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SUR1ECT: THE FINE SYSTEM OF THE EIECTRONIC COUPLING DATA UNIT (ECDU), 
Part I (Pa.per IV) 

This is the fourth of a series of pape-rs describing the el~ctros..rl.c CDU. The 
topic of discussion i s the Qi.u,.drant Selector Module. An hour long tallc in 
support of' thi s paper will be given on Thursdey November 5 ~ 15,64 ut 10: 00 ,' · '. 
in Conference Room #10. 

In r ading out angle inf.ormation t.' ECDU implements the equation; 

(1) + in ( -'4/) - ± Sin Q eos v r COS Q Sin ~ 

and, ssentia.J.zy.,, matches the resol ver angle Q -with ECDU angl.e \JI mrtil e. uul:. 
i s s.ccompllshed • In obtaining a null i•c 'becomes nece ssary t o ~:cerate e.n 
i nternal r eference which is 11sed to excite t he l adder iwtw k~ '!his referenc 
is the funct ion cos (Q ... :y/ ) and is generated in the ECDU by solving tbe ... dentity, 

(2) cos (Q - V,) : s inQ sin f + cos O cos yJ 

Thia reference ie then applied as excitation f or the ladder netvark and is in 
phase vi th respect to the external 800 cps reference (excitation of the resolvers ). 

I:n broad terms the operation of' the fine system is as follows: Refi r to the 
block diagram . Tile sin ~ and cos Q signs.ls from the sixteen speed resolver a.re 
accept ed by the quadrant salector module o Angle informati on is contained in ·the 
RMS value of theoe voltages and wl . tber they are in phase vi th the 800 cps refer­
enc or not • The quadrant selector phases the sin Q and cos Q signals so that 
they are alwey-a out of pha e vith r.spect t o each other o (This is consistent 
with equation (1)). Th....""'Y are further svitched through at.tenuation res·lstors and 
used as inputs to the main summing empll:t'ier ein amplifier and cos amplifier ~ 
The sin and cos ampli:f'iers are utilized i'll ·the generation of the re.ferenc cos 
( Q - 'Y) ~ Cos ( Q ,,. lV) is applied to the adder which is coz:rtrol led by the s 0 v n 
least signif'ice...n: · atages of the r ad counter. S gna.ls from the quadre.nt sele:~c'i:o::-. 
sin amplifie r., cos e.mpllt·er end 'the ladder e.:ee then s1..ur:ned at. the i".i.put to ·th" 
ma.in summing amplifier; ·t:;he ma.in summing junction. 'lne outpt~t o:r t.hc ru.e.:tn s,v:1-
ming amp f':1.er (fine error ) is s:mplified by the error amplifier to a J.evel 
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s u:f:f'icient t.o tri gge the Schmitt triggers wbe i:ihe system is not nulled . 
If the error i s J.arg-e enough., about ·twnty b:1.ts or grea.t e1" fran nu· lJ tbe 
two speed Schmitt will tr.:i.gger and control the logic in th E:rro1~ C.ou.nter 
and Logi.c Modu.1. ( EC and L), t o send pu.'.u;es a.t high speed ' 12 ~8 KC) to t.be 

•,.d count..ero When the error is du. ed to ~sa f.;.lw.n a prOX'imlitely Cl.'l'.'''l.Y 

b , the f':tne Schmitt v:ill take O"."l."'T and alJO' .. pulses t o le sen · at Je,w 
speed (800 cps) to the read coun ·eru Hence,. a.s : ng an thr:re is an "'· ro.·· 
s ignal Eu.f:f:i.cien·;; tc trigga. th~ f ne Schmitt ., t..,o bits or• great "r froiu .'t·i_i. 

the aystem w.i.11 not ·be nul d rutd pulsec -will be Gent to ·c.be 1·1?e.c1 co1m·.:: · 
wbe,re they w-ill accumulate, While accumula.t:!.ug pul,~e-o., th(:> 1 ·Nt 1 ::<.:1. :1 ',:·· · • 

change thf-: switclu.ng confi guyation of the systein (crs.mg:Lng vaJ-..ies o-r· ~r· 1. 

uati1 a match is mu.de between @ and 'to w i-thin tvo ·,">its 4 W11t1n th~ e !'Hl ,,,·: . 

occurs the fine error signal w.1.1 l-.e reduced to beluw t}.}(·• tr· gger. 1 e• 11(: L c · 
the- fine Scomit·t and the system -will nulled .. 

