - 
The compare utility shall 
be invoked by TCL as well 
as from a menu. A script 
which contains a compare 
statement shall halt unless 

z 
, > 

the compare returns zero 1 
differences. In any case, 
the number of differences 
is included in the event 
log. -- --- - - -  

Satisfied by PROCL 
and PROCD. 

S; tisfied by PROCL 
and PROCD. . - "" * * " "  

Satisfied by PROCL 
and PROCD. 

Satisfied by PROCL, 
PROCD, and PAM. 

" - -" - - - "A-  

Satisfied by PROCL, 
PROCD, and PAM. 

Satisfied by PROCL 
, PROCD, and PAM. 

! 
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" " *  " - - - - - . = " "  

,The option to output a 
:specified range of actual 

8.1.1.9 
!or expected memory shall 
'be invoked from a menu. - - " -  -- -""$-- -.--- - ."""_ 
I The capability to 
i recognize whether 

8.1 .I .10 differences in memory are 
opcodes or data is 
desirable. . . , * , <  '*ti w e  ?.' .' ' .<." 

', . ~ornmandl~elemetry 
8.2 , 

: . Graphical Ex tension . + 
. - 1  * > '  ' ,  

I The MOC shall include 
{graphical representations 
; for commanding and 

3.2.1 
' telemetry via products 
!such as Da taviews, PV- 
i Wave, and/or IDL. 

<This logger shall accept 
,input from Command and 

3.3.1 ' Telemetry/ Assessment 
1 and possibly other 

Sa tisfied by PROCL, 
PROCD, and PAM. 

Not a requirement. 

APL has not yet 
purchased these 

products, but could. 

epoch provides an 
event logger for each 
viewer. apl provides 
one for each stream 

" "  - 7 -- - " "-" 

.Telemetry is currently 
viewed via tabular 
displays and plots. 
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Ground System Engineering 
Elliot Rodberg 

Phone: 240-228-53 18 

e-mail: elliot.rodberg @ j huapl.edu 

The Johns Hopkins University 

Applied Physics Laboratory 

Laurel, Maryland 20723 
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Ground System Outline 
Architectural Overview 

End-to-End Data System Overview 

Ground System Overview 
- Mission Operations Center 

- Mission Data Center 

- Ground Stations 

D APL 

>> USN 

D TDRSS 

PFWSPR Status 

System Level Testing 

Residual Risk 

Ground System Requirements Matrix 
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TIMED Ground System Components 

TIMED Ground System 
I 

Tlm 
Frames 

Ground 
Station 

L 

- 
Cmd 
Frames 

MOC 

Telemetry 

Cmds 

4 MDC 1- Telemetry 
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Ground System Lead Engineers 

Mission Operations Center (MOC) 
- Walter Mitnick, Software Lead 

Mission Data Center (MDC) 
- Paul Lafferty, Lead 

Science Data System (SDS) 
- Paul Lafferty, Lead 

APL Ground Station 
- Steve Gemeny, Lead 
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Ground System Architecture 

PUBLIC 

CONTINGENCY 
CONTACT 
STATION 

(USN, TDRSS) 
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-->> TIMED Mission Data Flow -->> 

lnstrument 
Bus Cmd 
Packets 

lnstrument 

Executuion Execution 

V Cmd Bits & Cmd Bits 

C&DH Combine c 

SIC 
Cmd Packets 

Planning 

Results -1. 

SIC t 
Subsystems 

Packets 

lnstrument 
Command 

Packets 

Products ' 

R/T Packets 
(during I&T) 

Playback 
lnstument 

Packets 

PJG, Rev f, 12/26/97 
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Command Data Flow 

Backup 
Starion 

SCF 

PJG, rev e, 11112197 

Command Messaae Tvpes 

CM = [POC-MOC] Command Message CP = Command Packet 
SCF = Supplemented Cmd Frame CF = Command Frame 

SABER q-1 

via FTP 3-1 
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Virtual Channel Assignments 
I Side 

IIardwired Commands 
(Critical, Power 
Subsystem) 

Command Function 

VCO 

Comments #1 

Intercepted by Uplink Interface 
of RF Subystem 

Direct4)elivery Commands 
(to Instruments, C&DH, 
GI% Subsys, G&C susys) 

Downlink Board Fill 

#2 

Telemetry Function 

Dump Telemetry 
(Instruments, C&DH and 
Subsystems) 

Real-Time Telemetry 
(Instruments, C&DH, and 
Subsystems) 

VC3 

Side 
#1 1 #2 

only one side has active I 

VC3 

VCO 
telemetry 

Different channels not needed; 

J 

Direct delivery to instruments 
and subsystems; sequence of 
delivery is allowed to differ 
from order of receipt by s/c 

VCO 

only one side has active I 
telemetry 

Different channels not needed; I 
only one side has active I 
telemetry 

PJG, Rev d, 11/4/97 
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Mission Operations Center (MOC) 

I I I 
) MISSION DATA 3 

I CENTER I 
I 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 NOV. 2000 

MOC Design Highlights 

Built around COTS software (EPOCH 2000) 

Supports independent commanding by MOC and POCs 

Supports real time or store-and-forward commands from POCs 

Uses same design for 
- Subsystem Test (Mini-MOC) 

- Integration & Test 

- Mission Operations 

GSE commanding and status telemetry interfaces 

Memory management tools for spacecraft processors 

Derived Telemetry 
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Mission Data Center 

U I Ground Station 

Mission Operations 
Center 

Payload Operations 
Center t- 

Data Analysis 
Facility k 

Correlative 
Studies 

Mission Data Center 

Archive 

Mission 
Archive 

Science 
Catalog 

Subsystem GSE s 
Mission Operations 

Center 

Payload Operations 
Center 

Data Analysis 
Facility 

General Public I 







TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Primary Ground Station 

tolfrom 
Mission 

Operations 
Center 
(MOC) 

tolfrom 
Mission 

Data 
Center 
( M W  

Antenna Control 
0 SchedulinglConfiguration 

Orbital Element Set 
Autotrack Mode Control 

Antenna Status 
Autotrack Status 

\ -  
SC Command (TCP) 
Admin / Control (TCP) 

0 SC Real-time Tlm (TCP) 
User Status (TCP) 

0 SC Dump Telem (FTP) 

APL 
Front End 
Processor e 

Ground 
Station 

Electronics - 

System Y 
Downlink 
System 
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Universal Space Networks 
Tests Planned 
- November 15,2000 at APL (3 days) 

>> End-to-End Compatibility Testing 

>> Incorporate all ground system interfaces 

Results of December 1999 Testing 
- Successful commanding of the spacecraft via R F  from the APL MOC 

(although "long" commands were not tested) 

- Successful real-time spacecraft telemetryflow via RF to the APL MOC. 

- Successful status-telemetry flow from USN to the APL MOC (although 
some content issues remain). 

- Successful ground capture of an SSR dump at 4 Mbls (although there 
were some problems with USN reports of non-existent gaps in the data.) 

- PFR' s not closed out 

Address Review Item 3, 7 19 
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Universal Space Networks 
Data system compatibility issues to be worked are: 
- APL to verify loads with "long" command frames 

- APL to verify USN's computation of the Ground Receipt Time, including 
adjustment for leap seconds. 

- APL to verify proper implementation of frame quality flags in the Ground 
Receipt Header (GRH) 

- USN to repair the telemetry gap-reporting process at high rates. 

- APL to verify USN now meets APL's requirement for minimizing idle 
gaps between commands. 

- USNIAPL to 

- USNIAPL to 
ICD" 

test contact-scheduler interface. 

complete and sign off USN's "USN to TIMED MOCIMDC 

re-run the "TIMED USN End-to-End Compatibility Test" 

Address Review Item 3, 7 



u
 

k
1

I
I

 
d
 

'a
"' 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

TDRSS 

Dec 1999 Results (Continued) 
- Command acceptance threshold could not be determined 

>> Spacecraft rejected all commands. 

>> The good news is that the commands were reliably rejected 
>> Indicates that the uplink bit stream was being successfully 

demodulated, and the CLTUs were being successfully detected 

>> We suspect that the cause of rejection is incorrect formatting of the 
commands by the WDISC. 

Address Review Item 3, 7 
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PFR Status 
PFR 032 - USN TLM Receiver not optimized for Low Rate Tlm 
- Testing July 1999 failed to meet requirements 

- Drop threshold and acquisition threshold were higher than required 

- Tests repeated Oct 19 and 20,2000 

- Now meeting performance, PFR Closed 

PFR 034 - USN TLM Receiver has poor Bit Error Rate performance 

High Rate Telemetry failed testing July 1999 

Really poor Frame Error Rate performance 

Filter in bit synchronizer not performing properly 

Bit Synchronizer repaired by vendor 

Test repeated Oct 19 and 20,2000 

Re-test successful, performance now within required limits 

Address Review Item 3, 7 
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Ground System SPR Status 

SPR 401 - 1 to 3 minute telemetrv dro~out  
J J. 

APL Network problem 

Problem localized to APL Firewall router 

Workaround implemented July 2000 

Still investigating to resolve expected problems with field 
operations 

No affect on Post-Launch configuration 
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TIMED Operations Simulator (TOPS) 

"S atellite-on- the-ground" 

- Validate ops procedures, flight code updates, autonomy rule changes both 

pre- and post-launch. 

"Hardware-in-the-loop" simulator 

- Contains Engineering Models of critical TIMED subsystems. 

>) IEM, AIU, AFC, Optional PSEIDU 

- Contains all SIC subsystem flight software. 

- Includes the subsystem GSEs needed to simulate the space environment. 

- Instruments data rates and power system are simulated 

- RF tolfrom APL Ground Station 
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Mission 
Operations 

Center 
(MOC) 

Workstation 

TOPS - Block Diagram 

Front End BB TLM 
1 

TLM (TCPhP) 

GSE cmds /status KcPnP) 

GSE Cmds /status KCPAP) 

v 
1 

- 
a 

- 
a 

- 

- 
4 

GSE TLM (TCPAP) (P,V,T File) 

I (Real-Tim Orbit Model: 

P.V,T~ 1 Attitude 

.I I 1 PPS 

5 MHz Ref i-, 
Star Tracker, 

IRU. Mag, 
GSF CMDS) m - s u n  sensor 

I: (ReeCTi  AtWude Model) f--- 
Torque Rods, 

GSE TLM (TCPAP) Wheel Speed, 
other G&C 1553 

Traffic 
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Verification Matrix (1 of 3) 

System Awilability ,instruments must be collected by the spacecraft bus and 

erified by Analysis 

erified by Analysis 

* Data Accumulation Capacities on Spacecraft Daily Awrage Housekeeping Data Rate: 5,500 b/s By Design 
: Daily Awrage Instrument Data Rate: 16,954 bls s By Design 

:Required information rate capacity = 3,994,862 bls 

-" -"*---* % - -  - - 
Daily testing using ~ i ~ h  
Rate Downlink 

/ Required information rate capacity = 9,018 bls 

r Redundancy >The TIMED Ground Station shall haw a backup Contract with USN 
'Command and telemetry protocols I per CCSDS Recommendations C&DH software desiqn 

z COP-1 protocol performed by MOC 

- 
IV&V by independent 
software tester 
Daily testing using RF 
Uplink 

Address Review Item 3, 7 31 
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Verification Matrix (2 of 3) 

Address Review Item 3, 7 
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Verification Matrix (3 of 3) 

'com~onentsl shall: 

perat ions Center 

. Network Support /data networks for inter-facility communications during launch By Design 

Commands from POC to MOC ,Authentication Return Receipt 
lnstrument Tests and 
.Mission Sims 

Instrument Tests and 
Mission Sims 

Address Review Item 3, 7 
33 
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Mission Operations 

William P. Knopf 

Mission Operations Manager 

WPK - 1 
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Previous Reviews 

I Spacecraft PDR (February 1997) 

I Spacecraft CDR (December 1997) 
MOR #1 (May 1998) 





TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 NOV. 2000 

MOR #2 Review Team 
Eric Hoffman (APL) (Co-chairman) 
William Mack (GSFC) (Co-chairman) 
John Catena (GSFC) 
Mark Holdridge (APL) 
- NEAR Mission Operations Manager 

Eric Holmes (GSFC) 
Eric Isaac (GSFC) 
James Joyce (JHU) 
- FUSE Mission Operations Manager 

WPK - 4 
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RFA Status - MOR #1 (continued) 

RFA #7 Orbital drag calculations may need to be updated 

-These are periodically updated when new 
information becomes available 
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RFA #4 

RFA #5 

RFA #6 

RFA #7 

Develop a 'disaster' plan to sustain spacecraft 
operations should the MOC become inoperable 

-In process 

Identify MOT organization during the on-orbit phase 

-In process 

Ground-test only commands must be purged from the 
on-orbit command database 

-This will be implemented 

Define pre-pass checks for USN and TDRSS contacts 

-In process 
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RF'A #8 Prepare task list and staffing plan to complete the 
mission operations system 

-Has been prepared 
RFA #9 Consider use of background running software tool to 

continually search spacecraft data for trends 
-Beyond the scope of the TIMED mission 

RF'A #lo Reconsider use of auto-promote of spacecraft 
operational modes 

-Auto-promote is a capability that is not 
planned to be enabled at least during the early 
part of the mission 
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RFA Status - MOR #2 (continued) 

RFA #I 1 Clarify safeguards in place to prevent unauthorized 
commanding of the spacecraft from outside the firewall 

-In process 
RFA #12 What is plan if GNS fails to operate to mission 

specifications 
-In process 

RFA #13 Develop software to analyze data on an orbital basis 
-Current software affords this capability 

RFA #14 Establish a 2-person review of all commands to be 
uplinked to spacecraft 

-Will be implemented 
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William Knopf (MOT Manager) 
- Previous: 

Delta- 18 1 Command Evaluator, Data Retrieval Team 
MSX Spacecraft Contingencies Procedures development 

NEAR Mission Operations software lead 

- TIMED 
Ground System Engineer (user perspective) 

MOPS software tools development 

Mission Operations Manager 
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Richard Dragonette 
- Previous 

MSX Daily Planning Lead 

- TIMED 
GNS specialist 
Planning and contact operations lead 

Early operations plan lead 

Michael Packard 
- Previous 

MSX Daily Planning Team 

- TIMED 
G&C specialist 
Orbitologist 
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MOT Ex~~erience (cont) 
Paul Boie 

Previous 
DMSP Command and telemetry controller (3 years) 

UARS Command controller and Flight Operations Director (3 years) 
GGS Flight controller and spacecraft engineer (4 years) 

TIMED 
Spacecraft C&DH specialist 

Performance assessment 

Operations Handbook book-boss 
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MOT Experience (cont) 
George Chiu 
- Previous 

TRIDENT range systems test and evaluation (10 years) 

- TIMED 
None (recent acquisition) 

Charles Kowal 
Previous 

NEAR Mission Analyst 

Operations Astronomer (Space Telescope Institute) 

TIMED 
None (recent acquisition) 

WPK- 16 





TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 NOV. 2000 

Mission Simulations Log 

I Simulation 

Baseline Performance Tests - ------ *- --*- * -*- * M u -  - -  - - -  
! S e ~ a r a t i o n  to Nadir Pointina 
1 

i E vent-d rive n 
--x-xl.r^Lx-^-^-"*xx--x^xx ---- - - ^ . x x " " - x x x  x x^ " r * 

! s a f e  Mode Recovery 

- - 

Duration I # times run I Total Hours 
>" " *  

(hours) (h o; rs) 
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Spacecraft Separation Test Description 

T +28 min. - 1st station contact; transmitter on via 
sep 

separation sequence. 

Wheels get turned on when System Momentum is low 
enough via autonomy rule. (Timetag CMDs for last ditch 
turn-on.) 

SIC begins maneuver to -Z to sun safe mode. 

Continue checkout at each ground station. 

Simulate verification of proper solar array deployment. 

Perform Solar Array rotation test prior to maneuver to -Y 
to sun safe mode. 
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Maneuver to -Y to sun safe mode. 

Test until Nadir Pointing achieved, 
playback (first APL contact.) 

Approximate Test Time: 1 1 hours 

Verified 

and first SSR 

- Separation autonomy rule and the separation 
sequence. 

- Autonomous de-tumble and attitude capture. 
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Spacecraft Separation Test 

Verified (continued) 
Battery performance. 
GNS propagation of the separation state vector and 
acquisition of GPS satellites. 
Early operations plans for the first 8 contacts following 
separation. 
Ground system performance including RF link tolfrom 
the spacecraft through the ground station. 
Early Operations procedures for first 8 hours after 
separation. 
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- - 

Event Driven Test Description (continued) 

Test Included (continued) : 
- Primary Ground Station contacts. 

- Secondary Ground Station contacts. 

- Momentum dumping. 

- SSR readout. 
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Event Driven Test Description (continued) 
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Event Driven Test 

Verified 
Yaw maneuver. 

Instrument commanding 

Normal Operations Plans. 

Instrument response to Spacecraft 
events. 

GNS event flag timing. 

Operational autonomy rules. 

Status Message 
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Verified (continued) 
Ground System Performance including RF 
commanding and telemetry through APL ground 
station. I 

Spacecraft operational procedures. 
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L %fe Mode and Recovery Test Descri~tion 

Turn-on instruments as part of recovery to NSDC state. 

Test run on Spacecraft in multiple configurations. 

Approximate test time: 3.5 hours each side. 

Verified: 
Soft LVS 1 functionality. 

Soft LVS 2 functionality. 

Soft LVS Recovery Procedures. 

WPK - 32 





Special Test Simulations 

Special tests (continued) 
- Long duration (33,72 and 96 hour) tests 

Allowed checkout of GNS 12 hour product 
generation. 
Allowed checkout of APL ground 
Also verified: 
- Daily Planning Procedures. 
- Antenna scheduling and pointing. 
- Normal operations procedures. 
- MDC prediction products. 

station support. 
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ecial Test Simulations 
I 

Special tests (continued) 
SABER cover release test 

Checkout of attitude maneuver and orbit for cover release 
event. 
Checkout of procedures for event setup, event monitoring, 
event assessment/evaluation. 

SABER Calibration Test 
Checkout of SABER Calibration Event maneuvers 

G&C Mission Sensitivity Test 

and 

Verify G&C Safe mode demotion at beta 4 without yaw 
maneuver, verify auto-promote. 
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(procedure Completion Status) 

G&C 

Power 

C&DH 

GNS 

RF 

Instruments 

2120 in draft 

10110 in complete(7) or draft(3) 

015 complete 

414 complete 
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TOPS Testing Status 
Thoroughly tested. 

- Sims have been run more or less continuously since June 

- Weeks of autonomy testing has been done on TOPS because of its 
ability to allow the operator to manually set a simulated 
current/temperature/voltage via IEM testbed command 

- 7 Day real-time test was run using TOPS to communicate through 
front end 3 and the real ground station. GNS el-sets were used 
from this sim in real-time to drive the ground station antenna 

- Tested switching between the primary and backup AFC and AIU 
as part of the extensive autonomy testing. 

We are confident in TOPS functionality and performance 
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SAFETY 

TZMED Red Team Review Committee Meeting 
31 October 2000 - 02 November 2000 

Shirley K. Dion Bob Sanford 
TIMED Lead Program Safety Rep. TIMED Program Safety Rep. for Ground 

Hernandez Engineering, Inc. (HEI) Operations at VAFB 

(301) 286-0086 Hernandez Engineering, Inc. (HEI) 

Fax: (301) 286-0322 Tel: (805) 606-5966 

email: Shirley.K.Dion.1 @ gsfc.nasa.gov 
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Hazard 
Resolution 

Process 

DEFINE THE SYSTEM 

Define the physical and functional characteristics and understand and evaluate 
the people, procedures, facilities, equipment, and environment 

IDENTIFY HAZARDS 

Identify hazards and undesired events 
Determine the causes of hazards 

ASSESS HAZARDS 

Determine Severity 
Determine Probability 

Decide to accept risk or eliminatelcontrol 

RESOLVE HAZARDS 

Assume risk or 
Implement corrective action 

- Eliminate 
- Control 

FOLLOW-UP 

Track hazards to ensure elimination/control 
Monitor for effectiveness 

Monitor for unexpected hazards 
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System Safety Program Elements 

Hazard Questionnaire distributed prior to Preliminary Design 
Review (PDR) 
Development of Preliminary Hazard List (PHL) 
Expert Panel Meeting 
PHL serves as the basis for the Preliminary Hazard Analysis 

Hazard Reports (HR's) are developed based on the PHA 
The Verification Tracking Log (VTL) documents the status of 
HR items. 
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Hazard Reduction Precedence 

Eliminate 
Hazard 

Design to 
Control 

/ 1 Hazard 1 
Controlled ? 

Devices ' -w 
/ Devices 

Provide 
Warning 

Provide Special 
Procedures 
or Training 

Accept Hwani 

ispose of Systen 
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Safety Overview 

The TIMED Spacecraft has limited hazards: 

TIMED does not have a Propulsion system 

There are no hydraulic systems associated with the TIMED Spacecraft 

The only cryogen system is Liquid Nitrogen used for purges 
There are no acoustic hazards associated with the integration of the 
Spacecraft 

No category A Pyros 

No hazardous high-power lasers 
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Spacecraft Safety Hazards 

Pyrotechnic Devices 

Battery 

RFIEMI 

High Voltage 

Electrical GSE 

Ionizing Radiation Sources 

Lifting Material Handling 

Purge 

Pressure System 

Hazardous Materials 

ESD 
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OSHA 

MDC H32240 

MDC 92H0909 

Mil-STD-882C 

Mil-STD- 1576 

(continued) 

Fed-OSHA Title 8 Administrative Code, 29 CFR 1910 

Cal-OSHA Chapter 4 

Delta I1 Payload Planner Guide 

Delta I1 Program Safety Guide 

System Safety Program Requirement 

Electroexplosive Subsystem Safety Requirements for 
Space Systems 

Electromagnetic Emission and Susceptibility 
Requirements for the Control of Electromagnetic 
Interference 
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Safety Compliance Documents 
(continued) 

AFJMAN 240204 Preparing Hazardous Materials For Military Air 
Shipment 

NMI 1700.8 Policy to limit Orbital Debris Generation 

NSS 1740.14 Guidelines and Assessment Procedures for Limiting 
Orbital debris 

30 SWI 40-201 30 SW Radiation Protection Plan 
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TIMED Program Milestone Chart 
I o130100 

I - 
-- 

TIMED Project 
Safety  Milestones 

Design Reviews 

Range Safety Mtg and Range Technical 
Interchange Mt (TIM), and Delta Meeting 

Safety Program Plan 

Orbital Debris Assessment 

Missile System Pre-launch Safety 
Package(MSPSP) 

Environmental Testing 

Procedures 

VAFB 

SIC PDR 11/97 12/97 

2/97 Instrument SIC 
CDR's CDR Integration 

Meeting Meeting 
atVAFB atWPAFB 

VAFB Rad. Subwmm 
MIwG 9/99 Mtg. 

- - 

9$7 US'S 6 9/97 9/98 l G 8  
- - - 

7/99 GOWG 03/00 
Draft 

legin 6/97 Final 
'rograrn Plan 
'Ian 

Final Orbital 
Debris 

5/97 12/97 Assessment Approved 

Beain Orb. Draft 1/98 - -. . . 
De6tis Assessment 10199 Final 
Assessment Prelim. Prelim. 

7/97 2/98 W98 MSPSP 9/98 MSPSP 
Final Safety 
MSPSP Rpvinv 

- - -  
Start Prep. ~ a i l &  Draft 8/96 Safetv 1/99 
of MSPSP EWR Prelim. MSPSP ~ e v i &  

GSFC Envir. 
Rad. Forms 11/99 Testina Ends 

TIR Document 399 PER Envir. 2/00 
Safety Input (Testing Review 

Begins) Launch I 
11/98 HAZOPS 

~nvironmzntal 
Testing 
Procedures 

lam VAFB z 
Arrival OW0 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

TIMED Safety Documents 

Safety Program Plan 8/97 

Orbital Debris Assessment 10198 

Preliminary Missile System Pre-Launch Safety Package (MSPSP) 0419 8 

Safety Inputs to Hazardous Procedures 

- Environmental Testing Procedures 2/99 

- Range Procedures 10/00 

Final Missile System Pre-Launch Safety Package (MSPSP) 4/00 

- Seismic Analysis 4/00 
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TIMED Safety Program Plan 

Safety Program Plan begins at the design phase and ends at 
launch 
Establishes safety organization relationships, responsibilities, 
and managementlengineering requirements to assure a 
comprehensive safety assessment for the entire life cycle of the 
TIMED spacecraft 

;afety program plan provides the following: 
Detailed description of tasks and activities of safety 
required to identify, evaluate, eliminate andlor control 
hazards throughout the program 
List of safety compliance documents 
Defines System Safety Analysis to be completed on 
TIMED 
Defines Mishap Reporting 
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TIMED Orbital Debris Assessment 
(continued) 

TIMED is in compliance with NSS 1740.14 for the following: 

- Debris generated during normal operations 

- Post-mission orbital lifetime and disposal procedure 

- Debris generated by on-orbit collisions 

- Debris generated by explosions and intentional breakups 

Reentry Survivability of Debris 

Total Debris Casualty Area = 9.1 8 1 8 m2 for Object Surviving Reentry 
(assuming folded array spacecraft configuration at reentry interface) 

This was approved by HQ Code QS 10199. 
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EWR 127-1 Requirements 

Tailoring with the WTR 
Preliminary MSPSP (with PHA and Hazard Reports developed 
from PHA) 
Preliminary MSPSP Review with WTR 
Incorporation of Comments 
Final MSPSP Review with WTR (completed February 2000) 
Approval of MSPSP pending closure of VTL items, - 

Sixty-seven (67) Original VTL items, 
- Sixteen (16) Current VTL items - Eight (8) items cannot 

be closed until after arrival at VAFB 
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TIMED Missile System Pre-launch Safety Package (MSPSP) 

Demonstrates compliance with Chapters 3 (Flight and GSE hardware 
design) and Chapter 6 (Operations) of EWR 127-1 

- Tailor EWR 127-1 with all subsystem Lead Engineers 

Only applies to operations at VAFB 
Provides detailed description of flight and GSE hardware design, as well 
as integration, tests, and inspections at VAFB. 

- The MSPSP consists of the following: 

- Introduction 

- Flight hardware description 

- GSE hardware description 

- Ground operations 

- Safety analysis 
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Other EWR 127-1 Requirements 

RADSAFCOM 
- TIDI Instrument ionizing sources (two 1 pCi of 

Europium- 152) approved by the 30SW 
Radiation Safety Committee 08 June 2000 for 
ground processing at VAFB 

- Presentation package included TIMED Mission 
Assessment 

Seismic Analysis 
- Included as Appendix G of the TIMED MSPSP 
- Hardware tie-downs will be verified at the Range 
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Spacecraft Safety Hazards 
Pyrotechnic Devices 

Spacecraft Solar Arrays (2) each contains 2 sets of redundant EED's (8 Hi-Shear PC 23 
total) 
GUVI payload contains 1 primary and 1 redundant EED 
(2 Bellows Actuator pin release total) 
TIDI payload contains 4 primary and 4 redundant EED's (8 Wire Cutters total) 

Safety Considerations 

2 separation switches EED's will be handled at an ESD 
Flight Arming Plug free workstation 

- 

Enable relay Wrist grounding straps will be used 

Fire relay EED's will be stored in static free 
containers. 

