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I. GENERAL INFORMATION 

A. PURPOSE OF THE IMU ALIGNMENT TESTS. 

These tests are for the purpose of establishing the magnitude and direction of certain 

defined errors so that, when the Inertial Measurement Unit (IMU) is allowed to perform an 

rection or fin alignment, regardless of orientation, it will be possible to state that a definite 

relationship does exist between the Navigation Base triad and the actual IMU measurement 

triad , and further, that this relationship is within some tolerance. 
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8. GENERAL DESCRIPTION OF THE IMU ALIGNMENT TESTS. 

The Alignment Tests are, in general, made only once during the history of an IMU 
subsystem. They occur at the Subsystem Level, either at M T er ACSP /Milwaukee. On 
the other hand, Calibration Tests, which determine scale factors dnd bias performance of 
the inertial system, are repeated throughout the history of the system. Calibration Tests 
are covered in separate documents. 

A single, basic principle is involved in the majority of the Alignment Tests. Tl.is prin
ciple is that the location of an axis of rotation with respect to gravity can be determined by 
two successive null readings of an accelerometer which is rotated 180° about said axis. 
The seventeen so-called PIPA Alignment Tests are merely repeated applications of this basic 
principle in combinations calculated to deduce the desired angular information. 

This approach is necessary because the required alignment information must be obtained 
when the IMU is closed up and provided with what is close to its "operational" environ
ment. Thus, optical or mechanical methods of measurement are ruled out. Of the trans
ducers inside the IMU, the PIPA's are best suited to giving angular information to a few 
arc-seconds accuracy. 

The IRIG Alignment Tests determine the alignment of the IRIG's to the Stable Mem
ber triad. The requirements for precision are not as great in this area, relatively speaking. 
Accordingly, it is the purpose of the IRIG Alignment Tests to determine that the IRIG mis
alignments are less than ten arc minutes within plus or minus one arc minute. This is 
accomplished by rotating about an axis orthogonal or nearly orthogonal to the TRIG of 
interest and by observing the TRIG signal generator preamplifier output for a quantitive 
measurement of misalignment. 

Primarily, the Alignment Tests are to qualify an IMU as stated in the section on PUR
POSE. The data taken serves to establish qualification. In the case of measurements of re
solver null misalignments, however, the data is immediately used to compensate the 16X 
resolver nulls electrically to reduce the null misalignments to minimum values. In addition, 
accelerometer misalignments will be subject to corrective action. 

DATE18 FEB 63 PAGE 2 
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C. DEFINITIONS OF TESTS QUANTITIES. 

1. Axis Systems. 

Earth Fixed Axes (See figure I-1.) 
North . .... .. . Collinear with local horizontal component of earth rate. 

Vertical... .. . Collinear with local gravitational attraction (down) . 

East ............ Collinear with g x N.* 

Trunnion Fixed Axes (See figure I-1.) 

YTR··• ·--· ······Collinear with negative of t ilt axis. 
ZTR···· ·· ....... . Collinear with rotary axis. 

XTR··•·· ····· ···Collinear with y TR X z 'rR• 

Table Fixed Axes (See figure I-1.) 

ZT· ····· ·· ······· Collinear with ZTR· 
XT······ ··· ······Collinear with XTH when rotary angle 8 as read in optigon screen equals 0. 

YT··· ············Collinear with ZT x XT. 

Fixture Fixed Axes ( See figure I-3, I-4, and I-5.) 

XFxT •· ··· · ... .. Parallel to fixture's IMU mounting surface and along X " Pin Line," real or 
phantom. 

Y FXT· ·· ·· ··· ···Collinear with ZFxT x XFxT• 
ZFxT·• ····· ·····Collinear with the negative normal of the fixture's IMU mounting surface.** 

Gimbal Case Fixed Axes ( See figure I-3 , I-4, and I-5.) 

XGc••···• ·· ·····Collinear with outer gimbal axis in gimbal case. 
Y,:, · .... ......... Collinear with Zuc x XGc• 

ZG<' ··············Collinear with the normal of the case's mounting flange surface.** 

Outer Gimbal Fixed Axes (See figure I-6.) 

XoG •············Collinear with XGc and OGA. 
Y0 u ...... ....... Collinear with MGA x OGA. 

ZuG•· ······ ·· ··· Collinear with X0 u x Y OG • 

Middle Gimbal Fixed Axes (See figure I-7.) 

z~,G··· •·• .. .... Collinear with MGA. 
X~1(; ......... . Collinear with IGA x MGA. 

y ~IG ··· ...... Collinear with z~IG X XMG• 

· Stable Member Fixed Axes (See figure I-8.) 

Y s~1 ......... Collinear with IGA. 
X 8 ~1. ... Colli near with IGA x Z PIP IRA. 

ZsM•. .. Collinea r with X,rn x Y SM· 

• On th is pa1,re. the "X" between two axes refers to a vecto r crossproduct, which is 
d('fi ned in any · ta ndard text on vector mathe matics. 

• • The normal to a surface sticks out of that surface. 
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2. Table Angle Definitions. 

il>J------ --------·-·-------The jth reading taken from the Tilt Axis Optigon Screen. Positive <I> 

involves rotation about TA. (See figure I-1.) 

Bi--------·--·--····---····The ith reading taken from the Rotary Axis Optigon Screen. Note that 
positive 0 involves positive rotation about Z,rn. (See figure I-1.) 

fTR- --- -- -- -- --- --------·-Leveling error of the tilt table in the vertical plane containing the Tilt 
Axis. Positive when TA is rotated about the south vector. (See_ figure I-2.) 

fTT-···-··--·--·-·· -----··Leveling error of the tilt table in the vertical plane normal to the Tilt 
Axis. Positive when RA at <I>= 0 rotates positively about TA. 

<I>aaA -···- ···-···--·--·- Corrected reading taken from the Tilt Axis Optigon Screen when, with 
table loaded*, the Rotary Axis is in the horizontal plane. (See JDC 
35.0005.) 

<I>a1uoA--····· ·-· -·- ---··Corrected reading taken from the Tilt Axis Optigon Screen when, with 
the table loaded* : {a) the Rotary Axis is set at lllloGA ; (b) the Outer 
Gimbal is positioned at Precision Zero; and (c) the Middle Gimbal Axis 
is in the horizontal plane. (See JDC 35.0006.) 

<I>'aMoA-- ----- -···--·-··Corrected reading taken from the Tilt Axis Optigon Screen when, the 
table loaded*: (a) the Rotary Axis is set at 0u0 0 A + 90 °00'00"; (b) the 
Outer Gimbal is positioned at Precision Zero; and (c) the Middle Gimbal 
Axis is in the horizontal plane. (See JDC 35.0008.) 

0
8 00

A ___ _______________ _ Corrected reading taken from the Rotary Axis Optigon Screen when: 

{a) the Rotary Axis is horizontal (<I>aRA), and (b) the Outer Gimbal 
Axis is also horizontal and East. (See JDC 35.0002.) 

0awA-- -- -- -----·-------Corrected reading taken from the Rotary Axis Optigon Screen (when: 
(a) the Tilt Axis is set at <I>aMGA; (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". (See JDC 35.0010.) 

* Table loading to include IMU, IMU Fixture, and all table-mounted support equipment used during tests. 
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3. !MU Flange and Test Fixture Errors. 
(See figures I-3, I-4, and I- 5.) 

fFx Y or z---------- --- Cumulative Misalignments between Table Fixed Axes and Gimbal Case 
' ' Fixed Axes using small angle approximations. 

£rFXTJx , or z-· ---·- Misalignment between Table Fixed Axes and Fixture Fixed Axes, using 
' , small angle approximations. 

f[FLANGEJ~ Y z __ Misalignment between Fixture Fixed Axes and Gimbal Case Fixed Axes, .A., , or 

using small angle approximations. 

fFx = {[FXT]x + f[FLANGEJx 

= f[FXTJx 

fFy = {[FXT]y + f[FLANGE]y 

fFz = {[FXT]z + f[FLANGE]z 

because £rFLANGEJx = 0 by definition 

4. Gimbal Angle Definitions. 

AoG---- --- ---- -· ·--- -· ··Outer Gimbal Angle. Angle from Y ec to Yoe, positive when Outer Gimbal 
rotates negatively, or by the left hand-rule, about OGA with respect to 
a fixed Gimbal Case. (See figure I-6.) 

AMG····· ······ ·· ······· ·Middle Gimbal Angle. Angle from Y oe to Y)1 r:, positive when Middle Gim
bal rotates negatively, or · by the left-hand rule, about MGA with respect 
to a fixed Outer Gimbal. (See figure I-7.) 

Arn•-····· ·············· .Inner Gimbal Angle. Angle from X~re to Xsl1, positive when stable mem
ber rotates negatively, or by the left-hand rule, about IGA with respect 
to a fixed Middle Gimbal. (See figure I-8.) 

fOGR· ·· ··--··· ····-···· ·-Outer Gimbal Resolver Error. The misalignment of the 16X resolver 
null on the OGA, positive when the null misplacement produces a positive 
Outer Gimbal Angle in the precision zero mode. (See figure I-9.) 

fIGR- ··············· ·····.Inner Gimbal Resolver Error. The misalignment of the 16X resolver null 
on the IGA, positive when the null misplacement produces a positive 
Inner Gimbal Angle in the precision zero mode. (See figure I-9.) 

fMGR·-···-·····-····-····Middle Gimbal Resolver Error. The misalignment of the 16X resolver 
null on the MGA, positive when the null misplacement produces a posi
tive Middle Gimbal Angle in the precision zero mode. ( See figure I-9.) 

fMGA·· ·-·············· ···Middle Gimbal Axis Error. The misalignment of the MGA with respect 
to the OGA and represented as positive rotation of MGA away from ZoG 
about YoG• (See figure I-6.) 

fIGA· ········· ···········.Inner Gimbal Axis Error. The misalignment of the IGA with respect to 
the MGA and represented as positive rotation of IGA away from YMo 
about XMo• (See figure I-7.) 
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5. Accelerometer (PIPA) Misalignments and Biases. 

If n = X, Y, or z, and m = x, Y, or z: 

aom•·- .. ·--- ---- -------··.Misalignment Rotation of the n PIPA case-fixed triad, [consisting of 
the Input Reference Axis (IRA), the Pendulous Reference Axis (P RA), 

and the Output Axis (OA)] about the stable member "m" axis. 

Examples: 

JDC 35.0010: JDC 35.0015: JDC 35.0017: ax, 

JDC 35.0012: JDC 35.0016 : 

aB
0 

••••• • •••• • ••••• • •••••. A fictitious rotation of the n PIPA Case [either about its Output Axis 

(OA) or its Pendulous Reference Axis (PRA) ] which will produce a 

moment due to gravity equal in sign and magnitude to the actual bias 

moment. 

Examples: 

JDC 35.0001: aBx JDC 35.0003: aBy JDC 35.0004 : aBz 

On the PIPA theory diagrams, figures II-1 throughII-14, IRA'; PRA'; OA' depict the fictitious 

orientation of the PIP A case as rotated by aB• 

6. Intermediate Misalignments Useful During Tests. 

DATE 18 FEB 63 

, 
a Xz = axz - £MGR 

ff + a Xz = axz - £!GA EOGR 
, 

a zx = azx - £MGR 

a" zx = azx + fIGA 

a'yz = ayz - £MGR 

a' Zy = azy - fIGR 
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7. /RIG Alignment Definitions. 

n = X, Y, or z 

E 0 ••••••••• ••• • •••••••• • • Voltage Output of then IRIG Preamplifier. Units: volts. 

A10 ... ... . ... .. .. ... ..... Angle of Rotation of n IRIG about its own Input Reference Axis with 
respect to inertial space. Units: radians. 

AF
0 

•• • ••••• • • •••••• •• ••• Angle of Rotation of n IRIG Float about its own output axis with respect 
to the case. Units : radians. 

Ap ............... ....... . Angle by which the Driven Gimbal in IRIG Alignment Tests is not col
linear with the earth rate vector. Units: radians. 

An ..... ................. Angle by which the Stable Member is rotated about the Driven Gimbal 
in IRIG Alignment Tests. Units: radians. 

T .... ..................... Durat ion of a single IRIG Alignment Test from nulling the IRIG Float 
to final reading of phase sensitive voltmeter. Units: seconds. 

H······ ·················_IRIG Gain Constant relating Angle Float, AF, to the Input Angle, A1. 
C Units: dimensionless . . 
WIE .................... Angular velocity of the earth about its own axis with respect to inertial 

space. Units: radians/ second. 

W BD •.. .• .. • . . . ..... ... Apparent drift rate of the n IRIG due to combined uncertainty and ac-
n 

celeration-sensitive terms of drift. Units: radians/ second. 

S0 ••• • •• ••••••••••••••••• • The n IRIG gain from A111 to En. Units: millivolts/ milliradian. 

S'0 • . ••.. • •••.•• . •...••.•• Signal Generator gain of the ' n IRIG from AF
0 

to En. 

Units: millivolts/ milliradian. 

Um···· ············ ·······Uncertainty in quantity "m", used in IRIG alignment tests. Units: identical 
to quantity "m" . 

.\ ......................... .Local latitude. Units: degrees, minutes, seconds. 

8. Gyro (/RIG) Misalignments. 

If n = x, Y, or z, and m = X, Y, or z, then·: 

Ynm--·· ····· ··· ··· ·•····· Misalignment rotation of the n IRIG case-fixed triad [consisting of the 
Input Reference Axis (IRA), the Spin Reference Axis (SRA), and the 
Output Axis (OA)] about the Stable Member "m" axis. 

Intermediate Misalignments useful during the test: 

y' X 'S: = YX y - fIG R 

/Yx = YYx + fIGA 

/Yz = YYz - £MGR 

y' Zy = YZy - fJGR + fMGA 
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(4>) 
TILT 

g ANGLE 
LOCAL 
GRAVITY 
VECTOR 

EAST 

TILT AXIS 
(TA) 

2rR, 2r 
ROT~\RY AX IS 

( RA) 

Earth Fixed Axes: NORTH, EAST, g 

Trunnion Fixed Axes: XTR, Y TR, ZTR 

Table Fixed Axes : XT, YT, ZT 

Figure 1-1. Ideal Tilt Table Orientation. 
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-g 

-g 
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TILT 
--AXIS 

€TR 

ROTARY 
AXIS (c/> =O) 

ROTARY 
AXIS (c/> =O) 

Figure 1-2. Tilt Table Leveling Errors. 
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MIRROR 
STATION NO. 2 

YFXT=c====~====~ 
YGC 
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........_ 

TABLE TOP 

.,_...,__ __ EF 
X 

2Gc, 2FXT 

Table Fixed Axes : XT, YT, ZT 

Fixture Fixed Axes : XFxT, Y FXT, ZFxT 

Gimbal Case Fixed Axes: X ac, Y ac, Zao 

Figure l-3. !MU Flange and Test Fixture Errors About the X Axis. 

MIRROR 
STATION 
NO. I 
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Table Fixed Axes : XT, YT, ZT 

Fixture Fixed Axes : XFxT, Y FXT, ZFxT 

Gimbal Case Fixed Axes: XGc, Y Go, ZGo 

E-1230 
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MIRROR 
STATION NO.2 

< 

< 

MIRROR 
....____ STATION 

NO. I 

Figure 1-4. !MU Flange and Test Fixture Errors About the Y Axis. 
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2EFXT 
PENDULOUS z 
MIRROR Ji 

AUTO 
COLLIMATOR 

TABLE SETTING 
cl>= 90° 
8 = 270° TRUE 

FLOOR 

Table Fixed Axes : XT, YT, ZT 
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TEST BAR 

--XT 

XFXT 
OGA axGC 

TILT AXIS 

EFz 
-----EFLANGEz 

EFXTz 

Fixture Fixed Axes : XFxT, Y FXT, ZFxT 

Gimbal Case Fixed Axes: XGo, Y Go, ZGo 

Figure 1-5. /MU Flange and Test Fixture Errors About the Z A xis. 

DATE 18 FEB 63 PAGE 12 



APOLLO GUIDANCE AND NAVIGATION 

Gimbal Case Fixed Axes: Xoc, Yoe, Zoo 

Outer Gimbal Fixed Axes: X00, Y 00, Zoo 

Middle Gimbal Fixed Axes: XMo, Y MG, ZMa 

E-1230 
IMO ALIGNMENT TESTS 

Figure l -6. IMU Outer Gimbal Showing Outer Gimbal Angle and Middle Gimbal A xis Error. 
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Outer Gimbal Fixed Axes: Xoa, Y oa, Zoa 

Middle Gimbal Fixed Axes : Xlra, Y~ra, Z:,ra 

Stable Member Fixed Axes: Xslt , Y sM, Zsl1 

E-1230 
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Figure 1-7. /MU Middle Gimbal Showing Middle Gimbal Angle and Inner Gimbal Axis Error. 
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ZsM DEFINED~ 
BY COMPONENT 
OF Z1RA IN PLANE 
NOR AL TOY M 

ZsM 
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YsM IS COLLINEAR 

WITH INNER 

GIMBAL AXIS (IGA) 

Figure l-8. !MU Stable Member Showing Definition of Stable Member Triad. 
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Figure 1-9. PIPA Misalignments. 
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cD Yvz SRA 

Yzz 

tb 
IRA 

Figure 1-10. /RIG Misalignments. 
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GI MBAL 800-AC G. S. E. CONSOLE REPEATERS 800--DEMOD 

DATE 1,-.; FEB (i:.l 

D.C. TOA 

II Zf ff .. "NORMA~' PRECISION 
ZERO SET _:~ .=--==-- -t- - 1 AMPLI Fl ER 

i4- 3 REQ'D. 

PS A ....._ __ ~ 

CDU 

Fig ure l-11. 16X R esol 1: er Loop, Sim plified S ignal Diagram . 
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II. PIP A ALIGNMENT THEORY 

This analysis is preliminary and should be revised using actual table data when available. 

A. SUMMARY. 
Maximum Expected Uncertainties: 

DATE 18 FEB 63 

aBx = 4.1 SEC 

aBy = 4.1 SEC 

aBz = 4.1 SEC 

-lMGA = 5.0 SEC 

lJ GA = 7.1 SEC 

£MGR = 7.1 SEC 

-Eron = 4.1 SEC 

l OGR = 8.4 SEC 

lFy = 6.5 SEC 

<J,HRA = 5.8 SEC 

<l>HMGA = 5.8 SEC 

<Ii' H~fGA = 5.8 SEC 

axz = 5.8 SEC 

azx = 5.8 SEC 

axy = 7.1 SEC 

ayx = 4.1 SEC 

-. 
ayz = 4.1 SEC 
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B. ERROR IN A SINGLE TABLE READING. 
The maximum expected deviation in finding PIPA null is 3 SEC. This deviation will be 

reduced somewhat if several readings are taken. The maximum table deviation will be 5 SEC. 
We will expect this maximum c;leviation to be reduced by using table calibration corrections. 

Based on maximum deviations, the expected uncertainity of any single table reading will be: 

= J (52 + 32
) SEC2 

-= 5.8 SEC 

C. DETAILED DERIVATIONS. 

JDC 35.0001: 
(See figure ll-1.) 

2 

= ½ (5.8 SEC) 

= 2.9 SEC 

-= 4.1 SEC 
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JDC 35.0002: 

(See figure Il-2.) 

,-.. 
= ½ (5.8 SEC) 

= 2.9 SEC 

= 4.1 SEC 

= 5.8 SEC 

JDC 35.0003: 

(See figure Il-3.) 

2 

= 2.9 SEC 

,-.. 
= 4.1 SEC 
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JDC 35.0004: 

(See figure Il-4.) 
81 - 08 + 180° 

2 

= 2.9 SEC 

= 4.1 SEC 

JDC 35 .0005 : 

(See figure Il-5.) 

= 2.9 SEC 

= 4.1 SEC 

= 5.8 SEC 
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JDC 35.0006, Part A: 

(See figure ll-6.) 

JDC 35.0006, Part B: 

(See figure ll-6.) 

DATE 18 FEB 63 

= 2.9 SEC 

= 4.1 SEC 

= 5.8 SEC 

= 2.9 SEC 

= 5.8 SEC 

= 4.1 SEC 

= 2.0 SEC 

-= 8.4 SEC 

E-1230 
IMU ALIGNMENT TESTS 

PAGE 23 



E-1230 
APOLLO GUIDANCE AND NAVIGATION IMU ALIGNMENT TESTS 

JDC 35.0008: 

(See /i.(Jll/' e II- 7.) 

<!>'11)11 :A = ---
2 

= 2.9 SEC 

,-.. = 4.1 SEC 

= 5.8 SEC 

DATE 1 ~ FU3 (jj PAGE 24 



APOLLO GUIDANCE ANO NAVIGATION 

JDC 35.0009, Part A: 

(See figure II-8.) 

JDC 35.0009, Part B: 
(See figure II-8.) 

DATE 18 FEB 63 

E-1230 
IMU ALIGNMENT TESTS 

£MGA = ----------+ aBz 

4 

= 1.5 SEC 

=4.1 SEC 

= 5.0 SEC 

4>13 + 4>14 + 4>15 + 4>16 

£Fy = -------- - ci>aRA 

4 

= 1.5 SEC 

= 5.8 SEC 

u <( ) = v u (£ ) 2+ ... . . .. + u ( ) 2 + u< ) 2 
Fy Fy 4> £Fy 4> (Fy 4> 

13 16 BRA 

-= 6.5 SEC 
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JDC 35.0010, Part A: 

(See figure II-9.) 

JDC 35.0010 Part B: 

(See figure Il-9.) 

DATE 18 FEB 63 

fh1 + Bis 
f~iGR = --- - BHOGA 

2 

-= 2.9 SEC 

-= 5.8 SEC 

= 7.1 SEC 

011 + Bis 
BHIGA = --- - 90° 

2 

-= 4.1 SEC 

E-1230 
IMU ALIGNMENT TESTS 
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JDC 35.0010, Part C: 

(See figure Il-9.) 

DAJ(1 8 FEB 63 

8 18 - 81 1 

axz = --- + anx 
2 

= 2.9 SEC 

= 4.1 SEC 

= 5.8 SEC 

E-1230 
IMO ALIGNMENT TESTS 
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JDC 35.0012, Part A: 

(See figure II-10.) 

JDC 35.0012, Part B: 

(See figure Il-10.) 

DATE 18 FEB 63 

<1>19 + <1>20 

£IGA = <f>H~IGA - ---

2 

-= 2.9 SEC 

= 5.8 SEC 

= 7.1 SEC 

2 
- CtBz 

= 2.9 SEC 

= 4.1 SEC 

= 5.8 SEC 

E-1230 
IMU ALIGNMENT TESTS 
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JDC 35.0013: 

(See figure II-11.) 
<10R=---

2 

= 2.9 SEC 

= 4.1 SEC 

JDC 35.0015: 

(See figure II-1 2.) 

2 

= 2.9 SEC 

= 4.1 SEC 

Ii.ATE 18 FEB 63 PAGE 29 



E-1230 
APOLLO GUIDANCE ANO NAVIGATION IMU ALIGNMENT TESTS 

JDC 35.0016: 

(See figure II-13.) 

2 

= 2.9 SEC 

= 4.1 SEC 

JDC 35.0017: 

(See figure Il-1 4.) 821 - 82s 
axy = --- +EJGR - aBx 

2 

= 2.9 SEC 

= 4.1 SEC 

-= 4.1 SEC 

,-._ = 7.1 SEC 
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OUT 
SOUTH 

g 

lli. 
NORTH 
MGA 
2SM 
X PIP OA 
RA 

+~8 

First Null Measurement 

LOOKING AT 
X PIP 

2 

E-1230 
IMU ALIGNMENT TESTS 

OUT 
SOUTH 

lli. 
NORTH 
MGA 
2SM 

X PIPOA 
RA 

Second Null Measurement 

F igure 11-1 . Geometry and Derivation fo r JDC 35.0001. 

DATE 18 FEB 63 PAGE 31 



APOLLO GUIDANCE ANO NAYIGA TION 

where 

OUT 
SOUTH 

lli. 
NORTH 
MGA 
2SM 
X PIP OA 
RA 

First Null Measurement 

LOOKING AT 
X PIP 

where 

83 + 84 
8aoGA = -- - a 8 x 

2 

E-1230 
IMU ALIGNMENT TESTS 

OUT 
SOUTH 

X PIPOA 
MGA 
2sM 

lli. 
NORTH 
RA 

Second Null Measurement 

Figure II-2. Geometry and Derivation for JDC 35.0002. 
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OUT 

SOUTH 
Y PIP OA 

g 

IN 

NORTH 
2 sM 
MGA 
RA 

First Null Measurement 

LOOKING AT 
Y PIP 

aay = 
2 

OUT 

SOUTH 
Y PIP OA 

E-1230 
IMU ALIGNMENT TESTS 

IN 

NORTH 
2 SM 
MGA 
RA 

Second Null Measurement 

0n - 00 + 180° 
IF 00 < 360° , USE: aBy = ·-----

2 

Figure Il-3. Geometry and Derivation for JDC 35.0003. 
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OUT 

SOUTH 

g 

IN 

NORTH 
MGA 
XSM 
Z PIP OA 
RA 

First Null Measurement 

LOOKING AT 
Z PIP 

0, - 08 + 180° 

2 

OUT 

SOUTH 

g 

E-1230 
IMU ALIGNMENT TESTS 

IN 

NORTH 
MGA 
XSM 
Z PIP OA 
RA 

/ 
+68 

Second Null Measurement 

Figure II-4. Geometry and Derivation for JDC 35.0004. 
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where 

OUT 
EAST 
TA 
OGA 

7 
I I 
I I ,as 
I I X 
I I ,-
1 1/ 
I 

I I 

a 11I-E 
Xz ' Fx 

I I 
I I 

..j 

g 

.lli. 
WEST 
ZsM 
X PIP OA 

First Null Measurement 

LOOKING AT 
X PIP 

NORTH 

where 

OUT 
EAST 
TA 
ZSM 

E-1230 
IMU ALIGNMENT TESTS 

IN 
WEST 
OGA 

X PIP OA 

r---4---- 7 
I I 
L _____ _j / 

g +llcp 

Second Null Measurement 

Figure II-5. Geom et ry and Dafratio11 fol' JDC 35 .0005. 
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OUT 
EAST 
OGA 
TA 
XSM 
Z PIPOA 

g 

1N. 
WEST 

First Null Measurement 

Fy 

- az" X cos fMGR - aBz 

(A) 

(B) 

E-1230 
IMU ALIGNMENT TESTS 

LOOKING AT 
Z PIP 

MGA 

WHERE 

.QUI 
EAST 
OGA 
TA 

g 

.IN 
WEST 
XSM 
ZPIPOA 

MGA 

'.RA/ 
PRA/ 
+64> 

A=az'v sin e:MGR + az"x cos €MGR 

B= €oGR - €F. 
X 

LOOKING 

SOUTH 

<1>11 + <1>12 

Second Null Measurement 

+ az" X cos fMGR - aBz 

fOGR = --- - <l>Bru + auz + fFx 

2 

NORTH 

Figure Il-6. Geometry and Derivation for JDC 35.0006. 
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OUT 

EAST 
TA 
Z PIP PRA 

IN 

WEST 
IGA 

YSM 

LOOKING AT 
Z PIP 

::, /IRA 

.--'-_-_-__ ; j OA
1 

WHERE g +64' 
A

1 
= €Fy + €MGA 

OUT 

EAST 
TA 
IGA 
YSM 

g 

E-1230 
IMU ALIGNMENT TESTS 

IN 

WEST 
Z PIP PRA 

IRA 

NORTH 

MGA 

8
1 
= az•v cos (MGR- az••x sin (MGR 

First Null Measurement Second Null Measurement 

LOOKING SOUTH 

+ az' y cos £~:r,n - az" x sin £~H:n I II ' 
- a;r, r cos £~1<;H + az x sin f~JGR 

Figure Il-7. Geometry and Derivation for JDC 35.0008. 
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OUT 
EAST 
TA 
IGA 
YsM 

IN 
WEST 
Z PIP PRA 

._ __ ----' 

g 

LOOKING AT 

Z PIP 

WHERE 

A"= EFy- €MGA 

OUT 
EAST 
TA 
Z PIP PRA 

I--- ___ _J 

g 

8
1 

= az'y cos €MGR-az"x sin €MGR 

IN 
WEST 
IGA 
YsM 

First Null Measurement Second Null Measurement 

DATE 18 FEB 63 

(A) 

(B) 

LOOKING 
NORTH 

- az" x sin £MG R + asz 

(4>13 + 4>u) - (4>1 5 + 4>16) 
£MGA = ----------+ 0Bz 

4 

4>13 + 4>14 + 4>15 + 4>16 
£Fy = -------- - g,HRA 

4 

Figure Il-8. Geometry and Derivation for JDC 35.0009. 
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OUT 
SOUT H 

lli 
NORTH 
MGA 
X PIP OA 
2SM 
RA 

LOOKING AT 
X PIP 

XM G • Xs M 

OGA 
-1E. ---+---+--+--'---t--... 

EAST 

IRA 

g 

OUT 
SOUTH 
X PI P OA 
2 SM 

E-1230 
IMU ALIGNMENT TESTS 

IN 
NORTH 
MGA 
RA 

First Null Measurement Second Null Measurement 

01, + 01, 
(A) £M GR = --- - 0HOG A 

2 

fl1 s - 01 , 
(C) axz = --- + aux 

2 

Fig ure II-9. Geom etry and Derivation fo r JDC 35 .0010. 
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OUT 
EAST 
TA 
OGA 
Z PIP OA 
XsM 

Bz 
I 

IN 
WEST 

First Null Measurement 

(A) 

(B) 

LOOKING AT 
Z PIP 

IRA 

(IGA = <l>aMGA -

2 

OUT 
EAST 
TA 
OGA 

g 

E-1230 
IMU ALIGNMENT TESTS 

IN 
WEST 
Z PIP OA 
XsM 

MGA 
~----+-~ 

NORTH 

+l1cp 

Second Null Measurement 

<l>19 + <1>20 

2 

Figure Il-10. Geometry and Derivation for JDC 35.001 2. 
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OUT 
EAST 
TA 
Z PIP PRA 

-1 
I I 

1a 
I 1

8 2 
I I 
I 1, .,--

IN 
WEST 
IGA 

YsM 

ZsM 

1 ~ 
-lf"C~-----L--+-..... 

i--....-~-, 
I I L ______ J 

g +~~ 

First Null Measurement 

LOOKING AT 
Z PIP 

MGA 

NORTH 

EIGR= - --

2 

OUT 
EAST 
TA 
IGA 

YsM 

g 

E-1230 
IMU ALIGNMENT TESTS 

IN 
WEST 
Z PIP PRA 

---1-+----r--4----
MGA 

N ORTH 

Second Null Measurement 

Figure Il-11. Geometry and Derivation for JDC 35.0013. 
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IGA, YsM 

WE ST 

OUT 
SOUTH 
Y PIP OA 

4--+--L.__~'4-

g 

IN 
NORTH 
MGA 
2SM 
RA 

+ll.8 

First Null Measurement 

LOOKING AT 

Y PIP 

IGA, YsM 

OUT 
SOUTH 
2SM 

----~--+--WEST 

g 

E-1230 
IMU ALIGNMENT TESTS 

IN 
NORTH 
MGA 
Y PIP OA 
RA 

Second Null Measurement 

2 

Figure Il-12. Geometry and Derivation for JDC 35.0015. 
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OUT 
SOUTH 

IGA, YsM 
~--1---L__~~ 

WEST 

g 

IN 
NORTH 
MGA 
Y PIP PRA 
XSM 

+flB 

First Null Measurement 

LOOKING AT 
Y PIP 

OUT 
SOUTH 

XsM 
Y PIP PRA 

IGA, YsM 
~-+---r--------t--

WEST 

g 

E-1230 
IMO ALIGNMENT TESTS 

.lli. 
NORTH 
MGA 
RA 

Second Null Measurement 

ayx= - --
2 

Figure Il-19. Geometry and Derivation for JDC 35.0016. 
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OUT 
SOUTH 
YsM 
IGA 
X PIP PRA 

IN 
NORTH 

LOOKING AT 
X PIP 

IRA 

OUT 
SOUTH 

g 

E-1230 
IMU ALIGNMENT TESTS 

lli. 
NORTH 
IGA 
X PIP PRA 

YsM 

OGA 
----+-~~ 

EAST 

First Null Measurement Second Null Measurement 

021 -028 
axy = --- + £1GR - anx 

2 

When Inner Gimbal resolver has been adjusted, 

axy = 
2 

Figure II-14. Geometry and Derivation for JDC 35.0017. 
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III. IRIG ALIGNMENT THEORY 

!RIG Alignment Tests are based upon using the Gyro Preamp Output (E) to measure 
gyro response to gimbal motion about an axis which is supposedly orthogonal to the Input 
Axis. The misalignment angle determined from this response is y' , involving a combination 
of known quantities and the unknown misalignment Y. 

Definitions of quantities used in these tests are in Sections 1-7 and 1-8 of this report. 
Figures 111-1 through 111-10 display the geometry for these tests. 

In this theory section, the response equations are developed. Rotation about the Gyro's 
Output Axis produces one y' relationship, which is measured in Part 2 of each of the three 
IRIG Alignment Tests. Rotation about the Gyro's Spin Reference Axis produces a second y' 

relationship, which is measured in Part 3 of each of the three IRIG Alignment Tests . 

In the Sensitivity Test , Parts 1 of each of the three IRIG Alignment Tests, the preamp 
voltage response to an angle change about the Input Axis is determined: 

The actual measured quantity will be: 

E 
S=---

WBDT 
A1+ -

k 

H 
where k = - the Gyro Gain Constant 

c' 

By expanding S (in terms of partial derivatives of the variables of S multiplied by the 
respective uncertainties of the variables), it can be shown that : 

DATE 18 FEB 63 PAGE 45 



APOLLO GUIDANCE ANO NAVIGATION 

The following values are used: 

UE 
- = 0.02, a 2% voltmeter 
E 

U Ar ± 9 SEC mispositioning 

A1 ± 900 SEC input 

= 0.01 

WBnT NBD (7 X 10-5 ) (30) 

A1k (0.0045 ) (1.0) (1000) 

= NBD X 0.000466 

( WIE ) Note: WBn = NBD - -
1000 

UBD UT Uk 
-=-=-=1.0 
WBD T k 

then 

Us 

E-1230 
IMU ALIGNMENT TESTS 

where NBD is drift in Meru from all causes and is 
given on AGANI P. 52 or R348 Rev. A. P. 11 

- = v (0.02)2 + (0.01) 2 + (3) (NBD X 4.66 X 10 4 ) i 

s 

The Sensitivity measured in Part 1 of each of the three IRIG Alignment Tests is used 
in Part 2 of these tests , where each gyro is rotated about its oµtput axis. The following 
analysis applies to these tests: 

By definition: 

Since 

Then: s 
S'= -

k 

DATE 1 8 FEB 63 PAGE 46 
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E = S'(TW0 u - kWJET sin (y + Ar) + kAn sin y') 

= S'TW1m - y'S'k(WrnT - A v ) - S'kWIETAP 

S'TW1m - S'kWIETAP - E 
y' == -- ----

E 

SAn 

S'k (WrET - An) 

E-1230 
IMU ALIGNMENT TESTS 

The tes t specification calls only for one part in ten of a misalignment of 10 arc minutes 
or 2.91 milliradian s. The errors introduced by bias drift and misalignment with earth rate 
can be eva luated as follows: 

DATE ld FEB G3 

T = 60 seconds (maximum) 

Al'= \ / 2 X 0.0174 rads. 

= 0.0246 rads. 

An = 1.60 rads. 

H 
- = k = 1.0 
C 

E 
- = 0.00291 rads. 
SAn 

= 2.91 X 10-3 
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WnnT 

kAn 

( NBD) (7 X l0-5 ) (60) 
1000 

(1.0) (1.60) 

= NBD X 2.63 X 10-6 

NBD X 2.63 X 10-8 

---- -- =NBD X 9.05 X 10-4 

2.91 X 10-3 

WIETAP (7 X 10 - 5 ) (60) (0.0246) 

An 1.60 

= 6.45 X 10-5 

6.45 X 10-5 

---- = 0.0222 
2.91 X 10-3 

E-1230 
IMU ALIGNMENT TESTS 

On the basis of the above ratios, it appears that 10 arc minutes of misalignment can 
be measured to about 2 parts per 100, if the reading is taken within 60 seconds and 
the alignment to earth does not exceed 1 degree x vf: 

An error analysis of Part 3 of each of the three IRIG Alignment Tests will now be made. 
In these tests, the IRIG is rotated about the axis that its own SRA ( Spin Reference Axis) should 
occupy. If the SRA is misaligned, it will rotate about OA until it is lined up with the di
rection of test rotation. Our results are thus dependent upon measuring float angle (AF) 
by reading the signal generator preamp. Unfortunately, the sensitivity measured in Part 1 
of the IRIG Alignment Tests applies to Input Axis (A1) rotation and not to AF. A correc-

tion ~ must be applied for each gyro. This is temperature and frequency sensitive, and 

the following error analysis will pay attention to this problem. 

The fundamental equation for the IRIG Rotation about its Spin Reference Axis is in 
differential form because of the influence of changing float angle on the solution: 

dE = S'dAF 

= { W,0 dT-W,.k( y' +A,-:) dT + +' -:)dAn] 
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[ 
( 

dAD ) E ( dA 0 
) ] 

dE = S' WBD - WIEk(y' + Ap) + ky' dt + k S' W1E -dt dT 

dE 
S'dT = ---------- ----------

E ( dAD ) ( dAD) k - WIE - - + WBD - WIE k(y' + Ap) + ky' -
~ ~ ~ 

dE 
kS'dT = - --------------- --------

( 

dAD) 

Wrn S' dt 
E + S' 

WBD dA 
--Wrn (y'+ Ap) +y'-

k dt 

dAo 
WIE- 

dt 

kS'dAD 

The test sequence consists of two parts. In the first part, the driven gimba1 angle is 

being slewed at an approximately constant rate: WD = d!D . In the second part, the voltage 

is being read and d!o = 0. If the test starts at T = 0 and E = 0, if the slewing stops 

at T1 and E1, and if the reading is finished at T2 and E2, then the differential equation can 

be put in the form of a definite integral. The expression will be evaluated first through T 1: 

dAD 

kS' 

WD ( WIE) - - 1-- E+S' 
S' Wo 

dAD rads 
- = WD > 0.15--;:;;;:-
dt SEC 

dE 

( 
WIE) 

( - W u) 1-Wu 

Simplification can now be made by cancellation and by recognizing that: 

WIE 7 X 10-5 

1 - -- = 1 - --- ~ 1.0 
WD (0.15) 

dE 
----- - - - ----- = - kdA0 
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This expression can now be integrated between E 0 and E1 with the following result: 

E o = 0 

-kAo 
e 

Wao Wau 

(

WIE(y' + Ap) - k ) (WIE(y' + Ap) - - k- ) -
E+S' --------y' =8' - ----- -y' e kAo 

Wo Wo 

Wan 

E + 8, ( 1 _ e-kAo) ( WIEAP - - k- ) = 8,, ( 1 _ e-kAo ) ( 1 _ t) [See simplification 

W Y on page 49.J 
D D 

Therefore: 

DATE 18 FEB 63 

Wan 
E WIEAp-

k 
y'= +-----

( 
-kAo) 

1-e S' 

Wan 
Ek WIEAp---

------+ k 

( 
-kAo) 

1-e S 

Ek 

( 
-kAo) 

1-e S 

Wo 

Ap- NBD 
1000k 

31r 
But A0 = - , e - kAo = 0.0089 

2 

NBD 
Ap- --

Ek 1000k 
y'::, - + WIE----

s 
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Again, the test specification calls only for one part in ten of a misalignment of 10 arc 
minutes or 2.91 milliradians. The errors introduced by bias drift and misalignment with earth 
rate can be evaluated as before: 

NBD 
WBo = -- X WIE from all causes 

1000 

AP= y'2 X 0.0174 rads. 

= 0.0246 rads. 

H 
-=k =1.0 
C 

rads. 
W 0 = 0.15-- (minimum) -SEC 

WrnAP (7 X l0-5 ) (0.0246) 

Wo (0.15) 

= 11.48 X 10-6 

11.48 X 10 " 

2.91 X 10 :i 

= 3.94 X 10-3 Where 2.91 X 10---a rads. = 10 arc minutes 

( 
NBD ) 

Wn: 
1000k 

\V1, 

7 X 10 -,, ( NBD) 
1000k 

(0.15) 

= NBD X 4.67 X 10-7 

NBD X 4.67 X 10-7 

---- --- = NBD X 16.0 X 10-" 
2.91 X 10 :i 

Thus. within the re4.uired acc uracy: 

DATE Li FEB G3 

E 
y'= -

H 
- S 
C 
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u'Y, 

H 
However, a more detailed look at the effect of uncertainty in - is required. 

C 

H 
The uncertainty in - to achieve the test specification can now be calculated, using 

C 

-= 0.05 to allow a margin for drift during reading. 
I y 

DATE 18 FEB 63 

= J (0.05)' _ (0.02) ' _ ( ~ · r 
Us 

Where - is the quantity referred to on page 46. 
s 
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E-1230 
APOLLO GUIDANCE ANO NAYIGA TION IMU ALIGNMENT TESTS 

GEOMETRIC THEORY FOR X IRIG ALIGNMENT 

JDC 35.0020, Part 1: 

Yr 

SET: 

X IRIG IA 

RA 

GIMBAL ANGLES: 

Aoo = 0°* 

AMG = 0°* 

Aw= 0°* 

* MEANS "PRECISION ZERO SET" OF GIMBAL ANGLE 

Figure Ill-1. X !RIG, Input Angle to Preamp Voltage Sensitivity Test. 
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E-1230 
APOLLO GUIDANCE AND NAVIGATION IMU ALIGNMENT TESTS 

GEOMETRIC THEORY FOR X IRIG ALIGNMENT 
JDC 35.0020, Part 2: 

AMG TO 
±90° APPROX 

SET: 

SRA 

GIMBAL ANGLES : 

A 0 o = 270 ° 

* MEANS "PRECISION ZERO SET" OF GIMBAL ANGLE 

Firnu·e III-2. Jfeas11re111 ent of , by Rotat ion About X IRlG OA . 
.r \' 
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E-1230 
APOLLO GUIDANCE AND NAVIGATION IMU ALIGNMENT TESTS 

GEOMETRIC THEORY FOR X IRIG ALIGNMENT 
JDC 35.0020, Part 3: 

OGA 

AtG TO 
+270° APPROX 

SET: GIMBAL ANGLES: 

Yxz = lxz + 00 = lxz 

* MEANS "PRECISION ZERO SET" OF GIMBAL ANGLE 

Figure III-3. Measurement of Yx z by Negative Rotation About X /RIG SRA. 
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E-1230 
APOLLO GUIDANCE AND NAVIGATION IMU ALIGNMENT TESTS 

GEOMETRIC THEORY FOR Y IRIG ALIGNMENT 
JDC 35.0021, Part 1: 

SET: 

GIMBAL ANGLES: 

AoG = 270 ° 

A.MG= 0°* 

* MEANS "PRECISION ZERO SET" OF GIMBAL ANGLE 

Y IRIG IA 

RA 

Figure Ill-4. Y !RIG, Input Angle to Preamp Voltage Sensitivity Test . 

I 
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E-1230 
APOLLO GUIDANCE ANO NAYIGA TION IMO ALIGNMENT TESTS 

GEOMETRIC THEORY FOR Y IRIG ALIGNMENT 

J DC 35.0021, Part 2 : 
SRA 

+ 

AoG TO 
~ 90° APPROX MGA 

SET: GIMBAL ANGLES: 

* MEANS "PRECISION ZERO SET" OF GIMBAL ANGLE 

Figure Ill-5. Measurement of y by R otation About Y !RIG OA. 
Yz 

DATE 18 FEB 63 PAGE 57 



E-1230 
APOLLO GUIDAN CE AND NAVIGATION IMU ALIGNMENT TESTS 

GEOMETRIC THEORY FOR Y IRIG ALIGNMENT 

JDC 35.0021, Part 3: 

OGA 

/,4 

AMG TO 
+270° APPROX 

SET: GIMBAL ANGLES: 

A oa = 270 ° 

* MEANS "PRECISION ZERO SET" OF GIMB AL ANGLE 

Figure Ill-6. Measurement of y by Negative Rotation About Y IRIG SRA. 
Yx 
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E-1230 
APOLLO GUIDANCE ANO NAVIGATION IMU ALIGNMENT TESTS 

GEOMETRIC THEORY FOR Z IRIG ALIGNMENT 

JDC 35.0022, Part 1 : 

Z IRIG IA 

SET : GIMBAL A GLES: 

0 = 0° 

Aw= 90 ° 

• l\IEANS "PRE CISION ZERO SET" OF GIMBAL ANGLE 

Figure 111-7. Z /RIG, Input Angle to Preanip Voltage Sensitivity Test. 
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E-1230 
APOLLO GUIDANCE ANO NAYIGA TION IMU ALIGNMENT TESTS 

GEOMETRIC THEORY FOR Z IRIG ALIGNMENT 
0~ 

JDC 35.0022, Part 2: 

AoG TO 
±90° APPROX MGA 

SET: GIMBAL ANGLES: 

Aoo = 0° 

() = OaoGA - 90 0 

Yzy = y' Zy + £IGR - £MGA 

* MEANS "PRECISION ZERO SET" OF GIMBAL ANGLE 

Figure Ill-8. Measurement of y by Rotation About Z !RIG OA. 
Zy 
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E-1230 
APOLLO GUIDANCE AND NAYIGA TION IMU ALIGNMENT TESTS 

GEOMETRIC THEORY FOR Z IRIG ALIGNMENT 

JDC 35.0022, Part 3 : 

OGA 

AIG TO 
+ 270° APPROX 

SRA MGA 

SET: GIMBAL ANGLES : 

Yz = y',, + 00 = lz 
X ' ' X ' X 

• MEANS "PRECISION ZERO SET" OF GIMBAL ANGLE 

Figure /11-9. Measurement of y, by N egative Rotation About Z !RIG SRA. 
Z;r 
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E-1230 
APOLLO GUIDANCE ANO NAVIGATION IMU ALIGNMENT TESTS 

IA 
IRA 

SA 

NOTE: 

WtE IRIG OUTPUT AXIS (OA) 
OUT OF PAPER . 

Figure Ill-10. Geometry Applicable to Part 3 in X, Y, and Z /RIG Alignment Test Equations. 
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E-1230 
APOLLO GUIDANCE AND NAVIGATION IMU ALIGNMENT TESTS 

DATE l o FEB G:3 

IV. JOB DESCRIPTION CARDS (JDC's) 

FOR PIP A AND IRIG ALIGNMENT TESTS 

AND DATA SHEET FORMS 

PAGE 63 



JDC 
35.0001 

ALSO 
TO 

Joe's 

JDC 
35.0002 

JDC 
35.0003 - ---.. ( aey) ._ ___ _ 

-------M SH _.::;:.:o=---

35.0001 

JDC 
35.0005 

ALSO 
TO 

JDC'S 

_35____..o.__oo-s~ _3_5__,.o.__oo_e~ ( ,~l) ~oo,:L-3-5-'.oL-0-11-

35.0020 
35.0021 
35.0022 

PARTS 2S 3 

LSO 
TO 
JDC 

35.0007 

JDC 
35.0004 

JDC 
35.0008 

35.0007 

ALSO 
JJgS 

35.0008 (35.ioog) 35.0012 

35.0006 

' c 35.0012 ) 35.0011 

.,__ _ __________ _.,.tf>'HMGA.,_ _____________ ___ ..;... __ .,. 

