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y
TR-3547

FINAL REPORT
FOR A
THREE-AX1IS FLIGHT SIMULATOR
(S.0. KC0213)

1.0 INTRODUCTION The equipment, Model 158-0070, shown
in Figure 1, is a three-axis simulator
for testing and evaluating inertial
measuring units and flight platforms.
Each axis is independently digitally
controlled by manual or computer com=-
mands in either Position or Rate modes.
The inner axis is equipped with a 30-
inch diameter cast aluminum table top
which is capable of continuous rotation.
Electrical access to the test package
is by connectors on the table top which
provide 100 lines for experimental use.
The system was shipped at the end of
May 1975 and installation was completed
in the second half of July 1975.
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2.0 SPECIFICATION SUMMARY
2.1 MECHANICAL
2.1.1 OUTER AXIS

Range
Orthogonality
Wobble

Bearings

Torque Motor
Position Readout

Fine

Coarse
Rate Readout

Transduce;

Ripple

Scale Factor
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TR-3547

$95°

5 arc seconds
5 arc seconds
Precision ball

300 ft-1lbs

12-inch Inductosyn
720 poles

2-pole resolver

DC Tachometer
0.1%
9,5 1 v/rad/scc
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2.1.2 MIDDLE AXIS
Range
Orthogonality
Wobble
Bearings
Torgue Motors
Position Readout

Fine

Coarse
Rate Readout

Transducer

Ripple

Scale Factor

TR-3547

+170°

5 arc seconds
5 arc seconds
Precision ball

33 ft-1b, total

12-inch Inductosyn
720 poles

2-pole resolver

DC Tachometer
0.1%
9.5 +1 v/rad/sec
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2,1.3 INNER AXIS
Range
Orthogonality
Wobble
Bearings
Torgue Motor
Position Readout

Fine

Coarse
Rate Readout

Transducer

Ripple

Scale Factor

TR-3447

Infinite
5 arc seconds
5 arc seconds
Precisicn ball
16 ft-1bs

12-inch Inductosyn
720 poles

2-pole resolver

DC Tachometer
0.1%
9.5 1 v/rad/sec
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2.2 ELECTRICAL

2.2.1 POSITION MODE
Range
Inner Axis
Middle Axis
Outer Axis
Resolution
Accuracy
Repeatability

Slew rate, direction

2.2,2 RATE MCDE

Ranges (CW/CCW)

Resolution

Accuracy

2.2.3 DATA READOUT

Position

TR-3547

360 degrees
340 degrees
190 degrees
0.0001 degree
<5 arc seconds
0.1 arc second

10°/sec, least
distance path

99,99 d=grees/second
9,999 degrees/second
0.9999 degree/second
0.09999 degree/second

ococoo

0.01% of full scale

+5% of command

1) Visual Display

2) Computer addressable,
TTL compatible

3) 1° pulse

The infarmation contaned herein i being mede sve<ishia o1 the property of, and tor the purpores of CONTRAVIS GOERZ CORPOR 110N Subusduary of CONTRAVES AG, OF RIIKON BUMALE MOLDING 1t connat be
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TR-3547

Rate Hewlett Packard counter using
1° position pulses displays
inverse or direct rate.
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TR-3547

3.0 TWST RESULTS The results of the acceptance test
on the Model 158-0070 Three-Axis
Test Table (TP-3520) are presented
in Appendix A.
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APPENDIX A

ACCEPTANCE TEST PLAN
FOR
MODEL 178 THREE-AXIS TEST TABLE

TP-3520
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ACCEPTINCE TEST PLAN
FOR
MODEL 158 THREE-AXIS TEST TABLE

May, 1975

TP-3520

Prepared for

NASA/MSFC
Huntsville, Alabama

S.0. K00213
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SECTION 1

ELECTRICAL ACCEPTANCE TEST PLAN

(FINAL TESTS)
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SECTION 11

STANDARD TEST PROCEDURES
(ELECTRICAL)
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In the mechanical alignment of the Inductosyn, sufficient data

is obtained tc ascertain the alignment errors of the installed
Inducto 05y n (ref, TR-20297)., The eccentricity error is calculated
dircctly in the aliguuent procedure. .

