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1.0.0 SUMMARY

“This report covers effort under contract DAA K7O-78-C-0117 to develop the

baseline des ign for a microprocessor based power conditioner controller.

From reviewing the controller functions listed in the previous monthly reports

several design considerations evolved and a general block diagram of the con-

troller was developed. The block diagram consisted of several modules surround-

Ing a centrally located microprocessor and its interface. Design considerations

for a particular module involved one or more approaches in the development of

that module. In the latter case, the optimum approach was selected. The com-

bination of these approaches form the basel ine design. The modules were designed

to interface to existing Delco SCR gate driver circuitry. All of the existing

sense signals will remain intact. Add itional conditioning of some existing

sense signals may be required. The inverter output voltages will be sensed

directly through precision attenuators.

The individual modules were designed to perform their functions with minimuri

control and supervision from the main microprocessor. This permits th~ main

• m icroprocessor to accept more tasks at a later date and spend more time mc~nitor-

• ing the overall operation of the power conditioner via sense signals without

the burden of generating complex timing signals.

The term “main microprocessor ” is used to differentiate between the centralized

and any satell ite microprocessors that may be implemented at a
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Considerations for the mai n microprocessor interface and a partial list of

some of the microprocessor duties, along wi th software descriptions throughout
the report were inc lud ed at thi s time to facilitate a more accurate choice of
an optlmi microprocessor , the next task.
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2.0.0 PREFACE

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

under the direction of the U. S. Army Mobility Equipment Researc h and Development

Coninand. This report completes the second task of the first phase (CLIN0002 ,

Phase 1) of the U. S. Army contact no. DAAK7O-78-C-0117. The Contracting Officer ’s

Representative is Dr. David Lee at the U. S. Army MERADCOM headquarters at Fort

Belvoir, Virginia.
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3.0.0 COPYRIGHT PERMISSION

The following documents served as information sources during the period reported.

Source No. 1

Contract No. DAAK7O-78-C-01l7 CLIN0001 Report Sept. 1978Microprocessor-Based Power Conditioner Controller

Source No. 2.

~~ntract No. DAAK7O-77-C—0O35 Final Report April 197815 KW General Purpose Power Conditioner AC-DC Section
Source No. 3

Contract No. DMK7O-77-C-0l57 Prel im. Report July 197815 KW General Purpose Power Conditioner Inverter

Source No. 4

Delco Electronics .

400 Hz Malor PCU Timing Diagram
Code Ident. No. 13160
(Supplied by ML RADCOM during this reporting period)
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4.0.0 INTRODUCTION

This Is a report of the second task of six tasks of the U. S. Army contract no.

DAAK7O-78-C-Olll. Performed during this task was the baseline design of a

microprocessor-based controller to replace an existing controller in the Delco

15 KW power conditioner. The design was performed to a detailed block diagram

level . The microprocessor to be used will be selected in the next task and

following that will be the selection of individual components in the hardware.

Throughout the report, references will be made to the reports listed In Section

3.0.0. It will be assumed the reader has these available.

The report details controller operating concepts and considerations derived

from a review of the required and desired controller functions listed in the

previous report for Task 1. Next is a breakdown of the controller into functiona l

modules and additional design considerations for each module. Following that

are the approaches developed for each module using the design considerations.

The basellne -d’esign is a combination of the selected approaches. Included n

the investigation are plans for the selection of the optimum microprocessor , the

next task.
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5.0.0 INVESTIGATIONS

5.1.0 DESIGN CONSIDERATIONS

5.1.1 OVERALL

When the power conditioner Is turned on, power to the controller is needed to

reset all control signals to a state which will dc-activate the power conditioner.

The power conditioner will not be activated unless a self-test of the controller

is executed properly. Following a succesful self-test, the controller will

determine the required mode of operation by reading the front panel switch

settings. The controller hardware is initialized for operation as prograiined

by the front panel settings. After verification of an operational converter,

the inverter is activated. That circuitry used for self-test and initialization ,

but not used after operation begins will be protected to assure a change does not

occur during operation. It may be enabled again by a reset. For instance, the

output frequency cannot be changed unless an orderly converter and inverter de-

activation sequence and reset occurs.

5.1.1.1 Power is applied to the load as follows. The controller, initially unaware of

load requirements (up to 15 KW), must adjust the inverter output voltage to the

desired level (120 VRMS, user adjustable -5%, +15%) in an algorittin which pro-

duces the least amount of overshoot and undershoot (less than 12% at rated load)

In the least amount of time (less than 250 ms) and maintain that level at a

specified regulation (1%). The required accuracy of the output is not specified.

The baseline design will assume a value of 1%.

-6-.
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The correct voltage needed into the inverter to approximately produce th€

desi red RNS voltage out of the inverter can be calculated by the controller

using a “load profile” tabl e (discussed in Section 6.0.0 of Source 1) stc red

in memory. The controller , after determining that the converter output

vol tage is not at a desired l evel,will measure the inverter input current.

• If a large voltage deviation from the previous level had occurred for an

unknown reason, the cause can possibly be determined as illustrated in Figure-2.

Assuming the change can be attributed to a chanoe in load , the controller

will calculate the magnitude of the new load from the two measured value .

This load is the total power demand presented on the converter output by

the losses in the inverter and the actual load . The inverter, which may be

represented as a small Impedance in ser ies w ith the load, is assumed to ~ary

sl ightly wi th inverter output load and frequency. Thus, the need for the

“load profile” table, to compensate for these variables , which influence the

• relationshi p between converter output voltage and inverter output vol tag€ .

The converter operating frequency will be adjusted to reach the new lev&

• of converter output voltage obtained from the table. It is Important to

note that the table may be subject to a correction factor once operation

begins, if the inverter output voltage is determined to have a slight

error due to the Indivi dual differences between Delco 15 KW power condi-

tioners.
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5.1.1.2 Inverter output voltage regulation response time will be limi ted by the

converter response time if the computer response time is ignored . The

computer response time will be defined as the time between an output

voltage change and the correction to the converter operating frequency

and the resultant effect on the converter output voltage. When the operating

frequency is changed, the resultant change in converter output vol tage m~y

require one or more operating cycles at the new frequency. At an operating

frequency of 345 Hz (See Table 3 of first report) the period at this fre-

quency would be approximately 2.90 ms. This would exceed the period of a

400 Hz output frequency which is 2.5 ms. Therefore, sub-cycle regulation

(see requi rement no. 5 of Section 5.2.0 of Source 1) may not be obtainat e

at the operating conditions just descri bed.

