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1.0 SCOPE

This document defines the interfaces between the Experiment
ROPE and the TSS Satellite, including the other Experiments,
to be flown for the first electrodynamic mission.

After approval and acceptance of this document by all the
parties involved (see first page) its detailed requirements
and specifications become binding on both the Experimenter
and Satellite Contractor.

e .- LT So T T Vi TR

TR

3



Dot e e s s e e R

1 e——qu"é_:::-%,-::_w-.q.z_. '
Ll B s i

2.0 DOCUMENTATION

2.1 Applicable Documents

The latest issue of the following documents are applicable
te the Satellite mounted Experiment units except if clearly
specified in this document.

TS-5Y-AI-001
TS~5R-AI-001
TS=5R-AI-002
TS5-S5R-AI-003
TS-S5R-AI-004
TS-SR~AI-005
TS-SR-AI-006

2.2

TS-PL-AI-002

TSS~-5 Specification.
Environmental Specification.

EMC Specification.

Safety Specification.

Parts, Material and Processes
General Design and Interface
Test Requirements Specification.

Specification.
Requirement.

Reference Documents

TS55-S Product Assurance Plan.

TS-PL-AI-005 Assembly, Integration and Verification Plan.

TS-PL-AI-027 TSS5-5 EMC Control Plan.

TS-IC-AI-001 Vol. 3, Electrical Interfaces.

TS-PR-AI-003 Reliability Analisis Procedure.

TS-PR~AI-008 Subsystem Interface Data Sheets (IDS)~-
Preparation Procedure.

TS-RQ-AI-026 Design Guidelines for TSS-5 Magnetic

Cleanliness.

TS-LiI-AI~023 TSS-S Spares List.

Nore
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3.0 DELIVERABLE RESPONSIBILITIES AND KEY PERSONNEL

3.1 Rardware and Software Responsibilities

NASA, Marshall Space Flight Center {MSFC) will be
responsible for:

- the development of the Differential TIon Flux Probe, /
sensor (DIFP-S) and electronics (DIFP-E),

- the complete Experiment during the Experiment level -
qualification and acceptance testing, and i

nte
- the integration of the dlffer@gw/\the v
| qﬁﬁgfper1ment. inshum sabsagkms

| e

' Southwest Research Instltute {(SwRI}) will be respohsiblff
for the development all the ther E perlment units ﬂ}
Pive (5) 57 Cwa;wm mcwmfh H—V(m , On

: (i;ﬁhw : )ﬂﬂl cnw4.(_tl 4Q 5; pjté7¢.¢;d
3.2 Integration and Test Responsibilities

NASA, Marshall Space Flight Center will be responsible for:

o~ - the complete Experiment during the Experiment level .
qualification testing,

v =~ the integration of the different subsystems composing
the Experiment at Experiment level,

v - all test activities up to Sxperiment delivery,
- providing integration and test procedures and prefered

v sequences for Experiment integration and test onto TSS-S
to be used by the Integrator during such activities, and

v/ - indicating an Experiment deputy representative to be
present during the Intergrator managed activities.

Note: After Experiment delivery all integration and test
activities will be performed by an Integrator team,
under 1its management, according to Experimenter

supplied procedures and in presence of Experimenter
representatives.
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3.3 Key Personnel ,//

Principal Investigator: Dr. N.H. Stone / ES53
Space Science Laboratory
NASA/MSFC
Huntsville , AL 35812
Phone : (205)544-7642 J
(Home): (205)536-9339
Telex : 594416
TWX : (205)544-5848

Contact at SwRI : Dr. J.D. Winningham
] Southwest Research Institute
San Antonio, TX 78284

L2760 cu E/hone : (SIW
s bR (Home ) : 4e—e. 522~ JO7 -3
“ .t (512)684-7523 @ 2)F 3736

TE"LZ—FL}'K - (i) 6«—’7—«-3-;,5
Other Co-Investigators: “FLEK . 75”35

- NASA/MSFC, Huntsville, AL

- NASA/GSFC, Greenbelt, MD

- CNR/IFSI, Frascati, Italy

- Camel Research Center,
Santa monica, CA

C.R. Baugher, II 7
L.H. Brace v
M. Dobrowolny 5

D.s. Intrlllgator /

- U. of Alabama, Huntsville, AL : S5.T.WU,MSing h .
- SwRI, San Antonio, TX cmdle % Burch C. Lin, ”
N. Saflekos v

- U. of Michigan, Ann Arbor, MI
- Utah State U., Lcgan, UT

G.R. Carignan, U. Samir~

R.W. Schunk, =Nr—=S+tmel

.
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4.0 BRIEF EXPERIMENT DESCRIPTION

4.1 Scientific Objectives

The scientific objective of the ROPE Experiment is to study
the interaction that occurs when a large conducting body
moves through a collisionless space plasma at supersonic
sub-Alfvénic speeds. The effects of this interaction are
many and complex and its nature may vary greatly, depending
on the characteristics of the body and the plasma.

From the practical point of view, this Experiment deals
primarily with the environmental plasma dynamics of the TSS

and its ability to collect an electfirical current from the l
ionosphere. 1In particular, these effects include:

2
a) The characterigtics of the high voltage plasma sheath. vl
b) The possible anomalous ionization of ambient nutrals —

within the sheath for high Satellite potentials. &
c) Plasma waves and instabilities generated in the plasma
. sheath and wake by the motion of the Satellite.

In addition, preliminary data can show the formation of
double layers at large Tether currents and the nature of
the Satellite near wake.

Extrapolations of our understanding of the planetary magné%’ L’//
spheres to astrophysical phenomena, such as pulsars, are
made under the assumption that the basic physical processes

i relevantathe phenomena in the solar system are the same, in
certain cases, as those involved in astrophysics. Simila-
rily, the plasma dynamics of bodies in collisionless
laboratory plasmas has been successfully applied for some
conditions to the interaction of artificial satellites
with the Earth's ionosphere. Therefore, it is submitted
that the same principles of qualitative simulation can be
invoked to extrapolate the resultes from this Experiment , v
conducted in the Earth's ionosphere plasma phenomena ~
that occur elsewhere in the solar system<
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4.2 Experiment Functional D¢=.'.'s¢.~.1:'1.p;-i 6‘“2""7 MW.’,P
The ROPE Experiment consists of units. V//

functional block diagram is shown inh Figure 4.2.1.

The Soft Partidle Energy Spectrometer (SPES) package l//’/
consists of ectrostatic lysers: two mounted on the
Satellite £ d boom, and iﬁﬁ%z?n the Satellite surface 4,
as seen in Figure 4.2.2. Each”SPES analyser measures the e P///

electron and ion energy distribution functions and the
local space potential.

The Differential Ion Flux Probe with the sensor (DIFP-S)

mounted on the Satellite fixed boom and measuring ion flux <
direction, energy, temperature and current denﬁTF?T—EEE—‘ [
its electronics (DIFP-E) mounted inside the Satellite.

The two High Voltage Units (HVUl & HVU2) supply high voltage
to the fSPES analysers. o

The Central Electronics Package (CEP) controls the overall
Experiment.

- lo;as Vaﬂgﬁ—(_o fs0e V)
The Floating Supply (FS) supplies(lew—uweltage to SPE§L & 2 o

and to DIFP~E, and isolates them and the HVU2 from the CEP. ~

e e s
e o it =

Physically, the DIFP-E unit has replaced the following
saselined three units:

- the Optical Isolator (0I), and
- the RILP.

The change in the baseline is still under evaluation before
ossible acceptance.

F’/—lﬂt} s ni -lm?‘)rn; bﬁv[i /ﬂ/j‘
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Figure 4.2.1: Functional Block Diagram

TC BE PROVIDED BY TEE EXPERIMENTER
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Figure 4.2.2:  Sketch of the Sensors Arrangement
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4.3 Instrumentation N

Wwewe-(4) e ‘/1/
The ROPE Experiment consists of \Gw=vE - sepirate
deliverable units: -

Each of the Soft Particle Energy Spectrometers SPES-1 to
SPES-£ is an electrostatic analyg?r that measures the energy
ET' istributions of both ions aai%glectrons independently and

simultaneocusly from 1 eV to 1 . This is accomplished by
means of a pair of parabolic deflection plates. Measure-
ments of the electron and ion energy distributions simulta-
neously allows the local space potential to be determined.
A SPES analyi?r module schematic is seen in Figure 4.3.1.

\ \\\

The Differential Ion Flux Probe sensor (DIFP-S) makes diffe-
rential measurements of the lon flux vector; i.e. the angle
of incidence and drift energy corresponding to the mean
velocity of an ion stream, and the distribution of thermal
motion superimposed on the drift. It is designed specifical~
ly to measure disturbed ion flow fields in the plasma wakes
of supersonic bodies, where multiple ion streams are known
to exist and can converge simultaneously to a poi of the
wake., The DIFP-5 measures the ion E;@irectien,eyergy,
temperatu nd current density. It is ed wit elec-

/ trostatic lection system mounted in front of a standard
‘%aﬂ"ﬂf_QAJSAapretarding potential analyger (see Figure 4.3.2).
=
- SPES-1, SPES-2 and DIFP-S sensors form one deliverable
unit, the fixed Bo Mounted Sensor Package (BMSP).
=
- SPES-3 to SPES sensors are mounted on the Satellite
skin, five equidistant on a meridian line of the Payload
{4A7 S Module from the pole to the equatorial plane, and one
gjﬁunAiléﬁl- a from the equatorial plane mounted SPES.

5= Goend Arpes.

bt

- The two High Voltage Units (HVUl & HVU2) supply high
voltage to the B SPES analysers.

{
- The Central ectronic Package ,{CEP) contro}%iﬁgr theaﬁwe’
Experimen oA prorden the ooy el f&;du¢(66rmu fagg__
i 'Eu- fnﬂ’d{'bt:“: o (s Y anof

_5bag
- The Floating Supply (FS) contains a 35-watt <G program-

mable power supply, an isolated low voltage power supply,
isolated remote interface electronics for SPES-1, -2 and
DIFszf and electro-optic couplers for interface with CEP.

VALY

- The DIFP-Electronics (DIFP-E) contains the electronics
of the DIFP—s,Sf G-, /a-zv:':;';?’l‘ s, ey’ pTeeced
;ruolw, lo9ic coeet elefe ‘;““"C‘?
$pete, L 4
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4.5 Measurement Accuracy

1 : !

! Sensor ! Measurement ! Accuracy
! ! 8

\"SPES ! Electron Density (NeT ! 5 %
! ! :

{"SPES | Electron Energy (Ee) ! ?fr%
1 1 !

!"SPES | lIon Current Density (Jiy ¢

! ) S 1 B%
! SPES ! Space Potential (Qs) ! ,

' L F L 6%
! DIFP-8 ! Ion Current Density (gi) !

! ! .

1" DIFP-S | lon Energy (Ei) - S %
! £ !

| DIFP-5 ! Ion Temperature (T1) !

