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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 co~tion with their 

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

to both scale factors and error outputs . By periodic calibratio~MU , it is intended 

to establish confidence in the sign , magnitude , and stability of th~ntities. 
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Table 1-1. Summary of Calibration Test Uncertainties 

(Maximum Expected) 

PIPA Bias Uncertainty (Ua ) = /sec2 
B 

(UsF ) 
PIPA Scale Factor Uncertainty SF = parts/million 

IRIG NBD Uncertainty (UNBo) 3. O Meru 

!RIG ADSRA Uncertainty (UADSRA) 3.3 Meru 

IRIG ADIA Uncertainty (UAoiA ) = 1. 7 Meru 

IRIG Scale Factor Uncertainty (UsFG) = 9 parts/million 
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Table 1-2. Summary of Times to Collect Single Data Points 

PIPA Bias 45 min. 

PIPA Scale Factor 5. 0 min. 

IRIG ADSRA 

\~ 

5.~in. (40° Latitude) 

IRIG ADIA 6. 5 min. (40° Latitude) 

IRIG NBD 5. 5/ 6. 5 min. (40° Latitude) 

IRIG Scale Factor 5.4min. 

DATE 18 JUN 63 PAGE_3 __ 
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B. GENERAL DESCRIPTION OF THE IMU CALIBRATION TESTS 

At the IMU Subsystem level, the operational* elements in the PIP and !RIG 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 an<:.i\_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 

a two-axis precision table. See figure I-1. 

The PIPA calibration tests determine the output at three points n the plot in figure II -1. 

1. zero g (approximately) ~ 
2. + 1 g \S-
3. -1 g ~ 

From this data, the following can be determined : ~ 

~ 1. True Bias 

2. Positive Scale Factor 

3. Negative Scale Factor 

4. Average Bias 

5. Average Scale Factor 

6. Scale Factor Equali~n ~Refer to page 12 for definition.) 

The zero g PIPA response ~eleration uni ts is defined as true bias and is determined 

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

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

also given. ~ 
These two IA u~wn positions are then set up by appropriate Tilt Table and IMU 

Gimbal Angl~et PIPA responses to+ 1 g and - 1 g inputs. The responses are deter-mined 

by counting th~e 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. 
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Figure 1-1. Two-Axis Precision Table. 

DATE 18 JUN 63 PAGE_5 __ 
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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 ~es through one 

complete revolution. This measurement is used to gate time pulses ~ff 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 Refer~:xis (ADSRA). Data 

from the second two orientations (figure III-2) provide a s~easurement of Noncompen­

sated Bias Drift (NBD) and of Acceleration Drift - Input Ax~DIA). The fifth orientation 

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

unit gyro command-torque pulse. The accuracy o~rocesses is discussed under 

IRIG Calibration Theory. ~ 

C. DEFINITIONS OF TEST QUANTIT~E 

1. Axis Systems. 

Earth Fixed Axes (S~gure -2.) 

North ........ Co~r with local horizontal component of earth rate. 

Vertical.. -~~inear with ~ocal gravitational attraction (down). 

East ........ ~inear with g x N. * 

Trunnion ~xes (See figure 1-2.) 

~ ...•.. Collinear with negative of tilt axis. 

~ .••.. Collinear with rotary axis. 

Xa, ......•.• Collinear with YTR x ZTR. 

~ 
*On this page, the "x" between two axes refers to a vector crossproduct, which is defined 
in any standard text on vector mathematics. 
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1. Axis Systems. (continued) 

Table Fixed Axes (See figure I-2.) 

Zr •••••••••• Collinear with Z TR . 

Xr ••.•.••••• Collinear with Xr R when rotary angle B 

screen equals 0. 

Yr •.•••••••• Collinear with Zr x Xr, * 

Fixture Fixed Axes (See figures I-4, I-5, and I-6. 

Xr x r ••••••••• Parallel to fixture's IMU mounting surface and along 

X "Pin Line," real or pl(..,,,-.,.,. 

YF xr ••••••••• Collinear with ZF xr x Xrxr• 

ZFxr .•••••••• Collinear with th nagati:ve normal of the fixture's IMU 

mounting surface.* 

Gimbal-Case Fixed Axes (See fig!,!~ s I-4, I-5, and I-6.) 

:X:Cc ..••.•.•.. ' th outer gimbal axis in gimbal case. 

YG c • • • • • • • • • • 

2.cc .•••.•.•.• Collinear with the normal of the case's mounting 

flange surface.** 

Outer Gimbal F · 

Mid 

linear with :X:Cc and OGA. 

. . Collinear with MGA x OGA • 

. . Collinear with ~ x Ycx:. 

bal Fixed Axes (See figure I-8.) 

Collinear with MGA. 

Collinear with IGA x MGA. 

MG • • • • • • • • • Collinear with ZMG x ~G• 

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

**The normal to a surface sticks out of that surface. 
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1. Axis Sys terns. (continued) 

Stable Member Fixed Axes (See fig-ure I-9.) 

Y ,,,, •••••• . ••• Collinear with IG:\. 

X ,;, ... ...•... Collinear with IGA x Z PIP IRA. 

Z .. .. . • . •• . .. Collinear with X -. x Y ;, . * 

m PIPA-Case Fixed Axes (See figure I-10.) 

IRArn(p/* . . .. . Input Reference Axis. Colhnea-r :Wi Ji PRA x OA. 

PRA m .. ... . . Pendulous Reference Axis. Fixed ~ case along null 

Pendulosity Axis . 

OAm(p)** .. .. . Output Axis. Fixed to case a 

m IRIG·-Case Fixed Axes (See figure 

IRAm(g)** ..... Input References Axi~. Collinear with OA x SRA. 

SHArn ..... .. Spin Referenc~ is. Fixed to case along null wheel 

spin axi_ 

OAm(gJ u . ... .. Output A~s. Fixed to case along Ideal Float Axis . 

2. Table Angle Definitions. 
, 

<p i .. . . ... ... . . . . The reading taken from the Tilt Axis Optigon Screen. · 

Positive 4> involves rotation about TA. (See figure I-2 . ) 

'Nte, ith reading taken from the Rotary Axis Optigon Screen . 

Note that positive 0 involves positive rotation about Z - ~­

(See figure I-2.) 

Leveling error of the tilt table in th e vertical plane con­

taining the Tilt Axis. Positive when TA is rotated about 

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. 
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2. Table Angle Definitions . (continued) 

Er_ ••• • ••• ••••••• Leveling error of the tilt table in the vertical plane normal 

to the Tilt Axis. Positive when RA at cp 0 • 0 rotates 

positively about TA. 

q,11" • ••••••••••••• • Corrected reading taken from the Tilt Axis Optigon Screen 

when, with the table loaded*, the Rotary Axis is in the 

horizontal plane. 

q,11 ,~ •••••••••••• Corrected reading taken from the Tilt Axis Optigon Screen 
1~,~ /J 

when, with the table loaded*: (a) the Rotary Axis is set 

at 01" ,u : (b) the Outer Gimbal is positioned at Precision 

Zero: and (c) the Middle Gimbal Axis is in the horizontal 

plane. 

<I> ' -~,c; A •••••••••••• Corrected reading taken from the Tilt Axis Optigon Screen 

when, with the table loaded *: (a) the Rotary Axis is set at B,\)GA 

+ 90°00 '00"; (b) the Outer Gimbal is positioned at Precision 

Zero; and (c) the Middle Gimbal Axis is in the horizontal 

plane . 

B11 " A •••••••••• • •• Corrected reading taken from the Rotary Axis Optigon Screen 
Ou . 

when: ( a) the Rotary Axis is horizontal ( <Pc, ) , and (b) the 
R ~-

Outer Gimbal Axis is also horizontal and East. 

B,,,G A ••••••••••••• Corrected reading taken from the Rotary Axis Optigon 

Screen (when: (a) the Tilt Axis is set at 4>,,r"(;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 . 
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2. Table Angle Definitions. (continued) 

0 ;.rg(n) ' ••••••••••• The true Table Rotary Axis Angle, wh ich places the n PIPA 

Input Axis opposite to the local verti 

0 -1g(n) • • • • • • • •, • • • The true Tabl e Rotary Axis Angle, 

Input Axis a long the local ve 

tees the n PIP A 

3. IMU Flange and Test Fixture Errors . 

(See figures I -4. I -5. 

4. 

Cumul ative misalig 

Girnoal - Case Fix-e1:"t"'-1'1N(l"n., using small angle approximations . 

E 
(FXT)x ' y , OR z able Fixed Axes and Fixture F i xed 

1 angle approximations. 

€(FLANGE} ••• Mis align 
X ' y ' ,')~ 2 

t between Fixture F ixed Axes a nd Gimbal-Case 

, sing small angle approximations. 

E: (FXT)x + E (FLANGE) X 

(FXT). because € (FLANGE) -- 0 by definition 
.X X 

-- ( (FXT)z ..J_ f (FLANGE)z 

Outer Gimbal Angle . Angle from YG .~ to YOG, positive when 

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

about OGA with respect to a fixed Gimbal Case. (See 

figure I -7. ) 

A ~ ...•......... Middle Gimbal Angle . Angle from Y;_,G to Y"G, positive when 

Middle Gimbal rotates negative ly, or by the left-hand rule, 

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

figure I-8.) 
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4. Gimbal Angle Definitions. (continuect) 

A1,; •••••••••••••• Inner Gimbal Angle . Angle from Xr,G to YsM, positive 

when stable member rotates negatively, or by the left­

hand rule, about IGA with respect to 

Gimbal. (See figure I-9.) 

misplacement produces 

in the precision zero mo ee figure 1-14.) 

C _;h •••••••••••••• Inner Gimbal Resol The misalignment of the lGX 

resolver null o """'llllr=~r positive when the null misplace­

ve Inner Gi mbal Angle in the 

precision ze (See figure 1-14.) 

E>,G, • ••••• •••••••• Middle G The misalignment of the 

.,-n,,.,..,.~ ull on the MGA, positive when the null mis­

produces a positive Middle Gimbal Angle in the 

DATE 18 JUN G3 

· on zero mode . (See figure l-14.) 

Middle Gimbal Axis Error. The misalignment of the MGA 

th respect to the OGA: represented as positive 

rotation of MGA away from Z....:; about Ye)(; , (See figure I-7.) 

.. Inner Gimbal Axis Error. The misalignment of the IGA with 

respect to the MGA: represented as positive rotation of 

IGA away from Y"c about x--c . (See figure I - 8.) 
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5. Accelerometer (PIPA) Misalignments and Biases. (See figure I-12.) 

If n = X, Y, or Z, and m =- X, Y, or Z, then: 

G. 

7. 

an .....•........ Misalignment Rotation of then PIPA case-fixed triad, 
m 

[ consisting of the Input Reference ~), the 

Pendulous Reference Axis (PRA), utput 

Axis (OA)] about the stable me~er "m" axis . 

Cx'st1 ••• • •••••••• • • A fictitious rotation of the n PI [ either about its 

Output Axis (OA) or its Pendulous eference Axis (PRA)) 

which will produce a mo~e to gravity equal in 

sign and magnitude to the ~u~l bias moment. 

Gyro (!RIG) Misalignments. ~ 
If n = X, Y, or~ "' X, Y, or Z, then: 

'nm ............. Misalignment~on of the n IRIG case-fixed triad [con-

sisting he Input Reference Axis (IRA), the Spin 

Refe (SRA), and the Output Axis (OA) ] about 

ember "m" axis. (See figure I-13.) 

Accelerometer (PIPA) Te~nitions. 

~m = + X, - X, + Y, - Y, + Z, or - Z; or X, Y, or Z 

~ for average values, then: 

SF (Aicm) · & . Scale Factor of thP. m PIPA defined as the velocity content 

~ of each net output pulse from the binary loop. (See 

figure II-1.) Units: cm/sec . 
pulse 

ASF. . Scale Factor equalization, 106 times the positive scale factor 

~ minus the negative scale factor divided by the average scale 

factor. Units: parts/million. 

