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l. SCOPE 

This specification establishes the preliminary performance requirements 
for the three Inertial Subsystem Coupling Display Units (CDU) of the APOLLO 
G&N System, Block I. 

2. APPLICABLE DOCUMmTS 

The following documents form a part of this specification to the extent 
specified herein. 

Rev. I 

APOLLO G&N Specifications 

Drawings 

PS-1000030 Resolver lX Transmitter 
PS~1000160 Resolver 16X Transmitter 
PS-10103·41 Resolver lX Receiver 
PS-1010351 Resolver 16x Receiver 
ND-l002i~ Resolver l/2X Receiver 
ND-10021.9~ Servo Motor-Generator 

1010034 Encoder Electronics 
1010035 Motor Drive Amplifier 
1010036 Schem. Diagram CDU 
1010041 Digital to Analog Conv. 
1015550 CDU Gear Box Mech. Schem. 
1015560 _Inertial Subsystem Mech. Drawing 

Interface Control Documents 

XDE's 

I I 

ICD 01-50004 P.C. Power Supply 
ICD 01-50027 Thermal. Environment 

, ... · -
XDE 34-S-525 Power Supplies 

r I I 
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3. BEQUIREMENTS 

3.1 GmERAL 

Rev, I 

.. . . . .. . ~ . . 

The three coupling display units of the Inertial Subsystem shall 
provide a coupling between the AGC or the astronaut and the IMU or the 
SOS, so that either the computer or the ast ronaut may drive .the CDU 
gear train and thereby have the CDV resolvers transmit this information to 
either the IMU or the scs-. The CDU shall also provide the astr.onaut with a 
visual readout of the CDU. shaf't position during any system mode of operation. 

Desired angles shall be transmitted by the CDU to the IMU and SCS in 
analog form while the CDU shall also be capable of1 following up the !MU 
gimbal angles and transmitting :this information to the computer in digital 
form. 

3 • 2 _INPU'.t'S_ 

The CDU loops must maintain adequate performance under the following 
disturbance, power, and environlliental inputs. 

3,2,l DISTURBANCE INPUTS -- (Reference ND-1002037) 

a, Acceleration -- 2lg .max. 
b. Shock -- 15g peak -
c. · Vibration -- Section 4. 9 of ND-1002037 

3,2,2 POWER INPUTS 

3,2.2.l GUIDANCE AND NAVIGATION INPUT POWER -- D.C. power will be supplied. 
to the APOLLO Guidance ~d Navigatiori . equipment from the MOLLO spacecraft. 
Some of the variations in the D.C. power supply as given in IOD Ol-50004 
are as follows: 

I 

a. Voltage -- D.C. supply voltage variations i n the range of 
25 tcf "30 vdc. 

b, Transients -- 21 to 30 volts D.C . The minimum shall be 21 volts, 
and it shall return to the specified 25-30 volt 
level within O,l seconds. 

--
c. Ripple Voltage -- The ripple, if any, shall be .at a frequency of 

4oo cps or greater having a peak to peak excur-
sion of no more than 250 mv, 
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3,2,2,2 INDTIAL SUBSYS'l'ZM GDIRATED I1'PtJT- POWER -- Power will be supplied 
· · to the CW loopa from tbe 26 V .l~ 800_ L 00, the 28 V 5~ 800 ~ L -900, 

ud tbe 2.; v 2;.6 Kc sources in the ISS. Some ot the characteristics 
ot theee supplies, as given in XDE 34-8-525, are as follows. 

3,2,2,i,l 'iSV 1; 800 _,,. SuPPLY 

a. Voltage - The amplitude shall be 28 V ms : l~. 

'b. J're\Uenc1 • The frequency shall. be 8·00 ~ : 2 ppm. 

c. Harmonic Distortion - The harmonic distortion shall be lees 
them l*• 

3.2.2.2.2 26 V 5~ aoo_ SUPPLY 

a, Voltye - 'l'he &lllilitude shall be .28 v rma :J: ;~. 

'b. 7"quencl - The frequency shall be 800 . _,, '= 2 ppm. 

c. Harmonic Distortion - The harmonic distortion shall be less 

tliu '*· 
d. Phase Shift - The phase shift shall be 270 : lOO w. r, t, tbe 

800 _ l* 1upply output. 

3.2.a.2.3 2,5V, 25.6 Kc SUPPLY 

a, Voltf!ie • The amplitude shall be 2,5 v nu t 5~. 

'o, Fre9,uency - The frequency shall be 25,6 Kc * 2 ppm, 

c. Harmonic Distortion• The barmoaic distortiozi ahall be leH 
t~an 5*• · · 

3.2.3.1 'l'HEBMAL ENVIROIO!Elff -- The thermal environment of the CI.11 loop• 
ea&ll be as stated in ICD 01~50027. 

·3 ~ 2 ,3. 2 -PQSSUBE EffVIROiiME?fl' - ( to be de fined) 
. 

3, 2.,4 DRIVING I1'PU'rS -- The dri v:Lng inputs to th~--CDU loop · ahall. be e.e 
tollowe: 

I I I I I 



MIL lots 10-1-58 

Rev. I 

AC SPARK PLUG DIVISION 
General Motors Corporation 

Milwaukee, Wisconsin 

PRELIMINARY PERFORMANCE SPECIFICATION 
INERTIAL COUPLING DISPLAY VNIT 

X DE 34-S-529 
ENGINEERING 

DESIGN INFORMATION 
EXHIBIT 

By I Date 
A. Laubens.tein 8/15/63 

3.2.4.1 COMPUT.ER PULSES -- Pulses supplied by the computer as an input 
to tJ+e D/A converter in. the coarse align, attitude cop.trol and entry 
modes shall have the following characteristics: 

a. Am.l)li tude: 4.8 V ± l~ P . P. 
b. Width: 3 ± .5 JJ,sec 
c. Rise Tille: Less than .1 JJ,sec 
d. Frequency: 3200 pps 

3.2.4.2 GIMBAL SHAFT POSITION -- The location of the gimba.l shaft shall 
provide a.n;\~ ~~the 'CDU :re.sol;vers. in the:'·~se. .align, ,. manual· CDU, 
fine align, entry and attitude control modes via the gim'bal resolvers. 

3.2.4.3 SLEW SWITCH -- The slew switch shall provide a co:mstant amplitude 
800 ~ signal of zero or pi phase to the MDl in the manual CDU mode. 

3,3 PERFORMANCE 

The static and dynamic performance of the coupling display units, 
as determined in Section 6, shall be in accordance with the following 
specifications. 

3_.3.1 S':UTIC ACCURACY-- The sixteen speed resolver in-phase electrical 
output zero shall be defined as the CDU zero position. The one-half 
and one-speed resolver electrical outputs and the encoder electronics 
pulse output shall be aligned to this reference, The static ac9uracy of 
the CDU outputs referred to the ideal one-speed shaft position, upon 
completion of the various system functions, shall be as follows. 

