| g 4 3

| ¥
NYOUOrd NG BT A=V G EETT
[ yrh IRHSUDY 30 podis Sl e asua:
— FL A -3 oy o uajduexs Jyil :uEiE%}nEFEER& Jode uD sagnbal
£ . " VOAGIALE AT .PJ.N%E uo:a-u.ﬂ.%n.._:_%lﬁa:.&!ﬁoi *£1 au A 0E|
JBpUN PBgOJU UG, PPN DUy ul PaYEITDoLN 9
ot FiF NS po¥ Lot B iﬂ:— P UbSiD) o !:E.o.; B
wora| A ST o F VIVQ GLLOALSTS HvLl
W4 400G 3010310 DY 9B W Ay | oW Yo T
TENENT DI ¥1vag
- doion = mamserenrroren e |
- §““__..nl=nﬁ -Mﬁ....l. R T QRIS U @)
TETOSSMHOIIE I CFRL 1IN Eriiir) !
- i o |m HOM BQIENYETIOL . Py R — —
[y JeunD B eoods pioppos o ERNREI Wik | ANV T T Lt O 2007810
IVRELYW JO 1917
R~ -~ ThE | - Noldmomn T ON vd IEAETIE:A —
| | ATBWESSY 3VIS R IANG BOION] . el I T

ONIMVYEA TO¥LINOD 3DANOS

anNnoAv Y

G100 X 5]

LND 3HL O 3CUS IHL WO N0 WyEasss
GBLNOH 35 TIVHS DM AOLOW !EEB% . .
, J S00FO0E” EO0FE5S l/

N
L/

Al

2 [T nen

006" 1O %T

I
b4
3
—%.
?
L
Nan
(N

050"~
o
0001 %wnaaﬁﬂ 00zt
. F—O10F5T TV naHL . s2l @
(A0 v £00'+

'¥10.8/1 TIOH INIA

"HIUWNN LAVd HlIM DYLONY "0l OHIIW 3 1-€£02-0157 Hydove T
ATNO 3ONI3J3 304 T 43
MIA DREWOS

SE'0 PROYLDD 10 ADUBIDYA 1OU|WON

VMO 0'L [SZ8 Jajows) wy

/Zo-U 1| w Bojou] iy

Ao 021 D5z Ada

SIS GE| D 06 1D
204 0 OF- aBubJ dile] |Bud

5 KOW Joon

007 OHOM JOBSy

28N ANC UoyDopgeT]

056°H 1545 8-€1 IDHBIOW LoUs jnding

EBFO41Z SMORDOY0RCS SIUDLLIONR JOJOW FONS 896 JOJOWI JO S8{DAD e JO JHqUINN,

$9HU| 0Z Pepiaoid Bnbio] Uiy

¢ tajod Jo saqluny

2 ses0yd jo equiny

© A1+ obowon

—t1 rol A A
SOONIDY O sUDyoO|Roads |

= | I GHID34S ISIMIIHLC $33THN *FALON
J—

! ! T E _ ; —




Revision (-)

Performance Specification
SPICE Door Mechanism
Actuator Unit

SPICE-Actuator- Document # 2190483
Revision (-)

Release Date: 3/4/2013

Prepared by: Patrick Jordan/544

e (Goddard Space Flight Center =———————
on Greenbeit, Maryland

Check the SPICE Project to verify that this is the correct version prior to use.



Performance Specification

Revision (-)

SPICE Actuator Unit
DOCUMENT CHANGE RECORD Sheet: 1 of 1
REV/ . APPROVED DATE
VER DESCRIPTION OF CHANGE - BY APPROVED
LEVEL
Rev (-) | Released per TBD TBD

March, 2013




Revision (-)

Document Control Information

This document is controlled by the SPICE Project. Changes require the approval of the SPICE
Project Manager. Submit proposed changes to the SPICE Project Configuration Management
Office. This document will be revised per SPICE Configuration Management Plan”.