The effective pattern wobhble can be deduced from the variation

in anmplitude of the windings as the unit is rotated by using

the ferinula,

BT Volthvo Variation , .007 5H
il \\(J]-"lale = Ii") AJ lt‘l.l Vu]ihLlO"l X D A 2 X 10

D = Diameter of the Inductosyn pattern in inches

This formula i3 based on a minimum spacing of 0,007 inches.

ELECTRONICS ERROR (Ec-.)

-

The only significant electironices errors are due to gain unbzlance
errors between the current drives to the Inductosvn (a factor:
adjustnent) Thae verification of this accuracy is obtained Lv

mecasuxing the current kalance using a special) test fixture in

l conjunction \:.:' th G6/XI STP-
The Fine Error contribution as a result of current unbalance is
| given by the following formula:
4 | o4
1 B, = 5r & 4L x 2x020° _
] 3 n = Electrical speed of the Inductosyn
I = Nominal Cusrent Reading .
] LI = Total current difference between

| current drive channels
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———— e — e .
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Inductosyn drive errvor is tested using STP

In this test, a measure of the relative magnitude of the
sine and cosine drive signuls is obtained, @s well as &
measure of a combination of phase and haronic distortion
error. 'The former is chbtained by dircct neasuranent of
voltage across a sampling resistor in RMS fornm,

The latter is obtained by observing the peak-to-peak vo 1Ttu.'
across another sampling resistor. To properly combine the
values, they must both be scaled into rme current units.

R1a§:

Qv

Vx = Peak/peak value of lissajous obsecrved across !{1_ and P“b
o
ix = rms value of difference in current (mostly quadrature error)
j‘x = 0,35 (Vx/Rl) = guadrature imbalance
im = (Va Vb)/R:-. = magnitude unbalance
I = V_/R_= nominal current
&
-’i—i- = Total relative current err - LA Y
i al relative ‘ent error = -f‘\lm Ay
s 1 V. =\] )(’ [ '-',l"\' TSIl o
3 \7;1{( FENGIT = 1o a3 Ay PRyl P11
i CRIGINAL PAGE IS
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TOTAL SYSTEM ACCURMNCY
‘ ]n/‘;-'..g._.;f.r;i'
Bp = V5" * B ¥ 5y
E. = Peak Inductosyn Error from Manufacturer's-data
I -
EQUIPMENT REQUIRED
-None - The data reguired for this test is collected
during execution of other tests,
PROCEDURYE
Collcet data as required from the appropriate test
results and £ill out Table 1, performing the necessary
calculations., i
RIGIN,
OF pQOAL PAGE 13
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Instrument:_ M(T! ON _SIMOL AT 82

Shop Order:_ Ko 212

Customer: NASSH MSFo

Axis:

Specification: > S4Z jgcﬂg“‘)

— e m—

Test Setun:

RE R COMPENSLTION
§N52$£¥§Y AR NETVOR
STATION
..EElLQL__{:' CONTHOL
cooo[] l:j INPUT
U

Test Enniwment:

1.

Frequency PResponse Analyzer

Procedure:

1.

2,

Place the axis in POSITION mode with the loop closed and ensure
that it is stationarv,

Connect the output of the analyzer to the summina junction of
IC4 on the COARSE/FINE switch card via a compensation network
with the same values as Re, Cyz, and Rys. Adjust amplitude
for +0.1° (approximately 45 V).

Connect TP5 on the coarse fine switch to the innut of the
frequency response analyzer.

Measuie and record the amplitude and phase of the output sig-
nal at suitable frequencies, Record the 3-db point bandwidth,

ORIGIN
- POO;‘EL 03405 Iy

PAGE
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' 2
4

Pt e  c———— e —————— ——_—— p——

Recdyaey i
- '4’___ 2 3'___ ‘
+1.5% ]

. . —— A | — — —

b

\? !

e e e — e . o —)

— - —— ———— T —— .

