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Objective: Provide compatible operation of all

spacecraft subsystems in the anticipated environments.

within the spacecraft (self-compatibility)
during integration and test |
during transport (survival)
with the launch environment
— tracking RADARs
— local airplanes & airport operations
— communications
— lightning, etc.
with the launch vehicle
in orbit (electrostatic charging, etc.)
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EMC Control Plan

* Subsystem and Instrument EMI design and
test requirements are presented in the
“TIMED EMC Control Plan and EMI
Performance Requirements Specification”,
7363-9038.

e EMI testing is required on Instruments and
subsystems per CES Table 2.6.2-1.

e Spacecraft self-compatibility tests will be
performed at APL after completion of
integration.
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Design Strategy #1

Avoid injecting signal or power currents into
the spacecraft structure.

* Use single point ground (SPG) for primary power circuits

* Limit common mode noise currents particularly at power
converters

» Use signal return lines rather than structure

» Use of true differential line drivers / receivers for interface
signals is encouraged (preferably 1553 serial bus)
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Basic power distribution & grounding
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Design Strategy #2

Limit power bus conducted emissions and susceptibility.

Limit time domain primary power bus current transients and pulses

Limit frequency domain current emissions

Test all primary power bus loads for conducted susceptibility

Component EMI specification similar to MIL-STD-461B

Use multipoint grounds (MPG) for signals and secondary power

Suppress motor brush noise at the source
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Design Strategy #3

Control radiated emissions and susceptibility.

* Use reasonably shielded enclosures for all electronics

» Shield 1553 bus lines and all other “critical” lines
(shielding not required for primary power lines)

* Route signal and secondary power lines well away from
primary power wiring (use separate power connector w/Gnd)

* Twist power wiring to minimize magnetic coupling

* Use shielded shipping containers (S/C and Instruments)
* Radiated specification similar to MIL-STD-461B
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Design Strategy #4

Protect against common impedance coupling, power
faults, and radiated noise coupled signals such as
lightning induced currents.

» Hardware electrical bonding to be <2.5 milliohms

» Solid package-to-structure electrical bond preferred rather than
ground straps

* Position wiring harness close to structure

» Terminate cable outer shields externally to connector shells,

not through connector pins

» Ground both ends of cable shields (rare exceptions)
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Design Strategy #5

Protect against ESD and spacecraft charging (on orbit).

» Always use ESD protection materials and procedures

Provide ESD protection at all PC board interfaces

Discharge all cable conductors before connecting
Design antenna elements to be at DC ground'

Ground all conductive layers of multi-layer insulation

Use ground wires across all hinges (covers, solar panels, etc.)

Ground s cecraft to test facility, shipping container, and
launch vehicle

* Avoid use of dielectric materials on exposed spacecraft surfaces
» Conductive cover slides over solar cells and optics not required
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Design Strategy #6

Protect GSE interfaces.

 Electrically isolate all GSE interfaces that may be connected
during or after integration with the spacecraft

e Provide overcurrent and transient protection for external
battery charging circuits

* Ground GSE to same ground reference as the spacecraft
while maintaining the required green wire safety ground

e Provide EMI filters and transient protection on all GSE AC
power input lines (e.g., Isobar)
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Spacecraft Self-Compatibility
Test Configurations to Consider

e Pre-launch Configuration
— Solar panels folded

— Grounded to vehicle

e Coast Configuration (no test)
— Solar panels folded inside DPAF

e Orbital Configuration (no test)
— Solar panels deployed

GRS-11



TIMED EMC

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Pre-launch Test Configuration

e Spacecraft mounted on shaker

e Solar panels attached and folded

e Extended set of ‘Pad Functional Test’

* No RF radiation

e Communication through umbilical connector
* No other GSE connected

e Battery power
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Hybrid Test Configuration

e Spacecraft mounted on test dolly
e Solar panels attached and folded
* Plugs out; no GSE connected; isolated

* RF up and down links radiated
* GPS RF link radiated
* Special functional test

* Battery power
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Orbital Configuration Test
[=No test planneck-]

* Spacecraft mounted on test dolly

e Solar panels attached and fully deployed
* Plugs out; no GSE connected; isolated
 RF up and down links radiated

e GPS RF link radiated

e Special functional test

e Battery power
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Package Mounting / Grounding

e Flat mount (metal-to-metal) direct to structure.
e Metal feet around Cotherm (insulator).