3.3.1.1 COMPUTER DRIVEN FUNCTION - NORMAL -- (With the AGC position 
comparison) . With the AGC pulse train commanding some desired angle, 
9, i nto the CDU, the one-speed CDU resolver electrical output accuracy 
sfiall be within± 16 mni . 

3.3.1..2 MANUAL OPERATION -- With a manual input into the CDU commanding 
some desired angle by referring to the dial indic.ations -

a. The one-speed CDU resolver electrical output accuracy shall 
be within± 16 mTn . 

b .. The dial reading accuracy shall be within± 1.2 min. 

3.3.1.3 FOLLOWUP FUNCTION -- With the gimbal angle position driving the 
CDU via the gimbal sixteen-speed resolver -

I I I I I 
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a. The encoder electronics output shall indicate the gimbal angle 
within:!: 1.1 min. 

-b. The dial reading accuracy shall be within:!: 1.3 min. 

3.3.1.4 COMPUTER DRIVEN FUNCTION - ENTRY -- (With the AGC position 
comparison). With the AOC commanding some desired angle, 8c' the_ 
sixteen-speed CDU resolver output accuracy ·shall be within :1: 17 min. 

3.3.2 MAXIMUM SETTLING TIME -- The worst case or maximum time for each 
mode to come within tolerance of its final value shall be as follovs: 

a. Zero Encode - 30 secs . max. from any initial shaft position. 
r 

b. Coarse Align or Attitude Control - (20 secs . ) max. for 
±180 degree command. 

c. Manual CDU - 15 secs . max. for ±180 degree commaod, (Slewing 
10 secs., rundo-wn 1 . 5 secs . , and thumbing 3.5 secs) . 

i -
d.. Fine Align - 2. 5 secs. max. for a 5° offset be..:t_ween the gimbal 

and the CDU Shaft and o. 5 secs . max.. for a 4 min. offset be~ll 
the gimbal and the CDU sba:ft. 

e. Entry - 2.5 secs. max. to move the sixteen-speed CDU shaft. =1800, 

3.3.3 DYNAMIC LAG ERRORS -- The CDU shaft nominal velocity lag in the 
"fine align" mode shall be as follows: 

a. 0 .05 sec. - sixteen-speed control 
b. 0.90 sec. - one-speed control.: 

The . switch from sixteen-speed to one-speed control occurs when the 
input velocity is between 1.5 and 1.6 degrees per second. 

3.3 ... 4 FREQUENCY RESPONSE -- The CDU loops shall exhibit the following 
frequency response characteristics in the various operating modes . 

3.3.4.J. ZERO ENCODE MODE 

a. Phase margin: 800 min. under both 1/2 and 16 speed cont . 
b. Gain margin: 4o db min. under 1/2 X control 

20 db min. Ullde.r 16 X control 
c. 3 db bandwidth: 22 cps. nom. under 16X control 

_ .8 cps nam. under 1/'i!X control 

I I I I 
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3.3.4,2 FINE ALIGN MODE 

a. Phase margin: 800 min. under both 1 and 16 speed control 
b. Gain margin: 40 db min . under lX control 

20 db min, under 16X control 
c. 3 db bandvidth: 20 cps nom. under 16x control 

1.3 cps nom. under lX control 

3,3.4.3 COABSE ALIGN MODE 

a. Phase margin: 800 min. 
b. Gain margin: 30 db min . 
c. 3 db bandwidth: 3.6 cps nominal 

3.4 C<>n'ONENTS 

The . components which make up the three inertial. subsys·tem coupling 
displ&iY units are identical. for the outer, middle and inner g~al.s. 
The interconnection of these components to form the CDU Loop is seen in 
Figure 1. Pertinent performance characteristics of the major components 
are as follows: · · · 

3.4.l MOTOR-GENERATOR -- The servo motor-generator shall be an 800 cycle 
ac unit and shall drive the CDU gear train and. produce a feedl>ack signal 
proportional to the output shaft rate . (Ref, ND-1002195) . 

a. Motor V'ol.tage constant at rated control voltage - 34.4 rad/sec . volt, 
nomillal., 

b. Motor voltage constant at low control voltage - 68.8 rad/sec/volt 
nominal . 

c. Motor-generator time constant - o.415 sec . nominal 
d . Generator sensitivity - 9.55 x 10-3 volts/ rad/sec. nominal 
e . Starting voltage - 0 . 9 volts rms max. 
f. Generator total rms null - 8 . 0 mv max. 
g. Rotor inertia - 5. 5 ± 201, gm cm2 

h • . Damping constant - 13 . 27 gm cm2 nominal 
sec 

3.4.2 MOTOR SHAFT LOAD - The inertia l oad of t he CDU shaf.~ and gearing 
referred to the motor shaft shall be nominal.ly 20 . 5 gm. cm • 

I 

a. l'cminal motor-generator l oaded time constant at rated .control 
voltage - 1.96 secs. 

b. Nomi naJ motor-generator loaded time constant at low control 
voltage - 3 . 92 secs. -

c . Motor starting voltage, loaded - 1. 5 v rms max. 

I I I I 
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3.4.3 MOTOR DRIVE AMPLIFIER -- The motor drive amplifier shall acce~t 
inputs from the digital to analog converter, the selector circuit, the 
generator and the slew switch and amplify the respective error signal.I to 
the motor. (Ret'. Dwg . 1010035). 

a. Gain (main channel) .. 1000: l~ volt/volt 
b. Nominal time constants - 1.325 x 10-3 sec. and 3.61x10·4 1ec. 
c. Nominal saturation level - 33 volts 
d. Max. allowable quadrature at the summing point - lOO mv nu. 
e. Gain (feedback channel) - 667 : l~ volt/volt 
f. Quadra.ture rejection - 30 db nominal 

3.4.4 SELECTOR CIRCUIT -- The selector circuit . shall provide passive 
switching between the one-half speed and sixteen speed resolvers in the 
"Zero Encode" mode and between the one speed and sixteen speed reeolven 
in the "Fine Align" mode. The nominal diode switching level shall be 
0.5 volts. 

3. 4. 5 DIGITAL TO ANALOG CONVERTER -- The DAC shall convert the nUJllber of 
incremental angle pulses fxom the . AG.C and the incremental encoder into u 
800 cycle square wave whose amplitude is proporti'pnal to the al~ebraic 
aumruation of the input and feedback pulses . (Ref. Dwg. 1010041} • 

a. Nominal Scale Factor - 30 mv peak-peak. siuare wave out 
_ pulse in r · 

b. Nominal decavr time constant - 10 sec. 
c. Nominal saturation level (output) - 10 volts peak-peak 
d. Input pulse rate - 3200 pps. 
e. Min. pulse amplitude - l. 5 vol ts 

3.4.6 INCREMENTAL ENCODER AND ELECTRONICS -- The incremental encoder 
shall be an electro-magnetic device which modulates a carrier at a rate 
proportional to the CDU shaft speed. This rate shall be converted to a 
pulse rate in the encoder electronics. Together, the encoder and 
electronics shall quantize the CDU output shaft rotation and they •hall 
haye tbe following characteristics. (Ref. Dwg. 1010034). 

a. Number of encoder 5eeth - 64 
b. Scale factor • (2) pulses/rev. .... 
c. Granularity - 2 TT rad . 11t:1 39 .55 sec 

(2)15 
d. Min. pulse amplitude - 1. 5 volts 

I I I I I I Poge8 of 42 XDE 
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3.4.7 RESOLVER TRANSFORMER - SIXTEEN SPEED -- The sixteen speed resolver 
shall increase the loop static gain near null in the "zero encode" and 
•tine align" :modes. (Ref. PS-1010351) .• 

a. Transformation rati.o - 1 :1: J$ 
b. Total angular error - 1. O min. max. 
c . Phase shift ;;; 2 . 00 :f:: O. 50 
d. · Total null. - 23 mv max. 

