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1.0 INTRODUCTION 

R-3599 

This document is the final report 
covering NASA Contract No. NAS 9-14185, 
issued by NASA LBJ Space Center in 
Houston, Texas. 

The scope of the contract was ,to 
design, construct, deliver, in­
stall, and test one (1) three-axis 
dynamic motion simulator (DMS), 
consisting of one (1) three-degree 
of freedom test table, one (1) 
control electronics system, and 
documentation, as required in the 
data requirements list (DRL), 
which is a part of the NASA 
specification. 

The DMS system was designed, built, 
assembled, and tested by the 
Contraves-Goerz Corporation located 
in Pittsburgh, Pennsylvania. 

Tho infolln.tion con"io.d heroin i. being m,d. mil,bl." 'h. pr.~"1V of, .nd 'nr 'h' PIli po'" of, CONTRflVCS·GOEnZ CORPOM1ION, S,.b"di"v 01 CONTRIIVES AG, OERllKOl1 nUIlRLE IlQLnINO.1I tonoOl b. 
II\~fuliv r.produc«d In env form nor divulyod 10 ,Iny tlHld (',ufy, liar used tor inv PU1~'Ol" tHhOl than thll fot whIch it has bUlllnadt! IVBllabl0 to. VOll, \\,uhQut th. '11~citic wrillin ctltll'111 of CONTRAV£:,SdGOr.RZ CQflI'ORATION, 

The American Subsidlary df Contraves AG, OCllikon-BUhrie Holding 1-1 
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2.0 SIGNIFICANT 
CONCTRACTUAL EVENTS 

2.1 DETAILED EVEHTS 

, ,,'-'. --'l'----- -'--~' --" , .. '~-"'------.. -. 
I 

R-3599 

The contract NAS9-l4185 was issu~d 
to the Pecker Systems Division of 
Owens-Illinois, Inc., Pittsburgh, 
Pennsylvania by NASA LBJ Space 
Center, Houston, Texas, on June 
24, 1974. It then was executed 
on July 1, 1974. 

During the course of the contract, 
(in November 1974) Fecker Systems 
Division was acquired by Contraves­
Goerz Corporation, Pittsburgh, 
Pennsylvania. Contraves-Goerz 
Corporation continued the con­
tractual obligation and shipped, 
installed, and performed the final 
checkout at NASA JSC Houston, Texas. 

Engineering and design efforts were 
started immediat.ely on receipt of 
the contract, followed by fabri­
cation of the hardware. 

Assembly and preliminary testing 
were done in Pittsburgh, Pennsylvania. 
Shipment of the complete system 
occured on July 31, 1975 • 

. Installation at the site in Houston, 
Texas was done in the week of 
August 4, 1975, followed by elec­
trical systems. checkout and training 
which' was performed during the 
two-week period from August 11 
through August 22, 1975. 

Pinal acceptance testing at NASA 
JSC, Houston, Texas, \¥'as performed 
during the period of September 29 
through October 9, 1975. 

Tho Infol.,otion conl.in,rl h,"in Is bolng .,id. lVIiI.bl,,, \h. f"np"lY 01,.,,,1 lor \h. PIII.oies of. CONTRAVES"GOCnZ cOnpORAlION. Subsidiary pi CON1'MVES AG, OERlIKON·RUIfRt[ HOLDING. It unnni b. 
lawfullY IIprod~l!l!d ill any fQrm nor dlVl11Yild to InV third Party, ntlr u$ld fur Inv Pllf110SD OlhlJt thlln thBt tor wtllth it has hun nlldl ava.liM. to YOUr without lilt sPfclfle wtlUl.Hl to"\llnt pf CornRAVf.S-GOEUZ. COnrOftATION 

The American Subsidiary of Contraves AG, Oerlil<on-BUhrie Holding 2-1 
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3.0 ACCOHPLISHED SCHEDULE 

3.1 SCHEDULE REQUIREMENTS 

, "-~--"~-=JT-~-

t 

R-3599 

The contractual schedule requirements 
are listed below: 

A~ Equipment 

Contraves-Goerz' shall deliver 
the three axis DMS within 
twelve (12) months after date 
of receipt of a signed copy 
of this contract. 

B.' Installation and Checkout 

Contraves-Goerz shall supervise 
the installation and checkout 
of the three axis DMS immediately 
upon delivery and complete the 
installation and checkout 
within fifteen (15) days after 
jelivery of the DMS. 

C. Final Acceptance T~sts 

Final acceptance testing shall 
be performed at JSC. They 
shall be completed within a 
continuous two-week period as 
soon as possible, but no later 
than 45 days after installation 
and checkout. Contraves-Goerz 
shall allow forty-five (45) 
days from completion of in­
stallation for the Government 
representative to make final 
acceptance. 

D. Documentation 

Contraves-Goerz shall deliver 
all documentation, in accordance 
'vi th the Data Requirements List 
(DRL), which is an attachment 
to the Statement of Work. 

The inf.rlll,lion con',in.d h".;n Is b"rig "'.~. ".il.bl, .. II" properly ot, ,nd for Ihe ,!UIV"" of, CONlnAVES·QOEflZ COflPORAllON, SUb.idi,,~,I.l'~~,!rnAVrS AG, OeRlI~ON.8UIfRLE flUl DING. II "nnot bi 
IlwfullV fII~IIQdut"d in lOY form nordlvu1wcd 10 MY thud P.rty. 1I0f mud hn Inv ,impol' other tll."n thlt tOl' WhfLh j\ har ~.~tl tTUld~ .valbbh .. (0 you, without the '.Plelfi(! wutll!i1 tom,nt 01 corn 1H\Vf:.S .. Gornz COnPonAT.10N 

The Amoricnn Su~sidjary of Conlruvcs AG, Oerlikon~BUhrie Holding 3-1 
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BARCHART OF 
ACCOMPLISHED SCHEDULE 

R-3599 

Figures land 2 show the accomplished 
schedules during the contract 
period. They also show pertient 
dates for various special events, 
such as design reviews, c~itical 
design reviews, etc. 

TII.lofo,."uon conllin.d h;reln I,b""v In,d. ",II,bl." tho proP'"V 01, ,nd fo, thlliurpolOl of, CONTflAVES.GOCRZ COnrORAlION. Sub.idi"V of CONTMVES AG, OenUKON·DUlfnl.€ IIO~nfNG_1t unnnt b. 
I'wlnlly "p.oduted III IllY forl11 110/ dlvulved to OilY third P.rty, 1I0r "IOd tor .ny 111Irpn" other th,n thO! fo,,,lmh it h .. b.", ""d •• v"l.bf. tn YO", w,thout tho ,pec,fic wrlll'" co"",,'ol CONTRAVrS-GOEnZ cOnrOnlll'lON, 

The Arncrican Subsidiary of Contraves AG, Qerlikon-BUhrle Holding 3-2 
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3.3 COMMENTS CONCERNING 
ACCOHPLISHED SCHEDULE 

,'-- --,-'-" ., ---I 

n-3599 

The contract required a delivery 
of twelve (12) months for the 
equipment. A total of thirteen 
(13) months were required to design, 
build, and checkout the equipment. 

Hajor problems causing a delay in 
deli ve;:y occured during the design 
phase. Frequent computer break­
downs during the structural analysis 
of the mechanical system caused 

, 

i 

some delay in releasing manufacturing 
information. In addition, the 
procurement of large cas't structures 
required longer lead-times than 
normal, because of a work over-
load in the pattern-making industry. 
Otherwise, most of the subcon­
tractor and vendor items were 
received as scheduled in the PERT­
chart submitted during the pre­
contract phase • 

lht Inform.lion <MI.io"d h".in I, being m.d. avoll.bl .. , Iht properly .f, .nd f.r Ih. purpo'" of, CONTRAVES-(:OERZ CORrORA1,rrN. Sub.idillV of CONTRAV(S AG. OEP.(tKON·DOIiRtE 1I0tOlNG. It "nno, bo 
Ilwtul,lv reproduced in IllY talm nUf di't'UIIfGd 10 iny third P,uIV, nor med lot anv purpose othol thin lh.1 fot whIch it hltt hllen ml".te Ivatl.bltt 10 you, WlthoUl1he: specllic wlitttln tom"tt or CONTRAV£S~GOrnz CORPORATION. 

Tile American Subsidiary of Contravc:s AG, Ocrlikon-BUhrle l-lolding 3-5 
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4.0 

4.1 

4.2 

4.3 

4.4 

LIST OF DOCUMENTATION 
PROVIDED UNDER THIS 
CON TRAC '1' 

MONTHLY TECHNICAL 
PROGRESS REPORTS 

PHASE/HILESTONE 
CHART 

ACCEPTANCE TEST PLAN 

DESIGN A,"(ALYSIS 
REPORT 

4.5 MANUALS 

4.5.1 MAINTENANCE AND 
OPERATION MANUALS 

1 

H.-3599 

'rhe documentation provided to 
NASA JSC, during and at the end 
of the contract NAS9-l4l85 is 
itemized below • 

A total of twelve (12) progress 
reports were submitted under this 
contract. Progress report No. 1 
was issued on August 12, 1975 and 
progress report No. 12 on July 18, 
1975. The reports are numbered 
F(3)-997-023-022-2496-l through 
-12. 

A phase/milestone chart in the form 
of a PERT chart was prepared and 
updated monthly and submitted as 
part of the Technical Progress 
Reports (refer to Section 4.1) • 

An acceptance test plan, document 
number TP-35l2, was suomitted to 
NASA JSC for review. 

Two (2) design analysis reports 
. (one mechanical and one electrical) 
,.,ere prepared and submitted at 
the critical design review (CDR) 
meetings, held at NASA JSC, Houston, 
Texas'. The file number for the 
mechanical design report is 
F(7)-997-023-022-2539, and for the 
electrical design report is TR-35l3. 

A maintena.nce and operation manual 
was prepared by Contraves-Goerz 
Corporation. The final issue is 
being submitted with this report. 
The file number is IM-3.557. 

I 

n..lnfo,mMion "nl.""d herein i. bOing m.d. Ivail.bl. IS tho prop,,1Y of, .ndlor the purpo,~, bf. CONTRAV£S-GOEnZ COnrOIlAl rOil, Sub,ldl"y 01 COllTRhVES AG, OfRIJKON·BUIiRLE HOLOIrlG. It "nnol b. 
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4.5.2 VENDOR MANUALS 

4.6 DESIGN DOCUMENTATION 

4.6.1 

4.6.2 

DESIGN DOCUMENTATION, 
PRELHUNARY 

DESIGN DOCUMENTA'J.lION, 
FINAL 

R-3599 

Vendor manuals for the following 
equipment are provided under this 
contract: 

A) Rockland Synthesizer Model 5100 

B) Exact Oscillator Model 605 

C) Exact Oscillator Hodel 337 

D) Compunetics CIE Electronics 
Model 4490 

Certain preliminary design docu­
mentation (drawings), was sub­
mitted at the mechanical and elec­
trical critical design review 
meetings, held at NASA JSC in 
Houston, Texas,. 

Tables 1a and 1b list the final 
and updated drawings and parts 
lists ,.".hich are supplied under 
this contract. Mechanical and 
electrical drawings are listed 
separately. 

1-

rhe ;nf.rm,U.n cOlllblned hor.ln" b.ing m.d. ".II.bl," Ih. proporlV of, .od for Ih. purp.I" of, CONTnAVES-GOERZ CORPOIIA1ION,Subddll!V.I CONTIVIVES AG, OERLlKON:~UltRLE HOLDING.lltannOI bl 
Ilwfoliy IIII1.dUCfd ;"any t.,," nord,vulg.d 10 Illy Ihlnt Pllly, nor ""d',., any ".rp ... lllher Ihln\hlllo, which II has b .. n mId. ",d.bl. 10 you, WllhbUI Ih. IP'tI'lt wlln." CllolOnl pI cot~TOAVfS.GOEnZ COIlPOnA TlON, 

\) 

The American Subsidiary of Contraves AGI Oerlil<on-BUhI1e Holding 4-2 

I 

.,lJ 



I 
i 

I 
! 

--~-~-- ..... ,..- .-, .. "' .... ~. _.,.,.., ~ .. -..." . 

R-3599 
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Q 

1 3-Axis Dyna-
mic H.otion 
Simulator .' 

1 Three-Axis 
Dynamic Ho-
tion Simula-
tor-General 
Arrangement 

Three-Axis 
Motion 
Simu1ator-
Middle Axis 
Assembly 

Three-)\..xis 
Dynamic. Mo-
tion Simula-
tor-Inner 
Axis 
Assembly 

1 2-Passage 
Rotary ~Toint 

l' Cable Wrapper 
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; Assembly 

~ Lock ~ssemb1y 
I ; 
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] Package Mt'g. 
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1. Hachining 
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Sheets 1, 2 ! 
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-
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D 1 thru 8 B C 1,2,3 E ; 
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1 ! ~ 1 D i 

1,2 tB 1 E 
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I Cable 
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Interconnect 
Cable 

II 

II 

II 

II 
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Cables 
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Amp 
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Cmd Chassis 

Posn Cmd Traj 
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Crossing Det 
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Switch Card 
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Comparat~r 
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TEST RESULTS 
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RESULTS 

FINAL TEST 
RESULTS 
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Preliminary results of tests performed 
at the Contraves-Goerz plant in 
Pittsburgh, ?ennsylvania were 
submitted previously (in September 
1975) under document number TP-3512A. 

Final results of the tests per­
formed at the installation site at 
NASA JSC in Houston, Texas, are 
submitted as a separate item per 
the Data Requirement List (DRL) 
and are included in this final 
report as Appendix A. 
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6.0 RECOMMENDATIONS 

6.1 

6.2 

6.2.1 

SLIP RINGS ON 
OUTER AXIS 

COMPUTER INTERFACE 
EQUIPMENT 

GENERAL 

R-3599 

The use of slip rings instead of 
a cable wrapper on the outer axis 
would improve the system with 
regard to an unlimited rotation 
angle in both the clockwise and 
counter-clockwise directions. 
However, the noise level and 
cross talk problems may increase 
somewhat. 

In any new design of similar equip­
ment, a different approach to the 
interface should be considered. 

The suggested approach would be to 
use a mini-computer to perform the 
function of the CIE interface. Ip 
this scheme the minicomputer woul ... 
be used to process all data which 
would be used external to the system. 
This means that all number conversions 
would be accomplished via the mini­
computer. Other func'cions such as 
precision acceleration to a rate and 
precision rate to a position could be 
handled by software. Also variable 
position bias could be calculated by 
the mini-computer to allow the user 
access to adjust the zero of the 
readout and command. Also, the rate 
readout could be calculated by the 
mini-computer to determine the rate 
by a IOO-point best straight line fit 
to position giVing better confidence 
in the measured rate •. 

lhl inforn",ion ,0",liold h ... in ilb.,n9 midi 1\llil.bl •••• h. proPlrtV of, .nd for thl purp"", of, CONTnAVfS·GOfflZ COnrOllA1ION, Sub.idlllV.r CONIOAVES /lG, OenLIKON·DUilRLE 1I0LOING. II unObl Lt 
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HP2100 -

1 

ADD DEDICATED HP2100 
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! 
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The I/O required for the SEL-86 
and an HP2100 could be via I/O 
slots in the mini-computer or may 
be by DMA access to the memory for 
a faster data transfer rate. The 
block diagram of the system would 
be as shown below. 

-~ DMS 
I 

.-...... _-

Modification of the present hard­
ware is discussed in Section 6.2.2 
and 6.2.3. 

The addition of a dedicated HP2100 
to the system.would allow higher 
order functions to be executed 
using a HP2100 as the system con­
troller. ,One specific function 
would be a profiled rate to a 
posit~on. This would be done by 
using the HP2100 to change rates 
ona time base interrupt and use 
'the axis position readout as a 
:eeedback element. In this manner, 
dontrolled accelerations and decel­
erations could be accomplished with 
the computer determining When to 
begin deceleration so that the axis 
will smoothly stop at 'the final 
position. A simplified flow diagram 
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is shown in Figure 1. This does 
not show any sub-routine required 
for converting the calculated posi­
tion to a number less than 360..0. 
degrees. 

As another option, the HP2lo.o. 
could be used to bias any conunand or 
readout position to allow arbitrary 
zero position of the axis. Another 
possibility is to allm'l the HP2lo.o. 
to do the special formatting required 
and, thus, minimize the SEL pro­
granuning requirement. 

6.2.2.2.1 IMPLEMENTATION To implement the dedicated HP2lo.o., 
the following format could be used. 

. I 

./ 
DMS J I 

f 

~ 

s£~ ~-::--- .. :::=======~. HP 210. 0. 

eIE ~ .---- .. ,. HPZIOO, , -..... . . 

I for fast 
optional 
data, 
return 
to SEL. 

.. __ .. ,. I 
-,11_.1 ", 

SEL 
'-------

The HP2lQ.O is connected to the SEL 
input because the HP2l00 would be 
conunanding and reading data from 
the ClE. The SEL connection to 
the ClE could be used for fast 
data reading 6nly. Any commanding 
would be done via the HP2Io.O. The 
SEL connection to the ClE could be 
eliminated by receiving its data 
from the HP2l0o.. This would be 
slower. To read data via the HP210o., 
the SEL could interrupt the HP2lo.O. 

TIl. in'.rmltion ,ontllnld h.II;n I. hlint ... d. I •• illbll I. thl prOPlrty .'. Ind '.r tho purp ..... '. CONTRAVES-GOERZ CORPORAl ION, Sublidiory 01 CONTAAVES AG, OERLlKON·8UtlRlE HOLDING. II "nnol b. 
• ..... fully "pr.duced in Iny 'orm nor divullid I •• ny IIUld Plrly, nor ulld 'or Iny purp.1I .rher thoolhl' f.r whICh i. hi. b .. n mid •• v,il,bl'lo you, wi.houl thllp,,,'i, wrlll'" ,onllnl o' CONTRAVES·GOeflZ CORPORAT.ON, 
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ORIGINAL PAGE IS 
OF POOR QUALlTYi 

R = 

P = 

Pdec = 

A = 
T = 
Rc = 

Pc = 

PX'''.Jsent Rate 

Present position 

position to Begin Deceleration 

Pc. 
Acceleration 

Interrupt Time 

Commanded Rate 

Commanded Final position 

Figure 1. Flow Diagram of 
controlled Rate and Aooeleration to position 

R-359,9 

-
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R-3599 

When the data had been read by 
the HP2100 via the CIE, the SEL 
could either wait for the HP2100 
to I/O the data, or a DMA channel 
may be used. SEL data reading 
via the HP2100 would reduce the 
I/O requirements of the SEL. 

","lnlorm.lion eonllined hlflin I. b.ln9 m.d. 1 •• \I.bl. "Ih. prop.lly 01, .nd lor Ih. purpoj •• 01, CONTRAVES-GOERZ COfirORAl ION, Subsidiary 01 CONTRAVES "G, OEnliKON.8UIIRLE HOLDING. II tlonol b. 
lawfully ,.producad In Iny I.,m nordivul,.d 10 Iny Ihlrd Parly, no, used 10' 'ny pur pOll Olhet Ihln Ihat lor which II hIS bOln mad. avall.bl'l. VOU, wilhoUI Ih'.pecilie wli"'n c."" ... , CONTR"VES-GOERZ CORPOnATION, 

lhe American Stbsidiary of Contraves AG. Oerlil<on-SUhrle Holding 6-5 

I , 

'; 

j 1 
t 
~ 

, , 
I 

j 
j 

I 
.:J: ... 



r 

f 
it ' 
[' . . 

t J 
:;: 

1 Li r 
1\ 

! 
E 

i 
t ~ ! 
j': 

" 

I ' 
L' 

L. 

;<':1 

) 
I 

"-"~-~--"-"-r~~V-"~"""'\-l "~-- "0" 

j 0,-

6.2.3 

6.2.3.1 

MODIFY PRESENT EQUIPMENT 
TO ELIMINATE CIE 

GENERAL 

R-3599 

If it is desired to interface the 
HP2100 computer directly, to the 
system without the use of the eIE 
chassis, it may be done via the 
standard bus matrix with the 
exception of the"" f01ilowing 
;eunctions. The rate dat.a to the 
Rockland synthesizers, the accelera­
tion command, the acceleration 
lfeadout, the Earth rate correction, 
~he angular oscillation frequency, 
and the status are not available 
to the bus. What is available is 
the modes, position command, position 
readout, and rate readout (Section 
6.2.3.3). Separate I/O slots would be 
required for all the functions in­
dicated by "-" in the 0US address column. 