 Two copper straps around Cotherm.

e G-10 or titanium insulator plus undefined strap.

e Optical bench straps undefined.
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Flat Mount Direct to Structure
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Metal Feet Around Cotherm
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Copper Strap Around Cotherm
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'G-10 or Titanium Insulator & Strap
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IEM Grounding Diagram-

LYNNHANSON  SER 102397 i I ZONI
ORAWNBY  SECTION  DATE APPUED PHYSICS LABGRATORY s TTLE i £
GSEYLAR | _ " Fras .o am 01 | HOUSING 7363-2105 | XX
- GROUNDING DIAGRAM 02 | FRONT COVER 73632105 | XX
[— — INTEGRATED ELECTRONICS MODULE 03 | REARCOVER 7363-2104 | XX
iEM TIMED SPACECRAFT 04 | MOTHER BOARD 7363-2120 | XX
APPLICATION FSCM NO. $I1ZE | OWG No, REV 05 | FLEX CABLE 7363-2120 | XX
MINIGAD?T, ¥7.1, MACINTOSH 88898 J 7363"81 66 a NO. TITLE _ REF ZONE
SCALE — DO NOT SCALE PAINT Is:-ra;-r 10F ¢ 01 [ CMD AND TLM CKT CARD AB XX
02 | DC/DC CONVERTER #1 CKT CARD Al XX
03 | DC/DC CONVERTER #2 CKT CARD A9 XX
04 | DOWNLINK CKXT CARD A7 XX
05 | GNS RECEIVER CKT CARD Ad XX
06 | GNS PROCESSOR CKT CARD A5 XX
707 | PROCESSOR, CMD AND DATA AZ XX
HANDLING CKT CARD
08 | SOLID STATE RECORDER A3 XX
CKT CARD
09 | UPLINK CKT CARD AB XX
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Spacecraft Grounding Diagram

Sy woen APPLIED PHYSIGS LABORATORY | NO. | _ TITLE | A'REF | ZONE
L — m—— 01 | ACTUATOR, +X (MOTOR DRIVE) AXXX XX
svsTEm EoH GROUNDING DIAGRAM 02 [ACTUATOR, -X (MOTOR DRIVE) AXXX XX
RELIABILITY HARNESS SOLAR ARRAY 03 [ CONTROL UNIT, +X AXXX XX
TIMED SPACECRAFT 04 |CONTROL UNIT, -X AXXX XX
APPLICATION wm SRZE [ DWa No. e 05 |FUSEAJUNCTION BOX #1 AXXX XX
mmcaor.vrs, wewrosn | 88898 | J 7363-8100 |a 06 | FUSE/JUNCTION BOX #2 AXXX XX
SCALE ——— DONOT SCALEPRINT | SHEET 1 OF 8 07 | SOLAR ARRAY, +X AXXX XX
08 |SOLAR ARRAY, -X AXXX XX

Sheet 1 of 8
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Spacecraft Grounding Diagram

