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THE ro,JER SUPPLY AND CQ?,M)N cmcurrs OF THE EIEC''l'RONIC COUPLING 
DATA UNIT. (Pa.per Ill) 

This is the third of a series of papers describing tbe electronic CDU. '!'he 
original issue of this memo broadly descri.b0d three alternat,ives for supplying 
logic power; 4 VDC, to the digital section of the electronic CDU o Since that 
time a choice has been made making that memo obsolete. ihi.s memo is intended 
to supercede tbe or1gina.l. memo and exple.in t.he !~ VDC supply vhich will be 
independent, and of different design, :f'rOlll that of ·the computer 8s 4 V supply. 
In addition., thia memo vill present and explain canmon circuits of the electronic 
coo. An hour long talk to support this memo will be given on Tuesd~, 
January 19 at 9:00 AM in the SAT Conference Roan. 

It wey be recalled frcm t,.he origina.l memo that the moek I AGC 3 VDC supply 
bad an inherent draw back in that if the driver tro.nsistor of the supply failed 
shorted, 28 VDC would be applied to the 3 V log:Lc elements • This disa.dvantage 
is overc~ in the electronic COO supply by design. Refer to the enclosed 
schematic. Tbe theory of operation is as :follows: A :free-rimll:ing multivibre.tor 
whose natural i"requency is 11.5 K cm is ale,ved to the 25 .6 K PPS pulse train 
developed in the ECDU bu't dependent on too 51.2 K PPS clock pulse train fraa 
the ccmputer o fue J2 .,8 K CPS output of Ji;b.e mul·l..1 drives the power svitch o The 
pc:Mer switch output level is determined by the series regule.tor which generates 
a DC level proportional to ·the difference between the .1.~ V output and a. p:re.., 
dete1"lll1ned reference. Tb.is regulated DC lev·el ( appraxilr1&telzy' 21 V) is the level 
to which the power switch wil.l drive. 'lll.e 1wplitude modulat.ed 12 ~8 K CPS sqv.are 
wave from the pom!r switch is transfo1-mer coupleci to the rect,ifier and filter 
where the desired output of 4 VDC is developed with bei;ter than 1% regula:tion 
for line and load variationso 

The digital logic system for a five axes ECDU consumes between 2o5 and 3o0 amps 
maximum from the 4 VDC supply o For completeri.ess tbs e;rerage pmrer consumption 
of the analog modules frcm the 1-28 VDC source are lis"tl!d on a separate sheet at 
the end of this memo. 



'!he operational. amplifier shO\i"-ll in Figure 3 is used throughout the ECDU as an 
e.nalog canputi:ag device. Its function is to adjust the amplitudes of the in-­
put voltages by the factor Z feedback,. algebraically sum these adjusted 

z input 
voltages at the eumm1ng Junction and invert the result" Thus, the basic analog 
canputi.Dg operations of amplification, attenuation, surum:Ing and inverting are 
a.cccnpllshed c Poaei• amplification is also provided, the output impedance being 
approximate'.cy 0 .1 obms • !I.he open loop response of gain and phase shift versus 
frequency is graphically presented in Figure 5. With feedback and input l"'esistors 
of 25 K, B+ equal to 28 VDC, and a 800 CPS input frequency, the amplifier begins 
to saturate with an input signal o:f 8 ..2 V RMS. A breakdOIID. of the number of 
operationa.l amplifiers used per module for a one axis IMU system is given balov o 

Quadrant Selector Module - - - - - 6 
Ma.in Summing .Ampltiier ltxlule - - - - .. 2 
Coarse i1cc1u1e - - - - - - - - - - - - - 1 

The accuracy of the ECDU is dependent upon many factors one of vhich is the 
le-vel to which error detection is possible. Voltage level detection 1a accom ... 
plished by the Schmi:tt trigger circuit shown in Flgure 4A. The Schmitt us 
triggering level is set by the input resistors (in Figure 4A, it "s the 3.9 K 
resistor) • The trigger J.ev·els are listed below for reference . 