3.4.8 RESOLVER TRANSFORMER - ONE SPEED -- The one-speed resolver shall 
compare the CDU shaf't angle to the appropriate gimbal angle. and produce 
an error signal proportional to the sine of the,ir difference. (Ref. 
PS-1010341) • 

a. Transformation. ratio - 1 :1: 1~ 
b. Total angular error - 3 mTn., max. 
c. Phase shift - 6. 5° :1: O. 50 
d. Total null - 28 mv max. 

3.4.9 RESOLVER TRANSMITTER - ONE HALF SPEED -- The one-half speed 
resolver shall be used to eliminate the false nulls when zeroing the 
CDU ·shaft. (Ref. ND-1002132) . 

a. Transformation ratio - l :1: 21, 
b. Total angular error - 3 min, max. 
c. Phase shift - 7. 5° :1: 10 
d. Total null - 23 mv, max. 

3 .. 4.10 RESOLVER TRANSMITTER - SIXTEEN SPEED -- The sixteen-speed 
resolver transmitters shall be located between the IMU gimbals and shall 
transmit gimbal angle information to the CDU. in the form of electrical 
signals proportional to the sine of sixteen times the gimbal angles. 
(Ref. PS-1000160). 

a. Transformation ratio - 1 :1: 3~ 
b. Total angular error - 20 sec. max. 
c. Ph~e shift - 5. 50 :1: 1. 5° 
d. Total null - 20 mv. max. 

3.4.ll RESOLVER TRANSMITTER - ONE SPEED -- The one-speed resolver 
transmitters shall be located between the IMU gimb.als and shall transmit 

. gimb.al angle information to the CDU ±n the form of electrical signals 
proportional to the sine o~ the gimbal angles.. (Ref'. PS.-1000030). 

I I I I I I Pa;e 9 of 42 XDE 
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In. order to. verify the" perf'ormance requirements of Section• 3, the 
followina sha.ll be demonstrated. 

4. 2 MAXIMUM. TIME. TO ZERO 

The maximuJn. time: for the C:W to zero to 'Within :4:: 0. 02 de~es from 
aey- initial .position shall b.e less. tllan 30 seconds. (The worst case 
will occur f'or an initial.position around 355 or 356. degrees). 

4.3 STATIC ACCURACY - ZEROING 

In. the Zero Encode Mode, the f'ollowing. characteristi.cs shall be 
demonstrated. 

4.3.l. SIXTEEN-SPEED BESOLVER NULLS - The .sixteen-speed resol.ver n\ll.l.S at 
the selector circuit input shall be less than 6 lllV in phase., less than 
35 mv quadrature and leas than 35 mv. total 800 cycle when measured with 
the Phase Angle Voltme.ter. 

4.3.2 ONE HALF-SPEED RESOLVER NULLS -- The one-half speed. resolver nulls 
· at the selector circuit input shall be less than 35 m.v. in phase, less 

than 35 mv. quadrature and les.s than. 50 mv. total .. 800 cycle. when measured 
with the .Phase Angle Voltmeter. · 

4.3.3 MECHANICAL RF.ADOUT -- ~ -mechanical. read.out. shall. be .. O.O :1:- 0.009 
degrees. 

4.4 ENCODER PUIBE CENTERING---- Depending .upon the initial alim:nzient, 
the first M pulse at the .AGC interfae.e shal.l oc.c:ur. when ·the sixte:en.-speed 
resolver. output level. is 19. 78 :1: 8 mv. for an ,increasing. dial. ~ount and 
59-. 33 ::!: 8. mv. for a decxeasing. di&l..-~unt o.r when. the · sixteen-.. peed 

_resol.ver output level is 59.33 ::!: 8 mv. for an uicreasi.J:lg.,dial count u.d 
19.78 :1: 8 mv. for a decreasing dial. co,mt. 

I I I I XDE 
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-· 

4.5 ENCODER ELECTRONICS OUTPUT .CHARACTERISTICS 

The encodar . electronics -output pulses ( 68· ·pulses) shall. have the 
follonng characteristi.cs at the AGC in.terf&ce: ·· 

a. Polarity- - Positive with ·respect to the reference. 
b. Puls.e amplitude · - 6 ±-3 volts with respect to the ref~nce. 
c. Undershoot - 4 volts maximum. 
d. Pulse duration. - O. 5 to 8. O microseconds at . 901, amplitude. 
e. ,Rise time - less than 201, of the puls.e. width, 10. to. 901, amplitude. 
t .- Fall time - less than 20'/, of the pulse. wid.th, 10 ·to Wp·' amplitude. 
g. Noise - less, than 1.0 vol.t peak. _ 

4. 6 CDU REPEATING ACCURACY 

The CDU repeating. accuracy shall be as speci.fied in Table I .. The 
steady .state s.ixteen-speed 11esol ver total null at each cardiJ:?.al and 
inter-cardinal point shall. be less than 35 mv. as measured on. the· Digital. 
Voltmeter. 

ANGLE ODU lX D!n 
INDICATION. -

ENCODER PULSF.S 
lRQ.! ZERO BO. RESOLVER ANGLE 

l \ 0 00 ± o. 020 0 
2 ± 45/16 ± 2.8130 ±0.02° ±; .?56 : ±~-1 
3 ±90/16 ± 5 . 6250 ±0 .02 ° ± 512 ¼ l 
4 ± 135/16 ±· 8.4380 ±0.02: ± 768 ± l 
5 ± :l.80/16 ± lla25Q0±0.02 ::1: .l.024 ± l 
6 ± 225/16 ± 14.o630 ±0 .02 ° ± 1:::eo ± l 
7 ::1: 270/16 ±. 16.8750±0 .02: ± 1536 ± l 
8 ::1: 315/16 :I: 19 .6880±0 .02 ± 1792 :1: 1 
9 :1: 360/16 ± 22. 5000:1:0 .02 ° ± 2048 :I: l 

10 :I: 450 ± 45.0000±0.02° :1: 4o96 ± l 
11 :I: 9()0 :I:· 90 . 00()0 ± 0 • 02 ° ± 8192 ± l 
12 ± 135° :I: 135.0000±0 .02° ± 12268 ± l 
13 ::1: .1800 :I: J.80. 0000 :!I(H-02 ° ::1: 16384 ± 1 
14 ± 2250 ± 225.0000±0.02° ± 20480 ± l 
15 :I: 2700 I ± _ zro. 0000 ±o. 02': ± 24576 ± l 
16 ± 315° ' ± 315.oooo±o.02 ± :::e672 ± 1 

TABLE I 

Rev. I I I I I 
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With a 1.0 deg. angular difference between ·the IMU gimbal .angle and 
the CDU shaft position, t~- time to travel 63i of the ~gular difference 
after "-fine align" loop closure shall be less than 0.55 second.a. The · 
sixteen-spe~d resolver error signal shall be used to record this t+ansient 
on the strip recorder. 

