
APOLLO ENGINEERDTG MEMOBAEDU.M AP-M No. L.J-i.81 

25 November 1964 Rev. A 

TO: Distribution 

1'"'R0M: Mr. P. Grant 
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.A ser:tes of papers is be:1.ng -written on the ele:ctronic COO a1.;d these papers 
·hill be supported by informal hourly talks. lfuey ·will co:itinue and p:co
gressively become ;;11.0re detailed as long as interest con•!;in1.1.es. '.fue p-.pers 
"i·lill be distributed a. day or two before the -'GB,lk. 'lne :f'h•st talk is scheduled 
for 9 :00-10:00 iu.1 Monday, September 28 in Conference Room 4. 'l".ae ·t:ttle of 
the first talk is 1.i\.u Introduction t o the Electronic CDU'. 

Davelopment of the elec✓,.;ronic cr,u began in May of 163 and :i.s to :replace the 
mechanical gear box of Block I. lbvelqpment cc.nt :tnued to October and at this 
time three dif:ferent syst~ --ere opaz-ating . 'J.w of the a:pp!"oaches were then 
discarded and the third was fu.t""ther develop.."d to its present ccr..f~guration. 

· The COO' s perform the following funct i ons : 

1) They provide a means of coupling to the comi,ute1· the ma>chanice.l orienta:t;ion 
of the three gimbal s of the DID with respect; to -the s·· able member, and a l so 
the eha:f't and trunnion orientation of the optics with respect to the space
craft . These orientations are t aken as !mr::i.J..og aignaln f'rr.m.1 renolv ·r und 
co11Verted ·to digital information by the ECJJ)U ' s and then sent to the CO"..nputer 
for processivg. 

2) ~e ECDU' s provide -t:or attitude at ering el:"..cor generation for apacecra:ft 
control. Thi s is eccomplished by es-ta.b:Lisb.ing a reference ror the space
craft and recoi•diog the deviation from ·l;his. :t-efere:nce in an erro:z- count.~r 
in the ECDU. '!his error information i r~ ·ch~n used ·i;o activ-e.te the s·1.a·o111 .. 
zatio:n and conti-ol system t o steer th s:pacecra:f..".;, co::..~,:e,;i:. the deviai;ion anr1 
null the error. 

3) Coarse eligmeut of -the IMU is aJ.co pr·ovi,.ied by 1.he EC:Oll. I1 coro:"se alie,U, 
it is dasired 'to have ·~he gimbal :mgle ori~nl:.s.-cion c .. ang~?d by com_pu,ter 
command. Thi::; is e.cc<r;nplished by f'eeciing -the error cou.n:cer AGC pulses equal 
to the required change in gimbal angle rot::.:c:I.?il • 

4) Visual display of ·che ~DU anglefJ mu.st; also be provided. 'Ibe conversic:n 
from binary to decimal for readout is accompl13hed by -the co.n.tpute.z· and 
displeyed on the DSKY. 
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The conver$ion of analog signals to digital. information is performed by solving 
the f ollowing identity. 

± sin ( 9 -y; ) = ± sin Q cos p ; cos O sin y; 

In th~. above equation O is the gimbal angle and yt are attenuation values which 
are selected sequentially in incremental steps by the ~DU. Obviously, when Q 

equals y: the equation goes t o zero and the system is seid to be nulled. 

In an elementary form the equation may be implemented as depicted in Figur·e 1. 
The s O and cos O windings of the resolver ai-e the only source of information 
to the system. The information is contained in the amplitude and phase of ·chese 
analog voltages and the ·task of the CDU is to interpret this inf o:C'Jllation end 
solve for the angle Q. 

Th.e o:pere:i;ion of the loop is ex:plained quite simply. When G = If the system 
is nulled and there reaul"t.;.s zero error signal. However, when O /: 'I' an error 
signal results which cont.role the on-off up-dew logic and causes pulses -'Go be 
accumulated in the counter. The contents of the counter controls the selection 
of W t.::ind completes the loop. The accumulation of these pulses is a measure of 
the gimbsl angle. Hence, as long as an error voltage exists :pulses w:f.11 be sent 
by the uyHiown logic., changing the 'read' cow:rter and the selection of' I.JI • 
The :p!1a.ae of the error sj.gnal determines the dj.rection in which the counter will 
count. 

In Summal.'Y the basic digitizing loop for the resolver signals is the 'heart I of 
the electronic CDU and the comprehendiIJg of i'ts' principal is fundamental to the 
understanding of the system. 

The next paper will be entitled, 'The Coarse System of the Electronic CDU'. 
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