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I. GENERAL INFORMATION

A. PURPOSE OF THE ISS CALIBRATION TESTS
These tests are for the purpose of measuring the responses of APOLLO PIP's and
IRIG's to known inputs in order to certify that PIP's and IRIG's, in coz%‘n with their

support electronics in the Power and Servo Assembly, meet specifications with regard

antities.

to both scale factors and error outputs. By periodic calibration e IMU, it is intended
to establish confidence in the sign, magnitude, and stability of th

~ A
N

N
N7
%,

Q
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~ —_—
Table I-1. Summary of Calibration Test Uncertainties
(Maximum Expected)
PA Bi inty (U = b?\}\ 2
PI1 ias Uncertainty ( aa) 95 /sec
SRR
PIPA Scale Factor Uncertainty SF = 1*%:5 parts/million
IRIG NBD Uncertainty (Useo) =%, 3.0 Meru
IRIG ADSRA Uncertainty (Uapsga) 3.3 Meru
) IRIG ADIA Uncertainty (Usoa) = 1.7 Meru
IRIG Scale Factor Uncertainty (Usm')f: = 9 parts/million
~
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M
Table I-2. Summary of Times to Collect Single Data Points
\Qé :
TN
PIPA Bias = 45 min. (estimate)
PIPA Scale Factor = ™~
IRIG ADSRA = in. (40° Latitude)
IRIG ADIA = 6.5 min. (40° Latitude)
I IRIG NBD X 5.5/6.5 min. (40° Latitude)
\
=
IRIG Scale Factor = 5.4 min.
Q
B
N\,
v
Q
()
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B. GENERAL DESCRIPTION OF THE IMU CALIBRATION TESTS
At the IMU Subsystem level, the operational* elements in the PIP and IRIG loops are
closed for the first time. Checking of these loops as an integrated subsystem is necessary
before complete system integration in order to reduce the duration and ¢{mplexity of
system tests to a level which will ensure that schedule and cost goals&t. These
tests are conducted with the IMU and its PSA operational support glectronics mounted on
a two-axis precision table. See figure I-1.
The PIPA calibration tests determine the output at three points On the plot in figure II-1.
1. =zerog (approximately)
2, +1 g
3. -1 g
From this data, the following can be determined:
1. True Bias %
. Positive Scale Factor
Negative Scale Factor

2
3
4. Average Bias
5 Average Scale Factor
6

Scale Factor Equalizgtion (Refer to page 12 for definition.)
The zero g PIPA respons%

from two successive nu %T PIPA output nearly 180° apart. See figures II-1 and II-2.

The angular orientation fo t Axis (IA) up and down (the +1 g and - 1 g orientations) is

also given. %
These two IA up an@down positions are then set up by appropriate Tilt Table and IMU

Gimbal Anglet PIPA responses to +1 g and - 1 g inputs. The responses are determined
by counting the

eleration units is defined as true bias and is determined

(haPe taken to accumulate specific AV pulse counts. The accuracy of this

process is discussed under Section II, PIPA Calibration Theory.

*"Operational' describes those items that will go into space as part of the APOLLO
Guidance Equipment.

DATE 18 JUN 63 PARE _& .
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~
P
P Figure I-1. Two-Axis Precision Table.
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The IRIG calibration tests are based on measuring the gimbal angle drift induced by
placing the pertinent gyro in a particular orientation with respect to the earth rate vector
and the error-inducing local gravity vector. The gimbal angle measurement is achieved by
monitoring the output of the Coupling and Display Unit (CDU) shaft as it@pes through one
complete revolution. This measurement is used to gate time pulses &ﬁ so that an
angular rate measurement may be achieved.

Data from the first two orientations (figure III-1) provide ents of Noncom-
pensated Bias Drift (NBD) and of Acceleration Drift - Spin Referenc€ Axis (ADSRA). Data
from the second two orientations (figure III-2) provide a s @1 easurement of Noncompen-
sated Bias Drift (NBD) and of Acceleration Drift - Input Axi DIA). The fifth orientation

(figure I11-3) is used to measure the gyro scale fa ., the gimbal-angle change per

unit gyro command-torque pulse. The accuracy of processes is discussed under

IRIG Calibration Theory. \

C. DEFINITIONS OF TEST QUANTITIE
1. Axis Systems.

Earth Fixed Axes (Seg figureM-2.)
North........ C%r with local horizontal component of earth rate.

Vertical.. .%Hinear with local gravitational attraction (down).

East......... linear with é x N. *
Trunnion xes (See figure I-2.)
Yrgeovaas ™ .. Collinear with negative of tilt axis.

..... Collinear with rotary axis.

XKiyro e s «+.. Collinear with Y;z X Z¢g.

*On this page, the ''x'' between two axes refers to a vector crossproduct, which is defined
in any standard text on vector mathematics.

DATE 18 JUN 63 PAGE _S____
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()

1. Axis Systems. (continued)

Table Fixed Axes (See figure I-2.)

Zi1 o sivisisie e s . Collinear with Z;;.

Xitlelata o oinisis o5 Collinear with X;; when rotary angle 6 gs regd in optigon
screen equals 0. = r

Yqwenss «e... Collinear with Z; x X;.* -

5% -

Xegpossivses oo Parallel to fixture's IMU mounting surface and along

X "Pin Line, " real or phin}i;ﬁ
P e Tielete lobateatiols Collinear with Zry; X Xexr. D
Zextoossanesn Collinear with theifmﬁgfiye normal of the fixture's IMU

mounting surface. *Fy

e Gimbal-Case Fixed Axes (See fiédngﬁ I-4, I-5, and I-6.)
T 0000 000000 Collineal‘"ﬁy%‘ph outer gimbal axis in gimbal case.
Yeceoeunenns. Collinear-with' Zg: x Xe..
G Che sl slelete alere Collinear%ﬁth the normal of the case's mounting

Wy,

fl‘a}“‘ﬁg% surface. **
Outer Gimbal Figed Axesrﬁ (See figure 1-7.)
Ko siesae shate ;%égﬂinear with X;. and OGA.,
Yoo o Collinear with MGA x OGA.

i,

)

..... .M . Collinear with X, X Y.

1q bal Fixed Axes (See figure I-8.)

W 7 p 9

7 G?} eeeos. Collinear with MGA.
Collinear with IGA x MGA.

'QJ!%(*XMG .........
\“‘&MG ....... .. Collinear with Zug X Xug-

*On this page, the ''x'"' between two axes refers to a vector crossproduct, which is defined
in any standard text on vector mathematics.

Dy

**The normal to a surface sticks out of that surface.
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1. Axis Systems. (continued)
Stable Member Fixed Axes (See figure I-9.)
Wm0 0 0 5o a Q000 Collinear with IGA,
b I s Collinear with IGA x Z PIP IRA.
Zir s usemesss Cobllinear with X % Yo * dose J
m PIPA-Case Fixed Axes (See figure I1-10.) ‘*
IRAmp)™ ™ . cv. Input Reference Axis. Collinear witl"PRA x OA,
PRA my sie s ois e Pendulous Reference Axis. Fixed :g’vcase along null
Pendulosity Axis. *:k“ v
OAmp** ..... Output Axis. Fixed to case aibng Ideal Float Axis.
m IRIG--Case Fixed Axes (See figure LV,LA}:;’},%
IRAmEg)**e.v.. Input References Axg’.‘% é‘ollinear with OA x SRA.
SRA i Spin Reference "Agiis. Fixed to case along null wheel
f\' spin axi.s;.{ 2
OAmgg) **. v v v Output Axig.ﬁiy'Fixed to case along Ideal Float Axis.
2. Table Angle Definitions. : “
<I>j ........... o sl Théﬂr"jtk; reading taken from the Tilt Axis Optigon Screen.
‘ Positive & involves rotation about TA. (Sce figure I-2.)
- R a?hglth reading taken from the Rotary Axis Optigon Screen.
. ﬂ‘f gote that positive 8 involves positive rotation about Z- ..
xdﬁ‘f (See figure 1-2.)
€ve @S ..... Leveling error of the tilt table in the vertical plane con-
S taining the Tilt Axis. Positive when TA is rotated about
"‘Q?% the south vector. (See figure I-3.)

*On this page. the '"'x'"" between two axes refers to a vector crossproduct, which is defined
in any standard text on vector mathematics.

**Subscript p (pendulum) or g (gyro) will be dropped in text sections where only one type of
component is to be discussed.

m
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M

2. Table Angle Definitions. (continued)

€r iiieiniiaaans Leveling error of the tilt table in the vertical plane normal
to the Tilt Axis. Positive when RA at @ = 0 rotates
positively about TA.

Qiipgooessvesosvnns Corrected reading taken from the Tilt Axis Optigon Screen
when, with the table loaded*, the Rotary Axis is in the
horizontal plane.

o> N Corrected reading taken from the Tilt Axis Optigon Screen
when, with the table loaded*: (a) the Rotary Axis is set
at 9;-‘36;\1 (b) the Outer Gimbal is positioned at Precision
Zero: and (c) the Middle Gimbal Axis is in the horizontal
plane.

I R Corrected reading taken from the Tilt Axis Optigon Screen
when, with the table loaded*: (a) the Rotary Axis is set at 6‘,%A
+90°00'00";  (b) the Outer Gimbal is positioned at Precision
Zero; and (c) the Middle Gimbal Axis is in the horizontal
plane,

6“;«3;: ........... «. Corrected reading taken from the Rotary Axis Optigon Screen

‘zwhen: (a) the Rotary Axis is horizontal (®,), and (b) the

Outer Gimbal Axis is also horizontal and East.

lga *oaeemeenanan Corrected reading taken from the Rotary Axis Optigon

Screen (when: (a) the Tilt Axis is set at <I>.<M:A: (b) the
Outer and Middle Gimbals are set at Precision Zero; and
(c) the Inner Gimbal Axis is pointing down the local vertical)

—90°00'00".

*Table loading to include IMU, IMU Fixture, and all table-mounted support equipment used
during tests.
£

DATE 18 JUN 63 | PAGE 9
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s U S LS e

2. Table Angle Definitions. (continued)

Bitgmp eerevvennes The true Table Rotary Axis Angle, which places the n PIPA
Input Axis opposite to the local vert}g} vector (g).
Borgnye coeosovoses The true Table Rotary Axis Angle, whic wces the n PIPA

Input Axis along the local vertig*%ctor (g).

"

3. IMU Flange and Test Fixture Errors.

(See figures I-4, I-5, and I-6. )X;

€F, L arreees Cumulative mlsallgn@&nts between Table IFixed Axes and
Gimwnal-Case Fixet “Ax8g, using small angle approximations.
€(FxT) .... Misalignment betweénﬁ‘able Fixed Axes and Fixture Fixed
X5Ys OR Z oy
m Axes, usmg s:ﬁ%l angle approximations.
€ (FLANGE) ols Mlbahgmﬂ’ant between Fixture Fixed Axes and Gimbal-Case

XY 2sOR 7
leedms, ’3s1ng small angle approximations.
}3

€M €(FXT), T €(FLANGE)

= "%“(FXT)‘Xbecause €rrLance), ~ 0 by definition
’ X
x

Mﬁvgf €rxry, ¥ €rFLANGE),

GFZ

= €(FXT)Z * €(FLANGE),

Outer Gimbal Angle. Angle from Y;- to Y, positive when
Outer Gimbal rotates negatively, or by the left hand-rule,
about OGA with respect to a fixed Gimbal Case. (See
figure 1-7.)

Ay o sivie aiois o oo Middle Gimbal Angle. Angle from Y,; to Y, positive when

Middle Gimbal rotates negatively, or by the left-hand rule,

about MGA with respect to a fixed Outer Gimbal. (See

) figure I1-8.)

DATE 18 JUN 63 PAGE
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4. Gimbal Angle Definitions. (continued)

AT, 0 000 000m0 00000 Inner Gimbal Angle. Angle from Xy; to Ysu, positive
when stable member rotates negatively, or by the left-
hand rule, about IGA with respect to a fixed Middle

Gimbal., (See figure I-9.)

€ Ghesese 00 OGO C Outer Gimbal Resolver Error. |, misalignment of the

16X resolver null on the OGA,p Ve when the null
misplacement produces v%;ve Outer Gimbal Angle
in the precision zero mo‘d‘,&ffiee figure I-14.)

€1GR e oloiels elalic e als o oo Inner Gimbal Resolyu g Errd}. The misalignment of the 16X

positive when the null misplace-

ve Inner Gimbal Angle in the

S

" precision Ze‘:\I“Q“
€MGh e sosoooncocess Middle G(Na\I“Resolver Error. The misalignment of the
A\
16X Q “null on the MGA, positive when the null mis-
s

ode. (See figure I-14,)

glacemé produces a positive Middle Gimbal Angle in the
1; ion zero mode. (See figure 1-14.)
0 00 5006GRa0 Middle Gimbal Axis Error. The misalignment of the MGA
\\ggth respect to the OGA: represented as positive

Hg% rotation of MGA away from Z about Y . (See figureI-7.)

€115 A e e elel olele e M» ..Inner Gimbal Axis Error. The misalignment of the IGA with
//r\\ respect to the MGA: represented as positive rotation of
, ,
\_m
"“"“S IGA away from Y., about Xy. (See figure I-8.)

RS A8 JUN 63 PAGE _11
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6.

Accelerometer (PIPA) Misalignments and Biases. (See figure I-12.)

Ifn =X, Y. orZ, and m = X, Y, or Z, then:
An_ceineiieeaas Misalignment Rotation of the n PIPA case-fixed triad,
[consisting of the Input Reference Axi&(IRA), the
Pendulous Reference Axis (PRA), a%utput
Axis (OA)]about the stable member '""'m' axis.
O ouvewo ve.eese0q A fictitious rotation of the n PI [ either about its
Output Axis (OA) or its Pendulous™Reference Axis (PRA)]
which will produce a mo e to gravity equal in

sign and magnitude to the ual bias moment.

Gyro (IRIG) Misalignments.