4.8 DYNAMIC POSITIONING 

With the CDU in a "computer driven'' mode configuration and 16 pulses 
put into the DAC, the DAC output as recorded o~ the strip recorder shall 
decrease to 37~ of .its peak value in less than 0.3 seconds. 

4. 9 DAC DRIFT 

With no input pulses applied to the DAC when in a "computer driven" 
mOde configuration, the CDU dial indications shall not change more than . 
1.0 degrees per second. 

4 .10 TACHOMETER NULLS 

The null vol tag es of the tachometer when in the "manual CDU.!.' mode 
configuration as measured at the input to the quadrature rejection circuit· 
in the MDA shall be less than · 4 mv. in phase, less than · a:· mv. quadrature, 
and less than Jlmv. total 800'. ;..,~u indi:cated. on .·the PAV. 

4. ll :ENCODER AND E4ECTRONICS BANDWID'lH 
~ 

The minimum bandwidth of the encoder electronics shall be s"1Ch that 
no pulses are lost when the CDU motor is driving at its max"ilWm rate. 

4.12 CDU MANUAL OPERATION 

When the CDU slew switch is depressed to the '.'increase" position, 
the •CPU dial shall indicate an increasing angular change of at least 
20. degrees per ·'second. When the CDU slew switch is depressed to the 
"decrease" position, the CDU dial shall indicate a decreasing ~ar 
change of at least 20 degrees per second. The CDU- shall indicate an 
increasing and decreasing angle when manl.1}3,lly turriing t he "fine adjust 
thumbwheel" in an increasing and decreasing direction. 

5. PREPARI\TION FOR DELIVERY 

Not applicable. ./"' 
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In this preliminary analysis, only nominal component parame.ters have 
. been conaidered, and therefore, the resul.ts indicate only the inherent 
capability of the CDU to meet the requiremetlts of Section 3. 

The analysis consists of def4rlng the components and then analyzing 
the loops of combined components as they appear in the various. system 
operating modes. Whereas the components are de.fined b7 their staz,.darq. 
transfer f'unctions, using nominal parameters, or their non-linear output 
versus input plots, the static and ~amic performance of the loop, w1ll 
be determined by whichever analysis technique. fits the particUl.ar 
situation. · i 

6.2 CCltiP()NENT CHARACTERISTICS 

The individual component transfer f'unctions and characteristics 
are defined as follows. 

6.2.1 SERVO MOTOR -- The servo-motor converts the various CDU error 
signals into the appropriate shaft angle and velocity. The amplifier 
output presents a constant voltage source to the motor. 

I 

··, Kl/K2 

s [i; si1J 

Je • Jrotor + Jflyvheel • J1oad referred 

Jr • 5°5 gm. cm. 2 

Jf' • 15 gin. cm. 2 

2 J1 • 5.5 gin. cm. 

K1 • 456 dyne cm. 
volt 

K2 • 13.27 dyne cm. sec . 
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6.2.1 (Continued) 

At rated control voltage, 

em (s) = 34.4 Rad. 
~ s(1.9's+1) Volt 

-
Since the slopes of the motor torque- speed curves decrease. with motor 
control voltage, a more accurate expression for small values of control 
voltage would be 

Em {SJ_ = 68:8- Rad. 
~ s(3.92s..1) Volt 

,.2.2 SERVO GENERATOR -- The generator provides a negative feedback signal 
proportional to the .motor shaft speed. 

~ _=KTS 

KT -= l.O ~ = 9.55 x 10-3 
rpm 

~ = 9.55 X lQ-3 S 

volt 
rad/ sec 

volt 
rad/ sec 

6.2.3 · MOTOR DRIVE AMPLIFIER -- The motor drive ampli~ier is a high ga,in 
push-pull ampµ.fier. 

For the input channels, 

Eo ( ·~) == 1000 Ei\SJ -( ..... S..--+_l_)_(....,S,....._ __ +-1-) 
_ 755 _ 2770 

For th~ feedback channel, 

-667 

I I I I I 
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Eii.2.4 DIGITAL TO ANALOG CONVERTER -- The DAC converts ·AGC and encoder 
incremental angle pulses into an ampli tude .modulat ed square wave which 
feeds the amplifier in the computer driven modes . ·· · 

~ = ~( s+,,,...K _.,...,1),.... 

,. 
volts. rms 

puls.e 

In this approximation, N represents an impulse of a strength equivalent to 
the summation of the strengths of a string of impulses coming at a rate 
much faster than the decay time of t he unit . 

K,::; 13.5 x 10-3 volt sec . 
pulse 

,- = 10 sec . 

Eo (S) 
N (S) 

= 13. 5 x 10- 2 volt ·ms 
10S + 1 pulse 

6.2. 5 INCREME:{TAL ENCODER AND ELECTRONICS -- The _·encoder and associated 
electronics quantize the CDU shaft rotation ano., transmit incremental angle 
pulses to the AGC and the DAC. The phase relationship between the two 
pickoffs determines the direction of shaft rotation . 

= 10 02 pulses 
rad. 

6. 2. o RESOLVER TRANSF.OBMER-16X - - The "sixteen-speed" ··resolver transformer 
is a size· 11 one-speed resolver mo\lllte~ on the sixteen-speed shaft, and i t 
converts angular error measurements into electrical signals . - It is used 
t o increase the loop gain near null in "zero encode" , and. "fine .align". 

e = 28 sin 16¢ 
Because of system loading, 

e1 = 25.8 sin 16¢ 

For SJ!l8.ll angles , 
ei ~ 413 volts 
"'1 rad. 

I I I I I Pa;e 15of 42 I DE 
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6.2. 7 RESOLVER TIWIBJ'ORMEll.J.X-- The one speed r .esolver transfOrmtti!l-eoaverts 
the .angular error between the lX CDU shaft and the gimbal angle into an 
electrical signal. 

e = 28. sin ¢ 
Because of system loading, 

ei = 24.2 sin ¢ 

For small angles, 
ei Fl:$ 2402 volts 
V; rad. 

