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1.1 SCOPE - This document establishes the operating characteristics, 
test requirements to be demonstrated and unique aligoment procedures necessary 
to test the Optics Subsystem. 

1.2 COMPONENTS - The Optics Subsystem shall consist of each of the 
following assemblies: 

a) Optical Assembly 
b) Power & Servo Assembly, Blocks 6, 7, 8 and Associated Power Supplies 
c) G&N Indicator Control Panel 
d) Coupling Displey Units (2) 
e) Na:vigation Base 

1.3 PRECAUTIONS - Not applicable 

1.4 APPLICABLE DOCUMENTS 

1.4.1 The following documents of the issue in effect on the date of 
issue of this Test Procedure form a p&rt of this Test Procedure. 

1.4.1.1 DRAWINGS - NASA No. 
NASA No. 
NASA No. 
NASA No. 
NASA No. 

1015l00 Optical System Functional Diagram 
Optical I.11ertial Analyzer ---

--- Computer Simulator 

--- Power Supply 

--- Optics - Nav. Base to Rotary Table 
Mounting Fixture 

2.0 ASSEMBLY REQUIREMENTS - To be defined 

2.1 ASSEMBLY PROCEDURES - To be defined 

3. 0 TEST REQUIREME1"TS 

3._.1 PRIOR COMPLIANCE - The components of Para.. 1.2 shall have successfully 
completed assembly level testing prior to subjecting the Optics Subsystem to 
the requirements of this document. 

3,2 TEST CONDITIONS 

APPROVED BY: 
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3.2.1 ENVIRONMENTAL - The Optics Subsystem shall be tested in the 
following environment: 

a) Class F Clean Room Condi ti.on.s 

3.2.2 ELECTRICAL - The following electrical power shall be provided to 
the Optics Subsystem: 

a) 28 VDC +2, ~3 volts, 230 watts 
b) __ ll5 V .:!: 11. 5 vol ts, 400 cycles, 30 watts 

3.2.3 DETAILED TEST EQUIPMENT - The equipment specifical~· required for 
Optics Subsystem testing is as f ollows: 

3.2.3.1 One (1 ) Optical-Inertial Analyzer, NASA Dwg . (Part) No. 
of which the following equipments are to be uti lized: ----·' 

. ---3.2.3.2 One (1) Computer Simulator, NASA Drawing (Part) No. 

3.2.3.3 One (l) Power Supply of 6 + 0.6 volts (rms), J+00 + 40 cps 
capacity, 10 amps, N.ASA Drawing (Part) No. - • -

3.2.3 .4 01.l.e (1) Prime Power ( for Optical-Inertial Ala.alyzer Operation) 
of 115 ::!:. vol ts ( :r.ms), 60 ::!:. 3 cps, capacity __ amps • · 

3.2.3.5 One (1) Precision Rotary Tab< e , (·vendor) Part No. . ---
3.2.3.6 One (1) Optics - Na.v. Base to Rota.xy Table Mounting Fixture, 

NASA Drawing (Part) No. __ • 

3. 2.3. 7 One (1 ) 5'' Precision Collimator, Vendor's Part No. ---
3.2.3.8 On.e (1) 2.5" Precision Au"tocolli.mator, Vendor's Part No . 

3.2.3.9 One (1) Target Col.limator, Vendor'~ Part No. . 
3.2.3.10 One (1) Pendulus Mirror (Tentative). 

3.2.3.u One (1) 15 Sided Polygon, Pe.rt No. . 

3.2.3.12 One (1) CK Alignment FixtU.l"e, Part No. 
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3.2.3 .13 TEST EQUIPMENT CALIBRATION ~ Commercial test equipment shall 
be calibrated as per the applicable cali"bration s ecification. Special manu
factured test equ:i.pment shall be calibrat;ed as per the design or manu:t'acturing 
agency specification for each equipment. 

3.2.4 TEST SET-UP - See Appendix I. 

3.2.5 INTERFACE 

3.2.5 .1 LOADING - The AGC inputs l i sted below must be provided with 
simulated loads as 1.isted herein. 

AGC Inpu~ 

Trunnion Decoder+ 
Truuuire1 Decoder -
Sha.ft Decoq.er + 
Shaf Decoder -
Trun:mio Zero 
Sha:ft Zero 
Tru.D!Aion. Failure 
Shaf't Failure 

Load Characteristics 

A_pprox. 1.4 K n watt at 6 V in, 
t 1.1 Kn, 1 watt at 14 Vin. 

3. 2. 5.2 GUIDANCE REFERENCE CLOCK SIMULATION - Each of the Optics 
Subsystem power supplies shall be supplied by sinru.lations of the Guidance 
Reference Clock. synchronized pulses as pecified below. 

A 
Rev. 2 l 

a) Output ~dance - Approx. 2K 0 
b) Pulse Am_pli tude - 5 V PP 
c) Rise Time - {lei-%) - 0.2 µsecs 
d) Frequency = 

25. 6 KCSP - Encoder excitation su:pply o-:ru.y 
800 cps - 28 VAC l</, and 51, supplies only 

e) Pul.se Width -
25 .6 KCSP - 20 µsecs 
800 cps - 3 µsecs 

3.2.5 .3 THERMAL INTERFACE - To be defined. 
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3.2.5.4 DIGIT.AL TO ANALOG INPUTS - To be definedo 

3.2.5.5 TRACKING INPUTS - To be definedo 

3.2.6 TEST VALUES~ All values given i n Section 3 herein are absolute 
and do not include instru;inentation toleranceso 

3.2.7 TEST DATA - All dat a generated while performing the requirements 
of ~is document will be r ecorded and forwarded with the t ested subsystem 
to the next receiving a.ge~cy. 

3.3 OPERATING CHARACTERISTICS 

3.3.1 POWER - The following power shall be available within the Optics 
Subsystem: 

VOLTS 
2.5 + 0.02 VAC 
28 ... - 0 . 28 VAC 
28 :; 1.40 VAC 
-28-+ 2.8 VDC 
28 +-2, -3 VDC 
6 +-0 .6 VAC 

FREQ (CPS) 
25. 6 K 
800 
800 

400 

+ .Ool 
+ Ool 
'Ir- 0 .1 
=-

UNSY'NC (~) 
=0, -Jt.10 
- 0, -Jt.10 
-o, +10 

The Optics Subsystem shall be capable of meeting all test requirements within 
the range of operation above . 

3.3.2 RELAY AND MANUAL INPUTS OPERATION - All Opt i cs Subsystem mode 
relays and manual i nputs shall be exercised t o insure proper oper ation. 

3.3.3 ZERO OPI'ICS 

3.3.3 .1 With t he 2X Trunnion CDU in the Zero Mode, the 2X Trunnion CDU 
readout shall indicate 000 . 000 + 0001 and the ST LOS and SCT LOS shall be 
parallel to the LLOS in the ~~ or YNBZNB plane within 25 m:fn . 

3.3,3 .2 With the Shaft CDU in the Zero Mode, the Shaft CDU readout shall 
indicate 000.000 it- . 001 and the Trunnion Drive .Axis (TDA.) of the SXT and 
SCT shall be parallel to + Y withi n 30 min . 