Review/Approval Page

March, 2013 iii



Revision (-)

Table of Contents

1 IDETOAUCHION «oueenrrerrnrerannccsessssossesssssssessssssassonsssssnssesse 1

1.1 SCOPE..cveeenremreerierenreerennen Ereeeieeet e e ettt e n et et st 4 en S et oa s e nenaneaenmnese et senneennannierssas 7
2 Defmitions L A I N L Y R N P I R R Y P Y E Y R Y P N Y Y Y Y YR R Y RYYLIYYITITL 7
2.1 Maximum Internal Friction TOrquE (T jnf max) eeeeseeereeresrseesessnrersesserssesmsmsesseesescesessssasees 7
2.2 MOMOT TOTQUE ......cocerreeeuieceeeiriet e rarerce s snsas e st sne s bes e s s b erensa s es st sb s sssessansassssstssemsanens 7
23 TOTQUE RIPPIE ...ccvvecniiieictcctrcetsieetsiestetstenirese e sss s esaesarasssssse s sess et be st b et enesnanneennen 7
2.4 Motor Constant, Km ..........ccocuvvereeeerreemieceerseennseenees e tetrerner et rear et a e a e ararreeerans 7
2.5  Torque Constant, Kt.....cocuiiiiesernienieeieninieeecseessie e eeeseeseessssessestseessessssnssssessessmeseeen 7
2.6 ActuAtOr Unit ...oouerisieecerneeni it sscssssconsasossossessessessaessssassessssssssssssses 7
2.7 Engineering Test Unit (ETU)....coovcueecceeeerreneisesenssesssessmeeseesmmnssessrsessesessesessesesesssssosans 8
2.8 QuUalification Ut .......ccooviieceerrrer st s esr e st st sas e 8
2.9 Flight Unit.....ocvoeeirieerecercee s seies e e sssssseseessssssssessanes Heeerrertee s st ere sy s s naneaeas 8
2. 10 ACCEPLANCE ......cceieccccicrieteseisccesensesesaeere s eresasscasreste s s ssesensersesessestesebese b sne senesnene e et e seenee 8
211 QUAHTICALION «....ovceervrst it e ie et east e e sr e e s esa e asstesan st snee e eseeseessemsnanan 8
2,12 L8 TSE..uiiiccerisieirteciririreesieseseesecstessaseesarasss e seetssssbesessebess et sberteeseeseseneesneatemseneeeassen 8
213 COMPOMNENL.....iitiisiierierimiceirrrereceststesessssereste s ssa e s e besebe b bstsaeessesssessasaessnseseesssssesens 8
0 T U 1 O YOO P 8
215 ASSEIDLY ..ottt et s s s r s s sttt ee e e enaens 9
206 PATt ettt st st s ee e a e e e eis e r R R A e e e e e e ennnes 9
217 INSIIUMENL ..o trtrerte e s e te s rres s ea b eest e sr e sases s e sesbe st ebesemsseeereareesnsassessmnmes 9
218  SUrvival TEMPETAIUIE. .......cceeireerrerrirersterereeresesssiesensssseassssesssssessesensssnessssssosssomssessmssseseans 9
2,19 HOYCOI SHATL.....cerrerirtertsiitntres st ssass s cos st eos s anssssesansans 9
3 Requlrements S0CSGG OO O OO PBIRIPRIB OO GO RORNDDITORNERINPRONREARPOOGOOBBOREY 9
3.1 DESCTIPUOM..cc.eecutiisiiiereerse e eses e senn e e ess st s e b ss b s b eba b st sesr s arrsss st essaesensesaronons 9
3.2 Physical CharaCteriStCS .....uuuererreeeierreeeeseessesrsissesissssssesesseesssssesenssessssnesemsessesessesessssnns 9
321 MISS ..ottt coresrer et orcve st e e e s e a e a e nen s as R r et b st n s nnenn 10
3.2.2 DAHMENSIONS ..ocevritiiiiccntc s s serss e st sass b anes s es s s ans 10
3.2.3 HAINESS WIS ...vvncceiirierceinecente st csseeneeseessenssrsssreveenrvae e besesssnemsssnesesesssseseenaons 10
3.24 Wirng ConfigUration..........vcoveiereerecieess e esaseeesesseeseesessststesesesesnessenssssaenace 10
3.2.5 Materials and Finish.........c.cocoveonnieminimncsns s snssssessssessssesnsnens 10
3.2.6 LUBTICALION ....c.o.ectverieresiiseriireeneir st resecseessessessseasesesessass s s ssessensasstesbemsneneesaeseeenen 10
3.2.7 ClEaNLINESS ..oeuvviiierieeecerietensesesssresesns s ssarar s eesesves e e b erbessassse e e eaesrbsessmenneene 11
3.2.8 External Leakage .........cceccecreeririirereriincenneisvesnesensssssessssscsseesesesnssesseesessasansasessesns 11
329  ldentification and Marking ..........ccooeecereremrerrerennnncs e 11
3.2.10  Provision for AtachmMents ..........cceovceueeveerneseecreenccseeeeenenersesseesesseessssessssionsens 11
3.2.11  Hall Effect SENSOTS .....cccveverrierreieeeciereeiersrassnesssss e sossnessesssesssssseneseseseeseesesses 11
3.3 Mechanical CharaCteriStiCs ........c.ccvuviiimimriirecernmsremsrssrssessssesssssessssssssesssssessstssosnsnnaes 11
3.3.1 Stalled Condition .....cccucercieierevererieeereerree e seerse s eresse s et es e e se e 11
332 Motor Torque RIPPIE ......coceveerirerieecereereceeeer et e se st e s snseen 11
3.33 . Reduction Gear Ratio.........cccoveeeririinccriiinmnieserseeeessss s sessessssessssssssrerssossssaenne 11
334 Actuator Rotation Profile..........cceceuivinverniinsnciescesecieesrieeee e sensees 11

