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~~::Ycovers effort~~~~~~~~ ’ 1.$ ~~ N?6 ?86~~11~ to devel op a microprocessor-

based :ontroller for the Delco 15 KW power corditloner.

Continuing from the microprocessor selection , the previous task, the controller hardware

was developed and tested during this task. The controller software will be developed

in the next task.

The controller  hardware conform s closely to the controller baseline design concepts

of TasI: 2. A variation from the baseline did occur in the converter SCR coemwtatiun

sense i rcuitry . The existing r)elco ccmmwtation sense sionals wil l not be used by

the controller breadboard. Instead , a more direct and perh~ips more reliable rethod of

sen.ing the converter SCR convnutation will he impleinented with opt ca1 couplers.

This rr .thod Is presented in detail in the report.
Ic

Addit i nal hardware, externa l to the controller , was deve~oped to facilitate test~ng

of the controller breadboard. An interface was developed between the Motorola Exorciser

develoi ment system and the controller. The Exorc iser interface was connec ted to the

empty h809 microprocessor socket on the controller. Special debwi faci liti c s In the

Exorci er permitted the microprocessor address, data , and control lines to te exorc i sed

easily from a keyboard. Special circuitry was developed to sirula ’e portirns of the

power c onditioner . The power conditioner simulati n devices ~n ’ the Exorc i ser develop-

ment system were used to debug and verify correct opera sloT of the hardware without the

6809 ‘n croprocessor and controller software.
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2.0.0 PREFACE

The work described in this report was performed by Yucca International , Inc . under the

dIrect~on of the U. S. Aru~y Mobility Equipment Research and Developmrt Coimnard. This

report completes the fourth task of the first phase of the U. S. Army contract no. DAA K-

70—78- :-0l17. The contracting officer’s representative is Dr. David Lee of the Ii. S.

Army M~RADCON Headquarters at Fort Belvoir, Virgini a.

3.0.0 COPYRIGHT PERMI SS IO!

No copyright permission is required.

4.0.0 INTRODUCTION

This i a report of the fourth task of six tasks of the I). S Army contract no. DAPK7O-

78-C O 17.

Perfory -ed during the previous tasks was the baseline desl~rn of the cortroller and

select -n of an optimtan microprocessor. Performed during this tas~ vas the development

of the controller hardware based on the concepts outlined 1” Task 2 the baseline design.

The ob ective of this task was to bu l1d the necessary hardware to perform voltane and

curren ! regulation of the converter section of the Delco 15 KW power conditioner.

The ob ective also included testing of the hardware to deb:g any wiring errors and

assure that all parts were functional and that the clrciitry will work as expected.

Contained In the report is a description of the breadboard ~nd is supplenented wi th

schematics and a parts list.

r ~ -2-
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5.0.0 INVESTIGATION

5.1.0 OVERVIEW

FIgure #1 is a block diagram of the controller . The circuitry tha t will perform the

voltage and current regulat ion function reou ’ired of the controller durinq this phase of

the contract was breadboarded on two separate wire-wrap boards. The interconnects are

made through a motherboard. The microprocessor, EPROM, RAM and input/output are con-

tained n one board and the Converter 5CR timing circuitry an 1 sense signa l data acquisi-

tion c~ .’cu i try is on the other. An empty slot on the motherboard is eserved for a

board ‘r~ ch w i ll contain the Inverter 5CR timing circuitry and add itlo al circuitry

to be developed in the next phase of the contract.

The tw boards developed during this phase w ill be designated as follows :

1) MPU and Periphera l Input/output Board or s1mp~? “MPI board ;

2) Sense Signa l Aqu l-sition and Converter Timin g Coard or simply ‘Board a l ”

The c i v  uitry that wi l l  be developed during the next phase of the contract will be

referr’~’~ to as Board •2 and It will include the following :

l~ Overtemperature sensing circuitry ;

2) Slow fan speed sense cl rc i fry ;

— 3) Power supply failure early detection circuitry ;

4) Special circuitry used for self-test ,

5) Inverter SCR timing circuitry .