.. NB 

3,3.4 LOS PARALLELISM - The LLOS and the STLOS shall be parallel in the 
XNBZiffi plane within lO sec and parallel i n the YNBZrffi plane within 20 sec with 
the 2X Trunnion CDU 16X vesolver null less than 10 mv aft er the CDU has been 
connnanded to zero., and the Optics Subsys·tem subsequentJy set t o the Normal 
Mode. 
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3.3 .5 SXT- SCT TRUNNI ON AND SHAFT LOS LIMITS .. The limits shall be as 
follows: 

SXT Trunnion LOS 
SXT Shaft LOS 
SCT Trunnion LOO 
SCT Shaft LOS 

-it() 

0 .. 5 
-#-- 270 + 5 
conti.o.uous 
Continuous 

+5 
-!!90 -0 

3.3 .6 SXT-SCT Optical Centerline Parall elism = The optical centerline of 
the SXT ST LOS and SCT shall be_Parallel in the XNB ~ plane withi n 26 min and 
in the YNB ~ plane within 1 min with AS= o0

• 

3.3.7 OPl'ICS .ASSEMBLY TO IMU MOUNTING PAD ALIGNMENT - With t he Optics 
Subsystem in t he "Zero" mode and subsequently set to the "Normal" mode, the 
2X Trunnion and Shaft CDU 16x resolver outputs shall be less t han 10 mv rms , 
and the optical ce:nterline of the SXT shall be a.lj.gned to the , planes :formed by 
the IMU mounting pads and alignment pins as follow~ 

a) 

b) 

The SXT lines of s i ght shall be R.arallel to the Zr.ro component of the 
IMU mounti ng pads to within 26 s_cs a · arzy given snaft angle . 

The SXT trunnion drive axis at Ao= 0 shall be :pa,rallel to the YNB 
component o:f the IMU mounting :pads t o within 30 secs. 

3.3.8 SXT- SCT CONTROL STICK OPERA'TION 

3.3.8.1 With t he cont.rel stick at mechM.ical null,.11 the electrical 
null shall be O -it- 5 mv rms in. phase , 10 :mv r.ms total . The deadzone switches 
shall actuate t o-the "off" state when th output voltage of the control stick 
is less than 750 mv with an atten·uation of l~l. 

3.3 .8.2 The outpu vol·age range with an attenuat i on of l:l shall be 
from zero to 10 v rms . The :maximum output a.ni phase at the control s t ick physical 
limits shall be -

Left 10 + 1 v rms O ¢ 
Right lO ~ l v rrns TT ¢ 

Up lO -!t- l V rms TT ¢ 
Down .10 ~ 1 v rms 0 ¢ 

3.3.8 . 3 The outpu·· voltage sha1l be attenuated by ratios of 1 :1, 10 :1 
and 100:1 ! 101, . 

3.3 .8 .4 In the Resolved Mode, t he Up=Down or Left=Right cont rol stick 
motion shall result in Up=Down or Lef -Right image motion respe ct ively to within 
10 degrees for t run.uion angles of 5 degrees or greater. The image rates shall 
remain constant at a rat e of 1° per second for an initial shaft angle of 90° 
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3.3.9 POSITIONAL ACCURACY - T.ne sha:ft an.d trunnion of the SXT- SCT shall 
be capable of being positioned to en:y r,.ngl.e wi t:hin the range of operation listed 
in Para. 3.3.5 and repaatable to that angle to vlithin the tolerances listed in 
Table II as indicated by en.coders aud CDU ree.doutz. The rms values of all SXT 
trunnion angular errors generated shall not exceed 8 secs. The rms values of 
all s:r.r shaft angular errors generated shall not ex,::!eed 19 . 2 secs. 

FUNCTION 

SXT Shaft 
SXT Trunnion 
SCT Shaft 
SCT Trunnion 

*SCT Trunnion 

TABLE II 

POSITION TOLER.ANGE 
~ODER BITS CDU (DEGl 

*3 
; 3 
; 45 
• 158 
~ 79 

* 0.016 
+ o.ooB 
; 0.500 
:j;." 0)1.20 
:; o.420 

* When operating w1 th the SCT on.1.y 

3.3.9.1 DECODER BIT CHARACTERISTICS - The decoder bits of the command 
servo shaft and trunnion gear trains to the AGC shall have the following 
characteristics: 

a) The rise and fall time s:t:ui.ll be less than ~ of pulse width, 
measured at 1~ to 9CJ1, amplit1de. 

b) The amplitude shall be 10 + 4 v lts PP with respect to reference lead. 
c) The pulse vidth shall be 0:5 to 8 µ.sec at 901, amplitude. 
d) The noise level shall be~ -1t2 volts peak. 

3. 3. 9. 2 ENCODER GRANUIARI·rY - The gra.aul.ar1 ty of the trunnion encoders 
shall be equivalent to .0479 milli rad.ians or 9.887"7 secs per pulse. The 
granularity of the shaf't encoders shall be .1918 milliradians or 39.5508 secs 
LOS per pulse . When operating with the SCT on.ly the Trunnion encoder granularity 
shall be .0958 milliradians or 19.77~4 iec~. 

3.3.9.3 CDU FAILURE INDICATION - The Sha.ft and Trunnion Failure indication 
shall be present at the AGC i nterface tmder e:J:.y one of the following conditions. 

a) 25.6 KC supply below ., 
b) CDU motor exci ta ti.on below v 
c) CDU motor control voltaga above v 
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3.3.9.3 . .1 The CDU Failure Indice.t1on has the following charact eristics: 

Frequency 
.Amplitude 
Pulse Wi dth 
Rise Time 
Fall Tl.me 
Noise Level 

102.4 KC~ 2 ppm 
6 + 3 V p:-p 
0.5 to 8.o µsec at 9oi of the amplitude 
20'1, of th- pu.ls~ w:i.dth at 10'1, to 90% of the amplitude 
same as rise ti11le 
~ 1 y p-p 

3,3.10 SERVO CHARACTERISTICS 

3.3.10 .1 The steady s a.te nuJJ of t~e tr · ion command servo loop shall 
be less than l · v r:rn.s 1n p ase aa II1easured at ti·e mot::>r control winding. The 
steady state null of' the :shaft command servo loop Bhall be less than 1 v rms in 
phase as measured a t l::.e motor control wL ding. 

3. 3 .10. 2 RATE = The rua.xirrr. ·'.!l and mL i11r llli <iri ve rates of the command servo 
as measured at t he one a~eed a.a.ft ~hall be as follows with the command servo 
driving in either direction~ 

FUNCTION MAX (DIDISEC) MIN (SEC/SEC) 

Shaft and Trunnio 

3.3.10 .3 LI NEARITY - 1Yne comma.n,i. i:lervc a.rive r ate shall be linear over 
the entire range of' command input to ;nth1u 101> of f'u.11 s cale at l~l, lo'!, at 10:1, 
lo'/, at 100:l at~ 10 rpm at motor 131::-.nf't. 

3.3.10.4 SENSITIVI~'Y - 1't.e se· sitiv~ ;yo~ the command input t o LOS 
output shall be 0. 04 rad/sec/vclt _! 101,. 

3.3.10.5 DYNAMIC RESPONSE - Wi ·h. ia step i put of 1. 5 v, (at time t) 
to the command servo, t.he ta.cho:m.e · ,t;r out · 1.,t cf ~he SXT Shaft and Trunnion cBu' s 
shall be l..27 .:! 0.13 v in l~ss i:-CE.n l sec af·ter t 0 • At time t 1 the step input 
shall be removed and t e t,a.cl::oIDr.'!ter shall retu:ro to uJ.l within l sec after t

1
. 

3.3.10.6 VELOCii'Y ERROR 

3.3.10 .6.1 SX.'T TRUNNION - For & stea.dy state r ate command into the 2X 
Trunnion CDU of 3 d.eg/sec {LOS) the velocity error shall be less than l min 
at resolver output. 