.,_ __ __,.~(MGA 

16 

ALSO -~ 
TO 

L_~ J~DC~'S~J--- -..i 35.0022 
PART2 

35.0002 

c 35.0011 ) 
I 

TO 
JDC 

ZERO 
ADJUST 
~MGR 

TO J DC 
35.0 021 

PART 2 

JDC 
35.0012 

350009 , 35.0 013 

ZERO 
ADJUST 

EIGR 

APOLLO GUIDANCE ANO NAVl~ATION 

JDC 
35.002C 
PART I 

JDC 
-~--------lllf35.0020----

JDC 
35.0021 
PARTI 

PART 2 

35.0011 

ZERO 
ADJUST 
EMGR 

JDC 
1------------4.i35.0021 

PART 2 

JDC 
1-~------ --+1350022 ..... --<i 

PART 2 

E-1230 
IMU ALIGNMENT TESTS 

JDC 
---411135.0020 

PART 3 

JDC .__ "350021 .,.. __ __. 
PART 3 

JDC 
35.0022 
PART3 

Figure I V-1. F low Diagram, S howing InterrelationshiJJ among A lignment T est J DC's. 
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E-1230 
APOLLO GUIDANCE AND NAVIGATION IMU ALIGNMENT TESTS 

A. PIPA ALIGNMENT TESTS. 

DATE 18 FEB 63 

JDC 35.0001 

JDC 35.0002 

JDC 35.0003 

JDC 35.0004 

JDC 35.0005 

JDC 35.0006 

JDC 35.0007 

JDC 35.0008 

JDC 35.0009 

JDC 35.0010 

JDC 35.0011 

JDC 35.0012 

JDC 35.0013 

JDC 35.0014 

JDC 35.0015 

JDC 35.0016 

JDC 35.0017 

Test to determine aBx 

Test to determine 0Hou,1. 

Test to determine aB, 

Test to determine aBz 

Test to determine <l>HUA 

Test to determine <l>H)IGA and EoGn 

Zero adjustment of the Outer Gimbal Resolver 

Test to determine <1>' H)IGA 

Test to determine E)IGA and EF, 

Test to determine E)rGR and ax2 

Zero adjustment of the Middle Gimbal Resolver and 
test to determine 0HrGA 

Test to determine EI GA and azx 

Test to determine £1Gn 

Zero adjustment of the Inner Gimbal Resolver 

Test to determine ay2 

Test to determine ayx 

Test to determine axy 
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E-1230 
APOLLO GUIDANCE ANO NAVIGATION IMU ALIGNMENT TESTS 

B. IRIG ALIGNMENT TESTS. 

JDC 35.0020 

JDC 35.0021 

JDC 35.0022 

DATE 18 FEB 63 

X IRIG Alignment Test 

Part 1. Calibration of Input Angle to Preamp 
Voltage Output: Sx 

Part 2. Measuring Yx, by Rotation About X IRIG 
Output Axis. 

Part 3. Measuring Yxz by Rotation About X IRIG 
Spin Reference Axis. 

Y IRIG Alignment Test 

Part 1. Calibration of Input Angle to Preamp 
Voltage Output: Sr 

Part 2. Measuring Y,z by Rotation About Y IRIG 
Output Axis. 

Part 3. Measuring Y,x by Rotation About Y IRIG 
Spin Reference Axis. 

Z IRIG Alignment Test 
Part 1. Calibration of Input Angle to Preamp 

Voltage Output: Sz 

Part 2. Measuring Yz, by Rotation About Z IRIG 
Output Axis. 

Part 3. Measuring Yzx by Rotation About Z IRIG 
Spin Reference Axis. 
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APOLLO GUIDANCE AND NAVIGATION 

C. JDC DATA SHEET FORMS. 

PIPA ALIGNMENT TEST DATA SHEET 
FORM E-1230 OS-I 

E-1230 
IMU ALIGNMENT TESTS 

used with JDC 35 .0001 through JDC 35 .0006 
JDC 35.0008 through JDC 35 .0010 
JDC 35 .0012 and JDC 35.0013 
JDC 35.0015 through JDC 35.0017 

PIP A ALIGNM ENT TEST 
FINE RESO LVER ALIGNMENT TEST 
DA TA SHEET FORM E-1230 DS-2 

used with JDC 35 .0007 , JDC 35.0011, and JDC 35 .0014 

IRI G ALIG NMEN T TEST DATA SHEET 
FORM E- 1:uo DS-3 PART I 

used with JDC 35.0020 through JDC 35.0022 

IRI G ALIGNMENT TEST DATA SHEET 
FO RM E-123 0 DS-3 PART 2 

used with JDC 35 .0020 through JDC 35.0022 

IR IG ALIGNMENT TEST DAT A SHEET 
FO Ri\1 E-1 230 DS-3 PART J 

used with JDC 35.0020 through JDC 35.0022 
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JOE: PIPA ALIGNMENT TESTS 

SUBSYSTEM: INE RTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine Cle , 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

A. PREPARATION 

Orientations required for first null measurement : 

1. Gimbal Assembl y 

a. Outer Gimbal Angle (A-,c ) = 0° 

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

c. Inner Gimbal Angle (A ,c) = 0° 

2. Test Table 

a . Initial Tilt Angle (4>) 

Desired Angle Designation = 90° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 90° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

B. PROCEDURE 

First Null Measurement 

Rotate the table about the ROTARY AXIS until a null is 
oblained from the X P IP. 

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle 01 

JDC 35 . 0001 Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



J0 6: PIPA ALIGNMENT TESTS 

SUBSYSTEM: 

DESCRIPTION: 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

D. PREPARATION 

INERTIAL MEASUREMENT UNIT 

Test to Determine a ~, 

Orientations required for second null measurement: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (Aoc) = 0° 

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

c. Inner Gimbal Angle (A ,.) = 0° 

2. Test Table 

a. Initial Tilt Angle (4') 

Desired Angle Des ignation = 90° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 270° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

E. PROCEDURE 

Second Null Measurement 

Rotate the table about the ROTARY AXIS until a null is 
obtained from the X PIP. 

F. RECORD 

Use Data Sheet Form E-1 230 DS-1 to record: 

Final Rotary Angle 02 

JDC 35. 0001 Sheet 2 of 2 

SYSTEM: AGE/ 

TYPE: Alig11menl 

INTERVAL: 

REFERENCES: 

G. CALCULATIONS 

Perform the following c alcul au ons using Data 
Sheet Form E-1230 DS-1 : 

02 - e, - 180° 
2 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTlAL MEASUR£iv!ENT UN IT 

DESCRIPTION: 

TOOLS AND 
MATERIAL: 

Test to determine e" ,:; , 

IMPORTANT: Results from JDC 35 . 0001 required to perform this job . 

A. PREPARATION 

Orientations required for first null measurement: 

1 . Gimbal Assembly 

a. Outer Gimbal Angle (Ac.; ) = 0° 

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

c . Inner Gimbal Angle (AG) = 0° 

2. Test Table 

a. Initial Tilt Angle (4') 

Desired Angle Designation = 90° 

NOTE: Record Value, Indic ator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (9) 

Desired Angle Designation = 270° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E- 1230 DS-1. 

B. PROCEDURE 

First Null Measurement 

Rotate the table about the ROTARY AXIS until a null is obtained 
from the X PIP. 

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle 63 

JDC 35.0002 Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UN IT 

DESCRIPTION: Test to determine 0,0;, 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35 . 0001 req uired to perform thi s job . 

D. PREPARATION 

Orientations required for second null measurement : 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Acx;) = 180° 

b. Middle Gimbal Angle (A,'" ) = P rec is ion 0° 

c . Inner Gimbal Angle (A,;) = 0° 

2. Test Table 

a. Initial Tilt Angle (4') 

Desired Angle Desi gnation = 90° 

NOTE: Record Value , Indicator 
Error, and Readout Angle on Data 
Sheet Form E--1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 270° 

NOTE: Record Value, Indicator 
Error, and Re adout Angl e on Data 
Sheet Form E- 1230 DS-1. 

E. PROCEDURE 

Second Null Measurement 

Rotate the table about the ROTARY AXIS until a null is 
obtained from the X PIP. 

F . RECORD 

Use Data Sheet Form E- 1230 DS-1 to recor d: 

Final Rotary Angle 04 

JDC 35. 00 02 Sheet 2 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

G. CALCULA T IO S 

P e r fo rm the foll owing calc ulations us ing Data 
Sheet Form E-1 230 DS- 1: 

Value of a 8x obtained from JDC 35 . 0001 

Dat a Sheet Form E -1 230 DS- 1. 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: I ERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine O'. sv 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

A. PREPARATION 

Orientations required for first null measurement: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (Ace;) = 0° 

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

c . Inner Gimbal Angle (A G) = 0° 

2. Test Table 

a. Initial Tilt Angle (4') 

Desired Angle Designation = 90° 

NOTE: Record Value, Indicator 
Error , and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Des ignation = 0° 

NOTE : Record Value, Indic a tor 
Error, and Readout Angle on Data 
Sheet Form E- 1230 DS-1. 

B. PROCEDURE 

First Null Measurement 

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

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle 0s 

JDC 35. 0003 Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMEI-JT UNIT 

DESCRIPTION: Test to determine Ci' 6v 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

D. PREPARATION 

Orientations required for second null measurement: 

1 . Gi mbal Assembly 

a. Outer Gimbal Angle ( -) = 0° 

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

c. Inner Gimbal Angle (A:d = 0° 

2. Test Table 

a. Initial Ti! t Angle (cf>) 

Desi red Angle Designation = 90° 

NOTE: Record Value, Indicator 
Error , and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (8) 

Desired Angle Des ignation = 180° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Shee t Form E-1230 DS-1. 

E. PROCEDURE 

Second Null Measurement 

Rotate the table about the ROT ARY AXIS until a null is 
obtained from the Y PIP. 

F . RECORD 

Use Data Sheet Form E-1230 DS-1 to record : 

Final Rotary Angle 86 

JDC 35 . 0003 Sheet 2 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

G. CALCUL ATIONS 

Pe rform th fo ll owing c alcula t ious uorng Data 
Shee t Form E- 1230 DS- 1: 

06 - 6s - 180° 
2 

If 8s < 360°, use 

86 - 8s + 180° 
2 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INE RTIAL MEASUREMENT UJ\TIT 

DESCRIPTION: Test to determine 0' 1,. 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

A. PREPARATION 

Orien tations required for fir st null measurement: 

1. Girnba l Assembly 

a . Outer Gimbal Angle (A d = 0° 

b. Middle Gimbal Angle (i¼;) = Precision 0° 

c . Inner Gimbal Angle (A ;) = 90° 

2. Test Table 

a. Initial Tilt Angle (<P) 

Desired Angle Des igna tion = 90° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1 230 DS-1. 

b . Initia l Rotary Angle (0) 

Des ired Angle Designation = 90° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Da ta 
Sheet Form E-1 230 DS-1. 

B. PROCEDURE 

First 1 ull Measurement 

Rotate the table about the ROTARY AXIS until a null is 
obta ined from the Z PIP. 

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle l,-

JDC 35. 0004 Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT T EST 

SUBSYSTEM: INERTIAL ME ASURE MENT UNIT 

DESCRIPTION: Test to de termine o: ~z 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

D. PREPARATION 

Orientations required for second null measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle ( 

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

c. Inner Gimbal Angle (A:0) = 90° 

2. Test Table 

a . Initial Tilt Angle (4') 

Desired Angle Designation = 90° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (8) 

Desired Angle Designation = 270° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E- 1230 DS-1. 

E. PROCEDURE 

Second Null Measurement 

Rotate the table about the ROTARY AXIS until a null is 
obtained from the Z PIP. 

F . RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle 8e 

JDC 35. 0004 Sheet 2 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

G. CALC LA TIONS 

Perform the fo ll owing calcul ations us ing Data 
Shee t Form E-1 230 DS-1: 

~ - Be + 180° 
2 



JOE: PIPA AL IGNMENT TEST 

SUBSYSTEM: INERTIAL MEASURE JVIE T UNIT 

DESCRIPTION: Tes t to de termine 4>ro. 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35 . 0001 and JDC 35 . 000 2 r equired to pe rform 
this · ob. 

A. PREPARATION 

Orientations r equired for first null me asure ment : 

1. Gimbal Assembly 

a . Outer Gimba l Angl e (Au) = Precision 0° 

b. Middle Gimbal Angle (A-,G ) = 0° 

c. Inne r Gimbal Angle (A al = 90° 

2. Test Table 

a . Initial Tilt Angle (<P ) 

Desired Angle Des ignation = 90° 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS- 1. 

b . Initi a l Rotary Angle (0) 

Desired Angle Designation = B"cx;, 

Value of e" obtained from JDC 35 . 0002 Data Sheet 
cx; A 

Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error , and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

B. PROCEDURE 

First Null Measure me nt 

Rotate the table about the TILT AXIS until a null is 
obtained from the X PIP. 

C. RECORD 

Use Data Sheet Form E - 1230 DS-1 to record: 

Final Tilt Angle <l>s 

JDC 35 . 0005 Sheet 1 of ~ 

SYSTEM: AG E/ 

TYPE: Alignm e nt 

INTERVAL: 

REFERENCES: 



JO H; PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREME T UNIT 

DESCRIPTION: Test to determine qi " •• 

JDC 35 . 0005 Sheet 2 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0001 and JDC 35. 0002 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 (A,.,;) = 0° 

c. Inner Gimbal Angle (A;c) = 90° 

2. Test Table 

a. Initial Tilt Angle (4) 

Desired Angle Designation = 90° 

NOTE : Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = e"cc• + 180° 

Value of e"oGA obtained from JDC 35. 0002 Data 

Sheet Form E -1 230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

E. PROCEDURE 

Second Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the X PIP. 

F. RECORD 

Use Data Sheet Form E -1 230 DS-1 to record: 

Final Tilt Angle 4>1o 

IGA 

G. CALCULATIONS 

Perform the following calcul ations using Data 
Sheet Form E -1 230 DS- 1: 

Value of 0! 8x obtained from JDC 35. 0001 Data 

Sheet Form E-1 230 DS-1. 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to dete rmine 4>H"<l, and •CG• 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35.0002, JDC 35 . 0004, and JDC 35 . 0005 
required to perform this job. 

A. PREPARATION 

Orientations required for first null measurement: 

1. Gimbal Assembly 

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

b. Middle Gimbal Angle (~) = 0° 

c. Inner Gimbal Angle (A1c) = 0° 

2. Test Table 

a. Initial Tilt Angle (4') 

Desired Angle Designation = 4>HRA 

Value of 4>HRA obtained from JDC 35. 0005 Data Sheet 

Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b . Initial Rotary Angle (0) 

Desired Angle Designation = ~OGA 

Value of e HoGA obtained from JDC 35. 0002 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

B. PROCEDURE 

First Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PIP. 

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

1. Final Tilt Angle 4'11 

2. Final Rotary Angle 0i.1 

JDC 35. 0006 Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignme nt 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST JDC 35. ooos Sheet 2 of 2 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE/ 

DESCRIPTION: Test to determine <l>"MG• and E" OGR TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0002, JDC 35. 0004, and JDC 35. 0005 required 
to perform this job. 

D. PREPARATION 

Orientations required for second null measurement: 

1. Gimbal Assembly 

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

b. Middle Gimbal Angle (A,..) = 180° 

c. Inner Gimbal Angle (A1c) = 0° 

2. Test T able 

a . Initial Tilt Angle (<l>) 

Desired Angle Designation = <l>"R• 

Value of <l>"R• obtained from JDC 35. 0005 Data 

Sheet ~orm E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 9"oc, 

Value of e"oc• obtained from JDC 35. 0002 

Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E -1230 DS-1. 

E. PROCE DURE 

Second Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PI P. 

F. RECORD 

Use Data Sheet Form E-1230 to record : 

1. Final Tilt Angle 4>12 

?-· Final Rotary Angle Bi. 2 

IGA 

G. CALCULATIONS 

Perform the following calculations using Data 
Sheet Form E-1230 DS- 1: 

e = ~ + '1>12 
< CJGR 

2 

Value of a 8z obtained from JDC 35 . 0004 Data 

Sheet Form E-1230 DS-1. 

Value of E" Fx obtained from fixture calibration. 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: 

DESCRIPTION: 

TOOLS ANO 
MATERIAL: 

IMPORTANT: 

A. PREPARATION 

INERTIAL MEASUREMENT UNlT 

Zero Adjustment of the Outer Gi mbal Re solver 

Results from JDC 35. 0004, JDC 35. 0005, and JDC 35. 0006 
required befol'e performing Lhis job. 

Orientations requil'ed : 

1. Gimbal Assemblv 

a. Outer Gimbal An5le (A J = Precision 0° 

b . Middle Gi mbal Angle (A . ) = 0° 

c. Inner Gimbal Angle (A ;) = 0° 

2. Test Table 

a. Initial Tilt Angle (<l) 

Desired Angle Des ignation = 'P; : 

Value of 4 11 obtained from JDC 35. 0006 Data Sheet Form E-1230 DS-1. 

JDC 35 . 0001 

SYSTEM: AGE / 

TYPE: Align ment 

INTERVAL: 

REFERENCES: 

NOTE: Record Value, Indicator Error, and Readout Angle on Data Shee t Form E-1230 DS- 2. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 0:: 

Value ol 01: obtained from JDC 35. 0006 Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator Error, and Readout Angle on Data Sheet Form E-1 230 DS- 2. 

Sheet 1 of 2 

The Z PIP should indic ate a null . If not , repeat JDC 35. 0006 . If the r epeat of JDC 35. 0006 indicates that the value 
of En;, has changed by ±8. 0 sec , notify the responsible engineer. 

B. PROCEDURE 

1. Rotate test table about its TILT AXIS to : 

De si r ed Angle Designation (<P, :,) = <l :'. - <w• 

Value of 4 :: and f ;, obtained from JDC 35 . 0006 Data Sheet Form E-1 230 DS-1. 

NOTE : Record Value, Indicator Error, and Readout Angle on Data Sheet Form E-1 230 DS- 2. 

2. Using "Zero Adjust" Potentiometer on the Outer Gimbal 16X Resolver, move the Outer Gimbal until the Z PIP again 
indicates a null. 



JOB: PIPA ALIGNME T TEST 

SUBSYSTEM : 

DESCRIPTION: 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

I ERTIAL MEASUREMENT UNIT 

Zero Adjustment of the Outer Gimbal Resolver 

Results from JDC 35. 0004 . JDC 35. 0005, and JDC 35 . 0006 
required before performing this job. 

C. PREPARATION 

Orientations required: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Acd = Precision 0° 

b. Middle Gimbal Angle (A,;,;) = 180° 

c. Inner Gimbal Angle (A -Gl = 0° 

2. Test Table 

a . Initial Tilt Angle (¢) 

Des i red Angle Designation = 4 12 

Value of 4 12 obtained from JDC 35. 0006 Data Sheet Form E-1230 DS-1. 

JDC 35. 0001 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOTE: Record Value, Indicator Error , and Readout Angle on Data Sheet Form E-1230 DS- 2. 

b. Initial Rotary Angle (0) 

Desired Angle Des ignation = 022 

Value of 01 ., obtained from JDC 35 . 0006 Data Sheet Form E -1 230 DS-1. 

NOTE: Record Value, Indicator Error, and Readout Angle on Data Sheet Form E-1230 DS- 2. 

D. PROCEDURE 

Secure Second Null Measurement from the Z PIP by rotating test table about its TILT AXIS. 

E. RECORD 

Use Data Sheet Form E-1230 DS-2 to record: 

Final Tilt Angle 4>12, 

F . CHECK 

Use Data Sheet Form E-1230 DS-2 

1. Compute: 4'118 + ¢ 12• 
2 

2. Check the fo ll owing equa li ty: 

- £, , to be within ±8 . 0 sec . 

Value of 4>"•• obtained from JDC 35 . 0005 Data Sheet Form E-1 230 DS-1. 

Value of~, obtained from JDC 35 . 0004 Data Sheet Form E-1230 DS- 1. 

Value of£,, obtained from JDC 35 . 0006 Data Sheet Form E-1230 DS- 1. 

3 . If equality is not indicated, repeat JDC 35. 0006 and JDC 35 . 0007 . 

Sheet 2 o( 2 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine <P' "~'GA 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35.0002, JDC 35.0004, and JDC 35. 0005 required 
before rformin this ·ob. 

A. PREPARATION 

Orientations required for first null measurement: 

1. Gimbal Assembly 

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

b. Middle Gimbal Angle (~) = 0° 

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

2. Test Table 

a. Initial Tilt Angle (<P) 

Desired Angle Designation = <P"•A 

Value of <P"•A obtained from JDC 35. 0005 Data 

Sheet l'orm E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (El) 

Desired Angle Designation = BsOGA + 90° 

Value of Bs00A obtained from JDC 35. 0002 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

B. PROCEDURE 

First Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PIP. 

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Tilt Angle 4'1a 

JDC 35 . ooos Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT U:NIT 

DESCRIPTION: Test to determine <l>' H'1::A 

TOOLS AND 
MATERIAL: 

JDC 35. 0008 Sheet 2 of 2 

SYSTEM : AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

IMPORTANT: Results from JDC 35 . 0002, JDC 35. 0004, and JDC 35. 0005 required 
before performing this job. 

D. PREPARATION 

Orientations required for second null measurement: 

1. Gimbal Assembly 

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

b . Middle Gimbal Angle (~) = 180° 

c. Inner Gimbal Angle (A1G) = Precision 0° 

2. Test Table 

a. Initial Tilt Angle ('1>) 

Desired Angle Designation = <l>HR• 

Value of <l>HRA obtained from JDC 35 . 0005 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = eHOG• + 90° 

Value of eHoGA obtained from JDC 35. 0002 Data 

Sheet Form E-1230 DS-1. 

NOTE : Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

E . PROCEDURE 

Second Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PIP. 

F . RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Tilt Angle '1>14 

G, CALCULATIONS ' 

Perform the following calculations using 
Data Sheet Form E-1230 DS-1: 

Value of ·0' 82 obtained from JDC 35. 0004 

Data Sheet Form E-1230 DS-1. 



JOB: PIPA ALIGN1\1ENT TEST 

SUBSYSTEM: INERTIAL MEASURE1\1ENT UNIT 

DESCRIPTION: Test to determine Ew and <Fv 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35 . 0002, JDC 35 . 0004 , and JDC 35. 0005 required 
before performing this job. 

A. PREPARATION 

Orientations required for first null measurement : 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aix;) = 180° 

b. Middle Gimbal Angle (A,.;) = o0 

c. Inner Gimbal Angle (A1G) = Precision 0° 

2. Test Table 

a. Initial Tilt Angle (4>) 

Desired Angle Designation = <l>HRA 

Value of <l>HRA obtained from JDC 35 . 0005 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS- 1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = eHccA + 90° 

Value of 0H
00

, obtained from JDC 35. 0002 Data 

Sheet Form E-1230 DS- 1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

B. PROCEDURE 

First Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PIP. 

C. RECORD 

Use Data Sheet Form E-1230 DS- 1 to record: 

Final Tilt Angle <I> 15 

JDC 35. 0009 Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST JDC 35. 0009 Sheet 2 of 2 

SUBSYSTEM: INE RTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Test to determine < M GA and E, v TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERE NCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35. 000 2, JDC 35. 0004 , and JDC 35. 0005 
required before performing this job. 

D. PREPARATION 

Orie ntations required for second null measurement: 

1. Gimbal Asse mbly 

a . Outer Gimbal Angle (Aoc ) = 180° 

b. Middle Gimbal Angle (~) = 180° 

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

2. Test Table 

a . Initial Tilt Angle (4>) 

Desired Angle Designation = 4>"•• 

Value of 4>"•• obtained from JDC 35. 0005 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = e"oo• + 90° 
G. CALCULATIONS 

Value of esOOA obtained from JDC 35. 0002 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value , Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

E. PROCE DURE 

Second Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PIP. 

F. RECORD 

Use Data Sheet Form E-1230 DS-1 to record : 

Final T ilt Angle 4>16 

Perform the ollowrng calculations orng 
Data Sheet Form E-1230 DS-1 : 

_ (4>p + 4>a) - f4>1s + 4>10) <11.• - 4 + ae1 

Value of a 81 obtained from JDC 35, COO I ... ta 

Sheet For m E-1230 DS-1 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine <'1:R and Cl! x1 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0001, JDC 35. 000 2, and JDC 35. 0006 required 
before performing this job. 

A. PREPARATION 

Orientations required for first null measurement: 

1. Gimbal Assembly 

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

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

c . Inner Gimbal Angle (A 1G) = 0° 

2. Test Table 

a . Initial Til.t Angle (4>) 

Desired Angle Designation = 4>"'1:• 

Value of <l>"'I:• obtained from JDC 35. 0006 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS- 1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 9"
00 • 

Value of 9"
00

• obtained from JDC 35. 0002 Data 

Sheet For m E-1230 DS-1. 

NOTE : Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 D·s-1. 

B. PROCEDURE 

Fir st Null Meas urement 

Rotate the table about the ROT ARY AXIS until a null is 
obtained from the X PIP. 

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record : 

1. Final T ilt Angle 4>17 

2. Final Rotary Angle 017 

JDC 35. 0010 Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine E: f'GR and a. ,
2 

TOOLS AND 
MATERIAL: 

JDC 35 . 0010 Sheet 2 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

IMPORTANT: Results from JDC 35 .0001, JDC 35.0002, and JDC 35 . 0006 required 
before performing this job. 

D. PREPARATION 

Orientations required for second null measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Ao,;) = Precisi on 0° 

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

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

2. Test Table 

a . Initial Tilt Angle (4') 

Desired Angle Designation = <I>",;:;• 

Value of 4'",;:;A obtained from JDC 35. 0006 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Re adout Angle on Data 
Sheet Form E- 1230 DS-1. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 0sc,a 

Value of e"oo• obtained from JDC 35. 0002 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Re adout Angle on Data 
Sheet Form ~-1230 DS- 1. 

' E. PROCEDURE 

Second Null Measurement 

Rotate the table about the ROTARY AXIS until a null is 
obtained from the X PIP. 

F . RECORD 

Use Data Sheet Form E - 1230 DS-1 to recor d : 

1. Final Tilt Angle 4'1a 

2. Final Rotary Angle Sia 

G. CALCULATIONS 

Perform the following calculations using 
Data Sheet Form E - 1230 DS-1: 

~7 + Si§ eHcx;A f ..:;R 2 

e.!! - ~7 a. , z 2 + Ct.a, 

Value of Ct.a, obtained from JDC 35 . 0001 Data 

Sheet Form E-1230 DS- 1. 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: 

DESCRIPTION: 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

A. PREPARATION 

INERTIAL MEASUREMENT UNIT 

Zero Adjustment of the Middle Gimbal Resolver and 
Test to determine 9",G, 

Results from JDC 35. 0002 and JDC 35. 0010 required before 
pe rforming this job. 

Orientations required: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (Ac,:; ) = Precision 0° 

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

c. Inne r Gimbal Angle (A,G) = 0° 

2. Test Table 

a . Initial Tilt Angle (¢) 

Desired Angle Designation = 4\7 

Value of ¢ 17 obtained from JDC 35 . 0010 Data Sheet Form E -1230 DS-1. 

JDC 35. OOll 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOTE: Record Va lue , Indicator Error, and Readout Angle on Data Sheet Form E-1 230 DS-2 . 

b. Initial Rotary Angle (9) 

Desired Angle Designation = 917 

Value of 917 obtained from JDC 35. 0010 Data Sheet Form E-1230 DS-1. 

NOTE : Record Va lue, Indicator Error, and Readout Angle on Data Sheet Form E-1 230 DS-2. 

Sheet 1 of 2 

The X PIP should indica te a null. If not, repeat JDC 35 . 0010. If the repeat of JDC 35. 0010 indicates that the value 
of t'l;R has changed by ±7 .0 sec , notify the responsible e ngineer. 

B. PROCEDURE 

1. Rotate test table about its ROTARY AXIS to: 

Desired Angle Des ignation (cf, 17R) = cf, 17 - f MG R 

Value of cf,17 and ' "GR obtained from JDC 35. 0010 Data Sheet Form E-1230 DS- 1. 

NOTE: Record Value, Indicator Error, and Re adout Angle on Data Sheet Form E-1230 DS-2 . 

2. Using "Zero Adj ust" Potentiometer on the Inner Gimbal 16X Resolver, move the Inner Gimbal until the X PIP again 
indicates a null. 



JOB: PIP\ ALlGNMEKT TE ST 

SUBSYSTEM : 

DESCRIPTION: 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

11\'ERTl:\L l\IE,\SL1REJ\TENT u.:rr 

/,c1·0 .\djustrncnl 01 the i\l1ddlc Cirnb:tl lksohc1· .incl 
:·es t to dclL'l'll1111l' 0 

Hcsu lls from JDC :35_ OOOl and JDC :3.,. 00 10 r e4uircd befon: 
performing this job. 

D. PR[ P.\RATION 

Orientations re qui red: 

1. Gimb ::tl Asscmbl\' 

a . Outer Gimb::t l Angle (A,0 1 = Precision 0° 

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

c . Inner Gimb ::t l Angle (.-\ ) = 180° 

2. Test Table 

a . Initial Tilt Angle (¢) 

Desired Angle Designation ct .a. 

Value of¢ 5 obtained from JDC 35 . 0010 Data Sheet Form E-1 230 DS-1. 

JDC 35. 0011 

SYSTEM: AG l·: 1 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOTE: Record Va lue . Indicator Error, and Readout Angle on Da ta Sheet Form E-1230 DS-2. 

h. lnitial Rotary Angl e (0) 

Desired Angle Designation = 0-.6 

Va lue of 0: 0 obtained from JDC 35. 0010 Data Sheet Form E-1 230 DS-1. 

NOTE: Record Value. Indicator Error, a nd Readout Angle on Data Sheet Form E-1 23 0 DS-2. 

E. PROCEDURE 

Secure Second Null Measurement from the X PIP by rotating the tes t table a bout its ROTARY AXJS. 

F . RECORD 

Use Data Sheet Form E-1230 DS- 2 to record : 

Fin al Rotary Angle = 0-.._ 

G. CHECK 

Use Data Sheet Form E-1230 DS-2 

1. 

2 . 

3. 

4 . 

Compute : Bi--, - 01e,; 
2 

Check the following equali t ,v : 0, -, + 0-a, -

2 
= e ... G. to be within ec 7.0 sec. 

Value of e .. :,;, obtained from JDC 35. 0002 Data Sheet Form E-1230 DS-1. 

If equality is not indicated, repeat JDC 35 . 0010 a nd JDC 35. OOll. 

e e1~, - 01ew - 900 Compute: " ~' = 2 

Sheet 2 or ~ 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRI PTION: Test to determine Ere, and O'. zx 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0004, JDC 35 . 0006, and JDC 35. 0011 
required before performing this job. 

A. PREPARATION 

Orientations required for first null measurement: 

1. Gi mbal Assembly 

a . Outer Gi mbal Angle (Ace) = Precision 0° 

b . Middle Gimbal Angle (A,,c) = 0° 

c. Inner Gimbal Angle (A,c) = 0° 

2. Test Table 

a. Initial Tilt Angle (4) 

Desired Angle Designation = <P"""A 

Value of <P"""A obtained from JDC 35. 0006 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error , and Readout Angle on Data 
Sheet Form E-1230 DS- 1. 

b. Initial Rotary Angle (8) 

Desired Angle Designation = e",cA + 90° 

Value of e",cA obtained from JDC 35. 0011 Data 

Sheet Form E-1230 DS-2. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

3. PROCEDURE 

First Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PIP. 

RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Tilt Angle <P1s 

JDC 35.0012 Sheet 1 of 2 

SYSTEM: AGE / 

TYP E: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT Ul\'IT 

DESCRI PTION: Test to determine E: iG• and O' zx 

TOOLS AND 
MATERIAL: 

JDC 35 . 0012 Sheet 2 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

IMPORTANT: Results from JDC 35. 0004, JDC 35. 0006, and JDC 35. 00ll required 
before performing this job. 

D. PREPARATION 

Orientations required for second null measurement: 

1. Gimbal Assembly 

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

b. Middle Gimbal Angle (A,,,,) = 0° 

c. Inner Gimbal Angle (A 1G) = 180° 

2. Test Table 

a . Initial Tilt Angle (<P) 

Desired Angle Designation = <P"l'G• 

Value of <f."M:• obtained from JDC 35. 0006 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (9) 

Desired Angle Designation = e "iGA + 90° 

Value of e "IGA obtained from JDC 35. 00ll Data 

Sheet Form E-1230 DS-2 . 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

E. PROCEDURE 

Second Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PIP. 

F. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Tilt Angle <P2 0 

G. CALCULATIONS 

Perfor m the following calculations using 
Data Sheet Form E-1230 DS-1: 

Value of 0' 81 obtained from JDC 35. 0004 

Data Sheet Form E-l i 30 DS-1 . 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREJ\.fENT UNIT 

DESCRIPTION: Test to determine < i Gs 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0008 and JDC 35. 0011 required before 
performing this job. 

A. PREPARATION 

Orientations required for first null measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Ao:;) = 0° 

b. Middle Gimbal Angle (~) = 0° 

c. Inner Gimbal Angle (A1G) = Precision 0° 

2. Test Table 

a. Initial Tilt Angle (4>) 

;· Desired Angle Designation = 4>\"GA 

Value of 4>'Hec• obtained from JDC 35. 0008 

Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (B) 

Desired Angle Designation = 8,.,
1
G, - J 80° 

Value of 8,.,
1
G, obtained from JDC 35. 0011 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indi.cator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

B, PROCEDURE 

First Null Measurement 

Rotate the tabl~ about the TILT AXIS until a null is 
obtained from the Z PIP. 

C, RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

1. Final Tilt Angle 4':n 

2. Final Rotary Angle B21 

JDC 35. 0013 Sheet 1 of 2 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST JDC 35. 0013 Sheet 2 of 2 

SUBSYSTEM: IN ERTIAL MEASUREME -T U:N1T SYSTEM: AGE/ 

DESCRIPTION: Test to determine f ca TYPE: Align ment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35 . 0008 and JDC 35. 0011 r e quired before 
performing this job . 

D. PREPARATION 

Orientations required for s econd null measurement: 

1. GimbaI Assembly 

2. 

a. Outer Gi mbal Angle (A -~) = 0° 

b. Middle Gimbal Angle (A,-10 ) = 180° 

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

Test Table 

a. Initial Tilt Angle (¢) 

Desired Angle Designation 

Value of 4-' a,_.c, obtained from JDC 35 . 000 

Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (9) 

Desired Angle Designation = 9",c, - 180° 

Value of 9",c, obtained from JDC 35. 0011 Data 

Sheet Form E-1230 DS-1. 

G. CALCULATIONS 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

E. PROCEDURE 

Second Null Measurement 

Rotate the table about the TILT AXIS until a null is 
obtained from the Z PIP. 

F. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

1. Final Tilt Angle ¢ 2 2 

2 . Final Rotary Angle 922 

Perform the tollowing calculations usrng 
Data Sheet Form E-1230 DS-1: 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: 

DESCRIPTION: 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

INERTIAL MEASUREMENT UNIT 

Zero Adjustment of the Inner Gimbal Resolver 

Resul ts from JDC 35. 0009 and JDC 35. 0013 requ ired before 
performing this job . 

1. PREPARATION 

Orie ntations required: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoc) = 0° 

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

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

2. Test Table 

a. Initial Tilt Angle (4>) 

Desired Angle Designation = 4> 21 

Value of 4> 21 obtained from JDC 35. 0013 Data Sheet Form E - 1230 DS-1. 

JDC 35. 0014 

SYSTEM: AG E/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOTE: Record Value, Indicator Error, and Readout Angle on Data Sheet Form E-1 23 0 DS- 2. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 02 1 

Value of 021 obtained from JDC 35 . 0013 Data Sheet Form E - 1230 DS- 1. 

NOTE: Record Value, Indicator Error, and Readout Angle on Data Sheet Form E-1 230 DS- 2. 

Sheet 1 of 2 

The Z PIP should indicate a null. If not, repeat JDC 35 . 0013. If the repeat of JDC 35 . 0013 indicates that the value 
of E IGR has changed by ±4 . 0 sec, notify the responsible engineer . 

B. 'PROCEDURE 

1. Rotate test table about its TILT AXIS to: 

Desired Angle Designation (4>21R ) = 4>21 + < 1GR - < MG• 

Value of <P 21 and ''GR obtained from JDC 35 . 0013 Data Sheet F orm E-1 230 DS-1. 

Value of •M G• obtained from JDC 35. 0009 Data Sheet Form E-1230 DS- 1. 

NOTE: Record Value, Indicator E r ror, and Readout Angle on Data Sheet F orm E - 1230 DS-2. 

2. Using " Zero Adjust" Potentiometer on the Inner Gimbal 16X Resolver , m ove the Inne r Gimbal until the Z PIP again 
indicates a null. 



JOB: PIPA ALIG l'vIENT TEST 

SUBSYSTEM: 

DESCRIPTION: 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

D. PREPARATION 

INERTIAL MEASUREMENT UNIT 

Zero Adjustment of the Inner Gimbal Resolver 

Results from JDC 35. 0009 and JQC 35. 0013 required before 
performing this job. 

Orientations re qui red: 

1. Gi mbal Assembly 

a . Outer Gimbal An;.?;le (A;J = 0° 

b . Middle Gimbal Angle (A,; ) = 180° 

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

2. Test Table 

a. Initial Tilt Angle (<P) 

Desired Angle Designation = 4 ,, 2 

Value of 4' 0 ;o obtained from JDC 35. 0013 Data Sheet Form E-1230 DS- 1. 

JDC 35. 0014 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOT!:'.:: Record Value, Indicator Error, and Readout Angle on Data Sheet Forrri E- 1230 DS- 2. 

b. Initial Rotary Angle (0) 

Desired Angle Designation = 0;;,;:, 

Value of 022 obtained from JDC 35 . 0013 Data Sheet Form E-1230 DS- 1. 

NOTE: Record Value, Indicator Error, and Readout Angle on Data Sheet Form E- 1230 DS- 2. 

E. PROCEDURE 

Secure Second Null Measurement from the Z PIP by rotating test table about i ts TILT AXIS. 

F. RECORD 

Use Data Sheet Form E-1230 DS-2 to record: 

Final Tilt Angle = <P ,:, s 

G. CHECK 

Use Data Sheet Form E-1230 DS-2: 

1. Compute: 4> 2 :,, 0 - <P:e1s 

2 

;incl check that it does not exceed ,5. 0 sec . 

Value of Cc, obtained from JDC 35 . 0009 Data Sheet Form E-1230 DS- 1. 

·> If the resull of this check exceeds ,5. 0 sec, repeat JDC 35 . 0013 and JDC 35. 0014. 

Sheet 2 of 2 



JOB: PIPA ALIGNME T TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UJ\,1T 

DESCRIPTION: Te t to determine a ,, 

TOOLS AND 
MATERIAL: 

IMPORTANT: Resu lts from JDC 35 . 0008 and JDC 35.0011 required 
before performing thi s job. 

A. PREPARATION 

Orientations requi red for first null measure ment: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (A0 r, ) = 0° 

b . Middle Gimba l Angle (A ~) = Prec ision 0° 

c . Inner Gimbal Angle (A ,G ) = 0° 

2. Test Table 

a . Initi a l Tilt Angle (4) 

Des i red Angle Designation = 4 '""C• 

Value of 4- ' M•'G A obtained from JDC 35. 000 

Data Sheet Form E-1 230 DS-1. 

OTE: Record Value, Indicator 
Error, a nd Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b . Initial Rotary Angle (0) 

Desired Angle Designation = eh.G • - 180° 

Value of e",G• obtained from JDC 35. OOll Data 

Sheet Form E - 1230 DS-1. 

OTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1 230 DS-1. 

B . PROCEDURE 

First ull Measurement 

Rotate the table about the ROTARY AXIS until a null is 
obtai ned from the Y PIP. 

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Fina l Rotary Angle 023 

JDC 35. 0015 Shee t 1 of 2 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTI ON : Test to determine a , . 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35 . 0008 and JDC 35. 00ll required 
before performing this job. 

D. PREPARATION 

Orientations requi red for second null meas urement: 

1. Gimbal Assembly 

a . Outer Gimbal Angle (Aoc ) = 0° 

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

c. Inner Gimbal Angle (A ,G) = 180° 

2. Test Table 

a . Initi a l T ilt Angle (¢) 

Desi red Angle Designation = ¢'"·'C • 

Value of 4-' H,'G , obtained from JDC 35. 0008 

Data Sheet Form E-1230 DS-1. 

NOTE : Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E- 1230 DS-1. 

b. Initi a l Rotary Angle (0) 

Desi red Angle Des ignation = 0"
1
G, - 180° 

Value of 0H,G• obtained from JDC 35. 0011 

Data Sheet Form E-1230 DS-1. 

NOT E : Record Value, Indic ator 
E r ror, and Readout Angle on Data 
Sheet Form E-1230 DS- 1. 

E . PROCEDURE 

Second Null Measurement 

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

F . RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle 02 4 

JDC 35 . 0015 Sheet 2 of 2 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

G. CALCULATIONS 

Perform the following calculations using 
Data Sheet Form E-1 23 0 DS-1 : 



JOB: PIPA ALIGNMENT TEST JDC 35.0016 

SUBSYSTEM: INERTIAL MEASUREMENT Ul\'lT SYSTEM: AGE / 

DESCRIPTION: Test to determine a v, TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35 . 0008 and JDC 35 . OOll required 
before performing this job . 

A. PREPARATION 

Orie ntations r equired for first !lull measure ment: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (AoG) = 0° 

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

c. Inner Gimbal Angle (A!G) = 90° 

2. Test Table 

a . Initial Tilt Angle (¢) 

Desired Angle Designation = ¢'Hr-'G• 

Value of ¢'Hr-'G , obtained from JDC 35 . 0008 

Data Sheet Form E-1 230 DS-1. 

NOTE: Record Va lue, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b . Initial Rotary Angle (0) 

Desired Angle Designation = 0H
1
G, - 180° 

Value of 0H
1
G, obtained from JDC 35 . 0011 Data 

Sheet Form E - 1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS- 1. 

B. PROCEDURE 

First Null Measurement 

Rotate the table about the ROT ARY AXIS until a null is 
obtained from the Y PIP. 

C. RECORD 

Use Data Sheet Form E-1 230 DS-1 to record: 

Final Rotary Angle 02s 

Sheet 1 of 2 



JOB: PIPA ALIGNMENT TEST JDC 35 . 001s Sheet 2 of 2 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Test to determine a v, TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from .JDC 35 . 0008 and JDC 35 . 0011 required 
before performing this job. 

D. PREPARATION 

Or ie ntations required for second null measurement : 

1. Gimbal Asse mbly 

a . Outer Gimbal Angle (ACG) = 0° 

b. Middle Gimbal Angle (Ai--c) = Precisi on 0° 

c . Inner Gimbal Angle (A 1G) = 270° 

2. Test Table 

a. Initial Tilt Angle (4>) 

Desired Angle Designation = <I>'"~• 

Value of <l> 'H~, obtained from JDC 35. 0008 

Data Sh'eet Form E-1230 DS-1. 

NOTE : Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Foi:_m E-1230 DS-1. 

b. Initi a l Rotary Angle (9) 

Desired Angle Designation = 9H
1
G, - 180° 

Value of 9"
1
c, obtained from JDC 35. OOll 

Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

E . PROCE DURE 

Second Null Measurement 

Rotate the tab le about the ROT ARY AXIS until a null is 
obtained from the Y PI P. 

F. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle 926 

G. CALCULATIONS 

Perform the following calculations using 
Data Sheet Form E-1230 DS-1: 



JOB: PIPA ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Test to determine Ct'. x y· 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0001, JDC 35 . 0002, and JDC 35 . 0006 
required before performing this job. 

A. PREPARATION 

Orientations required for first null measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aa; ) = 90° 

b. Middle Gimbal Angle (A,"G) = 0° 

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

2. Test Table 

a. Initial Tilt Angle (<P) 

Desired Angle Designation = <PHM::• 

Value of <PHM::• obtained from JDC 35. 0006 Data 

Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (9) 

Desired Angle Designation = 9H
00

, 

Value of 9Hoc• obtained from JDC 35. 0002 

Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

B. PROCEDURE 

First Null Measurement 

Rotate the table about the ROT ARY AXIS until a null is 
obtained from the X PIP. 

C. RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle 92 7 

JDC 35. 0011 Sheet 1 of 2 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 



JOB: PIPA ALIGNMENT TEST JDC 35 .0017 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE/ 

DESCRIPTION: Test to determine Cl' x 
' 

TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35.0001, JDC 35 . 0002, and JDC 35 .0006 
required before performing this job. 

D. PREPARATION 

Orientations required for second null measurement: 

1. Gimbal Assembly 

a. Outer Gimbal Angle (Aoc) = 90° 

b. Middle Gimbal Angle (J\..c) = 180° 

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

2. Test Table 

a. Initial Tilt Angle (4>) 

Desired Angle Designation = <I>">l;A 

Value of <I>">1;• obtained from JDC 35. 0006 

Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

b. Initial Rotary Angle (8) 

Desired Angle Designation = e"cxa 

Value of e"oc• obtained from JDC 35. 0002 T)ata 

E!'i.eet Form E-1230 DS-1. 

G. CALCULATIONS 

Perform the following calculations using 
Data Sheet Form E-1230 DS-1 : 
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NOTE: Record Value, Indicator 
Error, and Readout Angle on Data 
Sheet Form E-1230 DS-1. 

E. PROCEDURE 

Value of Cl' 8x obtained from JDC 35. 0001 Data 

Sheet Form E-1230 DS-1. 

Second Null Measurement 

Rotate the table about the ROTARY AXIS until a null is 
obtained from the X PIP. 

F, RECORD 

Use Data Sheet Form E-1230 DS-1 to record: 

Final Rotary Angle 82 s 



JOB: X IRIG ALIGNMENT TEST 

SUBSYSTEM : INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Part 1. Calibration of Input Angle to Preamp Voltage Output: S, 

TOOLS ANO 
MATERIAL: 

IMPORTANT: 

A. PREPARATION 

1. Test Table Orientati ons 

Set: 

a. Initial Tilt Angle (¢) 

Desired Angle Designation = (A) Local Latitude 

JDC 35. 0020 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOTE: Record Value, Calibration Error, and Angle Setting on Data Sheet Form E-1230 DS-3. 

Initial Rotary Angle (0) = 0° 

2. Gimbal Assembly 

Set: 

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

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

c. Inner Gimbal Angle (A ,G ) = 90° 

3. IRIG Preamp 

Route X IRIG Preamp Output to PA VM. 

B. PROCEDURE 

1. Null X IRIG with manual pulses; shift PA VM scales as requi red . 

2. Reset IRIG bias with two positive pulses; select PAVM 10-volt scale . 

3. Set in following Rotary Angles ; read within 30 seconds (ti me) the PAVM outputs , and record results on 
Data Sheet Form E-1230 DS-3 in order given: 

Set 0 

Set 0 

+15'00" 

-15'00" 

Return to 0 = 0° and renull . 

Set 0 

Set 0 

+15 '00" 

-15' 00" 

Return to e = 0° and renull. 

Set 0 

Set 0 

+15'00" 

-15 100" 

Return to 0 = 0°. 

Re ad and record en in (+) mv. 

Read and record e, 2 in (-) mv. 

Read and record e, 3 in(+) mv. 

Read and record e, 4 in(-) mv. 

Read and record e,5 in(+) mv. 

Read and record e, 6 in(- ) mv. 

4. Compute and record e and e on Data Sheet Form E-1230 DS- 3. +avg. -avg. 

ex1 + e,3 + e,s 
e mv +avg. 3 

ex2 + ex 4 + e,6 

e mv -avg. 3 

Sheet 1 of 6 



JOB: X !RIG ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Part 1. Calibration of Input Angle to Preamp Voltage Output : S, 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

C. LINEARITY CHECK 

JDC 35 . 0020 Sheet 2 of 6 

SYSTEM: AGE/ 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

1. Renull and set in following Rotary Angles; read the P.' VM outputs , and record res ults on Data Sheet Form E-1 230 DS- 3 
in order given: 

Set e 
Set 0 

+10'00" 

-10'00" 

Return to e = 0° and renull. 

Set e 
Set 9 

+5'00" 

-5'00" 

Return to 9 = 0°. 

Read and record ex? in (+) mv. 

RE'' and record ex 8 in(-) mv . 

Read and record ex9 in(+) mv . 

Read and record ex10 in( - ) mv . 

2. Compute and record on Data Sheet Form E - 1230 DS- 3 : 

ex? exe 
-- and- --

e e 
+avg. -avg. 

Plot results on Data Sheet Form E-1230 DS- 3 Linearity P lot. 