! ! !

| DIFP-5 ! Ion Angle of Attack (0i) ! 10 %
! ! [
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5.1

5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7

5.1,8

5.2

LAY-OUT DRAWINGS

Lay-out drawings: Satellite

Satellite Reference Axes

Payload Module Exploded View (Boom not shodn)
Satellite Configuration

Earth and Sun Sensors Lay-out

Sun Sensor Field of View

Earth Sensor Field of View

Satellite Position in the Orbiter Cargo Bay

Satellite External Configuration

Lay-out Drawings: Experiment

5.2.1a Experiment ROPE Equipement Lay-out (S A< Vb e, ]

S.t.v " " v v C-’:’)o a’f&w)
- 17-
e o e T BT e - S L Zemrs S Thdeme



B e Caia et 2o

@) TSSSATELLTE | =5

Page

Figure 5.1.1 : Satellite Reference Axes

Y%
= >i [~ -4 ’."' ~N >
5 3 - ]
3 = -
?1

I
f
|
i



ST s AR, o

&

TSS SATELLITE | o=~

Issue
TETHERED SATELLITE SYSTEM

Page

EXPERIMENT INTERFACE

Date

POLAR PANEL

PAYLOAD MODULE
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Figure 5.1.7: Satellite Position in the Orbiter
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MECHANICAL INTERFACES

6.1

Units Identification and Drawings

6.1.1

Units Identification and Location

See Figure 6.1.1.1.
change to the baseline,

This Experiment configuration, being a
is under evaluation befor possible
acceptance.

6.1.2

Bondstrap Attachment

The bonding strap attachment point of each unit shall comply
with the requirements contained in TS-SR-AI-005,
with the following reguirements:

It shall be placed on the same side of the unit as the
connectors to allow easy integration.

The bonding stud shall be placed within a band centered
at 15 + 5 mm £rom the unit's base.

The bonding stud must be threaded starting 1 mm from
its root and shall be provided by the Experimenter with
its washer and nut.

The bonding stud shall be 10 mm long.

The nut shall be self-locking and 4 mm high
self~locking mé4 nut, e.g.

{standard
LN9161-@ 4 m}).

See Figure 6.1.2.1 fcr other details.



Figure 6.1.1.1:

Units Identification

and Location (*)

1803 ! DIFP-S

! f 4
! Unit !Acronym ! Function Location
! Code ! !
! . !
! 1801 ! SPES-1 ! Soft Particle Energy On Fixed Boom
-Q”jaaeoz HSPES-2 ! Spectrometers Tip
1 L]
180%/«4 SPES-3 ! Soft Particle Energy on §/C Skin
: ! to ! Spectrometer Viewing Space
1d0s% !
5P -S
1
|
1

Differential Ion Flux

On Fixed Boom

0= e ttfamr 0=t b |t pen bt g pee e e o g b g

Ber 8=t et g G $=8 S PAR fum Db Gn Srw dmm G Smm dem g e el w

Probe - Electronics

% Probe - Sensor Tip
1810 % EVUl i High Voltage Unit Inside S/C
1811 | Av02Z | High Voltage Unit Tndide S/C
1812 : CEP i Central Electronics Inside S/C
E f Package
1813 %‘Fs E Floating Supply “Tnside 5/
1814 % DIFP-E % Differential Ion Flux % Taside 5/C
! ' '

(*) SPES-1, SPES-2 and DIFP-S5 sensors form one deliverable
unit, the TSS-S fixed Boom Mounted Sensor package (BMSP)
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ee Figures 6.1.3.1 to 6.1.3.8

—

The new mechanical

envelopes (different from the baseline) are under evaluation

efore possible acceptance.

The following mechanical interface (assembly) drawings
will be provided by

- 42731340
- 42431341
- 42431342
- 42231343
- 42231344
- 42R31345
- 42231346
unit.

sketc

for
for
for
for
for
for
for

ure 6.£.;=hw

.9
e

1810
1811
1813
1812
1814
1803
BMPS

the Experimenter.

(BVU1l) unit.
(HVU2) unit.
(FS) unit.

(CEP) unit.

(DIFP-E) unit.
to 18Q&5(SPES-3 to SPES-%) units. "
(SPES-1, SPES-2 & DIFP-S) deliverable

Qe

shows i
fixed Boom Mounted Sensor Package (BMSP).

whlch may or may not be necessary. |

oom,

S5P=5-2 attaches to SPES-1, and DIFP-S )

The Sketches show cables, but do not show any thermal cover
J SPES-1 attaches toi
& &R X

> atta

=2.) The cables must be routed to Kkeep
them out of the field of view (FOV) of the sensors. Exposed L///

bonded to the sensor structure.

cable should be wrapped with metal braid or f01{3;‘and

Figure 6.1.3.10 shown the minimum clearance and bend radius
reguirements for a Reynolds hlgh voltage cable using the
167-2896 coaxial

connector

cable ter with a 167-37704a

Reynolds 178-7215 high voltage w
and weighs 4 grams per meter, Reynolds 167-2896

high voltage coaxial cable is 2.41 mm diameter and weighs
16 grams per meter.

mm

- 20=



Notes on figure 6.1.3.4:

1-
2-

HVUl height is 2.50 mirimuwe—swd=3=St=mertmmm S

Quantity of Reynolds 167-3771 connectors on panel are
4 minimum and 24 maximum. Minimum clearance behind
panel for harness connectors and cable bend radius is
1.55 inch.

Primary thermal interface is thru the 0.45 x 9.00
flanges. Remainder of base is recessed 0.005 nominal.
Thermal filler probably required.

Flange width and mounting hole diameter set for M4 bolts
with 8 mm washer as per TS-SR-RAI-005, 4.9. Bight
attachments are preferced for thermal contact purposes.

Normal length of HVU housing is 7.88 inches plus external

. power interconnection cable making total length 9.20

inches. The Experimenter prefers to interconnect power's
inside kousing for ROPE to eliminate potential high
voltage problem with external cable on HBVU2., It is felt
that total length can be 9.00 inches but length could
be increased to 9.20 inch if necessary.

All 25 contacts in assembly connector are used. if
additional wires are added, the Experimenter will change
connector to 311P407-2P-B-12 or 311P407-3P-B-12.
Connector 311P409-4P-B-12 will not fit.

HVU2 size and mass will be the same as HVUl, but installa-
tion size and mass will be grater due to external high
voltage isolation size and grounded cage.

&y

)
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Figure 6.1.3.3: 1809 (DIFP-S) Box

IO BE PROVIDED BY THE EXPERIMENTER
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Figure 6.1.3.4:
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1812 (CEP) Box

Figure 6.1.3.6:
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Figure 6.1.3.9a: Fixed Boom Mounted Sensor Package (BMSP)
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Figure 6.1.3.10: Minimum Clearance and Bend Radius Requirement
for Reynolds High Voltage Cables
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6.2 Mass Properties Data

6.2.1 Flight Items Mass Data

i
The m ass properties sheet, Figure 6.2.1.1, are
prov1ded by the Experimenter as estimated with no declared
contingency. They are, therefore, condidered current masses
(no contingency to be added). The requirement to reduce
the overall Experimenkt mass and to reduce drastically the
mass of the fixed Boom Mounted Sensor Package (BMSP) must
be met by the Experimenter before acceptance of any unit
mass. The mass of the BMSP by itself exceeds the total
2 kg allocated to the experiments (ROPE & TEMAG).

The mass breakdown does include thermal control related

mass (MLI, electric heaters, etc...) supplied by the Expe-

rimenter as part of e_unit to which the device belongs. y////
Eacih of the 1303 to 1 sensors will be mounted on an Inte-

grator provided brac see fig. 6.1.3.2) for positioning

and aligrment of the sensor. The basic mass of each

bracket is 0.150 kg (Al alloy about 2.8 x 10E-6 kg/mm3).

/\

ng the mounting

The unit size is the overall envelope inclu
feet but not other irregular shapes 1li cgnnectors and

bonding strap except for units 1301 to /130&. which length L/’,
includes connector protrusion.

All tolerances on the centres of gravit .G.) are + 10
mm along the Z axis and + 20 mm along the X and Y axes.
origin 0 of the C.0.G. is the lower left angle
overall unit envelope. The C.0.G. of unit 1801
its geometric center.

The moments of inertia (M.0.I.) of units
calculated assuming uniform mass distribBu
tolerances are + 20 % .

The products of inertia (P.Q.I.) are calculated assuming G
uniform mass distribution. .7ﬁQQa
The uncerlined dimentions in figure 6.2.1.1 identify the (F)
connector side. The double underlining means that the
connectors are on both opposite sides. -
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6.2.2 Non-flight Items Mass Data

TBD by the Experimenter.
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6.3 Dynamics Characteristics

The resonant fregquency shall be compliant with the
applicable document TS-SR-AI-005, 4.1.2 and table 4.1.2-1
{>150 Hz for hard mounted units; >80 Hz for bracket mounted
units).

[ ! ! 1 {
! Unit !¢ Acronym ! F (Hz) ! M (kg) !
! Code ! 1 (1) ! (2) !
! ! ! ! !
{1801 { SPES-1 ! ! H
! to ! to P ! !
18049 1 spes—g9 1« > w H;_- ] !
! ! ! ! !
1~ 1809 | DIFP-S ! I !
1 t | 7 YD \’\2- 1 t
! 1810 ! HVUL ! ! !
' ! . 2 150 Ha | !
1 1811 1§ HvO2 ! — ! !
; ! L2 150 W !
! 1812 | CEP ! ! !
1 t ' ? IS-D H'-L- 1 1
171813 1 FS 1 ] !
! 1 ! 7 'b—b H,J_-, ' ]
17 1814 1| DIFP-E | ! 1
1 H ! > 'b\) H%_ 1 ]
(1) F = Resonant frequency of unit.

{2) M = Model mass of unit.

S T



6.4 Venting

In order to withstand the pressurization/depressurization
profiles shown in TS-SR-AI-001, 3.2.1, during ascent/reentry
phases, the Experiment units have to be properly designed.
Depending on the chosen design solution, the units are
classified as follows:

A- Open vented units: units with hole such that (Avh/V)
> 1 where Avh is the venting hole area in square inches
and V the box volume in cubic feet.

B- Sealed units: units whose structure can withstand 1 atm.
pressure difference between outside and inside pressures,
both inward and cutward.

C- Closed units: units that belong to neither class above.

The venting analysis is required for class € Experiment
units only. It aims at assessing:

- air venting time during launch-ascent, and
- box structural integrity when the bhox is subjected to
the guotad press/depress profile.

-

- 2fa=
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Figure 6.4.1: Venting Classes of Experiment Units.

Unit ! Acronysm ! Venting ! Comments
Code : ; Class :

T80 ; SPES - 1! fgb (905 - Ven
1808 ! sPES -g5 : A :p:_?%@p(}, }r.nwr.‘
1809 : DIFP - § : A :

1810 : BVU 1 ; A :

1811 : HVU 2 : A f

1812 E CEP ; A %

1813 i FS i A :

1814 : DIFP - E : A :

- 20
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6.5 Viewings, Location and Alignment

6.5.1 Sensors Viewing Angles

Sensors viewing axis and viewing angles are defined as:

SVA/P = Angle of projection of the sensor viewing axis on
the plane formed by the spin axis and the Satellite
fixed boom, where 0° is the positive spin vector.

sva = Sensor View Axis angle with respect to the plane
formed by the spin axis and the Satellite fixed
boom.