March, 2013 iv



Revision (-)

3.4. Electrical Characteristics and PErformance ..........ccowevuevreeseeeieereescesssisessseseassesesnseens 12
3.4.1 MOtOr VOILAZE.....cooieneecrerestcrccntcrtce et csec st ssec et s an et s sbesae s e e e n s s e s e e e rannens 12
342 MOLOT TOTUE....ccvirreecreiteir e crce et ren e as e sssees s e st asraseain 12
343 Motor Type..........r..-. T OO 12
344 MOtOr COMNSLANL .......oorveeirvciiierinniistenestaisssiess s sesasst s s s sessmesne e e e s e eaneensns 12
345 TOrqUEe CONSLANL.........coceeeeeeeteere st rrs st s e s st s sae e e snesesessseesaessrseensens 12
3.4.6 Electrical Time CONStant...........ccocireererecirerrcrnrinceneeseernresssessasssssssesssssserasssassesans 12
3.4.7 Dielectric Strength .......c.ccovvcceiiiennirier et ren 12
3.48  Insulation RESISLANCE .......c.cocoivireciiiemriiniccs e s isas e asens 12
3.49 Degaussing..........oovermmiimmneisisssseris e e weeereenn 12
3.4.10 Motor Winding DC RESISEANCE .vvecoreeveerneereereeneeenseneeeessesssesseesesseereesemmeenereeesseereees 12

3.5 PoSIION KNOWIBAEE........coeececeeereecseeecaeesesscsseseasssssssse st saseesss e ssssssasmsssssosnssesmns 13
3.5.1 VA ettt e s s st sa et e ss st s st s se st e st e e et et e bt e st eae e e naa e sanaene 13

3.6 Life ReQUITEMENTS.....ccciieriercceenere sttt sssce e s nesnnesnesmmesassns s e s e naasasaraasssssnons 13
3.6.1 DILY CYCLE tivriieeirrieireneete st sicssnesrersaeseestes e e se st soesbe s sren s sssssseassensessssnsasnsesassen 13
3.6.2 Mission Life ... e e 13
3.6.3 R 15§ ) 5 TSR PP USRI 13

3.7  Environmental REQUITEMENLS.........ccooeeeieeriinreriereneeereniernee s sessnneseresensessesnsassssseransans 13
3.7.1 Static Loads........cmeeiveinmiennnnmniissnmiomon Error! Bookmark not defined.
372 DYNAMIIC .1 teiitiiieieririnrieiersrceestcesssetinr e tiessstesssesiassesssibs s bt atse e st mensesessnesseesasasesnsenes 13
3.7.3 Shock....ccrere erererisasserereenneseesenateeeaaearenanE LR r e e e R e e PR ot ba e Ren £ eRenRe e naeaatanantsasnrans . 15
3.74 ACOUSLIC c..eeretcrecrecenrrtc e s tresss e e e et e s st ssat e st s e s s esmre s st sat s se et ansesaneasenansssanns 15
3.7.5 Thermal ......ccocoevvrnernnrernenes e eerereseatereetemestetesat e nsae st arraese b et et e nanEepnsan e b basbas 16
3.7.6 Vacuum................ eeeraseeereeriereesreesstessrimsreessessariesiiessecsreessissierersresrreestessresseesnaeeeen 16
3.7.7 ALOIMIC OXYZEN 1verivirnirisiareriisesserierssissisisnisssstosnssinisassesiotsiontesmissormesserensessssassases 16
3.7.8 Radiation — Total Dose-N/A ................... macsanan S W 16
3.7.9 HUIHGIEY «..oeeveeenecieseseec e esssseessnsesese s ssasessasssseseesssssssssssssnsesssnssssssessssssesnssssnsas 16
3710 VENUIOE...couiiieieeireeee e cecetertee e aerassasesae s s sasense st e esaestreeras sanesaesasasessssarsrsesssons 17
3701 FAHEUE....cu et rieressesteare st ss s eassssss s s ssss st esssssssevare s bs s bensesstastssmsssaneoes 17