3 . Determine that: 

2 

3 

2 

3 

1. 00 ±0. 01 

4. Compute and record on Data Sheet Form E-1230 DS-3: 

exs exia 
-- and - - -

e e 
+avg . - avg. 

Plot results on Data Sheet Form E - 1230 DS- 3 Li nearity P lot. 

5. Determine that: 

1 
3 

1 
3 

D. SENSITIVITY COMPUTATION 

1. 00 ±0 . 01 

1. Use Data Sheet Form E- 1230 DS- 3 to compute Sensitivi ty. 

e - e 
Sx = 

+avg. - avg. 
8. 727 

mv 
mr 

2. Measure and record on Data Sheet Form E- 1230 DS- 3 : 

a. Precision 3200- cps exci tation voltage in mv. 

b. IRIG temperature deviati on in °F. 



JOB: X IRIG ALIGNMENT TEST JDC 35. 0020 Sheet 3 of 6 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Part 2. Measuring Yxv by Rotation About X IRIG Output Axis TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTAN-T: Results from JDC 35. 0002 are required before performing this job. 
JDC 35. 0014 must also be performed. 

A. PREPARATION 

1. Test Table Orientations 

Set: 

a . Initial Tilt Angle (<P) 

Desired Angle Designation = (.\) Local Latitude 

NOTE: Record Value, Calibration Error, and Angle Setting on Data Sheet Form E-1230 DS-3 . 

b. Initi al Rotary Angle (8) 

Desired Angle Designation = El..os, 

Value of eHoc, obtained from JDC 35. 0002 Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Calibration Error , and Angle Setting on Data Sheet Form E-1230 DS-3 . 

2. Gimbal Assembly 

Gimbal orientation by using CDU's in "Coarse Align" Mode and "Precision Zero Set" where indicated by asterisk(*) . 

a. Outer Gi mbal Angle (Aoc ) = 270° 

b, Middle Gimbal Angle (1\-c) = 0° 

c. Inner Gimbal Angle (A ,c) = 0°* 

3. Ground Support Equipme nt Setup 

Set Middle Gimbal CDU in "Manual Align" Mode for operation by slew switch. 

B. PROCEDURE 

1. Null X IRIG with manual pulses; shift the PA VM scales as required . 

2. Reset IRIG bias with two positive pulses ; select PAVM 10-volt scale. 

3 . Use Middle Gimbal CDU slew switch to rotate the Middle Gimbal in a positive direction to 1\-c equals 90° ±1°. 

NOTE : Do not use thumbwheel to set in an exact number for end of test, 
Take final reading upon stopping. 

4 . Within 60 seconds (time) of completing the slew position command (Step B3), · read and record on Data Sheet E-1230 DS- 3: 

a. ex11 in mv, shifting scales as necessary on the PA VM. 

b. A, 1 in decimal degrees from the Middle Gimbal CDU. 

5 . Using the slew switch, reposition the Middle Gimbal Angle CDU to zero within the accuracy of the thumbwheel. 



JOB: X IRIG ALIGNMENT TEST JDC 35 . 0020 Sheet 4 of 6 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Part 2. Measuring y, v by Rotation About X IRIG Output Axis TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0002 are required befor e performing th i s job. 
JDC 35. 0014 must also be performed. 

R PROCEDURE (continued) 

6. Repeat Step Bl. 

7 . Repeat Step B2. 

8 . Use Middle Gimbal CDU slew switch to rotate the Middle Gimbal in a negative direction to~ equals - 90° ±1°. 

NOTE: Do not use thumbwheel to set in an exact number for end of test. 
Take final r ead ing upon stopping. 

9. Within 60 seconds (time) of completing slew position command (Step B8) , read and record on Data Sheet E-1230 DS-3: 

a. e, 12 in mv, shifting scales as necessary on the PAVM. 

b . A x',? in deci mal degrees from the Middle Gimbal CDU. 

10. Repeat Steps Bl through B9 . Read and record: 

a . From Step B4: e, 13 in mv 

A xe, in decimal degrees 

b. From Step B9 : e,14 in m,· 

A,4 in decimal degrees 

11. Repeat Steps Bl through B9 . Read and record: 

a . From Step B4 : exis in mv 

Axs in decimal degrees 

b. From Step B9 : e,16 in mv 

A,a in decimal degrees 

C . COMPUTATION OF Y,v 

1. Compute R and R on Data Sheet Form E-1230 DS-3: 
+avg. - avg. 

R 
+avg. 

exn e,1:, exis 
- +-+
Ax1 Ax3 Axs 

3 

2. Compute Y'xv on Data Sheet Form E - 1230 DS- 3: 

R 
+avg. 

- R 57 . 29577 

2 
-avg. x - - - -

S 
mr 

3 . Compute Yxv on Data Sheet Form E - 1230 DS-3: 

R 
-avg. 

exi2 eq4 ex:a 
- + - + 
A,2 Ax4 A,e 

3 

because the Inner Gimbal Resolver has been adj usted . 

4 . Measure and record on Data Sheet Form E-1230 DS-3: 

a. Precision in 3200- cps excitati on voltage in mv . 

b. IRIG temperature deviation in °F. 



JOB: X IRIG ALIGNMENT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Part 3. Measuring 'Yxz by Rotation About X IRIG Spin Reference Axis 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from Gyro Data Sheet Form .. ___ and JDC 35 .0002 are 
required before performing this job. 

A. PREPARATION 

1. Test Table Orientations 

Set: 

a. Initi al Tilt Angle (4>) 

Desired Angle Designation = (A) Local Latitude 

me 35. 0020 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOTE: Record Value, Calibration Error, and Angle Setting on Data Sheet Form E-1 230 DS-3. 

b . Initi al Rota r y Angle (6) 

Desired Angle Designation = a OGA ±180° 

Value of B"oc, obtained from JDC 35. 0002 Data Sheet Form E-1230 DS-1. 

NOTE: Record Value , Calibration Error , and Angle Setting on Data Sheet Form E-1 230 DS-3. 

2. Gimbal Assembly 

Sheet 5 of G 

Gimbal orientations by using CDU' s in "Coarse Align" Mode and "Precision Zero Set" where indicated by asteris k (*). 

a. Outer Gimbal Angle (AoG) = 0°* 

b. Middle Gimbal Angle (A.x; ) = 0°* 

c. Inner Gimbal Angle (A :G ) = 0° 

3. Ground Support Equipment Setup 

Place Inner Gimbal CDU in "Manua l Align" Mode for operation by the slew switch. 

B. PROCEDURE 

1. Null X IRIG with manual pulses; shift PAVM scales as required . 

2. Reset IRIG bias with two positive pulses; select PAVM 10- volt scale. 

3 . Using Inner Gimbal CDU slew switch, rotate the Inner Gimbal in a positive direction to A,G equals 270c d 0
• 

4. Within 60 seconds (time) of completing the slew position command (Step B3), read and record e,17 in mv on Data 
Sheet Form E-1230 DS-3, shifting scales as necessary on the PA VM. 

5 . Using the slew switch, reposition the Inner Gimbal Angle CDU to zero within accurac y of the thumbwheel. 

6. Repeat Steps Bl through B5, reading and recording exis in mv on Data Sheet Form E-1230 DS-3 . 

7 . Repeat Steps Bl through B5, reading and recording e,19 in mv on Data Sheet Form E-1230 DS-3. 



JOB: X IRIG ALIGNMENT TEST JDC 35. 0020 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Part 3. Measuring Y, : by Rotation About X IRIG Spin Reference Axis TYPE: Alignment 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from Gyro Data Sheet Form _ _ _ and JDC 35 ,0002 are 
requi red before performing this job. 

C. COMPUTATION OF Yx, 

1. Compute e on Data Sheet Form E- 1230 DS-3 . 
avg. 

e 
avg. 

e,i? + e, 10 + e, 1e 

3 
mv 

INTERVAL: 

REFERENCES: 

2. Determine~ from Gyro Data Sheet Form ___ , and record on Data Sheet Form E-1230 DS-3 . 

3. Compute y,
1 

on Data Sheet Form E-1230 DS- 3. 

4. Measure and record on Data Sheet Form E-1230 DS-3: 

a . Precision 3200-cps exc itation voltage in mv. 

b. IRIG temperature deviation in °F. 

Sheet 6 of 6 



JOB: y IRIG ALIGNMENT TEST 

SUBSYSTEM : INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Part 1. Calibration of Input Angle to Preamp Voltage Output S, 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

A. PREPARATION 

1. Test Table Orientations 

Set: 

a . Initial Tilt Angle (<P) 

Desired Angle Designation = (A) Local Latitude 

JDC 35. 0021 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOTE: Record Value, Calibration Error, and Angle Setting on Data Sheet Form E-1230 DS- 3 . 

Initial Rotary Angle (9) = 0° 

2. Gimbal Assembly 

Set: 

a. Outer Gimbal Angle (Aoo) = 270° 

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

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

3. IRIG Preamp 

Route Y !RIG Preamp Out to PAVM. 

B. PROCEDURE 

1. Null Y !RIG with manual pulses; shift PA VM scales as required. 

2. Reset !RIG bias with two positive pulses; select PAVM 10-volt scale. 

Sheet 1 of 6 

3. Set in following Rotary Angles; read within 30 seconds (time) the PAVM outputs, and record results on Data Sheet 
Form E-1230 DS-3 in order given: 

Set B = +15'00" 

Set e -15 1 0011 

Return to e = 0° and renull. 

Set e = +15 1 0011 

Set 9 = -15'00" 

Return to e = 0° and renull. 

Set 9 

Set 9 

+15 100" 

-15 100" 

Return to 9 = 0°. 

Read and record en in(+) mv. 

Read and record ev2 in(-) mv. 

Read and record ev3 in(+) mv. 

Read and record ev4 in(-) mv . 

Read and record ev5 in(+) mv. 

Read and record ev6 in(-) mv, 

4. Compute e and e on Data Sheet Form E-1230 DS-3: +avg. -avg. 

e mv 
+avg. 3 

e ev1 + ev4 + evs 
- avg . 

3 
mv 



JOB: y IRIG ALIG NME NT TEST 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT 

DESCRIPTION: Part 1. Calibration of Input Angle to Preamp Voltage Output S, 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

C. LINEARITY CHECK 

!DC 35. 0021 Sheet 2 of 6 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

1. Renull and set in followin6 Rotary Angles; r ead the PAVM outputs , and record results on Data Sheet Form E - 1230 DS- 3 
in order give n: 

Set e 

Set e 

+10'0 0" 

-10 '00" 

Re turn to e = 0° a nd renull. 

Set e 

Set e 

+5'00" 

-5'00" 

Return t o e = 0°. 

Re ad and record e,7 in ( +) mv. 

Read and record eve in(-) mv. 

Read and r ecord ev9 in (+) mv . 

Read and re cord e ,1c in(-) mv . 

2. Compute on Da ta Shee t Form E-1230 DS- 3: 

eY7 e ,e 
and- -

e e 
+avg . - avg. 

Plot results on Da ta Shee t Form E-1230 DS-3 Linearity P lot . 

3. De termine th at : 

1.00±0. 01 

4 . Compute on Data Sheet Form E-1230 DS-3: 

e ,9 enJ 
and - - -

e e 
+avg. - avg . 

Plot res ults on Data Sheet Form E-1230 DS-3 Linearity Plot. 

5. Determine that: 

- (e ev10 ) 
~ 

1 
3 

D. SENSITIVITY COMPUTATION 

1.00 ±0 . 01 

1. Use Data Sheet Form E-1230 DS- 3 to compute Sensitivi ty. 

e - e 
s, = 

+avg . - avg . 
8. 727 

mv 
mr 

2. Measure and record on Data Sheet Form E-1230 DS- 3: 

a. Precision 3200-cps excitation voltage in mv . 

b. !RIG te mperature deviation in °F. 



JOB: y !RIG ALIGNMENT TEST JDC 35. 0021 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Part 2. Measuring 'Yv: by Rotation About Y !RIG Output Axis TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0002 are required before performing this job, 
JDC 35 . OOll must also be performed. 

A. PREPARATION 

1. Test Table Orientations 

Set: 

a . Initial Tilt Angle (<I>) 

Desired Angle Designation = (A) Local Latitude 

NOTE: Record Value, Calibration Error, and Angle Setting on Data Sheet Form E-1230 DS- 3. 

b. Initial Rotary Angle (8) 

Desired Angle Designation = a.cc, - 90° 

Value of e HOGA obtained from JDC 35. 0002 Data Sheet Form E - 1230 DS-1. 

NOTE : Record Value, Calibration Error, and Angle Setting on Data Sheet Form E-1 230 DS-3. 

2. Gimbal Assembly 
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Gimbal orientation by using CDU's in "Coarse Align" Mode and "Precision Zero Set" where indicated by aste risk(*). 

a . Outer Gimbal Angle (Ace\ = 0° 

b. Middle Gimbal Angle (Ai.;;) = 0°* 

c. Inner Gimbal Angle (A,c) = 0°* 

3. Ground Support Equipment Setup 

Set Outer Gimbal CDU in "Manual Align" Mode for operation by slew switch . 

B. PROCEDURE 

1. Null Y !RIG with manual pulses; shift the PAVM scales as required, 

2, Reset !RIG bias with two positive pulses; select PAVM 10-volt scale . 

3 . Use Outer Gimbal CDU s lew switch to rotate the Outer Gimbal in a positive direction to Ace equals 90° ±1 °. 

NOTE: Do not use thumbwheel to set in an exact number for end of test. 
Take final reading upon stopping. 

4. Within 60 seconds (time) of completing the slew position command (Step B3), read and record on Data Sheet 
Form E-1230 DS- 3: 

a. e, 11 in mv, shifting scales as necessary on the PAVM. 

b. A,1 in decimal degrees from the Outer Gimbal CDU. 

5. Using the slew switch, reposition the Outer Gimbal Angle CDU to zero within the accuracy of the thumbwheel. 



JOB: y IRIG ALIGNMENT TEST JDC 35. 0021 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Part 2. Me asuring Yv: by Rotation About Y IRIG Output Axi s TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35 . 0002 are required before performing this job. 
JDC 35 . OOll must also be performed. 

B. PROCEDURE (continued) 

6. Repeat Step Bl. 

7. Repeat Step B2. 

8. Use Outer Gimbal CDU slew switch to rotate the Outer Gimbal in a negative direction to Arx, equals -90° ±1°. 

NOTE: Do not use thumbwheel to set in an exact number for end of test. 
Take final reading upon stopping. 

9. Within 60 seconds (time) of completing slew position command (Step BS), read and r ecord on Data Sheet 
Form 1230 DS-3: 

a. ex12 in mv, shifting scales as necessary on the PAVM. 

b. A12 in decimal degrees from the Outer Gimbal CDU. 

10. Repeat Steps Bl through B9. Read and record: 

a. From Step B4: ev13 in mv 

Av3 in decimal degrees 

b . From Step B9: ev14 in mv 

Av4 in decimal degrees 

11. Repeat Steps Bl through B9 . Read and record: 

a . From Step B4: evi5 in mv 

AY5 in decimal degree s 

b. From Step B9 : ev1s in mv 

Av6 in decim:il degrees 

C. COMPUTATION OF Yv1 

1. Compute R and R on Data Sheet Form E-1230 DS-3: 
+avg. - avg. 

evn ev13 ev15 
+--+ - -

Avi Av3 AY5 
R 

+avg. 3 

2. Compute Y'v
2 

on Data Sheet Form E - 1230 DS-3: 

R - R 
+avg . -avg. x 

2 

57.29577 

s mr 

3. Compute Yv
2 

on Data Sheet Form E-1230 DS-3: 

R 
-avg. 

ev12 ev14 evis 
+-- +--

Av2 Av4 Avs 

3 

Yv
1 

= (Y'vz + f PGR) mr = Y'vz because the Middle Gimbal Resolver has been adjusted. 

4 . Meas ure and record on Data Sheet Form E-1230 DS- 3: 

a. Precision 3 200 - cps excitation voltage in mv. 

b. IRIG temperature deviation in °F. 
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JOB: y IRIG ALIGNMENT TEST JDC 35. 0021 Sheet 5 of 6 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Part 3 . Measuring Yv, by Rotation About Y IRIG Spin Reference Axis TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from Gyro Data Sheet Form ___ , JDC 35, 0002 and 
JDC 35 . 0012 are required before performing thi s job. 

A. PREPARATION 

1. Test Table Orientations 

Set: 

a. Initial Tilt Angle (<I>) 

Desired Angle Designation = (A) Local Latitude 

NOTE : Record Value , Calibration Error, and Angle Setting on Data Sheet Form E -1230 DS-3. 

b . Initial Rotary Angle (8) 

Desired Angle Designation = eHoc• 
Value of eHoc, obtained from JDC 35. 0002 Data Sheet Form E-1230 DS- 1. 

NOTE: Record Value, Calibration Error, and Angle Setting on Data Sheet Form E- 1230 DS- 3. 

2. Gimbal Assembly 

Gimbal orientations by using CDU' s in "Coarse Align" Mode and "Precision Zero Set" where indicated by asterisk (*). 

a. Outer Gimbal Angle (Ao:;) = 270° 

b, Middle Gimbal Angle (¾-c) = 0° 

c . Inner Gimbal Angle (A1G) = 0°* 

3 . Ground Support Equipment Setup 

Place Middle Gimbal CDU in "Manual Align" Mode for operation by the slew switch. 

B. PROCEDURE 

1. Null Y IRIG with manual pulses; shift PA VM scales as required . 

2. Reset !RIG bias with two positive pulses; select PAVM 10-volt scale. 

3. Using Middle Gimbal CDU s lew switch, rotate the Middle Gimbal in a positive direction to ¾-c equals 270° ±1°. 

4 . Within 60 seconds (time) of completing the slew position command (Step B3), read and record ev17 in mv on Data Sheet 
Form E -1230 DS-3 , shifting scales as necessary on the PAVM, 

5. Using the s lew switch, reposition the Middle Gimbal Angle CDU to zero within accuracy of the thumbwhee l. 

6. Repeat Steps Bl through B5, reading and r ecording eY!a in mv on Data Sheet Form E-1230 DS-3. 

7. Repeat Steps Bl through B5, reading recording ev19 in mv on Data Sheet Form E-1230 DS-3. 



JOB: y !RIG ALIGNMENT TEST JDC 35 . 0021 

SUBSYSTEM : INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Part 3. Meas uring Yvx by Rotation About Y !RIG Spin Reference Axi s TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from Gyro Data Sheet Form ___ , JDC 35 . 0002, and 
JDC 35 . 0012 are required before performing this job. 

C. COMPUTATION OF Yvx 

1. Compute e on Data Sheet Form E-1230 DS-3 : 

2. 

3 . 

avg. 

e 
avg. 3 

mv 

Determine~ from Gyro Data Sheet Form ___ , and r ecor d on Data Sheet Form E-1230 DS-3. 

Compute Y'vx on Data Sheet Form E-1230 DS-3 : 

e 
-~ mr 

1i. s 
C 

4 . Compute Yvx on Data Sheet Form E -1 230 DS-3. 

Yvx = (Y' vx - E: 1cA) mr 

5. Measure and record on Data Sheet Form E-1230 DS-3: 

a. Precision 3200-cps excitation voltage in mv . 

b . !RIG temperature deviation in °F. 
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08: Z IRIG ALIGNMENT TEST 

SUBSYSTEM: l 1ERTIAL M8ASUREMENT UNIT 

DESCRIPTION: Pan 1. Calibration oi Jnput Angle to P reamp Voltage Outp t. . 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

A. PREPARATIO 1 

1. Test Table Orientations 

e t: 

a. Initial Tilt Angle (<P) 

Desi red Angle Designation = (A) Local Latitude 

JDC 35. 0022 

SYSTEM: AGE / 

TYPE: Alignment 

INTERVAL: 

REFERENCES: 

NOTE: Record Value , Calib rntion Error , and Angle Setting on Data Sheet Form E-1230 D -3. 
Initial Rotary Angle (9) = 0° 

2. Gimba l Assembly 

Se t: 

a . Outer Gimba l Angle (A,J = Precision 0° 

b . Middle Gi mbal Angle (A .i;;) = Precision 0° 

c . I nner Gimbal ,\ngle (A:J = Preci sion 0° 

3 . IRIG Preamp 

Route Z IRIG Preamp Output to PA VM. 

B. PROCEDURE 

1. ' ull z !RIG with manual pulses: shift PAVJ\I scales as requi r ed. 
2. Reset IRIG bias with two positi ve pulses: select PAVM 10-volt scale. 
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3 . Set in foll owing Rotary Angles ; r ead within 30 seconds (time) the P:\V:\I outputs, and record results on Data Sheet 
Form E -1 230 DS-3 in orde r give n: 

Set e 
Set e 

+15 100" 

-15 '00" 

Return to e = 0° and renull. 

Set e 
Set e 

+15'00" 

-15'00" 

Return to e = 0° and renull. 

Set e 
Set e 

+15'00" 

-15 100" 

Return to 9 = 0°. 

Head and record e•- in( +) mv . 

Read a nd record e:~ in(-) mv. 

Read and record e:3 in(+) mv. 

Read and record e: 4 in(-) mv . 

Read a nd record ez5 in(+) mv. 

Rea.cl and record eza in(-) mv . 

4. Compute e and e on Data Sheet Form E-1230 DS-3: +avg. - avg. 

e 
+avg . 

e = - avg. 

mv 
3 

mv 
3 



JOB: z IRIG ALIGNM ENT TEST 

SUBSYSTEM: INERTIAL MEASUREME NT UNIT 

DESCRIPTION: Par t 1. Calibrat ion of Input Angle to Preamp Voltage Ou tput: S: 

TOOLS AND 
MATERIAL: 

IMPORTANT: 

C. LINEARITY CHECK 

JDC 35. 0022 Sheet 2 of 6 

SYSTEM: AGE / 

TYPE: Alignme nt 

INTERVAL: 

REFERENCES: 

1. Renull and se t in following Rotary Angle s; re ad the PAVM outputs , a nd r ecord r esults on Data Sheet Form E -1230 DS- 3 
in order given: 

Set 6 

Set e 
+10'00" 

-10'00" 

Re turn to e = 0° and r e null. 

Set e 
Set 6 

+5'00" 

- 5'00" 

Return to 6 = 0°. 

Re ad and record e :1 in ( +) mv . 

Re ad a nd record e 28 in(-) mv. 

Re ad and record e29 in ( +) mv. 

Read and record eno in(-) mv. 

2. Compute on Data Sheet Form E-1230 DS-3: 

e:7 e18 
- and- -

e e 
+avg. -avg. 

Plot results on Data Sheet Form E -1230 DS-3 Linearity Plot. 

3. Determine that: 

1.00 ±0 . 01 

4. Compute on Data Sheet Form E-1230 DS-3: 

e zg enc 
and - --

e e 
+avg. - avg. 

Plot results on Data Sheet Form E-1230 DS-3 Linearity Plot. 

5 . Determine that: 

- (e~) 
~ 

1 
3 

D. SENSITIVITY COMPUTATION 

1. 00 ±0. 01 

1. Use Data Sheet Form E-1230 DS-3 to compute Sensitivity, 

e - e 
+avg. -avg. mv 

8. 727 mr 

, 2. Measure and record on Data Sheet Form E-1230 DS-3: 

a. Precision 3 200-cps excitation voltage in mv. 

b. !RIG temperature deviation in °F. 



JOB: Z IRIG ALIGNMENT TEST JDC 35.0022 

SUBSYSTEM: lNERTIAL MEASUREMENT UNIT SYSTEM: AGE/ 

DESCRIPTION: Part 2. Measuring Y:, by Rotation About Z IRIG Output Axis TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0002 and JDC 35. 0009 are required before 
performing this job. JDC 35. 0014 must a lso be performed. 

A. PREPARATION 

1. Test Table Orientations 

Set: 

a. Initial Tilt An6 le (¢) 

Desired Angle Designation = (A) Local Latitude 

NOTE: Record Value, Calibration Error, and Angle Se tting on Data Sheet Fo rm E-1230 DS-3. 

b. Initi al Rotary Angle (8) 

Desired Angle Designation = e"oc• -90° 

Val ue of e .. oc , obtained from JDC 35. 0002 Data Sheet Form E-1230 DS-1. 

NOTE: Record Value, Calibration Err or, and Angle Setting on Data Sheet Form E- 1230 DS-3. 

2. Gi mbal Assembly 
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Gimbal ori entation by using CDU's in "Coarse Align" Mode and "Precision Zero Set" where indicated by asterisk(*). 

a. Outer Gimbal Angle (Ao:;) = o0 

b . Middle Gimbal Angle (Ai,,:; ) = 0°* 

c. Inner Gimbal Angle (A1G) = 0°* 

3 . Ground Support Equipment Setup 

Set Outer Gimbal CDU in "Manual Align" Mode for operation by s lew switch. 

B . PROCEDURE 

1. Null Z !RIG with ma nual pulses; s hift the PA VM scales as required . 

2. Reset IRIG bias with two positive pulses; select PAVM 10-volt scale. 

3. Use Outer Gimble'.! CDU slew switch to rotate the Outer Gimb al in a positive direction to A:x, equals 90° :l 0 • 

NOTE : Do not use thumbwheel to set in an exact number for end of test. 
Take final reading upon stopping. 

4 . Within 60 seconds (ti me) of completing the slew position command (Step B3), read and record on Data Sheet 
Form E-1230 DS- 3 : 

a. e,11 in mv, shifting scales as necessary on the PAVM. 

b . An in decimal degrees from the Outer Gimbal CDU . 

5. Using the s lew switch, repos ition the Outer Gimbal Angle CDU to zero within the accuracy of the thumbwheel. 



JOB: z IRIG ALIGNMENT TEST JDC 35. 0022 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION: Part 2. Measuring Yz,. by Rotation About Z !RIG Output Axi s TYPE: Alignment 

INTERVAL: 

TOOLS ANO REFERENCES: 
MATERIAL: 

IMPORTANT: Results from JDC 35. 0002 and JDC 35, 0009 are r equired before per
forming thi s job. JDC 35 . 0014 must also be performed . 

B. PROCEDURE (continued) 

6. Repeat Step BL 

7. Repeat Step B2. 

8 . Use Outer Gimbal CDU s lew switch to rotate the Outer Gimbal in a negative direction to ~ G equals -90 ±1°. 

NOTE: Do not use thumbwheel to set in an exact number for end of test. 
Take final reading upon stopping. 

9. Within 60 seconds (time) of completing s lew position command (Step BS), read and record on Data Sheet 
Form E-1230 DS-3: 

a . e,12 in mv, shifting scales as necessary on the PAVM. 

b , A, 2 in decimal degrees from the Outer Gimbal CDU. 

10. Repeat Steps Bl through B9 . Read and record: 

a. From Step B4: en3 in mv 

Az3 in decimal degrees 

b. From Step B9: en4 in mv 

A24 in decimal degrees 

11. Repeat Steps Bl through B9 . Read and record: 

a . From Step B4: e 215 in mv 

A2s in decimal degr ees 

b, From Step B9: en6 in mv 

A76 in decimal degrees 

C. COMPUTATION OF Yzv 

1. Compute R and R on Data Sheet Form E-1230 DS-3 : 
+avg. -avg. 

ezu + en3 e21s 
+ --

An Az3 Azs 
R 

3 +avg. 

2. Compute Y'zv on Data Sheet Form E -1 230 DS-3: 

R R 
+avg. - -avg. x 

2 

3. Compute Yzv on Data Sheet. 

57. 29577 

s mr 

R 
- avg. 

en 2 e214 ens 

Az2 
+ 

A74 
+ --

Azs 

3 

Yzv = (Y'zv + <rGR - <>'GA) mr = Y' zv - <>'GA because the Inner Gimbal Resolver has been adjusted, 

Value of <>t:A is obtained from JDC 35. 0009,Data Sheet Form E-1230 DS-1. 

4 . Measure and record on Data Sheet Form E - 1230 DS-3: 

a . Precision 3200-cps excitation voltage in mv. 

b. IRIG temperature deviation in °F. 
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JOB: z IRIG ALIGNMENT TEST JDC 35 . 0022 Sheet 5 of 6 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: AGE / 

DESCRIPTION; Part 3. Measuring Y1, by Rotation About Z !RIG Spin Reference A>ds TYPE: Alignment 

INTERVAL: 

TOOLS AND REFERENCES: 
MATERIAL: 

IMPORTANT: Results from Gyro Data Sheet Form ___ and JDC 35 . 0002 are 
required before performing this job . 

A. PREPARATION 

1. Test Table Orientations 

Set: 

a. Initial Tilt Angle (4>) 

Desired Angle Designation = (A) Local Latitude 

NOTE : Record Value, Calibration Error, and Angle Setting on Data Sheet Form E -1 230 DS-3. 

b . Initial Rotary Angle (8) 

Desired Angle Designation = a.cc• 

Value of e"oc• obtained from JDC 35 . 0002 Data Sheet Form E - 1230 DS-1. 

NOTE: Record Value, Calibration Error, and Angle Setting on Data Sheet Form E- 1230 DS-3. 

2. Gimbal Assembly 

Gimbal orientations by using CDU's in "Coarse Align" Mode and "Preci s i on Zero Set" where indicated by asterisk(*) . 

a . Outer Gimbal Angle (A::c) = 0°* 

b . Middle Gimbal Angle (Ave) = 0°* 

c. Inner Gimbal Angle (Arc) = 0° 

3. Ground Support Equipment Setup 

Place Inner Gimbal CDU in "Manual Align" Mode for operation by the s lew switch . 

B. PROCEDURE 

1. Null Z IRIG with manual pulses; shift PAVM scales as required . 

2. Reset !RIG bias with two positive pulses; select PAVM 10-volt scale . 

3 . Using Inner Gimbal CDU slew switch, rotate the Inner Gimbal in a negative direction to A1c equals 270° ±1°. 

4. Within 60 seconds (time) of completing the slew position command (Step B3), read and record em in mv on Data 
Sheet Form E-1230 DS-3 shifting scales as necessary on the PAVM . 

5. Using the slew switch, reposition the Inner Gimbal Angle CDU to zero within accuracy of the thumbwheel. 

6. Repeat Steps Bl through B5, reading and recording ens in mv on Data Sheet Form E-1230 DS-3. 

7. Repeat Steps Bl through B5, reading and recording en 9 in mv on Data Sheet Form E-1230 DS-3. 



JOB: z !RIG ALIGNMENT TEST JDC 35 . 0022 

SUBSYSTEM: INERTIAL MEASUREMENT UNIT SYSTEM: 

DESCRIPTION: Part 3. Measuring Yzx by Rotation About Z IRIG Spin Refe rence Axis TYPE: 

TOOLS AND 
MATERIAL: 

IMPORTANT: Results from Gyro Data Sheet Form ___ and JDC 35 . 0002 are 
required before performing this job. 

C. COMPUTATION OF Yzx 

1. Compute e on Data Sheet Form E -1230 DS-3: 
avg. 

e 
avg. 3 

mv 

INTERVAL: 

REFERENCES: 

2. Determine ~ from Gyro Data Sheet Form ___ , and record on Data Sheet Form E -123 0 DS-3 . 

3 . Compute Yz, on Data Sheet Form E-1230 DS-3: 

e 

Y = - avg. mr 
Zx H cs 

4. Measure and record on Data Sheet Form E-1230 DS-3: 

a. Precision 3200-cps excitation voltage in mv. 

b . IRIG temperature deviation in °F. 
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'UBSYSTEM: IM U 
SERIAL NO . ----
JDC ______ _ 

Cj~J.J OE '!]JAL 
Wllf:N FILLED IN ,., , . 

PIPA ALIGKMENT TESTS DATA SHEET 
FORM E- 1230 DS-1 

NOTE: This Data Sheet to be used with JDC 35 . 0001 through JDC 35. 0006 
JDC 35. 0008 through JDC 35 . 0010 
JDC 35 , 0012 a nd JDC 35 . 0013 
JDC 35. 0015 through JDC 35. 0017 

TEST 
STEP NO. 

RECORD OR CALCULATE 
TEST 

STEP NO. 
RECORD OR CALCULATE 

A. 2. a. 

A. 2.b . 

C. 1. 

C. 2. 

Initia l Tilt Angle 

Desired Angle Designation = 

Value 

Indicator Error 

Re adout Angle 

Initi a l Rotary Angle 

Desired Angle Designation= 

Value 0 

Indicator I:: 1Tor 

Readout Angle 

Final Tilt Angle <I> 

Readout Angle 

Ind icator Error 

Des ired Angle 

l"i nal Rota ry Angle e~ 

Readout Anµ;le _.3r._ 
Indicator Error 

Desired Angle 

(-) 

(-) 

(+) 

D. 2.a Initial Tilt Angle 

Desired A 

Value 0 

Indicator Error 

D. 2. b. 

Desired Angle Designa tion = 

·~ 
Value 0 

Indicator Error 

Readout Angle 0 

F. 1. Final Tilt Angle <I> 

Readout Angle 

Indicator Error 

Desired Angle 

F . 2. Final Rotary Angle 6 

Re adout Angle 

Indicator Error 

Desired Angle 

PERl"ORM CAI.: NS SHOWN IN TEST STEP G OF SHEET 2 OF JDC . 

DATE OF TEST 

(-) 

(-) 

(+) --- -

(+) ----

---------
BY CHECKED BY ____ _ 

CONFIDENTIAL 
WIIEN FILLED IN 



CONFIDENTIAL 
WHEN FILLED IN 

SUBSYSTEM: IMU PIPA ALIGNMENT TESTS 
SERIAL NO. ___ _ 
JDC 

TINE RESOLVER ALIGNMENT TESTS DATA SHEET 
FORM E-1230 DS- 2 -------

NOTE: This Data Sheet to be used with JDC 35 . 0007 , JDC 35 . 0011 , and JDC 35 . 0014 . 

TEST 
RECORD OR CALCULATE 

TEST 
RECORD OR CALCULATE 

STEP NO. STEP NO. 

FIRST NULL MEASUREMENT SECOND NULL MEASUREMENT 

A. 2.a. Initial Tilt Angle C.2 . a . Ini ti a l Tilt An 1~ 

Desired Angle Designation = Desired Angle D ignation = 

Value 0 Value 0 

Indicator Error (- ) Indicator Error (-) 

Readout Angle 0 0 

A. 2.b . Initial Rotar:i: Angle C. 2. b . Initial Rotar:i: Angle 

Desired Angle Designation = Desired Angle Des ignation = 

Value 0 Value 0 

Indicator Error (-) Indicator Error (- ) 

Readout Angle 0 Readout Angle 0 

B. 1. 
nLT ~ E. 

TILT 
TINAL ROTARY ANGLE TINAL ROTARY ANGLE 

Desired Angle Designation = 

Value 0 Readout Angle 0 

Indicator Error (-) Indicator Error (+) 

Readout Angle Desired Angle 0 

I PERFORM CALCULATIONS SHOWN IN TEST STEP FON SHEET 2 OF JDC. 

DATE OF TEST ----------
BY __ CHECKED BY _____ _ _ 

CONFIDENTIAL 
WHEN TILLED IN 



SUBSYSTEM: !MU 
SERIAL NO. ___ _ 

ROW T EST 
NUMBER ST EP NO. 

1 A- 1 

- -

- -

- -

1-a B- 3 

2 B-3 

3 B-3 

4 B- 3 

5 B- 3 

6 B- 3 

7 -
8 -

9 B-4 

10 B-4 

11 -

12 C-1 

13 C-1 

14 C-1 

15 C-1 

16 ~2 

17 '-;~) -

CONFIDENTI AL 
WHEN FILLED IN 

!RIG ALIGNMENT TEST DATA SHEET 
FORM E-1230 DS-3 (sh"let 1 of 5) 

PART 1 

NOTE: This Data Sheet to be used with JDC 35. 0020 through J DC 35 . 0022 

JDC 35. 0020 J DC 35.0021 
X !RIG TEST Y !RIG TEST 

RECORD OR CALCULATE COLUMN COLUMN 

+ - , -
Initial Tilt Angle (4>) - Desired Designation (A) Loe. Lat. ~ Loe Lat. 

Desi red Angle Value 0 ' "I~~· II 

Calibration Er r or II 

......, 
II 

Angle Setting 0 ' II 0 ' II 

e1 ('._mv mv 

ea ~ /7mv mv 

ea m, mv 

e, mv mv 

es Z.~) m, mv 

es ~ mv mv 
. 

e1 + ea + e5 = Row 1-a + Row 3 + Row 5 m, mv 

ea + e 4 + es = Row 2 + ~ + Row 6 mv mv 

.-....._\'i,._ ~ 
e = e1 + ea + ~ ~ - \ +avg ...._ m, mv . 

e = e 2 + e4 + es/~--; 8/3 -avg mv mv 

e - e = Row 9 - Row 10 mv mv +avg -avg 

I··. 
e7 "-- m, mv 

es \'~p mv mv 

Elg m, mv 

e,o mv mv .. 

e7 /e =Row12/ Row9 +avg 

-(e8/ e .) = -(Row 13/ Row 10) 
-avo 

J DC 35. 00 22 
Z !RIG TEST 

COLUMN 

+ -
(A) Loe . Lat . 

0 I II 

II 

0 I II 

m1 

mv 

m1 ... 

mv 

m1 .-.• _. J 
mv 

mv /m 
mv 

:. 
:::·::: 

ffi\ 

mv 

mv 

1·:: 
. 2::_ mv 

mv 

mv 

mv 

DAT E OF TEST (X !RIG) ____ _ DATE OF TEST (Y !RIG). ___ _ DATE OF TEST (Z !RIG) _____ _ 

BY CHECKE D BY _____ _ BY __ CHECKED BY ____ _ BY __ CHECKED BY ___ _ _ _ 

CONFIDENTIAL 
WHEN flLLED IN 



SUBSYSfEM: IMU 
SERIAL NO. ____ _ 

ROW TEST 
NUMBER STEP NO. 

18 C-2 

19 C-3 

20 C-3 

21 C-3 

22 C-4 

23 C-4 

24 C-4 

25 C-5 

26 C- 5 

27 C- 5 

28 D 

29 D. a . 

30 D.b. 

CONFIDENTIAL 
WHEN FILLED IN 

!RIG ALIGNMENT TEST DATA SHEET 
FORM E-1230 DS-3 (sheet 2 of 5) 

PART l 

NOTE: This Data Sheet to be used with JDC 35. 0020 through JDC 35. 0022. 

JDC 35. 0010 JDC 35. 0021 
RECORD OR CALCULATE X !RIG TEST Y !RIG TEST 

COLUMN COLUMN 

Plot Row 16 values along+¾ line and Row 17 values along-¾ line on Linearity Plots. 

eye +avJ2/3 = Row 13/2/ 3 

-(es/e >/-2/3 = Row 17/-2/ 3 
-avg -

Row 19 = Row 20 = 1. 00 ±0. 01 YES I NO* ~'f t)No* 
, 

eg/e 
+avg 

= Row 14/ Row 9 

-(e10/e 'ii = -(Row 15/ Row 10) 
-av 

Plot Row 22 values along+½ line and Row 23 values ~ o~-½ ~eon Linearity Plots. 

e,/e / 1/3 = Row 23/1/3 +avg ~ 
-(e10/e -av'ii/-1/3 = Row 23/-1/3 

Row 25 = Row 26 = 1. 00 ±0. 01 C'. YES I NO* YES I NO* 

e - e _ Row 11 "'~ S= 
+avg -avg 

mv / mr mv / mr 
8 . 727 - 8. 727 

Excitati on Voltage mv mv 

Temperature Deviation 
\ '-- OF OF 

~~ 

JDC 35. 0022 
Z !RIG TEST 

COLUMN 

YES I NO* 

YES I NO* 

mv/ mr 

mv 

OF 

X !RIG LINEARITY PLOT ~ G LlNEAmTY PLOT Z !RIG LINEARITY PLOT 

+.8 +.8 +.8 

+.6 
,_ 

,_ +.6 +.6 

+.4 \II:", ·- + .4 
\ ~- :1-.4 

_2 _ I +-2 \.' +.2 
--3- "!- ,-+t-+%-1 - -t~t--+!-+½--

+.2 2 I +i-+ !---3--3 

-:2 -.2 .2 
r--

I .4 -4 -4 

\.._5 ' - .6 
) 

- .s 
8 ,, .,. 

- .0 -.0 

*Repeat test. If sti ll "NO," notify respons ible engineer. 

DATE OF TEST (X IRIG) _____ _ DATE OF TEST (Y IRIG) _____ _ DATE OF TEST (Z !RIG) 

BY CHECKED BY ------- BY __ CHECKED BY ______ _ BY __ CHECKED BY ______ _ 

CONFIDENTIAL 
WHEN FILLED IN 



SUBSYSTEM: IM U 
SE RIAL NO. 

, CONFIDENTIAL 
WHEN F1LLED IN 

!RIG ALIGNMENT TEST DATA SHEET 
FORM E-1230 DS-3 (sheet 3 of 5) 

PART 2 

NOTE: This Data Sheet to be used with JDC 35. 0020 through JDC 35 . 0022. 

ROW TEST 
JDC 35 . 0020 JDC 35. 0021 JDC 35, 0022 

RECORD OR CALCULATE X UUG TEST Y !RIG TEST Z !RIG TEST 
NUMBER STEP NO. 

COLUMN COLUMN COLUJ\l 

31 A-1 Initial Tilt Angle (¢) - Desired Designation (A) Loe. Lat. (A) Loe . Lat. (A) Loe. r .at. 

- - Desired Angle Value 0 I " J>o I " 0 I " 

- - Calibration Br ror " ~~ " " 

- - Angle Setting 0 I " 
';;,..Jr' , 

" 0 I " 

32 A- 1 Initial Rotary Angle (S) - Desired Designation e"oo• S,XA - 90° 6":,;A - 90° 

- - Desi red Angle Value ~ ·--·· 0 I " 0 I " 

- - Calibration Error "'" " ' 

- - Angle Setting 0 I " 0 I " 0 I " 

33 B- 4 en ~ mv mv 111\ 

34 B- -! A1 "Z~ deg deg deg 

-
35 - en/A1 ~ Row 33/Row 34 nw/ deg mv/ deg mv/ deg 

36 B- 9 e: 2 mv mv mv 
~ 

37 B-9 A2 __ \~ deg deg deg 

38 - e:,,/ A2 = Row 36/ nb~._ mv/ deg mv / deg mv/deg 

39 B-1 0 el ~~ 
'-I mv mv mv 

40 B-1 0 A;, deg deg deg 

41 - e,3 / A,.~Row 40 mv/ deg mv/deg mv / deg 

42 B-1 0 e:~ \(- mv 1n v mv 

-43 B-10 A. deg deg deg 

44 - e 04/ A, = Row 4 2/Row -!3 m,-/tloeg nn / deg rn\/rh.;5 

45 cr~ e:a nw mv mv 

46 B-11!.J As deg deg deg 

47 - e:,/ As = Row 45/Row 46 nn/deg mv /deg 111, /deg 

48 B- 11 e1c m,· ,nv mv 

49 B-11 A,., deg deg deg 

50 - e1s/Ae. = Row 48/Row 49 nw/deg nw/deg mv / deg 

DATE OF TEST (X !RIG) _ ____ _ DATE OF TEST (Y !RIG) _ ____ _ DATE OF TEST (Z IR!G) ______ _ 

BY __ CHECKED BY ______ _ BY CHECKED BY ______ _ BY CHECKED BY _ ______ _ 

CONFIDENTIAL 
WllEN FILLED IN 



SUBSYSTEM: !MU 
SERIAL NO. ___ _ 

CONFIDENTIAL 
WHEN F1LLED IN 

IRIG ALIGNMENT TEST DATA SHEET 
FORM E-1230 DS- 3 (sheet 4 of 5) 

PART 2 

NOTE: This Data Shee t to be used with JDC 35. 0020 through JDC 35 . 0022 

ROW TEST 
JDC 35 . 0020 JDC 35. 0021 JDC 35. 0022 

RECORD OR CALCULATE X IRIG TEST Y IRIG TEST Z IRIG TEST 
NUMBER STEP NO. 

COLUMN COLUMN COLUMN 

51 --- Row 35 + Row 41 + Row 47 mv / deg /Z-"'mv/deg mv/de€ 

52 C-1 R = Row 51/ 3 mv/ deg "'~deg mv/ de€ +avg 
-

53 --- Row 38 + Row 44 + Row 50 mv/deg mv / deg mv/de€ 

54 C-1 R = -Row 53/3 mv/deg mv/ deg mv/deg -avg 

55 --- Row 52 - Row 54 ~ v,4deg mv/deg mv/deg 

56 --- 57. 29577 / S = 57 . 29577 /Row 28 
,y 

.------ --- ___ 

57 C- 2(X) y' ,, = (Row 55/ 2) Row 56 mr 

58 C- 2(Y) y' ' : =(Row 55/ 2) Row 56 ~ ? :::/ -
- :-_ mr __ :::: _ --: 

~~ ,-
- __ 

59 C-2(Z) Y\ = (Row S5/ 2) Row 56 mr 

- - ),_-
t ::,,.:r-••=s ? 60 C-3(X) Y, , = y', , = Row 57 mr 

-- ::-- > ·---· ·---
61 C- 3(Y) Y,

1 
= Y ',

1 
= Row 58 

I':: :-:-:': ::-: - -- -

•=·••·••trrm•••t••t f• -~ \?::=::·---------
mr 

62 C- 3(Z) Yz =y' 1 - (..c., =Ro~ \~ ti g·---_: 
•:·•-•••=•=•=•=___ _ --.. •-•:•r It {.:•:it• mr 

y y ,,....:: .·::::::-

63 C- 4 Excitation Voltage"-~._. mv mv mv 

'vi 
64 C- 4 Temperature Deviation OF OF OF 

DATE OF TEST (X IRIG) _ _..,.__'--""''--- DATE OF TEST (Y IRIG) _____ _ DATE OF TEST (Z IRIG) ___ _ 

BY CHECKED BY ------ BY CHECKED BY ------- BY __ CHECKED BY ____ _ 

CONFIDENTIAL 
WHEN F1LLED IN 



SUBSYSTEM: IMU 
SERIAL NO. - ---

ROW T EST 
NUMBER STEP NO. 

65 A-1 

- -

- -
- -

66 A- 1 

- -

- -

- -

67 B-4 

68 B-6 

69 B-7 

70 -

71 C- 1 

72 C- 2 

73 -

74 C-3(X) 

75 C- 3(Y) 

76 C- 3(2) 

77 C-4(Y) 

78 C- 4(X)(Z) 

79 / e.5 (YJ 

80 ~i'.?~1 
81 C-5?!! 

CONFIDENTIAL 
WH EN F1 LLED IN 

!RIG ALIG NME NT TE ST DATA SHEET 
FORM E-1230 DS-3 (sheet 5 of 5) 

PART 3 

NOTE: This Data Sheet to be used with JDC 35. 0020 through JDC 35 . 0022. 

JDC 35. 0020 JDC 35. 0021 

RECORD OR CALCULATE X IRIG TEST Y !RIG TEST 
COLUMN COLUMN 

Initial Tilt Angle - Desired Designation (A) Loe. Lat. 
1 ~ _.I,oc . Lat. 

Desired Angle Value 0 ' ••",•~ " 
Calibration Error " '-J " 

Angle Setting 0 ' " 0 ' " 

Initial Rotary Angle - Desired Designation ax, , 180° 61,_.,c,. 

Desired Angle Value ~ ' " 0 ' 
,, 

Calibration Error '-._V7 " 
,, 

Angle Setting 0 - , 

" 0 ' " 

817 mv mv 

e1s (<)~ mv mv 

e19 ~ mv mv 

ep + e1s + e1s = Row 67 + Row 68 + Row 69 mv mv 

e = Row 70/ 3 <'. mv mv 
av~. 

H ~~ C 
H s Row7 2xW mv / mv

1 ex = 
mr mr 

Y,, = - (Row 71 / Row 73) 1nr 
:; • .. · ... . t ,;; . 

Y'v
1 
~ (Row 71 / Row 73) mr 

,\"'~ I Row 73) 
F> ·•· 

Yz , ·• 

= ) \) f , •• 
k . ... 

Yv, = Row 75 - f 1c, mr 

Excitation Voltage mv 

Excitation Voltage •.. ). .. ·. mv 
... 

Temperature Deviation OF t<·t 
T e mperature Deviation 

-<<::::::::;;_::; !]]{}) 
<< OF 

JDC 35. 00 22 

Z !RIG TE ST 
COL UMN 

(A) Loe . Lat. 