Ifn = X, Y, or Z, m = X, Y, or Z, then:
}“m ............ . Misalignment tion of the n IRIG case-fixed triad [con-
sisting he Input Reference Axis (IRA), the Spin
Refe (SRA), and the Output Axis (OA)] about
the Stab ember '""'m'" axis. (See figure I-13.)
Accelerometer (PIPA) Te initions.

m=+X, -X, +Y, -Y, +Z,0or- Z;orX, Y, or Z
for average values, then:

SF (A)(m)- % Scale Factor of the m PIPA defined as the velocity content
of each net output pulse from the binary loop. (See

figure II-1.) Units: CL/SES .
pulse
ASF. . N\J. . . . Scale Factor equalization, 10° times the positive scale factor
Q minus the negative scale factor divided by the average scale
factor. Units: parts/million.

Ne « v v v v v Number of Timing Pulses counted during a test run.

(See figure I1-6.)

BANE L8 IUX 6 PAGE 12
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7. Accelerometer (PIPA) Test Definitions. (continued)

AT o o v o o oo s Time content of each N. pulse. Units: seconds.

Na « v v v v v v Number of net PIPA AV pulses counted during a
test run. (See figure I1-6.)

Ar oo v n & 5 o Angle by whicn the plus or minus PIPAJ.niyut Axis (IA)
is not collinear with the local vertical vebf’or (*g) in

the IRA-OA plane. (See figuref (Y ...m) Units: radians.

AeB(m) ............ Angular Equivalent of bias in mP ﬁ (See figure I1-1.)
Units: degrees, minuteéfzu:mqgnds.

Aoy eerreeeens Bias of the m PIPA definegi‘f;{ihe indicated acceleration
at a zero g input. Uhits: ckentimeters/second?.

Uij) veesecencsnns Uncertainty in qua;\f j the test equation. Units: Same
units as quapti

m 8. Gyro (IRIG) Test Definitions.
‘ NBD ) eeososeenns Noncompew Bias Drift of the n* IRIG defined as the

drift wh

not dependent on g or g’. Units: thousandths
Qﬁﬁtl‘lh rate (or Meru). '
ADIApyecececncenn Drift ‘ “the n IRIG due to 1g acceleration along the positive
%L]‘?ut Axis (IA). Units: thousandths of earth rate (or
eru) per g
. (7 Drift of the n IRIG due to 1g acceleration along the positive
e Spin Reference Axis (SRA). Units: thousandths of earth

rate (or Meru) per g.

Wil RS Scale Factor of the m IRIG defined as the gimbal angle

change per command torque pulse. Units: milliradians/

pulse.

@ = - X Y, orZ.

DATE 18 JUN 63 PAGE
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8. Gyro (IRIG) Test Definitions. (continued)

A e e s s Angle by which the IRIG Input Axis (IA) is not in the local
meridian during the measurement of ADSRA. (See figure III-1.)

Units: radians.
Al aeie vl ool s e s etns Angle by which the IRIG Input Axis (I in the local hori-

zontal during measurement of ADSRA. (See figure III-1.)
Units: radians.

A e e s s es Angle by which the IRIG is rotated about its Input Axis, thus
moving the IRIG Spin Re Ivjl Axis (SRA) out of the vertical

plane containing IA. (See figgre III-1.) Units: radians.

< Angle by which the ut Axis (IA) rotates about North
during the measure t of ADIA so that it is not aligned
f\, with the locaﬁwcal. (See figure III-2.)
| £ O Angle by whjch the IRIG is rotated about its Spin Reference
Axis : of the East - West vertical plane. (See
figure I§) Units: radians.
Ris 56 5 nivonmnass s An%‘ough which the appropriate IMU Gimbal is allowed

to drift or be torqued during a test for NBD, ADIA, ADSRA,

MF(G). Units: radians.

Wi, u - Actual Gimbal Angular Velocity due to gyro drift or torquing,
% occuring during test j. Units: radians/second.
T % .... Elapsed time required for Gimbal to drift or be torqued
through angle A, during test j. Units: seconds.

<
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8. Gyro (IRIG) Test Definitions. (continued)

Wi oo, Earth Inertial Angular Velocity. Units: radians/second.
Meru.......cou0. Angular Velocity in fractions of earth rate x 1000.
. R P Local Latitude of test site. %
M' d“..

BN s ey Amount any count of a pair of counts differssfrom the

average of the pair. ""”‘%ﬂ%

: CoNy
Ko Conversion factor from Meru to ra% s/second and equal
-8
to 7.292 x 107 rads/sec
Meru %"’h

%
\ ‘%&»
" O o
p¥
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ROTARY
ANGLE (8)

WEST 7 EasT
o :
TR TILT AXIS
gou™? (TA)
/\
X & k
T X
P
X ?\) . Z
TR "Xy 5 ANGLE ZTR: 4T
, ROTARY AXIS
GRAVITY
/ VECTOR
@
Earth Fixed Axes: NORTH, EAST, g
Q Trunnion Fixed Axes: Xtn, Yrr, Zrr
Table Fixed Axes: Xy, Yr, Zy
Figure I-2. Ideal Tilt-Table Orientation.
Y
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%%%
.

a T AXIS (4 -0)

Figure I-3. Tilt-Table Leveling Errors.
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ROR
X%ON NO.2

2

)

Fixture Fixed Axes: Xgx., Yrxm Zpxr
Gimbal-Case Fixed Axes: ch, YG(), ZGO

Table Fixed Axes: Xrp, Yr, Zy
IMU Flange and Test Fixture Errors About the X Axis.

o
o
-
w
-
<
-

Figure 1-4.
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Figure I-9. IMU Stable Member Showing Definition of
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Figure I-12. PIPA Misalignments.
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Figure I-13. IRIG Misalignments.
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Figure I-14, 16X Resolver Loop, Simplified Signal Diagram.,
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II. PIPA CALIBRATION THEORY

The principal quantities of interest in PIPA Calibration are displayed graphically in
figure II-1, which is a plot of pulse rate output of the digital instrument versus applied load
factor or specific force.

The situation that exists during null measurements of accelerometer bra# is depicted
in figure I1-2. The angular equivalent of the PIPA bias is determu by two successive
nulls of the instrument, 180° apart. This process is identical t%cribed in the IMU

Alignment Manual, E-1230, and yields an expected maxim inaccuracy of 4.1 arc seconds

of angle. The same pair of measurements also yields the taQYgfs€tting for input axis up

along the local vertical (8.1g) and down along the loca

For scale factor determination, the .44 and 6
pulse rate output is monitored by using a presef,counte™and gate to determine the time it
tqkes to accumulate a given pulse output. An e%nalysis of the scale factor measurement
is to be developed, but, first, it is in orde liscuss the binary mode in which the PIPA
loops are operated.

In this mode, the pendulum is iR{errogal®d every AT seconds: and an output pulse is
always found on the +AV or -AV lin%e pendulum in binary torquing has a limit cycle of
its own, even with no bias and acceleration input. Typically, this may appear as three
positive AV's alternating with: Mgative AV's. This is known as 3:3 moding. If two
positive AV's alternate negative AV's, it is known as 2:2 moding. The presence of

an input acceleration or a pseéfldo-input (bias) acceleration is indicated by an cxcess of AV's

of the input sense d (8 e of the opposite sense. It is this excess with which we are

concerned in getfing usaPle data out of the instrument.
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The measurement of excess AV pulses is assisted by the presence of a two-bit, four-
state, up-down counter in the PSA, This counter accepts the postive and negative AV pulses
from the PIPA loop and provides the positive and negative excess AV pulses as an output.

In the operational system, the excess pulses go to the APOLLO Guidanq% Computer. During
PIPA calibration, these pulses are used for measuring. N

The counter design assumes a 3:3 moding condition. An extra blt of uncertainty is added
if: (a) 2:2 moding prevails and (b) the input signal has changed stgn Figure II-3 shows
this uncertainty. Figure II-4 shows that during the start of a 3:3 mode monitoring sequence,
assuming empty counter registers, an initial count error of tWO%ltS may occur. It also
shows that, after one cycle, the uncertainty dlsappears and tﬁa’r this uncertainty need not be

included during calibration when a preset counter 1§ e@n‘&gcted to a PIPA loop and its up-

down counter in the steady state.

Finally, referring to the counter diagram’ Sf@{,,;gure I1-5 and the pulse trains depicted in
figure I1-6, the conclusion can be reachedthat the jhncertainty in gating time pulses with the
output of the up-down counter (in the sfé"aﬁy‘stéte) will be zero counts when all equipment is

operating properly.

The scale factor is given by:

Velocity Increment

Il

Pulse

Acceeration Input

Pulse Rate

Load Factor and Bias Input

Pulse Rate

During calibration tests:

(g cos Ar + a)
Na

A

(g cos Ap + ag) Ny AT

Ny
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The following is an error analysis of the PIPA Calibration Test.

(Us,F ) - dSF Us +° dSF

SF gX'stE*(ﬁ

dSF Uy, 4

T \5N, ¥ sF

dSF Uy, @

3N, © SF

oSF (g cos As +ag) AT
Q =
ON, Na
Q AT g cos A

()
-1 +—
Na +gcosAp
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\ NS G e s S
3SF (g cos As +ay) Ny
AT Ny
N; g cos A, ( ag )
= Na 1+ g cos A, :
oSF (g cos Ap +ag) Ny AT -u
S (N X
N; AT g cos Ap:* ag )
" g cos Ap
o
Where:
within the desired accuracy
of the error coefficients
Also, for purposes of cglr%m‘lating éﬂrror coefficients:
(g cos Ap + ag) Nt AT
- Na
g cos Ar Nt AT ag
= e
Na ( g cos Avp )
. gcos Ar N1 AT
- Na
&
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cos Ap N; AT 2 -(sin Ap) g N7 AT 2
(Usr ) 2 Ny Ni
sl ~ g cos A Ny AT Us ’ zcos Ar N, AT Usp
NA NA
N; AT : AT g cos As 2

Na
N; g cos As 2 -N,; AT g cos As 2
N, (Ny)?
+ U U
g cos Ap N, AT * Va "N gcos Ar N, AT X ™M
~ N %
74
{
By cancelling and ignoring minus s@&hic ‘will be squared:
USF g . UaB 2
rTER AT \eos &
% Uy, \? Uar ) 2 ( Uy, )
% Sl Pl
For small va f Ap: tan A, = A»p, cos Ap = 1.
2 2 2
(Usr) (Us) . 5 2+(EE) (&)
5 AP) g " Ny
- U T 2 UN 2
™ + (_ﬁ_ ) . ( A ) Units: Dimensionless.
AT Na
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The following uncertainty numbers will now be substituted into the error equation.

Uy

= 1 x 10 °. This is a specification on the RMS measutement of g which
should be met at each test site. | %w

Ay = U, , assuming that the table is orientated for-ashorizontal rotary axis

%‘f- ﬂ%‘;‘%“'k‘
but that no correction is attempted for fi-xﬁ;;‘eﬁ'ﬂ gimbal, or

component errors.

iy
""‘“’4 Mm%’dm

RMS Ui, x As

(UAP)E = (€Fn)2 i3 (Est«)e t (Otnm)2

= (0.3 mr)® + (0.3 mr)g + (OIWW%
= 0.19 (mr)® = 0.19 x10°° (}?‘ag%ff
R
4, 1% x
Max. . ¢
g 206 x 1000 x g

= 19.8 x 107° radian®,

g 19.8 x 10"‘%*»«‘

mechanized so that, if it is working properly, it will not miss a
pulse. Furthermore, if it is malfunctioning, the error will be

gross and clearly evident.

*Refer to "Maximum Expected Uncertainties' listed in Section II, Paragraph A of
E-1230, IMU Alignment Tests.
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Max. AT = 5 x 10°°, based upon the specification for the frequency source in the

GSE Computer Simulator.

Uar 5 . Qh
—— = _— 1 B = 6 \ Y
RMS AT V3 x 10 2.88 x 10 @S

The following is a summary of squared error contributions. .

1.0 xl??’

—
0| &
o}
———
Il 1]
Pa
/
>
[
=
1Y)

(A X Uy)" = (Uy)" A

{
(=) )

\
‘::\1 130.0 = 10°*°

g

1l

8.3 x 10°'%

139.3 x 1072

Use

MS —=— = - ©
RMS SF 11.8 x 10
Usr
M 3 Sigma == = 35.4 x 10"® or about 35 parts per million.
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The preceding analysis would seem to imply that the percentage error for a test based
on one interval between N, pulses would be as valid as the percentage error for a longer
test. Unfortunately, this is true only when the scale factor happens to produce an equal

time interval between each pulse. Such special-case scale factors are‘& given by:
\\

/
L —

6n + 1 sec cm
SF =( ) (980 = ] Where n = number of binary cycles

3200 data pulse sec y
%‘ﬁetween each extra pulse

In general, however, the N, pulse train will exhibit a pgriodicity of its own which cannot
in all cases be predicted ahead of time. Therefore, the ca n tests will be run for
5 minutes, or 300 seconds, to minimize the effect of g particHlar pattern of N, counts versus
time. This uses the counter to almost its storage 1% (N; = 3200 pps x 300 secs =

960, 000) and still is not an unreasonably long time fort#le test. For this test, the preset

AN

N

counter in figure II-5 is set to 50, 000.