NOMINAL SCHMITT TRIGGER VOLTAGES 
(~a.sured at output of emitter fol.lowers) 

Mi.no -
Fi:ne iernary level (Fine Schmitt) IMO 180 

Fine ~rnar;y- I&vel (~.tna Scbmit·t) 'l.Rtnm 180 

High !iel"llS.ey Level (2c,speed Schmitt) 3.2 
5V Coarse 1'n-nary level (Coarse Scbmitt) 1.25 
Ambiguity Datect ( .A1'4b:lg. Scbmi tt) 6.o 
4V Coarse i\!rnary level 1.26 

Nan. --
200 

200 

4.o 
1.33 
7.0 
1.4 

Fine and Coarse 'l'erna-ey levels include dead r;;ones 

Max. 
-=-

210 mv P-P 

210 m."ll P-P 

i,1..2 v P-P 

lo4 V p ... p 

9QO "I P-P 

1.54 V p.,.p 

of 1 to 2 b:I:ts. 

~ circuits operation is as follow: 1-be 2N9ll~ transistor is normally on pre= 
viding a voltage across ite 56 obm emitter resistor which is common with the 
2:62980 emitter and provides bias to keep the 2N2980 off o Hence, all ·the CUl~ent 
·wougb. the 68 K base resistor of the 2N2980 -transistor flows 'through the diode 
portion of the 2N29BO and through the 1 K resistor to ground~ 'Ele 'base-emitter 
,junction of the f':1.rst transistor of the 2N2930 is used only as a diode with no 
connection to the collector . Both base-emitter junction voltages in the 2I'l29C30 
are matched to within 5 mv with similar temperature coefficients. The result of 
using these ma·tched junctions is stable trigger voltages with tein:pera.ture variation. 
Triggering is accompli.8hed when the input voltage rises beyond the trigger level 



and back biases the diode of the 2N'2980 and allor-1s the base of the 2N2S80 
transistor to rise toward the 6 .2 V zener vol ta,.::,ae o 'When the em1 tter bias 
of tbe 2N2980 transistor is avercc:me., it fires and causes the 2N914 to turn 
off and the output to rise to 6 .2 V. 'When the input voltage decreases to 
below the trigger level tbe reverse happens &nd the output voltage returns 
to approximately O volts. Hence., the output of' the Schmitt is alva;ys a 
positive going pulse .. 

'll:le analog switch and driver configuration shown in Figure 4B is used ex­
tensively throughout the electronic coo. The input to the driver (embling 
function) 1s narmally high keeping the driver saturated and the "base of the 
sw1 tch starved f'or current and tbe switch off' ( or open) • When a ground is 
applied to the input., the driver turns off' and its collector (and base of 
the switch) rises toward +28 VDC allowing the switch to become AC saturated 
and on ( or closed) o 

n:>nvt miss the next exciting chapter vhich is entitled 11The Fine System of 
the ECDUu. 

PG/np 

P. Grant 
Digital Systems Group 
Apollo Engineering 
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ELECTRONIC COUPLING DAT.A UNIT 

FIVE AXES SYS'r&M PCMm REQUlREl'-tENTS (APPROX" ~ ) 

# Mod . R .. ,, red 1'J'!Jr-reut,/ 
Modul e --~--~_ r_.5 ___ !!,_1_~ sl!!!!~ --2..~-~¥_!_, _ __Jn ~ !__-

An og l-ibd~ ( Fo:rttierl~ t,be Analog 
Inten ,c1ga Mode ~h dul · } 
D/ Cororerl.er 
Coarse Sy s .em 
Quadrant f: l ectO'!" 
Mtin Summi - Amp11f'1e r 

Dlgi•taJ. IogiC" @ 4 VI 2 ,8 ampB 

l 
1 
5 
4 
5 
5 

To al r er Co um t t on .l'or 5 ax:es syste."!l 

20 rM, 

; { 

46 
lk'.3 

2L._ 
199 ma 

3 -ra 
) c,15 
6 ,7 1 
a ,J.2 

24 032 
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--
SCHMITT TRIGG ER 

15K 

-, l°d 1,5K 
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El'llfBLG DRIVtrR. 

FuNcr,0111 

---
SWITCH AND DRJVER CONF"IGURATION 

FIG, 48 
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