0 ' " 

" 
0 ' " 

6,. ~· 
0 ' " 

" 
0 " 

m 

mv 

111V 

mv 

mv 

mv/ mr 

mr 

ffi\' 

GF 

!/ 
. 

"<· •·• 

DATE OF TEST (X IRIG) _____ _ DA TE OF TEST (Y IRIG) _____ _ DATE OF TE ST (Z !RIC:, ______ _ 

M ~E~EDM ______ _ BY CHECKED BY ______ _ BY CHECKED BY -------

CONFIDENTIAL 

WHE N F1L LED IN 



A 

\:.RC E..~ 
FACIL...rry 

BRI EF SUMMA.RY 
OF' AU'I'Ofl4'J'ED TEST STtt'I'ION 

PREP Ar'"IBD 
FOR 

NASA/ ROUS'.L'ON 



HARDWARE THJ\T HSSC WILL PROVIDE 

A Hewlett -Packard 2116B Computer with 

32 K of memory 

up to 48 I nput/ Output Slot s 

Direct Memory Access Option i ncluded 

A Hewlett -Packard 3030G Magnetic Tape Unit 

with computer interface 

~ A Sander s 720 CRT Display Sys t em and keyboard 

with computer interface 

An HP-2754B Tel eprinter (ASR - 35 ) 

with computer i nterface 

A Hewlett-Packard 2737A Hi - Speed Paper Tape Reader 

with computer interface 

A Hewlett-Packard Multiplexer/ Low Speed A-D Converter Sys t em consisting of 

an HP-3502A Digital Voltmeter 

An HP-2911.B Guarded Crossbar Scanner 

An HP-29llA Scanner Control 

with canputer interfaces 

A Hewl ett-Packard 5610A Hi - Speed A-D Converter 

with computer interface 

A Calcomp 565 Plotter 

with cc:mputer interface 

A Quan Tech 304 TDM Wave Analyzer 

with computer i nterface 

A Hewl ett-Packard 2059A Remot e Switch Register 

with computer i nterface 



f 

HARDW/\RE THAT HSSC WILL PROVI DE (cont'inued ) 

o Six Hewl ett-Packard H40-5280A Revers ible Counters 

with computer interface 

• .A Hewl ett-Packard 52141 Preset Counter 

c AC and DC Power Supplies a s necessary t o adequately satis fy NASA/ Houston ' s 

requirements 

• Special interface with your rate t able where practical 

o Special interfaces for controlling the power supplies, counters , and 

wave ana lyzer 

0 

G 

e 

0 

Patchboards for s i gnal routing 

A 24-hour digital clock 

Stable crystal oscillators and countdown circuits 

Six X-Y Monitor Scopes 

Test Point Panel s 

A Hewl ett-Packard 6130B Programmable Power Source with computer interface 

16 Bit Parr e l Comput er Int erface (expandable ~o 32) 

Hewlett-Packard Ext ended Ari t hmetic Unit 



SOF'I.'WARE THAT HSSC WILL PROVIDE 

A Real-Time Executi ve (not DACE ) 

$ CRT Display/ Keyboard routines 

$ Calcomp Plotter r outines 

o M9.g . Tape Unit r ead/ w-rite routines 

• Teleprinter hard copy routines 

• Program Loading r outines (via Paper Tape reader) 

• D7M/ Scanner routines 

~ Test event r outines , such as : 

Connect ing p ower supply outputs 

Providing operator control of power supplies 

Test article turn-on sequence s 

Test article turn-off sequences 

Monitor i ng of safe ty parameters 

High-speed accumulation of counter da ta (1 millisecond max .) 

Hard copy printout of high speed counter data falling outs ide of 

preset means and deviations 

Counter control and r eadout for longer totalizing per iods (1 sec t o 

100 sec ) 

Hard copy of CRT display of counter data 

Rat e t able control where applicable 

Scanning and measuring of l ow speed analog data 

Hard copy or CRT di splay of l ow speed analog data 

Display of predet ermined CRT messages 

Frequency r esponse control and data accumulation 



SOFTWARE THAT HSSC WILL PROVIDE (cont inued ) 

Reduction of frequency res ponse da t a to db and phase 

Hard cop1 printout of reduced frequency response data 

Plotting of r educed frequency response data 

Computation of first order static error coefficients 

Hard copy printout of r educed calibration data 

Computation of scale factor linearity 

Hard copy printout of r educed linearity data 
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Rec01,1mended Modifications to ERC SSCMS 
t o Obtain Gimbal System Test i ng Capability 

To convert t o g:imballed sys tems , the only ma j or equipment addition would be to 

provide a mea1J.s of torquing the gyros and/ or the gimbal motors. HSSC suggests the 

following hardware :implementation (Reference attached block diagram). 

(a ) IX:! Drive Systems : HSSC will furnish additional HP-6130B progranlillable 

power sources each capab l e of voltages t o :.1=_5 0 volts and currents of 

1 amp . Resolution i s 1 millivolt . Supply amplitude i s under compute r 

control. 

(b ) AC Dr i ve Systems : HSSC will furnish addi t:Lonal AC power supplies such 

as the microsyn s1.1pply describE:d on succeeding pages . 'I'hi s supply i s 

capable of Oto 35 volts r ms and current s of 1 amp . Re solution i s 1 

millivol t , and amplitude v ol tage and frequency i s under computer c on -

trol . 

HSSC will furni sh Vernostats (motor driven cent er t apped potentiomet ers ) 

driven by the HP -6130 Programmabl e Power Sources . 

Measurement of the error signal, wiether it be t he gyro output or the gimbal 

r esolvers , will be accor::rpli shed us i ng the DVM and Cros sbar Scanner provided . The 

c omputer then becomes the fe edback element , and the software perro.its any response 

desired . Having measured the error signal s , the computer t hen readjus t s the signal 

( t orquer or s ervo motor ) a;npl i tude to i ncrease or decrease the driving forc e . It 

i s expec t ed t hat re sol utio.r..s of 5 so.mpl e.:, / sec~nd can be obtained . 

All signa l monitoring equipment would r emain as described . The counters would 

not be r equired i.n t his mode and would r emain i dle . 
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FIRST 
1 

SECOND 

'J.'HIRD 

BRIEF DISCUSSION OF EQUIPME;NT OPERATION 

Program i s l oaded into non-volitile memory . Approximate ly 20 minut es 

r equired t o compl e t e . 

Oper ator defines backgr ound TASK ' s (Non-Real Time ) fr om his choices of 

t est events us i ng keyboard and/or paper r ead.er as his input device . 

Such a TASK might l ook like : 

TASK: Connec t p ower to t es t art i cle 

COMPOSED OF: Events 79, 99, 98, 90, 77, 69 

WJIERE : Event #79 applies heater power and holds off other event s 

until test article i s up t o heat . 

Event #99 sampl es DC Volta ge #1 and applies it to test 

art i cl e only i f i t i s wi thin acceptabl e limits 

Event #93 sampl es DC Voltage #2 and applies it to t es t 

article only i f i t i s wi t hin accept ab l e limit s 

Event #90 sampl es AC Vol t~ge #1 and appl ies it t o t es t 

article onl y i f i t i s within acceptab l e l imits 

Event #77 appl ies spin motor excitati on holdi ng off fur t her 

events unt i l such t ime as wheels are up t o speed 

Event //69 samples all AC and. DC vol tage s , wheel and microsyn 

fr equencies , and temperature of tes t a r ticl e and 

ou~put.s resLLlts. to. teleprinter 

NOTE : Event lirui ts are a l terable through keyboard . 

Operator defines Foreground 'l'asks (Re2.l Time ) fr om his choiced of t es t 

event s using keyboard or paper t ape r eader as his i nput dev i ce . Such 

a t ask might look l ike : 



LAST 

OR 

BRIEF DISCUSSION OF EQUIPMENT OPERATION (c ontinued) 

TASK : Safety check temperature and wheel current 

COMPOSED OF: Events 63, 65 

I NTERVAL TIME : 10 seconds 

WHERE: Event #63 measures wheel current, compares measurement 

against two sets of limits , alerts operator if 

inner set of limits is exceeded and shuts test 

article down if outer set of limits is exceeded 

Event #65 measures t emperature of te s t article, compares 

measurement agai nst t wo sets of limits , alerts 

operator if i nner s et of limits i s excee ded1 and 

shuts down t est article i f outer set of l imit s 

is exceeded 

NO'l'E : Event limits a nd interval times are alterable through 

the keyboard . 

Operator may r emain in the Initialization Mode ( Non-Rea l Time ) and 

execute a.ny or all Background Tasks and/ or i ndi.vidual events in any 

order and at any time des ired . Execution of these t asks and events 

i s accomplished simply by typing the task name or event nwnber on 

keyboard. 

Operator may ent er Run Mode (Real Time Operation ) in which all Fore- 

ground Ta sks will automatically commence . While in this mode, the 

operat or can also execute any ba ckground task or event desired in a 

similar manner as before . 



(j 

1. 

ADVANTAGES 

HSSC has t he experience, and NASA/ Hous ton would benefit through proven design J 
I 

existing software: such as : 

(a ) HSSC wrote our o,m r eal tirne executive encowpass i ng f oreground and 

background priorit ies and t asks . Foreground denot es r eal time operation , 

and backgroucd i s non-r eal time . Foreground tasks are performed on a 

time interva l bas is; whereas , background t asks are performed under 

operator initiated action. Foreground always has prior ity over back

ground. NOTE: The HewJ ett-Packard DACE executive was unacceptable a s 

it could not operate in both foreground and. background simulta neously , 

(b ) HSSC wrdte our own CRT interface software as none was exi stant. . It 

should also be noted tha t our application was the fir s t such interface 

of any CRT di splay wi th a He:wlett -Packard. coinputer. 

( c ) HSSC has existing a library of user event software , much of which can be 

applied to NASA/ Houston ' s appJications . Not e subsequent user event d¢s-

criptions . 

2. By being able to operate i n foreground and background simultaneously, the 

Automated Test Equipment will be capab l e of performi ng extens ive safety check

ing ( foreground tasks ) whil e performing t he t esting sequence (background t asks ). 

Safety checking can be exp.ended t o cover any- parameter t hat can b e measured 

and/ or controlled. 

3. Because of the computer ' s abiJ.ity for ordered . acti.m, . self - check p_r og:rams can 

b e ,rri tten t o essentially calibrate its elf . Thi s L ~ done in a fashion i n many 

of t he user event routines , such as : 

(a ) Measuri ng the voltage and rnmparing against preset l imits before appl ying 

to t est article . 



4. 

(b ) Advi sing the operator if the counters do not output. 

(i) Advising the operat or when safety parameters fall be yond safe limits . 

The hardware pr ovided. gives an extens ive capabili ty f or future implement at ion, 

(b) 

example : 

The high speed A/D converter can be used for vibration analysis because of 

its capability of sampling 16 channels of information at a 100 KHz rate . 

The Wave Ana lyzer can be used to perform dynamic bias t est s by us ing its 

output (1 Hz to 5 KHz ) t o drive a r ate table , or it can a l so drive a vibra

tion table. 

(c) Patchboards give r api d changeover when modifications or system changes 

direct. 

( d) Programmable Power Supplies can b e used t o generate controlled trans i ents 

or ripple on power line s for noise s uscept ab ility t es t s . 

( e) The Ca lc omp Plotter ca n b e used f or X-Y plots , or even r eal time stab ilHy · 

plots. 

( f ) Interface unit s are designed to make maximum use of the support equipment. 

Special circuitry in these HSSC de s igned interface units per mit remote 

control via the HP computer of these devices . Interface Unit citcuitry 

would typica lly: 

(1) Connect/disconnect power supply outputs to the l oad under computer 

command. 

(2) Start/ s top counters under canputer command.. 

(3) Route c ount er input signa l s under cauput er command . 

( 4) Providt= counter input sensiti vity adj1 ,s t ments. 

(5) Control Wave Analyzer i nput signal as well as meter sca l e . 

(6) Provi de i sol ati on for dat a pulse tra ins from t est artjcle . 



I 
With the addition of a small amount of circuit ry, it may b e pos sible to use this 

I 

A~tomat ed Test Equipment to t es t gimballed guidance systems as well. Computer 
I 

controlled power supplies such as the HP-6130B can b e used for torquing and 

gimbal slewi ng . T'ne low speed A t o D converter existing in the station i s more 

t 
than capable of monitoring the r esolver outputs; and . where dri~'E plots are 

re~uired, the Ca l ca:np plotter fits i n nicely. Spin motor ~d pick-off excita

tion supplies are already included and can b e used with thise gimballed sys tems 

as well. 



USES OF EQUIPMENJ: 



The prime use of thi s automat ed t est stati on is to provide exci t &,tion to the 

t est c.rticleJ accumulate and process da ta received from the t est article ) provide 

a high degree of safety monitoring of critical paramet ers , and finally t es t c on 

t rol under the operator's supervision. 

The equipment and the soft ware r equired to accomplish this is descr ibed in 

t he succeeding pages along with a discuss ion of the operation of the compute r and 

operator communications . It should be not ed tha t HSSC has canpleted a simil ar 

t est equipment complex for NASA/ ERC , and much of the di scussion here reflects 

upon t his equipment . The hardware/ software approach r ecommended for t:hi s auto

mated t est sta tion will be identical with t hat of NASA/ERC and will embody the 

proven concepts and valuable experience obtained throllgh our past performance . 

The hardware/ softwar e combination which HSSC proposes will provide NASA/ 

Hous t on with extreme flexibility and a ready capability of performing the foll owing 

more ca filaon tests : 

(a) 

(b) 

(c) 

( d) 

Electr i cal Fre~uency Respons e 

Static Erro:r Coefficient Calibration 

Gyro Scale Factor Linearity 

Accel er cmet er Scale Factor Linearity 

(e ) Pulse Modi ng 

By r eady capability i s meant, the ha rdware ne cessary to perform the tes t 

( l ess special devi ces ) viz .J coll imators J r ate t ab l e J and coolant equipment )) the 

software necessary t o perform the mechanics of the t est J the soft ware necessary to 

r educe the data obtained) and t he hardware and software required t o displ ay or out 

put the r educed data . 



keJ«.- fJ 
,other t ests which can be performed with the addition of software ..:...r- ...... - · / 

I 
Hou s~on i nc l ude : 

1(a) Saturation Tests 
I 
I fb) Vibration Ana lys i s 

(c) Dynamic Error Coefficient Tests 

~d) Mechanical Fre~uency Response 

(e) Voltage Sens itivity Tests 

(f) Gyro Motor Performance Tests 

(g) Environmental Tests 

t~~~~Pllt~~~~.£..a.,, i.-&i-~~ ~· . 
('2.,) Navie;ation 
. 

{)) Gyro Component Tes t s 

(, . .,) G'yr o Tumb l e Test s 



Us e s of HP -560lA Hi-Speed A/D Convert er 

1. Since the HP Hi-Speed A/ D Converter has a capability of 16 input channel s and 

100, 000 s8Jllples / second, it can be used as follows: 

( a ) Vibration table acceleromet er s can be monitored; thus , the true vibrat i on 

profile can be obtained . 

(b) Sensor or gimbal r esponse to a step function can be ob served and damping 

charact eristics det errnined . 

(c) Loop b ehavior can b e observed in the presence of a di sturbing function 

such as vibrations or rotations with knowl edge obtained such a s loop 

sa t uration point s . 

(d ) AC a nd OC voltages can be mon i tored for intermittan t conditions . 

( e ) AC s i gnal s can be r ecor ded f or l ater waveshap_e Etna lys i s . 



PERFOPJ~A.NCE CHARACTERISTICS OF EQUIPM8NT 



~ , • - ~ \ I 

'--.. __ .:, 

2.1 Digit a l Control Uni t Capabilities 

Measuremen t Sys t em is compris ed of : 

JX!U 
Analoe Data Scanner 
Analog-to-Digital Converter (DVM) 
Teleprinter 

Capability ( IX!U) 

32 K Memory 
!18 Input/ Output Channel s 
1. 6 Microsecond Cycl e Time 
16 Bit Hord Si ze 
Direct Msmory Access 
ASA Basic Fortran Programming 

Capabil i t y (Ana l og Measurements ) 

Up t o ho reoc1:i.ngs per s econd 
0. 01% DC Accuracy 1ypical 
0.06% AC Accura cy 1ypi cal at 100 Hz - 10 K}lz 
O. 013;0 Res is tance Accuracy 'rypicnl at l K to 1 Meg 
HI , LO, Guard for each meas urement i ndividually switched 



' 2.2 · .Macnctic Tape Unit Ce.no.bilities 

· Provides a high speed rec ording media f or d i gital da t a . 

Util i zes 9 channe l t ape . · 

75 IP$ tape speed . 

Can b e used as a high speed program l oader . 

. I ntermediate storage of r aw da ta . 

2,3 Data Display Capabilities 

·'"Provides visua l infonnat i on to the opera t or on the test be i ng 
performed. 

Alphanwner ic only, lio ASCII cha racter set . 

Controlled by the DCU . 

Provis ion f or connectj_ng a slave unit with duplica t e display . 

. 2. 4 Multiplexer - A/ D Converter (Hi -Sp ed ) Capnbilitiec; . 

Provides high speed measurement cnpabilit y f or a nalog signa1s . 

16 Input Channesl 

Sample rates to 100 KHz . 

50 nanoseconds aperture t ime . 

Input r ~nges of. ~l volt . 

Accuracy - o. 03~ of input t ypica l + LSB . 

2.5 X-Y Plott er Capabilities 

Gr aphica lly displays the processed da ta . 

Interfaces wit h the DCU . 

Generates a l phanwueric symbols . 

Pos itioning r esolution of 0 . 01 i nches . 

Plot size of 11 11 x 17 11
• 

3 



2.7 Prop,ra.mm2ble Power Source Capc::b ilities 

Provides programmable J;X; voltage to r ate t able t o control its r a t e . 

Provide programmable voltage as a funct i on of time for special t es t; 
e.g., transient t es ts . 

Controlled by the DCU . 

Two voltage l'anges : 

0 to +10 V DC 
0 to ~50 V DC 

1 amp driving capability . 

10 KJ-Iz fr equency limit. 

2 .8 Preset Counte r Capabilities 

Provides syn chronization for sens or da t a counters . 

Frequency range - 2 Hz to 100 KHz . 

Sensitivity - 0 ,1 r ms sine wave . 

Input I mped0.nce - 2 channel s - 1 megohm, 50 Pf . 

Ac curacy - +l count + t i me base a ccuracy+ trigger error . 

Measures : 

· Nonnalized r ate 
Ratio 
Nonnal ized ratio 
Time for N events t o occur 

N can be r emotely progr ammed . 

Gate control to counters as a fm1 ction of N events . 

2.10 Sensor Dat a Counter Capabilities 

Measures inertial _ sensor outputs . 

Two inputs - X: ~- '!: 
-

Input sensit ivity - 100 mv, all cho.nncls. 

Freciuency - 2 MlI7. , o.11 cho.nncl s • 

Continuour~ sampling without l oss of data bc:twcc:n r. a.rnpiinG 
( Ren.cl. on t he Fl y) . 



2 . 11 Wave /ma l y7.er Can~h.iEties 

Acts a s a s i gnal generator to excite the t est a r t i c l e : 

Sine wave out put 
Frequency r ange 1 to 5000 Hz 
Manua lly or automatica l l y controller via ICU (Ampli f ier , 

Freq, and Sca l e ) 
Sweep capabili t i es 

- Acts a s a t uned volt me t er t o measur e t he t es t art icle disturbance : 

Sensitivity 30 microvolts to 300 volt s 
I nput impedance 1 megohm 
Recorder outputs 

Measures phase shift fr om i npu t to out put . 

Meas ures vol tage ampl i tude . 

Measures noise (2-1np ' 1 and Freq) content of i nput signal s . 

2. 12 Moni tor Osc illoscope Capabilities 

DispJ~ys X-Y Lis s ijous patterns of sensor l oops . 

"' 
Seven (7) sc ope provided : 

6 X-Y 
1 Sweep 

I sola t ed f loat ing inputs. 

1 i nch x 3 inch viewi ng area . 

Sens iti vity - 0.1 volt to 10 V nus/ i nch 

1 mer;ohm in})Ut; irn1.1edanc:c . 

2.13 Prec i s i on Power Suppl y Capab i lities 

Provide an ultra stable voltage f or t est artic l e usage . 

- Volta ge r an0e - 0 t o 36 vol ts 



Current r anGe - 0 to 10 amps . 

Ac_curacy - ~O . 05~ 

sta:b:ility - ~0.002c/i for eight hours. 

Load Regula tion - 0. 001% for no-load to ful l -lm d . 

Line Regulation 0. 0002% for 10% change . 

Temperature Coeffic i ent - +0.001 per 0c. 

Over -Load Protection . 

_Over -Temperature Protection 

·Remote Sens ing . 

2.14 Bulk Power Supply Capabilities 

Prov:i.de DC power to t es t article. 

Voltage Range - o-40 V. 

Current Output - 0-30 A. 

Remote sensing capab:i. l :i.ty . 

Overload ,Prote ct ion . 

Load Regulat:i.on : 

Constant Voltage - 0 . 01% + 200 uV 
Constan t Current o . 027o + 3 MA 

Line Regulation : 

Constant Voltage 
Constant Current 

0.01% + 200 uv 
0 . 02% + 3 MA _ 

2. 15 DC Power Supply (0-160 V) Crr-pabil i t :i.es 

Provide DC power to te s t artic l e . 

Voltage Ran[;e - 0-160 V. 

Current Output - 0-0 .2 A 

Remote scns:i.nc cnpab iJ.ity . 

Overload Protecti on . 

7 



Load Regula t i on : 

Cons t ant Voltage - 0 . 02~ + 2 MV 
Cons t ant Cur r en t 200 microamps 

Line Regul at i on : 

Cons t ant Volta ge - 0.02% + 2 MV 
Constant Current 200 microamps 

2. 16 rx::: Power Suppl y (Dual) Capabilities 

Provide DC power to t es t ar ticle. 

· bua.l Range 0-30 V, 0- 60 V 

Current Output~ 0-1 A, 0-0.5 A 

Remove Progr amming - 300 ohms/ volt 

Overload .Protection 

Load Reculat i on - 0 . 01~ + 4 MV 

Line Regulati on - O.Ol'fa + 4 MV 

Remote sensing capability . 

2.17 DC Power Supply (0-7. 5 V) Capabil i ties 

Provide DC power t o t es t a r ticle . 

Cur rent Output - 0-3 A 

Voltage Output - 0-7.5 V 

Remot e Pr ogramming 

Cons t ant Current - 500 ohms/ amp 

Cons t ant Voltage - 2DO. ohms/ volt· 

Overl oad Prot ection . 

Remote sensing capability . 

Load ReGulntion - 5 MV 

Line Rcculntion - 3 MV 



2.18 .· DC Power Supply/ Amplifier Cap::i.bilities 

· Provide DC exci t.:' .. t i on t o the t es t art i c l e . 

Output vol taee range - -50 VIX! t o +50 V IX! a t 1 amp 

Remot e program.ming a t 500 ohms/voit 

· Load Regul a tion - 0. 02'/o + 5 MV 

Line Regul ation 0. 02~ + 5 MV 

Time stability of 0.075%/ 8 hours 

Temperature stability of 0. 015% + 11r.v/0c 

Can be used a s an amplifier : 

50 watt out put · 
DC to 20 KC bandwidth 
Ga i n of 0 -10 

2 .19 Microsyn Supply Capabilities 

Provides AC excitation f_o_r gyros and. acce·lerometers . · 

• Remote progranmable ( ampli to.de and· fre·quency ) 

Out put Charac t e r ist i cs : 

Sine wa ve 
1 volt t o 35 v ol ts r ms 
lioo Hz t o 30 KHz (4 preselecte d d i screte f requenc i es ) 
0.03% t ime stab i lity/ per week 
Single Phase 
Floating 
Overl oo.cl protect i on 

Aux i liary output for cl emod_ r e feren ce c i rcuits . 

· 2. 20 Wheel Supply Cnpabili_ties. 

Pr ovi de wheel _exci t a ti011 to the gyros . 

2 Phase or 3 Phase operation . 

200 lfa to 5 KHz f reque ncy operation . 

Output voltac;cs - 5 t o 125 r ms . 

Stal:>:Llity' of O. 03~/ wcck . 



2. 21 Osc illos cope Capab ilities 

Provides the operator with displa y cap'.J.b ilitj_cs for sie;nals via the 
t est point panel . 

Located on Operator ' s Console . 

Features : 

35 nanosecond rise ti.me 
1 megohm i np(lt i mpedance 
two ident ical i nput channe l s 
10 millivolts/division sensiti v i t y 
Signal delay per mits viewing l eading edge of signal 
50 nanosecond/ di vision sweep rate maximum 
Ext ernal hor i zontal i nput 0 .2 V/ divis i on t o 5 V/di v i s i on 
Single sweep operation 

2 . 22 Tes t Point Pane l Capabilities 

Provides the operator with access to sensor data a.nd other sie;nals . 

Provides a conven ient means of r outing the se signals to the monitoring 
device ( s ). 

Provides a total of 14!1 three -wire j acks . 

48 output 
96 input 

Auxil iary panel s i n each console . 

2. 23 Power Suppl y Control Unit Capabilities 
t 

Provides voltage programming for the :CC powe r supplies : 

Fixed 
Variable 

Connects supply outputs to l oad : 

AC supplies 
DC supplies 

Provides safety circuitry for over -voltace protection (r.c · suppl.Les on J y) 

Provi des sine and squa r e wave dcmcx:1 r eference sic;nals f or the test 
article ( from nd.crosyn supplies) 

10 



Frequency Response Control Unit Capab ilities (Driver and. Rcl ny Circuit s ) 

Provides i nt erf ace be tween wave ana lyzer and. th e t es t article • 

. Provides 20 YJ\ driving ca pability . 

Connects any of 12 test article outputs to the wave analyz er input . 
(via DCU ). 

Cap~ble 6f external input such ai step function to the te s t article . 

2 ,25 Crysta l Clock ancl Countcl rnm Capabilities 

Provi des clock and s i gnal f requenc i es r equi red by t he SSCJ,JS : 

1; 152 MHz 
28. 8 KHz 
19.2 KHz 
8.0 KHz 
3 , 6 KHz 
800 Hz 
Plus many J n,any more 

Temperature Stability: 

3 x 10-7 from o0 to 50°c 

Time Stability: 

-8 0 1 x 10 per day a t 25 C 

2 .26 Counter Interface Uni t Capabili ties 

Provide t he necessary control and i nter face c i rcuits r eciuired by the 
inertia l counter s . 

:, 

Routes appropr i ate s ienal s t o counter i nput s . 

Pr ovi des amplitude sens i tivity adjustments f or i nput sie;nal s . 

Provi des s i nel e count capab i lity. 

Provi de s l oe;i c c i r cuits t o synchronize ga t e open i ng ancl clos i ng t o 
system t iming sie;nnl s . 
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DETAILED DISCUSSION OF OPERATOR CONTROLS 
AND COMMUNICATION WITH COMPUTER 



3. EXECUTIVE PROGrJtM OPERATION 

The SSCHS Bj1n0dal Real-Tin.'.e Executive (Bm-::--x ) program i nt erfaces the user with 

the SSCMS event prosrams . It supplies the user with options for event data 

modifica tion} manual . event execution} construction of executable event sequences 

(tasks )} and manual or t ime-base scheduled execution of tasks. Events may also 

be assigned to handle system i nterrupts. 

3.1 Oper ational Modes 

(a) Initialization Mode InitiaJ.ization mode provides the user 

with complete manual control of the system. Foreground a·nd ba ck

ground tasks are cons tructed in this mode } time of day i s set} 

and i nterrupt servicin1:s events are ass i gned . Single events TIL"l.Y 

be exe cut ed; and ba cl<_grouna. t a sks ms.y be i nitiated. Event data 

and t ask times may be assigned. In this mode , ea ch preass iened 

r emote_ r egister switch corresponds to a single f unc tion ( except 

while executing a background task). 

(b) Run Mode - Run mode provides a rnul ti programming environment for 

automatic execution of foreground t asks on a preassigned time i n

t erval bas i s while performing background tasks or single events on 

a manually scheduled bas is. System control func~ions include event 

da ta mcxlification , t ask time assignment} and r eturn to I nitializa

tion mode . Backgr a..md tasks may be initiated, continued (a fter a 

period of suspension ), or killed. Tn this mode ; all . func tions and 

user events are accessed through a s ingl e r emote regi ster switch 

( the "C OMMAN D" switch). 



G.2 0"2crator Cu.mnun i.c2.tion The pr:i.Ja.::i.ry c cxr..u,lL'1 i cati on device f or t he 

BREX program and us_er events i s the Sanders 720 CRrr and keyboard. par t 

of tbe monitor control pane lo The operator should normally watch t he 

CRT screen for directives or messages fr om the system. 

(a) CRT Screen FoTI!lat The standard BREX CRT screen format with 

the permanent titles is illustrated in Figure 1. The top line 

displays the date as MO/ DA/ YR (MO= month, DA= day, YR= year , 

all two digit numbers ); t ime as RR : MN' (HR = hours , :MN' = minutes , 

both t wo digit numbers ); and system lag in seconds at the las t 

turn of a minute as XXXX (a four digit number ) o 

The rema inder of the screen i s divided into the four areas separ

ated by t he .dotted lines and correspond.ing l abels . The areas 

l abeled "FOREGROUND" , "BACKGROUIYD" , and "EXECU'rIVE" are output 

areas where rc.essages , data, and dire ctives_ are displayed . The 

"FOREGROUrffi" area (5. lines by 30 characters pe1~ line maximwn ) is 

primarily used by events which are des i gned to be executed as 

part of a f oreground t ask whi l e i n run mode . The "BACKGROUlTD" 

area (5 lines by 30 characters ·ber line maxi mum ) i s primar ily 

used by events and background t asks executed i n i nitialization 

moo.e or as background p2·ogr2_ms i n run mode . The i'EXECUTIVE " area 

is used only by t he BREX program for disQl ayi~g_cxecutive messages 

and ~uerying the operator for i nformation necessary t o an execu

tive f unction such as moo.ifying event data. The f ourth CRT aren 

i s 12.beld " t;?S?J,T02 E~SPOHS:8 11 and handles d'J.ta. prepo.ratlon for 

i nput from the keyboard to the comp uter. 



·TIME = 

FOREGROUND 

- - - - ...--- - - - -- - - -
-BACf-<GROUND 

. -- -- - -- - ---
_: EXECUTIVE 

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

.OPERP\TOR RESPONSE. 

-------·-------- ---------
Fig. l - Sto.nclarcl BH.F:X CH'J.' Screen Forma t 



(b ) Keyb o..."l rd - CRT I nnut Oper ation Re spons es t o system and user 

r eque s ts 2.s d i _spl ayecl on t he CRT screen a r e us ua lJ.y made wi t h the 

Sander s }~eyboard on the moni tor c onsol e . The c ursor (blinking 

underline ) on t h e CR'l1 screen i s pos i t ioned by the c on1pu t e r t o the 

b eginn ing of the area l ab e l ed "OPERATOR RE_SPO:NSE". 

The oper a t or now t ypes i n t h e appr opriat e i nformation us i ng the 

CRT keyb oard like a t ypewr i ter ke yboard) wit h each cha rac t e r 

pressed b e i ng displa ye d i n c onsecut i ve l oca tions in the i nput a rea . 

Up t o 100 charac t e rs can b e ente r e d at one i nput operat i on9 

Any mi s t akes in entering the i nforma t:i.o:'.l tha t are made ma y b e 

c orr e cted by press i ng t he 11 SHIFT" key wi t h the " SPJ\CE" key a s ll18. tiy 

t i mes as n e ce s s ary to b a ckspace t he c urs or t o t he b eginn ing of t ho. 

e r r or. F'r om t ha t point ) t he operat or r,,..ay r esume typing the i nput 

in a c or r e ct manne r. Having fin ished t yping t he n ecessary i nfor 

mat ionJ t h e operator shoold ch ~ck i t f or mi s takes t h en J i f ve r i fi ed J 

pr ess the "SEHD BLOCK" ke y to t ran smit t he i nfor ma tion to the c om-· 

put e r and t e r r:1i nate t he i nput ope:cat i on, 

3-3 Remot e Switch .Regist er Funct i ons Oper a tor c ontrol-of the BR.EX pr o-

gram i s i mpl emente d through t he r oo ote swi tch r egiste r on t he monitor 

\ 
c onsol e . The s witches are used to i nv oke t h e va r ious exe cut ive fu nc ti ons 

I 

as 1 2.b e l ed on t he r egi ste r for each of t he t wo moo.e s of opcrat jion. A 
I 

funct i -:m i s i nvoke d onl y whe n a singl e swi tch i s se t ( exe cp"!:, wh'e n us ing 

PAPER ':'APE U TPu .r option swltch) ~-
i 

( a ) I r:i t iali za tion Mode 'l"ne f oll cr.-r in13 a r e t h e switch as s i gnments 

f ol - ope r a ti o:1 i n I nitia lizat i on l.\odc , The desired func t l on j_s 

( tl "UP11 

e xe cute d whe n the c orrcspcud i ng switch i s se t placed in 1c 

po:; i t i on ) nf t•:- r lnv i nc b een i n t ho off ( 11 no:.m" ) po s ition . 



SWITCH 

15 
l • 
I 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

¢ 

FUNCTION 

cowwrn OPTION TO EXECUTIVE EVEtrr - suspends back
g:r:ound t ask process i ng to execute cornrnand or user 
events 

SYSTEM ABORT - stop all event and t ask executions 
and r estart system 

available to user events 

availab l e to user events 

ENTER RUN MODE - start automatic execution of Fore
ground tasks 

SET TIME OF DAY - i nitia l i zes system clock 

ASSIGN TASK TIMES - controls modification of· Fore
ground t ask phase and i nterval time s 

DELETE FOREGROUND 'l:1.1\SK - del etes the l ast assigned 
For eground t ask sequence 

DELETE BACKGROIDID TASK - del etes the l ast ass i gned 
Background t ask sequence 

EXECUTE BACKGROUND TASK - ini:tiates execution of a 
sp~cified Background task sequence 

EXECUTE EVENT 
event 

initiate s execution of a specified _ 

ASSIGW HrrERRUPT SERVICE EVENT - handles linking of 
a user event to a system interrupt 

ASSIGN FOREGROUND TASK - allows the -user to specify 
sequences of events t o be executed automatically in 
run mcx:1.e 

I 
ASSIGN BACKGROIDJD TASK - allows user t o specify 
sequences of events. to be. executed manually_ 

1 
ASSIGN EVENT CONSTANTS - allows the user tomooify 
event datu I 

PAPER TAPE INPUT - allows the user to i np~t al1 paper 
t ape po.raJne ters r equested by the executive functions 
or dispJny r enDining tasks after t ask de l e tion 



. 

(b) Run Mode Tbe switch assi gnments f or Run Mode foll ow; again, 

. 

the des i r ed function i s executed '\-,hen the corresponding switch 

is set. 

SWITCH 

15 

14 

13 

12 

11-¢ 

FUNCTION 

COMMAI'ffi OPTION TO EXECUTE EVENT - suspends backgrow1d 
t ask process ing to execute comma.nd or us er events 

SYSTEM ABORT - stop all event and t ask executing and 
r estart system 

avai lable to user events 

available to user events 

reser ved for SSCMS applications 

3.4 Re sponse For mat 1 - Response made to the BREX program requests for 

numeric data _from t he CRT ·keyboard or p3.per t ape reader are in free 

fi eld forma.t. Cert ain symbols a r e fi el c1 .delimiters , eliminating the 

need for fixed data field bounds. Spec i a l syn.bol usage i s : 

space or , 

I 

+ 

• E + -

@ 

D3.ta item delimiters 

Record t erminator (list continuation ) 

(DO NOT USE WI'I'H CTIT KEYBOARD) 

Sign of item 

Floating point num1)er 

Octa l i nteger 

All other non-nu..meric characters arc t rea t ed as spaces~ 
I 

Two or more 

consecutive spaces are t r eated as one space . Two cons ecutive 90IDilllis · 

indicate no. new data are suppl i ed for the correspondin~ item. 

Tho following Te letype und CRT keyboard key symbol s are uood iJ illuo 

trative exampl e s : 



CR 

LF 

SB 

carri age r e turn (Paper Ta pe Only) 

line f eed (Paper Tape Only) 

send block (CRT keyboard only) 

( a ) Examule - The f ollowing replies to the Executive r equest are a ll 

equivalent: 

ENTER TIME (HRS : MIN: SEC ) 

SB 

12, ¢5,¢¢ SB 

Executive r equest 

· poss i b l e responses 

12 HOURS, 5 MINUTES) ¢ SECONDS 

3.5 Comreand Option To Exec tive Event This s wit ch provide s manual 

control in Run Mode or ,rhile executing a backcround task in Ini tiliza 

tion Mode . At the end of· t he current:!.y executing event of the backg:roLmd 

task ( if any ), tic b ackground t ask i s suspended and control dire cted to 

t he operator to execute an event . The f ollowing message i s dis21ayed : 

COMMAND. 

EXECUTE EVENT 

ENTER ----

EVENT NUMBER 

The operator r esponds with a desired event number (an - i nteger 1-1¢5 ). 

An event nur;:iber outside the allowable limit s wi11 cause t he additi onal 

l ine 

I LLEGAL EifrRY PHASE TER>ITNATED 
I 

t o b e displ ay e d. and control r eturned to t he BREX program wit,h tbe 

backr;round t ask still suspended. Any of the 99 user events rrc2~ be 
I 

executed , or one of the f oll ow i ng sys t em c onll11'.1nd event s may be ch c::;c:'. 



EVENT lTUHBER FUNCTION 

100 

101 

102 

103 

lo4 

105 

ASSIGN EVElIT CONST/'J'lTS 

EXECUTE BACKGHOUND 'l'ASK 

CONTHTUE BACKGROUND TASK 

KILL BACKGROUND TASK 

ABORT JOB STEP - RETURN TO INITILIZJ\TION 

ASSIGN TASK TIMES 

The ba·ck8round task that was in operation when the COMMAND option 

was i nvoked r emains suspended after the manual execution of an event; 

co::nmand event 1¢2 must be used. to continue execution of the background 

t asko 

(a ) Co:rnm.and Event Descriptions 

(b) 

ASSIGN EVENT COI'i STANTS - See 3 .17 

EXECUTE BACKGROUND TASK - See 3.12 

CONTH1'UE BAC-KGROUND TASK · This command event removes the hold-

off on the current background t ask. 

KILL BACKGROUND 'l.'ASK This command event deactivates the cur-

r ently executing background t ask. 

ABORT J OB STEP - This con:rmand event t enni natcs all background 

and foreground ( if in Run Mode ) t a sks and r eturns contr9l to 

I nitializa tion Mode (if not already in I ~itiaiizaticn Mode ) . 

ASSIGN TASK TIMES See 3.9 l 

Exampl e Assume a background t ask is executing. and i t is desired 

t o execute e'rent number 35 . Tne COMMJ-\.1'-ID ::,'.-ritch is set ( up~ uutil 

the foll a.-1 ing message appea rs on the CRT (EXECUTIVE area ): ' 
i 
I 

I _ ...... . 



COMMAND 

EXECUTE EV1'NT 

ENTER -·--

EVENT NUMBER 

Now the COMMAI'ID switch is put in the off ( down ) pos :i.tion ana. the 

user responds via the CRT keyboard with : 

35 SB 

Event 35 i s t hen executed by the computer and when finished with 

it, the l ine 

EVENT DONE 

is appencled to the preceecling CRT me 3sage. To continue executing 

the backerouud t ask, ·the CO?:iMAI'iD switch is set, 

COMMAlID 

EXECUTE EVENr 

ENTER---

EVENT NUMBER 

appears on the CRT screen a nd the user responds with 

and the c_a:npl e tion message 

EVF~NT DONE 

l 
is displayed after the preceeding message . _ The b ackground task 

i s then reswned a 

Note tha t i nstead of executing c o::nmand event 1¢2 to c ontinue the 

I 
background t ask, the u::; er m.'.l.y have elected to exe cute another us er 

event or other system c onU11:rnd events . 'J.'here arc no r estrictions 

on the munb er of times the c m.;;,L'\l/D opti on can b e exerciz cd , or when, 

if eve r, o. bn.ckcr ound t o.sk is con 1:inuccl. 



This switch and the SYSTEM ABORT switch are the only Executive 

control switches available: in Run Mode. 

3. 6 System Abort - An event InD.y be in the process of execution. ( eit}.1er 

a s a single event or pa.rt of a foreground or baCY'8round t ask ) when j_t 

is desired to prematurely exit from it. Moving t he SYSTEM ABORT switch 

to the up position immediately terminates any event in progress , kills 

any pending background or for eground tasks, r ese t s system l ag to zero, 

.and r estarts t he system with control passed to the SET TIME OF DAY pro·

cessor ( see 3.8 ) in Initialization Mode . The switch should i rmnedi ately 

be moved to the do~m position to avoid repeat ed aborts. 

3. 7 Enter Run 11c'.<le - When the user has finished constructing fore£,rrow1d 

tasks and is re ady to place them in autonatic execution, the ENTER RUN 

MODE switch is used to process the transition fr om Initialization Mode 

to Run Mode. On setting t his switch up, the foll owing message appears 

on the CRT:. 

SET COMMAND SWITCH) TYPE IN 11 GO" 

DOWN::: RUN 

UP =: RETURN TO IN1TIALIZATION 

At t his point> the user may decide to return to Initialization Mode, 

This option is selected by setting the COi-,,IT,LAND switch up and r esponding 

via the CRT keyboard with 

GO . SB 

The new message that appears i s simply 

INITIALIZATIOH MODE 

to i ndicate the curr ent mode of operation. 



/my r esponse ot:-ier than "GO" to the Executive query causes the message 

RETRY 

'·· ' to be appended to t he r equest and the operat or then may enter the 

correct re sponse . 

NOTE: Once in Run Mode ) the only methods of r eturn to Initiali zation 

Mode are either the sys t em c ommand event no. 1¢4 (ABOTIIT.' J OB 

STEP ) or the SYSTEM ABORT switch. 

3.8 Set Time of De.y - This switch initializes the system clock . Moving 

the SET TINE OF DAY switch to the up position causes the foll owing 

message to be displayed on the CRT scre en : 

ENTEH DNJ.'E (MONTH, DAY, YEAR ) 

The re sponse to this r equest i s the numeric month) day) and year such 

as: 

The system then di spl ays the request for time -of-day: 

ENTER TIME (HRS :MIN:SEC ) 

In response ) the operator t ypes in the t i.me in hours , minutes , and 

seconds a f ew seconds in the future and then·waits for the actual t ime 

to arrive before pressing 

with the ac tua l time : 

10:31:!~5 . SB 

SB t o start the clock and synchronize i t 

The SB wa s pressed at 10:31:45 . 

As s ign Task TjJ°ncs - Every f oreground t a sk has a phase time and an 

I 
interval t h ae (both in seconds ) nssigneJ. to it at t ime of construct i on. 

Upon entcrin3 nun Mode , each foregro t.1n,1 t ask i s executed i nitially after 
! 

a dcl o.y cquo.l t o its pho. sc tjJUc , and thcre.'.lftcr exccutccl at a frcqncncy 



equal it its interval time . The ASSIGH TASK 1l1HIBS function , invoked 

as a switch registe r f unction or a system c ommand event , allc.iws 

modification of the phase and inte r val times . f or any f oreground task. 

When invoked, t he function di splays thi s me ssage identifying i .t and 

requesting the t ask name : 

ASSIGN TASK TIMES 

ENTER ----

TASK NAME 

The oper a tor responds with the t ask name and a SB (if us ing CRT 

keyboard). If the f oreground t ask as named does n ot exist, the error 

me ssage 

IIJ.,EGAL ENTRY - PHASE TERMINATED 

i s a1):pended t o t he preceeding tnessase and c ontrol r eturned to t he sys.tent. 

Upon enter ing the t ask name , the message i s chapged to r equest the t ask 

t imes : 

ASSIGN TASK TIMES 

ENTER 

PH.ASE &; I NTERVAL TIMES 

The operator r esponds with the t wo times which may b e i n the. r ange 1 to 

32~(68. An out-of -range value causes t he error message 

J.LLEGAL ENTRY - PllASJi: TERl{UIATED_ 

l 
to be appended to the display and c ontrol r eturned to the system . 

(a ) 

I 

Example - As sume a f oregr ound t ask exists with the name jof "CAL" 

a nd the t ask t i mes t o be assigned arc a phase time of 20 seconcls 

and an interval t i me of 45 s econds . 
I 

Upon i nvoking the functi on, 
! 

t he f ollowing i s displo.yed : i 



ASSIGN TASK THIBS 

EN'"fER ----

TASK NAlvlE 

The operator r esponse is: 

c1u, · SB 

The display be comes : 

ASSIGN TASK 11:IMES 

ENTER _ _: __ 

PHASE & I NTERVAL TIMES 

The operator response is: 

20, 45 SB 

The Executive CRT display i s either appended by the message 

EVENT DONE 

if the funct i on was r un as a corm1fl.nd event or is cleared and 

d:i.splays 

INITIALIZATION MODE 

if run as a switch funct ion. 

3 .10 Delete Foree-round Task - This switch function deletes ·the most 

recently cons.tructed foreground t asks. When -the switch i s set, the 

foll owing message i s displayed : 

PREVIOUS FGRD TASK DELETED 

indicating that t he t ask has been del eted . When t he.r e a r e no \f ore-

ground t asks defined) t he message that i s displayed i s : 

PREVICUS FGHD TASK DELETED 

NO ENTRIES RE11.AIN 



'· I 

3.11 

The rem'.lining foreground task entries wil l be displayed by name when 

the PAPER TAPE INPUT switch is set to the up position while the 

DELETE FOREGROUND TASK switch is usedo 

(a) Exampl e Assume there are four f oreground tasks defined in 

the order given : 

TASK N..AJ,fE 

CAL 

TEST 

TRYl 

L.4ST 

To delete t he mos t r ecently assigned foreground_ t ask ( the one named 

''LAST" ) and receive a. display of the remaining foreground task 

names, the oper at or does the followine : 

1 . Set PAPER TAPE I NPUT switch up . 

2. Set DELETE FOREGROUND TASK switch up.· 

The foll owing displa y is issued: 

PREVIOUS FGRD TASK DELETED 

CAL 

TEST. 

TRYl 
l 

'l1he operator then sets both the PAPER TAPE I NPUr and DELE'TE FORE- · 

GROU1'ill TASK switches t o the d own pos ition and control i s :!:eturned · 
I 

to Initialization Mcx:le . 

Del et e Background Task - This function deletes t he mos t 
. I 
r e cE)nt ly 

I 

I 
constructed background t ask . The method of execution i s the same 

a s for DELE"fE FOREG:WlJilfD TASK . The PAPER 'l'J\PE INPU'l.1 switch is used 

t o obta in a l i s t of r emainin0 tasks. 

I 



(a ) ExrunpJ.e - Assume there are .three ba ckground tasks clcfined in 

.t he order given : 

TASK NAME. 

BACK 

CTR. 

RLAY 

To de l ete the mos t recently a ssigned background t ask ( named "RLAY") 

without a displ ay of thos e r emaining, the operator j us t s et s the 

DELETE BACKGROUND TASK switch up . The foll owing message c onfi rms 

t he t ask deletion : 

PREVIOUS BGRD TASK DELETED 

The operator sets the switch d own and control is r eturned to 

Initialization Mode • . Now the most .recently assigned background . 

t ask is "C'l 'TI " . To d el ete thi s t ask and obta in 2. display of t hose 

r emaining, the PAPER TAPE INPUT switch i s set t o the up pos ition. 

Then the DELETE BACKGROUND TASK switch i s set ca u sing the t ask 

deletion and the following message : 

PREVIOUS BGRD TASK DELETED 

.. BACK; 

When. t his l ast t ask is deleted (with or without the PAPER TAPE 

I NPUT switch set ) t he messase displayed 

PRE\TIOUS BGRD TASK DEIBTED 

NO EI\1TRIES REMAIN 

.; C • ... ., . 