This is equivalent to three (3), 
16-bit input channels and thirteen 
(13), 16-bit output ~hannels in 
addition to one input and two output 
required for bus interface. A 
standard HP2100 has 10 I/O slots so 
an I/O extender or special interface 
logic would be' required for bus 
interface. A single ended computer 
interface logic tray would be 
required. This tray is made by 
Contraves-Goerz and is deGcribed 
in Section 7 of the instruction 
manual, IM-3557. 

The attached bus matrix block dia­
gram (Figure 2) shows how the system 
would be interconnected if the bus 
matrix were extended to cover the 
other functions not now encoded. 

Th. inl.,m,tlDn contlln.d hOl.in Is being m,d .... II,bl. tithe property D!, .nd I., th. pU'P"" .1, CuNTRAVES·GOERZ CORPORlllION. Subsldltry 01 CONTRAVES AG, OERlIKON·BUHRLE HOLOING.tt ctnnot b. 
',wlully rop,oduCld In Iny lo,m .0' divulU,d to Iny Ihird Piny. nor IIl1d lor Iny purp.II othtr Ih'" Ih.t'orwhich h hOI b ... mad. IV.illbilto you, wlthoutth. ,pfCilic writlln co ... nt 01 CONTRAVES·GOERZ CORPORATION • 
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I Front I J Hanual r--
panel!~----~l Control 1-----

6--1---1-.---- l,ddres~* -i status 

I 

2 Words 
1 J40de 
\'lOfd 

2 Words i 
1 Hode 
Word 

2 Words 
1 H.ode 
Word 

2 l'lords 

2 Words 

2 Words 

2 Words 

2 'vords 

2 ''lords 

Decoder t-

J SEI _ 
,Gates ~ ____________ ~ 

• J Computer I-i;::=i-l,-~.-- Address * Rockland 

~ogic Decoder - Rate Gen 

Position 
Command 
Inner 

Position 
Command 
Hiddle 

Position 
Command 
Outer 

Position 
Readout 

~ 

.... 1-'---- o-;;;I.:.;n""D,;..,'c,;",' re;,.' ___ ---' 