NT ........ Number of Timing Pulses counted during a test run. 

(Sec figure II-6.) 
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7. Accelerometer (PIPA) Tes~ Defi_1_:i_ition2_. (continm•d) 

Time content of each N , pulse . Units: seconds . 

Number of riet PTPA ~ V pulses counted during a 

test run . (See figure II-li . ) 

AF· . . . . . . . . Ang'le b,v whicn th e plus or minus PIP 

is not collinear with the local vertical ve or(~) in 

the IRA -OJ\ plane. (See figure 

~ Bs(m) • • • • • ..• • . . Angular Equi\·alcnt of bias in m P 

Units : degrees, minute 

ae(m) ......... . . Bias of th e m PIPA defin 

Units : radians. 

• (See figure Il-1. ) 

at a zero ii; input. eenti meters/ second2
• 

U<i l • •••••••••••• Uncertaint_\· in qua-..f'!m,-~,if., the test equation. Units: Same 

units as qua 

8. Gyro (IRIG) Test Definitions. 

drift 

, d mas Drift of the n* IRIG defined as the 

fflllllt:T+-;l!f.. not dependent on g or if. Units: thousandths 

ADIA<n> ......•..•. Drift he n !RIG due to lg acceleration along the positive 

ut Axis (IA) . Units: thousandths of earth rate (or 

ADSRA(n}. .. . . . Drift of the n !RIG due to lg acceleration along- the positive 

~ Spin Reference Axis (SRA). Units: thousandths of earth 

~ rate (or Meru) per g. 

S~ (m)• ......... Scale Factor of the m IRIG defined as the gimbal angle 

~ change per command torque pulse . Units: milliradians/ 

pulse . 

*n =- X, Y, or Z. 
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8. Gyro (!RIG) Test Definitions. (continued) 

A1 .••.••.••••••• Angle by which the !RIG Input Axis (IA) is not in the local 

meridian during the measurement of ADSRA. (See figure III-1.) 

Uni ts: radians. ..J\ 
A;" .............. Angle by which the IRIG Input Axis (I~ in the local hori-

A:, ............. . 

A4 ......... .... . 

Ao ............. . 

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

Units: radians. ~ 
Angle by which the !RIG is rotate~:t its Input Axis, thus 

moving the IRIG Spin Re~Axis (SRA) out of the vertical 

plane_ containing IA. (See ~: III-1.) Units: radians. 

Angle by which the~ut Axis (IA) rotates about North 

during the measu~f ADIA so that it is not aligned 

with the loca~ical. (See figure III-2.) 

Angle by · ch ~RIG is rotated about its Spin Reference 

Axis of the East - West vertical plane. (See 

figure I Units: radians. 

Ac .............. An~ough which the appropriate IMU Gimbal is allowed 

~ ~rift or be torqued during a test for NBD, ADIA, ADSRA, 

~F(G). Units: radians. 

Wi ....... ,& . Actual Gimbal Angular Velocity due to gyro drift or torquing, 

~ occuring during test j. Units: radians/second. 

DA JE 18 JUN 63 

Elapsed time required for Gimbal to drift or be torqued 

through angle Ao during test j. Units: seconds. 
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8. Gyro (!RIG) Test Definitions. (continued) 

W 1E •••••••••• •• • Earth Inertial Angular Velocity. Units: radians / second. 

Meru . .. ......... Angular Velocity in fr ::w tions of earth rate x 1000. 

>.. ........ .. ..... Local Latitude of tes t site . 

.6N . . . . . . . . . . . . . Amount any count of a pair of counts diffe ram the 

average of the pair . 
I 

• K . . ... . . . . ... . . Conve rsion factor from Meru to 

to 7. 292 x 10 - 8 rads / sec . 

~ 
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ROTARY 
ANGLE (8) 

( </>) 
TILT 

g ANGLE 

LOCAL 
GRAVITY 
VECTOR 

EAST 

TILT AXIS 
{TA) 

ZrR 1 Zr 
ROTARY AXIS 

( RA) 

Earth Fixed Axes: NORTH, EAST, g 

Trunnion Fixed Axes: XTH, Yrn, Zrn 

Table Fixed Axes: XT, YT, ZT 

Fip;ure I -2. Ideal Tilt-Table Orientation. 

DATE 18 JUN 63 PAGE 16 



APOLLO GUIDANCE AND NAVIGATION 

g 

E-1297 
ISS CALIBRATION TESTS 

TILT 
--AXIS 

€TR 

ROTARY 
AXIS (cl, =O) 

ROTARY 
AXIS (cl, =O) 

Figure I-3. Tilt -Table Leveling Errors. 
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~2EF 
ROR X 

..___.,ON N0.2 

YFXT=c=====r======~ 
YGC 

......... 

TABLE TOP 

.,_.~--eF 
X 

~ Zr,RA 

~ Table Fixed Axes: XT, YT, z, 

2Gc, 2FXT 

~ Fixture Fixed Axes: Xn·, , Y FXT, ZrXT 

~ 
Gimbal-Case Fixed Axes: Xoo, Yoe, Zoo 

Figure 1-4. IMU Flange and Test Fixture Errors About the X Axis. 
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2FXT ZT, RA 

Table Fixed Axes : XT, YT, ZT 

Fixture Fixed Axes : XFxT, Y FXT, ZFXT 

Gimbal -Case Fixed Axes : Xoc, Y oc, Zoo 
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MIRROR 
STATION N0.2 

< -
< 

MIRROR 
---- STATION 

NO. I · 

Figure I-5. IMU Flange and Test Fixture Errors About the Y Axis. 
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2EFXT 
PENDULOUS z 
MIRROR .ii 

AUTO 
COLLIMATOR 

TABLE SETTING 

"'= goo 
8 = 270° TRUE 

~ 
~ 
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~---xr 
XFXT 
OGA axGC 

TILT AXIS 

EFz 
----EFLANGEz 

EFXTz 

XrR and Yr 

Table Fixed Axes : XT, YT, ZT 

Fixture Fixed Axes: XFn, Y FXT, ZFXT 

Gimbal -Case Fixed Axes: XGc, YGc, ZGc 

Figure I-G. IMU Flange and Test Fixture Errors About the Z Axis. 
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Gimbal-Case Fixed Axes: X (;c, Yue, Z0 0 

Outer Gimbal Fixed Axes: Xoo, Yoo, Zoo 

Middle Gimbal Fixed Axes: Xlm, Ylw, Zl,o 

Figure I -7. IMU Outer Gimbal Showing Outer Gimbal Angle and 

Middle Gimbal Axis Error. 
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~ 
~ 
~ Outer Gimbal Fixed Axes: Xoo, Yoo, Zoo 

~ 
Middle Gimbal Fixed Axes: x~w, YMo, ZMo 

Stable Member Fixed Axes : Xsu, Y sM, ZsM 

Figure I-8. IMU Middle Gimbal Showing Middle Gimbal Angle 
and Inner Gimbal Axis Error. 
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ZsM DEFINE 
BY COMPONEN 
OF 21RA IN PLANE 
NORMAL TO YSM 

ZsM 
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IG4 

's4, 

LSM IS COLLINEAR 
WITH INNER 
GIMBAL AXIS (IGA) 

Figure I-9. !MU Stable Member Showing Definition of 
Stable Member Triad. 
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Figure I-10. PIPA-Case Fixed Axes. 
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WHEEL ANGULAR 
MOMENTUM ( H) 

TORQUE 
GENERATOR 

Figure I-11. !RIG-Case Fixed Axes. 
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Figure I-12. PIPA Misalignments. 
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CD 
Yvz SRA 

Yzz 

tD 
IRA 

Figure 1-13. !RIG Misalignments. 
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GIMBAL 800-AC 
REPEATERS 800--DEMOD G. S. E. CONSOLE 

D.C. TDA 

PSA,__ __ __. MANUAL 
SEL. SLEW 
CKT. 

CDU 

Figure l-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. .J\. 
The situation that exists during null measurements of accelerome~ is depicted 

in figure II-2. The angular equivalent of the PIPA bias is deter~ two successive 

nulls of the instrument, 180° apart. This process is identical to ~cribcd in the IMU 

Alignment Manual, E-1230 , and yields an expected maxim · accuracy of ±4 .1 arc seconds 

of angle. The same pair of measurements also yields tne ta~ tting for input axis up 

along- the local vertical (6+1g) and down along the loca 

pulse rate output is monitored by using a prese~unter nd gate to determine the time it 

t~kes to accumulate a given pulse output. An er~nalysis of the scale factor measurement 

is to he developed. but. first, it is in orde · iscuss the binary mode in which the PIPA 

loops are operated. 

always found on the +6. V or -6. V line. pendulum in binary torquing has a limit eye le of 

its own, even with no bias and~c~leration input. Typically, this may appear as three 

positive 6.V's alternating with th?M'egative 6.V's. This is known as 3:3 moding. If two 

positive 6.V's alternate &,,..c. negative 6.V's, it is known as 2:2 moding . The presence of 

an 'input acceleration or a ~o-input (bias) acceleration is indicated by an excess oft. V's 

of t~e input sense ~e of the opposite sense. It is this excess with which we are 

concerned in~~';: data out of the instrument. 
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The measurement of excess t:N 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 t:N pulses 

from the PIPA loop and provides the positive and negative excess t:N pulses as an output. 

In the operational system, the exce ss pulses go to the APOLLO Guidance Computer. During 

PIPA calibration, these pulses are used for measuring. 

The counter design assumes a 3:3 moding condition. An extr.a bit of uncertainty is added 

' if: (a) 2:2 moding prevails and (b) the input signal has changed sign. 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 'bits may occur. It also 

shows that, after one cycle, the uncertainty disappe rs and \A'at this uncertainty need not be 

included during calibration when a preset counter ts 

down counter in the steady state. ~ 
<. 

Finally, referring to the counter diagram igure II-5 and the pulse trains depicted in 

figure II-6, the conclusion can be reached at the uncertainty in gating time pulses with the 
\ 

output of the up-down counter (in the -ate) will be zero counts when all equipment is 

operating properly. 

The scale factor is given by: ~ 

== 

During calibration tests: 

SF (A) == 

== 

DATE 18 JUN 63 

Velocity Increment 

Pulse 

Acce~t)ration Input 

Pulse Rate 

Load Factor and Bias Input 

Pulse Rate 

(g cos AP + as) Nr b.T 

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

( 
UsF ) 

2 

= ( oSF X ~ )
2 

+ 
SF og SF 

oSF (g cos A,, + ae) 6.T 
--------
oNr 

6. T g cos A,, ( ae ) 
- ---- 1+---

NA g cos A,, 
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oSF 

Where: 

Also, for purposes of c 

F(A) 

~ 

DATE 18 JUN 63 

- (
l + __ a_s_ 

g cos A., 

- -
(g cos A., + ~s) Nr ~T 

(NA)2 

= 

= 

= 

, + 
as ) 

g cos A., 

• 1 within the desired accuracy 
of the error coefficients 

(g cos AP + as) Nr ~T 

NA 

g cos AP Nr b.T 

( l + g c:: AP) NA 

g cos AP Nr b.T 

NA 

PAGE __ 32 __ 



E-1297 
APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

2 

g cos~ Nr .6.T 

6T g cos~ 2 

+ 
g cos~ Nr 6T gcos~ 

~ 
2 

+ 

For small va~ A,: 

( ~;) 2 

tan AP = AP, cos AP = 1. 

Units: Dimensionless. 
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The following uncertainty numbers will now be substituted into the error equation. 

l' g 

g 
- 1 x 10--6

• This is a specification on the RMS meas~ ement of g which 

Max. 

should be met at each test site. 

A,, -- DA, , assuming that the table is orientated fo 

b h . . df ~(j,_1 

ut t at no correction 1s attempte or 1!'h. 

component errors. 

== (0. 3 mr)2 + (0. 3 mr)2 + (0. 