3.3.10.6. 2 SXT SHAFT~ For a st·aJ. stute r ate command into the Shaft CDU 
of 3 deg/sec (LOS) t he v-elocity error aha.11 be less t han 1 min at resolver output. 

Rev. Page 7 of XDE 



..-• · 
- MIL 1018 10-1-S8 

AC SPARK PLUG DIVISION 
General Motors Corporation 

Milwaukee, Wisconsin 

.ASSEMBLY AND TEST PROCEDURE FOR 
OPI'ICS SUBSYSTEM 

XDE 

By 

ENGINEERING 
DESIGN INFORMATION 

EXHIBIT 
Date 

R. Erickson 12/26/62 

3,3.10.6 .3 SCT TRU.NNION' • For a steaay sta e r ate command into the 2X 
Trunnion CDU of 3 deg/sec (LOS) t._e veloci-::. e ror shalJ. be . ess than 1 min 
at resolver output . 

3.3.10 .6 .4 SCT SHAFT - For a s·teady s ate rate command into the Shaft 
CDU of 3 deg/sec (LOS) , ·,h ve oci ·y e ror shall be l ess than l min at resolver 
output . 

3.3 .11 TIME TO ZERO 

3.3.11.1 The Sha.f't CDU shall zerc ~ . .mi f'rom the zro0 limit after the 
zero connnand is given. The Trunni n CDU shall ze r o ~ 15 sec :from 45°a:r er the 
zero command is given. 

3,3.11 . 2 The SXT haft, shall zero s: ·7 0 s c :from t he 270° limit after the 
zero command is given. Tne SXT ·.r· ion ~~ ze c ~ 20 sec from the 90° LOS 
limit after the zero command is given. 

3.3.11 .3 The SCT shs.f' an&.11 zero~ 90 sec f r om a 360° limit after the 
zero command is given. The SCT t:ri:a !J.j_OJJ. i:,halJ. zero ~ 90 sec from a 360° LOS 
limit after the zero comma.,. d iB g1 ve:n. 

3 • 3 , 12 TRACKER CID\RACIJ.1ERISTICS ·~ To be defi ned . 

3.3.13 25° OFFSET = T'"tt.~ SCT LOS sha.::Ll be ca: able of being automatically 
offset to a trunn.io~ LOS ar.gl of 25~ 1- 9 • 

A 
Rev, 2 l 

3.3 .1~ COMPUTER I!lPUT ~HARACTERISTICS - To be defined . 
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4 .1 CLASSIFICATION OF TES'I'S ~. The :i.n.~pection and testing of the Optics 
Subsystem shall be cl sified as follows~ 

a) Accept ce Tes~s 

4.2 TEST CONDITIONS 

4 . 2 ,l ATMOOPHERIC CONDITIONS= All testing of the Optics Subsystem shall 
be performed under ·· he followi g auno~:pheric condi '• ions: 

a ) 

b ) 

0 · 0 Temperature 75 _! 

Relat i ve Hum.1.d..i -:;y 501i o:r les ~ 

4.2 . 2 TEST POWER = l'h Op ic!S Sub-ystem shall be tested while supplied 
with the following pow :r~ 

b) 115 v 400 ~ .-:.. pL.ase, 30 wa.·tts 

4. 2 . 3 TEST CONFIGU.Rr~TION = See A_ peno.ix I . 

4 . 2 ,3,1 CERTIFICATION OF TEST SETUP - The relative aligmne:o:t of the 
test setup shall be verifie<i ri;)r t. ' .he tes't>i' of each subsystem. 

4.3 ACCEPTA..'lllCE n~STS = All Optica S bsystems shall be sub jected t o the 
following individual a.cce: ~ce t-e· ..,i:; ~ 

a) Pre:t"'tm.ctional 

b) Fune ione.J.. 

4 . 3.1 TEST SEQUENCE •~ Tb.e seq.1.ence of' t es t ing shall be as indicated in 
this document. 

4. 4 DETAILED TEST PROCEDURES 

4.4 . 1 PREFUNCTIOWU. TESTS - Th pre:f.'tmctional tests shall be perf ormed 
with all switches in their " offw o ini t:i.al po.si ·,ions end no power applied to 
the subsystem.. 

Rev, 
B 
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4 .4.1.l VISUAL MECHANICAL - The Optics Subsystem shall be visually 
inspected for presence of dust , gear damage, broken glass 1 damaged wires, 
bent pins or other physical damage. 

4.4.1.2 GROUND ISOLATION ~ The s paration of independent ground systems 
in the Optics Subsystem shall be measured. as follows~ 

- To be det ermined. 
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4.4.2.1 OPI'ICS ASSEMBLY TO IMU MOUNTING PAD ALIGNMENT (Reference Para
graph 3.3. 7 a) and b)) . 

The SXT ST LOS parallelism to the Z component of the IMU mounting pads 
is checked by installing the C ftxtu.re on ~ .e IMU mounting pads and s ighting 
through the autocollimat or i n :tfuie ~ fix· '.,ure and the SXT respectively into mer
cury pools . By adjusting the Naviga ion Baise about its axes , the ST LOS can be 
made to autocolli.mat e off of its mercury pool . The non ... parallelism can then be 
determined by sighting through the Sc fixture autocollimator and directly reading 
the~ and YNB misalignment components of~. The misalignment in the~ 

dJ:_rection shall be les~ t.han. 26 se!!s and i n 'tl.½.e YNB direction l ess than 30 
secs. The misalig.amen . magnitude and direction shall be recorded as e:STx for 
Xr.m misalignment, and eSTy for YNB misalignment . The sign of the misalignment. 
snKll carry the sign of ~he respect i ve axes. 

The alignment of the Trun.uion Drive Axis with +Y NB (which defines .k3 = 0) can be 
determined by commanding the Shaf CDU to zero 3 nulling the SXT 16x resolver 
and sighting through the ~ f'ixtura autocollimator i nto the SXT . Th!:_ misalignment 
read through the~ fixture aut.9.collima ·or· shall b~ less t.!?:.a~ 20 .6 secs . If 
the misalignment exceeds 20 .6 secs but i s l ess t han 29 .4 secs, adjust the 
null of :the SXT sha:ft f' i ne resolver by sut>sti ,uting null shift resistors into the 
fine resolver null trim circuit unti l ' he misalignment is minimized and l ess 
than 20.6 secs . The Cv fixture can tllen be ;emoved from the Navigation Base and 
the remainder of the subsystem tests performed. 

XDE 
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4.4 .2.2 INITIAL ALIGNMENT - The Optics Assembly is aligned t o Collimator 
/11 through t he ' L LOS . This aligu.ment "!(ill provide a basis from which all angular 
measurements are made when us ing , the Rotary Ta le. T'nrough this procedure, SXT to 
NB, NB to mounting fixture and mounting fixture to rotary table interface mis .'. 
alignments which di.r ctJ..y a:ffect he optical tests are disco"Unted . 

a . Set the Controller Mode s lector to "Direct " 

b. Set the Slave Telescope ·witch to nsTAR LOS" 

c . Set the Optics Mode selector to "Zero" 

d. Set the Optics Power switch to "ON" 

e . Set the SX'r Power switch to ~'ON-n 

f . Set the Controller Sped selec or o "Hi" 

NOTE : (Wait fifteen minutes and then set t he Optics Mode Selector to 
"Normal" . Perform Ste g ., in the interim) " 

g. Sight throu,gh th SXT LLOO into Coll:i.ma."·or #1 and bring the 
collimator r eticle image and the SXI' .~ticle into coinci dence by adj rating 
the Navigation Base mounting f'ixture about :i.ts Y axis and by adjus ing the 
rotary table in azimuth. Record the rotary able azimuth angle. The el evation 
angle shall be at its cel.ibrated zero angle. The .r-ecorded angl s of step g shall 
be known as the Zero Reference Point (ZRP) and shal. be referred to as such 
hereafter . 

