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This exhibit establishes the psak and average power allocations for each

segment of the Manned Orbiting Laboratory Orbiting Vcblcle. It defines
the modes and the assumptions used in determining power utilization acamst

these allocations. It also establishes the minimum data requirements for

Vrequcsts for changes to this exhibit.

Approved changes shall appear as Annexes to this document.”’

i
This' document shall be upgraded as required to reflect approved changes in ’
. the contents,
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2.0 APPLICABLE DOCUMENTS

The following document of the exact issue shown form a part of this )

specification to the extent specified herein.

SAFSL Exhibit 10003 Environmental Design and Test Criteria
) for the MOL System Laboratory Module,
Mission Module, and Associated AGE.
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i

3.1 Pez2k Power Deiinitions : . ;
N
.Peak power available to each OV scgmern? from the LV Centrzl Power System
vities are allo ‘

tcd on the basis of OV Peak Power
2d below., Th ese definitions constitute mandator
o] i

<
during the various vehicle ac
not excluede operation of additional equipments

« 77 - Modes. These raodes are dafin
requirements for the mode and d
consistent with contractor power allocations.

e

.
.

7 Mode A - Tracking Mi
: " mirror T slews and/or scttlc

ot

irror Slew - During this mode the main optics tracking
The ATS are boLH in operation. S

——

5.
- '
Mode B - Pho;o'r*aohwc Oopsrations - During t'nis mod> the main optics

tracking mirror tracks the t: ta*o st and the sh u't»r end camera-back sequend

_occurs Tor ezch frame taken, Both ATS o oparate during this mocde,

T Mode'C - Mission
that parmits complete ¢

“* The idea is to simulate 2t
anomoh‘.s in ec..npmc t oper

Lout of missica pay Ioad systems m:ludmg t':.e ATS.
et pass for purposes o{ checkout znd to detarminzz
tions in real time, ' :

e

- ’ Mode D, - V1551on Da; load Activatic -n/; reo
. prcparauo time during which cues are vie
is activated and the vxaual optics maon.zication is adjus L '*
. S
mode that oczurs
This would .
ets. Cerizir functions

.
0
- e -

sion Pa)’oad Operation - This is

[ ol
e
'J:

Ny et 2

e durmd tar ,-;-; Dass whan Tiain cptics and —\'f‘b are not in op

! occur when there are nificant periods of time beatween tar
¢ may be pc_r:n.t:eci during this period.

o

L3
oo

A

0

5]

O]

/ that have been in

’
SR : Mode E - SGLS St ation - This mode covers the period preparing for, zcquiring

and communicating with a SGLS Station, A : o
i . . . . . ] 1
T ' Mode F - Wideband SLat»on - This mode cove o5 the period preparing for,
on, : ) . .

. | acquiring and data transrission to a wideband stati :

Mode G - SGLS and Wideband Stations - This mcde covers
operztion required in contact with 2 SGLS and wi

. - Mode H - All Other Orbitel - This niode covers all orbitz] activities wiih \
' both crew members in the Laboratory > :
Op=zration, Tkis mode include c
and includes such activites
eic, ; : . ,
. : s ;

a9
ro
(

Y
el
* C
.

. - Mode 1 - ,?rl’; or Late Orbit - This raode cover

periods duriag which transier of crew botvreen the GM.- ini b and L=

’ . %akes place, B rly O*b't Sogians with sevarcnce of the Orbiting Veh

- B S S i.-600s
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froo the booster end ends with the closing of the hatch after sfer of ih2
second crewman. Labe Orbit is ithe rewverss operation and begins with tha opsn-
ing of tha Labtorziory.kaich and ends with the transfer froa the Ladoratory
 supply back to Cemini B supplied power. ' i
.
¥ode J - Launch and Ascent - This mode covers the launch end escent

perioio. "Iz tezins when the fuel cells slone supply power to the LV end eads
wren Genini B power is re quired from the LV. :

3 2 OV Peax and Average Power Allocations ’
OV peek end averaze power sllocations besad on the preceding mode definitions

gre givea in Tavla 1. For Mode C, EX nited to the value corresponding to
Y

Mode A if the eguipment is being operated cde A configuration for checkout,
"and GE is limitsd to 1,k80 watts with the asswiption that both ATS's are not in
use simultancously. IT the G end EX equipient are operated in the Mode B
configuraticn for Mode C chec out, EX is linited to the value for Mode B and
CE is linited to 1 070 watts with the assuaption that both ATS ere not In use
simidtansously. For special configurations used in Mode C, chackout procedures

to preve ent excesding pover capa bility. Each Sszment/

shall te designed
Contractor shell restrict his peék pover 1o the values shown in the Table.
Operaticns taking less than the meximum value are mot restricted.
Gemini B end DAC vower utilization for Mode I is further allocated on the basig
oL threz suluicdes contzined in Mode X. Definitions for these submzodes and th:
corresvmd.r.o cllccations ere as follows: . St

- ' ST POVER ALIOCETION-VATLE
SUBHODE ) - DEFINITION o .m.g AC

I 'B 7~nn1ng of Early Orbit to Start 100 2765

of Crew Trazasfer to the LV

i3

12 . Start of Crew Transfer to tha LV . 595 2940
. to end of "axl; Qr01t s .
g 13 ‘ ate Orbit : 630 2900
The allozation for Gemini B and DAC contained in Teble 1l for Mode I is the
allocetion for submods I, since I, provides the largest tolal peak power
requirement of tha tnree “subucdes.” The total D1 phzse will be split inte four
difTerant orercstions vhich cennot ba time coincident. O0aly one of these phesa2s

is coincicent with =K loa2ds of focus adjust, alismment and Visuael Optics
rification Step Cheonge

- Av/o) Koz
.

Tae D2 phese (Target Pass Standby) w‘l‘ be defined a5 the time intervel belwss
the laﬁb_phcto opzretion vp to but nei including the Drive J doer elose opeia-
tion. Thz Jozd at Drive esctuation puls the systen into the ,h.sc 6:f1ueP 2s
- pr.2. . ) Tt :

e - . .. B . . A - . . » . P
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The operation for the GE-AVE during phase H (all other Orbital) will be
limited to the GE-AVE Loads of Commmand, Telemetry, VDP and all continuous

loads including environmental control and the low G accelerometer.

Di-1 . Coarse Warmup

This is a mode of operation during which coarse warmup heaters are energized
to ensure proper equipment gperation. '

D1-2 Door Cycling »

This is a mode of operation in which drive electronics are in a standby and

the door is actuated.

D1-3 Adjustment Preparation
This is a mode of operation in which the tracking mirror is positioned for EK

adjustments.
Dl-4 Adjustment
/ This is a2 mode of operation in which fpcis adjustment, alignment, and visual

optic magnification step change occur.
~

POWER ALLOCATIONS - (WATTS)

MODE GE WATTS EK WATTS
D1-1 Coarse Warmup 1300 Telemetry 317
.Di-2 Door Cycling 1340 - Standby . 385
D1-3 Adjustment Preparation 1414 Standby 385
D1-4 Adjustment 944 Visual Optics Mag Chg| 785
Alignme.___ 740
Focus 1430

The upper limit of LV Electrical Power System capacity potentially available

for allocation is 1.825 kw average power and 4.5 kw peak power.

o , : o . » 5 1.-6005
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: 3.3 GCn‘::". &3 [qu\o nent \' :" Allocations’ v . _ |
- - : ; . |
. Peak power utilized by Ceminl B from the LV Central Power Systzm is alloceted
on the basis of Gemini B equipment modes. The correspondence between LV |
Peak Power Modes and the Gerrini B equipment modes is given imthe tadle below.
. Peak power allocations for the Geminl & equipment moc’-.es are those zpplaring
- in Ta2ble 1 under the cor responding LV Peak Power mode and in the Cemini 5 .
- bEI No. CP 580104, : R B ‘ : ,
. S P ' oy
LV Peak Power Mode . MAC Lqummnuc Node
Trackina Mirror Normal .
T ._ $
- Photonrap‘x'c OD\.¢¢.:;.OQS Normal . {
. : . ‘ : i
- - - €  Mission Pay’oe.d Chrackout © - Normal . i
R . ' R T - :
. . ° - AL - !
. Dj Mission Payload Activation/ Normal _ , - ;
: o Prcpa'auon i : .. i
- - ot '
2 - B “ - H {
. B . . LI . A - 1
. - D2 Other '.\z OPGI‘E.‘C‘O'I Normal - i
' . ’ . N !
: ‘ =yatl ; !
4 E SGLS Station Normal Plus Telemetry ® E
A _ - _ . o |
; E Wideband Statisn - 1. . Normal T L E
. ; e S -0 ' : e |
) ;G SGLS & Widebznd Stations Normal Plus Telemeairy ;
. )/ . . : } - - 1
. e N i
L / H All Other Orbital Normal ' . i
// B . .- ' . -
1 Early or La;e Orbit +  FEarly Orbit or Late Orbit; '
7 | - See Paregraph 3.2 - l
! - : . i < — t
ya - J Launch 2ad Ascent - NONE - ) |
P - - FEE .
. 3.4 Phouoa ic Paylcad Ecuioment Mode Allocations
3 -, - - - -
; '.»Peak powrer utilized by the Phetographic Payload is allocated on the besis of
{ Photographic Payload Zquipment Modes, The correspondence beiwean LV \
: Pezak Power Mo "es and the Photographic Payload Elquipment Modes is ziven N
- - .« . - - N
: in the teble below. Peak Power Allocaticons for the Photographic Payleozd : \
. Equipment Mocdas are those zppzaring in Table 1 under the corresponding .
L - - \\
LV Peak Power Mode except &5 noted in the table below, :
: ) ) -
: * - . - -
o Emerzen comimunicaiion allocation 300 ts peak, Geminl B VET backey
- gency - ;
! to LVSS System, . . : .
- L]
- : .

1.-6005
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- o . Payload Fquinment
LV Peak Power Payleoad Ecuipment Peak Power ‘
Mo3acs L :/gj"x‘ - Allocation (W atts) kS
A. Trazking Mirror Slew Tracking Mirror Slaw _

B Photographic Photographic
Operations K \
C Mission Payload, LV Peak Power Mods A or B
“-  Checkout : Focus ) Co ‘
.. - D Alignment - T
T Process ‘
D; Mission Pzyload See paregraph 3.2 _ }
Activation/Preparation :
. , 1. e e e . .
D. O:ther Mission Alienment -
-Z . =3 . .
Payload Operation Focus
E SGLS Statie Telemetry

F  Widebard Station Enviroamental

.
——
.

H
T N .- :
- G . SCLS & Wideband Telemetry
] taticns .
~ H  All Other Orbital Process
LT Unlock
; . Environmental

. .. -

l.avnch 2nd Boost
Environrnental

1 Eerly Or Late of i

.
¥ Launch and Ascenl. Lzunch a2nd Doo
L Y 1

Envir onmenta

= hf*rc Different fro—n the Corresponding LY Peak Pover M
NOT=: nvironmental Mode Power is 500 watts for thz cold ¢

aftcr systcm has bezn shut oif for extended periods or
initially therimally stabilizing.
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3.4.1 - Simullaneity Assumptions

The subsystem bus activated for cach of the photographic payload equipment
modes is given in the following table: : :

Equipment f.—«j ,§ o
< Qg
Mode . g . oS | .
EENE BERE yhREs| 2
Hetog + o] s 13} «\ o |35 80 "g
. g o o] o) 2 0 'DD o — — | &0 o
Bus I I fﬁ 2 o = & O £ [~ 3 C S
: @ oa |- B o] < | ja |[PP2 0
Environmental X X1 X X1 XX X X X X X
IML&B X
LM Instru. X 1 X Xl XX X X X X X
Visual Optics X X X
Proc. Instru. X | X X1l XX X X X X X
Focus ’ X X
MM L & B ‘ X
MM Instru. X1 X Xl X1X X X (X X X
Controls & Displays X Xt XX X X
Unlock X
Alignment X
Processor X X |1 X Xl XIX X XiX X X
Photographic X X| X X

A continuous power switching loss is incurred in all moces.

3.5 Power Czlcula‘*irn Assumptions

These assumptions are not to be considered as subsystem constraints or
limitations. Their purpose is solely to provide a basis for establishing power
utilization and they are not to be interpreted as design requirements.

Peak power is calculated for 25 volts at the LV main bus except for Gemini B
which is based on 24.5 volts at the equipment terminals for the normal equip-
ment mode and 27 volts for all other modes. Peak energies less than 10
millijoules are disregarded. Distribution losses shall be accounted for by the
contractor responsible for the interface harnessing and are included in the
allocations.

1.-6005
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Average power for DAC equipmant is czlculated at 28 volts at the equipment.
GE and EK average power is calculated for 24 volts at the respective interfaces.
All DCSG power is charged against DAC.
For }PS5, environnental control power piilizetion is to e based on aP=10 ordit
for the entire rmission end 1S to be reported for & ncminal time of year of
Mavrch 21. Yominzd) fluxes as defined in SAFSL 10003 chall be used for vodl orolv
everage end jnstantansous fluxes for door open. conditions. A represent;.tive sun
engle for instentencoys albgi_o_calculations. chall correspead to 502 1 latitude.
For 1L.V3S the worst case orbital sondition shall pe used for environnentel poWET
utilizetion. In addition, the following mission relzted essunptions ere 1o b2
used: ’ :
1. Average processor dryer time. ! 120 min/é2y
L] -
2. Alignment mezsurement. ! 0.5 minf/active Tev.
- . O .
3, Alignrment opsralion (éne per day). 10 min/cé2y
4, Visual Optics. {.:100 min/day
_ ) " b -
P Eient : - L : .
§., Magnification Change e L
Visual Optics: ‘ - P /active vev.
- ATS: T . : .3/tg_rgct

. ) . - ' - S S
6. Film hendling. (Based upon 072 crewouan - 100 min/cay
operation}. v oo .
- o R
7. TFocus moznitoring. L 60 min/dey
8. Instrumentation. (O= during ali times i- 241 minf/dzy
jebee 2ctive zs well :

12, Active target p2ss. : 10 in/day
13, Active photographic rev. : 10/d2y
. . . <=
( 14, Cuacdiazgsts (tracksc by ATS). i : 1000/6:2.;:
‘ - L-6005
N T T AT o~ . j
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f.

4

q
1
;

£

»
3

v
e

’ N e tonn - anries)
15. Tracked targels {primary opics.
—_ I 16, TM pitch slew time, .
’ 17. TM roll selw time. S .
.18, TM tracking tims. :
A} .
19, Photographed targets
° ,’/ . *
. 20, Printary tographs per photographed tar
"21. Secondary cameara in-out cycles.
i ' 22, Sccondary camera pnotogra phs.per
) photographed targat,
23, Door open time per active rev,
24. Door open cycles/day.®
Y ; ) » .
. 25. 2ZI, Checkout, R&D active revs
2) targets tracked
S b} number of targets cues .
A .
L7 - .
/ ’ -y - -
; // “ ¢} targets photographed
— 7 - . N .
/
£ d) door open
[ . . - ] )
/o 26, Computer on-time R
; _ : ; .
K 27. Station corntacts based on conia ct times:
‘/‘ . N e : . R
- ‘2) clear voice
.
- " b) secure voicz
c) track
Q) TLM (must include cap2bility o °
receive secure TRC's) -
e} command
-

" .
Includes ZI, Checkout, R&D and Photography only.

L e R e e s —SIeE el 8 W e
e

o 1’/da".for 12 ¢

G

. 185/day

L 481 sec/day e

E70'.5 s’e&/day o
2403 sec/day

75/day

o~

.
=t trmen e e

b

o ———

390 sec

25/0:& | ,"' A P

Zlday g L ‘
IOId oo i
' ce

; 2_‘0 /c‘.a‘j

Included in Item 19 above.

6 6 ‘min/day ) -
244 min/day (39 DAC; 205 C

Lt

b e

min totz!
: at 25 DC"‘C:‘. 't dk.\.l' C‘J"C‘.e
on transmitier

rs
jae]

i f6/day
: l6/day

16/L—“ for

Y minc
: COm;-utc

i readout) }
'
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B 28. SGLS time (including warmup). : - 120 min/d'ay -
{(includes items b, c, d,‘and e of item 27) V
29, Wideband Contacts:
) i
" a) number/mission - o 60 maximum : ‘
b) average duration . " 3 minutes Co- )
30. Door arez. . : ’ " Based on aperture masking to ’
’ ' ' the following look angle constraints:
a) 14 deg. forward } stereo ,
b) 25 deg aft angle |
c) + 37 deg obliquity angle ;
- |
This aperture includes the
following vehicle residual motion:
a) +5.8 degroll
b) _~_l—_ 3.0 deg yaw
c) +.2,6 deg pitch
o - : - 1-6005 :
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4.0 POWER UTILIZATION CONTROL o

4.1 ©Power Reporting ' " . 3

The z2llocations in this exhibit shall be utilized in T
-

to racasure power rcq~~ire nents margins., Repor r
based on the mode dafinitions and assumptions contal ued in this exhibit.
’. : - - - ° ) ' " :
4,2 Exhibit Change Recuests S
. D el . . ‘.

for cll c‘xan«es in the pcak and ave raoe powe* allocation
2ssumptions, As z minimum requirement, reguests for

0
o
u
2
™
o
v
E
e’
w
“r
o
(¢
©
8]

a) 2 detailed engineering 2nalysis substantiating the need for a change,

. b} venfxCatxon th .t this change can be made without exceeding system
{ r peak and d without
2

avarage power capacity an
rational flexibility,

¢} =z detziled statement of system impact {e.g., weight, schedule, reliabili
documentation, and cost impact), with appropriate breakdeown ol dzta to
: fermit SPO eveluation, ) . :
Where 2 change 2ffects more than one associate contractor, the request for changze
must ba o\»rdh?ted batween all affected contractors and submitied as z combinsd

e items identified for each contractor.

o
o]
<

packagze with the 2

. . - L .
- ° ' N h
- - - .
. C ] :
, -
- .
. . - - -
* t
.
f . .
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ANNEX ]_._ o

ins ths ground rules and esswptions
ction and the essociated LV3S peak end

5A

This fnnex to SAFSL Zxhidb
epplying to LVSS eguipnen
everage power allocations.

“ECS . o ,

1. MOL Sieve Healer 2 &
and equipment watls are not mcluloa in eny peak or average.
2,  Vaste Manazenent Blower is operational in .lode Y only. .

ited by crew action for MPSS operation and will
A, B, C, Dy and Dp. It will not be turned on-

JlL

r

3. The water heater is i hi
remnain inhibi i des
during mode: 12.

ELECTRICAL

1. Contingency items do not contribute to average powe (c.\cep as ncted),
2. Equipment connected to the l'ln\blt bus is inhibited in Modes A, B C,

~ .'E‘,}/'and G. i . . : . .

+ Losses a2re based on MPSS allo*anon MPSS Allocation

3. ~MPS3S Feedes

Watts/24V x 1 volt = MPSS Feeder Loss., ‘ S
L] - . N .

4, G/b Feeder Losses ave based on G/B allocatio ons:. C/*' Allocation fa:‘.s
24V x 0.4 volt = G/B Feeder Loss. ' A ‘ -

ACTS/SCE

1. Rotational thirustors are inhibited in Modes A, B, C, G, J and ¥,

2, Translation tnrustor firing will occur in Mede H. ‘Lower zctiv y levels
will be planned zround or rbit adjust. Load maragement will allew planned
orbit adjust. : i . ST Lo . .

3. Average power calculations for ACTS/SCE are bascd on the following
duty cycles: ' : : ) .

51,25 High Power : o .
44, 65, LO\" Dower . o - . A o .
4. 2.9 SL:—:\GL;/ . ) . . ‘

“q

PROPULSION - L S

The ACT3/Prop Low Thrustor hezters 2llocation is based on 73% simucltarnaity
for p2zk 2ilocations, ’ . 4
. . .o e . . . )
] .

-

e -

I o : 1.-6005
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BIO-INSTRUMENTATION

1. IR Spectropliotometer is considered non-operational in all modes except
Modes C, E, and G,

2. Charged Particle Spectrometer is used on a contingency basis only and
equipment watts are not included in any peak.

3. Biological Dosimeter is included in Mode H,

DISPLAY

1, Assume 1/3 of total EL Push Button Switches and EL status lights are
on for all modes.

2, The EL Caution and Warning Matrices and Incandescent Push Button
Switches (Lamp Test Only) are contingency items not included in peak

mode allocations.

3. The EL Digital Clock is included in Mode H.

LIGHTING | | .

,-"/1' Main Floodlights are reported at 75% of full power for 10.5 hours per
/ day and are off in Modes A, B, C, DZ’ I1 and J.
- a ‘
7
/S 2. Auxiliary Floor Lights, Sleeping Area Floodlights, and Hygiene Area
/ Floodlights are on in Mode H only.

/ 3. EL Nomenclature Panel Lighting is on only in Modes A, B, C, and DZ'
/

ACQUISITION

. The Digital Recorder is operated in the record condition in Mode C.

4
v

DATA COMPUTATION

1. LVSS peak power allocations include full DCSG services for all modes. \\\
Computer power requirements are based upon 244 minutes of operation N
per day. \

2. The printer is not operated in Modes A, B, and C. )

i

- |
: ;I

C |

L-6005 !

§

2Py Iy A - | D :
QUHLDTT  SPECIAL - Copy 2f, 4,

1
B :‘.nflq ;:"\_ , AL R L A 5 t.
Uit d HARDLILG - Page fifof /o




o . 21 o ra Q) [, £
Sr ok o ate b ! § i3 { jt - { ¢d Uy

NRO APPROVED FOR |
RELEASE 1JULY 2015

’ SAFSL EXHIBIT 30002
MOL PROGRAM EFFECTIVENESS
SECTION 3 ‘ ‘ ‘ = | ;-

SA¥FSL Exhibit 10032 consistutes the
remainder of the Effectiveness Exhibit
and together with this section forms
the total Exhibit 30002.
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3.1 Systern Mission Fificativensss ] ..
3.1.,1 Definition

Mission Effectiveness is defired as the reliability of the MOL System in

completing within design performance capability all functions necessary

from liftoff to retrieval to support, provide, and return 95% of the

planned primary photographic data and the flight crew for a 30-day
mission. : | ' ' (R, AVE)

3.1.2 Effectiveness Allocations *

The 30-day mission effectiveness goal shall be .85 for the manned
awtomatic configuration and . 63 for the automatic configuration.
a. 'The allocations given below assume the effectiveness

of all other segments = 1.

Manned Autormatic
Automatic Configuration
PSS AVE .96 T .86
MIVISS AVE \ .965 » .92
LVSS AVE .96 .90
Gemiini B .986 __ R
Titan III . .97, .95
DRV's (?; reciuired for _
30 days) =% - .94
C.}round Net {(retrieval  --- +995
function) .
PSA .999 -
| o T

. % Design changes that are identified solely to meet the allocations .
specified in 3. 1.2 shall not be accomplished without MOL SO approval.
e tini L.-5998
- *%  The reliability of ezch DRV shall be .98, . Co 9922_0{ RS
GRONED  GDECIAL C OPYEE
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3.1.2.1 Segraent Effectiveness Criteria

The determinations of sepment effectiveness values shall
be based on the criteria specificd below. (AVE)

3.1.2.1.1 Germnini B System Segment

The Gemini B System Segment shall be deemed to operate
with desi'gn performance capability provided that operation of AVE is’
in any manual or automatic, primary or autornatic mode such that the

crevw and transferred DRC's are safely returned to earth for recovery

at the end of the MOL 30-day mission consistent with the 95% requirement.

(AVE)
3.1.2.1.2 Mission Payload System Segment

. The MPSS shall be deemed to operate within design
pexrformance capability provided that the MPSS AVE opcrates in a manner
such that (1) the pointing and tracking capabilities of the main tracking
mirror are within the 30 limits of the CEI spcciﬁcﬁatidn-, (.2) adequa..te
thermal COntr.ol' is provided; and (3) attainment of 95% c:f t};le photogréphs
are possible.

Specific reliability design goals for the MPSS equiprment are
(1) Single IVS for M/A mode - IVS 5/S mission reliability
goal 0. 9.84..

(2) Single ATS reliability goal 0.975. (AVE)

"3.1.2.1.3 Laboratory Module System Segment

The LMSS shall be deemed to operate within des1gn
performance capability provided that the LMSS AVE operates in such

2 manner so that:
| L.-5998
Copy ZZ. of g’f
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(1} The crew is free to Iﬁ‘C‘I‘fOt:"‘.‘l experiments in a
s-xirtsleevé cnvironrnent.

(2} All displays required by the crew for pefforrning

experiments ai1e aveailzble.

(3) Real time and recorded telemetr-y data required for
experimentation or mission scheduling are acquired
and transmitted to the ground. |

(4) The subsystem operating configurations and mode
selections provide a level of performance consistent
with that prcsc‘ribed for support of experimentation.