AN
N
%

%
R
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(“BIAS OUTPUT
ANl |

Figure II-1. PIPA Quantities.
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O 10° TABLE ANGLE
| prRa “ ..\\)
Mg o~ MPEND
Y @Plp OA OUT OF PAPER
g > ANGLES EXAGGERATED
a < IN SIZE FOR CLARITY

Y 170° TABLE ANGLE
]

Agpas = NB x SF
= sin (AB)ns X g
[0 - @709 + (180%)
A =g sin 5
Figure II-2. PIPA Bias Nulls, Example.
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3200 PPS
INTERROGATION LINE

GATE &Y REGISTERS

X
=
L\
{

A \
@ ERFL
+AV LINE oo oW
PSA ——»0-_
.~ PRESET
UP—DOWN
 eoa— | COUNTER
“AVLINE | COU"\&
% —AV (OVERFLOW)
Q
o~ Figure II-5. PIPA Calibration Counter.
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)
Figure II-7. Geometry of PIPA Calibration Tests.
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III. IRIG CALIBRATION THEORY

A. GENERAL

The measurement of IRIG performance is divided into three sectiong. The first two
orientations (figure III-1) produce a value for NBD and ADSRA. The two orienta-
tions (figure III-2) produce a value for ADIA as well as a second value for NBD., The fifth
orientation (figure III-3) is used to measure the scale factor of@mand gyro torquing
mode, SF (G).

r the circumstances that

In every case, it is desired to measure these quantiti

will prevail in the operational equipment. The tests are de ‘_\ ed to do just this. In

particular, care is taken to ensure that the residual netism in the IRIG torquer coil is

always at the level associated with the last pulses een positive. Facilities for

applying positive pulses are provided in the G%

B. ADSRA ORIENTATION

In this orientation, defined by fig the Spin Reference Axis (SRA) is placed
along the local vertical downwards; the In Axis (IA) is placed in the horizontal plane
and North; and the Output Axis (OA onsequently in the horizontal plane and East. After
the gyro has been caged, uncaged, and the system placed in Fine Align mode, the pertinent
gimbal will drift. This is mm by counting the output pulses of the CDU Encoder for
that gimbal. %

As shown on figure III# the CDU pulses are used to gate time pulses while the CDU
goes through one shaft revolution. This corresponds to a Gimbal Angle Drift
(Ap) of 12.272 millirag®ans. The drift time is then given by T, = NTl AT. The gyro is then
reoriented, @me SRA up, by rotation about North; and the test is repeated to give

T; = N, AT. .misalignments for these tests, A,, A;, and A, are considered along with
To 1

other uncertainties in the following error analysis for the ADSRA orientation.
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\

Deriving the first equation for NBD:

W; = (NBD - ADSRA cos A; cos As) K _;\
+ Wie (cos A cos A; cos Ay + sm“ 1 sin Ap)
N
\
\V
W; = (NBD + ADSRA cos A, cos Az)

{

N

+Wje (cos A cos A; co

A N

2 (NBD) K + A cos A, cos Ap

- sin A cos A, sin Ap)

W, + W3

N
N
+ Wa ™ Wi
NBD = - K cos A cos A, cos Ap

Ap 1 1 Wie
= ( 3 +Nr )- < cos A cos A, cos A,
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4 R S Y T T R S TR S T e A BT T R S A B B 5 e e S O A T e B A S L D O S S e S S R S S SRS B )

Deriving the first error equation for NBD:

ONBD ONBD
(Uneo )° ( (UAD)Q +(

OAT
3NBD \ 2 (aNBD % 3NBD °
+ 2 N\ R 2
(aw,s ) O™ A 3x ) : *2( aAl,a) S
where Uy = Ua
T 1,2
o
4 ONBD 1
A m@ ~ NyKAT
OoNBD
AT  “NW,K (AT
aNBD% Ao
@ = T 2 KAT (Ny)?
dNBD cos A
Q = - for small A; and A,
€ K
Q 3NBD Wi
N =X sinA for small A; and A,
ONBD Wie
T =g  cos A sin Ay 2 for small A; and A;
~
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T A R T B T L T B B B R T e T B T B T S X B G A R T N R T S5 39

. (UAD )2 ( Ay Um)
(Ueo)” =\ N gar | * \N;rar * AT

+

e mu““:‘»
\ % 2
?WIE
2\ — ‘cos A sin A U )
N K 1,2 YAy o

Ap
Since N,AT m ,
W|g CcoSs A UAT )2
X AT
Wi cos A U . ) -
1
K * Wit
V2Wje cos X sin Ay 2
K X UA1,2 )

Units: (Meru)®
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Selection of Values for terms in the previous equation:

Assume cos A = cos 30° = 0.866

E-1291

ISS CALIBRATION TESTS

Then : B
Wi cos A (7,292 x10°°) (0.866) \%3
K = (7.292 x 10°°)
= 866.0
A, = 12,272 x 10778
N
Us, is given as a maximum arc seconds when Ap
N
3

is less than 1° or 17.4&%

<

N g
Max UAD = 5"%

%. 272 x 10" radians

% 24.9272 x 10°

SU —
v A V3
= 14.0 x 107 radians
3
\‘\
e Wie o8 X T 14.0 x 107
QY i :

= 866 x

4&
=
&

0.986 Meru

DATE 18 JUN 63
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Max e 107%,based on the specification for the
GSE Computer Simulator.
UAT 5 -,
e = —_— -6 L L;iri-,
RMS T = 5= x10 “ O
3
Féﬁ“w-
=2.88 x 10°° 4
.
(—— %%3
C e
WIE CcoSs )\ UAY %
— ‘6%;,7
K X AT 866 x 2.88 x 10 \

UN i
T -

— it‘bﬁased on the proposition that the counter gate is

N,

, ﬁ* mechanized so that it will not miss a pulse (if the counter

~¢_;£ate is working properly). If the counter gate is malfunc-

tioning, the error(s) will be gross and clearly evident.

W
&
Mie —c . e - .
RMS —— =1 x 10 ° by rounding off significant figures in the value for

earth rate listed on page 68 of AGANI.
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X = (866 x 1 x 107%)

= 866 x 10™° Meru

RMS U, =1 arc second (estimated)

=4,85 x 10”° radians

W]E sin >\ ‘1:
gk XUx = (500) (4.85 x 107°)
""**ﬁz»x
= 2.43x10™ Mern ™y,
UA]_’Q = Sln Al’g :
/IMax GimbalError)2 Max IRIG/IA Alignment*
=\/‘ 3 ’ ( 3 )
£/ (0.10 x 1073)2 + (0.97 x 107%)3
= 0.97 x 10™° radians
V2Wie cos A~ .
= L =V2 866 x (0.97 x 10™°)?
=1.19 x 10™® Meru
T

*As discussed in E-1097, maximum IRIG misalignment is 10 arc minutes or 2.91x10™° radians.
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Summarizing Errors for NBD in ADSRA Test:

(W.E cos A UAD ) “ .
= (0.986)° =
K * A = )

Wiecos A Uur \2 RN, N
= (2.49 x 107°)?

"

= (0.866 x 107%)

N

. [ Wi sin) :
ST x U = (243 x 107

2

V2 Wi cos A
N : _ -3,2
(L \ X sin A 2 X UAl,E = (1.19x 107)

Uweo = 0.99 Meru RMS

= 3 Meru (3 Sigma)
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Deriving the equation for ADSRA:
W; = (NBD - ADSRA cos Az cos Az ) K
+ Wie (cos A cos A; cos A + sinX cos A; sin Ag)
W, = (NBD + ADSRA cos A; cos Az ) K
+ W (cos Acos A, CQS"AQ - sin Acos A; sin A))
o
Wz - W, =2 (ADSRA cos Az cos'As) K -2 We sin A cos A; sin Az
Wé = Wy W, sin A cos A, sin Ag
ADSRA = o
ZK cos Az cos Az K cos As cos As
~§;i‘. 7.\
S Ac( 1 1 )
NTz er W,: sin A cos A; tan A:
= +
2KAT cos As cos As K cos Az
o
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Deriving the error equation for ADSRA:

( 3ADSRA \ ° 3ADSRA ) 2

— 2 — 2
dADSRA \ ° d3ADSRA 3‘&\3

() e () S

3N, Wi

3ADSRA \ 2 3AQSRA |
) e ()

\

Il

([JADSRA)2

\

( aADSRA \ BADSRA ) 2

i‘\{ (U )?
=\
NS

=
The following approximation will be&

+

Ny, Ny - AN Ny , AN
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3ADSRA AN
A, = K AT (Ny)° for small A;, Az, and Az
.
3ADSRA -A, AN
dAT K (N;)® (AT)?
3ADSRA A,
dN;  2KAT (Ny)*®
3ADSRA  sin A P,
X A
d3W,e K N \\
Q..\
& 3
3ADSRA Wi coq-\
RN Az
A @ &
<
dADSRA Woe, os A
A :\K X A]_ X Ag
N
@ A, AN Wi sin
- — A, +
: 3A, K AT (N;)® ~ 72 K
3 3ADSRA ( A, AN Wie sin X x Az )
Q A \KAT (N,)? © K As
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AN AN
In actual fact, ir— << 1.0; but, in evaluating uncertainty, N_r = 1.0 will be used.

Ap
A s Ny AT = —— 3
Iso, as before T Wi con X t%%

Wiecos A Uy Zf WiecoshA  Ug \2
(Uapsra Y=l———x—1] + X \
K K AT \ :
'

2

K X Al UAI ) (A2)2
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R AR S S e < i T R SRR IR R TR USRS R A
—

By comparing the terms in (Uspsza)° with those in (Upg)®, the following conclusions can be drawn.

1% UAD is still most significant. ﬁ\
oADSRA ™

2. The second term in T AL is signifjcant.
- :

3. No other error contributions are signifids,

ﬁ,‘\ (Unpsra )° =

Wi cos A U, 33\],; sin A @
R S T
K 2

Unpsra =1.¥)§eru RMS

Now, |
= gMeru (3 Sigma)
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C. ADIA ORIENTATION
In this orientation, defined by figure III-2, the Input Axis (IA) is aligned as closely as
possible to the local vertical upwards. The Spin Reference Axis (SRA) a,%d the Output Axis (OA)

are in the horizontal plane. Again, time pulses are gated while the ap,

drifts the equivalent of one CDU shaft rotation. The time is given by Ts =}
Finally, the IA is directed downward along the local vertical, an@ugrift measurement
is repeated. The time is given by T4 = NT4AT. Misalignments A;%out North and As about

the SRA of the gyro from the desired orientation are considg®

in the following error analysis for the ADIA orientation.

Deriving the second equation for NBD: %

W3 (NBD + ADIA ¢ \

\"\
.,
q%:o As - ADSRA sin Ay ) K

+ Wie sixﬁ&N A; cos As + Wy cos A sin As

4

W,

z@; - Wi sin A cos Ag cos As + Wi cos A sin As

/-
“\

",

2K K

Ap ( 1 1 ) Wt cos A sin As
N - K
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a

Deriving the second error equation for NBD:

3NBD \ ° 3NBD \ ° ¢
(UNBD)2 = ( 3A, ) (UAD)2 +( SAT ) (Um)a *

ONy oW e e
%
3NBD \° 3NBD \°
(5 ) () wr

where UNT =Uy =
1 Tg

This equation is similar to th%rror equation for NBD except that the last

term covering angle uncerfainties ow becomes more significant.

% ANBD Wie cos A cos As
ST

Wi cos A
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IR S T B A A e B R A N I I SR R S N S R

aNBD) e 3NBDy 2
e 2 2
3A, (UAD ) '*‘( 3A ) (UAS)

UAD )2 ( Wit cos A
= (NTKAT * K & U‘?%\\
“*\S

In this test, however, N;AT = ———— /
Wye sin A :g

(Uneo )2 =

i

N
W|g sin UAD 2 ng COSA *
(U )? = (ﬁ , ) + (—K x Uy

<

N\

500 x 14.0 x 10°8 y 2
%2 27 x 107 ) + (866 x 0.97 x 107°)°
/ = (0.571)% + (0.840)°
%
Uwpo = 1.02 Meru RMS

= 3.0 Meru (3 Sigma)
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Deriving the equation for ADIA:

Ws = ( NBD + ADIA cos A, cos As - ADSRA sin Aﬁ
‘;‘\
+ Wt sin Acos Ay cos As + W,%&in As
W, = (NBD - ADIA cos A; cos As +A1)%n&) K

- Wy sin A cos M@*’ Wt cos A sin Ag

Q\
\

(
Ws - W. = 2 (ADIA cos %@\Ss - ADSRA sin Ay ) K

S
+ Mink cos Ay cos As

% W, Wye sin A
ADIA@:os A: cos A + ADSRA tan A; sec As - Tk

W,E sin A

= + ADSRA tan A; sec As -
2KAT cos Ay cos As K
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Deriving the error equation for ADIA:

3ADIA \ © 3ADIA \*
(Uns 1 )? = ( ) (UAD)2+( SAT ) (Uss)®

OA;

2

3ADIA \ ° (BADIA
2
+2( 3N, ) (Uv "\ Sw;

RS

SADIA y 2
2 2
(UAS) +(5ADSRA) (Uapsra)

+ ADSRA

3ADIA
for small A; and As
3AD
T
dADIA A;
X .
\ ON, ® 2KAT (N.)®
0ADIA sin A
W, K
0ADIA Wi cos A
S
3ADIA A, AN
5A;  KAT (N,)g ™
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m

0ADIA A, AN

= x As + ADSRA (A4/As)

(Neglect product of twogmall angles.)
-
™~

3As K AT (Ny)

b,

0ADIA

= Ay /
3ADSRA ‘\‘:Q\S\
A :3\1

———  tosimplif "«terms:
W,c sin A pily

Again using the expression N;AT =

le sinK UAD e WIE i X UAT 2
Ueon)® =\~ * Ao +( K

We sin A %) & Wie sin A Un e )2
\"vzk ° +( K x w.E
0s 2 W,g sin A
x Ui +TXA4+ADSRA) (UA)
Q W|E sin A
=

K

2
X As x UAS) + (As X Unpsmn)?®

The first five terms of (Uapja )° are similar to the first five terms of (Uneo)®,

where only the (Ux,)° term is significant.
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r\ SRR B RIS LRI

(Uno:a)® can now be simplied to:

Wie sinA  Usg ° %
(Uwin)® = 2 X + (ADSRA x Up,)? ..\

Wie sin A 2 [ Wyemn A .
+(_K“— XAy x Un, +(“%} x As xUAS)
+ (As x Unpsra)® \\

For an evaluation of the classified error contribution e second term (ADSRA x Ua 4)2,

refer to the ADSRA specification in R-348 (Rev%Speciﬁcation for Procurement of
m APOLLO Inertial Reference Integrating Gy Augu

1962.

The third and fourth terms above were sho o be negligible in the NBD calculation.