4.1 * X g 

g 206 X 1000 xg 

::: 19. 8 X 10- 6 

Ua 19. 8 
B 

g 

= radians 

, gimbal, or 

u, ~ 
~ N, ::::~n~:~: :: ':::~.d i:0i ,':: :::::~i::o:::'titc:~~11::,g:~s ~s a 

pulse. Furthermore, if it~ 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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U~r 
Max. 

AT 
= 5 x 10- 6

, based upon the specification for the frequency source in the 

GSE Computer Simulator. 

U~T 5 

RMS AT = V 3 x 10-
6 = 2. 88 x 10- 6 

The following is a summary of squared error contributions. 

2 

= 

2 

130. 0 X 10- 12 

2 

(:;) 
~ 

= 

(UsF 
= 13 9. 3 X 10- 1 2 

~ 

UsF 
RMS 

SF = 11. 8 X 10- 6 

UsF 
3 Sigma SF = 35. 4 x 10- 6 or about 35 parts per million. 

DATE 18 JUN 63 PAGE_35 __ 



E-1297 
APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

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 • ~ given by: 

SF =(on + 
1 

sec ) (980 cm 2 ) Where n = number of binary cycles 
3200 data pulse sec ~ 

· ~etween each extra pulse 

In general, however, the NA pulse train will exhibit a riodicity of its own which cannot 

in all cases be predicted ahead of time. Therefore, the ca n tests will be run for 

time. This uses the counter to almost its storage 1 (Nr = 3200 pps x 300 secs = 

960, 000) and still is not an unreasonably long time for e test. For this test, the preset 

counter in figure II-5 is set to 50,000. ~ 
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• 
+N 

-lg 

TRUE BIAS7 
OUTPUT 1..._ 

PULSE RATE OUT 

+lg 

• -N 
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(a) 
INPUT 
SPECIFIC 
FORCE 

NOTE: RELATIONSHIPS EXAGGERATED 
FOR CLARITY 

@ MEASUREMENT POINTS 

Figure II -1. PIPA Quantities. 
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0 10° TABLE ANGLE 

'tVlll:::H!,,1 PIP OA OUT OF PAPER 
g ANGLES EXAGGERATED 

IN SIZE FOR CLARITY 

170° TABLE ANGLE 
g 

8e1As =- Ne x SF 

=- sin (A 8)srAs x g 

{(10°) - (170°} + (180°)) 
,. g sin ---

2
----

Figure II-2. PIPA Bias Nulls, Example. 
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3200 PPS 
INTERROGATION LINE 

+6V LINE 

-6V LINE 

GATE 

Figure II -5. PIP A Calibration Counter. 
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MISALIGNMENT-l\ 
SECTOR ~ 

IRA 

g PRA 

Figure II-7. Geometry of PIPA Calibration Tests. 

DATE 18 JUN 63 PAGE 43 ---



E-1297 
APOLLO GUIDANCE AND NAY~GATION ISS CALIBRATION TESTS 

III. IRIG CALIBRATION THEORY 

A. GENERAL 

The measurement of IRIG performance is divided into three s ecti~ _The fi r st two 

orientations (figure III-1) produce a value for NBD and ADSRA. The~ two orienta­

tions (figure III-2) prcxiuce 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). "S' 
In every case, it is desired to measure these quantit~,r the circumstances that 

will prevail in the operational equipment. The tests are de~~d to do just this. In 

particular, care is taken to ensure that the residu~tism 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 ~ 

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 (O~onsequently in the horizontal plane and East. After 

the gyro has been caged, unc~, ,.:nd the system placed in Fine Align mode, the pertinent 

gimbal will drift. This is mon~ by counting the output pulses of the CDU Encoder for 

that gimbal. & _ 
As shown on figure Wthe CDU pulses are used to gate time pulses while the CDU 