SOE = Sensor Opening angle about SVA in Elevation.

SOA = Sensor Opening angle about SVA in Azimuth.

Figure 6.5.1.1 details the reguirements for this Experiment.

Ao et

6.5.2 Sensors Location ,{? .
7 —~7Te s & Wﬂ P
w ,)zu_ m J
_4/ tla"dh-— "{' 7%‘
Lt
6.5.3 Sensors Alignment g/ﬁ}/‘z A 5' , .
See Figure 6.5.3.1 . ’7@W¥Cr‘ gk$tf
6.5"’:

Sensors alignment knowledge is + &S lat integration onl;ﬂ}Jsl‘-—__
Vided mirrors are prefent on sensors according to |
licable document TS-SR-hI-005, 4. 8;

6.5.4 Sensors Position Accuracy

See Figure 6.5.3.1 .

The sensors position accuracy is required to be within
5.0 mm for all three axes.

6.5.5 Alignment Devices

To be specified by the Experimenter.

= 30-



Figure 6.5.1.1: Sensors Viewing Angles

! 1 ] 1 1 1 !

! Sensor ! Acronym ! SVA/P (")! SVA (°)! SOE (")! SOA (°)}!

! ! ! ! ! ! !

{7 1801 ! SPES-1 ! o] 0 [ { !

! ! ! C{D ! ! 1 !

1~ 1802 ! SPES-2 ! _S& I 0 1 1 !

! ! ' 2% ! ! 1

'~ 1803 1 SPE5-3 ! 270 ] 1 1 !

! ! ! ! () 1 ! !

!” 1804 ! SPES-4 | -pog==s- | 1 1 !

1 A ' 2is 1 O ! '

17 1805 ! SPES-5 ! A= 1 { 1 !

o ! ) 1 3¢o0; O ! !
— 3806 | SPES=6—t—337+5¢ 1§ — B —— e

| i ! ! H ! 1

- A S - i e e ¥ r— i 7 ;

1 ! ! ! ! 1 !

Q 18— : 1 1 !

e ) "t ! ! ] T 1

'~ 1809 ! DIFP-S 1 270 T 0 i = 1 1

() Shoedd be /‘omdl A5° wrt $-dau )
ﬂlfl‘bmm} le, is §-land /f)’L?me SV& =0
-r\‘/IM‘ s @K?(-{_. f{tﬂ"(’( é‘-L 3[5—”

(7]

S Bopd FoFtruek

- 31-
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Figure 6.5.3.1: Sensors Alignment and Position Accuracy
w.r.t. Satellite Reference Frame

! ! {1) ¢ {1) 1 ! 1 !
! Sensor ! Azimuth (®)! Elevation (")! X (mm)! ¥ (mm}! 2 (mm)!
! i ! ! ! . !
1 1801 ! + 0.5 ! + 0.5 ! #5.0! +5.0 ! +5.0!
! ! H . . ! :
{1802 ! + 0.5 ! + 0.5 ! +5.01! +£5.01! +5.0!
! . ! ! ! g i
! 1803 [ + 0.5 ! + 0.5 ! +5.0! +5.0! +5.0!
! ! ! i ! E !
! 1804 ! + 0.5 ! + 0.5 ! +5.0! £+5.01! +5.01
1 ! ! ! 1 ! !
1 1805 ! + 0.5 ! + 0.5 ! +5.0! +5.0 ! +5.0!
! ! ! ! ! ! {
11806 !t + 0.5 - 05 ———t+50T—5 0 L £ 5.0 1 g
! ! ! ~ 1 ! T 1 !
8o L B85 T =5 s s~ o~ S -+ S S <
! - ! - 1~ 1~ 1 = ! T
! 1809 ! + 0.5 ! + 0.5 ! +5.0 ¢t +£5.0¢! +5.0!
! ! ! g . ! e
(1) Knowledge of Azimuth and Elevation angles must be within
-j:’D.S"\ i 3 '_ i
\

Note: According to the applicable deocument TS-SR-AI-0C5;?

units requiring very accurate__glignmaa&—qmﬂﬂ?’ﬁ??;

i only.
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6.6 Baseplate flatness

Foot flatness shall be within 0.1 mm.
Surface finish for each foot shall be 3.2 micrometers.

The detailed requirements are
TS-SR-AI-005.

in

the applicable document



7.0 ELECTRICAL INTERFACES

7.1 Overall Requirements Summary

! ! 4 g !
tPARAMETER! SIGNAL TYPE I1REQUIREDI!UONIT!
! 1 ! ! !
] I Experiment bus trom PPDA 1.5A ! 1 11812!
! ! 5.04 ! 1 118121
! ! ! ! !
! POWER ! Exp. Heater bus from PPDA ! 1 11g12!
! ! ! ! !
! ! Exp. Heater bus from PCDA i 1 £11812!
! 1 ! ! !
! ! Serial Digital lé-bit (SDis6) ! 2 £11812!
! H {1)! 4 !
! t Bi--Level Digital (BLMN) ! ] !
ITELEMETRY ' ! ! !
! ! Relay Sensing {(RSMN) ! ! !
! { ! ! !
! ! Analoj Single Ended (ASMN) ! ! H
! ! am . ! ] !
! ! Relay Drive (RDCM) ! ! !
! TELE- g ! s !
! COMMAND ! Memory Load Data (MLDT) . 2 11812!
! 4 {2) ! H !
! ! Frame Pulse {(FRPL) ! 2 11812!
H 1 ! ! 4
{ TIMING ! Format Pulse (FIPL) ! 2 11812!
{ t ! . {
! 1" Event Datation Channel (EDCH) ! ] !
! ! ! ! !
! ! Tether Current Monitor Analog ! f !
! SPECIAL !__ (TCMA) 1 ! :
! ! Synchronization Clock 128 KHz ! 1 i1812!
! ! ({SYCK) ! ! !

(1) One Serial Digital Sampling (SDSP} and one Serial
Digital Clock (SDCK) with each SD16 signal.

(2) One Memorv Load Sampling (MLSP) and one Memory locad
Clock {MLCK) with each MLDT signal.
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7.2 Power Interface

7.2.1 Specified Maximun Total Znergy

The specified maximum total energy drain from the Satellite
batteries at the Experiment power bus from PPDA, integrated
over the operational profile of the Experiment, is 27 x T
(WH), where T is the total switch-on hours time for the
Experiment. 3 x Th (WH) are to be added, where Th is the
time sensor heaters are ON after Ul umbilical connector
disconnection. Also to be added is 50 xTp {(WH), where Tp
is the time the floating power supply of the unit 1813 (FS)
is on.

T7.2.2 Power Data

The power requested and dissipated is detailed in Figure
7.2.2.1 .

Power consuption: 27 W + TBD (for the floating power supply
of uni% 1813) continuous (30 V dc at PPDA output) + 3 W
peaks for heaters (32 V d¢ at Ul). Occational peaks of
50 W occur for the floating power supply of unit 1813 (FS).
The given values include converter losses.

The Experiment will be operative during the on-station
phase, including the intermediate stops. The Experiment
will be switched off at the latest possible moment prior
to the Satellite power of€.

The power profile during the whole TSS-S mission from the
Satellite deployment till the end of retrieval is shown in
Figure 7.2.2.2. The figure is valid for a voltage range of
22.5 to 36 V dc. Acceptance of the power data depends on
compatibility with the other Experiments.

7.2.5 Current Limiters

Current limiters to be adopted by the Experimenter shall be
compliant with the requirements in TS-SR-AI-005, 6.2.2.

0}



SOUTHWEST

?NESST!E'?STCEH TELEFAX (5 12) 647-4Y32€

REF. NO.: DATE: 25 MARCH 6 PAGE | OF |
TO: RAY HOLDER/MSFC
PROM: AL BLEVINS/SWRI1

SUBJECT: ROPE/TS55-5 POWER INTERFACE

POLLOWING 1S POWER INTERFACE INPORMATION TO TRANSMIT TO SABBAGH. HAVE NOBIE VERIFY BOTH THE
PLOATING POWER SUPPLY AND HEATER POWER NUMBERS BEFPORE TRANSMITTAL. CHANGE IF NECESSARY, BUT
PLEASE INFORM ME OF ANY CHANGES.

1. SWRI WILL PROVIDE A 311P409-1P-B-12 CONNECTOR ON THE CEP POR INTERFACE WITH THE
SPACECRAFT POWER SYSTEM. INSTRUMENT POWER AND BOOM SENSOR HEATER POWER (FROM BOTH THE
SPACECRAFT AND FROM THE STS} WILL BE PROVIDED THROUGH THIS CONNECTOR.

2. CURRENT POWER ESTIMATES: 6(/ ' / T
. M‘C—a‘*
DIPP-E/DIFPP-8S 5.00 WATTS MAXIMUM 1e
SPES 1-8 (8 @ .26 WATTS BACH) 2.08 WATTS MAXIMUM
CEP 4,29 WATTS MAXIMUM
HVU1 5.60 WATTS MAXIMUM about 1o
HVU2 3.90 WATTS MAXIMUM v e )
PS {EXCEPT PLOATING POWER SUPPLY) 6.13 WATTS MAXIMUM
Co.99
PLOATING POWER SUPPLY —35.00- WATTS PEAK (ASSIGNED DESIGHR
PARAMETER)

BOOM SENSOR PACKAGE HEATER POWER 3.00 WATTS (ASSUMED)

3. AER WILL FURNISH ONE 1.5A AND ONE 5A CIRCUIT. CURRENT PLANS ARE TO POWER THE CEP, HVU1,
AND SPES 3-8 FROM THE 1.5A CIRCUIT, AND TO POWER THE FS (INCLUDING FLOATING POWER SUPPLY),
HVU2, SPES 1-2, DIFP-E, AND DIFP-S FROM THE 5A CIRCUIT.

4. METHOD OF ISOLATING AND SWITCHING BOOM SENSOR PACKAGE HEATER POWER IS TBD.

5. SWRI WILL USE AER'S PIN ASSIGNMENT POR THE POWER INTERFACE CONNECTOR. ASSIGNMENT WILL
INCLUDE TWO PINS POR THE 1.5A CIRCUIT, TWO PINS POR THE 5A CIRCUIT, TWO PINS FOR HEATER
POWER FROM PCDA, TWO PINS FOR HEATER POWER FROM PPDA, AND ONE SPARE PIN.

CC: N. STONE/MSFC
J. ALEXANDER/SWRI
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7.2.4 Inrush Current

The nrush current is defined in Figure 7.2.4.1 and is
compliant with TS-SR-aI-005, 6.2.2.6.

7.2.5 Converter Fregquency and Synchronization

The Experiment power converter is synchronized to a
frequency of 64 KHz by a 128 KHz synchronization clock
(SYCK) signal from the Satellite OBDH. The £free running
frequency shall be at 64 KHz + TBD KHz.

The DC/DC converter data sheet is in Figure 7.2.5.1 .

The detailed requirements on converter £frequency and
synchronization are in TS-SR-AI-005, 6.2.3.1.3.4 .