A

g (As §awsm )

Therefore: :§
W|E sin A UAD
Umpia = K X A

14.0 x 107°°

Finally:

(0.97 x 10™° x 1.10)

(.00107)

500 x

12,272 x 1072

0.57 Meru RMS

b

1]

1.7 Meru (3 Sigma)
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D. SF(G) ORIENTATION
In this orientation, defined by figure III-3, the Output Axis (OA) is aligned with the

positive or negative local vertical. The Input Axis (IA) is in the horizontal plane and pointed

3

East or West. The gyro is torqued at 3200 pulses per second, and thejj)d)

are gated by the time required for a complete gimbal revolution (512 revolu

-pps timing pulses

ns of the CDU

shaft and 32, 768 pulses from the CDU encoder). See figure IH—4,’®%Fest is repeated in
\\S

the negative direction.

\\. ‘?

\
The gyro equations which apply to this test are developed belo Ws is the gimbal angle
rate for positive torquing, and Ws is the gimbal ang&h or negative torquing.

SF(G) x 3200 % &
Ws = 000 +N) + (ADSRA)(K)[ sin(W,t) dt
('\\ ;\ 0

™\

{
where W; is the nominal torquin‘%.

We = -, = + (NBD)(K) - (ADSRA)(K) j sin (Wt) dt
0

<;\§ T

Ws - We ,4 SF(G) + 2(ADSRA)(K) [ sin (Wyt) dt
Q 0

<

Units: radians/second

N
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T
Ws - Weg (ADSRA)(K)
sin (W, 1)

SF@) =754 "7 3.2
0
-
N
Now substitute: 217 oM
Ws = NTS AT and Wg = - N, AT\ ¢\5
6 %
Then integrate to obtain:
N7 T
27 1 1 (ADSRA{(K)
= - cos (Wt
SF(G) = 5 4 ar ( N; ) (3.2) rt)
5 ,._; 0
\

Att =0, cos 0 = 1, and att = T, cos 360° = %‘efore

m 1 ,M
SF G = N““"“m
© =s2a ( Nog NS )

T ¢ (Ny - AN) + (N, + AN))
- 3.2AT%+ AN) (Ny - AN)

o~
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,.;Sr
L‘VWM‘\,

( T Ugss 1.6 AT N, \~ ™ Uy 1.6 N,)2
= + X

1.6 AT® N, m ) (1.6ATE6\§ m

\., o,
\j‘,
N\

UA.) Uy, \?
(2.88 x 10°%)2 + (0) \

3 parts/million

9 parts/ mill&ﬁ a)

%
Q

il
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GIMBAL CDU
T ERAARTLH D D D D

.| RESOLVERS

\\\\

- \ \
\\\“\W\\

il

REFERENCE
AXIS

Figure III-1. ADSRA IRIG Calibration Geometry.
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m
OUTPUT
AXIS \
RenShA
6%&%4,
\
RESPONSE
TO POSITIVE 704
TORQUING ’°0<°"//v
SQS‘G
Y
0,9’_‘/

) {000

GIMBAL CDU

Figure III-3. SF(G) Calibration Geometry.
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W

3200 PPS =\
INTERROGATION ;
L -+  GATE —! REGISTERS
‘ ) wj‘ Zf' M%&“@“r»«,
S
n.‘;\
‘\5
cou ESET
ENCODER OUNTER

Figure III-4. IRIG Calibration Counter.
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IV. JOB DESCRIPTION CARDS (JDC'}%)
FOR PIPA AND IRIG CALIBRATION TESTS
\
AND DATA SHEET FORMSN{
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A. PIPA CALIBRATION TESTS.

JDC 00200 Test to determine as and B:1g«

JDC 00201 Test to determine positive SF(A)y
negative SF(A)x, and average S

JDC 00202 Test to determine as, and B.1gv

JDC 00203 Test to determine positivé 2 .
negative SF(A),, and averags N, (A)y

JDC 00204 Test to determine ag d 9+1g z

JDC 00205 Test to determine pos;Ee SF(A);,
negative SF(A);q and av€rage SF(A),

BATE 18 JUN 63 PAGE _72
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O

B. IRIG CALIBRATION TESTS,

JDC 00236 Test to determine BDX and ADSRAX ,
JDC 00237 Test to determine BDX and ADIAX :}
JDC 00238 Test to determine SFTGX >
JDC 00239 Test to determine BDY and ADS}&_3
JDC 00240 Test to determine BDY and ADIM
JDC 00241 Test to determine SFTGY,

JDC 00242 Test to determine BDZ and AZ

JDC 00243 Test to determine B and ADIAZ

JDC 00244 Test to determine

DATE 18 JUN 63 PAGE __73
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C. JDC DATA SHEET FORMS.

PIPA BIAS AND INPUT AXIS CALIBRATION TEST

DATA SHEET FORM E-1297 DS-1 g!]
used with JDC 00200, J 00202, and

JDC 04
PIPA SCALE FACTOR CALIBRATION TEST
DATA SHEET FORM E-1297 DS-2
u JDC 00201, JDC 00203, and
JDC 00205

A

IRIG CALIBRATION TES
DATA SHEET FOR 297 DS-3
% used with JDC 00236 through JDC 00244

%
QY
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108 X PIPA BIAS AND INPUT AXIS CALIBRATION

JOC 00200 Sheet 1 of 2

SHBSYSTEM INERTIAL MEASUREMENT UNIT

SYSTEM:  ace

DESCMPTIUN Test to determine ag, and 6,4

TYPE' Calibration
INTERVAL:

TOOLS AND
MATERIAL:

IMPORTANT: Results from JDC 00162 and JDC D0165 required
to perform this job.

REFERENCES:

\
N

R

A,

PREPARATION
Orientations required for first null measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (A ) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°

c. Inner Gimbal Angle (A ;) = Precision 0°

2. Test Table

a. Tilt Angle (®) J\ﬁ
Desired Angle Designation = &y ‘

Value of ®y,, obtained from JDC 00165 Data“:‘“
Sheet Form E-1230 DS-1. Qﬂ

NOTE: Record Value, Indicator
Error, and Readout Angle on D
Sheet Form E-1297 DS-1.

b. Initial Rotary Angle (€)
Desired Angle Designation t
Value of &m obtained from JDb

Sheet Form E-1 230{@%

NOTE: Record Value,
Error, and Readout A
Sheet Form, 297 DS-1.

PROCEDURE QI
First Null Measuremen&

Rotate the tabl the ROTARY AXIS until a null
is obtained fr X PIP.
RECORD

Use Data Sheet Form E-1297 DS-1 to record:
Final Rotary Angle 6




Form E-1297 DS-1.

Aea=a31—a,°—180°
* 2

JOB: x PIPA BIAS AND INPUT AXIS CALIBRATION JIDC 00200 Sheet 2 of 2
SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM:  ace
DES‘:R'P"ON Test to determine a, and By4x TYPE Calibration
X
|UPOR]'ANT. Results from JDC 00162 and JDC 00165 required
to perform this job.
D. PREPARATION
Orientations required for second null measurement:
1. Gimbal Assembly
a. Outer Gimbal Angle (Aog) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (Ag) = Precision 0°
2. Test Table
a. Tilt Angle (&)
Remains unchanged from Step A. 2.a.
b. Initial Rotary Angle (@)
Desired Angle Designation = 9"05;
Value of eﬂw obtained from JDC 00162 Data
Sheet Form E-1230 DS-1
NOTE: Record Value, Indicator Er
and Readout Angle on Data Sheet Form
E-1297 DS-1. G, CALCULATIONS (continued)
E. PROCEDURE 35 = g A6y,
Second Null Measurement where g is obtained from E-
Rotate the table about the ROT until a null is Te:t % GAeg:ie:lc Daia %‘d./ﬁ;POLIéO ¢&N, inut
obtained from the X PIP. and where , 1s converted from degrees, minutes
and seconds to radian measure using U. S.
F. RECORD Department of Commerce Spec. Pub. No. 231,
Use Data Sheet Form E= to xecords Natural Sines and Cosines to Eight Decimal
Places.
Final Rotar
6n + 6Bao
G. CALCULATION Bugx = T

H. RECORDING
Record as, on PIPA Data Sheet Form E-1297

DS-1, and hold for scale factor results.



J0B:

X PIPA SCALE FACTOR CALIBRATION

ch 00201

Sheet 1 of 3

SUBSYSTEM: INERTIAL MEASUREMENT UNIT

SYSTEM:

AGE

nESCR'PTInN Test to determine positive SF(A). .

averazse SIF(A).

negative SF(A) .

and

TYPE.
INTERVAL:

Calibration

TOOLS AND
MATERIAL:

REFERENCES:

IMPORTANT

Results from JDC 00165 and JDC 00200 reguired to
perform this job.

B.

PREPARATION

Orientations required for first scale factor measurement:

1.

Do

simbal Assembly

Precision (°

a. Outer Gimbal Angle (Ay) =

bh. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (A .) = DPrecision (°
Test Table

a. Tilt Anale (D)
Desired Angle Designation = &._,
Value of &, obtained from JDC 00165 Data
Sheet Form E-1230 DS-1. =

NOTE: Record Value, Indicator
Error, and Readout Angle on Datg_
Sheet Form E-1297 6-:. N

b. Rotary Angle (6)

Data Sheet Form E-129% DS-1.

NOTE: Record Value‘,”‘mi‘iicq.lor
Error, and Readout Angle ﬂh Data
Sheet Form E-1297 DS-2.

i

3. Counter
a. Connect the 3200—pp§”tput of the Computer
Simulator.to the input of the Forward -
Backwand Cdunter.
b. Connect the‘p&;tive AV output of the X PIPA
Up-Down Coiinter of the PSA to the PRESET
Counter. Enter the PRESET Count (Ny) of 50, 000.
PROCEDURE
1. Start the count. When it is complete, read the accumu-
lation in the Forward - Backward Counter; and record
the accumulation as NTx on Data Sheet Form E-1297
DS-2. '
2. Reset the counter, and repeat step 1 for N, .
Xe
3. Reset the counter, and repeat step 1 for N, .
L )
4. Record IMU Temperature Deviation on Data Sheet

Form E-1297 DS-2.

CALCULATIONS

Using Data Sheet Form E-1297 DS-2,
average N,n, Ny, and Nv_‘s. Record
average as Ny on Data Sheet Form

E-1297 DS-2.



JOB: x p1PA SCALE FACTOR CALIBRATION JOC ooz0r Sheet 2 of 3
SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM:  ace
DESCR'P"ON‘ Test to determine positive SF(A)x, negative SF(A)y, and TYPE Calibration

average SF(A)y

INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

Vhen it is complete, read the accumu-
ard - Backward Counter; and record the

e Of Data Sheet Form E-1297 DS-2.

PROCEDURE

19 Start the co
lation in the I\Q
accumulation as

2. Reset the counter, and repeat step 1 for N, .
B+

3. Reset the counter, and repeat step 1 for N,
X6

4, Record IMU Temperature Deviation on Data Sheet
Form E-1297 DS-2,

'“PORTA"T. Results from JDC 00165 and JDC 00200 required
to perform this job. .
N
D. PREPARATION
Orientations required for second scale factor measurement:
1. Gimbal Assembly
a. Outer Gimbal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (A ;) = Precision 0°
2. Test Table
a. Tilt Angle (&)
Remains unchanged from Step A, 2.a.
[ b. Rotary Angle (6)
Desired Angle Designation = fygx = 8,4
Value of 8,,; obtained from JDC 00200 Data
Sheet Form E-1297 DS-1, G(oc
Rq, U
NOTE: Record Value, Indicator ‘7}
Error, and Readout Angle on Data g
Sheet Form E-1297 DS-2.
3. Counter F. CALCULATIONS
a. Verify that the 3200-ppgeQutput of the Computer Using Data Sheet Form E-1297 DS-2,
Simulator is connec e input of the
, . d
Forward ~ Backigy average N-,“, Nsz and N"xe Recor
t
b. Connect the negative AV outpft of the X PIPA dvetige sk i Cicn Date plce
Up-Down Cou, f the PSA to the PRESET Form E-1297 DS-2.
Counter. E ESET Count (N,) of
50, 000.
E.



JOB: X PIPA SCALE FACTOR CALIBRATION

lnc 00201

Sheet 3 of 3

S“'“S“H: INERTIAL MEASUREMENT UNIT

SYSTEM:  ace

M
\ D[SCRIPTION Test to determine positive SF(A),, negative SF(A),, and average TYPE. Calibration
SF(A) «
INTERVAL:
TOOLS AND REFERENCES:
MATERIAL: \
. Results from JDC 00165 and JDC 00200 required
I"PURTANT to perform this job. l%
F. CALCULATIONS (continued) \S
Using Data Sheet Form E-1297 DS-2, compute: :
g +ag
positive SF(A), = s xN;
1.6 x 10 +X
g- 3
negative SF(A)y, = —*—— x N, A
1.6 x 10° .
g N, i +N -
average SF(A), = L6x10° X 2
positive SF(A)y - negative SF(A)y
Y aBE(A), = average_SF(A)x x

Where 8, is obtained from JDC 00200 Data Sheet
Test Site Geodetic Data for APOLLO G & N,
G. RECORDING

Record the test results on Data Sheet Form E%-Z and on PIPA Datg Sheet
Data Sheet immediately to IMU Systems Group, 75"Cambridge Parkway, Cambridge 42, Mass., Attention:

Ry
Y

&

DS-1, and where g is obtained from E-

Forward the
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JOB. Y PIPA BIAS AND INPUT AXIS CALIBRATION

Sheet 1 of 2

JOC 00202

SUBSYSTEM: INERTIAL MEASUREMENT UNIT

SYSTEM: ace

DESCR'P"DN Test to determine as, and 8.,y

TYPE Calibration

INTERVAL:
TOOLS AND REFERENCES:
MATERIAL:
IMPORTANT: ﬁ)e:itfi :;:n:; i‘;Dj(;b(?owz and JDC 00165 required
A. PREPARATION

Orientations required for first null measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (A,) = Precision 0°

b. Middle Gimbal Angle (Aw) = Precision 0°

c. Inner Gimbal Angle (A ;) = Precision 0°
2. Test Table

a. Tilt Angle (®)

Desired Angle Designation = q’“m

Value of 4’;‘“ obtained from JDC 00165 Da‘ta&
Sheet Form E-1230 DS-1. y, %

NOTE: Record Value, Indicator
Error, and Readout Angle on Da
Sheet Form E-1297 DS-1.

b. Initial Rotary Angle (6)
Desired Angle Designation , +90°
Value of &‘m obtained from JD Data

Sheet Form E-1230 1,
NOTE: Record Valug, ator

Error, and Readout A on Data
Sheet Form 297 DS-1.
PROCEDURE

First Null Measurement

Rotate the table the ROTARY AXIS until a null
is obtained fr Y PIP.

