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1.0 SUMMARY

This report covers effort/under_conteaet-BAAeio=78=6=04b to develop a microprocessor-
based controller for the Delco 15 KN power conditioner.

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 conforms closely to the controller baseline design concepts
of Task 2. A variation from the baseline did occur in the converter SCR commutatiun
sense .ircuitry. The existing DNelco commutation sense sianals will not be used by
the controller breadboard. Instead, a more direct and perhaps more reliable method of :

sensing the converter SCR commutation will be implemented with opt‘cal couplers.
This method is presented in detail in the report.

":

Additiconal hardware, external to the controller, was developed to facilitate testing
of the controller breadboard. An interface was develcped between the Motorola Exorciser
development system and the controller. The Exorciser interface was connected to the
empty 5309 microprocessor socket on the controller. Special debua facilities in the
Exorciser permitted the microprocessor address, data, and control lines to te exorcised
easily from a keyboard. Special circuitry was developed to simula‘e portiens of the

power conditioner. The power conditioner simulaticn devices an"' the Exorciser develop-

R

ment s-stem were used to debug and verify correct operation of the hardware without the F

6809 m croprocessor and controller software. | ]

|




2.0.0 PREFACE

The work described in this report was performed by Yucca International, Inc. under the
direct on of the U. S. Army Mobility Equipment Research and Developmart Commard. This
report completes the fourth task of the first phase of the U. S. Army contract no. DAAK-
70-78-C-0117. The contracting officer's representative is Dr. David Lee of the U. S.
Army MiRADCOM Headquarters at Fort Belvoir, Virginia.

3.0.0 COPYRIGHT PERMISSION

No copyright permission is required.

4.0.0 INTRODUCTION
This 1< a report of the fourth task of six tasks of the U. S. Army contract no. DAAK?0-
78-C-0 17.

Perforied during the previous tasks was the baseline desian of the cortroller and

select on of an optimum microprocessor. Performed during this tast was the development

of the controller hardware based on the concepts outlined in Task 2, the baseline desiagn.

The ob_ective of this task was to build the necessary hardware to perform voltane and

current regulation of the converter section of the Delco 15 KW power conditioner.

The ob ective also included testing of the hardware to deb:q any wiring errorec and

assure that al) parts were functional and that the circritry will work as expected.

Contained in the report is a description of the breadboard and is supplemented with
schematics and a parts list.

.2.
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5.0.0 INVESTIGATION
5.1.0 OVERVIEW

Figure #1 is a block diagram of the controller. The circuitry that will perform the
voltage and current regulation function reauired of the controller during 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 on one board and the Converter SCR timing circuitry and sense signal data acquisi-
tion circuitry is on the other. An empty slot on the motherboard is reserved for a

board which will contain the Inverter SCR timing circuitry and additio=al circuitry

to be developed in the next phase of the contract.

The two boards developed during this phase will be desiqnated as follows:

1) MPU and Peripheral Input/output Board or simply “MPU' btoard;"

2) Sense Signal Aquisition and Converter Timing Doard or simply "Board #1."
The circuitry that will be developed during the next phase of the contract will be
referred to as Board #2 and it will include the following:

1, Overtemperature sensina circuitry;

2) Slow fan speed sense circuitry;

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 lists the required power
supplies,




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

power and high noise immunity 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 TTL may be replaced by CMOS, The CMNS used on Board #1 is currently
deriving its power from the +5 volts supply but may be connected to “icher vol*ages

for greater noise immunity and speed of operation if the need arises.

The IC's used in the breadboard, in general, are commercial versions of compcnents
that are available in military versions at a higher cost. The parts list, Figure #11,

providas the actual component used on the breadboard.

The br>adboard conforms very closely to the ceoncepts outlined in the report on task 2,
the baseline desian of the controller. The only variation occurred in the converter
SCR timing circuitry. This variation is due to a change in the wav the convertor SCP

commut :ition is sensed. The variation will be described in detail later.

For testing purposes, it was necessary to design and build additional hardware external
to the controller to simulate the converter SCR's, the front panel controls, and some
sense signals. Other additiunal hardware included circuitry to interface the Motorola

Exorciser microcomputer development system to the controller.