3.8  Analysis ReqUITEMENIS .......ccccvvuiiiiceiiiinnrinirercrensreeresstesessesiessssmmeesssssssssssesseeseesassossesns 17
3.8.1 SLESS vttt ieterutrrirestrstes e rrtres e st ran e s ee e e e e nesar s esenaan st raeaeresre e e e s ra e e e sansateshesreannnnenn 17
382 FAtIBUE. ..ottt a et s e s s s eearinnne 17
383 WAL ...ttt sttt a et e e e e e s aens s e b et s e e R b e b e as b en b e nennbennens 17
3.84 LUDIICATION o1etrtiiteneenitinierissssieniesiisisanisssessnssesnassseosesssssstarsnsasssssssnensesasensssesses saes 17

3.9 TSN ccitiieeeeeeierierercereretre s eset et as s enesssee e ee e e e e e e e ne e s e et e ae s e e e saeae R et senaeas 17

4 VerlﬁCatlon............................................................... 18

4.1 INSPECHON......eeeeeecree et e e s scieeererae e saectn st e reessasesaesasesaesnerasasssasanssmseesseninenssnsosnornens 18
4.1.1 ViSual INSPECLION ....vvverrrirevrenriiecnerenestesresessrersesesnansaessrassssesnesnssesssvsansssaasennns 18
412 Physical MeaSUremment ...........cooeeevrveeerrrerercerieesersesstessesienenesaeseessessesea reererreeeerans 18
4.13 Documentation SEarch.........cccoovevrreemiiniinrnresennserrsrress e e sessessessesseseesesssssssses 18

4.2 ANALYSIS.cciiererieteeiier et e et e e n e es bR R e R e e aeE A tebeebrnanhe 18

N - PO OO SRRSO SRR 18
4.3.1 ACCEPLANCE TESE......eeeiieiie et crree e s et e r e e b e e e b e n e e nan 18
432 TeSt FAITUIES ..ottt st san b s 19

4.4  Required Verification MethodS.........occornnrinimnnicenniinoimminiminiesoimeeemesss 19

March, 2013 v



Revision (-)

5 Referenced Documents.......cccceernniiecccsccnecccsssoscanseeee 20

3.1  Government Documents ......... e e e ehed e s A e b b e n e e S—)
Tables

Table 2 Stalled Test Period.........c.oeeevveenverieeerireeseeeeeseeeeessennans Error! Bookmark not defined.

Table 3: RandOm VIDTAHOM ....cccoveeieieiececcreecreses e csisas s sssssssssnsastsssnessssbessssssssasresssessssssssne 14

Table 6 Temperature Limits as measured at FIanges........ccocuerveernerrcenesesrseieneessessesesssessesnenes 16

March, 2013 vi



Revision (-)

1 Introduction

1.1  Scope

This specification describes the electrical, mechanical, operating environment, and
verification testing requirements for SPICE Detector Assembly (DA) Actuator
component. The actuator shall be used in the DA Engineering Test Unit (ETU) or Flight
Unit (FU). The SPICE DA assembly is being developed by the National Aeronautics
and Space Administration (NASA) and will be delivered to the SPICE instrument. The
Actuator Unit shall implement general spacecraft requirements that cover a rotary
actuator unique to the DA Door Mechanism Sub Assembly.

2 Definitions

2.1 Maximum Internal Friction Torque (Trint max)

The internal friction that the motor must overcome to move the output with no load on
the output shaft at the beginning of life (BOL).

2.2 Motor Torque

Torque available at the motor rotor with optimal sinusoidal commutation at a specific rms
current. See Drawing 2187127 for requirement.