OJ rd 
rIO U cO 
-~'M QJ 

~ ~ ~ 
riJ~ \--.....-j Address* Rockland 

i Decoder ~~ Rate Gen 
1------0 Hiddle 

6--+-I-----~ Addre~s* Rockland 
e--+-----I Decoder I-- Rate Gen 

t- __ 1--'-' -..-1 Addres s *~ 
Decod,er 

,~ -----.-1 and i 

::======~~~ Buffer 

Outer 

Exact 
Synthesizer 
for Angular, 
Oscillation 

Inner . L!~~~.....:.!----=~T....,-'j-- Addres s * Earth 

Position 
~ ____ Decoder t-- Rate D/A 

Inner 

Readout 
t1.iddle -

Position 

---:...(Address * I Earth 

~-+-' __ "''''IDecoder ----I Rate D/A 
_ I Hiddle 

Readout 
Outer 

Add'ress* Earth 
~~~J[---1------~r-i-~' ____ Decoder~. Rate D/A 

Rate 
Readout 
Inner 

Rate 
Readout 
H:i.ddle 

Hate 
Readout 
Ontal: 

Outer 

__ .. . IAddress>~ _J Accelerationl 

~Decoder ~ D/A 
'--~------' 

Address* Acceleration 

~ Decoder I-- A/D 

----~r_.~.~--~ & 
Gates 

*Ne\'1 Reqd, 

FiguX'(3 2. BUB Matrix BZock Diagram 

R-3599 

1 \lJord 

4 \fIords 
Serial 

4 ''lords 
Serial 

4 Words 
Serial 

1 Word 

1 Word 

1 \llord 

1 Word 

1 Word 

1 Word 
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R-3599 

Probably the best way to extend 
the bus would be to create 
another identical bUIJ driven from 
the standard bus matrix. This 
would.change all the functions 
not available on the bus now from 
position true IQqic to the ground 
true logic required for the bus. 
Also, this tray could contain the 
multiplexer functions and the 
address decoding which would allow 
the addition of a single chassis 
containing the modification bus 
extension logic. All existing 
cables would then be plugged into 
this chassis. Using this method, 
the eIE electronics would be dis­
connected and a dedicated HP2100 
would be used for the system. To 
interface the SEL to the system, 
it would be connected via the HP2100 
and optical isolators would have to 
be made compatible to the HP2100-SEL 
interface. With this scheme the 
HP2100 would accomplish any formatting 
changes such as data packing and 
unpacking and binary to BCD, BCD to 
binary conversions The actual 
data transfer to the SEL could occur 
via an interrupt to an HP2100 I/O 
slot or could be via a DMA channel 
in the HP2100 with the HP2100 manipu­
lating the SEL data before it is used. 
The use of a dedicated HP2l00 allows 
possible programmed functions to 
the DMS such as positioning at a rate 
and/or controlled acceleration via 
rate profile generation. In this 
scheme, the HP2100 would monItur the 
actual position and modify the 
commanded position or rate as a 
function of the actual position or 
time. 

Th.ln'.rmltion contlinld h .. ,ln II blln; mid. I"Hlhl. IS tho plol"rly of.lnd fo, thl purp,,'" d'. CbNTRflVES.GOERZ COIlPORAlION. SUblidillY of CONTRAVES AG. OERltKON-BUH8lE HOLDING. II "nnot bl 
f",'ully roproduced In Iny 'olm nor divlll,od to IllY thlld Piny. nor used for Iny purpose othor thin th,l 'or which it hOI bltn midi ... H,bIIIO you. IIIlIhoUllhl IP"ifl~ wriUln con .. nlof CONTRAVES·GOERZ COr.PORATION. 
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CHANGES REQUIRED 

R-3599 

A) Data Changes 

1) Data format would be BCD. 

2) One 16-bit word per address 
·transferred. 

3) Two 16-bit I/O slots would be 
required (one for address, one 
for data in and out transfers). 

B) Functional Changes 

1) Only one remote local switch 
controls all axes. 

2) Rate generators (Rockland) would 
have to be rewired to accept 
multiple word input. 

3} Rate and acceleration thumbwheels 
would have to be wired to be 
entered on the bus in proper 
format. 

4) All address decoding would have 
to be generated. 

5) Bus requested data ready would 
have to be made for the accelera­
tion readout .. 

6) All data to the non-hus compati­
ble functions would have to be 
made gro~nd true. 

7) Interface tray for bus to com-' 
puter would have to be added 
to prevent manual and remote 
access at the same time. 

8) Rate sign storage must be 
implemented. 

9) Addr€\ss must be assigned for 
the undefined ;functions. 

10) Zero reference pulse would have 
to be changed to an interrupt 
function. 

Thl inlormation cDntlin,d horlin I. b"IOg midi lVIiI,bll.,lhl ~'.~!rlV 01, Ind IDfth. p(JrpDil\~f. CONTRAVES-GOERZ cORroRA1.0N, Sub.ldlllY 01 CONTRAVES AG. OERlIKON·8UIIRLE HOLOING. It ClnnDt b, 
lowlullv reproducod In Illy lonll nordivulpd'to any third piny, no, u.'d ior IIIV pur po .. other thin thll tur which it hi, bltn mldllVlilabll to you. without thl.poeific wriU.n conllnt 01 CONTnAVES-GOERl COIIPORATION. 
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CATEGORY 

ANGULAR 

Integer 

Range 

CIE STATUS 
(Modes) 

DATA RANGE 

000 to 999 

6 Ranges 

**Separated into three words on bus. 
- Not connected to bus. 

R-3599 

TYPE PARALLEL WIDTH (BITS) 

Bus Adr. 

BCD Integer 12 

BIN Integer 4 

BIN 16 01,03,05** 

Tho inf.'m~lron containod hltoi. is b.lng mid. IVIII.bl ... th. pr.pOlIY of •• nd fonh. pu,po ... of. CONTRAVES-GOERZ COnpORA110N.SubsidllfV of CONTRAVES AG. OERlIKON·BUIiRLE HOLDING. 1\ connol bo 
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6.3 

6.3.1 

ADDITION OF A 
POSITION INDEX MODE 

GENERAL 

R-3599 

This is an option often used to 
generate positioning ata rate. 
This tray takes position increment 
pulses from the rate generator and 
accumulates them forming an accumu­
lated change in position. If an 
index command of 45.0000 degree,s is 
commanded and index mode is selected, 
t~e position increment pulses (from 
tnerate generator with the frequency 
of these pulses forming the rate) will 
be: gated through into the position 
command tray until 450000 pulses have 
been accumulated. At this time no 
more pulses are allowed through. 
This method of positioning forms 
a irate step from 0 to the set rate 
a~d return to zero at the begin~ing 
a~d ending of the interval. This 
mSans only the rates which allow the 
axis to stop within less than 0.5 
degree position movements may be used • 
,The actual maximum rate which the posi­
tion index will work is dependent on 
tqe acceleration capability of each 

- axis. Normally, this is around 15 
d~grees per second or less. Using 
t~e equatio~e_p.~low. 

! 
P i_ ~a.t2 2P 

t
2 R = at :- , - = 

, 
Cl 

if P = 0.5 n= t 
, Cl 

a R,= ,ra:-= 
NCi: 

So maximum rate for any axis equals 

facceleration limit 

Ttl. inf.rm.tion tOntlin.d h.ll1n i, btlng mid. I"ll,hl. " the propllt~ 01, Indlar tho purpa,;, of; CONTRAVES-GOERZ CORPORAl ION, Sublidi"y 01 CONTRAVES AG, OrRlIKON·BUIlRLt tlOlDlNG.11 "nnol b, 
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For low rates (multiple Earth rates) 
this is a satisfactory method of 
getting from one position to the 
next at precision rates. 

Two other functions are available 
with the position index options; a 
variable dwell time at position. 
With this option, automated index 
testing is available. The axis will 
rate to the first position and dwell 
at the positLon for a preset time 
interval. When the time interval 
has expired the axis will index (move 
the preset position delta) and wait 
again. A cycle complete counter is 
available to halt the indexing after 
a preset number of cycles are complete. 
A flow diagram of the function is 
presented in Figure 3 and the speci­
fications for the function are pre­
sented in Table 3. 

Tholofolmltian contllned hl,,;n I. beiog midi 1"i1.bll II thl ploparty of, Ind forth' pUlpD.1I of, CONTRIIVES-GOERZ CORrORA1ION, S"b.ldlary of CO NT RAVES AG, OERUKON·8UHRL£ HOLDING. It Clnnot b. 
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DECREMENT 
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Figure :;. position Index FZow Diagram 
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" I 
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TABLE 3 

POSITION INDEX GENERATOR SPECIFICATIONS 

Range ------------------ 000.0000 degree to 999.9999 degrees 

Resolution ------------- 0.0001 degree 

Maximum Index Frequency-- 1 MHz 

Dwell Resolution * ----- 0.,01 min. 

DWell Range* 

cycles Range:; 

----------- 00.00 to 99.99 degrees 

00 to 99 degrees 

position Data Input BCD via the Standard Bus Matrix 

DWell and Cyc1es* ------ Manual thumbwhee1 

*Optiona1 functions not required. 

Th.lnlarm,lion ,Onlain.d h."in Is bolntl m,d, ... iI.bl." Ihi pr.pOlly 01, .nd lor Ih. plirpolOS 01, CONTRAVES·GOERZ conponAllON, Suhsidlary 01 (<:.NTRAVES AG, OERLlKON,RUHRlE 1I0LOING. II Clnnol b. 
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6.3.2 ADDITION TO 
PRESENT SYSTEM 

R-3599 

To add this option to the present 
system would require the addition 
of a chassis and modification to 
the enter switches on the Station 
Control chassis. Access to the 
position index mode would be man­
ual only since no compatible data 
slots are available through the 
eIE interface. The position index 
tray would be located between the 
rate generator and the command 
chassis rate input. An additional 
mode buffer would be required to 
store the position index mode. 

TholnformoUo" ,"ntolnld hll,l" is bllng mid. lVIillbill< Ih. jlfOP'rtV of, ,nd for th' Pllrpo," of, CONTRAVES-GOERZ CORPORAl ION, Sub,ldlllV of C()~'TRAVES AG, OERlIKON·BU~nlE HOlOING.1I unnol b, 
IlWfully flprod""d in ,ov lorm nor divulged to 'ny third P",y, no' .led 'oronv purp .... lh" 11I.l1lhll 'or which II 1111 b .. " mld'OVllllbl.lo you, Wllh.llt tho 'l,ee,lIc wrlll'n ,on .. nl 01 CONTRAVES-GOERZ CORPORATION. 
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6.4 

6.4.1 

6.4.2 

CCI4PUTER ACCESS TO 
SYSTEM TEST FUNCTION 

GENERAL 

MODIFY PRESENT 
EQUIPMENT 

R-3599 

The system test is designed as a 
manual check of the integrity of 
the command and readout logic. 
It is used simultaneously on all 
three axes and simulates axis 

".A 

motion with the torquer off. It is 
not intended that switching between 
normal and system test be accorrp1ished 
during the use of the DMS for axis 
motion. Since the axis servo is 
dependent on the data in the command 
trays, any modification of this 
data will cause an axis motion unless 
the axis torquers are off. Keeping 
the system test function at manual 
operation.minimizes the possibility 
of the computer reading system test 
data instead of actual axis position. 
The procedure for adding computer 
control of system test to the pre­
sent system is described in Section 
6.4.2. 

This is the suggested method for 
adding computer control of the 
system test mode. It uses the 
acceleration axis 1 word from the 
CIE chassis. This word ,-;as not 
used in the original system. The 
change requires the addition of 
the circuitry shown on interface 
tray to the CIE schematic (drmving 
701007). This must be wire wrapped 
in the tray which is in the Station 
Control chassis. I/O is done by 
14-pin headers plugged in the tray. 
The test switches in the readout 
chassis require re\viring and adding 

TIl. inform'tlon con"ln.d h."in i. boing mid. IVlillbl. "Ih. proporty of, Ind lor tho purp ..... of, CONTRAVES-GOtRZ CORPORAl ION, SLb.idilfV of cONTRAVES AG. OERlIKON-8UHnlE IlOLOING. It Clnno~ b'
ON lawfully rtpJoductd In Iny lorm f10r dl~uli,d 10 .f1Y third f'f1YI nor ulld for anv PllfPOIl oth., thin th.t for which it hll bltn nllde 1V111.bl. to you, without Ih. ,peclflc wulI,n (onllnl of COtHRAV[S·GOERZ con ron Tf 
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6.4.2.1 

I 
J _' __ "'H~~~~ 

DATA FORMAT 

R-3599 

a connector to the rear of the 
rea'iout chassis (drawing 701005). 
Also required are assembly of 
two cables for bringing signals 
from the CIE to the interface and 
bringing the switches in the Readout 
chassis to the Station control 
chassis. 

Data for the remote test are sent 
to'address 34 octal which has been 
defined as acceleration word for 
Axis 1 in the CIE documents~ 

.,--------------"--,. -~-·--~--~--1 

DATA j 
M N r-I 
+ + + 
III co III III 
til c,'l Ul til 
H H HH 

o 0 0 0 

~--------------------F_UN,--C_T-I-ON I 
Normal Read~ 

0 0 1 

0 1 0 

1 0 0 

1 

1 

1 

Sy'stem Test 

Readout Test, 0 

Readout Test, 90 

Other lii:.t arrangements- are. not 
allowable. 

Remote sy~tem test is available 
only when all axes remote/local 
switches are in remote. 

n,lnform.llon ,onuill.d hilI I. I. b"n; m,d. ",il.bl ... !h'propIIIY .f,.nd for Ih' purpoll' of, CONTRAVeS-GOERZ CORPORAl ION, Su~.'dl"V of CONTRAVES AG. OERLlKON·8UHRLE HOLOING. II tonnol b, 
I~tullv ,.produc.d in .nv form nor divul8fd~? Iny third PIf1Y, nor used fur IIlV PUfPUIl otn" thIn thlt tor whIch It hIS bun mid. Iv.If.bl. to you, Wlthoul the sptC-ilic writ"" cons.nt of CONTnAVES .. GOERl CORPORATION 
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R-3599 

6.4.2.2 PARTS REQUIRED 

QTY - NBR ITEH "' :J 

1 SN 74158 Integrated Circuit TI or EO 

'-
1 M1OS-LRN Connector ,T-23 l'7inches ter 

1. M1OP-LSH19C Connector Bl-P23 Ninchester 

'.-
AR 22 Avg Wire 

----

Connector supplied 
with system, Items Amphenol 
84-86 on Pl,70l0l8. 

""C:" 

2 l4-pin headers simi-
lar to Augat 6l4-CG1. 

, 

Thol.lo,."lion con 1.1 nod h",ln Is t.lng m,d. IVIII,bl ... Ihl p,op.ny ol,.nd 10' Ihl pU'P'''' 01, CONTRAVES-GOERZ cORPOilAl(ON, Sub.idilfV 01 CONTRAVES AG, OERLlKON·BUIIRlE flOLDING. II Clnnol b. 
Ilwfully r.produced In IOV to,m nor dllJulQlld 10 Inv third fluty. nor ulIId hu Inv PUlpUli' u1hef 1han lhat tor ~hlch it has boon madllW'lIl.bl. to you, without. the specific writl.n COln.nl or CONTRAVES-GOERZ CORPORATION. 
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6.4.2.3 CABLE BETWEEN READOUT CHASSIS AND STATION CONTROL 

.~I. 

, 
~. fi 

i 

'" 

I, 
, Ie 

.•• ~i 
~~ 1 :: 

BI-P23 B2-l-6-46 

1---11 A -·--------· .. ··---'2·'2 '---.. ------~ 

C · .. --· .. ·---------------------1 

E 

K 

L 

~------~As required---------------~ > 

Wbtchester 
M10P-LSH19C 

10 

9 , 

8 

7 
'---

T 
l4-pin 

Test 

System 

Readout, 0 

Readout, 90 

GND 

header 

Th.lnt.rmot;.» contained her.ln II b'ing m.d, ",il,bl. ot tho prap.rty of •• lId fllr the purpnlll of, CONTRAVES-GOERZ CORPORAl .ON, Sublldlary of CONTRAVES AG, OERlIKON·8UHnLE HOlOING, It "nnot b. 
lewfully roproduCld In '"Y form nor divulll"d to Illy tl,lId Porty, nor ""d 10. Iny p"'pnlt o,hlrth •• 'hot for INhlch II hal btln m.dl .v.ll.bl. to you, without ,h"Pocilic wrill •• conlin, of CONTRAVES-GOERZ CORPORATION. 
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6.4.2.4 CABLE CIE TO STATION CONTROL 

C3-P6 B2-1-6-56 
#22 r--

B6 ------------------'---- .. ------ .. 11 Test 

A6 4 

B7 r---,i--.-----~-------------------l10 

A7----r-·-- --------- ------... ----.-.-- 5 

System 

C(i .-.--.. ------.------~ 9 Readout, 0 

D81------------------------

C5 Readout, 90 

D7 7 
-l' ~~---------------As required---------~--~ \ 

CIE 1-1.ating Connector 14-pin header 
Ampheno1, Items 84, 
85, 86 on PL701018. 

LSB 
LSl3+1 
LSB+2 
LSB+3 

= 
= 
= 
= 

test 
sYE?tem test 
readout test, 0 
readout test, 90 

To activate test set Bit 1 and on1v 1 of. Bits 2, 3, or 4. 
For Axis 1 acceleration adr = 11106 = 34R• 

Tht In'ormatlon con"lnod hllli. I. being mId •• v.ilobl. II ,h. prop"'v 0' •• nd for tho PIIIPO'" 01. cONTRAVES-GOERZ CORPORAl ION. Sub,ldlllY of CONTRAVES AG. OERLIKON,BUHRlE HOLDING. It connol b. 
I.wfully. "produclli.l In II1V tllrm nn,' divul;8~ to .flY thifd {,,,ty, nor used lor Illy ImlllOU other thin th., tor which it tlltl beGn m.de .v •• bbl. 10 you, without the ,peciflc wril1'" consllnt of CONTRAVES-GOERl CORPORATION. 
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APPENDIX A 

TEST PLAN FOR A THREE-AXIS 

DYNAMIC MOTION SnmLATOR 

MODEL ~67-0050 

Th.lnfo.m.lion conl.in.d h ... in i.b.lng m.d. ",iI,bl. IIlh. p.OPIf\V 01, and lor lb. pu.po", nl, CONTRAVES·GOERZ CORPORAl ION, Sub.idillV 01 CONTRflVES fiG; OERUKO"·8UIIRlE HOLOING. II Clnnol b. 
I.wl.lty "p.oducod 10 .ov 10'" ~o. divuIW'" to .ny Ihl.d Pmv, no. usod lol.ny pu.p.," oll1l1lh.n Ih.llo. which il hiS bun ... d.avail.bl.lu you, w.lhnullh"Ptc.li< WIIII.n <un"nl 01 CONTIlAVES-GOERZ CORPORATION. 
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TEST PLAN FOR A THREE AXIS 

DYNMlIC MOTION SIMULATOR 

TP-3512B 

NOTE 
This plan contains FINAL Acceptance 
Test Data taken at the NASA JSC 
Installation site in Houston, Texas. 

lh.lnl.'OI,'ion conl,ln.d hll.III" being m.d •• vall,bl. IS Ih. ~,op"IV 01, .nd lor th' PU'I'O'IS 01, CONTRAVC.~·GO£RZ CORPORAl ION, Sub,ldlarv.' CONTRIIVES AG. OERlIKON·8UHRLE HOLOING.1t tlnnot hi 
I.wlullv IIpr.ducod In .ny lo'm nn, dlVulg.d 10 .oy Ihi,d Party, "0' "sed lor .ny pu,p." nthor \hln Ih.t lor which II h .. bncn m.d. 'v,ll.bl.lo you, without tht'."i'ic w,;,t.n tonstnt 01 CONTRIIVES·GOERZ CORPORATION, 
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TEST PLAN FOR A THREE AXIS 

DYNAMIC MOTION SIMULATOR 

MODEL 267-05QO 

FINAL ACCEPTANCE TEST DATA 

TP-3512B 

December 1, 1975 

Prepared for: 

NASA/LYNDON B. JOHNSON, SPACE CENTER 

Thl!nfo'l]1,tron containld hor.ln is bllng m,dl ... n,bl. IS thl p,oplrtv of, Ind forth, pu,po", of, COHTRAVES-GOERZ CORPORAl ION. Sub.ldltrV 01 CONTMVES AG. OERLIKON-BUIfRLE HOlDING, It UMO' b. 
,""fully "p,ndv,"d In lOY fo,m nor diVIIlgod to lOy third PortV. no, ulld fo, Inv pu,po .. othl' 'hln thlt for whICh It hI! bl'n m.d •• v,il.bll to you, without 'hi "II,ifitwrill.n con .. nt of CONTt\AVES·GOERZ CORPORATION, 
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1.0 INTRODUCTION This acceptance test plan is 
divided into two sections, 
Mechanical Tests and Electrical 
Tests. 1'1ost mechanical tes·ts 
were performed during assembly 
and t~e electrical tests after 
assembly. 

I 

Several manufacturing processes 
and tolerances have been specified 
for the production of the hardware. 
These manufacturing tolerances and 
processes are indicated on the 
manufacturing drawings and required 
in-process quality control ch~cks 
and reports. These checks are not 
included in this test procedure. 

Also, installation information for 
the Dynamic Hotion Simulator (OMS) 
such as leveling and azimuth (north) 
alignment of the outer axis and 
axis alignment are not contained in 
this test plan. These tasks appear 
in the "Installation" section of 
the maintenance and operation 
manual for the OMS S~stem. . 

All electrical tests were repeated 
·at the NASA JSC installation site. 
At the discretion of the NASA JSC 
technical monitor no mechanical 
tests were repeated except for 
axis ~obble '(Item 3.3.1). Data 
sheets and procedures for the 
tests not completed are included 
without any data. The data from 
the in-plant acceptance test have 
been delivered to the technical 
monltor. 

I • . 

D~t.a from the clamp orientation 
sensitivity portion of the test 
(Item 3.8b) are not included. 
This test was rewritten with 
agreement from the technical 
monitor and the dat~ w~re to be 
taken by JSC personnel. 

Th.lnlormltioR <onlain.d ""aln libeln; m.d. mli,bl. nIh. proplny ol,and lo'lh. purp~ ... of, CONTnIlVES·GOERZ CORPORlll.0N, Sublldiary 01 CONTRAves IIG, OERlIKON·nUHRlE IIOLDlNG.11 Clonol b. 
l.wl~IIV "produc.d in .ny lorm nor divulged 10 Iny Ihird P"IV. nor "nd lor .nv PUlp"" olhor Ihln Ihal'or wI",h il h .. bllo m.d.IVI,I.bl. 10 you. wJlhoullbllPIClIi< willi •• ellnlfnl 01 CONTnAVES·GOERl CORPORATIOII 
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The outer axis position mode did' 
not meet the rate sensitivity test 
at NASA JSC. Since this test was 
passed wben performed a~ the 
Contraves-Goerz facility, the 
problem appears to be an un-
balance of the inner and middle 
gimbals. Per our telecbn agreement, 
NisA will finebal~nce the system 
and rerun the orientation sensi­
tivity tests in accordance with 
Paragraph 3.8b. The data may then 
be recorded by NASA. 

"".Inlorm.llon eonl.in.d hll.ln II b.in, mid. IVlillbll" Ihi p.opIIIV 01, .nd lor Ih. purpOIII 01, CONTRAVES·GOERZ CORPORA' ION, Subsidlarv 01 CaNT RAVES AG, OERlIKOlj·BUHRlE HOlDIllG. II roono' b. 
tew/uliV "p.OdUCld In Inv to,n, nor divul"d 10 lOY third Party, no. olld '.r any 1'0'1'011 othor Ihln thlt lor which il hOI ~"n mad. IVIII.bll to vou, withoUllh.lplC,l" w,ln.n constnt 01 CONTRAVES.Goenl CORPORATION, 
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2.0 FOUNDATION AND 
ENVIRONMENTAL 
CONDITIONS 

The test table was mounted on a 
seismic block for all of the test 
procedures contained herein. All 
theodolites, autocollimators, and 
mirrors were mounted on the same 
seismic block. 

The DMS (table and control system) 
wa's tested and operatedwi,thin 
the specified tolerances and 
accuracies when exposed to a 
laboratory environment of 72 degrees 
F ±5 degrees F and at a relative 
humidity of up to 50 percent. 

Thtlnlormtllon conttintd hlrtin I.b.ln, mldt t.ail.bl. Itl!l. prop.rty .1. tnd tor tho purpo.t. ot, CONTRAVES·GOERZ CORPOR"l ION, Sub.ldlllY ot CONTRAVES AG. OERlIKON,8UIIAlE HOLDING, 11 nnnol b. 

lawtully "produc.d In any ,to,m nor divulifd 10 .nv Ihird ParIV. II.' .ud 10. anv O.'POII olhar'lh.n Ihat lor Wh;,} It h .. boen m.d. tvtil.bll,o you,w"hou"h •• oociticwnU.n com.nlol CONTRAVES·GO£nZ COR~ORATION. 
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3.0 ~mCHANICAL TESTS 

3.1 SCHEDULING OF TESTS 

3.2 IN-PROCESS TESTS 

All the tests were scheduled and 
performed at the discretion of 
the mechanical assembly 
department. 

.The following tests are In-Process 
Tests'i i. e., they were performed 
during the mechanical assembly of 
the Dynamic Hotion Simulator (OMS). 
In~Process Tests are advised where 
testing becomes much more difficult 
after the incorporation of all the 
components and wiring is completed, 
or where the outcome of the final 
testing must be predictable. 

These testa were performed under 
supervision of a governme~t inspector. 
Two (2) tests--the intersection of 
the three axes and the non-ortho­
gonality of consecutive axes tests-­
were performed during mechanical 
assembly. The axes wobble tests 
were performed as In-Process and 
were repeated as "Final Tests" 

. after complete assembly of the 
OMS. The "brake stiffness" tests 
were repeated but these tests 
appear under Section 4.0 Electrical 
Test'Plan using the electronic 
controls for the tests. 

Th.lnlo,m,,;on .ontainod ",,,I" Is b,lng mad. I •• il.bl, IS Ih. pr.pllly "I,lnd 10' Ih. PUIlIO'" ol,CONTRAVES.GOEnZ COnpORA1ION, Subsidiary 01 CONTRAVES AG, OERlIKON·RUHRLE HOLUING. 'I tlnnol b. 
lawl,ully "produtld in inv '",m not d"uig.d to ."'1 Ihi,d P>I1Y,.nt used lur .ny pu'pm oth" Ih,n Ihlf '.,wl",h i, hll bot" m,d •••• iI.bl. 1o yoU, w,thDUt Ih. IPIC,lrc w,i1l'n ',om •• 1 01 CONTRAVES-GOFIIZ. CORPORATION 
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~~~ eOHT .. AYIES AG. Ol!:ftLIKON.f)UHIH.1: HOLDING 

SPEC 

= 
./ 
~~ ==' r.:::= ~ Jr-fo. •. _, :--fI.. __ .> .--.., 

~-., --L--, ....- .. -~ .... ----

IN-PROCESS 

TEST PLAN 

METHOD OF 

... ".,.. . ...". 

CUSTOMER: NASA/Houston 
SALES ORDER: ~97 
INSTRUMENT: ----.;;.--------

Wi 

PARAGPAPH ITEM SPECI'F I CAT ION VERIFICATION ' TEST PARAMETER RESULTS -
;3.1 Intersec- All 3 axes must Install a 
} tion of al intersect within crosshair 
I three (3) a sphere of 0.020 re;ticle to 
~ 

, 
inch radius (=0.04( the inner " axes. 

I' inch diameter). axi~ plat-, , 
I form at the, 
.' intersection 

of the three 
(3) axes. 
Perform test 

. - . , ' per 
. STP-M-2267 . 

. . 
. 

. 
~ 

. 

'. 

::~ 

. 
. , 

~ 

',_ TESTED BY WITNESSED BY WITNESSED BY P.~<=E I lATE -

(CUSTOr.1ER) (GOERZ) OF - -.. - .. -:' - .. , , 
.. 
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" r 
rr:::~"",i CONTRAVES -GOERZ. CORP. 
r. ;\ -:-.~ SUBSIOIA"Y •• 

a,~~' CONT"AVES AG. OERLIKON-BUH"LE HOLDING 

SPEC 
.. PARAGPAPH ITEM SPECIFICATION 
I 

~. 

3.3.1 I Non-ortho­
(Table I) gonality 

of conse-

DATE 

cutive 
axes. 

, t''''iitt~t.~~m,..r,.,-"w.<~' 

The nonorthogonalit 
of two consecutive' 
axes must not ex­
ceed ±2.0 arc sec­
onds. 

TESTED BY 

~." .. ,,-,->. E_'_ ~ ... 

IN-PROCl::SS 
TEST PLAN 

METHOD OF 
VERIFICATION 

Load inner 
axis plat­
form with 
dur:uny pack­
ages having 
a total wt. 
'Of 250 lbs. 
Using the 
optical cube 
at the axes 
intersectionl 
perform 
tests per 
STP-H-2l3 

WITNESSED BY 
(GOERZ) 

,w.~,..~..... W' ...... _., ~ 
'- r ................ ~ ~.-... ~ ~* 

'., --..._ ... ' "'--" .... --.- ~. 

CUSTOMER: NASA/Houston __ _ 
SALES-ORDER=- ... 997 . 
INSTRUMENT: -...::....~------

TEST PARAMETER RESULTS 

Inner axis to 
!v1iddle axis 

= i 

l-tiddle axis to 
Outer axis 

= i 

i 
f A +--_ ... J----~ 

----
I, 
.~ 

:iJ 

W~~~~'~~~~R~Y---- ·I--=~~"-~-_ J 
trW 



[:.' t L 

~---....,~~.-.----.""-'" ,,~.~-"-.. -... - -~.------

/ 
t 1"-'-- .f'~ 

• ;i'''''''~t ", .. ·"f'J<;r'~4 

r ....... -,..."· ~>~~h<. ~ .... $ 

l~ .. ~_ .... ,~ ~ !"-.~ 
1f. ·tri'>~f"'~ ( 

."'''',,,,,,,, r .... ""'>v..,··-
';., """,~)~ .. ",.", 

l1~~~~1 CO-N-TR-AVES - GOERZ, CORP. 
l\ _' 8UI!ISIDIAftY. 

r;-:.~ eONTPtAVII:S AG. OltRLIKON-BVHRLIt HOLDINa IN-PROCESS 

SPEC 
PAR.i:\GPAPH 

3.3.1 
(Table I) 

ITEM 

!Axis Wobble 
(Inner Axis 
(Hiddle 
Axis) (Outer 
Axis) 

SPECIFICATION 

TEST PLAN 

METHOD OF 
VERIFICATION 

Axis Wobble must Load Inner 
not exceed ±2.0 arc Axis Platforn 
seconds wi~h dummy 

packages 
having a to­
tal weight. of 
250 lbs. 
Using optical 
cube at axes 
intersection, 
check wobble 
pE"1: STP-r1-
20lA. Inner 
& Middle Axesl: 
Check wobble 
with axis 
horizontal 
and at ±45 
degree atti­
tudes; also 
Inner axis in 
a vertical 
position, and 
middle gimbal 
orthogonal to 
outer' gimbal. 

f/ - -. 

.<i~ ... .,.:;"",,- .>r><-_ ... "'J.fi ..... :;;;.. -. 
--.,.-.. ..;.-.~ 

CUSTO~E_R: NASA/Heus ten 
SZU,ES ORDER: _....;K=O.;:,.O,:;..9.;;,.9...;,.7 ____ _ 
INSTRUHENT : _________ _ 

TEST PARAMETER RESULTS 

See data plots 
attached. ---
Highest wobble 
reading 

= arc 

, 
l 
I 

-j 
-=---..-..l 

~ 
~ 
r DATE TESTED BY WITNESSED BY . WITNESSED BY j 
~ (GOERZ) (CUSTOMER) ~~-

c ,_ 
~- · .• ~;~t:~~{.th~i,;li:~-·,.;.---i; .. , 

! 

,dt * ,j .~~~~,-~~--~~.-"-.~.~. ---,--~ ... , ............. -~~~~ ........ 
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f, 
f. ftf?:-"--~~:~ CONTRAVES - GOERZ. CORP. 

f\ '''. ~ - SUBSIOIA/lV 00 -

L~._",==;::~~"_4 eONTI'IAvr;:S AO. OZFU.IKON-OUHRLI: HOLDING IN-PROCESS 

SPEC 
PARAGR.;-.PH 

-

3.8b 

DATE 

r 
l. 

ITEM 

Brakes (in 
process 
test of 
stiffness 
to meet 
rate and 
accelera­
tion sensi-
~tivity) 

I 

SPECIFICATION 

TEST PLAN 

METHOD OF 
VERIFICATION 

Stiffness require- feasure the 
ments (calculated) angular rota-
I A 0 0 ion 'Vlith the 
nner x~s to I b 

>. 2.6 ftlbs/Se P J.ca cu e 
= t the axes 

Middle Axis 0 ntersection" 
L8 ftlbs/s~c -nd an auto-

o t -A' ollimator 
u er x~s ,.--.... nder the 

~ 8 ft:t.bs/sec r=oIIO\.,ing tor-

TESTED BY 

ues on the 
xes: 

nner Axis 
3 ft-Ibs 

'1iddle Axis 
fO ft-Ibs. 
Outer Axis 
40 ft~lbs 

Calculate 
rotational 
stiffness. 

WITNESSED BY 
(GOERZ) 

f~-':''';j~ j"- ~ ~ 1 -t -;­

t 
1>_1"~' t' 

CUSTOMER: _ NASA!lio.uston 

' .. , 
-1 ""~1 .-

0 .. 

......... 

-""-.. ",,."~--' 

SALES ORDER:~9_9_7 ______________ __ 
INSTRUMENT: __________________ __ 

TEST PARAMETER 

l'lITNESSED BY 
(CUSTOMER) 

RESULTS 

Heasured Stiff-__ _ 
ness: 

I. ~_. ft-, 

}.I.A. =t-

O.A. ft-

-PAGE 
O~ j - ~ -- .. <-.... ~., 

ett J 
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3.3 FINAL TESTS 
'The following section contains 
the final tests, i.e., they were 
performed after complete assembly 
and wiring of the DMS. 

These tests can be repeated as 
often as required without any 
disassembly of the DMS. 

Thllnfo,m'l
lon 

,on1.i"'.~ heroin is bomo m.dl m,l.bl. 0\ th. properlY Qf, .nd lor th. p"'POIOl 01, CONTRAVES-GOERZ CORPORAl ION, Sublldlary 01 CONTRAVES AG, OERlIKON·8UHRLE HOLDING,ltconnot bt 
lawluliV rop.oduc.d in .nv 101m po. divulged 111 Inv ",.d ""rty, nor IIlId lor tnv PU,POIO other than th.tlo, .. hich It hOI b"n m,d, Iv,il,bl.to you, withOutth, 1,,,,lIlt w.i\lIn ,onunt 01 CONTRAVES·GOERZ conpoPATION. 

The American SubsidiarY of Contmves AG, Oerlil<on~8Ul1rle Holding 

. ,..: . 
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CONrRAVES - GOER-Z;--CORR. 
9uneiDIAl'IY 

CONTftAVI:S AG. Ot:R~IKON.DU"'"L£ HOLDINO 

ITEM 

is Hobble 
(Inner l~xis 
(:·liddle· 

is) (Outer 
is) 

SPECIE:ICATION 

Axis ~Jobble must 
not exceed ±2.0 arc 
seconds 

DATE . TESTED BY 

J:..70 dor 'Flip.! rf/217 S-

I 

CUS'l'OMI!:H_: NASA/Ilous ton 
SALES ORDER :KO 099 7 -
INSTRUMENT: 

TES'l'PLAN 

r-1ETHOD OF 
VERIFICATION 

Load Inncr 
Axis Platf 
with dummy 
packages 
having a to­
-tal '\vcigh t 0 

250 Ibs. 
Using opti 
cube at axcs 
intersection, 
check wobble 
per STP-M-
20lA. Inner 
& ~liddleAxe 

Check wobble 
with axis 
hori zon-tal 
and at ±45 
degree atti­
tudes; also 
inner axis 
a vertical 
position and 
middle gimba 
orthogonal 
outer gimbal. 

TEST PARAHETER 

lit final acceptance testing use 
position loop to statically hold 
gimbal, and use rate loop to 
drive gimbal under test. Rate 
shall be 1 deg/sec for one (l) 
test each axis and 10 deg/sec 
for remaining tests. 

WITNESSED BY 
(GOERZ) (CUSTOHER) 

._ r'· 

--_RESULTS 

ee data plots 
ttached. 

ighest wobble 
adL"1g: 

+ 0.55" arc s 

(
- r" , J 

' .inner I7X1Sj 

i::. O,3g 

(/~ /d. -fie ;J y IJ-J-~ 

See Itree (~/--=-......l 

])di7_ rIots 
i;llc?c/'ec!. 
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" I·.T~-.~W;; ~--"r'~Z ~,--.~ )-:: .. ~ It -.• ~ .~ ~ .. ~ 

t?', <;J CONTRAVES: GOERZ, COR.P. 
Iii :;' .1 , tlVD!)IOIAR'I' 

L. :-=::-!j CONTI'IAVItS Aa. OItI'lI.IKON-aUHl'tLII: HOLDIMa 

SPEC 
PARAGHAPH ITEr-t SPECIFICATION 

3.3.4 Frictional I The frictional tor-
Torques 

DAT-E 

~~~ ... rthilliiill'llie4"', ,-" 

que of each axis 
~las determined and 
specified in the 
design analysis 
report and shall be 
verified by testing 
No tolerance is spe 
cified, but it is ' 
desired that the 
measured values do 
not exceed 130% of 
the calculated 
values. 