Pyros are category B 
Components will be grounded 

(Non-Hazardous) / Class C 

Backup 
Slide 
SKD-1 
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Spacecraft Safety Hazards 
Battery 

Two half batteries 

22 NiH2 cells (total) 

50 amplhrcapacity 

Sealed cells 
Maximum Operating Pressure is 800 psig 

Safety Considerations 
Battery GSE is designed to control and monitor temperature, current, voltage, and 
pressure 

Cells cooled during ground operations 

Manufacturer has a 3: 1 safety factor for design 

Manufacturer has qualification tested design 

Battery cells will be proof tested to 1.5 X MOP 
Batteries are "leak before burst" according to the manufacturer 

Flight cells will be cycle and capacity tested 

Backup 
Slide 
SKD-2 
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Spacecraft Safety Hazards 
Electrical GSE 

Computer Work Stations 

Spacecraft Blockhouse Control Unit 

Bus Subsystem GSE 

Battery Charger 

Battery Chiller 

Power supplies 

Ion pump GSE fixture (SEE) 

Test Lamps (GUVI) 

Safety Considerations 
Electrical GSE will be inspected to ensure NEC Code Compliance andlor UL listing 

EGSE used on the pad after second stage fueling will be explosion proof 

(within 100 ft) 

Backup 
Slide 
SKD-5 
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Spacecraft Safety Hazards 

Ionizing Radiation 
TIDI has (2) 1 pCi of Europium- 152 (Eu - 152) 

Safety Considerations 
TIDI sources are contained in a delrin holder inside an aluminum 
lamp housing cover 

TIDI sources are identical to sources that have flown previously on 
UARSIHRDI 

Backup 
Slide 
SKD-6 
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Spacecraft Safety Hazards 
Purge Subsystem 

Spacecraft GSE provides nitrogen purge to all instruments 

Nitrogen back-fill operation for EGS component of SEE 

K-Bottles of nitrogen are required for battery chiller GSE 

Safety Considerations 
Spacecraft nitrogen purge GSE 
- Used on ACE and MSX programs 

- System is designed to meet range safety requirements 

- Nitrogen purge dewar will meet DOT Standards 

All purges will have regulators 

Backup 
Slide 
SKD-7 
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Spacecraft Safety Hazards - - 
Hazardous Materials 

Cleaning fluids, solvent: Isopropyl alcohol 

Epoxylstaking material and lubricants 

Pyro devices 

Nitrogen purge (if used in a confined space) 

GSE lamps for GUVI contain small amounts of mercury 

Nitrogen backfill for SEE 

NiH2 Battery (KOH, H2 generation) 

Safety Considerations 
Cleaning fluids, epoxies, and lubricants will be applied and discarded 

properly 
Mercury vapor lamps are sealed units 

Nitrogen will be used in a ventilated area (an oxygen depletion analysis will 
be conducted if used in a confined space) 
Pyro device circuitry design is at least 2 fault tolerant 

Battery cells are sealed 
Backup 
Slide 
SKD-9 







TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

TIMED Red Team Review 

Spacecraft Autonomy 

Ray Harvey 
TIMED Mission Autonomy Engineer 

240-228-6420 
Ray. Harvey @jhuapl. edu 

23-324 

RJ Harvey - 1 

RTR 1 1/02/00 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Outline of Discussion 
Autonomy System Description 

Autonomy System Level Requirements 

Autonomy Rule Based Design Overview 

Reviews 
- Action Item Summary/Status from the Reviews 

Autonomy Rule/Command Macro Generation Process 
- Sample format 

Autonomy Rule Releases 

Autonomy System Testing 
- Embedded Autonomy Summary 

- Rule Based Autonomy Summary 
Test Matrices 

- Interaction Testing Summary 

Autonomy Rule Related SPRs 

Residual Risk 
RJ Harvey - 2 
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Autonomy System Design Implementation 
Requirement 

Because of the use of PC1 bus for the IEM backplane, as opposed to 1394, 
IEMs are required to be powered down in a Hardware Low Voltage Shutdown 
(LVS) condition. This is because the PC1 bus does not support switched 
power to the individual cards. 

Therefore, rule based autonomy will not be operational in this condition. 

An AIU is always powered and controls Safe Mode. 

This drove some of the tradeoffs between Rule Based vs. Embedded 
implementation. 

RJ Harvey - 5 
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Rule Based Autonomy DesignKapability (2 of 5) 

Rules are checked once per second 
Telemetry is located in the 

and housekeeping telemetry 
C&DH information. 

5 12 Rules per C&DH 

C&DH Data Collection Buffer - contains all status 
(non-packetized) from all SIC subsystems. Also internal 

Normally only 1 C&DH powered 
Default state bit determines status upon reboot 
Can be loaded, enabled, disabled, suspended, resumed, and aborted via 

command or command macro 
Rules are loaded disabled; must be enabled for checking to commence 
Rules are prioritized (2 to 15) (Real-Time commands = 0; Real-Time 

macros = 1) 
Can only "suspend" rules at 3 and below (higher number). 

RJ Harvey - 7 
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Rule Based Autonomy DesignICapability (3 of 5) 

Overwriting safeguards - rules initially write-protected - protection must 
be disabled, and then cleared or overwritten (only applies to RAM) 

To clear rules from reload following a reset if stored in Flash, 
must clear from RAM, then copy RAM to Flash. 

2 Groups of Rules - Fault Recovery and Routine Maintenance 

Max fire count - rule enables itself up to the max fire count. After that, 
it disables itself. 

Clear fire count - clears fire count and returns the rule to its Flash Copy 
Initial State if it has reached its max fire count 

Rule trigger based on N counts in M seconds 

RJ Harvey - 8 

RTR 1 1/02/00 
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RedIBlue Team Review #1 

Red Team Members: 
- Sue Lee - Lead Software Systems Engineer On NEAR 

- Andy Driesman - at the time a new hire to APL with Systems Engineering 
background - currently Systems Engineer on STEREO 

- Larry Frank - Spacecraft Systems Engineer on FUSE 

- Andy Santo - Spacecraft Systems Engineer on NEAR 

- Ralph Sullivan - Power System expertkonsultant (Retired APL) 

Objectives 
- Assess overall capability of Autonomy System design to meet Requirements 

Final Report and Action Items - SEA-97-0096; 07 November 1997. 

Action Item Closure Memo - SEI-98-078; 03 November 1998. 

Action Items are summarized on next 8 charts. 

RJ Harvey - 12 
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RedIBlue Review #1 A1 Summary (1 of 9) 

Action Item Description Summary I Action Item Response Summary 

:onsider defining a set of integrity checks for 
;NS data. 
;onsider having C&DH storing info. to bring 
SNS up quicker following a reset. . . - 
3nce they are so critical to de-tumble, consider 
zaving the magnetometers on at launch and 
inding some other way to signal separation to 
ne AIU 

>onsider orienting the SIC body for safe mode, 
ather than the solar panels. 
Aake sure the IEM is turned OFF before the 
W's  are turned ON in the LVS sequence. 
n Safe Mode, does the G&C use the sun sensor 
~ t p u t  or the GNS sun vector to implement Safe 
ilode? 
The following faults could cause LVS, and are 
lot corrected in the LVS sequence. 
Soft short in a reaction wheel. Alternative - turn 
)ff the wheels in hard LVS, and control the SIC 
sing the torque rods. 

4n inability to control the SIC with Reaction 
Nheels (flaw in AIU code that does Momentum 
lumping, for ex.) Alternative - switching to 
:ontrol using torque rods. 

CLOSED: The GNS does some checking which is conveyed through 
its validity flags and Figures of Merit 
CLOSED: The GNS is specified to fully recover within 30 minutes 
following a reset. 
CLOSED: This was reconsidered and no other viable method of 
notification of separation could be derived. 

CLOSED: The safest and simplest method was initially selected. 
Orienting the SIC body would require a more elaborate safe mode. 
CLOSED: Both IEMS are turned off just before the AlUs are turned 
on. 
CLOSED: It uses the sun sensor output (measured sun) as its only 
reference to the sun. 

CLOSED: see below: 

CLOSED: It has been shown through analysis that the power system 
can recover from a soft short in a failed wheel in Safe mode. 
However, if a wheel does soft short, the Hard LVS sequence will mos 
likely be disabled because of the uncertainty of how long the SIC can 
maintain a stable attitude given the IEM is powered down and the 
rule based autonomy to turn it back off is unavailable for a period of 
time. 

CLOSED: Torque rod control does not provide enough torque to 
maneuver to Safe mode. The design of the G&C system has 
included what is telt to be enough safeguards to communicate to the 
C&DH to switch AIUs, before a Hard LVS condition caused by a 
sudden, inadvertent AIU problem, would occur. 
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Watchdog timer or heartbeat reset - Remedy by 
resetting the AIU in hard LVS. 

wheel short just below the fuse threshold (soft 
short). 

7d 

Anternate method of Solar Array panel rotation in 
Safe mode of rotating the panels in opposite 
directions. 

Consider implementing a software coulometer on 
the C&DH for use in Soft LVS Autonomy rules. 

The GNS or AFC-derived Sun vector is incorrect; 
Remedy by the AIU using sun sensor output 
alone to perform Safe Mode in hard LVS. 

CLOSED: A soft reset cannot be implemented in the hard LVS 
sequence because it is implemented in the Critical Command 
Decoder (which only executes relay commands). An AIU switch is 
implemented in the Soft LVS #2 sequence which is designed to occur 
prior to a Hard LVS. 

CLOSED: In Sun Safe mode, the AIU uses only the Sun Sensor 
output (measured sun) for its reference to the sun. 

11 

CLOSED: Analysis was performed based on a soft short of a wheel 
at Hard LVS levels as we enter eclipse. Assuming a nominal safe 
mode is entered when soft LVS #2 or Hard LVS is entered, the SIC 
should recover is approximately two orbits. For more details, please 
see SEI-98-078. 

CLOSED: Although the SIC design allows the panels to be 
positioned to different angles, all analysis indicates that the panels 
should be oriented to the same angle. 
CLOSED: A coulometer algorithm has been incorporated; however, 
the parameter is output in a format incompatible with the format 
required to fit within the Autonomy rule structure. 

CLOSED: There are two Soft LVS sequences. The first performs 
instrument load shedding while staying in a nadir pointing attitude. 
The second Soft LVS which will execute no sooner than two minutes 
prior to the first (and perhaps longer depending on the result of 
instrument load shedding) will perform an entry to Safe mode and an 
AIU switch. 

From a power perspective, the appropriate 
response to a soft LVS is load shedding alone, 
not entering safe mode. Resolve this. 
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nform both subsystem leads: 

12 

model. The bad heaith of a wheel is reported to rule based autonomy 
which powers it down. No more than one wheel will be identified as 
being bad at a time, by design, because 3 wheels are required. 

Resolve the issue of not current limit checking 
the Reaction Wheels at the system level and 

CLOSED: The AIU performs wheel health checking by comparing 
the wheel output torque to epected torques based on an internal 

13 

14 

Recommendations for "lights-out" operations. 

RJ Harvey 

Consider what is the best inertial orientation for 
the SIC during safe mode. 

Consider performing an analysis of the accuracy 
of NORAD orbit parameters. 

CLOSED: It was decided at the system level that this type of high 
level status checking would be done in the Ground System through 
"derived" red-lightlgreen-light" conditions. The "lights-out" capabilities 
plan to use this information in determining the conditions to "page". 

Reconsider the definition and use of the AIU 
discretes. 

Consider monitoring the system momentum and 
switching AIU1s if the momentum reaches a 
threshold level. 
Consider switching the AIU if the solar panel 
movement fails 

RTR 1 1 /02/00 

CLOSED: The AFC is not used in Safe mode processing. The 
specification to the AIU for Safe mode processing is a vector to the 
sun. Nominally, this will be -Y to the sun. This method does not 
allow a 3-axis inertial orientation. 

CLOSED: The plan is to use the propagated GNS predictions, which 
are more accurate than NORAD, for several days. Analysis has 
shown that NORAD elements will be sufficient for station contact. 

CLOSED: After further consideration of red-defining the AIU 
discretes and weighing the pros and cons of the recommended 
definitions and the current definitions, it was decided they should 
remain unchanged. 

CLOSED: The G&C Health Monitor Software will monitor system 
momentum and report the results to Rule Based autonomy. 

CLOSED: The AIU performs a check of solar panel movement and 
reports the results to the Rule Based Autonomy, which performs an 
AIU switch in response. 
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19 Consider implementing sensor consistency 

checks for critical G&C sensors. 

20 

21 

Can the AIU break a solar array drive by driving 
it into one of the hard stops? 
Consider creating a way (possibly a storage 
variable?) to include the state of the backup units 
in rule definitions. 

22 Mission Operations must have tools to check the 
inter-operation timing and the exact execution 
time of macros to prevent interference. 

23 The data summary capability could be improved 
if a 90 minute (orbit period) rolling average was 
also calculated for each parameter. 

24 

25 

CLOSED: The AIU and AFC both perform consistency checks as 
part of their health monitor functions. The checks are summarized in 
SEI-98-078. 

Eliminate grouping multiple uploadable 
parameters in common data structures. 
Allow all uploadable parameters to be dumped 
with a single command. 

26 

CLOSED: No. 

Consider configuring all flight code so that it can 
be "patched". 

CLOSED: There is no on-board indication of failed units planned. 
There are checks in place of the AlUs to perform a limited health 
check before switching to it. In addition, if a unit fails, we would not 
only want the Autonomy rule not to switch to it, we would want it to 
reset the current one. There are methods in place on the ground to 
determine which rules are affected by which failed units. 

CLOSED: Mission Operations has designed into their procedures 
constraints which allow time for particular operations to have 
completed. The only other sequences executing will be on-board 
through rule based autonomy. These sequences have been 
designed to operate on a non-interference basis with those 
operations initiated by ground command. 

CLOSED: The data summary capability was descoped late in the 
development effort. 

CLOSED: This could not be entirely avoided for various reasons; 
however, was reduced. 
CLOSED: This is implemented within the G&C. In the C&DH the 
uploaded parameters may be dumped by single command based on 
their functionality. And in the GNS, this function can be performed 
through a physical memory dump. 

CLOSED: Based upon estimates of upload time based on worst 
case conditions, an system-wide requirement was made to NOT 
make the flight code "patchable". 
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I 

CLOSED: see below: 

CLOSED: Safe mode will be entered as part of the routine operation 
rollowing launch insertion. An early on-orbit test is also scheduled to 
occur to checkout the transition to safe mode from a nadir pointing 
attitude. 

CLOSED: The redundant units which will be switched to 
autonomously will be checked out during the Early Operations phase 
as stated in SEA-98-001 4. 
CLOSED: The procedure has been documented in the MOT 
standard operating procedures. 
CLOSED: The procedure has been documented in the MOT 
standard operating procedures. 
CLOSED: This process is handled as part of the Negative 
Acquisition contingency plan. 
CLOSED: These processes were developed and documented as 
part of the Spacecraft Contingency Plan. 
CLOSED: Dumps and compares are perfomed during the countdown 
sequence as well as configuration checks of the autonomy rules for 
determining their enableldisable states prior to launch. 

CLOSED: This is not implemented for various reasons described in 
SEI-98-078. 

CLOSED: An attempt to reduce the amount of telemetry format 
switching was made. Each subsystem team identified their most 
critical information and it was put into the "high priority" housekeeping 
packet which is recorded and downlinked once per second. 
I 

27 

27a 

27b 

27c 

27d 

27e 

27f 

28 

29 

30 

I 

Create and document approaches, policies, and 
procedures for the following: 
The project's requirement, if any, to check out 
safe mode on-orbit. 

The on-orbit checkout of redundant units. 

Uploading new software to each on-board 
computer. 
The lgistics of obtaining and using NORAD data 

How to handle the case of no downlink during a 
planned contact. 
Any launch contingencies, for example, failure to 
detum bed detected at first contact. 
Add a dum p-and-verif y of the separation 
rulelmacro to the launch pereparation sequence, 
to ensure that an error does not prevent 
separation from occurring. 

Consider clearing out the data buffer used to 
store 1553 data from a subsystem between 
samples. 

Limit the number of SIC subsystem telemetry 
formats. 

I 
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CLOSED: The telecommand packet history buffer contains the 
Packet Resolution (2 bytes), Packet Header (6 bytes), Time (4 bytes) 
and the first 8 bytes of the packet (8 bytes). 

Consider creating a fixed location in every 
telemetry format that has some pre-def ined key 
information. 
Simplify the error indications from the SIC as 
much as possible; even consider hanving ASCII 
text error messages. 

32 

The IEM testbed and TOPS should allow 
tweaking of telemetry parameters for rule 
checkout by name, rather than by specifying the 
same information that are used in composing the 
rule. i 

Consider merging the command an packet hitory 
tables into one. 

35 

36 

37 

CLOSED: The critical information provided by each subsystem has 
been identified as "high priority" and is downlinked and recorded at 
once per second. 
CLOSED: This type of requirement would have had too much of a 
schedule impact across the board. The TIMED MOC will be used to 
display all telemetry, including error conditions, via the telemetry 
dictionary. 

CLOSED: These are merged through ground based processes. 

The G&C telemetry should include status for 
every subsystem under its control. 
The AIU telemetry should include the torque rod 
status (onloff, polarity) for every time step. 
Incorporate as much hardware in the loop as 
possible in the TOPS. 

CLOSED: This is being implemented. 

CLOSED: This is being implemented. 

CLOSED: One IEM, one AIU and two AFCs are incorporated in the 
TOPS. The Power System has been purposely left out because it 
was felt that the benefits gained by their inclusion were minimal and 
did not warrant the complications presented to support their inclusion 
In addition, with the IEM Testbed used in its place, the test 
capabilities are increased. 

CLOSED: The interface to specifying the parameter is the same as 
that within an autonomy rule; however, it is different than that 
specified for a telemetry display. This provides an independent 
verification. 
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39 

40 

41 

41 a 

41 b 

41 c 
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Consider the rationale for placing the solar array 
stops at 0 and 90 deg. 

Recommend placing all subsystem requirements 
and user documentation on the WWW so that 
MOPS has an on-line source. 

if power is available, consider leaving both IEM's 
powered during normal, on-orbit operations to 
allow both to perform some safing operations. 

The autonomy rule "assembler" should access 
the MOC telemetry database when specifying 
the data a rule checks on. 
Recommend incorporating a feature in the 
C&DH to route commands to the redundant unit 
that is currently in use. 
The following items were not explained in the 
discussion of the launch planning: 
How is the first contact to be accomplished when 
GNS orbit data is not available? 
Will the SIC turn on its transmitter 
autonomously? 
What happens if the launch is not nominal? 

CLOSED: There are no slip rings on the panels where they are 
connected to the drive and it was desired to keep the service loop 
small. 
CLOSED: Much of the documentation used by the MOT is placed on 
a website available to them within the MOC. As additional 
information is identified as useful, it is placed there as well. 

CLOSED: An analysis was conducted and it was determined that the 
long-term reliability of the backup IEM was significantly icreased if left 
off, because the radiation total dose does not apply to the system 
which is powered down. In addition, there is not much cross- 
strapping between the lEMs so the usefullnes of having them both 
monitor safing is reduced. 

CLOSED: This capability was descoped. 

CLOSED: The C&DH will accept commands for 1,2, active, or 
inactive, or either. 

CLOSED: see below: 

CLOSED: The first 12 hours of station contacts will occur through 
time tag commands relative to separation. 
CLOSED: Yes. The transmitter is turned on from the Separation 
Sequence relative to SIC separation. 
CLOSED: We are allowing for a small amount of uncertainty by 
adding time to the beginning and ending of station contacts. Boeing 
will be notifying the MOT within 20 minutes following separation 
whether the launch was nominal or not. They will also send an 
updated state vector if non-nominal, to be used in subsequenct 
antenna pointings. 
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f both launch mode and operational mode rules 
ire all stored on-board, plan for disabling the 
aunch mode and enabling the operaitonal mode 
,ules in the launch sequence. 

2onsider leaving the IEM on for a few (lo?) 
ieconds after hard LVS to allow time for 
ippropriate rules (e.g. switch AIU's) to execute. 

2onsider automating the retrieval, validation, and 
Ise of the orbital elements that are downlinked 
rom the SIC for controlling ground system 
:onfiguraiton. 

CLOSED: This is planned. 

CLOSED: There is no way to input delays into the Hard LVS 
sequence to allow for this. Analysis was done to estimate the 
amount of time expected between a Soft and Hard LVS. Assuming a 
nominal load at Beta 0 and no solar array input, the time required to 
discharge from a soft LVS to a hard LVS level was 9.3 minutes; 
ample time for the Soft LVS to complete. 

CLOSED: This has been implemented within the MOC software. 

2reate enough arithmetic operations to 
iccommodate the power system needs. 
letermine the total number of Arithmetic Check 
equirements by counting the number of Power 
imit checks and add some spare for other 
Iurposes. 

2onsider calculating the effect of an incorrect 
hermal design on battery lifetime. 

CLOSED: There are 49 current limit checks and 64 total number of 
allowed Arithmetic Checks. At this time, 50 are used. 
CLOSED: See 48 above. 

CLOSED: Battery lifetime will be affected if there is a difference in 
temperature greater than that expected; however it is difficult to 
quantify because of all the variables involved. If the temperature 
difference between battery halves is permanent, the lifetime severity 
will be dependent on the size of the gradient. Because of this, much 
time and effort was put into the design, analysis, and testing of the 
battery thermal control system. For more details, see SEI-98-078. 
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51 

Consider using the sun sensor data during the 
detum ble sequence. 
Consider collecting all information on why the 
SIC demoted mode in one place. 

Consider enabling the LVS check earlier in the 
launch sequence. 
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Revisit the dynamic stability of a run-away 
wheel. 

CLOSED: The sun sensors are being used during detumble. 

CLOSED: A capability was added through the use of rule based 
autonomy to save the SSR read pointer information when critical 
events occur. The MOT will use this information to read-out the SSR 
memory around the time frame of the anomaly. 

CLOSED: The hard LVS is disabled at launch because it could be 
detrimental to SIC health to have the wheels turn-on too soon. The 
current plan is for the hard LVS to be enabled after the wheels have 
been powered. Prior to this, there is a separation version of Soft LVS 
enabled at separation. 

Consider having autonomous detect of receiver 
lock on-board start the recorder dump operation 
autonomously. 

CLOSED: Analysis was run out for a run away wheel with all wheels 
remaining in the control loop and the results were not good. As a 
result, a model of expected wheel torques is used to determine if a 
wheel has failed. If so, the control algorithms will take the wheel out 
of the control loop and send it zero torques. Also, rule based 
autonomy is notified and the wheel is powered down. 

CLOSED: This is a Ground System capability which will be utilized in 
a "lights-out" scenario, which will be attempted after several months 
on-orbit. 
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lumber 
1-1 

1 -2 

2-1 

2-2a 

Action ltem Summary 
:ault tree - Ensure that there is sufficient error 
wevention on the uploadable parameter for solar 
rray safe-mode position. 
Aaintain a stable attitude - Insure that there is 
ufficient error prevention on the uploadable 
)arameter set that affects momentum 
nanagement. 

dote constraint on ability of system to detect a 
elemetry state due to 1-second sampling. If plan 
o use autonomy capability to recognize a fault, 
:ould miss faults which manifest themselves as a 
;hart burst. A solution is to add capability to 
:ompute telemetry statistics (pseudo-telemetry). 

rhought should be put into process of software 
~ploads. Periodic uploads should be scheduled 
wior to launch. 

rhought should be put into modularizing the 
went-driven code. This section of code is likely 
o be changed by instrument demands post- 
aunch. 

t appears that post-launch software quality and 
:onfiguration control is not defined. If this is true, 
t should be worked. It would be very valuable for 
:he project to have an estimate of the timelcost 
.equired for a software upload. 

Action ltem Response Summary 
CLOSED: Commands to change these parameters will be "locked". 
When they are to be changed, they will be tested on the TOPS 
(ground based SIC simulator) prior to uplink. 

CLOSED: Commands to change these parameters will be "locked", 
When they are to be changed, they will be tested on the TOPS 
(ground based SIC simulator) prior to uplink. 

CLOSED: The Spacecraft health and status information being 
monitored by the Autonomy Rules are not expected to change 
significantly at rates less than once per second. Based on previous 
experience and knowledge that we are monitoring similar types of 
functions, the once per second sampling should be sufficient. 

CLOSED: The AIU which is the only processor required for Safe 
mode can be loaded in one contact. The remainder of the 
processors can be loaded within 24 hours. The loads will be tested 
thoroughly on the ground on the TOPS. To further minimize 
impact, the current plan is to load the redundant processor first, test 
it, and switch to it while the other is being loaded and tested. 
Because loads can be performed on the order of a day, minimal 
impact is seen on the mission of having to perform SMI uploads. 

CLOSED: Good idea; however, modularized SMI was not a 
requirement and to make the change now does not fit under the 
current budget constraints. Any processor can be loaded within 24 
hours if necessary. 

CLOSED: This was not the subject of this review; however, 
software QA procedures are the domain of the SRS group on the 
TIMED program and will apply throughout the mission. 
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2-3 

2-4 

2-5 

2-6a 

CLOSED: This can be done for those events that can be defined 
by telemetry that exists in the data collection buffer. 

You may want to think about the capability of 
defining instrument events via the C&DH rule set. 
This would give you the ability of modifying the 
event-set without a software load. 

You should consider the ability to use a data- 
point in any packet. Limiting the rule set to the 
housekeeping packet will limit flexibility. An 
alternative method would be to set aside 
programmable parameters in the housekeeping 
packet that can be taken from any other packet 
source. 

You should be able to turn off autonomy on an 
IEM before it is powered. This would allow the 
"unpowered IEM" to have its rule set updated 
without it executing any old rule. 

You should have a check that the correct 
database is uploaded to the proper flight software 
version. Suggest a parameter in the rule that 
specifies flight software version. 

2-6b 

2-7 

CLOSED: It is very late in the schedule to add this capability. 
Tradeoffs were done early in the program and it was envisioned 
that the information selected as "high priority" would be the 
information needed in Autonomy Rules. A change to the Data 
Collection Buffer would require a code change; which is possible. 

For every C&DH software upload you want to 
make sure that the rules are not compromised. 
This would force a rule upload with every C&DH 
software upload. 

AIU switching should be limited to a max number 
of times to eliminate the chance of infinite 
switching. This comment applies to all rules. 

CLOSED: The C&DH will implement a 20 second delay between 
boot-up and processing of autonomy to allow a ground command to 
be received which would "suspend" autonomy rule checking. 

number (as its checksum) and allows an Autonomy Rule dataset 
version number to be loaded. The current procedure calls for the 
"Current Configuration" script to reload the "current" autonomy set, 
should that be required. A history of the "Current Configuration" 
scripts is archived, such that a record is kept as to which Autonom) 

CLOSED: The onboard software logs the current software version 

/ 
was loaded with the "current" software version. 

CLOSED: C&DH software loads may be performed without 
reloading of Autonomy Rules. Should it become necessary to 
reload the rules because of a significant C&DH change, that will be 
worked between the C&DH Lead SAW Engr. and the MOT. 

CLOSED via SEI-00-062 - AIU #1 switch rules have a max fire 
count of two and AIU #2 switch rules have a max fire count of one. 
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CLOSED via SEI-00-062 - It was decided that some amount of 
switching was necessary for a more robust design. There are 
health checks prior to an actual switch. If these fail, the switch is 
not made. If the current AIU continues having problems following a 
power cycle, multiple switching opportunities allows for additional 
recovery attempts. 

CLOSED: To avoid any potential conflicts, the C&DH software will 
now make a copy of the Data Collection Buffer on which it will 
perform its Autonomy processing. 

CLOSED: Yes 

CLOSED: See 9a. 

CLOSED via SEI-00-062 - The autonomy rules and associated 
macros were reviewed in a "code walkthrough" manner by the MOT 
and Systems Engr. during the months of May and June of 2000. 