'll1 .. finte aystem u ... ilizes the ·welva least significant t ts.ges of the reau 
counter (2 ° to 2 11

) v 2" corr,-,sponds to 180 e~ctrica.1 degrees of t i'iae 
system and . .25 , chanic 1 degree a. Stages 29, 210, aud 211 overlap with 
the thre..e .a.st sign:Lficant cotm:ter e \":.ages of the coarse system . See memo 
AP--M 1/4544, Figure l~B . The accumulat· on of bits in the tvelve stages of the 
fine system conti•ol e..11 t~ svi tchi.ng :f'unctions i n the f:i.ue system . 

In the op a tion of tbe quadrant selec·tor # s i n -9 is inverted in the and 
IV quadrants and cos 9 im-erted in the III and IV quadrants , 'Jl1e i nversion 
of a1n 9 is a.cccmplished by operational amplifi rs Al and /l2. aod switches S5 
and S6 in 'the f'ol.l otv"ing lllMlller. Switch s6 i s cloned and S5 · s opened to 
provi de a f, dback path a.round A2 through Rl.7 and disconnect the output o:f 
¼2. f'ran th . input to Al . Sin Q becomes inverted by the norma.1 oper-at.ion of 
Al and the des1r inverted sin Q is available at its l output ~ When a non­
inverted aignal ia required (quadrants II and Ill) the switch configurati 011 
changes t o s5 closed and s6 open . The :feedback path e..round .P2 is closed 
through Rl6 &.lld the out.put of A2. s a:ppli.~d t o Al th-.'l"Ough R9 t.be rea stance 
of which is ruui' that o:f the feedback resistor of AL Bence, a.-t the summing 
junction o-f' Al there i s t.he a 9 function f'r(l!l Rl £;..nd a sin Q function of 
tvice the val.ue applied as ru>. inve , d aigna.l frcm R9. Thj_s SU!Il!Jm.t i on res1-iHc 
in an inv~r .. · a fl at he input to Al and an in :pha se si 9 at tts outpu.. 

The logic equations for e-..rttchec.: S5 and s6 til't": given as :: 

S5 = 10 .1.l + 10 ll 

s6 ::;, - ~ 
10 l.l + 10 ll 

where: 0 -· 2
10 = 90 ° 

These equat · ons state that S5 is clo~ when angle 'fl i s between 90° am 180" 
( 10 IT) or betveen 180 ° and 270 ° (lO ll) 'Which are e II and II quadrants , 

s pecti~ly., e.nd s6_!s_£losed ~n 'I' s between 2'{0° and 36oe (10 ll ) or 
between O and 90 ° ( 10 11) which are t lY and . quadrants, res pee ti vely • 



Phasing of' the cos G fuuct:.f.on is performed in the sema ma t.le:!'.' 1::.l:l the ~.:l.n 9 
utilizing A3, .A4., S'"( aDd s8~ Cos Q is inver"'-ved tn '!ihe .IT am 1V quailrv.r..t :::.. 
T'ne logic equo.Mon for S7 a:nd 88 a.re shown belo,,, : 

s7 = II 

S8 "" 11 

88, therefore, i-rill be cl osed and 87 open vb n 'If" is between 180° and 360° 
(ll) providing for an im-erted signal at the output of A3 " S7 is closed end 
s8 open when 'Y is bet-"wreen 0° and 180° p oviding :for a non-inverted signal at 
.A2.'s outputo 