Figure ‘2 shows the general layout of the breadboard and li sts the required power

supplies.
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The controller design uses a combination of TTL , LSTTL , and CMOS. Due to the low

power and high noise inmiunity characteristic of CMOS, it was the preferred family and
- was used where speed was not critical and if it would not result in a significant in- 

-

crease in package count. If possible and practical , as controller development pro-

gresses, more TTI ma y be replaced by CMOS. The CMfl~ used on Board il is currently

deriving its power from the +5 volts supply but may be connec ted to iic’he r vcl’aoes

for 9 -ater noise inmiunity and -speed of operation if the need arises.

The IC ’ s used In the breadboard , i n genera l, are coninercial versions of components

- that are available in military versions at a higher cost. The parts list , Figure *11 , -

provicl~’c the actua l component used on the breadboard .

The br~adboard conforms very closely to the concepts outlined in the report on task 2,

the ba~el1ne desion of the controller. The only variation occurred i’~ the converter

5CR t il ing circuitry. Th is variation is due to a chanqe It the way the convprt”r SCP

coemutition Is sensed. The variation will be described j r  detail later.

For te;t ing purposes, it was necessary to design and build additiona l hardware externa l

to the controller to simulate the converter SCR’s. the front panel controls, and some

sense -i gnals. Other iddi ’l~nal hardware included circuitry to Interface the P~otorola

(xorc i ;er microcomputer development system to the controller .

The sc iematics of the additional hardware are incl ided in this report as Figures .14,

l5, lf .

-4-
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5.2.0 MPU AND PERIPHERAL INPUT/OUTPUT BOARD

This t ard contains the microprocessor EPROM , RAM , and I/O. It also contains circuitry

which ~enerates sync signals used by the sense signal data acquisition circuitry when

measuring inverter output vol tages. The schematic of the MPU board is shown in Fiqure

112.

— The principa l components on the board are two 2716’s (for a total of 4P . bytes of [PROM),

two MC’810’s (for 256 bytes of RAM), two MC68B21’ s.

Socket ; are reserved on the board for the MC6809 microprocessor and MC6846 ROM-I/O-timer.

They wil l be implemented when samples become available. The 6846 Co nta i r ~ 2V of P1W

which an replace one of the 2716 ’s when the software is finalu ~ed. The 6846 wi ’ also

have an 8 bit I/O port that will provide additiona l I/O capa bi l it y .

Ihe BT I7’s~ used for buffering the addresses are optional. They can be replaced t l~

pin he.ders containing jumpers.

~ keyboard/display controller has been included on the board to sir rplif y an~
4 minimize

the conponents necessary for Interfacino to a display. The 8279 will multiplex the
- 

displ a- s for less power consumption and allow non-hex characters to he dlsnlayed .

This fi ature will be useful for displ ayin a some alpha charac ters in addition to hexi-

decitna characters. The 8279 can be connected to an undecoded keyboard which may be

used t enter diagnostic or trouble shooting coninands when opera ine the controller

free o- a development system.

-5- 
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Sufficient board space ha-s been reserved for EPROM and RAM exp”nsion . There are severa l

spare ins available on the motherboard for additiona l board to board wirin a .

The ROM, RAM and I/O addresses assigned to the controller circuitry were chosen to avoid
- any da~a bus confl iction when using the Exorciser as an MPU for the controller. The

MC6809 simulator firmware and debua firmware reside in addresses above D000H In the

Exorc i ;er. The controller w i ll be wired to ignore addresses above CFFFH when connected

to the Exorciser development system. When the con t roller is onerating stand alone , with

its own MPU and software, it mu-st have the capability to respond to addresses letween

FFF~H :nd FFFFH. These addresses wil l contain the MC6809 restart and vector branch table.

(Pin 4 and pin S of A39 of the MPU board will be connected to ground when the stand alone

• mode i used.)

Figure ‘3 Is an address map of the controller.

Figure ‘4 details specific addresses of the h~’rdware.

Figure ‘5 details how each b - it of the data bytes read hack ~rrw,’ th~ hardware (enabled

by read enable s ig na ls) should be Interpreted .

The Mr - board connects to other parts of the controller and pnw.- r conditioner via two

connecrrs . P6 Is a 50 pin connector whi ch will connec t to the power conditioner front

panel . The frequency select switch and in”erter output voltane BCD thumbwheel switches

can be read, and up to 16 7-se~~ent displays can be written over a 50 pin ribbon cable

and a rat ing connector . ~n unencoded keyboard can be easily connected at a later date

to serve as a development aid.

-6-
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P1 is ~he 86 pin edge connector on the MPtJ board.