Calculated Friction 
Torque: 

Inner Axis: 3.4 ft­
lbs 

Middle Axis: 7.8 ft 
ft-1bs 

Outer Axis: 13.2 
ft-lbs 

TESTED BY 

" 11 

f 

,·tZ,. 
c.~ j 

)·~l',:",",...,""t_ 

CUSTOMER: NASA/Houston 
SALES ORDER:~9~9~7 ______________ _ 

TEST PL1\N 

METHOD OF 
VERIFICATION 

INSTRUMENT: 

TEST PARAMETER RESULTS 

Completely 
assemble 
each axis. 

Measure friction torques in a II.A. ft-1 
horizontal and vertical attitude 
of the Inner and Middle gimbals. 

Measure 
friction 
torques per 
STP-M-2268 

WITNESSED BY 
(GOERZ) (CUSTOHER) 

,. M.A. ft-J 

O.A· ____ 
iiiiii 

OF 



... ~' 

~ :--- .I~ ,~ .. ... '., ." 
~~fd ""''''t.)$J't,o( 14'.~~' fi.trl~~'.~ ~ ~ I~""'t ~ t.>r'i,*,~,* -' ~~-~.-... 

~ t~ !>c,.....~ __ .. , 

.. .,.-...~ .. ,... 
~~ "","kII<~ 

1 ......... "'_ •. : -. 
:.."......,-,.., -- ~i -. 

I f r:o."""'" < ' CO NTRAVES ~·GOERZ;u-CORP. L 
~. I' , 

a\~. SUBSIDIARY. 

~ .• ~:~. CONT,.AVES AG. OERLIKON-BUHRLE HOLDING 

SPEC 
ARAGRru'H ITEM 

3.3.1 I Rotationa 
(Table I) -,- Freedom 

DATE " .. 

SPECIfICATION 

Inner and Middle 
axis: infinite, CW 
& CCW. 

Outer Axis: ±540o 
minimum. 

Zero (0) position 
is vertical middle 
axis with the read­
out components at 
the bott-om. 

TE.STED BY 

CUSTOMER:---NASA!Houston 
SALES ORDER:~9~9~7~ __________ __ 
INSTRUMENT: ________________ _ 

TEST PLAN 

METHOD OF 
VERIFICATION 

} visual 

Visual 
with 
position 
readout 0 
'outer 

Record act 
angle at 
each end-st 
and calcula 
total angula 
travel. 

TEST PARAMETER 

dummy loads (IMUS) to 
axis loadplate (refer to 

a. 3.4.1.c.2, Exhibit B of 
Spec.). Rotate Inner and 

Il"l.1.uule axis through ±2 revolu­
tions. 

ED BY 
(GOERZ) (CUSTOMER) 

RESULTS 

Rotation angle 
(revolutions): 

Inner Axis: 

= ± re': 

Hiddle A..xis.: 

= ± 
--~---

OF -



-- _. 
) ~'~~~ ... ~.~ . ' •• 'lti\.t14~f··' "-> "--=::J:: c= ~ t=".~""" t~.~. '": .. ! ~ .' _.. ~~!J~~f _ ::. ..~;·t 

t~~·~~~~ CONTRAV~~a-s~~R~~Z. CORP. 
S ~.::..Jj CONTRAVE8 AG. OERI..IKON-BUHRLE HOLDINC 

~-­.""'''~''~ 

SPEC 
PARAGPAPH ITEM SPECIFICATION 

3.6.1 

"DATE" 

Azimuth 
Range 

. ,l,,·"l ~. ; 

±1 degree 

TESTED BY 

: 'I:' i 

~ .,-- ~ ~-... .J 
~ 
4'~.'1"'~,,"W: 

TEST 'l'LAN~'-

METHOD OF 
VERIFICATION 

Check length 
of. the six' --- -

(6) slots 
holddown boltls 
in base 
(arranged at 
a 58.75" 
radius). 
Length must 
be 3 3/4" 
minimum. 

WI 
(GOERZ) 

.............-;. 
! 

~-... ~ .. ~ ~--

" -<.~>"" ", - .-~". ' 

r---, 

CUSTQ~~~: NASA/Houston 
SALES ORDER: __ ~9~9~7 ____________ _ 
INSTRUMENT: ___________________ ___ 

TEST PARAMETER RESULTS 

(CUSTOMER) OF 



C:::--L ~ .. "_ < 

r~~ 

l''''~H~' , 
~ , ' 

l,..",~...t t:=! r-'i 
~ .. ....-' 

CO~T"AVK. AG. OK/H.IKON.DUHftLE HOLDING 

3.7 

: 

DATE 

ITEM 

Counter­
balance 

SPECIFICATION 

The table shall 
contain provisions 
for a simple means 
tQ: offset a minimum 
-Of 10 ft..;.lbs linbal-
ance caused by mis­
centering, -of the 
tes.t article. 

--, TESTED BY 

TES'l'--PLAN 

METHOD OF 
VERIFICATION 

All 3 axes 
establish un 
balance of 
10 .ft-lbs. 
Try to bal­
ance each 
axis \vith 
the counter 
weights fur­
nished with 
the DMS. 
Balancing 
must be 
achieved' 
within the 
friction -tor 
que of each 
axis. 

Record the 
rate after 
balancing 
for each ax 
Rate must be 
zero (0) if 
balancing is 
perfect. 

~ .-, ,~ .. ~ ~~ ~ ~, - '~ 

I • ...__ •• ·l 'N_-,", __ ", 
.,,",,"~,",,,,,, -~ ,-- ~, .. "-~ --' 

I 

cus'rOMlm: NASA/HoustoD 
SALESORDER: _____ 9~9~7~ ________ __ 
INSTRUMENT: 

--------------------------

TEST PARAMETER 

(CUSTOMERr 

RESuLTS 

l-1easured Rate 
after balancir.~ 

Inner A.",-:is: 

Rr= ___ _ 

Hiddle Axis: 

~=_. __ degj 

Outer A."'{is: 

RO= degj 

OF 



.~ e:.:::': --r::":'r- .r.::- c:::r c:- e~ c= c::: c::: ,-,. 

CONTRAVES-GOERZ, COR~ 
SUBSIDIARY 

eONTRAVESAG, OERI..IKON-aUHRI..E HOLDING 

TEST PLAN--

DATE 

ITEM 

Fluidic , . 
L~nes & 
S\'1i vel 
Joints 

SPECIFICATION 
METHOD OF 

VERIFICATION 

a) Pressure-line, I STP-M-2269 
return line and 
3 swivel joints: 
Check for leaks 
at 60 PSIG oper­
ating pressure 
't'lith air and 
water at the 
following rates: 
I.A. Rate: 180 
deg/sec. M.A. 
Rate: 120 deg/se 
O~A. Oscillate a 
15 Hz at peak 
amplitude; Per­
form static test 
at 150 PSIG for 
1 hour. 

) Measure pressure 
drop bet""een i 
port and outlet 
port when oper­
ated with water 
at a maximum flow 
rate of 2 GPM. 
Pressure drop 
must not exceed 
10 PSI. (Inlet & 

outlet line 5 PSI 
each. ) 

.. :.--- TESTED BY 

-, ......... -... -, ~ r= r"'-'; - ----- -. t ___ - ~~-, .- ... ~ 

'. 

CUSTOr1~.R:=~N;.;;,;A;;;.:S.;;:A~:--____ _ 
SALES ORDER: __ ~9~9~7 _________ ~ 
INSTRUMENT: _____________________ __ 

TEST PARAMETER RESULTS 

Leak test 'i.vith 
air: 

I.A. 

H.A. 

O.A. (V', 
" 

(CUSTOMER) 

Leak test with 
water: 

I.A. (V 

M.A. (V 

o e Ae _______ _ 

Pressure drop a 
given rates 
IP..easured: 

I.Ae _____ _ 

H.A. ____ _ 

O. Ae _____ -.: 

OF 

'~.I_i.HifP-~""·--· .. -.. --~-." -.. - " .... ,"''';. """"~'h .. ' 



t.::; ... ..:.;:: . .! ~ ''""'_,,~ .t 

l~omJ -~_.i 
J 
if 

, ._.,... l 

i;;:":';;,·~-

~;;~~::'::~ CONTRAVES-'::-GCYt:.RZ. CORP: 
:I •. ~',"" 
~'-_._~ • SUBSIDIARY 

L-,-.~CONT~~VES AG. OERL.IKONoOUHRLE HOLDING 

S?~C 
ITEM 

-DATE 

,>to~·ilIlIifljl_'·~~I .. /;ti""-

SPECIFICATION 

Rates to be the 
S aT[ea~:f -tinder (a): 
also measure at 
zero (0) rate • 

.. 

TESTED BY 

<. f ,;. 
."- '~;"f·"'~~_. I,,~"-;~t.wf·· r.';"'~I; 

TEST PLAN 

METHOD OF 
VERIFICATION 

I"": 

\1ITNESSED BY 
(GOERZ) 

-;.;-;-:-; .. ,\>.1--) '1·:;-;-;r-"-'ito0 ,t<f~;,~ "F-,;- .$ 

CUSTOMER: - NASA 
SALES ORD=E~R-:~9~9~7~------------
INSTRUMENT: -------------------

TEST PARAMETER RESULTS 

(CUSTOHER) 

- . ·":-·I·.·.f-.·l'ni.'''·"tJ,,. ..... ;.r """''t'f •• -·,,;.'.M.j ... ;o.~~~#-....,Ju-\~'n,'·.,4 



;~·i!~;;;.i:.n~~~;;;J!!a~~~~ioi<~1-~~~";";:·ij~·'.~~.~~'~~~;\;~Ji~H"f -_~~tilr4if; ~~-J .. t'i4i"·tuLt.~i·:tiil_ 1 t !\ 

~ j( 
~ t= f~ (··""' .... NI l~~!: r:=~ !'-, 

'1''''''/ffi,,. 
.t~7~ 
!, 

f -'O, ....... ....r;,&. 
~;~ ..... ~~ - ~ •. "",:.0".."'- ' ; 

f(.~;;--. '!=~~l CONrRA V-ES -GOERZ, CORP. 
f. \, ~~l :U"810IAPlY 

t~<~/ l eONTI'tAV::. AG. O;:R~IKON.Si.iHALI: HOLDING 

3.2 

DATE 

ITEM 

Table (DMS) 
Height 

SPECIFICATION 

The height of the 
table (DMS) as 
inst.alled in its 
maximum height 
configuration shall 
not exceed 10.5 ft 
(=126 inches). 
Height includes the 
mounting base and 
leveling wedges. 

TESTED BY 

TEST,- PLAN-- --

METHOD OF. 
VERIFICATION 

Position the 
middle axis 
vertical ~li 
the readout 
side up. 

\vith a tape 
measure che 
the.height 
from the floo 
to the end of 
the slipring 
assembly. 

WITNESSED 
(GOERZ) 

~,-"'<."."Z,' l.S:"'"T~'" 

I 

,,~,~ r=: r-­
~. 

CUS'rOM!~R: NASA/Houston 
SALES ORDER: 997" -
INSTRUMENT: 

TEST PARAMETER 

(CUSTOMER) 

-, -' .-'~ ... " .... ,,,. 

RESULTS 



3.10 

r::::.:J C:: t::,:,::: '!""'f;""'"~';' 

CONTRAVES--GGERZ, CORP. 
DUell\O\l\rtY 

CONT"AVCS AO. OItRL.IKON-SUH"LIC HOLDfNO 

ITEM 

etweight 
of Simula­
tor Assemb 

SPECIFICATION 

The weight of the 
table (DMS), ex­
cluding the contra 
electronics, shall 
not exceed 15,000 
Ibs. 

DATE-" TESTED ~¥_, 

+- -- -,--

~"c:.;,-::;;"j""- .j..~~~-

,," .. ' , i 
,. -" '"".~"f<-J 

TEST PLAN, 

METHOD OF 
VERIFICATION 

Check the 'lIlt. 
th one or 

t\~lO f.orklifts 
ich are 

equipped with 
load gauges. 

WITNESSED 
(GOERZ) 

-t~-- ".F~.*~ I<~. 
( ..... , ... ..;..>( 
~ 

...........,..-

CUSTOMER: NASA/Houston 
SALES ORDER:_"-='9~9:;..7.:..." ______ _ 

INSTRUMENT: 

TEST PARAMETER ,-, RESULTS 

. .. 

(CUSTOMER) OF ---
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FIGURE 1 

P~OCEDL~}~J; : 

1. ~ake test setup as sho~n in Figure 1. 

2. Estab.lish autocolliJ:wtion throu.'~~h 3()() 'degrees of shaft rotetic:. 

3. ?n th: ~raph fTom the X-Y plotter, draw the s!1\;lllest circle 
lnscl·Jbln~'. the \·:ohbl(~ .gr<::ph. j)r,1\\' the lar.r~est drcle pos~~j,bL' 
c5.1'(:u::l·.-;criblng t1:c \':obblo grn,ph . 

• . ~ . 
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Inr.tl'LJmont: 
Unit: 
Cun taroeI': ., oun:!, AXIS 

.. ., .rtl/ INN"" A", 

El--- -==l:=-DjJ;J~-~ f~T-/'~~)T 
_' - r----! - , ... '. 2~ i 

~---" """---;;-:'- 'I 7·' ... 

/ I 11J7' oprHOGONAWY 
AUTOcot.lII1ArCR.. CReoR. c. 

, 

Task 
1}'8"'t8rmine the perpcmdiculnri ty error between two intersecting gimbal exes. 

Test SetuD 
Set up an-8utocol1i~atDr or theodolite with an autocolli~ating eyepiece with a 
resolution ·of 0.2 arc sec~nds minimum, such th2t autocollimation can be establ:.s'-;, 
ed with the mirror placed on the center of the inner.axis. Mount an udj!!stabls 
double surface mirror on the inner axis and align it perp8ndicular to the axis' 
of rotation. Two tooling mirrors are to be used if the shaft dees not have a 
centrnl perforutien. 

Test Procedure 
["S'G)bHsh autocollim2tion nnd mGasure and rec:J~d the shaft dL:.'ectlon in tr',e cc-

d ' t " l' +h t . R t t ~t· ... ,,£. 1f 'I'~-~ Dr lnc:J 0 pClra ...... e vo v, 8 o~ ar a:-as. 0 '.8·C 1.18 lfln8l' aXls aocuc ll.se_. _o:.r. 
Measure and record the sheft direction. Rotate th8 inner axis abeut the OU~8r 
~xis 1800 and measure end record tha shaft dir~=tion as above. Rotate the in~2~ 
axis about itself 1800 and measure the shaft direction. R8p~~t each measuremsn: 
3 times. 

Onta Rr:duction 
Average tile readings of the first tt,JO sets of measu'rernents. Average the rS8Qi~;; 
of the second two sets of measurements. The angular differ8ncD between the t~= 
averages equal s 2 times the' ortllogenal i ty error f • . . 

, 
AI~GULAR POSITION OF THE nmER AXIS AlJGULAR POSIT ICr·J Or T' ,.-n:::. Ir·;:··~ER r-:."--

M,\.!.~ 

Outer Axis at 00 ,Outer nxis at 1800 Outer t1xis at 0° Outer tiX i '5 ,.,~ 
(.iv 1:: 

Axis!. 
-,- I 

Inner inner Axis i-' 
At At 

Stort 
. _-- I 1 ____ ._ • 

POSe Start POSe ! -_ .... _- 1------

InI18l,' I\xisl ____ Inner Axis 
i 

100 0 From I 100 0 From I : 

Start Pos·I~= Sturt POSe 
I , 

- . -..... -: ... -

Inner AXiS! ___ . ___ InnnrAxis 
i 
1---

Ct Atpl._._ ... ---.- At ! 
Start POSe 

;--_ ... __ . 
u 'art OS.\ , , 

Inner. AXi~===~~ 
.- J=,-"_.-

! 
Inner Axis , ;- ----_ ... 

,180°, From I 1£30° F :COiil i 
I 

St~,.. ... Por. ------- Start POG. i -- ---- . 
0. L. _ ;.:), L _ _ ,_ 

: ...... _ . .. 

Avg 1. Setl Avg 2 .• Set I 
, 

- , "-
Avg 1. Set; f\vg ? ~)Gt i ! ..... 

, , 

01ff. 8(~ tWl!cn AV8l'<:lQen .- 2E ::z Diff .. OctwDcn AvnrDqC!) = 2t ---- --
AvcrnOA Orthugonallty Error £ =_. ____ .~rc Sec ] ------.---. 

TonLcLl By ltli t.1H!~;;~WU U.iOUl'z) ttl 1 t n r~ s ~lP. d ( C uri to III m,' ) rl\r.E 



CO~~'l' ru\Vt:;.i­
COHPOHl\'J.'ION G'J'Ef-i'J.' ;)Pl';CJ.FICl\tI'I01J~· . 

J)~'J'El\r;EC'l'IOl,l OF' l\XP.·... C''l'n t~ ') ')r.. 7 
• __ ." _____ • ______ ~__. .~ .. - J 1- ~ •• _0 __ _ 

INS'l'HlHmN'r: ------------------------
SlIO}? ORDT.:R: __________ _ 

CUS'l'OHEH: _" ___________ ,_ 

SPECIFICATION: --------------------

TAsr~ 

To determine the sphere of intersection deviation of the axes. 

TES'l' SETUP 

Position gimbals and axes as shown ahove. Hount reticle on inner 
gimba:)... Set up alignment scope to viei" reticle through outer axis. 
Rotate inner axis and align reticle to,the inner axis. 

TEST PROCEDURE 

1) Rotate middle axis 
(:::2A~ of reticle. 

180 degrees and record azimuth displacement 
Rotate middle axis back to original position. 

2) Rotate outer axis 180 degrees and record displacement in azimuth 
and elevation (::::2 A2 and 2e2) of the reticle. Hotate azimuth 
axis back to origin~l position .. !JOTE: Observe positive or 
negative (+ or -) movements for azimuth readings. 

3) Calculate maximum intersection deviation D as indicated below. 

XIS DISPLACEHENT (Inch) 
(ALIGNHEN1' SCOPE l~EADINGS) 

II.A. H. A. , 2Al ::: 

:I. A. - O.A" 2A2 ::: 

. 2e 2 ::: 

1. A. - O.A. , 2A = 2Al-2A == 

::: 

ACTUAL AXIS SEPARATION (Inch) 
(1/2 AI.IGNt1ENT SCOPE Rf'::ADING) 

:;: 

--------------.--'j 
Calculate the maximum intersection D (diameter of sphere) as follm'ls: 

l 

'/A
2 2 2 I( )2. of" ( .)2 1 ( )2.. 1 

D ::: + A1 + °2 
;:- ~ = .} 

t 
,'1-

(D must be t:{ cj. 040 inch) 
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UN 1"1' 

ROT/,lTING AXIS 
STRUCTURE 

S.O/SERIBS NO. 

CUS'l'OHER 

HEQUI~ElmNTS 

Tl\SK 

~DISTANCE 

To determine the amount of friction in the axis assembly including"' 
bearings, electrical sliprings, fludic rotary joints, tachometer: 
Inductosyn, etc. 

SET...l.UP AND PROCEDURE 

! • 
I 

FORCE 

, , 
" 

'. 

Ol\'!' E 

Attach a spring scale to a covenient location of the rotating axis; 
structure. Pull on spring scale and record force applied to scale~ 
at break ni-lay point. Repeat fO,r 4 Clock\vise and 4 Counterclock~·:is{ 
measurements. 

x DISTANCE ft-lbs -------
= 

= 

= 

= 

= 

'l'ES'l'ED ny \H'l'NESSJ::D BY: \vJ'.l\Nr';:~m:~l) BY: 
GOlmz CLJG'J'OMI;: i'{ 1 
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AXIS FRIC'rIO:-l 

I, i Dl\Tl~ REDUCTIO:~ 
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, 
I 

: ~ j 
L.,..,. 

, ), 

r 

n.' 11 
-.~ 'If" ',; '~ ... . 
. ~ 

• !J; 1 ... 

1) 

2) 

3) 

. ' 

Find the arithmetic ~ean of the torques: 

The t9rQue values should be lili thin 1.3 times the mean value. 