The sciematics of the additional hardware are inclnded in this report as Figures #14,

15, 16 .




5.2.0 MPU AND PERIPHERAL INPUT/QUTPUT BOARD

This brard contains the microprocessor EPROM, RAM, and 1/0. It alsn contains circuitry
which jenerates sync signals used by the sense signal data acquisition circuitry when
measuring inverter output voltages. The schematic of the MPU board is shown in Fiqure

fnea.

The principal components on the board are two 2716's (for a total of 4K bytes of EPROM),
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-]1/0-timer.
They will be implemented when samples become available. The 6846 contains 2¢¥ of ROM
which can replace one of the 2716's when the software is finalired. The 6846 wi:® also

have an 8 bit 1/0 port that will provide additional 1/0 capatility.

The 81497's used for buffering the addresses are optional. They can be replaced ty 16

pin headers containing jumpers.

A keyboard/display controller has been included on the board te simplify and minimize
the coriponents necessary for interfacina to a display. The 8279 will multiplex the
displavs for less power consumption and allow non-hex characters te be disnlayed.
This feature will be useful for displaying some alpha characters in addition to hexi-
decima characters. The 8279 can be connected to an undecoded keyboard which may te
used to enter diagnostic or trouble shooting commands when opera‘ine the controller

free o° a2 development system.




Sufficient board space has been reserved for EPROM and RAM expansion. There are several

spare >ins available on the motherboard for additicnal board to berard wirina.

The ROM, RAM and 1/0 addresses assigned to the controller circuitry were chosen to avoid
any data bus confliction when using the Exorciser as an MPU for the controller. The

MC6809 simulator firmware and debug firmware reside in addresses above DOOOH in the

Exorciser. The controller will be wired to ignore addresses above CFFFH when connected
to the Exorciser development system. When the controller is operating stand alone, with
its own MPU and software, it must have the capability to respond to addresses tetween
FFFPH :nd FFFFH. These addresses will contain the MC6809 restart and vector branch table.
(Pin 4 and pin 5 of A39 of the MPU board will be connected to ground when the stand alone tl
mode i used.) ;

Figure #3 is an address map of the controller,

Figure #4 details specific addresses of the hardware.

Figure #5 details how each bit of the data bytes read back from the hardware (enatled

by read enable signals) should be interpreted.

The MPU! board connects to other parts of the controller and pow-r conditioner via two

connec'ors, P6 is a 50 pin connector which will connect to the power conditioner front
panel. The frequency select switch and inverter output voltane BCD thumbwhee!l switches
can be read, and up to 16 7-segment displays can be written over a 50 pin ribbon cable
and a mating connector. An unencoded keyboard can be easily connected at a later date

to serve as a development aid.




T

P1 is the 86 pin edge connector on the MPU board.
The controller will initially use the MC6809 and standard speed peripherals. When the
hardware is proven and perfected, then faster program execution can be obtaired, if

desired, by using an MC68B09 microprocessor and faster memory and peripherals.

5.3.0 SENSE SIGNAL ACQUISITION AND CONVERTER TIMING BOARD

Board #1 performs four separate functions. These are:
1) Converter SCR timing signal generation;
2) Monitor converter SCR commutation sense signals;
3] Measure power conditioner sense signals;

4) Count waveform generation sync sianals.

The converter SCR timina signals generated on thic board will connect to Delco SCR aate
drivers in the power conditioner. The frequency of the timing sinnals are based on a

10 bit digital value programmed into a 10 bit CMOS diaital to analog converter.

Board #! also contains circuitry which will monitor the corverter SCR commutation sense

signal< from the power conditioner.

A1l of the converter SCR timing sianals and SCR commutatinn sionals are routed via PS5,

a 50 pin connector at the top of the board.

Board #1 contains two A/D converters which are used to measure an analog voltage that is
selected by an analog multiplexer. Each A/D converter has a corresponding sample and
hold and analog multiplexer associated with it, and is capable of mrasurina anv one of
eight channels. Fourteen of the 16 analog channels will connect to 14 sense signals

in the power conditioner via P6, a 50 pin connector at the top of the btoard.
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A counter is included on Board #1. It is used to count waveform ge-eration sync pulses
betwee ) each zero crossing of the Phase A inverter output voltace The count at any
instant can be used to define the number of degrees past zero degrees (or 180°) that PA

is at.