5.1.1.3 It will be a design objective to make the computer response time small c mpared

to the converter response time so that the tot i 1 regulation response tim~ can

be defined as one or two cycles at the converter operating frequency. T ierefore,

if the converter operating frequency is hi gher than the inverter output 
gre-

- 

quency, sub-cycle regulation can be recognized.

To achieve this objective, an effort will be made to regulate the inverter

output voltage initially by accurately measuring and regulating the converter

output voltage. Thi s wil-l improve response time (for reasons discussed -in

Section 6.0.0 of Source 1) but the inverter output voltage may require -~urt her

optimization by accurately measuring the inverter voltages directly. A de—

tailed description of the method to be used to regul?te the coflverter output

voltage follows.
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5.1.1.4 For the reasons described above, it will be desirable to do the following:

• 1) Monitor the converter output voltane often;

2) Pro~~’ly condition the inverter input current sense signal to

provide a DC voltage level proportional to the average current

into the inverter so that it may be randomly measured .

The storage capacity of the converter output filter will Infl uence the necessary

• interval between measurements to assure good regulation response to sudden ap-

plications and removal of loads. The storage capacity of the converter output

filter, will minimize the effects caused by transient loads (see Section 5.1.4

of Source 1). Thi s capacitance will affect the converter respor se time, which

is arbitrarily determined to be one converter operating cycle. It will al 5.o

supply increased current demands to the Inverter input for a short period of

time.

It Is des ireable to base the interval between converter output vo ltage

measurements. on the converter response time for reasons described below.

If , instead an arbitrary time, 500 ps for instance, is chosen to be the time

• interval between measurements, then at a converter operating frequency of 500 Hz,
- the converter output voltage would be measured four times (2 ms ~ 500 ~s = 4)

in one operating cycle. This may be unnecessarily fast , depending on filter

storage abi lity.
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At a converter operating frequency of 9 (Hz, which may be necessary in order

to supply a 200% overload for 5 seconds, the voltage would be measured only nce
1

in every 4.5 (500 ps = 4.5) operating cycles. If the 2OO~ overload was9KHz
removed in,uediately, then 4.5 operating cycles at that frequency driving an pen

load could cause the inverter output voltage to go excessively high.

5.1.1.6. It will be a design objective to allow the converter output voltage to be
sampled every converter operating cycle i f it is desired , even at 9 KHz (See

Appendix A) which is the resonant frequency (upper limit ) of the converter.

The period at 9 KHz is approximately ill uS. During thi~ time the controller

must make a measurement and a decision based on that measurement, and on a

long term basis, control other parts of the power conditioner.

5.1.1.7 F rom the required and desired controller functions of the previous report ,

Section 5.2.0 and 5.3.0 respectively, a basic block diagram shown in Figure 1

was constructed. It was intended as a starting place for the development of the

design approaches.

A centrally located microprocessor, hereafter referred to as the main micro-

processor, will serve to coordinate the activities of the various modules shown

-and thus perform a large variety of tasks. In an attempt to minimize the burden

on the main microprocessor, low level tasks (such as SCR timing pulse gener~t1on)

that can easily and economically be performed externally, will be restrlctei

fr,xn the main microprocessor duties. The main microprocessor may in the final

-9-
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phase of controller development reduce the external hardware by assuming low

level tasks if microprocessor ti me is available. 
-

5.1.1.8 The inverter and converter SCR gate driver circuitry and sense signal condi-

tioning circuitry used by the existing controller will be used by the new

controller if performance is not l imited.

5.1.1.9 It is expected tha t the main microprocessor will spend much of its time inter-

facing with the sense signal data acquisition circuitry. Therefore, design

efforts will be directed to minimi ze the number of microprocessor instruction

cycles necessary to perform a measurement of a given sense signal.

-~~The controller will be required to 
operate in the electromagnetic operating

environment of the controller.
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5.1.2 CONVERTER SCR TIMING CONSIDERATIONS

This module, shown In F’~gure 1, In combination with the main mlcroproces or,

will maintain the converter output vol tage at a desired level by adjusti ig

• the repetition rate of 12 SCR timi ng signals applied to the converter.

5.1.2.1 Figure 4 is a general block diagram of the necessary converter SCR timinq

circuitry . An oscillator (which might be a VCO or phase lock loop) will

supply gate logic circuitry with pulses at a repetition rate which is adjust-

able by the main microprocessor.

5.1.2.2 The gate logic will limit the pu1~e width of the incoming pulses to 12 u;.

The pulses are then sequentially distri buted to the 6 inverted output liies .

Each output line becomes two lines that interface to the Delco converter gate

driver card CCAA3 on pages 6-13 and 6-14 of Source no. 2.

5.1.2.3 The frequency out of the oscillator will be six times that of the converter

operating..-frequency, the frequency of pulses applied to the same pair of

conver ter SCR ’s. Six pulses out of the oscillator is one complete revolution

of the SCR .firing sequence. Appendix A Indicates that the resonant freq iency

of the three DC to DC resonant converters is 9 KHz. The oscillator maximum fre-

quency capability will be at least 6 X 9 KHz. The minimum frequency cap.~bility
• of the oscillator does not necessarily need to be zero. The minimum frequency

should be below that frequency which will not provide enough converter ou tput

voltage to properly fire the inverter SCR’s with the inverter output unloaded .
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5.1.2.4 Contained In Section 5.1.5, are considerations for the converter SCR conmuta—

tion sense signals. The converter SCR timing module will be designed to verify

4 that correct convnutatfon signals are received from the convnu~ation sense cir-

cuits. A positive or negative voltage at the output of a sense circuit (one

per converter) will indicate which pair of SCR’s In that converter were just

commutated off.