goes through one~ shalt revolution. This corresponds to a Gimbal Angle Drift 

~~~i::~~.2~~r SRAn:~, :;:::i:::::o:: ::::;i::: ::eT~:t :\::~a~::g; ;:e is then 

T 2 = Nr ClT . ~ .misalignments for these tests, A1 , A2 , and A3 , are considered along with 
2 

other uncertainties in the following error analysis for the ADSRA orientation. 
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Deriving the first equation for NBD: 

W1 = ( NBD - AD SRA cos A2 cos A,:,) K 

+ W" ( cos A cos A1 cos A2 + si~ 1 sin A2 ) 

W2 ~ (NBD+ ADSRA cos A2 cos Ao~ 

+ w,E ( cos A cos A1 co 

~ 
= 2 (NBD) K + ~ A cos A1 

~ 

cos A cos A1 cos A2 

Ao ( _1_ + _1_)- W1E 

= ~T \ Nr Nr K cos A cos A1 cos A2 

l 2 
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Deriving the first e rror equation for NBD: 

where UN 
T 
1 

(
oNBD) ~ 

+ oA 

u,~ u, 
T 1 

oNBD 

=-1~ +-) 
1 

= oAo 2~ Nr NrKAT 
2 

oNBD 
-- = oAT rK (AT)2 

oNB~ Ao 

~ = - 2Kl>T(N,)2 

~ ED __ _ c: A 
~ I E for small A1 and A2 

~ oNBD 

oA K 
sin A for small A1 and A2 
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cos A sin A1 2 for small A1 and A2 
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+ 2 (--Ao __ 
2KAT Nr 
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(
w,E sin A 2 

+ K x u>... 2 ;' ·cos A sin A,, 2 u,,, 
2 
r 

Ao 
Since NrAT = w,E cos A • 

uA0 ) 
2 (w,E cos A u c.T ) 2 

X - + X -Ao K AT 

Units: (Meru)2 
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Selection of Values for terms in the previous equation: 

Assume cos A = cos 30° =- 0. 866 

Then: 

K 

UAD is given as a maximum arc seconds when Ao 

is less than 1 ° or 1 7. 4 

Max UA = 5" 
D 

~. 272 x 10-5 radians 

~ 24. 272 X 10-6 

~ u,, ~ vs 

~ ~ 14. O x 10-6 radians 

~ UAD 14.0 x 10-6 

~ K X Ao = 866 
X 12. 272 X 10-3 

= 0. 986 Meru 
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K 

UM 
Max .6T = 5 x 10-\ based on the specification for the 

U6 r 

RMS .6T = 

GSE Computer Simulator. 

5 

\/3 

= 2. 88 X 10-6 

X .6T = 866 X 2.88 X 10-~ 

= 2.49x 10 

~ 
~ 

= based on the proposition that the counter gate is 

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. 

Uw,E 
RMS - = 1 x 10- 6 by rounding off significant figures in the value for 

W1E 

earth rate listed on page 68 of AGANI. 
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K 

= 86G x 10-6 Meru 

RMS U ,._ = 1 arc second (estimated) 

= 4. 85 x 10-6 radians 

w,E sin>.. 

K 
X U >.. = ( 5 0 0) ( 4 • 8 5 X 1 0 -6 

) 

= 0. 97 x 10-3 radians 

= 1.19 x 10-3 Meru 

*As discussed in E-1097, maximum IRIG misalignment is 10 arc minutes or 2. 9lx10-3 radians. 
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Summarizing Errors for NBD in ADSRA Test: 

(0. 986)2 

{ 
w,E cos:\ 

y2K x Nr 
Zero 

2 

i.,.-- K-- XU>.) = .(2. 43 X 10 -3 )2 

2 

sin A1 2 x U A ) = (1.19 x 10-3
)
2 

' l , 2 

UNso = 0. 99 Meru RMS 

= 3 Meru (3 Sigma) 

DATE 18 JUN 63 PAGE _ 5_1_ 



E-1297 
APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

Deriving the equation for ADSRA: 

W1 = ( NBD - ADSRA cos A2 cos~ ) K 

W2 = (NBD + ADSRA cos A2 cos ~ ) K 

+ W1E (cos >..cos A1 cos-A2 - sin >..cos A1 sin A2) 
~"' 

W2 - W1 = 2 ( ADSRA cos A_g cos ~) K - 2 W 1E sin A cos A1 sin A2 

DATE 18 JUN 63 

W2 - W1 
ADSRA = ------- + 

2K cos A2 cos ~ K cos A2 cos~ 

= +----------
2MT cos A2 cos ~ K cos ~ 
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Deriving the error equation for ADSRA: 

( 
oADSRA ) 

2 
2 ( oADSRA ) a(<~1:~--\ 

+ 2 :,, N (UN ) + :::.w ~ 
u T T u IE IE 

(
oADSRA) 

2 

2 ( ~ ) 

+ OA (U,) + ~ 

(
oADSRA) 

2 

+ oA2 

The following approximation will b~ 
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~ 
~ 

1 

Nr 
1 

1 1 
--- =---

~ = - 2-
Nr 

1 
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oADSRA 

aAo 

oADSRA 

o.6.T 

oADSRA 

o Nr 

oADSRA 

aw,E 

oADSRA 

a>.. 

oADSRA 
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for small A1 , A 2 , and A::, 

-Ao 6N 

= K (NT )2 (.6.T)2 

Ao ~ 
= 

2K.6.T (NT )2 

~ 
sin A 

= X A2 
K 
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AN AN 
In actual fact, Nr << 1. O; but, in evaluating uncertainty , Nr = 1. 0 will be used. 

Ao 
Also, as before, Nr LiT = 

W 1E cos A 

( 
w,E cos>.. 

+ 2 2K 
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By comparing the te rms in (U ADSRA )
2 with thos e in (UN80 )

2
, the following conclusions can be drawn. 

DATE 18 JUN 63 

1. U A is still most si gnificant. 
0 

dADSRA 
2. The second term in---­

oA2 

3 . No other e r r or c ontributions are sigm · 

= (0 . 986} 

eru RMS 

Meru (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) d the Output Axis (OA) 

are in the horizontal plane. Again, time pulses are gated while the ap~ · ate gimbal 

drifts the equivalent of one CDU shaft rotation. The time is given by T3 = T D.T. 
3 

rift measurement 

is repeated. The time is given by T4 = Nr D.T. Misalignments Ai, ut North and As about 
4 

the SRA of the gyro from the desired orientation are consi~ong with other uncertainties 

in the following error analysis for the ADIA orientation. \S 

Deriving the second equation for NBD: 

DA l[ 18 JUN 63 

W3 = ( NBD + ADIA c A.~ - ADSRA sin A. ) K 

~ cos ~ + W1E cos A sin As 

~ 
W4 = ( NB~ IA cos A. cos A,, + ADSRA sin A. ) K 

~ w,. sin A cos A. cos A,, + w,. cos A sin A,, 

+ ~ BD K + 2w,. cos A sin A,, 

W3 + W4 
D=----

2K 

w,E cos A sin~ 

K 

w,E cos A sin As 

K 
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Deriving the second error equation for NBD: 

where UN 
T 
l 

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

term covering angle unc~~w becomes more significant. 

oNBD w,E cos A cos As 
--=-------
oAs K 

= - ----
K 

DATE 18 JUN 63 PA6E_5_8 _ 



APOLLO GUIDANCE ANO NAVIGATION 

A:i 
In this test, however, NT.6.T =-= w,E sin>.. 

~ X 14. 0 X 10-
6 

) 
2 

~ 2.27 X 10-3 

~ 
~ = (0. 571)

2 + (0. 840)
2 

~ = 1. 02 Meru RMS 

~ 
= 3. 0 Meru (3 Sigma) 

DATE 18 JUN 63 

E-1297 
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+ (866 X 0. 97 X 10--3)2 
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E-1297 
APOLLO GUIDANCE ANO NAVIGATION ISS CALIBRATION TESTS 

Deriving the equation for ADIA: 

Ws = ( NBD + ADIA cos A. cos A,, - ADSRA sin ~ 

+ w,. sin A cos A. cos A,, + W 1~in A,, 

W4 = ( NBD - ADIA cos A. cos A,, + A~n A.) K 

- w,. sin A cos A.~+ w,. cos A sin A,, 

~ 
W3 - W4 = 2 (ADIA cos - ADSRA sin ~ ) K 

+ ~ in .X. cos ~ cos As 

~ COS~ C_OS ¾, ADIA~ 
+ ADSRA tan ~ sec k, - ---­

K 

~ 

DA JE 18 JUN 63 

= ------- + ADSRA tan A4 sec k -
2K~T cos~ cos k, K 

PAGE __ 60_ 
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APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

Deriving the error equation for ADIA: 

2 = ( oADIA) 
2 

2 + ( oADIA )
2 

2 
(UAo A) a.Ac (U\) o~T (U .:'>T) 

DATE 18 JUN 63 

(
oADIA ) 

2 

2 
( oADIA ) 

2 

+ 2 cl Nr (UN!) + oW,E · 

oADI 

~ - K ~T (Nr)2 

oA~ A;; ~ 

for small ~ and As 

- - K NT 2 (~T)2 

Ac 

oADIA sin A 
--=---

K 

oADIA 
- - ----

K 

oADIA 

= K ~T (NT)2 X ~ + ADSRA 

PAGE __ G_l _ 



E.· 1.297 
APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

aADIA Ao AN l,,, A 
a.As - K .6T (Nr )2 x As + ADSRA (7 As) 

aADIA 

aADSRA = fu. 

(Neglect product of tw 

Again using the expression Nr.6T ~ w,E sin>.. 

Ao 

~ 
2 _ (w,E sin>.. UA 0) 2 +{w,E~ >.. U~r) 

2 
(UAoJA) - K x Ao ~ x 6.T 

(
W1E sin A ~ 

2 

+ - X 
\/2 K (

WrE sin>.. Uw
1
E )

2 

+ x--
K w,E 

~ 
· &~os >.. )

2 {w,E sin>.. 
+~xU:1. + K 

~ 

2 

x ~ + ADSRA) 

~ 

The first five terms of (UAorA )2 are similar to the first five terms of (UNeo)2
, 

where only the (UA 0)2 term is significant. 
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E-1297 
APOLLO GUIDANCE ANO NAVIGATION ISS CALIBRATION TESTS 

(UA0 1A )
2 can now be simplied to: 

( 

w, E sin A UA O ) 
2 

= K X Ao + (ADSRA X UA4)
2 

For an evaluation of the classified error contributio~second term (ADSRA x U, / , 

ref er to the AD SRA specification in R-348 (Rev. S ecification for Procurement of 

APOLLO Inertial Reference Integratin_g ~gu 1962. 

The third and fourth terms above were s~ ~e negligible in the NBD calculation. 

Finally: 

Therefore: 

~ 
~~,s,_) ~ (0. 97 X 10--3 X 1.10) 

~ =(.00107) 

~ 
~ K 

14.0 X 10-6 

= 500 X 12. 272 X 10- 3 

= O. 57 Meru RMS 

= 1. 7 Mcru (3 Sigma) 

0 Al[ 1 3 .JU N £,3 PAGE __ 63_ 



E-1297 
APOLLO GUIDANCE AND NAYIGA TION ISS CALIBRATION TESTS 

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 

East or West. The gyro is torqued at 3200 pulse s per second, and the 

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

shaft and 32,768 pulses from the CDU encoder). See figure IIl-4 test is repeated in 

the negative direction. 

The gyro equations which apply to this test are developed be~, is the gimbal angle 

rate for positive torquing, and W6 is the gimbal ang~r negative torquing. 

Ws = 
SF(G) x 3200 

1000 

T 

(K) + (ADSRA)(K) f sin (W, t) di 

0 

where WT is the nominal torqui~ . 

SF(G~O . IT 
Ws = -~

0 
+ (NBD)(K) - (ADSRA)(K; sin (W,t) di 

Ws - w~ SF(G) + 2(ADSRA)(K) I Tsin (W,t) di 

~ 0 

Units: radians/second 
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E-1297 
APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

Ws - Ws 
SF(G) = 

6.4 

Now substitute: 

T 
(ADSRA)(K) f 

(
3

_
2
) sin(W,t)dt 

0 

2 TT 2 TT 

and W6 

Then integrate to obtain: 

2 TT ( _1_ + __ 1 -} (AD~ [ ) T 
SF(G) cos (Wrt) O 

~ 6.4 L>T N, 6 N, 6 ~ - 2) 

At t == O, cos O =- 1, and at t =- T, cos 360° =- ~efore: 

TT 
SF(G) = ---

3. 2 ~T 

= TT ~ - ~) + (Nr + ~)) 

3. 2 Sf ~ + ~) (Nr - ~) 

~ 
~ 
~ 
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E-1297 
APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

oSF l; ~ r ) 
2 

+ ( oSF UN T ) 

2 

06.T x SF oNr x SF 

DATE 18 JUN 63 PAGE 66 
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GIMBAL CDU 

□□□□ 

LVERS 
UT AXIS 

l..J.~~-t--~~BAL AXIS 

DATE 18 JUN 63 

SPIN 
REFERENCE 

AXIS 

Figure III-1. ADSRA IRIG Calibration Geometry. 
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g 

GIMBAL AXIS 
INPUT AXIS 

Figure III-2. ADIA !RIG Calibration Geometry. 
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GI MBAL CDU 
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OUTPUT 
AXIS 

~~ztzc~ l/jil1II 
RESPONSE 
TO POSITIVE 
TORQUING 

GIMBAL CDU 

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

Figure III-4. !RIG Calibration Counter. 
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IV. JOB DESCRIPTION CARDS (JDC 

FOR PIPA AND !RIG CALIBRATION TESTS 

AND DATA SHEET FORM ~ 
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E-1297 
APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

A. PIPA CALIBRATION TESTS. 

JDC 00200 

JDC 00201 

JDC 00202 

JDC 00203 

JDC 00204 

JDC 00205 

Test to determine ae x and B+igx 

Test to determine positive SF(Ahi\_ 
negative SF(A)x , and average S~ 

Test to determine ae v and 9+ ;. g v 

Test to determine positiv~, 
negative SF(A)y , and ave;~A)v 

Test to determine ~+ lg z 

Test to determine pos~ e SF(A)z , 

negative SF(~ a rage SF(A), 

~ 

~ 
~ 
~ 
~ 
~ 
~ 
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E-1297 
APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

B. !RIG CALIBRATION TESTS. 

JDC 00236 

JDC 00237 

JDC 00238 

JDC 00239 

JDC 00240 

JDC 00241 

J DC 00242 

J DC 00243 

J DC 00244 

Test to determine BDX and ADSRAX 

Test to determine BDX and ADIAX _i\ 
Test to determine SFTGX ~ 
Test to determine EDY and AD~ 

Test to determine EDY and ADI~ 

Test to determine SFTGY 

Test to determine BDZ and AZ 

Test to determine 

~ 

~ 
~ 
~ 
~ 
~ 
~ 

DATE 18 JUN 63 PAGE _ 7_3 __ 
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APOLLO GUIDANCE AND NAVIGATION ISS CALIBRATION TESTS 

C. JDC DATA SHEET FORMS. 

PIPA BIAS AND INPUT AXIS CALIBRATION TEST 

DATA SHEET FORM E-1297 DS-1 .i\ 
used with JDC 0020~00202, and 

JD~ 

PJPA SCALE FACTOR CALIBRATION TEST ~ 
DATA SHEET FORM E-1297 DS-2~ 

u JDC 00201, JDC 00203, and 

~ JDC00205 

DATA SHEET FOR 297 DS-3 