The coutroller will initially use the MC6809 and standard speed peri pherals. When the

hardware is proven and perfected, then faster program execution can be obta ined, if

des1re~. by using an MC68B09 microprocessor and faster memory and periph erals.

5.3.0 SENSE SIGNAL AC~WS IT If lN AND CONVERT TIMIHr, I~)/~RD

Board ‘1 performs four separate funct ions. These are :

1) Converter SCR timing signal generation;

2) Moni tor converter SCR cocrinutation sense signals;

3) Measure power conditioner sense signal s ;

4) Count waveform generation sync sici n~1s.

The ccv .~ rt, r 5CR tim ino signals generated on th ic to ~~rd w i ’ l (
~~v vn (c t to Delco 5CR nate

- driver - in the power conditioner . The frequency of thu tim ina .irinals are based on a

10 h i t  ~iqita l va l ue progranined into a 10 bit CMOS d ioi t al to analog converter .

‘ Board ‘‘ also contains circu itry which will monitor the converter 5CR commutatIon sense

signal-c from the power conditioner .

Al l of ~he converter SCR timing siana ls and SCR coninutatin” sionals are routed via PS,

a 50 p ’  connector at the to~ of the board.

Board ‘1 contains two A/D converters which are used to m°asure an ana log voltage that is

selected by an ana log multiplexer . Each A/D converter has a corresponding sample and

hold and analog multiplexer associated with it , and is capable of incasurina avi v one 0’
eight channels. Fourteen of the 16 analog channels will connect to 14 sense sianals

in the power conditioner via P6, a 50 pin connector at the top of the t.cvard.
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A count er is included on Board $ 1. It is used to count waveform ge~eratinn sync pulses

betwee i each zero crossing of the Phase A inverter output voltane The count at any

instar ’ can be used to define the number of degrees past zero deqrees (or 1800) t~~~t ØA

is at.

5.3.1 CONVERTER SCR TIMING CIR cUITRY

This ~. i rruitry consists of two parts. One part generates a convvrtr o~~i1l ator fre-

quenc,. The other part d istri ~ ut e~ the pulses cnrri nn fru~ the nc ciila ~or to six se ’arate

outpu t ~ . Each Output will r ‘inrc t t t p i  i of co .‘‘ t t’ ~ g v  to d i i  ‘.-t ’r~ I t -  th t~ :

condr ncr .

The c i  -ierter os c illat n r frequency is generated by a DAC and VC~ crrrt ’n a~ion . The

Ana lo , ~evlces AD1522 10 bi t CMOS ~)A1 requires an external voltaqe refere”ce. This

is supoli ed by an A05841JH pin prograninable precision v2ltaqe reference , tha ’ is pronranined

to +1: , +3~nv

The A 522LD used in conjunction with an LM741C operati n~ l jm l ~~~~it.r wi ’l produce a -10

vol t c- tput full scale. A binary count of 3FFH loaded in ?n the ~~ ~ i 1l correspond tr

-10 vi ~ output. A count of 000H will correspond to zero volts output.

This at-a log vo l tage is used to 4djust the Current drawn out of pi r 6 of toe EXAP XP2207C

vol tag -controlled oscillator . The output frequency of th VCO i - adjustable from approx -i-

materl i 66Hz to 33KHz in the present confiouration. An outou t frequency of 33K1iz will

he suf~ icient to drive to converter SCR’s to suppl y a l z~ W load. The r ’-ocedure for in-

creasi - q the oscillator frequency to accomodate a load requirement tha t exceeds 15Kl~

is as -)110W5.

-8-
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If a D~ count of 3FFH is insufficient to maintain the inverter output volta ge at

nomina l level due to an overload , then change the DAC count frr’rr 3FF14 to 000H. Program

the periphera l line PBS to go low . This causes pin ~ of the VCO to 00 high which enable

curren~ to flow Out of pin 7 of the VC O through R49 and RL; RH can be adjusted to

genera~ - a VCO output frequency equivalent to a DAC count o 31fo (approximate ly 331Hz).