CLOSED: This is beyond the scope of the current level of effort. 
Historical knowledge of autonomy rules will be maintained via a 
combination of documentation and software tools. 

2-8 

2-9a 

2-9b 

2-9c 

2-1 0 

2-1 1 

Think about only switching AIU control once. 
This somewhat limits fault coverage, but would 
greatly simplify autonomy design. Given the 
contact frequency is once-per-day this may be 
acceptable. 

Evaluate the impact of the C&DH buffer updating 
while the rule engine can be using the data and 
while the arithmetic calculations are being 
processed. 

Is the arithmetic calculation done on the same 
buffer as the rule checks that will follow? 
Suggest copy to current value table for use by 
arithmetic calculations and autonomy. 
Recommend an internal autonomy rule walk- 
through of all rules prior to launch. Step through 
the flow charts and logic for each rule with the 
applicable subsystem lead engineers, flight 
operations staff, and system engineers. 

Recommend implementing a logic/usage/state 
checker for maintaining the autonomy rules. 
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Rules can be disabled autonomously based on 
priorities. Therefore the (rule) state of a particula~ 
C&DH is not known at given times. Is autonomy 
telemetry downlinked on all passes? Even so, if 
an anomaly causes the spacecraft to go into 
safe-mode (shutting off the C&DH) and the other 
C&DH needs to be powered up, how does the 
ground verify that the new C&DH has the same 
active rules? 

CLOSED: Autonomy Telemetry is recorded and downlinked 
continuously and therefore, the states should be known routinely. 
Also, the C&DH Autonomy Rule software allows a field in each rule 
to specify whether each rule is intended to be run on the BC, the 
RT, or both. Using this feature, the same rules are loaded into 
each C&DH. If the backup C&DH needs to be powered, it will have 
the same rules. It will process the BC rules, if we decide to assign 
it as the BC. 

Hold a design review of all rules as a whole. 
Reviewers should be given the ability to walk 
through the complete set of rules. Have mission 
Operations Team support this review. 

Verify that both sides of the C&DH have same 
rule base. Ground controllers must keep track of 
Side A&B rule bases rather than just one. 

How does one validate that the "Rule State" in 
the spacecraft dynamic simulator matches the 
Rule State on the spacecraft? (Particularly 
troublesome since C&DH sides A&B can have 
different rule states.) May want to consider not 
allowing rules/macros to enable or disable other 
rules. This allows one to match the state of the 
ground simulator and spacecraft. 

CLOSED: See response to #12. 

CLOSED: Same as #lo. This is planned. 

CLOSED: Because the Autonomy Rule Telemetry is recorded and 
downlinked routinely (see #12), we should know the state of 
autonomy at any time. We can change the state of the simulator 
through scripts. We will investigate the most efficient way of 
configuring the simulator. 
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2-16 Rule organization could be less confusing if an 
ELSE construct was introduced. 

CLOSED: Best practices in knowledge base construction advise 
against the use of an "Else" construct. 
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What is the difference in the maintenance costs 
between the rule implementation and a functional 
implementation? 

Develop a list of critical autonomy rules that 
should be tested routinely. Identify those rules 
that are required to prevent mission failure and 
those rules that are used as maintenance (i.e., 
transmitter onloff). Recommend defining an 
abbreviated regression test. 

include priority, where tested and by whom. was used in ensuring whether every rule and macro had gotten 
Verify the software test plans fulfill your test Itested. 

CLOSED: This type of measurement is deemed too difficult to 
measure because of the basis for implementing the two different 
types of autonomy. The division was made between the two types 
based on the envisioned need for changing them and because the 
rule based autonomy is not operational in all operational states. 

CLOSED via SEI-00-062 - There is regression testing of the 
C&YDH Autonomy rule functionality built into the C&DH 
Performance test which is run routinely following a code change. 

If auto-promote is not to be used, don't include it. 
If it is included then you need to test it (preferably 
before launch). 
Plan to test auto-promote during SIC I&T if it is an 
assumed SIC function. 
Define all rule-based autonomy tests and test 
requirements; give estimates of time 
requirements so you can do risk assessment and 
assign priorities. 

Generate test and test requirements matrix; 

CLOSED: The auto-promote capabilitiy will be tested as part of the 
G&C IV&V effort. It was also tested during "special" mission 
simulation type testing. 

CLOSED: It will be tested as part of a "special test" at the SIC 
level. 
CLOSED via SEI-00-062 - Rule-based autonomy testing 
requirement estimates were made and the amount of time required 
for testing was underestimated. From problems with the test set- 
ups to problems with the Ground System, the testing took longer 
than originally estimated. 
CLOSED via SEI-00-062 - Any Autonomy Rule test matrix exists. It 
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3-4 
requirements. 
Generate scripts for all autonomy tests so they 
can be run regression test "style." 

CLOSED via SEI-00-062 - As mentioned in Action Item #3-1, there 
is regression testing of Autonomy Rules done within the C&DH 
Subsystem Performance Test. Due to time and budget constraints, 
it was not practical to generate scripts for all autonomy testing in 
"regression test style". 
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RedIBlue Review #2 A1 Summary (6 of 6) 

(force to a known state) every flag needed by 
Autonomy in a test scheme. 

1 3-5 l~nsure that each instrument has a method to set ICLOSED: The capability to force all of the instrument flags is not in 

It is very important that the many interactions be 
tested. It is just such "unlikely" scenarios that 
caused Three Mile Island to go critical. If actual 
testing is not possible, then state diagrams 
should be employed to insure that problems do 
not occur. 

place. The rules will be tested on the IEM Testbed where these 
flags may be changed. For those rules involving a flag which 
cannot be forced, a different version of the rule will be used on the 
SIC to test that it triggers appropriately. 

CLOSED via SEI-00-062 - There has been considerable interaction 
testing done. The testing has involved things that were envisioned 
could happen. There have been other tests involving actions which 
were not envisioned, but just happened as part of the routine 
testing of the spacecraft and during Mission Simulations while the 
SIC is on the ground and not always in a post-launch configuration. 
The types of interaction testing done is summarized in Table 1 of 

software and lor rules change. To support this, 
organize autonomy tests into subsets of scripts 
that can be run quickly, easily, and automatically. 

3-7 
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Plan to re-test autonomy rules and features when 

- 

SEI-00-062. 
CLOSED: See response to #3-4. 
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Sample Autonomy Rule 
in STOL format 

wait 2 
#Rule Number: 52 
#Rule G r p  Name: 2 wheel off #1 
# If after earlyOps 2 wheels are powered off turn all four on. 
# This of course will be changed if a wheel is found to have 
# failed. If wheels 1 AND 2 OR 1 AND 3 are not powered then enable rules 55 - 58 
# which will power each wheel if the AIU is not reporting it as bad. 
# NOTE: The FCIS of this rule needs to be updated to en. after wheels are initially powered. 
# h d  to Execute: CD-MACRO-EXEC-325 
cmdif begin-autonomy-action 
cmd CD-mCRO-EXEC 325 
cmdif end-autonomy-action 
cmd AUT-RUL-LOAD 52 4 0 0 \ # Rule Num, Prio, Grp Info 
3 \ # Flash mem. initial state: l=en, 3=dis 
1 1 \  # Target: O=both, 1=BC, 2=RT; Mode: O=maint 1= fault 
1 \ # Max Fire count 
4 \ # Number of comparisons in this rule 
0 \ # Chain: O=none, l=first, 2=cont. 3=last 
10 12 \ # Rule satisfied: count/time (n of m) 
0 2 275 0x0008 0 0 \ # TM/VAL; Op:l=lt, 2=eq, 3=gt, 4=ne; Offset, mask, data, TM mask 
0 2 276 0x0008 0 0 \ # Comparison #2 
0 2 275 0x0008 0 0 \ # Comparison #3 
0 2 277 0x0008 0 0 \ # Comparison #4 
0 1 0  \ # Logical Operations: O=AND, 1=OR 
1 # Combination Order: O=((( ) ) ) ,  I=() ( )  
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Sample Command Macros in 
STOL format 

cmdif BEGIN-MACRO # 2 Wheels off - enables all 4 wheels to be turned on if not "bad" 
# 
cmd aut-rul-st-set 3 52 54 
cmd aut-rul-st-set 1 55 58 
# 
cmdif END-MACRO 
# 
WAIT 5 
# 
CMD CD-MACRO-LOAD 325 1 
# 
Wait 5 
# 
cmdif begin-macro # switch from PSE/DU # 
# 
cmd ps-1553-int-2 on 
cmd ps-1553-sel sideb 
# 
cmdif begin-time-tag 
cmd ps-1553-int-1 off 
cmdif end-time-tag 
CMD CD-TT-RULLD-REL 331 7 1 5 
# 
cmdif END-MACRO 
# 
WAIT 3 
# 
CMD CD-MACRO-LOAD 326 1 
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Autonomy Rule Releases 

Initial version 1.0 released on 10 January 2000. 
- Just prior to Thermal Cycling portion of Environmental Testing 

Version 2.0 released on 07 August 2000. 
- Changes following the Code Walkthrough 

Version 3.0 released on 16 October 2000. 
- Implemented prior to LauncNSeparation Simulation on 1 8 9 6  October and the hour 

simulation the week of 23 October 2000. 
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Embedded Autonomy Summary (1 of 2) 

- Mode Management 
Mode demotion - for various reasons will demote from Operational to Nadir or Safe 

Auto Promote - capability exists if needed post-launch, in only desperate situation of daily repeated 
Safe mode occurrences. Disabled by high priority autonomous shutdown functions such as Soft LVS. 

- Sun Keep Out - if enter a keep out zone, transitions to Safe mode 
- System Momentum Monitoring - if System Momentum is greater than a constant, switch to the 

redundant set of torque rods. 

- AIU Miscellaneous Failures Response/Recovery - checks done to detect problems and actions 
taken to switch to redundant units or flag to C&DH to take action 

Sun Sensor 
Magnetometer 
IRU 
Solar Array Drives 
AFCs 

- Solar Array Control - when array angle is x greater than a lookup of what it should be at the current 
Beta angle, then it will command a rotation to a new position 

- Wheel Health Monitor - determines if a Reaction Wheel has failed based on an internal model that 
computes expected torque output 

- Momentum Management - dumps momentum as required using the Torque Rods 

- IRU Switching - powers and switches to other IRU if required 
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Embedded Autonomy Summary (2 of 2) 

GNS 
- Event Notification 

Primary Ground Station. Contact 
Backup Ground Station. Contact 
South Atlantic Anomaly (SAA) 
Polar Regions 
Terminator Crossing 

- On Board Time Management - based on GPS satellite constellation 
- On-Board Orbit Determination - determines position, velocity, time 

R F  
- Critical Command Decoder (CCD) Watchdog Timer - if no command is received for 40 

hours, uplink circuitry in the critical command decoder gets reset. 

Power 
- Battery Charge Control 

Peak Power Tracking (PPT) - done within C&DH software 
Voltage-Temperature (V-T) control - hardware 

- Hard LVS - if voltage < 24V or pressure < 275 psi, turns off all non-essential loads including the EMS. 
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Embedded Autonomy Test Matrix 

I ~ u b s ~ s t e r n ~ l % - ~  :; -A: - Functionality I r Where functionality was tested . - : + I 
G&C 

-Auto Promote 
Sun Keep Out 
System Momentum Monitoring 
AIU Miscelleneous Failures 
ResponselRecovery 

~ G N S  l ~ v e n t  Notification I 

Mode Management 
- Mode demotion 

Sim (ED-MS) Special  Autonomy Testing (SAT) 
"Spec ia lW ission S im Testing 
ED-MS 
Separation Mission S im (Sep-MS); EDMS 
G&C Subsystem Performance Testing - IV&V 

Solar Array Control 
Wheel Health Monitor 
Momentum Management 
IRU Switching 

LVS Mission Sim; (LVS-MS) Event Driven Mission 

Sep MS; EDMS; LVS MS 
Special  Autonomy Testing 
Sep-MS and ED-MS 
all levels of Mission Sims 

I I - Terminator Crossina IED-MS 1 

- Primary Ground Stn. Contact 
- Backup Ground Stn. Contact 
- South Atlantic Anomaly (SAA) 
- Polar Reaions 

ED-MS 
ED-MS 
ED-MS 
ED-MS 

Test Abbreviation Key 

L " 

LVS-MS - LVS Mission 
Simulation 

RF 
Power 

ED-MS - Event Driven 
Mission Simulation 

Sep-MS - Separation 
Mission Simulation 

On Board Time Management 
C C D  Watchdog Timer 
Battery Charge Control 

Subsystem, SIC level, and Mission Sims 
"Special" Performance Testing 
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- PPT (with C&DH) 
- V-T control 

Hard LVS 

Power Subsystem Performance and ED-MS 
Power Subsystem Performance 
"Special" Performance Testing 
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Autonomy Rule Summary (1 of 4) 

AIU Health Monitoring & switching 
AIU Program Monitor - if stuck in boot, switch to other AIU 

AIU Heartbeat Monitor - if heartbeat fails for 10 sec. switch to other AIU 

AIU System Momentum - if yellow too long or red, switch to other AIU 

AIU G&C Bus Failure - if indicated by AIU based on all devices failing poll, switch to other AIU 

Solar Array Rotation Problem - if problem commanding or positioning the arrays, switch to other AIU 

AIU AID Converter Failure - pre-launch- if Mags on and no IRU on, switch to other AIU; post-launch- if 
all wheels indicate bad (very highly unlikely to happen), then switch AIUs. 

AFC Health Monitoring & Switching 
AFC Not Responding to Bus Poll - if AIU indicates AFC not responding, switch AFCs 

AFC Program Monitor - if AFC stuck in boot, switch AFCs 

AFC High Rate Message Problem - if AIU indicates AFC High Rate message problem, switch AFCs 

- AIU Only one on; not selected - if only one AIU is powered and is not selected, select it 

- AFC Anomaly Buffer Counter - if AFC anomaly counter increases by 17, dump it 

- Magnetometers On - if after Early Ops, as magnetometer is off, turn it on 

- AFC Reset DetectorICounter - if AFC indicates in boot for 1 sec., trigger to count a reset, and dump low 
memory. 
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Autonomy Rule Summary (2 of 4) 

G&C (continued) 
- Star Tracker Monitor 

AST Not Responding to Bus Poll - if AIU indicates it is not responding, power cycle AST 

AFC detects frozen AST Message Counter - power cycle AST 
- Reaction Wheel Health - if AIU indicates problem with wheel based on expected output, power down 

that wheel and disable further power downs 
- 2 Wheels off - if 2 wheels are off, power on all four wheels, provided they are not indicated as "Bad" 

wheel. 
- Action Upon Safe Mode entry - warn and power down instruments, other misc. actions. 

- Action Upon Nadir Mode entry - enable Safe mode entry detection 

GNS 
- GNS Heartbeat - if GNS heartbeat fails for 10 sec, perform soft reset 

- GNS Reset Detector - monitor if in boot for 15 sec, if so, trigger to timetag the occurrence and act as a 
counter and dump low memory 

C&DH 
- CMD History Buffer Dump - when Total CMD count increases by 130, dump the C&DH Command 

Execute History Buffer. 
- C&DH Reset DetectorICounter - upon reboot, detect a reset based on bits indicating type of reset 

and dump low memory 
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Autonomy Rule Summary (3 of 4) 

- Station Contact RF Control 
RF Turn-ordoff for contact - based on Primary or backup station event flag, turns on transmitter at 
low or high rate depending on RF switch configuration, enables unsupported contact at 3 min. for 30 sec. 
for high rate contacts, and powers down transmitter in 15 min. 
Unsupported Contact - checks for uplink carrier lock, if none, assumes transmitter is not supported 
by ground and turns off downlink transmitter 
Action prior to LOS - based on event flag going to 0, no action at this time 

Power 
- Soft LVS #1 - if Main Bus voltage c 27V or Battery Pressure c 300 psi for 3 sec, warn and shutdown inst. 
- Soft LVS #2 with Am switch - if Main Bus Voltage c 27V or Battery Pressure c 300 psi for 120 

sec, switch AIUs and begin additional load shedding 
- Soft LVS #2 without Am switch - same conditions and actions as previous one without switching 

AIUs 

- BatteryIPower System Health 
PSE/DU Heartbeat Monitor - if heartbeat fails, switch to other PSEJDU 

Battery Overcharge - if battery pressure > 650 psi, command to trickle charge 

Battery Over Temperature during discharge - if battery temp. > 20C and battery current < -3.OA 
and no solar array input, then shed non-essential loads 
Battery Over Temperature during charge - if battery temp. > 20C and battery > 1.OA and solar 
array current > 2A, then command to trickle charge 

- Excessive Power from BUS - monitor power, if higher than max expected, either shutdown 
or time stamp the occurrence RJ Harvey - 42 
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Autonomy Rule Summary (4 of 4) 

Instruments 
- Instrument Survival Heater State Monitor - if instrument is powered and Survival heater is off, power 

on the Survival heater. If TIDI is ON and Survival heater is on, turn-off Survival heater. 
- Instrument Heartbeat Monitor - if heartbeat fails, power cycle the requested number of times before 

leaving it powered down. 
- SEE Survival Temp. Monitor - if < -4OC for 5 minutes and in Nadir or Operational modes, power on SEE 

instrument 
- SEE EGS HVPS Level - if EGS State is ON AND the EGS HVPS Level > 2.2V, warn and power down SEE 
- SEE SSPP Position - if SEE SSPP Position > 185 OR < 5 deg., warn and power down SEE. 
- GUVI SIS Temp Monitor - if SIS Housing Temp > 53 degC, disable Surv. Htr and rule 196 (turns back on). 
- TIDI Request to be Powered Down - monitor shutdown bit, warn and power down 
- Instruments reached max packet count. - if packet limit reached, time stamp the occurrence 

Separation 
- Separation Detection - Sequence initiation - initiated by separation switches, deploys solar arrays, turns 

on RF, etc ... 
- Separation Mode - wheel turn-on - AIU indicates System momentum is low enough for wheel turn-on, 

detect and turn-on all four Reaction Wheels 
- Separation Soft LVS - same conditions and actions as Soft LVS #2 with no AIU switch 

- Wheel On Indication to RT - if wheel is powered, disable macro 903 in the C&DH RT to avoid re-power-on 

Ground Only - Red Tag rule - removed at L-3 days. 
- Emergency Shutdown - turns off all relays except IEMs based on bit from Blockhouse Control Unit. 
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Autonomy Rule Test Matrix Summary (1 of 3) 

" 

AIU Heartbeat Monitor 

AIU Stuck in Boot mode 

G&C System Momentum Monitor 

G&C 1553 Bus Failure 

Solar Array control problem detector 

AID Conwrter Failure Detector 

AFC Health Monitoring & Switching 

AIU Only one on; not selected 
AFC Anomaly Buffer 

Magnetometers On 
AFC Reset DetectorlCounter 
Star Tracker Monitor 

SIC - AIU off emulates HB at zero; TOPS 
to emulate at one. 
SIC - AIU not allowed to boot; 
subsequent switching; TOPS for HB = 1 
SIC - using TASTE; forced System 
Momentum to "Yellow too long"; TOPS 
to wrify "Red" indication triggers 
SIC - launch simulation with AIU not 
getting TASTlE info. regarding Mags and 
lRUs on - indicates no deuces on G&C 
1553 Bus 
SIC - nonconwntional configuration 
causes AIU HSKP to indicate SA control 
problem 
SIC - Post-launch wrsion - put AIU in 
nonconwntional configuration causes 
AIU HSKP to indicate all 4 wheels haw a 
problem; Launch wrsion - Launch 
simulation with mags on and no IRU 
SIC - tested with AFC off; TOPS - tested 
after a check for AFC on was added. 
SIC - select unpowered AIU 
SIC - rule enabled during sim startup 
where AFC anomalies count up 
SIC - turn Mags off with rule enabled 
SIC - reset AFC 
SIC - tested with AST off; TOPS - tested 
after a check for AST on was added 
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Autonomv Rule Test Matrix Summarv (2 of 3) 

Power 

m i o n  Wheel Health 

Yction Upon Safe Mode entry 
4ction Upon Nadir Mode entry 
SNS Heartbeat 
SNS Reset Detector 
2MD History Buffer Dump 
2&DH Reset response 

Soft LVS #1 

Soft LVS #2 

Soft LVS #2 with no AIU switch 

Battery/Power System Health 
PSEIDU Heartbeat Monitor 
Battery Owrcharge 
Battery Owr-temp during discharge 
Battery Owr-temp during charge 
Excessiw Power from Bus 

S/C - using TASTIE; forced Wheels to 
fail; For 2 Wheel off rules, simply 
commanded 2 wheels off with rules 
enabled. 
S/C - during Mission Simulations 
S/C - during Mission Simulations 
SIC - commanded HB to stop 
S/C - reset GNS 
S/C - routinely during Mission Sims 
S/C - routinely at SIC power-up if 
Autonomy is enabled; other times with a 
commanded reset 
S/C - LVS Mission Simulation - lowered 
wltage using Battery simulator; also 
pressure 
S/C - LVS Mission Simulation - lowered 
wltage using Battery simulator; also 
pressure 
SIC - LVS Mission Simulation - lowered 
wltage using Battery simulator; also 
pressure 

S/C - froze heartbeat using test set-up 
IEM Testbed - forced mlues to trip l e e k  
IEM Testbed - forced mlues to trip lewls 
IEM Testbed - forced mlues to trip lewls 
SIC - 2 step process; 1) Verf. Arith Chk 
calculation by outputting result and 
comparing to manual calculation. 2) 
Bogus mlues to Arith Chk - wrf. Rule 
monitoring that Arith Chk triggered. 
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Autonomy Rule Test Matrix Summary (3 of 3) 
RF 
Instrument: 

M isc. F 

I lwhat rule states 
GUVl Heartbeat Monitor 

SIC - during Ewnt Driwn Mission Sims 
SIC - configure Inst. And Htr. To opposite 

Station Contact RF Control 
lnstrument Surtiwl Htr State Monitor 

SABER Heartbeat Monitor 

8 
5 

ID1 Heartbeat Monitor 

SEE Heartbeat Monitor 

lnstrument Shutdown Request 
GUVl SIS Temp. Monitor 

SEE Surtiwl Temp. Monitor 

SEE EGS HVPS LewI 

SEE SSPP Position 

Inst. reached max packet cnt. 

Separation Detection - Sequence 

1 SIC - with bogus rule to trigger the 
sequence. TOPS - wrified Heartbeat 

1 SIC - with bogus rule to trigger the 
sequence. TOPS - wrified Heartbeat 

10 

5 

failure triggers 
SIC - with bogus rule to trigger the 
sequence. TOPS - wrified Heartbeat 
failure triggers 
SIC - with bogus rule to trigger the 
sequence. TOPS - wrified Heartbeat 
failure triggers 

1 
failure triggers 
SIC - TlDl issued command 

1 

2 

1 

1 

4 

1 

SIC - bogus load to trigger sequence; 
TOPS - set values to trigger 
SIC - bogus load to trigger sequence; 
TOPS - set values to trigger 
SIC - lowered lewl to trigger sequence; 
TOPS - set lewls to trigger sequence 
SIC - TBD; TOPS - set ~ l u e s  to trigger 
sequence 
SIC - 3 of 4 on SIC during 96 hour 
Mission Sim. - TOPS for other one 
SIC - Se~aration Mission Sim. 

Separation Mode - wheel turn-on 
Se~aration Soft LVS 
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Wheel On Indication to C&DH RT 
Emergency Shutdown 

1 
1 

SIC - Separation Mission Sim. 
SIC - Se~aration Mission Sim. 

1 
1 

- .  - --,- - -  - 

SIC - Separation Mission Sim. 
SIC - BCU button to trigger - Red Tag 
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- - - 
Interaction 'l'est Summary 

Subsystem 
G&C 

GNS 

Power 

i&C Failure reporting and Rule Based actions IPerformed as expected; no negative 
f resets, power cycles, and switch to linteractions 
sdundant c o m ~ o n e n t  
lode Management: PromotionlDemotion in IPerformed as expected; no negative 
nd out of Safe mode and associated rule 
ctions 
rlU Switch Interactions 

iimultaneous AIU Switch 

V heel Failure at Separation 

;oft LVS and Hard LVS interactions with other 
rlU Switchina 

interactions 

Timing of rules being disabled and re- 
enabled later was refined to prevent possible 
interference until one is completed 
As expected, lower number rule (higher 
priority) completed its execution, the other 
aborted its attempt after trying to load the 
s a m e  ttaa address loaded bv the first. 
Whee l  turned back on by commands later in 
sequence. Steps taken to have wheel 
turned back off if failed. See SP R #%I.  
Performed as expected after refining of 
I 

disabledlre-enable seauences 
'ime Jumps 
ivent Notifications 

lule Based interactions where the situation of 
me rule counteracting previous rules 

lules set-up to run on 'both' C&DHs set-up to 
bxecute concurrently. 

jatterv Charae Charae Control 

Performed as expected; no interactions 
Performed as expected; no negative 
interactions 
Extra checks added to verf. something is 
powered before action to avoid power cycle 
resulting in something being turned back on 
that wasn't supposed to be on following its 
shutdown 
Executed on C&DH #I and #2 with no 
unexpected interactions. It was decided to 
not set-up rules to operate in 'both' if the 
rules action is to power cycle something. 
The 5 sec. delay in C&DH1s would cause 
additional power cycling not required. 
Performed as e x ~ e c t e d :  no interactions 
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Red Team Review 

Autonomy Rule Related SPRs 
SPR Number 

transmitter turned-on 
approximately 4 min. 
after GNS flag was set. 

341 
Closed 

468 
Closed 

529 TlDl Survival heater 
Closed rules have too short of 

a trigger count (1 0 sec). t- 

Problem Description Resolution/Action 

Mongoose processor 
boot slw not properly 
counting all reboots 
SABER Heartbeat 
Rules fired during a 
mission sim 

Rules had not been designed for "overlapping" ground station contacts. Correction 
was to modify rules slightly to treat Primary and Backup ground station contacts as 
mutually exclusive. Requires an Action of the MOT if there will be an actual 
overlapping contact, to abort the timetag that would turn it off, several minutes into 
the 2nd contact. SOP for MOT. 

Use Autonomy rules to detect reboots for C&DH, GNS, and AFCs. Add low memory 
dump to the action. 

Due to heartbeat latency during SABER telemetry rate changes, desire was to 
increase the trigger count from 5 to 10 seconds). Loads to fix this problem were not 
implemented in Flash prior to the Mission Sim. Subsequent load corrected in Flash. 

544 
Closed 

The MOT is required to properly configure the TlDl instrument and its survival 
heater. There are autonomy rules (1 99 and 200) to back-up this operation. 
Increased the trigger count from 10 sec. to 30 seconds to give the MOT sufficient 
time to send the commands and perform proper verification. 

Added the dump command to macro 494 which executes in response to critical 
events where it is desirable to maintain the SSR write pointer's position (so as to 
know where the critical information is on the SSR). Adding a dump command 
ensures the information is preserved on the SSR even though a subsequent 
execution of macro 494 may come along. 

Add a dump of the 
anomaly save buffer to 
the SSR in the macro 
which writes to it to 
ensure that the data is 
preserved. Subsequenl 
writes, overwrite the 
data 
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551 
Closed 

Wheel failure during 
Separation Test 
Scenario. Wheel #2 
was indicated as bad 
and turned off properly 
by autonomy rules, but 
was subsequently 
turned back on. 