6.2.8 · RESOLVER TlWISJ'(JRMER _.½X :,__ The "one half speed" resolver trd&feiiller 
is a one-speed -resolver mounted on the one half speed ~~haft,.-: and it is 
used to eliminate the possible false null in the system. It converts CDU 
shaft position to an elee'trical ·error signal which will drive the shaft_ • I • • • 
toward zero ; 1 

• 

e = 28 sin! 

For small angles, 
e ~ 14 volts 
J rad. 

6~2
0
9 RESOLVER TRANSMIT!'ER - - lX -- The on~ speed resolver transmitters 

convert the gimb~l angles . into elect~ical signais. 

e = 28 sin A 

Because of system loading, 
ei = 26 sin A 

For small angles, 
ei ~ 26 volts 
r raQ.. 

-
o.2.10 RESOLVER TRANSMITTER - 16X -- The sixteen spee6 ,resolver trans-
mitters convert sixteen . times the giJn~l angles into electrical signals. 

e = 28 sin 16A 
Because of system loading, 

e·1 = 26 sin l6A 
For am.all angles, • 

e1 ~ 416 volts 
~~ xado \ 

1 I I I 
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,.2.11 SELECTOR CIRCUIT .--.,'!'he selector circuit provides passive switching 
between the coarse and fine resolver outputs. In "fine align", the switching 
occurs between the 1X and lil resolvers and in "zero encode", the swit·ching 
occurs between the 1/ZA and 1,x resolvers. 

, . 
In the "zero encode" mode, the SC output goes to zero every A8=2TT radians. 
Near the nulls, the output voltage versus the one-speed shaft angle is 
shown below. 

Figure 2 

SELECTOR CIRCUIT OUTPUT vs . ONE SPEED SHAFT 
ANGLE ·NEAR 'NULLS - - ZERO ENCODE 

The diodes ·conduct at approximately 0.5 volts. The switching occurs at 

25.8 sin (1,e) 
28 sin (~) 

2 

= 0.5 
= 0.5 

8 ~ 4.1, mTh . 
8 ~ 2.05 deg . 

e0 = 413 8 

e0 = o. 5 
e0 = O. 5 + 

( 8 ~ 4.1, min.) 
(4.1, min.~ 8~ 2.05 deg.) 

14 te - 1) . (e ~ 2. 05 deg . ) 
' ~ (. 

In the "fine align" IllOde, the SC output goes to zero every A(0-A) = TT 
radians. The desired null occurs ··at ( 0-A) = NTT where N=O, +2, +4, •••• 
A false null occurs at (8-A) = Nnwhere N=+l, +3, +5, •••• -However, 
if the sy~tem has been properly coarse aligned-; the possibility of a 
false null occurring in "fine align" is very remote. 

Page 17 of 42 XDE 
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Near the nulls, the output voltage ,_versus the diff er ence ·between the gimbal 
and the one-speed ®U 'shaf't angles is shown below. 

(-0-11) 

Figure :3 

~TOR CIRCUIT OUTPUT- -vs. ONE SPEED ERROR 
NEAR . NULLS - - FmE ALIGN 

,. 

The diodes conduct at a:pproximately 0.5 volts. The switching'. occurs at, 

~5~8 sin 1, (e-A) = o.5 (8-A) ~ 4.1, min. 

i4.2 sin (0-A) =·0.5 {8-A) s=t:1l.185 deg . 

e0 = 413 (8-A) 

e 0 = 0.5 

e0 = O. 5 + 28 
4. Hi ·niin. 

u0-A)-½s] 
(e-A) ~ 1.185 deg. 

(0-A) ~ 1.185 deg. 
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,.3 . LOOP ANALYSIS -- The' function and the performance of .th~ CDU· changes 
considerably in t~e various system.mod.es of operation. Basi~aµ.y, there' are 
three separate · CDU modes; ·}the canputer driven mode as ifl. "coarse align", 
attitude control", and "ent.ry1

'; the follow up mode as ~ "zero encode" e,nd 
"fine ·align" and-· the slewing mode. · These various loop arrangements lll\lSt 
necessarily be analyzed separately • . 

,.3:1 LOOP .DINAMIQ RESPONSES--- The equations and the frequency and time 
re~ponse plots . that follow show the CDU dynMrl.cs in the-various modes. The 
equ,i.tions and pJ.ots are · the result of .mathematical · analysis techniques . 
applied to simplified· loop representations and .also an analog computer simula
tion .containing all p~rtinent nonlinearities. 

, • 3. l~.l · -INNER LOOP -- The basic inner loop, consisting of the 
the motor-generator remains intact in all the eoo ·modes and is 

,,f;lf P. "t~ D 'F- #on~ 
~-..__..1~,_.._l_L g,/. -I 

~ Pf.1.tft.~-1.;) 

ti11,-,.J rAC!n 

---------'---I, o. ~, 7 

Figure 3 

INNER LOOP 

amplifier and 
as follows. 

A. simplified over-all transfer function may be obtained by neglecting the 
nonlinearities. 

em(s) = 

~ S(,4;·+ l) 
. l 3 

S + l 
<2810 ) 

Using the motor transfer function for small motor control voltages, 

( S, . + 1) 
2810 
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•.3.l.l (Continued) 
. . . 

Since the overall loop transf-er function does . not change appreciably with 
the slope .of the motor torque-.:speed curves , a nominal inner loop transfer 
function will be used in the analys~s ~at foll~ws. 

S(.J.: + l) 
l~5 

157 
( $ + l) 
570 

( .$ + l) 
2810 

•~3.1..2 SLEW:qiq MODE- .. With the addition of some ge~rlng and the encoder 
and· its el.ec·tr(?n.ics, the basic inner l.oop represents the CDU in the slewing 
mode of ~era-tio~ . 1 • •• • 

A,...... q#',4~~ A 6"N~. >'- I&,~ 
Zt.JA/~~ v.,. .. , ff ~ * /..6-() P 1---..-i~..i . ~ 0, 17 ~ ~ ~ H-, /(). ~~ 1---llr:-.. 

PJJ,11'1 

Figure 5 

SLEWING MODE 

. 

When the slew switch is depressed, an 8oo cycle ;i.2.7 volt signal. is applied to 
the amplifier . fl1:mun:I ng point. ,This is sufficient to saturat~ · the amplit'ier 
as long as it is appl.ied. Under this condition, the inner loop is effectively 
broken, and the CDU can be represented as follows . 

,11'/or()/t! ($4',l~,f · I~~ .. y &~ 
,t,, - -~4,.,t -e-H( _fl ~ ____jL_ ., <' ,' 

I (1,?6l1-~ · _z:r---'-_'r---fi-O.l?3s ~ _7f ____ ~_f--JJ- /~-~~ llle..l~ 

(1,A~ ---- -.,. __ _ 
J7 (), 339, -t!hx 

i.....""'"Zt_,___ ..... ~ x1~· ! 

Figure• 
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The input voltage will be the amplifier saturated out put, nominally 
33 vol ts, minus a nominal 2 volt l .oaded mot or deadzone . 