--4': 4 .2. 3 SXT LOO Parallelism, SXT~SCT Optical Centerline Parallelism -
(Reference Paragraphs 3.3.4, 3.3.6 8.'!ld 3.3.7a). SXT LOO Paralleli sm is 
determined by comparison of align.men· of the LLOS and STLOS t o the LOS of 
Collimator #1 . Upon d .termination of th :msgni tude and direc ion of misalignments , 
LLOO alignment to he~ a.xis can be calculated. The STLOS is then compared 
to the_SCT LOS through Co1J.imato:r #1 an. Autocollimator #2 to determine the 
SXT-SCT Optical Centerline Paral.1,elism. 

a. Set the Optics m-W~ ~elec· or to "'Nor.m.al"' . 

b. Mon.i tor the 2X Trm:m.ion CDU. 16X resolver error output at J --pin __ and J __ pin __ . 

c . The 16X re ol v r error shall be O +. . mv and shall not 
cha.tl8e during the per .. ,om.a.uce of Step d. 
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4.4.2.3 (Continued) . 

d . With the Optics Cont rol StickJ position the STLOS until the 
Shaft CDU indicates (-90.000°) 270. 000°. The reticle image of 
Collimator #1 sllall be visible throug,h the SXT STLOS . 

e . 

f. 

g . 

h. 

i. 

j . 

Sight through the SXT STLOS i nto Collimator #1 and bring the 
collimator reticle image into coincidence with the SXT STLOS 
reticle by adjusting ' he ro·tary t able in azimuth and elevat ion. 

Record the change in azimuth from the ZRP of Para. 4.4.2.2 Step g 
as ery. The sign of eiy shall be det ermined as follows: 

Increasing azimuth(-), decrc:asing azimuth( +) . Record the 
elevation a.ngl. 

The change i n azimuth eL,.. sbal: be 0 + 10 secs, and when 
algebrafa:ally added to eSTX, from Para: 4.4.2.1 eLy + eSTx 
shall not ex~eed 26 secs. 

Sight through the SCT LOS in·o Autocollimat or #2 and bring the 
autocollimator reticl image i ~to coincidence with the SCT LOS 
retie.le by ad.justing the-rotary t able i n a.zimu:th and elevation . 

Record the change i n azimuth and elevation. The azimuth and 
elevation changes shall not exceed 26 min and l min respectively. 

Set the rot ary -t able angles to the ZRP recorded in Para. 4.4.2.2 
Step g. 

4 . 4.2.4 OPTICS SUBSYSTEM POWER = The paver requirements of Para . 3.3.1 
shall be checked as follows : 

a . Apply power as r equired in Para. 3. 2 .2 to the Optics Subsystem. 

Rev. 

b . Monitor the power outputs listed i n Para. 3. 3.1 with the 
appropriat e t es equ.ipmen·· (ACJ DC voltmeters, phase sensitive 
vol tmet r, EPUT meter) . 

c . Set Optics Power swi ' ch to ON. 

d . The voltage at J Pin shall be 2 + 0 . 02 VAC . 
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e . The sync frequency shall be 25.6 KCPS .:!!. 25 .6 cps. 

f . Switch out the Guidance Ref'ere:o.ce Clock Input simulation. 

g . The unsync f requency shall be 25.6 KCPS 2560 cps, -0 cps. 
I 

h. The voltage at J __ Pin sh6J.l be 28 + O. 28 VAC . 

i . The voltage phase shall known as o0 phase and shall, be used 
as the phase ref'erence :for Step n. · 

j • The unsync frequency shall b 800 ~ + 80 cps? · -0 cps • 

k. Switch i n the Guidance Refe en.ce Clock Input simulation . 

l. The sync frequency shall b e 800 ~ ! o.8 cps. 

m. The volt age at J __ Pin shall be 28 -11-- 1.4 VAC . 

n . The voltage phase shall. be 90° ___ with reference to the 
v oltage phase of Step i . 

o . The sync frequency shall b 800 ~ + 0.8 cps. 

p . Switch out the Guidance Ref' rence Clock Input s imulation. 

q . The un.sync · frequency shall be 800 ~ + 80 cps, -0 cps. 

r . Switch in the Guidance Refer nc Clock Inpu.t simulation. 

' 
s . The voltage at J Pin hall be 28 -lt-2, -3 vdc . 

t . The voltage at J Pin -- ahall be - 28 + 2 .8 vdc . 

u. The voltage at J · Pin shall b 6 0 . 6 VAC . 

v . The frequency shall be 400 ...: .0 cps. 

A B 
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4.4.2 .5 SXT- SCT Control Stick Operation - (Ref erence Para . 3.3.8). 
The Control Stick maximum voltage, phase, mechanical. nuJ.l2 electrical null, 
output attenuation and resolution are checked as follows: 

a . Set the Optics mode sel ector to "Zero" . 

b. Monitor the output of the Control Stick and the output of the 
deadzone switch. 

c . Set the Controller Speed selector to "Hi " . 

d . With the Control Stick centered, the output volt age of the 
Control Stick at J Pin and J Pin shall be equal. t o 
or less than 5 mv ~ in phase, 10 ~ r:ms total. 

e. Position the Control Stick to its respective limits, Left, 
Right, Up, Down and record the output vol,tage and phase at 
J Pin and J : Pin • 

f. From each limitJ> position the Control Stick to its mechani cal. 
null, while -monitoring the output voltage of the Control Stick 
and deadzone switches . 

g. The deadzone switches shall change state when the Control Stick 
output i s less than 750 mv rms. 

h. The voltage and phase indicati.ons of Step e. shall be : 

Left 10v ~ 1. 0 v O ¢ rms 

Right 10v !_- l . Ov TT¢ r.ms 

Up 10v !_- l.Ov n ~ nns 

Down 10v !_- 1. 0v O ¢ rms 

i. Set the Controller Speed sel ector to "Med" and repeat Step e . 

j. The voltage and phase indications of St ep e . shall be : 
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Left lv + O.lv O ¢ rms 

Right lv ~ O. lv TT¢ r.ms 

Up lv ! O.lv TT¢ rms 

Down lv ! O.lv O ¢ rms 

R. Ericks on 

k. Set the Controller Speed selector t o "Low" and repeat Step e . 