There are commands in the Separation Sequence that were designed to turn on the 
wheels at the 100 min. after separation mark as a "drop-dead" time to turn-on. They 
have always been turned on by Autonomy rule prior to the 100 min. mark. The rules 
were turned on by Autonomy rule at approx. 60 min. mark. The bad wheel 
indication was at approx. 65 min. mark. Wheel was turned off properly. The 100 
min. mark commands turned it back on. Correction, is to add a re-enabling of the 
bad wheel rule to the 100 min. mark such that a bad wheel would be turned back off 
if it were to have been indicated as bad. Also add rule 493 to detect wheels on by 
the C&DH RT and disable the 100 min. turn-on from occurring in the C&DH RT. 
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13 Red Team Question 

Cross Reference 

Question Number View-graph Number 
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TIMED Spacecraft Beta 0 Configuration 

Cold Side naul 

(An ti-sun) 



TIMED 
Thermosphere . Ionosphere . Mesosphere . Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

TIDI 
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GUVI \ 
Instrument 

Antennas Solar Arrays Removed for 

\ Optical Bench 

Clarity 1 
BDW-5 
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Thermal Requirements Flow Down 
1) Electronic boxes test range (-29/+55 C) as Specified in CES. 

(Component Environmental Specification 7363-9010) 

===> Subtract margin (+/- 10 C) 
===> Thermal control design range (-19/+45 C) 

= maxlmin on-orbit predicted temperature range 

2) Derived Temperature limits (e.g. solar arrays). 
Maxlmin predicted on-orbit temperature based on worst 

mse optical! p~q&&s. ,  power and! environmem&& loadi.ngm 

===> Add margin (+I- 10 C) 
===> Testf'esign range 

3) Power and temperature limits lead to spacecraft thermal design. 

(Reviewed thermal design in numerous reviews) 
BDW-7 
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Spacecraft Thermal Specification 

Applicable Specifications: 
TIMED Component Environmental Specification (7363-9010) 
TIMED General Instrument Interface Specification (7363-9050) 
TIMEDIGUVI Specific Instrument Interface Specification (SIIS) 

(7363-9046) 
TIMEDISABER SIIS (7363-9047) 
TIMEDISEE SIIS (7363-9048) 
TIMEDITIDI' SITS (7363-9049) 
TIMED Interface Requirements Document (7363-9062) 
TIMED Spacecraft TV Test Specification (7363-9060) 
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Spacecraft Thermal Memorandums 

*Applicable Memorandums: 

1 5/25/95 ITIMED/SABER CoDR Thermal Action ltem Resoonse 1 

MEMO NUMBER 

1 12/5/96  TIMED Spacecraft CoDR Thermal Action R ~ S D O ~ S ~  I 

DATE 

S3M-4-284 
SEM-4-310 

I~E~-98 -4 -345  1 3/26/98 l ~ i m e d  CDR Action ltem #I7  and # I8  Responses 

DESCRIPTION 

k ~ ~ - 9 8 - 4 - 3 5 8  1 1 111 8/98 l~hermal Hardware Locations on the TIMED SIC 

10/2/96 

1 ~ ~ ~ - 0 0 - 4 - 3 6 5 .  I 
1 I 

2/8/00 t~imed S~acecrafi.Preliminarv TV Test Report 1 

TlMEDlSEE CoDR Thermal Action Item Response 
Thermal Vacuum Testing of TIMED Spacecraft 
Components (Electronics boxes) 

1 SEM-00-4-371 7/7/00 Timed Solar Array Damper Thermostat Failure Analysis I I (S/C PER Action Item #I  Response) 
kE~-00-4-372 1 7/24/00  TIMED On-Orbit Tem~erature Prediction Waiver 





TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Temperature Limits and Margins 

I Margin I 

5 *C Margin 
with Heaters 

I Designnest Range I 

-19 "C 
I 

Thermal Control 
Design Range I 
SIC Max.1Min. I , 

Predicted Range I 
(Passive) I 

Predicted Range 
(Active) t- 

I Note: Presented at TIMED SIC CDR I 

Margin 





TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 
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Instrument Interface Temperatures 
Ins trum e n t  

SABER - Isolated 
SEE - Isolated 
TIDI telescopes - Isol. 
TIDI profiler - Isolated 
TIDI E-box - Cond. 
GUVI SIS - Isolated 
GUVI electronics 

T h e r m a l  C o n t r o l  D e s i g n  R a n g e  I T e s t V F  ~ a n g e  
Operat ing UF I Non-Operat ing YF I Opera t ing  YF I Non-Operat ingYF 
Temperature  
(Deg. C)  * *  
-19 to t 2 0  
-10 to t 4 5  
-5 to t 3 5  

-19 to t 3 0  
-19 to +45 
-14 to +45 

Tempera tu re  
(Deg. C )  * *  
-29% to t 5 0  
-24 to t 5 0  
-20 to t 3 0  
-24 to t 5 0  
-24 to t 5O  
-24 to t 5O  

Tempera tu re  
(Deg. C)  

-29 to t 3 0  
-20 to +55 
-15 to +45 
-29 to t 4O  
-29 to t 5 5  
-24 to t 5 5  

Tempera tu re  
(Deg. C) 

-34 to t 6 0  
-34 to t 6 0  
-30 to t 4 5  
-34 to t 6 0  
-34 to t 6 0  
-34 to t 6 0  

* 5 "C margin applied with heaters 
** 10 "C margin applied to test range to obtain thermal design range. 

Instrument designers use the Test UF Range to design and test instrument thermal control. 
SIC uses Thermal Control Design Range as max. allowable prediction at SIC interface to instrument. 

I Note: Presented at TIMED SIC CDR / 
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S7C and Inst. Internal Heat Dissipation by Panel 
Component 

tX Panel 
-Y Panel 
-X Panel 
t Y  Panel 
t Z  Deck 
.Z Deck 
Corner Panels 
Optical bench * 
Star cameras (2) * 
Batteries (2) * 

GUVI S IS Motor 
GUVI S IS * 
SABER * 
SEE * 
TIDI telescopes * 
I'D1 profiler * 
T o t a l  H e a t  

Hot Case Internal 
Heat Diss. Beta=O 

(W atts) 
75.05 
1 .OO 

52.85 
87.93 
32.56 
32.21 
3.30 
1.26 

24.62 
33.0 

Hot Case Internal 
Heat Diss. Beta=90 

(Watts) 
58.15 
1.00 

37.25 
87.93 
32.56 
32.21 
3.30 
1.26 

24.62 
16.0 

Cold Case Internal 
Heat Diss. Beta=O 

(W atts) 
48.90 
0.00 

41.98 

Cold Case Internal 
Heat Diss. Beta=90 

* Thermally isolated from SIC. 
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- 

Spacecraft Component Test Summary 

Flight Boxes Thermal Vacuum Tested to standard cycles as specified in 
Component Environmental Specification (CES) at APL prior to 
delivery with the test specification listed: 

IEM 1 & 2 (SSL99-034) 

AFC 1 & 2 (SSL99-026) 

AIU 1 & 2 (SSL99-029) 

PSE, PPTCM 1 & 2, Fuse Boxes 1 & 2 (SSL99-039) 

RF Switch Assemblies 1 & 2 (SSL99-018) 

6 RIU Pairs (SSL98-054) 

12 Bus Couplers (SSL98-026, SSL98-029) 

I Note: Presented at TIMED PER / 
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Electronics Box Test Setup (Standard) 

LN2 COLD WALL 

Chains used to support 

MLI mounting plate 

Blanket \ 

, Cho-them gasket 

Temperature controlled 
mounting plate 
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Red Teain Review 31 Oct. - 3 Nov. 2000 - 
Spacecraft Component Test Summary 

Flight Boxes Thermal Vacuum Tested to stacclzdard cycles as specified in 
Component Environmental Specification at Verrdor prior to delivery: 

2 Solar Array Drive Motors and 1 drive electronics (at Schaeffer 
Magnetics) 
4 Reaction Wheels wl electronics (at Ithaco Inc.) 
3 Torque Rods (at Ithaco Inc.) 
2 Magnetometer and electronics (at SAIC) 
2:.Gyros (at Honey well) 

-- 

I Note: Presented at TIMED PER I 
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Spacecraft Component Test Summary 

Flight Boxes Thermal Vacuum Tested to Non-stanhrd cycles as 
specified in Component Environmental Specification at APLNertcEors 
prior to delivery: 

2 Ni-H batteries (Flt and Spare) at APL (SSL99-040, SSL2000-05) 
2 Nadir S-Band Antennas at APL (SSL99-007) 
2 Zenith S-Band Antennas at APL (SSL99-007) 

2 GNS Antennas at APL (SSL99-007) 
6 Sun Sensor Assemblies over -.100/+100 OC at APL (SSL98-061) 

2 Star Trackers (at Lockheed Martin), Requal at APL (SSL2000-16) 

Note: Presented at TIMED PER 
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Instrument Test Summary 
Flight Instrument Thermal Vacuum Tested to Non-standard cycles as 
specified in Specific Instrument Interface Specifications (SIIS) prior to 
delivery: 

SEE Instrument: 

1 Survival and 6 Operational Cycles over expected flight ranges 
plus at least 10 OC margin. (at LASP) 

GUVI Instrument: 

1': Survival. and. 6 Operational Cycles for: . . 

Electronics boxes from -34/+60 OC Surv., -24/+55 OC Oper. 

SIS Housing over expected flight ranges plus at least 10 OC 
margin. (SSL99-022) El 

Note: Presented at TIMED PER 
BDW-26 
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Spacecraft TV Test Setup 
24" Heater Pane 
(inside 76" Panel) 

76" Pane 

G- 1 0 Blocks 
between b 

/- TIDI Profiler Cold Plate 

/- Close-out MLI 

0- 61" Panel 

A / 47"Dia Cyro - GUVI Cold Plate 
G- 10 blocks Plate 

Dimensions 
in Inches 
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Setup (Thermal Model) 
- 

Spacecraft TV Test 

Side Panel Enclosure 

Top Deck Enclosure 
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Spacecraft TV Test Profile 
Figure 1 

TIMED SIC THERMAL VACUUM ELECTRICAL TEST PROFILE 

I Note: Presented at TIMED Post-ER I 
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Spacecraft Thermal Balance Test Results 

Test successfully verified Spacecraft Thermal control design. 
Maintained all SIC temperatures within design ranges. 
Lower than expected heat dissipation from SIC boxes (-40 W). 
Correlated thermal model with TV data. 

Recommended action: Add additional heater to +/- X panels to 
account for lower heat dissipation. 



TIMED 
Thermosphere . Ionosphere . Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 
- 

Thermal Related PFR's To Date 

*PFR-080: Second IRU turned off during Balance Case #5. No effect on 
Balance case because it happened early. Accept as is. (Closed) 

l PFR-082: TIDI Telescope #2 Survival Temperature Sensor showed 
two drop-outs during thermal cycle testing. Attempted to locate 
problem. Accept as is. (Closed) 

0PFR-088: Reaction Wheels were left on at  full speed. No concern to 
wheel&. (Closed) 

*PFR-089: AST Thermo-Electric Cooler high setpoint was different 
than expected. Accept as is. (Closed) 

Note: Presented at TIMED Post-ER 
BDW-31 
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SIC Thermal Residual Risk 

Thermal design system uses fully redundant heater systems (including 
heaters, thermostats, fuses and relays) to maintain minimum 
temperatures. 

Component/Spacecraft level tests used to verify thermal system 
operations. 

Detailed on-orbit analyses used to simulate conditions not able to test 
on ground, including complex solar and'earth' heating. 

Successful spacecraft level thermal vacuum test ==> 
Low residual risk 
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TIMED Spacecraft 
Mechanical and Structural 

Design, Development and Qualification Program 

Steven R. Vernon 
TIMED Payload Mechanical Engineer 

240-228-8638 
Steven .Vernon @ j huapl.edu 

The Johns Hopkins University 1 Applied Physics Laboratory 
Laurel, MD 20723-6099 



Thermosphere . Ionosphere Mesosphere . Energetics and Dynamics 

Mechanical Structural Spacecraft Design 
Mechanical Review Content: 
- 2 Main Areas Covered in this Presentation Package 

Bus Structural Design 

- Requirements and Configuration 

- Review Process 

- Testing and Qualification Program 

- Test Results 

Optical Bench 

- Requirements and Interfaces, Configuration 

- Review Process 

- Testing and Qualification Program 

- Test Results 
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Mechanical Structural Spacecraft Design 
Bus Structural Design 
- Requirements and Interfaces 

Science Requirements: 
- Provide sufficient "Field of View" (FOV) for the instruments 
- Meet instrument interface requirements (mechanical, thermal, 

alignments, electrical grounding, etc.) 
- Cleanliness 

Launch Vehicle Interfaces 
- Delta 11, 3712C Payload Adapter Fitting (PAF) 
- Lateral and vertical (launch) frequency requirements 
- Envelope 

Shipping and Handling 
- Safely satisfy all transportation and handling events without 

damage, or alignment changes of critical components 
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Mechanical Structural Spacecraft Design 
Basic Structure Configuratiol 

urninum Honeycomb I 
Panels 

I Aft Machined Deck 
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Mechanical Structural Spacecraft Design 

Flight Configuration 

f 
PT ICAL  BENCH 

T l D l  TELESCOPES ( 4 1  
STAR CAMERAS ( 2 )  
GPS ANTENNAS ( 2 1  

ZEN1 TH S-BAND 

SOLAR ARRAY 

T LTTERy= RADIATOR ( 2 )  

LNADIR S-BAND 
ANTENNA ( 2 1  
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Mechanical Structural Spacecraft Design 
Review Process 
- Several types of reviews conducted 

Weekly Status Meetings (configuration, status, etc.) 

Spacecraft Level PDR, CDR 
Launch Vehicle Integration Meetings (2lyea.r average) 

- All launch vehicle information is covered separately in the 
launch Vehicle presentation conducted for this Red Team Review 

- Reviews Conducted: 
Weekly Status Meetings 
- Ensure requirements are being met as well as passed along to the 

mechanical design team from the sub-systems and instruments 
- Weekly meeting minutes kept and distributed at the program 

level to all leads 
- Panel Members: APL Spacecraft Team Lead Personnel 

Questions: 1, 2 
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Mechanical Structural Spacecraft Des i~n  
Review Process (continued) 
- Reviews Conducted (cont.): 

Weekly Status Meetings Dates and Mechanical Subjects Covered 

- 10126196 Spacecraft Mechanical Structural Design and Solar 
Arrays 

- 1/14/97 Solar Arrays 

- 5120197 Configuration, SC layouts, etc 

- 7/1/97 Package review 

- 7/15/97 Configuration, SC layouts, etc 

- 7/29/97 Configuration, SC layouts, etc 

- 10114197 Structure Design, configuration, etc. 

Meeting minutes are available for review by the Red Team Review 

Questions: 1, 2 
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Mechanical Structural Spacecraft Design 

Spacecraft Preliminary Design Review (2/19/97) 
- First Top Level review of the overall Spacecraft Mechanical 

Design 

- Review Panel Members: 
Eric J. Hoffman (Chairman) Chair, Systems (APL) 
Mary C. Chiu, Systems (APL) 

Laurence J. FrankC&DH, Systems (APL) 

Dr. Edward Gaddy, Power (NASNGSFC) 

Dr. Robert E. Gold, Instrumentation (APL) 

Richard K. Huebschman, RF, Systems (APL) 

Thomas H. Stengle, I11 (NASAIGSFC) 

John J. Wolff (NASNGSFC) 

James W. Woods, Mechanical-Structures (NASNGSFC) 

Questions: 1, 2 





TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

Mechanical Structural Spacecraft Design 
Spacecraft Preliminary Design Review (PDR) ( 2 4  9/97) 
- RFA Status for the PDR: 

RFA #7:Add Solar Array deployment test while attached to SIC 

- Answered by SEM-2-779 Memo dated 1013011997 

>> Brief Summary: Impossible toper$orm due to the design of the 
system without unacceptable risk to flight hardware 

RFA#21 :Perform a complete glint analysis 

- Answered by SEM-2-778 Memo dated 1013011997 

>> Brief Summary: Actual glint analysis (ray tracing) is extremely 
expensive and complicated to perform at the SC level withoutfinely 
detailed instrument inputs and models.These models are not mature 
enough to pass along to the SC team and meet schedule. APL 
models the 3 0  complete Clear FOV (CF0V)required by the 
instrument. The instrument assumes responsibility for rejection of 
"off axis" stray light entering outside this CFOV by the design of 
an adequate sunshade bafling system. 

Questions: 1, 2 
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Mechanical Structural Spacecraft Design 

Spacecraft Critical Design Review (CDR) (1 2/24/97) 
- Review Panel Members: 

Eric J. HoffmanCo-chair; 

Josef A. Wonsever, Co-chair; 

Richard F. Conde 

John H. Day 

WardL. Ebert 

Laurence J. Frank 

Robert W. Jenkens, Jr. 

Robert W. Ross 

Andrew G. Santo, 

James W. Woods, 

Systems APL 

Flight Assurance GSFC 

C&DH APL 
Power GSFC 

Systems APL 

Systems, C&DH APL 

GSFC 

GSFC 

APL 

GSFC 

Systems 

Mechanical-S tructures 

Questions: 1, 2 
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Mechanical Structural Spacecraft Desigtn 

RFA Status 
- RFA#27 Consider a solar panel acoustic test following cell 

laydown and prior to flight panel acceptance 
Brief Summary Response: APL does not typically perform this type 
of test. Subsequent to the closure o f  this RFA, the vendor did indeed 
perform a panel level acoustic test after cell laydown as an additional 
proof o f  process test subsequent to cell lay-down process problems 

- RFA#14: Regarding the use of Optical bench pyro releases and 
other technical information required 

Brief Summary Response: The RFA was overtaken by events. The 
Optical bench design was influx when presented. A kinematic 
mounting system was designed and the pyro launch restraint system 
eliminated 

Question: 9 
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Mechanical Structural Spacecraft Design 
Procedures ( ~ 1 1  available for Red Team Review) 

- Spacecraft Package Integration Procedure(s) 
Globally defines steps for proper package integration to ensure proper 
ESD, contamination, etc. processes are followed. 

Procedure Number: APL-A-7363-905 1 

Specific procedures written for certain special cases (instruments) 

Separate and independent matelde-mate records kept by Mechanical 
Payload Engineer and Lead Integration and Test Engineer for all 
items integrated and removed from the Spacecraft 
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Mechanical Structural Spacecraft Design 
Procedures (continued) 
- The following list of procedures cover all mechanical events, 

handling and preparation for specific tests: 
Spacecraft Static Load Test Procedure, APL-A-7363-9063 

Spacecraft Vibration Procedure, APL-A-7363-9058 
Spacecraft Handling Procedure for GSFC, APL-A-7363-9052 
Spacecraft Acoustic Test Procedure, APL-A-7363-9059 
Spacecraft SeparationIDeployment Shock Test Procedure, APL-A- 
7363-906 1 
Solar Array Integration Procedure, APL-A-7363-9039 
Shipping Container Handling Procedure, APL-A-7363-9040 

Spacecraft Handling Procedure for Vandenberg AFB, APL-A-7363- 
9392 (Under Review by the Range) 
Spacecraft Purge System Procedure, APL-A-7363-93 19 
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Mechanical Structural Spacecraft Design 

I TABLE 1 SPACECRAFT SUBSYSTEMS I 
Spacecraft 
Assembly 
Power 
Subsystem 
Solar array 
wine, (-x j 
Solar array 
wing (+X) 
Solar array 
drive motors 
Solar array 
electronics CU 
Battery 

Power system 
electronics 
Peak power 
tracker 

, SIA fuse box 

Part No. 

7363-0500-09 

RF Comm. 
Subsystem 
RF switch 
assembly 
Zenith antenna 

Nadir antenna 

Question: 7 

7363-0500-19 

108935 

108535 

7363-1500-09 

7363-5000-09 

7363-5200-09 

, 7363-5510-09 

Navigation 
Subsystem 
GPS antenna 

Serial No.  

001 

7363-4140-09 

7363- 1025-09 

7363-0154-09 

001 

001 
002 
003 

001 
002 
001 

001 
002 

, 001 

7363-1005-09 

Sine 
Vibration 

X 

002 

001 
002 
00 1 
002 
00 1 

X 

X 

X 

X 

X 

, X 

002 

00 1 
002 

Random 
Vibration 

X 

X 

X 

X 

Test Report 

VTL-R-99-065 

X 

X 

x I 

X 

X 

X 

X 

X 

X 

X 

X 

VTL-R-99-067 

MOOG ATR 

MOOG ATR 

VTL-R-99-037 

VTL-R-99-030 
VTL-R-99-034 
VTL-R-99-030 

, VTL-R-99-030 

VTL-R-99-012 

VTL-R-99-005 
VTL-R-99-013 
VTL-R-99-004 

X 

, 

VTL-R-99-007 
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Mechanical Structural Spacecraft Design 
TABLE 1 SPACECRAFT SUBSYSTEMS 

Spacecraft 
Assembly 
Attitude 
Subsystem I I 

Reaction wheels 

Part No. 

Torque rods 

Serial No. Sine 
Vibration 

Star tracker 1 AST-201 I 001 

Type-B 
RWA 

Inertial 
reference unit 
Attitude 
interface unit 
Flight computer 

I I 004 I 
Integ. Elect. I 

Random 
Vibration 

xz X 

TRIOOUPR 

Magnetometer 
sensor & elec. 
Sun sensor 

002 
76831 
76832 
76833 

Y G9666EC 1 

7363-2000 

7363-2400 

x I 

76834 
76638 
76639 

QFM-600- 
000E-S 

7363-1600-09 

Subsystem 
Integrated elec. 
module 

x I 
76640 

51 
52 

001 

001 

Remote 
interface unit 

002 
TIM402 
Sor-116 

001 
002 
003 

7363-2100-09 

I 1 1141124 1 

Question: 7 

X 

X 

7363-2500-09 

Instrument 
Subsystem 
Optical 
bench 

Notes: 1.) ATR. denotes supplier's Acceptance Test Report 
2.) XI Used the initial random vibration test level of 14.1 &-, 
3.) X2 Performed sine burst at 25 Hz in lieu of the specified sine sweep test. 

x I 

X 

X 

X 

X 

00 1 

I I 

Test Report 7 
X 

X 

002 
1 1 W120 
11 11121 
1121122 
1131123 

7363-0900-09 

Martin ATR 
ITHACO 

X 

ATR 

X 

X 

001 

ITHACO 
ATR 

X 

X X 
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Mechanical Structural Spacecraft Design 
TABLE 2 SPACECRAFT INSTRUMENTS 

I 
Global Ultraviolet Imager I 

Instrument 

SIS Instrument 7366-3000 001 X 

Serial No. Part No. 

Detector tube 7366-4400 
assembl 
Focal plane 7366-4200 
electronics 002 
Solar E W  Experiment 

Sine 
Vibration 

(GUVI) 

(SEE) I 
SEE Instrument 1 20550- 1 - 1 001 X 

001 
002 
001 

HV power 
supply 
SIS electronics 

01 19-01 
Sounding of the Atmosphere using Broadband 

Instrument 

X 

X 

7366-4300 

7366-3950 

I I I - 

TIMED Doppler Interferometer I - - 

(TIDI) I 
TIDI 1 7372-000-09 1 001 X 
Telescopes 7372-000-19 002 

7372-000-29 003 
7372-000-39 004 

TIDI Profiler** 055-0101 001 &I 

TIDI 055-0102 001 X 
Electronics 

Random 
Vibration 

Test Report 

LASP 20550- 71 

Appendix 12 

Notes; 

1 .  X Tube failure required re-qualification of SIS instrument. 

2.) X, A failure in XPS filter wheel motor caused the XPS to be re-qualified. 
After minor rework to the micro-processor and the GCI's the instrument was 
subjected to a workmanship test at -3 dB from proto-flight levels. 

3.) X, The test inputs were limited the scanner response to 14.0g's 

4.) X,, The test was limited to a response of 14.0 g, clipped responses with a 
(Q) greater than (2), primarily due to fixture resonance 

5.) X, The initial testing showed significant elevation and azimuth shifts 

6.) X,, Reduced sine sweep test levels to coupled loads times 1.25 

7.) X,, Modified the random vibration levels above 300 Hz, based on modeling 
and previous spacecraft acoustic tests. 

8.) ** SPRL has requested a waiver for the TIDI profiler. This waiver will 
exempt the TIDI profiler from the spacecraft acoustic, shock and vibration tests. 
These tests will be performed using a simulated mass. 

Question: 7 
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Mechanical Structural Spacecraft Design 
- - - 

Test Results 
- Summary Memo, SEM-00-1-1560, Dated Feb. 14,2000 

Available for the Red Team Review 

Question: 4 
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Solar Array 
Mechanical 

Design, Development and Qualification Program 

Steven R. Vernon 
TIMED Payload Mechanical Engineer 

TIMED Solar Array Lead Engineer 

240-228-8638 
Steven.Vernon @ j huapl.edu 

The Johns Hopkins University / Applied Physics Laboratory 
Laurel, MD 20723-6099 
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Solar Array Development and Deployment Testing; 

Spacecraft - Preliminary Design Review (2/19/97) 
- Review Panel Members: 

Eric J. Hoffman (Chairman) Chair, Systems (APL) 

Mary C. Chiu, Systems (ApL) 

Laurence J. FrankC&DH, Systems (ApL) 

Dr. Edward Gaddy, Power (NASNGSFC) 

Dr. Robert E. Gold, Instrumentation (APL) 

Richard K. Huebschman, RF, Systems (ApL) 

Thomas H. Stengle, I11 (NASNGSFC) 

John J. Wolff (NASNGSFC) 

James W. Woods, Mechanical-Structures (NASNGSFC) 



Thermosphere Ionosphere Mesosphere Energetics and Dynamics 
Red Team Review 31 Oct. - 3 Nov. 2000 

Solar Array Development and Deployment Testing 

Spacecraft Preliminary Design Review (2/19/97) 
- Summary Documentation 

Viewgraphs of all information presented at the review is available for 
review 
Brief summation of the content of the material presented is as 
follows: 
- Summary of requirements :As currently understood by the 

design engineering team 
- Trade Studies Performed: Including the criteria used for 

evaluation of the various design options considered during the 
said trade studies 

- Baseline Design: Presented as a result of the above said trade 
studies performed 

- Test and Qualification Plan: First top level plan presented to the 
team for the development and qualification 

Questions: 1, 2 
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Solar Array Development and Deployment Testing 

Solar Array Engineering Design Review (7/19/97) 
- Review #3 of the Solar Array Sub-system 
- Detailed technical review of Flight Design 
- Review Panel Members,organizations, disciplines: 

Questions: 1, 2 

Mike Butler, APL, Power System Lead 
Glen Cameron, APL, Mission System Engineer 
Thomas Coughlin, APL, Manager of Programs 
Roger Farley (NASNGSFC Code 722), Mechanical Engineer 
Dave Grant, APL, Program Manager 
Ken Harclerode, APL, Lead Designer 
Mark Harold, APL, MGSE Engineer 
Stan Kozuch, APL, Integration and Test 
David Kusnierkiewicz, APL Spacecraft, System 
Larry Mastracci, APL, Quality Control 
David Persons, APL Mechanical analyst, dynamics and stress 
Neal Primrn, APL, Spacecraft Lead Designer 
Ed Schaefer, APL, Structural Engineer 
William Skullney, Mechanical Group Supervisor 
Steve Vernon, APL, TIMED Mechanical Payload and Solar Array lead engineer 
Bruce Williams, APL, Spacecraft and Solar Array Thermal Engineer 
John Wolff (NASNGSFC, Code 490.0), Program Manager 
Jim Woods (NASAIGSFC, Code 722.0), NASA Mechanical Mechanism Specialist 
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Solar Array Engineering Design Review 
- Summary Documentation 

Viewgraphs of all information presented at the review is available for review 
Brief summation of the content of the material presented at the review is as 
follows: 

- Requirements and changes since PDR 
- Mechanical Design 

>> All mechanisms, materials, finishes and coatings, etc. 
- Dynamics and Stress Analysis Performed to date 
- Engineering Model 

>> Testing 
>> Correlation to the Flight Article (dynamics, inertias, materials, 

mechanisms, components, etc.) 
- Schedule and Status 
- Issues and Concerns 
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Solar Arras Development and Deployment Testing 

Action 
Number 

1 

2 

3 

4 

5 

Assignee Subject 

Hinge 

Yoke 

Substrate 

Substrate 

SADA 

S. Vernon 09/01/1997 -r 

Due Date 

D. Persons 

Vernon 

09/01/1997 

Butler 

Description 

Determine if axial thermal growth can be 
accommodated by the hinge without harm to the 
damper. The damper shaft needs to be isolated from 
thermally induced axial loads and in pure torsion 
mly. Determine the magnitude of those loads 
generated by thermal growth. 

lintegration activities. 
Investigate the "over-constrained panel support I A flexure mounting system is in design and will be 

Response 

The hinge now incorporates a joint best described as s 
pin in a slot. This joint will transmit torque and allow 
axial movement due to temperature gradients thus 
eliminating loads upon the damper rotor. 