RECORD
Use Data Sheet Form E-1297 DS-1 to record:
Final Rotary Angle 632

N




JOB: Y PIPA BIAS AND INPUT AXIS CALIBRATION

JOC 00202 Sheet 2 of 2

SUBSYSTEM: INERTIAL MEASUREMENT UNIT

SYSTEM:  ace

DESCRIPTION Test to determine as, and Gﬂp

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

l"PonTANT. Results from JDC 00162 and JDC 00165 required
to perform this job.

/]

D. PREPARATION
Orientations required for second null measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision (0°
c. Inner Gimbal Angle (A ;) = Precision 0°
2. Test Table
a. Tilt Angle (&)
Remains unchanged from Step A. 2.a.
b. Initial Rotary Angle (6)
Desired Angle Designation = 8, - 90° [
Value of 6, obtained from JDC 00162 Data™

Sheet Form E-1230 DS-1.

NOTE: Record Value, Indicator
Error, and Readout Angle on Data

Sheet Form E-1297 DS-1.
E. PROCEDURE %ﬁ?

Second Null Measurement P

{4 ¥
Rotate the table about the ROTAR%@S\@MH a null is
obtained from the Y PIP. ‘%j@f

F. RECORD o~
Use Data Sheet Form E-"lxﬁg

P to record:
Final Rotary Angle 6a;
G. CALCULATIONS/ 4

Perform the following calculations using Data
Sheet Form E-1297 DS-1.

Bas - 6z

Ay = ———— +180°
¥ 2

CALCULATIONS (continued)

B = ghbs

Y
where g is obtained from E-
Test Site Geodetic Data for APOLLO G & N,
and where ABBv is converted from degrees, minutes,
and seconds to radian measure using U. S.
Department of Commerce Spec. Pub. No. 231,
Natural Sines and Cosines to Eight Decimal
Places.

a3 + Baz
Buy = — - 180°
ReCORDING
Record 3 on PIPA Data Sheet Form E-1297 DS-1,

and hold for Scale Factor results.



]08‘ Y PIPA SCALE FACTOR CALIBRATION

IDC 00203 Sheet 1 of 3

SUBSYSTEM: INERTIAL MEASUREMENT UNIT

SYSTEM:  ace

DESCR.PTION Test to determine positive SF(A),, negative SF(A),,

and average SF(A),

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

IMPORTANT:  Results from JDC 00165 and JDC 00202 required to

perform this job.

PREPARATION
Orientations required for first scale factor measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (A,) = Precision 0°

b. Middle Gimbal Angle (Aw) = Precision 0°

c. Inner Gimbal Angle (A ;) = Precision 0°
2, Test Table

a. Tilt Angle (&)

Desired Angle Designation = &
RA
Value of &, obtained from JDC 00165 Data %,
s RA \

¥,

c 2 \ 'y
Sheét Form E-1230 DS-1. M\“"ﬂ-’
NOTE: Record Value, Indicator N
Error, and Readout Angle on Data v
Sheet Form E-1297 DS-2, ! %ﬁ
b. Rotary Angle (6) :‘}

Desired Angle Designation = ?\é
Value of 6,,, obtained from JbQA }

\

Data Sheet Form E-lZ&; DS-1.

NOTE: Record Va!ugf}‘ %ﬁgator
Error, and Readout Ang_ iﬂ Data
Sheet Form E-1297 DS-2:"

3. Counter Q

\, N
a. Connect the 3200‘0§éutput of the Computer
Simulator, to the input of the Forward -

Backﬂ@ unter,

b. Connect itive AV output of the Y PIPA

Up-Down nter of the PSA to the PRESET
Counter. Enter the PRESET Count (N,) of
50, 000,

PROCEDURE

1. Start the count. When it is complete, read the
accumulation in the Forward - Backward Counter,
and record the accumulation as N, on Data Sheet
Form E-1297 DS-2. it

2. Reset the counter, and repeat step 1 for N, g
Y

3. Reset the counter, and repeat step 1 for N, s
Y

4. Record IMU Temperature Deviation on Data
Sheet Form E-1297 DS-2,

CALCULATIONS
Using Data Sheet Form E-1297 DS-2,

average NT“, N,YE, and Ny, - Record
average as NT*y on Data Sheet

Form E-1297 DS-2.



JOB. v PIPA SCALE FACTOR CALIBRATION JDC 00203 Sheet 2 of 3
SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM:  ace
DESCRIPHON Test to determine positive SF(A),, negative SF(A),, and average TYPE' Calibration

SF(A)y

INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

IMPORTANT:

to perform this job.

Results from JDC 00165 and 00202 required

D.

E.

PREPARATION

Orientations required for second scale factor measurement:

1.

2.

PROCEDURE

1.

2.

Gimbal Assembly

a. Outer Gimbal Angle (A,) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (A ;) = Precision 0°
Test Table
a. Tilt Angle (®)
Remains unchanged from Step A. 2.a.
b. Rotary Angle (6)
Desired Angle Designation = 6., = Birgy
Value of 8.,y obtained from JDC 00202

n

Data Sheet Form E-1297 DS-1. "

NOTE: Record Value, Indicator
Error, and Readout Angle on Data
Sheet Form E-1297 DS-2. “‘”’“‘%

il b
Uy iy
W §

Counter

a. Verify that the 3200-pps 6utput of the Computer
Simulator is connected to the input of the
Forward - Backward Countey.

b. Connect the negative AV output of the Y PIPA
Up-Down Countéx Bsg,ne PSA to the PRESET
Counter. Enter t§e"PRESET Count (N,)
of 50, 000. 7

Start the court,
lation in the Fo

Reset the counter, and repeat step 1 for N, .
Y

en it is complete, read the accumu-

ard - Backward Counter; and record

the accumulation as N; on Data Sheet Form E-1297 DS-2.
Y4

E.

8 D

PROCEDURE (continued)

3. Reset the counter, and repeat step 1 for N,vs.

4. Record IMU Temperature Deviation on
Data Sheet Form E-1297 DS-2.

CALCULATIONS

Using Data Sheet Form E-1297 DS-2,
average NY“, NTvs’ and N*vs' Record
average as Ny, on Data Sheet

Form E-1297 DS-2.



,OB: Y PIPA SCALE FACTOR CALIBRATION ch 00203 Sheet 3 of 3
SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM:  ace
n[SCRIP"ON Test to determine positive SF(A),, negative SF(A)y, and TYPE Calibration
average SF(A)y |NTERVAI_-
TOOLS AND REFERENCES:
MATERIAL:
IMPORTANT Results from JDC 00165 and JDC 00202 required
*  to perform this job. ‘//
N
. CALCULATIONS (continued) S
Using Data Sheet Form E-1297 DS-2, compute:
. N
positive SF(A), = m % Nu.,
g~
negative SF(A), = m X N‘_,
g Nrw + Nrﬂ
average SF(A), = Lexioe X 2
positive SF(A), - negative SF(A),
LSFR)y = average SF(A),
Where ag is obtained from JDC 00202 Data §eet Form™¥-1297 DS-1, and where g is obtained from E-
Y
Test Site Geodetic Data for APOLLO G & y_\
RECORDING
Record the test results on Data Sheet 297 DS-2 and on PIPA Data Sheet Forward the
PIPA Data Sheet immediately to IMU § Group, 75 Cambridge Parkway, Cambridge 42, Mass., Attention:

%
QY



WB- Z PIPA BIAS AND INPUT AXIS CALIBRATION

JDC 00204 Sheet 1 of 2

SUBSYSTEM: INERTIAL MEASUREMENT UNIT

SYSTEM:  ace

DESCRIPHON Test to determine as, and 6,

TYPE' Calibration
INTERVAL:

TOOLS AND
MATERIAL:

IMPORTANT:  Results from JDC 00162 and JDC 00165 required
" to perform this job.

A.

PREPARATION

Orientations required for first null measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (Ay;) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (A ;) = Precision 270°
2. Test Table
a. Tilt Angle ($) ~

Desired Angle Designation = d'm“

Value of @N obtained from JDC 00165 Data :
Sheet Form E-1230 DS-1. ¢

N

NOTE: Record Value, Indicator
Error, and Readout Angle on Data
Sheet Form E-1297 DS-1. !

b. Initial Rotary Angle (6)

Desired Angle Designation =x“‘&’%;1 80°
. W "
Value of GHOGA obtained from JDC‘Q‘V gﬂ'

Data Sheet Form E-1239 DS-1.

NOTE: Record Vafuql Wi tor
Error, and Readout An Data
97 DS-1.

Sheet Form E-

PROCEDURE

PIP,
297 DS-1 to record:

is obtained from
%
Use Data Sheet For
Final Rotary Angle 63,

REFERENCES:




)

lon‘ 7 PIPA BIAS AND INPUT AXIS CALIBRATION

Sheet 2 of 2

JDC 00204

SU'SYSTEM. INERTIAL MEASUREMENT UNIT

SYSTEM:  ace

UESCR"’TIUN Test to determine a;, and 6..g

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

IMPORTANT: Resuits from JDC 00162 and JDC 00165 required
to perform this job.

PREPARATION
Orientations required for second null measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (A,;) = Precision 270°
2. Test Table
a. Tilt Angle ($)
Remains unchanged from Step A. 2.a.
b. Initial Rotary Angle (6)

Desired Angle Designation = e“cm
Value of 64,, obtained from JDC 00162 h
Data Sheet Form E-1230 DS-1. \
NOTE: Record Value, Indicator N

Error, and Readout Angle gn Data
Sheet Form E-1297 DS-1.%

PROCEDURE ™\

Second Null Measurement fz
Rotate the table about the ROTAWMH a null is

obtained from the Z PIP,

RECORD {:\Q

Use Data Sheet Form E-1 =1 to record:
Final Rotar le 6

CALCULATIONS\ W

x

Perform the followin, lculations using Data
Sheet Form E-1297 DS-1:

Bs - Bay - 180°
AR, = :

7

CALCULATIONS (continued)

aaz =g AeBZ )

where g is obtained from E-

Test Site Geodetic Data for APOLLO G & N,

and where Af;_ is converted from degrees, minutes,
and seconds to radian measure using U. S.
Department of Commerce Spec. Pub. No. 231,
Natural Sines and Cosines to Eight Decimal

Places.

Bas + Ba4
Bt = —5
RECORDING

Record ag, on PIPA Data Sheet Form E-1297 DS-1,

and hold for Scale Factor results.



JOB: 7z p1PA SCALE FACTOR CALIBRATION JOC 00205 Sheet 1 of 3
SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM:  ace
DESCNP“UN Test to determine positive SF(A); , negative SF(A); , TYPE Calibration

and average SF(A), .

INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

Results from JDC 00165 and JDC 00204 required to
perform this job.

IMPORTANT:

A,

B.

PREPARATION
Orientations required for first scale factor measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (A,) = Precision 0°
b. Middle Gimbal Angle (Ay) = Precision 0°
c. Inner Gimbal Angle (A ;) = Precision 270°
2. Test Table

a. Tilt Angle (9)
&,

RA

Value of @m obtained from JDC 0016» Data *

Desired Angle Designation =

Sheet Form E-1230 DS-1.

NOTE: Record Value, Indicator
Error, and Readout Angle on Data,
Sheet Form E-1297 DS-2. N
.
b. Rotary Angle (6) N

Desired Angle Designation 4\
Value of 84, obtained from JDW Data
Sheet Form E-1297

tor
n Data

NOTE: Record Va)
Error, and Readout An
Sheet Form 297 DS-2.

3. Counter

a. Connect the 3200-‘b&utput of the Computer
o the input of the Forward -

b. Connect {ha\, )sitive AV output of the Z PIPA
Up-Down Counter of the PSA to the PRESET
Counter. Enter the PRESET Count (N,) of 50, 000.

PROCEDURE

1. Start the count. When it is complete, read the accumu-
lation in the Forward - Backward Counter; and record the
accumulation as NTZI on Data Sheet Form E-1297 DS-2,

2. Reset the counter, and repeat step 1 for NTza'

PROCEDURE (continued)

3. Reset the counter, and repeat step 1 for N*za'

4. Record IMU Temperature Deviation on
Data Sheet Form E-1297 DS-2.

CALCULATIONS
Using Data Sheet Form E-1297 DS-2,
average NTZl 5 N’za’ and Nr,.. Record average

as Ny, on Data Sheet Form E-1297 DS-2,



JOB: z pipA SCALE FACTOR CALIBRATION JDC 00205 Sheet 2 of 3
SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: ace
nEscan"oN- Test to determine positive SF(A); , negative SF(A),, TYPE Calibration
and average SF(A),
INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

Results from JDC 00165 and JDC 00204 required
to perform this job.

IMPORTANT:

D. PREPARATION

Orientations required for second scale factor measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (A,) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (A ;) = Precision 270°
2. Test Table
a. Tilt Angle () 4

Remains unchanged from Step A. 2.a.

Rotary Angle (6) *\
\ N
Desired Angle Designation = 8., = &Wm}?

Value of 6,,,, obtained from JDC 00204

Data Sheet Form E-1297 DS-1. {

NOTE: Record Value, Indicator
Error, and Readout Angle on Data

Sheet Form E-1297 DS-2. %,
3. Counter b

a. Verify that the 3200- output of the Computer
Simulator is conne e input of the
Forward - Backward

b. Connect the negatige AV output of the Z PIPA

Up-Down C the PSA to the PRESET
Counter. E ESET Count (N,) of
50, 000.

E. PROCEDURE

1. Start the co en it is complete, read the accumu-
lation in the ard - Backward Counter; and record
the accumulation as N; on Data Sheet Form E-1297
DS-2 2

2, Reset the counter, and repeat step 1 for N,
5

N

E.

F.