1. The voltage and phase indicati ons of Step e . shall be : 

Left O.lv ! O. Olv O ¢ rms 

Right O.lv ! O.Olv TT¢ rms 

Up O.lv ~ O.Olv TT¢ rms 

Down O.lv ! O. Olv O ¢ rms 

m. Set the Optics mode s elector to nNormal" . 

n . Using the Control St ick, drive the Shaft CDU to an indicat ed 
angle of 270.000° . 

o . Using the Control St ick, drive the 2X Trunnion CDU to an 
indicated angle of 10.000° . 

p. Set the Controller Speed selector t o "Med" and the Controller 
mode selector to "Resolved. " 

q. Sight through the SCT lX eyepiece and simult aneously start a 
tllller and displace to Control Stick to its upward l imit. 

r. -When the reticl e ll!lage origin of Collimator #2 leaves the 60° 
field of view, stop the "tllller and release the Control sti ck . 

s . The reticle i~e origin of Collimator #2 shall appear to move 
vertically! 10 of the SCT reticle and the timer indication 
shall not exceed 30 seconds . 

t . Set the Controller Mode selector to "Direct " . 

u. Repeat Steps m and n and drive the 2X Trunnion CDU t o an 
0 indicated angle of 90 . 000 . 
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v. Set the Controller mode selector to "Resolved". 

w. Repeat Steps q through t. 

x. Set the Optics mode selector to "Zero". 
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4.4.2.6 CDU Decoder Bit and Failure Indication Characteristics 
(Reference Para. 3.3.4.l and 3.3.4.3) - The characteristics of the trunnion and 
shaft decoder bits as well as the CDU Failure indication characteristics are checked 
as follows: 

a. Monitor the plus trunnion decoder outputs at J __ Pin __ and 
J __ Pin __ with an oscilloscope. 

b. Set the Optics mode selector to "Zero", wait one minute. 

c. Set the Optics mode selector to "Norma.l" . 

d. Set the Controller Speed selector to "Low" . 

e. Provide a O .1 v input to J __ Pin __ from the GSE . 

f. Synchronize the output pulses on the oscilloscope. 

g. The pulse amplitude shall be. 10 ~ 4 volts p-p with respect to 
the reference at J Pin • 

h. The pulse width shall be 0.5 to 8 microsecs at 901, of the 
amplitude. 

i. The pulse rise and fall time shs.ll be less than 20'{o of the 
pulse width measured at lo<!, to 901, of the amplitude. 

j. The noise level shall be 2v p-p or less between pulses. 

k. Mani tor the minus trunnion decoder outputs at J __ Pin __ 
and J __ Pin __ with an oscillos cope . 

l. Repeat Steps b. through j. 

m. Mani tor the plus shaft decoder outputs at J __ Pin __ and 
J __ Pin __ with an oscilloscope. 

n. Repeat Steps b . through j . 

o. Mani tor the minus shaft decoder outputs at J __ Pin __ , and 
J __ Pin __ with an oscilloscope . 
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p. Repeat Steps b. through j. 

q. Monitor the CDU Failure indication at J Pin and 
J Pin . 

r. Remove the 2v 25 .6 KC voltage supplied to J __ Pin __ • 

s. Adjust the oscilloscope to synchronize the 102.4 KC sign.al 
monitored at J Pin and J Pin • 

t. The pulse amplitude shall be a positive 6 ~ 3 V p-p. 

u. The pulse frequency shall be 102. 4 KC. 

v. The pulse width shall be 0.5 to 8.o µ,sec at 90'/o of the 
amplitude. 

w. The rise and fall time of the pulse shall be less than 20'/o of 
the pulse width from 10'/o to 90'/o of the amplitude . 

x. The noise level shall 'be less than lv p-p. 

y. Apply the 2v, 25.6 KC voltage supplied to J __ Pin __ • 

z. Remove t.he 28v 5% 800 ~ volt age suppl ied to J __ Pin _ _ . 

aa. The CDU Failure indicat.ion shall be present. 

ab . Apply the 28v 5'1, 800 ~ voltage supplied to J __ Pin __ . 

ac. Repeat Steps b . and c. 

I I I XDE 
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4.4.2 .7 Trunnion Accuracy and Limits= (Reference Para.graphs 3o3,4 and 
3. 3 .4. 2) - The SXT and SCT t runnion accuracy i s d te. rmined for positive angles 
of 20°, 4o0 and 57° . The rotary t abl e is positioned to the above angles and the 
SXT and SCT lines of sight are then commanded t o backsi ght. through the rotary 
table apgle until the collimator ret icle image ·and SXT or SCT reticle is coincident 
The encoder output and CDU readout are thus checked against a precision optical 
angle to determine their accuracyo The SXT trunnion limits at o0 and 90° are 
checked by noting the i ncreased output of the SXT lX r esolver as the SXT trunnion 
engages· ·its limi't stop . 

a . Monitor the trunnion decoder out p ts at J Pin and 
J Pin with the Fwd- Bwd counter. -- --

b. Set the rotary t abl e a zimuth -20°00° 00" from t he ZRP recorded 
in Para . 4.4.2.2 St e go 

c . Set the Optics mode selector to "Zero" and wait one minute. 

d. Set the Opt ics mode se ector to 6 Norma.l H and. insure that the 2X 
Trunnion CDU readout indica't;es 000.000° and that the Fwd- Bwd 
counter indicates zero . 

e . Use the Control Stick t o ~os i io the STLOS until the Shaft CDU 
readout indicates 270.000 o 

f. Use the Cont rol Stick ·o drive tbe STLOS unti l the center of the 
reticle image of. Collimator #1 i s coincident with the central 
vertical line of the SX'1 reti cle . 

g. Record the Fwd.- Bwd count er and 2X Trunnion CDU readout 
indicatio:nso 

h. Sight th.l'."ough the SCT eyepiece and adjust the SCT LOS using the 
2X Trunnion CDU thum wheel until the SCT r eticle is coincident 
with the ret icle image of .Au.tocollima.tor #2 . 

i . Record the Fwd=Bwd counter and 2X Trunnion CDU readout indications . 

j . Repeat Steps c. through i . five t imes • 
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k. 

l. 

m. 

n. 

o. 

p. 

q. 

r . 

s . 

t. 

u. 

v. 

w. 

Each Fwd-Bwd counter and CDU readout indicat ion recorded in 
Step g. shall. be -7282 + 3 bits and 40 .000° -tt- .oo8° respec-
tively. ·· · - -

Each Fwd-Bwd counter and CDU readout indication recorder in 
Step i shall be 7282 ! 158 bits and 40 .000° ! o.420° 
respectively, 

Set the rotary table azimuth angle •~4o0 00 1 00" :from the 
azimuth angle recorded in Para . 4.4 .2.2 Step g . 

Repeat Steps c through j. 

Each Fwd-Bwd counter and CDU readout indication recorded in 
Step g shall be 14563 ! 3 bi ts and 80 . 000° ~ , oo8° 
respectively , 

Each Fwd-Bwd counter and CDU readout indica~ion recorded in 
Step i shall be 14563 + 158 bits and 80.000 + o.420° 
respectively. - -

0 
Set the rotary table azimuth angJ.. 57 00° 00" from the azimuth 
angle recoI_"ded in. Para , 4.4.2.2 Step g , 

• I 

Repeat Steps c, through j . 

Each Fwd-Bwd counter and CDU readout i ndication recorded in 
Step g. shall be 20753 + 3 bits and 120.000 + o.420° 
respectively. - -

Each Fwd-Bwd counter and CDU readout indication recorded i n 
Step i shall be 20753 + 158 bits and 120.000° + o.420° 
respectively. - -

Set the 2X Trunnion CDU readout indicator to a nominal 180° 
using the Control Stick. 

Sight through the SXT eyepiece and bring the SXT reticle and 
the SXT autocollimat ed reticle image to coincidence by using 
the 2X Trunnion thumbwheel . 