Tne properly phased sin G and coa Q signals at tm outputs of Al and A3 
l"espectively, a.re swi tcbed through at·tenuation resistors by the operation. o:f 
switches S1 through s4 o Tneir logic equations are sbCJwn in the block diagram 
and are translated :i.nt.o el.ectric.a.l degrees of t he fine system by the listing 
below: 

Sl is on between 337 1/2 ° and 22 1/2 ° minus one bit 
157 1/2 G and ~ l/2 ~ minus one bit 

S2 is on bet-veen 

S3 is on between 

s4 is on oot au 

180_ 

22 l/2 ° and 45 ° minus one bit. 
135 .;, and 157 1/2° minus one bit 
202 1/2 r- &'ld 225 ° minWJ one b i:t 
315 ° and 337 1/2 ° mi nus one b:i.t 

45Q and 67 l/2Q minus one bit 
112 1/2° and 135° minua <me bit 
225 ° and 2h,7 1/2° miDus one bit 
292 1/2 ° and 315 ° minus one bit 

67 l/2 e and ll2 1/2 Q minus one bit 
247 1/2~ and 292 1/2 ml.nus OM bit , .. 

\-',;, 
y> 
~ 

90 

I 

. .._ ___ -,;t~----Sl-O 
I , 

... 337 .Z/2 



Switches Sl through $4 provi de wo :f'un!!ti ons. They select values of 
attenuat ion for the properly pba.aed sin Q and cos G signals e.t the inputs 
to the main summing amplifier and secondly at the i nputs t o the s i n and cos 
amplifiers which a.re used to generate the reference cos ( Q .. yr ) • The 
implementation of cos (Q -y) vill be expl.ain<!d in the next paper . For the 
prese t t he concept of solving the system equat ~ on will be developed . 

llle accumulation of bits in the twelve l.east aign.:1.ficant stages of the read 
counter cont rols all twitc~a o:f' the 1'1.m system. At an:::, position one and 
on'.cy" one mntch of the four (Sl t.b..~ugh S4 ) is on selecting the appropriat . 
value of at nuati on . 

Sl swit ches i.n sin 11 1/4 (} anc!. cos lJ. 1/4 c:, 

S2 Enfit cbas in sin 33 3/4 ° and cos 33 3/4 ° 
S3 switches . sin 56 1/4 ° and cos 56 1/4 ° 
s4 W1 t che?s in sin 78 3/4" and cos 78 3/4 ° 

~nee., U' G were a ua1 to any of the exact valu.es given ab01 (11 1/Li. 0 ., • 

33 3/4 °, 56 1/4 °, 78 3/4 °) or qua.dre.tm-e mul.tiple6; a null -would be ~.er; .l.!1)-, __ ._'.:· r· ~ 
without the benefit of aey other signals at the main sumn.ing j unction . 

As an exampl e, assume Q is equal to 213 3/4 q a The sin 213 3/ 4 ;.s t:', 1:.cg~:i;iv,_ 
quantity ( OU"t of phase ) as i s too cos 213 3/4 o Raf erring to tbe inversion 
symbols on t he block diagram., the sin is not invert-ed in t he III q_ue.dra.nt 1wC:: 
hence sin 213 3/1~ 0 rema.imJ as s.n ou-t of pha ,. voltage . The coo is :L'1Verted 
in the Ill quadrant and the out of phase cos 213 3/4 ° signal becomes e.n in 
phase voltage o At t his value of Q,, S2 vould be closed and ·;;be result a t tlx! 
main summing Juncti on vould be: 

s in 213 3/4 ° cos 33 3/4 ° - cos 213 3/4 ° sin 33 3/4 ° = O 

and the desired null i s obtainedo 

b next paper v:11.l describe the generation of cos (Q - '4'), the operation of 
the ladder network, the quadrature rejection electronics, and the error emplif'ier . 

