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HW-15

HW-14
TMU COARSE ALIGN LOOF
IMU COARSE ALIGN LOOP

The ccarse align loop drives the IMU gimbals to the angles d by the nputer with an accuracy The servomechanism used to achieve coarse allgn of the Block II IMU is ahown below.
of £1.5%, The coarse align mode also acts A a caging mode when a gizbal lock condition is approached.
The three bagle elements of the coarse align loop are the Digital Computer which issues angle commande Error Counter Enable
(48,) and moding discretes, the IMU, and the ECDU which encodes giml position and provides position o B T el S e

—— rer Align Enable

(3

and rate feedback for proper loop operation.
0.6 8 192 Pulses

I ]
: pae e {4

IMU FINE ALIGN LOOP Digital ..:[_l._| ol popy  [Cutree Alien Voltuzg u_.”,.wwﬂ:_scu Ixand 16x | %G
c T held Rosolvers (e
The fine align loop drives the IMU gimbals to the computer cormanded angles * 80" by pulee torquing
the gyros. Fulse torauing ic a computer controlled switching of s constant current scurce to a gyro X W
torguer winding. The current produces gyro torque, a corresponding precession rate, and hence, gimbal *u.: g 08 01 8IN16 8, cos 16 cn
poeiticn.

IMU Coarse Align Loop

IMU INERTIAL MODE

The following sequence of events 1s performed by the computer each e the Coarse Align program is entered,

The elements of the inertial mode are the gyro, stabilization amplifier, and gimbal torgue motor. - . ;
1, Is Ci Align Enable. The ter sets Bit 4 of Ch 1 12 which lss the Coar 1 o .
The gyro senses Inertisl rotation about its input sxie and supplies torquing to the gimbel via the _.,mwu.._. ke e i bl e ket Hhieh SsUEa de LotrRg Do hibible dacrite b the
stabllization amplifier to compensate for the motion. ] 5
2, Issue Error Counter Enable, The computer sets B of Channel 12 which issues the Ervor Counter Enable discrete to

all three IMU axes of the ECDU.

reed with the desired

4. Determine Command Angle. The cont the computer gimbal angle counters are re:
v
APOLLO TNERTTAL INSTRUMENTATION/STABLE MEMBER CRTIENTATION DIAGRAM b g et o BT e e R

commands are i
seconds, The

at a rate of 3, 200 pulses/

I the com

4. Issuc Command Angle. Gimbal an
gecond. Each burst requires 60 o
integral multiple of 192 pulses, the
computer by setting Bits 13, 14, and 15 of Channel 14, Al thre
gimbals to be slewed simultaneously,

Gyro drift is positive when the SM drift rate is about the positive gyro input (TA) axis.

Irift Rate Gyro Drift Cosfficient
lbout A
oot A gl NED ADTA ADGRA 4§, Determine If Command Angle Is Achieved. Alter gimbal commands have bee
tion and compares the position achieved with the desired angle.  If the differen:
-NELX *, =
Hxam it ADIAX (ayey) ATERAX. (8] sssued.
W, +NEDY +ADTAY ) ~ATERAY (a,0,,)
P m.w.m.z 251 Steps 1 through § constitute a computer control process which positions gi in an open sense.  The computer does not
«.__mhz ~NEDZ +ADTAZ ﬁwm-m:u +ATRRAZ ﬁwﬂmzu final gimbal poaition such that corrective commands can be issued if the desired position he been reached. The check on
position 18 used to determine if an alurm condition exists,
A, A, 1e positive mlong positive stable member axes.
s Byaw’ Spau When addressed by the Goarse Align Enble discrete from the computer, the ECDU:
EH | 18 1. Provides a ground to the PBA coarse align input relays, thereby switching the stabilization ier nputs from IRK:

g
SRA outputs to the ECDU DAC output.
Bupplies a ground for the PSA stabilization amplifier demodulator relay, thereby changing the reference excitation of the