1 

I 
3 .12 Execute Background Tnsk This function i s available either p-s 

I 
system c or1mand event no. 101 or under s1dtch c o!l.trol. I t i s the means 

for i nitiatinc; execution of an asi~iencd backGround sequence . Upon in 

v oldnc this fun ction, a message i dcnti fying :i.t and r e questing the nrune 

of the to.sk to be execute d is displo.yccl : 



EXEClJ'l.'E BACKGROmm TASK 

ENTER----

T~{ NN,lE 

The opera t or r esponds with t he desired background t ask name. If a 

t ask n2..rne is entered that has not been defined, or if there is already 

a background t ask in execution, the following error mes sage is appended 

to the display and control returned to the system: 

ILLEGAL ENTRY - PH.ASE TEfilITNATED 

NOTE: When the EXECU'l1E BACKGROUND TASK function is selected via• the 

sw·itch r egister in Initializa tion Mode, operator control for 

the durat ion of t he background task execution mus t be direc t ed 

t hr ough t he COMMAND switch; Initializati on Mode operation.is 

t emporarily suspentled until t he backgrmrnd task is fi ni shed and 

the message 

I NITIALIZATION MODE 

i s di splayed t o notify the operator of the t ask canpletion~ 

When invoked in the Run Mode, after enter i ng the desired t ask name , the 

message 

EVEif l' I:ONE 

is appended to the display . When the ba ckgroWlci t a sk is fini shed, this 

completion message is appended to the CRT display: 

In either mo:ie of operation, use of t he COMMAJ-TD switch is t he only 

systen c cnt::-ol the oper ator may exercis e (except; of course , the 

ABORT switch ) . Use of the C01-l?-1AHD switch will suspend the backe;round 

t ask until the open. t or t akes ac tion t o a l ter t he suspens ion (by a 

sys t er1 cc:::.:;.3.ud event t o continue or kill the ba ckgrounu t o.sk ) . 



3. 13 Execute F.vent This switch a llows the user to manually initia t e 

execution of a specified event . When t he EXECUTE EVENT switch is 

moved to the up position) the following message appears on the CRT 

identi fying the f unct i on and reque sting the event number : 

\ _ EXECUTE EVENT 

ENTER 

EVENT NUMBER 

. The oper a tor responds with the integer number of t he event it i s 

desired to execute . If the r esponse is not within the alla,rabl e 

r ange for event nwnbers (1-1¢5) , the foll owing error message is 

appended to the preceeding message and control r et urned t o I nitia liza 

tion Mode : 

ILLEGAL ENTRY - PHASE TEPJ,ITNATED 

v-lhen the event number is entered and the SB key pressed, execution 

of the des ired even~ i s initiat ed. At completion of the event, the 

EXECUTIVE CRT area i s cleared and this mode identification message 

i s displayed : 

I NITIALIZATION MODE 

This signifies tha t the BREX program i s r eady to accept further switch 

commands in Ini tialization Modeo 



3. 14 ASSIGN nrrERRUPr SERVICE· EVENT 

For certain comp:uter i nterrupts it is necessary for the user to supply 

spec~al handling routines dependi ng on the circums t ances under which the interrupt 

occurs. - The ASSIGN I NTERRUPT SERVICE EVEH'r func tion allows the user to link up a 

specially written interrupt service event ( see 2.2) on line to handle the interrupt 

on a specified channel. Upon setting this switch up, the following message is 

displayed iaentifying the function and requesting the service event number: 

ASSIGN I NTERRUPT SIBVICE 

ENTER--

I NTERRUPI' SERVICE EVENT NO. 

The . operator r esponds with the proper user event number . I f the re sponse i s.not 

in the r ange 1--99, this standard error message is appen ed to the displ ay and con

t rol returned to Initialization 1'.-foae: 

ILLEGAL Ei'IT'RY - PHASE 'l'ERMINATED 

Upon r esponding with the service event number , the CRT displ ays the r equest for the 

channel number: 

ASSIGN INI'ERRUPI' SERVICE 

ENTER--

SERVICE C}I.Aif.f!fEL NO. 

The operator responds with the channel number, usually in octal. If this 
I . 

response i s not within t he r ange 5 8 -778 , thi s error message i s appended ~o the 

di splay and cont rol returned t o I nitialization Mode: 

ILLEGAL ENTRY - PIIASE TER1-1INATED 

A legal r e:::;ponsc to t he r equest for the service channel nurnbers will cause 

the BJlF'.,( pro13rnm to establ i::;h the linka13c necessary for control to petss to '. the 

I 



specified event when an interrupt occurs on the specified cho.nncl. The message 

-area is cleared and the mode identifying line 

INITIALIZATION ~!ODE 

is displayed. 

Example: Assume it is desired to assign event number 5 to service intE:rrupts 

coming in on channel number 108 • The .ASSIGN IN'I'EIIBUPI' SERVICE switch is set u:p, 

then do,m. The CRT displays: 

ASSIGN INTEIIBUPr SERVICE 

ENTER- -

I NTERRUPT SERVICE EVENT NO. 

The operator responds with 

The CRT displays: 

ASSIGN I NTERRUPl' SERVICE 

ENTER--

SERVI CE CHANNEL NO . 

The operator responds with 

@10@ 

and the cnrr di splays 

INI'Yl.ALI Z.ti..'I'ION MODE 

· Norm: Do- not assign to. interrupt_ s.ervic.e_ an. event . that . has_ not 

ically prepared for interrupt service (see 2 . 2 for event construction 

., . 

3. 15 ASSIGN FORffiTIOurm TASK 

been . specif.-j . 
me thod) . 

I 

This fW1ction all ows the user to cons truct a losical sequence of events under 

a sin0le symbolic name to be executed autom.J.tic.J.lly , on a specified schedule, upo::1 



I 

I 
I 

ent ering Run Mode . Upon s ett ing the ASSIGN FGRD TASK switch up and doi;m , the CRT 

di spl a~s this mes sage ~dentif ying the fun ction and r equesting t he symbolic t a sk 
I 

name : 

- ASSI GN FOREGROITTID TASK SE0,UENCE 

ENTER--

TASK NAME 

The ·oper a tor r esponds with an a l phanumeric name up to four characters long. 

If the name i s greater than f our characters , only the fir s t four are used. If the 

name i s already defin ed as a foregr ound t ask ( background t ask name s may be dupli-• 

cated ) the message i s di spl ayed and control r eturned to Initialization Hode : 
. . 

ILLlDAL ENTRY - PJLJ\SE TERMI NATED 

Aft er the t ask name i s entered , the CRT display r equests the number of 

events in the task sequence : 

ASSIGN FORF.G ROUND TASK Sm,UENCE 

ENTER--

EVENT COUNT 

The r esponse i s the number of event s t o be used i n t he t ask sequence (1-50 ); 

if an event i s us ed more· than once i t is counted at the number of times it i s used. 

The CRT di spl ay then r equests the l i s t of events : 

ASSIGN FOREGROUND TASK SRtUENCE 

ENTER- - · 

s m,UENCF. EVENTS 

The event numbers are enter ed in the or der i n wh i ch they are t o be 

1 

I . . 
.execut ed . 
I 

An out of r an(je even t number ca uses the stando.rd er r or - on-entry message t o be 

d ispJ.aycd , I f ther e i s no r oom l eft in the t nsk t ab l e the f ollowi nG error message 



is displByed and control returned to Initialization Mode : 

TASK TABLE OVERFWW 

Finally the Executive displays the r eques t for the phase and i nteval t i me 

i n seconds . Upon entering Run Mode , the tasks wi l l be executed t he f irs t time 

after a delay equal t o the phase t ime and thereafter at a f requency equal t o the 

interval t ime . 

-- ASSIGN FORIDROUND TASK S~UENCE 

ENTER 

PHASE & INTERVAL TI:t:,,J:ES 

If either of the two times are not i n the rang l - 32·767, the following 

error message is displayed and control returned to Initialization Mode : 

ILLEGAL El'rI'RY - PHASE TEPJl[[NA'.L'W 

Upon receiving correct phase and interval times , the BREX program s tor es 

t he t ask i nformation in a table for use in calling i t up when needed . The function 

t hen cl ears the CRT display area and recycles t o _define another task by requesting 

another task name ( note that after the fir s t t ask definition the heading line i s 

omitted ) : 

EN'rER--

TASK NAME 
I 

The operator may construct another t ask sequence .and continue to cycle in 

.this fun ction until all-desired· task definitions have been comple ted . To t erminate 
I 

I 

t his function, the operator responds with a task name ·of "O" which will retun1 

control to Initialization Mode. . i 
Example : Suppose a f oreground t ask is t o be constructed with the name of 

"CIIEK". When in Run !<ode, it i s to sequence throuc;h the five events in the order 

I 
. ! 



given ..sta:rti.ng at 10 seconds and then every 35 seconds : 

3 

2 

10 

25 

2 

The-ASSIGN FGRD TASK switch i s set up t hen down , and the CRT displays: 

ASSIGN FORE.GROUND TASK smoENCE 

ENTER--

TASK NA.lvfE 

The operator response is: 

CHEK @) 
The display becomes 

ASSIGN FOREGROUND TASK smUENcE· 

ENTER- -

EVENT COUNT 

The r esponse i s · 

5@ 
Then t he CRT displ ays 

ASSIGN FORffiROLTND TASK SEQUENCE 

ENTER-- . 

SEktlJENCE EVEi'ITS 

The r esponse i s 

3, 2 , 10,25 , 2 @ 
1'he CTTT then displays 

J\SSIC:f l•'OHH::HOlErn '11./\:..iK SEC1.UEHCE 

. I 



1· 
I 

ENTER--

PHASE & INTERVAL TTI•1.E3 

[ Th~ operator r esponse is 

10,35 ® 
Now the task "CHEK" is completely defined and stored, so the function -starts 

processing for another task : 

ENTER-

TASK NAME 

To terminate the function t he operator response is 

The CRT display becomes 

I NI'l'IALIZ.ATIOi'T MODE 

Upon e tering Run Mode the f oreground t ask 11 CHEK11 will go i nto automatic · 

execution, 

3.16 ASSIGN BACKGROmrn TASK 

This function enables the construc tion of logical sequences of events under 

symbolic names t hat may be called up for manual executi on in either Initializ:::1.tion 

-Mode or Run Mode. The procedure f or cons t ruction a background task i s exactly the 

same as for constructing a f oreground t ask ( see 3.15) with the exception tha t t here 
I . 

are no phase and inte rval times for a background t ask so these are not r equested . 

Example: Assume a background task i s to be created and named "CAL.!11 It is_ 

to consist of f our events in the order giv~n: 

Event No. 

20 

6 

G 

69 

-I 



The ASSIGN BKGRD Tr'\SK switch is set up then do1-m 1 and the CR1' displays 

ASSI GN BACKGROUTID TASK SEXl,UENCE 

ENTER--

TASK NAME 

The operator response is 

CAL ~ 
The display becomes 

ASSIGN BACKGROUND TASK S~UENCE 

ENTER--

EVENT COUHT 

The operator response is 

4@ 
Then the di splay i s 

ASSIGN BACIWROUI'ill TASK Sro,.UEHCE 

ENTER--

SEQUENCE Emrrs 

. The r esponse is 

20,6,6,69 ~ 
Now the background task "CAI," has been entered i nto the t ask t able and the 

functions recycles , r eady to define another background task: 

ENTER 

1 
TASK NAME 

The function i s t erminated with a zero t ask name : 

o@ 



The display becomes 

I NITIALIZATION t tODE 

The background task named "CAL" may be called up by the EXECUTE BACKGROUND 

TASK. function as a switch comm.a..-1d or as a system command event. 

3.17 ASSIGN EVENT CONSTANTS 

This function allows the uses to modify data in events which have been 

dec lared as· accessable i n the call to EVENT ( see 2. 3 for spec:Lfication of access

able data elements for even ts ). It may be invoked either by switch comrnand or · as 

a system command event. For either methocl., the CRT keyboard is the standard pro-

·ces sing device , but for the switch command only , a spec i a l paper t ape input proce-

dure is available. 

Under CRT keyboard op2:ration , data items t o be modified. must · be uniquely 

specified. Upon i nvoking the function for CRT operation, the f ollowing message 

i s displayed identifying the function and reques ting the event number , whi ch array 

(real or i nteger ), and which element of the a.rr.ay : 

ASSIGN EVENT CONSTAN'IS 

ENTER--

EVENT , ARRAY/ ELEMJ;::rIT NUM.BERS 

The response is 3 integers , fo r the event number ( 1-99), the array number 

I 
( O=real array, any nonzero number= i nteger array), and the element number ( bound 

_by event definition). If the event number i s out o::' bounds ( exc.epting O)~ or an 
I 

array or element number specified which is not declare·a. a s accessable in the 

event , the foll owing error message is displayed and control r eturned to t~e 

Executive : 

ILWJJ\L EtT'l'RY - PH.J\SE TElli-ITUA'l'ED 



/ Having r ec eived the event, o..rray: and element numbers, the n..rn::x function t hen 

· . r equests either the r eal or integer constant as specified in the array type number : 

r - ASSIGN EV.Er{T CONSTANTS 

ENTER 

OR 

REAL CONSTANT 

ASSIGN EVENT CONSTANT3 

ENTER--

I NTffiER CONS'l'ANT 

The operator r esponds with the des ired data item, and the function recycle 

to the beginning to enable modif icati.on of anothe r cons t ant: 

ASSIGN EVENT COHSTAJ:1ITS 

ENTEI{- -

EVENT , ARRAY , ELEMENT NUMBERS 

The process i s repeated until an event ·number of 11 0 11 is entered to properly 

terminate the f unction • 

. Example : Suppose the third element of the accessable r eal data ·arr ay and 

the fif th element of the ac cessable i nteger data array of event number 53 are to 

· be given the values of 49 . 75 and 202 r espectively. I nvoki ng the ASSIGN EVEN'l1 

CONSTANT3 f unction brings the followine; message to the CR'r screen : 

ASSIGN EVEt\fT CONSTANTS 

ENTER--

EVENT , ARRAY , ELl:MENT NUMBERS 

The operator r esponse i s : 

53 O 3 g . 
J) ~ 

The CRT display becomes 

ASSIGN EVViI'l' CONS'l'J\N'lS 

. I 



ENTER-:--

REAL COT-ISTf\N'r 

The reply is 

49.75 @ 
The display again becomes 

ASSIGN EVENT CONSTANTS 

EVENT, ARRAY , ELEMENT NUMBERS 

The response is 

53, 1, 5 @ 
The CRT then displays 

ASSIGN EVEN'r CONSTANTS 

DTTER--

INTEGER CONSTA.Nr.r 

The operator responds with 

202 @ 
Again the display becomes 

ASSIGN EVEIIT ·coNST.I\NT3 

ENTER--

EVENT , ARM.Y , ELEMENT lIUMBERS 

The response is 

0 ~ 

The function is terminated and control r eturnecl to whichever mode o~ operation 

that is in effect. 

I 
- I 



-· 

Values f or entire data arrays may be prepared off line on punched po.pe r t ape 

·f or use with the paper tape i nput option of ASSIGi'T EVENrr CONSTANTS . When invoked 

via 1he switch command in Initialization Mode with t he PAPb'R TAPE I NPUT switch in 

t he ~p pos ition , the CRT displays : 

ASSIGN EVENT CONSTANTS 

P. T. I NPUT - TYPE "GO " TO PROCEED 

The pr epared paper t ape i s t hen placed i n the reader with t he first character 

within ten fe ed f r ames of the read s tation . The r eply of "GO @1 is made on the 

CRT keyboard and t he f unc tion r eads the paper t ape , f illing t he a r r ays of . the 

specified events with the supplied constants. 

The f ormat of the paper tape i.s as follows : 

Logical i nput r ecord 1 : event number 

Logical input record 2 : all rea l e l e~rrents 1-n -~ 

Logical i nput r ecord 3: all integer elements 1-n * 
Logical input record 4: event number 

Logica l i nput r ecord 5: all r eal elements 

and so. for t h unti l all desi r ed event ar rays are supplied . The paper t ape i s t ermi

nated by an event number of 11 011
• 

-l<-NOTE : If ru1 event does not have a gi ven array ( r eal or i nteger ) specif i ed 

a s accessable , t here must be no i nput record f or t hat array. 1'ha t is , if \event 

65 only had an integer array o.f f .our. elements acce.ssable , 

input t ape f or event 6) might l ook like t hi s : 

t he por tion of · the ·. 

l 

event 65 arrays co,uing up 

i nteGer array on l y ( real omitted ) 

event 72 i s next 

I 



Exampl e : Suppose t here are t hree events f or which i t i s necessary to assign 

da ta t o a l l e l ements i n t he i r accessable arrays . The events , arr ays 1 and data i t ems 

are t o be as follows : 

Event No . Real Arra y Value s 

- 29 

48 

16 

YH,f\e.... 

3.2 

4.2 

..-more acces sabl e 

360.0 

4.14 

The paper t ape :i. s t hen punched like t h:i.s : 

29 @ @ 
3. 2, l~. 2, 5.2 @@ 
5,4, 3,2, 1 @Cg} 
48 @6i) 
@l~084 , @l~ 31~1~ Q <iJ 
16 @@ 
360., 3.14 (gjy<ii} 
4, 0,2@@) 

o(§J @ 

1'r uiler 

Integer Array Va lues 

5 

4 

3 

2 

1 

.4084 ( octal ) 
l~3l~l~ ( octa l ) 

4 

0 

2 



To use this t ape J the Executive is i n Initia lization Mode J the PAPER TAPE 

Il'l"PUT switch is set to the up position , then the ASSIGN EVENT COHS'fANTS S\HTCH 

i s placed. i n the tip posit i on . The CRT displays 

ASSIGN EVENT CONSTANTS 

p. T INPUT - TYPE 11 GO" 'IQ P-rtOCEED 

The oper ator properly places t he t ape in the photoreader ( first character 

within ten feed f rame s of read station ) and r esponds a t the CRT keyboard with 

.-GO 

The function reads the t ape ) assigns t he suppl i ed data items to their 

respect ive arrays t hen upon r eading the "O" f or the event number r eturns t o 

I nitialization Mode. 

3.18 PAPER TAPE INPUT 

This switch corruna..Y1d is used only wi t h other functi ons . I t allows the user 

t o supply a punched paper t ape of prepared responses to bypass use of t he CRT 

keyboard . The punched r esponses are the same in order and· content ·as the r esponses 

via t he keyboard, except t hat the l ogical r ecord terminator f or punched t ape is 

€) @ nstead of {fjy · This option may be used by setting the swi.tch up before 

i nvoking one of these applicable f unctions : 

SET TIME OF DAY 

ASSIGN TASK 'rIME 3 

EXECU'l'E BACKGROUND TASK. 

EXECUTE EVENT 

ASSIGN IN'l'ERRUPT SERVICE EVINT ·· .. : 

ASSIGN FOR1'TIRO1JND TASK 

ASSIG N BACKGROu1ID 'fASK 



Special paper tape input processine is available for ASSIGN EVENT CONSTAN'IB 

( see : 3.17). The PAPER _TAPE IlfPUr option is usually exercized only_ with ·event 

cons~~t modific-ation ( 3. 17) and task definition ( 3. 15 and 3. 16) . 

Example : Assume i t i s desired to assign via paper tape the f oregrolmd task 

named "CHEK" which was used as an example for ASSIGN FORffiROUND TASK _(3.16). The 

t ask i s t o have t he f ollowing event sequence : 

2 

10 

25 

2 

The phase time and interval time are 10 seconds and. 35 seconds respectively . 

The paper t ape i s prepe.red off-line in the following for mat : 

l eader 

CHEK @ @ 
5 (gy'(W 
3, 2, 10, 25,2 ~ <Ii) 
10 , 35 f£)@ · 
0 @3<1?) 
t railer 

. . 
To use this tape , the operator places the tape in the photoreader wfth the 

I 

f irst character within: ten fe ed frames of the read station . Then the PAPEH. TAPE 

I 
INPU'r switch is set t o the up position , and the funct ion ASSIGN FORIDROUND / TASK ts 

I 

selected by placing its switch up . The paper tape i s read in o.nd the function com-

pleted . The PAPIB 'l'API: INPU'l' switch is set to the dmm position i mmedj.a tely upon 
I 

I 
---------•==>A===-=====-=--



c ompleting the f m1c tion and returning to Ini tializn.ti on Mode . 

'l'he ruleG to remember vhen selecting the PAPER TAPE I NPUT option for functions 

othe r than ASSIGN EV-El'IT CONSTANTS are: 

1. Prepare the tape w1 th responses in t he orde r and content of re.sponse made 

if keyboard entry was t o be made for the f unction . Use @~ in 

place of SB ( there is no@ on the TIT keyboard). 

2. Place t he tape in the photoreader before invoking the f unction . Set the 

first character of the paper t ape within ten fe ed frames of the r ead 

s tation. 

3. Set the PAPER TAPE I NPUT switch up before setting the swit~h for the 

function . 

I 



4. LOADI NG PROCEDJHE . 

'l'here a re complete SSCHS software system coni'iguration;; available for the 

f ol lowing applications : 

CALIBRATION 

FRRtUENCY RESPONSE 

MILLISECOND COUNTER DATA 

. • FRFlWENCY RESPONSE PLOT 

The f irs t thr e e applications fol l ow l oading pro cedure no . 1. Due to 16K 

me mory lim.i t ation s , FRm UENCY RESPONSE PLOT r equi res its own loading procedures , 

no . 2. 

4. 1 . LOADING PROCEDURE NO. 1 

4.1.1 Load the BCS u sing the Basic Binary Loader 

a. Se t, 37700 ( O- Oll- lll-:).11-000-000) i nto computer switch register. 

b. Place BCS tape in reader. 

c. Pres s LOAD ADDRESS . 

d. Set LOADER tb ENABLED 

e. Press PRESEr 

f . Press RUN 

The computer will read the t ape and halt. 

g. Set LOADER to PROTEC'l'ED. 

h. Rewind the BCS tape . 

!~. l.2 Initialize the Rcloca tinc; L0an.cr. 
I 

a . Se t 2 ( 0- 000-000-000- 000-010 ) into computer switch r egister . 
I 
i 

. I 



(I 

b • . Press LOAD l\DDRESS . 
! 
\. c. Set switch 15 up and all others down ( 1- 000-000-000--000-000 ) 

Load Jill.EX r elocatable t ape 

a. Place Bt"'"IBX tape i n photoreader 

b. Pres s RUN 

The computer "Will r ead the t ape , print ·X-LOAD on the t eletype , a nd ha lt. 

c. Rewind the BREX t ape. 

4.1. 4- Load BREX SYSTEM relocatable t ape . 

a. Place BRIX SYSTEM tape i n photoreader 

b. Press RUN . 

The computer wil l read t he t ape , print ·X·LOAD on the teletype, and halt;°. 

c . Rewi nd the BREX SYSTE!-1 tape . 

4.1. 5 Load applications t ape . 

a . Se l ect applica tions t ape from among FUNCTION MODULES (i. e. CALIBRA_:-_ 

'filON, F~ UENCY RESPONSE). or I-,-ITISEC . C'I'R . ) and place in photoreac1er. 

b . Press RUN 

The computer should r ead the tape , type ·X·LOAD on the Telet~rpe , and hal t . 

c . Rewind the t ape . 

1~. 1 . 6 Load the BREX SUBROUTINE LIBR..f.\RY. 

a . Set· 100064 ( 1-000-000- 000-000- 100) i n t he c omputer switch ¼egister •. 

b. 

c. 

Place t he BREX SUBROU'fINE LI BlL/\RY t ape "in the photorcader. 

I Press RUH 
I 

. I 

I 
i 

I 

. I 
. : ,_,..... .......... ,.. .. ---- - --·---. ·~--.. --, ~=·~s..,,.,.:!::--::c::~::::- :.::::;;.;--;:.;:·~;;:;;;;;;__,__,__, __ 



The ccr..putcr s iicu:cl re c.cl t he whole tape , type out u list of needed routines 

o!.1 t.he · teletype , then type ,X·LOAD on t he tele type , and halt . 

d. Rewi nd the BR.EX SUBROUTINE LIBRARY tape . 

-4.1.7 Load the FORTRAK-AI.GOL LIR.'lARY. 

a. Place the FORTRAN- ALGOL LIBRARY tape in the photoreader. 

b. Press RUN . 

The computer should read as much of the tape as necessary to find all needed . 

routines , t ype *I.ST on the tele~ype, and halt. 

1~. l. 8 Obtain Loader Symbol Table tape ( omit t his step if a Loacler Syr.ibol. Tape for 

t he Configuration as loaded already exists ). 

a. Set teletype right knob to WC.AL 

b. Turn tel etype left knob to 11 T11 ( vertical ) 

c. Generate six or more inches of leader. 

d. Turn t eletype right knob to ON- LINE . 

e. Set 4 (0-000-000-000-000~100 ) in computer switch register. 

f. · Press PRESET 

g. Press RUH 

The computer should type and punch the Loader Symbol Tabl e on the 

Teletype , then print ~-RTJI'r . 

h. Set t eletype right knob to WCAL 

i. Generate six or more i nches of l ead.er . 

j. Turn t ele".:.ype l eft knob to '! Kr:r11 

~:. Turn t eletype r lc;ht knob to OIT-L..1irE 

1. - Tear off , identify, o.nd s.:tve the punched tape . 



4.1.9 Enter Initializat ion Mode 

a. Press PRESE'r 

b, Press RTJI{ (if 4.1. 8 skipped, press RUN again ) 

The computer should t ype on the teletype: 

EN'rER LOADER SYMBOL TAPE 

REPLY "GO" WHEN READY 

c. Place the Loader Symbol tape for the configured system in t he 

photoreader, with the first char acter within ten feed frames of 

read station . 

d. Type i n the following on the Teletype keyboard : 

GO CR LF 

The computer should read the tape and type out on the teletype a Hst ·of 

event names and associated event numbers followed by the message "LIW.KAGE COMPLETE". 

An e.xan:iple of this is: 

-!<-EVENT NO.· 

UAVlJ •••• 25 

EV09 • • • • 9 

PLOTX • ••• 27 . 

LIN'iZAGE COMPLETE 

The BREX program is now in Initialization Mode , and operator communication 

i s now directed to the remote switch register. and CRT screerrand: keyboard ; The 

CRT screen should be displaying a request for the date as part of the SET TIME OF 

DAY function i nvoked upon system start and restart . 

!~. 2 10/\DING PflOCF:DURE: NO. 2 



4. 2. 13 
I 

4.2.4 
l 

Load the BCS tape using the Basic Binary Loader . ( sec 4 .1.1) 

· Initialize the Re locating Loader ( see 1~.1. 2 ) 

Load BRJ~ Relocatable t ape ( see 1~. l. 3) 

Load the BREX LIB.M.RY ( not BREX SUBROU'I'INE IJBRA.il:l.Y ) tape. 

a. Place BREX LIBRARY tape in photoreader . 

b. Press RUN 

The computer should read the tape, print -i<-LOAD on the teletype, and halt. 

c. Rewind the BREX LIBRARY tape. 

4. 2. 5 Load the procedure modul'e RELAY AND . CTR SERVICE. 

a. Place RELAY Al"\ffi CTR SERVICE tape in photoreader 

b. Press RUN 

The computer should read the tape , print -i<-LOAD on the Teletype , and halt~ 

c. Rewind the RELAY A..N"D CTR SERVICE tape. 

4.2.6 Load the procedure module SAFETY ClIECK . 

a. Place SAFEI'Y CHECK tape in photoreader. 

b. Press RUN • 

. The c ompute:!:' should read the tape, print -X·LOAJ) on the teletype , and halt. 

c. Rewind the SAFETY CHECK tape. 

4.2.7 Load the f unction module FREQ. RESP. PLOT 

a. Place~- RESP. PLOT t ape in photoreader 

b. Press RUN 

The computer should read the tape , print *LOAD on the teletype, and ha lt. 

c. Rewind the FREQ . RESP. PLOT tape 

4.2.8 Loo.d the B.:.~EX: :::;uI?.~Ov'I'li'.E Ll Div\J-{Y ( :.:cc l~.1.6) 

l~. 2. 9 Load the PLO'J.TIB IJDlu\RY 



, · 

o.. Place PLOTrER LI B.i.'1.ARY tape in photorcacler . 

b. Press FrJlf 

The co·mpute r should r ead the whole tape , print out a list of needed routines 

on the teletype, then ty-pe *LOAD on the Teletype, and halt. 

c. Rewind t he PLOTTER LIBRARY tape. 

l~.2.10 Load the FORTRAN-ALGDL LI BRARY (see 4.1~7) 

4. 2.11 Obtain Loader Symbol Tape if needed ( see 1~. l. 8) 

4.2~12 Enter Initialization Mode (See 4.1.9) 

4.3 System Operat ion 

The SSCMS software system. for the chosen configuration is now loaded and 

running in Initialization Mode. Refer to Section 3 for Executive program opera

tion. 



DESCRIPTIONS OF TYPICAL USER EVEJ\.J'l'S 
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I 

Name: 

I 
Event //: 

I 

' \ 

EV99 

99 

.• 

PuTose: To connec~ power supply #l to the test artic le if the reading on scann2r 

channe l 000 is within certain limits. Connection is made by closing 

relay AL 

A 2 element real array 

1. · Low Limit 

2. High Limit 

Nominal values: · 

-Low Limit 4.85 volts 

High Limit 5.15 volts 

Channel# 000 

Program Word 4244 (Octal) 

Relay to be closed: 1 (Al ) 

--- ------ -- -- ------ - -- - ------------- -- ---- -- ------ - ------ -- --• ►- -- · --- ---------

Name : EV98 

Event# 98 

Purpose : To connect power supply //2. to the test article if the reading on channel 

100 is within certain limits . Connection is made )Y closing relay A2. 

Input : A 2 element real ar r ay 

1. Low Limit 

2. High Limit 

Nomina l Va lues : 

Low Limit 14.55 volts 

_Hig~ Lim~t 15.45 volts 

Channel#. 100 

Program Word 1~21~5 ( Octal ) 

Rel ay to 0e closed : 2 (A2 ) 



-2-

I 

;Name : EV97 
I 

Event If : 97 

Purpose : To connect po·.:c:r supply //3 to the test a:ctic le if the r cadinc; on scanner 

chru1nel 001.is within certai n limits . Connection is made by closing 

Input: 

relay A3. 

A 2 element real array 

1. Low Limit 

2. High Limit 

Nominal Values: 

Low Limit 11~. 55 volts 

High Limit '15.45 volts 

Channel :/f 001 

Program Wor d: 4245 ( Octal) 

·Relay to oe_closed : 3 (A3) 

-----~------------------~-----------------------------
N,ame : EV96 

I 
Event If: 96 

Purpose : To connect power supply ://4 to the test article if the reading on scanne r 
I 
f channel 101 is within certain limits . Connection is made by closing · 

Input : 

relay A4. 

A 2 element real array 

1. Low Limit 

2~ . High_Limi t 

', 

): 
No:ninal Values : 

Low Limit 27. 61+5 vol ts 

-High Limit 29.355 volts 

Channel // 101 

, 

n clny to l.Jc closed : lf (J\1r) 
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Nnme: EV95 

Event ff= 95 

Purpose : To ~onnect power supply # 5 to the test art icle if the reading on scanner 

channel 002 i s within certain limits . Connection i s made JY clos ing 

relay A5. 

Input: A 2 element r eal array 

1. Low Limit 

2. High Limit 

Nominal Values : 

·tow Limit 

High Limit 

Channel ff 

Program Word 

Relay to oe closed : 

14.55 volts 

15.45 volts 

002 

4245 (Octal) 

5 (A5) 

Name : EV91+ 

Event#: 94 

Purpose : To connect power supply ffS to the t est article if the r eading on scanner 

channel 102 i s within certain limits. Connection is made by clos ing 

relay A6. 

Input: A 2 element r eal array 

1. Low Limit 

2. High Limi t 

N'.)mina l Va l ues 

Low Limit 0,0 volts 

High Limit 0.0 ?ol ts 

Channel# 102 

Procram Word 0000 

Rcl ny t o oe clos ed : ~ (A~ ) 

--·--·-- .,.._. 
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Name : IW93 

Et nt ff : 93 
I 

To connec t power supply //7 to t he t est a r tic l e if the r eading on scanner 

channe l 003 i s wi th i n cert.ain limits . Connection i s made i.Jy closing 

l 
r e l ay A7. 

I nput : A 2 element r eal arra y 

1. Low Limit 

2. High Limit 

Nomina l Va lues 

. 
· Low Limit 

High Li mi t 

Channe l # 

Program V ord 

48.5 volts 

51. 5 volts 

: _ 003 

Re l ay t o oe c losed : 7 (A7) 

Name : EV92 

Event ff : 92 

Purpos e : To conne c t power supply #8 to the t es t a r t ic l e if t he r eading on scanne r 

channe l 103 i s wi thin certain limi t s . Connect i on i s oade by closing 

r e l a y A8. 

I nput : A 2 element r eal a r ray 

1. Low Limit 

2. High Limit 

Nominal Value s : 

. Low Limit O. 0 volts I 
Hi gh Limi t 0, 0 volts 

Crwnne l ff · 103 · 

Pro[;ro.m H orcl 0000 

Re l ay to be closed : 8 ( AG ) 



-5-· 
i 
:NGme : EV91 

!Event /f: 91. 

Purpose: To connect power supply #11 to the te s t article if_ t he readin B on s ea~-

ner channel OOi i s within cer t a i n limits . Connection is made by clos ing 

relay A9 . 

Input: A 2 element real array 

1. Low Limi t 

2 . High Limit 

Nominal Values : · 

-Low Limit . o. 0 volts 

High Limit o.o volts 

Channel /J .. 005 . 
Program Word 0000 

Relay to be closed: 9 (A9 ) 

Name : :EV90 
., 

Event /J: 90 
! 
' 

Purpose : To connect microsyn supply //1 to the test article if t he r eading on 

Input : 

channel 123 is within certa in limits . Connection i s made by closing 

relay AlO. 

A 2 element rea l arrar _ 

1. Low Li mit 

2. High Limit 

Nominal Values: · I-

.I 
Low Limit · 1~. 85 vol ts 

High Limi t 5.15 volts :· 

· Channel # 123 

Pro6 r am Hor d 7001~ ( Octal ) 

Relay to be closed : 10 (AlO) 



-6-

No.me : EV89 

Event /f : 89 

Purpose : To· connect microsyn supply .ff2 t o the test a.rt icle if the r eading on 

scanner channel 021+ i s within certain limits. Connection is made by 

closing relay All . 
. ·: -- - · 

Input : A 2 element real array 

1. Low Limit 

2. High Limit 

Nominal Values 

Lm, Limit 0.0 volts 

High Li mi t 0. 0 volts 

Channel# 024 

Program Word 0000 

Relay to be closed : 11 (All ) 

Name: EV88 

Event /J: 88 

Purpose : To provide operator control of power supply #L Connection to the tes t 

article i s mua.e·on operator con1~and . Control i s provided to the operator 

by clos ing r elay Bl and connection is made to the test artic l e by closing 

re~ay Al. 

Input : None 

Nomina l Va lues : \· 

Channel# 000 

Test article r e l ay: 1 (Al ) 

Operator Control relay : 17 (Bl ) 
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name : 

Event ff: 87 

Purpose : To provide operator control of power supply #2 . Connect i on t o the test 

article is ma.de on operator command . Control is provided to the oper a

tor by clos ing relay B2 and connection is made to the tes t article by · 

closing r elay A2. • 

Input: None . 

Nominal Values: 

Channel If · : ·.100 

·Test article relay: 2 (A2) 

Operator Control relay: 18 ( B2 ) 

Name : EV86 

Event #: 86 

Purpose : To provide operator control of power supply //2 . Connection to the tes i.; 

article i s made on operator corrn1and. Control is provided to the opera

tor by closfog relay B3 and connect ion is made to the test article by 

_closing re lay A3, 

Input : None 

Nomina l Values : 

Channel# OOt 

Test article relay: 3 (A3) · 

Operator ContrC?l _r elay: . 19 (B3t 

' 

l 
. I 
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i r 

;No.me : 

I \ 
Event ff : 

Input: 
I 

To provide operator control of power supply # 4. Connection to the test 

article i s . made on operator command . Control i s provided to the 

ope~ator by clos ing relay B4 and connect i 9n i s made to t he t est article 

by closing relay A4 . 

None 

Nominal Values : 

Name : 

: 101 · 

-Te s t ar ticle r e l ay : 4 (A4) 

Operator Control r e l ay : ~O (B4 ) 

EV84 

84 

Purpose : To provide opera:tor control of power supply fJ-5 . Connect i on to t he tes t 

articie i s made on operator corrunand . Control is provided t o the oper·a

tor by ·closing relay B5 and connection is made to the t est article oy 

closing relay A5. 

I hput : None 
' I • 

I 

Nominal Va lues : 

\ : 
J 

\ 

\ 

i 
{ 
I 

Channel If 

Test article r elay : 5 (Aj ) 

Operator Control relay : 21 (B5 ) 
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:1ie.:-::.e : Ei/83 

Event :/f : 83 

Purpose: To . provide operator cont r ol of pow~r sur,ply If>. Connect i on to the test 

article i s r;iade on -operator cout'Tl.and . Ccntrol i s provided to the opera

tor" by closing relay B6 and connection i s made to the test article by 

closing relay AG. 

Input : None 

Nc::iinal Values : 

Channel ff 102 

Test article relay: 6 (A6) 

Operator Control relay: .22 (B6 ) 

Na::ie : EV82 

E·1ent #: 82 

Pu~ose : To provide operator control of power supply //7 . Connection to the test 

article i s made on operator com~and . Ccntrol is provided to the opera

tor by closing relay B7 and connection is clade to the test article by 

closing r el ay A7 , 

None 

No:::2inal Values : 

Channel If ! · 003 

Test article re~ay: 7 (A7 ) 

Operator Control relay : 23 (B7) 
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Name : E'V81 

Event//. : 81 

Purpose : 'l'o provide operator control of power supply ff8 . Connection to the test 

article i s mo.de on operato:r.· command .- Control is provided t o the opera- . 

tor by closing r elay B8 and connection is made to the t est arti cle by 

clos i ng relay A8 . 

Input: None 

Nominal Values : 

Channel If 103 
-
Tes t article r elay: 8 (A8) 

Operator Control relay : 24 (B8) 

. --------------------------------------- ------------ --- ----- ----------------------
Name : EV80 

Event ff: 80 

P . d t t l f 1 11 '1 urpose: To provi e opera or con ro o power supp y ffL • Connec tion to the test 

art icle i s made on operator command . Control is provided to the opera

tor.by closing relay BlO and connection is . made to the test article by 

closing relay All. 

Input : Norie 

Nominal Values : 

Channel # 0.05 

Test article relay: 11 (All ) 

Operator ContrQ.l. relay~ 26 (B10 ) 



' i 

i 
Name : EV79 

I 
; 

Event ff : 79 . I 
Purpose : To apply AC power to Bulk Power Supply (ff<)) by closing relay .Al2. To 

Input: 

sample scanner channel 116 and determine if the voltage is within cer

tain limits. The channel is continuously sampled until the voltage is 

within limits. This event is used during ISUS turn on procedure. 

A 2 element real array 

1. Low Lirni t · 

2. High Limi t 

Nominal Values 

Low Limit 

High Limit 

Channel If . 

Program Word 

o. oob volts 

0.001 volts 

116 

: . 4242 (Octal ) 

J . . 
' 

lfame: EV78 
. ·1 
Event If : 78 

Purpose : To select cho i ce //1 for microsyn supply programming by closing relay C1~ 

and to connect the crysta l clock output by clos ing r elay F8. A delay 

of 310 milliseconds occurs after the r elays are closed , This event is 

used during. ISUS turn. on . pro.cedure . 

None 

No:nina l Values : 

Delay time 310 mill iseconds 



Name: El/77 

Event ff : 77 

Purpose : To apply AC power to precision power supply (//10) , place spin motor 

Supply #1 on, connect spin #1 supply output , place spin motor 

Input: 

supply //1 in s tart, place spin motor supply //=l in Run , place spin 

motor supply in Re mote sense . The preceding i s done by closi.ng relay 

Al3, closing r elay Bll, closing relay All~, closing relay Bl2 , opening 

.-relay Bl2, closing relay Bl3 respectfully . Del ays are also a ssociated 

with each step. This event is used during ISUS turn on procedure . 

None 

Nominal Values : 

Delay #1 : 310 milliseconds 

Delay //2 : 40 milliseconds 

Delay //3 : 180. 0 seconds 



Name : EV76 

Event // : 76 

Purpose : · To apply AC p~wer to precision power supply (1/io) ;place spin motor 

supply #1, //2 , and //3 on; Connect output of spin motor supply //1 , #2 , 

and #3; Place spin motor Supply #1 , l/2 , and #3 in start ; Place spin 
. . 

motor supply //1 , I,~ , and #3 in run , place spin motor Supply //1, l/2 , and 

# 3 i n remote sense . The preceding i s done by closing relay Al 3, clos i ng 

.rel ays Bll , Bl4 , and Cl ; closing relays Al4, Al5 , and Al6 ; c l os i ng 

r el ays Bl2 , Bl5 , and C2; opening relays Bl2 , Bl2 and C2; closing relays 

Bl3, Bl6 , and C3 respectively. Delays are also associated with each 

step. · 

I nput: None 

Nominal Values: 

Delay //1 : 310 milli seconds 

Del ay l/2: 40 milliseconds 

Delay #3: 180.0 seconds 



I 

I \ 
Name: EV75 

Eve½t :/f : 75 
I 

Purpose : To shu tdovm ISUS . The shutclown is done by opening rela ys Bl 3, · Bl6 , Al4, · 

Al5, Al6, Bll, Bll~, Cl, Al-Al2 . Delays are included within the sequence. 

Input: None 

Nomihal Vulu.c s 

Delay #1: 

Delay :/f~: 

180 seconds 

310 milliseconds 

. ' 
.. ____ .• 



Name : EV74 

Purpose: To set up the counters to t ai:_e one set of 5 second numbers. If 

Input: 

the counter interrupt does not occur within 6 seconds the operator 

is notified. 

None 

Nominal Values 

Name : 

Delay #1: 300 milliseconds 

Delay //-2.: 6 seconds· 

EV73 

Event ff: 73 

Purpose : To set up the counters to t a.~e one set of 300 second numbers . I f · 

Input: 

the counter interrupt doe s not occur within 310 seconds the operator 

is notified . 

None· 

Nominal Values 

Delay #1: 300 milliseconds 

Del~y //2.: 310 seconds 

------ - --~ -··-



.• 

Name: EV72 

Event /f- : 72 

Purpos e : · To rese t t he pmier . supplies . · The shutdown sequence follows : Relay Gl4 · 

is closed) Relays Al-Al6 are opened) relays Bll-Bl6 are opened , Relays 

Cl-C3 are opened, relays H2 and H7 are opened, relay GlL1. is opened , 

relay Gl2 is closed, relay Gl2 is opened. 

Input: None 

Nominal Values : 

Delay #1 40 milliseconds 

Name : EV71' 

Event If: 71 

Pur pose : To posi tion t he Rot ary axis of the Rate Tabl e to a speci fied position . 

Input: A single element real array specifying the desired position in degrees. 

Nominal Values: 

Rate table position O. 0 degree·s 



I 
I 

I I 
Name: 

I 

Evlnt /f: 

Puppose: 

EV70 

70 

To rota te the r ate t able counterclockwise at ·20 deg/sec for one revolu- · 

tion. The table is positioned at 180 deg~ .1 deg, at the start of 

the rotation, The IRA counters are conditioned to count between 0 and 

360 degrees, The table is stopped rotating after 35 seGonds . This 

time period allows 180 degrees to get up to speed, 360 degrees of 

rotation during which the counters are operating and the remaining 

time allows the table to be stopped at approximately 180 degrees. 

Input: None 

Nominal Values 

Table position : 180 . 0 degrees 

Del a.y #1 40 milliseconds 

. Delay f,'=2 . .. 5 seconcls 

Delay #3 35 seconds 

HP6130 outputs : 4,!µi_t~41~41~ volts (20 deg/sec) 

... _ .... 1- ... . . _ 

. . / . 

. .. .. . - .. 
• ..:.. : .: .... ~-# - y -~ .. -- _,,,. •• ~~· " 



Narne: EV69 

Event /J: 69 

Purpose: To scan all pertinent scanner channels and output these values to the 

teletype . There is a 1 second delay between each line sent to the 

teletype . This delay assures that the system does not become I/0 

bound and gives the system time to do any necessary foreground pro

cessing . The time of day is also output on the teletype. 

Input : A 52 element integer array, elements 1-26 define the channel numbers, 

27-52 define t he program words in octal . 

Nominal Values 

Channels to be scarmed: o, 100, 1, 101, 2, 3, 4, 101~ , 105, 6, 112, 13, 113, 14, 

114, 115 116 17, 123, 124, 25, 29, 41~, 60, 61, 71~ 

Channel Program Words: 4244, 4-245 , 1~21~ 5, 1~245 , 421~51 1~24-5, 42!~5 1 1~24 5, 7003 

7003, 421~2, 4242, 4242, 4242, 4211-2 , 4242, 4242, 421~2 , 

7001~, 7005, · 7005, 4246, 1~246, 1~246 , 4244, h245 

Delay /fl: 4 seconds 

- ·-· •-=-. __ ;._:_"{__,_.,~...,.~,;:.;..-._.....:.:.:.~,~~•; ... ,:....._ •- -•-~ •-.. w~--0. 



No.me: · EV68 

Event ff : 68 

Purpose : To output messages on the CRT in the background area . Tl1ese messages 

describe to the operator the orientation in which the test art icle mu st 

be placed while conducting the ISUS ca libra tion t es t. The operator 

must respond via the r emote switch r egist~r when he has com~leted the 

particular orientation procedure . 

Input: A single element integer array which points to the message to be dis-

' played. This input s hould be 1 less than the desired message. If 

message #1 is de s ired the value should oe zero. Thi s pointer is 

increment ed each ti~e event 68 is executed. When the pointer reaches 

a value of 15 it i s reset to zero . 

Nominal Values : 

Message Counter : 0 

MSl Rotary axis horiz .J X north 

MS2 X axis south 

MS3 y axis north 

MS1~ y axis south 

MS5 z axis north 

MSS z axis south 

MS7 Rotary axis vert., X axis up 

.Vi.SB X axis down 

MS9 y axis up 

MSlO : y axis down 

MSll : z axis up 

MS12 : z ::i.xis dmm 

MS13 : X, y 11.5 WHT Vert ., z horiz . 
, . 

MSll+: X; z 45 HR'l' Vert ., y horlz . 

M.Sl5 : Y, z 1~ 5 HH'l' Vert ., X hor i z . 

-,.~;.,._,,n,:~·-:. ... ~ ~ ~ _.,....,,.- --~ ~ -- _,__..,.....,. ·-



I 
Name : 1v67 

I 
Event //-: 67 

.\ 
Purpose: To open or close an indivi dual Relay . If the Relay setting is nonzero, 

· Input : 

the corresponding relay is closed. If the Relay s etting is zero , the 

corresponding relay is opened. If the relay number is zero , all relays 

are opened . The relays are nu.mbered 1-160. Relay //1 points to relay 

Al, Relay #17 points to r~lay Bl. Relay #160 points to relay Jl6. 

rhe operator is requested via the CRT to enter the setting and relay# 

when the event is executed. 

Nominal Values: 

Relay setting 0 

Rel ay number 0 

Name : EV66 

E~ent IJ: 66 

Purpose : To position the rate table at zero deg • .!_ .1 dee;. The event will stay 

in a loop until the correct pos ition is obta i ned. 

Input: None 

Nominal Values : 

Delay //1 :· 5 seconds 



Name: EV65 

Event ://: 65 

Purpose : To dc.termine i f the value read · from scanner. channel ://105 is within 

certain lirni ts. 

Input: · A 4 element r eal array. 

1. Lo~ inner limit. 

2. Low outer limit. 

3. High inner limit . 

4. High outer l imit . 

A 2 element integer array 

1. C ha...1111 e 1 ff 

2. Program word ( octal) 

Nominal Values 

·, 
\ 

\ 

\ 

J 
I 

-· 
·Low inner lioii t 

Low outer li rui t 

High inner l imi t 

High outer l imit 

Channel# 

Program word 

. . . 