/np 

_Q~ff.~t:: 
P a J . Grafrl! . 
Digital Systems Group 
Apollo Engineer"lng 
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SIN0 

r---- - - - - -- - - - -· 

R3 25.4 9 (SIN 78.75) 
----,r----~ ---- A/'W\r-- -----'-, 

RS 30. ;:,7 i;SIN 5 0.2.s; 
'V'Nv- - - - • 

R7 44.oo (SIN 3 3.75) Rl9 P4"7 
t---'\N\,-.-.------,r------t--4---r-r--"1r----------",I\JW--- •-----1\l'J\l~----- - -~~7 

R1 
30 

R2. 
'.30 

~@ 

QUADRANT 
SE.LE.CTOR 

MODULE. 

12B.15 (cos 78.25) 

f'---r---+-,..----+..--- --~ ~ 

i 

R35 

R32 R38 

cos e : ~ 
tNVE.RTEC> 

l ---- RE.A□ -CTR MODULC _J -----------., .,,.-:--- ---- ~ 
7 

7--
_e-+-- +------<>---------------- - --
8----+---+---+----+-- --- --+--.....---------+---o---------;- ---+-~ 

9--+--+----t--------<>---- --f-o-------+----+-------+---------+---+, 
9----+---+---+----+-------++----+..----++-+.---++----l....----++---+, 

IO---r-+------+--.....--t---._,---.-----~ -+----------++r---+t----+1..---+t-r---++--+n 
fii-+--,----..-+--+~....+----+--..---.....--H-+--H<.---++-+-+++-H...-------;++--++, 

I I --+--+-------+-+---+-t---+--,f--+--- +--, 
IT-+-+-+-+-+-+-----t-+----+~ 

cos !j6.liR7 

COS78,iR& 

MAIN SUMMING 
AMP. MODULE. 

>--.....__-~ cos (e-111) 
ALWAYS IN P~ASE 

WITH THE REF. 

A=-15 FOR 

JJNE SYSTEM LOGIC E.QUA. • 
Si = 89/0 + 89!Cl 
sz =89/0 +89io 
S3 = 8910 + 89io 

QUAD. 54=8910 + 89i0 
SE.L. 55 = IOTf + 10 II 

56 = iO I I + io TT 
37 =TT 
58 =11 

59 = 7, IQ CTR ELECT. 

510= 7,/Q -=ST'""A""'G"'-E.--"'D[;..,,G"'-'RE.=£5.,. 

I cos 
: (e-'f) 

SIi = 7D 211 180 
S 12 =710 2'0 

9 0 
513 =7 io 29 45 

28 2? 112 S/4 =10 '-- i: 
27 11 1/4-

S15=6 
516=5 

26 5.6 
25 2.e 

I 

I 
I 
I 
I 
I 
I 
1 517=4 24 1.4 

23 O] 1LADDER 518 =3 
519=2 
520=1 
521=0 
522= 

22. 0.35 
2' 0.17 
2° 0. 08 

NOTE.: NUMBE.R5 IN THE. LOGIC 
EQUATIONS ARE POWE::> :. 
OF TWO. 

READ COUNTER 
12°121 IZ:2l2.3 l24 l25 l26l21 l28 129 1&11 I 
J 201½1o§½Lcij.,1 l.35 loj 1.412.als.efl, '*: 

MECHANfCAL ANGLE 
OPTICS SHAFT svs.L - - - - - - - - - - - - - - - - - - -, 

MAIN SUMMING 
AMP. 

~ 

AMP. 

FINE. 
SCHMITT 

2 - SPH.C> 
SCHMlfT 

?, TO ERROR CTR. 

) AND UJG.IC MOD. 
I 

I 
I 
I 

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

I 
I 
I 
I 
I 
I 5!0 513 S9 512 55 56 54 53 S2 SI I L ____ _ ______ ___ __________________ _ ___ ________ J 

NOTE: SINGLE. VARIABLE. SWITCH FUNCTIONS NOT SHOWN 

NOTE.: ALL UNSPECIFIED RESISTORS ARE. 25K 
ALL VALUES ARE. IN Kil. 

P. GRANT 10/10/64 