If the commutation sense signal is not received, (indicating the SCR’s ji.~st f ired

did not naturally commutate off) the opposite pair of SCR’s In that convE rter

must not be fired until after a significant delay period. This delay period is

-
~~ necessary to prevent a short circuit across the DC input bus caused by SCR’s

in opposite pairs being on at the same time. The delay period used in t~e ex-

isting controller is 22 ms (from page 6-2 of Source no. 2).

5.1.2.5 The existing controller disables all three converters if a comutation feilure

in one converter occurs . At ful l loads , this may be necessary , but at light

loads , pos.s-ibly two converters could supply the inverter while the third is
- 

temporarily disabled . It Is Important to note that the converters are des igned

to suppl.y 200% of rated load for 5 seconds so perhaps two could supply 100% of

rated -load for the length of time that the third is disabled (22 ms).
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5.1.3 INVERTER 5CR TIMING CONSIDERATIONS

This module will generate the necessary timing signals to construct three

phases of sine waves at the inverter outputs. Figure 5, a basic block diagram

of the required circuitry, indicates that 3 clocks necessary for the wavef)rm

generation timing circuitry will be derived by dividi ng down from a crystal

oscillator (chosen for a low temperature coefficient and frequency accurac.~i).

5.1.3.1 The 28 output lines, labeled at the right, connect to the existing Delco

inverter SCR gate driver circuitry shown on pages 90-92 of Source no. 3.

An inverter SCR is fired when one of the aitputs goes low. Delco requires

that the signal r-~main low for 12 us, nominal. The design must not send

• gli tches or spurious data to the Delco SCR gate drivers.

5.1.3.2 The Delco inverter SCR gate driver circuitry may be disabled by making the

disable line shown In Figure 5 go high. A similar feature may be designed

into the waveform generation timi ng circuitry module. 
-

5.1.3.3 source 4 is a-28 SCR Delco Inverter timing chart. The signal “CLK” opera tes

at a frequency that Is 81 times the frequency of the output sine wave. The

signals - “CLKDP” and “~tRP’ go true for 12 ps each time “CLK” makes a positive

transition or a negative transisiton respectively. Therefore , “CLKDP ’ and

“~tkP” can be used to fire SCR ’s on both transitions of “CLK.” Within a 3600

period of the output sine wave, 162 timing divisions occur. Each division starts

and ends with a transition of “CLX.” At the beginning of each division a 12 us

-13-.
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pul se (independent of output frequency) occurs, which will fire none or many

SCR ’ s depending on the position of the division in the 360° timing pattern.

The l ines at the bottom of the diagram indicate the length of time in division s

that the corresponding SCR is on. An SCR is turned off by firing the next SCR

in the required sequence.

From the diagram it can be determined that the step times in the output waveform

are each 4 divisIons or 8.8889 degrees. The center pulse width time is 42 div-

isions or 93.3333 degrees. (This conflicts with Source no. 3 pages 10 and ii

which state that the step time (90) Is a sub-mul tiple of the center pul se Nidth

(99°). See Section 6.0.0 for further information.)

5.1.3.4 During the development of the inverter, Delco has found it necessary to ch- nge

the timi ng occasionally. Therefore, ease of implementing a timing modific.~tion

at a later date will be a design consideration. A method of quickly chang i ng

the timtng pattern del ivered by the timing circuitry would be to change th”

contents of an ultraviolet erasable programmable read only memory (EPROM).

The EPROM may be substituted with ROM when the controller is released from
engineering development. -

5.1.3.5 Pages 10 and 11 of Source no. 3 noted the advantages of different time durations

of each step In the sine wave stair-step, but due to the complexities of de-

signing and building thé• logic, equal step times were settled for. The center

5- 
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pulse time was made a multiple of the step time for the same reason (Source

no. 3, page 10). Therefore, timing signal resolution will be a design con~
sideration. Increased resolution will permit a finer adjustment of the timing

signals, which will remove the constraint of equal step times and permit a

sl ight delay or advance of any SCR timing pulse. A timing resolution of l,’2

degree or less will be considered.

5.1.3.6 From the progress report of October 1 to November 1 , 1977, for contract no.

DAAK7O-77-C-0l57, the following statement was made on page 2 under the sub•-

title BASELINE WAVEFORM . “The timing given is in terms of a 400 Hertz waveform

but the timing sequences provided can be directly scaled to 60 Hertz.”

This has been interpreted to mean that the same timing pattern used for 400 Hz

can be used for 60 Hz and possibly 50 Hz.

-15—
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5.1.4 ~ f~SE SIGNAL CONDITIONING CONSIDERATIONS

Figure 7 shows the circuitry used to condition the power conditioners sense

signals for use by the existing controller. All 17 sense signals except the

converter output voltage sense are isolated through a transformer and rectified.

The converter output voltage sense is attenuated by a resistor divider.

5.1.4.1 The power conditioner input voltage sense signals, •A , •B, and •C are configured

to sense the line to l ine voltages of the 3 input phases. If a phase were missing

or low, the error would be indicated on two sense signals instead of one. For

instance, if phase A were missing , the •A input voltage sense and sc input voltage

sense signals would each drop to half the normal voltage. Because of the method

of sensing the input voltages and the Delta configuration connection of the AC

input to the three DC to DC converters (see page 25 of Source no. 1). The power

conditioner cannot be expected to function with one input phase missing, be-

cause two of the DC to DC converters would receive only half of the normal

input voltage. The controller will monitor the low quality three phase AC i nputs

to protect the inverter and the load against input overvoltage,.undervoltag~,

and lost phase~ (The power conditioner input in its present configuration :annot

be protected against Input overvoltage with the controller.) Sense signals that

would provide a DC voltage proportional to the RMS voltages, would be satis--

factory for measurement by an analog to digital converter in the sense sign~l

data acquisition circuitry.

5.1.4.2 The converter SCR commutation sense signals are diode clamped. These signals

are intended to indicate the time duration of current flow through anti—parallel

diodes across the SCR ’s in the converter. An important parameter of this s gnal

-16-
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besides pulse width, is the voltage polarity, which will identify the SCR

pair being turned off. Circuitry In the controller must detect if the sen~.e

• signal pulse widths are longer than 15.5 ~s which is the required minimum .