LYNN HANSON SER 162347 THE JOHNS HOPIONS UNIVERSITY [NO. TALE “A REF | TILE A REF | ZONE ]
-umw::m il RIS APEH-E-B-E-H-I?‘CS ""‘..a.ﬂﬂﬁﬁ.m' 01 MS A150 SEE INSTRUMENT A400 XK
i HERIAL — —e — 02 | ANTENNA, GPE At51 TID ELECTRONICS A320 XX
SyaTEM 1‘.'-& GHOUNDING DIAG RAM 03 | ANTENNA, S-BAND A4S DECK ASSEMBLY
RELIABIITY e OPTICAL BENCH, -Z DECK 04 | ANTENNA, 5-BAND LT TIDNINTERFACE BRIKT | Ad0 ::
- o 05 | CADH 1553 BUS B BCO2-AD30 TIDI TELESCOPE 01 A300
TIMED SPACECRAFT — ©6 | C4DH 1553 BUS B’ Fscus-nm TIDI TELESCOPE #2 A30% XX
APPuCATON gtipign bl ey o7 | DIPLEXER, 5-BAND AT TIot TELESCOPE #3 A302 xN
MINICADY, V7.1, MACINTOSH 88898 J 7363-81 00 a 0 | DIPLEXER, S.BAND P Tt TELESCOPE 94 ey ET
02 | GAC 1553BUSE BC10-A020 TIO PRIMARY PWRRTN  |A330-DB0Y XX
{scaLE DONOT SCALE PRINT | SHEET 2 oF g T I TR DISTRIBUTION BLOCK
tr | aac1ssapus® |acs2-Ac30 TIDI PROFILER A325 X
12 | GAC 1553 BUS ‘A" BCOP-ACI0 TRANSFER SW, §-BAND AT XX
13 | G&C 1553 BUS 'A' [BCO8-A0 [ TRANSFER SW, 5-DAND Aaz
14 | GEC 1553 BUS A BC03-ADI0 [ SOLAR ARPAY [V E 7 S e
15 | IRU GYRG) M A210 BT
18 _| IRU 1553 BUS UNIT 49 A210
17 | IAU (GYAO) #2 A212 &%ﬁ%}v AXAX -
18 | IAU 1553 BUS UNIT #2 Az12 SEE SHEET 1
19 | PWR SPLITTER, 5BAND A136
|20 | PWR SPLITTER, S BAND Ata7 Eﬂﬁ‘mﬂv CONTROL AXXX -
21 | RF INTERFACE, S-BAN) Aoto SEE SHEET1
22 | AE INTEAFACE, 5-0AND ADTT
23 | A FBASBE A115M125
24 | R ssAsE A115/125

Sheet 2 of 8
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Spacecraft Grounding Diagram

Bl e | Applﬁ'ﬁ':%“ﬁ'?&'é“@ﬁ%om
G SEYLAR
—_ GROUNDING DIAGRAM
SYSTEM L1 +X PANEL NO. TITLE 'A' REF ZONE
RELIABILTY MAHNESE | .
TIMED SPACECRAFT 01 | PSE/DU A150 XX
APPLICATION FECMND. | WG ND, FEV |
ko175, wewrosn | 88898 | J l 7363-8100 |a 2 | FORDU. RELAVCARDS | A1S0 | SHEET4
SCME ——— |  DONOTSCALEPAINT  |SHEET 3 OF 8

Sheets 3 & 4 of 8

el PR APPLIED PHYSICS LABORATORY
a SEYLAR
I GROUNDING DIAGRAM
S— +X PANEL NO. TITLE ‘NREF | ZONE
TIMED SPACECRAFT 01 | PSE/DU, RELAY CARDS | A150 XX
APBLICATION FSCMND, Sl DWa No. . REV |
wcaon, s, wewroon | 88898 [J | 7363-8100 | a 2 | RoEto AlS0 | SHEET3
SCALE ——m DO NOT SCALE PANT |sMeer aor n
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Spacecraft Grounding Diagram

snamey _secron o APPLIED PHYSICS LABORATORY £o. TITLE AHEF | ZONE
ee 05T Irveon —_— 01 | C&DH1553 BUS ‘A’ BCO3-A030 | XX
avarem hecsy GROUNDING DIAGRAM 0z | CaDH 1553 BUS B BCOG.AD30 XX
ey pumess PRIL), 03 | IEM#1 A101 XX
TIMED SPACECRAFT
APPLICATION FSCMND, SIZE | OWa No. REV 04 IEM #2 : A102 XX
wweaon.va, wenrosn | 88898 | J 7363-8100 | a 05 | MAGNETOMETER A235 XX
scué —— | oonoTscaLEPRNT  lsHEET s oF s ELECTRONICS #1
06 | MAGNETOMETER A237 XX
ELECTRONICS #2 ,
07 | RIU#IA-RIU#IB A110/120 XX
08 | SABER | Aso0 XX
09 | TORQUE ROD X AXIS AXXX | XX
Sheet 5 of 8