. .. 
. 165 volts 

.145 volts 

• 205 volts 

.225 volts 

105 

... ·-.·· -·,--· - ,. -.-..,,... ··-



Name : · EV64 

Event ff- : 64 

Purpose : To de te rmine i f the value r ead from scanner channe l =//006 i s· wi t hin 

ce r tain lim.i t s. 

Input: A 4 element real arr ay. 

1. Low i nner limit. 

2. Low outer limit. 

3. High i nner limit 

4. High outer limit. 

A 2 element integer array . 

1. Channe l ff 

2. Program word (Octal ) 

Nomina l Value s 

Low inner limlt . 165 

Low outer limit . 1l~5 

High i nner limi t .205 

High outer limit . 225 

Channel ff 006 

volts 

volts 

volts 

vol ts 

Program Word 4003 ( octal) 

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



Name: EV63 

Ejnt If: _63 
. ' 
Purpose: To determine if the value r ead from s canner channel //061 is within 

I 
certain linli ts . 

' 4 Input: A element real array. 

1. Low inner limit. 

2. Low outer limit. 

3. High inner limit. 

4. High outer limit. 

A 2 element i ntege:r: array. 

1. Channel If 

2. Progr am Word (O ct al) 

Nominal Values : 

Low inner limit 5.82 volts 

Low outer limit 5.40 volts 

High inner limit 6.18 volts 

High outer limit 6.60 volts 

.. . . - - -



Name : EV62 

Event //: 62 

Purpose : To . rotate the r ate table counterclockwise at a specified input rate . 

Input: A positive real number specifying the r ate at whi ch the table is to 

be rotated . The rate should not exceed 200 deg/ sec. 

Nominal Values : 

Input Rat e : 10.0 degrees / second. 

Name: EV61 

E~erit #: 61 

Purpose : To rotate the r ate table clockwise at a specified input rate. 

Input: A positive real number specifying the rate at which t he t able is to 

be r otated . . The rate should not exceed 200 deg/ sec. 

Nomina l Values : 

I . 
I 
I 

Input Rate: 10.0 degrees / second 

.... .... . 



Name: EV60 

Event fJ : 60 

Purpose: To check the system l ag against an ·input value . If the lag ·exceeds 

this value the lag a.larm light on the console is illuminated_ and the 

following message i s sent to the CRT foreground area. 

XXX SEC LAG VIOLA'I'ION 

Input: A single integer defining the lag limit in seconds . 



, . 

Num1: 

Eve4t =/f : 
I 

Purpose : 

I 

Input: 

EV44 

44 

To conduct a full frequency r esponse on a pas s i ve circuit. The 

phase, gain and frequency is calculated . The data are placed in 

COMMON for use with other events if desired. 

A 14 element real array defining the RMS voltage i nput and the cor-

responding voltage necessary to define a particular frequency. The 

nrder is . as follows: 

Element 

..... .. - .. . . 

1 

2 

13 

14 

Input 

Vl RMS 

Vl FRilt 

V7 RMS 

V7 FR~ 

Nominal Value s : 

Voltage Inputs : 

(14 elements ) 

.8, .1 (10 Hz ) .· .8, . 2 ( 20 Hz ) .8, . 5 (50 Hz ) . 8 , 
·-

_1.0 (100 Hz ), .8, 2.0 _( 200 Hz) .8, . 1.f.0 ( 400 Hz ), .8, 

10.0 (1 KHz ) 

·- - --- -·· - .... -·- . . .. ··:· ....... - -.· . 



Name: EV42 

Event ff: 42 

Purpose: To safety check table rate. If the measured rate is too l arge when 

compared with the de s ired rate t he alarm is activated and the table 

is turned off • . 

Input: 

. , 
', 

I 

A 2 element array specifying the low and high scale factor used in 

calcula ting the limits. The desired r ate times the scale factor 

determines the tolerable limits . 

1. Low limit scale f actor . 

2. High limit scale factor. 

A 4 element in teger array specifying the scanner ch~nnels and asso

ciated program words that provide the des.ired rates and actual· rates . 

1 . Desired iate scanner channel. 

2. Ac tual r ate scanner channel . 

3. Desired r a t e program word. 

4: Actuil rate program word. 

i • 
Nominal Values: 

Desired rate channel _ 

Actua·l rate channe l 

Desir ed rate program word 

Actual rate. program word 

Low Limit scale f actor 

High Li mit scale factor 

.. . 
' 
: 

.. . 

:i.31 

32 
. 

4141~ (O ctal ) 

1~126 (Octa-r) 

1.05 

1.10 . 



,. Name: EV40 

Event If : l~O 

Purpose : To safety check SSCi\LS cabinet temperature~ The power supply r ack , 

Data Rack 1 Operator Console , and DCU RACK .scanner channel values are 

compared against input limits . 

Input: A 1 element real array defining the absolute limit in ohms . 

A 8 element integer array "defining the scanner channels and corre~ 
-
~ponding program words. 

1. Power supply rack scanner channel. 

2. Data Rack scanner channel . 

3. Operator console scanner channel 

4. DCU rack scanner channel. 

5. Power Supply channel program word, 

6. · Data Rack channel program word. 

7. Operator Console channel program word. 

8. DCU rack channel program word.· 

Nbminal Values 

Linlit 
.... .... .... 

P. S . Channel# 

Data Rack Channel# 

Oper . Console Channel# 

DCU Rack Channe l If 

P. S. Program Word 

Data Rack Pro~ram WoTd 

Oper. Console Pro3ram Word: 

DCU Rack Program Hord 

780.0 ohms 

029 

041~ 

074 

060 

6156 · ( Octal ) 

6156 (Octal ) 

6156 (Octal ) 

6156 (Octal ) 



I 
Name: 

Evet t -/f : 
.I 

Purpos e :. 
I 

Input: 

EV27 

27 

To plot t he r esults of a frequency response on the CALCrn.fP plotter. 

The number s plotted are r ead f rom paper t ape or arc r ead from the 

COMMON area used by event 41.~. This option is defined by the input 

parameter. The phase and gain for each of the 3 loops are plotted 

versus frequency. Frequency (X-axis) is plotted on a log scale. 

~he gains for each loop appea r on one graph and the phases for each 

loop appear on a second graph. 

A single element integer array. 

= 0 data i s r ead f rom the COHl-10N a rea 

= 1 data i s r ead f rom paper tape ( 3E20 . 8 ) 

:Nomina l Va lues: 

Dat a source f lag : = 0 ( data resides i n crn-!1,!0H) 



Name : EV26 

Event ff : 26 

P_urpose : · To type on t he t ele2rinter or to t ype and punch the resul ts of a fr e

quency r esponse tes t. The punch opt i on is defined by an i nput 

parameter . Frequency phas e and gain fo r each of 3 l oops are output . 

Input: A s irigl e eJ.ement i n~eger array 

= 0 pr int and punch 

! 0 print only 



-2-

ID 

4 Row 1 of ~ matrix ; .xxxxxx 

5 Row 2 of T1 matrix ; .xxxxxx 

6 Row 3 of rr1 matrix ; .xxxxxx 
B 

7 x, Y, z position components , xxxx . xx FT 

8 x, Y, z velocity components, xxxx .xx FT/ SEC 

9 :Latitude, Longitude , Altitude , xx~: . ·.x DID , DID, FT 

_ .,. . . ---- .. 



\ I 

. I 

NJ,VD 

' I -1- L . 25 
J,'/(;:1 V / , 

I 
I 

p i.1rpo~~; To displ8y .navigat ion data . What values are 

displayed are controlled by t ~ remote switch regi ster switches. The 

data to be displayed must reside i.n the first 10 locations of COMMON. 

The first 9 words contain 2 digits each in 8-4-2-1 code right jus tified. 

A total of 6 digits is considered a number, there are 3 numbers repre

sented by the first 9 words. Word # 10 contai ns a 4 bit 8-4-2-1 

identification code and 3 bits which conta in the sign of the 3 numbers. 

These 7 bits are right justified. The following describes the format 

the data must be in and cl.efines the I. D. 's. 

Word 

1 digits. 1,2 of first number 

· 2 digits 3;4 of fir st number 

digits 5,6:of first numb~r 
I 

I 

; 
r 3 

4 digits 1,2 of second number ·-~,, 

\ 
\ 

\ 

\ 
\ 

5 

6 

7 

8 

9 

10 

:CD ---
1 

-2 

3 

digits 

digi ts 

digits 

digits 

digits 

Las t 'l 

Row 1 

Row 2 

Row 3 

3,4 of second number 

5,6 of second number 

1,2 of third number 

3,4 of third number 

5,6 of third number 

hi.ts give t~ bit. L. D. •. and . 3-signs . 

of 1)! matrix ; • XXXX.'C'<: 

of T~ r.ntrix; . xx.xxxx 

of T~ matr ix; . xx.:x:xx.x 



Name: EV22 

Event //: 22 

Purpose : 'ro select one ~t th;ee choices for N for the counters as defined by 

the input parameter. 

Input: A sin~le element integer array 

=l, select choi ce #1 for N 

=2, select choice lf2 for N 

=3, select choice lr3 for N 

O, ?3 - EXIT 

------·- -·- ~ - . 
-- -~ ~~ ~-~ ~~ ~~-~~ - - • - ~••--~ - ----=-•=~ =-=•~• r ~ ··· .;.....;om!!!!!!!-=::====i 



. . 
I 

Name : EV21 

Event /f: 21 

Purpose : To place the· counters in the X-Y/Frz mode or the USEC / NZ mode as 

· Input: . 

., 
\ 
_I 

\: 
J 

J 

--------- ----- __ \ ,-·-- -

defined by t he input parameter. 

A s i ngle element integer array 

=l, place coun.ters in X-Y/rrz- mode 

=2, place counters in USEC/ NZ mode 

O, )' 2 EXIT 



Name : 

Evel t If: 
; 

EV20 

20 

Purpose : To place th~ counters in one of four signal rout ing modes as 

I 
defined by the input parameter . 

Input : A single element integer array. 

=l, place counters in signal routing m9de 1 

=2, place counters in signal routing mode 2 

-3, place counters in signal routing mode 3 

=4, place count er s in signal r outing mode 4 

O, )' 4 - EXIT 



Name: EV19 

Event //: 19 

Purpose: · To delay tens of milliseconds as defined by the input. 

Input: A single element integer a rray. This integer times .010 seconds repre

s ents the delay which will occur when event 19 is executed. If the 

input value= 100 a delay of 1 second will occur. 

Nominal Values: 

Delay value: 0 (no delay) 

.. . .. . . - . ,-~· -·.,, ... ,-



Name: TSCNR 

· Event #: . 15 

Purpose : To scan from 1-10 of the scanner channels and output the va lues to the. 

Input: 

CRT display or .to the teletype.· 

A 24 element intege~ array . 

1. # of channels to be scanned (1-10) 

2. = 0 CRT display, = 2 teletype 

3. Delay #1 --a delay that represents ,01 sec times the entered 

value. If the· entered value= 100 a delay of 1 sec is defined. 

4. Delay //2. -- Delay //1 times delay f/2. r epresents the time period 

between which , values will be output to the screen or teletype . 

If delay //1 = 100, Delay =//2. = 1 the . scanned values will be out

put every second, 

5-14- . 'l'he scanner channe l numbers that are to be read, 

15-21~. The program words corresponding to the scanner channels 

(OCTAL ) 



Name: 

I 
Ever t If : 
Pur pose : 

DSET . 

10 

Thi s event i s a diagnostic or demons tration type event. When exec uted 

the r emot e switch r egister i s read and dependj ng of the setting of 

switches O - 8 corresponding "canned" da t a is moved to an a rea in 

common storage r eserved for s toring the outputs of a nagi vation test . 

When event 25 is exe cuted these values will be displayed on the CRT. 

Therefore event 10 is merely a setup event to test event 25 . Event 10 

would not be used if ac t ua l data wer e being sent from the DDP-124 . 

The following "canned" data i s moved to the crn,!:M0N area. 

N 
SWITCH O UP , Row 1 of TB matri x 

-. 999999 

I.D. = 1 

SWI'l'CH 1 UP , Row 2 of 

. 888888 

I.D. = 2 

SWITCH 2 UP , Row 3 of 

--777777 

I.D. = 3 

SWI'l'CH 3 UP , Row 1 of 

.111111 

I.D. = l~ 

SWI TC'rl 4 UP, Row 2 of 

-. 222222 

I.D. = 5 

. . 666666 - , 333333 

N 
TB matri x 

--555555 -.222222 

~ matrix 

. !~!~4444 - .111111 

T1 matrix 
B 

- • 4441~41.~ . 77Tn7 

Tii matri x 

. 555555 .,, 888888 

~-·· ·~··-- ..... -- .-_ ..... . •·· - -'l ..... - - . , • . 

~ •• •• 'I" -';."'"' .--rr-~ .. , _,....,. .. ,--.~-c.-~-......... ,,...,., .... -~~----·,.,. ~ ~-_. ... .,....,. 



-2-

SWI'rcH 5 UP, Row 3 of ~ matrix 

· · . . 333333 - .6~6666 .999999 

I.D. =· 6 

SWITCH 6 UP , X, Y, Z position 

· -9999.99 8888.88 -7777-77 

i.D. = 7 

- SWI'rCH 7 UP, X, Y, z velocity 

6666.66 -5555-55 4444.44 

I.D. = 8 

SWITCH 8 UP , Latitude , l ongitude , attitude 

I nput: None 

359.99 - 359 ,99 25 .52 

I.D. = 9 

.• 



Name : EV09 

Event =;)'·: 9 

Purpose : This event is meant to be only a diagnostic type event . When executed 

· Input: 

. • 

it displ ays one of the following messages either in the f oregiound or 

background area of the CRT depending on the value of the input flag. 

MES l : EVENT 9 USING BACKGROUND AREA 

MES 2: · EVENT 9 USING FORDJ.ROUND AREA 

A single element integer array 

= O, display MES 2 in foreground area 

= non-zer o, dispiay MES 1 in background area 

Nominal Values : 

Input Flag : = 0 

· ... -..... _____ _ 

! 

\ 

\ 



I 
I 

Name: EV08 · 

Evdnt /J : 8 
I 

Purpose : To r ead a magneti c t ape containi ng r ecorded counter dat a and check the 

Input : 

data for vaiidity. This process will be t ermina t ed when switch 12 on 

the remote switch panel is set . Each count er is compar ed against a 

nominal input value ~ an input tolerance value . If the recorded va lue 

does not fall within these constraints the record nwnber, the data set, 

the counter number, the moni mal value , the count er value and the 

tolerance are printed on the teletype . The nominal values which are 

input mus t be i nput in oc tal representing the eXJ)ected value of each 

counter in 8-l~-2-1 BCD. The tolerance a ssociated with each counter 

should be i nput in deci mal and should be a number frorc. 0 - 9. 

An eighteen element integer arr ay, t he fi rst 12 elements represen tin·g 

the nominal BCD values of the 6 counters a.rid the l ast 6 define the deci r'.lf.tl 

tolerance for each counter . 

- ••• • ·• • ,.,.. 0 • F • _;> - - • •••-- 0 j"• :• .:.. 



Name : EV07 

Event If : 7 

Purpose : · This event is an interrupt ·service event and must be assiGncd at run 

time . The event is set up to be ass i gned to I/0 slot 30 ( octal ). 

When an i nterrupt occurs on .. I/o" ca r d 30 7 BCD (8-1~-2-1) . digits are 

read and placed, in common s torage , and a complete flag is set. This 

event is designed to r ead r ate t able position on interrupt and table 

position cables are connected to slot 30. The interrupt is generated 

by closing a contact, this contact is closed in a number of other 

events. 



...... ,. 

Name: EV06 

Event If: 6 

Purpose: To condition · any I/0 card . 'l'he card i s concli t i oned in one of six ways 

as defined by the input. · 

. Input: A 2 element integer array 

1. I/0 slot# (OCTAL) 

2. · Option number 

=l Clear control on slot# 

=2 Clear control, clear flag on slot# 

=3 Set control on slot# 

=4 -Set cont r ol, clear flag on slot# 

=5 Clear flag on slot # 

=6 ~-et flag on s l ot If 

Nomina l Va lues : 

) 
\ 

\ 

_I 

' 
Slot# 

Option If 

35 (OCTAL) 

·1 (cLC) 



·-2-
The fi rst r ecord written on the tape is a dummy r ecord of l~80 worcls . 'J.1hi s 
r ecord s houl d be i~nored when read . 

A sin3lc element integer array . 

= O, execute the initiator portion 

= 1, go directl y to the continuator port ion ( this val ue must be 0 

when starti ng , if the recording i s stopped and it is des ired 

that a.nother sample i s to be r ecorded , this . flag mus t be r eset 

to zer o) . 

Nomi nal Values: 

Ini tia t or flag : = 0 

, . . . 

···.· .... .,. -~ -: .... •.: ··.·- . 
.,. - r • .. .. . ... • - .-- ~ : , ·: , ~ , . • ---~ - ---•· 

______ ,_,..,._.....,. ·~--- ~"' """'""..,,.;""""rr. - - --·r"l":Jl"'._..- 'fr---"""."'11'"'"·"'·1 
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Name: EV05 

Event If:. 5 

Purpose : To read and record counter data. on mo.c;riet ic t ape . This event will 

r ecord the 6 counter·s on magnetic tape for any counter summing period 

down to 1 millisecond. The only constraint being that all counters 

issue their interrupts simultaneously. This event actually recognizes 

only the interrupt assigned to I/0 slot 10 (octal). A workable counter 

should always be connected to slot 10. This event reads 32 bits of 

data from each counter for a total of 12 words per interrupt. Each 

tape record contains 40 sets of data for a total of 480 words per 

record . The data for each counter :i.s 8 BCD digits plus sign. 

(8-ll:2-lBCD). Note the f ollowing example of a counter output. 

WORD 1: 1111 1001 1001 1001 

WORD 2: 1001100110011001 

ElTS 

BI'IB 

15 - 0 

16 - 31 

If bit J 5 is set the number is positive, i f bit 15 is not set the 

number is negative. The value r epresented by this example is +79999999. 

This event has two parts--an initiator and a continuator. The event 

must first be assigned as an interrupt service event associated with 

slot 10 ( octal), the event mus t then be executed like a normal event. 

This will initialize the interrupt (continua.tor ) portion. The 

interrupts will be allowed to occur at this point and recording will 

continue until the operator sets switch 13 on the remote switch pai1el. 

· The tape wlll be end filed and r ewound· and' execution of · event 5··will · 

be t erminated. 

A related s equence of events to select the correct mode and to 

start the counters is nece~sary but the counter interrupts will not 

be rec ognized until event 5 is executed . 



Name: S'l'CNT 

Event // : 4 

· Purpose: To set control and clear the interrupt flag·on each of the 6 counters . 

This will allow the computer to be interrupted when each of the counters 

dump. 

Input: 

.! • 

None 

' , 
I 

- -- -··· -------- ,-- -· -~ 



Nam! : 

Eve9t __ ff : 

Purpose : 

I 

Input : 

EV03 

3 

To route the counter da ta to various devices depending on the 

setting of an input flag. 

A single element int eger array 

= O, exit 

= 1, display counter data on CRT only 

= 2, type on TTY and display on CRT counter data 

= 3, send to DDP-124.and di splay on CRT counter data 

: 4, s ent to DDP, TTY type and CRT display co~nter da ta 

Nominal Va l ues : 

Routing Flag : = 1 



Name: EV02 

Event //: 2 

.Purpose : To display the. sett ing of each· of the· ten relay registers . The octal 

representation of each register· is displayed in the background are 

Input: 

of the CRT } the registers are labeled sequentially from A to ' J 

A single element integer array 

= non-zero display the values of the r elay regi s ters 

= O, do not display, exit 

Nominal Values : 

Display fl ag : = 1 



\ 
/ 

. ~ Name: EV0l 

Event If: 1 

Purpose: To reset and start the 6 counters. This is done by closing contact 

Input: 

El5 delaying 300 milliseconds and opening contact El5. 

None 

.. 

... ....... -· 

.·. ,. 

! 
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MC 2~-846 

COMMAND ANGLE TORQUE TEST PROCEDURE 

The following procedure will be used to normalize Apollo II pulse torquing gyro 

scale factors. 

1. Orient the gyro with its input axis v ertically up on the turntable. 

2. Preset the counter to 60 (10 degrees). 

3. Set the photoc e ll amplifier switch into the ( +) position. 

4. Set the switche s on the gy_ro control pane l into the folloy.ring positions: 

5. 

6. 

7 . 

8 . 

Switch 

Master-Production 

ON 

Gyro-Dummy 

Inertial-Caged 

[
Block U- · ] 

TM+ TM-

Position 

Master 

ON 

Gyro 

Inertial 

[
Block n] 
TM+ 

Use a fixed resistor of 70. 588 (14. 1666 MMHOS) as the scale factor resistor . 

Push the 11 START 11 button on the gyro control panel. 

Allow the table to torque through 100 degrees. 

Record: 

a. The voltage across ·the c_urrent sampling resistor using the 

current source monitor. 

b. The voltage across the scale factor resistor usinig the current 

source monitor. 

c. The average number of pulses to move the table ten degrees. 

The number of counts to command the table 1 o0 for positive and negative torquing 

is given by: 

N ± = 

IL 27 

174.533mr 

WIE 
V 

SF± 3200 
c.'!, 

TDRR 15 2 3 JAN 6 -~s 



/ 

INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAM BRIDGE, MASS. 

PREPARED eY: J. Feldman SHEET 
2 

DATE : 17 February 1964 
MC 25--84 6 OF ___ 7_ 

where SF is the pulse torque scale factor (Mr /pulse). The required system 

scale factor is 2. 99605 x 10- 3 Mr 
pulse · 

9 R t . t . 4 t . 8 'th th I Block rrJ ·t h . th !Bloc k ul ·t· d . epea s eps o w1 eLTM+ TM- sw1 c m el TM- J pos1 10n an 

the photocell amplifier in the (-) position to obtain N - (the pulses to negative 

torquer to command the table 10 degrees CCW). 

10. From the values of counts obtained for plus and minus torquing select padding 

resistors from Table I. Connect these resistors across the torquer secondary 

windings . 

F 11. The pulse tor·quing scale .factor shall be "-'.ithin the- requirements of. 

PS-2021500 Par. 3. _. 2, 3 . 3 . 6. Par: 2 . 

12 . Solder these resistors across the appropriate torquer windings . . 

B 13. For all subsequent tests using the normalized torquer, and the fixed s cale 

factor resistor perform the pulse torquing tests in the following way: 

a) Measure the counts to command the table 10 degrees. 

b) Allow 5 prints for the data to settle, the next 5 prints shall be the sub
mitted data . . 

c) Measure the voltage across the current sampling resistor and the voltage 
across the scale factor r esistor using the current ·source monitor. 

FB 14. All pulse torquing tests on the normalized torquer including the test to verify 

the selection of the torquer padding resistor shall meet the specification of 

PS-2021500 P-ar. 3. 2 . 3. 3. 6. Par. 2, Par. 3, Par. 4, Par. 5. 

a) Side loading shall cause a scale factor change of less than 800 ppm. 

b) The five points of submitted data shall have a p e ak to peak spread of 500ppi 

c) The four averages of the five print data shall have a maximum peak to pea~ 
spread of 1000 ppm. 

d) The average of the five print data for torquer padding verification shall be 
_ within 500 ppm of the specified scale factor. All subsequent tests s hall be 
within 1000 ppm of specified scale factor. 
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15. Suspension side 1 oading shall be verified in the f ollo~ing way: 

16. 

IL 27 

a) The test can be run in an orientation that minimizes the effect 

of an external ·magnet~c field or a shield can be placed around the 

gyro unit. 

b) Record the radial and axial voltages before pulse torquing. 

c) Preset the counter to 6 (1° ) set counter reset to N2 and N2 set 

at 103
. 

d) Pulse the gyro until the radial and axial voltages settle. Record 

the settled radial and axial voltages. 

e) Disre_gard the first data point . Determine the following sums 

f) 

S1 = sum of 2nd to 11th data point. 

S2 = sum of 3rd to 12th data point. 

until 
th th 

Sn = sum of the ( n -_9) · to n data point. 

where n is the data point obtained which the radial and axial 

woltages have settled. 

The amplitude of a curve through the data s1 to Sn shall be 

less than the requirements specified in PS-2021500 Par. 4. 2. 3. 6. 

Magnetic shielding of the gyro unit during pulse torquing by only one of 

the follow ing is permitted: 

a. Mumetal shroud end cover 

b. Mumetal test stand cover 

tr"· - - , .... -~ --,, ·• " - ' ~'':<lt. · .-.~ fl· ... .,.. r ·.· •-. rrJi :-rq ~ 

'~ :; -~~ 1-=~~~~1-~: :~ 
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TABLE I 
Shunt Resistors Re quired To 

Adjust Pulse T orquing Scale Factor 

Shunt Reaiator Pnlses to Comma nd the Table 10° 
N+ N -

7fl4. 8 51690 52163 
759, 4 51723 52197, ---764.0 51757 52231 -- -
768.8 51792 52267 
773.5 51825 52301 
778.3 51859 52335 
783.2 51893 5£370 
788. l 51927 52404 
793. 1 51961 52439 
798. 2 51995 52474 
803.2 52029 52508 
808.4 52063 52543 
813. 6 52097 52577 
818. 9 52131 52612 
824.2 52165 52647 
829.6 52199 52681 - 835. 1 52233 52716 
840.6 52267 52750 
846.2 52301 52785 
851. 9 52335 52820 
857.6 52368· 52854 
863.4 52402 52889 
869.3 52437 52923 .-
875~ 2 52470 52958 
881. 2 52504 52992 
887.3 52538 53027 
893. 5 52572 53062 
899.8 52-606 53097 
906. 1 52640 5313,1 
912. 5 52674 53165 
919. 0 52708 53200 
925.6 52742 53235 
93i.2 52776 53269 
939.0 52810·, 53304 
945.8 52844 5~338 
952.8 52878 53373 
959.8 52912 53408 
966.9 52946 53442 
974. 1 52980 53477 
981. 4 53013 ' 53511 
988.8 '53047. 53546 
996.4 53082 53581 

1004. 0 53115 53615 
1011. 7 53149 53650 
1019. 6' 53183 53684 
1027. 5 · 53217 53719 

IL 27 #; ; 
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tiATP: , 1 7 Fe brua1·y 19 64 

Shu,1t Resistor 
n 

1,035.6 
1, 043. 8 
1, 052. 1 
1,060.5 
r,ou9 
1,078 
1,0H7 
1, 01}6 
1_,1()5 
1, 114 
1, 124 
1,134 . 
1,144 
1,154 
1, 164 
1,174 
1, 185 
1,196 
1,207 
1,218 
1,229 
1,240 
1,252 
1,264 
1,276 
1,289 
1, 30-1 
1,314 
1,327 
1,341 
1,354 
1, 368 
1,382 
1,396 
1,411 
1,426 
1,441 
1,457 
1,473 
1, 489 
1,506 
1,523 
1,540 
1, 558 
1, 576 

IL 27 

SHl!l!T 5 

· MC 25-846 
Of' __ 7....._ 

Puls es to Command the Table 10 0 

N+ N-

53,251 53,753 
· 53, 285 53,788 
53,319 53,823 
53,353 53,857 
·53, 386. 4 53,892.6 
53, 421-. 6 53,928.5 
53 ,- 456.2 53,963.8 
53,490.3 53,998.5 
53,523.9 54,032.8 
53,557.0 54,066.5 
53,-593. 2 54,103.4 
53,628.8 54,139.7 
53,663.9 54,175.4 
53,698.3 54, 2.10. 5 
53,732.3 54,245.1 
53,765.6 · 54, 279. 1 
53,801.8 54,315.9 
53,837.3 54,352.1 
53,872.2 54,387.7 
53,906.5 54,422.7 
53,940.2 54.457.1 
53,973.4 54,490.9 
54,009.0 54,527.2 
54,044.0 54,562.8 
54, 078 .. 3 54,597.8 
54,114.8 54,635.0 
54,147.9 54,668,8 
54,183.2 54,704.7 
54, _217. 8 54, 7 40;. 0 
54,254.3 54,777.2 
54,287.6 54,811.2 
54,322.8 54,847.1 
54,357. 4 54,882.3 
54,391.2 54,916.8 
54,426.8 54,953.1 
54,461.7 54,988.7 
54,496.0 55, 023 .. 6 
54, 531. 7 ·55, 060. 0 
54,566.8 55,095.7 
54,601.1 55,130.7 
54,636.8 55,167.1 
54, 671. 8 55,202.8 
54,706.0 55,237.7 
54,741.5 55,273.9 
54,776.2 55.309.3 

- -~ . I.I.. 



INSTRUMENTATION LABORATORY 

MASSACHU~ETTS INSTITUTE OF TECHNOLOGY 

CAMBRIDGE, MASS. 

PREPARED BY: J. Feldman 
MC 25-846 

DATE: 17 February 1964 

Shunt Resistor Pulses to Command the Table 10° 
S1 N+ N:-

1, 594 54, 810. 2 55, 343 . 9 
1;613 54,845.3 55,379.7 
1,633 54,881. 3 55,416. 5 
1,653 54,916.6 55,452 .4 
1,673 54, 941. 1 55,487. 6 
1,693 54,984.8 55,521.9 
1, 7_15 55,021.0 55,558.8 
1,737 55,056.3 55,594.9 
1,759 55,090.8 55,630.0 
1,782 55,126.0 55,665 .9 
1,806 55,161.8 55,702.4 
1,830 55,196.7 55,738 .0 
1,854 55,230.8 55,772.8 
1,879 55,265.4 55,808 .0 
1,906 " 55,301.8 55,845.1 
1,932 55,335.9 55,879.9 
1 ,9 60 55,371.7 55,916.4 
1,988 55,406.5 55,951.9 
2,017 55,441 .6 55,987.7 
2,047 55,476.9 56,023.7 
2,078 55, 512. 3 56,059.9 
2,109 55,546.8 56,095.0 
2,142 55,582.4 56,131.3 
2,175 55,617.0 56,166.6 
2,210 55,652.5 56,202.9 
2,246 55,688.0 56,239 .1 
2,282 55,722.5 56,274.2 
2,320 55,757.7 56,310 .1 
2, 359 55,792.7 56,345.8 
2,400 55,828.3 56,382 .2 
2,442 55,863.6 56,418.2 
2, 485 55,898. 6 56,453.8 
2, 530 55,933.9 56,489.8 
2, 576 55,968.8 56,525.4 
2,624 56,003.9 56,561.3 
2,675 56,040.0 56,598.0 
2,727 56,075.3 56,634.1 
2,780 56, 110. 1 56,669. 5 
2,836 56,145.4 56,705.6 
2,894 56,180.6 56,741.5 
2,955 56,216.2 56,777 ~ 8 
3,018 56,251.5 56,813.8 
3, 084 56,286.9 56,850.0 
3,152 56,322.0 56,885.7 
3,224 56,357.5 56,921.9 
3,299 56,392.9 56,958.0 
3,378 56,428.5 56,994.4 
3, 460 56,463.8 57,030.4 , 
3, 545 56, 498. 7 57, 066. 0 

SHEET __ 6 __ 

7 OF ____ _ 
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Shunt Resistor Puls es to Command the Table 1 o0 

fl N+ N-: 

3,731 56,569.7 57, 138. 4 
3, 831 56,605.1 57,174.5 
3,936 56,640.3 57., 210. 5 
4,048 56,676.0 57,246.8 
4,166 56,711.5 57,283.1 
4,290 56,746.7 57,319.1 
4,422 56,782.2 57,355.2 
4,563 56,817.8 57,391.5 
4,712 56,853.1 57,427.6 
4,872 56,888.7 57,463.9 
5,042 56,924.1 57,500.0 
5,225 56,959.7 57, 536. 3 
5, 422 56,995.3 57, 572. 7 
5,633 57, 030. 8 57,608.9 
5,861 57,066.3 57, 645. 1 
6,108 57, 101. 8 57,681.3 
6,376 57, 137. 3 57,717.5 
6,670 57,172.9 57, 57 3. 9 
6,991 57,208.5 57,790.2 
7,344 57,244.0 57,826.5 
7,734 57,279.6 57,862.7 
8,168 57,315.2 57,899.1 
8,653 57,350.8 57,935.5 
9,198 57,386.4 57, 971. 8 
9,816 57,422.0 58, 008. 1 

10, 52 0 57,457.6 58,044.4 
11,340 57,493.4 58,081.0 
12,300 57, 529. 4 58,117. 7 
13,400 57, 564. 3 58,153.3 
14,760 57,600.3 58,190.0 
16,410 57,636.0 58,226.5 
18,470 57,671.7 58.262.9 
21,100 57,707. 2 58,299.1 
24,600 57~742.6 58,335.3 
29,600 57,778.8 58, 372. 2 
37, 000 57,814.5 58,408.6 
49, 470 57,850.5 58,445.4 
74,100 57, 886. 0 58, 481. 6 

148,200 57, 921. 7 58,518.1 
No Resistor 57,957. 3 58,554.4 

.,, 

IL 27 
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Prealigned Gyro Assembly Procedure 

I. The circuit Board Assembly (2021743) is fabricated by the following 
procedure: 

L Thoroughly clean the printed circuit board (2 0217 46) in trichloroethylene 
or perchlorethylene with an acid brush. Rinse in freon. 

2. Fasten four terminals (1012516-002) . to the printed circuit board 
with the turret on the printed circuit side. 

3. . Clean the printed circuit board as in step 1 above. 

II. The Mounting Plate Asse~bly (2021788) shall be fabricated by the 
following procedure: 

L Stake tlie terminals (101 0846-006 ); Test Jacks (1010919-1) and clinch 
nut (1011766-6) to the mounting plate. 

2. Seat the connector (1010852-26) on the mounting plate . Pin A shall be 
orientated as per 20217 88. The female guide pin is to be located on 
the connector end where the . upper case letters start. 

3. -Install the circuit board assembly (20217 4 3) to the mounting plate. 
The connector may have to be moved slightly to align the connector 
pins with t_he printed circuit board holes. 

4. Assemble connector washer ahd nut and tighten to t'orque specified 
on 2021788 . . 

III. The mounting plate and harness assembly (2021790) shall b;e fabricated by 
the following procedure: 

1. 
• I 

Place a fillet of LCA-9 cement around the 10 terminals (1010846-006) as 
I 

II ") T 

specified on 2021790. 

2. Place a mating connector on 1010852-26. This mating connector shall 
be in place during all connector soldering. 

3. Install a dummy pre-amp module, dummy capacitor module and a 
clamping ring to the mounting plate. Torque the five screws to the 
torque requirements of 2021500. 

7.n 



INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAMBRIDGE, MASS. 

PREPARED BY: SHEET 

DATE: 

J. Feldman 

23 May 1966 MC 25-847 

2 

3 OF __ _ 

4. Solder E-13, E-14, E-18 and the 9 connector pins to the circuit board. 

5. Install and solder the 4 jumper wires as specified in Table I on 
2021790. 

6. Install and solder the "A" harness ass 'y (2021791). 

7. Remove dummy hardwa·re and clamping ring. Clean entire assembly 
by submerging in perchlorethylene a!ld scrub joints with an acid 
brush to remove roldering flux. Rinse in freon. 

The Prealigned Gyro Assembly (2021500) shall be fabricated by the following 
procedure: 

1. Feed the harness wires through the heater and end mount ass'y (2021501). 

2. Solder the harness leads to the S. G. and T. G. ends of the gyro. 

3. Install a wire retaining sleeve (2021777) over the gyro wire harness. Center 
the sleeve on the gyro length. Be sure all wires are in their proper place. 
Heat the sleeve uniformly to 2_00-225°F to shrink it into position. Care should 
be taken not to exceed th'is temperature .and not to raise the internal temperature 
of the gyro above 150°F during the heat shrinking operation. 

4. Coat the mating surfaces of the gyro and heater and end mount assembly 
with a thermal inte;rface grease per 1006879. Push the mount down on the 
gyro tru·nion and un:iiormly tighten both screws. 

5. Determine the length of the heater leads and solder these to the connector 
per 2021500. Spot tie the heater leads to the harness trunk as necessary to hold 
leads in position. 

6. Install a jumper wire from terminals E-13 to E-14 and solder terminal E-14 
only. 

7. Install a preamp module (2021785), capacitor (2 021503) and a clamping ririg 
I • 

to the mounting plate. Torque the 5 screws using the torque requirements of 
2021500. 

8. Solder the preamp and capacitor pins to the circuit board. Solder the 2 leads 
to pins 11 & 12 of the capacitor module. Solder 20 218 0 3 wire to E- 2 of printed 
circuit board. 

9. From the polarity of uncompensated bias determined in previous testing, 
select the bias winding connection polarity. 

II '.>7 
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A. To compensate for a positive bias drift ( + ED ) connect 
EC

1 
to E24 and EC

2 
to Jl-Y. 

E. To compensate for a negative bias drift ( -ED ) connect 
EC

1 
to Jl-Y and EC

2 
to E24. 

Solder resistor Rl (2021504-27) to the appropriate terminals on the 
mounting plate. 

11. Solder resistor R3 (2 021594 selected per MC 25-845) to the appropriate 
mounting plate terminals. · 

12. Remove clamping ring and the temporary screws . 

13. Clean all solder connections per ND 1002071. 

14. Apply cement fillets between the capacitor module and the 6 test jacks 
as specified on 2021500 . 

15. Assemble the wire cover (2021789). Place ground lug of 2021803 preamp 
mounting screw and torque the 5 screws to the requirements of 2021500. 

16. Fasten the mounting plate assembly to the heater mount using temporary 
screws. 

17. The unit is now ready to be tested per requirements of PS 2021500. After 
tests have been performed and components R2, R4, R5, and R6 have been 
selected, solder these resistors to the appropriate mounting terminals. Solder 
the loose end of the jumper wire to E-13. 

18. Remove the wire cover and screws. Clean the resistor solder connections 
and inspect all solder connections per ND 1002071. Any noted discrepancies 
must be corrected, prior to proceeding. 

19. Replace the wire cover and torque the screws to the requirements of 2021500. 

20. Complete testing per PS 2021500. 

21. Perform resistance, continuity, and insulation resistance checks per 
PS 2021500. 

22. Install the nameplate on the top of the capacitor module per 2021500 . . 

23. Follow the notes for unit storage and shipping per 2021500. 

II ? 7 
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i 
I 

L __ _ 

, __ / ? 
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INSTRUMENTATION LASORATORV 

MASSACHUSETTS INSTITUTE Of TECHNOLOGY 

CAMBRIDGE. MASS. 

PREPARED BV p • 

MC25-849 

25 IRIG APOLLO II 
Kerrigan 

INSPECTION DATA & CALCULATIONS 
2/2/65 · 

SHEET~l

Of _ _,2=-Q=---DATE 

SERVO SUMMARY 
l NIT NO. ________ _ 

STUD V.'\Ll ES PA'RT NO. NA-202120Q 
----· 

Hun 1 · 
. . 

Dat e No. +IA Up +SRA Up +SH A l)own 
NBD ADIA ADSRA CD ID 

SPEC: MERU MAX. 
MERU MERU MERU MERU 
MAX. MAX. MAX. MAX. 

Oat<:> RD SPEC: MERU MAX. 
I 
I 

Checked By: _______ Approved By: ______ Witnessed By: ____ _ 
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INSTRUMENTATION LAB ORATORY 

MASSACHU S ETTS INSTITUTE 01" TECHNOLOGY 

CAMBRIDGE. MASS. 
MC25-849 

25 IRIG APOLLO II 
PREPARED BY p. 

DATE . 2/2/65 

Kerrigan 
INSPECTION DATA & CALCULATIONS 

PREALIGNED GYRO 
Date _ _____ _ 
Station ______ _ 

SHEET ----'2=---
0F _ _;:2:c__O:;___ 

Unit No. ______ _ 
Part No. NA2021500 

TORQUE COMMANJ RATE IA UP 10° at 3200 PPS 
CONDUCTANCE 14. 1666 MMHOS 

TM+ (Positive Pulse) TM- (N egativ e Pulse) SPEC OOS OPER 

Verific ation 

A Se rvo 
B Servo 
C Servo 

Verifi c ation 
To A To B 
To C Se rvos 

Ve r ification 

A Servo 
B Se rvo 
C Servo 

Verification 

A S e rvo 
B S e rvo 
C Se rvo 

Ve rifi c ation 

A Se rvo 
B Servo 
C Servo 

Checked By: _____ _ 

IL 21 

A VERA GE COUNT TM+ 

TM· 

TM~ 

TM-

AVERAGE COUNT REPEATABILITY 

C ounts 
Max·. 

COUNT SP REA D 

C ounts 
Max. 

TORQUE CURRENT 

SFR VOLTAGE 

A 

Approved By: ______ _ Witnessed By: ____ _ 
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INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAMBRIDGE, 'MASS. 

PREPARED BY: P. Kerrigan MC25-849 

2/2/65 
. 25 IRIG APOLLO lI 

DATE : 

INSPECTION DATA & CALCULATIONS 

p e rator Unit No. ______ _ 
Part No. NA 2021602 )ate ______ ____ _ 

1,1.2.2.1) THERMISTOR CA LIBRATION MC 25-soo I 
! B a th T e m "Q... 13'5°F Current 2 MA 

Bath No. 

Signal Torque 

E R CAL E R CAL 

·-

, 

; 

I 

Time l- -. TOTAL CALCULATED RES ISTANCE ' OHMSI 
In ' ,,·i .. ,. 

I 

Time -I 
I " 

' 
Out I - . .... ... . . . 

SHEET 3 

OF _ _ 2_Q_ 

Checked By : ______ Approved By: _______ Witnessed By: ______ _ 

IL 27 
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I NSTRUM ENT ATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAMBRIDGE, MASS . . 

PRE PA R ED BY , P. Kerrigan 

DATE : 2 / 2 / 6 5 

MC25-849 
25 IRIG APOLLO II 

INSPE CTIO N DAT A & CALCULATIONS 

SHEET _._.4. 

OF 20 

D_a t e ~ - - ---- Vibration Unit No . ______ _ 
.Ope r ato r . T est TI ccord Part No. NA 20 2 1611 

DATA FHOM GYRO T EST A R E A 

( 1) J 3 ;io Tlw rrnis t o r R cs is t anc C' _ ____ Oh ms 

(2 ) 

( 3) 

( 4) 

Radial S uspension Capa c ita nce SG _____ MFD 
TG MFD 

WllEFL DATA AT SYNC H: 

Wh eel Voltages 

Wh eel Current s 

PHASE A 

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

WHEEL HOURS FROM TEST AREA 

SG Null (Wheel On ) ______ _ 

V 

MA 

IVI I3RATIO TEST (4 . 2 .2 .9 B 

PHAE:E B 

V 

MA 

______ HRS. 

OPEHATOR_________ DATE __ ~----

( 1) 

(2 ) 

135° T hermistor Resistance Used 

R adial Suspension Capacitance Us e d 

___ _ __ OHMS 

SG ______ MFD 

T G MFD 

Check Float Susp ension (Wheel Off) _____ -ESULT ( 3) 

(4 ) SG Null Before Vibration (Wheel On 0. 3 HR . MIN .) _ ___ MV 

( 5 ) 

Wheel was 

on __ h r s. 

du r ing t his 

test. 

WlIEEL DATA DURING TEST 
Wh eel On 0 . 3 Hr . Min . Phas e Voltage 

(Sync h . ) Wheel Da t e 
A 

B 

Whee l Data Aft e r 
A 

Vibra tion 
B 

Phase 

A 

B 

A 

B 

(6 ) SG Null (Wh eel On ) a fter Vibration Test ________ MV 

(7) Maximum Magnitude of Vibration Frequen cy ___ __ _ 

(8) Is R adial Suspension 0 . K . After Vib.ration ? _____ _ 

(9 ) Has Gyro Passed .the Vibration Test Success fully? ___ _ 

C urr ent 

I ..... R_E_ M_ A_;R_KS_: _____________ ______________ ~I· 
Checked By : _______ Approved By=------- Witnessed By: _____ _ 

II ::> 7 



INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAMBRIDGE, MASS. 

PREPARED BY: P . Kerrigan 

DATE: 2/2/65 

MC25-849 
25 IRIG APOLLO II 

INSPECTION DATA & CALCULATIONS 

S H EET 5 

20 OF __ _ 

Date _______ _ Unit No. ______ _ 

Bench _ _:_ ____ _ Part No . NA 202 1602 

I RESIST.I\ TINUITY & MEGGER CHEC K I 
RESISTANCE J\ND CO TINUITY C IIEC K (4. 2. 2. 2) 

Cir. No . T erm inals R esis t SPEC (ohms) IS oos OPER 

MS (6-7 ) - SG MS COMM. - . 

SG MS(l - 8 ) - SG MS COMM . 
SUSP MS(2-3 ) - SG MS COMM. 

MS(4-5) - SG MS COMM. 

SG PBIM PH - P L 
SG SEC. SH - SL 
SG THERM TH - TH '\ 

MS(6 -7) - TG MS COMM. .. 
TG MS(l- 8 ) - TG MS COMM. 

SUSP MS(2-3) - TG MS COMM . ; 
MS (4- 5) - TG MS COMM. 

TORQUE T -l- - TY 
COIL T- - TY 

T COMM. - TY 

RESET RH - RL 
., 

13IJ\S BC l - BC 2 
TG THER TH - TH .. :, 

MOTOR A+ - A-
B+ - B- ' 

I SULATIO RES ISTANCE (4. 2 2 2 ) 

Cir. No . T e rminals R es ist SPEC IS OOS OPER 

PH - SH . -
SG PH - CASE 

SH - CASE 
MSCOMM - CASE 

T COMM - C-ASE ! 

MS COMM - CASE 
RH - CASE 

T G BCl - CASE 
RH - T COMM 
BCl - T COMM 

RH - BCl : 
A - CASE 

MOTOR B . - CASE ! 

A - B ; 

Checked By: ______ Approved By:------- Witnessed By: ______ _ 

/0 
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INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNO.LOGY 

CAMBRIDGE, MASS. 

MC25-84 9 
PREPARED BY : 

DATE : 

P. Kerrigan 
25 IRIG APOLLO II 

INSPECTION DATA & CALCULATIONS 
2/2/65 

Date _______ _ Unit No._· _____ _ 

Station ______ _ Part No. NA 2021602 

MICROSYN SUSPENSION EXCITATION & PHASING (4. 2. 2. 4) 

Microsyn Values SPEC LIMITS IS OOS Excitation 

SG Curr ent (Susp. ) MA 
TG Current (Suso ) MA 

4 .0 SG Phase Angle (Susp.) 0 

TG Phase Angle (Susp.) u . 
Volts SG C apac . Setting MF D 

TG Capac . Setting MF D ( . . ... ... . . . -

MAGNETIC SUSPENSION (4. 2. 2. 4) 

SHEET_6_ 

OF 20 

OPER 

SG Capac. Value _______ _ 

TG Capac. Value _______ _ 

Selected for phase of 700 ± 20 
with 50 _ohm swamping resistor 
and 50 . t 5 MA. 

Swamping R es istor Value ___ _ 50 ohm 

Suspension Current ______ _ 50 ± 5 MA 

R es et Coil Current _____ __._,M...,A'""' 

MAGNETIC SUSPENSION (4. 2. 2. 4) 
4. 0 VOLTS - MS EXCITATION ONLY 

SG 

(X) 1-8 
(X) 4-5 
(Y) 2-3 
(Y) 6-7 

E MAX PHASE E REST PHASE CENTERING 
VALUE RATIO SPEC IS OOS OPER LIMITS 

TG 

(X) 1-8 
(X) 4-5 
(Y) 2-3 
(Y) 6-7 

CALCULATE ALGEBRAICALLY 

-
I 

CENTERING FORMULA 1 TG 1-8 E MAX - TG 1-8 E REST= TG 1-8 Centering Value 
EXAMPLE 2 Larger Centering Value+ Smaller Centering Value = Ratio. 

AXIAL FREEDOM SPEC IS OOS OPER 

Rest Current (IR) MA IR+ 10% 
TG 

Current After Short Removed MA 

Rest Current (IR) MA IR+ 10% 
SG 

Current After Short Removed MA 

Checked By: ______ Approved By: _______ Witnessed By: ______ _ 
/ / 

IL 27 



INSTRUMENTATION LABORATORY 

MASSACHU5ETTS INSTITUTE OF TECHNOL0(3Y 

CAMBRl0(3E, MASS. 