(Delco suggests 16 l’s on page 7-4 of Source no. 2 but requires only 15.5 ~
in the existing controller circuitry.)

5.1.4.3 The Inverter output current sense signals can facilitate a measurement of

current to the actual load if it is desired, but at the present time, no use ,

other than for trouble shooting and diagnostics, can be determ ined for these

signals. Current limiting of the inverter output can be performed by sensing

and lim iting the inverter input current.

5.1.4.4 The inverter input current sense signal will be used for determining total

power demand on the converter output as described in Section 5.1.1.3.

5.1.4.5 The converter output voltage sense signal is also described in Section 5.1.1.3.

The nominal voltage out of the converter to produce 120 VRMS at the inverter

output is expected to be + 140 VDC . (Section 5.1.4 of Source no. 1). The

positive and negatIve voltages are with reference to the inverter output

neutral wire. Since there is no means of controlling the two voltages to have

the same absolute value , and because the circuit design practically assures that

the voltages will be approximately equal , only the positive voltage will be

measured for voltage regulation purposes. The negative voltage can be measLred

for comparison purposes, however. The converter output voltage will be rancomly
5- 

sampled with respect to the inverter output frequency. It is possible that an

unknown amount of ripple and noise on the converter output voltage may cause

•

~~~~~~~~~~~~~~~~~ ~~~~ 
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erroneous measurements. If ripple is excessive, a small amount of filteri nc

of the converter sense signal may be required.

5.1.4.6 The converter output c~r_r t sense s ignais can be useful for verifying that

each converter is supporting its share of the load. If a failure in a con-

verter is suspected but cannot be verified wi th any of the other sense signals

then measurements can be compared to identify the failing converter. Becaw;e

no correction method exists for equalizing the currents, then routine sampl i ng

of these signals cannot be ju�tified .

5.1.4.7 The inverter output voltage sense signais will be conditioned to allow the

voltage to be measured with better than 1% accuracy. The inverter output

= voltage is specified in RMS. Therefore, either a true RMS or an RMS measur i ng

method can be implemented. Unfortunately, this method would provide no che’:k

on distortion and several cycles may be required before the averaging circuit

would accurately indicate a change in output voltage.

An al ternate method would be to take samples of the output sine wave at known

points in time wi th reference to zero crossing. The samples would be compa’ed

to a sine table to detect distortion or incorrect ampl itude on the positive

half and negative half of the sine wave.

If the sampling method described above is used, then isolation by a transformer

and rectification performed by the existing sense signals is undesired. Wi th

rectification, the negative half of the sine wave will be difficult to Identify

and the diode drop will Introduce a variable ø’ror in the sense signal volt~ge.

-18- 
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if the same calibra ted measurement system Is to measure all three sense

signals , then transformer isolation can introduce individual errors that

cannot be removed. Isolation of the sense signals are desirable. This

may be obtained by using a differential input analog multiplexer to connec t

a sense signal for measu remen t and to di sconnec t it when annther sense signal
is being measured.

-19-
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5.1.5 SENSE SIGNAL DATA AC (~~SI TION CONSIDERATI ONS

Interfacing the power conditioner vol tage and current sense signals (not the
commutation sense signals) to the main microprocessor will require the following :

1) Ana log to digital conversion;

2) Analog multiplexer. A multiplexer is an economical alternative
to having a separate A/D for each sense signal;

3) Sample and hold. This assures that the voltage being measured

will not change during conversion. —

5.1.5.1 There are presently 17 sense signals in the power conditioner. Three of

these are commutation sense signals which will be monitored by the converter

SCR timing circuitry.

5.1.5.2 The converter output current sense signals wil l not be monitored on a regular

basis (see Section 5.1.4). It may be necessary to measure these sense signal s
during self-test or for diagnostic purposes. The accuracy needed will be 10%

or better . .. -

5.1.5.3 The remaining 11 signal s will be measured on a routine basis. The sense

signals directly Involved in voltage regulation and current limiting will require
more frequent monitoring and better accuracy than the others . -

5.1.5.4 The following items will be considered:

1) The number of sense signals-to be measured;
2) The min imum number of A/D converters and multiplexers to

arrive at a cost and performance effective design;

-20-
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3) The speed of multiplex ing, sampling , holding and converting

devices available on the market today. Also , the accuracy

• and resolution from A/D converters presently available;

4) The measurement accuracy required of inverter output voltage 1
• sense signals. These are expected to impose the strictest

accuracy requirements of all the sense signals. Other sense

signal measurements will ben. It because they may use the same

A/D;

5) The design objecti ve set in Section 5.1.1.6;

6) Minimize the number of control signals necessary to measure a

sense signal .

-21-
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= 5.1.6 FRONT PANEL AND ADDITIONAL SENSING CONSIDERATIONS 
- 

•

A front panel display will be used to ind icate messages to the user. It

will probably be a multi-character 7 segment display with -blanking capability .

The following front panel switch settings will be sensed by the controller.

1) Output frequency selection;

2) Output voltage adjust.

The temperature at undetermined points in the power conditioner will be

sensed by the controller. -

The revolution speed of the fan blades in the power conditioner will probably

be detected photo electrically.

Design of the above modules will be deferred until after the microprocessor

selection and additional specific information becomes available.

5.2.1 CONVERTER SCR TIMING CIRCUITRY DESIGN ~ PROACHES S

Two approa.ches were developed for this module from the appl icable requirements

outlined in the first task and the converter timing circuitry design considera-

tions of Section 5.1.2. Both - approaches use the same gate logic circui-tr j of -

Figure 4, they differ only in the oscillator section. Method one uses a DAC

and a VCO combination to form a programmable oscillator. Method two uses a

frequency synthesizer which contains a counter and a phase-locked ioop.

The converter SCR gate logic block used In the two approaches is shown in

Figure 10 with the inputs and outputs detailed. 
-
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The gate logic block is intended to do the following:

1) Remove from the main microprocessor’s dut ies the task of