5.3.1 CONVERTER SCR TIMING CIRCUITRY

This circuitry consists of two parts. One part generates a converter oscillator fre-
quency. The other part distributes the pulses comina from the ascillator to six senarate
output;. Each output will connect to a pair of corverter SCR gate drivers in the pover

conditioner,

The converter oscillator frequency is generated by a DAC and VCO combination. The
Analog Devices AD7522 10 bit CMOS DAC requires an external voltage reference. This
is supnlied by an AD584JH pin programmable precision voltage reference, that is proarammed

to +107, +30mv,

The AD/522L0 used in conjunction with an LM741C operational amplifier wi'l preduce a -10
volt output full scale. A binary count of 3FFH loaded into the DAC will correspond to

-10 vo'it output. A count of OGOH will correspond to zero volts output.

This analog voltage is used to adjust the current drawn out of pin 6 of the EXAR XP2207C
voltage-controlled oscillator., The output frequency of th V(O i< adjustable from approxi-
materl 66Hz to 33KHz in the present confiouration. An output frequency of 33KHz will

be suf ‘icient to drive to converter SCR's to supply a 15KW load. The procedure for in-
creasing the oscillator frequency to accomodate a load requirement that exceeds 15K¢

is as ollows.




Lo A= p TR 1

lf.a DAC count of 3FFH is insufficient to maintain the inverter output voltage at

nominal level due to an overloaé. then change the DAC count from 3FFH to O00OH. Program
the peripheral line PBS to go low. This causes pin 9 of the VCO to oo high which enable
current to flow out of pin 7 of the VCO through R4S and R13. R13 can be adjusted to
generate a VCO output frequency equivalent to a DAC count of 3FFH (approximately 33KHz).
The output frequency may now be increased from 33KHz (approximate) by increasino the

DAC count from OOOH. Each time 2 transition is made from an overload condition to a
normal load condition (or vice versa) it would be advisable to follow a procedu-e similar
to the ibove to prevent possible overshoot or undershoot of inverter output voltage. The
total timing current drawn out of pins 6 and 7 of the V(U should never exceed FMA accordirg
to the VCO specification sheet. There are also range limitatiors on the timing resistors
that should be observed if a modification 1s ever necessary. The optimum power supply
for the VCO in this confiquration is + 6 volts, + 7.5 volts is present'y used because

of convenience, but is well within the operating range of the device. A noteatle feature
of the «CO is that it has low sensitivity to power supply veltage changes (.157 freauency

change ver volt; according to the manufacturer specificatior).
The outout of the VCO requires a level conversion to make it compatible with CMOS logic.

The secnd part of the converter SCR timing circuitry uses pul-es comine from the con-
verter sscillator to produce three clocks. Each consecutive oscillator pulse is con-
verted to 12 us pulse width and then distributed to one of three lines in the followino
sequenc +; Phase A clock, Phase B clock, Phase C clock. The freaquency of each clock will

be 1/3 »f the oscillator frequency.

‘9-




These “hree clocks are shown leaving Board #1 schematic sheet 1 on the right and entering
sheet ! on the left, Each of the three clocks are delivered to its own coresnonding SCR
gate logic block. A1l three gate logic blocks shewn on sheet 2 are identical and are
associated with the converter SCR commutation sense circuitry. The converter SCR com-
mutation sense signals enter on the left side of sheet 3. The sense signals (1? total)
will be low if the corresponding SCR 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 from being on at the same time. Therefore, circuitry in this SCR gate 'oaic block
examines all four sense signals coming from a DOC to DC converter to verify each is hioh
before another SCR pair, or same SCR pair, in that DC to DC converter will be fired. If
all four sense signals are high, then the next time a 12 ps clock pulse arrives at the
gate logic block, one of the two SCR pair lines (leavina sheet ? on the right) will go

low for 12 us.