Inner Axis: ft-'IDs 

Hiddle Axis: l-1ean Value - ft-Ibs 

Outer Iuds: Hean Value = ft-lbs ---------
The 'measured mean torgue values should be Hi thin the follm'ling 
unitsl: 

I 

'I 
Inner Axis: 1.3 x 3.4 = 4.4 ft-lbs 

I 

Middle Axis: 1.3 x 7.8 = 10.2 ft-Ibs 

Outer A>:is: 1.3 x 13.2 = 17.2 ft-lbs 

NI'l'~ES!7ED BY 
GOEJ~Z ,j.! J.tl,. 

~{ Ill. i 

BY 



. , 
I 

", 

CUSTOJ.1ER 

REQUIP.E:·iEUTS 

Tp.S}:i: 

Check rotary joints for leaks. 

SET-VP PROCEDURE: 

Joint asse~bled to table. 

1. Pressurize' .ports ,·li th specified pressures. \IIi th outlets plugqed 
rotate table at 3 radians per second and check for leaks at time 
interval noted. 

i 

. P.ESULTS: 

1'EST 2 
PORT "A" PORT "E II 

-··;.---.-----.------:---r------;----·---.--.l-.-----... --',----------.... 
Water Initial at 5 min at 10 min Initinl at 5 min at 10 ~ 
~ r~,~sJ.u:.e. . .. __ .6 (:LJ?.s.LG._ l , __ . _____ • ________ i .. _,_. _____ ... _~~~.O,.Y.S.I-I..:l--.I----.- .. --_ ... -!--_ _ ,,,,,,._ .• ___ ._ 

I· ___ ~~_-'-_--·_--··--'--!.--------..J-----_·-.:c...-.----l--__ ~-· ____ . __ ,_.~~ 

·l 
"'I~-:'"'-?J 

::;-
- ·',1, 

TEST 3 State Pressure Test 

Ports A & B proof test at 150 PSIG (No rotation). 

" 

1------·,--------·---------·_··_--------------
Dl\ '.1' E BY: 
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'rEST 4 

I 
I 

'. 

'1'l~ 

Check pressure drop bctw6cn inlet and outlet port 

INLET 
WATER 
2 GPM 

PRESSURE GAUGE 

GAUGE 
~.1EI<SSURE OUTLET 
PRESSURE 

. '~','l'".-.' .. ',' .. , 

Pressure drop: ____________ ~psig . 

'.l'I~S'l'EJ) BY: 

( --< 10 .) pSl.g 

ORIGINAl; PAGE m 
OF POOR QUi\lJT'i'1' 

'\11'.l'NF!~~f~);D BY: 
CUS'l'OHEH 

PI\Ot 
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CON'l'HAVI~S -GOEHZ 
COHPO)ffi'l'ION 

TEST SPECIFICATION 
IH'l'l:mmCTION OJ:' l\XIS 

IUS'l' Rmmil'!' : ------------------- I 
I 

SlIOP OHD8R: -----------------------
CUS Tor-mIt: _______ . ____ _ 

SPECIFICATION: -------------------

\ 

'\ 
\ ! \ Out.r , Ad. 

1 (G.A., 

·1 
! 

• ,I ! ~ 

i TJl.SK 
To determine the sphere of intersection deviation of the axes. 

TEsrl' SETUP 

\ 

Posi tion aimba1s and axes as shOv-ln above. Hount reticle on inner 
gia~a1. ~et up alignment scope to view reticle through outer axis. 
Rotate inner axis and align reticle to the inner axis. 

TEST PROCEDURE 

1) i Rotate middle axis 180 degrees and record azimuth displacement 
(=2~ of reticle. Rotate middle axis back to original position. 

2) Rotate outer axis 180 degrees and record displacement in azimuth 
and elevation (=2 A2 and 2e2) of the reticle. Rotate azimuth 
axis back to original position. NOTE: Observe positive or 
negative (+ or -) movements for azimuth r,e-adings. 

3) Calculate maximum intersection deviation D as indicated he10w. 

IS DISPLACEJ'.'lENT (Inch) 
(ALIGNMENT SCOPE "READINGS) 

- M.A., 2Al = 

- O.A. , 2A2 = 
2e2 = 

.A. - O.A" 2A = 2Al-2A = 

= 

ACTUAL AXIS SEPARATION (Inch) 
(1/2 ALIGNHENT SCOPE READING) 

A1 = 

A2 = 
e2 = 

A = A1 - A2 = 

= 

Calculate the maximum intersection D (diameter of sphere) as folloV1S: 

D = ~A2 + A12 + e 2
2 

(D must be $' 0.040 inch) 

m'.PB '.l'ES'l'ED BY In'l'NEn~)EJ) BY 
(Cmmy. ) 

lvI'J'NE~~SED DV 
( Cll~~'l'Or-1El\) 

PAGr. 
1. OF 1 
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ROTATING AXIS 
STRUCTURE 

-M':"2i68 

IusTnur·1ENT 

UN I'll 

S.O/~ERIES ~O. 

CUSTQHER 

----------_._--

REQUI p.Er1El~TS ____ ,~__I. __ ._ .... _.~ ___ , • .-, __ ...... A 

, TASK 
~DISTANCE 

To determine the amount of friction in the axis assembly including 
bearings, electrical sliprings, fludic rotary joints, tachometer 1 

Inductosyn, etc. 

SET-PP AND PROCEDURE 

FORCE 

'. 

Attach a spring scale to a covenient location of the rotating axis 
structure. Pull on spring scale and record force applied to scale 
at break away point. Repeat for 4 Clockwise and 4 Counterclockwis 
measurements. 

, ' 

! 

. ' 

'.mn'J'BD ny 

x DISTANCE 

------

WI'l'NBSSJm BY: 

::' . ft-Ibs -------

= 

=' 

BY: 
1 
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AXIS PIUC'j}ION S'1'P-H-2 2 6 8 

DATA REDUCTION 

1) Find the arithmetic mean of the torques: 

2) The torque values should be within 1.3 times the mean value. 
, 

i 
Inner Axis: friean Value = ft-lbs 

: 

Middle Axis: Mean Value =' ft-lbs 

" 
Outer Axis: Mean Value = ft-lbs -

-
3) 
i 

~he measured mean torque values should be within the following 
units: 

Inner Axis: 1.3 x 3.4 = 4.4 ft-lbs 

Middle Axis: 1.3 x 7.8 = 10.2 ft-lbs 

Outer Axis: 1.3 x 13.2 = 17.2 ft-lbs 

',' 

, ______ 1, ~'ESTED ilX 
'vrrNESRED BY 
GOl~HZ 

'vI'l'NESSED BY 
CUS'l'OIl'l1Ut 
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INSTRUMENT 

UNIT 

S. O. /SERIES. NO. 

CUSTOMER 

REQUIREMENTS 

. TASK: 

'j!gS'l' PROCEDURE ROTARY JOINT 

Check rotary joints for leaks. 

'SET-UP PROCEDURE: 

Joint assembled to table. 

STP-M-22G9 

1. Pressurize' .p9rts with specified pressures. t-7i th outlets plugged 
rotate table at 3 radians per second and check for leaks at time 
in terval noted. 

, 'RESULTS: 

TEST 

Air 
Press 

TEST!2 
I 

Water 

TEST 3 

. PORT "A" 

Initial 
60 PSI 

at 5 min at 10 min 

PORT "A" 

Initial at 5 min: at 10 min 

State Pressure Test 

PORT liB" 

PORT liB" 

Initial at 5 min at 10 

Ports A & B proof test at 150 PSIG (No rotation) • 

" 

DA'l'E 'l'EsrrED BY: WI'rNESSED BY: 
GOEHZ 

\HrrNESSED BY: 
CUf';'l'Ol'·mH 

PAGE 
or 
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TES'l' PROCgDUHE HO'l'ARY JOIN'l' S'j~P-I4- 22 G 9 

Check pressure drop betw~en inlet and outlet port 

n-kET 
WATER 
2GPM 

OUTLET 

PRESSURE GAUGE 
60 PSI 

fl>-~--+ 

PRESSURE GAUGE 
MEASSURE OUTLET 
PRESSURE 

SWIVEL JOINTS 
I 

CONNECT ENDS AT 
TADLE OF INNER 
AXIS 

. Pressure drop: ' psig 
~~----------------
(~lO ps~g) 

'l'1!!S'l'ED l3Y; ~vJ:'l'NgSG1::S BY: h'rI.'Nl~~f)SB]) DY: 
GOEHZ Cm;'l'OJ'mH 
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4.0 ELECTRICAL TEST PLAN This section of the Acceptance Test 
Plan includes the electrical tests. 

lh. inlorm.hOIl 'O""!n,d h""" il bolllO OI.d. ;VliI.bl. 1111" ptunlllV 01, ",d 10' Ih. ""'IIU'" 01, CON1RAVrS,GO(IIZ CORPOIlATIUN, Sub.idllry 01 CONlRIIV£S AG, O£RUKON ~lIt,"1.t HOlOIlIG. It (,MOl b. 
bwfuUV Itpruduud in '''V ~olm nOf dlvulQ.d hl."Y Hurd r.fty, fuit us,,) for .IIV ~utlhUf "I hill th •• 'lh., tur whICh It hn b'~n rnol(i. IVIII.hl. to YUU1 YIo1thoul Ih. IJ"e"lt ",'llIllt(lH11\'rll at CONTRI\V£,S GOe nz COtll'URATIOlt 

TI10 l\rncrican Sub~:;idi~1ry of Conll\:lVCS I\G, OcrhkorH3L1hric Holding 

i , 
".~' 
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,. v ' ·f ~ON"RAVES--GOERZ, CO.RP. 
CUSTOMER: NASA/Houston I r / 1 . !HJ3jSIDIAI'lY 

,L-_.-l eONT~A"'l:!3 AG. OZIH .. IKON"",U'·HH .. 1t HOI...DING 
{ ji 

SALES 'ORDER: R0099) 
'INSTRUMENT: ------------------

.4.3.3.1 

.4.3.3~2 

al 

b I 

DATE 

TEST -PL-AN--

ITEH 

Sliprings 

Tes't Arti 
clePO\'7er ' 

SPECIFICATION 
HETHOD OF 

VERIFICATION 

f8 conductors,S 1By design 
amp twisted shield-
ed ~lith each shield 
carried through 

148 cond.@ 2 amp I By design 
i.-,i th shield corn.mon 
carried through 

I 48 cond.@ 2 amp By design 
1 pair per shield 

Siqnal to 18 cond.@ 2 amp By design 
;·!iddle -
Gimbal 

Signal to 18 condo @ 2 amp 
Outer 

. lilY design 

C";imbal 

TEST PARAL'1ETER 

ins A-]::--oI.TI14 to J104, 16 
• at 10 am~r 240 V, 2 cond 

5 am'!?, 150 v. 

tinsA-C o£ ~ll~ to J100 
ins A-c of JIll to J10l 

ins A-s of Jl12 to J102 
ins A-s of Jl13 to J103 

-S shield on 9 to TB5 from JllO 
-n 

f-S shield 9 to TB6 £rom Jlll d-n I 

TESTED BY WITNESSED BY 
(GOERZ) : . t (CUSTor-mR) 

,',"- -<---
.,t 

RESUL7S 

Cd 

~""' "T 

'-'-" '-

... ~ 
"\...,- .>' 

" 

l\ 
~ .\ 

1 OF 
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k'( ...... ~ CONTRAVES - GOERZ, CORP. 
!l '. ,;J71 . SUD~IOIARY •• 
~..;..::i~ CON-TftAVI!:!S ,,"0, OERL.Il<ON-CUHAL.l!: HOL.DINQ 

SPEC 
PAR.~GP.APH 

3.4.3.3.4 

ITEM 

Slipring 
oise 

lipring 
Itage 

Ratings 

DATE--
-> _ .. ',' ,-.... 

./" j 

SPECIFICATION 

i:gnal circuits 
30,100 miliohms per 
circuit. 

Ln •.. of 6 power 
lipr{ngs with 210 

rating. Others 
150 VAC. 

TESTED BY 

CUSTOMER:· 
SALES ORD=E~R-:-------------------

INSTRUHENT: 

TEST PLAN 

METHOD OF 
VERIFICATION 

STP-E-212 

j//C) If: S 

v l//? /V;.-p 
/ r ;" /' - ;-' Vi ..... V? .4 

,t..- /Yl 
jl13 d·-e 

JI11 .S -11 J-e 
'G -1'// 

By design 

TEST PAPA!-1ETER 

Use strip chart recorder. 

Check 2 ring~ in se~vice using 

1 a.'tlp DC. Rate both axes at maxi­
rate CW and at 6 deg/sec CCt\1. 

se should be less than 60 mv 
or 200 mv depending on ring ~el­
ection. Ten rings will be che 
at acceptance. Data will be avail 
able on all rings. Demonstrate no 

noise pickup with an axis oscilla 

8 pairs Jl14 A-C to J104 
10 amp at 240 VAC 

emonstrate 210 VAC, 5 amp for 
10 minutes on each pair. 

.. :, t~,"_ 

RESULTS 

J I !.-~ j(-S //-, 

jJ I I'..,!' 
'Ct..;-::~' • 1-2:':;' ! r .( .~_ 

,'!."I //- -: 

Jlt' ',':". J' ~ .. ' . .., , ...-. 
~ ,. ,;1 4 /0 n;/. 

Sf' 

./ -"1-
? 

ng. 
/Yi··aSa 

.;:: 
~', ' 
/'1 

.~ 

I.~;; ,/ 

,.~·"'!'l ;" 

t;: ~. 
tx . .. : 

. i-'". 

'\. ", 
~{ t?~ 
(:;. """ 
~~ 
~q l'f'i 
l-ttt;. 
~ '~ t, f!.: 
...... b' ,,,. , 

;".""\ ' .. 
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-"'.'''''' ",:." . .;,."" II :,:..... ~ ~ ~ ~.:;I JlL, .J\C 
h'>"T" -'J <j--l<"'j. • '9 ~ ~ ~-~ ~ ~ 

Iw::.-::g CONTRAVES - GOERZ, CORP. 
I [.\ -:-i"} SUBSIDIARY 

~ eONTRAV£S AG. OERI..·IKON.eVHRI..E HOI..DING 

SPEC 
PAHAGRAP H 

4.1 

ITEM SPECIFICATION 

~lectricall3 phase, 4 wire, 
Power 120/208, 60 Hz less 

than 40 amps 

/< 
4.2.2 I Monitor 

a.IDigital 
Output 

b.1 Display lposi tion Rate 
cceleration 

C.I Analog \Proportional to 
Voltages 

TESTED BY 
/ 

c 

~ ~. J" .. .,_~-<.J" ,. H~ ,<. ~ I-.-';;~t~~" ,.,'~·~11 ".,,,,-,,, f'$1J,,-,": . .. ,. ~--"" . :..... .. 

'CUSTOMER: 
SALES 'ORD:='E::="R-: ---------
INSTRUMENT: ----------------TEST pr~AN 

METHOD OF 
VERIFICATION 

asure 

computer 

design 

design 

' .. / 

TEST :PARAMETER 

3 phase, 4 wire, 120/208, 60 Hz 
less than 10 amp per phase. 

Rate oscillate all axes in phase 
peak 1 Hz peak acceleration. 
Monitor phase current. 

1 display ~or each function and 
axis. 

Buffered tach, buffered Inducto­
syn position, and position error. 

Take 20 points equally spaced 
over the range of each output. 
Use rate.mode for tach output 
data. Use position mode for posi­
tion calibration. Lock brake and 
index manually using the readout 
display as the reference 

FUNCTION RANGE 
Analog Posn. ±O.S deg 
Posn Error ±O.S deg 
Buffered tach ±200 o/se 

Take position outputs at 32.75 
-33.75 and 250.75 to 251.75 deg.· 

WITNESSED BY 
(GOERZ) ....-;. 

i.,f. -"{_ ~, .... , ......... 

WI 
. (CUSTOHER) 
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" T'ABLE III 

ANALOG SCALE FACTORS 

, POSITION INDUCTOSYN 
ERROR POSI'l.'ION M.TE AXIS 

CONNECTOR HI D A A 
LO A9-J7 E A9-J7 B B3-J7 B 

INNER 
"oSI 

SCALE Ig,4 mv/arc sec /3.l rnv / arc sec : v/~/see. 
FACTOR I ' .. Yy- t i 

I···· 

CONNECTO~ HI D A E 
LO A9-J8 E A9-J8 B B3-J7 F , 

MIDDTJE 
,0191 

SCALE 
FACTOR /3 f t) rnv/arc sec J3,'Z.-rnv/arc see v/:ft/sec i 

CONNECTOR HI D A J 
LO A9~J9 E A9-J9 B B3-J7 K 

I 

OUTER 
.0S-0 

SCALE \ 
# '-.. 

FACTOR /.}t f)" rnv fare sec /3'.Ornv/arc see v/raajsee 
d..z)?' 
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A;. :-a SUDSIDIARY 

~, .... :dfJ CONT/tAVES AG. O;ERLIKON·eUHRl.E HOLDING 

ITEM SPECIFICATION 

TEST PLAK. 

METHOD OF 
VERIFICATION 

,. 

CUSTOMER: 
SALESORD=E'::::'R-:---------

. INSTRUl'lENT : -------------------

TEST PARAHETER RESULTS 

Range '0 to 360 deg I By design 
.---.-.... --~ 

-~----I}. <-::: .... , ,.-c, :.::. "J.... --l-. -----
/i __ --, 

DjI.TE 

1.K~uedtabil-J±.1..0 arc. second 

5.0 arc sec (WRT 
pre-application of 
brakes) 

1 arc' sec 

... 

-:"~ 
I. 

1) '-I 
i 

\ 
! 

~J c. 

/Vfr5 

,J5C,. 
.:r~ -(~a 4!£-1 

TES-T.EDBY 

'\ 

'. 
/ 

j I I ' 
1"\ :'1; .t>/.-/ ' 

Ii ; 

cd--

j- (ifI-\ 

(," 

'.". 

ervo the axis in position mode 
r each orientation shown in 

ab. 1. Monitor fine position 
rror on strip chart. Apply br 

l-j.:.,Z' :;-~<"- ' 

1:-: 

IV) 

/3:3-:l.··7 ~p 

rtc.-i.0 ,s-r_p 
~-'-.---.-

d note axis muvement per fine 6 ).q~-~, 13 p_ 

r scale. factor. :R.epeat 4 times -- ._- p 

curacy is, the peak movement (2...p ?<,"'T'S>;;:>; ,-;.:;-

rom servo to brake on final 
osition. 

eatability 
peak final 

rientation. 
positions. ) 

is the largest peak 
position in any 
(Peak to peak over 

In' orientations 'i ·and 2; table 
Ie \-Ii th monitored axis clamped, 
rotate outer axis through 360 
degrees in 45-degree steps. 

I Record the. position of the 
axis being monitored: The 
orientation sensitivity is 

I the peak to peak measured 
I position over the full ro­
!.tation of the outer axis. 
I 
I 

j ' 

j
" 
:' 

", 

. __ ~'.:;-;.." ..-~. ;.~1".-~ 
. I) Y ... ~ c- ~ . 

I "'G"'-, J I P-p 
.~--------

• :; '2. -. so p- p . 
- ---------,-
?' 1_-( 
2:"~= '.::- r-fJ . 

r 
" . C· 

;~ .. i 
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WI'I'NESSED 
(GOERZ) -, eus TOI'-lER) OF 
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I AXIS POSITION MONITOR 

1-
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\"3 t.---' 
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SL/'" 
6t---" 
7 t..-

8 ;.. -
9<--

~t 

r~ 
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I I 

a 
0 

225 
0 
0 
a 
O 
0 
0 

APPLY 

0-
o 

O. 

INNER 
~UDDLE 

OUTER 

-. 
11 0 * S 

a o. ! Inner 0 

0 ~O.J Inner 0 

0 0 Inner 0 

0 'O~ Hiddle 
9-pj 

0 
0 Hiddle 0 

225 ~ 0 Middle 0 
0 0 Outer .c::J 
0 90 Outer 0 

90 90 Outer 
1° I 

BRAKES WHILE OTHER 
o Inner 1 ,710 

90 . Inner 
o 0 Middle 
a ~ Middle 

o Outer 
o Outer 

HI 
HI 
HI 

J7-D 
J8-D 
J9~D 

I 
~ ~".n;,;I' ~ ''l-~;f", ~ I ::~:it,~;.;:.! 