verifying that each comutation sense signal was received

correctly;

2) Interrupt the main microprocessor if a comutation fail

occurs ;

3) Allow informatIon concerning the failing converter and SCR

pair to be read by the main microprocessor;

4) Permit the microprocessor to selectively disable a converter

• without affecting the two remaining operational converters;

or , permit all three converters to be disabled together.

The incoming oscillator pulse widths are changed to 12 ps. Each pulse

will be delivered to one of the six outputs in a sequential order unless

a val id commutation pulse is not detected for an SCR pair just fired. 
-

Al though two converters would continue to receive their pulses at the

norma l times.,-the converter with the failing SCR pair will continue to get

pulses del ivered to the failing SCR pair instead of the opposite SCR pair.

If a val id commutation sense is received, then the opposite pair of SCR ’s

will be permitted to fire. The cir~.uitry will inform the main microprocessor

• of the commutation failure, when it detects that two consecUtive pul ses to

a DC to DC converter went to the same pair of SCR ’s. The circuitry will ako

permi t the ~11ing pair of SCR ’s to be Identified by the main microprocessor.

The main microprocessor will have three options. It may allow the gate log~c

circuitry to continue sending pulses to the failing pair of SCR’s, by takinq

- -23—
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no action . It may disabl e the failing DC to DC converter for a Delco rec om-

mended period of 22 ms, or it may disable all three phases for 22 ms to duplicate

the existing controller action. (Duplication is not exact, because the Ex isting

controller does not permit another pair of SCR ’s to be fi red again for 22 ms

if a valid commutation pulse is not received.)

After examining the circuitry of the Delco 4 SCR resonant converter , it was

decided by Yucca that no apparent harm would be caused by firing the failing

pair of SCR’s again at least once. This will simultaneously inform the fain

microprocessor of a failure and give the converter one more chance. 
-

Figure 12 is a portion of the Delco Converter Gate Control Schematic on r age

6—10 of Source no. 2.

Zero volts from one of the three sense circuits will cause both of the ccr-

responding comparator outputs to be high. A positive voltage or a negative

vol tage (üot exceeding +l ;4V or -l.4V respectively) will cause one or th€

other of t~e two comparator outputs to go low. The comparator outputs are

designed to. Interface to a C-MOS CD4093B, a quad 2 input NAND gate with 5chmitt

trigger inputs. 
-

The connection of the Delco circuitry of Figure 12 to the converter SCR gate -

logic is shown In Figure 10. The comparator outputs are designated according
to -the pair of SCR’s that are being turned off (reverse biased) when the coin-

parator output is low.

Th;r~~ i~A
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The Delco circuitry of Figure 12 may be replaced at a later date with

circuitry that will perform the equivalent function.

Figure 11 and Figure 13 show detailed circuitry that perform the functions

that have been descri bed. The circuitry shown in Figure 13 is prel iminary

and was incl uded only to demonstrate a concept.

Converter oscillator Approach #1 is shown in Figure 14. It uses a 10 bit

digital to analog converter and a voltage controlled oscillator. A particu lar

DAC and a particular VCO will be selected at a later date. The VCO will b~
chosen for its l inearity, tem perature stability (less than 25 ppm), and wiie

sweep range (1000:1). The minimum frequency will be qreater than 54 KHz.

The 10 bit DAC must function properly with the VCO and will be selected on

that basis. It may be desirable to choose a DAC which wi ll use an externally

suppl ied reference. 
-

Not shown in the diagram of this approach is a frequency counter that will

be used during self-test to cal ibrate the oscillator and store in RAM mem - ry

a digital input vs. frequency output profile prior to power conditioner

activation. 
-

A table located in RON will contain the converter operating frequency vs.

converter power output curve. With the information available from the above

table and profile, the controller can quickly correct for changes In the l oad

after deter mini ng the new load requirements.

-25-
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During a commutation failure delay period, when one of the three converter;

is temporarily disabl ed, the table described above will not be valid.

• Converter oscillator approach #2 is shown in Figure 15. it shows an appro~ch

using a 16 bit presetable binary down counter and a phase lock loop integr- ted

circuit. This, in combination with a 16 bit latch and a reference frequen-:y

will form a programmable frequency synthesizer. The circuit may be design-?d

to allow the main microprocessor to store in the latch a binary representation

of the converter operating frequency it desires. Thus, el iminating the ne?d

for a digital input vs. frequency output profile. 
-

The counter will count to zero and preset the counter wi th the contentc of the

latch and begin counting again. The frequency out of the phase lock loop

determines the counting rate. The phase lock loop will adjust the output fre-

quency so that the input frequency will equal the reference frequency. i4hen

the counter reaches zero a pulse will be del ivered to the P11 frequency input.

Therefore, the time it takes for the counter to count from its preset value

to zero will be made equal to the period of the reference frequency.

L I  . -

A disadvantage of this approach, is slow response time. I~t may take up to two

periods at the reference frequency between the time the main-microprocessor
- writes a new frequency value to the -latch and the time the phase lock loop begins

correcting the P11 output frequency.

If the reference frequency is low the reponse time can be significant.-

~26~ 
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S A limi t is placed on the maximum reference frequency by the highest binary

value that will be loaded into the counter and the upper frequency limi tations

of the phase lock loop output. Additional factors such as frequency capture

range,-frequency lock range, and accidental lock on harmonics can make this

approach difficul t to use in this application.

5.2.2 INVERTER SCR TIMING CIRCUITRY DESIGN APPROACHES

Two approaches were developed for this module. The first approach to be

described is intended to do the following : -

1) Remove the constraint of equal step times in the sine wave S

(which can possibly reduce the total harmonic distortion out

of the inverter) by offering a timing resOultion of 1/2 degree.

(If necessary, a 1/4 degree resolution can be provided.)

2) Provide an easy way to change timing;

3) By incorporating a simple change, 400 Hz timing can be separated

- ftoni 50 Hz and 60 Hz timing; -

4) Permit the timing pattern to be verified before activating the

inverter. (To prevent against open sockets, incorrect PROM
- installat ion, unauthorized PROMS, etc.)

5) The PROM device may at a later date be substituted pin for pin