If one of the sense signals had been low when the cloch nulse arrived, both of the SCR
pair lines would have remained hiah and an interrupt (comm. fail int., MPU board, sheet
4) would have been issued to the microprocessor. The failina phase is identified by
readinc peripheral lines PC5, PC6, and PC7?, The fail indication will ge away autc

matica'ly if all four SCR's are not conducting when another clock pulse arrives.

The corverter SCR timing pulses labeled at the right of Board #1 shest 3 schematic
will alternate automatically between SCR pairs 1f the SCP pai- fired last was verified
to have turned on. If both commutation sense sicnals fer an SCR pai- do not ar low
(to incicate that one or both did not turn on) after a firing pulse had been sent to

that S(R pair, then the alternate pair of SCR's will not be fired when the next clock

-10-




pulse arrives, Therefore, an LED failure in an optical coupler (which is very rare)
will cause the opposite pair of SCR's not to receive any firira pulses. The controller
will recognize a fail condition has occurred because the power output of the failing

converter will drop below that of the other two converters.

The 1 converter commutation sense signals wi'l be generated in the power conditioner
from cpen collector outputs of 12 optical couplers. These 12 lines will be pilled high

throuch pull-up resistors to the CMOS power supply leve!.

The ortical coupler should be mounted close to the converter SCR's in the power conditioner
to kecp high voltage way from the controller boards. Fiqure #6 shows hew the LED in the

optice! couplers will be connected to a resonant converter.

6.0.0 DISCUSSINN

The circuitry that will be used to perform voltage and current requlation of the converter
secticn of the Delco 15 KW power conditioner was built. Plso developed, was the circuitry
that «111 measure inverter output voltage and current. This circuitry was deve'oped during
this phase instead of the next phase, for convenience. The circuitry necessary to corre-
late ‘nverter output voltage measurements to an exact point on the output sine vave

was also developed and exists on the breadbrard except for the Phase A zero crossing

detector which will be designed later.

Not developed during this task was the sense signal conditioning circuitry that will
attenuate and filter the signals to a level suitable for measurement ty the controller.
The sense signals measured by A/D #1 must be in the range of -“v to +5v. A/D #2 will

measure voltages between Ov and +10v. An optimum amount of filtering will be reqvired

=11~




to remcve unwanted ripple or noise but not slow or delay sense sional response. The
sense -ignal conditioning circuitry will be developed after the sense signal outputs
have bcen characterized and specific information about the sense sianal waveforms is

known.

The serse signal data acquisition circuitry on the controller breadboard was tested by
measuring adjustable voltage sources. Voltaces between 0 and +0v, in .5 volt increments
were presented to the analog multiplexer inputs. The typical accuracy of the digital
output of the A/D converters was .17 error, well below .25 error which would be suitable

for cortrolling the inverter output voltage to within 17,

The converter SCR commutation sense signal circuitry on the controller vas developed !
to monitor the outputs of 12 optical couplers, instead of the existing Delco converter
SCR cormutation sense signals. This variation from the baseline design is expected
to increase the reliability of the power conditioner while removing the need for one

transformer (T2) and other components.

The 12 optical couplers, if implemented in the final power conditioner desion, will replace

the following components which are shown on page 6-4 and page 6-10 of Final Report AC-DC

section, contract no. DAAK70-77-C-0035. :
T2A, T2B, T2C, CR7-CR18, R7-R9 p. 6-2
R1-R6, R7-R30, C1-C12, U1, 1/2 U2 p. 6-10

The optical sensing method would require the following parts to be added to the power

conditioner converter:

-12-




12 optical couplers
12 series resistors
12 protection diodes

12 pull-up resistors.

The optical couplers will sense each SCR directly. The present sensino circuitry will
sense pairs of SCR's indirectly. Refer to the report of Task 1, of thi< contract, section
5.1.2 tor a description of the Delco sensing method. The optical coupler sense circuitry
will be tested with the Delco 15 KW power conditioner when the power conditiocner is

available,

7.0.0 CONCLUSIONS
The hardware has been designed, constructed, and tested to the level practical tefore
the software has been written. It is expected that some minor chanqes to the hardware

may be necessary as software is being written and debugged.

8.0.0 RECOMMENDATIONS

It is recommended that Yucca International proceed immediately tn the next task, deve'opment

of the controller software.
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