1 2.72% ~2),

1134 ~4),

. |

(oo i S—————— e RO vt & i

e ————

-12. 14 Tanea

- 6.0 8 e

- ———

— 5_' | ¥ i ?(7. s,
=ik e i =29

— e i e e e i S ——— A e 4 . ———" S ——

-2:3 s L N

.-.-__.___,,",'_'"_2 ..17 e e fm g Sg_'____“ - _-‘

=23 =SS =

B N ———————————— — -

| 4) i S ¥ T 55 AR
- 3
= "RIGINAL PAGE I§
e W POOR-QUALFTY}- E i i
53075 Nilwezed by MG . Naes. C.6. 4

i R T e el S



CaCind
INLANI

N

} ML MO
- oo

L

POSTITION LOOP BALDWIDTH
MppL€ _ANS_

l-‘i'l'l‘-l.'v-.";.'t_;

.Results: Bandwidth = '6 H:
) :
Frequency (Hz) Output Amplitude (db) Output Phase (decrecs’
'S - Tl
Ll el 4 Ed SN
a2 Tl TR 0 - T
4. _+ 2 ~18
) + 9 -850 -
RPN | AR B e, M ~l6S__
| y ; ~16 Rl e
7 Tk M 8 PRRCSRAZ e LS
)
= = ’ ',‘ ‘ YRR RS | At PAGE
N, ;)U~'.7"s \NL.“.(\._'{() _Jl N, O INLG O CG pi




|

F Laien o |

1O 1L

(. - - ¢
—raed INLANDL L QRN
ratavy, L -
e E— —

 Results:

PFOSITION
| €

LOOPR BANDWIDTH
N— (z!ijf:t;--;f'|

STP=E=2205

B —

Bandwidth =

i e

22

Hz

—— e

‘r—;rcquency (Hz) Output Amplitude (db) Output Phase (decrec:
o3 0 e ull .
ST % 0 =3 .
ALY ST 6 it AU
B + 4.0 -2
Y . t46 -0
B h. rhul s 3 + 0.4 L SR MR T
WS o5 - ) ¢ L e
B e B R e T L
| 7 S -40 Al a1 e

e s e ———— ——

\

§.30.78

s B

..l l-(;';i\‘...’f\ L) L‘,' ”\ L/:\ r'-._'.'-,i\ C -G/-

PAGE
OfF



'l..'.;..'....'ngg.fn;ugi‘- 2“."."!'1‘:'.“-‘".'!J RATE TP

e e s = W s we —— . E——— T e — - ——

Instrument: METwv( SIMUL AT
Shop Order: KO0Z1%

Customer: NASA NMNsre

Axjie:

Speecification: J‘A (F vy

Teat Setuvn:

fa 08 D

Soae .::E\

OA

STATION
CONTROL

Test Fouivment:

15 Time Interval Counter

Procedure:

TIAE INTERVAL COUNTER

: L5 Servo the axis under test in the RATE mode, command 99.99°/sec
and measure the tirme for 10 pulses.

- Repeat the test for 9.999, 0.9999, 0,09999°/sec.

3. Verify rate operation below 0,015°/sec by commanding pro-
gressively lower rates and ohserving the position display.

4. Set rate trip for operation at 100°/sec CVW/CCW.

5. Measure and record the tach scale factor.
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PURPOST .

The purposce of this test is to determine the stall acceleraticr =
an axis, and also any other acceleration at any other point in <k
rate versus time profile when a step rate command is applied.
useable in testing for specifications which call for:

D 1y

¢!
]
in

1) Stall acceleration
2) Averige time to accelerate to a velocity

3) Acreleration and deceleration control with accuracy require-sn=t:z

In addition, since a large step command is applied to the servs, th:z
test is 1ue%olc for establishing the levels of current limitinz =zhe
system when features have heen incorporated in the power amplif:er