"';'TABi,B' I ,- ,-d 

~ i·h·, .... ~,. 

" 
III :1,,),tIW""''' 
i., 

)' .• Li, .... ..Il,(· .,"" .. ~'" 

STATIC CLAMP TEST 

A B C 

C S C S 
I,;,";: 0 I,;'" ,', (;) 

',to 

2.~5.r·l _.~,/ /; 0 .;ry • ... ".,.. -
/.14 eJ '/,14 o~ 
IAr} 1 •. ,"32-0 0 
/,48 0 I, 5'/ I ~ 

.e; 0 .33'; (J:) ;, 
.c. ... , 0 0 , '- ,3,7'/ 
7.: 1 0 0 ;2-. /.-tl 
I .~,./ <D /.1 r: 0 , . 

A 11- c. S G'C<..l N D~· 

AXIS IS IN MOTION 
/,:}3 60 deg/sec 
/ ,.>~ 30 deg/sec 
/,8 60 deg/sec 
:J.J4 30 deg/sec 
4 1 3> 60 deg/sec 

120 deg/sec 

La 
LO 
LO 

J7-E 
J8-E 
J9-E 

~SF :: 
OSF : 

SF -
~ .. 

, 
D 

".-"--" 

C S C 
J ~ , , "" ",. C:) 1 -'" . ... 

~. . . .... ;2 ~.," .:'') - " ¥' ... .,!-, .. / j,,~ 
~ I 

,7£ 0 /',3'3 
/, '34 0 ,,".::2 

1 ... 71 0 1·'2:1 

,33 .... , -l{,~ -. 
:;" /i .:'l 3.7r 
I, 71;:' 0 1. 0 / 

'.cr6' C) /,.'j1,t: 

-Axis In Motion 

, 
'11 

-------~--.-

mv fare "sec 
mv/arc sec 
mv/arc sec 

Accuracy ;:::I largest peak difference (S - C) 
Repeatabil.ity = largestpeak[difference of 

of Col A-E. 
(Min C to Max C) Col r A-E;'- -

i I' 

~. ,~. 

t " I , . 

I- -~- M I-Moni-tored A~islo 

I .\. l 0, 0 Inner 
2 0 0 Hiddle 

~, ,,, 

TABLE Ie 

Orientation Sensitivity 

Outer Axis 
45 90 135 180 

\ . ~ . 
":.; 
. f: .... , 

J I, . /: 

225 270 

:t',··· .... ;;tt flJii~.f4 
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/~ 8' 1 
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.:ij 1$' 
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S = Servoed 
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5 arc sec/rad/sec 
or rates on othe 

ivitvl ~'{i s . 

a rc sec/rad/se c 2 

or a cceleration 
other axis (axes) . 

'-

CUSl'O 
ALES 

I NSTR 

,--, ,- -

TEST PLJ\N 

ETHOD 0 
RIFI CATIO 

~~ 
~ Cj ' 

~~ 
€~ 
~ ~ 
~ ~ 

/~: .. 
tv 

TEST 

1. Use dual channel strip chart . 
onitor test axis position 

e r ror and moving axis buffer ed 
tach 

2. On a l l axis in rate mode : 
180 deg/se c = Inner 
120 deg/se c = Middle 

60 deg/sec = Oute 

3 . 
. 2 

57 deg/sec = Inne 
34 deg/sec~ = Middle 
14 deg/sec = Oute 

• Full load balanced . 

For axis orie ntations refe r to 
Table II chart attached . 
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SPEC 
?,-~GR;I.PH IT;EM SPECIFICATION 

:.t' 
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i." 1 

TEST PLAN 

METHOD OF 
VERIFICATION 

y 
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CUS1'OMlm := ________ _ 

SALES ORDER: 
~-~.....-----

INSTRUMENT: -----------------

-~ 

-- TEST PARAMETER RESULTS 
i 

3.8 b !iWl1P '. 5 arc sec/rad/sec ISTP-E-2260 
ate - for ~~tes on othe~ 
~ensitivity axis. 

1. Use dual channel strip chart. 
Monitor test axis position 
error and moving-~iis buffer~d 
tacho 

Acceleratio 
Ie .•• 
~ens~t~v~ty 

",. 

5 arc sec/rad/sec2 

for acceleration on 
other axis (axes). 

t;.~ -. 
. ~~ 
t;a~ 
~"t1 
~~ 
~: 

~. 

//,', ,: \. 

;ye :." 

I' 

2. On all axis in rate mode: 
180 deg/sec = Inner 
120 deg/sec = Middle 

60 deg/sec = Outer 
'. 2 

3. 57 deg/sec2 = Inner 
34 deg/sec2 = Middle 
14 deg/sec = Outer 

4. Full load balanced. 

.. 5. For axis orientations refer to 
Table II chart attached. 

. t "'--::J.+./ f'~"'.-' . " ~ 
-I- /\ r.< . . .. ,' .• fie- t~',,~ 

., 
~, .. 

-- , .... ;.,... - • '. ~.I.' .'" *" . , 

'; 

.." .1":' .... f .. 

I 
I 
j :~. ~"' .. "':"" , 1'-' ;~ :! " .. ---_._---_ ...... _y:--_._- --

i ,~ I I .".,. :.'} .' 

;~7":;::4~ .. -7 ----:-:'-::-: [r- ~'/~';" ~' . ".- . "'~ ... '" .,' ~'"".":;-.... ~ ..... 

..:: J~joOt""; r" 

1 
...... ---

,t;> , 
r ------.. 

t : I ~ t t r . . 1 ~ 

~', .. '/ : ..,.~ ", ~ _- - /'" ., .. ~ I j"> .- .... .". . 
(",.<",.-, /''::I''! <././ ,.. ~ t /J.' ./ 7" _/c... "'.-:J 

.. • , L-- ' ~ I - "- • ~ < ." ~ ~ 

L( t{ /7" ''(- ... ,,- I 17~; , f ' / t'"' I' 
, , r ":" . -' I' -~ . . b' I"~ . ~ . 

{ -., \ -':-:. " . 
, 

, 

'1/ ,,··,1 ..,"- 0/ \ .; ,~, . _ _ 'I, j 

"'·· ... t .c...."k'~ '( .. _.5'" ~. ~ ._.,........ f 
'" ,).' / . .1. "". .:. ... r 

" 1 - \ 1/ ,,' I /' .,' I.. t',· J 

1 
i 
j 

I \ I /, I I I 
\ 11> - \ . 

DATE __ I -TESTED BY WITNESS~D llY i ' :WI'l'NESSED BY -,c., - I 
(GOERZ) /~,. , (CUSTOr-mR) OF ~ 

" _""'=='"'Z=;;O=,
,~~ ..... ~ __ -.1", .. _ ......... "'__ _ ~ .... 

fL;'~ .. i;;;-~liIii~'il"':~''';:':':-' 'r -'~~:"~'.:":-:""-- "~"" .. ,~""--;,,-.. ,,.-

,---"'~~-~"" .... 4'.~ ... w .... ___ " _ '_ 

l-. " J. 
l 

~;uJ."""".~.~............" ............... ~ ........... _ ............. ~. ___ ... ~..,~ • ...., .... ~ __ ~._,","",--~"", ,--'-'~~ .. ..> • ~ .......... ~ __ _ L ~ ___ ... .,;~ __ ~ ... _ ..... ~ ........ ~. l.k • ,,~ ........... ru-a'., • .;.; .. ~·bd :;- • ....,. ..... ,1",_, _" 



I .) 

4 

[I 
7 

I 8 I 
9 V'/ 

1101 

{ 

0 

l] 

0 
f 

J 

o 

* 

** 

T' I 

A rakes before axis is mo ing . 

XIS ORIENTA'rIO 

IN IDDLE OUTER 

0 0 0.0 OUTER MI LE ER & OUTE R 

0.0 0.0 0 TER I E I DLE & 0 TER 

90 . 0 0 . 0 OUTER I ER IDDLE & 0 TER 

0 .0 0 0 DDLE OUTER ER & DDLE 

0 . 0 0 . 0 I DLE I ER OUTER & I DLE 

0.0 90.0 IDDLE I ER OUTER & IDDLE 

0.0 0.0 I ER MI DLE I ER & OUTER 

45. 0 0 . 0 I E MIDDLE I ER & OUTER 

0. 0 90.0 I ER OUTER ER & D LE 

45.0 90.0 OUTER MIDDLE I OUTE 
. 

HI LO )'" ' 

...... r> . . .. f . .. / 1, : ... . ~I ' 

In er J7-D J7-E orlt 
- ~0 

~ f) / 

I 
' . .. . :' () .. 

M' ddle J8-D J 8-E, t' OD ; - ... .... 

/' ,' ~ 
, , .. )A,O 

o uter J9-D J 9.".. , .' , "" ... ") " .. 
~ 

I 
. ( 

/ t -. a" 6 ., 
. ~ . : J ., ':J :;..., ---..... 

I nner J7-A J7- , / / , ' .. I !) • " 
( . '. , ... ;;! I . 

Middle J7-E J7 -F ' ~ ..., "",,, .., .... y .... r ~ r. ' .'-' , ,- )' ,'.' Co' C' 

Ou J7-J J7-K 
I • 

~ ~ 
. b ~ . )'.~ r. ' I .t ", , 

(~ , .-- ..,/ " 
J .. " -, "" .... C" - 7 . 

-"'I 
. ~ 

( '/ -' .. ) , ..... - , I f ' 

. f ~ 
----. ~ c'? /'-. .: , ...> 

/ , ? .' ~ ,' ,~ ,,' , L" ~'~ r , .... ... 
- I ., ," () " . d :J 

"/ 
/'" ( . 

I 
. . , 

.-. ' .... 
I 

;? (' "0 

AtPA E 
R QUA!JTYi 

, ... , .. ... ' ... ( ... " ,"" ,,, on ~ 'or ... J •• ""'" In " , t d l>t' " ",'lful. CO TRAVrs COtnlCORrOftATlON, s..., .d .ICOl1ftAVISAC. OI II 0 UHfttt HOlO' G 1"0 ... , • 
thud ',It .1\4K utt4 h .. . ,. "" PO ' ,u'M. Utn ." .,. f y.hoCh., •• t ft mid, . . ... ttl. hI "w.. -. \I wt tl ••• (lhf WUU.""",. " ,.t CO , .. "ves GOr RI (0"'O R41 10 

J Amc~n 



Contro 

HOLDING 

TEST PLAN 

Position , rate I Bv desiqn 
. gular Accelera-

tion, Angular asci I 
lation and Remote -

CUSTOMER:= ________ _ 

SALES ORDER: 
INSTR 

TEST TER 

osition Mode , Rate Mede, Rate 
cillation Hode and Angular 
c€l€r~tion (middle axis only ) 

manual control . All of th: 
under Remote Control . Eac. 
a per axis basis . 

BY WITNESSED BY 
(GOERZ ) 
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CONTRAVES - GOERZ, CORP. 

Position 
Command 
Hode 

~. 

TEST PLAN 

s 

Ranqe and n 

r a nsducer ±o .s arCIBY Vendor Da 
sec 

curacy ±l arc s ec STP- E- 225 

.. 

R 

Command 0 . 0001 degree cnanqe \'lat 
readout change . 

nne 

Accurac iddle 

Re cord r eadout and position 
command a t 'each position . Do fine 
accuracy a t 47 degrees and 292 
degrees . Also record the analo 
position o utput and the incre ­
mental readout during this test 

STP-E-2237A ICoarse Accuracy . Do onl 
degree stops 

y 
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. . ~ 1 arc second 
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OMEn : 
~S ORDE~~R-: ------------------

STRUMENT : -------------------T EST PLAN 

ETHOD OF 
VERIFICATION 

\ 
\ 

TEST PARM1ETER 

Use strip chart monitoring analo 
osition output on each axis 

Command axis at 
analog voltage . Command axis of~ 
± . l deg and ±90 . 0 deg and 
to zero . Record analo 
after axis has settled . 
usina scale factors . 

Repeat the test 5 times at anQ.1e 
of 0 . 0000 degree and 135 . 2738 
deqrees. 
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, .... , 



osition 
Command 

CORP. 

Rate Sensitivity 

Acceleration 
Sensitivity 2 
3 a rc sec/raa/sec 

(I':'" 

uS 
-J • r It""" 
l .; C;':7 I> 

, f , I '-

, [,: I 
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/ TEST P 

METHOD 0 
RIFICATION 

STP-E-2260 

J 
.-

CUS'l'OMJ::n : 
SALES ORD~E~R-:------------------
I NSTRUMENT: __________________ _ 

R 

1) Use dual channel strip char't 
monitor test axis position 
error and moving axis buffered 
tach . (Tab Ie IV) 

1"0 ) 
2) Rate 1:"8'0- deg/sec , Inner 

~a~ ~ deg/sec , ~hddle 
30 deg/sec, Outer 

on a ll axes in rate mode . 

3) Acceleration Limits 
57 deg/sec , Inne 
34 deg/sec , Middle 
14 deg/sec , Outer 

) Full Load 

5) Orientation per attached char 

----

RES 

~~ ,,~ 

-I ··1~( ; ~ .. :t. 
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J os ff IO CO D, 1\.CCEL· T 0 IVI 'i 

~ 
--. '.- · osi ion ax ' s - en se 0 e s in o ion . 

I Inner Out er I 0 

0 0 0.0 P R 0 M 

1 .0 0.0 p 0 I 

90 . 0 0.0 P P 0 I 

0 . 0 0.0 -~-& p P R M 0 

5 0.0 0 . 0 R P M I 

, I 6 v /" -- 0.0 90 . 0 R P M I 

t 
'~ 

7 v 0.0 0 . 0 P I M . ,-
45 .0 8""'" 90.0 P R P I M. 

9 ')'" 0.0 90 .0 P P R I 0 

1.. 0 45.0 90.0 P R P M 

position a s ,-{hen othe rs in motion. 

POSITIO S 

I M 0 MO I TO RATE % 

1 ;../ 90-0 --- 0 Inner 60 

2 '" " 27 0-0 0 Inner 60 

3 1v V 90 - 0 90 Inner 30 
,/ 

4 ..... 270-0 90 Inner 30 
/ 

5 v' 90-0 0 Midd le 60 

G 270-0 0 Midd e 60 

t 7 ) 0 90-0 Middle 30 
, 

8 vi \ 0 270 - 0 Middle 30 

g v 90-0 0 e r 60 

10 I 270 - 0 0 t r 60 

Ut- I 90-0 Ou er 120 

12 l / 270 - 0 Ou'ter 120 



'.:.'AB 
coym 

I 

E MODE 
K 

e solution 
Range 

nstability ±O.l% 
over 1 s e c 

curacy . 1 % or 
. OOlo /sec . wnich ever 
is greater . 

Repeatabili ty . 010 

TEST PLAN 

METHOD OF 
VERIFICATION 

By design 
By ,design 

ec 

r::::l ~ 

CUS'l'O~1ER : 
SALES ORD=E=R-:-----------------
I NSTRUMENT : ________________ __ 

R 

deg/sec 
deg/sec inner and middLe 
0- 79 deg/sec 

se Di rect Readout Disp lay . Ta ke 
readings as ir. attached Ra t e 
rt 

ake each ax i s independently with 
e two ax~s nut being tested in 
sition mode . 

is ~eak deviatio 
alue . Instabilit 

iation from the a verage 

atability is the avera 
i fference from set to set 

y 

",' ..... 

fro 
is 
rate . 
e rate 



U 

u 

. \.! .... ," .. ' 

n ' t' Po i io 

Rate 
dog/sec 
+0 00 100 
+0 00.10 0 
+0 00 100 
+00 0 100 

+00 ~ : oS8 
+00 1 . 000 
+0 0 .000 
<1-00 . 00 0 
+ O ~O SgS 
+010.0 00 
+01 0 . 000 
+0 0 000 
~010 .0 00 
Maximum 
Maximum 
M- i mum 
Maximum 
Maximum 

Init' 1 Position 

S t 2 
- 000.100 
-00 0.100 

00 0 . 100 
... 00 0 . 00 
-0 00.100 
-'~O .000 
-0 01. 000 
- 00 .000 
- 001 . 000 

:g~n : ggg 
-0 0 . 000 
... 010. 000 
- 01 0.0 00 
-01 0 . 000 

M x ' mum 
H . 1um 
Max ' mum 
M " mum 

I 

0.0 

I ne 

+ oCJ'?, jO 0:> 
+-/J""'/"~! 

f ., / /)00 
f#"' 0/77 
J.. "''' . 1('1 '7>0 

+- • ~"f 

~ It 0 00 
? , 

;. ! , 0 :;~ 

-r " dO? 

'/- /1), ' , . , 
, , .. l 

., .,.) 

{7 Q-';:' 
I • I 

, / 8/),()~" 
. ~/7'l "/' '1 
rI80lo,~o 

I 
0 . 0 

R1\T ' MOD ' 

' da l e 

+./()6;t.. 
+ I 0 ??7 

+ / ,0003 

+-0. I { 7 
I 

flO, ()O O 

'f 9· 9rr 

+ () oJ 
-' 

M 

0 .0 

Outer 

"'/- ,loo./1J-
-I , OiCf7 
-+- • 100 I 
+,0 ri 
+ . /000 

+ II 0003 

-;' 6, ~; Q,? 

1-/0,00 

-I r,C( r 
( 

0) 
~O~$ 

M 
0. 0 

0 

0. 0 

S ec 

. 100 

1. 000 

10.000 

60 . 000 
120 . 0 
1 80 . 0 

o 
0. 0 

dcg/ se 

i O. 001 

±0.00 1 

±0 .01 

_0 . 06 
±0 . 12 
to . 8 

3 +) 4- '/ -+, ()oo I 
-. _.0 0'1; 

.100 ± .0. 001 
~ 

I 1. ' 000 ") 
,'~:..----' 

·1--------
1. 000 ±0. 00 1 

10.000 _0 . 01 

• J (. 
~ .. () ..- .. 

, 101' ' ... lfI.I ,COII AV(5-CO[R1COft -;);;"no , U l.d, .. yoICO TRA (5 C, O \I ON RUIIAl IIOlO"C Ite no, • 
ft t~tly" ,1'4"c- tn "'V t~", ftor d, .. .,1t'd 10 'Tl 11uld , •• ty, Nf uud ' f . , loll , II~U thtn' It t ~t .... !'uch.' •• bl • • • •• tI,b' to 'r OU. It" .. '" V~., (Ihe 'o\ ,4IIU reM,,'t.t rOHTRA (S -COt HZ COn'0"4110 . . 