7.2.6 Input Voltage

The Experiment power bus voltage from PPDA at the input to
the 1812 (CEP) unit ranges between 22.5 and 36 V dc.

T7.2.7 External Sensors Heater Power

The routing of the requested 3.0 W power to the Experiment
Boom Mounted Sensor Package (BMSP) is as Eollows:

1- The Experimenter shall implement the electrical scheme
shown in Figure 7.2.7.1 inside the 1812 (CEP) unit.
The Experimenter shall therefore:

- adopt one fuse on each heater line to avoid impacts
on other Experiment sensors in case of failure.
Protection of different type could be acceptable
provided the equivalent load at the user interface
remains purely rvesistive,

- adopt thermostatically controlled heaters to optimize

power use, guaranteing their EMI compliance with the
requirements in the applicable decuments,

= 3f=



- adopt heaters capable of operating over the voltage
range of 19 to 36 V dc (TS-SR-AI-005, 6.2.2.2 and
tables 6.2.2.2.2a and b),

- adopt non-latching relays with rest position as shown
in Figure 7.2.7.1, and with consumption not more than
0.3 W each,

- guarantee that no neoise is injected on heater power
lines {TS-SR-AI~-002), and

- guarantee appropriate heater system isolation against
high voltages {particularly with respect to Satellite
structure).

No power will be delivered to any equipment during the
post-retrieval quiescent phase.

No umbilical line will be dedicated to Experiment sensors
heating during pre-deployment guiescent phase: heater
power will be delivered to the Satellite on the same
line used for Satellite heaters.

The requested 3.0 W power is the absolute maximum at U1
umbilical interface (i.e. calculated at 32 V dec).
Furthermore, the corresponding mean power at the Ul
umbilical interface must be calculated as the minimum
guaranteed power at 21 V de¢. Both 3.0 W peak and TBD
(<3.0) W mean include losses due to distribution from
the Ul umbilical connector to the Experiment interface.

The Experimenter shall provide the value of the peak power
at maximum voltage at Experiment interface, and power
breakdown in its circuit including losses.

Figure 7.2.7.2 shows the Experiment heaters electrical
scheme.

e te I
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Figure 7.2.4.1: Inrush Current

TO BE PROVIDED BY THE EXPERIMENTER
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Figure 7.2.7.1; Electrical Scheme for Heater Power Distribution
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]
—!
Vo
e
:
. NIN-LATCHING RELAYS WLTH
HEATER FOWER — RIST POSITION AS SHOWN
FROM  PPOA {SOLENOID ACTIVATED BY SAME
(MISSION  PHASZS) POWER THAT ACTIVATES ThE
HEATER)
POWER 70 EXPERIMENT
FROM PPDA POMER TO
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URIT 1812 (CEP)




Figure 7.2.7.2:

TO BE

Experiment Heaters Electrical Scheme

PROVIDED BY THE EXPERIMENTER
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7.3 Command Interface

Command interface is in accordance with TS-SR-AI-005 General
Design and Interface Requirement.

Figure 7.3.1 shows the TLC bit rate requirement profile.
Figure 7.3.2 is the command sheet identification to be

compiled by the Experimenter following the procedures in
the TS-PR-AI-008B.

7.3.1 Relay Drive {RDCM)

No RDCM is requested by this Experiment.

7.3.2 Memory Load Data (MLDT)

The detailed description is in Figure 7.3.2.1.
Petails of commands are shown in Figure 7.3.2.2 .

7.3.3 Command Timetag Requirements

No command time-tagging capability is provided by the
Satellite On Board Data Handling Subsystem {(OBDH)}.

- 40=



Figure 7.3.1: TLC Bit Rate Requirement Profile

TO BE PROVIDED BY THE EXPERIMENTER
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Figure 7.3.2.1: Memory Load Data Commands

g ! ! Command !
! ! ! !
1 Unit !Acronym! Code ] ] (*)!
! Code ! ! ! Description I1Source!
! 1 1Exp.!5/C ! ! !
{ ! ! ! 1 ! t
11812 ¢ ! 01 ! ! ! RTUP !
! ! ! ! ! ! !
11812 ¢ I 021! ! { RTUP !
{ ! ! ! ! ! !

(*) RTUP = Remote Terminal Unit for Payload (Satellite OBDH
Subsystem unit)
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Memory Load Data Command Description

Command

Figure 7.3.2.2:
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7.4 Telemetry Data Interface

Telemetry data interface is compliant with TS-SR-AI-005,
General Design and Interface Requirement.

The telemetry bit rate requirements are summarized in Figure
7.4.1. The Experiment requires 4500 bps from Experiment
switch-on to Experiment switch-off to be obtained with 18
16-bit words/Erame at frame end and close to each other (see
7.4.4). Acceptance of these requirements depends on
compatibility with the other Experiments. Figure 7.4.2 is
the data sheet identification compiled following the
procedures in the TS-PR-AI-008.

7.4.1 Telemetry Reguirements Summary

The TLM requirements summary is shown in Figure 7.4.1.1.

7.4.2 Telemetry Format Lay-out

The MNASA type 3 TLM format lay-out is shown in Fig. 7.4.2.1
and the data format lay-out is shown in Figure 7.4.2.2.
The 3 format arrangements 1, 2 and 3 are with 16 kbps (256
frames x 128 8-bit words) each which is distributed as
follows: (a) 2250 bps for TLM Synch., (b) 3500 bps for
Satellite Housekeeping Data, {(c)} 10250 bps £for P/L Data.
The number of interrogation 8-bit words and related recycle
frequency dedicated to TSS5-5 Housekeeping and P/L Data is:

- P/L Data: 300 words with recycle at 4 Hz and 112 at 1 Hz.

- TSS-5 Housekeeping Data: 416 words with recycle at 1 Hz,
4 words with recycle at 4 Hz and 256 words at 1/16 Hz.

Columns 4,8 (Satellite) and, as a goal, columns 1,5 (P/L)
depending on the ( P/L checkout position in TSS checkout
timeline and on P/L operation timeline) are down linked
via UM2.

The synchronization words are words 1, 2 & 3 in the first
frame, and words 1 & 2 in the other frames.

The 8-bit transition words are words 8k (k = 1 to 15) in

all the Erames.
The trasmission of one format takes place in 16.384 sesconds.

- 44-
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7.4.3 Analog Data Description

Details on analog data, both Science (SC) and Experiment
Housekeeping (EHK), are given in Figure 7.4.3.1.

7.4.4 Data Location in Telemetry Format

Figure 7.4.4.1 shows the location of the 5Dl6 data in the
telemetry format. Figure 7.4.4.2 shows the Experiment
suggestions on his 8-bit words assignment. The list assumes
18 1l6-bit words per frame in 7 word groups separated by
transition words (see 7.4.2 above). The Experimenter
prefered location is at the end of the frame.
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Figure 7.4.1: TLM Bit Rate Requirements Profile

TO BE

PROVIDED BY THE EXPERIMENTER
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Figure 7.4.1.1:

Telemetry Data Requirements Summary

!
! Unit !Channel'Channel Code !Sampling!
! Code !Type ! !Rate per! Description
! ! (*) 1 Exp. T §5/C lFormat ! {(*)
! ! ! 3! ! {(**)!
+~1812 ! sple ¢ SCl ! ! ! 16-bit words
! ! ! ! ! !
! 1812 ! sDle 1t SC1 ¢ H I 16-bit words
! ! ! i . !
{*} SDl6 = Serial Digital 16-bit
sC = Science
(**) With

16 seconds format duration.
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Analog Data Description
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Figure 7.4.4.1: Signal Digital 16-bit (SD16) Data Location

! Channel !Source! ! Location in TLM
! Code ! ! Channel Description ! Format

i ! Unit ! !

! Exp.!S§/C ! 1 {Format! Word ! Bit
! ! i i ! ; ) !

! 8C1 ! ! 1812 ! Science Data ! { !

! ! 1 1 ! ! !

! 8Cl ! 1812 ! Science Data ! ! 1

! ! ! ! 1 1 !
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Figure 7.4.4.2: Telemetry Word Assignment List

Word Parameter

S —S5PES 3 {Ciranmel—4)
3 Framrsteiren—Weosd—

w

SPES 5 {(Chaanel—8)
—SPRESE—{Ehamre 04—
SPES g7#(Channel
SPES #Z(Channel
Transition Word
SPES Z4(Channel
SPES 74(Channel
SPES @5(Channel
SPES g5 (Channel

HVUL "(PPS1 Step)
Engineering i
SPES 1 (Channel 0)

Transition Word 6 q

SPES 1 (Channel 1)

SPES 2 (Channel 2)

SPES 2 (Channel 3)

HVU2 (PPS2 Step)

DIFP-1

DIFE=2 . 5 | SPES SLow(a( ba

Fo—
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96 DIFf=
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

NS S
DT ==
:
. 3
28
5

Transition Word . :
DIFp-4 (74} D”Q. l(‘ B""L

DIFP-5 —
DIFE-6 SJ‘D"’ %; AR
DIFP-7 - .
DIFP-8 Lorvadion. PRLTES
DIFP-9 ,
DIFP-10 O ad)l =/t bk
Transition word
DIFP-11 Aal 3 = It LK
DIFP-12
DIFP-13 ete,
DIFP-14
DIFP-15
DIFP-16

112 DIFP-17

= 51_



7.5 Electrical Interface Circuits

7.5.1 General Requirements

General requirements for interface circuit “design within
the Experiment units are detailed in TS-SR-AI-005, General
Design and Interface Requirement.