The 2X Trunnion CDU readout and Fwd- Bwd counter readout 
indication shall be 180.000° ! .oo8° and 32768 ! 3 bits 
respectively. 
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Monitor the SXT· lX resolver error output J __ Pin._ . 
The voltage shall be less than __ · mv rms • 

y. Using the 2X Trunnion CDU thumbwheel, drive the SXT ST LOS 
until the error voltage at J Pin begins to maintain a 
static error voltage of' greater than-- mv . The 2X Trunnion 
CDU readout shall indicate between 180.000° and 190.000°. 

z. Set the Optics mode selector to "Zero", wait one minute . 

aa. Set the Optics mode selector to "Normal" . The voltage at 
J Pin shall be less than mv nns . 

ab. Repeat Step y. except that the 2X TI"B.nnion CDU readout shall 
indicate between 000.000 and 350.000. 

ac. Square and add each deviation from the 18 nominal Fwd-Bwd 
counter indications recorded in Step f. 

ad. The sum of the 18 squares shall not exceed 12 . 
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4.4.2.7.1 SCT TRUNNION ACCURACY -AND LIMITS - (Re:f'erenae Para. 3.3.9 
) 

' 0 0 and 3.3.1.3. - The SCT Trunn.ion accuracy is checked -60, +25, ~O, checking 
optical. angles against decoder outputs and CDU readouts. The ·25° offset 
tanction is also checked. 

a. Monitor the· trunnion decoder outputs at J Pin and 
J Pin w1 th the Fwd~Bwd counter o - --

b. Set the rotary table azimuth +60° 00 1 00" from the azimuth 
angle. recorded in Para. 4.4.2.2 Step g. 

c. Reset the Fwd-Bwd ceunter to zero. 

d. Set the SXT Power swi~ch t o "OFF" . 

e. Set the Optics mode selector to "Zero", wait one minute. 

f. Set the Optics mode selector to "Normal". 

g. Set the shaf't angle to 270.000° as indicated on the Shaft CDU 
readout. 

h. Use the Control Stick to drive the SCT LOS until the vertical 
reticle image of Autocollimator f2 is coincident with the 
vertical reticle of the SOT , 

1. Record the Fwd-Bwd counter and 2X Trunnion CD.U readout 
1ndicat1ou. . 

j. Repeat Steps e. thr0ugb. i.five times. 

k. S&t the rotary table azimuth to the azimuth angle recorded in 
Para. 4.4.2.2 Step_g. 

l. Set the Slave Telescope selector to •Landmark LOS o0 • . " 

The BOT LOS shall drive un.til the LOS looks into Autocollimator 12. . 

m. Sight through the SGT 3X eyepiece and adjust the rotary table 
in azimuth until the vertical reticle image of Autocollimator 
#2 is coincident with the vertical. reticle of the SCT. 

n. The change in azimuth shall not exceed_ min, 

I · I XDE 
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o. Set the rotary table azimuth - 25° 00 1 00" from the azimuth 
recorded in Para. 4 . 4 . 2 .2 Step g and record. 

p. Set the Slave Teles-cope selector to "Offset 25°" . The 
SCT LOS shall drive until the L.OS _look into Autocollimator #2 . 

q . Sight through the SCT 3X eyepiece and adjust the rotary table in 
azimuth until the vertical reticle image of Aut ocollimator #2 
is coincident with the vertical reticle of the SCT . 

r. The change in azimuth from that recorded in Step o . shall 
not exceed 15 min . 

s. 

t. 

u. 

v. 

w. 

x. 

y. 

z. 

Set the rotary table azimuth - 60° oo~ 00" from the azimuth 
angle recorded in Para. 4.4 . 2 . 2 St ep g. 

Reset the Fwd-Bwd count er to zero . 

Set the Slave Telescope Selector to STAR LOS . 

Repeat Steps e . through i . six times . 

Each Fwd-Bwd counter and 2X Trunnion CDU readout indication 
recorded in Step i . shall be 10922 + 79 bits and 240 .000° 
o.420° respectively . -

Each Fwd-Bwd counter and 2X Trunnion CDU readout indication 
recorded in Step u . shall be 10922 + 79 bits and 120 .000° 
! o.420° respectively . -

Use the Control Stick t o drive the SCT LOS 300° as indicated by 
the 2X Trunnion CDU readout

0
indicat ion pa.ss i~ through 360° 

and around again to 000 . 000 . 

Set the rotary table azimuth t o the angle recorded i n Para . 
4 .4. 2.2. Step g . 

aa. Sight through the SCT 3X eyepiece and using the Control Stick, 
drive the SCT LOS until the vertical reticle image of 
Autocollimator #2 is coincident with the vertical reticle of the 
SCT. 
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ab. The Fwd-Bwd counter and 2X Trunnion CDU readout indications 
shall be 65535 ~ 79 bits and 000.000° ~ 0 ~~20° respectively. 

. ; 

ac. Set the Optics mode selector to "Zero" . 

ad. Set the SX'!' Power switch to "ON". 
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4.4.2.8 SHAFT ACCURACY AND LIMITS (Reference Para. 3.3.5, 3.3.9) -
The SXT and SCT sha.f't accuracy is determined by mounting a 15-sided polygon 
on the SXT or SCT shaft drive axis and monitoring it with an autocollimator. 
The accuracy and repeatability is checked at 48° increments as follows : 

SXT Shaft Accuracy and Limits: 

a . 

b . 

c. 

d. 

e. 

f . 

g. 

h. 

i. 

Monitor the plus Shaft decoder output at J Pin 
and J __ Pin __ with an appropriate Fwd- Bwd counter. 

Set the rotary t able azimuth and elevation angles to the 
values recorded in Para . 4.4.2.2. 7 Step g. 

Set the rotary table azimuth angle to +.90° 00 1 00". 

Install the polygon on the SXT shaft axis. 

Set the Optics mode selector t o "Zero", wait two minutes 
and then to "Normal". 

Position the polygon sgch that Aut ocollimator #2 will auto
collimate off of the O reference face. 

With tb.e Control Stick7 pos ition t he shaft angle in a 
positive direction in a nominal 48° increment. 

With the Shaft CDU thumbwheel, :pos ition t he shaft angle, until 
Autocollimator #2 autocollimat es off of the polygon f ace . 

Record the Shaft CDU readout i ndicat ion and the Fwd-Bwd 
counter indicatiin. 

j. Compensate the indications in Step i. if the calibration 
data for the polygon indicates t ha_i the deviation from the 
nominal 48° increment exceeds 20 secs . 

k . The Shaft CDU readout shall indicate 48.000-+ 0.018° and the 
Fwd-Bwd counter shall indicate 4369 :! 3 bits-:-

1. Repeat Steps g. through j . 

m. The Shaft CDU readout shall indicate 96.000 + 0.018° and the 
Fwd-Bwd counter shall indicate 8738 ! 3 bits: 
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o . The Shaft CDU r eadout shall indicate 144.ooo ~ 0. 018° and 
the Fwd-Bwd counter shall indicate 13107 2: 3 bits. 

p . 

q. 

r. 

s. 

t . 

Repeat St eps g. through j. 

The Shaft CDU readout shal,l indicate 192.000 + 0.018° and 
the Fwd-Bwd counter shall ind.icate 17476 ~ 3 bits. 

Repeat Steps g. through j . 

The Shaft CDU readout shall indicate 240.000 ~ 0 . 018° and 
the Fwd-Bwd counter shall indicate 21845 ~ 3 bits. 

Monitor t he SXT Shaft 1/2X res olver (EB) error output at 
J Pi n . 

u. With the Control Stick, position · h0 s}.,..af't angle until the 
Shaft CDU readout indicates 270,000. 

v. The Fwd- Bwd counter indication shall be 24576 ,:!: 3 bits. 

w. With the Shaft CDU thumbwheel, :position the shaft angle in a 
positive Qirection unti l the voltage at F.8 exceeds __ !. _ _ 
mv. 