|l circuitry as well as dissipation limiting.
TEST ACCURACY COKRSIDERATIONS
The acceleration moasuring accuracy of this test is limited by <the zes:
equipment provided and the accuracy with which the rate output scals
factor of the equipment is known. Assuming that a rate calibrezicn
test has been performed (STP-E-27)) for example, the knowledce 2 the
tach scale factor and the amp]itude error of the strip chart reccrier
in measuring rate would not be an accuracy factor in this test,
leaving only the inaccuracy due to the timing of the strip chzrz
recorder. It is reccemmended that the time calibration of the P
chart recorder should be verified prior to conducting the test, Iin
order to obtain a knowledge of this scale factor.
In general, the specificatien accuracy of the acceleration mode is ir

the neighborhood of 1% to 10%, which is within the range of the ¢
chart recorder accuracy time base; in general, strip chart recc
would not he adequate for 1% amplitude checks. Ncte that the r
calibrations are generally nicxre accurate than this.
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TEST EQUIPMENT REQUIRED

- ——— e

The test eguipment requirements for this test are a strip chaz=e
recorder and the controller. :

If the controller is not eauipped with a manual® input, an BRI SR
means of providing step rate commands is reguired.,

TES

-3

PARAMETER DEFTHITION REQUIREMENTS

—— A —

- S

The call for this standard step procedure in the final test gpecisi-
cation should include the rates to be commanded, the specificatich
of zeceleration and deceleration parameters (either in time t

rate o in peak stall acceleration or averice acceleration/cece_ect
1f the test is used to verify acceleration/deceleration eRlibra
levels, then the test should specify acceleration/deceleraticn
for the controller, aend the accuracy specifications of the accc.e
and Adecceleration measurement at each of the settings.

Cautions:

1) On systems with limited angular range, guch as rate teble svstels
wilh wires going to a rotating member without slip rings, care
should be taken 1o make surce that the acceleration transient ls
jnitiated and run so that the stops will not be recached grelivs
the tests. .

2) Prior to running this test, it should be verified thet the cutrzers
limit adjustments have been periomed on this unit prior %c
initiating the test. If it has not been performed, this test ~ay
be used to set the current limit adjustment keeping in rine Srs
accuracy of the strip chart recorder. If this is done, be scrs

and start at the low end of the adjustment (see manual)

TEST PROCEDURE

.

1) Kook up the system under test with the test equipment as €nLoWn
the figure. :

2) Place the system in the proper operating mode by following =he

manual.
ORI
P Eoon AR
R QuALITY
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3) PFor rate table systems, set up the strip chart recorder, either =
calculation or by trial and error, that the traces on the striz
chart cover close to the full scale range on the strip chart
recorder, and adjust the strip chart recorder spced so that at
least five inches of strip chart paper are required to receré the
acceleration/daceleration transient.

4) Setup the rate *table to accelerate to rates and decelerate to
rates as indicate? *n the data sheet. Always turn the strip
recorder on just prior to initiating the acceleraticn/decelerat
transient, and turn the strip chart recorder off after the trar
has subsided prior to setting up for the next step command. c
form all of the tests indicated, and record the values on the é
sheet.

S5) Measure the rate voltage versus time slope in order to deternine
the acceleration from the torque or current channel.

"
m
4.}
Ve
t
et
2]

6) Measure and record the voliage across the current samplin
during the acceleration transient.

L)

7) Determine the magnitude of the current limit by dividing the value
of the current sampling voliage obtained by the value of the
current sampling resistor, and compere it to the wvalue that is
supposed to be set.

8) Calculate the peak acceleration and stall acceleration fr
formulas shown in the attached figure, using either the r
time or (voltage over time) scale factor method for computa
(whichever is most convenicnt).

DATE TESTED BY WITNESSED RY WITNESSED RBY f pe
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RATE T'ROFILE
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T &= Time to achieve set rate
]
" - f. '3 = 1) a\: AC y vy ey de 4 - — | 24 v "
Rc/iz (}1)\1/T2 OCF Peak Staell) Acceleration ( T) 2/ 2

Rc/’]‘l = (}:T)Vl/‘l‘1 “<va Average i :eleration to Set Rate

n

KT Tach Scale Factor, o/sec-volt

Rc = Command Rate g

AR = Peak Rate Error During Acceleration

il

FIGURE: DETERMINATION OF ACCELERATION/DECELERATION VALUES
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MECHANICAL ACCEPTANCE TEST PLAH
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SECTION 1V
STANDARD TEST PROCEDURES