PROCEDURE (continued)

3. Reset the counter, and repeat step 1 for N,

4. Record IMU Temperature Deviation on
Data Sheet Form E-1297 DS-2.

CALCULATIONS

Using Data Sheet Form E-1297 DS-2.

average N'u' Nyls , and NTze' Record average
as N,_z on Data Sheet Form E-1297 DS-2.



JOB: Z PiPA SCALE FACTOR CALIBRATION

DG 00205 Sheet 3 of 3

8“3“8“"' INERTIAL MEASUREMENT UNIT

SYSTEM: ace

DESCR"’TWN Test to determine positive SF(A), , negative SF(A),, and
average SF(A),

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

IMPORTANT: Results from JDC 00165 and JDC 00204 required
to perform this job.

F, CALCULATIONS (continued)
Using Data Sheet Form E-1297 DS-2, compute:

B
ositive SF(A), = x N
p Y 1.6x10° e,
tive SF(A B %
negative IR N
5 (&), 1.6 x10° 01,

g NT+Z * N"Z
average SF(A); = T x10° X 2

positive SF(A), - negative SF(A), \
- G
A8F(R); = average SF(A), e

»

Test §iL;:- Geodetic Data for APOLLO G & N~
G. RECORDING

REFERENCES:

=\

o
BN
Where a; is obtained from JDC 00204 Data&rm -1297 DS-2, and where g is obtained from E-

Forward the

Record the test results on Data Sheet E-1297 DS-2 and on PIPA Data Sheet
PIPA Data Sheet immediately to IMU Group, 75 Cambridge Parkway, Cambridge 42, Mass., Attention:

%

/

H
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‘08: X IRIG CALIBRATION TEST

JOC 00236

Sheet 1 of 2

SUBSYSTEM:

INERTIAL MEASUREMENT UNIT

SYSTEM:  ac:

DESCRIP“UN. Test to determine BDX and ADSRAX

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

IMPORTANT: Results from JDC 00162 and JDC 00165
’ required to perform this job.

REFERENCES:

PREPARATION
Orientations required for first drift measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (A,;) = Precision 0°
c. Inner Gimbal Angle (A ;) = Precision 90°
2. Test Table
a. Initial Tilt Angle ($)
Desired Angle Designation = &,

RA

Value of ¢, obtained from JDC 00165 Data Sheet
RA %
Form E-1230 DS-1. o) |

NOTE: Record Value, Indicator Error, and '
Readout Angle on Data Sheet Form E-1297 DS-3,

b. Initial Rotary Angle (6)

s,
£

Desired Angle Designation = 6, + 180°
Valus of 8, obtained from JOE 00162 Data Sheet
0GA
Form E-1230 DS-1.

NOTE: Record Value, gndicator Error, and
Readout Angle on Data Shegt Form E-1297 DS-3.

3. Ground Support Equipment

a. Route the output of the Middle Gimbal CDU Encoder
to the preset input ofithe counter. Set the preset
value to 64 pulses. Route the 3200-pps output of
the computerssimulator to the gated input of the
preset couhtei, and zero the register.

b. Route the outputf‘ of the X Gyro around the Inner

Gimbal Resolver to the Middle Gimbal Stabilization
Amplifier by pushing the "X unresolved to MG' Button.

PROCEDURE

First Drift Measurement

1. Null the X Gyro by torquing the Gyro from the negative
float angle side with positive torque pulses.

2. Close the loop from the X Gyro to the Middle Gimbal; the
other two loops will be held by their precision set loops.

3. Allow the Middle Gimbal to drift through one (1) CDU
revolution (64 CDU Encoder pulses).

RECORD
Measure time count (N,l) of gimbal drift, and record results

on Data Sheet Form E-1297 DS-3.




W

mB: X IRIG CALIBRATION TEST

JOC o0z36

Sheet 2 of 2

S“BSYSI[M INERTIAL MEASUREMENT UNIT SYSTEM AGE

DESCRIP"ON Test to determine BDX and ADSRAX TYPE Calibration
INTERVAL:

TOOLS AND REFERENCES:

MATERIAL:

IMPORTANT:

Results from JDC 00162 and JDC 00165
required to perform this job.

PREPARATION

Orientations required for second drift measurement:

1. Gimbal Assembly
a. Outer Gimbal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (A,;) = Precision 0°
c. Inner Gimbal Angle (A,;) = Precision 90°
2. Test Table
a. Initial Tilt Angle (&)
Remains unchanged from Step A.2.a.
b. Initial Rotary Angle (6)
Desired Angle Designation = &W -
Value of &w obtained from JDC 00162 Data Sheé%
Form E-1230 DS-1.
NOTE: Record Value, Indicator E&d Readout
Angle on Data Sheet Form E-1297 DS-3.
3. Ground Support Equipment Q
Confirm that the counter register is zer and that
the X Gyro output is still rou q to the Middle Gimbal
Stabilization Amplifier. < ‘ ‘:Wi “w%m" >
PROCEDURE N4

Second Drift Measurement’

1; Gyro from the negative
float angle side with positfe torque pulses.

2, Close the loop the X Gyro to the Middle Gimbal; the
other two 10®p! 1 be held by their precision set loops.

3. Allow the Middle Gimbal to drift through one (1) CDU
revolution (64 CDU Encoder pulses).

RECORD

)
Null the X Gyro by to s

Measure time count (N,i) of gimbal drift, and record results

on Data Sheet Form E-1297 DS-3.

CALCULATIONS

Perform the following calculations on Data Sheet
Form E-1297 DS-3:

2.6927 x 10° 2.6927 x 10°
Ny N,

BDX =(

- 1000 cos )\\ Meru

Where A is obtained from E , Test Site
Geodetic Data for Apollo G & N.

2.6927 x 10° _2.6927 x 108

Meru
N N, /'

ADSRAX = (

RECORDING

Record the test results on IRIG Data Sheet
Form

Forward a copy of the Data Sheet to IMU Systems
Group, 75 Cambridge Parkway, Cambridge 42,
Mass., Attention %




mB: X IRIG CALIBRATION TEST

IDC 00237 Sheet 1 of 2

SUBSYSTEM:  INERTIAL MEASUREMENT UNIT

SYSTEM: ace

DESCRIPTIGN Test to determine BDX and ADIAX

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

Results from JDC 00162 and JDC 00165 required
IMPURTANT to perform this job.

PREPARATION
Orientations required for third drift measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (Ag) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (A;;) = Precision 0°
2. Test Table
a. Initial Tilt Angle (®
Desired Angle Designation = ‘PHM

Value of & obtained from JDC 00165 Data <\

Sheet Form E-1230 DS-1.

~% i":

NOTE: Record Value, Indicator Error, a

Readout Angle on Data Sheet Fo -1297 DS-3.
b. Initial Rotary Angle (6)

Desired Angle Designation = SH% - 90°
Value of 6, , obtained from JD‘G«_@?)ata
Sheet Form E-1230 DS-1. )
NOTE: Record Valué ﬁ;cator Error, and
Readout Angle on Data. Form E-1297 DS-3.

N

.

3. Ground Support Equipment
/
a. Route the output\ﬁé?ter Gimbal CDU Encoder
to the preset in g e counter. Set the preset
value to 64 pulses. “®Route the 3200-pps output of

the computdy simulator to the gated input of the
prese , and zero the register.

b. Route the ou of the X Gyro around the Inner Gimbal
Resolver to the Outer Gimbal Stabilization Amplifier
by pushing the "X unresolved to OG' Button.

PROCEDURE
Third Drift Measurement

1. Null the X Gyro by torquing the Gyro from the negative
float angle side with positive torque pulses.

2. Close the loop from the X Gyro to the Outer Gimbal; the
other two loops will be held by their precision set loops.

3. Allow the Middle Gimbal to drift through one (1) CDU
revolution (64 CDU Encoder pulses).

RECORD
Measure time count (Ny)of gimbal drift, and record results

on . ata Sheet Form E-1297 DS-3.




mB: X IRIG CALIBRATION TEST

JOC  oo0237 Sheet 2 of 2

s“'s‘s‘[" INERTIAL MEASUREMENT UNIT

SYSTEM: ace

nESCRIPTION Test to determine BDX and ADIAX

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

I"POR‘I’ANT Results from JDC 00162 and JDC 00165 required

to perform this job.

PREPARATION
Orientations required for fourth drift measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (Ag) = Precision 0°
b. Middle Gimbal Angle (Aw) = Precision 0°
c. Inner Gimbal Angle (A;) = Precision 0°

2. Test Table

a. Initial Tilt Angle (@) ‘h\

Remains unchanged from Step A.2.a.

b. Initial Rotary Angle (6) %}a

: 3 : — o \
Desired Angle Designation = Sgw + 90 <M§%

N

Value of 6,.05A obtained from JDC 00162 Datﬁ*&% b

Form E-1230 DS-1. , E
(‘.
NOTE: Record Value, Indicator%and
Readout Angle on Data Sheet Form E-1297 DS-3.
3. Ground Support Equipment oy,

\ P
Confirm that the counter register is zerz)juf and that the
X Gyro output is still routez.o the Outer Gimbal Stabili-

zation Amplifier. <
N\
PROCEDURE @

Fourth Drift Measureme,

1. Null the X Gyro bquQ' e Gyro from the negative
float angle side with poSigive torque pulses.

2. Close the loop frem the X Gyro to the Outer Gimbal; the

other two ‘lo&j iill be held by their precision set loops.

3. Allow the Middml"e«:&nbal to drift through one (1) CDU
revolution (64 CDU Encoder pulses).

RECORD

Measure time count (NY4) of gimbal drift, and record results

on Data Sheet Form E-1297 DS-3.

CALCULATIONS

Perform the following calculations on Data
Sheet Form E-1297 DS-3:

[2.6927 x 10° | £.6927 x 10° |

B = Mer
DX \ N~ N- / eru
8 4
« 8 n =1
ADIAX=(2' 6;27 x10°  2.6927 x 10
\ 3 . N‘4
- 1000 Sin )\} Meru
Where A is obtained from E , Test Site
Geodetic Data for Apollo G & N.
RECORDING

Record the test results on IRIG Data Sheet
Form

Forward a copy of the Data Sheet to IMU
Systems Group, 75 Cambridge Parkway,
Cambridge 42, Mass., Attention



[}
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JOB: X IRIG CALIBRATION TEST

JOC oo238 Sheet 1 of 2

SUBSYSTEM:  INERTIAL MEASUREMENT UNIT

SYSTEM: ace

DESCR"’TIUN Test to determine SFTGX

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

IMPOR]'ANT Results from JDC 00162 and JDC.00165
’ required to perform this job.

REFERENCES:

PREPARATION
Orientations required for fifth drift measurement:
1. Gimbal Assembly
a. Outer Gimbal Angle (Ay) = Precision 270°
b. Middle Gimbal Angle (A,;) = Precision 0°
c. Inner Gimbal Angle (A ;) = Precision 0°
2, Test Table
a. Initial Tilt Angle (&)
Desired Angle Designation = &,
Value of &, \ obtained from JDC 00165 Data Shee;t‘ Y
Form E-1230 DS-1. oy, |

NOTE: Record Value, Indicator Error, and-Réadout

Angle on Data Sheet Form E-1297 Dm
oy,
b. Initial Rotary Angle (6) e

Desired Angle Designation = 6,
g,
Value of 6, _obtained from JDC-00162 Bata Sheet
oG4 ‘*ww;yj:
Form E-1230 DS-1. i

ey
i
i

NOTE: Record Valug, dn
Readout Angle on Data'sh

o

ator Error, and
eﬁ?rm E-1297 DS-3.

3. Ground Support Equipment N
a. Route the output Q’fqe r Gimbal CDU Encoder to
the preset input b{% nter. Set the preset value
to 32,768 pulses. Addthe 3200-pps Gyro command
output of the“gomputer simulator to the gated input
of the prcw unter, and zero the register.

b. Route the outi‘mf?f the X Gyro around the Inner Gimbal
Resolver to the Outer Gimbal Stabilization Amplifier
by pushing the "X unresolved to OG' Button.

PROCEDURE
Fifth Drift Measurement

1. Torque the X Gyro to null and normalize the Gyro bias.

2. Close the loop from the X Gyro to the Outer Gimbal; the
other two loops will be held by their respective CDU's.

3. Torque the X Gyro with positive pulses at 3200 pulses/second.

RECORD
Measure command count (Nys) for one (1) gimbal revolution

(512 revolutions of the CDU; 32, 768 pulses from the CDU

Encoder), and record results on Data Sheet Form E-1297 DS-3.
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JOB: X IRIG CALIBRATION TEST JOC 00238 Sheet 2 of =
SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: .ce
DESCR'P"UN TYPE Calibration

Test to determine SFTGX

INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

Results from JDC 00162 and JDC 00165
required to perform this job.

IMPORTANT:

PREPARATION
Orientations required for sixth drift measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (A-.) = Precision 270°
b. Middle Gimbal Angle (A -) = Precision 0°

c. Inner Gimbal Angle (A .) = Precision 0°

2, Test Table
a. Initial Tilt Angle (®)

Remains unchanged from Step A. 2, a.
b. Initial Rotary Angle (6)

Remains unchanged from Step A.2.h.

3. Ground Support Equipment

a. Confirm that the Outer Gimbal CDU Eneo is
routed to the preset input of the counter;
the preset count is 32,768 pulges: that the
3200-pps Gyro command of tl pufer simulator
is added to the gated input of the counter:
and that the register is zero.

b. Confirm that the X Gym,_&t}zj}as been routed
around the Inner Gimba["'Ver to the Outer
Gimbal Stabilization Ampli .

PROCEDURE £ ,
PN

Sixth Drift Measurement R g

4
1. Torque the X Gyrg_to null and normalize the Gyro bias.

2. Close the 1oo‘p§~ X Gyro to the Outer Gimbal; the
other two loops will be held by their respective CDU's.

3. Torque the XGyro with negative pulses at 3200 pulses/second.
RECORD
Measure command count (Nya) for one (1) gimbal revolution

(512 revolutions of the CDU; 32, 768 pulses from the CDU

Encoder), and record results on Data Sheet Form E-1297 DS-3.