£, oA . 2,
Q stabilization amplifier ring demodulators from 3, 200 Hz to 800 Hz,
A
8RA 3., Provides grounds for the coarse alipn relay in each of the stabilization amplifiers, thereby changing stabilization
O/ 54 amplifier servo compensation,
Y T 4. Generates an Internal moding slgnal which enables gimbal feadback pulses (A2°) to Increment the ervor counter, This
GYRO Z GYRO signal also changes the read counter high speed pulse rate (Pp pulses) from 12,8 kpps to 6. 4 kpps.
IA
YsM

Gyro IA Along SRA Along OA Al cing ‘When addressed by the Error Counter Enable discrete from the computer, the ECDU:
o 1, Generates an internal moding signal which allows error counter pulses (Fp = az® or &0;) te increment the error counter.

x +X84 Y8 Absence of this discrete zercs the ervor counter and holds It there,
wi, +YEM _TEN +iEM 2. The Erroer Counter Enable command (E) 18 combined with the Coarse Align discrete :ua& and the CDU Zero command

(CDUZ) to mede the read counter in accordance with the following logic equation,
Z =ZEM -YEM +TXBM ! Y= B Cy + CDUZ

3 where
a. The presence of ¥ Inhibits Py pulses from incrementing the read counter
Input axes of the X, ¥, Z accelercmetars lie respectively slong positive XSM, YSM, ZSM axes, ) 4 Ik e
b, E = Error Counter Enable '"not"

¢, Oy = Coarse Align Enable
d. CDUZ = CDU Zero Discrete
€. E. Cp isan "and" eperation
f. + iaan "or" operation

ing the read ecunter in this fashion will prevent gimbal drift due to residual voltages within the loop. The fine
error will accumulate to a value such that the effect of residua! veltages is cancelled.
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HW-26

GYRO PULSE TURQUING

Oyrs torque, Its cormaponding precesalon mate, asd hesce gimbal panition are controlled by regulating tbe pulss widih of gyro
tamuer carrent, In the Fina Allgn mode, the langih of the lorquer current pulse 1o procinely controlled by the computar to achiove
o desired glmbal position,

Ta tarqea & particular gyrs, the followlng sequence of commands i {usued by the computers
1. Gyro Torqua Enable
2. Gyro Select
3. Gyro Bet [tha Gyro Feset command |8 lasusd st all timen when Gyra 8ot 18 offy
o Torgea Enabla C et

The Gyro Torque Enable command s isnued by the computer through Bit & of Chansel 14, The Bit 6 gates & 102, 4 kHz pulse train
cat of the computar Lo & relay driver In the Gyro Calibraticn Module. Whes actualed, 28 ¥do in applied ta the Frecinlon Voltage
Refarenca [PV} supply asd 120 Ve 18 agplied 1o the Bloary Currest Switch sod DC Dilforectial Amplifier. The Gyra Torque
\Entble command must be {azued 20 millissconds prior ta tha Gy Balct Comaand b asdurs ample Hime far relay closurs.

“I ||||||||||| RG]
I DG Diffe restial }
I Amplifier |
| Y | o et b ® |
PVER
1 || \ |
I & I
| Ditterantial I
! |

Amplifier and

& Vde

T* 53585 Ohow

=85, 003 mA

Torquer Curreat

Bcnla Frctlor
el Renlstor Gyre
Caliration
Module
S i i e G B

Gy Belect Command
Tha Gyro Select commaad |8 controlled by the compater through Dita 7, 8, sod 8 of Channel 14.  Tha selection logic is shown In the
fallowing table

HIT Bi: QI JORGUER WINBING

e Rrmes
hese e
monooe
o
~]

-z

The mode logle abown above gatea a 102, 4 kHz pulse train out of the computar to oae of aix Lrasaistor #witchea in the Gyra Calibra-
tioa Moduls, This palse train will closs the transistor switch, thereby enabling torquor curreat when the Oy ro Set comniand 1a
fapued. I more than one gyro I8 1o be torqued, the order of selection s ¥, Z. and X with each gyro belng completaly tomued
before the next one L selected.