used with JDC 00236 through JDC 00244 
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JOB: X PIPA BIAS AND INPUT AXIS CALIBRATION JDC 00200 Sheet 1 of 2 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE 

DESCRIPTION: Test to de te rmine llex and B.igx TYPE: Calibration 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

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

A. PREPARATION 

c. 

Orientations required for first null measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Ao;) = Precision 0° 

b. Middle Gimbal Angle (A,c) = Precision 0° 

c. Inner Gimbal Angle (A 10) = Precision 0° 

2. Test Table 

a. Tilt Angle (~) 

Desired Angle Designation = tHRA 

Value of tHRA obtained from JDC 00165 Data 

Sheet Form E-1230 DS-1. 

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

b. Initial Rotary Angle (el 

Desired Angle Designation 

Value of ~a:A obtained from JD 

Sheet Form E-1230~ 

NOTE: Record V , ator 
Error, and Readout A on Data 
Sheet Form 297 DS-1. 

PROCEDURE ~ 
First Null Measurement 

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

RECORD 

Use Data Sheet Form E-1297 DS-1 to record: 

Final Rotary Angle ~ 



JOB: X PIPA BIAS AND INPUT AXIS CALIBRATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine as and 9.1gx 

TOOLS AND 
MATERIAL: 

X 

IMPORTANT: 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 (Ao;) = Precision 0° 

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

c. Inner Gimbal Angle (A 10) = Precision 0° 

2. Test Table 

a. Tilt Angle (<!I) 

Remains unchanged from Step A. 2, a. 

b. Initial Rotary Angle (9) ~ 
Desired Angle Designation = ~A 

Value of ~ rx:A obtained from JDC 00162 Data 

Sheet Form E-1230 DS-1 ~ 

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

E. PROCEDURE ~ 
Second Null Measurement ~ 
Rotate the table about the ROT until a null is 

obtained from the X PIP. 

F. RECORD ~ 
Use Data Sheet Form E-~ to record: 

Final Rotar le ~ 1 

G. CALCULATION ~ 
lculations using Data Sheet 

JDC 00200 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

G. CALCULATIONS (continued) 

:lex = g A9e,, 
where g is obtained from E-

Sheet 2 of 2 

Test Site Geodetic Data for APOLLO G & N, 
and where A8e, 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. 

H, RECORDING 

Record ae, on PIPA Data Sheet Form E-1297 

DS-1, and hold for scale factor results. 



JOB: X P IP:\ SC,\LF, FACTOR C:\LIBHATION 

SUBSYSTEM: INERTI,\L MEASUREMENT u;-..1T 

DESCRIPTION: Test lo determine' positive SF(A) . . neµ;:1livc SF(A) . :rnd 
avc ra·~c SF(,\) , 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00165 and JDC oo:rno r c4uired to 
perform this job . 

,\. PREP . .\RATIO:sl 

Orientations required for first scale factor measurement: 

1. Gimbal Asse mbl y 

a. Outer Gimbal Angle (A 00 ) ~ Precision 0° 

b. Middle Gimbal Angle (A,d ~ Precision 0° 

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

2. Test Table 

a. Tilt An1~le (¢) 

b. 

Desired Angle Designation = 4>., , 

Value of 4>e,. obtained from JDC 001 G5 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indic ator 
Error, and Readout Angle on Oat 
Sheet Form E-1297 ;Js- ·c: . 

Rotary An~le (8) 

Desired Angle Designation 

JDC 00201 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

Value of e<g· obtained from JDC 00 ' 
C. CALCULATIONS 

Data Sheet Form E-1291 DS-1. 

NOTE: Record Value,, 1 ie ~or 
Error, and Readout Angle Data 
Sheet Form E- 97 DS-2 . 

3. Counter 

a . Connect the 3200-p tput of the Computer 
Si mulato o the input of the Forward -
Backwav 

b. Connect the-p itive 6.V output of the X PIPA 
Up-Down Co nter of the PSA to the PRESET 
Counter . Enter the PRESET Count (Nd of 50,000. 

B. PROCEDURE 

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

2. Reset the counter, and r epeat step 1 for N 1 • 
, 2 

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

13 

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

Using Data Sheet Form E-1297 DS-2, 

average Nr,i• Nr, 2 , and N,,
3

. Record 

average as Nr+, on Data Sheet Form 

E - 1297 DS-2 . 

Sheet 1 of 3 



JOB: X PIPA SCALE FACTOH CA LIBHATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine positive SF(A)x, negative SF (A)x, and 
ave rage SF(A)x 

JDC 00201 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 001 65 and JDC 00200 r equired 
to perform this job . 

D. PREPARATION 

3. 

Orientations required for second scale factor measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoc) = Precision 0° 

b. Middle Gimbal Angle (A>t:) = Precision 0° 

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

2. Test Table 

a. Tilt Angle (ell) 

Remains unchanged from Step A. 2. a. 

b. Rotary Angle (0) ~ 
Desi red Angle Designation = a1, x = 0+11x 

Value of 9.11 , obtained from JDC 00200 Data: 
Sheet Form E-1297 DS-1. 

NOTE: Record Value, Indicator~ 
Error, and Readout Angle on Data~ 
Sheet Form E-1297 DS-2. ~ 

Counter 

a. Verify that the 3200-pp utput of t e Computer 
Simulator is connec,,..,.l'c~~e input of the 
Forward - Backwar 

b. Connect the negative t:.V out of the X PIPA 
Up-Down Co~f 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 rd - Backward Counter ; and record the 
accumulation as 1 on Data Sheet Form E-1297 DS-2. 

X4 

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

3. Reset the counter, and repeat step 1 for N 1 • 
X 6 

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

F. CALCULATIONS 

Using Data Sheet Form E-1297 DS-2 , 

average Nrx
4

, N1x5 , and N1x6
• Record 

average as N1_x on Data Sheet 

Form E-1297 DS-2. 

Sheet 2 of 3 



F. 

G, 

JOB: X PIPA SCALE FACTOR CALIBRATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine positive SF(A)x, negative SF(A)x, and average 
SF(A) x· 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00165 and JDC 00200 required 
to perform this Job. 

CALCULATIONS (continued) 

JDC 00201 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

"S' 

~ 
Using Data Sheet Form E-1297 DS-2 , compute: 

positive SF(A)x 
g + aex 

l.6xl08 
+x 

g - ae 
negative SF(A)x X 

l.6x108 

g 
average SF(A)x = X 

1. 6 X 1Q8 

X N , 
- x 

2 

positive SF(A)x - negative SF(A)x 

~ 
~ 

A'SF(A)x average SF(A)x ~ 
Where as. is obtained from JDC 00200 Data Sheet DS-1, and where g is obtained from E-

Test Site Geodetic Data for APOLLO Q .§: 1:l_, 

Sheet 3 of 3 

RECORDING ~ 
Record the test results on Data Sheet Form E-1 -2 and on PIPA Data Sheet Forward the 

Data Sheet immediately to IMU Systems Group, 7 ambridge Parkway, Cambridge 42, Mass., Attention: ___ _ 

~ 
~ 
~ 
~ 



JOB: y PIPA BIAS AND INPUT AXIS CALIBRATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine 3ev and B+1gv 

TOOLS AND 
MATERIAL: 

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

A. PREPARATION 

B. 

c. 

Orientations required for first null measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (A 00 ) = Precision 0° 

b. Middle Gimbal Angle (A~) = Precision 0° 

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

2. Test Table 

a. Tilt Angle (4') 

Desired Angle Designation = ~RA 

Value of ~RA obtained from JDC 00165 Data 

Sheet Form E-1230 DS-1. 

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

b. Initial Rotary Angle (0) 

Desired Angle Designation ~ -;.,!0° 

Value of aOOA obtained from JD~ Data 

Sheet Form E-1230~. 

NOTE: Record Va , ator 
Error, and Readout A on Data 

PROCEDURE {;) 

Sheet Form~97 DS-1. 

First Null Measurement 

Rotate the tabl~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 9:32 

JDC 00202 Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 



JOB: Y PIPA BIAS AND INPUT AXIS CALIBRATION JDC 00202 Sheet 2 of 2 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE 

DESCRIPTION: Test to determine a.av and 0+1g v TYPE: Calibration 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: 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 (A 00 ) = Precision 0° 

b. Middle Gimbal Angle (Al'G) = Precision 0° 

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

2. Test Table 

a. Tilt Angle (ct>) 

Remains unchanged from Step A, 2. a. 

b . Initial Rotary Angle (9) 

Desired Angle Designation = 0,, - 90° 
a; ' 

Value of 0,, obtained from JDC 00162 Oat 
a;• 

Sheet Form E-1230 DS-1. 

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

Sheet Form E-1297 DS-1.~ -

E. PROCEDURE ~ 

Second Null Measurement 

Rotate the table about the ROT A ntil a null is 
obtained from the Y PIP . 

F. RECORD 

G. CALCULATION 

Perform the followi g c culations using Data 
-1. 

+ 180° 

G. CALCULATIONS (continued) 

ae v = gt.Ba , , 

where g is obtained from E -
Test Site Gecx:letic Data for APOLLO G & N1 

and where C.Ba is converted from degrees, minutes, 
and seconds t; radian measure using U. S. 
Department of Commerce Spec. Pub, No. 231, 
Natural Sines and Cosines _!Q Eight Decimal 
Places. 

2 

H. R.t:CORDING 

- 180° 

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

and hold for Scale Factor res ults. 



JOB: y PIPA SCA LE FACTOR CALIBRATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine positive SF(A)v, negative SF(A)v, 
and average SF(A)v 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00165 and JDC 00202 required to 
perform this job. 

A. PREPARATION 

Orientations required for first scale factor measurement: 

1. Gimbal Assembly 

a. Oute r Gimbal Angle (A ce ) = Precision 0° 

b. Middle Gimbal Angle (At-t;) = Precision 0° 

c. Inner Gimbal Angle (A ,cl = Precision 0° 

2. Test Table 

a. Tilt Angle (4>) 

Desired Angle Designation = 4>i, 
RA 

Value of~ obtained from JDC 00165 Data 
RA 

She~t Form E-1230 DS-1. 

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

b . Rotary Angle ( 0) 

Desired Angle Designation = 

Value of 0+igv obtained from J 

Data Sheet Form E-1 

NOTE: Record Va 

3. Counter 

a. 

b. 

Connect the 3200 utput of the Computer 
Sim~lat to the in ut of the Forward -
Bae ~ unter. 

Connect itive t:.V output of the Y PIPA 
Up-Down nter of the PSA to the PRESET 
Counter . Enter the PRESET Count (N.) of 
50,000. 

B. P ROCEDURE 

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

2. Reset the counter, and repeat step 1 for NT . 
Y2 

3. Reset the counter, and repeat step 1 for NT . 
Y3 

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

JDC 00203 Sheet 1 of 3 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

C. CALC ULATIONS 

Using Data Sheet Form E-1297 DS-2 , 

average NT,
1

, Nrv:i' and NTv
3

. Record 

average as N r+v on Data Sheet 

Form E-1297 DS-2. 



JOB: y PIPA SCALE FACTOR CALIBRATION JDC 00203 Sheet 2 of 3 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE 

DESCRIPTION: Test to determine positive SF(A)" negative SF(A)y, and average 
SF(J\), 

TYPE: Calibration 

INTERVAL: 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00165 and 00202 required 
to perform this job. 

D. PREPARATION 

3. 

Orientations required for second scale factor measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoc) = Precision 0° 

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

c. Inner Gimbal Angle (A 1c) = Precision 0° 

2. Test Table 

a. Tilt Angle (t) 

Remains unchanged from Step A. 2. a. 

b. Rotary Angle (0) 

Desired Angle Designation = 9-1gv = 0+1g 

Value of 8+igv obtained from JDC 00202 

Data Sheet Form E-1297 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1297 DS-2. ~ ..-... 

Counter .... ~ 

a. Verify that the 3200-pps tput of the Computer 
Simulator is connected to the. input of the 
Forward - Backward Co1.1;11t . 

b. Connect the neg 6.V output of the Y PIP A 
Up-Down Co e PSA to the PRESET 
Counter. En ..... ··-••=--·□•ESET Count (NA) 
of 50, 000. 

E. PROCEDURE 

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

Y4 

2. Reset the counter, and repeat step 1 for N 1 
y6 

REFERENCES: 

E. PROCEDURE (continued) 

3. Reset the counter, and repeat step 1 for Nr,s • 

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

F, CALCULATIONS 

Using Data Sheet Form E-1297 DS-2, 

average Nr,
4

, Nrv
6

, and Nr,
6

• Record 

average as N Lv on Data Sheet 

