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THE FINE SYSTEM OF THE EIECTRONIC COUPLING DATA UNI'l' (ECDU) 
Part I I ( Paper V) 

T'nis is the fif'th of a series of papers descri bing the elect ronic CDU. !Ibis 
pa.per will describe the 14.ain ftum:ming >oMPllfier bixlule and attempt to integrate 
its' functions vi th those of the Quadrant Selector Module in order to present 
a ccmplete picture of the fine system. An hour long talk in support of this 
paper will be given on Fridey, November 13, 1964 at 2 :00 in the SAT Conference 
Room. 

Apollo Engj. ering Memo AP-M //¾850 entitled The Fine System o~ the ECDU, Part...! 
shou..ld be reviewed prior t o studying this paper. That memo described how the 
resolver signel s vere phased and switched to t he appropriate attenuation resistors 
at the inputs to the main summing amplifier, sin and coa amplifiers by the 
o~ration of ew"itcb.es Sl through s8 . Refer to the block diagJ.·am . T'oe sin and 
cos amplifier, A5 and .46 respectively and six switches s9 through S14 are used 
to illrplement the refer#nce equation 

(1) cos (Q ... l/J ) = sin Q sin 'f + cos G COB I.fl 

Cos ( Q - I.Ir' ) is an internally generated reference which is used t o excite the 
ladder netwo1•k . 

In the development of the system equation 

(2) + sin { Q - if ) a: i: sin Q cos 'fl + cos Q sin <;> 

It was necessary to phase the s in Q and cos Q signals fran the resolver so that 
they vere alwa.ys out of' phase with respect to each other. In solving the reference 
quation (1) it becomes necessary to repbase the out of phase sin G and cos G 

signals so that they are always in phase and consistent with equation (1). The 
rephasing is accaiiplished by amplifiers A5 and fl.6 and switches S9 .tbrough S14. 
'!be logic equations far the switches ere listed on the block die.gram and translated 
to electrice.l degrees by the Fine System lta.rchrare Srltching Diagram Figure 2. 



'lllere a:re two outputs fran each of the sin a.nd cos amplifiers, however, only 
ooe of the four is active at all times o Switches S11 and 514 witch the output 
of A5 to the input of A6 and the output of A6 to the input of A5, reapectivezy . 
Bence, when Sll is cl osed ( quadre.nts I and III ) the output is taken fran Pl, and 
when S14 is closed ( quadrants II and 'IJl) the output is taken f'ram A5 • The 
e:f'f'ect is t o invert the out of phase signal with re pect to the 800 cycle 
reference from the quadrant selector to en in phase voltage., sum it with the 
other in phase signal of tbe quadl'"an selector e.nd invert the resultant to e.n 
out of phase voltage at the output of A5 or Pl,. Switches 89 and SlO alternate 
on end o:f'f' eveey 111/4 degrees in the second and fourth quadrants (814 is 
closed ) and S12 and 813 alternate on and off every 111/4 degt"ees in the first 
and third quaiirants (S11 1s closed).. Bence, one output is alwcys present at 
the input t o the ladder amplifier and to one of the -ll 1/4 bits or bias bits 
at the main summing junction. The input to the ladder amplifier is al.Wley's an 
out of pbe.se signal and its ' output, the function cos ( g .. y) ) , is thus e.l?.ccys 
an in phase signal vith respect to the 800 cycle re:f'erence and of approximately 
constant amplitude . 

At this point the reader should have a nf el" for t he sig:na.ls that are being 
summed at the main stumnillg Junction. To :recapitulate, two signals out of phase 
with respect to each otbe-r fran the quadrant selector a.re a.lWEcy"s present at 
t he :m~in summing Jut1c·t:f.on by the ope ation of witches Sl through s4 . Secondly, 
there is ai·w·ays one input from A5 or A6 providing an out of phase voltage and 
fins.lly , if 4-J ( the angle containt!d in the read counter) i s aeyvhere between 
the ll 1/4 degree divisions., in phase voltage from the ladder is injected pro• 
portional. to the accumulation of bits in the seven l east significant stages 
of the read coun:Ger. The result, with the aid of th quadrature NJect.ion 
network, is about a six millivolt RMB null at the output of the main su1nroing 
empllf'ier o 