1o Sel Command

The Gyro B¢t command I controlled by the computer throogh Eit 10 of Chaznosl 14, Thin bit setn n flip-flop which gates & 3.2 kHz
paules Lral sul of he eomgputer to the Binary Curreat Swhtoh vis the Gyro Calibration Module, When actunted in this mamser, gyTa
torqus currest 1s switchad from the §20-chm dommy load to the torque winding selected by the computer, When the desired rumber
of set pulses bas been issued, the flip-flop ia reset cauding current Lo be transferred from the torquer winding %o the dummy losd.

If the pumbar of set pulses ta be insoed s leas than 16, 384, they are all lasued Ia & single burst ol a rate of 3,20
ber s greater than 16, 324, they are divided lots groups of 8,192 pulaen plus & remalnder, Oimbal poaitioalng
isuing pucceasive burats of 8, 103 pulsen, each neparated by n 30 dalay, plus tha
Pulsa Torque Boale Factor
Tha pulss torque soals fastar, |n are-seconds of gimbal travel per computer set pulae, ls 0, 81788121, 760 ppm at the G & N level
of taal. Tha torque produced by each gyro torguer is:

7= Ki® = 4,335 dysocm

ppe. 1 tbe oum-
on aohieved by

whare
K is microays seoalilvlly s dyea-cm/amp®
1o mlcroayn curpent
Each torquar 1o padded to provida 4, 336 dyne-om of torque for & currend of A5, 903 mA.
Torquer current Is precissly set pad regulsted by the PYE and the scale factor resiator In the Gyro Calibratios Module.
Tha gyro pales tomus loop oparaies to ackleve plmbal positicnlng usder computer contrel by eantrolling the gy o precesslon rate
and, hence, gimbal rate. The maxlmum alew rate capahility of tiln Aystem in:

Fioue o B e = 10 mrad/s

1", 4ad x 10t ibaem

T = microayn tarue
H = gyro angular momestam

GYRO PULSE TORQUIN G LOOP

Sliprings

To PIPA Preamplifiers

28 Vde (PSA)

Error signal goes to resolver for middle
and outer gimbal, then to stab amplifier.

¥, 3,200 Hz

Preamplifier

®_Ducosyn Exeitation Transformer

IRIG

talv

TG

2V PIP -a—

HW-27

PTPS = Pulse Torque Power Supply

= Pulse Torque Assembly (LM

PIPA Electronics Assembly

(CD)

current to be applied to a dummy load).
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IMU FINE ALIGN FUNCTIONAL BLOCK DIAGRAM

Gyro

=g T =

Stabilization Amplifier

Gimbal
1 Preamplifier 5 s Torquer Gimbal
= 15K( —_ +1)(—- +1 :
c 1,310 415 17 en] - ahal 5
V/ - il J s
s rad c e L —
7t l) I (0. 125 I) (2, 000 ])
az
=
| 5
H [
A =
R e %:3.7“106,1
= 52 T / =71, —6
e g et gt s e K=2 , M 1.52x 10", M 1.85 % 10 &,SM
i rad/sec = 178 s il (o) 0935 00
dvn - em K=3 ,0 dyn - cm rad/sec?
C = 0.475 x 10° —w—-_rid/sec e s

I = 367 gm - cm®

Gyro Torque = K I* = 0.6(85)° = 4,335 dyn - cm
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HW-31

APOLILO 25 IRIG

Moments of Inertia;

about OA: BOTES g:t'enrm:m2
about IA: 650. 8 gram-cm?
about SRA: 724,9 gram-cm
Damping Coefficients:
about OA: 4,75 x 10° dyne-cm/rad/sec
about TA: 1.5 x 10 dyne-cm /rad/sec

about SRA: 1.5 x 107 dyne-cm/rad/sec
Wheel Excitation: 28 volts, 800 cps, 4.5 watts at synchronism
Wheel Speed: 24, 000 rpm
Angular Momentum at 24, 000 rpm: 434 x 103 gram~cm2 sec
Signal Generator:

Input: 4 volts, 3200 cps
Sensitivity: 10 mv/mrad

Torque Generator Sensitivity: 0.6 dyne-cm /mal2
Pulse Torque Scale Factor: 77,’220 rad/pulse at 3200 pps
Magnetic Suspension:
Input: 4 yolts, 3200 cps
Stiffness: 6 gm /0, 0001 inches Radial
0.8 gm/0.0001 inches Axial

Typical Temperature Sensitivity

Scale Factor: 400 ppm/° F
Drift: 0.2 meru/® F

Actual IRIG temperature
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GYRO PARAMETERS

gyro parameters are ADIA, ADSRA, NED and scale ?h.nn_. Specification values across IS3, G&d,

and 5/C testing are as shown in Table II-1

Teble II-1
Gyro Coefficient wm-.c.._.r._.a_. Criteria
Coafficient — | Units e i) Max
Acceleration Drift along the IA maru/g 17 33 Lo 100
(ADIA)
Acceleration Drift along the SRA maru/g 14 21 25 ko
(ATBRA)
Hon-Acceleration Blas Drift mary 6 9 1n 15
(HED)

Gyro scale factor limits are & 1750 ppm.

The maximum valus of gyro performance paramsters which can be compensated for by the computer is shown
in Teble II-2,

Tabla TI-2
Coafiicient Unite
ADIA meru/g
ADSRA meru/g
HED maru

IMU GYRO COMPERSATION

The compensated PIFA data is used to compute the IRIG torquing necessary to cancel the NED, ADIA and
AISRA gyro coefficients. The computations are

where

XIRIG = |Eva§n+EEEbHaaEbn

YIRIG £ =-ADIAY wﬂmﬁn + ATSRAY m.HEﬁn - NBDY A &

ZIRIG - = ADTAZ Eﬁn:EEﬁn‘vEDa
XIRIG, YIRIG, ZIRIG are gyro drift compensations
NBIX, WEDY, HBEDZ are gyro bias drifts (an erasable load)

ATSRAX, ADSRAY, ATERAZ are B.u.o drifts due to acceleration in spin reference axis
(an erasable load)

ADIAX, ADIAY, ADTAZ ave gyro drifte dus to accelsration in the input sxis
(an erasable load)

When the magnitude of any IRIG command exceeds two pulses, the commands are sent to the myros.

During free-fall only the NEDX, NEDY, NEDZ are ths relevant ccefficients and the routine iz go ordered
that only thepe terms are calculated for the gyro compensation.

The computer NED registers are 1460, 1461, and 1462 for the X, ¥, and 2 gyros respectively.

OYRO DRIFT MED = (.007835) (Reg Contents in Decimal ) MERU

HISTORY OF IN-FLIGHT GYRO DRIFT ERRORS

N = Number of

|

HW-33

Data Points
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1 1
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CM LM
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*After in-flight compensation

change

** Tpeufficient number of data points
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IMU GIMBAL ANGLE AND OPTICS SHAFT SCALING DIAGRAM

Contents of Respective Locatlon in AGC

WVHOYIO SOVAMI LN DOV /a0 W

40000g I

| 400008 600003 00000g 20000g

-180° -150° ~120° -90° -60° -30° 0° +30° +60° +90° +120° +150° +180°
Actual Optics Shaft Angle or IMU Gimbal Angle
DEKY Indication and CRT Display on RTCC

+180° +210° +240° +270° +300° +330° 0° +30° +60° +30° +120° +150° +180°

NOTE: For Colossus, V16 N91 monitors the optics shaft angle in R1 (+XXX. XX); V16 N20 monitors the IMU gimbal angles
as follows:

Rl: Outer Gimbal (+XXX, XX)
R2: Inner Gimbal (+XXX, XX)
R3: Middle Gimbal (+XXX,XX)
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OPTICS TRUNNION SCALING DIAGRAM

e CRT Display
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‘ 52640y ] [ TTTTTy |_ | ATTTg I 61".|'40R l Location, 0035 g
Kegative I Positive I | in AGC (CDUT) =
Zero | Maximum l | <
| | | | F | | | |
l I I | | | l I i

-10° 0° 0 +30° +40° +50° +G0° £ +80° +40° +100° LOS Trunnion Angle
+19 t I *hid. 775° i
A0 e R +2(* +30° +40° +50°% +60° +70° +80° Bl +10° DSKY Indication
(V16 N91,
Colossus,

R2: +XX. XXX)

NOTE: CDUT (LOC 0035 is loaded with a -19, 775" bias during ZERD OPTICS. This bias produces positive driving commands for angles
up Lo téd, 775° in the CMC mode. Without the bias, the CMC mode would drive the trunnion to the negative stop for command angles
of 45% or greater,
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CM OFTICS

The Optical Subsystem has three major modes of operation (MANUAL, COMPUTER,
and ZERO OPTICS). :

The configuration of the Sextant Trunnion and Shaft servos determines the mode
of operation and is controlled by switches on the G&N Indicator Control Panel.

ZERO OPTICS is a Sextant velocity follow-up servo commanded to zero degrees
by position measuring resolvers mounted in the SXT head. The actuating errors
are the sine windings of the 64X and 1X resolvers for trunnion and the 16X and
1/2 X resolvers for shaft.

COMPUTER operate optics uses the Sextant servos in an integrator configuration
that accepts position commands from the CDU DAC's, The computer supplies
the CDU Error Counter with pulses every .24 seconds, At each .24 seconds,
the computer recalculates the number of pulses required to position the 1.OS
using information obtained from the CDU Read Countexr.

MANUAL* mode uses the Sextant servos in an integrator configuration that
accepts velocity commands from the Hand Controller. There are two sub-modes
of the MANUAL mode, DIRECT and RESOLVED,

For the DIRECT MODE up and down Hand Controller motion results in increasing
and decreasing trunnion angles respectively and right and left Hand Controller
motion results in increasing and decreasing shaft angles respectively.

For the RESOLVED MODE up-down or left-right Hand Controller motion results
in up-down or left-right image motion respectively.

The SCANNING TELESCOPE SHAFT servo follows the Sextant shaft servo in all
modes of operation of the Optical Subsystem.

The SCANNING TELESCOPE TRUNNION servo follows the Sextant trunnion servo
in all modes of operation of the Optlcal Subsystem execept when the Optical Sub-
system is in the MANUAL mode and the TEL TRUN is set to 0° offset and 25°
offset, In the 0° offset and 25° offset modes, the SCT trunnion angle is held at
0° and 25° respectively.

* During Program 24, the SXT integrators accept velocity commands from the
Hand Controller and the CDU DAC's. The computer supplies rate commands

to the shaft and trunnion CDU Error Counters (by setting bit 2 of Channel 12,
Enable Optics CDU Error Counters) and inhibits feedback from the Read Counters
to the Error Counters (by setting bit 8 of Channel 12, TVC Enable).

BLOCK Il OFTICAL SUBSYSTEM

FUNCTIONAL DIAGRAM

M IIATEN COMTROL PANEL

HW-49
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RESOLVERS AND
TWQO SPEED SWITCH

B3 pulses

TRUNNION COMPUTER OPERATE MODE FUNCTIONAL BLOCK DIAGRAM
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OPTICS TRUNNION DRIVING LIMITATIONS