A o Con rnvcs Ocr hkoC"l- Uhr 
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u 

Ini ia1 osi 0 

Set 5 

a 
deg/se c 
+0 00. 100 
+'000 ~"O 
+00 0.100 
+0 00 100 
+0 0 100 
+0 01. 000 
+0 01 000 
+ 00 .000 
+001 000 

I 
90. '0 a 

nner Middle Outer 

flO:!,ooo6 1/·or,0004 1-/,0:: ,000 

+O Ol .oonO~L-____ ---I---------I---------1 +8 0- u-o::"" 
+ 10. 000 

Initia l 

Set 6 

+0 0 . 000 
+ 010.0 00 
+010 .• 000 
Maximum 
Maximum 
Maximum 
Maximum 
Maximum 

osition 

-0 00.1 
- 000.1 
-0 00. 1 
- 000.1 
- 000.1 

- 8r .o 
-00 1 . 0 
-0 01.0 

::8 0'.8 
-010. 0 
-01 0 . 0 
-010 . 0 
-0 0 .. 0 ,---
M ximu 
Ma ' imu 
1-1 
M 

00 
00 
00 
00 
00 

~ 
00 
00 

88 -
00 
00 
00 
00 _ 
m 
m 
1 

:r 
90.0 

- 0, I}; 0 (){),J 

-I 
,-

I- /.tJ_,D0 01 

./ 

!-to':-, (JobS 

- IS:J:!. 0001 

_ 0. I;!', 0003 

~,o-r,~oo.J 

-/tJ.t. t'OOr 

~/;ZC:!. 0006 

90 0 . 
-t).!:::,Om 3 

_/,()i., 000-6 

-
-/o!..,o, OS 

-kX!.oo 

Spec 

100 

o 
90 . 0 

1 000 

10 . 000 

o 
90.0 

/ 

d eg/ sec 

_ . 001 

_ . 001 

. 100 _00 

1 . 000 _ . 001 

0 . 000 ± . O 

00 . 000 

11". , .. , IIO. U"t.,.' h" •. o" •• n "' . .. . ~ .... 11 'or'" ". ' ; 10f! ' r ... , I .. ' c o , AV[S·COIA / CORPon" 10 .Sub. · .... 'co lAAvUAG.or Rll 0 VHAle /lOllll G '''.· .... ,b • 
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u 
u 
u 
[j 

r 

o 

o 
u 
.0 

In 'tial ositio 

Se 7 

Rat e 
deg / sec 

Maximum 
Maximum 
M x· urn 
Maxi urn 
Maxi urn 

ner 

I 
o 0 

Middl e 

.ric<1f'1 Sl,tx-:idk,\1 Y of Conlmvcs AG, Ocrhl 

M 
0. 0 

Outer 

o 
0.0 

Spec deg/ sec 



':;'.3!Z 
(Cent . ) 

!ode 
(r'ii2.dle 

ds) 

SP 

e solution 
Ran 

ccuracy 
±. Ol = ± . 5 7 deq/ sec 

00 OF 
ICATION 

design 
design 

ISTP- E- 2256 

Repeatability 12 
_ . 005 = ± . 29 deq/ se 

nstabilit 
± . oos rad/sec = 

. 29 deg/sec 2 

t:::::l c::1 c::: c::; c:= t . --r 

CUSTOMER: 
SALES ORDE=R~: -----------------

INSTRUME~T : -------------------

TEST P 

. 01 deg/sec ~ 
. 01- 39 . 99 de 
emonstrate 

bv r eadout 

sec2 
ange and esolution 

Do STP with I 
iddle initia 

= 0 . 0 and 0 = o. 
osition at o. 

Repeat test at +15 deg/sec 
for the fol1o"ling : 
1 . Inner = 0 , Outer = 90 /_' U 

2 . Outer oscillatin at 1 . . 
3 . Inner oscilatin 

• 'Oute r = 0 , Inner 
+180 deg/sec • 

at " 1...1-:. 
atinq at - . 

At + 15 deg/sec2 , Outer = 0 , 
Inner = 0 , monitor acceleratio 
error . Check with scale facto 
for instability . 

\- J ..... 
v 

y 

... 

(..' 

\ 

~ 
V" " L " , 

' .. ;'. f.. (\ p l. \.. " ._, 

,.., . \;\ ' I ', ..• 
....:.L .... C .... t', ... 

\ . : " ; .. ' 
l" -.1-:..::-

'-s ...... c .~ 

I 



)),.3 
(Con t . ) 

\ 

\ . 

CORP. 
ueSIOIAR Y 

A G . OERL.IKON.eUHR L.E H OL.O I NG 

ENT : ------------------

SPECIF 

TEST PL 

ETHOD OF 
VERIFICATION 

c e ler a - IResolution . 05 rad/ I Bv desiqn 
tion Limit sec~ = 2 . 9 deq/sec 2 

~ ... g& 
.... 

Range 
O- ±l rad/ sec 
Q- ±,6 rad/se c 

o 0- ± . 2S r ad/sec 

Repeatabili t_ 
. 05 rad/sec 2 

',) 

. . 

'j 

.. 

Bv design 

STP- E-22 S7 

~. . , 

" r-

/' 
I 

') . () 
.~ _. 

., . 

., 

EST 

1 deq/sec 2 

- 69 deg/sec 2 

0- 39 de g/sec 2 

0- 19 deg/sec2 

.... , 
_) it · I ~ ... {' ~ 
........ , r 

;'::l;;> 

Do STP , 2 times a nd r e cord 
the differ ence a s repeatabili 

I 
,,( I ~ ,'" '1\ l (.t, DD Cle , 

Ac celeration Mode On , Middl.e 
Axis set . Accele r ation limit at 
30 deg/sec 2 • Record acce1eratio 
r e adout . Set acceleration limit 
at 29 deg/sec2 • Record acceler­
ation r ate . Difference betwee 
the ' two is r esolution . 

''',' .. . 
.. 3 () ~-

/4 - :' ..J 

. .l-. :> .,' 

J ....... 

NITNESSED D 
(GOERZ) 

- ----

.~ 

O/sec 

O/sec 
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T';:'BLE 
(Cont . ) 

:; 

ngular 
Rate 
Oscillat 

~p.nge 

. 00 5 to 75 

. 005 to 40 H 
o . 005 to 15 H 
3 digit resolution 

Accura _ 
±l% o f setting 
±LSB of r ange abov 
10 . 0 zrJi 

__ % of setti 
±LSB of range 
be l ow 9 . 99 mHz 

Stabilit '.5 Hz 

c:: ....--., 

EST PLAN 

ON 

Exact 605 

Specs 

" 

" 

( 

C·,' -
c...' 

TER 

1800 times the frequency 0 
cillation for slfiVad r.tode 

Axis Oscillation 
inimum Maxim 

55.5 Hz 555 H 
5.55 Ez 55.5 
. 55 Hz 5 . 55 
. 055 . 55 
0055 . 055 

of setting ±l diqit over 

se Hf c l ock gated 
tput of each axis . Reco 

n seco nds , per Table V. Do 
e cond set 1 hour later. 

.2 % i=or 2 rs . o r .1: at 75 

.. 
.., . 

r '{'* .- '-
:r 



c::; c:::J c:::J 

REFE ..-: E 
FREQ 

1 35 

~5 KHz 

4 .5 KHz 

450 Hz 

::> !1 Z 

~ C::J 

TABLE V 

OSCILLATION SOURCE ACCURACY 

OSCILLATION 
FREQUENCY 

75 

25 

2.5 . 

0.25 

0.025 

SPEC 
PERIOD SEC 

0 . 0 1 33 ±. 00 00l3 

0 . 04 ±.00004 

0.4 ±.0 004 

4 .0 ±. 004 

40 . 0 ±.0 4 

, Cou 

I NNER 
1st I 2nd 

c 

IDOL 
1st I 2nd 

·tl +- \ C. r I ' 1-

C 0'1 f I c .. .... 

'] 

. OUTER 
1st I 2n 

---



Angular 
Rate 
Oscillati 
Continued 

SP 

TEST PLAN 

ETHOO 0 
VERIFICATION 

c::: ,...--.-, ,-.-, 
'---' 

CUSTOMER : 
SALES ORD=E~R-:-------------------
- - ·STRm1E~ 

PARAr-1ETER 

Phase Adjustment IExact 337 

)' 

Resolution' ±l deg 
Accuracy ±l deg 

STED BY 

±.2 d 
±. 2 de 

Demonstr ate ' \ Oscillate inner ~~is and middle 
axis around 0 . 0 . Position 
Oscillate at 10 Hz. Monitor zero 
reference pulses for middle and 
inner axis on oscilloscope 
Determine that the time relation 
ship changes for phase shifts 
of 45 degrees and 90 degrees to 
a r esolution of 1 deqree . 

BY 
) 1 o 
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CONTRAVES - GOERZ. CORP. 

Freque ncy I I 
e s ponse ~ 

o 

~ ~ 
t"-i §J 
~$ 

±3db 0 to 75 H 
±3db 0 to 40 1)H 
±3db 0 to 15 Hz 

TEST PLAN 

METHOD OF 
VERIFICATION 

STP- E-272 
For method 
only . 

t l'\ \ J 
\. .".(, . 

-+ 
C/Y', i ".J., 

' l-\ ~I"IETER 

Plot amplitude and phase . 
Position 0 , 0 , 0 , 0 , 0 , 90 
Other axis in position mode . 
Test axis in rat e o s c i llation 
mode . 
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't.. ' ,..p . ., "'"" "'1: "" p'" 

.,Jr, <.. ,. 

~~r ~ ... \ \ $0 '.A ' . ' ( 
I __ ~.., r ..l 

q '" I.' 0 q -t.l. I'vft f.y( a. s 

+~ .c. . {'~J L" "l C Ie. 
.rO ft... 

o ' . . 
¥ ()), {I...n... J..(.CJ f' (',,* r' ..... c~ 

=> :s~u,~'" 

~/ .... -I' 
_ ·11:-.1\\....-. \' ----
~. . Cl "l. R'31.J h. J-t. '. ~ _ ~ _ T \1 • 

)~. ': ·z(' -iJ eJf· St.-Hfe,; 

_I I ,,--
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TNESSED BY 
(GOERZ) 

JT 'l'NESSED B 
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~ull point drift 
.~ . 5 arc sec 
per min . 

TESTED BY 

CuSTOMER:~ __________________ __ 
ALES ORDER : 

I NSTRUMENT : ------------------
TEST ·PLAN 

TEST Pfi.tUUyu:. R 

Oscillate each axis separately at 
5 Hz with a rate amplitude of 
.20 /sec for 1 hour . Begin with 
amplitude at zero and record 
oosition readout angle . Increase 
amplitude to . 20 /sec and let 
oscillate for 1 hour . Decr ease 
the amplitude to zero and record 
position r~adout anqle . 

difference between initia 
and final should he <3 arc s e c 
or .. 0009 degree . 

Record P I - P f 

P± P
f 

RES 

I 

s 

0 ,_ --=:...:.:-_ _ _ 

,4 I'" i r;;,.'" {, -- ' 

,.....q 0 
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te Perturbation 
rouqh ze ro rate 

. 15 

.12 

. 08 
e c 
sec 

ri[):' .~ 
Ok ~ .~r 

METHOD OF 
VERIFICATION 

J 
;:t J.? ~ 

TEST PA 

Connect buffer ed tach o utput to 
trip charts . Rate oscillate 

at . 01 Hz and . 1 deq/sec rate 
am9litude . Determine perturba­
tion from straight line . Use 
tach scale f actor to conver 
the perturbation to deq/sec • 

so monitor analog positio 
ut during this t~st . 10 __________ __ 

I J. 

11 ~ '" 
- '_,,-c.~)., / 

. ) 
I.. 

\, . 

....... 

ITNESSED B 
(GOERZ) 

SED BY 
(CUSTOHER) 



TJ..BLE 

0, 

R : 
~D=E~R-:------------------

~ENT : .. 

TEST PLAN 

METHOD OF 
ERIFICATION 

i tude .. 75Hz . \paramete r le l I = . 9 arc s e c at 

at Band\.;idt 1 9 '-= . arc sec a~ 

0 

o = 5 . 8 arc sec at 
15 Hz 

TES 

a) Use analog positi on out puts . 

b) Rate oscillate each axis at 
the band\'1idth and increase 
input rate amplitude until th 
r equired peak amplitude is 
achieved . This amplitude is 
found using spec amplitude 
the SF from Table III . Record 
this amplitude . 

, . . 
V -------m 

I 

I'') ... ' 

c) Increase input s etting unt i 
output appears to satur ate . 
Record this amplitude 

.r-.. 
,-,,~ 

wr'l'NES5ED 
(CUSTOi'~ER ) 

RES '·-

< 

13 
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L.OINO 
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2 
I ;= 1 r ad/seZ 5 7 . 3 deg/sec 

= . 6 rad/sZ 34.4 · deg/sec 

= 

= 

2 o = . 25 rad/~ec 
1 4. 3 deg/sec 

= 

ST PLAN 

ETHOD 0 
ERIFICATIO 

STP- I:- 225 7 

-::) 

'-

----------------------------------_. . 

. 
TEST PARA.'1ETER 

e buffere d tach output 
lly loaded . 

nner = 0 , Middle = O. Outer = O· 

a c celeration . de sec 

STP with acceler ation limits 
maximum . 

acceleration tor e ach 
s 

-~ 
c-- "',-

<.-

~ ... () 

"7 ."- .. ' , 

C> • 
~: 

-:,. ". 
.:> \"\ I 

.. ,1 ....... :: 

(CUSTOMI': 

..... 

RESU:'?S 
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I NSTR : ... 

SPECIFICATI ON 

Res.olution • 00 01 

Accuracy ±l arc sec 
TR- 30ll 

Resolution . 001 de 
se 

ETHOD OF 
VERIFICATION 

desiqn 

- E- 22 5 

des i qn 

ETER 

See position comman d t est Data 
wa s t aken with positi on co 
t e st. 

. 00.01 deg/sec . 
Acc uracy . 001 deg/ 
sec 

lculated in 1. 0 01 de q / s e c 
n r eport 

Range 0-180.000 deg~ By design 
sec 

In s ystem t e st r a t e 
late other axis a 
effec t on t he rate 

0 - 199 . 9 9 99 deg/sec 

ne 
t . 

e 

15 OF 
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.3 . 

;, Rate 
~ ... 

ORP. 

Resolution 
0 . 1 de 

Accurac 
0 . 1 d 

to de 

TEST P 

ETHon OF 
ERIFICATIO 

design 

Calculated 
from vendor 
certificati 

By desicrn 

C 
S 
I ------------------------------------_ .. 

R. 

- digit DA converte 

Demonstrate 0.1 de g/sec sten in 
in system t es t mode . 

See Analog Scale 
earlier . (Table 

actors dete 
II) 

\ 
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s ueSIOIAR 

AG. O£RI.IKoN.eUHRI.E HOI.O ING 

METHOD 0 
VERIFICATION 

Servo Loop I Gain margin 12 db 
Phase margin 

5 deqrees 

mde 

onie Distortion ISTP- E- 225l 
<5 % third Harmonic 

ate , and STP- E- 272 

ele r ation Mode STP- E- 2 

TES'l'ED D 

... -- ~-. --.--. --

~ 

CUSTO~illR :~ ______________ ----_ S ORDER : ________________ __ 

NSTRUHENT : .. 

TES 

lot closed loop r esponse on a 
ichol ' s chart to obtain gain and 
hase margin. See frequency 
esponse in rate oscillation mode . 
hr max rates middle and inner 

ith outer oscillatinq at 
max rate . 

asure distortion of rate oscilla 
source (S) and of buffered 
feedback (F) while osci llat' 
Hz and . 2° /sec Amplitude . 
at residual on scope and esti 
the third harmonic content (E, . 

E(F- S) = third harmonic distor 

Do frequency response with OFF 
ODE (Zero Rate) and plot the data 

on a Nichols chart to obtain gai 
and phase mar gin . 

Do frequency response 
ation mode on rniddl~ 
a cceleration command 

Acce l e"'-­
Set 

ero 

Oscillate inner at a frequen 
above the outer axis oscillatio 
band\.lidth . Outer axis maintains 
position as observed on analo 
osition output within acccle~­

ation to rate s , sitivity spe 
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4.2 .4 

• 2.4 

4.2 . 

CORP. 

HOLDING 

ON 

IServo Loop \ACGeleration will b 
(Cont . ) \.;i thin 5% of cornman 

PP3 

11 Point 
rift 

value within 50 rose 
(MiCl.dle only ) 

Max Rate Switchin 
Test 

Justment Control 

METHOD OF 
VERIFICATIO 

. Bv desiqn 

f--.J 

CUSTOMER . 
~-------------------Slili~S ORDER : ________________ __ 

I NSTRUMENT : .. 

TEST P fil\.ftJ.·l.u R 

Connect strip chart to the accel- 12 
erometer output . Enter 20 deg/se 
command . Select acceleration mo 
Record time when the acceleration 
is within 5% of the final value . 

max rate + s\.;i tch to rna 
on each axis . (Watch oute 

design null poi nt drift is a 
tive contro l \... 



4.2 . 5 

DA ....... 

- r--i 

SUBSIDIARY 

AG. O£:RLIKON-eUHRLE HO L I;>ING 

ITE 

"pensa­
tion 

SPECIFICATI ON 

a cy 0 .15 deg/ h 
consistent with 

solution . Range 
accuracy of each 

de . 

.. 

TEST PLAN 

LV1ETHOD OF 
VERIFICATION TEST PARAMETER 

The eart h rate c ompensation is 
computer generated hy calcula 
position chanqes on a fixed time 
hase . If the position accurac 
test has passed the earth rate 
compensat ion is dependent on the 
computer • 

:iITNESSED BY 
(GOERZ) 

RES S 

li-



ro 
=erence 

ulse 

HOLDING 

SP 

Repeatabilit 
±1 : 0 arc sec 
( rev . t o rev . ) 

Static Accura 
±lo 0 a rc second 

ETHOD OF 
ERIFICATIO~ 

,.-- (--I 

TER 

Determine that zero reference 
se occurs ,.;i thin . 0002 degree 

of zero by monitoring the analog . 
ition output on a strip chart 
the 000 . 0000 degree output 

efore the pul se shaper on anothe 
hannel . Ra t a t .0001 deg/sec 

ero , two different revo­
lutions . Repeat 5 times 

Convert the vo:~~ge at the trans ­
istion time to arc sec using the 
scale factor taken earlier on pa 

2) (S = Repeat abilit 

+ V2) = Static Accurac 
~ 

thmatica l Descri pt ion 0 
ce leration of Velocity Spec . 

\ 
NI'l'NESS)-:D DY 

(COERi'; ) ' 

RESULTS 

" 
a 1------



.2.7 

.2.8 

.2.8 e 

DATZ 

~ .=::::::i r: r--

UB9'O'ARY 

G. OERL.'KON-OUHRL.E HOLOINO 

C 
S 
I 

R: 

ence 
1se 
ont o ) 

SP 

TEST PLAN 

HOD OF 
VERIFICATION 

-----------------

Rate Error IBy design Compatible ''lith position readout 
~ 1.0 sec/rad/se 

celeration Error 
~ 2 . 0 sec/rad/sec 

xternal Osci11at 
ts 

ation 

D"-,,,sl-f~ 
lux De¥-i-t: 

Samp l ing Error: 
Sampling time = . 416 x lu - sec 
at laO deg/sec 

- 6 100 x . 416 x 10 = . 4 x 10 -. de 

desian 

By design 

design 
based on test 
data on 5 . 0 . 
226 

= . 00n04 ·deg 

or ~ . 08 arc se ad/sec 

Demonstration of 3 ditteren 
frequencies . 

Show external oscillation i 

ultimeter check fo 
isolation. 

round 

ITNESSED BY 
(GOERZ) 

ts 



5.6 . 1 J Rate 
Li:niti1"'tI'T 
(Trip) 

~ .. . '''-

IR~so1ution 
0 . 05 rad/sec 

e 

ON 

. 1 - 3 rad/sec 

. 1 - 2 rad/sec 

. 1 - 1 rad/sec 

urac -
_ .. 1 rad/sec 

Repeatabi1it 

± . 1 r ad/se 

I 

0 

ST PLAN 

METHOD OF 
VERIFICATION 

I By design 

I By des i gn 

c...:::.:J 

CUSTOMER: 
SALFS ORD~E=R-:-------

STRU~1E - -----------

10/sec on all axes . 

1 - 199°/sec 

- 19 9° /s~c 

nne 

idd.le 

1. - 79°/s~c Outer 

Se t rate trip to the value shown 
in the chart . Enter the rate 
below the final rate and step up 
the step size indicated. Record 
rate trip 
Repeatabi1i tv rna 
from items I, 2 

5 , 17 . 18 

be calculated 
6 / 7,9 . lO r 1"" 

and 23 

\ 

s 

.--



J 
1 
2 
3 -..., 
4 
5 
6 
7 
8 

9 
10 
11 

2 
13 
J4 

5 
16 

17 
8 

19 
2 0 
21 

\ 2 
3 

24 

nATE RI 

Axis R te Initia ep Commana ccu acy 

Trip a e ize Rate at ec 

Setting o/ sec o/ sec hich o/ sec 

o/ sec Rate Trip 
Occurs 

,., "'/ 

180 +170 1 
J , r .,.'-, 

nner J • c. ... , "'1 

80 +17 0 +1 I • 

180 170 - 1 - I • . , 

60 +50 1 . / 

0 - 50 - 1 ,. I 

5 +3 + . 5 1 .., , . 
5 +3 + . 5 •• C). ~ 

5 -3 -. 5 - ), ..J 

Middle 20 +110 +1 r ;" ... , .' , ±5 . 7 

120 +110 +1 ±5 . 7 

20 - 110 1 _ /.7-./ ±S 7 

60 +50 +1 -r" ":' ±S 7 
" , 

60 ~ -5 7 

5 3 + . 5 +1',..., 5 ±S 7 CD _ ... 