An attempt vill be made to "talk" through the integrated operation of the fine 
system. This entails a description of the i Ddividua...1. voltages being summed at 
the main summing Juncti on. The crux of the operation lies in t he swi tebing in 
or abs~nce of the -ll 1/4 bit e.nd the phase of the 1·esult t voltage :f'ran the 
quadrant selector • If 'f' 1 the angle contained in the read counter, is between 
O and 11 1/4 degrees a relatively small sin Q signal is inverted in the qua.dra.n:t 
selector, being in the first quadrant, and attenuated by a factor equivalent 
to the cos ll 1/4 ° at the main ~umn1ng amplifier. Tbe relatively large cos Q 
signal, being in phase, is attenuated by a factor equivalent t o t he sin ll 1/4° 
at the main summing Junctiono The resultmrt of these two signals from the 
quadrant selector is an in phase voltage which must be summed with an out of 
phase voltage to obtain a. null . The ladder network being controlled by the 
seven least significant stages of the read counter provides in phase voltage 
proportional. to the diff'erenc between the ll 1/4 degree divisions and the 
angle ~J progressing in a coun'ter clockwise direction in Figure 2 • Ir 1n phase 
voltage from the le,dder were summed vi th the resul taut in phase voltage from 
the quadrant selector the effect would aggravate the unnulled condition. The 
necessary out of phase voltag neceesary to accanpliah a null is provided by 
the -11 1/4 bit input.. The effect is to switch in t his -11 1/4 bit out of 
phase volte.ge and null the resultant out o:f phase voltage with increments of 
in . he.se volte.ge from the ladder at the main summing j1.mction. 



-3-

The -11 l/4 bit voltage ia eJ.ways out. of phase v1· .. h respect to the 800 cycle 
reference and of constant amplitude. E:H;ber the -ll 1/4 bit signal or ·the- bia.s 
bit signal is always present at the main smmning jun<rtion .. These bias bit 
signals are tu.red to minimize the error generated by the implementation of ·che 
cos (Q - If ) f'u.nction. A ,;,imilar bias is provided in tbe gain of the J.adder 
amplifier (~ ._1§_) vhen the -11 1/4 bit signals are switched in .. 

25 

Ir tp is between 11 1/4 and 22 1/2 electrical degrees, S12 is open ( tbe -ll l /1:. 
bit is absent) and Sl3 i s closed applying the bias bit to the me.ill s 1.i.mmli1.Z 
j 1.1nction o ~.1e resultant voltage :f'rom the quadrant selector is an out of pha.::;e 
voltage at the main summing junct;ion ~ The ladder bits provide increme~rts of 
in phase voltage ·co null out this out of phase voltage s.nd the bias bi t p1·ovidc:.: 
minimi2etion of error. 

As~ becomes greater the operation described above repeats with S12 and S13 
alterna:ting on and off . When c.p progresses t o the second quad.rent t.be operation 
continues with switches S9 and S10 alternating on and ott. In the third 
quadrant SJ2 and 813 become operational and in the fourth quadrant switches 
89 and SlO regain control. 

1!11s paper ve.s scheduled to explain the quadrature reJection circuitry, however, 
the writer feels that a sufficient amount of mater ial. is included in this memo 
and the quadrature r ejection netvork vill be presented in a fu:ture paper o The 
next paper of this series is en·titled, ~ nteta1 to Ana.log Converter of the 
~ronic Coupling Data l!1-J1 •. 
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ECDU Fil~[ _ S\_STE_lv':_BLOCK _ DIAGRArv: 
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[lNE _SYSTEM LOGIC E.QUA. ,• 
Si = 89 /0 + 8910 
S2. = 8 910 + 89io 
53 = 8910 + 89fo 

QUAD 54=8910 + 89 i0 
SE.L. 55 = 1011 + /0 II 

56 = iO II + io TT 
57 =IT 
SB = II 

39=7,IO CTR 
510=7./0 STAGE. 

cos s 11 =m 2" 

ELECT. 

Qi.:&;RE!:,5 

180 

Sl2 =710 210 90 
: (e-'f) 

513 =7 ii5 29 4 5 
SI4=10 28 22½ 

27 11 '/4-
Sl5=6 26 5.6 
516=5 2.5 2.B 
517=4 

24 1.4 
I 23 O] 1LADDER $15 =3 22. 0.35 I 
I 

I 
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519=2 
520=1 
521=0 
522= 

2' 0.17 
zo 0. 08 

1 NOTE.: NUMBERS IN THE LOGIC 
: EQUATIONS ARE POWE?: 
I OF TWO. 

READ COUNTER 
12°121 l2.2 !2.3 l24!25!26!21 l28 l29 l&11 I 
l20J4d'{o§?43.cij.11i~loj1.4j2.als.¢l11~i 

MECHANICAL ANGLE 
A=-15 t OR 1 

MAIN SUMMING 
AMP. 

OPTICS SHAFT 5 '15 .L - - - - - - - - - - - - - - - - - - -1 

~ FINE. 
SCHMITT 

2 - SPE.t:.D 
SCHMITT 

?~ TO ERROR CTR. 

) AND LOG.IC MO!). 

- ----------- - - - ---- - ------- - ---------------------~ 

NOTE.: ALL UNSPECIFIED RESISTORS ARE. 251<. 
ALL VALUES ARE. IN K..Q. 

51() 513 S9 512 55 56 54 S3 S2 51 I ______ _ _ _ __ __ __ _ _ ____ ________ __ _____________ J 

NOTE: SINGLE. VARIABLE. SWITCH FUNCTIONS NOT SHOWN . 