OPTICS TRUNNION SCALING DIAGRAM

EEmr] ] e
l
|

|
I
i
I

|
|
|
I Poaltive |
Zern

00000 |

10000

Negative
P Maximum T Contents of
el L) Loention 0038
..uullw Positive | in AGC (CDUTY
dure Maximum |
-10" . . .
=40 00 +100' LOS Trunaioa Angle
TS . - i
ST 0 +10° DERY Indication
ViE Nay,
Coloasus,
R2: #XX, XXX)
NOTE: CDUT (LOC 093% In loaded with a -15, 775" bias during ZERO OPTICS, This bias produces positive driving commands for angles
5P to =4, 773" In the CMC mode. Without the bias, the CMC mode would drive the Erunnion to the negative stop for gommand angles

of 45* or greater,

Since optics trunnion scaling is 9. 88 arc-gec per data bit, the 14-bit CDUT register in
the Computer will overflow (40000g) at 45 degrees L,OS*, This overflow is interpreted
by the Computer as a negative angle when in reality it is not. By biasing the CDUT
location (register 086) in the Computer by =19, 776 degrees, the counter (085) will

not overflow until an LOS angle of 64. 775 degrees (40000g) is reached. In thig cuge,
the Computer (optics trunnion driving routine) interprets an overflow as -45.000 degrees
+19. 775 degrees or -25. 225 degrees.

The maximum usable trunnion angle is approximately 67 degrees. Beyond this angle
the line of sight {8 completely vignetted.

*LOS = Line of Sight

HW-86

The operational effects of trunnion biaged overflow on the CMC Operate Opties mode
is summarized below.

1. OPTICS CMC TRUNNION POSITIONING BETWEEN 0 AND 64. 773 DEGREES

Any angle in this range can be commanded from within the 0 to 64, 7-degree range and
the Computer will drive the trunnion to the correct position. If an angle greater than
64,773 degrees is commanded from within the 0 to 64, 7-degree range, the trunnion will
be driven into the 0-degree mechanical gtop. This is because the Computer thinks a
negative angle has been commanded,

2, OPTICS CMC TRUNNION POSITIONING BETWEEN 64. 775 AND 90 DEGREES

Any angle in this range can be commanded from within this range and the Computer will
drive the trunnion fo the correct position. If an angle less than 64, 7756 degrees {8 com-
manded from within the 64. 775 to 90-degree range, the trunnion will be driven into the
90~degree mechanical stop. This is because the Computer thinks a positive angle has
been commanded.

3. OPTICS LOOP AMBIGUITY Al 64,776 DEGREES

The Computer Operate Optics mode ig a multiloop position followup serveo operated
under control of the Computer, The Computer supplies a maximum of 53 commaned
pulses (0, 92 degrees) each 240 milliseconds (ms) in the form ofa 3, 200 pps burst.
The response of the Optics is then measured by the Computer once each 240 ms and
appropriate correction commands are issued. This sample data loop hag an ambiguity
at 64, 775 degrees for the following two cases.

a, Cage 1; Initial Trunnion Between 0 and 64. 773 Degrees and Angle Cloge to
64,773 Degrees is Commanded

The Optice will begin driving correctly. If a servo overshoot beyond 64. 773 degrees
oceurs, the CDUT will overflow with the result that the trunnion is driven into the
90-degree mechanical stop.

b, Casge 2; Initial Trunnion Between 64. 775 and 90 Degrees and Angle Cloge to
64, 775 Degrees is Commanded

If the servo overshoot is of sufficient magnitude such that a CDUT angle of legs than
G4, 7756 degrees is detected, the trunnion is driven into the 0-degree mechanical stop.
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Hand Controller

SHAFT COMPUTER AIDED OPTICS (P24)
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TR Gl [ g e
s GIND DD U

VERI3 LIST
LOAD ERROR NEEDLES
SET SURFACE FLAG
RESET SURFACE FLAG
LM SV INTO CSM SV
GOAS MARKING
INGREMENT CMC TIME
TERMINATE P20
NI7 = N20
W MATRIX DISPLAY
RESTART
ERASABLE DUM?
REJECT GOAS MARK
TERMINATE VHF MARKS

RECYCLE ATT MNVR (1°23)
TERM SV INTEG (CALL POO)