- with a RAM-device , with some addi tional circuitry and software

the microprocessor can change timing during Inverter operation

to correct for detected perturbations. Al though the possibility

of needing this feature is very remote at this time, it is an

added feature.

-27-
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The first approach due to i tem number 1 cannot duplicate Delco step times -

exactly.

The second approach will perform i tems 2, 3, and 4 above and exactly dupl icate

the timing that Delco is presently using. :

Figure 17 shows the required 28 SCR output signals at the extreme right of

the diagram. When the 32 bit latch is tn -stated the outputs will float.

Pull—up resistors can be used to assure a TTL logic “1” for the existing Delco

Inverter SCR gate driver circuitry. This will prevent an iriverter SCR from

firing since a 111 logic HON is required to cause a 288 KHZ frequency in the

gate driver to fire an SCR. Data in the 1K address X 32 bit EPROM (actually

four 1% X 8 bit EPROMS) will normally be “l’ s” unless it is desirable to

fire an SCR which requires that the corresponding data bit contain a “0., in

either one or a number of consecutive address locations (for reasons pre-

sented later). Note that the inverter cannot be activated unless the 32 bit

latch i s en~~led, which will occur shortly after self-test and converter

activation. - 
-

S 
- 

-

The EPROM address will be decremented once every 1/2 degree of the 360 degree

output sine wave. This requires 720 addresses of the available 1024 addresses

to contain the timing pattern. -

The starting address and ending address of the timi ng pattern in the EPROM

will be determined by the count direction and method of loading the 12 bit

binary counter that generates the EPROM address.

- -28-
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The counter will count down from an initial count loaded from a swi tch setting

of 10 dip switches. Loading and decrementing is performed in the counter on

the positive transition of the clock. Note that although the addresses to the

PROM’s become va l id  shortly after the positive clock transition , the data con-

tained in that location is not delivered to the inverter unti l the fallin’~ 
-

edge of the clock. This allows enough time for EPROM data to become valid

after a stable memory address. (Access time for a 2708 EPRON is .450 ~S max;

@ 400 Hz output a half cycle of the clock will be 2.5 ms £ 360 ~ 2 2 = 1.74 us)

The counter continues to decrement until a count of zero Is reached. The next

state of the counter will be the switch setting count, effected by the ~
signal going low causing b ail to go low. The load will be syncronous witi the

clock pulse resulting in a smooth transition of the counter from address I) - j
the address that was loaded. Counting backwards through the EPROM requl ~es

that the timing sequence in the EPROM be backwards. The starting addresc

(arbitrarily corresponding to.O degrees in the timing pattern) is b c .  71’~
decimal or b c .  2CF hexadecimal . The ending address is b c .  0. EPROM locations

200H through 3FFH are unassigned and will contain all “l’ s” as data.

A 4 line to .l line mul tip lexer i s selec ted to channel , the clock rate nec.~ssary

for a desired inverter output frequency (50 Hz, 60 Hz, or 400 Hz), to the

counter. During self-test, the main microprocessor will select the multi plexer

to channel the fourth inpu~ to the counter. This multi plexer Input line ,

labeled, external clock , will be pulsed twice by the main microprocessor -:0

to decrement the counter. This feature will be used to read the entire EPROM

contents during self—test. -

Separate 400 Hz timing and 50 Hzf 60 Hz timing can be facil itated by chang i ng -

the 1K X 32 bit EPROM to a 2k X 32 bit EPROM. The 50/60 Hz timing can occupy

-29-
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the lower 1K of memory and 400 Hz timi ng can occupy the upper 1K. The most

significant address line (AlO) would be used to select between t~e two.

Delco currently fires an inverter SCR by applying an inverted 12 ps pulse to

the corresponding input line of the gate driver. -

To fire an SCR using the new approach, “0’ s” contained in memory will be usel.

Suppose one of the 32 bits In four consecutive memory location was progranine-~
to “0.”

The resulting inverted, pulse duration would not be the same for 60 Hz as 400 Hz.

Four consecutive memory locations would be a 2 degree interval of the output

sine wave . At 400 Hz the pulse duration would be 2.5 ms 180 or 13.8 uS.

At 60 Hz it would be 16.67 ms ~ 180 = 92.!JJs.

If pulse durati ons , defined in number of degrees , instead of number of

microseconds ,.*s unsatisfacto ry , then two solutions to the problem exist.

One solution will require making separated timing mandatory. The other would

require the need for a 12 us one-shot inserted in each of the 28 output line;.

Figure 18 is a detailed block diagram of - the second approach which duplicate5. j
Delco timing . The circuitry is very similar to that of. the first approach~
One major difference is-that 162 clock pulses are applied to the 8 bIt binary

counter in one cycle of the output frequency.
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Additional differences are:

1) Only 162 locations of the available 256 locations will be used;

2) Exact 12 ps SCR pulses, independent of output frequency can be

obtained with the aid of a single inonostable multivibra tor;
3) A logic “0” in a RUM address location will del iver a 12 ~s pul se

to the Delco gate dri ve circuitry . Logic “0’ s” in consecu tive

locations are undesired because this will cause multipl e 12 p5

pul ses to be del ivered to the same gate driver.

A disadvantage of this approach is that 10° and l/4~ interval signals used

by the data acquisition circuitry (described in Section 5.2.3) are not readily

ava i lable, instead 2.222222~ interval signals are available.

5.2.3 SENSE SIGNAL DATA ACQ~JSTION_APPROACH

The approach shown in Figure 19 is the only approach developed for this module.

Shown are two independent sub-modules . Each has -its own A/D, sample anc hold,

multiplexer , and control circuitry.

Each mul tiplexer (.ux) will select one of eight signals to be -appl ied tc the

input of a sample and hold. Seven are used for sense signals and one is re-

served for calibration purposes or for expansion using another mu1tiple~er.

Listed beside each m~x are the seven sense signals the mux will select.
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Sub-module 2 at the top of Figure 19 will measure an analog voltage between

O and +lOV. Normally convert 2 will be high causing the sample and hold to

follow (sample) the selected sense signal . Conversion into an unsigned

8 bit binary number will be initiated by convert 2 going low and remaining j
low until complete 2 goes low, which indica tes to the main microprocessor

that the conversion is complete. Convert 2 will be returned to a high leve l

causing the result of the conversion to be latched in the 8 bit data latch. — 

-

The microprocessor may then read the latch. - The microprocessor after reading