The Satellite side is as per TS-SR-AI-005 and TS-IC-AI-001/3

7.5.2 Interface Circuits

The actual electrical interface circuits for each electrical
function facing the Satellite subsystems including all
component values are shown as follows:

Fig. 7.5.2.1 : Power

Fig. 7.5.2.2 : Synchronization Clock

Fig. 7.5.2.3 Memory Load Data

Fig. 7..5.2.4 Serial Digital 16-bit

Fig. 7.5.2.5 Frame Pulse

Fig. 7.5.2.6 Format Pulse

Heatercs

Fig. 7.5.2.7
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Figure 7.5.2.1:

Electrical Interface Circuit:

TO BE PROVIDED BY THE EXPERIMENTER

159
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Figure 7.5.2.2: Electrical Interface Circuit: Synchronization

TO BE PROVIDED BY THE EXPERIMENTER

Sy
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Figure 7.5.2.3: Electrical Interface Circuit:
Memory Load data

TO BE PROVIDED BY THE EXPERIMENTER

)
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Figure 7.5.2.4: Electrical Interface Circuit:
Serial Digital 16-Bit

TO BE PROVIDED BY THE EXPERIMENTER

gl
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Figure 7.5.2.5: Electrical Interface Circuit:
Frame Pulse

TO BE PROVIDED BY THE EXPERIMENTER
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Figure 7.5.2.6: Electrical Interface Circuit:
Format Pulse

TO_BE PROVIDED BY THE EXPERIMENTER
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Figure 7.5.2.7:

TO BE

Electrical Interface Circuit:

PROVIDED BY THE EXPERIMENTER
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7.6 Twisting, Shielding and Grounding Concept

The twisting, shielding and grounding for harness between
Experiment to Experiment units and Experiment to Satellite
units shall be compliant with the TS-SR-AI-002, EMC
Specification, and the TS-SR-AI-005, General Design and
Interface Requirement except otherwise precised in this
document. It is dAtailed in the contact functions of the
connectors, section/ 7.7 .

e
7.6.1 Grounding Scheme

Figure 7.6.1.1 shows the Experiment 0 V grounding schematic,
and Figure 7.6.1.2 shows the Experiment sensor heaters
0 V grounding schematic.
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Figure 7.6.1.1 : O V Grounding Schematic

TO BE PROVIDED BY THE EXPERIMENTER
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Figure 7.6.1.2: Experiment Sensor Heaters 0 V Grounding
Schematic

TO BE PROVIDED BY THE EXPERIMENTER
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7.7 Harness Interf%ie ﬂigprgp ﬂﬁ’j

A schematic of the Expériment harness is reported in Figure
7.7.1 and the cable functions are listed in figure 7.7.2.
From this list, miwing of signals belonging to different
EMC classes in the” same connector appears which is not in
compliance wit the requirement 1in TS-SR-AI-002. The

Experimenter shall provide a compliant list or ask for
waiver.\_’/,//ﬁ

» The Experimenter shall provide "MUA" for the following

| parts:
i - connectors: CANNON MDM-.....-HO0O0O3P~Al174
REYNOLDS 167-3771 and 167-3770-2
SEALECTRO 51-427-3188
- cables : REYNOLDS 167-2896; 167-9346; 178-7215;

178-7633

H.V. isolation of above cables, 1500 V AC RMS, is inadeguate
to the Experiment planned voltages (>5000 Vv DC). The
Ex i rovide adeguate cable list.

7-7.1 Experiment to Satellite Harness

The connector matrix of the Experiment to Satellite harness

\ is shown in Figures 7.7.1.1, and the connector functions
kn with the wiring diagrams are identified in Figures 7.7.1.2,
15 3 and 4.YTRis 1s & chamge to the baseline and it is being
\u’r { evaluated before acceptanc MNo contacts are \be connecte
ﬁ to the Satellite EGSE skin connector. /fu

\
<7

T.7.2 Experiment Internal Harness

The connector matrix of the Experiment internal harness is
shown in Figures 7.7.2.1 to 1l4. The contact functions with
the wiring diagramas shall be provided by the Experimenter.
Figure 7.7.2.1% shows the monitor list.

ol
gyfﬁ'batlzﬁbd;k“1
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The Experimenter reguest to use’ "blimd—=2wmdc" instead of

connectors on 1811 (HVU2) and 1814 (DIFP-E) boxes is being /
evaluated. The use of ‘vbdipd—deeeds” would eliminate -:&
connectors containing high voltage pins and would simplify %

"_‘the high voltage interface MW% [gfg(_;:g)_)-
[ B0 Chvar2),aud 184 (9ip>-2) .
| .

7.7.3 Harness to Other Experiments

No interface between this Experiment and other Experiments
is foreseen.

7.7.4 Electrical ed EMC Characteristics of Wires and Signals

The EICD Program sheets shall be provided by the
Experimenter following the procedures in TS-PR-AI-008.

. fows ”‘9 mo’“ wish o m-e..\':g(g( Li“f’{l ==
hu2zod DIFP~E Pow Thet S 0‘5‘500 v,
lros vt Ak ol mcxfif‘éfﬂw on P Comechrs,
See- &0 - 1L P%/D/h A9 .
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CABLE DESCRIPTION/ CABLE
NO. FUNCTION EMC CLASS WIRE
ROPE MLDT 1 & RIN RF 24 AWG THWS
ROPE MLSP 1 & RIN RF 24 AWG TWS
ROPE MLCK 1 & RTN RF 24 AWG TWS
ROPE MLDT 2 & RTN RF 24 AWG TWS
ROPE MLSP 2 & RIN RF 24 AWG TWS
ROPE MSCK 2 & RIN RF 24 AWG TWS
ROPE SYCK & RTN RF 24 AWG TWS
ROPE SD16 1 & RTN RF 24 AWF TWS
ROPE SDSP 1 & RTN RF 24 AWF TWS
ROPE SDCK 1 & RTN RF 24 AWG TWS
ROPE FTPL 1 & RIN RF 24 AWG TWS
ROPE FMLP 1 & RTN RF 24 AWG TWS
ROPE SD16 2 & RIN RF 24 AWG TWS
ROPE SDSP 2 & RTN RF 24 AWG TWS
ROPE SDCK 2 & RTN RF 24 AWG TWS
ROPE FTPL 2 & RTN RF 24 AWG TWS
ROPE FMPL 2 & RTN RF 24 AWG TWS
do ROPE 1.5A PWR & RIN p&iom 20 AWG THWS
ROPE 5.0A PWR & RTN N%. 4A PEAK 20 AWG TWS
ROPE PPDA HTR PWR & RTN 100 mA 20 AWG TWS
ROPE PCDA HTR PWT & RTN N%loo mA 20 AWG TWS
GD HVUl CMDS (9) 5V DIGITAL 24 AWG
HVUL1 MONITORS (12) 0-5V ANALOG 24 AWG
COMMON (2) 24 AWG
SYCK & RTN RF 24 AWG TWS
+28V & RTIN (V&200 ma 24 AWG TWS
3 +PPS gdl3 0 TO +2200V STEPPING REYNOLDS
167-2896
-PPS (763 0 TO -2200V STEPPING REYNOLDS
167-2896
+HVPS 9(x3 +2650V OR +2950V  REYNOLDS
, : 167-2896
-BVES sﬂl} -2650V OR =2950V  REYNOLDS
167-2896
NOTE: CABLE SHIELD IS USED FOR RETURN



® sPES ouTPUT (J2TC 5V DIGITAL 26 AWG

+5v (¥ -12mA EACH 26 AWG
+5V RTN (12T(, 26 AWG
+BIAS (#7323 +1V/+5V 26 AWG
-BIAS (13 -1V/-5V 26 AWG
NOTE : 26 AWG WIRE IS FACTORY INSTALLED IN MDM-9 CONNECTORS

ON SPES END OF CABLE. AER TO CUT TO LENGHT AND TERMINATE
AT CEP END QOF CABLE. +5V AND +5V RTN WIRES MAY BE TWISTED.
ANY WIRES, OR THE ENTIRE CABLE, MAY BE OVER-SHIELDED.

G SEND & RTN RF 24 AWG TWS
RECEIVE & RTN RF 24 AWG TWS
ROPE FTPL 2 & RTN RF 24 AWG TWS
ROPE FMPL 2 & RTN RF 24 AWG TWS
SYCK & RTN RF 24 AWG TWS
PPS HIGH & RTN 0-10V ANALOG (HO) 24 AWG TWS
PPS LOW & RTN 0-10V ANALOG (HO) 24 AWG TWS
PPS HIGH/LOW & RTN 5V DIGITAL (ML) 24 AWG TWS
INPUT VOLT. MON & RTN 0-5V ANALOG 24 AWG TWS
INPUT CUR. MON & RTN 0-5V ANALOG 34 AWG TWS
FP& OUTPUT MON & RTHN 0-5V ANALOG 24 AWG TWS
FPS TEMP MON & RTN 0-5V ANALOG 24 AWG TWS
IPS TEMP MON & RTN 0-5V ANALOG 24 AWG TWS
ROPE 5.0A PWR & RTN ‘Y &2.4A PEAK 20 AWG TWS
ROPE PPDA HEATER PWR &RTN ~&100 mA 20 AWG TWS
ROPE PCDA HEATER PWR &RTN ¥ 72100 mA 24 AWG TWS

NOTE: PPS HIGH/LOW MAY BE DELETED.

GD SPES OUTPUT (4) S DIGITAL REYNOLDS 178-7215
+5v (4) Nilz mA EACH REYNOLDS 178-7215
+5V RIN (4) REYNOLDS 178-7215
+BIAS (2) +1v/+5V REYNOLDS 178-7215
-BIAS (2) -1v/=-5V REYNOLDS 178-7215

NOTE: REYNOLDS 178-7215 WIRE IS INSTALLED IN MDM-9
CONNECTCRS ON SPES END OF CABLE. AER TO CUT TO LENGTH AND
TERMINATE AT FS END OF CABLE. +5V AND +5V RTN WIRES MAY BE
TWISTED. ANY WIRES, OR THE ENTIRE CABLE MAY BE OVER-
SHIELDED, BUT AER IS CAUTIONED THAT THE CONDUCTORS ARE
REFERENCED TO THE PPS OQUTPUT (O TO ~€€##€% FLOATING}.

‘--'SODV



HVU2 CMDS (9) 5V DIGITAL REYNOLDS 178-7215
HVU2 MONITORS (12) 0-5V ANALOG REYNOLDS 178-7215
ISOLATED COMMON (2} REYNOLDS 178-7215
ISOLATED SYCK RF REYNOLDS 167~2896
ISOLATED SYCK RTN REYNOLDS 167-2896
ISOLATED +28V ﬂ/zl40 mA REYNOLDS 167-9346
ISOLATED +28V RTN REYNOLDS 167-9346

CAUTION: ALL WIRES

{0 TO

)

~500V,

AND SHIELDS ARE REFERENCED TO FPS QUTPUT
FLOATING).

DATA IN (8) 5V DIGITAL REYNOLDS 178-7215"
DATA OUT (8) 5V DIGITAL REYNOLDS 178-7215
ENABLE 5V DIGITAL REYNOLDS 178-7215
TIME TAG DIGITAL PULSE REYNOLDS 178-7215
RESET DIGITAL PULSE REYNOLDS 178-7215
ISOLATED COMMON REYNOLDS 178-7215
ISOLATED SYCK & RTN RF REYNOLDS 178-7215
ISOLATED +28V & RTN “’2180 ma REYNOLDS 178-7633

HHOTE: ISOLATED SYCK AND RETURN MAY BE TWISTED.

AND RETURN MAY BE TWISTED.

ISOLATED +28V

—~500V
CAUTION: ALL WIRES ARE REFERENCED TO FPS OUTPUT (0 TO =$886%r
FLOATING). :

@D +PPS (2) OV/+2200V REYNOLDS 167-2896
-PPS (2) ovV/~2200V REYNOLDS 167-2896
+HVDPS (2) +2650V/+2950V REYNOLDS 167-2896
-HVPS (2) REYNOLDS 167-2896

:2650V/-2950V

CAUTION:
1. CABLE SHIELD IS USED FOR HV RETURN.
2. CABLE CENTER CONDUCTORS AND SHIELDS (HENCE CONNE{TOR

SHELLS) ARE FLOATING).
. CABLE OUTER_JACKET IC SH D INSULATION SPECIFICATION

IS 1500 V.-AC RMS, AND SHIELDS MUST HAVE 00V TOTAL
ISQOLATION FROM SATELLITE STRUCTURE.
INS TING STANDOFFS AND/OR EEVING ARE REQ D AS

PART QOF CABLE SIGN, CONSTRUCTIQON, AND INSTALLATION.