0 x. The Shaft CDU shall indicate 270,000 !. 5 , 

y. Set the Optics mode selector t o "Zero", wait 2 minutes. 

z. Set the Optics mode selector t o "Normal" . 

aa . Repeat Step f. 

ab . With the Contr ol Stick :position. thg shaft angle in a 
negative direction in a nominal 48 increment . 

ac . Repeat Steps h. throU8h, j. 

ad. The Shaft CDU readout shall indicate 312,000 + 0. 018° and 
the Fwd-Bwd counter shall indicate 4369 2:_ 3 bits. 

ae. Repeat St eps ab and ac. 

I I 
' 
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af'. The Shaft CDU readout shall. indicate 264.ooo + 0.018° and 
the Fwd-Bwd counter shall indicate 8738 _! 3 bits . 

ag . Repeat St eps ab . and ac. 

ah. The Shaf't CDU readou shal.l i ndicate 216.000 + 0.018° and 
the Fwd=Bwd counter shall indicat e 13107 ~ 3 bits . 

ai . Repeat Steps ab. and ac. 

aj. The Shaft CDU readout shall indicat e 168.000 + 0 . 018° and 
the Fwd- Bwd count er shall indicate 17476 ,:t 3 bits . 

ak . Repeat Steps ab. and ac. 

al. The Shaft CDU readout shall indi.cat 120.000 + 0.018° and 
the Fwd-Bwd counter _shall indl ca.t- 21.845 ~ 3 bits. 

am. With the Control Stick)> posi t i on the shaf't angle until the 
Shaf't CDU r eadout indicat es 90 .000°. 

an. T.he FWD=Bwd counter i ndication shall be 24576 ~ 3 b i ts . 

ao. With t he Shaft CDU thumbwheel)> position the shaft angle in a 
negative direction until the voltage at. EB exceeds 

+ mv. 

ap. The Shaft CDU shall i ndicat e 90.000 ,± 5° . 

aq. Repeat Steps t: . through s. and y . through al. two more times. 

ar. Remove the polygon from the SXT shaft axi.s and install the 
polygon on the SCT shaf't axis. 

as . Repeat Steps e . and f . 

at. Set the SXT Power switch to "OFF"' . 

au. Repeat Steps g . · hrough s. three t imes with the exception that 
the toleranc s f'or Sha.ft CDU readout indication and Fwd-Bwd 
counter indicat ion shall change to _-t 0 .500° and_! ~-5 bits 
respect ively . 

av. With the Cont rol Stick, pos i tion t he sha:ft a.ngle in the 
positive direction un'til the Shaft CDU indicates 5° . 
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aw. Repeat Steps y. hro·ugh al . with the exception that the tolerance 
for t he Sha.:f't CDU readout i ndication and Fwd- Bwd counter 
indication shall change t;o _:!: 0.500° and_:!: 45 bits respect i vely. 

ax. With the Control St ick» pos ition the shaf't angle in the negat ive 
direcyion until the shaft CDU indicates 355°. 

I ' 

a;y. Repeat Step y . 

az. Squ~re and add each d viation from the 30 nominal Fwd- Bwd 
counter indications recorded in Step i . for the SXT. 

ba. The sum of the square shall not xceed 69 . 

bb. Set t he Opticrs mode select or to "'Zeran. 

b.~ _• Remove the polygon from the SCT Shaft . 

bd. Set the SXT Power swi·tch to " ON" . 
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4.4.2 .8 TRUNNION SERVO TESTS (Ref er ence Para. 3. 3 .10) - The following 
servo tests of steady s t at e null., ma.xi.mum and minimum r at e , linearity, sensi tivity, 
dynamic response and velocit y err or for the Trunnion servo l oop are perf ormed as 
follows: 

Trunnion Servo Tes ts 

a . Monitor the t runnion decoder outputs at J Pin and 
J Pin on t.he Fwd- B'Wd counter. 

b . Monit or a.no. i dentify the f oll wing s i gnals on the pen recor der . 

NOTE: See Appendix II for s ignal i denti ficati on. 

Rev, 

Signal Locat i on. ~ . Range + 20 MM) 

E6 J 

E5 J 

Pin 

Pin 

1 

2 

E9 J __ Pin 

E3 J __ Pi n 

. 1 V/MM 

.1 V/ MM 

. l V/ MM 

. l V/ 'Jo!iM 

El J Pin 5 

c . Set the pen re·cord.er =',i=i!.el 5 ramig~ t o . 001 V/ MM aud the aper 
speed t o 10 ?!M./ sec . 

d. St art the pen recorder and allow rim f' r 10 ec . 

e. The ateady state nw.l of El hal.l ~ :mv + mv :rms • 

f' . Set the Optics m · e s .le~ or to "?.eron J wa:i.t e minut e. 

g . Set be Opt i cs mode elector ~ 

Cont r oller Spee ec ector i 

h . Set the pen rec 

i. Apply a 1.5 v lt ai t~ a switch w. ,lh.e GSE whi ch will swit ch 
the YOl t age to J' _ _ Pi lll_ wh .l)l re~ i red. 

j . St art t he pen r ecorder at a pa~ r ,. =ed o-£ 

B 
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4.4.2.8 Continued. 

A 
Rev. 2 l 

l. Switch the 1.5 volt signal t o J Pin f or a period of 10 sec 
a.f'ter which stop the pen recorder . 

m. The Fwd- Bwd counter shall indicat e 10922 ~ 1092 bits. 

n. The signal E3 shall rise to a. voltage of 1.27 + .13 V rms within 
1. 30 MM (1. 3 secs) a.f'ter the step i np ·t is applied, and shall 
drop to a voltage of .005 vol a or l ess within 100 MM (1 sec) 
after the s tep input is removed. 

o . The steady state error voltage of shall be + V rms . -----
p. The steady state error vol t ag of E5 iahall be __ ~ __ V rms . 

q . The steady state error volt age of E9 shall be __ ~ __ V rms . 

r . Set the Optics mode se ector to "Zero", wait one minute. 

s . Set the Opt ics mode selector to 6 Norma.l" . 

t . Apply a 10 volt signal t.;o J Pin 

u . St art the pen recorder at a pa.per speed of 100 w./s c . 

v . Switch the 10 volt signal to J Pin 
aft er which stop the pen recorde . 

for a period of 3 s ec 

w. The steady state voltage of E3 shall be equal to or greater than 
8.4 volts rma. 

x . Repeat Steps r. and s . 

y . Set t he pen recorder clh.almel 4 range sel ector t o .25 V/MM. 

z. Apply a l volt signal to J _ _ Pin 

aa . St art the pen recorder at a paper speed of lO MM/sec . 

ab . Switch the l volt signru. t o J Pin 
a.f'ter which stop the pen recorder. 

f or a period of 10 sec 

ac . Tb.e steady state voltage of E3 sha.11. be .84 .:!:. 0.08 volts rms. 
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4.4.2.8 Continued. 
ad . Repeat Steps r . and s . 

ae . Set the pen recorder channel 4 range selector o .001 V/IIM. . 

af . Apply a 8 mv signal t o J __ Pin __ • 

ag . Start the pen recor der at a paper speed of 10 llM./sec. 

ah . Swi t ch the 8 mv signal to J Pin for a period of 10 sec 
after which stop the pen recorder.--

ai. The s teady state vol tage of E3 shall be.7 mv .:!:, .7 mv rms. 
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4.4.2.9 SHAFT SERVO TF.STS - (Reference Pa.rao 3o3ol0) - The following 
servo tests of steady state null, maximum and minimum rate, linearity, 
sensitivity, dynamic response and velocity error for the shaft servo loop a.re 
performed as follows: 

a . Monitor the Shaft decoder outputs at J Pin and J Pin 
on the Fwd-Bwd countero -- -- -- --

b . Monitor and identify the following signals on the pen recorder . 