Investigate the possibility of providing a keeper on 
the negator spring to negate possible movement 
during the launch environment. 

A keeper will not be incorporated for the negator 
spring. More than sufficient force is inherent within 
the spring to keep it in place during launch and 

Question: #9 

"ball and sockets" to determine if a kinematic 
mount type of system is more advantageous. 

Ensure that electrical bonding rquirements are 
understood and provide a design to meet these 
requirements. Specifically, electrical bonding of face 
sheets to post cured potted inserts and panel to panel 
bonding. 
Perform the planned detailed thermal analysis 
rquired to ensure that thermal gradients across the 
SADA bearing (Solar Array Drive Assembly) do 
not adversely degrade the motor performance in 
~rbit.  

incorporated in both the EngineGround straps and 
other APL "standard" methods will be incorporated tc 
ensure electrical bondingering model and Flight 
hardware. 
Ground straps and other APL "standard" methods wil 
be incorporated to ensure electrical bonding. 

The thermal analysis has been performed by Bruce 
Williams (TIMED Lead Thermal Engineer) and has 
resulted in a 37 degree C maximum time dependent 
gradient. Schaeffer Magnetics representative C. John 
Lo has indicated the gradient presents no problem. 
Schaeffer will open the bearing clearances slightly to 
prevent binding. This action is acceptable since there 
are no strict pointing requirements on the arrays. 
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Solar Array Development and Deployment Testing 

Action 
Number 

6 

7 

8 

Subject I Assignee Due Date Description 
I 

)9/0111997 l~eterrnine if dual dampers at each hinge line 

I (excluding the yoke) are rquired (as opposed to 
one) and that the presence of 2 vs. 1 dampers do not 

Response 

The dual damper (per hinge line) design has been 
replaced with a single damper and torsion spring 
assembly. The opposing member is now baselined to 
be a hinge without a torsion spring. To clarify this 
topic further, the Engineering model will initially use 
a torsion spring hinge assembly without a torsion 
spring and damper since the hardware is already 
fabricated. As the new pivot hinge design comes on 
line. it will be incorporated into the Engineering 
model to maintain the high fidelity desired in the 
Engineering model testing. This change was made 
possible by the completion of the harness design. The 
estimated torques are now lower than originally 
estimated. 

I I 

)9/0111997 (investigate moving the separation nut to the IThis item has been investigated thoroughly. An 
Spacecraft side as opposed to the outer panel side. 

the "cup and cone" and "ball and socket" 
assemblies. A Tufram coating and a 30 degree cone 
was suggested. 

acceptable and reliable design (with the nut on the 
Spacecraft side) can not be accomplished and thus. 
the low shock (Hi-Shear 9400 series) separation nut 
will remain where it is. 

The "cup and cone" design has been replaced with a 
flexure mount system as outlined in AI#3 above. The 
materials in contact are magnesium to magnesium" 
and titanium(Tiodized) to magnesium. The 
magnesium components are imdited with a "hard" 
irridite per MIL-M-45202. Type 2. Class A. Grade 1. 

Question: #9 
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Solar Array Development and Deployment Testing 
Action 

Number 
9 

tsting ID. PersonsIS. 
Vernon 

!elease D. PersondS. 
issembly Vernon 

;ADA 

Due Date 

19/01/1997 

Description 

Explain and justify the complete testing program 
planned for both the Engineering Model as well as 
the Flight Model: 1. Specifically explain the 
Spacecraft System level testing plan, field 
 pera at ions and testing. etc. Specifically, create a 
testlelement diagram: 2. Explain and more fully 
justify why complete deployment testing ( not 
release only) of each array wing is not planned whilc 
the Array wings are physically mounted to the 
Spacecraft. 

Response 

A. See attached test matrix chart included at the end 
of this document. A change from the EDR is that the 
Flight array wings (each) will undergo a full level 
vibration test as an assembly. This change was 
dictated by the need to limit the Spacecraft vibration 
levels during SC level per Ed Schaefer.B. See 
attached TIMED Spacecraft PDR action item #7 
memo (SEM-2-779) dated October 30. 1997 for a 
detailed answer to this item. 

the stowed condition during integration and testing 
activities nor in release tests at the Spacecraft level. 

Determine if the planned release tests and the 
subsequent re-assembly of the system at the 
Spacecraft level will adversely impact the SADA in 
a 1G environment. 

Determine the effect, if any, of an asymmetric lThe analysis completed to date indicates that 

The type 3 Schaeffer Drove motor can support the 
following shaft loads:Axial= 2500 pounds. 
Transverse = 2100 Pounds. Moments = 1800 in. 
Pounds. The situation has been analyzed and these 
allowable loads will not be exceeded by the arrays in 

release of a wing. lasymmetric release will not adversely impact the win] 
ldeployment however. asymmetric testing will occur 
lduring the engineering model testing to further 
lvalidate this analysis.- 

GSFC Engineers suggested that APL closely ~APL agrees and will closely monitor the contract. Al 
monitor the Schaeffer Magnetics contract to ensure Sadilek has been assigned to this task. 
proper Quality Assurance plans are met due to I 

APL baseline was Kapton tape. Iextensive flight heritage. experience and low mass. 

previous GSFC experience with personnel turnover 
at the Schaeffer facility. 
SSFC engineers suggested alternative form of edge 
reatments be investigated for the substrates. The 

Question: #9 

The APL baseline continues to be Kapton tape. APL 
engineers feel comfortable with this treatment due to 
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had not been started and emphasized that measuring 
the torque at hot and cold temperatures of the 
service loops was important.. 

' Action 
Number 

S3 

1 I I !when in a flat (table) position 11998. 
S5 l ~ ~ n a m i c s  I ~APL engineers suggested that a perturbed (APL engineers agree and will perform said 

Subject 

Hinge 

1 

Question: #9 

Assignee 

APL engineers suggested the development of a 
vertical assembly fixture for single panel integration 
to preclude items falling on the cell cover glass 

S4 

springldamper analysis be performed to demonstrate 
margin on Spacecraft clearance. 

A vertical fixture can easily be designed and will be 
supplied if required by the Power Systems group. A 
decision and request for such is needed by June. 

Assembly 

parametric analysis using Working Model software 
with damper, friction and spring characteristics 
updated by engineering model testing. 

Due Date Description 

APL and GSFC engineers noted that planned mock- 
ups and testing of the service loops over the hinges 

Response 

Wiring harness assemblies are complete and service 
loop mockups and temperature testing will occur soon 
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Hardware Test Program 
- List of Major Components 

Substrate (honeycomb panel populated with solar cells) 

Deployment Hinge(s) 
- Torsion spring design incorporating a viscous damper for rate 

control 
- Viscous damper, adjustable rate of dampening 

Release Mechanism 
- Separation nut 
- Instrumented bolt (highly accurate tensile load verification) 
- Bolt retraction mechanism 

Deployment Yoke 
- Angular contact bearings 
- Constant force spring 
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Test Verification Matrix 
I TIMED Spacecraft I 
I TIMED Solar Arrav Testina Plan Chart I 

AssemblylComponent TV Cold 
Engineering Model Flight I 

TV Hot Vib. Torque Release Deployment TV Cold TV Hot Vib. 
Measure Test Dvnamics 

ardware 
Torque IDeploymenl Release 

Test 
, . .  

Measure ( Dynamics 
Performed I I Performed 1 I Performed 1 I I 
0712711 997 1 0311 811 998 ( Performed I I Performed 1 1212111998 1 1212111998 1 

- -- - 

Performed Performed 

Performed 0712311 997 0712311 997 0712011 999 

Ball & Socket 
Support Flats 
Retraction Mechanism Assy. I 

Yoke Assembly 
Performed 

11124198 Hot 

Performed I I 04/15/1998 1 and 1 0512211998 1 05103~999 1 0510311~99 1 

Question: #3 
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Solar Arras Development and Deployment Testing 

Additional Testing and Handling Events 
- Flash Testing and Cell Re-work, Completed September/OO 

See electrical presentation for performance data 

- QA Inspection :Completed September 26, 00 

- Final deployments: Completed September 26, 00 

- Yoke service loop testing : Completed September, 00 

- Package for shipment to Vandenberg , Completed, October 17, 00 

- Visual Inspection (Vandenberg) 

- Walkout Test (Vandenberg) 

- Spacecraft Integration 
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Open Issues and Concerns 
- None 

Residual Risk 
- Damper Failure: 

Mitigation Plans 

- Extensive flight history on other programs 

- Identical design used for other successful programs 

- Heaters used to ensure proper operating temperatures and 
replicate ground deployment temperatures 



TIMED TESTING at APL Environmental Test Facility 
CHAMBER 1 SEM ENGINEER I LEAD ENGINEER 1 DESCRIPTION ( START I TEST No./Report 1 DAYS I TECH 
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Guidance & Control Subsystem Software 

 
Daniel S. Wilson 
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Agenda 
• Design Overview (7 slides) 
• Software Development Approach (7 slides) 
• Summary of System Level Reviews (5 slides) 
• Summary of Subsystem Reviews 

– AIU Boot (1 slide) 
– AIU Application Program (7 slides) 
– AFC Application Program (6 slides) 
– TASTIE (1 slide) 

• IV&V(3 slides) 
• P/FR and SPR Summaries (4 slides) 
• Residual Risk (1 slide) 
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G&C Block Diagram 
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G&C Processors (1 of 2) 

• Attitude Interface Unit (AIU) 
– RTX2010 6 MHz 16-bit processor (no floating point hardware) 
– 128 Kbyte RAM, 128 Kbyte EEPROM, 16 Kbyte PROM 
– 5 one-bit digital input signals (discretes) 

» 2 hard LVSS signals (one from each power system) 
» 2 soft LVSS signals (one from each C&DH) 
» 1 test-in signal enabling certain test mode commands 

– 4 one-bit digital output signals (discretes) to each IEM 
» Heartbeat (toggle) 
» Boot or application program running 
» Active/inactive (in control of wheels and rods) 
» Attitude OK/not OK (i.e., safe mode indicator) 

– Programmed in C and assembly language (FORTH-like) 
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G&C Processors (2 of 2) 

• Attitude Flight Computer (AFC) 
– Mongoose V 12 MHz 32-bit processor 

 
– Extension of MIPS R3000 architecture 

» Floating point coprocessor 
» Error Detecting and Correcting (EDAC) memory 

management 
 

– 2 Mbyte RAM, 4 Mbyte flash memory 
 

– Programmed in C running under Nucleus Plus real-time 
operating system  
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Question 5 

G&C Computer Software Configuration Items 

1.  Attitude Interface Unit (AIU) Boot Program 
– 2,000 ELOC (56% assembly, 44% C) 

2.  AIU Application Program 
– 19,000 ELOC (23% assembly, 77% C) 

3.  Attitude Flight Computer (AFC) Application   
Program 

– 24,500 ELOC (100% C) 

4.  TIMED Attitude System Test & Integration 
Equipment (TASTIE) -- non-flight software for 
hardware-in-the-loop testbed of the same name 

 

(Common Boot Program covered in IEM presentation) 
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Questions 3, 4 

TIMED Attitude System Test & Integration Equipment 
 

Hardware-in-the-Loop Simulator Concept 
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Major G&C Software Requirements and Their Allocation 

     Requirement              Allocation 
1.  Be reprogrammable from ground  AIU Boot/Common Boot 
2.  Detumble s/c following LV separation  AIU 
3.  Dump momentum via torque rods   AIU 
4.  Acquire/maintain safe mode attitude  AIU 
5.  Acquire/maintain nadir/operational attitude AFC 
6.  Acquire/maintain offset pointing   AFC 
7.  Enforce sun keep-out zone          AIU and AFC 
8.  Manage solar array rotations          AIU and AFC 
9.  Determine accurate 3-axis inertial attitude  AFC 
10. Supply S/C Attitude Message to C&DH         AFC and AIU 
11. Perform 180º yaw maneuver every 60 days  AFC 
12. Monitor health of sensor/actuator hardware        AIU and AFC 
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GC Mode Transitions 
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Questions 3, 4, 5 

G&C Software Development Approach (1 of 6) 

Classic waterfall modified by Build method: 
– Requirements definition phase 

» Requirements review 
– Design phase 

» Design review 
– Implementation phase (repeated for each Build) 

» Coding 
» Code/algorithm walkthru 
» Unit testing 
» Build integration and testing 

– Independent Build testing by IV&V team using TASTIE and 
wire wrap and/or engineering model processor cards 

– Independent release testing by Mission Ops on spacecraft 



DSW - 11 

TIMED 
Thermosphere • Ionosphere • Mesosphere • Energetics and Dynamics 

Red Team Review  31 Oct. - 3 Nov. 2000 

Questions 3, 4, 5 

G&C Software Development Approach (2 of 6) 

See G&C Software Development Plan, SRS-96-144 (7363-9103) 
 

What We Said We Would Do for AIU Boot What We Actually Did 
Requirements document   See Doc. #7363-9104 
Top-level design folder   None done (heritage from NEAR) 
Detailed design document   See on-line repository (no #) 
Interface documents   Doc. #7363-9372 and -9373 
Requirements matrix   See on-line repository (no #) 
User's manual    Combined with AIU appl doc 
CM of requirements   Formal CM applied 
CM of design and interface documents  Informal CM applied 
CM of delivered source code   Formal CM applied 
IV&V of requirements and design  Formal reviews w/outsiders held 
Code walkthroughs   Walkthroughs performed 
IV&V testing    See test report SEI-99-007 
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Questions 3, 4, 5 

G&C Application Software Development Approach (3 of 6) 

What We Said We Would Do for AIU Appl What We Actually Did 
Requirements document   See Doc. #7363-9107 
Top-level design folder   Yes.  Formally reviewed. 
Detailed design document   Doc. #7363-9379 
Interface documents   Doc. #7363-9372 and -9373 
Requirements matrix   Not completed by IV&V team (late  

     start).  Informally verified by G&C Lead. 
User's manual    Doc. #7363-9374 
CM of requirements   Formal CM applied 
CM of design and interface documents  Informal CM 
CM of delivered source code   Formal CM applied 
IV&V of requirements and design  Formal reviews w/outsiders held 
Algorithm walkthroughs   Walkthroughs performed 
Code walkthroughs   Walkthroughs performed 
Independent testing   Both IV&V team and Msn Ops 
No maintenance guide   Wrote one.  See online repository 
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Questions 3, 4, 5 

G&C Application Software Development Approach (4 of 6) 

What We Said We Would Do for AFC Appl What We Actually Did 
Requirements document   See Doc. #7363-9108 
Top-level design folder   Yes.  Formally reviewed. 
Detailed design document   Doc. #7363-9380 not complete 
Interface documents   Doc. #7363-9372 and -9373 
Requirements matrix   Not completed by IV&V team (late  

     start).  Informally verified by G&C Lead. 
User's manual    Combined w/ design doc. 
CM of requirements   Formal CM applied 
CM of design and interface documents  Informal CM applied 
CM of delivered source code   Formal CM applied 
IV&V of requirements and design  Formal reviews w/outsiders held 
Algorithm walkthroughs   Walkthroughs performed 
Code walkthroughs   Walkthroughs performed 
Independent testing   Both IV&V team and Msn Ops 
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Questions 3, 4, 5 

G&C Application Software Development Approach (5 of 6) 

What We Said We Would Do for TASTIE What We Actually Did 
Requirements document   See Doc. #7363-9105 
Top-level design folder   None done 
Detailed design document   See #7363-9106 and online repository 
Interface documents   Six documents in online repository 
Requirements matrix   None done 
User's manual    See online repository 
CM of requirements   Informal CM applied 
CM of design and interface documents  Informal CM applied 
CM of delivered source code   Formal CM applied 
IV&V of requirements and design  Formal reviews w/outsiders held 
No walkthroughs    Algorithm walkthroughs performed 
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Question 5 

G&C Application Software Development Approach (6 of 6) 

TASTIE, AIU, and AFC make 
extensive use of ‘C’ code 
automatically generated from 
a Matlab/Simulink model via 
the Real Time Workshop 
(RTW) code generator 
 

. 
Dot Product 

1.0 

> 



DSW - 16 

TIMED 
Thermosphere • Ionosphere • Mesosphere • Energetics and Dynamics 

Red Team Review  31 Oct. - 3 Nov. 2000 

Question 5 

G&C Documents 
• G&C Software Development Plan (7363-9103) 
• G&C Boot Program Requirements (7363-9104) 
• G&C Analyst Algorithm Design (7363-9381—draft) 
• G&C Software ICD (7363-9372) 
• G&C 1553 Bus ICD (7363-9373) 
• TASTIE Requirements (7363-9105) 
• TASTIE Functional Configurations (7363-9106) 
• TASTIE Hardware Interfaces (7363-9382--draft)  
• TASTIE ICDs with MiniMOC, GPS Sim, Solar Array Sim, and Visualizer (no numbers) 
• TASTIE Software Design Description (no number) 
• AIU Application Program Requirements (7363-9107) 
• AIU Boot Program Design Specification (no number) 
• AIU Command & Telemetry Specifications (7363-9374) 
• AIU Hardware Description (7363-9376--draft) 
• AIU Software Design Description (7363-9379--draft) 
• AIU Software Maintenance Guide (draft) 
• AFC Application Program Requirements (7363-9108) 
• AFC Design Specification/Users Guide (7363-9380—draft) 
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Question 9 

Spacecraft PDR (2/97) 

RFA’s relevant to G&C: 
 
No. Description                Closing Memo # 
 

15    Develop attitude knowledge vs science impact 
        assessment       SRI-00-030 
16    Demonstrate the separation attitude sequence works SEE-97-0091 
17    Will power-up of wheels react with LV?  SEM-1-1509 
20    Does safe mode work in eclipse;  does sun vector 
  ambiguity affect thermal state of s/c?  SEI-97-121 
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Question 9 

Spacecraft CDR (12/97) 
RFA’s relevant to G&C: 
No. Description                  Closing Memo # 
1 Autononmy/safing issues     SEI-98-091 
2 Detumble/Capture/Battery DOD trades   SRM-98-045 
3 Define autonomy rules enabled at launch        SEI-00-035 
5 Updating Test Matrix     SEI-00-037 
6 Define quantitatively instrument solar illum. restrictions SRI-00-029 
9 Checkout of redundant units    SEA-98-0014 
10 Flight software reviews and configuration management SRS-98-129 
11 Common software considerations     SRS-98-0029 
16 Uploading to processors      GEC-99-08 
18 RWA power/heat pipe trade    SEM-98-4-345 
23 Sun safe algorithm using minimum of sensors  SRM-98-046 
26 "Dynamic interaction" test    SEI-98-023 
36 Config control for TOPS and TINTS   SEI-00-012 
37 Deployment from Delta/power generation      SEM-98-1-1520 
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Question 5 

Post-Delivery Software Review (9/99) 

• Chaired by Chu.  No formal review committee. 
 

• Reviewed what was delivered, version numbers of 
all development tools, location of backups, 
outstanding issues, etc. 
 

• No RFA’s assigned 
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Question 9 

Pre-Environmental Review (10/99) 

RFA’s relevant to G&C: 
 
No. Description    Closing Memo # 
2  S/C level testing vs unit testing  SRS-00-033 
12  AIU memory margin   SEA-2000-0020 
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Question 9 

Post-Environmental Review (2/00) 

RFA’s relevant to G&C: 
 
No. Description              Closing Memo # 
  4  Explain and correct ACS bias error  SRM-00-052 
  5     Establish parameters to be trended  SEA-2000-0024 
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Questions 3, 4, 5, 9 

G&C Subsystem Reviews -- AIU Boot Program 

• Combined Requirements and Preliminary Design review held 8/97 
 

– Chaired by Utterback.  No formal review committee. 
– One requirements Action Item assigned  

1.  Requesting minor editorial changes (closed by SRS-97-124) 
– Four design Action Items assigned (all closed) 

2.  Document outline does not conform to Department guidelines 
3.  Requesting clarifications and elaborations. 
4.  Requesting an ICD with the Command & Data Handling subsystem. 
5.  Requesting more clarifications and elaborations. 

 
• Code walkthroughs performed 8/98 to 11/98 
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Questions 3, 4, 5, 9 

G&C Subsystem Reviews -- AIU Application Program (1 of 7) 

Requirements Review held 3/98 
 

– Chaired by Kusnierkiewicz 
– Minutes and AI’s (39 of them) in SEA-98-0015 
– Memo SRM-98-033 closed AI 1 
– Memo SRS-98-070 closed AI’s 2, 4, 6, 7, 10, 13, and 15-38 
– AI’s 3, 5, 8, 9, 11, 12, 14, and 39 informally closed 
– Requirements document baselined and signed off 4/28/98 
– Revision A approved by CCB and published as SRS-99-015 (2/99) 
– Revision B approved by CCB and published as SRS-99-065 (5/99) 
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Question 9 

G&C Subsystem Reviews -- AIU Application Program (2 of 7) 

Requirements Review Action Item Summary 
 

1.  Consider eliminating “computed” magnetic momentum dumping mode. 
2.  Consider eliminating “streamed” telemetry format. 
3.  Is low rate telemetry needed from inactive AIU?  From AIU Boot program?  
4.  Make decision to demote to safe on star camera data dropout selectable. 
5.  Can we eliminate requirement to make magnetic dipole table uploadable? 
6.  Make momentum dumping disable flag a command instead of a parameter block. 
7.  Clarify requirement for one command per second to star tracker. 
8.  Consider making diagnostic packets distinguishable from regular packets by ApID. 
9.  Do we need solar array angle calibration parameters? 
10. Parameter blocks constrained in length to one telemetry packet if MOC parsing desired. 
11. Consider option to load parameters to RAM only. 
12. How long can C&DH propagate time before it is invalid to G&C? 
13. Identify portions of housekeeping telemetry that can be recorded less often than at 1 Hz. 
14. Alert MOPS, power, and thermal that only one magnetometer is nominally powered. 
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Question 9 

G&C Subsystem Reviews -- AIU Application Program (3 of 7) 

Requirements Review Action Item Summary 
 

15. Restate format specification as a requirement on AIU, not on ground software. 
16. Clarify wording of star tracker requirement. 
17. Remove star tracker and command message paragraphs that do not state requirements. 
18. Remove or restate as a requirement the paragraph on powering down of C&DH. 
19. Add specification for minimum time between rod relay commands. 
20. Remove or restate as a requirement the paragraph on command format. 
21. Remove or restate as a requirement the paragraph on memory load format. 
22. Remove or restate as a requirement the paragraph on ignoring/using AFC control data. 
23. RT addresses associated with simulated star trackers and gyros should be disabled for flight. 
24. Remove or restate as a requirement the paragraph on control IRU parameters. 
25. Remove or restate as a requirement the paragraph on star tracker commands. 
26. Clarify spacecraft thermal issue with having both gyros on. 
27. Add a command for disabling diagnostic telemetry. 
28. Clarify name of buffer holding an orbit’s worth of data. 
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Question 9 

G&C Subsystem Reviews -- AIU Application Program (4 of 7) 

Requirements Review Action Item Summary 
 
29. Rename “Resume AFC Override” command.  Name is confusing. 
30. Add statement that automatic state transitioning can be disabled. 
31. Clarify that timeouts lead to demotion. 
32. Clarify requirement for uploadable sun keep-out angle. 
33. Add statement that mode shall be demoted if maximum nadir pointing error is exceeded. 
34. Add statement that only the active AIU controls the solar array rotation. 
35. Add requirement for keeping a command history with time tags. 
36. Replace “local vertical attitude” with “roll, pitch, and yaw errors.” 
37. Add comment for command history packets and streamed diagnostic telemetry packets. 
38. Change terminology for sun sensors from hot/cold side to +/-Y side. 
39. Consider adding a command to check the state of the test-in discrete. 
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Question 9 

G&C Subsystem Reviews -- AIU Application Program (5 of 7) 

Resolution of AIs informally closed: 
• AI #3 resolved thru email dialog:  Low rate telemetry from inactive AIU 

is supported.  Also, AIU boot detects low rate mode and responds 
accordingly. 

• AI #5 resolved thru email dialog:  Table is hard-coded. 
• AI #8 resolved following design review:  Separate ApIDs used. 
• AI #9: Solar array angle calibration parameters not implemented. 
• AI #11: All parameters are loaded to RAM only.  Separate commands 

were implemented to save all parameters from RAM to non-volatile 
memory (flash or EEPROM). 

• AI #12: Once valid time is received by AIU, it will propagate forever. 
• AI #14: MOPS was made aware that only one magnetometer is 

nominally on. 
• AI #39:  State of test-in discrete is available in housekeeping telemetry. 
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Questions 3, 4, 5, 9 

G&C Subsystem Reviews -- AIU Application Program (6 of 7) 

• Design Review (combined with AFC) held 7/98 
 
– Chaired by Utterback 
– Review team included non-TIMED APL staff 
– Minutes and AI’s (8 of them) in SOR-98037 

 
(See details in AFC discussion below) 
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Questions 3, 4, 5 

G&C Subsystem Reviews -- AIU Application Program (7 of 7) 

• Semi-formal algorithm reviews conducted for each of three Builds 
 

– Primitive (records lost) 
– Basic 8/98 (Dellinger, Hutton, Strikwerda*, Shapiro, Ray*, Hunt*, 

Haring, Salada, Wilson)  
– Full 12/98 (Dellinger, Haring, Hutton, Hunt*, Strikwerda*, Wilson) 
– Follow-up on wheel health algorithm 3/99 (Dellinger, Hutton, Ray*, 

Wilson) 
 

• Code walkthroughs 
 

– Conducted by Shane Hutton from 7/98 to 6/99 
*G&C experts from outside the TIMED project 
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Questions 3, 4, 5, 9 

G&C Subsystem Reviews -- AFC Application Program (1 of 6) 

Requirements Review held 5/98 
 

– Chaired by Utterback 
– Minutes and AI’s (18 of them) in SOR-98028 
– Memo SRS-98-172 closed all AI’s 
– Requirements document baselined and signed off 10/20/98 
– Revision A approved by CCB and published as SRS-99-026 (2/99) 
– Revision B approved by CCB and published as SRS-99-027 (2/99) 
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Question 9 

G&C Subsystem Reviews -- AFC Application Program (2 of 6) 

Requirements Action Item Summary 
 

1.  Autonomy Engineer requested automatic mode promotion capability 
2.  Correct items on the errata sheet. 
3.  Add a health monitor telemetry packet. 
4.  Make sure CUC time is recorded with each anomaly.  Put count in housekeeping telemetry. 
5.  Restate command rate constraints as requirements on AFC, not constraints on ground. 
6.  Add requirement to support 1553 bus schedule as dictated by bus controller. 
7.  Correct inconsistency between AIU and AFC requirements documents. 
8.  Add requirements for memory and timing margins. 
9.  Define spare parameter blocks, telemetry formats, etc. 
10. Add accuracy specification to sensor data time tagging requirement. 
11. Clarify requirement for time-tagging of sensor data. 
12. Specify memory and timing constraints. 
13. Add a requirement for a reason code on mode changes. 
14. Add requirement for offset pointing. 
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Question 9 

G&C Subsystem Reviews -- AFC Application Program (3 of 6) 

Requirements Action Item Summary 
 

15. Clarify requirement for low rate telemetry packets. 
16. Consider adding requirement for rate determination from star tracker measurements. 
17. Clarify reason for mode demotion in case of GNS orbit dropout. 
18. Clarify the use of the star trackers in the estimation of gyro biases. 
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Questions 3, 4, 5, 9 

G&C Subsystem Reviews -- AFC Application Program (4 of 6) 

Design Review (combined with AIU) held 7/98 (chaired by Utterback) 
• Minutes and AI’s (8 of them) in SOR-98037.  Resolution given here: 

1.  RT addresses for star trackers wrong in Figure 1.1 of G&C 1553 Bus ICD.  (Correction 
made.) 

2.  Assign a document number to RTW Design/User’s Guide.  (Document published as 
SRS-99-013.) 

3.  Consider automatic dump of error buffers to SSR.  (AIU does it.  AFC does not; it 
latches the first 20 and maintains the most recent 20.) 