.y >rig




D

CAUTION:

DIFP OUTPUT
+DEFLECTOR
-=DEFLECTOR
GRID BIAS
RETARD
BIT O GAIN
BIT 1 GAIN
+7.5V
-7.5V
COMMON

BOOM MOUNTED SENSOR PACKAGE

ALL WIRES,
REFERENCED TO FPS OUTPUT

‘/}Lh:g;gg2::;;:gfE—6—iEHtﬂ:KBtE_1rﬂﬂmmtERN1Tﬂ?T5HIEHHT‘TNSHtﬁTiGN-qzz—-

AND SHIELD OF

0-5V ANALOG
+100V TC -100V SWEEP
-100V TO +100V SWEEP

-100Vv
0 TO +100V
5V DIGITAL
5V DIGITAL
=10 ma
=10 ma
,g,gmv\/

{0 TO

(BMSP)

REYNOLDS
REYNOLDS
REYNOLDS
REYNOLDS
REYNOLDS
REYNOLDS
REYNOLDS
REYNOLDS
REYNOLDS
REYNOLDS

TEMPERATURE SENSOR REQUIREMENTS ARE TBD.

167-2896
178-7215
178-7215
178-7215
178-7215
178-7215
178-7215
178-7215
178-7215
178-7215

FP OUTPUT CABLE, ARE
FLOATING.

SEE—

HEATER AND

NOT—E: ‘l—'fl&rz, 13m0 /Vm}z.;h N . IOUW%“"“‘/
Cortrd] toacs T 7’7\1,/4!5/? heidlze .
Tl is TBD “F 12w fows -
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Figure 7.7.2.15 : List of Monitors

/ ROPE MONITORS
spss3-¥ NONE
HVU1, 2 +30V
+30V CURRENT
HVPS +V
HVPS -V

HVES CURRENT
HVPS TEMPERATURE
PPS +V

PPS -V

PPS CURRENT

PPS TEMPERATURE

CEP INPUT VOLTAGE
INPUT CURRENT
+5V
+15v
-15v
+BIAS (6)

-BIAS (6}
CEP TEMPERATURE

FS INPUT VOLTAGE
INPUT CURRENT
PPS OUTPUT
PPS TEMPERATURE
IPS TEMPERATURE
+5V
+15V
=15v
+28V
+BIAS (2)
~-BIAS (2)

FSE TEMPERATURE

DIFP-E - None— T

BMSP (DIFP-S, SPES1-2, Heaters, Temp. Sensor) TBD

ol DIFP  pends g ,ﬁa'*zéiuwiiy.



7.8 Timing Requirements

7.8.1 Frame and Formeat Pulse Channels (FRPL, FTPL)

The characteristics of the frame and format pulse channels
are in TS-SR-AI-005, 6.3.2.1.3.1. In particular, the
relative phase of the format and frame pulses is shown in
TS-SR-AI-005, Figure 6.3.2.1.3.1.1.

The relative phase of the frame pulse and the falling edge

of the sampling signal issued by the RTUP to the Experiment
is trp = [500(n-1)-128.9-267.6] microsec for the n-th word

in the telemetry frame. Clarification is given in

Figure 7.8.1.1.



Figure 7.8.1.1: Relative Phase of Frame Pulse and Falling
Edge of Sampling Signal Issued by RTUP.



8.0 THERMAL INTRFACES

8.1 Thermal Interface Control Drawing

To be provided by the Experimenter.

= 10-



8.2 Experiment Unit Thermal Location

! ! ! Thermal Location

! Unit ! i

! Code ! Functicn !Inside !Qutside !View
! ! IThermal !Thermal !tao
! g lEnv. lEnv. !Space
H ! ! ! 4

! 1801 ! Soft Particle Energy ! ! [
! ! Spectometer ! H X 1 X
! ! ! ! !

! 1802 ! Soft Particle Energy ! ! !

! ! Spectrometer i ! X :

! ! ! 1 .

! 1803 _! Soft Particle Energy ] ] I
Ito cr{,;!y Spectrometer [ ! !X
! W\~ ! ! !

! 1809 ! Differential Ion Flux ! P ! !

! ! Probe - Sensor ! £ ! )( !

1 ! ! . 4

! 1810 ! High Voltage Unit ! X { !

f ! ! 1 !

! 1811 ! High Voltage Unit i X [ ’

! f ! ! 4

1 1812 ! Central Electronics Unit ! X ! !

1 { E ! ! !

! 1813 | Floating Supply ! X ! !

! ! ! !

{ 1814 ! DIFP Electronics ! X 1

! s ! !

[TE—-,

=

S A b S A Ges dem 0w A dem G e A

S G e G v B Bt G B e

S Bt b 4= A—



8.3 Temperature Sensors

I Unit ¢ ! ! Range "C ! TLM !
! Code ! Sensor Location !Sensor Type! ! !
{ ! ! {Min. ! Max. ! Ch. !
3 1 H ! ! ! 1
! 1801 &! ope—iweide—Tach ! ! { t 1
t1802 ! wais ppus | e St ST TRE——TBD ¢ S
! ! ! ! ! ! !
17 1803 | Ome—¥ndide each [ ¢ ! ] ! !
E to .0&—,-4 wRit g v :MW
! 1809 ! Inside unit {Thermistor ! TBD ' TBD ' '
! ! . ! ! 1 ! !
! 1810 ! Inside unit(xz} !Themistor ! =30 t—+F6~ 1 !
! ! ! 1/ L =~ !
t 1811 ! Inside unit (Xl} !Thermistor } =-3-9—-'—'1-?ﬂ—l\ !
! ! 1 il ! 1 !
! 1812 ! Inside unit IThermistor ! =36—t +70 1! !
1 ! ! ! ! ! !
I 1813 I Inside unit (Ka)l'rhermistor ! =38——<F70 | !
! ! ! ! ! ! !
! 1814 ! Inside unit 'Thermistor ;‘ ! 1
! ! : i ! !\‘*--L._ ! ! !




8.4 Thermal Data

The thermal date (emissivity, unit contact area, thermal
capacity, number of working units, heat dissipation per
unit, operating and non-operating temperature ranges, start-
up minimum temperature) are displayed in the Thermal Data
Sheet of Figure 8.4.1 where design temperatures are shown.

For the fixed boom mounted sensor package (BMSP), the

emissivity and the absorbivity shall be
respectively, the same as the white painted SEEETITtE"gktﬂT““71;D

S
8.5 Qualification/Acceptance Temperature Limits

The qualification/acceptance temperature limits are shown
in TS-SR-AI-001, tables 4.3.1-15 and 4.3.1-16.

8.6 Special Thermal Control Devices

To be provided by the Experimenter.

8.7 Thermal Isolation Reqairements (Conductance,
Radiation)

TBD by the Experimenter. Compliance will be assured with
the applicable documents, and in particular with TS-SR-AI-
005.

— ]G
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8.8 Emission Properties for Units Inside Satellite

! Unit ! Radiation Area !Absorptivity! Emissivity !
1 Code ! {cm**2) ! . t !
' A RN ! o
171810 ! 1 0.1-0\<5 [ 0.3591190 !
! ! ! ! !
11811 1 0.1-0.15 1 0s85-0.90 !
! ! ! !
171812 ¢ ' 0.1-0.15 T 0NB85-0.90 !
! ! 1 1 !
171813 ! 1 0.1-0.15 1 0.85Q.90 !
! ! ! ! \\ 1
171814 ¢ t !
! ! 1 !

o.i- .15‘\ T 0.85-0.90
'

The emission properties reported in the Wbove table are

achie an appropriate paint ;Like ¥lectrodag +501

or Lhemglaze Z30%. - b, - -
? 0(5“ * M -.77 ol =G WY

e - ’36 ‘-Jﬂ ,qg - J‘:IID DK

8.9 Emission Properties for Units QOutside Satellite

! Uni: ! Radiation Area !Absorptivity! Emissivity !

! Code ! {(cm**2) ! ! !

: ! ! ! !

! 1801 &! ! 0.29 ! 0.82 !

! 1802 1 ! ! !

[ ; ! ! !

171809 ! I D28 1 o8z, !

! ! 1 b ! TZD v
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9.0 ENVIRONMENTAL INTERFACES

The environmental interfaces shall be compliant with the
applicable document TS-SR-AI-001, Environmental Specification.

9.1 Electromagnetic Cleanliness

The electromagnetic cleanliness shall be compliant with
TS-SR-AI-002, TS-SR-AI-005, TS-RQ-AI-026, and TS-PL-AI-027.
Interfering signal lines will be concentrated around 64
KHz, 128 KHz and 100.4 KHz, the latter is the Gyro
electronics DC/DC converter wich is anticipated not to be
synchronizable.

9.2 Chemical Cleanliness

9.2.1. Emission

Unit ! Potential

] ! ! Material ¢
! Code ! Non-Clean Materials ! Characteristics !
! | ! !
1 1801 to! ! t 4
¢ 1408 ! None ! !
! K/%/' ! !
11809 ! None ] !
1 ! ! !
1 1810 ! None ! !
! ! ! !
! 1811 ! None ! !
! 1 ! !
11812 1 None ! f
1 i 1 !
11813 ! None 1 !
! i ! 1
11814 ! None 1 i
! 1 1 1

- 15=



9.2.2 Sensitivity

To be provided by the Experimenter.

9.3 Ground Environment

The general environmental conditions and requirements are
in the applicable document TS-SR-AI-001.

The Experiment requires a dry nitrogen (N2) purge clean
room environment. SPES detectors are to be kept in their
environmentally protected shipping containers whenever
possible. When not in their containers, they must be purged
with dry nitrogen containing less than 1 PPM total
hydrocarbons whenever they might be subjected to a
potentially harmful atmosphere.



10.0 SATELLITE ATTITUDE REQUIREMENTS

Real time on-board attitude knowledge is not available
for the Experiments. Near real time knowledge on the ground
depends on POCC.

10.1 Post-flight Satellite Attitude Reconstruction
Requirements.

f Parameter i Required ! Accuracy !

E Pitch Angle % Yes ; + 17 ;

E Roll Angle E Yes % +1° E

g Yaw Angle i Yes ) +1° !

% Spin Rate ( + 1 RPM ) % Yes E * 0.01{(@1% —

E Sun Aspect Angle % Yes i +1° i

5—_§arth Signal % No ; i

i ! ! g

10.2 Satellite Attitude Control Requirements

5 Parameter i Required ! Accuracy !

g Yaw Angle T Yes i + 17 i

E Spin Rate (+ 1 RPM) ; Yes ; *+ 0.1 RPM i
4 g i




i11.0 EXPERIMENT GSE REQUIRED AT SYSTEM LEVEL

11.1 General EGSE e//ﬁf%t

Whereas the role of the EGSE at Experiment test level is

to act as a stand-alone test eqguipment, ts role at
Satellite level testing is to act as a periferal of the
OCOE. In this configuration all Experiment monitoring
should be done via telemetry data received on the science
data link.