NOUN LIST
ANG E.RR
CHANNEL
TIG €SI
TIG CNDH
V CUTOFF TLI
INCREMENT ADDRESS
T EVENT (EXIT VERB)
& CMC CLOCK TIME
TF HP
TIG
T EVENT (PROGRAM)
TF EVENT
CMC TIME
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e
P =
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TYPICAL IMU TEMPERATURE
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® Low Temperature Alarm —126 + 2, §°F (PIPA Temperature)

e  High Temperature Alarm — 185 + 2, [°F (PIPA T

emperature)
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HW-80

1SS WARNING LIGHT

LM — The 1SS Warning light will be turned on if the Guidance Caontrol switch is in the
PGNS position and an IMU FAIL, ICDU FAIL, or a PIPA FAIL occurs.

CM - The ISS Warning light will always be turned on in both the LEB and CMP Caution
and Warning stations regardless of the position of the SC Control switch whenever an
IMU FAIL, ICDU FAIL, or PIPA FAIL occurs.

In both systems each of the failures are inhibited from causing an 1SS Warning to be
issued for specific reasons.

The IMU FAIL is inhibited:

During the 1SS turn-on period.
When the IMU is being caged.

When the IMU is being coarse aligned and during the first 5.12 seconds of the
ensuing fine align mode.

When the IMU CDU Zero is commanded by the astronaut for a period of 10.56
seconds (LM) or 8.22 seconds (CSM).

During R47 AGS Initialization for a period of 10.56 seconds (LM only).

The IMU CDU FAIL is inhibited:

During the ISS turn-on period.

When IMU CDU Zero is commanded by the astronaut for a period of 10.56 seconds
(LM) or 8.22 seconds (CSM).

During R47 AGS Initialization for a period of 10.66 seconds (LM only).

The PIPA FAIL is inhibited:

Anytime “AVERAGEG" is not running. “AVERAGEG” is normally running just
prior to and during a thrusting maneuver.

During a FRESH START.
During the ISS turn-on period.

At ather times, only the Program Caution light with error code 00212 is allowed for
aPIPA FAIL.

The Program Caution light on the DSKY will always be turned on when the computer issues
an 1SS Warning.

HW-81

IMU FAIL

1G or MG or OG servo error> 3 Vrms (0.166°) for 2 seconds. Thi§ _is a 3,200 Hz
signal and is detected at the input to the respective servo amplifiers (see page

HW-23).
28 Vac, 800 Hz, 5%, Phase B (to wheel supply) < 14 V. This signal is detected at

the output of the power supply and is such that if any 28 Vac, 800 Hz power
supplies fail the failure will show up on this line.

28 Vac, 3,200 Hz, 1%, < 14 V. This signal is detected on the feedback line in the
regulation circuit.

Error codes for IMU FAIL.

IMU CDU FAIL

IG or MG or OG coarse error > 2 Virms (0 - U/ > 30?}. This is an 800 Hz signal apd
is detected at the input to the emitter follower circuit preceding the coarse Schmitt

trigger (see page HW-37).

® |G or MG or OG fine error > 1 Virms (0 - Y 2>0.7°). This is an 800 Hz signal and is
detected at the output of the main summing amplifier (see page HW-40).

® |G or MG or OG read counter limit cycle > 160 Hz. This signal is detected from the
upline output of the read counter up-down counter (see page HW-35).

® |G or MG or OG cos(fd - V) < 2 Vrms. This is an 800 Hz signal and is detected at
the output of the ladder amplifier (see page HW-40).

@ +14 Vde CDU power supply < 48 Vdc. This signal is detected at the output of the
power supply.
6 — gimbal resolver angle
/ — CDU read counter angle
Error code for IMU CDU FAIL

PIPA FAIL

@ No PIPA pulses for 312 microseconds.

4" and =" PIPA pulses occurring simultaneously.

® No “+" and “-" pulses for 1.28 to 3.84 seconds.

OPTICS CDU FAIL

Same as IMU CDU FAIL with the exception that there is no coarse error signal.

RR CDU FAIL

Same as IMU CDU FAIL.
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