The ou ~t frequency may now be inc reased from 33Khz (approx i ma ti ) ly increasin o thi

• DAC c o t  from 00011. Each time a transit ion is made f rom •jr- overload condo ion o a

• noi~ial ioad condition (or vice versa) it would he adv isah ’e to fo llo w a procedu e similar

to the thove to prevent possi b le overshoot or undershoo t of i’-verter ou tpu t voltage . The

total ~i-1 ~ing current drawn Out of pins 6 and 7 of the VCO h~~j l l  neve - exceed f~’1A acco rdiro

to the ;CO spec ification sheet. There are also range 1 i r it a ~ i cr on the tim i ’q resic rS

tha t c~ uld be Observed if a modification is ever necessar,. TN~• (ptir ’um power supp ly

for t~ - .C in this con~ iauration is • 6 volts , ~ 7.5 vo ’ tc is i-rr~,or~~’v used t e c a i - ~
‘! cw . ‘-tie nce . but is well within the operating range c-if the device. ~ noteaHe feature

of the 10 is that it has low sens itiv ity to power suppl y voltage changes (.15 f reQuency

change cr volt; accord in~ to the manufacture r spec ificatioi .

The o u .  ut of the VCO requires a level conversion ti make i t comp atible with CMOS logic.

The se -nd part of the converter 5CR tirrinq circuitry ri-’ pu~~ec cc~,inr from the con-

verter sci llator to produce hrf P clock s. Each c ’”nc ,?iv e oscillat -r pul~ r. is con-

verted ‘o 12 uS pu l se width ari d thor di trlbuted to nrc r- t~ ’ u-r i’ i- i~~ i n the fo il1 •- i n o

sequen ; Phase A clock , Phase B clock , Phase C clocL ho fre~ i n r y  n’ each c1ock will

be 1/3 Df the oscillator frequency.

.0-
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These ~Piree clocks are shown leaving Board #1 schematic sheet 1 on she right and enterinq

sheet I on the left. Each of the three clocks are delivered to its own coresovindina ~CR

gate I -~ ic block. All three gate logic blocks shown on sheet ‘ are iden’ical anc’ are

associ,~ted with the converter 5CR conmiutation sense circuitry . The converter SCR coin-

mutat i-in sense signals enter on the left side of sheet 3. The sense signals (17 total)

— will t- - low if the corresponding 5CR In the converter Is conducting and high if it is not.

Precau ions must be taken to prevent opposite pairs of SCR’-s in a DC to DC resonant con-

verter f rom being on at the same time . Therefore, circu itry i n  this SCR gate ‘oak block

examine s all four sense signals comi ng from a DC to DC con’~erter to verify each Is hinh

before another SCR pair , or same SCR pair , in tha t DC to DC converter wi l l  he ‘ired. If

all f sense signals are high , then the next time a 12 uS cloc k pulse arrives at the

ga te I -i ic block , one of the two SCR pair lines (leavina sheet on the right) will go

low fo~ l~ us.

If one -if the sense signals had been low when the c7oc~ n’,lse ~r’i wed, both of the 5CR

pair lines would have remained hiob and on Interrup t (:cw~,n . ~ail -t n t., MPh board, sheet

4) wou I have been issued to the microprocessor. The fail~ na phase Is identified by

readint peripheral line s PC5, PC6 , and PC7. The fail ind ica t io i - w i ll ge’ away autc

matica ’l y if all four SCR’s are not conducting when another cloc k pulse arrives .

The con verter 5CR timing pulses labeled at the right of [~c-’ard *1 she”t 3 schematic

will alternate automat ically between SCR pairs If the cçP psi- f’red last was verified

to havc turned on. If both conmiutation sense slenals cr r an ~~ pai do not ae~ low

(to in ‘cate that one or both did not turn on) after a firing pulse h’d been sent to

that S R  pa ir , then the alternate pair of SCR’s w ill not be ‘ired when the next clock

-10-
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pulse e,’rives. Therefore, an LED failure in an optical coupler (which is very rare)

wi l l  ~:ause the opposite pair of SCR’s not to receive any fir ir ’o pulses . The controller

wil l ecoqn ize a fail condition has occurred because the power Output of the fau na

conver ter will drop be low that of the ot~er two cor’verters .

The l~ converter coninutation sense signals wi l l be genera ted in the power conditioner

f rom - pen collector outputs of 12 optIcal couplers. These 1? lin es will te p s ’l ’ed high

throw ~-t pull -up resistors to the CMOS power suppl y lev& .