Communication between OCOE and EGSE is by means of a single
broad band coax cable terminating at the EGSE in a "LAN
Access Unit" (LAU). The LAU interfaces to the EGSE are by
means of two Cannon DB25S connectors wich provide connec-
tions to the High Level Conversation link and Science
Data link.

In addition to the EGSE equipment required at subsystem
level, thke EGSE should be provided with two interfaces
which are compatible with the RS232C interface standard
for connection to the High Level and Science Date links
{see document EID-03).

Provision of cable between user equipment and associated
LAU is the responsibility of the user.

The general concept of the EGSE interface is shown in the
drawing of Figure 11.1.1.

There should be maximum carry-forward of EGSE hardware and
software from subsystem to system level to achieve maximum
commonality of procedures, economy and minimum schedule
risk.

The EGSE shall be:

built to withstand transportation,

provided with all transportation containers,
provided with documentation,

provided with tools, spare parts, etc...

T L
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The built gquality shall be to all commezféally acceptable
standards with simple interfacing between Units of the EGSE.

All connectors shall be clearly marked with their signal
name and connector number.

11.2 MGSE

The ROPE instrumentation will be hand carried to the
integration site for integration into the /Satellite. All
hardware will be i i trasnsported in
containers that will serve for storage (so long as -20°C <
T < +70°C) until integration activities are begun. All
sensor will be provided with dust covers and/or purge
covers that should remain on during integration to prevent
mechanjical demage or contamination. These covers will not
interfler with electrical checkout. They may be removed
during ermal-vac " testing.Size and other characteristics
shall be provided by the Experimenter. These covers are
"non-£flight items" to be removed before launch.

In view of the above consideration, the Experimenter does
not anticipate the need for special storage containers or
handling devices.

The Experimenter shall describe the following as a minimum:

l- Experiment peculiar MGSE and list of delivered
Experiment MGSE items.

2- Expected laboratory standard tooling/equipment, {to be
negotiated).

3- Laboratory, Experiment peculiar tooling/equipment, to be
supplied by the Integrator (after negotiations).

a
Figure 11.2.1 shows the Experiment MGSE drgwings

N
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EXPERIMENT INTERFACE DOCUMENT

@) TSSSATELLTE | =+

General Concept

Figure 11.1.1: Experiment EGSE Interface Drawing
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Figure 11.2.1: Experiment MGSE Drawings.

IO BE PROVIDED BY THE EXPERIMENTER

TBD
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i1.3 EGSE

11.3.1 Hardware

To be provided by the Experimenter

11.3.2 Experiment Stimuli

To be provided by the Experimenter.

11.3.3 EGSE Main Functions

The Experiment EGSE must check the Experiment at bench
level testing (i.e. when disconnected from the Satellite).
To perform this function it provides the necessary power
supply and the ability to command the Experiment ané to
get Experiment Housekeeping and Science data back.

Furthermore it must supply stimuli for calibration and
fungéoaﬂal tests of the sensors. f&' .
£

The Experiment EGSE acts as a periferal of the OCOE
computer at Satellite level testing (i.e. as SCOE). Its
main role is to stimulate Experiment sensors and verify
scientific data transmitted by the OCOE.

The Experiment EGSE interfaces with the POCC as ground
segment for real time data analysis and display are TBD.

- 21=
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11.3.4 EGSE Interfaces

Serial Channels

Experiment Test Level Satellite Test Level

S e b Dvm b B e i b

Parallel Channels

Experiment Test Level Satellite Test Level

tem gm e g amm b pmfam pem

The EGSE interface drawing at Experiment test level is
shown in Figure 11.3.4.1, and the EGSE interface drawing
at Satellite test level is shown in Figure 11.4.2.

Ay



Figure 11.3.4.1: EGSE Interface Drawing: Experiment Test
Level

TO BE PROVIDED BY THE EXPERIMENTER

4
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Figure 11.3.4.2: EGSE Interface Drawing: Satellite Test Level

TO BE PROVIDED BY THE EXPERIMENTER

DCOE \

— d, 1: 25232

Y ' — o, —
[ [ e |
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11.4 Experiment Integration and Test Regirements

11.4.1 Integration Sequences of Expe:iment Units

To be provided by the Experimenter. It shout{also include
classifications as: mandatory, recommended, etc....

11.4.2 Test Sequences

The Experimenters shall list the test sequences for:

- test during/after integration,

- I5T (see TS-SR-AI-006 for definition): fully accessible
Satellite, partial interactivity.

- ISC (see TS-SR-AI-006 for definition): non accessible
Satellite, no interactivity.

11.4.3 Test duratioa

To be provided by the Experimenter.

= 25=



12.0 EXPERIMENT OPERATION REQUIREMENTS

12.1 General Operation Requirements

The Experiment GSE inerface with the POCC is TBD.

No extraction of significant data sets from the instrument
format data is foreseen as baseline service of the
Satellite OBDH subsystem.

Quick look data requirements are TBD. Additional Satellite
data necessary for off-line instrument data processing at
ground are TBD.

The TLM bit rate requirements profile during the mission
is in Figure 7.4.1.

The TLC (16 bit words or on/off commands) rate requirements
profile during the mission is in Figure 7.3.1.

Operations to be performed by the Crew, in support of the
Experiment, are TBD.

id

yacebes
L

The Satellite OBDR gives no support to the Expeqisent.‘
. b o N
it Tf‘c,a_ﬂ‘f’r’: FORNYL dr
bt
12.2 Ground Operation and Calibration Vi “h. b ‘L“‘

The Experiment sensors (both DIFP-#and SPES) require a hid
vacuum plasma environment to operate. Therefore A ground
checkout will ©be limited to a verification of voltage
biases, sweep ranges and rates, operational modes, high
voltage isolation, and the operational noise level.

During thermal-vac testing, it is possible to exercise the
total hardware and sdtware capability of the ROPE
Experiment by stimulating the sensors and generating test
data wi:h filament emitted charged particles. This test
appears to be the only means of verifying the complete
Experiment hardware and software after delivery and before
on-orbit operations. However, special filament holders must
be designed for each instrument sensor and additional EGSE,
cabling, and vacuum feed throughs would be required during
thermal-vac testing.

= 28=
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The decision to initiate design of the additional required
hardware will be made at a later date, pending a decision
on the overall TSS Level 1 schedule and the rate of
progress in the Experiment flight hardware design and
fabrication. Command and data flow for the ROPE

instrumentation during ground checkout will reguire the
Satellite Overall Checkout Equipment (OCOE) to route all
ROPE signals through an RS 232 Interface.. fSPES sensors must

hambers because pump o0ils will poison channel electron
multipliers. 3

(ﬁff’be tested in diffusion and/or mechanical pumped vacuum
c

- \

!U VT ;'.

T ——
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12.3 Experiment Operation Descriptien

oy
The following is considered indicative andareproduced as
provided be the Experimenter. The final Experiment
operaticn description will be given after coordination
with the cother Experiments and with the TSS mission
operations.

The Experiment will have a high voltage on/off command
capability. In addition, it will be capable of being
commanded to operate sensors in various sequences and in
different measurement modes in order to maximize the
scientific value of the data obtained within the allocated

data rate.
The ROPE DIFP and SPES insturments should be checked out
as soon as possible once the Orbiter payload ba
are open. (The high-voltage mode%Jj::%;g_gggzpe’Tﬁ%ﬁ?ﬁt:z-_-
until the IEEET—éis pre and rnal Satellite gas

o pressurémag_;w@l;w). The instrument
checkout should be c¢o ed from the POCC where all

instrument responses can be observed and data reduction and

display software can be validated. In addition, the display

aﬁé- of any data required at the Aft Flight Deck (AFD} should

Mlso be validatedy In the event of anomalous operations,
he experimental “procedure should be replanned as required,

at this time.

The Experiment insturmentation should be operating at all
times during the TSS deployment, on-station, and retrieval
operations. The Satellite is required to spin at
approximately 1 RPM at all stations to provide the
necessary azimuthal coverage of Satellite induced plasma
effects. Although the Satellite will not spin during
deployment and retrieval operations, at least some of the
Experiment sensors should collect valuable data during
these periods that may be required to assess the overall
system performance and its response to the Tether-generated
emf.

Functional objectives will be developed that will provide a
detailed outline of the required Satellite conditions,
instrument operational modes, orbital constraints, Tether
current, Satellite potential, and the timeline of the
Experiment operations.

- 28-=
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12.4 Experiment Modes of Operation
See section 4.4.
12.5 Operation before Deployment (Predeployment

Quiescent and Check-out)
The mission phase referred to in this section is the one
beginning with opening of Cargo Bay doors and ending by;dﬂt¢_
beginning of Tether deployment.

The ROPE DIFP and SPES instruments schould be checked out
as soon as possible once the Orbiter payload bay doors are

P open to allow time to evaluate instrument performance and
4 reprogram Experiment operational procedures, if necessary.
Y {The high-voltage modes should not be initiated until the

. local a 1 rnal Satellite gas pressure drop
| IJ1 below 1.0E-04) Torr range). The instrument checkout
x B € conducted from the POCC where all instrument

responses can be observed and data reduction and display
software can be validated. In addition, the display of any
data required at the Orbiter Aft Flight Deck (AFD) should
also be validated. In the event of anomalous opeations, the

experimental procedure should be replanned as required at
this time.

12.6 Operation during Deployment

This mission phase goes from beginning of Tether deploymen:
till on station at 20 Km, excluding the intermediate stops.

Experiment ROPE will be operational as soon as possible

after RF 1link is established and after check-out. Only
some Experiment sensors will operate during this phase.‘_'}?

- 28=




12.7 On-Station Activity

This mission phase goes from ending Tether deployment till
beginning of Tether retrieval and includes the intermendiate
stops.

The Experiment will be fully operational during this phase.

12.8 Operation during Retrieval

This mission phase goes from beginning of Tether retrieval
to Satellite power off.
S vt ¢ Only some Experiment sensors will operate during this phase.
Lﬁ? periment ROPE will be switched off at the latest possible
moment pior to Satellite power off.
o)
77

\ 12.9 Processing of Data {(On Ground)
v

-—

TBD by the Experimenter.
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13.0 PRODUCT ASSURANCE REQUIREMENTS

13.1 Safety Interface Requirements

i? ///””#;E-t polich}and safety requirements applicable to all the

Experiments are estabilished in the applicable document
, TS-SR-AI-003, Safety Specification. The following Nasa
documents form an essential part of this document:
- NHB 1700.7A : Safety Policy and Requirements for Payloads
using the STS.
STS Payload Ground Safety Handbook.
Implementation Procedure for STS Payloads
System Safety Regquirements.

~ KHB 1700.7A
- JSC 13830 A

-
.
.
*

The document NHB 1700.7A establishes both technical and
system safety requirements applicable to all STS Payloads.
The launch/landing site safety requirements are specified
in the document KSC 1700.7A. These documents are applicable
to all Payload hardware, including new design, exiting
design (reflow hardware), GSE, and hardware designed
primarily for commercial use.

The document JSC 13830 A defines the safety review process
which implements the system safety requirements in chapter
3 of KSC 1700.7A.