2.3 Torque Ripple

A variation in torque that is usually expressed in percent of total torque.

2.4 Motor Constant, Km

This is a constant that describes the motor efficiency. Units can be Newton-meters / sqrt
(watt) or ounce-inches / sqrt (watt). See Drawing 2187127 for requirement.

2.5 Torque Constant, Kt

This is a constant that describes the relationship between current and torque. Units can
be Newton-meters / amp or ounce-inches / amp. See Drawing 2187127 for requirement.

2.6 Actuator Unit

Also referred to simply as “actuator,” this is the harness, output flange, mounting flanges,
motor, gearbox, bearings, mechanical interfaces, and output shaft as described in drawing
2187127 and in this document..

March, 2013 7
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2.7 Engineering Test Unit (ETU)
Non-flight hardware that simulates flight hardware in form, fit and function for a specific
test. The ETU is not required to have flight-like certification, and it will not be used for

flight.

2.8 Qualification Unit
Unit used to qualify a flight design. See prototype and protoflight component definitions.

2.9 Flight Unit

Flight Unit is hardware that will be used operationally in space. It includes the following
subsets:

2.10 Acceptance

The verification process that justifies that a Certificate of Compliance can be issued that
certifies that the Actuator meets the specified requirements.

2.11 Qualification

The verification process that demonstrates that a design (not each individual flight unit)
will function properly under conditions more severe than it will experience in orbit. It
also serves as a quality control screen to detect deficiencies. Qualification tests are
performed to limit level with a qualification test factor.

2.12 Life Test

A test to demonstrate that a component or subsystem will operate within design
specifications while subject to the predicted use. This includes all pre-flight qualification
testing, launch conditions, and on-orbit operation and environment. The test article must
perform without failure for a minimum of 4.0 times the expected number of operations or
cycles expected.

2.13 Component

A functional subdivision of a subsystem and generally a self-contained combination of
items performing a function necessary for the subsystem's operation. Examples are
electronic box, transmitter, gyro package, actuator, motor, battery. For the purposes of
this document, component” and "unit” are used interchangeably.

2.14 Unit

A functional subdivision of a subsystem, or instrument, and generally a self contained
combination of items performing a function necessary for the subsystem's operation.
Examples are electronic box, transmitter, gyro package, actuator, motor, battery. For the
purposes of this document, "component" and "unit” are used interchangeably.

March, 2013 8
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2.15 Assembly

A functional subdivision of a component consisting of parts or subassemblies that
perform functions necessary for the operation of the component as a whole. Examples are
a power amplifier and gyroscope.

2.16 Part

A hardware element that is not normally subject to further subdivision or disassembly
without destruction of design use. Examples include resistor, integrated circuit, relay,
connector, bolt, and gaskets.

2.17 Instrument

A spacecraft subsystem consisting of sensors and associated hardware for making
measurements or observations in space. For the purposes of this document, an instrument
is considered a subsystem (of the spacecraft).

2.18 Survival Temperature

A non-operational temperature at which the unit must dwell to verify its ability to
withstand this temperature extreme without causing damage. See Drawing 2187127 for
requirement.

2.19 Hot/Cold Start

The powering on and driving of an actuator at a given temperature extreme (after
dwelling at that temperature). The actuator is not required to meet the performance
specifications at this temperature and exposure to this temperature must cause no
permanent damage to the unit. See Drawing 2187127 for requirement.

3  Requirements

All of the written requirements in this document shall apply at the end of spacecraft (SC)
life (EOL), which will occur no earlier than 5 years post launch (If Launch=2015, then
EOL=2015+5=2020) except as otherwise noted.

3.1 Description

The Actuator Unit shall have two-phase stepper DC motor a two-stage speed reducer
gear-head, and a load-carrying output shaft. See Drawing 2187127.

3.2 Physical Characteristics

Detailed envelope and interface drawings (mechanical and electrical) shall be supplied to
the government. All Contractor drawings prepared for this unit shall conform to the
requirements of MIL-DTL-31000B. The ICD shall include specific information
regarding all of the following parameters:

March, 2013 9
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3.2.1 Mass

Total as delivered, each actuator mass shall be less than or equal to requirement in
drawing 2187127. The Contractor shall also indicate the mass and the approximate
center of mass on the ICD.