The o~ •lcal coupler should be mounted close to the converter SCR’s in the power conditioner

to ke. . high vo l tage way f rom the controller boards . riqure a( shows hot-i the LEE) In the

optIc~i l couplers wi l l be connected to a resonant converter .

6.0.0 DISCUSSION

The cI’cuitry that wi l l be used to perform voltaq” and C irrent requlat ion of the c”nverter

sec ti ‘ of the Delco 15 K1e4 power conditioner was bu ilt. ~lso devolope d. was the circuitry

that ~i l l measure invertCr Output voltage arv Curr ,1nt . Tti ,~ C i F t f l ! ’ y was c4eve’oped during

this ‘ase instead of the next phase , for convenience. ~~~ clrcu I’ r-i rocecsary ~o corre-

late ‘riverter output vo l tage measurements to an exac ’ : i c i n t  or’ the i u p u t  sine w ave

was al o developed and pxis t~ on th e  breadbrard except for ~hr ~
1 esc’ ~• :e~ro crosting

— 
detec r which wi l l be designed l a r ~r- .

Not d~ ‘eloped during this task was the sense signal conditioning cir-cuitry tha t w i1l

atten , te and filter the signals to a leve l suitable f o r  measurement ty the controller.

The s~- ’ - -se signals measured by A/fl Sl must be In the range of - ‘v to +5v . A/fl ‘‘ w il l

measur e voltages between Dv and -el0v. An optimum amount of filter ing wi ll he reqi’Ired

— 11—
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to res t •-e unwanted ripple or noise but not slow or delay sense stona l response. The

sense signa l conditioning circu itry will be developed after the sense signal outputs

have t~ “ ci characterized and specific information abou t the sense sicsna l waveforms is

known.

The se se signal data acquis ition c ircuitry on the controller breadboard was tested by

measuring adjustable vo ltage sources . Voltaoes between 0 and ~~v , in .5 vol t increments

were pi esented to the ana l og multiplexer inputs. The typical accuracy of the diqital

output ~f the A/ fl converters was .1% error , well below ..~~ error ~-hic h would be suitable

for cor ’rol ling the inverter output vo l tage to with in 11.

The cc’ -ierter 5CR coninutatiun sense ‘ ignal C i rCu 1 tv ~ - rI t i . (- r!:~-c l I er  t’a s developed

to mon’ or the outputs of 12 o pt ica l  ~Il~• ’ ’ , l f l — t e . s 1  ~ t h i -  s- ~ ist inrj  P l ( s )  t~~~ v s - ’  tee-

5CR Co -- utat ion sense s igna ls.  This variation from the t a stline design is expected

to inc ’ oase the r e l i ut i l it y  of the power conditioner ~~ile remov ing the need for one

t ranst • iiier (T2)  and other con~ponents .

The 1~ pt i ca l  coup lers , it irn~,lementpd In tts~ uir ~~I - ni’r 1f I1 t it l es’ ’  de’~ i~ ’n , w i l l  replace

the fo ! lowing components w h i c h  are shown on page 6-- t and page f~-l of  Fina l Report AC-DC

sectio ’ . contract no. DMK7O-77-C-0035.

T2A , T2B , T2C , CR 7-CR 18 . R7- R9 p. (~ -~~

R l-R6, R7-R30 , C l-C 12 , 111, 1/2 112 p. 6- 10

The o p - i c a l  sensing method wou ld require the fol lowing parts to be added to the power

condits - ner converter:

-12- 
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12 optical couplers

12 series resistors

12 protection diodes

12 pull -up resistors .

The optical couplers wi l l  sense each 5CR directly. The present senslnn circuitry w ill

sense c- si rs of SCR’s vid i rectly. Refer to the report of Tas k 1 , of thi contract , section

5.1.2 ‘-s r a descrIption of the Delco sensing method. The optical coupler sense circu itry

will b. tested with the Delco 15 KW power conditioner when the power conditioner Is

avai la t  le.

7.0.0 (1NCLUSIflNS

- 
The ha Iware has been designed 3 constructed , and tested to  tile ’ level practical tefore

the so ware has been wr i t ten . It is expected that s rv’ o r - i r o r  chantis ’s to the hardware

may be necessary as software is being written and debugged .

8.0.0 ‘ECOP IENDATIONS

‘ It is ‘ econunended that Yucca Internat iona l proceed imediately tr~ the next task , deve1opment

of the controller software .

_  -- _ _  -_
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