NOTE: See Appendix II for Signal Identification 

Rev. 

Signal Location Channel Range { + 20 MM) 

E8 J Pin l .l V /W:.. 
E7 J __ Pin __ 2 ol V/MM 

ElO J Pin 3 .1 v/w. 

E4 J Pin 4 .l V/'Wi. 

E2 J Pin 5 

Co Set the pen recorder channel 5 range to .001 V/MM and the 
paper speed to 10 MM/sec. 

d . Start the pen recorder and all.ow to run for 10 sec. 

e . The steady state null of E2 shall be __ mv ~ __ mv rms • 

f. Set the Optics mode selector to "Zero", wait one minute . 

g. Set the Optics mode selector to "Normal." and insure that the 
Controller Speed selector i s set to "Hi" . 

h. Set the pen recorder channel 5 range to 20 V/ 'l'M. 

i. Apply a 1.5 volt signal to a switch in the GSE which will switch 
the voltage to J __ Pin __ when requiredo 

j. Start the pen recorder at a paper speed of 100 MM sec. 

1. Switch the 1 .5 volt signal to J Pin for a period of 10 sec 
after which stop the pen recorde~. - -

I I I XDE 



MIL 1018 10-1-S8 

AC SPARK PLUG DIVtSION 
General Motors .Corporation 

Milwaukee, Wisconsin 

ASSEMBLY AND TEST PROCEDURE FOR THE 
OPTICS SUBSYSTEM 

X DE 34-T-504 

By 

ENGINEERING 
DESIGN INFORMATION 

EXHIBIT 

R. Erickson 

'

Date 

12/26/62 

4.4.2.9 Continued. 

I 

m. The Fwd-Bwd counter shall indicate 2730 !: 213 bits . 

n . The signal E4 shall rise to a voltage of 1.27 • .13 V rms 
within 1.30 MM (1.3 secs) after the step input-is applied and 
shall drop to a voltage of . 005 volts or less within 100 MM 
(1 sec) after the step input is removed. 

o. The steady state error voltage of EB shall be + V rms . - -- --
p. The steady state error voltage of E7 shall be + V rms. -----
q. The steady state error voltage of ElO shall be + V rms. -----
r. Set the Optics mode selector o "Zero" P wait one minute . 

s. Set the Optics mode selector to "Normal 9' • 

t. Apply a 10 volt signal to J __ . Pin __ • 

u . Start the pen recorder at a paper speed of 100 MM/sec . 

v. Switch the 10 volt eignal to J Pin for a period of 3 sec 
after which stop the pen recorder. --

w. The steady state volt age of E4 shall be equal to or greater 
than 8.4 volts rms. 

x. Repeat Steps r. ands. 

y. Set the pen recorder channel 4 range selector to .25 V/MM . 

z. Apply a l volt signal to J __ Pin __ • 

aa. Start the pen recorder at a paper speed of 10 MM/sec. 

ab. Switch the l volt signal t o J Pin for a period of 10 sec 
after which stop the pen recorder . --

ac. The steady state voltage of E4 shall be .84 ,± 0.08 vo ts rms . 

ad. Repeat Steps r. ands . 

ae. Set the pen recorder channel 4 range selector t o .001 V/MM . 
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4.4.2.9 Continued. 

af' . Apply a 8 mv signal to J __ Pin __ • 

ag . Start the pen recorder at a paper speed of 10 MM/sec. 

ah. Switch the 8 mv signal t o J Pin for a period of 10 sec 
after which stop the pen recorder .--

ai. The s t eady state volt age of E4 shall be 7 mv !_- • 7 mv rms. 
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4.4 . 2 .10 TIME TO ZERO = (Ref . Para . 3.3 .. U) - The following is a check 
on the ability of the Optics Subsystem to zero from any angle within a specified 
period of time . 

A 
Rev, 2 l 

a . Set the Opt ics mode sel ector to "Nonnaln . 

b. Set the SXT Power switch to OFF. 

c . With the Control _f3tickt drive the SCT LOS until the Trunnion 
CDU readout indication increases to 360°, and through o0 to o0 

again . 

d . Using the Fwd-Bwd counter as a timeri simultaneously set the 
Optics mode selector to "Zero" and s t ar he Fwd-Bwd counter. 

e . When the zero indication is given.9 stop t he Fwd-Bwd counter. 

f. The Fwd-Bwd counter shall indicate 90 sec or l ess. 

g. Sight through the SCT eyepiece aud adj t -the rotary able in 
azimuth until the SCT re ·icle and t he reticle image of C llimator 
#2 are coincide t. 

h. The change in r otary table azimuth angle shall be l min. or less. 

i. Set the Optics mode selector to "N rmal". 

j. Vith the Control Stick, drive the SCT LOS until the Sb.aft CDU 
readout i ndicates 360°. 

k. Repeat Steps d. through i. 

1. Set the SXT Power switch to ON. 

m. Vith the Control Stick., drive t he ST LOS about the shaf't axis to 
a Shaf't CDU readout i.nd.icati n of +z-,o0

• 

n. Monitor E7 on the pen recorder an.d the zerc j_ndication. 

o. Start the pen recorder at 10 MM/sec. 

p. Using the Fwd- Bwd counter as a timer, s imultaneously set the 
Optics mode selector to "Zero" and s t art the Fwd~Bwd counter. 
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q . When the voltage Ii:{ indicates 20 mv or less 7 stop the Fwd- Bwd 
counter and the pen recorder. 

s. The Fwd- Bwd counter shall indicat e 70 sec or less and the zero 
indi cat i on shall. be present. 

t. Set the Opt ics mode selector to "Normal" . 

u . Monitor E5 on the pen recorder and the Zero indication. 

v . Us ing t he Control St ick, grive the ST LOS until the Trunnion 
CDU readout indi cat es 180. 

w. St art the pen r ecorder at a paper speed of 10 W!i/sec. 

x . Simult aneously set t he Op'tics mode selector to "Zero" and start 
the count er . 

y . When the volt age E5 indicates 10 mv or less)) stop the counter 
and pen recorder . 

z . The counter shall indicate 20 secs or less and the zero indication 
shall be present. 

aa . Set the SXT Power switch and Optics Power awi tch to OFF. 
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SIGNAL IDENTIFICATION 

El 2X Trunni on CDU motor control winding . 

E2 Shaft CDU motor control wind.ing . 

E3 2X Trunnion CDU t achometer output. 

E4 Shaft CDU tachometer output. 

E5 SXT Tru.11.!lion lX resolver error signal. 

E6 2X Trunnion CDU 16X resolver error signal. 

E7 SXT Shaft l/2X resolver error sigri.al.. 

F.8 Shaft CDU 16x resolver error signal. 

E9 SCT Trunnion lX resolver error s.ignal. 

ElO SCT Shaft l/2X resolver error signal. 

Ell 2X Trunnion CDU l/4X resolver sine output. 

El2 Shaft CDU l/2X res olver sine output. 

El3 Trunnion plus decoder output. 

El4 Trunnion minus decoder output. 

El5 Shaft plus decoder output. 

E16 Shaft minus decoder outpu.. 

El7 Up: Down Control Stick output. 

El8 Left-Right Control Stick output. 

El9 Up-Down deadzone switch output. 

E~O Left- Right deadzone switch output. 
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