(5) Failures which result in an interruption of any of the
above criteria during a time when the degradation does
rmét affect experimentation are included in mission success
if the criteria is re-established prior to the time of

)
need or if the interruption lasts for less than one orbit.
The a.bove criteria are constrained by the attaimﬁent of 95% of the

photograiohic data. o ' o (AVE)

3.1.2.1.4 Photographic System Segment

The PSS shall be deemed to operate within design perforrﬁance
capability provided that the PSS AVE operates in a manner that permits

the attainment of 95% of the photographic data. (AVE)

3

-1,-5998
b
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3.1.3 System level Ground Rules and Assumplious -

4
Systerni level missici effectiveness models and analyses

‘shall be ucvelcmcd by the 1.VSS coatractor using inputs from the segment

.

level mission effectiveness anzlyscs developed by each Associate

Contractor. The sysiem level mission effcctiveness computations shall

be based on the ground rules and assumptions below. (T, AVE)

3.1.3.1 C_lf_t_}_culahon

Details of the mathem atical combtinations and associated

gl'ouxld rules are found in the Top Mission Effectivensss Model Report

UR 105. (AVE)

-3.1.3.2 Tiinelines and Interval Breakdown
The most recent version of the Flight Vehicle Timeline

(U.S. 108) sball be used as the basis for establishing time intervals and

operations during those intervals. As a minimurn, the following five
intervals shall be used for reliability assignment:
Ascent -
Early Orbit
Orbit
_,' Late Orbit :
Regntry and Retrieval - ‘ ‘ (T, R, AVE)
Further breakdown may be used for ease of the computations, if desired.
L-5998
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3.1.4 Segracnt Level Ground Rules and Assumptions -

’

The scgment cifectivencss rnodolé and analyses arxe to be
developed by each Associate Contractor fo'r his segrnent and.shall be
based on a ﬁqet}zodology consistent with system level effectiveness
, methodology. "Each Contractor shall determine the equipment that is
required to operate for the comp_letién of each function, and develop
the necessary numerics. The segment level effectiveness model shall
be capable of providing the inputs fequired by the system level effectiveness

model. ' ' : ‘ (T, Ai\-fE)

3.1.5 Data

' All input and ouiput data, calculations, asscinptions, models,

and computer programs shall be available for review by MOL SPO. (T, AVE)

L5558
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3.7, _l;)ai:“;ﬁ,‘. ted, '

3.2.72 »PLOT Allocations

For the mamned-aulomatic configuration, the onc-day PLO'I-‘.
requirement is .68 and the any one of three-day PLOT reciuircmeni_; is
._.89.. For the automatic corfigaration, the'.one-day PLOT reguifement
15 .68 and the any one of three-day PLOT requirement is .88. These

numerics do not include delays resulting from adverse meteorological

conditions or local rail traffic control. Contractor allecations against

these requirements are as follows: (R, AVE)
MANNED
AUTOMATIC AUTOMATIC
CONFIGURATION CONFIGURATION |
1 DAY 1 of 3 DAYS 1 DAY 1 of 3 DAYS
PSS . 964 .99 .945 .98
MMSS . 964 .99 .96 .99
LVSS .95 .985 .94 .975
Gemini B . 95 .985 - -
T-111 .90 .97 .90 .97
PSA . 999 .9999 --- R,
MISSION
 SUPPORT .90 .97 .90 .97 *
DRV's —— S .99 .99
TOTAL .68 .89 .68 .88
All allocations include AGE as well as AVE and are for the last
six (6) hours of countdown.
L-5998 4
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3.2.3 System Lievel Ground 15_»_5_9_54_';1_1__1\\sumntxons : : :

(U) Systern Level PLOT model and aralyscs shall be developed by DAC
using inputs from sconnnt level PLOT analyses developed by cach Associate

Conlxactox . The system level PLOT model shall be based on the ground
(T, AVE)

rules and assumplions below.

~

3.2.3.1 Success Criteria

(U) A launch attempt shall be decmed to he succossful if ignition occurs
during the onc hour window. It shall be assumecd that ignition will be withheld
if there is any known uncorrected failure of AVE equipment and/or if the
'ground/air communication operational requirements for ascent and early

orbit are not being met. : (AVE)
3.2.3.2  Availability

(U) The 2-week-in-advance-specification shall be interpreted te imply that

activitics prior to countdown can be planned so that the system is ready to

ST starl countdown on time. In other words, it is to be assumed that the system
is available at the start of countdowrn. (AVE)
3.2.3.3 Countdown Timeline and Interval Breakdown

(U) The most recent version of the Launch Operation Flow Subgroup Base-
line Flow Sequence (LOFS) shaﬂ be used a¢ the basis for establishing time
intervals for PLOT calculations. The timcline for the PLOT cealculation slail
be divided into no more than 9 sub- mtex vals. The sub-intervals shall reflect
zt Jeast 1) the start and stop txmcs of radio fr equency silence, 2) time of
insertion of flight crew and 3) the retraction of the mobile service tower.

. -
3.2.4 Segment Level Ground Ru‘as and Assumnptions (T, R, AVE)

(U) The segment PLOT models and analyses are to be deve.loped by es

)
e
ol

Associate Contractor for his segrnent and shell te based on 2 :ne:r.odology
consistent with the System Level PLOT methodology. The :ecme nt level

PI.OT model shall be cap.able of providing the inputs required by the System

Level PLOT Model. - (T, AVE)
2 L-5998 e
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3.2.5 Componant Innlusion

(u} For cach sub-interval, thosc components which meet
one of more of the following criteria shall be included in the segment
PLOT analysis.

. a. All AVE components shall be considered.

.b. When the expected failures of an operating ground
equipment component divided by the expected failures
of the total segment operating ground equipment is
greater than 0.01.

c. The total corrective action time is expected to be

greater than 24 hours.

d. The corrective action requires segment disarming,

demating or refueling.

e. Failure requires revalidation of any AVE.

f. The failure of the operating ground equipment component

has an effect which crosses a segment interface and

- induces a sccondary dependent failure in that interfacing
segment and/or requires changes in the nominal count-
down procedures of that interfacing segment. Situations
requiring recycling on the secord segment or requiring
that the sccond segment wait until corrective action is
completed are covered herec.

g. A Class IIl or Class IV hazard to the prime flight crew

ic involved. .
h. The operating ground equipment cornponent is 'critical"
. according to the criteria set forth in the discussion of
Reliability Critical Items, RCI {See Paragraph 5. 3.1).

i. The component is life limited. (See Paragraph 5. 3.2).

. ’ (T: R, AV
3.2.6 Data.

(U) The input and output data, calculations, assumnptions,
models, and cornputer programs uscd for Segment Level PLOT
assesment shall be available at the contractor's facility for review by
the MOL Systerns Office. ‘ (T, AVE)
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3.3 SAFETY ANALYSIS

- (U) The analysis requirements for the MOL Safety Program are spec cified

1y
in this section. Safety analyses shall be usecd to evaluate the hazardous
coa’i)tlonf that may exist du*w" the MOL roission and the res sultant impact
on safety. An acceptable level of flight crew fatality risk is specified in
3.1.3.7 of SS-MOL.-1B. The hazardous congitions to be considered are
.s‘p'c:«‘:—if‘ied in MII.-S-38130A. The goals for the maximum probabili‘cy of

occurrence of Class Il and.IV hazards is specified 3.3.8 herein and

allocated to the affected segments. ‘ (T, AVE)

T (U} Safety znalyses are required by MIL-S-38130A for all p.hases of MOL
system segment, and subsystem design and development. There exist a
number of .analytical techniques that can satisfy this requirement. It is '
intended that the most effective of these approaches be applied to MOL design
to the extent necessary to verify that an acceptable level of safety has been
obtained. " To achieve this goal within the MOL Associate Contractor structure,

each contractor must conduct a safety analysis effort compatible with the

prograrns of 211 other contractors. Requircinents of.this section are designed

to prbvide comnpatibility by assuring uniform and tirmely application of
appropriate techniques at the integration level and apply to those AVE, AGE
and facility equipments that support the prelaunch through retrieval phases of the

MOL raission. . . - (T, AVE)
\ : - .

3.3.1 Analysis Methods _ T i

(U) F¥our safety analysis methods may be used to satisfy the requirernents of
this exhibit for system level analysis: Gross Hazards Analysis, ¥Fzault Hazard
Analysis, Fault Tree Analysxv, and Operating Safety Analyses. The extent |
to which each analy tical method is applied, including scheduies and milestones,

will be specified by the Contractor in his System Safety Plan (SSP), 5.3.11.

The program for incorporating various Associate Contractor safety analyses into

integrated safety analyses of the overzall system 'will be defined by the phase
integrating contractor in his SSP and in coordination with the suppoerting

Associate Coniractors. ' o :
. - . - (T, P, AVE)
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wfined to an individual segment, alternative

(U)For safety analysis of hazas
techniques may be utilized, providing (1) the data supplied to the integrator is
in a forim that can be utilized 2.ad (2) the Contractor in the SSP provides -

justificztion that the techaiques being vtilized accomplish the end result.

- Analysis Integration

3.3.2. RG)SI;)C»I‘;?«_;_bﬂé}_‘;'

{U) The Aerospace Corporation, systems level integration contractor, is
responsible for conducting’a gross hazards study, fault tree analyses and
operational analyses at the system level. The responsibilities for integration

of systern safety for each mission phase shall be delegated to the associate

contractors specified below.

Prelaunch and Launch Phase Titan IIIM S/S Contractor

. Ascent Phase Gemini B S/S Contractor
On-Orbit Phase ' Laboratory Vehicle $/8

Contractor

Recntry and Retrieval Phasc Gemini B §/S Contractor

The contractor responsible for the design and development of a segment shall
meet the intent of MIL-$-38130A by conducting the analysis defined below, as
reciuired, relative to his segment and supply the analyses data in a form that
supports the intégrated analyscs defined above to the criteria provided below.

' e o (T, AVE)
3.3.3 Gross Hazard Analysis

__ 3.3.3.1 Scope of Study

(U) A system level Gross Hazard Analysis (GHA) shall be performed to

provide a qualitative safety evaluation of the MOL design. This effort will be
performed by the system level integratién contractor.
) (T, AVE)

3.3.3. 2' Eunvironmental Hazards

i (U) Hazards associated with the design operational environment will be identified
" by the Gross Hazard Analysis. The Impact of changes in the operational
environment will be investigated to establish the degrec to which each mission

phasc should be evaluated for sensitivity to environmental conditions.

(T, AVE)
- ‘ ' " L-5998
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%.3.3.3 - Encigy Scurces
- (U) Particular attention shall be given to sources, control and distribution

of energy, such as ordnance devices, fuels and propellants, and electrical

systems. _ ‘ ' (T, AVE)

LS

Other Hazards |

o~

3.3.3.

’ (U) Other arcas to be considercd include, but are not limited to, the

following:
a. Compatibility of materials
- b. Electrical transients and RF energy
c. Pressurized systems
d. Atmospheric Contamination
e. Human interface ' (T, AVE)
3.3.4 ¥Fault Hazard Analysis

(U) A qualitative Fault Hazard Analysis (FFHA) shall be conducted to identify
potential hazards associated with each contractor's AVE and the OG and
facility equipments required for the launch phase subsequent to prime

flight even insertion into Gemini B and is performed by documenting all
identifiable component failure modes and defining their resultant effects.

(T, AVE)

3.3.4.1 Classification

(U) The hazard associated with each failure mode shall Be classified in

- coﬁformity with the criteria listed in Paragraph 3.2.3 of MIL-5-38130A.
Failures resulting in safe (Class I) or marginal (Class II) conditions or events.
required no further analysis. Failures resulting in critical (Class III) or
catas‘trophic (Class IV) conditions or events shzll be reported to the procilring

agency and to the designers with recommendations for remedial action,
(T, AVE)

. 3.3.5. Fault Tree Analysis

Fault tree analyses shall apply to the same time periods and equipment as the FHA

3.3.5.1 Scope
(C) All critical and catastrophic events shall be analyzed to determize <

nature of the hazard. Fault tree analyses (FTA) shall be used to identify events

- or likely groups of events ‘which will produce the defined undesired Class IIT or IV

1.-5998 . . »
: . ‘ CopyZ22.of -
€ ey £ ('» ) r\ﬁ e o e
L al S SR A3 I Poge £ 058 -
: DRI A RS S AN (ol e 4L e
[AF RN RS SR SRR RN -




5N .l

‘ T‘"\;L,\ i {' H[’e i\??

] " E
TLEMG

N

NRO APPROVED FOR
RELEASE 1 JULY 2015

hazard, with a potentinl impest on the predicted prime flighi crew fatality,
or, in the case of the backup mode 2 gualitative feult tree type of assessiment

for eguipment damage. (T, AVE)

3.3.5.2 Mathematical ¥

(U) Each segment contractor shnll dexive a quantitative risk assessment for

211 identifiable hazardous conditions, within his segment. FEach scgment

‘contractor shell derive a quantitative risk assessment of hazards which may

p1‘0po<ratc across Scnn‘lcnt.interfaces; This interface information shall be of
sufficicnt detail and in such a format as to allow both mission phase and system
level integration. Each phase intcgration contractor shall specify the data
requirements such that a quantitative estimate of the probability of flight crew
fatality can be established and evaluated against the requirements of .

SS-MOL-1B. | (T, AVE) -

03.3.6 Operating Safety Analysis

N

(U) Each Associate Contractor shall perform operating safely analyses to
determine the safety requirements for personnel, procedures and equipment
which he provides and which are used in maintenance, support, testing,
operation and flight crew training during all phases as specified in the systern
requirerments. FPhase integrators (3.3.2) shall perform integrated Opcrational
analyses. The analyses shall be used to verify that the equipment is safe to
use or to identify additional procedural requirements necessary to assure

safe usage, The analyses to be performed by the Contractor shall be described

in the Contractor's SSP (5. 3.0). ’ (T, R, AVE)
. » ANy LAY Lo
3.3.6.1 Procedures

(U) The results of the operating safety analyses shall provide the basis for

the preparation of procedures, including handbooks for:

a. Rendering the subsystem/system safe under normal and
emergency conditions.

b. Emergency escape or egress and rescue operations.

c. Grovnd handling and transportation operations.

1. Operating and maintenance operations, including warning

and caution notes.
(T, AVE)
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Analysis Scohe

¢ -

The analysis schedule provided below shall be used as 2 guide in establishing

formeal reviews and data ¢ ubmiital reguirements to be shown in the associzatc

contractor's SSP.

clu

- 3.3 Anzlyscs Flow
e GDR - |  FAQI

- Submitlal of gross hazard study and list of identified criticel

and catastrophic cvents inherent in system design.

Fault hazard analysis subiitted prior to CDR so thal integrating
contractor can prepare system ¥TA in time for CDR. Submittal

dates cstablished by contrzct

3N Fault tree analysis presented at CDR. .
VLA Updated safety analyses, including FTA and FHA of cquipment
if design chunges after CII ' '
'i\ Final szafety enalysis of CEI submitted for incorporation in
system documentation (5.3.11.1.4). . ‘
o - (AVE)
Ry TRy TR L py re s £ g
(‘) - £300) e {_,f) K { L"'\\‘ f,
AEREREE B4 DI LR
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3.3.8.1
3.3.8.2

. impact on flight crew risk, are allocated in Table 3-2. Of those hazards

~allocations distributed in eacn phase shall be "Decision-Conditional, "

, ey AN
-r W e s e LS i E FIVENE SR SRR B SO

Numerical Allveations

(U) Scgment allocations of the probability of occurrence of Class IIT and

C RS Ll

Class IV hazards and other "ocisi on-Conditional' abort conditions which

impact prime flight crew safely #re given in Tables 3-1 and 3-2. Thesc

allocations shall be used #c decinn goals in assessing system safety as a
result of equipment failure, huunan error, or other system conditions.
The equiprnent to be considered shall include all AVE and that OGE and
facility cqﬁ.ipnmnt required for the launch phasc subsequent to prime

flight crew insertion into Gemini B. (T, R, AVE)

Definitions

(U) The following categories arc defined for the purpose of interpreting
MIL-S-38130A Class III and Class 1V hazards allocated in Tables 3-1
and 3-2.

Clags IV: Catastrophic Hazards - Conditions which result in crew

fatality because corrective action is impossible.

Class I1I; Critical Hazards - Conditions which require corrective action

.

(including escape/abort) for crew survival.

Decision-Conditional Hazards - Conditions whereby a single
o

subsequent failure of backup equipment or alternate procedures
would result in a crew fatality. (AVE)

Distribution of Hazards

(U) Tables 3-1 and 3-2 provide the distribution of hazard allocations
such that those hazards of primary importance are allocated in Table 3-1.

Those hazards which generally are less critical, but do significantly

nllocated in Table 3-1 no more than 1% of the individual values shall be
Class IV catastrophic, except during the reentry phase where an escape
capability does not exist. For the Reentry Phase of the miésion, the
Class IV hazard allocations shall not exceed 10% of the value in Table 3-1.

Of those hazards allocated in Table 3-2, no more than 10% of the individual

Figure 3-1 provides a descriptive interpretation of the Class III (T, R, AVE
and IV hazards disbribution.
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EK's current contract boseline calls for a reliability goal of at least
g1.4%5 for the probability of successfully exposing 14, 000 ft. of primary
record at an acceptable quality level in the manned-automatic mode.
This requircment is Jower than the goal allocation given in paragraphs

3.1.%, 3,1.2, & 3.2.2,

Therefore a SAFSL deviation to retain the contractual baseline is granted
until a study can.be performed to determine the capability of the PSS to .

meet the SAFSI, 30002 requirements.

‘ ‘Incluided in the study will be identification of changes required to approach

the SAFSL effectiveness goal allocation.
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FOREWORD

Electromagnetic Compatibility Design and Test Philosophy

Every prec:aution should be taken in a Manned Spacecraft program to ensure the safety
of the astronauts. It is vitally important that all significant equipment involved

in the flight operate properly. One factor in ensuring such operatién is the

control of Electromagnetic Compatibility (EMC), with the associated control of
Electromagnetic Interference (EMI), EMI generation and susceptibility must be

kept within liniits to ensure that the composite system and its component vehicle
system, Aerospace ground equipment system, and their respective subsystems

and equipments are compatible within themselves and that they have a high

probability of opérating within acceptable tolerances in conjunction with other

subsystems, . i .
were v

Experience with other space programs has pointed up the need for thorough EMC

testing and prompt application of necessary corrective measures, from preliminary

design through testing on the pad in order to minimize costly delays due to

last minute EMC ''fixes.,"

» EMC control can be most expeditiously, effectively, efficiently, and economically
applied during the engineering design development phase. For this reason, this
specification discusses and stresses the design phases of EMC control and
establishes the EMC design and ‘test requirements for the composite system, its

component systerns, and their respective subsystems and equipments,

The intent of this specification is not to impose arbitrary and unreasonable
requirements upon contractors, but rather to assist them in engineering a
,compatible'composite system., For this reason, the various EMC control
plans and test plans, discussed herein, are highly important and significant

documents.

This specification utilizes the applicable portions of the governmental documents
noted in section 2.0. It further supplements this consolidation with additional
technical and management requirements to establish a MANNED SPACECRAFT
SPECIFICATION, This specification was derived from SSD Exhibit 64-4 and

the deviations granted to the MOL Associate Contractors. It applies only to the
segments comprising the Orbiting Vehicle and a different specification applies
to the T-IIIM. SAFSL Exhibit 10005 is identical to this document except EK

deviations have been deleted, P > of 104
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-~ 1.0 SCOPE
P This specification provides the requirements of an electrormagnetic compatibility

(EMC) control program for each manned spacecraft composite system procured

by the Manned Orbiting Laboratory Systems Program Office (MOL. SPO). The

EMC control p.rogram for each such system shall be used by MQL SPO to establish
‘and maintain "engineered-in" EMC control from issuance of contractual go-ahecad
of the program definition phase through the life of the affected system so that the
confidence level and degree of probability of system performance in its opcrational
envir onmcn.t will be before the fact, All deliverable data and/cr documentation
specified in this Exhibit shall be in accordance with the respective contractor CDRL
1.1 USE (DD1423 or equiv.) as detailed by Forms 9.

For MCASTRO, SAFSL Exhibit 10005 shall be applicable to: new equipment,

extensively modifie‘d”equipment, and equipment interfaces between associate
contractor segments. : i
R-AVE (a) The contractor shall comply with the conducted and radiated
interference requirements imposed by the interface specifi-

cation as measured at the interface.

(b) SAFSL Exhibit 10005 shall apply to relays, solenoids,
swtiches, and EED Firing Circuits, but need not 2pply

to other passive equipment.
=

(c) The test requirements of SAFSL Exhibit 10005 shall not
apply to launch complex AGE not associated with vehicle
testing or that is not normally used in the vicinity of the
launch pad, LCC, or CSA, EMC for this AGE shall be
verified by successful functional utilization of this AGE

and inspection of the EMC design provisions.

1.1.1 EMC Control Program

T This specification shall be used by the integration contractor assigend such
responsibility by MOL SPO to establish and maintain the EMC control program
subject to the approval of MOL SPO for the affected composite system and to
establish and maintain the application of such a program to the component - N
systems and their respective subsystems and equipments, as formulated in

- the applicable EMC design control plans, as verified by the applicable EMC

test plans, and as documented in the applicable EMC test reports.
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— 1.1.2 Application to Speccifications

R-AVE The-applicable and intent of this specification shall be implemented in every
contractual specification, whatever its kind,-class, or sub-class, which
defines and describes any item of the composite system, the individual
systcrs, when that item may affect the electrical or electronic’ functioning

~of the composite, regardless of whether an aural, electrical, mechanical

or video input or output is involvcd. ’
1.2 CILASSIFICATION
This specification covers the EMC control of the Orbiting Vehicle Segments.
As a composite system, it will consist of all or part of:

(a) the vehicle which will consist of one or more stages and
¢ipsules or modules each of which may comprise all or
part of these subsystems:

R-AVE 1. spaceframe, including environment control,
scparation and joining mechanisms, observation
and access areas and provisions therefore

— 2. propulsion, including primary, secondary, tertiary

3. electrical power, including primary and secondary
power sources, such as batteries, solar arrays,
fuel cells, and inverters

4. guidance and control, including attitude control and
stabilization, orbital adjustment

5. communications, including telemetry, data link

6. life support which will comprise those devices,
plumbing, wiring, scaling, seating, etc. which are
installed in the life support compartments, bays, or
other areas of the appropriate capsule(s) or module(s)

7. experimentation and observation equipments, self-

contained power therefore, and the various accessories
attendant thereon.
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The astronzul subsystem which will include those cquiprnents,
materials, and iterms worn or carried by the 1nd1\1d‘1a4 men,
such as radio transrmitiers and receivers, light sources,
body functions, psychophysiological equipments, etc.

The aerospace ground equipment system (AGE) consisting of:
1. the operational ground equipment (OGE) subsystem
which includes tz:e instrumentation, control and
checkout consoles, cabling, wiring, communications,
ground electrical power, fluid loading (whether liquid

or gas), handling, including erecting, rnating, demating,
adjusting, calibrating, command ]oac.mcr and all other
material required to conduct pr ecountdown tests,
counidown, and launch

2. the maintenance ground equipment (MGE) subsystem
which includes those items and material of the types
noted in (1)} above, (OGE), which are used to maintain
the vehicle system in, or restore it to, a state of
readiness for launch, countdown, and precountdown
tests. For EX Only: Althcough support equipment not
associated with the vehicle system in its final launch
configuration is not considered part of the composite
system and thus excluded from the requirements of
this specification, factory checkout equipment used
for EMC testing shall be designed such that its
operation does not degrade the EMC or EMI test
resulis or the operation of the AVE equipment under
test.®or other Associate Contractors, this EK
deviation applies to non-CEI equipment.

“N

3. exchange hardware used for electrical tests with the
EDCTU, qualification, acceptance, and readiness tests
shall meet the OGE EMC requirements or the allowable
EMI limits specified in the appropriate interface
specirication.

For purposes of this specification, the operational environment shall be

understood to be that of the launch environment, including precountdown tests,

countdown, and launch, as encompassing the worst environment to be encountered

by the composite system, its component systems, and their respective sub-

systems and equipments. The ambient EMC environment surrounding the launch

vehicle is not included in the conditions stated in this specification. The

contractors shall inform the SPO when the ambient conditions {data to be furnished

by the SPO and analyzed by the EMC integrator) do not allow the contractor to

meet the requirements of this specification.
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'}}_I_D_ELICAB LE DOCUMENTS

- 2.0
‘I he following documents
{.>rm a part of this specification to L}we extent spemhed herein.

conflict with this specification,

LY T

9 [
4& ¢S a LEwB

In case of

the requirements of this specification shall

MIL-STD-831 - Test Report, Preparation of, dated

and Lightning

Protection, for Acrospace Systems, dated 15 October 1964

cover.
-AVE (a)
28 August 1963
(b} MIL-B-5087B - Bonding, Electrical,
(c)
Component Parts
(d)

It is to be acknowledgsdithat the documents

. MIL-STD-202C ~ Test Methods for Electronic and Electrical

12 September 1963
SA¥SL 30034-EMC Cont: ol Plan Composite System 6 June 1968

listed below provided source

material for this specification, although their particular requirements are

not specified herein.

AFMTCP 80-2, Vol I
"Appendix A

MIL-STD-826{USAXE)

MIL-E-6051

MIL-1-6181
MIL-I-26600

AF/BSD Exhibit 62-87

General Range Safety Flan, Air Force
Missile Test Center, Patrick Air Forcc
Base, Florida .

Electromagnetic Interference
Test Requirements and Test
Methods

Electrical-Electronic System
Compatibility and Interference

Control Requirements for

Aeronautical Weapon Systems,
Aircraft Subsystems, and Aircraft

(Cf. Aerospace Industries Association-
proposed '""D' revislion thereto)

Interference Control Requirements,

-Alrcraft Equipment

Interference Control Requirements,
Aeronautical Equipment

" Electro-Interference Control Requlre-—' -

ments for Minuteman (WS-133B)
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3.0 REQUIREMENTS -
.3.1 ELECTROMAGNETIC COMPATIBILITY CONTROL PROGRAM
3.1.1 Composite System

It is tio intent of this specification to provide the requirements of an

.Electr ~magnetic Compatibility (ENMC) Control Program for cach

spacec et composite system procured by the Manned Orbiting Jaboratory
Syster: Program Office (MOL SPO). Such & Program shall be used by MOL
 §POt: establish "engineered-in® electromagnetic compatibility control '
fyom =z :proval of go-ahead of the Program Decfinition Phase through
the lif= of the affected composite system. The implementation of the EMC

Conire’ Program requirements shall be accomplished by the EMC Control
. g N - . ) s .
Board :hrough thé¢oinposite system EMC Design Control Pian and the

subsys. oM and equipment EMC Design Control Plans and through the EMC
Test I-.2ns aspociated with cach. The Test Plan Reports will documernt the
activit and shall function as the formal record of contractual coimpliance
with tr. s specification.

Elcctre snagnetic compatibility shall be engineered-in by before-the- fact

.f the composite system components in accordance with the require-

design

-f this specificati s ‘cclude the existe £ tential
ments -.f this specification so as to preclude the existence ol any potentia
undesir«d interferance(s) in or betwecen the components, i.e., the vehicle

systerr, znd the AGE system, regardless of where their clectrical, aural,
video z::d mechanical inputs and outputs fall within the overall irequency

spectr..:n of the composite system.