(MECHAMICAL)
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TEST . JIPMENT:

oling Mirror
wiamatic Autocollimator, Kollmorgen' K-342
Y Plotter - WP No.o 70067\NM or eauivalent

/,—u X-Y Plotter

p——{"n1)inator

[,
a2,

X A
nos o R

5—3a / R ':_l"' .
[‘.T ’ \/ l

~*Tooling Mirror

1. Make test setun as shown in Figure 1.

2. FTetablish antocollination through 360 degrees of shaft roratlic

3. On the oraph fron the X-Y nlotter, draw the smallest circle
1n1L~‘H"" the webble eraph. Draw the larpgest circle possitvls
circunseribing the wobble graph.

t. The radial difference is the totsl ranece of the randoun vy,
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Unit: Shop Order: of2is l )
Customers T ADFES A - A N OUTER Axts

M .

bpeciricatlon Ruquirnnnnt- INNER  Aves

= —— H ,..—-—'q-"'"
?§ ! ' Ei“‘“"f:;;? 425w.)ﬁ- -
h ) e
/wm /monuc:, ' o
. AUTOCOLL!‘H‘}!\TOR oﬁg’};&ooczdfén_!. ”
. F ORHRHQAL PAGE Iy .

0
¥ POOR QuALITY .
Task ol
Determine the perpendlcularity error between tua intersecting gimbal axes.
Tost Setun - | '
Set up an autocollimztior or theodelite with anm autocollimating eyeplece wilh =

resolution of 0.2 arc seconds minimum, such that sutocollimation cen be estatlis=-
ednndth-the mirror placed on the center of the innzr.axis. HMount an adjusi=ssl

1

double surface mirror on the inner axis and slign it perpendicular to the axis
of rotation. Tuwo tooling mirrors are to be wsed if the shafi does not have =
central perforation. .

Test Procedure -

Establish auvtucollimation and measure asnd rmco g the shaft direction in the
ordinate parallel to the outer axis. Rotatlc the inner sxis zbout itself 1ED

Measure ond recor uhu shafi divection. HRotate the inner axis sbout the cu::r

axis 1BD° and messure cnd record the shaft dircciion as above Rptzte thz nrsr

axls sbout itself lBD° ond measure the shaft direction. preat CECh MEESLUIECENT
3 times.

n L}

- PData Reducticn
Rverzge the readinge of the first two sets of measuramenis. Averepz the reszirz:

P s =i

of the szcond two sets of measurcments. The zngulasr difference betwesn the L2

| averages equals 2 timzs the orthogonallty [rror £
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Inner Axig!. . ZlL&  jInner Axid} 2.8 | Inner nxislnjiﬁél_m Inner Axis _(9.3
180° From . ]180° From . 180° From ‘ [1BG°% From | ;

g M ; el . f . H .
Start Pos. ’“;z“"“'Start Pos. .= Ll Start Pos. "EiLéi_ Stoart Pos.;'ﬂ?fg‘“

SO 1 LA LLed.E8 L 1 . 58.0 A,

Avg 1. Setj gg.4 |Avg 2. Seb; 2500 Avg 1. Bebti w,¢n |Avg 2. 52t e
DLrr.” Between fverngeg = 20 = 2hl DAff. Betwszen Averages = 28 = B8,8
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Task - | ﬂ
Determine the perpendlcularity error bzi. -en two intersecting gimbal axes.

Test Setun
uEt up an sutocollimztor or theodolite with an autocollimating eveplece with =z :