PREPARED BY : P. Kerrigan MC2 5 -849 

DATE : 
25 !RIG A P OLLO II 

2 / 2 / 65 I NSPECTiON DATA. & CALCULATIONS 

6HEET __ 7_ 
20 or ___ _ 

Date _________ _ Unit No. __ ___._..__ ________ _ 
· Station _________ _ Part No. ·NA 2021602 

WHEEL CHE CK (4. 2. 2. 5) 

Starting Phase A Phase B SPEC IS OOS OFER 

Vott~ge Votts ____ Votts 
' . .. .. 

Current _____ MA ____ MA ' .. 
Using 28. 0 V Starting Voltage 
Whe el Synched in ___ Sec. . 

Null Voltage (4. 2, 2. 9) 

SG Null _____ MY 

Checked By: ______ Approved By: ______ Witnessed By: ______ _ 

I 7--
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INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAMBRIDGE, MASS. 

PREPARED BY: 

DATE : 

P. Kerrigan 

2/2/65 

MC25 - 84 9 
25 IRIG APOLLO II 

INSPECTION DATA & CALCULATIONS 
Datf' _____ ___ _ Unit No. _______ _ 

· s t ation ____ _ _ _ _ P a rt No . NA 2021611 

WHEE L ON) IFLOT/\TION T E MPEP.A TUHE (4 . 2 . 2. 3) I 
Date _ ___ ___ _ Station ________ _ 

SG X SG Y TG X TG Y 
Ha dial Nulls 

Panel Gy r o HA DIAL VOLTAGES Sc-ri c s The rm . R es i s t. SPEC IS OOS 
& Gy !'o T e m p . 

P osition SG X SG Y .TG X TG Y 

1 R C'S . SRA Uo NOTE: 
app . T emp . OF SRA Dn Transl e r individua l 

1370 F R adia l Volt . Diffe r e nce 
voltage diffe r enc es , 
of c a ch radial a~is ,. 

2 R es. SRA Up t o :flo t ation temp era-
tur e graph. Plot app . T e m p . OF SRA Dn i nt e r section point by 133°F Radial Volt . Diffe r C' nce dr aw in g lin r. s that 
connect th e points 

3 R es. SRA Up of ea ch axis . R esult-
T emp. OF SR/\ On in g point of int e rs ec -

R a dial Volt . Differ e nc e 
lion of th e 4. lines 
will indicat e· the rmis-
t o r r esistance at 
fl otation . 

FLOT. THER M. RESIST . 

FLOTATION T E MP . I 

SHEET 8 

, OF 20 

OPER 

Checked By: ______ Approved By: _______ Witnes sed By: ______ _ 

IL 27 ... ...,. 



INSTRUMENTATION LABORATORY 
MASSACHUSETTS INSTITUTE Of TECHNOLOGY 

CAMBRIDGE, MASS. 

MC25 -849 
PREPARED BY: 

DATE : 

P. Kerrigan 
25 !RIG APOLLO II 

INSPECTION DATA & CALCULATIONS 
2/2/65 

Date _______ _ Unit No. ________ _ 

Station _______ _ Pa rt No. -~N"'"A~2-=-0-=-2-=-1-=-6-=-0-=-2 __ 

MICROSYN POLARITY (4. 2. 2, 7) 

Wheel On, + IA Up 
Rotate Table CCW 
At the + Stop 

(CCW Table Rot.) 
+ Stop Value MV 

(CW Table Rot.) 
- Stop Value MV 

Date __________ _ 

Station ----------

Phase 
Angle 

Scope 
Phase SPEC IS OOS 

ROTATIONAL ANGULAR LIMITS (4. 2. 2. 6 & 4. 2. 2. 8) 

Stop 
Voltages 

CCW Rotation 
for 2. 9089 

CW Rotation 
For 2. 9089 MR 

MV 

MV 

A veragc -----------1-t. r-

TF _ _3.verage 
- 2 . 9089 MR 

Stop Volt Ang~lar 
TF x 17. 4533 = Motion 

About IA 

Values SPEC IS OOS 

MV 
MV 

MV 
MV 

MV 

0 
+ 

0 

SHEET 9. 

20 OF __ _ 

OPER 

OPER 

Checked By:-------
Approved By : _______ Witnessed By: _____ _ 
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INST .. UM!NT/1.TION LABOA/1.TO .. V 

MA85ACHU&TT5 INSTITUT! 01' T!CHNOL0<3Y 

C/I.M l!l,.100!, MASS Mc2s:..s49 

P R ePARl!D sv P. Kerrigan 2:1 ITUG APOLLO II IIHl!l!T 10 

20 
oAn 2/ 2 /6 5 INSPEC~T ION DATA & CALCULATIONS 

cw ___ _ 

Date ________ _ Float Freedom 

(4. 2. 3. 2) _Sta~ion _______ _ 

OA V<>rtical 

A. Sweep from + 50 mv to - 50 mv 

Average Torque 2 min. after start ___ _ 
AveragP T orque 8 min. after start ___ _ 

B. Swe·ep from -50 mv to + 50 mv 

Av erage> Torque 2 min. after start ___ _ 
AvPrage T o rquP 8 min. aft er start ___ _ 

C. Sw e ep from + 50 mv to - 50 mv 

Average Torque 2 min. after start ____ _ 
· Average Torque 8 min. after start ___ _ 

D. Sweep from - 50 mv to + 50 mv 

Average T orque 2 min. after start ___ _ 
Average Torque 8 min. after start ___ _ 

E. Maximum Deviation (Spik e ) Amplitude: 
A ____ s ___ c ____ D ___ _ 

F'. Sum of Deviations (Spikes) Greater than 
A ___ B ___ c ___ D ___ _ 

A B C 
l\,lax. Me ru Max. Meru Max. Meru 

Sum 

G. Average Slope of Reference Lines ____ _ 

Unit No. --------
Part No. NA20216ll - -SPEC IS OOS OPER 

meru 
meru 

meru 
meru 

meru 
meru 

meru 
meru 

meru 

meru 

meru 

D sweep 

Max. Meru 

meru/mr 
meru 

mr 

Checked by: _________ Approved by: _______ Witnessed by: ______ _ 

IL 27 



· I N5T,.UMfNTAtlON L A!SOl'tATO,.'I' 

tAAGSACHUMTTS INSTITUTf 0,. TfCHNOLOO'I' 

CAMl!ll'tt D<U . MA98 
MC25-849 

,.,m•A'f't® ov P. Kerrigan 25 IHIG APOLLO II GHfU 11 • 

0.-.n 2/2/65 INSPECTION DATA & CALCULATIONS 

Date--~------ FLOAT FHEEDOM 

(4. 2. 3. 2) Station ________ _ 

OA HORIZONTAL 

A. Sweep From+ 50 mv to -50 mv 

Average Torque 2 min. after start meru 
Average Torque 8 min. after start meru 

B. Sweep From - 50 mv to + 50 mv 

Average Torque 2 min. after start meru 
Average Torque 8 min. after start meru 

C. Sweep From + 50 mv to -50 mv 

Average Torque 2 min. after start meru 
Average Torque 8 min. after start meru 

D. Sweep From - 50 mv to + 50 mv 

Average Torque 2 min. after start meru 
Average Torque 8 min. after start meru 

E. Maximum Deviation {Spike) Amplitude: 

A. B. 

F. Sum of Deviations (Spikes) Great e r than meru 

A. B. 

A B C C 
Max. Meru Max. Meru Max. Meru Max. Meru 

Su m 

G. Average Slope of Reference Linf's _____ meru/mr 

Unit No. _______ _ 

Part No. NA 2021611 

SPEC IS 00S OPER 

meru 

meru 
sweep 

meru -mr 

Checked By: _______ _ Approved By: ______ Witnessed By-:..,.. _____ _ 



INSTRUMENTATION LABOAATO,.V 

MASSACt◄ USE Tl S INSTITUTE o, TECHNOL0<3 V 

CAMBRIDOE . MASS 
MC25-849 

PREPARrn ev P. KC'rrigan 2 ~> IHI(; /\l'OLLO II 

DAU: 2/2 /65 INSPECTION 1)/\T.'\ & C/\LClJJ,:i\TIONS o, 

lhtP _____ ___ _ Unit No. _____ ___ _ 

Sbtinn _______ _ P a rt No. N/\ 2021S0O _ ___ c....::_::...c..:...::cc:;..._ 

TEMPEHAT llH J< SENSITIVITY (4. 2. 3. 1) 

C TH E HMISTOH C IHClJIT HESISTJ\NCF. 
y 

13S0 I :rn° 1~2° 
C 

12 

20 

L + OJ\ DOWN +OA UP SPEC IS oos: OPER E 

t 32° Value meru 1 ~2° ValuP mc>ru 

138° Value meru l :rnP ValuP meru meru 

Diff. l)iff. . max . meru mPru 
chg. 1 Ch ang<> 6. o°F Chang<' 6. o°F T emr. T <'m f). r<>r 
10f 

Diff. rperH Diff. n1cru = = Temr. Change OF Temr Change 
0 l"•' 

Checked By: ________ Approved By: _______ Witnessed By: ____ _ 
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INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAMBRIDGE, MASS. 

PREPARED BY: P. Ke rrigan 
MC25-849 

SHEET 13 
25 IRIG APOLLO II 

DATE : 2/2/65 
INSPECTION DATA & CALCULATIONS 

20 OF __ _ 

Date ________ _ Unit No. ________ _ 

·Station _______ _ Part No. ---"-'N~A~2~0=2~l 6~11 __ 

(Wheel on 2 hrs. minimum 
prior to test) 

I RUNDOWN TIME I (4. 2. 2, 5) 
NA 2021602 
NA 2021500 

s ync . 1ase - ase h Pl A Ph B 

Voltage volts volts 
Shorted 

Rundown Time 
C urrent ma ina From Ass'y. 

SERVO SE RIFS WHEE L R.UNDOWN TIME nECORD 
T otal 

T est Status 24000 to 
T est Wheel Hours Date 

& Stations Ruh9-own 6000 rpm 
SPEC IS OOS 

1 

2 

3 

4 

5 

6 

7 

8 

· Summary 
Formula 

Time 

A vera·ge Sho rted Rundown Time 

RMS Deviation . I •. 

" I 

\ n-8 
L (R DT N - ROT A )

2 

n-1 ve = flMS Deviation 
8 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

I 

j 

,. I I 

INSP 

Checked By: ______ Approved By: _______ Witnessed By. ______ _ 
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INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY MC25 -849 
CAMBRIDGE, MASS. 

PREPARED BY: p • 

DATE : 2/2/65 

25 JRIG APOLLO II 
Kerrigan . 

INS PECTION DATA & CALCULATIONS 

PREALIGNED GYRO .. 

S HEET 14 

20 OF __ _ 

Date ______ _ ·Unit No. _______ _ 

Station 
PTIEJ\ LIGNMENT 

(4. 2. 3. 4) 

A. Thermal C alibration 

Thermisto r Padding SPEC 

Th e rmistor R cs i s tance@ 135° :l: 

Padding Resistor _______ '------

Total R es istance ____________ .n .. 

B. Magnetic Suspension Current Phasing 

Susp0nsion Capacitors 

Shrouded Gyro SG & TG ____ mfd 

Final Prealignment 

Modules SG & TG _____ mfd 

SG Phase Angle (Susp ension) __ o 

TG Phase Angle· (Suspension ) __ o 

SG Suspension Current _____ 1na 

TG Suspension C_urrent __ ~ __ ma 

RADIAL FREEDOM 

SG E MAX PHASE E REST PHASE 

(X )l - 8 

(X )4- 5 

(Y)2- 3 

(Y)6-7 

TG 

(X)l-8 

(X)4-5 

(Y)2-3 

(Y)6-7 

SPEC 

CENTERING 
VALUE 

Part No. NA 2021500 

IS OOS OPER 

IS OOS OPER 

RATIO SPEC IS OOS 

Opposite 
Pli~se · r .· 

Opposite 
• • \ I 

Phase 
.. >. · 

Oppo
1
site 

Phase 
I 

Opposite 
Phase " . . 

Centering Formula 1. TGl-8 E MAX - TGl-8 E REST = TGl-8 Centering Value 

Example: 2. Larger C entering Value+ Smaller C enter ing Value= Ratio 

OPER 

Checked By: ______ Approved _By: ________ Witnessed By: _____ _ 

" '.) 7 
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. INSTRUMENTATION L ABORATORY 

MASSACHUSETTS INSTITUTE 01' TECHNOLOGY 

CAMB RIDGE, MASS. 
MC25 - 849 

P"EPARED BY: P. Kerrigan . 25 -!RIG A POLLO II 

DATE : 2/2/65 
INSPECTION DATA & CALCULATIONS 

PREALIGNED GYRO 

54-iEf.T 15 

20 01'_. __ _ 

Date __________ _ Unit No. _______ _ 

Station _________ _ Pa rt No. -~N~A~2'""0~2 .... l..,.5....,0,...0.___ 

PREA LIGNMENT 
(4. 2. 3. 4) 

B. MAGNETIC · SUSPENSION CURRENT PH/\SIN6° Ccont-l-d.) 

Sp€'c. 

RC'st Current (IR) ma · IR+ 10%_-
TG Curr·ent afte>r short rC'moved ma 

SG Current aft e r short r e mo ve d ___ ma 

C. BIAS ADJUSTMENT 

Unc o mpensated Value (UBD) _____ meru 

Final bia s comper\,Sation rcsistor· ____ _n_ 

Final BO Value _____ mPru < __ meru 

D IA ALIGNMENT Spec. ' 

In-Phase compon e nt of SG OUTPUT 

When ·rotat e d about SHA mv 

IS oos OPER 

OPER 

IS oos OPER 

Checked By: ______ Approved By: _______ Witnessed By: ____ _ 

11 :> J' 



INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY MC -25-849 
CAMBRIDGE, MASS. 

PREPARED B \ ' P. Kerrigan 

DATE : 2 / 2 / 6_5 

25 !RIG APOLLO II . 
INSPECTIO DATA & CALCULATIONS 

PREALIGNED GYRO 
SHEET. 11 

OF __ 2_1 

Date Unit No. _________ _ 

Station __________ _ 

E. GYRO TRANSFER FUNCTION 

P a rt No . ---'--'N"'-A;:___=:2"""0-=2_,,_1"""5-"'0=0 __ 

PREA LIGNMENT 
(4. 2. 3. 4) 

Tra nsfe r Function of Shroude d Gy ro ______ __. v/mr 

..fi_ Preamp F eedback Resistor Value 

Stop Voltages Values SPEC IS OOS OPER 

ccw 

~ / R ot a tion for mv mv 
2. 9089 mr n1v 

K cw 
R otation for mv mv 

I/ 2. 9089 mr ITlV 

~ Ave rage - mv -

TF :: 
Ave rage mv/sec 

2. 9089 mr mrlsec 

Checked by: _______ _ Approved by: _______ Witnessed by: _____ _ 

IL 27 



' . 
I NSTRUMENTATION LABORATORY 

"4ASSACHUSETTS INSTITUTE Of TECHNOLOGY 

CAMBR IDGE. MASS. 

PREPARED BY P. Kerrigan 

MC-25-849 

25 IRIG APOLLO II 

2/2/65 -
INSPECTION DATA & CALCULATIONS 

TOR UE COMMAND RATE 

Dat<• ________ _ Unit No. _______ _ 

Station _______ _ Part No. NA 2021500 

IA UP 10° 3200 pps 

TM+ TM SPEC 

Average Counts 

Count Spread Counts Max. 

TorquC' Current 

SFR Voltage 

• SelectPd TG Padding nesistor 

SHEET 1 7 
~ 

0 20 F __ _ 

Checked By: ______ Approved By: ______ Witnessed By: ______ _ 

IL 27 



- - INSTRU MENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAM BRIDGE, MASS . 
MC25-849 

P R EPARED BY: 

DATE : 
P . Ke rrigan 

25 ! RIG APOLLO II 
INSPECTION DAT A & CALCULATIONS 
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Terminals 

P IN P - CASE 

PIN Z - CASE 
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PIN R - CASE 

PIN L - CASE 
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PIN P - PIN R 

PIN Z - PIN W 

PIN L - PIN F 
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SHEET 

DATE 22 January 1965 

Pre-Amp Assembl) Procedure 

The following..assernbly procedure should serve as a guide to the assembly 
of the gyro preamp module (drawing number 2 >21785). Some changes in the 
order or method outlined here may be ncedPd to simplif:> the assembly. 

1. Assemble a kit of parts per drawing 2021785. 
I 

2. Swage terminals to bottom wiring board, (drnwing number 2')21782) 
using steps 1 to J page 3. 

3. Punch remaining holes in wiring boards 2'121781 and 21)21782 . 

..J.. Set on wiring board ( eith r top or bottom whichever will afford easi r 
assembly) on to a holding fi. ture (a sheet or styrafoam could also serve 
as a holding fixture) and insert electrical components into appropriate 
slots or holes. 

;J, Place second wiring board in place. 

6. Insert spacers (drawing number 2021763) between boards. 

7. Perform necessary welding on top surface of board. f)o not make 
connection between R5 and RlO. 

8. Pick up bottom wafer ooard from holding fixtut'e and turn over the assembly. 

9. Perform the necessary w ldinP' on tlw other side of the board. Do not install 

a ribbon connecting Pll, R5, RlO and R~). 

10. Perform electric al tests per MC 25-868 to obtain the value or the R2 
resistor. Test fixture jumpers will be needed to connect P11 to H.5 and R 10 
to H9 during this test. 

11. 

12. 

IL 2 7 

Insert R2 and \\ eld it to the n1odule . Install and weld the ribb n connecting Pl 
H.5, H.10 and R9. 
A ssemble module terminals per drav,:ing 20217Gl and assemble to the housing 
per drawing 2021778. • 

... 
/ 
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13. Place the welded subassembly into the housing (2021770). 

14. \ eld the leads (it m 2 of drawing 20217Gl) to the module. 

SHEET 

15. Apply a mold release matC'rial per SCD10068·±3 to the module terminals 
(item 2 of drawing 2021782) . 

... 
lG. , crew the mold cover (l\IIT drawing number 1248f 1) to the mounting 

holes in th rnoclulc. ~ 

17. i\ssemble the mold cover flush \\ith the preamp case. The terminals 
will be projecting through the holes in the cover. 

18. Attach a pouring spout to the potting fixture, using GE RTV 11 \dth quic
curing catalyst to fasten. At same time seal around base of l'ase and 
mold cover. 

Hl. Place the potting fhturo, dun per and st ·cast lO~n (per SCDJ010~P5) with 
catalyst 11 (per CD1010306) in an oven at 150° 1◄ for :30 rr.inutes . 

• 
20. Pour the potting material into the dumper''- and place the dumper into the 

bell jar with the module under the spout. 

21. Evacuate the bell jar per ND100203G. 

22. Slowly release the resin until the mold is filled and the spout level 
remains constant. 

23. Remove the module from the bell jar and place it in the oven and cure 
per TD10021)36. 

2-t. • cparatc the spout from the potting fixture. 

25. Gently tap the fixture from the rnoclulc . 

2G. Clean the excess potting material from the module and terminals. 

'27. The spout flashing should be rnade at least flush ith the module . 

2P. Perform final electrical ins pcdinn per MC 2 5-868 . . 

~: . If no dumper is available it would be necessary to c .·posc to air \vhilc 
hand pouring. 

~-----11 :> 7 
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SWAGING TERMINALS TO TERMINAL BOARD 
• 

STEP 1 ~ DRILL JIG ROTTOM 

==~. ~~~]f~===jj~tr~_:!:::'.i l:::'_I TERMINAL BO ARO 

Using double sticky tape, line up terminal board with profile (or with holes up 
to light and looking through hole1:1) on lower drill jig, turn jig over and drill 
terminal board through pilot holes "A". 3/32 (. 0937) drill. 

STEP 2 

DRILL JIG TOP TERMINAL 
BOARD IRIG PREAMP 

A 
0 

A 
0 

0 e O 0 
0 0 e O 0 

TEMINAL BOARD 

Sandwich terminal board between the top and bottom jig plates. Drill the nine (9) 
terminal holes, #58 (. 042) drill. 

0 
0 0 0 • o O O O 0 

STEP 3 
~ ________ SWAGING TOOL HEAD 

c:::::::===:::::;::::::::i -J----TERMINAL BOARD 
'it ~ Printed circuit 
U TERMl~AL - on this side 

L---.-r----r-,r----Jl-
0 0 

DRILL JIG TOP 

.____ ...... l ...... l _ _.l ...... ! _ __,!-DRILL JIG BOTTOM 

Pl:icc terminals in holes as shown then place board (printed Bide down) such that 
nll terminals are engaged in their respective holes. Swage. 

"----~-•', L 2 7 
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l. ELECTRICAL SPECIFICATIO 

\lC 25- t G8 
PREA.i\JPLIFIER SPLCr~ ·rcATIONS 
AND TEST PROCE D { RES 

SHEET 

OF 

1. l P RIMA RY. The assembly shall perform as specifi0ci in this section (l. 1) 

within the limits of the following constraints: 

a. Supply Voltage: 
b. Assembly Temperature· 
c . L oad R esistance: 

25 to :rn vdc 
60°FtoJ41)°F 
10 K 

d . Signal ground connected to 0 vclc 

e. Preamp Cas0 connedcd to 0 vdc 

--

l. 1. l Voltage Gain Range. \\ ith a :~200 cps sine wave input of 10 mv. rms, the 
voltage gain shall be adjustable frorn 88 to 165. This acl.iustnicnt shall be made by 

sel ecting the appropriate value of Rl2 which will be connec-ted to Pl0 and Pll 
during IRIG calibration. 

l. l. 2 Voltage Gair: Stability. After the voltage gnin has b 'en acl_iustcd as descritJcd 
in 1. l. 1 i t shall not vary nwre than -J. percent for the constrnint variations within 
the limits specified in 1. l. 

l. 1. 3 P hase hift. \'i.'ith a :12no cps sine wave input of 10 rnv. rms, the phase 
shift of the output with respect to the input .shall be 18'Y -±: 10" for all voltage gains 
within the range specified in 1. l. l. 

1. 1. --l Dynarnic Range. _ For all voltage gains within the range specilied in 1. l. 1, 
the voltage gain for an output of 10 V rms shall be \\ ithin 5°~, of the voltage gain 
d etermined by the conditions of 1. 1. 1. 

1. l. 5 Harmonic- Distort~o1~. The hormonic distortion of the output voltage shall 
be less than 1 percent under the conditions s pecificd in l. l. 1 and I css than 5 percent 
under the conditions s pecificd in 1. 1. -J.. 

1. l. 6 Z ero Signal_~~s~. With the input terminals shorted to 0 vdc the output 
voltage shall be less than 20 rnv. rms. 

1. l. 7 Demodulator Load Correction Resistance, Hll. The resistance rnen.surecl 
bet\\ ecn pin 5 and pin l shall be l OK , 5% ohn-1s. 

1. 1. 8 R esolver Power Factor Correction Capacitance, C:3. The capacitance 
measured between pin 9 and pin 1 shall be 0. Ill + 10rr;;-_;; f'. 

1. 2 DESIGN MARGIN. Compliance of this assemb1;y with clesign margin 
specifications is required prior to acceptance onlv The assembly shall perform 
as specified in this section (l. 2) Vvithin the limits of the following constraints: 

a . Supply Voltage: 
b . Assembly Temperature: 

27 . 5 vdc 
80" l1 
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C. Rl2: ( 
cl. Load R esistance· 

:;\,lC 2:'1-8G8 
IfUG PREA'.\IPLII IJ:R SPECIFIC ATIO~S 

AND TEST PROCEDURES 

150K ohms 
10 K ohms 

e. Signal ground connected to O vclc 

SHEET 

OF 

1. 2. l Loo~_Gain. \\ ith a '.3200 cps sine wave input and the output voltage fixed 
at 1. 0 V rms, the loop gain ,~hall be 20 .. 1 db. 

1. 2. 2 Phase }\1a gin. The phase margin shall be greater than -15° under the 
following conclitio-ps: 

a. I ,oop gain shall be as spec Hied in l. 2, 1. 

b. Tbe input voltage shall be maintained at a level equal to thnt which is 
required to produce a voltage at the output terminals of l. 0 V rms at 
3200 cps. 

l. 2. :3 ~iain l\1argin. The gain margin shaJl be grC'ater than G db under the 
fol lowing conditions: 

a . Loop gain shall be' as s pecifiecl in I. 2. l. 

b. The input voltage shall be maintain cl at a level equal 1.o that \vhich 
is required to produce a voltag at the output terminals of 1. 0 V rms 
at :1200 cps . 

2. ELECTRICAL TE 'T AND NOI\TINAL SELECTION PROCEDlTRES 

2. l PRIMARY. The tests in this section (2 . 1) slia.11 be performed within the 
limits of the follo\\ ing constraints: 

a . 
b. 
C. 

d . 

Supply Voltage: 
Assembly Temperature: 
Load Resistor: 

2.1 t 0. :-i vclc and ;3n ' 0. 3 vclc 
80° 1 10° F 
10 K ol11ns +- ~tr-;) 

Signal ground connected to n vdc 

2. 1. 1 Voltage Gain Range . With a :~2nn · :32 cps sine wave of 10 t 0. l mv . rms 
onnectcd to the input termina.ls, measure the volt:1ge gain with 

a. Rl2 equal to 150 K ohms t- 2% 
b . Rl2 equal to 17 K ohms t 2% 

2. 1. 2 Voltage Gain Stability. Fsing data a.cquircd in 2. -L. 1 calc·ulatc voltage 
gain otability for : 

a. Rl2 equal to 150 K ohms 2m,, 
b. Rl2 equal to 17 K ohms 2% 

~----' 21------------~-------------------------~ 
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2. l. :~ Phase , hift. Apply a 32()0 + n cps sine wave of 10 0. 1 rnv. rrns to the 
input terminals. :::V1casurc the phase shift of the output \.\ ith respect to the input: 

a. With Rl2 equal to 150 K ohms ± 2~1 
b. With Rl2 equal to 17 K ohms ~ 2% 

2. l. 4 Dynamic Range. Apply a '.320 1) :~2 cps sin<.:' wave to the input terminals. 
Adjust its amplitude to produ e 10 0. lV rms at the output terminals: 

a. With Rl2 equal to 150 K + 2rJ'.1 
b. v ith Rl2 equal to 17 K _ 2/Ji\ 

2. 1. 5 Harmonic Distortion. 1\Jcasure the harmonic distortion of the output 
voltage for the conditions of 2. 1. 1 und 2. l. 4. 

2. 1. G Zero Signal oise. Short the input term inals to U vclc and measure the 
output voltage. 

2. 1. 7 Demodulator Load Correction Resistance, Hll. 1\Teaslire the resistance 
------

between pin 5 and pin l. 

3 

2. l. 8 Resolver Power Factor Correction Capacitance, C3. Meas ire the capacitance 
between pin 9 and pin 1. 

2. 2 DESIGN MARGIN. The tests and nominal sclel'tion procedures in this section 
( 2. 2) shall be performed within the limits of the following constraints: 

a. Supply Voltage : 27. 5 -± 0. :3 vclc 
b. Assembly Temperature: 80· + lfl F 
c. Load Rcsist:1nce: 10 K ohms .1- :')IJ;, 

d. Signal ground connected to O vdc 

2. 2. 1 Loop Gain. Adjllst the loop gain to 20 ± 1 db by selecting t}le appropriate 
value of R2 under the following conditions: 

a. Input Voltage Frequency: :3200 .t :)2 cps 

b. Voltage at the output le'rminals maintained at I. 0 '- 0. 05 V rms. 

2. 2. 2 Phase Margin. 1\lcasure the phase margin under the following conditions: 

a. Loop gain shall be as spe ·Hied in l. 2. l. 

b. The applied voltage shall be maintained at a level equal to that which 
is required to produce a voltage at the output terminals of 1. O t 0. 05 V rms 
at ~200 + 32 cps. 

2. 2. :3 Gain Margin. l\Tcasure the gain margin under the following conditions: 

a. Loop gain shall be as specified in 1. 2. l. 

b. The applied voltage shall be maintained at a level equal to that which 
i8 recu.1ired to produce a voltage at the output terminals of 1. 0 t 0. 05 V rrns 
at 320D : ~2 c· s. 
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History of Key Technologies 

The History of Apollo Onboard Guidance, 
Navigation, and -Control 

David G. Hoag 

The Charles Stark Draper Laboratory, Inc. , Cambridge, Massachuseus 

Introduction 

W HEN Apollo astronauts finally walked on the moon , 
thousands o f engineers, scientisr~. managers , and 

technicians o f man y varied disciplines and specialties shared 
in the glorious accomplishment of an extraordinary national 
goal. This is the story of an essential part of that en
deavor-that of the development and execution of the 
guidance, navigati-on , and control systems which, onboard 
Apollo . along with the astronauts , made essential 
measurements o( the spacecraft motions and directed 
necessary maneuvers for the mission. 

The Beginnings 
The forerunner of the Apollo guidance , navigation, and 

control system is found in an unmanned spacecraft and 
mission study started in 1957 by the· Instrumentation 
Laboratory at MIT under a contract with the Air Force 
Ballistic Missile Division. The small Instrumentation 

.Laboratory team for this study, led by Milton Trageser and 
supported by AVCO - Corporation, the MIT Lincoln 
Laboratory, and Thiokol Chemical Corporation , designed a 
small autonomous spacecraft weighing 150 kg which wou i"d 
take a close-up high-resolution photo of Mars. ·This Mars . 
probe had several novel features, later incorporated in the 
Apollo system , including a space sextant. to make periodic 
navigation arigle measurements between pairs of celestial 

• objects: the · sun , the -near planets, and selected stars. The 
guidance technique utilized original formulations designed by 
Dr. J. Halcombe Laning and Dr. Richard Battin to operate a 
small. rocket at the appropriate times to put the spacecraft on 
a corrected trajectory which would utilize the Martian gravity 
during the close passage such ·as to send the spacecraft with its 
Mars picture on a return_ path back to Earth for physical 

- recovery. Spacecraft atti tude control would be accomplished 

by torquing small momentum wheels using the solar pressure 
force on adjustable sun vanes to drive the average speed of 
these wheels toward zero . Overall auwnomous operation was 
managed onboard by a sm all general purpose digital com
puter configured by its designer, Dr . Ramon Alonso, for very
low-power drain except at the occasional times needing fast 
computation speed . A special feature of this computer was the 
prewired , read-only memory called a core rope, a con
figuration of particularly high storage density required only 
one magnetic core per word o f memory . 

A four-volume report of this work I was published in Jul y 
I 959, and presented to the -Air Force sponsors. However , the 
Air Force was then disengaging from civilian space 
development , so endeavors were undertaken to interest 
NASA. Dr . H . Gu yfo rd Stever, then a professor at MIT, 
arranged a presentation for Dr. Hugh Dryden , NASA Deputy 
Administrator , which took place on September 15 , 1959. • On 
November IO , 1959, NASA sent a letter of intent to contract 
the Instrumentation Laboratory for a $50,000 study to start 
immediatel y. The stated purpose was that this study would 
contribute t0 the efforts of NASA's Jet Propu lsion 
Laborawry in conducting unmanned space missions to Mars , 
Venus, and the Earth 's moon scheduled in Vega and Centaur 
missions in the next few years. A relationship between MIT 
and JPL did not evolve . JPL 's approach to these deep space 
missions appeared to be primarily ground base control with 
their large antenna tracking and telemetry systems, con
siderably different from the onboard self-sufficiency method 
which the MIT group advocated and could best support. 

The Instrumentation Laboratory report on the NASA study 
appeared in four vol umes 2 in Ap ril 1960. It described the 
design of a 35-kg pod comprising a sel f-contained guidance, 
navigation , and control system intended for mounting on 
Centaur vehicles to support a variety o f space missions . A 
space sextant , similar to but improved over the Mars probe 

David G. Hoag was graduated in 1946 from the Massachusetts Institute of Technology with an SB degree in 
electrical communications and received in 1950 an SM degree in instrumentation from the MIT Department of 
Aeronautics. His early career at the MIT Instrumentation Laboratory involved engineering on Navy fire control 
systems for guns and missiles. From 1958-1961 he was Technical Director of the Instrumentation Laboratory's 
development of the guidance system for the Navy's Polaris submarine launched ballistic missile. From 1962 to 
1973, he was first Technical Director, and later, Program Manager of MIT's development and operational 
support of the guidance, navigation , and control systems for the Apollo Command Module and lunar landing 
spacecrafts. He became Head of the Advanced Systems Department in 1973 when the Instrumentation 
Laboratory became independent of MIT as The Charles Stark Draper Laboratory , Inc. In that role he now leads 
activities in precision pointing and tracking for directed energy weapons and space based surveillance systems. 
He is a corresponding member of the International Academy of Astronautics and sen·es on the advisory board 
of its journal, Acta Astronautica. He is a member and Past President of the Institute of Na,·igation . He was 
elected Fellol'' of AIAA in 1974 and is a past Chairman of the 1'ew England Section , AIAA. In 1979 he was 
elected to the National Academy of Engineering . He has received several awards for his work on Apollo in
cluding the NASA Public Service Award, the Thurlo"· Award of the ION , and (with Richard H. Battin ) the 
Louis W . Hill Award of AIAA. 
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·Dryden himself did not hear th~ir talks . The MIT Labora tory team was upstaged by the presence o f Prem ier Kruschev that day visiting in 
Washington . 

ED ITORS'S NOTE: Th is manuscript was inv ited as a History of Key Technologies paper as part of AlA.A.'s 50th Anniversary celebration . his 
no! meant :o be a compreher. ~ive study of the field. It repre~e nt s solely the a uthor' s own reco llecti o n o f e\'en t1 a t the time and i< ba,ed t: '.' ,'n 'ci< '"' n 
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study, would make autonomous navigation' measurements . 
T wo single-axis gyroscopes and an accelerometer were in- . 
eluded in the design for angle and velocity change •. 
measurement. A wide-ranging examination of deep space 
trajectory srudies reported by Laning and Battin showed 
needed injection veloci ties, transfer times, and target planet 
approach paths. A variable time-of-arrival guidance scheme 
was formulated by Battin to minimize the usage of maneuver 
fuel. He also worked out strategies for optim um navigation 
measurement schedules with the sextant. Other fearures 
showed the development of ideas started in the Mars probe . 
Particularly , th e configuration of the digital computer was 
refined by Alonso and La.ning . 

Early Apollo 3 

The frustration of the MIT Instrumentation Laboratory 
team to find a place in the unmanned deep space missions 
continued through the summer of 1960. In November, Dr. 
C.S. Draper , Director of the Instrumentation Laboratory, 
had conversations about this. and about possible participation 
in manned space missions with Dr. Harry J. Goett, Director 
of NASA's Goddard Laboratories and Chairman of the 
NASA Research Steering Committ.ee on Manned Space 
Elight. 

The manned lunar mission had been under NASA con
sideration for some time and was being examined by Goen 's 
committee. The Space Task Group at Langley Field formed in 
October 1958 was working on Project Mercury but wa~ by this 
time considerably involved in the proposed moon mission. 
The name Apollo was announced in July 1960, and in August , 
NASA stated its intent to fund six-month feasibility srudy 
contracts which were awarded later in the year · to · General 
Dynamics/ Convair , General Electric Company, and the 
Martin Company. 

After the Draper and Goen conversation , a meet ing at 
Goddard was held on November 22, 1960 to discuss a six
month SI 00 ,000 contract with the Instrumentation 
Laboratory for an Apollo study and preliminary design . The 
details were proposed by Trageser of MIT and Robert G. 
Chilton , of the Space Task Group at Langley . A technical 
proposal was submitted on December 22, and the contract 
started in February. 

Trageser and Chilton developed the basic configuration of 
the proposed trial design which prevailed throughout the 
program. They determined that the system should consist o·f a 
general purpose digi tal computer, a space sextant, an inertial 
guidance unit (gyro stable platform with accelerometers) , a 
control and di splay consol'e for the astronauts, and sup
porting electron ics. The in-f1ighr autonomy o f. the earlier Air 
Force and NASA studies seemed appropriate to the manned 
mission, particularly since some urged that the mission should 
nor be vulnerable to interference from hostile countries . It 
was judged important to utilize the man in carrying out his 

. complex mission rather than merely to bring him along for the 
ride . In addition , a certain value of self-contained capabilit y 
was envisioned for furure deep space programs for other 
reasons: First, the transmission and feedback times are too 
Jo ni! for fast reaction remote control due to the finite elec
tro~agnetic sig nal propagation velocity. Second, it was 
envisio ned that the United States wo uld eventuall y have many 
missions underway at the same time, and it was important to 
avoid expanding the need for more large, expensive ground 
stations. 

The initial Apollo contract at the Instrumentation 
Laborat orv studied certain navication measurements easil v 
made by a· human, such as the timing of star occultations b~· 
the moo n and Earth during th e circumlunar voyage . Of 
significant importance , however, Batt in devised a generalized 
recursi\'c navigation formulationt for sma ll flight com puter 

t This and mher rela1ed space naviga1ion and guidance formula1 ion 
1echniq ues are described by Bat1in in Re f. ~- Th e im plcmen1::11i o n 
1el·hnology u ,ed in Apollo was derived fro m a legacy dc~cribcd b, 
Dra per in Rei'. 5. 

use to incorporate each navigat ion measuremtrn t of any type 
as it was made , such as the star occultation or a sextant 
measurem ent, so as to update and impro ve in an optimum 
least-squares sense the estimate o f spacecraft posit ion an d 
velocity. Several na vigation measurement schemes were 
proposed as experiments in hopes that they co uld be studied 
and verified by the astronauts soon to tly in Mercury. 

Organization of the various NASA centers in Apollo was 
underwa_y in November 1960 in Apollo Technical Liaison 
Groups coordinated by Charles J. Donlan o f th e NASA 
Space Tas k Grou p . The Guidance and Control Technica l 
Liaison Grou p first met- in January 1961 under Richard 
Carley of the Space Task Group. The contract then being 
negotiated with ·t he MIT Instrumentation Laborato ry in the 
guidance and control area was acknowledged as . being 
essent ial to augment th e Convair, General Electric. and 
Mart in feasibility si·udies: At the second meeting in Aprii 1961 
chis group started th e preparation of th e guidance, 
navigation , and control ·specifications for the Apollo 
spacecraft. 

The following month , on May 25, 1961, Presiden t Kennedy 
in a special message to the Congress urged the nation to 
"commit itsel f to achieving the goal , be fore this decade is out , 
of landing a man on the m;on .. .. " · 

With the impetus of the presidential challenge, the efforts 
at the Instrumemation Laboratory changed character. The 
role th e Laborarory would play depended not only on its 
earlier space studies but also on the fact that another team was 
in place at the Laboratory, which had j ust accomplished a 
similar tas k to develop the Navy's Polaris missile guidance 
system on an extremely tigh t schedule. Ralph Ragan, who led 
chat effort , immediately joined with Trageser, to work with 
Ch ilton in definii'lg an Apollo guidance, navigat ion , and 
control system to support a flight test as early as 1963 . By July 
1961 a cas k statement had been written and on August J.O, by 
letter , NASA contracted th e Laboratory for the first year 's 
development of the Apollo guidance and navigat ion system. 
Thi s was the first major Apollo contract awarded by NASA. 
The earl y start was just ifi ed by the central role this function 
would necessari ly have. Key personnel from .the Laboratory 's 
Polaris• Team joined Trageser , who was named by Dr . Draper 
as Director o f Project Apollo . Ragan became Operations 
Director , and David Hoag , having bee·n Technical Director of 
Polaris , became Techn ical Director of Apollo . . 

That same August , James Webb, NASA Adm inistrator , 
inv1ted Dr . Draper and members · of the Instrumentat ion 
Laboratory Apollo Team to Washington for discussions : The 

· meeting took place on the 31st at NASA Headquarters and 
continued at Webb 's home for dinner that evening. In 
acknowledging the difficulty of guiding the lunar mi ssion , 
two thinl!s concerned Webb. First, he wanted to know when 
the guid;nce syst em could be ready. Draper provided the 
accurate forecast: "You ' ll have it when you need it." Second , 
he wanted assurances chat the equipment would really work . 
in reply , Draper volunteered to make the fi rst flight and run 
the system himself. Hardl y an yone doubted his ·. sincericy and 
in leners to NASA offici al s he repeatedly r·eminded them of 
his long experience of over 30 years in instrumentat ion desi gn, 
as a pilot, and as a flight engineer. It was Draper ' s contention 
that although he himself was both a pi lot and an engineer , it 
wou ld be easier to train an engi neer to be a pilot than to train 
a pilo t in the necessary engi neer ing . 

Th e ear ly conceptual work on the guidance and na\'igat ion 
proceeded rapidly . Trageser , Chilt on. and Battin had worked 
out the overall confieuration which was to hold to the end. 
Th e manv maneuver; both in orientat ion and in translat ion 
would require a full three-axis inertial measurement unit with 
gyros and accelerometer s. An opt ical system would be needed 
10 align the inertia l system periodically to the stars . The 
optical syste m wo uld also be usc:d to mak e ne;::essary 
n:ivig:11 ion measurements in a ,extant con fig ural ion by ob
sen·ing from the sp:1cccraf1 rhe direction of ·the Earth and 
moo n :ig::iin st the backg round stars. A general purpose dig it:i l 
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computer would be required to process all the darn , and an 
arrangement of display and controls for the astronaut to 
operate the system would be needed . Considerable extension 
of navigation and guidance theory , trajectory analysis , 
phenomenological and human limitations to visual sig hti ngs 
of celestial objects , electronic packaging options , materials 
ch aracteri stics, reliability and qualit y assurance · procedures , 
and management methods all were identified for early study. 

It was recogn ized from the start that the Instrumentat ion 
Laboratory would utilize industrial support con tracto rs to 
augment its engineering team and to produce the designs 
coming from the engineers . This followed the successful 
pattern utilized in the development of the Polaris miss il e 
guidance system . 

Meanwhi le, NASA started the procurement process for the 
spacecraft principal contractor. The request for proposal was 
issued on Jul y 28, 1961. North American Aviation was 
selected on November 29 for the Apollo Command Module. 
Service Module , and boost vehicle adapter . Their contract 
excluded the guidance and navigation , which was to be 
government furnished by the industrial support contractors of 
the Instrumentation Laboratory. 

In early 1962, briefings to industry were made for the in 
dustrial support to the Instrumentation Laboratory for the 
guidance and navigation systems. Twenty-one bidders 
responded and three awards were made on May 8. The A.C. 
Spark Plug Division, of General Motors, was given 
responsibility for the production of the inertial system, 
ground support equipment , and systems integration, 
assembl y, and test. Kollsman Instrument Corporation was the 
industrial support for the optical subsystems , and Raytheon 
Compan y for the computer. Earlier , the A.C. Spark Plug 
Division had been selected for the gyro production and Sperry 
for the accelerometer production, both to produce the MIT 
designs for these inertial system components. 

During this early 1962 period, the mission and its hardware 
were being further defined by NASA, North American 
Aviation , and the Instrumentation Laboratory. The Space 
Task Group had evo lved into the Manned Spacecraft Center 
the previous October, and the selection of the Houston , 
Texas, site for the new · center had been made. The Apollo 
Spacecraft Program Office was formed and managed by 
Charles Fric k and Robert Pi land . But a controversy was 
underway which had strong implications on the whole design 
process. 

A mission plan favored by man y included two or more 
Saturn booster launches, from Earth, with an orbital ren
dezvous to assemble a large spacecra ft in Earth orbi t for the 
lunar trip. This spacecraft would then be injected towards the 
moon and would in its entirety land the three astronauts in the 
Command Module on the lunar surface using _ the propulsion 
of a large lunar landing stage. The guidance and navigation of 
this maneuver being studied ac MIT utilized a large periscope
range-finder so chat an astronaut could view the lunar surface 
during maneu vers as he landed in the awkward pos ition 25 m 
up on top of the stacked spacecraft. The lunar landing stage 
would be abandoned on the moon and the Command Module 
wou ld be li fted on the ascent and return by the Service l\fodule 
propulsion. 

The alternate mi ss ion con fi guration , called Lunar Orb it 
Rendezvous, had been discussed fo r some time. particu la rl y 
by John Houbolc and his colleagues at Langley. 6 In 1hi s case. 
a single Sa1urn launch would injec1 a smaller spacecraf1 
assembly towards 1he moon which included a relaii\'e ly sm:il l 
Lunar :\·lodu le for 1he actual landing, alo ng wi rh the Com 
mand and Ser\'iCe Modules , which would · remain in lunar 
orbit. The return, of course. required a rendezvous in lunar 
orbit which 11·:i s considered by the critics o f thi s scheme as 
pa rticul arly difficult and dangerous. 

Fin::illy in Jun e 1962. the decision was made by NASA in 
fa \'Or of !he.' Lunar Orbit Rcnda1·ous Mission with its real 
ad1·an1ages in weig h! and cost. The rro..: uremeni process for 

the Lunar Module was initiated in July and on No\'ember 7, 
Grumman Ai rcraft Engineering Corporation was chosen to 
design and build the vehicle. 

With this , the lns1rumentation Labora1ory and the in
dustrial support conrractor tasks were expanded 10 include the 
guidance and nav igation for the Lunar Modu le. Two ad
di1ional guidance and na1·igation sen so rs would be required, 
however. and these were assigned to Grumman. They were the 
landing radar to measure the alti1ude and velocit y of the 
Lunar Module with respec1 to the lu nar surface, and the 
rendezvo us radar to track a transponder on the Command 
and Service Modules and provide relati ve direction and range . 
Specifications for these radars were written by rhe ln 
strumenration Laborarory si nce the signals were ro be used by 
rh e guidance and na1· igation computer in the Lunar Module . 

It had been determi ned somewhat earlier that the fir st flighr 
tes1 , being scheduled for Earth orbir exercises starting in the 
fall o f 1963 . and soon to be rescheduled to 1965 , were too 
soon ro be conducted with a full guidance and navigat ion 
system design capable of a lunar landing mission. For this 
reason. a Block I design was identified for the guidance and 
navigatio n equipment to support the firr, r Earth orbital 
flights. A Block II design was to follow for ,he later lunar 
flights. Wit h the engineering help of the industrial support 
contractors, the Instrumentation Laboraro·ry started release 
of production drawings for manufacture in Jul y I 962 . using a 
for ma l design revi ew , release, and re1·ision procedure which 
was followed thro ughout rhe program. (The last design 
release drawing , numbered 38 ,868 was made in 1975 , and 
defined the erasable memory load for 1he guidance and 
navigation compu1er in rhe last Command Module used to 
rendezvous with the Soviet Cosmonauts in the Apollo-Soyuz 
mission .) 

System Design and Development 
Although initial design pushed rhe then current state-of-the

art, the ear ly decisions on configuration and the tech no logy 
used were essentiall y frozen except to fix problems. Many 
engineering improvements were proposed on an 01herwise 
working design. Design and configurarion controls necessarily 
rej ected mosr of lhese changes so tha1 a stable ser of hardware 
and soft ware elements could be well checked out , delivered on 
schedu le . and safely support the mission . Thus by rhe rime of 
the lunar flights. the system was not (and of course could no1 
be) demonsrrating the latest technology available in the 
guidance and control art. 

The remaining part of this narrati ve is partit ioned inro 
secrions covering the inertial sensing , opt ical sensing. com
puter, displays and controls, other hardware. software, and 
fligh 1 experience. !\1ore technical details than are given here 
can be fo und in Re fs . 7-10 . 

Inertial Sensing System 
The inertial measurement un it borro wed its techno logy 

hea vi ly from the Polaris missile guidance experience at !he 
Laboratory . Jo hn Miller assembled a Laboratory team and 
was supported by Hugh Brady and others from A.C. Spar k 
Plug in rhe inertia l system design. The mechan ical design was 
undertaken by John Nugent. who had done rhar work for 
Pola ris . In order ro simpli fy the mechanis m cons idera bly and 
to achieve more accuracy in rhe alignm,:,nr to the stars. rhe 
inertia l me:i suremen t un ir was pro,·ided "'irh onl y rhree 
degrees of freedom in its gimbal s. although fo ur gimbal s 
would ha1·e imposed no limitations on spacecra ft allitude. 
\\'i 1h rh,:, na tura l cho ices fo r aligning the system for flig h1. 
on ly some unusua l orienrations of the spacecra f1 would pu1 
the gimb:ils into lock where the alignmenr "ould be lost. The 
re, ult ing co nst rainr in the design irrit:ired the astronau ts . 
:il though. in re1ro,rec:. the1· had no p:inicular tro uble with 
1lte attitude li rni t:ition s during mis<ions. 