3.1.1.1 EMC Control Board

The E}C Control Board shall be cstablished by MOL SPO on the initiation

of go_‘;-,head of the Program Definition Phasc of a manned spacecraft’
composite system procurement program and shall function through comple-
tion of *ihe Development Phase. The Board shall exercise technical control

of the composite system EMC Control Prograr, of the composite system
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EMC Design Control Plan which is established and maintained to implement
the Program, and of the EMC Test Plan which is established to verify the
composite system EMC Design Control Plan within the constraints of the

Control Program.

The SMC Control Board shall function as specified in the EMC Board Charter

contained in SAFSIL. 30035.

A

3.1.1.2 EMC Design Control Plan

3.1.1.2.1  Schedule

The composite systeﬁfGE'MC De sign Gontrol Plan shall be established by the
integration contractor, in coordination with the associate contractors, and
shall be submitted to MOL SPO for approval within ninety (90) calendar

days after contractual notice of go-ahecad for thc Program Definition Phase
from the procuring activity. At its descretion, MOL SPO shall convenc the
EMC Gontrol Board to resolve any problem areas arising from lack of complete
approval of the submitted Design Control Plan and to establish any schedule(s)

necessary for accormplishment of complete approval by MOL SPO.

Maintenance of the composite system EMC Design Control Plan shall be
the respornsibility of the integration contractor who shall revisc or supplement

it with the approval of MOL SPO. This maintenance of the composite
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system EMC Design Control Plan skel! be directly related to the

EMC Design Control Plans for the individual subsystems and equipments

of the vehicle and AGE systems, as ncted below.

3.1.1.2.2 Content

. The cornposite system EMC Design Control PPlan shall delincate the methods

that shall be used by the EMC Integrator to ensure the electromagnetic
compatibility of the combined system segments, in a composite MOL system.

3.1.2 Subsystems and Equipments

3.1.2.1  EMC Control Group

Kach associate dontfactor (this includes the integration contractor in his
function as a direct contractor for onec or more of the vehicle and AGE
subsystems or equipments) shall establish an EMC Design Control Group

which shall functicn for the affected subsystems/equipments.

The EMC Design Control Group shall meetl as required through the life

of the composite system program.
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subsystem or equipinent bec

N SRR O
. sy e e?
LY . 3 r .8 ‘t‘-:_
K.'.):, PSPt I Lobu N
. * ) .
3.1.2.2 I‘\’C De 51(& Control Pian
3.1.2.2.1 Schedule
Each associate contracior shall establish an ZMC Desipgn Centrol Plan for

the individual subsystem{s) or cquipment(s) for which he hus coutracied with

the procuring activity and shall subnmit it{s) to the integration contructor .

within forty-five (45) days of contractuzl go»:!:c‘ﬁc‘ of the Program Definition

Phase. Such a Plan shall be maiatained through the Jife of the composite
. R U . . . P
system program and shall Bo sdbmitted in accordance with the schedala(s)

QT 8 A...l

Ic“.'!

.
established by the integration contracter. Such a design control pl

include the constraints placed on subcontractors and supplicrs to assure

ENC.

Interference shall be controlled to eliminate uidesired interaction and

malfunctioning of the respective clecironic and electrical subsystems and

equipiments, regardless of wircther the affectec
Lcl‘xanical. This requirement

)y -

1 inpuis and outputs of the

systems are electrical, aural, vidco, or m

applics to the entire frequency range of such subsystems and equipments,

and those for \»}uch ‘provisions for" have been incorporated, when per- .

forming their intended functions. There shall be no improper resgonse,

whether unacceptable or inadvertent, from the o.uput of any vehicle or AGZ

rd
use of electromagnetic interference produced

elcectronic, and other devices of the sub-

by any or 2ll of the electricel,
e EMC

systems or equipments when tested in accordance with the applicabl

Test Plan (sce section 4. 1},
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R-AVE
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ST e e 3WATRA ) LT actual operating noise.

This reguires that such subsysiems and equijnnents not be adverscly afiected

by interference voltages and fields reaching them from external sources and
also requires that such equipment and subsystems not be sources of inter-
ference which might adversely affect the operation of other equipments or
subsystems.

The deéign aspects of the composite system operational environment, utili-
zation of the inhevent shielding characteristics of the vehicle or installation,
ahtenna location, shielding and bonding techniques, cable routing, the design
and location of interference control components, and alil other pertinent

design and control factors shall be included in the affected subsystem/equipment

¢ontrol plans,

Each Design Control Plan shall consider frequency management of all
equipments as a prime factor in controlling the operational electromagnetic
environment, Fregitency management shall consist of: control of ail
assigned primary radiating bands and requencies, strict conservation of
specirumn bandwidths; control of all local oscillator {frequencies and rise
times; gain bandwidth products, harmonic and sideband control, and time
duty cycle operation of eguipment. ;

3.1.3 Short Duration Interference

Exefnptions shall not be granted for short duration or transient interference
in any EMC Design Control Plan, unless such interference occurs at such a
time sequence as to not aficct the operation of the MOL System and with the
approval of MOL SPO (MCASTRO system segment single event switching
transicnts are not required to meet SAFSL 10005 interference requirements
provided they do not cause Flight Vehicle system interference. All Gemini B
System Scgment switches and relays (except hand controller switches) will

be considered single event switching devices).

3.1.4 Electromagnetic Interference Safety Mﬁérgin

The Electromagnetic Interference Safety Margin (EMISM) shall be determined
for critical leads under operating conditions, including switching equipments
or sulsystems ON and OFF manually by the astronauts or as programmed.
Operating conditions shall be defined as the launch environment for FV g
system test, factory environment for segment testing and screen room or

factory environment for subsystem and equipment test.ing. The susceptibility =
threshold shall be determined at the subsystern and equipment level within

the constraints of this specification. The reference for system aq—Leoo ;

AR 1
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3.1.5 Electroexplosive Actuated Systzms

This specification prescribes the minimum acceptable ordnance EMC ’ ‘
characteristics to enhance the safety of personnel, the space vehicle system, ‘
and the vehicle launch facilities during crdnance operations in existing and

planned vehicle electrornagnetic radiation environments. The following

paragfaphs of SAFSI, Exhibit 30005, with identified devialions or

interprctations, shall apply to the design and verification of design of

EED's and firing circuits. Subparagraphs of an applicable paragraph are

not applicable unless specifically identified. The remaining paragraphs of

SAFSI, 30005 apply for design only.*

3.1.6 Government Furniched Equipment

It shall be the residnsibility of each afiected associate contractor and sub-
contractor which uses: government-furnished equipment (GFE) as part of its
subsystem(s) and equipmeni(s) to ensure that such equipment mcets the
requirements of this séecification and of the affected EMC design control
plan. In the event that such compliance necessitates testor modilication

of the GFE, which is out of scope of the affected segment contract such
tasks shall be subject to separate ncgotiation, .
*The following paragraphs of SAFSL Exhibit 30005, with identified
deviations or interprctationé, shall apply to the design and verification of
design of EED's and firing circuits. Subparagraphs of an applicable paragraph
are nol applicable unless specifically identified. The remaining paragraphs
of SA¥FSL, 30005 apply for design only.

SAFSL Exhibit 10005

Paragraph Title

3.2.5.2 Interconnecting Wires

3.2.5.4 EED Firing Circuits

3.3.1.3.1 RF Susceptibility

3.3.1.3.2

3.3.1.3.2.1

3.3.1.3.2.2

g g i g gz EED Validation

3.3.1.3.2.5

3.3.1.3.2.6

3.3.1.3.2.7

3.3.3 Validation of EEED and EED :.
Initiator Circuit f

3.3.3.1 System Sensitivity

3.1.4 EMISM e e SO

3.3.3.2.1 _ RT Susceptibility, - Data L-6006
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—_— 3.2 DESIGN
3.2.1 Interference-Free Desizn ' .

R-AVE
P

R-AVE

and electrical equipment and subsysterns, The design shall be such that,

before any interference control components are applied, the amount of

_interference inherently gencrated and propagated is the minimum achievable

consistent with good design practices., The application of interfercnce control
components that must be used, such as filtering, shielding and bonding,

shall conform to good acrospace engineering practice and should be an
integral part of the system. Any interference control components must

be of minimal weight and volume consistent with maximal reliability,

vchicle weight constraints and associated tradcoffs.

. %

-t .
3.

) ' Separately installed and
external COmponenté shall not be used unless specifically authorized by
the procuring activity.

3.2.2 Susceptibility

All equipment shall be designed to minimize susceptibility to interference
from other sources. Any enclosing case construction shall be designed
not only to minimize interfe rence propagation but also to minimize
interference pick-up from external sources., Where conducted energy on
the power or other external leads might cause interference, these leads
shall be isolated from others to avoid coupling and where necessary and

feasible, shall have line filters at thieir entry into the enclosing case.

Receiving antenna inputs or other low-level signal circuits shall be of
low impedance or of balanced design so that coaxial or other shielded
transmission lines can be used to ensure an interference-free installation,
Routing of such circuits within the equipment shall minimize circuit coupling
with power and control leads. There shall be no common impedance paths

. incompatible .. L .
or sharing offgrouna returns between different classifications such as

or
signal, power, control or ordnance circuits/ within the same classifications .

Page 19 of 106
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R-AVE

3.2.3 Case Shielding -

Mechanical discontinuities in the cace of those enclosures intended to provide
EMI Shielding, (such as covers, inspection plates, and joints) shall be kept
t6 a minimum. All necessary discontinvities shall be electrically continuous
across the interface of the discontinuity so-as to provide a low-impedance
current path., Multiple-point spring-loaded contacts arc suggested as a
desirable method of obtaining this low impedance continuity. Ventilation
openings shall be designed not to degrade the required case shielding
effectivencss., FElecirical bonding shall be provided where access doors

or cover plates form a part of the shiclding; hinges, in themselves, are

not considered satisfactory conductive paths,
3.2.4 Bonding

The provisions of MI1,~B-5087 with regard to characteristics, application -
and testing of electrical bonding shall be applicable. The appropriate
MIL-B-5087B bonding class shall be used, The use of BE/CU or aluminum
bonding straps of /W ratio £ 5 and a minimum thickness of .. 005 inches

is permitted. The requirements of paragraph 3.1-3.1.3 of MILB 50878

may be met through the use of contractors preferred parts list.

— .
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3.2.5 Desion Critevia
3.2.5.1 Interconnecting Wire Design %

#~AVE Line shielding shall not be used when equivalent interference reduction control
or containment can effectively be accomplished inside an equipment. It shall
not be used intcntionally as a current carryiné conductor, excebt for coaxial
conductors in rf circuits. Equipment requiring antennas, but not employing
wave guides, shall be designed to utilize coaxial cable as lead-in. When it
"has been determined that a single braid shield is not adequate, a double or
triple braid, or a solid shicld, shall be used as required. The following

criteria shall be used to determine signal line and shield configuration.

3.2.5.1.1 DC Supplics

To minimize the possibility of DC supply lines coupling interference to other
circuits and to protect them from receiving interference from other lines,
the best procedure 15 to use twisted-pair for the supply line and its return.

Shielding should not be used cn power wires.

3.2.5.1 2 AC Power

Alternating current of comparatively high amperage, characteristic of most
AVE =~ AC power lines, makes them potential sources of interference through
couping to adjacent lines. Transposed or twisted lines shall be used for all

AC power circuits. The routing of these lines shall be away from susceptible

lines. Shielding should not bz used on power wires.

3.2.5.1 3 Low Level Signals of Low Impedance (<100MV and <10003)

For runs internal to the equipmicut, the use of a twisted-pair alone may prove
adequate. For runs external to the equipment, twisted-pair shielded wire
shall be used. When shielded wire passes through a connector, .three pins
should be made available on the connector to provide insulated passage of the
two signal leads and the shield. Shields must be grounded at least at one

end. For signal wires external to equipments, balanced circuitry shall be
used. Low level RF circuits may usc coaxial cable and need not be balanced.
Circuit impedance represents either the source or load impedance, whichever

is higher.

‘*The following design criteria are for wiring external to equipment, however

the criteria may be used as design guides for wiring internal to equipment.

Page 2 L-6006
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3.2.5.1.4 Low Level Signals of High lmpedance (100MV >1000Q)

—
~AVE Wherc signals from high impedance output devices must be transmitted over
any appreciable distance, an impedance transforming device such as a

transformer, cathode follower or transistor should be used to lower the

transmission circuit impedance to 1000 ohms or lower. However, the usc

of high impedance signals for transmission of inforrnation should, in general,

be scrupulously avoided, whether high or low level. Where the use of such

signals cannot be avoided, the interconneccting tead must be shielded and
the shield gr01111dec1. In some cases, the use of a double or triple shielded
cable grounded at each end may be required if the cable is in an intensc
electrostatic onvironment. Circuits not mecting the impedance criteria of

210000 0of 3.2.5.1.3 are defined as high impedance.

3.2.5.1.5 High Level Signals (>100MV)

Signal circuits of high level will, in general, not be susceptible to EMI.
Rather, they may be a source of intcrference to lower level signal lincs.
For this reason, and depcndent on other characteristics of the signal,
either a twisted-pair or a shielded lead sheculd be used. Multiple shielding
may be required if the signal is of sufficient levcl./SC}}l%‘%{g)ding should be at

both ends of the shield to prevent electrostatic radiation from the cable.

3.2.5.1.0 Reference Voltages

.R—AVE The tr.ansmis‘sion of referencg voltages should be avecided. If this is not
possible, care should be taken to minimize the possibility of introducing
interference as well as AC voltages. Grounding, where required, should
be only at one point. Treat the reference voltage as a circuit, always
including its return lead either in the form of a twisted-pair or a shielded

or coaxial lead.

1.-6006
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k-AVE

R-AVE

The use of twisted-pair and/or shiclding for the reference voltage lead and

its return will minimize the pickup from sources of clectromagnetic radiation.
In the case of AC reference voltages this treatment will aiso minimize the
interference cffect that the reference voltage might have ou other circuits.
Shielding of the twisted-pair may be helpful, éslueciallyr when the circuit
impedarice is not held to a Jow value; hovwever, filtering of the reference
voltage inside the using equipment is to be preferred over the use of shield-
ing. The source impedance of the voltage should be maintained as low as
possible in order to minimize electrostatic pickup. In any case, the using
element should see only the reference voltages, and not the reference voltage

plus small components of other signal and power voltages.

3.2.5.1.7 Control Voltages

The control of varisas functions is usually accomplished with the use of

voltages of either AC or DC which are switched on or off in a step manner.
Lines carrying such voltages are potential intcrference gencrators; they
should be of a nature that will hold coupling to other circuits at a minimum.

Separation and shielding are thus applicable.

3.2.5.1.8 RF Signals (>150KHZor=10 u sec rise/fall time signals)
RF signals within a unit should be routed in such a way that cross coupling
between input and output CiI‘C‘,\:litS is held to a minimum. Outside the unit,
shiclding should be used if necessary to prevent excessive radiation from
the wire or excessive pickup on the wire. Grounding of such shields shall

be multi-point and continuous for rf signals.

3,2.5.1.9 Shield Continuity

The electrical continuity and isolation of signal circuit electrical shields

shall be maintained through connectors, equipment, and/or junction boxes
intermediate between the signal source and the signal load. Any intermediate
terrinal strip or block shall be shielded by a metallic enclosure which is
bonded to the structure. Where the number of connector
pins is limited, shields may be grouped cn a selective basis and carried
through on a single pin. Individual shield segment may be separately

grounded.
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3.2.5.1.10 Shicid Breakoutis

Only the following methods of shicld termination are acceptable.

(a) On the electrical connector, provided thie connector
has a conductive finish and is provided with a con-
ductive path to structure.

(b) Direct to structure, prm-'idedr the length of shicld
pigtail is 6 inches or less.

(¢} Terminate inside of the equipment by means of a
pin in the clectrical connector. The combined
length of the ground wire and pigtail shall be 6
inches or less.

It is preferred that the shicld extend inside the connector shell. In the event
that this is not fcasible, the shield brealout shall be so positioned that it is
as close as possiblg.with not more thanl.binch of unshiclded, insulated wire

showing in back of the conncctor.

3.2.5.2 Interconnecting Wires Categorization and Seperation

In order to reduce interactions between the different subsystems, inter-

connecting wiring shall be isolated in accordance with the following criteria.

A minimum of 4 inches shall be maintained between wires ?1‘ wire 'bund]‘es R
including ground umbilicals

of the different categorics. Separation during constrained passages/may be

less than 4 inches but shall be resumed as soon as practical after pascing

constrained arca. (For EK: "If cable separation is required Lo reduce inter-

actions between wires of different signal types, 4 inch scparation, consistent

with space allocation factors, should be mazintained between wires.) (For the

Gemini B Segment: In the re-entry module and at the interface between it

and the adapter, in order to reduce interaction between the different subsystems,

interconnecting wiring shall be isolated where feasible in accordance with

following criteria. A minimum of 4 inches shall be maintained between wires

or wire bundles of the different categories, except when different categories

use the same connector, or where space and/or weight constraints make such

separation impracticable. In such a2 case, pin assignment and layout shall

stress isolation between different categories, and grounded spare pins shall

be utilized when available to provide isolation for sensitive circuits.
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wiring ¢hell be separted using the
o

In the adapter mocule, interconneciin g

[{S

- same criteria applied in the re-entry module except:

(2) Wires crossing the interface between Gemini B and
- associale contractor scgments shall be classified
into categories I, II or iIl, as applicable. A :
minimurn of four (4) inches shall be maintained between
interface wires or wire bundles of these three (3)

categories. However, interface wires need not be

separated where they pass through guillotines.

(b) Gemini B wires not crossing the interface may be
bundled with interface wires providing the interface

wire categorization is not violated).

The classifications af the {ollowing wire categories are decign reguirements

to assure compatibility, Further subcategorization may be required to
achieve compatibility becausc of complexity of design cr in the casc of 2

circuit filling the criteria for two categories and are not precluded by this specificatior.

Category 1
1. Three phase power distribution wiring {twisted)
2. Single phase power distribution (twisted with return wizre)
3. Other wiring*carrying 115 volts ac
4, DC circuit wiring carrying currents (transients and .
{
steady state) above 5 amps : :
;
5. Low voltage power circuits (ac)
6. Low voltage lighting circuits (ac)
Category 11
Wiring carrying less than 36 V peak and current between :
100 ma and 5 amps. :
- Page 25 of 106
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Category 1iT

Low level circuils
Low voliage signal circuits .

Receiving antenna coaxial cables
Category IV
All ordnance {iring circuits.

Category V

(Not for GE RF transmitiing ccoaxial transmission lines and wave guides
and EX :

) (150 kc a2nd above).
3.2.5.3 Grounding and Isolation

A single-point grounding system shall be the design baseline. A deviation

to use muliipoint g{p}m\d will be granted when such is proven to be electro-
magnetically compatible. Each electricel component shall have the primary
power terminals isolated from ils own case by a minimum DC resistance

of 1 MEGOHM when all of its external harnesses are completely disconnected.
(For MCASTRO a separate guidance and control ground may be used. Resulting

structure vcturn shall not jeopardize system compatibility.)

3.2.5.3.1 Power System Ground

The negative lead of individual power sources that are separated from each
other by 5 feet or more or ar;z located in separate vehicle compartments
shall have its own Structure Ground Point (SGP) connected to the vehicle
frame adjacent to the power source. The length of the lead from the power
source to the SGP shall not exceed 16 feet and chall not extend through any
vehicle interface. All ground return leads for any one iozd shall be grounded
to the SGP for the power source of that load. All DC ground power supplies

shall be grounded at the SGP for that particular load. If more than one load

.or SGP is involved, separate ground power supplies shall be used. There

shall be no sharing of ground return leads between separate subsystems. Any
deviation from this requirement shall be approved by MOL SPO. (For
MCASTRO, the negative lead of individual power sources, within the Gemini B
shall terminate at a negative bus which in turn is connected to one- (1) structural

ne o

ground point on the spacecraft vehicle frarne. The length of leads from power
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sources to the negaiive bus shall bo as short as practicable. All ground power

-AVE

R-AVE

-AVE

supplies shall be grounded at the SGP for that particulzar Joad. If moxe than onue
load or SCGP is involved, separate ground power supplics shall be used. There
shall be no sharing of ground return leads. Any deviation io this requirement

must be zpproved by the MOL SPO).

3.2.5.3.2 Secnsitive Circuit Grounding

Grourding conncctions for cignal circuits shall be made to the SGP of the
power source supplying the signal sourcc or load.
3.2.5.3.3 Aerospace Ground Equipment (AGE)
The low or neutral sides of AGE power supplies and operational, calibration,
and test circuitry ass.oc,iated with the vehicie shall, except for rf circuits,
be isolzted frorm each ground potential and shall be terminated at the vehicle.
When the circuit is<dis¢onnécted from the vehicle, a switched safety ground
may be usced to preclude 1e.rsonn»31 hazard.
3.2.5.3.4 Radio Frequency Sensitive Circuits
Equipment intentionally operated in frequency ranges above 150 ke or rise or
fall times less then 10 micro seconds may have secondary power supply
circuit ties exist, the following ground and isolation requirements arc
andatory. Excluding primary input power (which is covered in Paragraph
3.2.5.3). 4
(a) A minitnum dc resistance of 10, 000 ohmis shall exist
betwecn all audio frequency {(0-150 KHZ) input or output
terminals or leads and the RF circuits with both audio
frequency and RF frequency circuits having 2 common
ground reference at the unit case.
(b) Wire shields, including coaxial cable outer conductors,
shall be multiple grounded; they must be continuous
and tied to the unit case(s) at both ends.
3.2.5.4 EED Firing Circuits
Firing circuit conductors, shall be twisted pairs to maintain electrical
balance and reduce induction. EED firing circuits shall be isolated from
other electrical circuits and each other by means of individual shields
before and after installation of the EED. Shielded EED circuits may be
routed together in a common secondary shield. Thzre shall be no eieancal
discontinuity or gaps in the shields. No ELD circuit zhall s- re tt L 600 6
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Firing circuits to EED's shall be brlanced to, and isolated {rom, the EED

orher conducti 0 mzrts of the vehicle., If a circult must be grounded. for
mr:fe m-cm_ct

cfnouncxcd with a static diccharge resistor of 100, 000 ohins or more

3.3 INTERFIERLENCE CON

ROL REQUIREMENTS

3.3.1 Subsystems and Iquipients

Requirements for interference control for subsystems and cquipments are

R-AVE  included in the table of Figure 1. The limits defined in the various sections

noted in Figure 1 are relaxed for AGE only as follows: Radiated interference

for Operational Ground Equipment (OGE) shall be rncasured at a distance of

three fecet. Anincrcase of 10 db in the limits for conducted interference for

OGE is allowed for wiring that does not directly interface with AVE, Only

requirements A and B of Figure | are applicable to Maintenance Ground

measured at a

cnce for MGE shall be

Eguipment (MGE) .- Radiated interfex

distance of three feet, with an increase of 20 ¢b allowed in the limits {or

radiated interference and 10 db in the limits for conducted interference. No

relaxation of these requirements shall be permitted for carry-on equipment.

3.3.1.1 Interference Generation Limits

3.3.1.1.1 Conducted Interference

-AVE  Interference voltages or currents in the frequency range of 30 c¢ps to 100 Mc,
generated by an equipment or subsystem in excess of the valuces indicated
in Figures 2 and 3, shall not appear on any conductor which may conduct
interfercnce to other cquipments or subsysiems. A description of the tesf
setup is found in Paragraph 4.7.2 and Figures 9, 10 and 11,
Interference lirnits of Figures 2 and 3 shall not be applied to those leads
carrying the intentioral signals within the frequency passbands specified

in individual equipmeunt performance specifications).
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S -i”_.C.L’“. to 1o ke
Narrowband cw vducted interfercnce shall not exceed t‘nevvaluc shown in
=3 - VE Figure 2 when the meter is used with 2 60-cps or less bandwidih. T woadronld

and pulsed cw conducted interference s}':zz]'} not evceed the valuces shown in

Figure 2, when measured in a w ideband peck mode of the mcl{er as shown in
b

, of the powerline meas
Paragraph 4.7.2.1. The fundamentz] and harmonics (2-5)/shzll be cxempt
from meeting this requirement, however, the measurements shall be made

and 6 db EMISMS for all critical circuits shall be maintained.

3.3.1.1.1.2 15 ke to 100 Mc

R-AVE In the frequency range of 15 ke to 100 Mc the interference values shall not

exceed thosc shown in Figure 3 when tested as requived by Paragraph 4.7.2. 1.

3.3.1.1.2 Ra.di.a.t.cd Intm‘ferenc(e

-AVE Radizted interference fields in excess of the values shown in F igurecs 4

te from any unit, cable {inc! luding control, pulse
: b ’

through 7 shall not radis

7

IF, video, antenna transmission, and power cables), or interconnccting wiring
over the frequency range of 15 ke Lo 400 Mc for broadband impulsivd inter-
fcrencee and 15 ke to 10 Ge for c¢w and pulsed cw interfercnce. (EK: "For
testing purposes, the uppcr frequency limit shall be 1 Ge, or the twentieth

— harmonic of the highest fundamental frequency being purposely generzted,
whichever is higher, for ¢w and pulscd cw interference. ) This ).'cqui.remen.t
includes transx;iittcr fundamental spurious radiation, oscillator radiation,
other spurious radiations, and broadband interference, but does not include
radiation emanating from antennas. A description of the test is included in

Paragraph 4.7. 2, 2.