GRS-24



TIMED EMC

Thermosphere ® Ionosphere ® Mesosphere ® Energetics and Dynamics

Spacecraft Grounding Diagram

NO. TITLE ‘A’ REF ZONE
e APPLIED BITVSICS LABORATORY - 01 AU A200 L
) . 02 |[ARMING (PYRO) PLUG A035 XX
MEM_*&&:__ GHOUNE;('?ENEI'_AG RAM 03 |BATTERY, +X AXX XX
Revasry  lwasnggs i Y .
TIMED SPACECRAFT 04 |C&DH 1553 BUS .A. BC01-A030 XX
pryre — — 05 |C&DH 1553 BUS 'B BC04-A030] XX
MacAor, v, wentosn | 88898 | J 7363-8100 |a 06 |[PPTCM 'SIDE 2' AOSS XX
e T T 07 |TEST CONNECTOR PANEL | A026 XX
08 | TORQUE ROD Y AXIS AXX XX
Sheets 6 & 7 Of 8 NO. TITLE ‘A’ REF ZONE
01 | BATTERY, -X AXXX XX
02 | FLIGHT COMPUTER #1 A205 XX
mﬁmn Es:_':’" jriveseid APP%“%%S%%RY 03 | FLIGHT COMPUTER #2 - A206 XX
e 04 | GUV) ELECTRONICS A625 XX
avayen - GROUNDING DIAGRAM CONTROL UNIT
RELIABNTY HARNESS -X PANEL 05 | PPTCM ‘SIDE #* A054 XX
TIMED SPACECHAFF 06 | RIU#4 A113/123 XX
APPLIATION e o 07 |RIU#2 A111/121 XX
mmcao7, v, menros | 88898 | ) 7363 8100 |a
08 | SUN SENSOR 1B’ AXXX XX
SCALE DONOTSCALEPAINT  |SHEET 7 oF B 09 | SUN SENSOR 28" . AXKK XX
10 | SUN SENSOR 24’ AXXX XX
11 | SUN SENSOR ‘2A' AXXX XX
TO D,
12 RQUE ROD, Z AXIS AXXX XX GRS-25
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Spacecraft Grounding Diagram

LYNN HANSON SER 10-22-07 HOPAINS p
TRAWNAY BECTION DATE APPL‘LE:B:E“';&ICS mﬁﬁmnv E_O_--—_ TITLE AE ZONE
e 250w | ™ 01 | ANTENNA, BAND A146 XX
SYSTEM MECH G HO U N D l N G D lAG RAM :; Q:L'EN:‘:'ES;‘IBAND A1 45 ﬁ
1
o — +2Z DECK, PAYLOAD ADAPTER AB10
TIMED SPACECRAFT 04 | GUVI FPE#2 A612 s
T T TG — 05 | GUVI HVPS M AB20 XX
micapr vz, wcntosn | 88898 | J 7363-8100 |a 00| CLY)_HNE e L XX
07 | GUVI SIS AGOS XX
BCALE —— DONOTSCALEPRINT  |SHEET 8 OF 8 ELECTRONICS i
08 | guvisis AG00 XX
OPTICAL HOUSING
02 | REACTION WHEEL M AZ41 XX
10 | REACTION WHEEL #2 A243 XX
11 | REACTION WHEEL #3 A245 XX
12_| REACTION WHEEL #4 A247 XX
13 | RF INTERFACE AD09 XX
14 | RFINTERFACE A0 XX
Sheet 8 of 8 15 ) RIU #3A - AU 936 ATIA12 | XX
16 | sensoRr A235 XX
MAGNETOMETER #4
17 | SENSOR A237 XX
MAGNETOMETER #2
18 | SEPARATION SWITCH AXXX XX
19 | SEPARATION SWITCH AXXX XX
20 | UMBILICAL, PURGE AXXX XX
21 | UMBILICAL CONNECTOR | A024-)1 XX
22 | UMBILICAL CONNECTOR | A024-42 XX
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