H,

CALCULATIONS

Perform the following calculations on Data Shect
Form E-1297 D>-3:

3141.59  3141.59
SF(G) = N, N
RECORDING

Record the test results on IRIG Data Sheet
Form

Forward a copy of the Data Sheet to IMU Systems
Group, 75 Cambridge Parkway, Cambridge 42,
Mass., Attention



JOB: v IRIG CALIBRATION TEST

jnc 00239 Sheet 1 of 2

S“BSVS“M: INERTIAL MEASUREMENT UNIT

SYSTEM: ace

D

DESCR'P"ON Test to determine BDY and ADSRAY

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

A,

|MPORTANT Results from JDC 00162 and JDC 00165 required

to perform this job.

PREPARATION
Orientations required for first drift measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (Av;) = Precision 0°
c. Inner Gimbal Angle (A\;) = Precision 180°
2, Test Table
a. Initial Tilt Angle (&)
Desired Angle Designation = P, - 90°
Value of &; , obtained from T1C 00165 Data
Sheet Form E-1230 DS-1.
NOTE: Record Value, Indicator Error, and

Readout Angle on Data Sheet Form<E-1297 DS-3.

b. Initial Rotary Angle (6)
Desired Angle Designation = Gum +180°
Value of 8, .x Obtained from JDC. 0%@2 Data

Sheet Form E-1230 DS-1,
NOTE: Record Valye; Wf,,MWcator Error, and

Readout Angle on Data Sﬁutwﬁl“orm E-1297 DS-3.

\/‘\
3. Ground Support Equipmepnt .

Route the output of the @ imbal CDU Encoder
to the preset input of ‘the er. Set the preset
value to 64 pulses. Route.the 3200-pps output of
the computer sifffulator to the gated input of the

@, )
preset countsr“", ind zero the register.

PROCEDURE

First Drift Measurement

1. Torque the Y Gyro to null and normalize the Gyro bias.

2. Close the loop from the Y Gyro to the Inner Gimbal; the
other two loops will be held by their respective CDU's.

3. Allow the Inner Gimbal to drift through one (1) CDU
revolution (64 CDU Encoder pulses).

RECORD
Measure time count (Ny) of gimbal drift, and record results

on Data Sheet Form E-1297 DS-3.

Y ‘»‘i\%

ROTARY AXIS

!

LOCAL
GRAVITY



]08. Y IRIG CALIBRATION TEST lnc 00239 Sheet 2 of 2

‘

SUBSYSTEM INERTIAL MEASUREMENT UNIT SYSTEM AGE

DESCR'PT'ON Test to determine BDY and ADSRAY TYPE Calibration
INTERVAL:

TOOLS AND REFERENCES:

MATERIAL:

. Results from JDC 00162 and JDC 00165 required
IMPORIANT to perform this job.

an i

PREPARATION

ROTARY AXIS

Orientations required for second drift measurement:

1. Gimbal Assembly

a. Outer Gimbal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (Ay) = Precision 0°
c. Inner Gimbal Angle (A;) = Precision 0°
2. Test Table
a. Initial Tilt Angle (&) S
Remains unchanged from Step A. 2. a.
b. Initial Rotary Angle (6)
Remains unchanged from Step A. 2.b.

3. Ground Support Equipment

Confirm that the counter register is zeroeds,

PROCEDURE
Second Drift Measurement
1. Torque the Y Gyro to null and normati ,;h"ﬁ@(‘xyro bias.
2, Close the loop from the Y Gyrg to the In‘n‘éﬁ Gimbal; the LOCAL

other two loops will be held by their respective CDU's. GRAVITY

K mJ‘J‘K iy

3. Allow the Inner Gimbal to drift-th#oygh one (1) CDU

revolution (64 CDU Encoder pulges). G. CALCULATIONS
RECORD : Perform the following calculations on Data Sheet

‘ Form E-1297 DS-3:
al drift, and record results

i

Measure time count (Nr ) of g

2. e 3. e
BDY:/ 6927 x 10° | 2.6927 x 10

on Data Sheet Form E-1297 DS-3. LN, N,
1 2

- 1000 cos )\/* Meru

Where X is obtained from E , Test Site
Geodetic Data for Apollo G & N.

8 2% 3 ‘»‘
ADSRAY = (2. 6927 x 107  2.6927 x 10 " Moty
Nr2 NT1 !

H. RECORDING

Record the test results on IRIG Data Sheet
Form

Forward a copy of the Data Sheet to IMU
Systems Group, 75 Cambridge Parkway,
Cambridge 42, Mass., Attention




lns: Y IRIG CALIBRATION TEST

jnc 00240 Sheet 1 of 2

S

S“““"" INERTIAL MEASUREMENT UNIT

SYSTEM: Ace

DESCR'P"ON Test to determine BDY and ADIAY

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

Results from JDC 00162 and JDC 00165
'uPonTANT required to perform this job.

REFERENCES:

PREPARATION
Orientations required for third drift measurement:

1. Gimbal Assembly

a, Outer Gimbal Angle (Ay) = Precision 0°

b. Middle Gimbal Angle (Ay) = Precision 0°

c. Inner Gimbal Angle (A;;) = Precision 0°
2, Test Table

a. Initial Tilt Angle ($)

Desired Angle Designation = -,

Value of ®-_, obtained from JDC 00165 Data N
Sheet Form E-1230 DS-1, iy

NOTE: Record Value, Indicator Error, and _#
Readout Angle on Data Sheet Fordi-1297 DS-3.

b. Initial Rotary Angle (6) \6

Desired Angle Designation = Gy e + 180°
Value of Gnm obtained from J%ata
Sheet Form E-1230 DS-

NOTE: Record Va!
Readout Angle on Dat

icator Error, and
Form E-1297 DS-3.

t

3. Ground Support Equip
7

jmbal CDU Encoder to the
preset input of the co Set the preset value to 64
pulses. Route the 3200-M¥s output of the computer

simulator ted input of the preset counter,
and zero th igter.

PROCEDURE

Route the output of

. First Drift Measurement

1. Torque the Y Gyro to null and normalize the Gyro bias.

2, Close the loop from the Y Gyro to the Inner Gimbal;
the other two loops will be held by their respective CDU's.

3. Allow the Inner Gimbal to drift through one (1) CDU
revolution (64 Encoder pulses).

RECORD
Measure time count (N. ) of gimbal drift, and record results

on Data Sheet Form E-1297 DS-3.




]08' Y IRIG CALIBRATION TEST

lnc 00240

Sheet 2 of 2

SUBSYSTEM:

INERTIAL MEASUREMENT UNIT

SYSTEM: ace

DESCRIPTION: Test to determine BDY and ADIAY

TYPE:
INTERVAL:

Calibration

TOOLS AND
MATERIAL:

REFERENCES:

Results from JDC 00162 and JDC 00165
required to perform this job.

IMPORTANT:

PREPARATION
Orientations required for fourth drift measurement:
1. Gimbal Assembly
a. Outer Gimbhal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (Ay) = Precision 0°
c. Inner Gimbal Angle (A;) = Precision 0°
2. Test Table
a. Initial Tilt Angle ($)

Remains unchanged from Step A. 2. a.

b. Initial Rotary Angle (6) Qi’h%;
Desired Angle Designation = e”a;A : "““r % P
Value of 9..3“ obtained from JDC 00162 Data Sheé?

Form E-1230 DS-1. N\
NOTE: Record Value, Indicator Err d

Readout Angle on Data She}et Form E-1297 DS-3.
L4

3. Ground Support Equipment N

Confirm that the counter regiater is zeroed.

PROCEDURE

Fourth Drift Measurement

1. Torque the Y Gyro to Vrﬁ'&&‘a:nd normalize the Gyro bias.

Y
2. Close the loop from the ¥C }}D to the Inner Gimbal; the
other two loops will be by their respective CDU's.

3. Allow the Innegfn bal to drift through one (1) CDU
revolution (64 € Encoder pulses).

RECORD b

Measure time count (NT4) of gimbal drift, and record results

on Data Sheet Form E-1297 DS-3.

CALCULATIONS

Perform the following calculations on Data
Sheet Form E-1297 DS-3:
o e ) 9 £a. =
BDY = (2. 6927 x 10 . 2,6927 x 10 I‘Mcru
7w, N, |

Where Ais obtained from E , Test Site
Geodetic Data for Apollo G & N.

2. 692 0°  2.6927 x 10°
ADIAY:( 6?\17:’(1 ) 9N X
3 \'4
- 1000 sin )\“ Meru
RECORDING

Record the test results on IRIG Data Sheet
Form

Forward a copy of the Data Sheet to
IMU Systems Group, 75 Cambridge Parkway,
Cambridge 42, Mass., Attention .



JOB: Y IRIG CALIBRATION TEST JOC 00241 Sheet 1 of 2

SUBSYSIEM INERTIAL MEASUREMENT UNIT SYSTEM AGE

DESCRIPT'“N Test to determine SFTGY TYPE Calibration
| INTERVAL:

TOOLS AND REFERENCES:

MATERIAL:

IMPORTANT. Results from JDC 00162 and JDC 00165 required
) to perform this job. g

PREPARATION

Orientations required for fifth drift measurement:

1. Gimbal Assembly
a. Outer Gimbal Angle (Ay) = Precision 0°

b. Middle Gimbal Angle (Ay;) = Precision 0°
c. Inner Gimbal Angle (A ;) = Precision 0°
2, Test Table

J
a. Initial Tilt Angle (§) 77(4;97
Desired Angle Designation = &, */S
RA i\
Value of $, obtained from JDC 00165 Data
RA \f&% D&
Sheet Form E-1230 DS-1. X ¢ X
N
NOTE: Record Value, Indicator Error, and N G$OC4(
Readout Angle on Data Sheet Fornd F%l297 DS-3. 4‘//7.)'

b. Initial Rotary Angle (6)

Desired Angle Designation = + 90°
A
Value of 6, obtained from JDC ata
0GA

Sheet Form E-1230 Dg.z

NOTE: Record Valid, Yaflipajor Error, and
Readout Angle on Data orm E-1297 DS-3.

3. Ground Support Equi

Route the output of imbal CDU Encoder to
the preset input of the ter. Set the preset value
to 32,768 pulseg, Add the 3200-pps gyro command
output of uter simulator to the gated input of
the preset cov and zero the register.

PROCEDURE
Fifth Drift Measurement

1. Torque the Y Gyro to null and normalize the Gyro bias.

2. Close the loop from the Y Gyro to the Inner Gimbal; the
other two loops will be held by their respective CDU's.

3. Torque the Y Gyro with positive pulses at 3200 pulses/second
RECORD

Measure command count (N,s) for one (1) gimbal revolution
(512 revolutions of the CDU; 32,768 pulses from the CDU
Encoder), and record results on Data Sheet Form E-1297 DS-3.



]08. Z IRIG CALIBRATION TEST

]DC 00212

Shect 2 of 2

Measure time count (N’z) of gimbal drift, and record results

on Data Sheet Form E-1297 DS-3,

SUBSYSTEM:  INERTIAL MEASUREMENT UNIT SYSTEM. ace/
‘ DESCRIPTION: Test to determine BDZ and ADSRAZ TYPE: Calibration
IMPUR"‘ANT Results from JDC 00162 and JDC 00165 required
' to perform this job.
D. PREPARATICN
Orientations required for second drift measurement:
1. Gimbal Assembly
a. Outer Gimbal Angle (A, ) = Precision 0°
b. Middle Gimbal Angle (A.) = Precision 0°
c. Inner Gimbal Angle (A;) = Precision 0°
2. Test Table
a. Initial Tilt Angle ($)
Remains unchanged from Step A, 2. a.
[ . b. Initial Rotary Angle (6)
Desired Angle Designation = e'm +180° <, "
- i
Value of &OGA obtained from JDC 00162 Data Shbe%
Sheet Form E-1230 DS-1. “%
N\,
NOTE: Record Value, Indicator Erroxs’and
Readout Angle on Data Sheg,ﬁ Form E-1297 DS-3. CALOULATIONS
W"ﬁ Perform the following calculations on Data Sheet
3. Ground S tE t ) g
e %}39 Form E-1297 DS-3:
Confirm that the counter register is zeroed and that the 8 =
2.692 2, %
Z Gyro output is still routed& e Middle Gimbal Stabili- BDZ = 6; 1210 691\?7 =
zation Amplifier. ﬁ’ ™y T2
E. PROCEDURE S - 1000 cos A) Meru
Second Drift Measurementy /
‘ Where Ais obtained from E Test Site
1. i i i T -
Torque the Z Gyro to nul %} normalize the Gyro bias. Geodetic Data for Apollo G & N .
2. Close the loop fre.m the Z Gyro to the Middle Gimbal; . . 2 5 e e\
[# will be held by their respective CDU's ADSRAZ = [2. 6327 210 o 691'\217 X 10 } Meru
- T" T
3. Allow the Middle: é bal to drift through one (1) CDU : '
revolution (64 CDU Encoder pulses). RECORDING
F, RECORD

Record the test results on IRIG Data Sheet
Form

Forward a copy of the Data Sheet to IMU
Systems Group, 75 Cambridge Parkway,
Cambridge 42, Mass., Attention



JOB: 2z IRIG CALIBRATION TEST

JOC 00243

Sheet 1 of 2

SUBSYSTEM:  INERTIAL MEASUREMENT UNIT

SYSTEM:  ace

DESCR"’“[]N Test to determine BDZ and ADIAZ

TYPE Calibration
INTERVAL:

TOOLS AND
MATERIAL:

REFERENCES:

lMPoR]‘ANT Results from JDC 00162 and JDC 00165 requirced

to perform this job.

PREPARATION
Orientations required for third drift measurement:
1. Gimbal Assembly
a. Outer Gimbal Angle (Ay) = Precision 0°
b. Middle Gimbal Angle (Ay;) = Precision 0°
c. Inner Gimbal Angle (A ) = Precision 180°
2. Test Table
a. Initial Tilt Angle (&)

Desired Angle Designation = ¢. - 90°
RA

Value of ¢, obtained from JDC 00165 Data Sheet™
RA -

Form E-1230 DS-1.