3.3.1.1.3 Antenna-Conducted Spurious Emanations

3.3.1.1.3.1 Transmitter (Keyup) or Receiver

R-AVE The rf output of any transmitter (keyup) or receiver shall not exceed 40 db
above 1 microvolt for cw or 60 db above 1 microvolt per Mc for impulse
interference at any frequency between 0.15 and 10,000 Mc. Actual measure-
ments above 1,000 Mc will not be required, if the contractor can show that

such measurements would not result in significant data.
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3.3.1.1.3.2 Transmitier >(}‘:§3_'ydt.—\‘:-'n‘,
. AVE Spurious emanations shall not exceed & level of -25 dbm, when tested as

described in Paragraph 4.7.2.3. Actual measurements above 1,000 Mc
will not be required, if the contractor can show that such measurements

would notl result in significant data,

3.3.1.1.3.3 Transmitter Crossmodulation

R-AVE  The transmitter shall meet the requirements of Paragraph 3.3.1.1. 3.2

above while being subjected to the test described in Paragraph 4.7.2. 4.

3.3.1.2 Susceplibilily
R-AVE  Equipment decemeaed by the procuring aciivily to be incapable of being affected

by applied extrancous signals will be exempt from the susceotibility

requirements noted helow, -

3.3.1.2.1 Conducted Susceptibility

3.3.1.2.1.1 Conducted - 30 cps to 150 ke

R-AVE No undesirable response, malfunction, or degradation of performance shall
a be produced in any equipment when a sine wave voltage of the level shown

in Figure 15 is applied in series (for AGE, the conducted susceptibility
test requirernent shall be per Figure 15 or 3 volts rms, whichever is
smaller) with cach power . of the test sample.

The test setup will be as described in Paragraph 4.7.2.5.1.1.
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R-AVE

R-AVE

R-AVE

3.3.1.2.1.2 Conducicd - 150 ke and Above

No undesirable respousc, malfunction, or degradation of performance shall
be produced in any equipment when an rf signal of +13 dbm, devcloped across

a 50 ohm load, 1is app]ied across the power input terminals of the test

samples. The test description is found in Paragraph 4.7.2.5.1.2,

od -, Transient

3.3.1.2.1.3

No undesirable response, malfunction, or degradation of performance shall
be produced in any eguipment when a pulse or transient is induced in or
across the power line and between each power line and case in each polarity
using the test sctup and transient description found in Paragraph 4.7.2.5.1. 3.
(EK Deviation: No undesirable response, malfunciion, or degradation of
perforrmance shall be produced in any equipment when a pulse or transient is
induced into it in accordance with section 4.7.2.5.1.3, This is rot a
requirement for equipment internal to the systern {i.e., non-interface)

where it has been shown by analysis or test that the equipment will not

be subjected to a transient of this magnitude. However, for internal

equipment, an appropriately reduced test level shall be used).

3.3.1.2.2 Induced into Cable

Interconnecting cables shall withstand, without evidence of equipment
perforrnance degradation, the application of a magnetic field caused by a
wire carrying 20 amperes rms at the fundamental power frequency. The

test description is found in Paragraph 4.7.2.5.2.1.
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R-AVE

R-AVE

R-AVE

R-AVE

3.3.1.2.3

Incduced into Equipment

PR
amadn wiaa

No undesirable response, malfunction, o: degradation of performance shall
be produced in any equipment when it is subjected to an ambient magnetic

ficld as described in Paragraph 4.7.2.5.2.2,

3.3.1.2.4 Radiated Fiela

No undesirable response, malfunction, or degradation of performance l l
shall be produced in any equipment when it is subjected to the following

radiated ficlds:

Field Gtrength

.Frequency

0.015 to 35 Mc 10 v/m
35 to*1600 Mc 5 v/m
5 v/m

1 to 10 Ge

The test setup and equipment are described in Paragraph 4.7.2.5.3. The
test shall be carried out to the level of equipment malfunction or a 6 ¢b
higher field intensity, whichever is lower, Howcver, if analysis or prior
test data indicates that cquipment damage above the normal susceptibility
test limits will result, these malfunction threshold level tests need not
be performed and the susceptibility threshold shall be the susceptibility

test limits,

3.3.1.2.5 Intermodulation

Receivers, preamplifiers, or antenna couplers shall noi produce an output

indication when two sine wave signals, represcnting undesired signals, are
connected to the input terminals of the test sample. The test frequency
selection and levels are given in Paragraph 4.7.2.6.

3.3.1.2.6

Front end rejection of receivers shall be equal to or greater than the limit

Receiver Front End Rejection

shown in Figure 8, except that image rejection outside the tuning range of

the receiver shall be 60 db, This requirement shall apply to each tuning'

unit on receivers with plug-in or separate tuning units. Dimension (a) in Figure
& shall not be greater than 20 percent of (fc). A description of the test and the

method of calculatine the front end rejection ratio are given in Paragraph 4.7.2.7.
g g grap
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3-AVID A susceptibility threshold curve shall be determinced experbmentally with

supporting analysis for each critical test point (Sce Paragraph 6.2). This .
data will be used during full system testing to establish the EMISM (Sec
Section 6).

3.3.1.3 Electrocxplosive Devices (EED's) Class A

BoAVE MCASTRO: Applics to new EED's only. (NASA Gemini/EED's, analysis
‘and tests shall be conducted as reported in MAC Report B078 dated 21
February 19606, title, 'Analysic of Electromagnetic Radiation Hazard in

Gemini and Augmented Target Docking Adapter Pyrotechnic System. ™)
&

(For GX3: The EXD's used on the DRV are exempt {rom this requirement)

gt *
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R-AVE

R-AVE

3.3.1.3.1 RI Susceptibility

The susceptibility of each EED to RY encrgy shall be determined over the
frequency range of 0,150 to 10, 000 X1Z with the following as a minimum number

of frequency points:

Test Frequency Range

(MHZ) - - Conditions
5-10 CW
25 - 450 CcwW
900 ~ 1350 CwW
1750 - 1850 Cw
2200 - 2290 cw
5000 - 6000 cw
8500 - 10, 000 cw
1750 +3850 Pulscd
2200 - 2290 Pulsed
5000 - 6000 Pulsed
8500 - 10, 000 , Pulsed

Susceptibility shall be determined for the following modes:

a. Pin-to-Pin (P-P),
b. Pin-to-Case (P-C),
C. Dridgewire-to-Bridgewire {B-B) (then requirement
only applies to initiators with two or more bridgewires),
3.3.1.3.2 EED Validation

The validation of compliancc with 3. 3. 1.3.] shall include the following:

3.3,1.3.2.1 DC Constant Current Sensitivity Test (45 initiators)

A Bruceton test (Pin-to-Pin mode) using a grcup of 45 initiators using each

bridgewire shall be conducted in which the pulse time will be held constant and
the current will be variable. The pulse time in this test shall be 10 seconds or
lIonger, Five of the initiators may be used to find the proper starting level for

the test.
The DC constant current sensitivity Bruceton test data obtained for SAFSL Exhibit

10030 may be used in lieu of this testing.
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3.3.1.3.2.2 et (10 Initiators)

‘C'c”uLC Meas »\.‘7

~

The de resistance and RY¥ impedance for all {requencies (and all modes) of

3.3.1.%.1 shall be determined for a2 sampling of 10 initiators.

3.3.1.3.2.3 RF Comparisen Tests (Single bridge - 135 initiators, Dual

bridge - 225 initiaty:

The R¥ pbower e;\;pésure Jevel for all of the RY comparison tests shall be the

mean firing level determined in the 3.3,1.3.2.1 dc constant current test converted
to power. For this conversion to power, the RF resistance shall he taken into
account. This calculated power will be delivered to the EED's at each test
frcqhency and in each mode, 1.e,, pin-to-pin, pin-to-core, and bridgewire-to-
bridgewire. Non-fires from the pin-lo-pin and bridgewire-to-bridgewire modes

may be revised for the pin-to-case mode testing.

V"’ N

Ten EED's shall be e>4>o cd to the test power at each condluon for a duration of

10 seconds or greater (note: itis only necessary to size the pin-to-case test
g Y y

sample Lo 5 since somec no-fires should be obtained from the pin-to-pin tests).

If 8 or more of the 10 initiator samples fire, it shall be considered that tae EED
al the particular frequency and mode is more sensitive than the dc level, Other-
wise it shall be assumed that initiator has a sensitivity equal to or less than the

de level for the parti cular fr equcncy and mode.

3.3.1.3.2.4 RF Bruceton '1est5 (80 initiators)

Following the probing tests of 3.3.1.3.2.32, two RF Bruceton tests shall be
conducted at the most sensitive conditions. In the event more than two conditions
have sensitivities greater than the dc level, RF Bruceton tests shall be run for

all these conditions.

3.3.1.3.2.5 EED Sensitivity

For the conditions having the 3.3.1.3.2.4 test, the RF Bruceton test data shall
be uséd to deterrnine 0.001 probability of initiation with 95% confidence. For
those conditions where it is determined by 3.3.1.3.2.3 that the RF sensitivity is
less than the dc level (and where 3,3.1.3.2.4 tests were not made) it shall be
assumed that RF 0,001 probability of initiation with 95% confidence is the same

as the dc value
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- 3.3.1.3.2.6 Determination and reporiing of the smallest field intensity
capable of producing in the EED, in iits normal respective configuration, the
power delermined in paragraph 3.3.1.3.2.4 above. The determination shall
be based on the most favorable conditions for induced power during routine
handling, proccssing, transport and storage. Data shall be presented as
described in paragraph 3, 3.3, 2 below.
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field intensity or field strength required to produce in the EED the power

subsystem by extraneous electromagnetic or electrostatic fieids or by direct

.3.1.3.2.7 ) 2e a receiver of RT energy during
The evaluation sha,],l. consist of determining <md reporting the minimum RV

determined according to paragraph 3.2.1,3.2.6 above. The cvaluation shall
include the most favorable conditions {or induced power, inclu ding unshorted,
uninstalled conditions. Data will be presented as described in paragraph

3.3.3.2 below.

3.3.2 Space Vehicle System

3.3.2.1 Electrical/Electrenic Compatibility Test

The first spacecraft's corplete electrical/electronic system shall be sub-
jected to & complete functional compatibility tes The vehicle shall be

tested in accorda ce with paragraph 4. 7.1 of this speci{ication to demon-

strate compliancc with its requirements. Any modification or relocation of

the electrical or c:lccf.ronic subsystems o equipments, resulling from the
Y

elimination of an unacceptable or inadvertent response as definecd in para-
.3

graphs 3,3.2.2 and 3 below, shall require a re-test unless such

specifically waived by the procuring activity.

3.3.2.2 Improper Response
The requirement for improper response shall be considered to have been

met when the sumn of all energy coupled into the rnost critical point of each

conduction is at least ‘6 db below that input, which would produce or preven
operation, actuation, or functioning. Detzailed test i'ncinods, instruiments -
tion, monitored points, interference tolerance iimits, and test procedurecs
applicable to the functional usage of the particular subsystem or component

shall be outlined in the test plan specified herein.

3.3.2.2.1 Unaccentable Response

Output responses from any subsystem which are the result of cperation of .

any planned combination of subsystems shall be unacceptadie when these

e A Ak | (u PR PN [ 4
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outputs cause the space sysiom perforionce to be degraded in excess of the

1

required perforrmance limits, This unacceptable response for other than

&

5

aural outputs shall be determinad in teroms of the degree that performance
lirnits are degraded at the subsystem oulput. This degradation s hall be
related, if applicable, to the sigrial plus noisc to noise ratio (S + N/N) at the
most critical point of the subsysten: exhibiting the unacceptable response,
Unacceptable response for cquipment providing aural outputs shall be
determined in terms of the electrical power equivalent, measured in the

audio line, of the threshold of hearing in the systern operating environment.

3.3.2.2.2 Inadvericnt Response

Cl‘lLC‘l)n to prevent inadvertent response shall be defined interms of the
margin (EMISM) between interference levels and circuit thresholds of
operation at critical pomts w ithin each subsystem. This margin, or
separation, shall b‘ﬁ' a minimum of 6 db bul may be greater than 6 db
depending upon the characteristics of the particular subsystem. If the
criteria for inadvertem—'response at critical subsystermn points cannot be
determined prior to test for inclusion in the test plan, these criteria may
— be datermined as part of the test. In such cases, the integration contractor
shall specify ﬁxe test approach to be used in demonstrating that a2 6 db
minimum EMISM ecxists at these critical points. |
3.3.3 Validation of EED and EED Initiator Circuit

(MCASTRO Only: I'or NASA Gemini Class A EED's, analyses

and tests shall be conducted as reported in MAC Report B-078,
dated 21 February 1966, entitled, "Analysis of Electromzgnetic
Radiation Hazard in Gemini and Augmented Target Docking
Adapter Pyrotechnic System.) (For GE: Existing EED's on

the DRV's are exempt)
The EED's shall survive before, during and after installation when exposed

to the fellowing electromagnetic fields:

Frequency Range Field Intensity

150 kc to 50 Mc 2 watts per squére meter
(28 volts pzr meter)

above 50 Mc 100 watts per square meter
{194 volts per meter)

I £ T oae L ("ooy ~'Joi
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The evaluation shall consist of determining analytically and/cr experimentally

and reporting the minimum RF {field intensity or field strength required to

produce in the EED the power determined in paragraph 3.3.1.3.2.4 above after
1
: . . . i
ordnance installation but with access ports open. Data will be presented as

described in paragraph 3, 3.3, 2 below, ‘

3.3.3.2 Prescentation of Data

P 3.3.3.2.1 RE Susceptibility

- : The R¥ susceptibility of cach device shall be presented in graphical form.
The ordinate scale will be in relative db above or below a 0 db reference

level, The G db reference will be applicable orduance survival level, as
rr

e o At e St & — b T e

, - i
defined in paragraph 3.3.3, and as noted below: f |
Wt v . Pl |
50 Mc and below: db = 10 log ~—
or ! :
( E, i
db = 20 log -5
' e b ;
i . P ‘ :
— Above 50 Mc: db = 10 log =i : :
. e 100 .
. or . :
E i
db = 20 log -—=— :
© 193 i
N ;
. P 3.3.3.2.2 Positive DB Values |
. ! 4
i ;
Positive db values will indicate EED susceptibility to RF fields of larger ! i
S - ,f \
magnitude than the survival levels contained in paragraph 3.3.3 and, there- i :
I fore, represent safer conditions than negative db vaiues., Data shall be pre-; :
sented on standard serai-logarithmic paper 8-1/2 by 10-1/2 inches with a i
linear db scale and & logarithmic {requency scale. Graphical data will be :
limited to the following frequency ranges per graph maximum: :
0.100 to 100 Mc . i
\ '
100 to 10,000 Mc i
:
]
i . .
i .
i .
S
!
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3.3.3.2.3  Graphiczl Data

Graphical data depicting the R¥ susceptibiiity of each ZED within cach
frequency range for the four conditions ¢

(b), erd-(c) and 3. 3.3.1 are required., Where no sacrifice in clarity will
result, the four conditions may be plotted as four curves on one grap

each {requency range,

A description of the test cquipment and test procedures used to obtain the

data shall be provided.

.
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P 3.3.3.2.3 Graphical Data ' .
Graphical data depicting the R¥ susceptibility of cach EED within each
frequency range for the conditicns described in paragraphs 3.3.1.3.2.4
and 3.3.3.1 are required, Where no sacrifice in clarity will result, the
conditicns may be plotted as curves on one graph for each frequency range.
A description of the test equipment and test procedurcs and/or analyses
used to obtain the data shall be provided.
RPN st
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e : 4.0 QUALITY ASSURANCE PROVISIONS
4.1 ELECTRONMAGNETIC COMPATIBILITY TEST PLANS
) 4010 Composite System ‘
R-AVE 4.1.1.1 Schedule
The composite system EMC test plan shall be pr p' red by the integration

contractor, in coordination with the associateicontractors, to outline the
techniques, procedures, and instrumentation to be used for verifying that

the vehicle systern and the AGE systemn of the co:"npositc-sys{em are capable
of performing in accordance with the requirements of the composite system
EMC design control plan.  The initial submitizl of this test planto MOL SPO

. 3

for approval shzll be accomplished within six (6) months after issuance

of contractual go-alcad of the Development Phase or as spccified by the
L

procuring activity.  This comyosuc system Test Plan shall oe maintained

by the integration contractor through the life of the composite system

program by revisions at times scheduled by the EMC Control Board.

! R-AVE 4,1.1.2 Content

- The composite systern EMC test plan shall include separate but related
sections for the vehicle and AGE systems. FEach system scction shall in-
corporate the clectromagnetic compatibility design requirements for the
component subsystems and the general testing procedures for them and their
respective interfaces with the other subsystems of the vehicle and the AGE
as applicable. Of primary importance will be:
a. . Susceptibility threshold curve
b. The 6 db point for the EMISM
. c. Test conditions
d.  Frequency response or responsc time of test equipment
A3
io-
L 60 0 6
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4.1.2 Subsystcins and Equipmconis

4.1.2.1 Schedule

Each associate contractor (this includes the integration contractor in his

function as a hardware contractor) shall submit to the integration coniracior

\J{ilhin ninetly (90) days after issuance of contractualvgoﬁahcad of the Develop-

mernt Phase or as specified by the procuring activity an EMC test plan for

each equipment or subsystermn of the vehicle or AGE systems for which he

has contracted. Each such test plan shall be used by the integration

contractor in preparation of the initial composite system EMC test plan and

shall be submitted individually to MOL SPO for approval. Each such subsystem/
equipment test plan shall be revised at time(s) specified by the integration

contractor or the EMG Control Board, with the Jatter the governing factor,

MOL SPO shall convens the EMC Control Board to handle the resolution
of problem areas, assign action items to responsible contracter(s), and

schedule such action(s).

4,.1.2.2 Content

Each su’bsystcm/cquipmcnt EMC test plan shall present the methods, tech-
niques, procedures, and instrumentation to be uscd for tesiing to verify
the requirements of the applicable EMC design control plan{s). Items to

form part of the dffected Test Plan shall include:

v

a. Nomenclature and serial numbers of test equipment to be
used. ' t .
b. Methods of calibration to bé used. :
T Detector functions to be used on measuring equipment.
d. ‘Methods of loading and triggering. .
N
‘ L-6006

|
i
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+X%; the interference voltage at the input of the servo amplifier (with-

sufficicnt error signzl to eliminate the "deacdband") shall be & db below
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i
- !
margin, ¥or example, an engine nozzle motion which has a tolerance of ' E
s
:
!
|

the point at which the +X% or -X% engine motion tolerance is reached.’

In the event that the "deadband" cannot be climinated, the voltage point : i
(level) at the driving amplifier input, one fourth of the way between zero [
voltl and the first indication of system actuation or motion atl the amplifier '

output, shall be the 6 db monitoring point. .

"R-AVE:. 1.2.2.3 Criteria for the Selection of Critical Test Points

Test pdints shall be those points which monitor low-level signal circuits

or other low-level cx'itircz;l circuits of an equipment, subsystern, or system,
which are susceptible to EMI. Tests shall be performed to determine the
most critical or susceptible points in an equipment or subsystem. All sub-
systerns on the vehicle shall have a minimum number of critical points which.
will adequately moniter systemn, subsystem, and equipment performance.
The critical test points, together with a justification for their sclection,

shall be submitted for approval with the test plan.

™

R-AVE 4.1.3 - Test Report Schedule

The reporting of the results of cach EMC test plan shall normally be made
by the responsible associate contractor within thirty (30) cays of completion l
of the test, except-in those cascs where MOIL SPO specifically instructs perform-,
ance at or within a different tirne, to the integration contracter and to MOL SPO.
The results of each EMC test plan shall be reported in ‘accprdance with

A¥SCM/AFLCM 310-1, Vol II and MIL-STD-831.
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R-AVE

R-AVE

c. Operation of test sample. i
. Control setiings on test sample.
¢ Frequencices at which interfercnce might be expected,
local oscillntos, intermediate irequencies, multipliers,
°c etc.
* h. Response time of test ecuipment for transient testing.
. N > & (3]
i. Interfaces with other vchxclc and AGE subsystems/
cquipments

Each set of test instrumentation shall, whencver practicable, be separate
and distinct from other support equipment which will be concurrently
monitored as an intcgral part of the operationzl system complex. Each
EMC test plan shall specify the method of connection to each rnonitored
circuit and its associated support equipment and shall describe all isolation
tcchmqucs, 1c1cchon £1ltcrs, detectors, scaling and equalizing nebtw OTKS,
recorders, and o‘Lhcr coimponents, parts, ot methods used to rmonitor
electro-interference as required by this specification, together with corm-

plete test procedures

Detailed step-by-step test procedures based upon the test plan shall be

prepared by the contractor as required {for his use. These test procedures

shall not be subject to procuring agency approval, but shall be inade available

for its review.

s
S

4.1.2.2.1 Input Circuits

Input circuits shall be monitored on cquipments having outputs which

operate such devices as solenoid valves and relays, which rapidly change

state from zero to full output.

4.1.2.2,2 Deadband Circuits

Circuits which have an inherent lag or "deadband', such as servo systeins,
shall have an error signal introduced to eliminate the lag or "'deacband'; the
circuit shall be oqp the threshold of operation. System tolerance will then be

used &s a means of determining the clectromagnetic interference safety

L 6006

s © .o
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: 1.2 INTERFERENCE MEASURING INSTRUMIENTS i

| .
L R-AVE 4.2.1 _Vehicle and AGE Subsystem and System Test Fauivment

The cquipment used {o tes't vehicle and AGE system and subsystem com- :
patibility shall be capable of mcasuring at least G_d'r) below the susceptli-
bili‘ty'thrcshold' over the full frequency range of the circuit under test.
.Provisions shxll be made to perrmanently record the EMISM. Liberal use
shall be made of wideband oscilloscopes, wideband transients detectors,
circuit m-onitors, recorders, signal conditioners, or any other type of test :

cquiprment that is capable of monitoring system and subsystem critical test

points. The equipment used shall have the approval of MOIL SPO.

R-AVE 4.2.2 ’ Subsystem and Fquipment

Instruments used to perform the measurements required by this specifica-

tion shall be the highest quality equipment available for making required

measurements under applicable program funding constraints. Suitable cowmn-
mevcially available and approved instruments are Jisted by category in Table :
l; the categories indicate the capabilities of the instrumnents to comply with

- the requirements of this specification.

- R-AVE 4.2.2.1 Category A

Category A instruments are those approved interference measuring instru-

ments which are capable of adequately measuring the pavameters of inter-

ference signals as required by this spccification. Only combinations of ;

Category A-rated instruments may be used for the regquired measurements.

Instruments that have been modificd from Categories B or C to mect Category

A requirements shall not be used unless a distinctive non-removable label
has béen attached by the instrument manufacturer. Any restrictions on the

usage of the modified instrument or any of its accessories shall be indicated

v
[
i
4

on the label,
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i Cate-~
gory Freqguency Range Cosmnarcial Romencliaiure WManufacture
; .
A 20 cps to 50 ke EMC-10 Fairchild
20 c¢ps to 15 ke NE-315 ‘Ernpire
30 ¢ps to 15 ke NM-Z0A Stoddart
15 ke to 150 ke NM-10A toddart
15 ke to 150 ke T-X RF-~105 Emplr
0.151t0 25 Mc N;\’L 20A, B, WM-22 Stoddart
0.15 to 30 Mc T-A/NE 1652 Empire
20 to 400 Mc NM-30A3 (Ser. No. 191-1
’ or Ligher) Stoddart
20 to 200 3£ 1/\~~10~ ¥imnpire
200 to 400 NMc ' 1 2 /NE-105 Fwmpire
400 to 1000 Mc I-3/NF-105% Empire
375 to 1000 Mc }\}\A—)OA (Ser. No.222-1 and
higher) i NM-~508, NM-52 Stoddart
1te 2! Gce FIM Polarad
1 to 21 Ge N¥=-lia Empire
1 to 10 Ge NM-062A ‘Stoddart
} to 15 Gce CF1I Polurad
B 30 cps to 15 ke L NM-40A8 Stoddart
) 375 to 1000 Mc NM-50A° (Ser. No. 190-50
and below) Stoddart
C 0.15 to 30 Mc T-A/NF-1056 Empire

1

20 to 400 Mc

400 to 1000 Mc

NM-30A5% (lower than
Ser. No. 191-1)
T-3/NF-1057

toddart
Empire

This table is subject to change npon rezsonable notice to include new instruments

having superior performance characteristics and to change the category of older
instruments which have becorne obsolete.

W N

This category applies only to tuning units purchased after 11 March 1957,

e e aiia -t s A oA=& 5in S—— - s s o

e - s ta A . — et

-

This category epplies only when power supply 91226-1 is used.

™

This category applies to instruments purchased after 9 May 1956.
£
5.4 . ' ‘. . ;

These instruments can be modified to Catcvory A requiremernts by the manufacturer.
6 - - .

This category applies to instruments purchascc_ prior to 1] March 1957. Thre

rhanufacturer can supply information on the changes x.ecessary to rnodify the
tuning units to Category A requirements.

7 ;
This category applies to instrurments purchased prxo“ to 9 ’v‘ay 1656. These
instruments can be modified to Category A requirements by the instrument
manufacturer. .

8 .
Such instrurments with an unmodified receiver shall be modified by connecting
the "wideband' amplifier input on the output or the installed 20 kc cutoif low
pass filter.
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TTR-AVE 4.2.2.2 Category B .
. Calecgory B instrumnents are those instruments which are in general testing

usc but which do not adequately mceasure the paramelers of irderference
signals as required by this specification.

L]

Any such instrurnent must be modified to the Category A rating to permit its
use and must carry a non removable label certifying such uprating by the

instrument manufacturcr or the contractor-uscr, as applicable.

R-AVE 4.2.2.3 _C_i_"_t_(:;ﬁz y C

Category C instruments arc those which have been recently developed but do
not mect Category A requirements, and which can be modilied by the manu-
facturer to attain a Category A rating.

DA .

Category C instruments shall not be used until all necessary modifications to
up-rate them to Category A have been accomplished. Each shall' carry a
ron-removable label certifying such by the instrument manufacturer or the

contractor-user, as applicable.