3.2.2 Dimensions
Interface locations and physical envelope should be within the ranges specified in
attached drawing 2187127. Contractor ICD shall include specific details and dimensions
including but not limited to
* Size, location and tolerance of mounting holes
Flange thickness
Shaft diameter and length
Reference surfaces
Overall physical envelope
Variations from the dimensions shown in GSFC Drawing 2187127

3.2.3 Harness Wires

The wire from the DC motor shall be of the M22759/11 Teflon insulated type, sized
according to the derating schedule found in EEE-INST-002. The actuator shall use 24 or
26 gage wires. Lead lengths of all wires shall be no less than 23 inches. The harness will
need to have a strain relief.

3.2.4 Wiring Configuration
Motor power wires to be twisted.

3.2,5 Materials and Finish

All materials and processes shall be in accordance with spaceflight standards and
approved by the Govemnment. External surfaces shall be conductive. Aluminum parts
shall be finished with iridite per MIL-C-5541, Class 3. Titanium surfaces shall be
finished per AMS 2488 and conductive surfaces identified in the design shall be masked.
The outgassing requirements are <1% TML and less than 0.1% CVCM when tested in
accordance with ASTM E-595. All materials and processes will be selected in accordance
with MSFC-3029 and MIL-STD-889 to mitigate stress corrosion cracking and
interactions between dissimilar metals. Pure cadmium, zinc, beryllium, magnesium, and
tin are prohibited and all tin should have a minimum of 3% lead alloy. The output shaft
shall be made of Stainless Steel PH 13-8 unless unproved by GSFC engineer.

3.2.6 Lubrication

The motor actuator shall provide sufficient lubricant to moving parts. The lubrication
shall be per 2187127,

March, 2013 10
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3.2.7 Cleanliness

The assembly and integration shall be performed in a class 100 environment, The test
operations should be performed in a clean, dust-controlled environment such that
performance is not compromised. The units shall be inspected after test and re-cleaned if
necessary. Delivered in 400A/2 per condition per

Mil-STD-1246.

3.2.8 External Leakage
There shall be no external leakage of lubricant or particles.

3.2.9 Identification and Marking

Each unit shall be permanently marked with the part number and a unique sequential
serial number in the area designated on the drawing, 2187127 in a manner to be
approved by the Government. All ink used for identification and marking shall be low
out-gassing.

3.2.10 Provision for Attachments

The housing surface shall have no ribs or protrusions that would prevent the attachment
of circumferential heaters.

3.2.11 Hall Effect Sensors
N/A

3.3 Mechanical Characteristics

Actuator assemblies shall have the following physical and nominal performance
characteristics, except as otherwise noted.

3.3.1 Stalled Condition

The motor shall be capable of being continuously driven in a locked rotor condition
(stalled) without permanent degradation

3.3.2 Motor Torque Ripple
The motor torque ripple shall be less than 14%.

3.3.3 Reduction Gear Ratio

The reduction gear ratio shall have a reduction ratio and gear efficiency shall be per
drawing 2187127.

3.3.4 Actuator Rotation Profile

The actuator shall be operated such that the output shaft, beginning from home and
rotates 50 times to end of travel, then rotating back 50 cycles to home, thus being one
cycle of operation.
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3.34.1 Inertial Load
The inertia load on the output shall be less 9E-6 0z-in-s"2.

3.3.4.2 Motor Frictional Load
Motor Coulomb friction shall be less than 0.25 0z-in including motor detent.

3.4 Electrical Characteristics and Performance

3.4.1 Motor Voltage
The motor shall be designed for 2 maximum supplied voltage per Drawing 2187127.

3.4.2 Motor Torque
The motor shall be designed to produce requirements per Drawing 2187127 .

3.4.3 Motor Type
The motor shall be a 2 phase Stepper DC motor. See Drawing 2187127 .

3.4.4 Motor Constant
The motor constant shall be a reference number only. See Drawing 2187127 .

3.4.5 Torque Constant
The motor torque constant shall be per Drawing 2187127.

3.4.6 Electrical Time Constant
The electrical time constant shall be less than 0.18 milliseconds.

3.4.7 Dielectric Strength

Dielectric material between mutually isolated electrical circuits shall withstand a test
voltage of at least 500 VAC for 15 seconds without exceeding a current of 0.40 ma.