It wa s the alignme nr 10 the sta rs of 1he inertia l mcasu remen1 
uni1 which m:1dc :hi, design significan 1l1· di ficrcm from tha1 



JAN .-f:EB . 1983 APOLLO ONBOARD GUIDANCE, NA \'JGATJON, AND CONTROL i 

of the Polaris system which was erected with gravity and 
gyrocompass action. 

The Apollo computer compared precision angle readouts of 
the inertial gimbal angles with the precision celestial sighting 
angles of the optics and provided alignment corrections to the 
gyros. The design of the inertial and optical angle interfaces to 
the computer was undertaken by Jerold Gilmore. The sub
system, called the coupling data unit, included analog and 
digital conveners in an elaborate arrangement of system 
operational modes among the inertial, optical , and computer 
hardware . 

As the inertial system design developed , it came under 
attack as n01 having sufficient inherent or proven reliability to 
support Apollo in spi te of considerable attention to this 
important issue . If a single gyro wheel stopped running or if a 
single gyro developed excessive drift instabilit y, the mission 
could fail and the astronauts would be endangered . Many 
design , test, and operat ional techniques evol ved to achieve the 
final reliabiliry record: over 2500 h o f in-flight operati ons of 
the inertial measuremen t unit supporting all Apollo missions 
(over 7500 gyro unit flight hours in addition to ground test 
time) without any failures. 

Optical System 
Philip Bowditch , Alex Koso, and others at MIT, along with 

Thornton Stearns and 01hers from Kollsman, undertook the 
design of the optical system . The team examined a number o f 
configurations before a satisfactory sextant design was 
achieved. , This instrument was configured with one o f its 
lines-of-sight fixed along the axis of penetration of the 
spacecraft hull. Thi s line was associated with the Earth or 
moon side of the navigation angle . The other lineso f-sight 
associated with the reference star was split from the first and 
tipped away by an articulating mirror in such a fashion that 
the navigation angle could be measured in any plane. The 
angle o f tilt of the mirror, in conventional sextant .fashion , 
was the desired measurement and was encoded for use by the 
computer navigation and alignment algorithms . The 
astronauts ' task was to orient the spacecraft so that the Earth 
or moon was . satisfactori ly in the field of vi ew, and then 
adj ust the mirror and the measurement plane to get the star 
image superimposed in his view on the selected Earth or moon 
feature. In order to achei ve the necessary 10-arc-s ac
curacy of this measurement th e instrument was provided with 
a 28-power eyepiece. However the field of view was thereby so 
severely limited that a second independent, articulating in
strumen t at unit y power and o+vide field called the scanning 
telescope was provided to serve as a finder for the sextant and 
to which the sextant articulating line-of-sight could be slaved. 

Much attention went into the desiirn o f this wi de field 
scanning telescope so tha t th e astrona~t would have a good 
chance of reco im izi n rz constellati ons and identifvin!! stars . 
The enormous proble-m of scan ered light in the instrumeni 
washing out the visibility of dimmer stars was never co m
pletely solved. A really satisfactory engineering comprom ise 
among such things as the degree of articulation , the fie ld of 
view. ligh t traps, and sun shields was not found. On l\' with the 
optics objectives in the shade and without the sun ill.uminated 
Eart h, moon. or other spacecraft in the field o f view could a 
good \'iew of the stars be obtained. Th is problem lessened in 
importance a s actual mi ssion techniques developed. An early 
concept required that the inertia l syst em be turned off most of 
the mi ssion time in order to consen·e spacecraft power. It was 
t0 be turned on , aligned . and used onl y during the guidance 
and control of rocket m:rneuvers . For a number of reasons rhe 
operat ions policy changed so as 10 lea ve the inertial system 
ac1i1·e throughout th e mi ssion . The procedure then became 
one in \\'hich p~riodi ca lly . perhaps twice a day. th e inertia l 
meas urem ent un it dri ft in orientation \\'as corrected to th e 
st:J.rs using the sextant whose small field of view prevented 
problem s from scau ered sun li gh t. T o do thi s, the com puter 
would use lh (' in ert ia l measuremen l uni t gim ba l ang les to 

point the sext ant star line approximately to the selected star. 
The gyro drift was small enough so that the star would alwa ys 
appear brightl y in the sextant field of view. The a stronaut 
would then center the image , thereby giving the necessary data 
to the computer 10 realign the inertial unit. In thi s way ac
curate inertial a lig nmen t was m aintai ned throughout the 
mission. Similarly, the computer could orient the spacecra ft 
and point the optics towards an y targets suitably specified by 
the astronaut. 

The scanning. telescope , in spice of the scattered light 
problem with stellar targets , pro vi ded an excellen t tracking 
instrument for na vigat ion sigh ti ngs to the Earth or moon 
while in low orbi t around these bodies. For this required 
function , line-of-sight rates were too fas t to use the sextant. 
(Indeed , th e precision of that instrument was not needed .) The 
navigat ion angle was measured by the computer between the 
prealigned inertial measurement unit and the line-of-sight to 
the surface target being tracked by the astronaut with the 
scanning telescope. 

The orientation relationships between the inertia! unit and 
the optical lines-o f-s igh t demanded strict anention to the 
stabili ty of al ignment between these instruments. Bowditch 
des igned a lightweight but st iff and stable structure called a 
navigation base as a common mounting support for both 
instruments. It was secured to the spacecraft with kinematic 
mount s so as to isolate it from ·spacecraft strains which could 
otherwise induce unwanted twisting . A complicating factor 
was that th·e optics penetrated the spacecraft pressure hull , the 
objectives being in th e hard space vacuum, while the eyepieces 
were in the Yi -arm cabin press ure . The total force o f this 
pressure was about 3500 N and careful consideration of the 
location o f the force center with respect to the mounts was 
required . Relative motion was accommodated by a double
walled metal bellows which a t the same time provided the seal 
o f cabin pressure. 

Associated with the optics design was the question of the 
suitabili ty o f the Earth and moon as navi !!ation tamers. 
Considerable theoretical and experimental ;;_,ork was - un
derta ken earl y by Dr. Max Peterson , v.:illiam Toth, and Dr . 
Frederic Martin. The moon , without an atmosphere, had 
crisp visual fea tures and horizon when illuminated by th e sun . 
The Earth , on the other hand , mig.h r have most. if not all. of 
its suitable landmarks obscured by clouds at the critical ti;,,e . 
In addition, the sunli t Earth horizon, owing to intense 
scattered sunlight in the atmosphere, is in\·isible from space 
and no distinct visual locator can be ident ifi ed. Ph01ometri c 
equipment to measure the systemat ic charni.e in brirzhtness 
with altitude above the true· limb in the blue part -of the 
spectrum was des ig ned into the sextant along with an 
automatic star trac ker to solve this problem. Later , for 
reason s of cost and complexity, th ese were removed. The 
visual sighti ngs of the Earth horizon were re-examined for 
na vigat ion use . A simulator with photometric fi deli ty of the 
situation was devised. It appeared that the human was capable 
o f choosi ng so m e locator in the fuzzy horizon which he could 
duplicate with consi derable accuracy . Befo re ea ch mi ssion the 
na vigator astronaut would come to the Instrumentation 
Laboratory to train on thi s sim ulator. With practice he could 
duplicate hi s sighting poin t within a few kilometers over the 
desired range o f distances to the Earth . (Later. early in hi s 
actual mission , he made severa l sightings to calibrate his 
horizon locator in the real situation. ) 

Digital Computer 

The comput er design was und ert aken by El don Hal l. ll'hO 
has desig ned the Polari s m issile computer. Laborator,· 
members assist ing him included Dr. Ramon Alonso. Dr·. 
Albert Hopkin s, and Huch Blair-Smith. 111 additi o n . 1hel' 
were support ed bl' Jack Po-u nd stone and or he r en!:!ineer, fro~ 
Rayth eon , wh o had 1,·o rkcd wi th Hal l ear lier o n- rh e Pol ari s 
m is,ile co mpu ter . 
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A compelling necessit y was co design a reliable computer 
with sufficient capacity and speed , yet with a very limited si ze , 
weight , and power drain. 

The machine configuration chosen wawa 16-bit , parall el, 
general purpose, real-time digital contro l computer , Initially 
configured with magnetic core-transistor logic , the change 
was soon made to an integrated circuit logic using technology 
just then in the early stages of being developed by the 
semiconduccor industry. The deliberate choice was made to 
use only one type of integrated circuit logic , a three-input 
NOR gate. Although wider varier y could have subsrantially 
reduced the number of devices per computer, th e dedication in 
manufacture and qualit y control to rhe single-circuit cype gave 
important gains in rel iability . 

The fix ed memory was the high-densiry read-on ly core rope 
developed in connect ion with the Mars probe. This meant that 
the contents of this indestructable memory had co be derer
mined early in order to allow time for · manufacture . Rather 
than a disadvantage, risky last m inute changes o f the program 
just before flight were physically prevented . A rope memory 
program was necessar ily well tested before ir flew o n an 
Apollo mission. 

A coincident-current magnetic erasable mem ory provided 
for temporary storage. The size was kept to a minimum both 
in the number of words and in the 16 bits per word. for lo w
power consumption. The initial decision in the Block I design 
was I 024 words of erasable , but this was doubled for Bloc k !I 
based upon the experience in programming the earlier 
machine. Without changing the computer volume , the fixed 
memory likewise grew from an initial 12,288 words co 24,576 
words in Block I to 36 ,864 in Block II. To the programmers , 
even these large numbers were to seem inadequate as the 
functions to be per formed in the computer on the lunar 
missions expanded substantially over original forecas ts. 

Both memories, operating on a 12-µ.s cycle time . were 
configured to look identical co the program . A very limited 
basic instruction repertoire was expandable by powerful 
interpretive routines written by Charles Muntz which saved 
program word use at the cost o f speed. Over 200 input and 
output circu its for numerous interfaces with other hardware 
were provided co perform the real-time contro l function . 
Certain discreet input and timing signals could be arranged co 
interrupt the program underway so that urgent tasks could be 
serviced in real time without the need of continuously 
scanning inputs . 

Displays and Controls 11 

A most important input / outpur function was provided by a 
displa·y and keyboard and associared sofrware control 
ingeniously designed by Alan Green . The keyboard allowed 
the input o f the 10 digits and seven other coded funcrions on 
separate keys . The display included three 5-digit numbers plus 
sign to indicate numerical data, and three 2-digit numbers to 
identify the function being performed by numeric codes for 
"verbs ," "nouns," and "program." The verb-noun fo rmal 
permitted a sort of language of acrion and object such as 
"display-gimbal angles" or . "load-star number. " T he 
program number identified the major background com
putation underway in the machine . 

With this display and keyboard the astronaut had enor
mous flexibility and power in communicating with a nd 
directing the computer 's operation. Many hours of srud y and 
training rime on real equipment were requ ired by the 
astronauts . An early reticence by crew members was in time 
replaced by enthusiasm and confidence in their ability to use 
the compute r to manage man y aspects o f their mission. Dr. 
Draper 's early statement about training engineers vs traini ng 
pilots mig ht have been t rue, but the as tronauts wi th their pilot 
(and engineering) background dc,·eloped a competence ir. the 
guidance and na1·ig:nion of Apollo which could not ha,·<:' been 
surpassed. 

The computer display and keyboard perm irt ed the crew to 
operate most guidance, navigation , and control fun ctio ns. In 
addition th e left-hand translation command contro ll er and 
the right-hand rotational command controller were used 
appropriately for these maneuvers wh en commanded 
manually for computer action . Those operat ions associated 
with the use of the optics in manually tracki ng Earth , moo n . 
and st ellar targets and in making the navigation angle 
measurements were accomplished with appropriate con
troll ers near the eyepieces . 

Other Hardware Design 
Man y o f the ha rdware design decisions were easily made in 

cradeoff among members of the design team. The experience 
of the industrial support contractors and their concern for 
manufacturing producibility strongly influenced these 
decisions. Accommodations had co be made to recognize test, 
checkout , and mission operations of the astronaut s and the 
Ground Mission Control. The largest problem , however . was 
reaching agreement on chose desi gn features which were 
affected by and influenced the hardware design of the 
spacecrafts. This was embodied in th e negotiations of the so
called interface control documents which were to be agreed 
upon and signed off. Then each party could proceed with the 
confidence that he was protected against changes on th e other 
side of the interface from affecting his design. 

Numerous " coordination meer ings " were held scarring in 
1962 berween the Instrumentation Laboratory and North 
American with NASA participation in order 10 negotiare rh ese 
decisions affecting both parties in the design of the Command 
and Service Modules. In early I 963, coordination meeti ngs 
with Grumman concerning the interacting decisions on the 
Luna:r Module started . 

One complicaring facror, which in the end rerurned 
enormous savings , was the self-imposed groundrule o f rhe 
designers that as much as possible identical guidance:; hard
ware elements would be used . in borh the Command and 
Lunar Modules. The difficult y wit h this was that a successful 
agreement wirh North American for the Command Module 
interface could be upset by a second negotiat ion with 
Grumman for the same piece of guidance hardware in rhe 
Lunar Module . The effort paid off in manufacture, test, and 
ast ronaut training . The expensive guidance irems , rhe inert ial 
measurement uni t, and the computer, as they came off the 
production li ne , could then go to either spacecraft. Mosr of 
!he small hardware components of.the guidance were si milarly 
interchangeable when the same funcrion was accomplished in 
each spacecra ft. The guidance turned out to be the onl y 
significant hardware that had this interchangeabiliry. Most 
orher spacecra ft elements o f the Command and Serv ice 
Modules were nor usable on the Lunar Module and vice versa . 

The firsr important interface 10 be negotiated was the 
location of the guidance equipment in t he spacecraft. North 
American and rhe Instrumentation Laboratory fi rs! examined 
wall space to the left of rhe lefr -hand couch where rhe 
astronaur could use rhe eyepieces 10 make sighti ngs. The fi na l 
locarion was on the lower wall at t he foot of rhe center couch. 
This required rhat the astronaut us ing the equipment would 
have to leave t he couch and stand in th e lower equipmen t ba~·
For those stressful ti mes wh en rhe crew were consrrained to 
rheir couches , all the guidance equ ipment except the optics 
could be operated through the com put er from rhe main panel 
within reach usin g a main panel computer dis play and 
keyboard . A particu lar worry about the lower wall location 
for the guidance and navi gation was that the optics there 
penetrar ed t he hul l on the hot side of the Command l'-fodule 
during return through the atmosphere. Initially a door 
co"ering these oprics with a hear shie ld was pro ,·idcd for 

!From thi s point on. ··fuidance " will mean fUi d:ince. n:i,ip :ien. 
and control. 
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protection but was later removed from the design when 
analysis showed the hardware could tolerate the stress with 
suitable additional design changes . 

Once the guidance equipment was located in the spacecraft, 
James Nevins, Nugent, and Bowditch immediately started in 
overall configuration design and mockup so that quite early 
the astronaut operations with the equipment could be tested 
and revised as needed. 

Because of the operational complexity of the mission , the 
first mockup included a film projector to display procedures, 
maps. and charts to the astronaut. However , as the design of 
the whole operation progressed and the logic of the crew 
operation with the computer evolved , the film viewer was 
removed from the design. Hand-held notebooks such as used 
in Mercury and Gemini would suffice. 

The exercise of the mockup with a pressurized space suit 
emphasized a problem . With his helmet on, the astronaut 
could not get his eye close enough to the eyepieces to perform 
his sighting tasks . The solution was to design special 
eyepieces, necessarily bulky bur with sufficient eye relief. 
which could be attached in place of the regular eyepieces when 
sightings in the helmet were required. The storage of these 
large units was found conveniently in the space recently 
vacated by the film viewer. 

The design verification of the guidance hardware was 
initiated by Ain Laats in his systems test laboratory using 
specialized test equipment to examine the first production 
units of the assembled system. Of particular concern were the 
interactions among the inertial and optical sensors , the 
computer, the computer software, and astronaut functions 
when working all together . · One of the earliest computer 
programs called SUNRISE was coded for this function. 
Special computer control program routines, hardware test 
code, and prelaunch systems functions were developed in this 
acti vity by Thomas Lawton, Ain Laats, Robert Crisp, and 
others. 

The early apprehension concerning equipment reliabilit y 
produced requirements for in-flight fault diagnosis and 
repair . The Block I design carried spare plug-in modules 
which could be used to replace failed modules. However , an 
event in the last Mercury spacecraft flight in May 1963 
changed this in -flight repair policy. On the I 9th orbit the 
Mercury automatic control system failed so that astronaut 
Gordon Cooper had to fly the last three orbits of the mission 
manually . The fault was due to corrosion of electrical con
nections from the high humidit y and contamination ac
companying the human in his cabin . Fro.m then on Apollo 
hardware designs in the cabin were required to be sealed from 
moisture. This effectively eliminated plug-in modules since in
flight usable connectors could not be satisfactorily sealed 
without unacceptable weight penalties. However , even for 
fixed· modules, the sealing led to weight increases because the 
packages had to withstand the large cabin pressure changes 
without buckling. 

Without the in-flight repair, the concern for reliability 
remained so that the initial Block II design concept provided 
for two identical computers in the Command Module 
operat ing in parallel for redundancy . This seemed to be ex
cessively conservative to Cline Frasier, of the Guidance and 
Control Division in Houston , and he directed the return to the 
single computer concept. The wisdom of his decision was 
borne out in that no in-flight computer hardware failures 
occurred . The combined failure rate , both prefligh t and on 
missions , was a small fraction of that of any other computer 
designed then or since for aerospace application. Such near 
per fect reliability was achieved at considerable effort, at
tention to design , a deliberate constraint to a minimum 
number of different parts, a detailed engineering qualification 
of design and components, and IOO llio stress tes ti ng of the 
pans to be used in manufacture . 

The concern for safety identified backup hardware . In the 
Command l'vlodule , North American provided a simple, 

independent panel instrument with a single accelerometer 
which was called an Entry Monitor . Altho ugh never needed 
for backup use, it was useful to the astronauts as an in• 
dependent means to watch the veloci ty change of maneu\'en 
being made by the primary system. Similar ly in the Lunar 
Module, Grumman pro\'ided through TR \V and Hamilwn 
Standard an independent abort guidance system for a safer:, 
backup and also used as an independent monito r of the 
primary Lunar Module system . 

As the program entered 1964, it appeared that necessar) 
interface decisions between the guidance hardware and the 
spacecrafts were lagging . To meet this problem Dr. Robert C 
Duncan, the Chief of the Guidance and Control Division a 

- Houston, instituted and chaired a series of Guidance Im 
plementation Meetings . The first meeting which involvec 
North American in the design decisions concerning the 
Command Module guidance system took place in June 
Subsequent meetings were held approximately biweekly unti 
February 1965 . A second set of meetings with Grumman or 
the Lunar Module guidance and navigation occurred at the 
same pace between September 1964 and April 1966. These 
meetings followed a tigh t agenda of technical issues to be 
reso lved and involved presentations by the spacecraf 
designer, the Instrumentation Laboratory , and occasional!) 
other involved parties . Following this , Duncan either made i 

decision which was then incorporated in the appropriate 
Interface Control Document , or he requested further srnd) 
and scheduled new presentations at a future meeting. 

A very significant decision took place early in this perioc 
concerning the implementation of the spacecraft attitud1 
control autopilots. Prior to this time, this function was to be 
performed by analog hardware under design responsibiiity o: 
the spacecraft manufacturers. These analog autopilots , whid 
flew the Block I spacecrafts, were satisfactory, but lackec 
flexibilit y and required extensive specialized hardware . 

It was Duncan who directed in June 1964 that the autopilo 
func_tions would be done digitally utilizing the hardware of the 
guidance system. To accommodate these new tasks , the speec 
of the computer was doubled and a much larger instructior 
repertoire was provided. Input and output interfaces wen 
expanded in order to send appropriate signals to the in 
dividual attitude jets, to the main engine gimbals, and to the 
thrust level servos , and to receive the appropriate feedbad 
signals from some of these elements. The memory capacit) 
had been increased earlier for the lunar mission and wa: 
considered adequate for the autopilots. 

Duncan ' s decision came with considerable controversy. The 
antagonists had shown that even expanded , the compure1 
memory was insufficient and the computer was too slow tc 
perform the necessar y wide bandwidth control. They wen 
right if one used the digital computer to perform digitally the 
same functions handled by the earlier analog circuits. The 
advocates argued that the proposed implementation woulc 

,. capitalize upon the fl exibi li ty, and nonlinear complei 
computations, natural to a digital computer. It was the righ 
decision. By skillful design only 10117o of the compute1 
memory was devoted ro the autopilots and only 30 1lio o: 
computer computation time was needed during times of higt 
autopilot acti \'i ty. A si gn ificant amount of complex hard ware 
was eliminated , and moreo ver, the flexibility of the digita 
computer delivered better control performance and con 
siderable improvements in efficiency in conserving th1 
spacecrafl fuel. The digital autopilot designs were th1 
product s of Dr . William Widnall, Gilbert Stubbs , and George 
Cherry at the Instrumentation Laboratory and Dr. Kennett 
Cox at the Manned Spacecraft Center . 

With the satisfactor\' conclusion of the hardware Im 
plementation Meetings ,' the designers were able to complete 
their tasks with reasonable assurance th:u the requirement: 
would not change. This turned out to be true for the mos 
pan. The si;nifi;ant e,·ent affecting this was the January 196'. 
fire on the launch pad and the tragic loss of three astronauts 
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More stringent specifications of fire resis1ance in the cabin's 
pure oxygen atmosphere turned out to be reasonably 
straightforward to meet for 1he guidance equipment. 

Except for this , the hard ware design remained relat ively 
stable after 1965 . The year 1965, however, was rhe pea k year 
of hardware acti\'ity in which almost 600 man years of effort 
on guidance hardware was expended at MIT out of an MIT 
total for rhe hardware pan of the program of approximately 
2000 man years. Hardware problems did arise aft er 1965 , but 
it usuall y turned out that the expense in dollars and time in 
solving them by redesign could be avoided by putting the 
burden of adapting to the problem on the compuier program 
soft ware . Th is was also true of hardware problems in other 
pans of the spacecraft. 

Software Design 
Adapting to hardware prob lems was only one of the many 

things which made generating the computer program software 
difficult. The primary complication was 1ha1 the details of the 
mission continually changed and indeed were difficult to get 
de fin ed in the first place. Then too , so man y different 
programs were needed- different programs for the Block I 
and [I computers, different programs for the unmanned and 
manned flights, different programs for the Earth orbital and 
lunar missions, and different programs for the Command 
Module and Lunar Module computers . 

The effort needed for the software design turned out to be 
grossly underestimated. Until the fi rst lunar landing in 1969, 
approximately 1400 man years of effort at MIT were applied 
to the task. The peak activity occurred one year earlier in I 968 
with a man year total of 350. 

Pans of the computer programming were accomplished 
early and were essentiall y independent of mission objectives. 
These included the basic code for the computer execut ive 
system, sequence control , timing and interrupt structure, 
unchanged since originally designed by Dr. Lan ing , and th e 
management of the interfaces with rhe computer display and 
keyboard unit , telemetry, ere. Also completed relatively early 
were the complex but not time-critical data processing 
routi nes of navigation, guidance targeting, trajectory ex
trapolation , and lunar ephemeris calculations. Much of th e 
analytical and algorithmic foundation for these came from 
Battin 's earl ier work for the unmanned space mission studies. 
For Apollo , Dr. Battin , Dr . James Miller , Norman Sears, and 
other anal ysts made significant improvements in the ef
fi ciency and performance of these routines , man y of which 
were of fundamental significance. 

The digital autopilots, gnidance steering, and other mission 
specific functions operating during the more stressful pans of 
the flights required considerable coordination with externa l 
agencies-the spacecraft designers , the Manned Spacecraft 
Center, and the astronauts . Several formal data exchange 
procedures were atrempted, but the most effective in many 
cases were the direct personal contacts the individual ana lys ts 
and programmers established with others who they learned 
had the accurate information . 

The computer program requirements were recorded for 
each mission by the Instrumentation Laborarory in a 
mulrivolume document called the " Guidance System 
Operat ing Plan " developed initially by John Dahlen and 
James Nevins. However , the often tardy publication of these 
plans made them more of a report of what was in the code 
rather than a specification of what should be coded . The 
individual programmers al so generaliy drew their detailed 
flowchart s after the code was written . Standard format 
flowcharts were then prepared by a large special documen
tation team and were used primari ly for mission pl an ning and 
real- i ime support. 

Th e 1·ery earl)· programs for the fi rst few unman ned Earth 
orbital test fligh ts were each assembled by a small dedic:ued 
gro up led b~· a chief engineer-programmer . For the fir st 
Command Module flight, Alex Kosmala spent many week s of 

lo ng hours leading the design and coding of program 
CORO~A. Similarly, Daniel Lickly 's great personal effort 
produced the program SOLARIUM. Each of these was an 
amazing tour de for ce which was impractical for the more 
complex manned missions . The computer program for each 
of these later missio ns was th e assigned responsibility of a 
senior engineer who assumed a more technical management 
role. The task fi rst was to partition the job suitably for the 
analysts, specification writers , programmers, test engineers , 
and documentat ion specialists . The leader established 
schedules and progress milestones, reassig ned resources to 
solve ine1·it ab le pro blems, and general ly was responsible for 
the quality of the program. !"iames notable here are Dr. James 
Miller fo r the firs t Lunar Module program SUNBURST , Dr . 
Frederick Martin for the Command Module program 
COLOSSUS, and George Cherry fo r the Lunar Module 
program LUMI NA RY. These last two were the programs 
used for the lunar landing missions. Martin and Cherry also 
did a substantial part of the desig n of the powered flight 
guidance st eering functions for these programs. Alan Klum pp 
made major contributions to the landing program in the 
Lunar Module. Daniel Lickly est ablished the atmospheric 
entry design for the Command Module. 

Much of the detai led code of these programs was written by 
a team of specialists led by Margaret Hamilton. The task 
assignments to these individuals included. in addition to 
writing the code, the testing to ceni fy that the program 
element met requirements . Overall testing of the assembled 
collection of program elements necessaril y required con
centrated use of the considerable human and mach ine 
resources at the Instrumentation Laboratory. The programs 
had to be as near error- free as possible and all anomalies had 
to be understood and recorded for possible affect on the 
mission. Actually. no program errors were ever uncovered 
during the missions, but every program flew with some known 
and documented problems. 

The highest level of testing was performed with a high
fidelity digital simulation of the computer, spacecraft hard
ware , and mission environment. The creation , development , 
and maintenance of this simulator by Dr. Miller, Keit h Glick , 
Lance Drane, and others included man y diagnostic features 
essential to its effect ive use. Testing of the programs with the 
real hardware was done by Ain Laats in his sys1ems test lab. 
Wide bandwidth aspects of the program were evaluated in a 
digital / analog hybrid simulator assembled by Phillip 
Felleman and Thomas Fitzgibbon . This hybrid si mulator was 
also arranged to operate with the disp lays and controls of a 
pair o f cockpit simulators to exercise crew functions in 
operating the Command Module and Lunar Module. These 
cockpit simulators were the responsibility of James Ne1·ins 
assisted by Richard Metzi nger , Ivan Johnson, and others. The 
ill -fated crew who died in the fi re used th is Command Module 
si mulator in Cambridge for their training of what would have 
been the fi rst manned Apollo flight. The use of the Cam
bridge facility was necessary· because neither of the mission 
si mulators at Housro n or Cape Kenned y was ready. 

Another simulator usi ng real guidance system hardware 
and a surplus radar mount to simulate spacecraft mot ion was 
assembled around this time by Nevins and Albert Woodin . 
Th is was mounted on a roo f at MIT using rea l stars and 
moon, weather permitting. Astronauts and managers who 
might have been at fi rst sk ept ical of the system were soon 
ent husiastic in their ability to al ign the inertial system to the 
st ars and navigate the Camb,idge rooftop. 

The content of the flight computer soft ware very cle:ir ly 
determined specific capabilities and procedures in conducting 
the Apollo mission. As st ared earlier , the original philosophy 
underly ing the guidance design was onboard self-sufficien cy 
of the astronauts in m:inaging their mission. Early software 
was written with thi s CT(' \\·-directed autonom y in mind , 
although it w:is based only intu itively on exactly how the crew 
would perform their t:isks. The issue bcc:ime clearer as the 
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as1ronau1s panicipa1ed in the hardware and software des ign 
decisions and panicularly on mockup and simulator 
evaluations and the experience being gained in Gemini fligh ts. 
Initiall y the flight crew changed 1he soft ware specifications so 
tha1 they would participate step by s1ep in the computer 
deci sions during 1he mission phases . This necessarily made a 
heavy workload for the as1ronau1 at the computer display and 
controls. As they gained more familiarity with the system and 
more co nfidence in it, the philosophy was modified to allow 
the computer to now through 1he normal mission logic 
without the necessity for authorizing keystrokes from the 
operator . Ho wever, the astronauts could watch, interrupt, 
and modify the functional flow if they so chose. 

Another decision from the crew resulted in configuring 
details of the trajectories to be flown so that they could better 
monitor 1heir progress and, if a failure occurred, they would 
be in a simpler situation from which to take over with backup 
hardware and procedures. For example , the Lunar Module 
guidance was easily capable of injecting the vehicle on the 
ascent from the moon's surface onto a trajectory which would 
go directl y 10 a rendezvous with the Command Module. 
However, the actual procedure used involved a number of 
more simple maneuvers called the concentric night plan which 
has been used in Gemini rendezvous exercises. 

Gemini was flown for the last time in late 1966 , and the 
attention of the astronauts and the ground controllers was put 
fully onto Apollo . By this time, . however , the computer 
programs were already straining the memory capacity . The 
Flight Operations Directorate at Houston had taken over the 
managemen t of the MIT software contract in March 1966 
under H_oward W. Tindall. One·of Tindall 's first actions was 
to hold a computer memory storage meeting with all involved 
parties to decide what computer capabilities should be in the 
limited program space. This occurred on Friday the 13th of 
May and was thereby nicknamed "black Friday" by those 
whose favorite program elements were eliminated. Two more 
black Friday meetings were required and several "tiger 
team s" were assigned to keep the computer program with in 
its bounds. An outcome was that some programs were 
eliminated that had provided !he complete onboard self
sufficiency. The ground tracking facility and the · Mission 
Control a1 Houston would be able to perform these functions 
and would , furthermore, relieve the astronauts of some of 
their wor k burden. Enough was lef1 in the onboard computer 
programs, however, for the crew to rescue themselves and 
rernrn 10 Earth in case communications were lost. 

The management of the software effort , assigned at the 
1ime to Edward Copps, necessarily became far more struc-
1 ured. Tindall , supported by others from the Manned 
SpaceCiafr Center. held monthly Software Development Plan 
J\·lee1 ings in Cam bridge to watch progress and the allocation 
of resources to software tasks. After the programs were 
essentially complete but still subject to revisions , these 
meeting , changed character to tha1 of a Sof1ware Control 
Board held oftentimes in Houston. Even after the code in the 
fixed memory for a gi ven spacecraft was released for 
manu fac1ur e, desired program changes were identified. The 
log ical similarity of fixed and erasable memory and the 
nexibil i1~· of executive and software design s did allow the 
prelaunch or in-fl ight loading of special programs in10 the 
erasable memory. Thi s was done only under stric1 
au1horiza1ion of Tindall 's Sof!ware Contro l Board . Many o f 
these so-call ed erasable programs were used in flight to handle 
miscellaneous problems. 

D uring th e la!!er part of this period , Tindall also conducted 
in Houston wha t were called Da1a Priority Meeting s. These 
were held 10 establ ish 1he speci fie trajectory characteristics. 
operating 1imelines , and the imerac1ing ground comrol and 
astronaut procedures under all normal and unusual co n
dit ion s. T he guidance hardware and particularly 1he computer 
program s in 1he memory influenced strongl y 1he specific paths 
possible in conducting the mission. ,\ccordingly 1he 1ask was 

put 10 Malcolm Johnston, a1 MIT, 10 search qui the needed 
detailed design dara a\·ailable from the engineers in Cam
bridge for 1he Dara Priori ty ac1ivi1y in Houston . It was the 
product of these meetings that finall y tied together all mi ssion 
operations with the guidance, na1·igarion. and control. 

Crew training in these operations on 1he mission· simulators 
required the detailed guidance sysrem ins1ruc1ions pro\·ided 
1irelessly by Russell La rson working wit h the astronauts a1 
Houston and Cape l.,'.ennedy. 

Flight Experience 

The flight experience of the Apollo guidance system shows 
a remarkable consistency with expectation punctuated with 
ou1righ1 surprises. 

T he undersianding of these surprises and the recom
mend ing of appropriate courses of action fell in large pan on 
the lns1rumemation Laboratory teams providing guidance 
system mission support in place at Houston , Cape Kennedy, 
and Cambridge . During the quiet times o f the flights , only 
perhaps four lab engineers would be on du1y, but the number 
rose a1 times to several dozen performing special analyses , lab 
tests , and simulation during more active phases. Leaders of 
this act ivity were Philip Felleman , Russell Larson, and 
Stephen Copps . 

The firs! mission carrying the guidance system was Apollo 
3, which new in August 1966 . It was an unmanned , high
energy, suborbital trajectory with four separate guidance 
controlled burns of the Service Module propulsion rocket. 
These were arranged such tha1 the Command Module would 
emer the atmosphere with about 200io more specific energy 
than that in normal returns from the lunar missions . This was 
planned in order to stress tes1 the re-emry hea1 shield. The 
landing east of Wake Island abou1 350 km shon of the in
tended target was due to an unanticipated error in the 
aerodynamic model of the Command Module. The acrnal lift 
available was less than design intell! so that even though the 
guidance commanded full upwards lift , the vehicle dropped 
into the ocean early . The guidance indicated splash point was 
wi thin l 8 km of the Na\·y's reported retrieval poim-this after 
an hour and a half o f uncorrect ed all inertial navigation 
through high-acceleration maneuvers. 

Apollo 4 , November J 967, also unmanned, was guided into 
a high apogee trajec10ry after two Eanh orbits and was to be 
given an extra rocket burn on the way down to simulate !he 
lunar rernrn velocity. However. in thi s automatic maneuver , a 
ground comroller in Australia. confused by a delay in 
telemetry, sell! an engine turn-on signal from the ground just 
after it had already been ini1ia1ed automaticall y by the 
guidance sys1em. Thi s action transferred rocket cutoff 
responsibility away from the onboard sys1em. The ground 
controller sent the cuwff signal 13 .5 s la1 er than required fo r 
!he planned entry test conditions . It was, therefore , a severe 
entry test for both the heat shield and the guidance system. 
The latter controlled the entry imo a range stretching skip ou1 
o f 1he atmosphere and a re-entry back imo ii with a splash 
imo the ocean 3.5 km d ifferent from the poim imended as 
indicated by ex1rapola1ed ground tracking data. 

Apollo 5, in Earth orbit in January of J 968, was 1he onl y 
unmanned 1es1 with 1he Lunar Module . The mission wem as 
planned until the time of the firs ! guidance comrolled Lunar 
Module rocket burn . The system initiat ed ignition as planned 
and using the appro\·ed model for 1hrus1 buildup looked for 
1he accelera tion to rise as expected . A change in the rocket 
press urization . no! recognized bY the softwa re. delayed 1he 
1hru s1 buildu p lo nger 1han acceptable by a safery criterion 
bu ilt imo the computer program . The s~·stem , as designed, 
1hen immedia1el y signalled shutoff. As a result , since the 
problem was no1 immedia1ely under stood , the remaining 
rocket burn s were controll ed by a si mple backup s1·s1ern. All 
prim ary mi ssion objec1ives were met. 

Apollo 6. in Apri l I 968, had a missi on similar 10 Apollo -L 
but unfonuna1e l~· the Saturn boost er 1h ird siage could not be 



• 1: D .G . HOAG J. GL!DA NCE 

rest:med for the lun.ir trajectory injection simulat ion bu rn . 
Consequently , the spacecraft Servi ce \1odule was used for 
this under guidance system control. Since the resulting burn 
was necessari ly very long as targeted , not enough fuel was left 
for the maneu\'er· needed to dri ve the spacecraft back into the 
atmosphere at lunar return velocity . With lower velocity the 
vehicle did not have enough specific energy to reach the 
planned target , and ir fell shorr by al most 100 km, with the 
guidance indicating a splash within 4 km of that later reported 
by the recovery force. 

The first manned t1i ght , Apollo i, October 1968, exercised 
a rendezvous with the spent third stage of the Saturn booster 
from about 100 miles separation . The sextant was used by 
astronaut Don Eisele 10 give direction information 10 the 
computer re ferenced to the stellar aligned inertial system . No 
ranging data were obtained as the equipment was not yet 
available. Nevertheless, the computer converged upon a good 
rendezvous solution . Three times during the flight untested 
procedures used by the crew caused the computer to "restart" 
successfully. Restart was a software feature provided in all 
programs to protect against data loss and provide instant 
recovery from logically improper acti vity . Many ti mes in later 
flights , restart accommodated safely to computer logic and 
operational problems . 

Apollo 8, with the first men to orbit the moon , December 
1968 , was a wonderful success of man and machine. All of the 
guidance features in the Command Module were exercised 
with few problems . In the very first application of onboard 
autonomous navigation in space, astronaut James Lovell 
made over 200 sextant sightings on the way out to the moon . 
His computer solution of the nearest approach to the backside 
of the nioon agreed within 2.5 km of that later reconstructed 
from ground tracking data . The critical return- to-Earth 
maneuver, Christmas morn ing , was so accurate that on ly a 
single 1.5-m/ s midcourse maneuver was required 5 h later. 
Lovell 's trans-Earth navigation with the sextant indicated 
approach to the center of the entry corridor within 30% of the 
normal tolerance. By this he showed that he could have 
returned safely without the help of the ground contro l. At one 
point early in the return, Lovell , thinking he was telling the 
computer that he was using star number 01, acruall y punched 
in the command for the computer to go to the Earth prelaunch 
program 01. This caused all sons of mischief includ ing the 
loss of the inert ial system al ignment. He had no problem 
getting all this quickly and properly rearranged. 

Apollo 9, which flew a very complex mission in March 
1969, exercised almost ,all functions of the Lunar Mod ule 
guidance in Earth orbit including the rendezvous with the 
Command Module. The only in -flight guidance hardware 
fai lure in the program occurred early in this mission . A tiny 
pin became dislodged from the scanning telescope angle 
counter display, rendering the counter useless. The counter, 
however , was only a backup to the normal readout of the 
computer display, so fortunatel y the problem had no impact 
on the mission . At one point, astronaut David Scott loaded 
the celestial coordinates of Jupiter into the computer and 
asked it to point the optics at the planet. He was rewarded 
with a fine display of Jupiter and her moons in the 28-power 
instrument. Later , he loaded the computer with the orbital 
parameters of the Lunar i\fodule which had by then been 
abandoned and sent away into a high orbit. There it was in the 
eyepiece 5000 km away. 

Apollo I 0. in May I 969 , was a complete lunar mission, 
except the actua l touchdown on the moon was bypassed as 
planned. All guidance functions were unevent ful except that a 
new technique and program were developed during the fl ig ht 
to put the vehicle into a stable rotation of 3 revolu rions per 
hour during the long coast ro the moon . This spin had been 
used earlier in Apollo S ro keep the thermal loads on the skin 
from the sun equalized . bu t on that mis sion occasional firings 
of the attitude jets were comm anded b)· the contr0l system to 
hold the spin as requ ired . Besides ll'as: ing fuel. the noise o f 

these firi ngs disturbed the crew 's sleep . Duri ng Apollo 10, 
Joseph Turnbull. in Cam bridge, exerci sed ,·arious met hods on 
a simulator for initiat ing the spin so that the residua l fluid 
motions in al l the fuel tan ks wo uld not later on destabi li ze the 
spacecraft motions. His procedures were radioed to the crew 
vi a Mission Control in Houston; on the second try it worked. 
and stability was achieved without further thrusrer acti\'ity. 

Finally on J uiy 20 and 21, 1969. Apol lo asrronauts first 
walked the ·'magnificent desolation " of the moon 's surface . 
The acrual land ing was part icu lar ly exciting, however, due ro 
alarms in the computer during the descent. These alarms were 
caused by an erroneous mode switch position resulting in 
maximum pulse rate signals being sent to the computer fro m 
the rendezvous radar, which was, of course , not needed 
during the landing . The computer , alread y operat ing near 
capacity , was overloaded by these exrraneous inputs causing it 
to restart and display rhe alarms. The ground controllers and 
Neil Armstrong were on top of the problem. They knew well 
th at the computer . in resrarting , would keep the essential 
programs running for the landing. However , Armsrrong:' s 
attention was di verted during the time he should have been 
using the window di splay which would indicate to him what 
the lunar surface was like at the point where the guidance 
sysrem was bringing him . When he finally loo ked, it was a 
young ray crater strewn with large rocks. It was too late to 
retargei the computer for the more efficient trajecrory change 
to a more suitable point . Instead, he seiecred a semiautomatic 
alt itude hold mode and maneuvered across the crater to a 
landing at "Tranquility Base. " 

Apollo 12, in November 1969, was hit by two lighrning 
srrikes early in the boost to Earth orbit. The large current 
pulses , passing through the innards of the Command Module 
because of the electrical insulating: properties of the exrernal 
heat shield , caused power transients which forced the com
puter to restart both times. Although the computer did not 
lose an y memory, the interface circuits to the inertial system 
were temporarily affected and spacecraft commander Charles 
Conrad reported a tumbling inertial platform. Fortunately, 
the Saturn booster guidance system, further distant from the 
current pulse, was not disturbed and completed its normal 
function . The crew was able to realign the inertial system to 
the stars while in Earth orbit, and continue the mission. They 
landed on the moon on rhe edge of the smal l crater in which 
had sat the unmanned Surveyor spacecraft si nce its arrival 2 './:? 
years earlier. 

The emergency and rescue of the Apollo 13 crew in April 
I 9i0, after the explosion and loss of oxygen and power in the 
Service Module. urgentl y depended upon a quick maneuver to 
get back on the Eart h's return trajectory using the only 
propulsion a\·ailable. that of the Lunar Module . The Lunar 
Module autopilot was not designed to push the heavy 
Command and Service Modules through the limber docking 
joint as a normal control mode. However , for just a con
tingency such as th is , the necessary software had been 
developed and was included in the computer program; but it 
was very litt le tested. The critical maneuver was accomplished 
with stable contro l. Without Servi ce Module power and in 
order to conserve the lim ited life Command Modu le batteries 
for the entry, the guidance system there was shut down 
completely . Airer three da ys of co ld, rough treatment fo r the 
precision instruments, would the ineninl system get reheated 
without ha rm , get started and realigned , and retain its 
original calibrat ion for guiding entry? The entry proceeded 
normally and splash in the ocean was indicated with in 1 km of 
the ta rget. 

The Februar)· 1971 mi ssion of Apollo 14 was normal fo r the 
gui dance system unt il about 3 \I: h be fore the scheduled 
power~d descent onto the moon. At that ti me the Lunar 
~fodule comput er si aned receiving imermi uent fa ulty , igna ls 
from the main panel abort but:on, \\'hich. if they occurred 
during the descent to the moon. wou ld irr e, oca t:>ly start the 
abort sequence sendi ng tile ,·ehicle back int o orbi:. As in every 
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mission, the Instrumentation Laboratory§ support engineers 
in Houston , Cape Kennedy, and Cambridge were monitoring 
progress and immediately started working on a way of 
preventing the mission from being terminated needlessly. 
Among the \·arious ideas proposed, one suggested by a yo ung 
engineer, Donald Eyles. was selected and afrer hurriedl y being 
rested on rhe simulators in Cambridge was sent over the 
circuits to rhe Mission Control Center in Houston for their 
evaluation . This procedure , which was sent up to the crew as 
soon as they came around from the back of the moon, in 
volved four sets of computer input keystrokes to be made 
on board at appropriate times in the descent. The first of these 
would fool the necessary part of the computer logic into 
thinking that it was already in an abort mode while the land
ing programs , nevertheless, would continue tO bring the 
vehicle down to the lunar surface . The astronauts had only l 0 
min after receiving this computer reprogramming procedure 
before they had to start their descent. They accepted it; and 
the landing went nawlessly, exactly to the planned spot on the 
moon. 

There were three more lunar landing missions, three Earth 
orbiral visits to the Skylab, and the rendezvous with the Soviet 
cosmonauts in Soyuz . Although the Apollo guidance, 
navigation , and control system continued to get involved in 
the unexpected , any further account would be anticlimactic to 
the dramatic saving of the Apollo 14 and its objective- the 
landing of men on the moon. 

Acknowledgments 
This account is written from the point of ·view of one who 

experienced these hectic but exciting years. The intent is to 
underline significant evenrs and everchanging design emphasis 
and to support this with limited anecdoral items and 

§Actually, a year earlier, the Instrumentation Laboratory had been 
renamed The Charles Stark Draper Laboratory in honor of its 
founder. 

reminiscences. An enormous amount of material has been left 
out for practical reasons, and many worthy names regretfully 
remained unmentioned . Technical details ha \·e been 
deliberately played down: they can be found in th e references. 
One o verall message is simple: In an incredible and audac ious 
task, the landing of men on the moon , the guidance systems 
for the spacecrafts were created out of the prolifi c 
imagination and hard wor k of man y people. 
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the years and currently includes space policy, and the legal and economic issues 
associated with increased utilization of space. 

This Fall, all the members of the Tufts Chapter attended the November Section 
meeting at Automatix and enjoyed the discussion of robotic and artificial vision 
systems. Every Spring, the New England Section holds a monthly meeting at the 
Tufts Faculty Club which is always well attended. We hope to see everyone at 
Tufts on February 28 for the next Section meeting. More information on the 
activities of the Chapter can be obtained from the President, Nakul Talcherkar at 
623-7736 or faculty advisor, Robert Greif at 381-3239. 

---Robert Greif 

~ Company Profile: Intermetrics Inc., Cambridge, Mass. 

Intermetrics Inc. is an internationally recbgnized, high technology company 
successfully engaged in a broad spectrum of contract and product activities for 
government and commercial customers. In addition to being the world's largest 
independent builder of language compiler systems, Intermetrics is involved in the 
development of real-time applications software in the aerospace field and the 
manufacture of customized, turnkey systems for factory productivity monitoring and 
petrochemical flow control. 

Founded in 1969 by five senior staff members from the Apollo project at the 
M.I.T. Instrumentation Laboratory, now C. s. Draper Lab., the company now has 
about 600 employees of which over 300 are located at its Cambridge, Massachusetts 
headquarters. 

In the aerospace area, Intermetrics provides customized applications software 
and systems engineering services for the design, testing, implementation and 
operation of advanced avionics systems, including in-flight computer systems, 
computerized simulations, and laboratory testing environments. Intermetrics 
custom-built software programs monitor and initiate various in-flight or in-use 
procedures for aircraft, space vehicles and ships. Intermetrics is currently 
involved in various stages of several major programs, including the Space Shuttle, 
the Global Positioning Satellite Navigation System (GPS or Navstar), the Navy F-14 
aircraft, the Air Force B-1 aircraft, the Grumman X-29 Forward Swept Wing 
Aircraft, the Navy's Command Flight Display project and the Boeing 757/767 
commercial airplane. 

The company is now under contract to the Air Force and other government and 

commerical customers to design and build the Ada Integrated Environment (AIE). 
This system includes state-of-the-art optimizing compilers, an Ada symbolic 
debugger, and a separate compiler and configuration management database. 

For further information, contact Intermetrics Inc., 733 Concord Avenue, 
Cambridge, MA 02138, (617) 551-1840. 

---James H. Flanders 

Editor 

Lester Sackett, c.s. Draper Lah., MS 60, 555 Technology Square, Cambridge, MA 
02139, (617) 258-1325. 
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