Form E-1297 DS-2. 



F. 

G. 

JOB: y PIPA SCALE FACTOR CALIBRATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to dete rmine positive SF(A) 1 , negative SF(A)v, and 

average SF(A)v 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00165 and JDC 00202 required 
to perform this job . 

JDC 00203 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

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

positive SF(A)v 

negative SF(A), 
g - ae 

~ 
~ 

average SF(A)v = g N'+v + Nr-v ~ 
1.6 X 108 X 2 ~ 

positive SF(A)., - negative SF(A), 
~SF(A), = 

average SF(A)v 

Test Site Geodetic Data for APOLLO .Q ~Ji. 

RECORDING 

Sheet 3 of 3 

Record the test results on Data Sheet~F;..i297 DS-2 and on PIPA Data Sheet Forward the 

PIPA Data Sheet immediately to IMUS~ Group, 75 Cambridge Parkway, Cambridge 42, Mass., Attention:. __ _ 

~ 
~ 
~ 



JOB: z PIPA BIAS AND INPUT AXIS CALIBRATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine ae
1 

and 0+:g: 

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 (A ce) = Precision 0° 

b. Middle Gimbal Angle (A-.:;) = Precision 0° 

c. Inner Gimbal Angle (A ;G) = Precision 270° 

2. Test Table 

a. Tilt Angle (i:>) 

Desired Angle Designation = cl>"R• 

Value of ~ RA obtained from JDC 00165 Data 

Sheet Form E-1230 DS-1. 

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

b. Initial Rotary Angle (0) 

Desired Angle Designation = 

Value of 0"o,:;• obtained from JD 

Data Sheet Form E-l~DS-1. 

NOTE: Record Va · tor 
Error, and Readout An Data 
Sheet Form E - 97 DS-1. 

B. PROCEDURE 

First Null Measurement 

C. 

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

Use Data Sheet For 297 DS-1 to record : 

Final Rotary Angle 0-34 

JDC 00204 Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 



JOB: z PIPA BIAS AND INP UT AXIS CALIBRATION JDC 00204 Sheet 2 of 2 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE 

DESCRIPTION: Test to determine aa1 and 8~·gz TYPE: Calibration 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: 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 (A oc) = Precision 0° 

b. Middle Gimbal Angle (A"-) = Precision o0 

c. Inner Gimbal Angle (A 1G) = Precision 270° 

2. Test Table 

a. Tilt Angle (ct>) 

Remains unchanged from Step A. 2. a. 

b. Initial Rotary Angle (9) 

Desired Angle Designation = a a;A 

Value of ~. obtained from ,JDC 00162 

Data Sheet Form E-1230 DS-1. 

E. PROCEDURE 

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

Second Null Measurement ~ 
Rotate the table about the ROT AR ntil a null is 

obtained from the Z PIP. 

F. RECORD ~ 
Use Data Sheet Form E-~ to record: 

Final Rotar le 935 

G. CALCULATION ~ 
Perform the followin lculations using Data 

Sheet Form E-1297 DS-1: 

8-.is - 934 - 180° 

2 

G. CALCULATIONS (continued) 

aez = g ll.9ez' 

where g is obtained from E-
Test Site Geodetic Data for APOLLO G & N, 
and where ll.9e

1 
is converted from degrees, minutes, 

and seconds to radian measure using U.S. 
Department of Commerce Spec. Pub. No. 231, 
Natural Sines and Cosines .!Q_Eight Decimal 
Places . 

H. RECORDING 

Record ae
1 

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

and hold for Scale Factor results. 



JOB: z PIPA SCALE FACTOR CALIBRATION JDC 00205 Sheet 1 of 3 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE 

DESCRIPTION: Test to determine positive SF(A)z, negative SF(A)1 , TYPE: Calibration 
and average SF(A)z · 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

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

A. PREPARATION 

Orientations required for first scale factor measurement: 

l, Gimbal Assembly 

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

b. Middle Gimbal Angle (A~) = Precision 0° 

c. Inner Gimbal Angle (A 1c) = Precision 270° 

2. Test Table 

a. Tilt Angle (4>) 

Desired Angle Designation = ~ •• 

Value of~ •• obtained from JDC 0016:.i Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Da 
Sheet Form E-1297 DS-2. 

b. Rotary Angle (9) 

Desired Angle Designation 

Value of 9+igz obtained from JD Data 

Sheet Form E-1297~. 

NOTE: Record Va tor 
Error, and Readout An n Data 
Sheet Form 97 DS-2 . 

3 . Counter 

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

b. Connect t itive 6.V output of the Z PIPA 
Up-Down Counter of the PSA to the PRESET 
Counter. Enter the PRESET Count (N,) of 50, 000. 

B, PROCEDURE 

1. Start the count. When it is complete, read the accumu­
lation in the Forward - Backward Counter; and record the 
accumulation as Nr

11 
on Data Sheet Form E-1297 DS-2. 

2. Reset the counter, and repeat step 1 for Nrz:a' 

B. PROCEDURE (continued) 

3. Reset the counter, and repeat step 1 for Nr
13

, 

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

C, CALCULATIONS 

Using Data Sheet Form E-1297 DS-2, 

average Nr
11

, Nrz:a' and Nr13 • Record average 

as Nr.,
1 

on Data Sheet Form E-1297 DS- 2. 



JOB: z PIPA SCALE FACTOR CALIBRATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine positive SF(A)z, negative SF(A)z, 
and average SF(A)z 

JDC 00205 Sheet 2 of 3 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

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

D, PREPARATION 

Orientations required for second scale factor measurement: 

1, Gimbal Assembly 

a. Outer Gimbal Angle (A 00 ) = Precision 0° 

3. 

b. Middle Gimbal Angle (A,,;) = Precision 0° 

c. Inner Gimbal Angle (A re) = Precision 270° 

2. Test Table 

a. Tilt Angle (4>) 

Remains unchanged from Step A. 2. a. 

b. Rotary Angle (6) 

Desired Angle Designation = ~ igz = 

Value of B+igz 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. ~ .,.._ 

Counter ~ 
a. Verify that the 3200-

Simulator is conne·'"••-•­
Forward - Backward &illrt..• 

Connect then~· e t:.V output of the Z PIPA 
Up-Down C the PSA to the PRESET 
Counter. E ESET Count (N.) of 
50,000. 

b. 

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. 

24 

2. Reset the counter, and repeat step 1 for N, 
Z6 

E, PROCEDURE (continued) 

3, Reset the counter, and repeat step 1 for N,
26 

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

F, CALCULATIONS 

Using Data Sheet Form E-1297 DS-2. 

average N,
16

, N,
15

, and N,
18

• Record average 

as N½ on Data Sheet Form E-1297 DS-2 . 



JOB: z PIPA SCALE FACTOR CALIBRATION 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine positive SF(A)z, negative SF(A)z, and 
average SF(A)z 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00165 and JDC 00204 required 
to erform this ·ob. 

JDC 00205 Sheet 3 of 3 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

F. CALCULATIONS (continued) 

G. 

Using Data Sheet Form E-1297 DS-2, compute: 

g + 3e 
positive SF(A)1 

l.6xl08 

g - 3ez 
negative SF(A)z = 

1. 6 X 108 

g 
average SF(A) 1 = -

1
-.-

6
-x-

1
-
0

..,...8 - x 

t.SF(A)z = 
positive SF(A)z - negative SF(A)z 

average SF(A)z 

Where 3e
1 

is obtained from JDC 00204 Data~et Form 

Test Site Geodetic Data for APOLLO .Q_~ 

-1297 DS-2, and where g is obtained from E-

RECORDING 

Record the test results on Data Sheet~ E.,..l297 DS-2 and on PIPA Data Sheet 
PIPA Data Sheet immediately to !MU ~Group, 75 Cambridge Parkway, Cambridge 42, 

~ 
~ 

Forward the 
Mass., Attention: 



JOB: X DUG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine BDX and ADSRAX 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 001 62 and JDC 001 65 
requi ri>d to perform thi s job. 

A. PREPARATION 

Orientations required for first drift me asure ment: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Ao;) = Pre cision 0° 

b. Middle Gimbal Angle (A.,.;) = Precision 0° 

c. Inner Gimbal Angle (A 1c) = Precision 90° 

2. Test Table 

a. Initial Ti! t Angle ( 4>) 

Desired Angle Designation = ct., 
•• 

Value of ~" obtained from JDC 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 (8) 

Desired Angle Designation = 6,. + 180° 
1)(1-

Value of 8,. obtained from JDG '00162 Data Sheet 
oc• 

Form E-1230 DS-1. 

NOTE: Re cord Value, 
Readout Angle on Data 

3. Ground Support Equipment 

a. Route the output of the Middle Gimbal CDU Encoder 
to the preset input of the 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, and zero the register. 

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

B. PROCEDURE 

First Drift Measurement 

1. Null the X Gyro by torquing the Gyro from the negative 
float angle side with posi live 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 'i) of gimbal drift, and record results 

on Data Sheet Form E-1297 DS-3. 

JDC 0023s Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 



JOB: X IRIG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine BDX and ADSRAX 

TOOLS AND 
MATERIAL: 

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

D. PREPARATION 

Orientations required for second drift measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoc) = P recision 0° 

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

c. Inner Gimbal Angle (A ,c) = Precision 90° 

2. Te st Table 

a. Initial Tilt Angle (~) 

Remains unchanged from Step A. 2. a. 

b. Initial Rotary Angle (8) 

Desired Angle Designation = 8,. 
()GA 

Value of 8,. obtained from JDC 00162 Data She 
c,;A 

Form E-1230 DS-1. 

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

3. Ground Support Equipment 

Confirm that the counter register is zeroe and that 
the X Gyro output is still rou d to the Middle Gimbal 
Stabilization Amplifier. 

E. PROCEDURE 

Second Drift Measuremen 

1. Null the X Gyro by 00° £ Gyro from the negative 
float angle side with po · e torque pulses. 

2. Close the loo~e X Gyro to the Middle Gimbal ; the 
other two lo 1 be held by their precision set loops. 

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

F. RECORD 

Measure time count (NrJ of gimbal drift, and record results 

on Data Sheet Form E-1297 DS-3. 

JDC 00236 Sheet 2 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

G. CALCULATIONS 

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

BDX ;(2. 6927 x 10
8 

+ 2. 6927 x 108 

N'i NT2 

- 1000 cos ).\ Meru 
) 

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

ADSRAX -(2• 6927 X 108 2. 6927 X 108 
\ 

- - 1 Meru 
Nr2 N'i j 

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 _______ _ 



JOB: X BUG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine BDX and ADI AX 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00162 and JDC 00165 required 

to perform this job. 

A. PREPARATION 

Orientations required for third drift measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoo ) = Precision 0° 

b. Middle Gimbal Angle (A..t;) = Precision 0° 

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

2. Test Table 

a. Initial Tilt Angle (~ 

b. 

3. 

a. 

b. 

Desired Angk Designation = 4>.. 
•• 

Value of% obtained from JDC 00165 Data 
•• 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator Error, 

Readout Angle on Data Sheet Fo~l297 DS-3. 

Initial Rotary Angle (8) ~ 

Desired Angle Designation = 8M - 90° 

Value of 8.,a:• obtained from JD 

Sheet Form E-1230 DS-

ata 

NOTE: Record V icator Error, and 
e t Form E-1297 DS-3. 

Rout.e the outp ter Gimbal CDU Encoder 

tD the preset in e counter. Set the preset 

value tD 64 pulses. oute the 3200-pps output of 

the co~imulatDr to the gated input of the 
prese , and zero the register. 

Rout.e the ou of the X Gyro around the Inner Gimbal 

Resolver tD the Outer Gimbal Stabilization Amplifier 

by pushing the "X unresolved tD 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 (NT:)of gimbal drift, and record resulti:: 

on . :._<1.ta Sheet Form E-1297 DS-3. 

JDC 00231 Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 



JOB: X IRIG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine BOX and ADIAX 

TOOLS AND 
MATERIAL: 

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

D, PREPARATION 

E. 

F. 

Orientations required for fourth dr ift measurement: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (Ace) = Precision 0° 

b. Middle Gimbal Angle (A,,.; ) = Precision 0° 

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