4. How are health functions disabled during launch?  (When magnetometers are powered 
on following separation, health monitoring begins.) 

5.  Consider using true-of-date coordinate system for orbit propagation.  (J2000.0 mean-of-
date used instead.) 

6.  Need document on conversion of Simulink diagrams to C code.  (M. Salada wrote and 
published RTW User’s Guide and Programmer’s Reference.  See SRS-99-013.) 

7.  Need configuration plan for RTW files.  (Date-stamped directories used.) 
8.  Consider adding support for real-time decomposition of stream telemetry.  (Support not 

implemented.) 
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Questions 3, 4, 5 

G&C Subsystem Reviews -- AFC Application Program (5 of 6) 

• Semi-formal algorithm reviews conducted in two parts (attitude 
control and attitude estimation) for each of two builds (Basic and 
Full).  Reviewers names are given in parentheses. 
 

– Basic Control algorithms 10/98 (Dellinger, Shapiro, Duven*, Ray*, Hutton, 
Offenbacher, Frank, Wilson)  

– Basic Attitude estimation 10/98 (Shapiro, Dellinger, Strikwerda*, Englar*, 
Salada, Haley*, Hutton, Wilson)  
 

– Full Control algorithms 6/99 (Dellinger, Strikwerda*, Hutton, Ray*, Wilson)  
– Full Attitude estimation 6/99 (Shapiro, Dellinger, Strikwerda*, Hunt*, 

Wilson) 

 
*G&C experts from outside the TIMED project 
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Questions 3, 4, 5 

G&C Subsystem Reviews -- AFC Application Program (6 of 6) 

• Semi-formal code walkthroughs conducted 
 

– Conducted by other team members, principally Frank, Offenbacher, 
and Wilson, from 7/98 to 7/99 
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Questions 3, 4, 5 

G&C Subsystem Reviews -- TASTIE 

• Requirements and Functional Configurations review held 8/97 
 

• Semi-formal algorithm reviews conducted in two parts.  Reviewers 
names are given in parentheses. 

– Environment & Dynamics algorithms 6/98 (Dellinger, Shapiro, Duven*, 
Ray*, Hutton, Offenbacher, Frank, Wilson)  

– Sensors & Actuators 6/98 (Shapiro, Dellinger, Strikwerda*, Englar*, Salada, 
Haley*, Hutton, Wilson)  

 

*G&C experts from outside the TIMED project 
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Questions 3, 4, 5 

G&C Flight Software IV&V Tests 
(performed on TASTIE HIL Simulator) 

1. AIU detumble and sun acquisition test 
2. AIU rotisserie mode test 
3. G&C mode switching test 
4. AIU miscellaneous failures test (fail sensors and actuators) 
5. AIU magnetometer noise test 
6. AFC basic control test (nominal operational mode) 
7. Yaw maneuver test 
8. G&C/AFC miscellaneous failures test (fail sensors and actuators) 
9. Sun keep-out zone test 
10. Offset pointing test 
11. Limited control (3 wheels) test 
12. AIU command and telemetry test 
13. AFC command and telemetry test 
14. Star tracker command and telemetry test 
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Questions 3, 4, 5 

G&C Flight Software Tests Performed on S/C 
• G&C Functional Test 

– Verify all interfaces functional and cross-strapped 

• G&C Performance Test 
– Detumble and acquire initial safe attitude 
– Promote to nadir and operational modes, maintain momentum 
– Exercise commands 

• Special Tests 
– Polarity verification tests 
– Launch countdown, ascent, separation, detumble, acquire safe 

attitude, wiggle solar arrays, slew to nadir, maintain momentum 
– Yaw maneuver (both ways) 
– Autonomy rules (LVSS, etc.) 
– Thermal Vacuum tests 
– 96-hour mission simulation 
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Questions 3, 4, 5 

TASTIE IV&V 

• IV&V performed on selected models: 
 

– Orbit propagator 
– Sun & almanac functions 
– Disturbance torques (solar pressure, aero drag, gravity gradient) 
– Magnetic field 
– Vehicle dynamics 
– Star tracker 
– Magnetometer 
– Sun sensor 
– Gyro 
– Reaction wheels 
– Torque rod 
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Question 7 

G&C P/FRs 

TSC-020  IRUs toggling on/off.  Noise spikes on magnetometer made 
software declare that LV separation had occurred.  Hysteresis added 
to logic in AIU Build 4.0. 

TSC-029  Lost telemetry from AIU #1.  Converted to SPR 199. 
TSC-037 No telemetry received from AFC.  Unable to reproduce.  Blamed  

on bug in Common Boot that was fixed. (See P/FR TSC-041 and 
SPR 217.) 

TSC-046 AIU switching IRUs frequently.  Converted to SPR 261. 
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Question 7 

G&C SPRs:  AIU 
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Question 7 

G&C SPRs:  AFC 
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Question 7 

G&C SPRs:  TASTIE 
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Question 13 

G&C Residual Risk 

• Open SPR (#335) raises doubt about attitude knowledge 
– Investigation will continue until time bias fully understood 

 
• Post-launch software maintenance environment not well-

supported 
– New versions of Simulink and RTW not backward compatible and old 

versions not compatible with new version of UNIX 
– Unsupported C compiler for RTX 2010 (AIU) 

» Froze versions of development tools 
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Attitude Control Authority 
• Maximum wheel torque = 0.040 N-m (rated) 
               = 0.055 N-m (measured) 
• Maximum wheel momentum = 16.6 N-m-s 
• Maximum spacecraft acceleration = ~0.0001 rad/s^2 (per axis) 
• Maximum spacecraft angular rate about a single axis before wheel saturation = 

~1.8 deg/sec 
• Maximum spacecraft torque = ~[0.034  0.157  0.137] N-m 
• Maximum momentum storage capability about a single spacecraft axis 

 = [10.5    0       0   ] N-m-s   or    
 = [   0    49.5    0   ] N-m-s  or    
 = [   0      0     43.1] N-m-s   

• Maximum disturbance torque < 0.002 N-m 
• Maximum theoretical torque rod momentum dump rate = 25-30 N-m-s per orbit 
• Worst case momentum following LV separation = ~[13  6  1] N-m-s 
• Length of eclipse at beta 0 = 35 minutes 
• Length of yaw maneuver = 22 minutes 
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Examples of Failures Tested by IV&V Team 

• Fail (sequentially) each axis of each magnetometer hi/lo/stuck 
• Fail (sequentially) each of six torque rods 
• Fail (sequentially) each of four wheels 
• Fail (sequentially) each of four cells on each of four sun sensors 
• Fail (sequentially) each gyro 
• Fail each star tracker and both star trackers 
• Coast through an AFC reset in operational mode 
• No sun observed within N minutes (AIU rotisserie test) 
• Yaw maneuver with only 3 wheels 
• AFC sun keepout zone violation 
• AIU sun keepout zone violation 
• Bad commands 
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G&C Spacecraft-Level Functional Test Summary 

• Verify AIU select relays functional 
• Toggle all input discretes to both AIUs.  Verify at AIU. 
• Toggle all output discretes from both AIUs.  Verify at IEM. 
• Toggle and verify all AIU-controlled relays (IRUs, torque rods, and Solar 

Array Drives) 
• Stimulate each cell of each sun sensor.  Verify at AIU. 
• Verify proper output range of each magnetometer at AIU. 
• Spin each wheel up and measure time to slow down and stop. 
• Verify communication to redundant AIU and AFC. 
• Verify communication to both IRUs. 
• Verify command and telemetry links to both star trackers. 
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G&C Spacecraft-Level Performance Test Summary 

• LV separation, detumble, and sun acquisition 
• Fail primary hot-side sun sensor 
• Slew from safe to nadir attitude and promote to operational mode 
• Reboot AFC and verify AIU can coast through 
• Reboot GNS and verify AFC can coast through 
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Other Spacecraft-Level G&C Tests 

• AIU command workout 
• AFC command workout 
• Offset pointing test 
• Yaw maneuver test 
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Regression Test Suite 

• Bench-level 
– Safe, nadir, and operational modes 
– Exhaustive command workout test 
– Selected additional tests chosen based on nature of change 

• Spacecraft-level 
– Functional 
– Performance 
– Command workouts 
– Offset pointing 
– Yaw maneuver 
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AIU Software Delivery History 
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AFC Software Delivery History 
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TIMED Spacecraft Alignments 

Albert C. Sadilek 
The Johns Hopkins University 
Applied Physics Laboratory 

Tel: 240-228-5369 Fax: 240-228-6556 
email: albert. sadilek @ j huapl.edu 

ACS- 1 
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Spacecraft Alignments 

Alignment Process Flow 

Instrument Alignments 

Detailed Alignment Investigations 

Alignment Documentation 

Remaining Alignment Tasks 
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Alignment Process Flow 

Instrument boresight alignment 
requirements and error budgets developed 
in cooperation with APL Instrument 
managers, TIMED Project Scientist, and 
Mission System Engineer 
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Alignment Process Flow (Continued) 

Spacecraft Level Alignments 
- Input Spacecraft error sources into Instrument 

alignment error budgets. 

- Shim 1 shift instruments as required to align 
boresights within acceptable initial limits. 

- Map spacecraft coordinates and instrument 
reference cubes into spacecraft master cube. 

- Map attitude devices into SIC master cube. 
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Instrument Alignments 

TIDI Telescopes - all mappings performed at JHUIAPL 

GUVI - Boresight mappings performed at JHUIAPL 

SABER - Instrument mappings performed at USUISDL 

SEE - Instrument mappings performed at LASPI Boulder 

Lockheed-Martin Star Cameras 
- Boresight Mappings performed at Lock-Mart with APL oversight. 

- +I- lG, Thermal stability bracket mappings performed at APL 

Honeywell IRU Gyros 
- IRU coordinates mapped into optical reference flats by Honeywell. 

- Mechanical1 optical axes mapped into reference cubes on housing. 
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Detailed Alignment Investigation 

Star Camera and mounting bracket 
- Perform star camera mapping into its reference cube. 

Vendor boresight mapping had 350 arc sec thermally-induced 
error in boresight stability when measured at base of camera. 

Temperature-based correction reduced error 

- Perform optical mapping of star camera 

to 8 arc sec. 

mounting 
bracket thermal distortion error. 

- Perform +I- 1G optical mapping of star camera 
mounting bracket distortion. 
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Detailed Alignment Investigation (Continued) 

Instrument Bench 
- Perform optical mapping of dummy masses into Instrument 

Bench master optical reference cube 
+I- 1G mappings used to measure compliance of bench. 
- 1 GIOG corrections computed for spacecraft level mappings. 

Play in kinematic mounting required rework of bearings. 
- Clearances minimized until alignment shifts were acceptable. 

Optical mappings performed before1 between axes1 after 
vibration testing of Bench to monitor suspension stability. 

- Perform optical mapping of Star Cameras, TIDI telescopes, 
and GPS receivers when integrated onto Bench. 

ACS- 10 
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Detailed Alignment Investigation (Continued) 

TIDI Telescopes 
- Perform optical mapping of engineering model telescopes. 

Thermally-induced distortion of telescope1 mounting pedestal 
detected and minimized through pedestal stiffening1 kinematic 
mounting. 

Play in kinematic mounting required redesign of mounting. 
- Clearances minimized until azimuth shifts were acceptable. 

Optical mappings performed before1 after vibration testing of 
telescopes to verify boresight stability. 

- Perform +I- 1G mappings to measure telescope compliance. 
1 GIOG corrections computed for spacecraft level mappings. 

ACS- 1 1 
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Detailed Alignment Investigation (Continued) 

TIDI Telescopes (Continued) 
- Perform boresight mapping of TIDI telescopes when 

integrated onto Bench. 

- Perform optical mapping of LVDT motion for calibration. 
Thermally-induced distortion of telescope and shift of LVDT 
readout mapped over operating temperature range. 
Corrections sent to Univ. of Michigan SPRL for corrections to 
telescope pointing commands. 

- Additional mapping using updated LVDT calibrations1 
boresight mapping to be performed at Spacecraft level. 

ACS- 12 
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Remaining Alignment Tasks 

Map the TIDI telescope boresights versus 
elevation angles at spacecraft level. 

Final Spacecraft level optical mapping at 
Vandenberg AFB. 

Complete the final alignment report, including 
corrections for gravity, thermally-induced errors, 
and boresight offsets of all spacecraft instruments. 

ACS- 14 
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TIMED Spacecraft 
Launch Vehicle Interfaces 

Steven R. Vernon 
TIMED Payload Mechanical Engineer 

The Johns Hopkins University 1 Applied Physics Laboratory 
Laurel, MD 20723-6099 
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TIMED Launch Vehicle 
Presentation Outline 
- Brief History 

- Influence on design 

- Interfaces, General, Top Level Description 
- JASONRIMED Compatibility Issues 

- DPAF And TIMED Interface Tests Performed 

- Review Process and Requirements Flow-down 
Reviews Held 

Documentation 

RFA's 
Data Exchange 

- Current Status 
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TIMED Launch Vehicle 
Jason/Timed Compatibility Issues (cont.) 
- Contamination and Miti~ation Plan 

u 

Jason is Class loOK, TIMED is 10K implementation with a requirement of a 
750A level surface contamination limit 
Payload Processing Facility (PPF) maintains complete isolation between the 
payloads 
DPAF encapsulation in the PPF run under class 10K rules until TIMED is 
contained within the DPAF 
DPAF contamination barrier between the payloads 
Outer DPAF surfaces covered (2 layers) scrim until removed at the pad 

- Keeps particulates from collecting immediately outside TIMED DPAF 
JASON performs inspection, cleaning if required, certifies cleanliness prior to 
mating with DPAF 
Environment outside the DPAF becomes lOOK for Jason mating, DPAF 
internal environment maintained at 10K up to and thru launch 
DPAF TIMED AC maintains positive internal pressure majority of the time 
then access holes covered when AC is terminated 
TIMED under continuous GN, Purge 
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TIMED Launch Vehicle 

Current Status: 
- Mission Specification-Captures all mission unique LV requirements as 

well as general payload requirements 

Signed (KSC and Boeing), APL concurrence 

Currently under revision 

- APL has provided feedback 

- Launch Vehicle/Payload/KSC RFA List 
Actions and due dates assigned 

References closure actions, communications, etc 

Currently has 7 open items 

The following several slides document the entire RFA listfrom 
inception. The Jirst page is a list of all open items. All 

subsequent pages list items closed. 

Question: #9 
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TIMED Launch Vehicle 

TIMED 1 011 9/00 
ACTIVE ' 

Item No. Ouestion/Action Item Responsibility Date Due Status Response/Comments 

T. 054 Define time line when APL can 
08 Sep 99 have access for trickle 

charging and Battery AK: (once 
inside the DPAF). 

T. 056 Define when APL Dewar needs 
08 Sep 99 to be positioned at the Pad to 

support Purge tube cleaning 8 
certification. 

T. 057 Update Purp configuration 
08 Sep 99 expectations for VAFB 

operations. 
- specifically change over 
operations and hardware 
requirements. 

T. 063 Define the method for cleaning 
30 Sep 99 the FUT tubing 

Deline dates for spacecraft MRR 
and pre-ship review 

Boeing 

Boeing 

APL 

Boeing 

APL 

APL perform tape lifi on €0- APL/Boeing 
1ISAC-C DPAF 

Specify DPAF be double bagged Boeing 
while In chamber wIJason and 
after integration of TIMED SIC 

- Provide new transmitter inhibit APL 
structure 
- Evaluate new transmitter Boeing 
inhibit structure 
- Evaluate need lo perform new Boeing 
RF Hazards analysis 

Next 
GOWG 

Nexl 
GOWG 

Next 
GOWG 

08 Nov 99 

lONOO 

10/L0/00 

01/01 

12/1Y00 

open 

Cbsed 
8/28/00 

open 

open 

open 

open 

open 

Open 

Access not pennined during 
lining, transporting and 
mating. Activity will be 
added into detailed 
schedule. 

Required at spacecraft 
transport minus 3 days 

- Provide storyboard of 
operations 

- Provide definition of 
purge quick disconnect 

Boeings intent is to not re- 
clean the purge system prior 
to TIMED use. Resun of 
current certification (for 
IMAGE) will be provided to 
APL. 

Pre-ship scheduled for 
11/29/00 

Time to complete dependent 
on DPAF schedule. 
Required to determine is 
VC-3 cleanliness is 
acceptable for TIMED 

Bagging requirement to be 
added to LPD 

Question: #9 
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TIMED Launch Vehicle 

TIMED 1 01 1 9/00 
CLOSED 

Question: #9 

ltem No. QuestiorVAction ltem Responsibil~ty Date Due Status Response/Comments 

T.001 
30 Jan 97 

T.002 
30 Jan 97 

T.003 
30 Jan 97 

T.004 
30 Jan 97 

Provide updated geometry of aft 
end of spacecraft including 
antennas. 

Review impact of using Iridium 
type AC on TIMED. 

Review providing additional 
performance. 

Provide launch window 
requirements. 

T.005 Supply DPAF bounding thermal 
22 0ct 97 conditions (worst case hovcold). 

T.006 Provide updated SIC 
22 013 97 questionnaire. 

T.007 Provide draft mission 
22 0 3 9 7  specification. 

T.008 Provide quick turnaround CIA. 
220ct97 

T.009 Supply mass properties for 
22 0ct 97 separation analysis. (Maximum 

mass condition) 

T.O1O Provide preliminary separation 
22 0ct 97 analysis results. 

T.O1l Re-evaluate need/location of 
22 0ct 97 separation switches. 

Timed 

MDA 

MDA 

APWJPL 

Boeing 

APL 

Boeing 

Boeing 

APL 

Boeing 

APL 

28 Feb 97 

28 Feb 97 

28 Feb 97 

28 Feb 97 

5Dec97 

1 Dec97 

13 Feb 98 

26 Nov 97 

21 Nov 97 

31 Jan 98 

21 Nov 97 

Closed 
5/27/97 

Closed 
3/20/97 

Closed 
311 8/97 

Closed 
7/31 /97 

Closed 
2/25/98 

Closed 
12/22/97 

Closed 
1111199 

Closed 
1 1/26/97 

Closed 
1 

Closed 
1/21/98 

Closed 
11110197 

SIC drawing supplied 
5/27/97. 

Response provided to D. 
Silva by e-mail on 3/20/97. 

Document by e-mail on 
311 8/97 to D. Krafl. 

Preliminary requirement 
supplied in SIC 
questionnaire. 

Hotcaseof 113deg F 
supplied during 1215 telecon. 
Hot case of 104 deg F and 
cold case of -58 deg F 
supplied at 2/25/98 MlWG 

Document 7363-9030 
supplied by APL 

Draft in Review 

Results transmitted to the 
anonymous ftp site, 
apogee.gsfc.nasa.gov. 

CDR Nominal Mass (600 kg) 
properties per 47WIMED- 
TOD-003. dated 1211 5197. 
Max. mass (660 kg) 
properties = nominal case 
per Goeser Email dated 
1 111 7/97 

Document A3-L230-M-98- 
001 (dated 1/12/98) supplied 
to NASA 

Switches will be mounted 
over spring actuators 
(Boeing to select two 
positions). Ref. 470TTIMED- 
TOD-002 
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TIMED Launch Vehicle 

Question: #9 

TIMED 1 011 9/00 
CLOSED 

Item No. Questiin/Action Item Responsibil~ty Date Due Status ResponseICments 

T.012 
22 Oct 97 

T.013 
05 Dec 97 

T.014A 
25 F& 98 

T.0140 
25 Feb 98 

T.015 
25 Feb 98 

T.016 
25 Feb 98 

T.017 
25 Feb 98 

T.018 
25 Feb 98 

T.019 
25 Feb 98 

T.020 
25 Feb 98 

T.021 
25 Feb 98 

T.022 
25 Feb 98 

Evaluate concept for utilizing Boeing 15 Dec 97 
contamination barrier in the 
DPAF. 

Verify DPAF tolerances wed in Boeing 09 Jan 98 
S/A clearance analysis 

Can the Second Stage Boeing 20 Mar 98 
depletion bum be covered by 
Malindi 

What are the facilitv constraints OLS~Boeing 20 Apr 98 
of the ~artebeesthkk station 

Supply the S/C insertion node 
based on updated trajectory 

Evaluate acceptability of wing 
the 100 Ib. springs for separation 

Define locat i i  (Radiw and 
STA) of the T-0 Purge interface 

Provide preliminary sun angle 
data based on 5/18/00 launch 
window 

Provide plan on supptying the 
DPAF SlNDA model 

D e f i  SIC configuration 
requirements for Flight Program 
Verification (Arming plugs inlout) 

Assess JASON impact of 
working in class 10.000 
environment during payload 
processing 

Define RF testing required 
(process facility and Pad) for the 
GPS and S-Band antennas 

Boeing 

APL 

Boeing 

w i g  

Boeing 

Boeing 

JPL 

APL 

20 Mar 98 

20 Mar 98 

6 Mar 98 

20 Mar 98 

20 Mar 98 

3 April 98 

3 April 98 

3 April 98 

Closed 
1211 8/97 

Closed 
2/25198 

Closed 
3'20198 

Closed 
411 7/98 

Closed 
3/20/98 

Closed 
341 2/98 

Closed 
3/12/98 

Closed 
3'20198 

Closed 
5/4/98 

Closed 
5/21/98 

Closed 
511 2/98 

Closed 
411 7/98 

OLS issuing a TA for further 
work Deliverables will 
include; configuration. NTE 
and schedule for 
Implementation. 

Clearance analysis 
presented in 2/25/98 MlWG 

To view from Malindi would 
require the mission duration 
to extend to 9500 sec (from 
9200 set)-per Email from L 
Fuller 

lnformation was provided 
and reviewed during the 
411 7/98 tel-n (Ref. 
Minutes from said t e l m )  

Information supplied by 
ernail from L. Fuller 

100 Ib. sprhgs are 
acceptaMe as stated n 
3/1 2198 telecon 

lE Interface kcation 
defined per FAX from J. 
Harvey 

lnformation supplied by 
ernail from L. Fuller 

Aner checkout, model will 
be transferred to OLS who 
will in tum supply to APL 

APL confirmed that plugs 
will be in (S/C on internal) 
for the F-6 tests. This is the 
Boeing prefened confg. 

lnformation provided from M. 
Davis via email to Boeing 
and OLS. 

lnformation supplied by 
email from L. Mosher 
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TIMED Launch Vehicle 
TIMED 1 011 9/00 

CLOSED 

Item No. OuestidAction Item Respons~bility Date Due Status ResponseIComments 

Question: #9 

T.023 
24 Jun 98 

T.024 
24 JIM 98 

T.025 
24 Jun 98 

T.026 
24 Jun 98 

T.027 
24 Jun 98 

T.028 
24 Jun 98 

T.029a 
24 Jun 98 

T.029b 
24 Jun 98 

T.030 
24 Jun 98 

T.031 
24 Jun 98 

Provide post separation 
sequence of events-first 24hrs 

Asses acceptability of presented 
BBQ roll attitude (currently 
assumed to be orbit normal) 

Asses acceptability of separation 
attiiude (-Zsc toward the sun) 

Define h e  connector pin 
assignments for JlO and J11 

Review JASON-1 RF test plan 
(at SLC-2) for compatibility 

Provide AIC exit duct location 
and orientation 

Verify acceptability of SIC 
configured with Arm-Plugs in 
from T-9 till hunch. 

Reconsider the battery 
reconditioning scenario 

Confirm exit velocity from T-0 
AIC system 

Provide integrated Processing 
Requirements matrix. 

APL 

APL 

APL 

Boeing 

APL 

APL 

Boeing 

APL 

Boeing 

31 July 98 

28 Aug 98 

31 July 98 

31 July 98 

31 July 98 

10 July 98 

31 July 98 

10 July 98 

31 July 98 

NASA-KSC 06 July 98 

Closed 
7/9/98 

Closed 
911 0/98 

Closed 
7/24/98 

Closed 
9/23/98 

Closed 
1111 1/98 

Closed 
7/24/98 

Closed 
7/24/98 

Closed 
7/27/98 

Closed 
8/26/98 

Closed 

Information supplied by Fax 
from L. Mosher 

APL requires 'Broadside to 
the Sun' per 911 0198 
GOWG 

-Zsc toward the sun is 
acceptable based on 
mtarninatlon assessment. 
(Covered during 7/24/98 
telecon) 

Pin assignments were 
provided 9/23/98 for APL 
review. 

Test plan acceptable 
(Jason-1 will not radiate on 
Pad, receive only) 

Preliminary Information 
provided by Fax from S. 
Vernon on 7/9/98. This 
information was deemed 
final during telecon on 
7/24/98. 

TIMED SIC pyro arming 
plugs installed from T-9 until 
hunch is acceptable 
(covered in 7/24/98 telecon) 

Updated fbw from L 
Mosher Balteries (fax are on now 7/27). 

discharged for DPAF 
encapsulation and transport. 

115 fps is the W i g  
calculated velocity at the exit 
of the r duct. Ref email to 
L. Mosher from J. Halvey 
(8126198) 

Matrix has been supplied to 
JPL, APL and Boeing. 
Comments were provided 
back to KSC. 
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TIMED Launch Vehicle 

TIMED 1 011 9/00 
CLOSED 

Item No. OuestionlAction Item Responsibil~ty Date Due Status ResponselComments 

Question: #9 

T.032 Confirm OLS/Swales contract 
10 Sep 98 and Web Site for Math Model 

transmission. 

T.033 Refine timeline to allow for 
10 Sep 98 umbilical simulator test 

T.034 Address APL Purge 
10 Sep 98 configuration questions 

T.035 Provide MSPSP to the Jason-1 
10Sep 98 Pmpcl 

T. 036 A) Detemhe iflwhen Boeing 
02 Mar 99 support is required for SIC Sine 

Vibe testing. 