4.2.2.4 Broadband Spectrum Analyzers

.‘ - . . -

i Broadband spectrum analyzers may be of assistance in determining arcas of
interfcrence and reducing overall test time,
4.2.2.5 Automatic/Semiautomeatic Test Instrumentation
Contractors should be alert to, and take {ull advantage of, the use of auio-
matic or scmiautomatic iost instrumentation which will markedly reduce
the test time required. Usc of such devices 'shall be described in the app’i-

. cable test plan. :
Al
. .

i

1.

’

. '
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TOLLAVE 4.3 OPERATION OF MEASURING INSTRUMENTS ‘

For both conducted and radiated interference measurernents, the instruments . :

o « - « - . . . . ’ - '

used shall be calibrated and operated as indicated in thelr respective insiruce :

tion manuals, subject to modification thereof as noted in the affected EMC i

.« . ‘ . :

test plan. . f

+

. . !

R-AVE 4.3.1 Calibration i

ol il b . ;

i

Interference rneasuring instrumentztion s 1xll be rmaintained in a known coi-
dition of acc'uracy. Periodic checks on the calibration accuracy shall be
made with laboratoyry generztors. Re-calibration shall be accomplished
when the stendardized gain sciting fails to reficct a meter reading within
plus or rminus 20 percent of the known input signal. Substitution-type

measurements can be used in licu of the calibrated rethod. It is therefore

(PP —

not necessary to calibrate (zatijust to a known value) the gain of the inter-
ference meter prior to making mcasuremc;;ts. It shall be permissible to
"use cither a calibrated sine wave or calibrated impulse noise generator (as
appropriate) in substitution with the unknown at the time of measurement,
Irnpulse noise geneyators which are integral.with, or which accompany, an
interference meter must be periedically checked againstlaboratory standards

to detect degradation due to time, usage, and transportation handling.

R-AVE4.3.2 Generator Accuracy

Laboratory-type §igna1 generators and impulse generators capable of an
output voltage accuracy of at least 20 percent shall be used to calivrate

interference measuring instruments and for substitption mezsurements.

.

R-AVE4.3.3 Broadband Interference Measurements

Broadband interference shall be measured by using an impulse generator

with the substitution technique (see Section 6.0), or by célibrating the
interference measuring instrument so that it reads directly in decibels above

one microvolt per unit bandwidth. The peak detector function on the inter-

ference measuring instruments shall be used for broadband and pulsed cw
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anit bandwidth consists of dividing the meter reading by the fmpualse beand-
width {sce Section 6. 0) of the meaier,

asu \'C"l” C")\ f:

4.3.4

CW interference shall be measured by calibrating the interfoerence

measuring instrument o that it reads directly 'in decibels above one

microvoli or by using a signal generator with a substitution technique.
4.3.5 ‘ Pulscd CW Interference Measuy ements

Pulsed CW shall be measurcd in accorcdance with the procedures and limits

used for broadband interference,

4.3,6 Monitoring

The interference mepsvring instrument shall be monitored with a headset,
loudspeaker, oscilloscope, or other indicating devices, during all
measurements, Precaution shall be taken to ensurc that the monitoring
does not influence the meter reading on the interference measuring
equipment,

Deteclor Function' readines on interference which is

h

When making '"Feak
steady, in the sense that there is no functional reason for it to vary with
timc, the interference rneter output shall be observed for a least ten

seceinds, and there shall be ho apprecisble variation within that time,

4.3.1 Bonding of Measuring Instrumeonts

tnierference measuring instruments used for radiated ¢r conducted

measurcements shall be grounded utilizing the best available techniques

consistent with current MIL specification methods. Such methods shall

be delincated in the final EMC Test Plan.

4,3,7.1 Rod Antennas

. :
The counte.poise on rod antennas shall be bonded to the ground plane with

2 strap of such length that the rod anterna can be positioned correctly. The

OyTT T e e,y et )
: o7 R Tt ) CO"V ‘
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o strap shall be as wide as the counterpeise, This applies to rod antennas
utilizing the interfercnce measuring instruments as & counicrpoise and to
rod antenaas mounted on a separate counierpoisc,

R-AVE 4.3.7.2 ‘ Instrument Grow
The interferrence measvring instruments shall be physically grounded with
ohly onc connecction, If a copper strap is uscd, neither the ground clip, the
ground teriminals, nor the power supply shall be conneccted to ground,
RUUEES -
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A
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.RHAVL"I 4.4 TEST ¥REQU
The interference measuring instrument shall be slowly tuned through cach
. [requency octave.and the [requencias at which the maximurn interference or
1
susceptibility is obtained shall be selzciod as test frequencies, Test fie-
quencies shall not be sclected prior to the interfevence tesi, except when
. .
making broadband transient interfercnce measurements. A minimum of
three racasurements shall be made in cach frequency octave. If test fre-
quencics are pre-sclected during broadband transient tests, 2 minimurn of
three measuremenis shall be made in cach {raquency octave below 1 NMe
- . and five measurements per octave above ! Mc. The afiected test report shall
include a certification that the test freguencies were selected afier each
octave was scanned.
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R-AVE 4.5 TUNING
For cquipracnt conteining oscillator circuits, the interference measus

RO J N -
200 TNeAsUeienis

instrument shall te tuned to,

4 1)

yrimary oscillator frecuency and =t 2 privavy horrmmonics up o the thir
3 i J N

carricr harmonic (if the output carrier frequency is
prirmnary oscillator frequency) above the highest carrier
measures b &b below the allowed limit,  Additional cheeks shall be moe

scanning for and measuring any signal or spurious response that c:

by
be

92

anticipated.
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—_ 4.6 THRST CONDITIONS

. 4.6.1 Systern

- . All eclectronic
‘be

test plan shall included in

niques specified in th
shall include the following:
. al
R-AVE (a)

) - (b)
(c)

tion tra:

Mobile

This

(f)

i (g)

and elecirical cquij

norrnal operating cendition as delerinined by the t

e detalled

All support
a standard counidown and launch shall

Al flight

All pertinent missile test range
such as r:-c‘.?n
nsmitt
directed at th

A complete mission pr
shall i:)c}ud a si
ascent and orbit, All systems will be ope

normally.
Provisions shall be made for
the critical test points

Durir.lg tests,
operatled in the mode

yment included in the applicab
JU B 3 .Y ]
COmpitx and SNHd

the systein test

subsystern test plans.

equipment normally operat Lng

systemns shall be operating.

supPpo

command transmitter 5,

vehicle,

o
b
O
44
ol
<
w

~

<
wn
ot
e
oA
o]

all elec
&

most susceptlible to interfercnce.
4.6.2 Subsystems and Equipments L

R-AVE 4.6.2.1

Ambhient Interference Level

specified interference limit,
measurement, the leve

A -
are not above the specifi

——

3 vy i S oy
sy [

02 g <7

s of ambient interferen
ed limit,

have met the specified requirement,

rs, etc., shall be operating

remote monit

J S IS ped e
e S)’::LC‘

It is desirable that the ambient interference level during testing

Y

est procedures and tech-

Spccific provisions

service or other such towers shall be
. removed

file shzll be performe
r*n..latcc prelaunch, la \mch

rating

o_ring of

with the test sample de-cnergized, be at least 6 éb below the allowzble

However, in the event that at the timme of

ted item shall be cons

the tes

This requirement shall a

- to both radiated and conducted ainbicnt interference levels,

ce plus test item in

,»-60L’.
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.

: A shielded enclosure or screen reom may be usced if necessa :

\ -

! If 2 shiclded enclosure is used, the minliwrm langth shall be

: lipole can be placed in the roor: with at least 12 inches

35 Mc tuncd d

clearance between the antonrna extremitio
-

R~AVE’:-6-2- 2

Ground Plane

nd the

shiclded enciosur

A copper brass ground plane, 0.0! inch thick minimum for copper, '
0,025 inch thick minirmur for brass, 12 square feet or more in area, wiln

2 minimurm width of 30 inches,

)

shall be used,

planc shall be bonded to the shiclded room at intervals ro gr
j
: feet and at both ends of the ground plane. The ground plane and screen :
roornt walls may be considered equivalent to a vehicle spacefrarie {or puy-
|‘ poscs of shmulating @ novmal installntion. For l'réc eguipment systems
mounted on a meial test stand, the test ¢ “.m may be counsidered, for testing :
! purposecs, to be part of the ground plane and s“z'.ll be bonded accerdingly. i
1 »
% When a shiclded roomn is not used, the measuring equipment meay be placed :
j
: on « solid support for operation. The support may be solid earith, steecl or :
[ . e .
iron flooring, metal bedplate, metal-covered planking, or the like :
| R-AVE4.6.2.3 Bonding . )
; : :
Only the provisions included m the design of the cquipmcnt and specified ix ..
the instzallation instructions in com.phance with the EMC test pizn, shall be ;
uscd to bond units, such as equipiment case and mount, together or to the .
: . '
ground plane. If bonding straps are required to complete the test setup, :
they shall conforrm to the requirementis of paragraph 3.2 Connec- ) i
3 Fetes i
tions made with such bond streps shall have clean metal-to-metal contact.
R-AVE4.6.2.3.1 Shock and Vibration Isolators :
! Shock or vibration isolators shall be used in the test sctup, if they are
‘ required in the operational installation. If bonding straps are supplied for
| . _ _
: such isclators, they shall be connected to the ground plane. Bond straps
; 8 3%
H . « - -
| will only be used as specified in the operational installation. .
:
i .
: . )
L4
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R-AVE 4.6.2.3.2 Faterns
Vhen an external terminal or connector »in is available for & ground connection
- on the test sample, this terminal shall be connected to the ground plane, if the
terminal is normally grounded in the iastallation. If the incgtallation conditions
arc unknown, the terminal shzll net be grounded,
R-AVE 4.6.2.3.3
Portable- equipment that is intended (o be grounded thyrough a power cord shall
‘ndét be bonded to the ground plane unless specific operating conditions require
bonding. In such case({s), bonding shall be utilized.
R-AVE  4.6.2.4 Power Supply Volta

R-AV

R-AVE

The power supply voliages at the cquipment terminals shall be within the

sacification for the test sample. The AVE

tolerances specified in the detail =

test sample shall be operated 21 the maximum and minimun operating voltages
}. Fy [ o

hall

zn'

for audio conducted susceptibility., For all other ftests the operating veltage

be within equipment voltage limits, All AGE tests will be conducted at nominzal
line voltage.

4. 6.2.5 Arrancement and Oonerating Conditions
PR . ——— —.L =2

The general arrangement of equipment, interconnecting cable assemblies,
and supporting structures shall be such as to simulate actual instal
usage insofar as practicable. The front surface of each unit shall Le located

+ . . .
4 inches - 1/2 inch from the edge of the ground plane; interconnecting cables

shall be routed between the units and the edge of the ground plane. In those
cases where equipment size exceeds the ground plane dimensions, the above

instructions shall be adhered to as closely as pessible.

4.6.2.5.1 Feed-Through Capacitors

Ten microfarad feed-through capacitors shall be required in the test sample
power lines when making interference measurements, unless the operational
power supply is being used to supply power to the test sample. These

capzcitors shall be so selected that their respective temperature rise is not

mwre than SOC.

L

ST e T, 20T (s en 2 ye ~ 8
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- When phase is important for specific test sanples, matched capacitors shall
be used. A blecder resistor shall be connected across the capacitors to rocduce

shock hazard. Figures 9 and 10 :';hoa",—' typicel test setups utilizing the capacitore.

Fccdvthr‘ough capacitors rnmay not Tm feczzible in certain instances, as when
initial charging current would damage the test se{mple, when the total re-
dct)\c current v'ould degrade the ac power supply, and, in some situctions,
when testing switching devices.  In such situations, the associate contracior
will specafy oihier methods or techniques in the affected test plan.  Neitner
feed-through caprcitors nor other jrapedance standardization devices shall

be used if the test sample 3s powered by the opcrational power rosupply.

R-AVLE4.6.2.5. 2 Duminy Antennas

Any dummy anternzsruedd shall have electrical charactieristics which closely
sirnulsie those of the normal antenna, and shall be shiclded where possibie.
The dummy antennn shall be capable of handling the power reguired and shall

. 1

contain any unusual components which are used in the norrnal antenna (such

as filter, crystal diodes, ctc. ).

A minirnum 5-foot length of double shiclded coaxial cable or specizl lincs as
specificd in the test requirements shzll be used between a transmiiter and
ts

dummy antenna. _
K4

R-AVE4.6.2.5.3 Test Sarnple Leads

The test sample leads to the reqdired feed-through capacitors, when used,
shall be 24 inches 4 1inch in length, where possible, and shall be so arranged
thzt the distance between the leads and from each lead to ground or grounced
enclosure is approximaiely 2 inches.

Interconnecting leads between units comptising'test sample shall be between
2 and 5 feet long. Leads from these units to auxiliary equipment, such as
meters and loads, shall be 5 feet long. The above is not a requirement for
audio fregucncy testing. In lien of these requirements, an actul al system
harness may be usel to interconnect the test specimen with ascociztz? sources

- - or leoads. . -
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KAV 4.0.2.6
- The test sanple shall be ervientoed on the gruvnd slane for meaximum inlter-
ference cficcls within allowable operating 3u‘un nents.  Those interievence
measuring instrwnents which use a rod anlenna shall be so placed that the

rod antenna is in a verticel position and the instrument pancl or counter-

poise is 6 inches below the level of the ground plane. The rod antenna shall
be located at the point of maximum interfcrence indications while the test
‘sample is operating in the steady state mode.  This maximur is obtained
by moving the antenna along a line parallel with the edge of the ground plane,
Those intcrference measuring instruments which use a resonant dipole
antenna shall have the dipole positioned parallel with the front edge of the
ground planc. Iis height shall be 12 inchics : 1 inch above the level of the
ground plane and its center shall be adjacent to the geometrical center of

the urits under test. The rpd or the dipole antenna shall be located at the
e,

distance from the test zample specificd in the typical test setups.  When the
dimensions of the dipole or directive antenna become smaller than the test
layout, the antenna shall be moved parallel to the edge of the ground plare
to kecep ite sensitive elements adjacent to the point of maximum lea kage or
- susceptibility. In place of the above, more than onc autenna may be used
with the details delincated in the final EMI test plan., At frequencies from
25 up to and including 35 megacycles the measurements shall be taken with

the dipole antenna adjustec to 3% Mc. The dipolp anterna shell be adjusted

to the proper length at all frequencies above 35 M

4N ‘. : . - .
R-AVIS 4,6.2.17 Antenna Orientation and Positioning (Free Space)
Those interference measuring instruments which usc a2 rod antenna <hall be

o placed that the red antenna is in a vertical position. Those interference
© measuring instruments which use a dipole antenna shall be so placed that the
antenna is parallel with the test sample and on the same level as the mid-
point of the test sample. The antenna shall be at the distance from the test

sample specified in the typical test setups. The antenna shall be located
at 2 point around the perimetcr of the test sample where maximum inter-

ference signal is received.

. R
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R-AVE 4.6.2.8 l.oads -

The cquipment under test shall be loaded with the full mechanical and

electrical load, or equivalent, fer which it is designed.

This r&quircr‘nm‘:t specifically includes clectrical louding of the contacts

of mechanisms which are designed to conirol elecirical loads even though
sach loads are physically separate fyom the equipment under test. Opera-
tion of voltage regulators and other circuits which operate intermmittently is
required. The loads uscd shall simulate the resistance, inductance, and
capacitance of the actual load. All input and output circuits, whether power,
signal, .or cén{rol, which are otherwise unterminated in the test sample,

shall huve impressed upon them appropriate simulated signals, with equiva-

el

lent circuit termmination impedance.
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T oAVE 4.7

Tests to in;’.icatc improper (inz dverient or unacceptable) responses for the
compo site system shall be basced vpon the genceral test approsches of para-

graph 4 7.1,3, Tests shall be devised to deinonstrate comp:aii‘:.ﬁ

composite systern over the complete speciraw
system and that of the individual subsystent and ¢quipmients o

including its expecled external eleciromagncatic environment. Instrumentation
< <o

uscd shall have frequency responses adequate for this task. Vehicle and AGE

system and subsysterns capable of transmis .sicm o01f reception at & multitude of
frequencies shall be tvgied at the minimuwin nwnber  of um-ciucn;fés
to indicatc clectrovaagnetic compatibility. Frczq\uc"]cl(‘s shall be indicated in

the interference test'plan, when applicable for & specific test approzch.

4.7.1.1 ]m'ﬂc rnenta Uo_q

—_ )
The integration contractor shall establish test criteria for determining
i compliance with this specification in terms of performance reguircments

and definitions of vehicle and AGE system componcnt and subsysien: Improper
responscs. These criteria shall be included in the test plans spocifiied herein
along with detlailed test methods, instrumentation, critical points, mo

points, and intended functioning of cach subsystem.

2-AVE 4.7.1.2 | Improper Response

. 4.7.1.2.1 Inadvertent Response

Criteria to prevent inadvertent response shall be defined in terms of the
gin (EMISM) between interference levels and circuit thresholds of opera-

tion at critical points within each subsysteni. This margin, or sepzration,

shall be 2 minimum of 6 db exciusive of instrumentation errors dut may de

greater than 6 db depending upon the characteristics of the particular subsystem.
- If the criteria for inadverient response &t critical sub

determined prior to test for inclusion in the test pian,

ot
' el
- 1
[SAN
o
o
o
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determined as part of the test.

specify the test

approach to be used in de

o 3
o
N

In such cases, the integration contractor s

monsirating that a 6 ¢b minimum

e
O

FEMISM exists at thesce ciitical points.

7002
NS D)

at a monitoring point

occurrence of unacceptable v

Criteria for

3

Unacceptable Response .

3

unacceptable response shall be in terms of periorman

at the outpul of the subsysiem compo:

csponscs at these monitoring points during

testing will constitute failure to meet the reguirements of this specification

and are mandatory correction items.

shall be 6 db,

The EMISM for unacceptable response

exclusive of instrumentation exrrors, and shall be de etermined

from a point at which {}; ic,o utout of the equipment under test reaches the

extremcas of its acceptab

equipment resulting fl om interfe

response

- 4.7.1.3

Tests shall be pcﬂfornkd to demonstirate compliance
response requirements of this’ specification.

test approaches may be used: “

- 4.7.2

TE

directly suitable for the measurement of steady st

of short duration signals having very low

/,—\‘ e e e

Te

le tolerance. Out of tolerance operation of the

rence is considered unacceptable

st Approaches

a.

with the improper

One or more of the following

Injecting interference at critical systemn points at & 6 db highe
level than exists, exclusive of instrurnentation errors, wniic
monitoring otlor system points for improper responscs.
Measuring the susceptibility of critical system
comparison to existing interference levels, t r
a 6 db margin exists, C\\.]LLSJVQ of instrumentation errors.

@]
o0
o+

Sensitizing the system so as to render it 6 db more suscepti

to mterfg,*c'lce exclusive of instrumentation errors, while
monitoring for improper responses.

Equipment Test Methods

et e

)

The radio frequency interference generation measurements described below are

ate signals. In the case

repetition rates, specizl test

("’nrw"b/';r rf

< B A R

general
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R-AVE

R-AVE

N\

stien shatl be considered to be

ny

meibods may be vequired, The t aur

the duration of the interisronce pulse zt tha oulpul of the second detector

4.7.2.1

Conducted interference mceasurements shall be made over the frequency
range of 30 cps to 100 Mc, using a clamv-on interfercnce current measuring
{meter) device and an appropriate receiver from Table )1, In the casc of

a component with a large nwnber of similay inputs or outputs, the conducted
interference measurements may be limited to representative conductors

in each cable. A typical test sctup is shown in Figure 11, The test

conditions shall be as described in Paregraph 4. 6.

For steady-state interference measurements, the current probe shall be
positicncd at the point of raluimun interierence on the lead to be tested,
This maximum interference point shall be located at cach test frequency

for steady-state operation where the physical length of the test specimen’

cable is greater than A/20, (X = {rce space wave length at the test frequency).

The location of the current preobe shall be fully described in the test report.
Switching transients may be measured with wideband (minimum - 10 Mc)

oscilloscope directly connected across the test sample/signal/power leads.

4,.7.2.2 Radiated Interference
-C 8

Radiated interference measurcments shall be made from 15 ke te 10 Ge

for broadband/impulsive interference and 15 KHZ to 10 GEZ for CW ard
pulsced CW interference. Typical test setups are illustrated in Figures 12,
13 ard 14. In the frequency range from 1 to 10 Gec, the measuring distance
shall be 3 feet. The antcnna polarization and direction shall be adjusted for
maximum pickup. The antenna and measuring system correction factors

to be used are those specified by the interference measurement instrument

manufacturer. The test conditions shall be as described in Paragraph 4. 6.

4.7.2.3 Transmitter (Keyvdown)

The transmitter shall be operated into a matched dummy load. A suitable

coupling device shall be used to sample the transmitter output and to protect

ejection
1

the measuring equipment, such as a bridge "T'" or other filier
network. Transfer and other characteristics of such dev

described in the test report. Attention should be given to
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and crystal saver

and harmonics, outnpuls {rom frequency

circuits, beat frocuency oscillater oulpuis, cic, External filters shall
not be uscd for compliznce with the

MOIL, QPO approval,

R-AVYZ

. L
4 TN .« - ey Y . 3 - UL D PR N . *
Me. The tranzmitler shadl be modolated either normally or 30 percent at
- . I oy -0 R . ~ o MRS <
400 cpe. As en alternaete toel condition, the off-freguency energy rany oo al
;

e Y} DL - e five Ty s ! : Yot : : -
a Jevel 25 &b below fundmmontal power, provided the Jimit of prregraph

3.3..‘.].?"/‘ 16 chan d aCCO]_dln(‘rl ,{_

freguency s

level, and s+
. 4

meler coupli

o

R-AVZ 4.7.2.5

minimum limiting action. On other eguipment, @
controls shzll be sct for maximum indication of susceptib!
ceuses an‘equiproent to maliunciicn or to become ineperazble &5 a result of

such 2 control setiing, the criticzl contro!
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R-AVE

. T.2.050]

le vol zoes applied in

1 FIPUIR
{he riyp

The voltage levels indicated in Figure 15 @

A

The volinge will be measured

serics with cach porer

as shown in Figure 16 wit
under test operating. frequency range of 30 ¢ps to
150 ke, If no maliunctions repeated et a 6 db higher
voltage level o the e 13 lovel, whichewver 1s lower, lowever,
)

sis or prior test s that cquinment damage above the normeal

susceplibility test nits wi

not-be verformeod anda 211 be the suacentibility test
Y ¥

limits., Equinmont need nol be gualid g e e

6 db tost

lines arc heav oypessced at the equipment, presenting & very low impedance t
the injected interference voltage, the following precedure may be followed,

The interference veltage injected into the pewer line may be measured across
the secondary of the transformer provided the de power source usead to supply

the equipment under test has an impedance of 0.1 ohm or less. The audio fre-
€

guency ripple current from the interfe

that resulling from an zudio frequency ge \g

1-3

sc malfunction thresholdlevel tests need

higher vollzge level, Thece

velopnient hardware, In thosc cases where the power

O

rencce generating source may be limited to

Further, if the impadance of the power line looking into the cquipment under ics

ther,

sover source connected and the equiprnent

crator having a 1/2 ohm oulput impedance,

t

is so low at the higher frequencies that the required test voliage czanot be zitained

with a 50 watt generator, the following proccdure may be used. Mceasure the ec

drive voltage of the amplifier output stage which produces the desired voliage in

series with the power line at 1000 cps. Mei

the test over the required frequency band bzstween 30 cps and 150 ke, The output

transfecrmer characteristics should be flat over this frequency.

4.7.2.5.1.2 Conducted, 150 kc to 400 Mc

The test setup for 150 kc to 400 Mc shall be the same as in Paragraph 4,7.2. 1.

except that the 10-microfarad capacitors shzll be removed. If no mealfunctions

occur, the test shall be repeated at a 6 db higher voltage level or the mealfunction

threshold level, whichever is lower. However, if analysis or prior test data

atain this drive voltage while making

indicates that equipment damage above the normal susceptibility test lirnits will

02

result, these mealfunction threshold level tests need not be performed and the

susceptibility threshold shall be the susceptidility test limits, Equipment need

-
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—- not be gualificd to the 6 ¢b higher veltege level, These & db tests meay be run
on developiment hardware,  An atienvator, or egual terminztion, shall be used
at the end of the coaxial cable to properly terminate the sigral source. A

coupling capacitor, having an impedance of 5 2zt the test frequency,

N

shall be connccted from this termnination to the lead under test, The capacitor

may be changed during the test o maintain the specricd impedance, The signal

source outpul requived i
insertion loss., The test signal shall be applied to cach power lead in turn,  When
necessary, componenis can be added in series with the power leads to isolate

the power sovrce, The oulput impedance of the signal generator shall be as

low as practicable and no greater than 50 ohms. Tests shall be made over the
frequerncy range of 150 ke to 400 Mc. The rf signal shall be modulated 30 percent,

4C0 or 1,000 cps, on £g vipments that are not designed for other modulation

frequencics or sp al forma of modulation. When applicable, actual modulation

frequencies or specia f01m5 of modulation shall be used as appropriate,

R-AVEL. 7.2.5.1,3. Conducted Transicent

The transient or pulse shall be induced in or zcross the power lines and between

each power line and case in both the plus and minus polarities. A typical pulse
shape with definitions of amplitude, rise time and pulsewidth is shown in Figure 17, %
The pulse repctition rate shall be at least two (2) pps. The transient generator

shall b¢ capable of delivering at least 30 x 107~ joules to the test sample. If the
transient cannot be generated across the tezt sample with 30 millijoules, then the
component is assumed to have passedthe test, The transient voitage shall be

f ¢

measured across the input terminals of the test sample with the test sample operating.

Schemalics of a suggested lype of test equipment are shown in Figures 18 and 19.

4.7.2.5.2 Audio Frequency Induced

R-AVE 4.7.2.5.2.1 Induced into Cabhles

Interconnecting cables shall withstand, without evidence of equipment performarnce

degradation, the application of a magnetic field caused by a wire carrying 20 amperes
rms at 400 cps spaced 2 inches away. Other test frequencies, up to 15 ke depending
on the anticipated environment, shall be used as dircéted by the detail specification,
Power input and output leads are exem:pt from the requirement of this paragrapn.