2. Test Table 

a. Initial Tilt Angle (<I?) 

Remains unchanged from Step A. 2. a . 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 0s + 90° 
CGA 

Value of 0a obtained from JDC 00162 Dat"'-"~'T:-¥ 
OGA 

Form E-1230 DS-1. 

NOTE: Record Value, Indicator rr and 
Readout Angle on Data Sheet Form E~7 DS-3. 

3, Ground Support Equipment 

Confirm that the counter register is ze , and that the 
X Gyro output is still rou~he Outer Gimbal Stabili­
zation Amplifier . 

PROCEDURE 

Fourth Drift Measureme 

1. Null the X Gyro by ... .,, ... u......., e Gyro from the negative 
float angle side with ve torque pulses. 

2. Close the loo!'f!l'orn the X Gyro to the Outer Gimbal; the 

3. 

other two •\ ill be held by their precision set loops. 

bal tu ,Jrift through one (1) CDU 
revolution (64 CDU Encoder pulses). 

RECORD 

Measure time count (Nr
4

) of gimbal drift, and record results 

on Data Sheet Form E-1297 DS-3. 

G. 

JDC 00231 Sheet 2 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

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

BOX '"' t;, 6927 x 10
8 

+ 
N, 

:, 

;;, 6927 X 10° \ 

N- 4 j 

ADIAX "' ( 2. 6927 x 108 2 . 6927 x 10~ 

NT3 N,4 

- 1000 Sin >.. ) Meru 

Me ru 

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

H. RECORDING 

Record the test results on !RIG Data Shee t 
Form -------

Forward a copy of the Data Sheet to !MU 
Systems Group, 75 Cambridge Parkway, 
Cambridge 42, Mass . , Attention ___ _ 



JOB: X IIUG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine SFTGX 

TOOLS AND 
MATERIAL: 

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

A. PREPARATION 

Orientations required for fifth drift measurement : 

1. Gimbal Assembly 

a . Outer Gimbal Angle (AOG) = Precision 270° 

b. Middle Gimbal Angle (A,-c;) = Precision 0° 

c. Inner Gimbal Angle (A 1G) = Precision 0° 

2. Test Table 

3. 

a. Initial Tilt Angle (4>) 

Desired Angle De signation = ~ 
•• 

Value of"'" obtained from JDC 00165 Data Sheet 
•• 

Form E-1230 DS-1. 

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

b. Initial Rotary Angle (8) 

Desired Angle Designation = Se 

a. 

b. 

Value of e" obtained from JD ~ ta Sheet 
ex;• 

Form E-1230 DS-1. 

NOTE: Record Valu /, tor Error, and 
Readout Angle on Datal!>[li~n,rm E-1297 DS-3. 

Route e outp 
the preset in 
to 32,768 puls 
output 
of the p 

r Gimbal CDU Encoder to 
nter. Set the preset value 

e 3200-pps Gyro command 
omputer simulator to the gated input 

unter , and zero the register. 

the X Gyro around the Inner Gimbal 
Resolver to the Outer Gimbal Stabilization Amplifier 
by pushing the "X unresolved to OG" Button. 

B. 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. 

C. 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. 

JDC 00238 Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 



JOB: X liUG CALIBR:\TION TEST 

SUBSYSTEM: l:\EIHI.\L l\IEASC11El\1EXT L"NIT 

DESCRIPTION: Tl'st to determine srn;x 

TOOLS AND 
MATERIAL: 

IMPORTANT: Ih>sul ts from J nc 00 I G:! and JDC 001 G:i 

r equired to pe rlo1·m this job. 

n. PREPARATIO 

Orientations 1·equired for s ixth drift measurement : 

1. Gimbal Assembly 

a. Outer Gimbal Angle (A _:) = Precision :!70° 

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

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

:!. Test Table 

a. Initial Tilt Angle (¢) 

Re mains unchanged from Step A. 2. a. 

b. Initial Rotary Angle (9) 

Re mains unchanged from Step A. 2. b. 

3. Ground Support Equipment 

a . Confirm that the Outer Gimbal CDU Enoo 

routed to the prese t input of the counter; 

the preset count is 32,768 pu~s: that the 
3200-pps Gyro command of t p r simulator 

is added to the gated input of the . counter: 

and that the register is zero. 

b. Confirm that the X Gyr& 
around the Inner Gimbal 

E. PROCEDURE 

Sixth Drift Measuremen t 

er to the Outer 

1. Torque the X Gy-r~ to null and normalize the Gyro bias. 

2 . Close the loo~ X Gyro to the Outer Gimbal: the 

other two loop -w be held by their respective CDU 's . 

3 . Torque the X Gyro ,,ith negative pulses at 3200 pulses/ second. 

F . RECORD 

Measure command count (Nr.) for one (1) gimbal revolution 

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

EncodPr), and record results on Data Sheet Form E-1297 D:3-3. 

JDC 00238 Slwl'L :! 11 1 :: 

SYSTEM: _\(jl-: 

TYPE: CaliiJra Li on 

INTERVAL: 

REFERENCES: 

G. CALCULATIONS 

Perform the following calculations on Data Shel'L 

Form E- ll97 D.~-3 · 

SF(G) 
3 1-11.39 

N, 
C 

H. RECORDING 

:n-H.39 
K, 

Record the test results on ffi IG Data Sheet 
Form _____ _ 

Forward a copy of the Data Shee t to IMU Systt·ms 

Group, 75 Cambridge Park\\"ay, Camb1·icl~e -l:!. 

Mass. , Attention. ______ _ 



JOB: y IRIG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNlT 

DESCRIPTION: Test to determine BOY and ADSRA Y 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00162 and JDC 00165 required 
to erform this ·ob. 

A. PREPARATION 

Orientations required for first drift measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoo) = Precision 0° 

b. Middle Gimbal Angle (A..;) = Precision 0° 

c. Inner Gimbal Angle (A 1c) = Precision 180° 

2. Test Table 

3. 

a. Initial Tilt Angle (4') 

Desired Angle Designation ~ 4>"•• - 90° 

Value of 4>.,•• obtained from JI)C 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 (0) 

Desired Angle Designation = 8"
011 

+ 180° 

Value of 8,.
0

c• obtained from JD O 16;! 

Sheet Form E-1230 DS-1 

NOTE: Record Val ei 

Readout Angle on Oat 

ata 

Route the output of t 'mbal CDU Encoder 

to the preset input o llll"""'''lff'l'er. Set the preset 
value to 64 pulses. Rou e 3200-pps output of 

the computer1B ator to the gated input of the 
preset counts, , zero the register. 

B. 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 (Nr ) of gimbal drift, and record results 
l 

on Data Sheet Form E-1297 DS-3. 

JDC 00239 Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

ROTARY AXIS 

LOCAL 
GRAVITY 



JOB: y IRIG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine BDY and ADSRAY 

TOOLS AND 
MATERIAL: 

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

D. PREPARATION 

Orientations required for second drift measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoc) = Precision 0° 

b. Middle Gimbal Angle (A.,;) = Precision 0° 

c. Inner Gimbal Angle (A 1G) = Precision 0° 

2. Test Table 

a. Initial Tilt Angle (<P) 

Remains unchanged from Step A. 2. a. 

b. Initial Rotary Angle (0) 

Remains unchanged from Step A. 2. b. 

3. Ground Support Equipment 

Confirm that the counter register is zeroea . 

E . PROCEDURE 

Second Drift Measurement 

yro bias. 1. 

2. Close the loop from the Y Gyr.o to the Inner Gimbal; the 
other two loops will be held .It , respective CDU's. 

3 . Allow the Inner Gimbal to drif one (1) CDU 
revolution (64 CDU Encoder pul 

F. RECORD 

Measure time count (Nr
2

) o drift, and record results 

on Data Sheet Form ~-1297 DS-3. 
/ 

JDC 00239 Sheet 2 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

ROTARY AXIS 

LOCAL 
GRAVITY 

G. CALCULATIONS 

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

BDY = t2. 6927 x 10
8 

+ 2. 6927 x 10
8 

N, NT 
l 2 

- 1000 cos A) Meru 

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

2, 6927 X 108 2. 6927 X 108 
\ AD SRA Y = I--"---'--'--'-'-'--"--'- --'-'-''---'---'-~- M eru 

N T2 N'i 

H. RECORDING 

Record the test results on !RIG Data Sheet 
Form -------

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



JOB: y IIUG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine BDY and ADIA Y 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00162 and JDC 90165 
required to perform this job. 

A. PREPARATION 

B. 

Orientations required for third drift measurement: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (Ace) = Precision 0° 

b. Middle Gimbal Angle (A,"G) = Precision 0° 

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

2. Test Table 

a. Initial Tilt Angle (¢1) 

Desired Angle Designation = t ,., 

Value of~ obtained from JDC 00165 Data 
aA 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator Error, an?i 
Readout Angle on Data Sheet For, -1297 DS-3. 

b . Initial Rotary Angle (0) 

Desired Angle Designation = ~: 

Value of 0..
00

, obtained from JD1.,~ata 

Sheet Form E-1230 D~-

NOTE : Record Va · ator Error , and 
Readout Angle on Dat Form E-1297 DS-3. 

3. Gr ound Su ort E ui t 

Route the output of ·mbal CDU Encoder to the 
preset input of the co Set the preset value to 64 
pulses. Route the 3200- s output of the computer 

simulato r ~d input of the preset counter, 
and zero th · i r. 

PROCED URE 

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 (G4 Encoder pulses). 

C. RECORD 

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

on Data Sheet Form E-1297 DS-3. 

JDC 00240 Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 



JOB: y IHI(; CALIBH.\ TION TEST 

SUBSYSTEM: INE HTii\L MEASUREMENT LNIT 

DESCRIPTION: Test to determine BOY and /\DIA Y 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00162 and JDC 00165 

required to perform this job. 

D. PREPARATION 

E. 

F . 

Orientations required for fourth drift measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (~) = Prec ision 0° 

b. Middle Gimbal Ang le (A.c) = Precision o0 

c . Inner Gimbal Angle (A1c) = Precision 0° 

2. Test Table 

a. Initial Tilt Angle (<%1 ) 

Re mains unchanged from Step A. 2. a. 

b . Initial Rotary Angle (8) 

Desired Angle Designation = 8,, 
cc• 

Value of S..o.; , obtained from JDC 00162 Data S e 

Form E-1230 DS-1. 

NOTE: Record Value, Indicator Err d 

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

3 . Ground Support Equipment ~ 
Confirm that the counter re~ er is zeroed. 

PROCEDURE 

Fourth Drift Measure ment 

1. 

2. Close the loop from 
other two loops will be 

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

3. 1 bal to drift through one (1) CDU 

Encoder pulses). 

RECORD 

Measure time count (Nr 
4

) of gimbal drift, and record results 

on Data Sheet Form E -1 297 DS-3 . 

G. 

H. 

JDC 00240 Sheet 2 of 2 

SYSTEM: AGE 

TYPE: Ca libration 

INTERVAL: 

REFERENCES: 

CALCULATIONS 

Perform the following calculations on Data 

Sheet Form E-1297 DS-3: 

(2 . 6927 X 10° 2. 6927 X 10" \ 
BDY : \' .,. / Meru 

\ N \ N 14 1 

Where >..is obtained from E __ , Test Site 

Geode tic Data for Apollo G & N. 

ADIAY J. 2.6927 x 10
6 

_ 2 .6927 x 108 

\ N13 N1, 

RECORDING 

- 1000 sin >..) Me ru 

Record the test r e sults on IRIG Data Sheet 

Form -----
Forward a copy of the Data Shee t to 

IM U Systems Group, 75 Cambrid ge P arkway , 

Cambridge 42, Mass. , Attention. _ _ __ _ 



B. 

JOB: y DUG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUR EMENT UNIT 

DESCRIPTION: Test t o determine SFTGY 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00162 and JDC 00165 r equired 
to perform this job. 

PREPARATION 

Orientations required for fifth drift measurement: 

1. Gi:mbal Assembly 

2. 

3. 

a. Outer Gimbal Angle (A00) = Precision 0° 

b. Middle Gimbal Angle (~c) = Precision 0° 

c. Inner Gimbal Angle (A 1c) = P r ecision 0° 

Test Table 

a. 

b. 

Initial Tilt Angle (t) 

Desired Angle Designation = ~ ~ •• 
Value of~ obtained from JDC 00165 Data 

RA 

Sheet Form E-1230 DS-1. 

NOTE : Record Value, Indicator Error, and 
Readout Angle on Data Sheet For~97 DS-3 . 

Initial Rotary Angle (8) ~ 
Desired Angle Designation = ~+ 90° 

Value of ~ obtained from JDC ata 
OOA 

Sheet Form E-1230 DS 

NOTE: Record Valu or Error , and 
orm E-1297 DS-3. 

Route the output of -·-.. - ... -.. imbal CDU Encoder to 
the preset input of the ter. Set the preset value 

output of ~ uter simulator to the gated input of 
the preset c and zero the register. 

to 32, 768~u Add the 3200-pps gyro command 

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/ secon 

C. RECORD 

Measure command count (N r
5

) 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. 

JDC 00241 Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 