3.4.8 Insulation Resistance

Insulation resistance between mutually isolated electrical circuits shall be at least 100
megaohms at a test voltage of at least 500 Vdc for 60 seconds minimum.

3.4.9 Degaussing

The Motor shall be assembled on an instrument that will be degaussed. The motor shall
be capable of being degaussed to levels per ECSS-E-ST-20-07C-Rev.1 section 5.4.4
without permanent degradation.

3.4.10 Motor Winding DC Resistance
The DCR shall be per Drawing 2187127.

March, 2013 12
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3.5 Position Knowledge
351 N/A
3.6 Life Requirements

3.6.1 Duty Cycle

The actuator shall accommodate a duty cycle consisting 110 cycles over two year (this
includes the 4 times safety margin from section 2.12). One cycle shall require the
actuator to be rotational 20 times clockwise and rotations 20 times counter clockwise.
The duty cycle is not a continues use.

3.6.2 Mission Life
Mission life shall be five years as defined in section 3.0.

3.6.3 Shelf Life
Shelf life shall be Five years when packaged using agreed-to procedures.

3.7 Environmental Requirements

The actuators shall be designed to meet all of the performance and other design
requirements of this specification.

3.7.1 Dynamic

The actuator shall be capable of withstanding the random vibration levels shown
in Tables 3. The random vibration spectrum for SPICE instruments and
components is specified as per the SPICE Detector Assembly Requirements

-Specification. This spectra shall be applied in each of the two perpendicular axes,
one of which is longitudinal (along the motor shaft axis) and the second is the off
axis.
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Table 3: Random Vibration Levels for SPICE Instruments and Components

SPICE Motor Qualification Random Inputs
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Table 3: Random Vibration

(2 Minutes/Axis for Qualification Testing and 1 Minute/Axis Acceptance Testing)
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3.7.2 Shock

The SPICE Detector Assembly actuator, shall be designed and qualified to
withstand without degradation the shock levels specified in the table below to be
applied independently to each axis at the unit/structure interface.

Table 4: Shock Environment

Frequency 100 Hz 1500 Hz 10 kHz

Shock response spectrum (Q=10) at unit interface | 70g (TBC) 2000g (TBC) | 2000g (TBC)

3.7.3 Acoustic
The SPICE Detector Assembly actuator, shall be shown to comply with acoustic
levels shown in Table 5.

Table 5: Acoustic Test Levels

Flight Limit / Test
Freq Acceptance . | Qualification Tolerance
(Hz) (dB) SPL (dB) "~ (dB)
31.5 130.1 133.1 143
63 131.4 1344 143
125 136 139 143
250 134.8 137.8 143
500 132.6 1356 -1/43
1000 126.2 129.2 -1/+3
2000 121.4 124.4 143
4000 116.9 119.9 -1/+3
8000 112.4 115.4 -1/+3
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| oaspL | 1407 143.7 /43 |
Note: Sound Pressure Reference Level =2 x 10” Pa
Acceptance test level duration is 1 minute
Qualification test level duration is 2 minutes

3.7.4 Thermal

Actuators shall be capable of operation at temperatures defined in Table 6. The actuator
shall be capable of meeting all requirements with a gradient of 25 °C between mounting
and output flanges (output cold).

Table 6 Temperature Limits as measured at Flanges

Condition Cold Limit | Hot Limit

(degrees C) | (degrees C)
Actuator Operational Temp -40 +70
Actuator Acceptance Temp -55 +70
Actuator Qualification Temp -55 +70
Actuator Survival Qualification/Acceptance Test Temp -60 . +70
Actuator Contamination Bake Out Temp - +85

3.7.5 Vacuum

The actuator shall be capable of meeting all performance requirements of section 3.3 at
ambient as well as when exposed to a vacuum environment of 1 x 10° Tory.

3.7.6 Atomic Oxygen

Materials used in the construction of the actuator assembly shall not generate
contamination products resulting from the interaction with an atomic oxygen
environment. All operational requirements shall be satisfied during exposure to an
atomic oxygen environment of 300 km (180 mile) perigee of transfer orbit for two weeks.

3.7.7 Radiation — Total Dose-N/A
3.7.8 Humidity

The actuator shall be capable of meeting the requirements herein after and during
exposure to 20 to 70% relative humidity prior to launch.
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3.7.9 Venting

The actuator shall survive external depressurization from one atmosphere to 10~ Torr in
30 seconds. The actuator shall be vented to minimize lubricant loss and grevent internal
pressurization during external depressurization of one atmosphere to 10™ Torr in 30
seconds.