6 )  Define approach to achieving 
Clampband preload for sine vibe 
test (i.e. mst~rnented stud 
verses torque value method) 

T. 037 Define expectations on verifying 
02 Mar 99 MOI. POI and CG (is. which 

mass pmpertles need to be 
measured) 

T. 038 Confirm Test Hardware 
02 Mar 99 availability for 1011 - 11/30 

T. 039 Define air cleanliness and 
03 Mar 99 hydrocarbon level of the T-0 

Batlery N C  system (based on 
Landsat-7 tests) 

OLS 090c198 

BoeingIAPL 23 Feb 99 

Boeing 

APL 

APL 

Boeiig 

Boeing 

Boeing 

23 Feb 99 

23 Feb 99 

02 Apr 99 

19 Mar 99 

19 Mar 99 

19 Mar 99 

Closed 
9/24/98 

Closed 
3/3/99 

Closed 
3/3/99 

Closed 
3/3/99 

Closed 
3/18/99 

Closed 
3/29/99 

Closed 
4/16/99 

Closed 
3/1 8/99 

OLS Confirmed that the ftp 
site is available and that 
Swales will do the 
transformation (Ref. 9/24 
Telecon) 

Within one week of SIC 
erection on Pad. Boeing will 
allow for test. 

Boeing supplied additional 
information during the 
GOWG. APL to review and 
request farther clarification if 
required 

APL stated (at GOWG) that 
a copy was provided to JPL 

Boeing support is not 
required for sine vlbe testing 
and the Chmpband will be 
tensioned using the torque 
value method (ref. 3/18 
telecon) 

Boeiig requested that the 
lateral CG values be 
measured. The remaining 
mass properties can be 
analytically determined. (Ref. 
email to Vernon and Mueller 
from Harvey) 

3712C TPAF to be provided. 
3724C TPAF is for 
contingency use at GSFC (if 
a conflict arises with MAP). 
Closed during 411 6 Telecon 

Air meets Class 10.000 clean 
requirement and VOC 
constituents were detected in 
the parts per billion range. 
(Per Analysis provided by 
FAX from Sobczak) 
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TIMED Launch Vehicle 

Question: #9 

TIMED 
CLOSED 

Item No. OuestidAction Item Responsibility Date Due Status Response/Comments 

T. 040 
03 Mar 99 

T. 041 
03 Mar 99 

T. 042 
03 Mar 99 

T. 043 
13 Jul 99 

T. 044 
13 Jul 99 

T. 045 
13 Jul 99 

T. 046 
13 Jul 99 

T. 047 
13 Jul 99 

T. 048 
13 Jul 99 

T. 049 
13 Jul 99 

Verify acceptability of un- 
controlled RH for the TIMED 
battery T-0 A/C system 

Provide integrated facility bar- 
charts 

Confirm ability to mate TIMED 
'earlief so as to free up the APL 
GSE for Jason-1 adapter 
matefueling. 

Provide date for supplying SIC 
verified model from SWALES 
(Assume Nov. 1 APL delivery to 
SWALES) 

Provide the pressure profile at 
the T-0 GN2 interface on the 
mini-skirt (during assent) 

Assess pressure profile (An 
T.044) to ascertain if the 
differential can cause inflow and 
subseauent contamination. 

Specify the GN2 Purge Tubing 
cleaning strategy used on MSX 
and FUSE 

Define the GN2 Purge Tubing 
cleanliness expectations 

Incorporate the SIC to BH wiring 
diagram comments for review 

Supply comments (i.e. mark-up 
SSI Integration Schedule) for 
incorporation 

APL 

NASA 

Boeing 
APL 

NASA 

Boeing 

APL 

Boeing 

APL 

Boeing 

APL 

02 Apr 99 

19 Mar 99 

2 Apr 99 

23 July 

23 July 99 

29 July 99 

23 July 99 

30 July 99 

02 Aug 99 

Prior to next 
GOWG 

Closed 
411 3/99 

Closed 
411 5/99 

Closed 
8/12/99 

Closed 
8/26/99 

Closed 
7/23/99 

Closed 
1211 6/99 

Closed 
9/30/99 

Closed 
7/27/99 

Closed 
8127199 

Closed 
9/9/99 

Acceptable, assuming the 
dew point is controlled to 
prevent condensation on the 
SIC. (Per email to Harvey 
from Vemon) 

Working Plan submitted by L. 
Kruse via email. 

Overcome by events. 
MGSE provided by Jason is 
now the baseline. 

Overcome by events. 
Existing TIMED model 
(correlated with static bad 
test) will be used in the VLC. 

Plots supplied to Vernon by 
Clark via email 

APL's position is that 
contamination is not an 
issue with the check valve 
spring change (per Vemon 
ernail on 11/22/99). 

For MSX and FUSE. the 
Boeing supplied flight tubing 
was cleaned to MIL-STD 
1246C. Level 7508. APL 
verified acceptability for the 
flight FUT tube tubing cleaning (ref. T.047). is 

covered under T.063 

APL approved the cleaning 
defined in Al T.046 (per 
Vernon email) 

Schematic mailed on 
8/27/99 to NASA and APL 

Comments supplied during 
the GOWG 
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TIMED Launch Vehicle 

TIMED 1 011 9/00 
CLOSED 

Item No. OuestiorVAction Item Responsibility Date Due Status Response/Comments 

Question: #9 

T. 050 Supply EGSE weight and power 
13 Jut99 requirements 

T. 051 Evaluate possibility of APL 
08 Sep 99 utilizing the T-0 AIC system 

(PAF portion) during FIC at 
GSFC for flow verification. 

T. 052 Define the %andheM dipole 
08 Sep 99 antenna' configuration to be 

used for testing S-band 
antennas on Pad (through DPAF 
vent holes). 

Define the method used for 
testing the GPS antennas on 
Pad. 

T. 053 Supply footprints of Purge 
08 Sep 99 Dewar and Suitcase for locating 

on transporter. 

T. 055 Supply weight of purge tubing 
08 Sep 99 (appron 200 ft.) that will be used 

during the DPAF hoisting 
operation. 

T. 058 Define date for Contract to fill 
08 Sep 99 Dewars at the Pad. 

T. 059 Determine wont case (T-9 to 
08 Sep 99 Sep) configuration of TIMED for 

the Stray Voitage Testing. 

T. 060 Provide list of Boeing 
09 Sep 99 procedures that will be supplied 

to APL for integrated input. 

T. 061 Update MSPSP with information 
09 Sep 99 on TIMED RF inhibits (including 

implementation schematics). 

APL 

Boeing 

APL 

APL 

APL 

NASA 

APL 

Boeing 

APL 

Next 
GOWG 

21 Oct 99 

Next 
T e l m  

15 Sep 99 

Jan 00 

Jan 00 

Jan 00 

Oct 99 

Next 
Telecon 

Closed 
12/16/99 

Closed 
1011 9/99 

Closed 
811 /00 

Closed 
911 5/99 

Closed 
111 1/00 

Closed 
2/1 1/00 

Closed 
10/21199 

Closed 
1011 5/99 

Closed 
511 5/00 

Matrix of the EGSE (and 
GSE) required at the Pad 
supplied by Vernon on 
1 1 /22199 

Boeing offered options and 
constraints in using the T-0 
A/C system 

APL provided information on 
the dipole antenna use on 
2/23/Ml (Ref. Email from 
Vemon). - APL dropped GPS test 
requirement. - Vent holes are large 
enough to allow access for 
test. 

Dewar = 2'L x 2' W x 6'T 
Per email from S.Vemon 

Weight (max) of the APL 
supplied purge tubing is 38 
Ibs. (per 1/3/00 Vernon 
ernail) 

Space Mark will be 
responsible for filling the 
Dewars 

TIMED will be in Launch 
configuration and trickle 
charging for the subject 
testing. 

A summary of the integrated 
procedures was supplied. 

Information received. 
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Remote Interface Units (RIUs) 

Alan Reiter 

Phone : 240-228-8464 
Fax : 240-228-7636 

E-Mail : Al.Reiter @ jhuapl.edu 
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=70 
Sensors 

Top Level RIU Block Diagram 

Interface 
Unit 

Temp Sensor C 
. I h Remote 
0 1 Interface . - Unit 

. I Remote . Interface 
Unit J 

u 
6 RlUs 

12C Bus 

IEM 

A.R. - 1 
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RIU Subsystem Description 

Each Remote Interface Unit (RIU) processes up to 15 external temperature 
sensors. The processing consists of sequentially biasing, scaling, and AID 
converting the temperature reading. Each RIU then reports all 15 
temperatures via a common 12C bus to the Command and Telemetry 
Processing section of the IEM for telemetry downlinlung. 

A total of 6 RIUs exist on a single 12C bus connected to each IEM. Each 
string of RIUs provides =70 spacecraft temperatures for the housekeeping 
telemetry. Each RIU is paired in a stacked configuration where the bottom 
unit reports to IEM #I and the top unit reports to IEM #2. 

The total number of TIMED RIUs is 12 (6 per IEM) which provides 
redundant temperature sensing for each IEM. 

A.R. - 2 
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Documentation Summary 

Document 

Requirements Memo (email 10125196) 

PDR Package 

CDR Package 

Hardware EDR Package 

PreEnvironmen tal Ship Review 

Test Plan 

Qualification Test Procedure (SRI-98-034) 

Performance Results (SRI-98-047) 

Contents 

Bd dimensions, 110, voltages, power, schedule 

Block diags, I/F dwgs, layout, tradeoffs 

Requirements summary, block diags, I/F circuit, 
fusing design, packaging 

Bd level and FPGA schematics, parts lists, layout 

Top level diags, bdlchassis photos, test results 

Assyltest sequence, thermal, vibration, TV 

Bd checkout, test and tailor, thermallsupply perf, 
vibration, TV 

Summary of performance over all qua1 testing 

Red Team Questions : 5 A.R. - 3 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 

RIU Subsystem Review 

Review Date Level Panel Members - AIs A1 Resolution 

HIW EDR 1 1120197 Peer RFConde, PDSchwartz 7,15,17,22 SRI-00-028 

Red Team Questions : 1.2.9 A.R. - 4 
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RIU Action Item Summary (1) 

Action Item 

PDR #13 a) Consider devoting one temperature channel on each RIU to providing a calibration point using a 
precision resistor. b) Consider providing RIU address strapping externally at the connector so the address can 
be set without re-opening a qualified RIU. 

Resolution 

Both considerations (a and b) were incorporated within the flight design. 

Action Item 

EDR #7 Consider triple voting and refreshing critical portions of Actel FPGAs. Critical portions include 
those, that if upset, would either have a detrimental effect at the system level, or would result in potential 
hardware overstress, such as bus contention. 

Resolution 

Triple voting was not incorporated within the RIU design because : a) The RIUs do not perform spacecraft 
critical functions and two sets of RIUs provide redundancy and b) The RIU FPGAs use only combinatorial logic 
functions which are less susceptible to radiation upsets than sequential modules. 

Red Team Questions : 1.9 A.R. - 5 
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RIU Action Item Summary (2) 

Action Item 

EDR #15 How can 12C bus data line interfaces be adequately protected. 

Resolution 

All 12C data and clock signals are isolated by lOKQ series resistors within each RIU. This will prevent any 
single RIU from taking the entire bus down due to an internal short. 

Action Item 

EDR #17 Add risetime and falltime control on the 12C data and clock interfaces. 

Resolution 

No specific risetime and falltime control was added to the 12C data and clock interfaces, however, the clock 
edges measured close to the desired lpsec rise and fall intervals. 

Red Team Questions : 1.9 A.R. - 6 
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RIU Action Item Summary (3) 

Action Item 

EDR #22 Determine the maximum harness length possible for the power and ground lines daisychained to the 
RIUs, while keeping the voltage to the RIUs in specification due to IR drops in the harness and connector pins. 

Resolution 

The RIU spacecraft harnessing was modeled using one 10' length between the 12C master and the first RIU and 
6' lengths between each of the RIUs. Also, eight RIUs were tested instead of the flight configuration of six 
RIUs per IEM. Finally, the power supplies were adjusted +I- 10% (over a -35°C to +65OC temperature range) 
with no performance degradation. These combined measures more than adequately test beyond the IR drops in 
the harness and connector pins. Also, the flight harness actually places all power and ground signals for the 
RIUs in a ring configuration rather than the tested daisychained harness for reliability reasons and indirectly 
provides an additional level of margin relative to IR drops. 

Red Team Questions : 1,9 A.R. - 7 
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Test Verification Matrix 

Requirement Verification Results 

Temperature accuracy within +2.0°C ThermaVSupply, TV Tests 11.6"C Total Variation (All 
units, all channels) 

Board Size (= 3.5" x 3") EMIFlight layout design Bd dimensions 3.5" x 3" 

Max Pwr Dissipation (580 mWhd) EM ThermallSupply Tests 327.50 mW (avghd) 

Operating Survival Limits Vibration Tests All units passed thrust 
axis levels in all 3 axes 

Operate through TV wlo Degradation 1 Survival, 6 operational cycles All units passed, all cycles 

12Hz/hr. (1 6 units combined) TQCM Tests 1 OHz/hr. (1 6 units combined) 

Red Team Questions : 3.10.12 A.R. - 8 
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IEM DCIDC Converter Cards 

Deanna Ternkin 
Tel: 240-228-75 19 

FAX: 240-228-6556 
Deanna.Temkin @ j huapl.edu 
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Requirements documented in EDR package, 11/27/97 

Use LAA hybrid converters with the following JHUIAPL custom design: 
Inrush Current Limit 
Input Under Voltage Lock Out 
Power On Reset 
Sequence of XMTR Analog Power 
+9V Output for XMTR 
+3.3V Output for SSR 
Separate OnIOff Control for +I 2V Flash Memory Power 
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P o w e r  
Dis t r ibut ion 

28V 
Swi t ched  
F u s e d  
P o w e r  

=-/= B o d C a r d  

D - C o n n  
15 pin  

I n r u s h  
Limit  

Current  - E M 1  F i l t e r  A T R 2 8 0 5 S  

I 

Lockou t  

A H F 2 8 1 2 S  

1 In rush  C u r r e n t  
Limit  

H E M 1  F i l t e r  I r A  A H F 2 8 1 5 D  

I 

Lockou t  
~ ~ 5 9 0 Q -  

10114199 

Filter 
D - C o n n  
to Backplane  
50 p in  DWNLINK-XhITR 

CMD&TLM 
Dig t 5 V  @1.87A G P S  

I- Dig t 5 V  @ 2.05A tttH 

Dig t3 .3V @ O.4OA SSR 

C&DH 
Dig t 1 2 V  @ 0.03A GPS 

t 1 2 V  Inh ib i t  C&DH 

GPS 
A n a  t 1 5 V  @ 0.042A C M D k T L M  

A n a  -15V @ 0.033A C M D & T L M  

E A n a  t 5 V  @ 0.10A 

P W R  O N  R e s e t  

A n a  t 1 5 V  @ 4 9 m i  

A n a  -15V @ 0.08A 

GPS 
CMD&TLM 

I 6 External  
RIUs 
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Power  
Dis t r ibut ion 

ver Unswitched 
Fused 
Power  

P 

28V 
Switched 
Fused 
Power  

BoxlCard 
D-Conn 
15 pin 

T I M E D  I E M  DClDC C O N V E R T E R  CARD - A9 10/14/99 
Backp lane  

Filter 
D-Conn 
lo Backplane 
50  in 

In rush  C u r r e n t  
Limit k 

i In rush  C u r r e n t  
Limit t 

- EM1 Fi l ter  AHF2805S 

4 )  
- AHF2812S . 

u v  
Lockout  4 ,  

4 ,  - AHF2805S 

1 EM1 Fi l ter  - 
ATR2805S I 

I 

I ~ o o s t  Conv L 

Sequence for  
D W N - X M T R  
Analog P w r  

Dig +5V @ 0.19A 

Ana +12V @ 0.27A 

Ana +5V @ 0.28A 

Ana -5V @ 0.05A 

PWR ON Reset  

Ana +5V @ 0.32A 

Ana +9V @ l . lOA 

Ana -5V @ 0.04A 
Gate  Bias 

Conv C a r d  # 1  T e m p  

i UPLINK-RCVR 
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DCIDC Converter #1 (A9) 
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DCIDC Converter #2 (Al) 
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Lambda Advanced Analog Hybrid DCIDC Converter Screening and Evaluation 
Summary [Q: 91 

Design Review at LAA 
- JHUIAPL Reviewers: D. Kusnierkiewicz, U. Carlsson, L. Mastracci, D. Temkin 

JHUIAPL imposed additional requirements above the SMD drawings: documented in Purchase Instructions PI1 0904-01, 
02,03,04 and PI10835 

- Modified snubber circuits to reduce switching spikes on primary transistors and secondary diodes 
- Changed secondary diodes on dual +/-I 5V converters to higher voltage rating 
- Performed non-repetitive avalanche energy testing on power schottky diodes (1 0 samples per wafer) 

- Ceramic capacitors (>I uF) 
>> 100% Voltage Conditioning: 1 OOhours, 1 2S0C, at twice the rated voltage 
>> DPA 5 samples per lot (one lot rejected by JHUIAPL) 

- Tantalum Capacitors 
>> 100% Voltage Aging: 40hours, 850C, at rated voltage 
>> 100% Surge Current Testing: 5 cycles, -550C, 25OC, 850C, rated voltage 

- Single element lot requirements: 
>> Continuous lot of the following elements: power mosfets, secondary power diodes, PWM, ceramic 

capacitors > 1 uf, and solid tantalum capacitors 
- Single lotfdate code required per PI# 
- Use Orbit Semiconductor PWM which is latchup immune 
- PlND and X-ray on all parts 
- Performed extended burn-in: gives a total of 320 hours at 1250C 
- Life test of 3 samples from each lot (1 000hours at 1 2s0C) 
- Leakage Current on Input Filters measured at JHUIAPL 

Prior to purchase performed electrical, vibration, total dose, and SEU testing on samples 
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IEM DCJDC Converter Cards EDR Design Review [Q: 1,9] 

Held: November 25, 1997 

Reviewers (all from JHUIAPL): 

M. Butler 
G. Dakermanji 
P. Schwartz 
P. Marth 
D. Kusnierkiewicz 
B. Heins 

A. Reiter 
6. Bokulic 
S. Cheng 
G. Cameron 
J. Perschy 
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EDR Action Items (all closed, responses documented via memo SEE-00-0044) [Q: 91 

AI#l: In the uplink power-on reset circuit, investigate inserting a diode between the LM139 and the base of Q4 
2N2222A. D. Temkin. 

AI#2: Is the Specification, for the XMTRDWN Link analog power turn-on sequence requirement, as stated in the 
EDR package (p .3 ,  sufficient to meet the system requirement. S. Cheng 

AI#3: Investigate how much inductance can be placed in series with the converter which will cause the converter to 
become unstable. D. Temkin. 

AI#4: Due to the potential risk of stressing the flight DC/DC converter cards, determine if CS-01, CS-06 conducted 
susceptibility testing is a requirement for the flight units. D. Temkin, D. Kusnierkiewicz 

AI#5: Look at specifying the output electrical requirements at the output connector of the converter card. D. Temkin. 

AI#6: Review the 9.OV output design to see if it can handle an additional 1 watt of power. D. Temkin 

AI#7: Investigate the turn off time requirement for the +12V to see if it meets the minimum time required by the flash 
memory. D. Temkin, J. Perschy 

AI#8: Review the derating requirements of tantalum capacitors in DC/DC converters over temperature with SOR. D. 
Kusnierkiewicz, L. Mastracci 



JOHNS HOPKINS Applied Physics Laboratory 
Laurel MO 20723-6099 

U N I V E R S I T Y  

SEE-00-0044 
September 18,2000 

To: Distribution 

From: DKTemkin ,&f 
Subject: IEM DCIDC Converter Card EDR Action Item Responses 

All the action items from the IEM DCIDC Converter Card EDR were previously addressed through 
various informal discussions and e-mails. This memo consolidates these responses into one record. 

The IEM DClDC converter card engineering design review was held on Tuesday November 25, 
1997. Attendees were M. Butler, G. Dakermanji, P. Schwartz, P. Marth, D. Kusnietwicz, 6. Heins, A. 
Reiter, B. Bokulic, S. Cheng, G. Cameron, and J. Perschy. 

Al#l: In the uplink power-on reset circuit, investigate inserting a diode between the LM139 and 
the base of  Q4 2N2222A. (Similar to the design utilized in the undervoltage inhibit circuit.) D. 
Temkin 

This design change was incorporated in the engineering model and the flight design. 

AI#2: Is the Specification, for the XMTRlDWN Link analog power turn-on sequence requirement, 
as stated in the EDR package (p.5), sufficient to meet the system requirement. S. Cheng 
(Response below is direct copy of S. Cheng's e-mail.) 

The analog power turn-on and turn-off sequence specifications in the EDR package are 
considered adequate for the protection of the Microwave Power GaAs FETs used in the Downlink 
Power Amplifier. The justifications for the considerations are described below. 

During the EDR a question was raised about the origin of the analog power sequencing 
specifications and a suggestion was made that we compare these to NEAR's to make sure that 
they are in line with previously established specifications. 

The reason of needing to sequence the analog power is to protect the Microwave Power GaAs 
FET used in the Down Link Power Amplifier. As I stated during the EDR, Fujitsu Semiconductor, 
the vendor of the Power GaAs FETs, is reluctant to provide any timing specification other than 
saying that the negative gate voltage must be present and established during the turning on and 
off period of the positive drain voltage. To supplement this information, I should also add that 
Fujitsu did provide information about how the failure could occur during the time of powering on 
and off of the device. Their observation is that Power GaAs FET becomes very unstable at and 
near the zero volt gate bias region while a drain bias voltage near or above the VDS knee voltage 
is present. The knee voltage of a good power GaAs FET could be as low as 1 volt. If allowed to 
be biased in this region, the Power GaAs FET will oscillate and burn itself out. Because these are 
microwave devices, the onset of oscillation to failure time is very short. 

A comparison of NEAR's and TIMED specifications are listed below. 

NEAR's Output Voltage Sequencing Specifications, including revisions, are: 
- At turn-on, the -5.0 volt output must appear at least 5 milli-seconds before the +9.0 

volt output; 
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- At turn-off, the -5.0 volt output must remain on at least 5 milli-seconds after the +9.0 
volt output is removed; 

- Rise and fall times of each output shall not exceed 3 milli-seconds at either maximum 
or minimum specified load; 

- On and Off shall be defined as 90% and lo%, respectively, of the nominal voltage 
levels. Rise times shall be determined likewise. 

The specifications in page 5 of the EDR package are: 
- At turn-on, -5-A must be above I-4VI for 5 milli-seconds before +9V-A and +5-A are 

allowed to turned on. 
- At turn-off, -5-A must remain above I-4VI for 5 milli-seconds after +9V-A and +5V-A 

have fallen to below 0.5V. 

Although the timing requirements in both sets of specs. are 5 milli-seconds, there are two subtle 
differences in the limiting voltages where the time is to be measured. The NEAR specs used a 
10% voltage limit for turn-off. For the +9.0 volt bias, this equates to 0.9 volt, which can still be 
considered as "near" the knee voltage of the GaAs FET. It seems to me that it makes more 
sense to use a tighter 0.5 volt limit for any drain bias supply at turn-off like the specs shown in the 
EDR package. The other difference is the -5.0 volt turn-on and turn-off limit. The NEAR specs 
used the 90% limit, which equates to -4.5 volt. Although this is a tighter spec than the -4 volt the 
EDR package used, the 20% reduction of the gate bias voltage still ensures a good margin away 
from the "near" 0 volt gate bias region. 

AI#3: Investigate how much inductance can be placed in series with the converter which will 
cause the converter to become unstable. D. Temkin. 

A test was performed with the Transmitter EM power converter full design. A 50pH inductor 
(magnetics 55310 with 25 turns) was put in series with the HP 6032A power supply (10pF across 
output of power supply), and the 28V bus was brought up slowly and manually. The current limit 
of the power supply was set at 5A. The converters were loaded accordingly: +5V at 2.3A, -5V at 
2.3A, and +9V at 1.3A. Total output power equaled 34.7W, while the expected load is 12.7W. 
Instabilities would be more detectable at heavy load. No instabilities were evident. Since 50pH is 
much more inductance than the spacecraft harness will represent, no further tests were 
performed. A twenty foot long twisted pair measured 5pH. 

Operating the converters without the undervoltage circuit would probably affect the maximum 
allowed inductance between the primary power source and the converter cards. 

AI#4: Due to the potential risk of stressing the flight DClDC converter cards, determine if CS-01, 
CS-06 conducted susceptibility testing is a requirement for the flight units. D. Temkin & D. 
Kusnierkiewicz 

To reduce risk to the flight units CS-01, CS-02 and CS-06 tests were only performed on the IEM 
engineering models. 

A M :  Look at specifying the output electrical requirements at the output connector of the 
converter card. D. Temkin. 

Static regulation shall be within +I- 3%. This includes effects due to dc variations in the 28V input 
voltage, dc variations in load, initial accuracys, and temperature effects. Voltage drop due to 
converter card and output connector shall be less than 1 O/O of the corresponding output voltage. 
For +I- 15V dual outputs, cross regulation shall be within +I-2% when the load mismatch is no 
more than a factor of 4. 
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Dynamic regulation due to input voltage transients shall be within +I-2% for CSOl and CS06 tests 
per 7363-9038. Dynamic regulation due to a step load shall be within +I-3% for a step load equal 
to 20% of full load when the minimum dc load is greater than 10% of full load. 

Switching ripple shall be less than 50mVpp at 550kHz and switching spikes shall be less than 
50mVpp when measured with a 10MHz bandwidth limited probe. 

AI#6: Review the 9.OV output design to see if it can handle an additional 1 watt of power. 
D. Temkin 

Since the +9V output is derived from the +5V converter, the combine power level should be 
reviewed when the +9V output is increased. Since EDR, the +5V output went from 2.65W to 1.7W 
and the +9V output went from 8.37W to 10.8W. The combined level went from 11.02W to 12.5W. 
The +5V converter processes this total power plus the power due to inefficiencies dissipated in the 
+9V boost converter. The +5V converter output power rating is 30W, which provides ample 
margin. The inductor in the +9V boost converter was changed to provide margin with the higher 
power requirement. Electrically the design can handle 1.5A on the +9V (13.5W) assuming the +5V 
XMTR load is 1.7W. 

AI#7: Investigate the turn off time requirement for the +12V to see if it meets the minimum time 
required by the flash memory. D. Temkin, J. Perschy. 

The flash memory has an internal threshold detector which disables writing if the 12V power is 
below 3V. This negates a turn off time requirement for the 12V output. 

AI#8: Review the derating requirements of tantalum capacitors in  DClDC converters over 
temperature with SOR. D. Kusnierkiewicz, L. Mastracci 

Derating is for reliability concerns, i.e., to ensure reliability failure rates apply over long term 
operation. The short exposure at test temperatures will not affect reliability. Derating 
requirements need to be met for flight, but not for ground level testing. 

Background: We do not meet derating on the solid tantalum capacitors on these boards at a 
baseplate temperature of 55OC, which is a test condition only. (Solid tantalums are applied with 
50% derating up to 70°C. At higher temps, voltage must be derated further.) At a baseplate 
temperature of 55'C, board (capacitor) temperatures will be 82OC (exceeding derating). Flight 
baseplate temperatures are allowed to go as high as 45OC (72OC board temperature; slightly 
exceeding derating); however, worst case IEM predicted baseplate flight temperatures are only 
32OC (59'C board temperature). The only time that the DClDC converter cards' board 
temperatures are over 70°C is during short term ground level testing and not during flight. 