As long as the input is applied, 

9m (S) • 34.4 rad. 
ei (S) 6 (l.96 X+l) volt 

and neglecting any backlash, the maximum output shaft speeds are 

W max. • 1o65 rad. 
m -sec 

• 20 .7 deg. 
sec 

Encoder Bate Max.• 1880 :pps 

• 10,180 rpm 

Fram the above and the computer simulation, it is seen that the 
maximum time to sl.ew. the one speed shaft 180 degrees is from 9-1.2 seconds 
depending upon the amplifier saturation and motor deadzone values used. 

The one-speed CDU shaft w1l.l stop within 1. 5 seconds after the 
slew switch is releued and. overshoot about 3 .degrees . 

The total time to compl.ete the .function in this mo.de for a command 
of :f:180 .degrees is the 9-12. seconds slewing time, the rundown time, and 
the time required for the .operator to "thumb~_ the shaft to the desired 
position. 

6.3.1.3 FOLL~-UP MOBES -- In the " zer<i> encode" and "fine align." modes 
of operation, the CDU is driven such that its a ctuat ing error-s-igpal +s 
elim1D.ated. The a.etuating error signal is prop.orti onal to the sine of 
the one-half and sixteen speed CDU shaft angles in " zero encode" and 
the sine of the difference between the one speed CDU and gimbal angles 
and the ,sixteen speed CDU and gimbal angles in "fine e.l.ign" • . The CDU 
shaft, therefore, dri ves to zero in the ".zero encode" mode and repeata 
the gimba:l angle in the " f ine align" mode. 

I I I I 
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ZERO ENCODE 
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II 

Figure 8 

FINE ALIGN 

Approximate expressions for the loop dynamic responses can be obtained 
for small angular error1J .. by replacing the resolvers with their linear 
approximations, replacing the selector ci rcuit by a two position switch, 
and neglecting the remaining nonlinearities. 
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In the steady state , appr oximately 7 volts at the amplifier summing point will 
saturate the loop . Initially 30 to 4o mv. will saturate t he loop until the 
tachometer feedback brings the loop back into the l i near operating region . 
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,.3.1.3 (Continued) 

Beglec'ting the initta.J. saturation; the one speed shaf't in the "zero encode" 
mode can be offset approximately + 30 degrees without • causing saturation 
1i1 the steady state. "'"i 

I 

For an initial one-speed. shaft angle, the CDU response is as follO'W's. 
Wit~ _the o~e half SJ?eed resolver contro;J:.ling, 

' 
0:0357 rad~ ~ ·I 8ol ~ o. 525 rad. 

With the limited output of the sixteen speed resolver controlling, 
1

8(t1) ~ -0.02,, t1 + e1 for e1 positive 
e(t1) ltd +0.02•• t1 + e1 for 01 negative 

1.21 mr. ~ f eoY, ~ 0.0357 rad. 

With the sixteen speed resolver controlling, 

e(t2 ) _, 02 . (1.38e- 29.•4t -0_.38e-107t) 

- - +0.012902 (e-107t -e-29.4t)_ 
f eoJ ~ 1.21 mv. _ 

From the analog computer simulation, which•included resolver nonlinear
ities; · amplifier saturation, and motor deadzone, initial offset angles up 
to + 350 degrees were considered. The CDU responses are shown in Figures li: 
and-13. From these plots, it is seen tha~ the maximum time to complete this 
mode of c_operation will be from 25 to 30 seconds. 

Again neglecting the initial saturation, the one-speed shaft in the 
"fine align" mode can be approximately 15 degrees away from the gimbal angle 
without causing saturation in the steady state. 

. . 

·For small angles, the closed loop relations between gimbal angle .inputs 
and on, speed CDU shaft outputs are, . 

( 

-~(S); l 
A{sY s· s s s 

_ . ( J. .. 3 + l )( 7Ji3' + l )( 571 + l )( 2510 + l) 
~ -- - -- -

for the one-~e_e,sl_resolver controlling and· 

li~•c~~ +1)(7&,+i)(,~ +iicm& +ii 
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for the sixteen. speed resolver controlling. 

For .an ..in.iti~l e~ror angle, the CDU one-speed shaft response is 
~s follows. _ v 

With the one-speed resolver controlling, 

0(t) = Ao+ l.01{0o-Ao)e_~1 •3t -O.Ol(8o-Ao)e-143t 

0.0207 rad. ~ .f eo-AoJ ~ 0 ; 2,2~rad. 

With the limited sixteen speed resolver output controlling, 

0( t1 ) i:t:, -0. 02••t1 + 01 e1 positive 

e(t1) lltj +0.02••t1 + 81 81 negative 

1. 21 mv . ~ ( 80-Aof _ 0.0207 rad. 

With th~ sixteen speed resolver controlling, 

8(t2) ~Ao+ l.38(e2 -Ao)e-29 •4t-0 .38( e2 -Ao)e-l07t 

+0.012992 (e-107t -e-29.4t) 

Jeo-Ao,[ ~ 1.21 mv. 

From the equations and the computer simulation -the followup times for 
various initial offset errors are as shown in Figure 14. 

The open and closed loop frequency plots, Figures 15 and 16 indicate the 
loop stability and bandwidth . 

When the CDU is subjected to a velocity input in the 11 fine align" mode, 
a steady state "velocity lag" error occurs; that is, the output shaft 
position lags the commanded position by a constant amount in the steaay 
state with a velocity input. For low rate inputs, the sixteen-speed · 
resolver output controls the loop. However, as the input rate is increased, 
the loop is controlled by the one-speed resolver and the limited sixteen
speed resolver outputs. The switch between the sixteen and one speed 
-resolver occurs for input rates somewhere between 1.5 and l.• deg./sec. 

I I I I I 
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Using approximate transfer functions for the "fine align" mode, tlle 
"velocity lag" can 'be obtained as follows, 

e(s) =_...._l 

:qsJ" (~+l) 
l • .J 

e~s~.-= 1 
A S (-~-.4-4-1) 

one speed control 

sixteen speed control 

for the velocity input A(S) = ~ 
. s2 , 

eix(t) = At - A 
1.3 

= At - A + A e-29.4t 
29.4 29.4 

one speed control 

sixteen speed control 

The constant terms, -
1

A~ and - ~, are the amount that the output ppsition 
lags the commanded pos1 ion and ai~ called the 11 velocity lags". 

These constants can be shown in another form independent of the input command 
rate. These would be the output time lags due to a velocity input. From 
above, 

T = l = 0.77 sec . 
1.3 

T = l = 0.034 sec. 
29.4 

From the computer simulation, 

,. = 0.9 sec. 

T = 0.05 sec. 

one speed control 

sixteen speed control 

one speed control 

sixteen speed control. 

The position lag for any rate input can now be calculated from these time 
J.ags. 

The CDU input rates that could occur in the "fine align" mode are a 
result of pulsing the gy:ros (~.l deg./sec.) and spacecra£t attitude rates 
(1¥).25 deg./sec.). It ~lll)ears that the sixteen speed resolver will retain 
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,.3.l.3 (Continued) 

control for typical velocity inputs. 

