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SUBJECT: THE COARSE ALIGN LOOP mmG THE EIECTRONIC COUPLING DATA UNIT (CDU) 
(Paper X) 

I. Intrcxluction 

The purpose of this memo is to analyze the performance of the coarse 
align loop for the Block II Canmand Module and IEM Systems • 

An integral canponent of the loop is the Electronic Coupling Ila.ta Unit. 
Familiarity with the operation of this eevice is assumed . (Ref. 1-8) 

II. Conclusion 

The present coarse align loop mechanization bas adequate stability . 
The rate limiting necessary for protection of the gyro's can be achieved 
by providing additional counting speeds for the gim.bal angle counter. 



lo Block Diagram 

'lbe coarse align loop is shown in block diagram form in Figure 1. The 
normal coarse align mode is obtained when the computer sends to the CDU 
the coarse &ie;n and the enable error counter signals • The coarse align 
signal causes the M

0 
pulses from the Read Counter to be fed back to the 

error counter . In addition, the coarse align rel.eye in the PSA are 
energized. 
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Energizing the coarse align rel.eys in the PSA switches the reference vol t= 
age of the demodulator from 3200 cps t o 800 cps • The input is swit ched f'ran 
the output of the gyro preamp to the output of the Digital to Analog Converter. 

To insure stabili't;y when the gain is reduced (1500 MV/MR to 17 .5 JAV/MR) when 
entering coarse align, the ccmpensa:tion of the torque drive amplifier is 
changed by switching in additional. capacitance. The open loop Bode plot of 
·this loop ( neglecting CDU and CGC) is shown in Figure 2 • 

The gain of the torque drive amplifier is adjusted for each gimbal so that 
the open loop frequency plot is the same for all ·~b:ree loops • This assures 
adequate gain and phase margin in all three loops even though the closed loop 
characteristics are dii'ferent for ea.ch gimba.l. ( e- vs ;;,~pv~- c:/4s·,J 
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3. The Coupling Data Unit 
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Jn the coarse align mode, the computer calculates a desired change in 
i;imbal angle and converts this angle into a number of t:idc pulses to be 

sent to the error counter • These pulses are sent to the error counter 
a.ta rate of 3200 pps in 80 millisecond bursts. These bursts can be 
t'epeated f!W'ery 240 milliseconds. Each pulse has a -weight of 160 sec. 
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The content.a of the error counter is converted to an 800 cps amplitude 
modulated analog voltage by ·the digital t o analog converter. This voltage 
has a scale factor of 0.3 volts (rms)/degree. This voltage is limited and 
sent to the torque drive amplifier to move the gimbals o As the gimbals 
111ove, MG pulses are generated . These pulses are fed back to the error 

counter. The error counter reaches a null when the g:1.mbal angle has moved 
lf_Ollt. <1+'""' 

s-,n amount equal to the,4 pu.Lses sent by the canputer to t be error counter . 

The rate at which the gimbals move must be limited t o prevent damage to 
!;.he gyro's. The rate is limited by feeding back the coarse and fine error 
signals . These signals, depending on the relative gain, will limit the 
~imbals to either the high or the low counting speed of the read counter. 
ihis action is explained below. 



DAc:.. 

-4-

4. Rate L1m1t1ng 

'lhe rate llmiting of the coarse align loop can be Gtudied by considering 
the block diagram below: 
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The steady state action of the gimbals can be deduced by determining the 
conditions under which the output of tbe mixing amplifier is nulled. 

The output of the mixing amplifier will be a null ( except for small output 
to overccme friction) when the input from the DAC (after limiting) is exactly 
cancelled by the error signal from the CDU. Since limiting o.f the DAC voltage 
occurs at a small angle ( ~ 1.6 degrees), it is a reasoDB.ble assumption that 
the rate limiting must f'unction with a constant voltage out of the limiter. 
A null at the mixing amplifier is obtained when this voltage equals the error 
signal: 

y DAC = K sm (Q - '/I ) ~ K (Q - f/1) 

The CDU error signal vill be a constant only when the g:l.mbal and the CDU are 
going at the same rate vi th the gimbal leading the CDU angle • 
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Since the CDU is constrained to counting at one of two speeds, tha gimbe.ls 
will be constrained to a rate eqaj to one of these two speeds depending 
on the rel.a ti ve gain of the fine and coarse error signals a 

If tbe gimbals are moving faster than the CDO ia counting, the signal; SIN 
( Q - If ) vill increase causing a retarding torque to be generated by tbe 
TDA.. If' the gimbals are moving slower than the rate at which the CDU is 
counting SIN( Q ~ ~) ·will decrease and the TDA will cause an accelerating 
torque to be applied to the gimbals • 

An analogy~ be drawn here between this and the action of the synchronous 
motor in that the rotor pole lags some spatial angle behind the stator pole a 

This spatial angle is referred to as the torque angle. 1be important feature 
being that the rotor and stator rotate at the same speed. 

Therefore, by adjustiog the gain of' the coarse or fine error signal into 
the mixing amplifier, tbe gimbal rate can be limited to ei tber 70 ° per 
second (1208 Kpps counting rate) or 4o5° per second (800 Kpps counting rate)o 
Limiting to MY other speed ra·t;e can be easily accomplished by using dif­
ferent counting speedi:1 • 

5. High - !cw Counting Speeds 

When the gimbal is being driven at a rat;e vhicb is in excess o:f the slOT.l 
counting speed but lesa than the high counting speed, the error signal (both 
coarse and fine) is a. constant. The high ternary signal is present and causeo 
high speed counting vhevever the fine error signa.J. is in excess of 0.1° (J..X). 
When the error is less than 0.1°, low speed counting will result. For any 
g:f.mbal rate between 4.5 degrees per second and 70 degrees per second, the 
error signal will remain consta.n·~ ( except for svi tching bys·l;eresis) : the 
amount of time spent in fast counting will be directly proportional to the 
gimba.l rate1:ii excess of 4 o5 degrees per second. 



.. -6-

6. Svitching nvsteresis 

Because the gimba.1 angle counter can switch counting speeds only when an 
interrogate pulse occurs, the waveform of the error signal is not as simple 
as implied above • The various va.ve shapes of this error are shown for 
several gimbal rates • While these waveforms ShOW' sane change in average 
value vi.th gimba.l rate, the difficulty in filtering to obtain a usable signa.1 
is appreciable • Studies are presently unden~ to attempt this • 

1. Conclusion 

/np 

The coarse align loop has been analyzed • It is recommended that the necessa.ry 
rate limiting be obtained by using gimbal angle counting speed equivalent to 
the desired 15 degrees per second. 
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