the data may not start another conversion until 25 us has elapsed since

convert 2 was returned high or the mux select was changed, which ever occurred

last. This is necessary to allow the sample and hold to recover from the hold

state (that it was in during conversion) and to begin sampling (following)

the selected analog signal .

After reviewing specifications of components currently availabl e on the market

the above process can be performed in less than 60 uS. This does not include

the time necessary to recognize a conversion complete signal and to respond

by bninaing convCrt 2 high, which will depend on the mic roprocessor instruction

cycle time and the manner in which the complete 2 is detected .

Sub—module 1 at the bottom of Figure 19 will convert an analog voltage between
- 
-5V and +5V into a signed 10 bit binary number. The most significant bit (MSB)

is used to indicate polarity and the remaining nine bits will represent mag-

nitude. The control circuitry can be operated In a manner identical to that of

sub—module 1 except that an extra microprocessor read will be requi-red to read

the two least signifi :ant bits (ISa) of the 10 bit binary value.

- 
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If the mode select line is brought low a different mode will be selected .

This mode will be used when measuring the inverter output voltages. The

following is description of this mode.

When it is desired to measure a selected inverter output voltage the ~~~~ 1

will go low. Upon the next positive transition of the 100 sync signal the

following two things occur simul taneously: 
S

1) The sample and hold enters the hold mode, -to hold the analog 
—

value stable during the conversion;

2) The contents of a 10 bit binary counter are latched .

The 10 bit binary counter at that instant , contained the number of l/4~
intervals from the last zero crossing of the Phase A inverter output voltage.

The counter will be reset for an equal time before and after zero is crossed.
This interval , which wil l be determined later, will be corrected for in the

software by adding counts to the count read from the counter latches. The

sional to latch the counter will occur a minimum of 40 ns afte r the 100 sync

pulse is applied to increment the counter , to assure that the counter outputs

have stabilized .

- Approximately 300 ns after the 100 sync s ignal occurs , control circuitry

# 1 issues a convert signal to A/D converter. The complete 1 signal inform s

the main microprocessor that the data is ready to be latched. To latch th~
data and to release the5- sample and hold from-the hold mode, convert 1 is
brought high. - - — 

S

-33- -

S -

- - .
5--.- . •_

~;5~~~

________ 55 5~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ‘~—5----- -• — ~~

__
~~
-_



-- - ‘ - --5- —’- ‘ - 5 -  - 5 - - - — -— - — - 5 - — ,. -- ‘ S 5- -~~~~~- -

The sub-module # 1 when operated in the 100 syncronized mode will allow

measurements to be made at 100 intervals on the same phase or a different

phase.

5.2.4 SENSE_SIGNAL_CONDITIONING_APPROACH - 
-

Figure 19 l ists 2 sets of 7 sense signals. The seven sense signals measured

by the 8 bit AID converter will be conditioned to provide signals in the OV

to +1OV range. -

The sense signals measured by the 10 bit A/D converter will be conditioned

to provide signals in the -5V to +5V range.

Detailed information concerning existing sense signal output voltage leve~ s

and waveforms is requi red before any additional conditioning circuitry

can be detailed .

The inverter output voltage sense conditioning approach is detai’ed below ,

since it uses no transformer.

To sense the inverter output voltages directly the maximum expected peak

output voltage must be attenuated to a level suitable for measurement.

Precision resistors (.1%) ~iill be used to attenuate (120 x V 2~~ x (100% ÷

15% + 1%) = 196.9 vpK. Allowing a safety margin , then 2lOV will be attenuated

to +5V, which will require a 42:1 attenuation .

- 
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5.3.0 MICROPROCESSOR INTERFACE CONSIDERATIONS

The main mic roprocessor will be interrupted from several sources. The inter-

rupting source must be identified so that the corresponding interrupt routine

can be executed. Interrupt polling and interrupt vectoring are coim~on methods

used. Interrupt vectoring will save time and will be the preferred method if

the selected microprocessor has this feature.

It is mandatory that contro l signals to the various modules are latched .

It is good practice to group signals that control the same module or sub-

module together. This is done so that a software routine intended for con-

trolling one module can write to a latch dedicated for that module and not

concern itself wi th operations in other modules. To attain maximum speed of

generating control signals to a module and reading data f~’om a module it may

be desirable to make the latches appear as memory locations to the main

microprocessor. This would allow data to be vritten or read in one memory

write or-read- i nstruction over a common data bus.
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5.4.0 MICROPROCESSO R DUTIES

The following mic roprocessor duties will be performed while the power
• conditioner is operating:

1) Measure converter output voltage often;

2) Measure inverter input current when large changes occur

in converter output voltage; 
-

- 3) After converter output voltage is stabilized , then samole

the inverter output voltage to determine error. Correlate

that sample to a position on the sine wave. Determine the

error; 5-

4) Correct the converter operating frequency;

5) Regularly measure power conditioner input voltage;

6) Respond to a commutation failure interrupt;
- • 7) Occasionally measure temperature sensors and speed of fans ;

8) Occasionally measure user adju stable output voltage setting
- on the front panel ; -

• - 9) Oecasionally sense front panel frequency select swi tch. If
- 

disturbed, then do an orderly power down and reset.

- .
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- b.5.O SELF-TEST

The self-test, executed shortly after the power conditioner is turned on ,

is intended to verify proper operation of the controller and power condi-

tioner before applying power to the load.

STEPS 
S 

• 
-

• - ,  - 1 Hardware reset

- 
2 Hardware comes up with control signals to power conditioner

deactivated . - 
S

• 3 Interrupts are disabled, Without using RAM for storing results

— or using stack, execute some arithmetic instructions.
- 

- 

- 

4 Verify the portion of RAM memory used for stack by writing and

• reading various patterns. - -

5 Verify the entire RAM. 
-

6 Read the waveform generation PROM. Verify that all PROMS are

present, al igned correctly, in the right socket, contain author-

- Ized timing pattern, etc. 
-

7 Enable interrupts. : S

8 . verify the A/D’s with a DAC if availabl e and calibrate the A/D’s

with a precision reference voltage if available.

9 If a timer/counter is availabl e calibrate the digitally controll ?d

- converter oscillator. Store a digital input vs. frequency output;

profile In RAM .

10 Verify AC input voltages are correct. -