JOB: z !RIG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREME NT UNIT 

DESCRIPTION: Test to de te rmine BDZ and ADSRAZ 

TOOLS AND 
MATERIAL: 

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

D. PREPARATION 

E. 

Orientations required for second drift measurement: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (AOG) = Precision 0° 

b. Middle Gimbal Angle (A.·c l = Precision 0° 

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

2. Test Table 

a . Initial Tilt Angle (cl>) 

Remains unchanged from Step A. 2. a. 

b . Ini ti al Rotary Angle (0) 

Des ired Angle Designation = 1,"0G• + 180° 

Value of 0,. obtained from J DC 00162 Data Sn 
QG A 

Sheet Form E - 1230 DS-1. ~ 
NOTE : Record Value, Indicator E ~ and 
Readout Angle on Data She Form E-1297 DS-3. 

3. Ground Support Equipment 

Confirm that the counter regi er is zeroed and that the 

Z Gyro output is still routed~c~e Middle Gimbal Stabili­
zation Amplifier . 

PROCEDURE 

Second Drift Meas urement 

1. 

2. 

3 . 

Torque the Z Gyro to n · normalize the Gyro bias. 

the Z Gyro to the Middle Gimbal; 
will be held by their respective CDU's. 

bal to drift through one (1) CDU 
E ncoder pulses). 

F . RECORD 

Meas ure ti me c ount (Nr) of gimbal drift, and record results 

on Data Sheet Form E - 1297 DS- 3. 

JDC 002-12 

SYSTEM: AGE / 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

'-o 
Gli'4[4t. 1,.,,, 

G. CALCULATIONS 

Sheet 2 of 2 

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

Z =( 2,6927 X 10
8 

+ 2.6927 X 10
6 

ED N N 
T T 

l 2 

- 1000 cos A) Meru 

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

2 , 6927 x 10" 2 . 6927 x 106
) M ADSRAZ = 1--'---'--- c...c..-- - --'-"-'----'---"-'- cru 

N, N, 
2 l 

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 _____ _ 



JOB: z IHIG CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine BDZ and ADIAZ 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 00162 and JDC 00165 r equired 
to perform this job. 

A. PREPARATION 

Orientations required for third drift measurement: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (Acd = Precision 0° 

b. Middle Gimbal Angle (A,,.,J = Precision 0° 

c. Inner Gimbal Angle (A ,c) = Precision 180° 

2 . Test Table 

3. 

a . Initial Tilt Angle (~ ) 

Desired Angle Designation = <). - 90° ., 
Value of lf'li obtained from JDC 00165 Data Sheef .. 

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 (9) 

Desired Angle Designation = 

Value of 9,; 
()G A 

Form E-1230 DS-1. 

NOTE : Record Val 

a. Route the output Encode r 
to the preset in u • f counter. Set the prese t 
value to 64 pulses . ute the 3200-pps output of the 
compute/-simulator to the gated input of the preset 
counter; a'iid z. ro the register. 

b. f the Z Gyro around th e Inner Gimbal 
Resolve r to e Middle Gimbal Stabilization Amplifie r 
with reversed phasing by pushing the "Reverse Z 
Unresolved to MG" Button. 

B . PROCEDURE 

Third Drift Measure m e nt 

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). 

C. RECORD 

Measure time count (N 1) of g-imbal drift, a nd i-ccord results 

on Data Shee t Form D-1297 DS-3. 

JDC 0024:i 

SYSTEM: r\GE 

TYPE: Calibration 

INTERVAL: 

RE FERENCES: 

LOCAL 
GRAVITY 

Sheet 1 of 2 



JOB: z IlUG CALIBRATION TEST 

SUBSYSTEM: IN ERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine BDZ and ADIAZ 

TOOLS AND 
MATERIAL: 

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

D. PR EPARATION 

Orientations required for fourth drift measurement : 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aa; ) = Precision 0° 

b. Middle Gimbal Angle (A.,G) = Precision 0° 

c . Inner Gimbal Angle (A ,d = Precision 0° 

2 . Test Table 

a . Initial Tilt Angle (<)) 

Remains unchanged from Step A. 2. a. 

b . Initial Rotary Angle (0) 

Remains unchanged from Step A. 2. b. 

3. Ground Support Equipment 

a. Confirm that the counter register is zeroed. 

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

E. PROCEDURE 

Fourth Drift Measure m ent 

1. 

2 . Close the loop from th 
other two loops wil< , 

yro to the Middle Gimbal ; the 
their respective CDU 's . 

3 . ift through one (1) CDU 
revolution (64 GDU Encoder pulses) . 

F . RECORD 

Measure time count (N 
4 

of gimbal drift, and record results 

on Data Sheet Form E- 1297 DS-3. 

JDC 00243 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

ROTARY AXIS 

LOCAL 
GRAVITY 

G. CALCULATIONS 

Sheet 2 of 2 

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

BDZ = (2 . 6927 X 10
8 

+ 2. 6927 x 10
8

) 

NT N, 
3 4 

Meru 

ADIAZ = 1-2-'-._6.c..92_7'--'-"x-=l:..:.0_
8 

2 . 6927 x 108 

N, N 1 
3 4 · 

- 1000 sin>-) Meru 

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

H. RECORDING 

Record the test results on ffiIG Data Sheet 
Form 

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



JOB: z mm CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine SFTGZ 

TOOLS AND 
MATERIAL: 

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

A. PREPARATION 

Orientations required for fifth drift measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Act) = Precision 90° 

b. Middle Gimbal Angle (A..,;) = Precision D° 

c. Inner Gimbal Angle (A 1i;) = Precision 0° 

2 Test Table 

a. Initial Tilt Angle (~) 

Desired Angle Designation = ~ 
RA 

Value of ~ H obtained from JDC 00165 Data~e 
RA 

Form E-1 230 DS-1. 

NOTE: Record Value, Indicator Error, an 
Readout Angle on Data Sheet Form~7 DS-3. 

b. Initial Rotary Angle (8) ~ 

Desired Angle Designation = S,.~+ 90° 

Value of 8,. obtained from JD ta Sheet 
Cl.A 

Form E-1230 DS-1. 

NOTE : Record Valu&ator Error, and Readout 
Angle on Data Sheet F~97 DS-3. 

3. Ground Su rt E ui 

a. Route the output ~e dle Gimbal CDU Encoder 
to the preset inpu counter. Set the preset 
value to 32, 768 puls . Add the 3200-pps Gyro 
comma~t of the computer simulator to the 
gated in ~f e preset counter, and zero the 
register. 

b. Route the output of the Z Gyro around the Inner Gimbal 
Resolver to the Middle Gimbal StabiUzation Amplifier 
by pushing the 11 Z unresolved to MG" Button. 

B. 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. 

C. RECORD 

Measure command count (N,
5

) !or one (1) gimbal revolution 

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

JDC 00244 Sheet 1 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTER~AL: 

REFERENCES: 



JOB: z mm CALIBRATION TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine SFTGZ 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

D. PREPARATION 

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

Orientations required for sixth drift measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoo) = Precision 90° 

b. Middle Gimbal Angle (Ate) = Precision 00 

c. Inner Gimbal Angle (A 1G) = Precision 0° 

2. Test Table 

a. Initial Tilt Angle (~) 

Remains unchanged from Step A. 2. a. 

b, Initial Rotary Angle (8) 

Remains unchanged from Step A. 2. b. 

3. Ground Support Equipment 

Confirm that the Outer Gimbal CDU ~er is 
routed tD the preset input of the coun d that 
the preset count is 32,768 pulses . 

a. 

b. Confirm that the Z Gyro outp~en routed 
around the Inner Gimbal Reso e Middle 

Gimbal Stabilization ~ lifier. 

E. PROCEDURE 

Sixth Drift Measurement 

1. Torque the Z Gyro~d normalize the Gyro bias. 

2. Close the loop fro o tD the Middle Gimbal ; the 
other two loops will by their respective CDU's. 

3, Torque the Z~ith negative pulses at 3200 pulses/ second. 

F. RECORD 

Measure command co (NT ) for one (1) gimbal revolution 
6 

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

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

JDC 00244 Sheet 2 of 2 

SYSTEM: AGE 

TYPE: Calibration 

INTERVAL: 

REFERENCES: 

G. CALCULATIONS 

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

SF(G) • 3141. 59 + 3141. 59 
NT NT 

6 6 

H. RECORDING 

Record the test results on m1G Data Sheet 
Form:....._ ____ _ 

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



CONFIDENTIAL 
WHEN FILLED IN 

EUBSYSTEM: IMU 
SERIAL NO, __ _ 

PIPA BIAS AND INPUT AXIS CALIBRATION TEST 
DATA SHEET 

JDC ______ _ FORM E-1297 DS-1 

NOTE: This Data Sheet to be used with -JDC 00200, JDC 00202, and JDC 00204. 

TEST 
RECORD OR CALCULATE 

TEST 
STEP NO. STEP NO. 

RECORD OR CALCULATE 

A. 2. a. Initial Tilt Angle D. 2, a. 

Desired Angle Designation = signation = 

Value 0 Value 0 

Indicator Error (-) Indicator Error 

Readout Angle 0 t Angle 0 

A. 2, b Initial Rotar_y Angle D. 2.b 

Desired Angle Designation = Desired Angle Designation = 

Value 0 " Value 0 

Indicator Error (-) Indicator Error 

Readout Angle 0 II Readout Angle 0 

C Final Rotar_y Angle 9 

o ~ , 

F Final Rotar_y Angle 9 

Readout Angle Readout Angle 0 

Indicator Error (+) " Indicator Error 

Desired Angle 0 Desired Angle 0 

PERFORM CALCULATIONS SHOWN IN TEST STEP G OF SHEET 2 OF JDC, 

DATE OF TEST ______ _ 
BY __ CHECKED BY ____ _ 

CONFIDENTIAL 
WHEN FILLED IN 

( - ) " 

(-) 

(+) ,. 



SUBSYSTEM: IMU 
SERIAL NO. 
JDC. _____ _ 

CONFIDENT! AL 
WHEN FILLED IN 

PIPA SCALE FACTOR CALIBRATION TEST 
DATA SHEET 

FORM E-1297 DS-2 
SHEET 1 of 2 

NOTE: This Data Sheet to be used with JDC 00201, JDC 00203, and JDC 00 205. 

ROW TEST 
RECORD OR CALCULATE 

JDC 35. 0031 JDC 35. 0033 
NUMBER STEP NO, X PIPA Y PIPA 

1 A.2.a Tilt Angle 

Desired Angle Designation 

Value 

Indicator Error 

Readout Angle 

2 A.2.b Rotary Angle 

Desired Angle Designation 

Value 0 0 

-- --
Indicator Error (-)_ II (-)_11 

Readout Angle 0 0 -- --
3 B,1 NTl cts cts 

4 B. 2 NT 
2 

cts cts 

5 B.3 NT3 cts cts 

6 B.4 OF °F 

7 C NTl + N, + NT = Row 3 + Row 4 + Row 5 
2 3 cts cts 

8 C NT+ = NT 2 + NT 3/3 = Row 7 / 3 cts cts 

9 D.2.b le 

8+1 cx + 180° 8+1cv + 180° 

Value 0 0 II -- --
Indicator Error (-) II (-) 

Readout Angle 0 0 

-- --
10 E.l NT4 cts cts 

11 E. 2 NT5 cts cts 

12 E.3 NT a cts cts 

13 E.4 IMU Temperature Deviation °F OF 

14 F NT• +NT5 + NTs = Row 1 O + Row 11 + Row 12 cts cts 

JDC 35. 0035 
Z PIPA 

0 

--
(-)_11 

0 II --
cts 

cts 

cts 

°F 

cts 

cts 

8+1cz + 180° 

0 II --
(-)_ II 

0 II --
cts 

cts 

cts 

OF 

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 



SUBSYSTEM: IMU 
SERIAL NO. 
JDC _____ _ 

CONFIDENT I AL 
WHEN FILLED IN 

PIPA SCALE FACTOR CALIBRATION TEST 
DATA SHEET 

FORM E-1297 DS-2 
SHEET 2 of 2 

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

ROW TEST 
RECORD OR CALCULATE 

JDC 35. 0031 JDC 35. 0033 
NUMBER STEP NO. X PIPA Y PIPA 

15 F N ,_ = N,~ + N, 5 + Nr
6
/3 = Row 14/ 3 cts cts 

N, + Nr Row 8 + Row 1;, 

(~ 16 - - + = cts 
2 2 

g + as "' 17 - 1. 6 X 101! 

18 F positive SF(A) = g + 1:!!l 
X N, 

~ 1. 6 X 108 +· 

= Row 17 x Row 8 ? 
19 - g - as 

1. 6 X 109 

20 F negative SF(A) = ,-¼ ~ 
1. 6 X 109 

= Row 19 x Row 15 

g 
21 - 1. 6 X 10° <"-

22 F ,..,,..sF~ • N,• 
Nr_ 

X 10" 2 

= ow 21 x Row 16 

23 F ti.SF(A) = pos . SF(A) - neg. SF(A) 
X 106 

~ a,g.SF(A) 
Row 18 - Row 20 

Row 22 

JDC 35. 0035 
Z PIPA 

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 



SUI3SYSTE 1: !M U 
SE IU AL NO. 
JDC ------

CONFIDENTIAL 
WHEN FILLED IN 

!RIG CALIBRATION TEST 
DATA SHEET 

FORM E-1297 DS-3 

NOTE: This Data Sheet to be used with JDC 00236 through JDC 00244. 

TEST TEST 
STEP NO. 

RE CORD OR CALCULATE 
STEP NO. 

RECORD OR CALCULATE 

A. 2. a Initi a l Tilt Angle D. 2. a Initi a l Tilt Angle 

Desired Angle Designation = Des~ Designatioo , 

Value 0 Value 0 

Gyrn Ali gnment Gyro Alignment 
Correction (±) Correction (=) 

Readout Angle 0 

~ nn<Angle 
0 

A. 2. b Initi al Rotary Angle D. 2.b otary Angle 

Desired Angle Designation = Desired Angle Desi gnation = 

Value 0 Value 0 

Gyro Alignment Gyro Alignment 
Correction (±) Cor rection (±) 

Readout Angle 0 Readout Angle 0 

C Time of Gimbal drift or r evolutio F Time of Gimbal drift or r evolution T 

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

DATE OF TEST ____ _ 
BY CHECKED BY __ _ 

CONFIDENTIAL 
WHE N F'ILLED IN 

---

---
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