,.3.l.4 COMPUTER DRIVEN MODE -- In t he coarse align", "attitude control", 
and "entry" modes of operation, the CDU one speed shaft is driven by the . 
AGC to some desired angle. The computer pulse information is converted 
in the DAC to an analog signal which positions the CDU. CDU shaft position 
information is then quantized and compared to the commanded position in the 
DAC and in the AGC. z, ,,,,J A-

DIIC 
~, 6'~ A --

,,-----A'-----
, ' ___ ____.-e--""' __ lf __ ri.;;..,'IIJet '6j,c .....-~ ....... 

Figure 17 

COMPUTER DRIVEN MODE - - CDU LOOP 

0-3~9 
xiu-1 

Since the bandwidth of the CDU loop in this mode is very small 
compared to the 3200 pps pulse rate from the AGC, the steps of vo_ltage that 
are placed on the DAC capacitor appear as a continuous signal to the rest 
of the CDU loop. Likewise, the feedback pulses from the encoder electronics 
arrive at a very fast rate except just as the CDU shaft is stopping. 
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Neg~ecting· the nonlinearities, i.e., saturation, dead.zone, b4cklash, and 
quantizing, the loop could be represented as, 

-

Rev, , . 

Figure 19.· 

where N(S) is a step input of a magnitud.e equal to the summation ot' the 
strengths of a train of impulses. 

The assumption ot' a step input is valid for a limited number of pulses 
coming at a very fast rate in a small finite time compared to the time 
constants of the loop. 

0ix (S) = o.l.85 x 10-3 

N(S) (~+1}(139 +l) 

0J.X (S) = 38.l 
N(S) (¾+l)(l;9 +l) 

8U, (t) = N X 10-4 (l.85 - l.9e-4t 

rad. 
pulse 

-sec. 
pulse 

pulse 
pulse 

rad .• 

Approximately 4~ of the pulse information is lost in the DAC due to the 
charge leaking off the capacitor since ideally one puls,e -would ·produce 
fl l.r. radians or 39., sec. of one-speed shaft rotation . ·(2 . ... 
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,.3.l,4 (Continued) 

. The above ·expressions neglect t~e important consideration that the -
voltage on the .DAO capacitor is lillq._ted to ,io volts max~j rp addition, 
each succeeding input J~se carries less we.ight than ·t~e _p~eceding pulse 
because the voltage on the capacitor bucks the charging volte,.ge .source. · 
~other consideration is the fact that 'the weight of the feedback. pulses 
increases with the eha:rge e,xistins upon the DAC capacitor, . becau:s.~ . any 
Etxist1ng vol.tage on the· capacitor adds to tb,e charging voltage, '. Each of 
these effects results in .information being lost in theDAO •in addition to 
that. lost due to DAC decay. 

An analog computer simulation of the CDU in the AOC driven mode was -
perfornte~ using a constant wei,ght for input or feedbaok ptµ.ses, but includ
ing the D¥' saturation, . th, amplifier saturation, and the motor dead.zone, 
as well all, the one-speed,, resolver nonlinearity. · · 

The results 1).-om this simulation indicate that due to the DAC output 
limit . and the decay of the DAC· capacitor, approximately 4;5~ o,f .. ~he pulse. 
information. in one st8Jlt\ard burst of 0.0833 seconds or approximately T.5~ 
of the pulse information in .:an~:"entry'' burst of o. 32 seconds is lost. 

Iz:i. the actual system, consitlerably more information than this will· be 
lost due to the varying weight of the input and feedback pulses as explained 
above, and also, the more pulse bursts in succession :the more information 
that will be iost because the DAC output does not go to zero between bursts 
of pulses. · · 

Analog Compu~er Results 

• eix Time Time for DAC 81.X 
Col21m8nd output Constant ±. 21, Final Error, Max • 

. 

One Burst= 2.8 deg. 0.58 sec, l,4 sec. 4,5'1, 5.2 deg./sec. 
2,7 Pulses .. I 

Entcy = l0.4 deg. l.15 sec. 2.45 sec. 7. 51, 10,9 deg ,/sec, 
J.025 Pulses ' 

-
•--•-

Continuous 134 deg~ --- --- I ncreas- 15.2 deg./a~c. '!'rain · in·• 10 sec • ing 

I· I I . f .. I Paae37 of42 I XO£ 
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6.3.2 STATIC PERJ'ORMANCE--- The static errors of the CDU are . ~~pendent 
.upon the system iW:iction and. will be discussed s.eparately for. each. 
The illdividual. errors that contribute to a:n:y- of the tot.al output 
errors will be discussed and likely dis tributions . will be assumed_. These 
will then be comb±ned to yield an j,ndication of the total. output errors. 
All errors. will be given as deviations from some ·imag~ one-spee(l 
ideal slaaft position. The zero· reference is defined fl.S the sixteen
~peed COO resolver .electrical in-:phase zero. 

6.3 .2.1 J'OLLOW-UP l'UNCTION STATIC EBROR8 -- While performing the 
follw-up i'unction, the COO shaft repeats the gimbal angle .. The per
tinent outputs are' the encoder output pulses and the dial re~s. 

6.3.2.1.1 ENCQDER OUTPUT ERROR -- The e:ncoder --output error is the 
. error . betweea the encoder electronics J:}ulse output · and the. actual 

gimbal angle. 
I 

Contributing Errors 

Encoder ,J>u,lse Centering 

Encoder Quantizing 

Bsvr. and Tach Nulls 

Motor Dead.zone 

l6X to Encoder Backlash 

Assumed Standard 
Max . Values Distribution Deviati()Jl 

± 3.6 sec uniform 

± 19.775 ~c uniform 

± 2 

± • 75, 

± 2 

,... 
sec uniform 

sec uniform 

sec uniform 

:1: ll.4 sec 
I 

:1: 1.15 sec 

:l: .,433 sec 

-± 1.15 sec 

16x Gimbal Rsvr. Ang. Error ± 20 sec sinusoidal ± 14.14 sec 

l6X Gimbal. Rsvr. ·Null 

16X CDU Rsvr. Ang. Error 

:l: • 334 sec uniform 

:l: 3.-75 sec sinusoidal 

, , · 1 ••• ,,: .1 . .Total, Standard. Deviation ,. normal.. 

-± .193 sec 

± 2.65 

± 18.5 

sec 

This normally distributed error has a mean of either+ 10 or -10 sec. 
This miscentering is an additional error in this output. 

Rev. I I I I I I I Pase38 of 42 XDE 
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· _;. ·' · :~:•~f ?•,1;~:2 ·n.w. ~:pm, ~OR ,. _ The.· Q.ial -~ad:,ag :error is ~ ,~~•reu~• 
. • t. . . ::-l>e~en: wat -the dial . re~- and;-tbe .a~ual gimbal: .abaft. angle. •-

ltt ~::,-;,m;iDJI in- -wax. V&l~• ::::ution' ::r . 
r!t':·: > , ." Di~ ~ro .Align : ' :1; 60 sec · normal 

.... 
20 sec 

. i;, ~6X, ~~ '. l>i~ Be.ckluh , ·. :!: 2 1 ;;c . . ~fo:r;m 
.. i,: ' . •, ''.• _i . 