Distribution: 
B. Bokulic 
M. Butler 
S. Cheng 
G. Dakerrnanji 
C. Deboy 
D. Grant 
B. Heins 
D. Kusnierwicz 
A. Lew 
P. Marth 
J. Perschy 
A. Reiter 
P. Schwartz 
SEE Files 
Archives 
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DCIDC Converter Card Level Flow [a: 31 

Visual Inspection 
Chip Resistor Value Verification 
Tailor Resistors Set 
Installation of Tailor Resistors 
Ambient Card Level Test 
20 Unpowered Temperature Cycles (-34 to 90 degrees C) 
4 Powered Temperature Cycles (-29 to 65 degrees C) 
Conformal Coat 
2 Powered Temperature Cycles (-29 to 65 degrees C) 
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Flight DClDC Converter Card Level Test 

1 Function 

Ilnput Undemltage Lockout Timing & Trip Levels 
Inrush Current 
Output Voltge Turn On 
Power On Reset Timing 

1 Power On Reset LeAs  
I ~ i n e  & Load Regulation - 
Efficiency 
R i d e  Voltaae 

IStep Loads on Digital Outputs 
1 Power Up/Down Sequence for XMTR Power 

Ambienl 

[Q: 3, 7: 

Temperature 
Cycle 

Total Operating Time prior to Box Integration: 20 hours [Q: 81 
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Additional Testing performed on Breadboard andlor EM DCIDC 
Converter Card Tests [Q: 31 

CS01/01/06 
CE01/03/07 
Survival Input Voltage Transient 
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Building 23, Room 212 
Laurel, MD 20723-6099 
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POWER SUBSYSTEM OUTLINE 

.Power Subsystem Block Diagram 

.Power Subsystem EDR 

.Solar Array 
Design Reviews at Vendor 
Qualification & Bend Panel testing 
Test Summary 
Environmental Tests with Spacecraft 

@Power Subsystem hlectronlcs 
- Test Summary 

.Power Subsystem Problem/Failure Reports 

Design Reviews at Vendor 
Battery EDR 
Test summary 

- 4  
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POWER SYSTEM BLOCK DIAGRAM 
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POWER SYSTEM ELECTRONICS 1 DISTRIBUTION UNIT 
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PEAK POWER TRACKER 
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SOLAR ARRAY JUNCTION BOX 
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BATTERY 
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SOLAR ARRAY WING 
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Power System Engineering Design Review 

The TIMED Power system Design Review Action Items were listed in SEA-97-1 06 
as summarized below. 

1. Failed row and/or column drivers can result 
in an unexpected relay being energized. 
Consider relay matrix coordinate assignments 
which optimize spacecraft fault tolerance. 

2. Consider increasing the PPT converter 
module switching frequency to reduce the size 
and mass of the magnetic elements and 
capacitors. 
3. There is now no way to trace the fault of an 
invalid relay command. Consider the addition of 
a telemetry bit to indicate the status of the last 
command. 

4. No spare non-latching relay is available. 
Investigate changing one of the spare latching 
relays to a non-latching relay. 

Assignee I STATUS 

RTR Question: 9 

Panneton 

Carlsson 

Temkin 

Temkin 

CLOSED, SEE-00-0059 

CLOSED, SEE-00-0059 

CLOSED, SEE-00-0059 

CLOSED, SEE-00-0059 
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Power System Engineering Design Review 

The TIMED Power system Design Review Action Items Continued 

Action Item 

5. Investigate adding ground test capability to terminate 
the power system heartbeat to aid in system level 
autonomy testing. This test feature should not add 
possible failures into the flight design. 

6. Verify that there are no failure modes where LVS 
could be triggered indefinitely. Consider non-automatic 
re-enableing LVS after bus recovery, but waiting for 
ground reset. 
7. When intgrated for system level testing the power 
system solar array simulator (SAS) is controlled by the 
MOC. Define validity checks to be performed on th 
MOC commands before being executed buy the SAS. 
Determine any conditions where errant SAS commands 
sent by the MOC could damage flight hardware. 
8. To improve interface testability, consider porting the 
C&DH flight code to the power system ground test 
equipment. 

Assignee 

CLOSED, SEE-00-0059 

STATUS 

Kusnierkiewicz 

Butler 

CLOSED, SEE-00-0059 

CLOSED, SEE-00-0059 

RTR Question: 9 
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Power System Engineering Design Review 

The TIMED Power system Design Review Action Items continued 

Action Item 

9. Consider moving the protection diodes from the back of first solar 
array panel to the fusdshunt units to protect against harness shorts 
during ground testing or consider placing an extra set of diodes at the 
PSE. 

10. TECSTAR is known to have wide variations in their weld pull 
strengths. Consider changing from welding to soldering to make cell 
connections. 

1 1. Define bus voltage transient requirements and provide bus 
transient profiles. 

12. Verify that upon C&DH power-up or reset the default coulometer 
count is such that it does not generate a software based load shed. 

13. Consider whether there are any conditions that could result in 
power system lockup, ie battery discharge during sunlight conditions. 

14. Investigate the effect of a possible out-of-specification battery 
thermal design on the power system performance. 

Assignee I STATUS 

Butler CLOSED, 
SEE-00-0059 

Carlsson 

Butler 

RTR Question: 9 

CLOSED, 
SEE-00-0059 
CLOSED, 
SEE-00-0059 

Dakermanji CLOSED, 
SEE-00-0059 
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SOLAR ARRAY DESIGN REVIEWS 

Design Reviews Held at Laydown Vendor 

.PDR 19 February 1998 
C D R  9 April 1998 
.MRR 27 August 1998 
.PSR 10 December 1998 

Review Team: G. Dakennanji JHUIAPL 
M. Butler JHUIAPL 

G. Cameron JHUIAPL 

L. Mastracci JHUIAPL 
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SOLAR ARRAY 

BEND TEST COUPON INSPECTION AND TEST SEQUENCE 

a)* Intermediate sequence, defined by the following: 
Visual Inspection 
Cell Adhesion Check (as required) 
Wiring Continuity Test 
Insulation Resistance Test 
Power Output Test (+80°C) 

b) Bend test 
c)* Intermediate sequence 
e) Final Visual Inspection 

Comment: Bend panel tests exceeded substantially TIMED flight panel bend 
requirements 

RTR Question: 3 
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SOLAR ARRAY 

Qualification Panel Inspection and Test Sequence 

a)* Intermediate sequence, defined by the following: 
Visual Inspection 
Cell Adhesion Check (as required) 
Wiring Continuity Test 
Temperature Sensor Functionality 
Insulation Resistance Test 
Power Output Test (+25, +80°C) 

b) Damage and Repair of two cells 
c> * Intermediate Sequence 
d) Thermal Vacuum Cycles (8) 
e> * Intermediate Sequence 
f) Thermal Ambient Cycles 1 - 500 

g ) * Intermediate Sequence 
h) Thermal Ambient Cycles 501 - 1500 

i > * Intermediate Sequence 
j) Thermal Ambient Cycles 3501 - 5000 

k) * Intermediate Sequence 
1) Thermal Ambient Cycles 5001 - 7000 

m> * Intermediate Sequence 
n) Panel Weight Measurement 
0) Final Visual Inspection 
Comment: Qua1 panel met TIMED requirements 

RTR Question: 3 
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SOLAR ARRAY 
Flight Panel Inspection and Test Sequence 

* Intermediate sequence, defined by the following: 
Visual Inspection 
Cell Adhesion Check (as required) 
Wiring Continuity Test 
Temperature Sensor Functionality 
Insulation Resistance Test 
Bypass Diode Check 
Power Output Test 

Ambient pressure 50" and 90°C Bakeout 24 hours 
* Intermediate Sequence 
Thermal Vacuum Cycling (8 cycles) 
Thermal Vacuum Bakeout 
* Intermediate Sequence 
Panel Weight Measurement 
Final Visual Inspection 

Comments: 
@Power from panels meet spec requirements 
'IV curves are smooth indicating no anomalies 
'Remaining cracked cells were reevaluated after SIC acoustic test and replaced as needed. 

RTR Question: 3 
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SOLAR ARRAY 

Wing Level 
Deployment tests 
Vibration 3 axis 
Isolation/Continuity/Temperature SensorIChassis GroundIHeater Circuits 
Verification Testing 
Flood light test of each string with SIC 
Damper heater operation test with SIC 

RTR Question: 3 
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SOLAR ARRAY 

Solar Array Environmental Test with Spacecraft 

Integrate wings to SIC 

SIC mass properties 

SIC vibration 

Shipment to Goddard 

SIC acoustic test/Pyro Shock 

Wing removal and shipment to APL 

Rework 

LAPSS Testing 

RTR Question: 3 
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BATTERY DESIGN REVIEWS 

Battery Cell Design Reviews at Cell Vendor 

PDR-TIM 17 July 1997 Review Team: G. Dakermanji 

CDR-TIM 2 October 1997 M. Butler 

Plaque-TIM 1 1 December 1997 

MRR-TIM 26 February 1998 

G. Cameron 

L. Mastracci 

PSR-TIM 12 December 1998 

TIMED Battery Engineering Design Review 

Held: March 26, 1998 

Reviewers: P. Panneton JHUIAPL 

M.Colby JHUIAPL 

D. Temkin JHUIAPL 

J. Jenkins JHUIAPL 

T. Betenbaugh 

U. Carlsson 

D. Mehoke 

P. Schwartz 

JHUIAPL 

JHUIAPL 
JHUIAPL 

JHUIAPL 

JHUIAPL 

JHUIAPL 

JHUIAPL 

JHUIAPL 

on Items: None 

RTR Question: 1,2 
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BATTERY 

Battery Acceptance Tests Cell Level 

Cell level at Eagle Picher: 
- Capacity, 10°C, "C12" Rate 

- Overcharge 10°C 

- Capacity, -lO°C, "C12" Rate 

- Overcharge -10°C 

- Capacity, 20°C, "C12" Rate 

- Overcharge 20°C 

- Capacity, 30°C, "C12" Rate 
- High Rate Discharge, 10°C, "2C" and "C12" Rates 

- Capacity, 10°C, "C12" Rate 

- Retention of Charge 

- Capacity, 10°C, "C12" Rate 

- Leak Rate Test 

- Internal Impedance Test 

- Electrolyte Leak Test 

Comment: All cells met TIMED specifications 

RTR Question: 3 
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BATTERY 
Battery Acceptance Tests Battery Level 

- Wiring continuity and ground isolation 

- Thermal control circuit operation 

- Capacity 10°C 

- 10°C charge retention 

- Electrolyte leak test 

- Vibration sine and random 

- Electrolyte leak test 

- 10°C capacity 

- 10°C capacity retention 

- Thermal vacuum testing 

- 10°C capacity 

- 10°C capacity retention 

- -5°C capacity 

- 0°C capacity 

- Thermal control circuit operation 

- 10°C capacity 
- Battery test time 240 hours minimum 

RTR Question: 3,8 
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BATTERY 
Fight Battery Acceptance Test Summary 

- All battery test results met or exceeded the TIMED specifications. 

- No anomalies observed. 

- No rework required. 

RTR Question: 3 
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BATTERY 
Spacecraft Environmental tests with Battery 

Flight battery on spacecraft. 

SIC vibration with battery in launch simulation discharge 

Shipment to GSFC with battery on SIC discharged. 

SIC acoustic with battery in launch simulation discharge. 

SIC Thermal Vacuum 

- Orbital chargeldischarge cycles 

- Launch simulation 

- Thermal balance 

Post Thermal Vacuum Capacity Testing and storage 

RTR Question: 3 
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BATTERY 

TIMED Battery Life Test 

CTIMED Battery Cells 

Beta = 0, Orbit Cycles @ 10°C. 

1730 Orbit Cycles to date 

6000 operational hours 

No anomalies have been noted 

RTR Question: 3,8 
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Energetics and Dynamics 
3 Nov. 2000 

POWER SYSTEM ELECTRONICS (PSE) 

RTR Question: 3 



Thermosphere Ionosphere Mesosphere Energetics and Dynamics 
Red Team Review 31 Oct. - 3 Nov. 2000 

POWER SYSTEM ELECTRONICS (PSE) 

Tr~ckle Charge vla pressure X X X X X X 

Orbit Simulation X X X X X X 

Subset of each type of Telemetry 

2 pressure levels x x x x 

Check Fuse Plugs X X X X 

Heart Beat Disable 

RTR Question: 3,7 
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POWER SUBSYSTEM P/FR9s 

PIFR # I Component Summary I Status 
I TPWR-001 1 Solar Array I Solar Cell Delamination Issue I Closed 

I TPWR-002 I Solar Array I Deployment switch not Indicating I Closed 
I Correct State 

I TSC-101 I Solar Array I Cracked Solar Cells found Post I Closed 

TSC- 107 

TSC-108 
I I I 

Solar Array 

Solar Array 

TSC-039 

TSC-050 

PSE 1 SABER Current Shunts have wrong I Closed 

TSC-057 

TSC-095 

RTR Question: 7 

Cracked Solar Cells found Post 
rework 
Cell Cracked During LAPSS testing 

PSE 

TSC-092 

Closed 

Open 

PSE 

PSE 

Battery Pressure Simulator caused 
overvoltage to pressure Inputs 

Battery 

Closed 

Serial Cmd Decoder failure during 
Box level Vibration 
Serial Cmd Decoder Single point 

Closed 

Closed 
failure mitagat ion 
Differential Heater Control logic 
reversed 

Closed 
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POWER SUBSYSTEM RESIDUAL RISK 

NONE 
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-- 

SOLAR ARRAY 
Solar Array Cell Delamination Issue and Resolution 

PIFR NO: TPm-001 
Problem Description 
During cleaning of the solar panels at APL by blowing N, on the cells and suctioning the dust particles, some cells 
we observed to vibrate and one cracked. Detailed investigation revealed extensive delamination of solar cells from 
adhesive on all panels. All panels were shipped to the vendor. Complete cell lay down was made on all eight 
panels. All panels were inspected and tested per specification including eight TV cycles. The panel bonding after 
implementing contamination control steps are good and meet the TIMED bonding specification 

Resolution 
The vendor re-used some of the cells removed from the original bonding. Some of these cells had cracks after 
rebonding and TV cycling. Due to SIC schedule, the panels were accepted for shipment to APL with some cracked 
cells not replaced. 

After SIC vibration and acoustic test, (which typically can cause some cell cracking) the two wings will be brought 
back to APL. Cells will be replaced as needed. The panels were LAPSS Tested post rework. 

Since the number of replaced cells which would not have seen vacuum is larger than typical SIC programs, all 
panels were exposed to vacuum. 

PFR STATUS: CLOSED 

RTR Question: 7 
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POWER SYSTEM ELECTRONICS (PSE) 
Serial Cmd Decoder Single Point Failure Mitagation 

PIFR No: TSC-095 

Problem Description: 
The concern is that there is potential for a single point failure in the command 
system internal to the PSEIDU. The serial command decoder internal to the 
PSEIDU has a linear regulator which steps down the 28V bus to 12V. If the 12V 
regulator was to fail shorted the 28V bus would appear on the CD4000 logic supply 
lines which would result in some relay coils being continuously energized. If this 
occurred, the working command system would be unable to control the 
corresponding relays. 

Resolution: 
The PSEIDU was removed from the spacecraft and changes to the design were 
implemented to mitigate the possibility of the occurrence of the single point failure. 
After rework was complete, the box underwent workmanship vibration and 3 
ambient pressure thermal cycles. The PSEIDU was then reintegrated with the 
spacecraft and a full performance test was successfully completed. 

PIFR STATUS: CLOSED 

RTR Question: 7 
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SOLAR ARRAY 

Solar Array Deployment Switch 
PER NO: TPWR-002 

Problem Description 
During the continuity/verification testing of the solar array deployment switches on the -X solar array wing, we 
noted that the primary deployment switch was not indicating the proper stowed state. Further investigation 
revealed that the switch arm was bent causing a misalignment with the roller actuator. 

Resolution 
The switch was replaced and proper operation was verified. 

PFR STATUS: Closed 

RTR Question: 7 
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SOLAR ARRAY 

Solar Array Cracked Cells 
PIFR No: TSC-101 (SIA Wing 1) 

PIFR No: TSC- 107 (SIA Wing 2) 

Problem Description 
During the LAPSS testing of the solar array wings, the power of several panels was noted to be lower than 
previous test. Further investigation revealed several crack solar cells. The cracked cells were caused by 
excessive screw length used to hold some GSE brackets. 

Resolution 
The cells were replaced using qualified rework process. GSE was labeled with proper screw length for the 
GSE application. 

PFR STATUS: Closed 

RTR Question: 7 
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SOLAR ARRAY 

Solar Array Cracked Cell 
PIFR No: TSC-108 

Problem Description 
During the LAPSS testing of the solar array wing, the GSE cover handling cause the corner of a 
solar cell to be damaged. 

Resolution 
The cell will be final inspected at VAFB and replaced using qualified rework process if needed. 

PFR STATUS: Open 

RTR Question: 7 
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POWER SYSTEM ELECTRONICS (PSE) 

PSEIDU pressure inputs overstressed by battery simulator 
P/FR NO: TSC-050 

Problem Description: 

During PSEIDIST testing on the SIC while using the battery simulator, an 
anomaly occurred on the pressure circuit simulator which caused high voltage 
for less than looms to be applied at the battery pressure inputs to the PSE. 

Resolution: 

All affected circuit components were analyzed, breadboards as needed to 
simulate the transient were built and tested, and the IC manufactures contacted. 
Investigations verified that no components were stressed. 

P/FR STATUS: Closed 

RTR Question: 7 
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POWER SYSTEM ELECTRONICS (PSE) 
Serial Cmd Decoder Failure during Box acceptance testing 

PIFR NO: TSC-057 

Problem Description: 
During vibrations testing of the power subsystem, a fault occurred on one of 
the Serial Command DecodelMajority Voter Circuit cards in the PSEDIST 
unit 
- The fault cleared and could not be duplicated. 

Resolution: 
A new card was fabricated and subjected to; 

Card Level Tests: 

unpowered 20 cycles (ESS) -35°C to 90 "C 

powered 6 cycles -35°C to 60 OC 

vibration to PSEDIST box levels 

Box level in PSEIDIST: 

Performance Tests 

Workrnanship level vibration 

TV cycled as part of power system electronics 

PIFR STATUS: Closed 

RTR Question: 7 



Thermosphere Ionosphere Mesosphere Energetics and Dynamics 
Red Team Review 31 Oct. - 3 Nov. 2000 

BATTERY 
Battery Differential Heater Control Relay 

PIFR NO: TSC-092 
.Problem Description 

During spacecraft thermal vacuum testing, the battery differential heater operation was verified by 
varying the environments on the battery radiators and waiting for an appropriate response from the 
battery heater circuits. During the test we noted that the command and telemetry dictionary incorrectly 
denoted the differential heater OnIOff command and telemetry status. However, during post thermal 
vacuum Hard LVS testing we noted that the command sequence burned into an FPGA in the Critical 
Command Decoder for shedding loads contained the command to turn on the differential heaters instead of 
turning the differential heaters off. 

The command and telemetry dictionary was updated to reflect proper command and telemetry status. To 
update the Hard LVS command sequence would require rework to both IEM's. However, the power saved 
by turning off the battery differential heaters at Hard LVS would be only 18W, which does not 
significantly impact the battery power available at Hard LVS. Therefore, the command sequence shall be 
"Used- As-Is". 

*PFR STATUS: Closed 

RTR Question: 7 
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GUIDANCE AND CONTROL 
HARDWARE 

Wade E. Radford 
(443) 778-5055 

WER - 1 
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G&C BLOCK DIAGRAM 
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November 24,1997 

TO: Distribution 

FROM: L. R. Kennedy 

SUBJECT: Engineering Design Review of the TIMED AIU 

The informal Engineering Design Review (EDR) of the TIMED Attitude Interface Unit (AIU) NEAR 
designs that were not reviewed include the FPGA on the 1553 board and the processor board FPGA except 
for the UART. Also included in the EDR package is information on interface changes made since the AIU 
EDR. Interface changes made include the filtering of the magnetometer and sun sensors along with the 
grounding of the torque rod output monitors and sun sensors. 

No action items were generated from the EDR. 

Larry Kennedy 

Attached: AIU Changes Since NEAR 
AIU Block Diagram 
AIU Power Switching (3 sheets) 
AIU Low Voltage Discretes (2 sheets) 
Solar Array Drive Command 
AIU Test I/O 
Magnetometer Inputs 
Sun Sensor Inputs 
Solar Array Inputs (2 pages) 
Reaction Wheel Inputs/Outputs 
Torque Rod Inputs 
Power Distribution 

Reviewers: 
JD Boldt 
ME Fraeman 
LR Kennedy 
DY Kusnierkiewicz 
AL Lew 
SF Oden 
WE Radford 

Mail Stop 
4-234 
23-372 
23-372 
MOD1-118 
23-372 
23-372 
23-372 

SEE Files 

WER - 4 
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September 29, 1998 

TO: Distribution 

FROM: L. R. Kennedy 

SUBJECT: Engineering Design Review of the TIMED AIU Field Programmable Gate Arrays 

The informal Engineering Design Review (EDR) of the TIMED Attitude Interface Unite (MU) Field 
Programmable Gate Arrays (FPGA) is finished. John Boldt and Stephen Oden reviewed the designs. Only 
the new designs for the TIMED AIU were reviewed. These included the FPGAs for the analog and digital 
boards along with the Universal Asynchronous Receiver Transmitter (UART) added to the processor board 
FPGA. NEAR designs that were not reviewed include the FPGA on the 1553 board and the processor 
board FPGA except for the UART. Also included in the EDR package is information on interface changes 
made since the AIU EDR. Interface changes made include the filtering of the magnetometer and sun 
sensors along with the grounding of the torque rod output monitors and sun sensors. 

No action items were generated from the EDR. 

Larry Kennedy 

Attachments: (1) AIU Field Programmable Gate Array Design Review 
(2) AIU Hardware Description Appendix A 
(3) 7363-7005 Processor FPGA Schematic (Sheets 1-4, 11, 13,22-24) 
(4) 7363-7005 Digital FPGA Schematic (23 sheets) 
(5) 7363-7007 analog FPGA Schematic (14 sheets) 
(6) Timing Diagrams (1 1 sheets) 

Reviewers: 
JD Boldt 
ME Fraeman 
LR Kennedy 
DY Kusnierkiewicz 
AL Lew 
SF Oden 
WE Radford 

Mail Stop 
4-234 
23-372 
23-372 
MOD1-118 
23-372 
23-372 
23-372 

Attachments 
(119 ( a  (3h (4h (5h (6)* 
(I), 0 9  (319 (4h (51, (6)* 
(I), (a9 (3), (4). (3, (6)* 
(11, (2) 
(11, (2) 
(I), (2), (3)9 (4h (39 (6)* 
(119 (2) 

*Distributed before the EDR. 

WER - 5 
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TIMED ATTITUDE SYSTEM TEST & INTEGRATION EQUIPMENT (TASTIE) 

F r o n t  V i e w  

AIU T E S T  1 C O N T R O L P A N E L  1 

S G l  W  O R K S T A T I O N  
A N D  

P E R I P H E R A L S  

AC P O W E R  S T R I P  .I 
S T O R A G E  D R A W E R  

I10 C A R D S  

R E A C T I O N  W H E E L  
S O L A R  A R R A Y  
T O R Q U E  R O D S  

R e a r  V i e w  

C O M P U T E R  C O N T R O L  A I U  T E S T  
I10 P A N E L  

I N T E G R A T I O N  C O N T R O L  
I10 P A N E L  

& 5 v  AC P O W  E R P A N E L  

0 

Q-1 WER - 6 
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G&C COMPONENTS BURN-IN 

COMPONENT * HOURS VENDOR RECEIVED 

AIU 
AFC 
SUN SENSOR 
TORQUE RODS 
MAGNETOMETER 
IRU # 51 
IRU # 52 
PANEL DRIVE 
STAR TRACKER 
WHEELS 

APL 
APL 
APL 
ITHACO 
SAlC 
HONEYWELL 
HONEYWELL 
SCHAEFFER 
LOCKHEED 
ITHACO 

* Number of hours operated before delivery to the spacecraft (NO ANOMALIES) 

Q-8 WER - 7 
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SOLAR ARRAY DRIVE REWORK 

DATE: 04/08/99 

TO: Wade Radford / APL-JHU 

FROM: John Lo 

SUBJECT: Rework Summary for APL 4- Channel ECU, SMD 108535, SN 003 

REFERENCE: 2875 / APL ECU 

SMD has completed rework of the subject ECU by applying Kapton tape to provide 
insulation to the chassis area that are close to the hybrid chip. The actual rework 
instruction (Deviation Rework Record) is retained at SMD, and is available for customer 
inspection if required. The following is the rework summary: 

4-7 WER - 9 
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G&C TEST SCRIPT INDEX 

SECTION DESCRIPTION 

Define all variables and input arguments 

Assign variables and ground system global variables 

Set up processors 

Set up TASTIE/C&DH 

Reboot A N  and keep in boot 

Send stay in boot 

Verify currents and voltages 

Examine RAM and processor checks 

Verify software version number 

Verify AIU BCR and PSR 

Verify the select switches tell tales 

Verify application load ok 

Reboot other AIU and stay in boot 

Verify A N  commanding 

Send NO-OP 

Load to RAM 

Send No-Op to other AIU 

Test Select Switches 

Test AIU Relays 

Verify torque rod relays and solar array drive come up off 

Cycle power to IRUs 

Change states to the torque rods 

Test sensors 

Test sun sensors 

Test magnetometers 

Check solar array currents 

Test Wheels 

Power Wheels 

Verify wheels at zero rate 

Wheel 1 test 



TIMED 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 

Red Team Review 31 Oct. - 3 Nov. 2000 
- 

G&C TEST SCRIPT INDEX, Continued 

SECTION DESCRIPTION 

Command to negative torque 

Allow to coast to zero and time it 

Wheel 2 test 

Command to positive torque 

Allow to coast to zero and time it 

Wheel 3 test 

Command to negative torque 

Allow to coast to zero and time it 

Wheel 4 test 

Command to positive torque 

Allow to coast to zero and time it 

Test Solar Array Drives 

Cycle power to solar array drives 

Verify AIUs agree in position 

SAD 1 move a little bit 

Verify ended at same position as started 

SAD 2 move a little bit 

Verify ended at same position as started 

Power down SADs 

Check if wheels have coasted down 

Power down Wheels 

Test discretes 

Change and verify input discretes from E M  

Change and verify input discretes for PS 

Change and verify input discretes from PS receipt in other AIU 

Change and verify output discretes 

Change and verify output discrete on other AIU 

Jump to safe mode (real HW in loop) 

Verify components are not powered 

Jump to safe mode 



SECTION 

11.3: 

1 1.4: 

12: 

12.1: 

12.2 

12.3: 

13: 

13.1: 

13.2: 

14: 

14.1: 

14.2: 

14.3: 

14.4: 

15: 

15.1: 

15.2: 

15.3: 

15.4: 

15.5: 

15.6: 

15.7: 

15.8: 

16: 

16.1: 

16.2: 

16.3: 

16.4: 

16.5: 

17: 

18: 
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G&C TEST SCRIPT INDEX, Continued 

DESCRIPTION 

Verify in safe mode 

Setup AIU flight parameters 

Move SADs from stop to stop 

Move to top stop (-z) 

Move to bottom stop (-y) 

Move to up position (-z) 

Test other AIU on 1553 

Send other AIU to flight 

Verify other AIU answering polling 

Test both IRUs 

Power both IRUs (by cmd) 

Verify IRUs answering polling 

Record Body rates from primary IRU 

Turn off non-primary IRU 

Test AFCs 

Set primary AFC 

Power both AFCs 

Verify AFCs are answering the polling 

Send Active AFC No-Op 

Send AFC 1 No-Op 

Send AFC 2 No-Op 

Set AFC as primary 

Send Active AFC No-Op 

Test ASTs (Star trackers) 

Power both ASTs 

Verify ASTs are answering the polling 

Send AST 1 No-Op 

Send AST 2 No-Op 

Verify star field with stimulators 

Verify messages to and from AFC and AIU 

Power everything off 
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