esplution of 0.2 arc seconds minimum, such that sutocollimation can be esveblisse
ed with the mirror placed on the center of the inner.axis. Mount an adgustaals
double surface mirror on the inner axis and dlign it perpendictlar to the sxis ,
of" rotatian. Two tooling mirrors are {0 be used if the shaft does not have 2 :
central perforation. N
Test Procedurs .
Establish avtusollimetion and measure and record the shafti direction in the cc-
ordinate parallel io the outer axis. Rotate the inner axis esbout itself 1B0°,
Measure and record thz shaft direction. Rotate the inner exis about the oulcr
axis 180° and measurz znd record the shaft dircction as above. Rotzte the innsr
axis zbout itself 180° and measure the shaft direction. Rrpcat gach maasurerens
5 times.
Dotz Redustion
Averzpe the readings of the fivst two seis of meassuremenis. Averaspe the resolirgs
of the second twe scts of measurcments. The sngular differz 2nce bat pen the tus
averages equals 2 times the crthugonality“nrrcx £. ﬁ
ANGULAR PDOSITION OF THE INNER AKIS AUGULAR POSITICHN OF THE ILAER AdSE
Outer Axis at D° | Duter Axis at 180°(  |Outer Axis at 0° Outer Axis gt 1IZIF
Inner Axis! _/o.7 _{Inner Axis !4ﬁﬂ;ﬂ Inner Axist“_ Inner nxis; R
AT W7V« N S LI VL. .- At |, BE
Stdrt Pps. el Start Pos. .iﬁ%fim, 5tart Pos. L - Start PDS'E‘hnmﬂ.
Inmer Axis! 404 lInner Axis ' _16.8 Inper Axisi__ lInner Axis:_ .
160° From , <z [1DO° From . 180° From 180° Frem |
Start Pos. ““*Ef““ Start Pos. '“Lg*gl“ Start Pos.|--~———|Start Pes. = =77
[[' . . {ﬂ,ﬂ-tﬁ T - . | .
ﬂ\!g 1. .JGuI HC:}‘*: Avg <. SGL! pen "Aug l ‘_,LL, Rvg 2. het!
DLff. Betwoen Avernged = 28 = A4 & Diff. He tw"en ﬂvelﬁgu = 28 = -i

Average Orthogenolily Error & = 285 Arc Sec
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TEST SET-UP }P
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—~ Countcerweights

//ﬁ-Dummy Load

Spring -1
Scale ] T !['+

EQUIRHENT :

Spring Scale

~ PROCEDURE :

.
—— {‘“ [N [ S N e e
.

711t Axis

T w e D b S S

Adjust, add, or subtract counterweights as regquired to countex-

balance the axis within the specified value.

than specified value,

RESULTS ¢

PUMMY LOAD: g

werenr: _ S () iR X 14-

DIMFNSIONS : UNBALANCE = F

—cmi

5;53 -

F » X must be less
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PROCEDURE :

Corporation | COUHTERBALANCE SPP-M-2201
msrromene: . MAETIO SIMULATGR
UNTT : . |
SHOP ORDER: Khoz1z
CUSTOMER : NASA MSEC
NOTES : MinbLL  AXIS. B
SPECIFICATION : Wit S WAL
- P ettt L R
TEST SET-UP 3
' Counterweights f
- N A
. Dummy I.oad
Spring i@ _ _j/_“ o
8ecale ' b
ol b éi .
" BQUIPMENT: \
. Tilt Axi:
Spring Scale ’ B
[}

Adjust, add, or subtract counterweights as requircd to counter-

balance the axis within the specified valie.

than specified value.

RESULTS :

__ . i
DUMMY LOAD: F: SR
T I . ™ I
WETGHT : % I3

" UNBALARCE = F - X =

DIMFENSIONS:

-

F 3 X must be less -
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INSTRUMENT :

UNIT:

SHOP ORDER:

Kienzra

NASA M IBC

CUSTOMER:
NOTES : b i BBt s
SPECIFICATION: Wittin 8 Lidly .
- ¥ .
TEST SET-UP I’ :
' Counterweights
. Dumny Leoad
. Spring ——i% Y’
i Scale 1—
EQUIPMENT : \
] Tilt Axis
Spring Scale
PROCEDURE :
Adjust, add, 6r subtract counterweights as regquired to counter-
balance the axis within the specified value. T x X must be less
than specified value,
REBULTS :
"
DUMMY LOAD: F: QY 2
_ N _ .
WEILGHT : X 2 2 e .
" 7] Iy
DIMENSTONS : UNBALANCE = ¥ -+ X = 770 b R = 4 0 ‘j*id_;a
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