:!: -:!: 1.i5 ae~ - -:, ..-,~nu;·--• · Ta;ch. lulls 

Mot=, :neadzone 
.,, .... 

d: 
.. 

* 

-,? 

~-75- ' 

see 

-see . 

uaiform 

UDi:f'orm 

normal 

:I: 1.15 sec -
:I: .433 sec 

-·- -, , -: ·Dial l91olutioa :I: 7.2 sec :l: 2.4 se-e 
, I 

1'X ,gµibal._._ bvr. Ang. Error -
:I: 20 sec 

.-.,., 
sinusoidal :!: 14.14 sec . 

·•_ ' .,;: ~:. ·. -•·• 1; ' ; .... . 

16% liiabal Bsvr. Kull ., ·. ;, ,.-, . ' 

. ,· ,__ 

r~ .334 _sec . un;lf'orm ·:: ± .193 se~ 
. l • ;~ ., " ' , , .' ....... 

·. : · l6X,_: C1'1, Ravr. Ang. Error ~ 3. 75 sec - sinusoidal -
± 2.6.5 sec 

.. ,.• 

',. ·• 

· ''· Total Sta.uda+d l>etiat'ion • normal -
:l: 24.S sec 

,~3te~2-'C OMPUTER IlUVElf :rtJ1'0TIOK .,;_ When COI18idering the coo alone 
~ -_. . . ,, ' -·- r-- . . . 
--., not, c011Sidering the position feedback and c011rp.arison ill the AOC:, 

- :. the·· CDU· fuij, :;:9peed-1a-Wt m.tra':':be r,;~ii:~'erior<'by, as Jit'tlclr as ~:·5~~,l ffls:;_•tatic 
· e.~or 1$ verj dependent upon ·. the n~ber of' iD.pu~ pulse bursts, the 
-amber ·c:4 p'Ulses per burst and the. IlA.C non~1nearities •. . Since~in 

· · . actual .sy.a.tem qperatioa; ,_ :there is _ a comparison in the AOC: o~ ~put Gd 
teedb•ck pulses, ~ encode~ output, 1D the s .te~ s.tate, is always 
Vithin,rone pulse. of the cqmputer des11,'e,d ·angle.. Therefore, inqlucliag 
-the~positioa f'e~baclt to. the computer and taking the ~omputer desired 
· uglc, . as. the reference, the output errors are as follows. 

'·· Pave39.of 42 XDE --
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6.3.2.2.1 OU-SPEED RmOLVER OUTPUT .ERROR - NORMAL 

Oontributing Errors 

P:ncoder Quantizing 

Eaeoder Pulse Centering 

Encod.er · to lX Backlash 

lX ClXJ Rsvr. -Ang , Error 
I 

lX Gimbal Rsvr • .Ang. Error 

lX CW Rsvr. Align 

.Assumed 
Max. Values Distri)?ution 

I 
C 

-± 19 • 775 s.ec uniform 

_ 7 3.6 -sec · uniform 

-± 2'70 .sec uniform 

± 180 -sec sinusoidal. 

-± 300 sec sinusoidal 

± 60 -sec normal 

Total Standard Deviation• normal 

Standard 
Deviation 

-± u.4 sec 

± 2.04 -sec 

± 156 -sec 

-± 12'7 sec 

-± 212.0 sec 

-± 20 sec -± 300 sec 

This normally distributed error has a mean of either+ 10 or -10 sec. 
This mis centering is an additional error in the output . 

6.3.2.2.2 16X RESOLVER OUTPUT ERROR - ENTRY 
... 

Max. .Assumed Standard 
•·· · · ~tributi!!fl Errors Values Distribution 

•I 

~ 316 - ' Encoder Quantiz~ng sec uniform 

Deviation -± 182.5 sec 

-± 57 .6 -Encoder Pulse Centering sec uniform ± 33.1 sec 
I~,-~ .. ' --lX Gimbal Rsvr. Ang. Error ± 300 sec sinusoidal 2 212 sec 

T -loX CW Rsvr. Ang. Error ± 60 -sec sinusoidal . ± 42.4 sec 

-· Encoder to 16x Backlash -± 32 sec uniform ± 18 . 5 sec 

-Total Standard Deviation• normal ± 265 sec 

This normally distribute~t error has a metµi of either. + 160 or - 16o sec. 
Thia ·m:1.scentering is an ad.di tional error in this output. ·· 

I 

Rev, I I I I l l 
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6.3.2.3 MANUAL OPERATION -- In manual operation, the output of interest 
is the one-speed CDU resolver output. The CDU gear train is positioned 
using the dis+ readout. The one~spe.ed CDU res.ol.ver output error is as 
:follows . 

Contributing Errors 

Dial Resolution 

Dial Zero Alignment 

Dials to lX Backlash 

1X CDU Rsvr . Align 

lX Gimbal Rsvr . Ang . Error 

lX CDU Rsvr. Ang. Error 

Max. 
Values 

± 7.2 sec 

± 60 -sec 

± 270 sec 

± 60 -sec 

-± 300 sec 

± 180 -sec 

Assumed Standard 
Distribution Deviation 

normal ± 2.4 -sec 

normal ± 20 
...... 

sec 

uniform ± 156 -sec 

uniform ± 34.6 -sec 

sinusoidal ± 212 -sec 

sinusoidal ± 127 -sec 

-Total Standard Deviation• normal ± 295 sec 

Rev, I 

. ' ... 

6.4 PRACTICAL CONSIDERATIONS 
'.\ -. 

During the analog computer simulations, the loop nonlill.earities 
were · varied to indicate their' 'effects on the loop re.sporises . Figure 13 
shows the effects of varying the amplifier saturation level, .and the 
motor deadzone on the loop response during the "zero encode" mode. The 
general effects noted here hold for the Qther modes of operation as 
well; that is, the lower the saturation level and the larger the 
-deadzone, the slower the l.oop response. All. other recorded data was 
taken using a 2 volt deadzone and a 30 volt saturation level . 

In orde.r to reduce the complexity of the simul.ation, gear backlash 
was not included. However, its effects on loop static and dynamic 
performance can be predicted. 

Dynamically, the gearing backlash will inj ect a slight amount of 
phase lag into the l.oops caus1ilg them t o be a l.i ttl e l ess s tabl e . 
Howev er, this is not important since the 'CDU is very stabl.e in all modes 
of operation. 

I I I I I XDE 
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Staticall.y, the gearing backlash will add to the static errors of 
the loops and has been considered. in Section 6.3.2. 

6.5 TEST TOLERANCE CORRELATION 

q'e-chnical Concurrence 

J. H. Flanders . (MIT/IL) 
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