5 +3 + . 5 / : I ~ S ±S 7 

5 - 3 - . 5 - ;) :5 5 ±S . 7 

Outer "6'0-- +50-' 0 ±S . 7 

'60- +5-0 .--~ 0 ±S . 7 

-60 - -50 -' 
60 ±S 7 

+ 0 . '. / 30 is . 7 
or, 

30 20 - :~ I 30 ±S 7 

5 +3 " 
5 ±S 7 

+3 . . 5 ±s 7 
.. ' .. ..1 

5 -3 . 5 - r ,.- 5 ±S . 7 
, , > 

n. ,. 1010""0. ,on,.",'" h",IfI" btl." m.d. , •• d,b" ... he p.optl 'V .,, ,.d t., .'" p.'p.,,, 01, CO~T RAVrS COUl CO RPORA Tl ON, S"b".hMV " CO 1 RAVrs AG. 01 All ON ~I'flRI r tiN OINC I. u ....... 

.... ' 1111" " foduull '1' .n~ t8fm nUl dlh",~l1 ,. " 'V th"d p,'tv nal ". ,11 IUf " 'Y lIut' .. • •• """ thi n th. t '\If .. ffh tt h i , .. " ,..tJ . . ..... ..". 10 , DU. tho"t th. "If, •• ", " fllI.,unn"nl.1 CO fflAV( S COL Itl to.rONA liON 



-":)-. " u_ .:.._ 

? ;.?_:'.G? ... ;PH 

5 . 6.1. 2 

5.6 . 1. 

o 

ITL.,. SPECIfICATION 
M~THOD OF 

VERIFICATION 

emonstrate 

't:=' :t-

CUSTOMI·;n : 
SALES ORD=E=n-:------------------
INSTRU!'-lENT : -------------------

TEST PARAHETER 

Rate into CN and CCW stops at 
57 deg/sec 

Dynamic Braking Incorporated 
Demonstrate dynamic braking from 
a rate . 

RESU:'TS 
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OF~-··'Jl(v,.""'''''''-''AL PAGE 
4 vvR QUALITy 

. ---
~ . Jscilla to!" 1 - 1000 Hz, co inuous1y vc.q:-Llble 

3 . D1.!3_ Cha. ,:1~l osci loscope 'li th ori zontal zwe~p channE! 

?: is ~!"ocec~_e is s?eci£ically designed to verify linear syst~m gains 

a~::' :.:""-:a co,.s~:.~,::; as ~~ey ef::ct small signc! l frequency !"t_ :>.::G :"..';:~ ~~~-= 

:==·~::.a .. c~t res:-,o:"".5£! of he systcn vlhcn all of its ele .. cnts are o.~erati~~~ 

. .; ' :.::~~ -=-"-l_i!" li:1ear range} . 

' .. ;::0:-. '::'5 ':":-.g t:::is ?rocedure , amplitude levels and frequency anges as 

~e: : ~s s~eci:icatio poin s should be specified . 

t -; C~::4.ect ... ~e test equipment to the. system under test as c!efined by 

::e fu .. ct~onal diagran . (ote , if a frequency response analyzer 

i s ~sed :o!" this est, the scope should still be connected in 

~!"~er to ~o itor ~ave sh pes ). 
, 

(2 ~.:..~~ t~e system O. i. the STOP mode l adjust the amplitude of he 

o scillato!" to a alee as high as possible ~hich does not saturate 

o · _21er t~e ?O"'ler am?lifier or any preamplifier sta'ge over t21e 

~ eq' ency ra:1ge of 1 - 1000 Hz (see ote 1 ) . 

( 3 ) Obtai.. t .• e frequency response data for a 1 the frequencies in 

Table I as '.\'ell as at a sufficient number of other freauencies 

o clearl~ defi e all large 'gain or hase changes. At-each 

-r ec:·..:e!1::::-~· .... erform the following measurClnents : 

a . !o i or the tachom~ter outpu and input a_ constant rate 

=o~~and of eit er pol~ri y , such that the tachometer voltage 

does ~ot swi 9 thro g zero volts . 

c) 

:' oni to!" pO'..;er 
. 0 sa-:1!"ate 

anplifier output vo tage i onfirm that it is 

a d r cord its ea' '0 e k amplitud~ . 

:·.o:1i t:>r nch ou t?U t 0 ge and record its cak to ca!, 

~~plit~dc as ell as its r la ive phase sift wi'h -~3~~ct to 

. e i .. ?'.lt 01 age . 

.10 o!:>:.::i:1 u l':\S_ measurl,.'~lcnt: u~inCJ thG IP-20;!i\ oSCiJ.]" l~:or·, 

acj-":'3': h~ r ·"fcr~.::ce 0 t.pu un i1 t l~ li~;. t1'j()l\~; nttc;:- :i indi­

cates '1 s ' raight lin~ slo}JiIH! from lc~rt to ;~jght . p'. ::-fot"r.\ 

o _·,;.::r.iC'n c1.S rc·quircc..1 '0 "'\CCOlt~l: 1'01' OD/3GU() lr : llh;it.i.\.):~:.;. 

~C.;!1 ::~t~ f (,(~\l~~:,\\·'/ "1'(1\.~ (r()1tl 20n tCl 2000 l!z for i\11'.1 tOOt'''; 'i1 ( !1~C 0~: 

'~\::~~, .;,:t:l !:ni" C:. c,,: > :I L 0 d . ''.:i.llf.~ UL! h L, j.!hl· illCl \·,ldt·h ()~. :,1. 

.. _.:. _ .. . _. __ . __ -,·r.:;--:·· t.: I.", ;\ ' .",\l~:J ..... ,.,." •• .... rl'r--n '-'---' --"1r~c\'Tr." ' r'- 'fJ -.I\-·--·"·--r·-----· 
:.., : ... ':. I ' ... : .:J __ .. ) ;~.. '" J:~J .• h" ')." • \.1 . , . , ', ,) ', .1 

, I (C,Cl !':I 'Z) I (ClI !:'j'O' !i :l\) ,. I'A ~!: 
I 1 Or ~I 

-. _ .. - .. . _ ... _. ..... - - - .. -- - --. __ . _ ..... '.. . -- -



_ 1 ,\ -_ .... 

o. 
I 

I 

.; ). A he co~p etio of the que c 
erform he calculalio s r (iuir'J 

a) (c s) rs . 20 log ( a 

csoons 
y 

CJ hcri g 
edt s ec 

ed/Ra a Command) 

) ,(cps) v s . L Ra e easur d/l a a Corruna 

ag\! , 
a.<.l plo 

on :our decade semi log paper xa i e t e plo 0 

u:ficia~t data points were run to clearl defin_ 

cur~e Run addition 1 oi ts as e uired . 

ssure that 
he esull..an 

:) Calculation & Plotting 

a) 

c ) 

o tout atio - ote a the output ra io 0 

a o~ma_ized func ion , hat is , t e ratio il 

is to be ivided by the ratio calculated a 

e plo ed is 
all freque:lcies 

f = cps 

Phase Shift - Ty ically t e phase shift e ween input and 

ou~ut will be approximately -1800 at low requencies a~d 

° i crease negatively as the frequency is i creased . 

atio tODecibel con ersion . The con ersion from gain atio 

t o decibels can be easily accomplis ed y the use of figure 

The normalized gai ratio should be fou:ld on he X axis 

a .d he corresponding ecibel alue read off the axis . 

:'~e ?..-:lpli tude at which his test is ru is fairly cr ' tical if sea le 

_esults are 0 be obtai ed . Too high a level results i saturation , 

too low a level causes t.e i herent s stern oise level to obscure the 

q ::':' . ./?:1ase characteristics of .... he 100 under es . 

? ~= convenience in da a reduction , it is desirable 0 run e tes at 

a consta~t . ~ut am?l Otude . or he reasons above it may not be 

~ossible . rule of .~b i s t at he input is high enD gh so t e out­

-~t : s dri 'e. to at east lOX its i here t noise l evel . At certain 

~=eq~en~ies , his level cannot be achieved due to saturation or gain 

- 05S due ~o Ii ear bandwidth limit ~ tions , the input level must be 

-: o·,·~red or rais-zd to obtain a useful ,easuremen t . 

;'-:-,:"litude adjust.'"':\ent may b reauired articularly v en sea nir.g for 

~ . o,;:e~anical esonances . 

u 

1 

?~~e_ andwidth (ab O i y of e s stem 0, roduce a specif'c level o~ 

~==~leratio at specific frequenc'es ) is te~t d i anoth~r -est 

~_oeec~!re . 

O' 
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J COf(POICAHD 

t'ID TORe) Jr:H t· "/m/No *r" m/{'lD::: 1 

~ I F E- LOOP 0 'I'PUT TAef OUTPUT 1]£=1 
QUEIC It'PUT VOLTAGE OUTPUT TO Normal-
(HZ ) ( -- (P-P (P-P r 'pu'r zed . AI T PHASr:: 

~ 1 
VOLT3 VOLTS) VOL'l'S) Rl\'frO RATIO (Dn) JiHIrT - -

1 1 o DB 

I 
I 

2 
p., 

5 -
7 I 

10 

20 - -

I Ii': 
30 I 

- 40 . 

5 0 

70 

100 -4--- -
1 50 

20 0 I II, 

I' 
i~ 
,~ 

[ I~ 
\ 

I- ! 

t I)' 

I 
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-1' , [ 
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-
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c1cx« olvqon 

INST U B T : ----------------------- Co Ii a~or 

SHO'!? ORDER : -----------------------

o 
CUSTOz.1ER : --------------------------
AXES : ------------------------------
SPECI 'ICATIO 

u 
U TEST EQUIP E T : 

I} Coll imator wit. 0 .1 arc second esolu ion . 

2 ) Ultradex i 11 1 degree r esolution and an eig. t-si ed ca ihrated 
irregular polygon . 

P ROCBDURE : 

Set up test equi9ment. as shm.,n abo e . Command axis 0 posi tion i 0.icated 
using the position co~~and system 

_ OSITIO. 0 ULTAADEX 
POSITIO. 
( 450 STEPS ) 

R/O DI SPLA COLLI ATOR :. OSITIO ~ 
/0 C D OMINAL* 

. 00 00 
• 250 
. 2500 
. 370 0 
. 50 00 
. 62 50 
. 7500 
. 750 

1.0 000 

o 
45 
90 

135 
1 80 
225 
270 
315 

*Ac ual positions det r . in e f OM po go 

Mean = 
,6P = 

-i.- I 
p-p error = Col im~tor 

Ul\TE 'l'ES'l'ED 13Y: 

== a --------
''11 'l'N I :~) m.;!) BY 

liST HER 
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A ~C; LA. ACCELI':HATIO ' ST 

INST Ul1EN'l': 

HOP ORDE .. 

CUSTOMER: 

XIS ' ____________________________ _ 

~PLCI CATION' -----------------------

TEST nUIPr1ENT 

} TiMe Interval Counter H-P Model S23C or eq ivalent . 

2) 0 channel Strip Chart Recorde r HP odel 7700 or equivalen . 

PROCED RE 

Connect the f'rs~ channel of the ~tri_ c art recorder to t e acce erome­

t er . Co nect the second cl annel to the uffe red ac output . Obtain 

tach c a e factor y runnin~ axis at 100 0/ sec in the digital , ode and 

r ecord the tach output. 

Set acceleration c Qmmand to t e command in Table Run "for amount of 

time called for in Table 1. ecord the ~ccelerometer ou put and e 

tach. ecord the data on Ta Ie 1 . 

or acce l erations,of 2 SO/sec n l ess the Time Interva Counter can 1s 

be connected 0 t _n once er evo ion zero use . i e _ .. easure~ent 

c an e m de of successive zero pulses w en accele a i a rough 360° . 

Above IS d e g/sec2 , se 1 degree pulses . Those m y e pr i ided usi g 

a presc l er ' f availa Ie . 

1 PAGE 
or 2 
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~-------T--------r---------~~------------------~---------------------T----------r---------' --
ACC. T IME ACC. R/ O ACCELEROMETER RIPPLE ACCELERATIO~ COUNTER TIME 
co~m SEC DISPLAY . 1'~ASURED SPEC. CALC (A) SPEC o /SEC 2 <15 ° /SEC 2 SPEC SEC 

+ 34 . 38 3 +.21·7t . 02SV _-.'£"/..- 34 . 38±.s7 

+ 30 . 00 3 I :?r:>. - ;; . 02SV :t9. '. 30 . 00± . S7 

+20 . 00 5 I- /n 7!- .025V Ii?·· 20 . 00± . 57 I 

+15 . 00 7 -/~/7 ' . 025V F: .. ~--" IS . 00t . S7 6 . 72~ 

+10 . 00 9 -1-/0,/3 . 025V " • ...,()~. 10 . 00t . S7 8 . 49 * 
+ 5 . 00 13 f- 5-.0 ? . 025v 1.7~· .~~~ · ':" OS . 00± . S7 12.00 ~ ! 

~1 . 0_~ .. .. __ 2~ r _~~_!!~ _ .. _._0_2~V _ ;.O} l;'~r' 0l.00t . S7 26 . 83 ~;: ;/ l 

RESULTS 

C. 
COHD 

,.... . 
. - ;;­t'-

\. 

\ " " , 

A= Rf - Rl 

T 

:;::; 



CC ' BMTIO - · -2257 

INSTR ENT : ------~.~. ~.~ ... -.------------------------
HOP ORDER : 

U~T0l1ER : 
AXIS : ____________________________ -----------

~PECIFICATIO 

TEST 

.' Two channe trip Chart Recorder odel 7700 0 equi alen 

2 ' u ction e era or , xact , 9dels 605 + 33 7 or equivalent 

PROCEDURE 

Connect strip chart r e corder to uffered ach outpu • 

Setup unction Ge e rator for a la ~e a~p i -ude lo~ f equency square 

ave out~ut . Put axis in Rate Oscillation ode . 

ecord tach ou put on s ri cart eco der and calcula e acceleration 

from recorder l ot 



ONTRAVES-GOLnZ 
.om OHNl' IOtl 

T TE PLITUDE 
d g/ sec ' 

""~,,~,,, .-
3 I ner 99 . 

10 I nner 99 . 

60 Inner 99 . 

3 iddle 99 . 

10 iddle 99 . 

3 iddle 99 . 

3 Outer 50. 

0 outer 50 . 

14 Ou t er 50 . 

,. 

", (/ ,. 

-
D1\ 'l' !.; TI-:S'l'LlJ D.' : 

·1\SURED 
Tf. 

°/sec 

80 

80 

80 

80 

80 

80 

40 

40 

40 

":I'!'tJJ;flfEIJ r" 
( ~()1~ P ~~ ) 

MITJNG TES'!' ~ '·'P-E- ? 2S 7 

4T (spec) ~T ERROR 
CAL. sec -1\5 

~~ 26 7 

?:: 8 0 

~ 1 3 

"., 26 7 

~ 8.0 

;:J . 3 

~ 13. 3 

~ 4 0 

~ 2 .. 86 
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T i~ te9 is to dctcr~ine the po~ition scnsitiviL' of one axis Lo rate 
'md ~cce] e:l"alioJl appl.i {.!(] (") an lIlC!r a.d f; , It may b clone 'vd lh tll(! tc~'.: 
(lxi S sCTv(")r!cl ·0 nctt:rminr.! ! e scrvoed scn~i tivity or \-lith the: TnkL!5 
applj·(!(l to ueL(~n:d !ln br<:ly.c se) f:i ti vi ty , To detcTnine he s n!>i ti vi tics 
a cthocl ·dr controllina rate and accelera ion ~ust be availDbJc. 

1 . Define the ~ethod of monitoring t e osition movement and he rnte 
,oni tori 1~1 poi., s , 

2 Define the rate of the rno ing axis and he ode in which this is to 
be accorn~lis~ed . 

3 . Define -he acceleration imi se ting , if arailable . 

4 . Specify the axis loading requiremen s 

5 . Specif the orientation of any other nonmoving axis . 

TEST EQUIP .'E~ HI' 

10nitori 9 equipment ( wo channel stri chart or oscilloscope) 

TEST PROCr.:DUru::: 

1 . Prior to performing he actual test the following steps should be 
erformed : 

PAGE IS 
QUA.LlT\'1 

a . eter~ine the requ'red . osition and rate monitoring 
oints bi referring to the applicable .FTS 

b . 

c . 

:r;;nsure that 
exceed an. 
equipment . 

. e re uired rate from the FTS will not 
otational limits or rate limits of the 

Set the acceler.(ltion limit , i f available , as defi ed 
in the FTS . 

tach the specified test load as described in the FTS. 

2 . tach e monitoring equi ment to t e osition and rate test points 
depending on he axis and rientation being tested Rate monitorin~ 
may require differential in ut. 

3 . Determine t e scale factors of t e osition and rate of test points , 

4 . et each axis at is -est orielta ion . 

5 , 0 a st . rate cOIT'.mcmd as specified in the FTS , Record the posi tio;, 
o ement of hl~ test axis and the ra e of rotating axis . \\'hcn t.he 

required r~t.e has beC'n re ched , corunand ze 0 rate to top t.he axis. 

6 . a eJ. .nch recordilq wit)' the appro riate orjen ation , ~cale fncLo'~, 
-i \e base I and 'is , 

7. 
" 

CP"'(l 
'TS 

"leps 1 . rough or eacl axjs orientation required in 'he 

______ .J 1 ~~~;~ 
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m·:sur,'r~ 

rdt-(! ,no h('('(> 1<' ) d t .l 011 

~knHi li v j t Y 'reG l 
--------_ .... _- - -. -- ---' .. - ---.-

1. The> datil rC'cnn>:cJ s 1 ou) (1 be pl o t !; of test- 'l:d 13 pord tion anu l :1o'lin~ 
x' <j )-nl! 'r, . til!lo . 'l'hc y should be a's tihoVJI) be 10' ... ' • 

T'~'': " (Co.1 

(,/ '-

:;\ t-'.1 : r.) 
(1 ): \ -~ 

:: f' ~ c. 

.1\ • ( \ J_ 
""" .' \ 
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.;.. I~ ( , 
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- - -- / 00.-:"---1" r'o ~~ r ( .' ,-<. ~ ( ~:- • ---
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~;;:;;~ i ~~1.;.; i.~:;.~~:~;.~~"l .j_~:.:~_._ . _ .. ~o 0 ' 0 • • _1.:_ ~:~~~~·;~.;~ c :? o~ _ ... 

Tn :I.()J)C'S tl) t 11lO'Jnh t:., <.ne! t? 1.hrmwh t3 bolh <leeC') ~ri:.!tion ilnd r~ .. ~ 
nrc- l"'i))~r <I. pljr·U . !·'t1Z.iT"1lli1 ~~P(!c:ijjcCtilJ:1 \,;\luc rl~l:.L L(: d(!t<~l·_·, :":-:r_~ : 
at (~ ach POjllt by dC't":ntiniwr the rate: at t:lh'se point!.' and ilcc(·]r~!"c.'_':'''': 
at t.lIC:fiC noinU;. Bcc<I\l~jC t.hc rille im:J clccC'le:raUrm ;.~,!~eific.-,Lic:; .:.~ 
a Jl'n~J!)j lU(>~ , ),o:;itiolJ c:r or rn;:!)' occur iln:~;'.,'hl.:rc bCb:l'L~ curvr~ ) ;::':-. l-: :.. 

l\CCUPJ\CY C(;,~SI Dr:l<.l'(;'IO~~S o:~ 'J'J!J~ r.rSUL1'S 

The nr.1plitu(~;' r''''' '1~;urin9 i::stnu .. :t:.:nt· ,me] the point monit();~c:d directl: .. 
affect the aecur :ley of thn results . I f an osci lloscope or a stri: ; ::::. ~':--: 

is used, the accuracy'sho~ld be batter than 5~ of the full scale Feas~~ ~ ­
ment . 

The acc(!l(~ration is calculuLed for u rate and a irre inter 'al; the: rc:::...: 
is a~stlf.1r>(! constc..Dt 0 Ter tlw tiP'le interval . Tl e rr.axim'..1:l1 uccclcra'.::c:: : :0 
determined [ron ""':1e plotted d<1ta , thus the acel racy 0:: the uccelcrut:5..o:-. 
is dependent on the accuracy of the m~asurew~nts . 
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