NOTE: Record Value, Indicator Error, and
Readout Angle on Data Sheet Form E-1297 DS-3.

b. Initial Rotary Angle (6)

Desired Angle Designation = g,
GA
Value of 6, obtained from JDC.08162 Data Sheet
0GA “ V;i'
Form E-1230 DS-1.

NOTE: Record Value,+ icator Error, and Read-
out Angle on Data Sheet Forni:E-1297 DS-3.

3. Ground Support Equipment

Ty

a. Route the output/ofthé.Middle Gimbal CDU Encoder
to the preset input @f thé”counter. Set the preset
value to 64 pulses.“ Route the 3200-pps output of the
computer-simulator to the gated input of the preset
counter, mxg fgro the register.

b. Route the ouﬁoﬁ%of the Z Gyro around the Inner Gimbal
Resolver to the Middle Gimbal Stabilization Amplifier

with reversed phasing by pushing the '"Reverse Z
Unresolved to MG' Button.

PROCEDURE

Third Drift Measurement

1. Torque the Z Gyro to null and normalize the Gyro bias.

2. Close the loop from the Z Gyro to the Middle Gimbal; the
other two loops will be held by their respective CDU's.

3. Allow the Middle Gimbal to drift through one (1) CDU
revolution (64 CDU Encoder pulses).

RECORD
Measure time count (N;) of gimbal drift, and record results

on Data Sheet Form D-1297 DS-3.

ROTARY AXIS

!

LOCAL
GRAVITY




1. Gimbal Assembly
a. Outer Gimbal Angle (Ay) = Precision 0°

b. Middle Gimbal Angle (As;) = Precision 0°
c. Inner Gimbal Angle (A,;) = Precision 0°
2, Test Table
a. Initial Tilt Angle ()
Remains unchanged from Step A.2.a.
b. Initial Rotary Angle (6)
Remains unchanged from Step A.2.b.
3. Ground Support Equipment

a. Confirm that the counter register is zerged.

b. Route the output of the Z Gyro around the Inher
Gimbal Resolver to the Middle Gimbal Amplifier
with normal phasing by pushingithe "Z unresolved
to MG'' Button. )

PROCEDURE

Fourth Drift Measurement iy

N 1
1. Torque the Z Gyro to null and nd‘ri:‘r@fize the Gyro bias.

2. Close the loop from the”ZxGyro to the Middle Gimbal; the
other two loops will b"ﬁrhéwwby their respective CDU's.

.
3. Allow the Middle Gimbal t&"“"”ﬂ'ift through one (1) CDU
revolution (64 CDU Encoder pulses).

RECORD N,

Measure time count (Nf4 'of gimbal drift, and record results

on Data Sheet Form E-1297 DS-3.

JOB: 2z RIG CALIBRATION TEST JOC 00243 Sheet 2 of 2
S“BSYSIEM: INERTIAL MEASUREMENT UNIT SYSTEM. AGE
DESCR'P"GN Test to determine BDZ and ADIAZ TYPE Calibration
INTERVAL:
TOOLS AND REFERENCES:
MATERIAL:
. Results from JDC 00162 and JDC 00165 required
|MP0RTANT to perform this job.
D. PREPARATION
Orientations required for fourth drift measurement: ROTARY AXIS

LOCAL
GRAVITY

CALCULATIONS

Perform the following calculations on Data Sheet
Form E-1297 DS-3:

8 . 8
BDZ = 2,6927 x 10 o 2.6927 x 10 Meru
N, N,

3 4

g 8

ADIAZ =(2.6927 x 10 _ 2,.6927 x 10
| N N,

3 % =

- 1000 sin ,\) Meru

Where A is obtained from E , Test Site
Geodetic Data for Apollo G & N. —

RECORDING

Record the test results on IRIG Data Sheet
Form

Forward a copy of the Data Sheet to IMU Systems
Group, 75 Cambridge Parkway, Cambridge 42,
Mass., Attention




JOB: z IRIG CALIBRATION TEST

lnc 00244 Sheet 1 of 2

SUBSYSTEM: INERTIAL MEASUREMENT UNIT

SYSTEM: ace

DESCR"’TWN Test to determine SFTGZ

TYP[ Calibration

INTERVAL:
TOOLS AND REFERENCES:
MATERIAL: |
-

l“PnR]’A"T. Results from JDC 00162 and JDC 00165
required to perform this job.

PREPARATION
Orientations required for fifth drift measurement:
1. Gimbal Assembly
a. Outer Gimbal Angle (Ay) = Precision 90°
b. Middle Gimbal Angle (Ay) = Precision 0°
c. Inner Gimbal Angle (A;) = Precision 0°
2. Test Table
a. Initial Tilt Angle ()
Desired Angle Designation = QHRA

Value of ¢, obtained from JDC 00165 Data She
Form E-1n£30 DS-1.
NOTE: Record Value, Indicator Error, an
Readout Angle on Data Sheet Form 297 DS-3.
b. Initial Rotary Angle (6) %
Desired Angle Designation = 6, _ + 90°
Value of S,,OGA obtained from JD ta Sheet

Form E-1230 DS-1.

NOTE: Record Valu ator Error, and Readout
Angle on Data Sheet Fo 9297 DS-3,

3. Ground Support Equip:

a. Route the output Qe dle Gimbal CDU Encoder
to the preset inpu counter, Set the preset
value to 32,768 pulse# Add the 3200-pps Gyro

commang t of the computer simulator to the
gated in{ ::I: e preset counter, and zero the
register.

b. Route the output of the Z Gyro around the Inner Gimbal
Resolver to the Middle Gimbal Stabilization Amplifier
by pushing the ""Z unresolved to MG'" Button.

PROCEDURE
Fifth Drift Measurement

1. Torque the Z Gyro to null and normalize the Gyro bias.

2, Close the loop from the Z Gyro to the Middle Gimbal;
the other two loops will be held by their respective CDU's,

3. Torque the Z Gyro with positive pulses at 3200 pulses/second.

RECORD
Measure command count (N'e) for one (1) gimbal revolution
(512 revolutions of the CDU; 32, 768 pulses from the CDU




J0B: 2 mic caLBRATION TEST JDC 00244 Sheet 2 of 2
SUBSYSTEM:  INERTIAL MEASUREMENT UNIT SYSTEM: ace
DESCRIPTIO"- Test to determine SFTGZ TYPE_ Calibration
INTERVAL:

TOOLS AND REFERENCES:
MATERIAL: |

/A

[ G

N
Results from JDC 00162 and JDC 00165
|"PORTANT- required to perform this job. /’J
PREPARATION

Orientations required for sixth drift measurement:
1. Gimbal Assembly
a. Outer Gimbal Angle (Ay) = Precision 90°
b. Middle Gimbal Angle (A,;) = Precision 0°
c. Inner Gimbal Angle (A ) = Precision 0°
2. Test Table
a. Initial Tilt Angle (®)
Remains unchanged from Step A.2.a,
b. Initial Rotary Angle (6)
Remains unchanged from Step A.2.b.

3. Ground Support Equipment
a. Confirm that the Outer Gimbal CDU der is
routed to the preset input of the coun d that
the preset count is 32, 768 pulses.
b. Confirm that the Z Gyro outp been routed
around the Inner Gimbal Reso e Middle
Gimbal Stabilization Amplifier.
PROCEDURE /
Sixth Drift Measurement

and normalize the Gyro bias.

o to the Middle Gimbal; the
by their respective CDU's.

1. Torque the Z Gyro

2. Close the loop fro
other two loops will

3. Torque the Z with negative pulses at 3200 pulses/second.

RECORD

Measure command co
(512 revolutions of the CDU; 32, 768 pulses from the CDU

Encoder), and record results on Data Sheet Form E-1297 DS-3.

(N, ) for one (1) gimbal revolution
-]

G. CALCULATIONS

Perform the following calculations on Data Sheet
Form E-1297 DS-3:

3141.59 3141.59
NTE NT

SF(G) =
8
H. RECORDING

Record the test results on IRIG Data Sheet
Form

Forward a copy of the Data Sheet to IMU Systems
Group, 75 Cambridge Parkway, Cambridge 42,
Mass., Attention S




CONF IDENTIAL

WHEN FILLED IN

SUBSYSTEM: IMU PIPA BIAS AND INPUT AXIS CALIBRATION TEST

/ ,' SERIAL NO, DATA SHEET
JDC FORM E-1297 DS-1
NOTE: This Data Sheet to be used with JDC 00200, JDC 00202, and JDC 00204.
TEST . TEST
STEP NO. RECORD OR CALCULATE STEP NO. RECORD OR CALCULATE
A, 2,4, Initial Tilt Angle D. 2. a. Initial Tilt Ang&
&
Desired Angle Designation = Desired'”&Wsi@ation =
Value ° ! L Value ° ! Z
Indicator Error (-) " Indicator Error (-) i
Readout Angle ° ! " ™ E\é?t Angle ° ] "
A, 2;b Initial Rotary Angle D.2.b Init‘laf 'otary Angle

Desired Angle Designation =

Desired Angle Designation =

Value e : " Value ° '
Indicator Error -) " Indicator Error (-)
Readout Angle ° I e Readout Angle ° '

Final Rotary Angle 6

Readout Angle

<
\

Indicator Error

Desired Angle

SS

" _

Final Rotary Angle 8

Readout Angle e U

Indicator Error )

Desired Angle

PERFORM CALCULATIONS SHOWN IN TEST STEP G OF SHEET 2 OF JD(;I

{ %F«,m,%
R

<

CONFIDENTIAL

WHEN FILLED IN

DATE OF TEST
BY CHECKED BY




WHEN FILLED IN
SUBSYSTEM: IMU PIPA SCALE FACTOR CALIBRATION TEST
SERIAL NO. DATA SHEET
JDC FORM E-1297 DS-2
SHEET 1 of 2

NOTE: This Data Sheet to be used with JDC 00201, JDC 00203, and JDC 00205.

bt [, necom on cascurate o s o v | e oy
— Desired Angle Designation Q‘m { > d’"m B,
—_ Value — '
- Indicator Error (=) =y (=h——
C Readout Angle S/ VNN 1| RSO | . - LA "
2 A.2.b Rotary Angle 4 / //%////////////7}/

- Desired Angle Designation

—_ Value S U AR | S s
— Indicator Error Q ) =) __" =) __" (=) "
_ Readout Angle Re ’\ —_o _1 —u & _u _o -_v _n

3 B.1 N71 cts cts cts

4 B.2 NTe : cts cts cts

5 B.3 N, - \ b & cts cts cts

|
3 L m}
6 B.4 | IMU Temperaﬁ:&v ation °F °F °F

7 C Ny +Ny +Ny, =Row3 +Row 4 +Row 5 cts cts cts
8 c Ny, =Ny, +Ny /3 =Row7/3 cts cts cts
e % //%// //% 7
9 D.2.b | Rotgry Angle ////
—_ ‘\5sired Angle Designation B410x + 180° B41gy + 180 8415z +180°
- Value RN | S PO N || R VI
= Indicator Error () (=) » ="
- %} Readout Angle o v e e e e
- 4
10 E.1 Ny, cts cts cts
11 E.2 Ny, cts cts cts
12 E.3 NTs cts cts cts
13 E.4 IMU Temperature Deviation °F °F 1 °F
14 F Ny, + Ny + Ny, =Row 10 + Row 11 + Row 12 cts cts cts
DATE OF TEST (X PIPA) DATE OF TEST (Y PIPA) DATE OF TEST (Z PIPA)
BY CHECKED BY BY CHECKED BY BY CHECKED BY

CONFIDENTIAL

WHEN FILLED IN



WHEN FILLED IN
PIPA SCALE FACTOR CALIBRATION TEST
SUBSYSTEM: IMU DATA SHEET
SSRIAL NO. FORM E-1297 DS-2
Ll SHEET 2 of 2
NOTE: This Data Sheet to be used with JDC 00201, JDC 00203, and JDC 00205.
ROW TEST ] JDC 35.0031 JDC 35.0033 | JDC 35.0035
NUMBER | STEP NO. RECOIE QR EATCULATE X PIPA Y PIPA Z PIPA
15 F Ny =Ny, +Npg+ Ny /3 =Row 14/3 cts cts cts
N, + Ny Row 8 + Row 1o
16 — - + = cts cts
2 2
5 AV 4
17 — 1.6x 10°
18 F positive SF(A) = 5% 4,
1.6 x:10 L2
= Row 17 x Row 8
g - as
19 —
1.6x10°
20 F negative SF(A) = &2
E B = Tex1®
= Row 19 x Row 15
21 —
22 F
23 F ASF(A) = pos. SF(A) - neg. SF(A) x 10°
avg. SF(A)
Row 18 - Row 20
- Row 22

DATE OF TEST (X PIPA)
CHECKED BY

DATE OF TEST (Y PIPA)
BY CHECKED BY

DATE OF TEST (Z PIPA)
BY CHECKED BY

BY

CONFIDENTIAL

WHEN FILLED IN



CONFIDENTIAL

WHEN FILLED IN

SUBSYSTEM: IMU IRIG CALIBRATION TEST
SERIAL NO. DATA SHEET
JDC FORM E-1297 DS-3
NOTE: This Data Sheet to be used with JDC 00236 through JDC 00244.
TEoT RECORD OR CALCULATE TEST RECORD OR CALCULATE
STEF NO. i - STEP NO. -
A.2.a Initial Tilt Angle D.2.a Initial Tilt Angle
Desired Angle Designation = Desi Angle Designation =
Value © ! % Value ° g "
Gyro Alignment Gyro Alignment
Correction (£) " Correction (=) "
Readout Angle e ! " Readout Angle ° ! e
A.2.b Initial Rotary Angle D.2:b InitidT Rotary Angle
Desired Angle Designation = Desired Angle Designation =
Value ° ! " Value ° g i
Ny
Gyro Alignment Gyro Alignment
Correction (£) ’ Correction (¢) "
Readout Angle ° ! " Readout Angle ° ! "
C Time of Gimbal drift or revolutio F Time of Gimbal drift or revolution T

lPERFORM CALCULATIONS SHOWN IN TEST STEP G ON SHEET 2 OF JDC.

CONFIDENTIAL

WHEN FILLED IN

DATE OF TEST
BY CHECKED BY
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