The applied magnetic field shall be generated by the current in a wire routed 2 inches

" For EK non-intexf
All contractors us

fest. L- 6006
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4 . L. o -

away and parcllel to the cable uader test {ov a distance of
shzll be oriented in two angular positions, S0 degrees apart, about the cebl
To implemeant this, two wires 90 degrees apart may be routed, and the current
then 'switched from: one to the other (figure 21). Ca‘oling of the test sample
shall be routed at least 2 inches away from the ground plance or eduipment rack.
The current carrying wires shall break away from the test sample cable at
least 6 inches short of the cable connectors, The wire return leads shall be

kept at least 2 feet from the cable under test and from 211 other cables of the

test sample. Cables necd not be tested individually, but may be tested in whatever
bundled configuration is convenient. Regardiess of the number of current
carrying wire segments installed for test, only one wire segment shall be
energized at a time.

R-AVYE 4,7.2.5.2.2 Induc (>c~ into Eqguipment

Equipment shall withstand, without cvidence of performeance degradation, an
ambicnt magnetic ficld at 400 cps. Other test frequencics may be used, a5
defined by the affected ENC test plan, The applicd magnetic ficld shall be

generated by a minimum current of 20 amperes rms in a straight wire segment
which is located 2 inches from the scmmlc unit periphery and from zample
interconnecting cables. The various units of the sample shall be individually
tested. The scgment shall be oriented as necessary to thoroughly probe cach
unit for susccptibility. The lendgth of the segment shall be such that it extends,
at each end, 2 feet past the unit under test. The leads supplying current tc

the segment shall be routed at least 2 feet from any portion of the sample and
from the segment itself {that portion of the segment directly opposite the unit

under test).

R-AVE4.7.2.5.3 Radiataed Field Susceptibility

The radiation field shall be established with a signal generator driving
the antenna listed below. The fields specified are those calculated
(assuming plane wave/iree space propagations) to e: cist at the equipment
under test. The test setup is shown in figure 22 for the loeng wire antenna
and is similar to figures 13 and 14 for the other antennas, with the signal

source replacin

ng the interference meter. For the dipole and directive

L,—>6 0”0 6
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antennzs, the power delivered to the antenna shall be monitored.

Figure

23 may be used for case in establishing the required power level for the

dipole antenna.

Frequency Field Strength
0.015 to 35 Mc “10 v/m
35 to 1000 Mc 5 v/m
1to 10 Ge 5v/m

Antenna ¢
Long Wire
Tuned Dipole or
Directive Antenna

Dircctive Antenna

In the long wire antenna test over the frequency range of 15 ke to 35 Mc, .

the field shall be

shiclded wire terminated at the far end to the ground plane.

be routed 1 foot fréif the equipment under test.

stablished by a known cursent flowing through an un-
o (8]

The wirc shall

Figure 24 may be used for

convenicnce in establishing the equivalent ficld strength bascd on the

measured current i the line.

R-AVE 4.7.2.6 Irgtermodul__gtion

indication when two sine wave signals, rcprese:

are connected to the input termminals of the test

quencies shall be chosen so that their sum or difference is equzal to the te:

Receivers, preamplificrs or antenna couplers shall not produce an output
j; i K
sting undesired signals;

sample. The two fre-

st

frequency and so that ncither will give an output when applied alonc. The

" magnitude of each shall be 100 mv at the test sample terrninal; one shzall be

modulated 30 percent with 2 1000 cycle signal, and the other 30 percernt

with 2 400 cycle signal. Impedance matching networks shall be used as

Tequired. ) .

R-AVE 4.7.2.1 Receiver Front ¥nd Rejection

-

This test shall be performed with signal generators equipped with an

accurate attenuator and capable of a signal output at least 80 db greater

than the minimum signal perceptible at the tuned frequency of the particula

rcceiver being tested. If necessary, matching networks shall be used to

‘Page 64 of 106
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R-AVE

obtain a 50-olun (+ 20 perce

to account for any changes o of maiehing

networks and shzll be cqual to the osencircuit vollage at the ouldul terrmini.s ‘
o (2) With the signal gencrator and = connaciad

¢ . with a 50-chm coaxizl cable to the same A
freqguercy, ithe generator setl gives the ;
minimum ,1(‘:'cc.p{ib!c reacing e receiver i
background noise shall be not ulation may :

be used in conjunction with an out meter, i the
receiver is not cquipped to giv indications i
ne The freguenc tween 150 ke :
:

of cw sizne

. and 10 Geg stall then be scan:
s 1

output preferably sct at le ] e outout !
originally noted. Those frequencies at which ouipul :
' ~ signals are obtiined shall be invastigated to ovtain :
e thc generator reading which corresponds 1o the !
" orlgnnl receiver output signal. Since all signel
) generators emit & substantial amount of harrnonics,
care should be taken that'the receiver is not

erroncously
signal content,

Front end rejection is calcu
formmula:

(b)

Front end rejection = 20 log

V, = Signal generator voltag
pCI ceptible receciver ou
guency undar test.

Ce s

V., = Signeal ocnc-‘*a‘o* voltag

o

. percey )L ble receiver output a

frequencies.

When this test cannot be accomplishied due to th

out or other reasohs,

by using a suitable antenna

to be used shall be included in the test plan.

4.7.2.8

t
rejecied because of

the test signzl shall be inject

"ﬁd from a signal genecrator.

lzted with the following

VIV

e requirecd for minimum
tout on channel or fre-
¢
i
. 4
¢ reguiraed IOY Minimuin ;
t 21l other :

Resistance Measurements

Isolation

Add new paragraph, title and text:

Prior to the conduct of interference and suscepiibility equipment tests,

the 1.0 megohm minimum dc re stance
e conlponent

od 302 of NI L

shall be verified on each separat

in accordance with Meth

wise restricted because of circuit or component damea

poténtial shall be 500 volts T

hi g

1 is the

requirement of Paragraph 3.2.5. 3

-5TD-202C
ce he

10%, per, Test Condition B of N

=t acceniable volta

such spurious
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6.0

6.1

The test prececur-s and limits specificd heveln are intended
the clectrical end electronic cquipiments of the commposite systemn cornponats

space venicle and AGE systcms and their respective subsyst

A
properly in service use when subjected to electr

and will not cavse malfunctions by

o

voltages.,

>

6.2 DEFINITIONS

The connalations described below shall obtain for ithe purpo

specification,

6.2.1 Acrospace Ground Equimnants {AGE)

—e
o
)
ol
o

N
oo
0
S
e
-

cms will operate

gencyration of, or responsc (o, interference

o
@
w.
Q
LEN
—
e
!
o

23

. . gt "’
The equipments required on land or water at a launch complex to make an

1y

erospace compasite system operational in its intended environment, This

includes all equipmments reguired to instzll, leunch, arrcst,

conirol,

direcct, inspect, test, adjust, calibrate, appraisc, gaugd, measure, asscuble,
t : ) J : r O o |

disasscrnble, handle, transport, safeguarc
maintain, and operate, as applicable, the coinposite systien
applies regardless of the method of development, funding, o

AGE is subclassified as operating ground
i

iel
o
ground cquipments (MGE), The term acrospace ground equi

placed the terms ground support equipments (GSE) and ground opevatin

cquipments (GOI).

6.2.2 Ambvient Interference

Ambient interference, for the purpose of this specification, is the interierenc

level emanating from sources other than the test sample, including the internal

.background noise of the interference rneasuring equipment.

repair, overhaul,

. proc;:rc:nc:‘.:.
v ccuinments (OGF) and maintenance
pa &

pmients has re-

[
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.
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6.2.3 Aintenna Induces ovolts
A"L“""f* incuced raicrovelis is that vaeltnge which exisis across the opan-
circuited antenna terminals.
6.2.4
.
An acrospace industry concern which has directiy contracted with the United

States Air Force Space Systemms Division {SSD) to supply space vehicle sub-

systera{s) or equipmient{s), aerospace ground equipmont end jtem{s), materal

or sery ‘ices, or any combination thercof for a
no‘ ed that an assoviate contractor may be assigned by 8D to funciion as the
Y & y
irtepration contractor for the prosram, in which event the contractor carvics
13 1 IS »
out a dual role as meateriel supplier and as integratoy.

6.2.5 Gertification

A signed statement by a responsible rcprcscnta:ivc ef @ manncd spacec

program certifying that the space vehicle ordanance systems:
{a) FHave been tested and evaluated in accovdance with the

requircments of this specification.

(b) Comply with the criteria established by this specification.

6.2.6 Componeit

A component is a functional paTt of a composite system, system, subs,

equiprnent, or assembly essential to opevational compicieness of that of which

it is 2 part. Examples are 2 manned vehicle systermn of 2 composite system,
2 subsystem of the vehicle system, an antenna of the vehicie Co.amunications

subystem, and the case of an electronic device.

6.2.7 . Composite System

A composite systern consists of all or part of:

. _ a. the vechicle which will consist of one or more stages and
. : capsules or mcdules each of which may comprise ail or

part of these subsystems:

1. spzceframe, includin
tion and joining mechan
arcas and provisicns -‘.here;’or

.,,

o
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b.

2. propuisic .ry, sccondary, teritiary
3. clectrica: power sources, such as

X
bratieries, solar a:‘z'ays, m.u cells, and inverters

4. gul

Bla

1

AT
, Qata nn:

5, cormimunications, including telerneiry

6. life supporty .“cn will comprise those devics
p"u:‘;'abinff wiring % 'J")f' seating, etc. are

iments, bays,
a psul(: () or

installed i

or other

i. experimentziion and observation equipments, seli-
contzined power therelor, and ithe various acces-
sovics atiendant ihereon

the astronzut subsysiens which will inciude those cguip-
ments, materials, jteins worn oy carried by the

individunl men, su io transmitters and receivers,
light sources, body

cquipments, eic,

the acrospace ground equipment systemn (AGE) consisting
of:

i. the operetional ground equi
which inciuvdes the instrum
checkout censolos, cabling
ground eleccirical power,
liguid oxr gas), 1 i
demating,
and all ot}

. countdown

2. the mairten
which 1m,1uclc !
typcs ')oLcc; in ) chove, |

21

~
=~
2
s
o]
=
P,
-
<
-
g
w”
(&)
-
O
8 )
-
o
(4]
~
v
.
o
f
/

state of re
countdown tcsis.

Note: Since the following arve not subject Lo this speciiication,
they are listed for nuc..,..ation as to the elements-of &

composite system. =

)

.

the telemeiry, tracking, and command system which

consists of:

1. the groum stziion network and the facilities and
equipments thereof which are used to acquire cate

"
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_
telemeterea §i
throagh usefu
data and infor
internal and oo
: transmissiony,
. loading

2. the inter-station
landline, radio,

3. the control cenic soetwork, its inter-
station links, and and informeation process-
ing and reauc and cquipnmients

4. the Advenced Rarge Instrumentation Ships (ARIS)

. which function as fnobile stations and suapply’
: similar information to the contrel center
e. the recovery systern which consi the facilities, ships,
wraileraft, land vehic lmz, ground machines, forces,
and their respe Ch re 0(;11'};):3‘.0:1:5 which are used for air,
. water, or ground recovery of the manned capsule(s) ox
. moadulels). :
For purposcs of this specification, the operalionz] eavironment shall be
understood ta be that of the launch cnvironament, including pre-countdown
tests, countdown, and launch, as encormpassing the worst en wironment to be
encountered by the composite system, its componant systems, and thelir
respective subsysteins and eqguipments.
6.2.8 Contractor-Furnished Aercspace Eguipment (CFAE)
CFE is that piece(s) of equipment that is furnished by, and incle ded in a2 sysiem
or subsysicrn by an associale contractor as & component(s) ol the subsysiems
and cquipments for which it has contracted with the procuring activity. .
6.2.9 Critical Test Point ’
A critical test point is a point in a component subsystem or systém that
is considered susceptible to-electr omagnetic interference, pecause of
sensitivity or inherent susceptibility, and which is important to mission
‘
objectives. Crit-?cal test points shall be chosen for demonstrating.-
compliance to the 6 db EM ISM requirement,

L o, TR e e e iy as
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6.2.10 Current Scusitivity

The least amount of current recuired to initiate a particula

specified probability and conflidence when conditions of I

power application are specificd.

*6.2.11 Detectors . )

tion device, including dc converters, rejacilon

A detector Is any insty
3 : : : ' (EIPR . I T R o v ol its
filters, scaling resistors, flip-{lops, zener dioces, Or ouher paris ol circutits,

3 ? N o . e N Te!
monitored point of pick-up to provice cala and

used speocifically and only a1 the

information as to subsysicin or cguipment performance to environmant.
- {EED)

A device in which clectrical energy is used to cause initiation of explosives

contained he: The term is lmited in use to single camponents sucn as

privacrs, detonators, squibs. switches, cic. as opposcd to fuses, S-A devices,

etc., which Contein a number of individual explosive components the output of
one forming the input to another and all of which being triggered by an clectro-

explesive device.

rnviromment

6.2.13

Elcctromagnetic k

The electromagnetic envivonment or area interference level is the signal and

noisc¢ complex within which a space vehicle or AGE system and their respeciive

subsystems or equiprents are likely to be immersed in operational use.

6.2. 14 Electromagnetic Interference Safety Margin (EMISN)

8]

The EMISM shall be defined as the ratio between the susceptibility threshold

and the interference present on a critical test point ar a signal line, The

EMISM shall be 6§ db exclusive of instrurnentation errors,

6.2.15 Electro-Interference

Electro-interference is an undesired electrical phenomenon which is created

by, or which adversely affccts, any device whose normal functioning is predi-

Pt
o
4
"y
T
vt
o
(o)
o
wn

cated upon the utilization of ciectrical phenomena. Electirical in

krown colloquially, and is referred to, as radio and electrical noise or inter-

- .

-
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ference, hash, jitter, grass, hunting, ambizuily, cross rmoduin

interfevence (TVI), hum, ete. The vard “intorference”

withv appropriate modifiers in refevence (0 saine manifestation of eleciro-
interference wien rautually vnderstond.  Elictro-interference also includes
.
- ] r, 7y, i ] - ) . S M 4Lt N e . . -
ground loops, reciated as well as conducted noise, and sclf-generated as well

H - N

as rmutually- coupled intesrference as it affccts o givon compos

6.2.16 Equipmment

Equiprnent is a major functional part of & sysiemn or subsysiern, usually

consisting of several componcents, which is essentizl to operationzi compleie-

¢
\ { o et ey P A Y I « T Do e S e L b I'd
ness of the system o subsystem.  Fxamples ave incrtial platform of a

s S -~ - R W T - - L. .
gwaance subsyster, & radio command sct and ground electrical power supply

of the operational g

round cguipment subsysterm.

G.z2. 17 Fire

Yhe ipnition of the prime explosive sur rounding the bridgoewire.

6.2.18 © Firing Circuit

{ the electrical circuits

3
!

o5
)

e
Ll

nstalled EXD inc

—.

The {iring circuit of an o
and componznts between the initiation power source and the electroexplozive
2

elersent of the WED, The {iring circuil power source shall be considered as

the last point of the electrical power entry to the XD during the arming-firing

sequence., ,
6.2.19 Government-Furpished Equ’

GIE is that picce(s) of equipment which is {urnished by the military directly
to tha associate contractor for inclusion as such in a sysliem or subsystem of

a composite system,

6.2.20 Improper Response

A subsystem or equipment response which may be either inadvertent or

vnacceptable.

- Vs g
6.2.21 IE}P’JIE‘C Bandwidth

The impulse noise bandwidth of the interference measuring instrument should
)

be - N . . - sy : - . . .
¢ used in calculations involving broadband noise. Effective (random) band-

width should ot be used.
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6.2.23 Inadvesrtent ¥
« Aninadvertent response is & propoer subsysiem function: '
normal range of limits) actuated by electro-interferonce bul occurring at
' other then the normal operational cycle, which in turn causes impropor
responsce (o the total sprcoe syatern {e. 5., #n auwlomatic flignt control system '
commanding a raximum pitch rate due to clectyo-interference at maximum
. velocity which oversiresses the aivirame, causing disintegration ol the vehicle )
in {light}. .
6.2. 24 Integration Conty
. R ¢ : A H
In &n acrospuace progyam, the associate contractor assigned by the procuring
activily the task of coordinating the activities of all of the associate contractors
( . to assure achicveraent of the planncd composite system cleciromagnetic
compatibility, Such coordinztion is subject to the appyoval of the procuring
- activity.
6.2.25 Interference Control
Intevference control is that design, placement of cornponents, shielding,
cemployment of rejection filters, and other techniques wiich effectively
regulate the interference environment and/or susceptivility of individual
. space system components. .o
6.2.26 Maintenance Cround Ecuipments {MGE)
Those equipment end items of ar aerospzce ground equipment systerm wiich
are essential elements thereo! for the maintaining of the operating ground
equipinents in, or restoring them to,readiness condition for the respective
pre-countdown tests, countdown, and launch of the space vehicle; such end
. items include calibration stane s and testing egquipments, collimzators,
timing references, etc,
!' :
N .
. 1.,-6006
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The nearest approach to a standard unit of measurement of Lroodbana Y2Glo

interfeyrence is in termns of mijcrovolis per megacycle. Interiercnce intensity

in microveils per megacycle pex megroyele is equal to the number of root

mean square sine waeve microvolls cted) applied te tne

1
Sy e

mcasuring circuit at its center frequency that will vesult in detectoy poax

regponac in the civeunit egual to that resulting from the interiercncce pulse

being mceasurcd, divided by the impulee bandwidth ol the circuitl In megacycaes.

The irnpulse Landwidih Is the area divided b
versus radio frequency selectivity curve from antenna t through the peax
Cetector. Impulse bandwidih is approximatcly equivalent to the bandwidin

between the 0,45 vollage peints on the selectivity cuive.

. [T A n - . :
o -
6.2.28 Moniter Paint

O.ac or more points in & subsysler used to abserve O Measure wiaccopt table
or inzdverient respouses of the subsystem. Monitur points for d
unacceptable resporse shall be at the output of cach subsystem and need not

‘

be electrical in nature. Monitor points uscd in conjunction with critical

points in deiesmining that no inadvertent response exists’ in the subsysiem

may be jecated at either internal subsystern points oy at the subsystom output
I thicee monitor points occur &t internal subsystem location, they will be

electirical in nature and will be required due to the presence of non-analo

circuitry between the critical points and the subsystern outputl,

6.2.25 No-Fire . .

(2). " The failure of an EED to fire upon the a2pplication of
electrical encrgy, or

“(b) The rendering of an EED to & permeanent inoperative
state without any ignition process occurring (c.ucaoir.g).

6.2.30 " No-Fire Current

.
The current sensitivity at which no more than one EZD per thousard will five

L-60066

with a confidence of 95%.
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R 6.2.31 No- }1.L P ov

— D T e
The power sensilivity ot which nommore than ene EI2D per thovsand will fire
vith o confidence of G55,
6. 2‘32 c_)/ t(awz,
finoctave is a frequency ratio of 1to 2; 4. ¢., from ) to 2 M&, 2 to 4 Mec,

1 | 500 to 1000 Mc, et cetera. |
6.2.33 Open Space
o . e . o ey - . O e . . »
The term open space, av used in this specification, is intended to designate

. an idcal site for radiated interference measuverments. This ideal site should
be open, flat terrain at a considerable distance (100 feet or more) from
sy vs . . . . N ' .
. buildings, electric power Jines, fences, trees, underground cables, and pipe
lincs, This site should have a sufficiently low ambient level of radiated
interfcrence 1o permit testing to the governing radiated interference limit at
( any test frequency sclected.

6.2.34 Operationa] Environment
The aggregate of 21l conditions and influences which may affect the ope

- . of & composite systemm, vehicle systemn,and AGE system and their respective
subs;stcmf and eguipments, including physical location and operating charac-

teristics of survounding or nearby equipments, tc:mpor;:turc, numidity,
pressure, acccleration, shock, vibration, radiation, contaminants, clima
corrosion, and cither moc_n)x.u; conditions during pre-countdown tests, couni-

‘down, and launch. _ .

6.2. 35 Opf’xmmb Ground Zquipments (OGE)
Those equipmerti end items of an aerospace ground eqmp;: ent systewm, which.

are essential operating elements thereol and which are used (o directly
support pre-countdown tests, countdown, and launch of the vehicle; these
{ ) include such diverse end items as the launch complex cables, carneras, and

antennas and the system <_nr1 subsystem tes? consoles and instrumentation.

’ : : L-6006
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measuren cnt reading

2 minimu distand

r Sensitivity

The Jeast amount of elcctrical power reguived to initiate
at a specificd probability and confidence when conditions

and power application arce specified.

6.2.38 cicction

chamiel, or frequency, to which the receiver is tuned.

— 6.2.39 Receiver Internal Background Noise

test Jocation under thie following conditions:
(2) All controls at standard scttings.
(c) A shiclded dunminy antenna connected

6.2.49 RY¥ Ficld Intensity

The power flux density of clectro-magnetic waves passing
& i P

normal to the direction of propagation.

6.2.41 RE Ficld Strength

The magnitude of the clectric or magnetic field vector {(E
. .

location resulting from the passage of radio waves.

| .

1

NRO APPROVED FOR R cedie

(b) Al othier spacc vehicle equipinent off

a parti

Inthose caseswhere the operator's or observer's Jocation secins Lo vary a
of 3 feet should be maintained
between his body and the antenna; the operator should change position slightly
vrtil & smeximum reading is obtained. In all ceses, as few observeys as

possible should Lie present in the screcnoom auring the radiated

culay EED

of EED temperature

to the 3

YPront-end rejection is the measured capability of & receiver, cxpressed in

deeibels, in rejecting signals at the antenna terminals that are outside the

The receiver internal background nuise is the recciver output obtained al the

receiver input.

through a surface

or H} 2t a given

o

TN A e et et < vamen
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6.2.42

Tri-service limit for exposure to rf radiation for hunan safety has been
. z2 . .
cstablished 2t 0.0) wati/cmn at any fr(‘qucncy, It is possible to ecncounter

even higher power dens ities 1}mn this established safe maximum Hmit during
the tests required b this specification; ham“ rey, these exceedingly hiszh
< > <

- - Z
densitics arce u \ml)) localized. Power densitics of 6. 020 wait/cm™ have

4‘)

been measured on equipment rear tuning adjustiments.  Adeqguate safety

pl'ccemticms arve recommended, This warning is intended to produce a healthy

Yce ,Jcc( fcr rf rediation.
6.2.43 R¥F Susceptibility

The magnitude of the smallest electric field expressed &s an v{ field intensity

oy »f ficld strength capable of producing the no-fire current oy ne a-fire power

PRI N :

noan i, ¥°° .

-

6. 2.44 " Shield

A metallic barricr which completely encloses a device for the purposc of
preventing or rcducing induced energy.
6.2.45 Slidc-Back Circuit

To oblain a true peak reading, use is made of the slide bac

Dl

< circuit technique
Such 2 circuit consists of an adjustable bias on the detector diode which blocks
signals which produce ve ltages less th:—zn that required to overccerne the bias.
The procedure is to adjust the bias manuc.lly until the output-indication just
disappears, using the highest possiblc gain of the output stages. At this puint,

the bias {s just equal to the peak value of the applied signal.

6.2.46 Standard Antennas ' .

.

Because of the non-uniformity of the electro-magnetic field wiich usually
exists close to & test sample, it is imperative that tests for radiated intev-

ference be conducted with antennas identical to those specified. Attempis to

.correclate results obtained with other antennas by reducing the results to

o e

- . . ——
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| :
. sy micter, based vpon plr ne weve calevlations &y 2 ante .
Le errvoncous and wiltl not be cccepied as indicaiing - :

specilication i

e

6. 2. 47 ‘

t

)

aq . . . e . !

This teymn describe couring interfercence. The methed deper |

+ onthe use of 2 ca librated signa) generator whose output is of sim:llar character !

. I

to that of the unknown signal; that is, use ol an nn',:.':‘.lsc noise poncerator for i

H

. - = ) - . - -, ‘

sand nolse measurcments and & sine wave generater for cw measuye- ;

i

ments.,  The method is: conrect the intericrence meter to the unknown signal !

) and record the reading. Disconnect the meter (&t the metey 1oy !
|

the unknown and connect it to the outpai.  Ad] !

: t

gencrator ouiput level to obluin the ;o The unkrown sipnal s !

tiven cansider ed to Le eoguel to :’m sien2al pencrator outpul in whatevesr umts i

& & i '

. -~ N "

the geverator calﬂ:;re;hc:n s statoc.!. i

A |

!

v B o H

0.2.45 Subsyatem H

- - J

- . . N ‘o . ‘

A subsystem is a major functionzal part of a vehicleor azevospace grounn i

]

. . . . c i

equipmicni systern, usually consisting of several equipmaents which are i

— -4 &
! essentizl to the operetionz) completeness of the subsystein, Exampies are :
! {
{ the comrnunications subsystem of 2 space vehicle and the communications {
. .