The following NASA documents are useful as guidelines to
understand how to perform the safety analysis and its
implementation for the Safety Data packages:

- J5C 18798 : Interpretation of STS Payload Safety
Requirements.
= JSC 11123 : STS Payloads Safety Guidelines Handbook.

Based on the above, the Experimenter shall provide Safety
Data packages (flight and ground) including the Experiment
Safety Analyses as an input to the Satellite Safety Data
packages.

- 3]-
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13.2 Reliability Requirements

A reliability analysis of the Experiment shall be provided
by the Experimenter as an input to the Satellite
Reliability Analysis. The Experimenter can be guided by the
document TS-PR-AI-003, Reliability Analysis Procedure.

13.3 Parts and Materials List

List of used parts and materials with evidence of necessary
MUA's approval (see 7.7), shall be provided by the
Experimenter and compliant with TS-SR-AI-004.

13.3.1. Spare Parts List

Figure 13.3.1.1 is the Experiment Spare Parts list to be
provided by the Experimenter. It will be considered as
an input to the document TS-LI-AI-023, TSS-S Spares List.

13.3.2 EBguipment Hardware Matrix

Figure 13.3.2.1 is the Experimenter Equipment Harcware
Matrix to be provided by him. It will be considered as
an input to the document TS-LI-AI-023, TSS-S Spares List.

13.4 Failure Effects Summary List

Figure 13.4.1 is the Experiment Failure Effects Summary
List to be provided by the Experimenter.

13.5 Critical Items List

Figure 13.5.1 is the Experiment Critical Items List to be
provided by the Experimenter and where it shall appear
all items which, for their limited life, high protability

of failure and/or requirement/specification losszs, may
generate criticalities to the Satellite Project.

g T
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14.0 EXPERIMENT DEVELOPMENT-DELIVERY SCHEDULE

14.1 Development-Delivary Shedule (Bar-Chart)
The development-delivery schedule of the Expgriment 8
compliant with the TS5S system schedule requireﬁﬁts and w?
milestones is on Figure 14.1.1. \}\f“)
WL
'?7 The following delivery dates (TBR) shall be met: HL&TJ\
4 " - Experiment E ering/functionnal Electrical Model (EM): r(Z}
End -of june \1986. A //
A : . A
‘? ~————> - Experimeft F Unit (FU): L
K End of december(1986.

Possidole refurbishment of EM as Flight Spare, if redﬁésgéx
by the Experimenter, will take place by him after

termination of EM integrated test activities. _\,UD (;-Wl
T

]Vb FU shall be delivered with their respective

oy SCOE, acceptance procedures, tooling, handling, integration

ff;gl- and system testing procedures and preferred sequences, to be
v’ agreed upon by CNR/PSN and the Integrator.

Handling, integration and system level testing procedures
and preferred sequences delivery dates shall be displayed
on the Experiment Development-Delivery Schedule (Bar-Chart).

WY

In addition to the relevant Experiment\ EM/unit and FU the
following items shall also be delivered by the Experimenter:

14.2 List of Delié%%ble Items

a) For the EM unit:
- one dust cap for each connector, and

- ane protection cover for each test connector, when
jeemed necessary to ensure Experiment unit correct

b) For the FU:
- one dust cap for each connector,
- one protection cover for each connector, and
- 2ne connector saver for each connector.

Protection cover and connector saver gquality shall be
approjriate to the model chey are related to.

i
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¥

14.3

The
Expe

List of Delivrable Documentation

following documents shall be delivered by the
rimenter under his responsibilities:

PLANS :

Experiment Development-Delivery Schedule/Bar-Chart

JUDGETS 3 LISTS :

Limited life items list (if necessary) : by July 1986 (TBR).
PROCEDURES
1- Acceptance Test Procedures: 30 days before Experiment

delivery.

Handling, Transportation & Storage Procedures: 30 days
before the Zxperiment delivery.

Cleanliness Procedures: 6 months before the Experiment
delivery.

Special Mechanical and Electrical Assembly and
Integration Procedures: 6 months before the Experiment
delivery.

Calibration Procedures (as necessary) : 6 months before
the Experiment delivery.

Input to the Integrator Procedures Test Inspection : 30
days before the Experiment delivery.

Special Operation Requirements (as required by the
Experimenter): 6 months before the Experiment delivery.
Experiment SCOE Test Procedures : 6 months before the
Experiment delivery.

- 34-
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Experiment input to Safety Analysis for Ground Operation:
30 days betore safety reviews.

Experiment Input to TSS5-S5 Reliability Analysis: & months
before the Experiment delivery.

Experiment Pyro Intended Use (if necessary): 6 months
before the Experiment delivery.

Experiment Compliance Analysis & EMC requirements : 6
months before Experiment delivery.

Experiment Test and Analysis Reports : at the end of
test/analysis.

Experiment Compliance to TS5-S5 Requirements : at
Experiment delivery date.

Experiment Operation Description : 6 months before
Experiment delivery.
Experiment Test Equipment Operation Description : 6

months before the SCOE delivery. E

GSE Definition/Drawings (instruments, special test
equipment, MGSE, tools to be used during integration

on Satellite}: 6 months before the Experiment delivery .

FIGURATION :

1-

z2-

Installation Drawings with alignment constraints: &
months before the Experiment delivery.

CIDL's for Experiment: 6 months before the Experiment
delivery.

Experiment Log-Book: at the Experiment delivery date.
Experiment SCOE Log-Book: at the Experiment SCOE delivery
date. '

Acceptance Data Package with Flight Worthiness

Cerificate: at the Experiment delivery date.

List of Used Materials and evidence of MUA's approval :

6 months before the Experiment delivery.

RFW's and RFW status list : at the Experiment delivery date.
RFD's and RFD status list : at the Experiment delivery date.
ECP's and ECP status list : at the Experiment delivery date.
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Figure 14.1.1 : Development-Delivery Schedule
{Bar-Chart)

TO BE PROVIDED BY THE EXPERIMENTER
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15.0 SPECIAL FEATURES AND REQUIREMENTS

15.1 Frequencies to be Avoided by Other Experiments

Frequencies in the range of 14 to 17 KHz and second
harmonics should be avoided by other Experiments and
Satellite units.

15.2 Surface Resistivity

The surface resistivity of the Satellite conductive skin
shall be lower than 1000 Ohm/[]J.

15.3 Special Requiremnts Affecting Mission Profile

The following are the Experiment requirements affecting
mission pofile. Actual timing and duration of these
requirements will be defined by the Experiment functional
objectives. {see 12.3).

1. Spinning Satellite (about 1 RPM) for the duration of
all on-station operations (with the possible exception
of the requirement of a spin direction reversal at the
20 Km on-station).

2. Near real-time {reduced and displayed at the POCC) spin
phase determination to an accuracy of + 3°

3. Experimental sequences (of about 15 to 30 minute
duration) at selected latitudes and local times (sun
angles and day/night conditions).

4. Experimental sequences carried out at approximately
constant Satellite voltages (of about 15 to 30 minute
duration).

5. Some experimental sequences must be carried out with
data accessible from the POCC. Seguences must be planned
so that an AOS/LOS transition does not occur at a
critical point in the Experiment. (This may become a
difficult requirement if a second TDRSS is not
available}.

Requirement 2 is a requirement on the POCC (see 10.0)

- 37=
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15.4 Special Requirements for Incoming Inspection

TBD by the Experimenter.

15.5 Special Requirements for Mechanical Integration

TBD by the Experimenter.
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16.0 ACRONYMS

AC Alternative Current

AOQS Aquisition of signal

ASMN Analog Single ended Monitor

Avh Area of Venting Hole

BLMN Bilevel digital Monitor

BMSP Boom Mounted Sensor Package

CEP Central Electronic Package r7
CIDL - .
CMD Command |

CNR Consiglio Nazionale Delle Ricerche

C.0.G. Center of Gravity

DC Direct Current

DCH Document Change Notice

DIFP Differential Ion Flux Probe

DIFP-E Differential Ion Flux Probe - Electronics
DIFP-S Differential Ion Flux Probe - Sensor

ECP Engineering Change Regquest

EDCH Event Datation Channel

EGSE Electrical Ground Support Eguipment

EHK Experiment HouseKeeping

EICD Eectrical Interface Control Data

EID Experiment Interface Document

EM Engineering/functionnal Electrical Model
EMC Electro Magnetic Ccmpatibility

ESA European Spage Agercy

ESTEC European Space Research and Technology Center
EXPT Experiment

FR FRame

FRPL FRame Pulse

FS Floating Supply
FT FormaT

FTPL FormaT Pulse

FU Flight Unit
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GSE
HTR
HVU

IDS
IFSI
IsC
IST

LAN
LAU
LOS

MGSE
MLCK
MLDT
MLI
MLSP
MNT
M.O.I.
MFSC
MOA

N2
N/a
NASA
OBDH
QCOE

PCDA
P/L
POCC
P.0O.I.
PPDA
PSN
PWR

RDCM
RF
RFD
RFW
ROPE
RPM
RSMN
RTN
RTUP
RTUS
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Ground Support Equipment
Heater
High Voltage Unit

Interface Data Sheet

Istituto di Fisica dello Sazio Interplanetario
Integrated System Chech—out

Integrated System Testing

Local Area Network
LAN Access Unit
Loss of Signal

Mechanical Ground Support Equipment
Memeory Load Clock

Memory Load DaTa

MultibLayer Isolator

Memory Load SamPling

Monitor

Moment of Inertia

Marshall Space Flight Center
Materials Usage Agreement

Molecular Nitrogen

Not Applicable

National Aeronautics and Space Admisistration
On Board Data Handling

Overall Check-Out Equipment

Power Zontrol and Distribution Assembly
PayLoad

PayLoad Operation Control Center
Product 0Of Inertia

Payload Power Distibution Assembly
Piano Spaziale Nazionale

Power

Relay Drive ComMand

Radio Fregency

Request for Deviation

Request for Waver

Research on Orbital Plasma Electrodynamics
Rotation Per Minute

Relay Sensing Monitor

Return

Remote Terminal Unit for Payloed

Remote Terminal Unit for Service
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sC
s/C
SCOE
SCORE
SDle6
SDCK
SDSP
S0A
SOE
SPES
STS
sva

5VaA/P

SWRI
SYCK

TBD
TBR
TLC
TLM
T§S
TSS-D
TSS-S

UMl
M2
VDU

WD
WH

168

SCience

Spacecraft

Special Check=-0Out Equipment

Satellite CORE egquipment

Serial Digital 16-bit data

Serial Digital Clock

Serial Digital SamPling

Sensor Opening angle about SVA in Azimuth

Sensor Opening angle about S5VA in Elevation

Soft Particle Energy Spectrometer

Space Transportation System (including the Orbiter)
Sensor View Axis angle w.r.t. spin axis and fixed
$/C boom plane

5VA Projection on spin axis and fixed S/C boom
plane where 0° is the positive spin vector
Southwest Research Institute

S¥nchronization Clock

To Be Defined

To Be Reviewed
TeleCommand

Telemetry

Tethered Satellite System
TSS-Deployer
TSS-Satellite

Ul UMbilical connector
U2 UMbilical connecto
Video Unit :

Word
Watt-Hour.
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