3.7.10 Fatigue

a) The Design shall show positive margins for fatigne. The number of cycles shall
consider 1) testing at the component level, assembly level, and 2) re-test
following any re-work, 3) shipping and handling, 4) launch. Specifically, the
solder leads on components shall be analyzed and shown to have positive margins
with respect to fatigue.

b) The fatigue analysis shall have a scatter factor of 4 applied.
3.8 Analysis Requirements

3.8.1 Stress

The actuator shall demonstrate positive margins of safety on ultimate failure modes using
ayield F.S. of 1.25 and ultimate F.S. of 1.40 on flight limit levels. All margms of safety
shall be verified by a detajled hand stress analysis of the actuator that assesses all primary
and secondary structure, joints, fasteners, bearings and gear loads.

3.8.2 Fatigue

Fatigue life of the actuator shall be designed to meet 95% reliability curves for the
materials. The number of cycles to be used is per section 3.6 using a factor of two and a
reference load on the gear-head per drawing 2187127.

3.8.3 Wear

The wear life of all sliding or rolling surfaces, including the gearbox teeth, and bearings,
shall be demonstrated with a detailed analysis or by similarity using appropriate margins
of safety. The reference load on the output bearings should be no more than the axial
preload. Reference cycles are listed in 3.6.1.

3.8.4 Lubrication

The Contractor shall provide analysis to show that sufficient lubricant is available
throughout the life of the actuator so that it can meet the specified performance and life
requirements as defined in section 3.6.

3.9 Testing

The contractor shall design the actuator to meet the all requirements outlined in this
specification. Testing shall be performed by GSFC.
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4 Verification

The contractor shall verify that the hardware design is qualified and meets all
requirements contained in this document. The contractor shall provide a verification
matrix defining the method of verification for each specific requirement of this
document. Verification methods include inspection, analysis, test or a combination of
these techniques. Certain requirements shall have a specific type of verification as stated
in Section 4.4.

4.1 Inspection

Verification by inspection includes visual inspection of the physical hardware, a
physical measurement of a property of the hardware, or the documentation search
demonstrating hardware of an identical design has demonstrated fulfillment of a
requirement.

4.1.1 Visual Inspection
Visual inspection of the physical hardware by a customer appointed qualified inspector.

4.1.2 Physical Measurement

Physical measurement of hardware property (i.e. mass, dimensions, etc.) demonstrating
the hardware meets specific requirement.

4.1.3 Documentation Search

Verification of requirements based on similarity shall include supporting rationale and
documentation and shall be approved by the Government.

4.2 Analysis

Verification of performance or function through detailed analysis, using all
applicable tools and techniques, is acceptable with the following conditions.

For structural loads, design qualification by analysis requires that positive
margins of safety be shown using factors of safety of 2.0 on yield and 2.6 on
uvltimate. Government approval is required for verification by analysis..

4.3 Test

The Contractor is not required to perform Qualification Testing, unless it is necessary to
justify issuance of the Certificate of Compliance. The Contractor is not required to
perform Performance Testing.

4.3.1 Acceptance Test

The verification process that demonstrates that hardware meets the specified
requirements so that a Certificate of Compliance can be justifiably issued.
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4.3.2 Test Failures
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The SPICE Program Representative shall be notified of any test failures within 24 hours
of such occurrence. The test shall be completed to obtain as much information as

possible. No replacement, adjustment, maintenance, or repairs are authorized during

testing.

4.4 Required Verification Methods

The following requirements shall be verified using the verification methods specified.

The methods are based on standard practices used for space flight hardware.

Requirement Reference | Verification Comment
Paragraph | Method
Mass 3.2.1 Inspection | Measurement
Worst Case Operating Conditions Test GSFC
Motor Torque Margin Analysis | Vendor
Stall Condition 3.3.1 Test GSFC
Thermal Vacuum 3.7.5,3.7.6 Test GSFC
Life POLITS I Tet | GsEC
Sine Sweep Test GSFC
Random Vibration Table 3 Test GSFC
3.7.1 and Test or
Strength 49 Analysis Vendor
Dielectric strength 3.4.7 Test Vendor
Insulation resistance 3.4.7 Test Vendor
Cleanliness 3.2.7 Test GSFC
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