PRI

checxout subsystermn of the AGH

i -
i 6.2.49 ibility -
'
Susc t«..buuy is that characteristic which causes an equipment to malfunction !

or exhibit an undesirable response when its case or any external lea

circuit, excepting antennas, is subjected to the specified radio or aucdio

frequency voltage or field. Unless otherwise specified, the term ""no
inadvortent response’ rnay be taken to mean that the extraneous eleciro-

i -

magnetic energy wnich is introduced into & sample is © b below that which

s

would produce operation, actuation, or functioning oi the samiple.

e et st s o b et 2 e ke
.
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- 6.2.50 Susceptibility Threshold
- The curve that gives the relation between frequency {320 ¢ps to 10 ge) and the
‘ relative intensity of the signal at a critical test point which just causes oOpera-
(= I . 1%
tion or a response in the cquipment, subsystem, or system.
b,2.51 System ) .
A system is 2 major component of a composite system, including its subsys-
tems and equipiments and in all related equipments, rnaterials, services,
and personnel required to make the system a complete element of the com-
. posite system and operational in its planned environnient.
: 6.2.52 Unacceptable Response .
. Unacceptable response or unacceptable degradation of performance is an
abnormaiity in the expected operation or output of receiver or subsystem
. A i it
dué to electro-interference which may be considered improper. A complete
subsysten of systern failure would be termed a malfunction.
L .J’
~
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.
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—
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,'.» . v TEST SAMPLE --
36 !N.—-—zul
1
:
—- GROUGKD PLANE
NI 253 2 B L et ot e e h et o O
— 10 UFD
FELDTHROUGH
. 30 In,
| SEEIEIREY
Ny
4 lN.& .
10 UFD
FEEDTHROUGH — 24 IN. LEADS
SHOCK MOUNTS
YITH BOND STRAPS
- Figure 9. Typical Simple Test Setup
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L
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Co . 0.75 inch wide
Secondary (12) Copper sheet 5 mil thick
1 inch wide
(Bifilar wound)
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- LFEE G ¥ . ’
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—_ Se conde.ly load current = 43,5 amps
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Figure 20. Pulse Transformer Specifications
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GE APPENDIX

The following paragraphs of SAFSIL 30005 are not applicable to GE because
the GE segrent does not contain equipment pertaining to these paragraphs.
In the event changes are made to the GE segment to include equipment which

pertains to these paragraphs they shall apply.

3.3.1.1.3

3.3.1.2.5

3.3,1.2.6
S 4.7.2.3

4.7.2.4
4.7.2.6
4.7.2.1
. L-6006
GO OS0RIRINL Copy guof 70
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EK APPENDIX {continucd)

Cawar
€039

1v, The following paragraphs are not applicable to Eastman Kodak
Company because the Eastman Kodak Company segment does not
contain equipment pertaining to the paragraphs., In the event

changes are inade to the EK segment to include equipment which

pertains to these paragraphs, they then shall apply.

3.2.5.4
3.3.1.2.5
3.3.1.2.6
3.3.1.3 -3.3.1.3.2.3

3.3.3 - 3.3.3.2.3.
4.7.2.3
4.7.2.4
4.7.2.6
4.7.2.7

EED Firing Circuits

Intermodulation

Receive Front End Rejection
Electroexplosion Devices (EEDS)

Validation of EED and EED Initiator Circuit
Transmitter (Keydown)

Transmitier Crossmodulation
Intermcdulation

Receiver Front End Rejection

As an alternate to maintaining the transient generator at + 100 v
during component operation, transient susceptibility testing may be
done with a transient source whose unloaded output voltage has been »
set at + 100 v. To obtain the 30 millijoule level, a 6 microfarad
capacifor will be used as an ecnergy source of the iransient. Peak
transient current will be limited by an equivalent generator output

impedance of 1 ohm.
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1.0 SCOPE

This specification covers the general requirements for electrical wiring
barnesses external to components which are installed in spacecraft. All
deliverable data and/or documentation specified in this Exhibit shall be in

accordance with the respective contractor's CDRL (DD 1423) or equivalent as

detailed by Form 9.

2.0 APPLICABLE DOCUMENTS

The following documents of the issue date shown form a part of this

specification to the extent specified herein:

2.1 Spe cifications
2.1.1 Military ‘ '
MIL-C-26482D Connectors, Electric, Circular, Miniature,
Quick Disconnect, Environment Resisting dated
. 2 January 1968. ‘
- MIL- C-38300 Connectors, Electronic, Circular, Multicontract,
o High Environment, Quantitative Reliability,
General Requirements for, dated 15 August 1963
v - with amendments and supplements. ‘
MIL-C-38999 Connectors, Electric, Miniature, Quick-Disconnect
' with Removable Crimp Contacts for Special Weapons
System Circuitry, Established Reliability, dated

. 21 August 1967. _
‘ MIL-P-26539B Pro.pellant, Nitrogen Tefrbﬁéide, dated 15 Oct 1965.
g MIL-P-27402A  Propellant, Hydrazine-Uns-Dimethyhydrazene
(50% N2H4, 50% UDMH) dated 24 February 1967.

MIL-P-27404 Propellant, MonoMethyl Hydrazme dated 3 Apr 1962.

MIL.-P-27408 Propellant, Nitrogen Tetroxide ‘Nitric Oxide
(90% N 204 -10% NO ) dated 5 May 1967.

MIL-S-23190B Strap, Cable, Adjustable, Plastic, dated 27 July 1966.
MIL-W-8160D Wiring, Guided Missiles, Installation of, General
v Specifications for, dated 24 December 1963.
MIL-W-16878/4A Wire, Electrical, Type E, 200°C and 260°C,
600 Volts (Insulated High Temp) dated 5 July 1961.

. MIL-W-22759 Wire‘, Electric, Fluorocarbon-Insulated, Copper
' and Copper Alloy with amendments dated 3 Jan 1968

Coe | ' S L -6009
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Ml_L-C-ZZSS?A Connectors, C_o-axlal, Raclio Frequency,
: ) Miniature, (Screw-oﬁ), General Specification
- - : for, dated 26 January 1967. K .
~ MIL-C-24308 * Connector, Electnc, Rectangular, M1n1ature,
' ‘ Polarized Shell, Rack and Panel General
Specification for, dated 30 November 1967 with
. . supplement. i | '
| MIL-C-39012' Connector, Co-axial, Radio Frequency, General
‘Specification for, dated 23 May 1966 with
Amendments and Supplement. -
MIL-C-23329A  Connector, Co-axial, Radio Frequency, Series
SC, dated 15 February 1965 with Supplements
_ and Ammendments.
MIL-W-81381(AS) Wire, Electric, Polymide-Insulated, Copper
and Copper Alloy, dated 15 October 1966.

NAS 1599 ‘Connectors, General Purpose, Electrical, Mmlature
(Rev. 3) Circular, Environmental Resisting, 200°C Maximum
_ Temperature, dated 15 October 1966. '
MS 33586 Metals, Def1n1tlon of Dissimilar, dated 16 Dec 1958
T A —M——-lVlSC-'_PPD-Z Propellant Inhibited, Nitrogen Tetroxide, dated

6 January 1966.

' SAFSL Exhibit Electromagnetic Compatibility Requirements,
30005 Orbiting Vehicle, General Specification for the

‘Manned Orbiting Laboratory, dated 7 June 1968.

SAFSL Exhibit Nonmetalic Materials Combustion & Atmospheric
10010 Contamination Control Standard.

~ 3.0 REQUIREMENTS -

3.1 General Requirements

In the case of a conflict between this document and any applicable

document, this document shall prevail.
3.2 Electromagnetic Compatibility

The wiring harness shall be de signed and installed to aid the
system in meeting the electromagnetic compatibility requirements of SAFSL
Exhibit 30005. The wiring harness shall comply with the SAFSL Exhibit 30005,

requirements for wire routing, signal separation, wire twisting, shielding and ' i
‘L - 6009
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— V. . ' | 3.2.1 Shield Terminations

- Shield terminations shall be in accordance with SAESL
Exhibit 30005. Shield terminations at the same end of the harness shall not be
successively connected in series, one to another with one end of this chain being

grounded or carried through on connector contacts.

©3.2.2 Redundant Wiring

Where practicable, redundant-c1rcu1t wiring shall be
routed in se'parate wire bundles, and separation of wire bundles shall be main-

_ tained to the maximum extent possible, including the use of separate connectors.
3.2.3 Spare Wires
All wire harnesses located in inaccessible areas of the
Orbiting Vehicle that contain circuits which if inoperative will resuit in a launch
countdown termination shall include spares. Inaccessible areas are defined as

"those areas where replacement wires cannot be installed on the launch pad'.

All spare wires shall be terminated in connectors at each end of the harness.
- 3.3 Propellant Compatibility

In thése areas subject to exposure to hypergolic propellants the
wiring harness and all parts used in the wiring installation shall be compatible
with the MOL system propellants which are specified in MIL-P-26539A, MIL-
P-27404, MIL-P-27408, MSC-PPD-2, and MIL-P-27402, except for direct
contact as a result of spillage or immersion. The wiring harness shall be
capable of continued operation follo\iVirig short duration exposure to spacecraft
propellants as a result of spillage; however, extensive spillage prior to launch

shall be sufficient cause for replacement of affected wiring harnesses.
3.4  Flammability

The design of the wiring harness shall minimize effects of
potentially catastrophic fires within the AVE by reducing the quantity; of flammable
materials, limiting ignition sources and limiting flame propagation paths. SAFSL
Exhibit 10010 shall be used as a guide,

3.5 Connectors ’
3.5.1 Non-~coaxial Connectors

Connectors shall be of the removable cnmp contact

type except where use of such connectors is not feasible or where approval of
: : 1L-6009

SPECIAL S Copvt?'%ff"/
Hﬂ“ﬂ' ING ' Page Z_of_/,//_'__




o 1Y) | ' HANDLING
NRO APPROVED FOR S . .

RELEASE 1 JULY 2015 B _ . , e

another vtype ha.é been gra.ntc_avd by the MOL System Office. Each connector

o~ shall meet the performance requirements of one of the following specifications

as a2 minimum:

a) MIL- C-VZ6482

b) MIL- C-38300
") MIL- C-38999

d) . NAS-1599 ‘

e)  MIL-W-8160, paragraphs 3.7.6; 3.7.6.1, 3.7.6.2, 3.7.6.3,

exclusive of subparagraphs.
f) MIL-C-24308

3.5.2 Co-Axial Connectors

Each co-axial connector shall meet the requirements of

one of the following specifications:

a) MIL-C-39012
b) MIL-C-23329

c) MIL-W-8160 - paragraph 3.7.6.4
d) MIL-C-22557 '

-3.5.3 Finish

The finish of connector shells and accessory hardware
shall provide an eléctrically- conductive path from mated plugs to receptacles
from cable-clamp screws to connector shells, Connector finishes shall not flake,
peel, chip, corrode or sublimate when subjected to their normal handling,

storage and operational environments.
It 3.5.4  Strain Relief

All wiring harnesses terminating in connectors shall be
provided with some form of strain relief to relieve the strain on the wire
connections at the connector contacts which is exerted when the connector is
handled. Acceptable forms of strain relief are strain-relief clamps, potting,

and shrink-fit plastic boots.
3.5.5 Orientation

_ The wiring harness shall be so designed that the nominal .
orientation of connectors at wiring harness terminations will not require

connector rotation to mate the connector.

SPECIAL - ..
HANDLING
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3.5.6 Anglé Connectors

Where space limitations do not permit the wiring harness
clearance in mating and demating of the harness connectors, angle connectors

or-backshells should be use_d.

3.6 Protection
. . Protection of wiring harnesses shall be inaccordance with para-
graphs 3.9.3, 3.9.3.1, 3.9.3.2 and 3.9.3.5 of MIL-W-8160. Harness design
and manufacturing techniques shall be specified and controlled so that potential

ignition due to damaged wire insulation shall be minimized.

3.6.1 Abrasion Protection _
The wiring harness shall be provided with protection

from abrasion from adjacent hardware and ground and flight crew action and

prevent damage in areas of potential chafing, nicking, scuffing or cutting.

3.6.2 Connector Protection

Wiring harness connectors shall be provided with
protective plastic caps or other suitable means to protect them from damage

and contamination during handling, shipping, storage, and installation.
3.7 Splic:a s
Splices shall not be used in wiring harness assemblies.

3.7.1 Rework
The use of splices in the wiring harness rework shall be

.

used only with the a.j:prova.l of the local government representative,
3.8  Wires and Cables

Selection of wires and cables for wiring harnes ses shall be in
accordance with paragraphs 3.6.1, 3.6.1.5, 3.6.1.6, 3.6.1.6.1, and 3.6.1.6.2
of MIL-W-8160. The voltage drop from the main power bus to the using sub-

system shall not exceed two (2) volts under continuous operating conditions at

‘the minimum specified main bus voltage unless otherwise approved by the

procuring activity. Wires and cables shall meet the requirements of MIL-W-
22759, MIL-W-81381 or MIL-W-16878, or MIL-C-17 as a minimum,

3.9 Wiring Harness Forming

Where a wiring harness must conform to a three-dimensional
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configuration in the Ainstallation, the wiring harness shali be fabricated on a
three-dimentional form or layout, excepi: where fabrication on a two-dimensional
form or layout provides sufficient flexibility to proclude excessive strain, on the
harness in the installation. Where a two-dimensional form is used, the require-
meénts of paragraph 3.9.5 of MIL-W-8160 shall apply. '

3.10 Wire Lay )

-3,10.1 Parallel, Straight or Random Lay
A wiring harness may be fabricated with a parallel,

straight or random wire lay over that portion of the harness which is permanently

installed in the Orbiting Vehicle and which is not subject to movement after '

installation. ‘ . .
3.10.2 Twisted, Helical, or Contrahelical Wire Lay

Wiring harnesses, consisting of more than four con-
ductors which are terminated in connectors and which are subject to mating and
demating, shall be fabricated with a twisted, helical, or contrahelical wire lay
over that portion of the harness which is subject to movement during the mating

and demating operations.
3.11 Wiring Harness Breakouts

Wirihg harness breakouts shall be brought out in the direction in
which the breakout is routed. Breakouts shall be fabricated to provide minimum
stress on the conductors and shall be provided with adequate support to maintain

the breakout configuration during handling and installation.

3.12 Wiring harness Ties. - )

Wiring harness ties shall not be made close to the back of
connectors so as to subject the conductor connection to undue strain. The
distance from the first tie to the back of the connector shall not be less than

one and one-half (1 1/2) times the outside diameter of the connector.
3.13 Jacketed or Molded Wiring Harnesses

A wiring harness which is completely jacketed in heat-shrinkable
tubing or which has a molded jacketing shall have a twisted, helical, or con-

trahelical wire lay over the entire jacketed or molded length.

— 3.14 Handling
Means shall be provided to protect the wiring harness from damage
' ' L -60 09
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and contamination dﬁring handling, shipping, storage, and installation, and
- adequate support shall be provided to maintain the configuration or prevent.

damage to preformed bends during these operations.

3.15 Installation

. Installation of wiring harness shall be in accordance with _
paragraph 3.10 and subordinate paragraphs of MIL-W-8160. Approval by the

procuring activity is not required for use of alternate support devices.

3.16. Rework and Repair

. The contractor documentation shall include in-process inspection
of the wiring harness, as well as the acceptance, inspection acceptance or other
test criteria which shall be applied to assure that the harness will meet the

mechanical and electrical requirements.

4.0 QUALITY ASSURANCE PROVISIONS

4.1 General

The contractor documentation shall include in-process inspection

a of the wiring harness, as well as the acceptance, inspection acceptance or other
test criteria which shall be applied to assure that the harness will meet the
mechanical and electrical requirements.
4.2 Acceptance Tests
_ Each wiring harness delivered for acceptance shall receive, as
a minimum, the following tests:
z v 4.2.1 Examination of Product
4.2,2 Electrical Continuity
4.2.3 Insulation Resistance ,
This test shall be performed at a dc potential of at least
500 volts. The insulation resistance between each conductor and every other
shield, and between each conductor and connector shell shall be greater than
100 megohms., Component pigtails may be excluded from this test. ,
4.2.4 Dielectric Strength '
This test shall be performed at a 60-hertz ac potential
— which is no less than 75 percent of the rms value of that specified for acceptahce ;
A . : . S .\L 76009
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testing vof'theA associated harness connectors or at 1000 volts rms plus twice
the maximum working voltage of the harness, whichever is the lesser. The
test potential shall be applied for one minute at a rate of no less than 500 volts
rms per second until the desired test potential is reached. The test potential
shall be applied between each conductor and e%rery other conducfor, between
each conductor and every conductor shield, and between each conductor and
-cqmiector shell. (Coaxial cables are, and com;"onent pigtails may be, excluded
from this tesf). The test time may be reduced if a correlated higher test

potential is used or if the test is repeated.

4,2.5 Order of Electrical Tests _ '
' The electrical tests shall be performed in the following

order:
a) Electrical Continuity
b) Dielectric Strength
c) Insulation Resistance

5.0 PREPARATION FOR DELIVERY

Not applicable.

6.0 NOTES

6.1 Definitions

- >

6.1.1 Wiring Harness
A wire bundle external to the components made up of

wires and/or cables and connectors or other terminations,
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APPENDIX "A"
B DAC DEVIATIONS
1. | Paragraph 3.2.3 -
Revise the last sentence to read as follows: '"All spare wires shall be
terminated in connectors at each end of the wire harness (except for
Douglas Flyaway Umbilical)', :
2. Paragraph 3.5.4 -
Revise the last sentence to read as follows: 'Acceptable forms of strain
relief are strain-relief clamps, potting, shrink-fit plastic boots, and
wire sealing grommets. "
3.  Paragraph 3.7 -
Revxse the sentence to read as follows "Splices shall not be used in
wiring harness assemblies except for connectmg spare wires in the
- Douglas Flyaway Umbilical wire harness.'
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- i - APPENDIX "B

EK DEVIATIONS

1. 3.7 Splices

Add to the end of the existing paragraph as follows: ''The use
of splices are permitted in circuits used for test purposes."

2. 3.6 Protection

Delete reference to Paragraphs 3.9.3.1 and 3.9.3.5 of
MIL-W-8160 D in the first sentence.

The above exception is taken because the requirements deleted
are not applicable to Eastman Kodak because the EK segment
does not contain equipment pertaining to these paragraph
requirements. In the event changes are made to the EK segment,
to include equipment which pertains to these requirements, they
shall then apply. ' '

3. 2.0 Applicable Documents

In all references to MIL-W-8160 D throughout SAFSL Exhibit
3000_6, substitute the following: ,

Eastman Kodak harnessing shallmeet. the applicable requirements
of Eastman Kodak Document 401-119.

-
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APPENDIX "c"

GENERAL ELECTRIC CO. DEVIATIONS R

The following paragraphs are not apphcable to General Electric because
the General E1ectr1c Company's segment does not contain eqmpment

" pertaining to these paragraphs.

In the event changes are made to the GE seament to include equxpment
which pertains to these paragraphs, they then shall apply.

Para.graphs°
3.7.2 AL
3.8 Reference to Paragraph 3.9.3.1 & 3.9.3.5 of MIL-W-8160.

Paragraph 3.9

For the GE DRV: splices may be used in design and in rework of
harness assemblies in all but unprotected power circuit wiring, EED
wiring or coaxial wiring. However, these splices shall be kept to a

minimum consistent with high integrity, low weight and minimum

- - -

.volume design.

Paragraph 3.2.1 Except for the GE DRV
Paragraph 3.4 Except for the GE DRV
Paragraph 3.12.2 Except for the GE DRV

Paragraph 4.2.4 Except for the GE DRV
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o~ ) ' APPENDIX "D" . . . "

MAC DEVIATIONS

The foilowing are exceptions or deviations to spé‘c'ific paragraphs of SAE_‘SL'

Exhibit 30006.

———————. . S s

3.5.1 _ Non-coaxial Connectors (Exception)

(2) Connector finishes need not be cadimum plated provided they
meet the requirements of Paragraph 3.5.3 herein.

(b) Bendix PT connector pin retention shall meet or exceed the
required pin retention of MIL-C-26482 after connector potting.

3.5.1 Co-axial Connectors (Exception)

(2) Connector finishes need not be cadimum plated provided they
: meet the requirements of Paragraph 3.5.3 herein.

(b) Bendix PT connector pin retention shall mecet or exceed the
- required pin retention of MIL-C-26482 after connector potting.
3.7 Splices

3.7.1 Rework

Splices may be used in original design and in rework of harness
o assemblies in all but unprotected power circuit wiring, EED wiring
' or coaxial wiring. However, these splices shall be kept to a
minimum consistent with high integrity, low weight and minimum
- volume design.

4.2.4 Dielectric Strength

The test potential for thermocouple wiring shall be no less than
250 volts rms.
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. e
The undersigned has reviewed the document and understands the contents to

the extent necessary to scope subsequent proposals. hill
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Action Items

EX t‘d'i’)roﬁ:dé" Eégs;iptiéh of subsystem "B" for paragraph 1l.1l. Due

23 May 68. LMQ\Q\"&

GE to provide descri'ption of subsystems except subsystem B for parégraph

1.1. Due 23 May 68. Q,c,wxg\ejre

3

(]

Aerospece to provide table from SAFSL Exhibit 10011 for paragraph 3.11.

‘Due _1 August 1968

MACASTRO to sﬁpply Genini B loads table data per pare.gréph 3.1 based on

- contractor's alternate analysis loads. Due 1 July 68.

' MACASTRO to supply Gemini B component load factors per paragraph 3.10.2

besed on equipment design load factors identified in the Gemini B

-~

Due | November 1968.

Structural Design Criteria, MAC Report E-168. Due 1 September 68.

Douglas to upda.t.;e Table 3-.'10.1-2 to include all subsystem equipments.

Dougles to provide tables to define load factors resulting from buffet/

acoustic analysis as per peregraph 3.10.2. Due | November 1968.

-
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" DESIGHN LOADS FOR THE MOL ORBITING VEHICLE
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1.1 Item Description - This document sets forth the design loads for the

sMOL Orbiting Vehicle during ell mission phases. This document as applicable

to AVE only.

' Subsystem description is given in annex TBD. Mass properties, stiffness

properties, orbiting vehicle external configuration and associated dynamic
modeling for each of the noted subsystenms are'provided in I?S~MOL—101602,

IFS-MOL-101004, IFS-MOL-TOTO1lT and IFS-101.12. Loads resuliing from

. externally epplied sources ere specified_herein.

1.2 Definitions - For the ptrpose of this specification, the following

. definitions are valid.

1.2.1 Limit Load - The maximum anticipate& load, or combination of loads,

vhich a structure ma& be'expected to experience during the performance of

.- specified missions in specified environments.

l.2.2 Ultimate Load ~ Obtained by multiplying the limit losd by the wltinate

factor of safety.

1.2.3 Factor of Safety - A factor to account for uﬁcertainties and variations

from item to item in material properties, fabrication quality and deteils,

internal and external load distributions, random behavior characteristics of

- PRRY Pad o . _'.' . PR A
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(M)’

(R)

(M)

(R)

Kd »‘

the applied enﬁrdrments , 1.e., steady-state aerodyﬁamics, engihe thrusts and
_thrust'transients, gust§, etc. MOL facfors 6f'safety are defined in SAFSL
Exhibits 30044 end 12004 and have been appropriately combined with the limit

IOadsrto'estah;ién“ulttﬁate loads contaiged herein.

1.2.h Compzments - A component is defined as the lowest ievel of assembly of
parts, arranged vithin one package (bleck box), that will permit performance
of a prescribed function. Examples of components are valves, actuators,

emplifiers, bafteries, Junction boxes, ete. Vehicle structures are not con-

sidered as components. | ‘

R

1.3 Desigxi Conditions ~ The design loads as specified in Section 3.0 shall be

combined with the appropriate emvironments as specified in SAFSL Exhibits 10003
and 12003 in the menner as specified in SAFSL Exhibits 1000h4 and 12004, respec-
tively, and _shall be combined with the launch and a.scent' trajectorj data

épecified in IFS-MOL~101002 and IFS—MOL-J.GlOQ’-h

1..1& Céordinate Systen - The coordinate system utilized herein

is given in SS-10L-1B.

1.5 Documentetion Requirements - All deliversble data and/or documentation

()"

specified in this exhibit shall be in accordance with the rzspective contractor

"CDRL (DD 1423 or equivalent) as detailed by Forms 9.

_—

2.0 APPLICABLE DOCU/ENTS - The following documents of the exact issue shown

form ‘a part of this specification to the extent specified herein. In the

event of conflict between documents referenced here and content of Section 3,

hn N ST S L-6002
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the detailed'content of Section 3 shell te considered a superseding

L

requirement.,
. : LIRE K N f..-.:""\n-".u‘. o .
SPECIFICATIONS
" Military
§S-MOL-1B System Performance and Design
’ Requirements-General Specifications
SAFSL Exhibit : Environmental Design Criteria and Test
30033 . . Requirements for the }MOL System Orbiting
Vehicle, less Gemini B, and AGE
SAFSL Exhibit ) Structural Criteria for Laboratory
30044 , - . Vehicle for MOL Program
SAFSL Exhibit . Crew Systems Design Compatibility
10011 Criteria
: SAFSL Exhibit Environmental and Test Requirements-
L~ .. 12003 : Gemini B Spacecraft
SAFSL Exhibit ‘ Structural Specification--Gemini B
12004 ‘ Spacecraft
Other
IFS-MOL-101002 Orbiting Vehicle CEI No. 2070014 to
20 July 1967 T-IIIM
IFS-MOL~10100% ’ Orbitihg Vehiéle CEI Ho. 207001B to
. ) - T-IIIM
IFS-MOI-TOTOLT Leboratory Vehicle, CEI No. 207013A to
22 December 1967 Mission Payload System Segment AVE,
. ' : , CEI and GE AVE, CEI MOLOlOAl
IF 101.12 Dynemic Mission Payload System Segment
28 February 1968 to Photographic System Interface
~ Specification for the MOL System CDRL
Item No. 6k, Data Item Ho. E-106
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(R) 3.0 Loads - The loads and fectors defined in this paragraph, based on con-
“ditions noted in Table 1, except for Gemini B, shall be used for design of the

MOL Orblting "Vehicles For Gemini B spacecraft see paragraph 3 1.

N
- .- ‘-.- v-_,.*»"-‘\'—v-d" Vo . H
? . .

(R)" 3.1 The load conditions specified in Tables TBD¥ to TBD* and the loads speci-
fied in Tables TBD* through TBD* shall be used for design of the Gemini B
spacecraft for launch and ascent. Specific design requiremeats for the various

Gemini B loading conditions afe‘as follcws:

A. Gemini B shall be aesigned to withstand the engine shutdown loads
induced at T-IIIM, Stage 1, booster cutoff of 430,000 inch pounds
of bending moment end 24,000 pounds of ten51on at Gemini B station

Z 103.44 (OV station 802).

B. Components located in the Gemini B pressurized cabin shall be designed .

to withstand landing loeds as specified in Figures 1 and 2.

C. Gemini B shall be designed to withstend the loads during the reentry
phase as specified in Appendix TBD*.,
(R) 3.2 The load conditions specified in Table I and the loads specified in .
Reference Tables I1 through IV shall be uéed for design of the Laboretory
Module and Mission Module. Transportation and handling loads for the Lebora-

tory Module and Mission Module are as specified in Table TED. **

*To be supplied by ¥CASTRO - -
#%Transportation ard hardling loads for the LM and MM are contained
ig IF 101.4.

R
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—~-" (R) 3.3 The load factors speé¢ified in Table VI shall be used for-design of the

Leboratory Module equipment and support structure (birdcage).
s - i x _ ’ ‘

(R) 3.4 The load factors specified in Table-VII shall be used for design of

" Laboratory Vehicle Subsystem 'B'.

(R) 3.5 The load factors specified in Teble VIII shall be used for the design of

Laboratory Vehicle Subsystem 'C’'.

(R) 3.6 The load factors specified in Table IX shall be used for the desmgn of

Laboratory Vehlcle Subsystem ‘D,

(R) 3.7 The load factors specified in Table X shall be used for the design of

Labératory Vehicle Subsystem a.

K

(R)f 3.8 The load factors specified in Table XI shall be used for the design of

Laboratory Vehicle Subsystem 'E'.

(R) 3.9 The load factors specified in‘Taﬁle XII shall be used for the design of
Laboratory Vehicle Subsystem 'F'.

4

{T) 3.10 Ccmponents Hot Included in Paragraphs 3.3 - 3.9
— /

Two conditions shall bé considered in design/evalustion of components and
subsystems not included under paragraphs 3.3 - 3.9: (1) The ascent transient
conditions listed in Table I and (2) Random vibration induced by buffet end

- acoustic noise. It shall be a design goal that components and subsystems'not

- R AR . ek
L . RS A
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,inéludgd under 3.3 ~ 3.9 shéll have fundemental resonant frequencies including
- their immediate support structures and/or‘vibration isolators above 30 cps.
When this condition is hot met, documentation and/or test results which

¢ = -

eveluate design_adedhacy f;r.vibration and trensient loads must bé submitted

[ p i
~ »

to SPO for approvel.

(r,T) 3.10.1 Ascent Translent Conditions i N S i
Laboratory Vehicle components meeting the natural frequency requirements Bf
paregraph 3.10 shall be designe& to the load factors of Table 3.10.1-1.
Components not meeting the 30 cps frequency requirement shall be designed to
fhe load factors of Table 3.10.1-2. For OV components not meeting the natural

frequency requirements of 3.1C and not listed in Table 3.10.1-2, analyses ‘ |
shall be perforhed based on load factor tiﬁe histories obtained from the SPO i

or from the response spéctra of Figures TBD through TBD.

(R) - 3.10.2 Rendom Vibration Load Factors for Buffet and Acoustics ' '

~ The load factors specified in Tables TBD¥* to TBD** which ére buffeting effects

¢ eamsen

méasured during rigid body flﬁétuating ﬁressure test and/or random'vibration
values, shall be useé for the design 6f Lazboratory Vehicle structurel rings,
", fremes and minor weight items (50 pounds or 1éss) attached to the external
shell, (Note: #¥*data to be inserted following SPO approval of contractor
,bﬁrfet analyses.) | . | A
(R) 3.11 The load fectors specified in Table TED* bssed on SAFSL Exhibit 10011
shall be used for the design of Laboratory Vehicle equipment subjected to crew

systen induced loads.

Le s
Ta?

" Pt '.'.;_'5- PN

* ® will'provide “table s
' ; [ L-6002
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Genini B components and support structure shall be designed to withstend

B such factors specified in Table 3.10.1-3%. -
Note: Requirds chamge to paragraph b.d pege 8 of SAFSL 1000k.
f":‘ !
i
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3 July 1968
?0: R, Johnson, R. Pepping, M, Malkin and J. Sewell
SUBJECT: Paragraph Modification end Table Addition to SAFSL Exhibit 30012

Please make the indicated change to Paragraph 3°li and insexrt the attached
Table 3,J1-1 in SAFSL Exhibit 30012, "Design Loads for the MOL Orbiting
Vehicle "

NS :

ol ﬂcé;&

L . D ° PA.IG‘E 2 AtCh '
1. Change to Para 3.1
2, Table 3.1l=l
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The undersizned has reviewed the document and
understands the contents to the extent necessary

to scope subsequent proposals, provided the required
CDRL (DD Form 1423 and Forms 9, or equivalent
thereof) is received with the RFP,

A% A
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9 July 1968

SUBJECT: Change Pages for SAFSL HExiibit 30020
TO: R.L, Johason, R Pepping, M. Malkin and J. Sewell

The attached replaccment pog
issue of SAFSL Exhibit 30020

'\/(.QL‘%\//) o
(}vﬂ/&’/\ .« '},\’.

¢s are to be inserted in the June 1968
, "Systems Test and Operations Plan',

L. D. PAIGE 1 Atch
SAISI, Exhibit 30020
Replacement Pages
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SL7
SL12
SL-13
SL1h
SL-16
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1.0
PURPOSE

This document is directive and shall be used by all agencies for planning
thé ground test and flight operations programs. The System Test and

' Operations Plan (STOP) identifies and defines the policies and require-
ments common to both ""Test' and ""Operations' and the interrelationships

required for standardizing lower level planning documentation.
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2.0
SCOPE

This document covers the test and operational aspects of the MOL Program.
The concepts and principles contained herein shall be applied against all
aspects of the MOL Program. For purposes of standardizing definitions,
policies, responsibilities, and requirements the most complex version of the
MOL Flight Vehicle (#3) is used herein as a baseline. For other vehicles

similar (appropriate) terminology will be used as necessary.

Documents called out are applicable as specified herein. All deliverable
data and/or documentation specified in this exhibit shall be in accordance
with the respective contractor's CDRL (DD 1423) as detailed by Forms 9

(or equivalent),
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4\ 3. 0
TERMINOLOGY

"The following terminology shall be adhered to by all associate contractors

and supporting government agencies in preparing their required plans and

other supporting documents.

Associate Contractor (MOL)

A. C. Electronics Division (ACED)
Aerojet-General Corporation (AGC)
Douglas Aircraft Company {DAC)
Eastman Kodak Company (EK)
General Electric Company (GE)
Hamilton Standard (HS) '
Martin Marietta Corporation (MMC)
McDonnell Astronautics Company (MAC)
TRW Systems Group (TRW)

United Technology Center (UTC)
Whirlpool Corporation

Flight Operations (i.-e. , Operations) - All activities associated with

MOL operations from prelaunch preparation (simulation/rehearsals,
AFSCF checkout, etc.) through laboratory vehicle disposal, data

retrieval and post flight evaluation,

Flight Vehicle - The flight vehicle (FV) consists of the T-IIIM launch
vehicle and the MOL orbiting vehicle (OV).

Flight Vehicle Timeline (Operational) - A nominal, chronological

sequence, relationship, and status of all FV and ground resources

necessary to perform the MOL real-time operational mission. It

includes the time, approximate orbital elements/location, subsystem

status, consumable profiles, crew activity, and ground support
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associated with the operational sequences required to accomplish
the MOL flight objectiveél from crew ingress on the pad to Gemini B
splashdown and laboratory vehicle disposal. In the case of the
" automatic configuration, ghe timeline includes all operational

sequences from FV liftoff v'through OV disposal.

Flight Vehicle Timeline (Test) - A chronological sequence and relation-
- ship of all activities associated with FV hardware from first AVE

arr1va1 at VAFB through FV liftoff and turnaround.

Government Agencies

6595th Aerospace Test Wing (ATW)
Aerospace Medical Division (AMD) (AFSC)
Air Force Sateliite Control Facility (AFSCF)
Air Force Western Test Range (AFWTR)
Air Weather Service (AWS) .
DOD Manager for Manned Space Flight Support (DDMS)
SAMSO Plans and Operations Office (SMLC)

Ground Test (i. e., 'fest) - General term encompassing all test

.act1v1ty from start of initial in-plant development through FV liftoff.

This activity also includes turnaround.

Laboratory Vehicle - The integrated AVE of and in the mated laboratory

module (LM) and mission modulg (MM).

Launch Operations - That portion of ground test associated with VAFB.

Includes all functions and activities required to handle, assemble,
maintain, checkout, and launch the MOL FV, turnaround, and all

related plans and procedures.

Liftoff - Event determined by FV motion in the vertical direction as

detected by electrical signal to the ground equipment.
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Mission - This is part of the orbital phase and is to be used only with
reference to the objectives 2nd operations as sociated with the MM

" experiments.

.

Orbiting Vehicle - For the manned/automatic mode the OV consists of

the LM, MM, crew equipxhent, and the Gemini B. For the automatic

mode, the Gemini B and crew equipment are replaced by a support

module.
Software - Computer programs and their associated documentation.

Support Module - The support module consists of a tank section, a

recovery section including six Data Reentry Vehicles, and a fairing

section.

System - The MOL system.

_ ) System Segment - A discrete package of system performance require-

ments, functional interfaces, and/or contract end items (CEI's)
contracted to one contractor or assigned to one government agency
directly responsible to the procuring agency for that part of the system's

“total performance.

System Test and Operations - MOL system test and operations starts

with in-factory development tests, proceeds with that testing activity
associated with a particular FV, and terminates with recovery of the
data and/or crew retrieval, laboratory vehicle disposal, and post

flight analysis.

Turnaround - Those activities following FV liftoff necessary to

refurbish the launch site for receipt of the next flight hardware.
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Post Flight Evaluation - Post Flight Evaluation is that evaluation
conducted to accomplish the following:
a. To analyze and resolve to corrective levels MOL
- system anomalies.
X b. To verify accomplishment of specific MOL flight
test objectives.
Data from design, ground test and flight operations is used to
support post flight evaluation.
P
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4.0
TEST AND OPERATIONS REQUIREMENTS AND POLICY

The proper relationship of personnel safety, Security, and program objectives

L. 0d

must be recognized during the design, planning, and conduct of MOL Ground
Testing and Flight Operations. No data will be collected nor tests conducted

for the sole purpose of incentive determination.

The general policies contained herein shall be expanded and amplified in both
the General Ground Test Plan (GGTP) and the Flight Test and Operations Plan
(FTOP). The GGTP shall be adhered to by all associate contractors and
supporting agencies in preparing their implementing plans and documents.

S R

,~""A.dditiona1 guidance for preparation of the implementing plans and documents

/  will be provided in the FTOP.

.

The GGTP defines in-plant development, qualification, and acceptance testing
A and launch operations at VAFB through FV liftoff, turnaround, and publication

of final test reports.

The FTOP defines the operations activities from flight crew ingress or ¥V

It shall include those

liftoff, as appropriate, through lab vehicle disposal.
activities required to prepare the flight operations support systems (AFSCF)
and Operational Training and Evaluation Facility (OTEF) prior to launch,

In addition, the FTOP shall include the requirements for Launch Operations
The VAFB Launch

Operations Requirement document includes the requirements for AFSCF

support of the AFSCF and publication of final test reports.
support of Launch Operations.

4.1 Personnel.Safety »

Personnel safety shall be the prime consideration in all phases of planning,

design, test and operations.
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(TP) 4.2 Compliance with Program Requirements

The system test and operationé program shall be planned and conducted to
verify System Performance/Design Requirements (SP/DR). To insure this,
all test and operations plans (e.\:‘cluding certain Development Plans) submitiedf
‘in accordance with Contract Data Requirements List (CDRL) DD Forms 1423
will be approved. prior to use. '

-

(TP) 4.3 ) Establishment of a Data Baseline

The planning, conduct and reporting of system level qualification, acceptance
and launch site tests shall produce test data that can be utilized for analysis
during systems level acceptance tests, launch site tests or flight. These data
will constitute a test data base which will be retrievable for use on ‘a timely
basis, as required, The data base is intended for use by the contractors in

support of systems test and operations.

- (TP) 4.4 Fidelity of Test

: Where practical and significant, ground tests shall be conducted in a simulated
operational environment/configuration. Determination of précticality and
significance shall be made by the associate contractors or supporting govern-
ment agencies with MOL SO approval. While special test programs may be
used in the airborne computer for certain ground tests, verified airborne

computer programs shall nominally be used. To provide the necessary fidelity,

-

test command messages must be compatible with operational command

messages where hardware configuration permits.

4.5 Flight Crew Participation

The flight crew shall participate in the system test and operations program

-as specified in the hardware /software test and operations plans.
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4.6 Failure Aﬁalysis and Corrective Action

To assure positive control over test and operations problems, failures,
potential failures, and their analyses and corrective action, a reporting

system shall be established in accordance with SAFSL 30002.

4.7 Test and Operations Plans

Test and operations plans shall have as their basic goal the verification that
program requirements are met. In building a test and operations program,
the building block concept of sequential testing in operational modes will
prevail. Each associate contractor shall define the tests and operations
required to satisfy program/contractual requirements. Post operations
evaluation must include recommendations that specifically address subsequent

FV undergoing test.

4.8 Test and Operations Criteria

The criteria used to evaluate test and operational performance shall be

based on the requirements in the CEI and/or other appliéable specificaticns.
Parametric limits necessary for evaluating Qualification, Acceptance, Launch
Operations Testing and Flight Operations shall be established prior to use.
Development Tests are excluded from this policy except as spcc1f1ca11y

identified to the associate contractors by the MOL SO.

4.9 Software Policy

During test and training activities prior to launch, both AVE flight support
and system support software will be used in conjunction with various test

vehicles and simulators. Verified computer programs under test must be

essentially identical with that anticipated for use during the operation.

In-sub.syséems used for testing purposes (e.g., AGE or simulators), special
software may be used to simulate interface reactions which are not actually
present during a test. The simulation must be essentially indistinguishable
from the actual interfacing system as viewed from the software subsystem

under test,
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4.10 MOL System Readiness
MOL SO test and operations documentation shall define a system to provide
assurance of MOIL System Readiness for flight.
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5.0
MANAGEMENT STRUCTURE

This section identifies the participating test and operations government
agencies and associate contractors and the respective roles and responsi-

. bilities within the MOL system test and operations program,

5.1 MOL Director

The MOL Director is responsible for establishment, management, and con-

duct of all aspects of test and operations for the MOL Program.

5.2 MOL Deputy Director

The MOL Deputy Director, the implementing agent of the MOL Director, is
responsible for the integrity of the overall system during all phases of test

and operations,

5.3 MOQOL Systems Office

The MOL Systerns Office (MOL SO), under the direct control and supervision
of the Deputy Director, MOL, directs the test and operations of the overall
MOL system. This includes responsibility for contracting, acquisition of
test facilities, ground test, flight operations, personnel safety, and test and
" operations analysis and reporting. MOL SO shall be interpreted to include
the Aerospace Corporation, where applicable, in fulfilling its role as General

Systems Engineering and Technical Direction (GSE/TD) contractor.

5.4 Aérospace Corporation

The Aerospace Corporation is the contractor responsible for providing GSE/TD
for the MOL SO for test and operations functions.
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(TP) 5.5 Associate Contractors

Each associate contractor is responsible throughout the cycle of test and
opevrations for meeting performance allocations, safety, effectiveness, and
. specifications applicable to the associate contractor's hardware. When the
hardware /software delivered by one associate contractor is absorbed in an
assembly to be delivered by another associate, the assembly, host, and/or
integrating contractor herein referred to as the integrating contractor has
the responsibility to ensure that overall test and operations allocations and
integrated test requirements have been fulfilled, and that agreement has
been reached with the delivering associate contractor(s) on all test and
operations requirements, plans, and procedures which will be established

against or performed at the assembled level.

7/ The associate contractor delivering hardware/software to be absorbed in a
s higher level assembly is responsible for negotiating with the integrating

/| contractor appropriate test and operations requirernents, plans, and
/ procedures. Each associate contractor is also responsible for negotiating

test and operational interfaces relating to his hardware/software with all

; affected associate contractors.

ES

"System level test and operations analyses are required to ensure that

operational and performance requirements are met,. Each associate contractor,
kY

" is responsible for detailed analyses apprépriate to the software and equip-
ments being delivered by that associate contractor. Additionally, participation

in related higher level system studies will be required.
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Areas of associate test and operations responsibilities are:

a.  Hamilton Standard, Division of United Aircraft Corporation -

Hamilton Standard (HS) is the associate contractor for the pressure

suite assembly (PSA) system segment.

b. - Whirlpool Corporation - Whirlpool is responsible for providing
- the MOL feeding system segment fo:r all MOL manned flights.

c. TRW Systems (TRW) - TRW will provide STC computer programs

for mission planning and evaluations, and for monitoring and

controlling ascent and reentry operations.

d. McDonnell Astronautics Coproration (MAC) - MAC is the

associate contractor for the Gemini B system segment,

e. Eastman Kodak Company (EK) - EK is the associate contractor

for the photographic system segment.

f. General Electric Company (GE) - GE is the associate contractor

for the MM system segment,

g. AC Electronics Division (ACED) - ACED is the associate con-

tractor for the booster inertial guidance system '(BIGS) segment.

h, Aerojet-General Corporation (AGC) - AGC is the associate con-

tractor for the booster liquid rocket engine system segment.

i. United Technology Corporation (UTC) - UTC is the associate con-

tractor for the booster solid rocket motor system segment.

j. Douglas Aircraft Company (DAC) - DAC is the associate contractor

for the laboratory vehicle system segment,

k. Martin Marietta Corporation (MMC) - MMC is the associate con-

- tractor for the Titan IIIM system segment.
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(TP) At a given site, integrating associate contractor responsibility for the
.collation, analysis, optimization and/or publication, as necessary, of the
plans and procedures for integrated development, qualification, and accep-
tance testing, and for the integrated conduct of test (i.e., "Test Direction'),
‘for the integrated hardware level is indicated below under integration con- ‘ ,
“tractor. In addition to launch operations functions performed by associate
contractors and integrating associate contractors at VAFB, separate support 1

" services to the MOL SO/6595th ATW are required and are specified below
under Support Contractor (Reference SAFSL Exhibit 20023).

Site Integrating Contractor - Support Contractor

VF GE | |
Roch EK

HB MDC (LM/LV), GE (MM)

St. L. MDC

Denver MMC _

VAFB MMC (T-1IIM), MDC (0OV), GE (MM) MMC (FV), MDC (OV & MS)

5.6 SAMSO Plans and Operations Office, Communications, and Electronics
Division

This agency is responsible for acquisition and installation of the MOL ground
communications system at VAFB in accordance with the requirements of the
.MOL SO. This agency will direct the communication planning contractor in
preparation of the Communication Plan and control the contract for the
. communications installation contractor during installation of the communications

equipment.

5.7 6595th Aerospace Test Wihg (ATW)

The 6595th ATW Manned Systems Division (VWM) is responsible for Launch
Operations at VAFB. The ATW, as a direct arm of the MOL SO, is responsible
for the direction, management, conduct and control of MOL Program activities

—_ at VAFB. The ATW interfaces with and ensures AFWTR support.
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‘5.8 SAMSQ Deputy Commander, for Satellite Control Operations, AFSCF

This agency is responsible for developing and providing those resources at the
Satellite Test Center (STC) and the AFSCF Global Tracking and Communication
‘Networks as necessary to support MOL operations during flight preparation '
and through all flight phases as defined in the Orbital Requirements Document
(ORD). Tﬁis includes the processing and control of data necessary for support

- of the flight; the engineering design of telemetry and tracking station equipment,
control consoles, AFSCF system support software, integration of all teleme-
tered data formatting requirements and procedures, and interfacing with AFWTR

and VAF B activities,

5.9 Air Force Western Test Range (AFWTR)

AFWTR, the lead range for MOL, is responsible for ensuring support of all
launch operations requirements as defined in the Program Requirements ‘
Document (PRD). This includes support from other ranges and government
agencies external to the AFWTR. (Data acquisition during ascent for range
safety decisions will be an AFW TR responsibility). AFWTR will provide
support as appropriate to AFSCF for mission control at the STC.

5.10 DOD Manager for Manned Space Flight Support (DDMS)

DDMS will provide and control the recovery forces necessary to effect
“retrieval of the flight crew, spacecraft and data in the areas specified in the
Manned Recovery Requirements Document and the spacecraft as specified in

"the Gemini B Recovery Requirements Document.

5.11 Air Weather Service (AWS) (Military Airlift Command)

AWS is responsible for natural aerospace environment support and services
to the MOL Program.

5.12 Aerospace Medical Division (AMD) (AFSC)

AMD is responsible for providing bioastronautics research, development, test,
and operations support to the MOL Program.
- | L5999

Copy 2 ) of i’:

?

D[RO T T2
(\'? e st

§

AR K

™ AN I
SPZERh—=spcnaL N NG
% oy ‘/-T:a

S HE ] .
s Judad gy

“emar

= e - oo g -+



P

oy

bg.)\,,iu.“:ah Tt e

'y
Cim

NRO APPROVED FOR . :
RELEASE 1 JULY 2015 ' . . o i

(P) 6.0
TEST AND OPERATIONS DOCUMENTATION
6.1 General '
This section summarizes, for plénning purposes, the MOL test and operations
documentation. It does not supersede the requirements of the CDRL. Document
format, content, scheduled submittals, revision requirements, and governmental
approval requirements are governed by the CDRL DD Form 1423 and AFSC
Form 9 (or equivalent) where applicable for each associate contractor. This
section establishes a common basis of reference for: ‘
a. Document Titles and Terminology
b. Documentation Relationships
c. General Scope
— d. Input and Integrate Responsibilities
6.2 Top Documentation
6.2.1 System Test and Operations Plan (STOP)
The STOP establishes planning and standardization fequirements applicable to
both Ground Test and Flight Test and Operations. It identifies roles and
_responsibilities of agencies and contractors involved in MOL test and operatious
activities.
6.2.1.1 General Ground Test Plan (GGTP)
The GGTP provides a summary of all elements of testing to be conducted
“during the development, qualification, acceptance, and launch operations test
programs for which each associate contractor and operating agency is respon-
- sible. General requiréments, boundaries, and guidelines for the tests to be
performed from start of initial factory development testing through integrated
- MOL system level testing and launch are established.
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6.2.1.2 Flight Test and Operations Plan (FTOP)

The FTOP provides guidance to all contractors and government agencies

participating in MOIL flight operations. It represents the MOL baseline for

‘flight test and operations and is the basis for developing the details of sub-

ordinate documentation. The FTOP also provides program management with
an overview of the operational concepts and philosophies to be employed in

the operations associated with the flight tests.

The FTOP covers the flight from insertion of the flight crew in the FV or FV

liftoff, as appropriate, and on through publication of final test reports. It

also covers planning and training necessary to accomplish the above.

. 6.3 Documentation Tree and Table

A schematic presentation of the top and working level test and operations

oriented documents is provided in Figure 2. “

‘The functional grouping of test and operations documents in Table 1 is as

follows:
I Top Level Pianning Documents
II Ground Test Documents R
I Flight Test and Operations Documents '
v Test and Operations Requlrements Documents and
Support Plans

Vv Evaluation Documents

The documents, the agency, and contractor responsibilities for inputs to/or
providing the documents, and the responsibilities for integration and pub-

lication of the documents are described.
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The release dates for publication of the documents are referenced to the
initial launch (IL), the initial manned launch (IML), the initial automatic
launch (IAL), each launch (L), flight termination (FT), post operations

assessment directive (POAD) issuance, and test (T) schedule.

" The definitions below are applicable to Table 1.

-

Data Requirements A required submittal or input to be integrated
which shall consist of and be limited to that
contractor's or agency's area of responsibility.

Integrate/Publish The compilation and publication of inputs,
data, and coordinated material.

Release Date Approximate date of publication/delivery (as
) ' appropriate) of completed document, for use
/ ’ in planning and generating individual associate
; contractor CDRL's (DD Form 1423), in
/ recognition of peculiar requirements of a
particular systems segment.

-
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APPENDIX A

ABBREVIATIONS

P

A. C. El_éctrc;nics Division (of General Motors)
Air Force Systems Command
Air Force Satellite Control Facility

Air Force Western Test Range

'~ Aerojet-General Corporation

Aerospace Medical Division
6595th Aerospace Test Wing

- Aerospace Vehicle Equipment

Air Weather Service
Booster Inertial Guidance System

Contract Data Requirements List

Contract End Item

Douglas Aircraft Company
DOD Manager for Manned Space Flight Support

Eastman Kodak Company
Electromagnetic Compatibility
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Flight Termination ' ' i
Flight Test and Operations Plan
Flight Vehicle

Flight Vehicle Checkout Plan
Flight Vehicle Timeline

Gemini-B Spacecraft

General Electric Company

General Ground Test Plan

Gemini Recovery Requirements Document

General Systems Engineering and Technical Direction

Huntington Beach
Handbook -

Hamilton Standard, Division of United Aircraft Corporation

Initial Automatic Launch
Initial Launch

Initial Manned Launch ’ -

Launch

Laboratory Module

Launch Operations Working Group
Launch Test Directive

Laboratory Vehicle
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McDonnell Astronautics Company

Mission Control Center

McDonnell Douglas Corporatién

Mission Module

Martin-Marietta Corporation

Manned Orbiting Laboratory

Manned Orbiting Laboratory Systems Offme
Manned Recovery Requirements Document

Mission Simulator

Orbital Requirements Document
Operational Readiness Unit.

Operational Training and Evaluation Facility

 Orbiting Vehicle

-Post Operations Assessment Directive
Program Plan o

Pressure Suit Assembly

Program Requirements Document

Program Requirements Estimate
Rochester, New York (EK)

Secretary of the Air Force

Space and Missile Systems Organizatioﬁ
Satellite Control Facility

SAMSO Plans and Operations Office

System Performance /Design Requirements

-Satellite Test Center

St. Louis, Missouri (MDC)
System Test Objectives
System Test and Operations Plan
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Test

Titan-IIIM Launch Véhicle
Technical Direction
Technical Operating Report
TRW Sifstems Group

Test Plans

United States Air Force
United Technology Corporation

Vandenberg Air Force Base
Valley Forge, Pennsylvania (GE)
Vandenberg Tracking Station
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