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15-I - Check fan speed, temperature sensors, etc.

12 Keeping the inverter SCR ’s disabled , program the converter

- .  control frequency to a low frequency, S

13 Enabling, one converter phase at a time, check if each is

operational.

End of self-test. 
5

If an error occurred, then,

1) Do not go to operate;

2) Display an error code to warn the user; - 
-

3) Allow the user to override the controller and proceed to operate S

if the error condition is minor.
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5.6.0 PLANS FOR TASK THREE

Task three will be the selection of a microprocessor. The following is a partial

list of features that will be desirable in the microprocessor.
1) Ample availab ility of general purpose registers and index

registers ; - - 

5-

2) Efficient instruction repertoire and fast-execution time;

3) Reputation of manufacturer, availab ility of development tools

and product support , second sources, possible Mil-Spec; •

4) Vectored interrupts ; 
- 

-

5)5 TImer/counter; either in microprocessor or sUpport devices;

6) Single power supply operation;

7) Low power consunption.

1) Study, further, the i nterface requirements of the baseline design modules.

Investigate various popular methods of input/output interfacing . For instance,

memory mapped I/O, peripheral interface adapters, parallel peripheral inter—

face , etc,.;- 
-

2) Quickly narrow the possibl e selection to 8 microprocessors;

3) Based on trade offs of the seven items above, narrow the possibl e sel ection

to two- microprocessors; -

4) Compare and evaluate the two microprocessors . Perform a trade off study
- based on the interface requirements determined in Step 1.

- 
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6.0.0 DISCUSSION

An updated timing chart, supplied by MERADCOM during this reporting period ,

was found to conflict wi th the information - on pages 10 and 11 of Source No. 3.

The timing chart, Source Number 4, is dated 9/25/78 by A. H; Barrett, and

will be considered as new information that supercedes the Delco report dated

July 1978. - 
-

The approaches -presented In this report form the baseline design of the

controller , except the approaches listed below:
- 1) Converter oscillator approach; DAC/VCO or frequency synthesiz!r;

2) Inverter SCR timing circuitry approach; Approach #1 , provide more

resolution; or Approach #2, dupl icate existi ng Delco timing .

The optimum approach for the converter oscillator is discussed below. 
-

The DAC and VCO output frequency will respond to a binary input faster than

the frequency synthesizer will. At high converter operating speeds the fre-

quency synthesizer delay can be expected to slow regulation significanly.

Although the frequency synthesizer approach offers ver2’ desirable features,

unknowns such as overshoot and undershoot, capture range, looking on to har-

monics, etc. , noise sensitivity, may cause delays in development. For reasons

presented in Section 5.2.1, correlation between a binary input and the fre-.

quency out is advantageous.. The frequency synthesizer offers this feature, but

‘if a counter is made available ,- then a profile of the DAC and VCO comb nation

can be determined duri ng self—test and stored in RAM . By correlating the

binary input to the oscillator output frequency at only a few points , the entire

frequency range can be correlated since the VCO will he linear.
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The DAC and VCO approach will be selected and a frequency counter will be

Incorporated into the desi gn. Some microprocessor devices incli’de a timerf

counter so desfgn of the counter will be delays until after the microproc?ssor

selection. : S

The optimum approach for the inverter SCR timing circui try is discussed bI?low .

Approach # 1 will provide 1/2° resolution of inverter SCR timing signals.

• 
A 1/4

0 resoultion can be provided with a modification . Therefore, each ci

the timing signals to the 28 SCR ’s may be advanced or delayed slightly, pc r-

mitting the step-approximated sinewave to be optimized with very few constraints .

Thi s may reduce the total harmonic distortion at the inverter output, befc re

filtering.

Approach #2 will duplicate Delco timi ng exactly with circuitry similar to -

Approach #1. The breadboard may be built to allow both approaches to be

tried with minimum difficulty. -

Approach #l.-~ ill require that a new timing pattern be developed , but a pro ien

timing pattern is preferred. Therefore, Delco authorized timing will be dupli-

cated by the baseline design using Approach #2. Approach #2 will include
additional circuitry to provide 100 and 1/4° timing signals to the sense
signal data acquisition module.

Consideration was given to designing the modules to require minimum control

from the main microprocessor. Possible approaches were abandoned and not pre-
sented because of the extensive use of hardware to minimize thc control required

from the main microprocessor. 
S
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The approaches presented offered optimum compromises. The effort to simpl ify

the control interface and minimize low level tasks performed by the micro-
‘ processor was successful. Reviewing the duties that are required of the

microprocessor it is believed that several microprocessors availabl e on the

market today can qualify for evaluation in the next task. However,several

tasks may be required of the selected microprocessor that are not foreseen

at this time. Rather than limiting the selection to a very powerful micro-

processor to prepare for tasks that may not occur, the following a-l ternati’,e

exists.

A low cost single chip microcomputer can act as a satellite to the main micro-

processor. It may be used to assume part of the main microprocessor dutie;.

However, the need of an addi tional microprocessor at present seems remote.
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7.0.0 CONCLUSIONS -

The baseline design has been completed to the maximum extent practical before

selection of the microprocessor and detailed design of the breadboard.

It is concluded that all existing Delco SCR gate driver circui try can be

utilized by the new controller Al so, all the existing sense signal circuitry

can remain intact , and most will be used. As development proceeds it may ~e

necessary t add addi tional conditioning circuitry to some sense signals. The

— 
- existing inverter Output vol tage sense signals will remain intact but not e used, at

the present. Instead, a direct connection through a precision attenuator is

preferred. It is also concluded that duplicating the Delco authorized inv?rter

SCR timing pattern rather than modifying it , is the direction that will be taken

at this time.
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8.0.0 RECOMMENDATIONS

1) It is recoainended that the baseline design presented In this report be

• used to begin hardware development, after the microprocessor is selec~ed.

2) It is recommended that a technical conference be held at Yucca Intern~it1onal

- before the completion of the microprocessor selection, for the purpos. of

review and concurrence wi th the baseline design. 5- 

-

3) It is recommended that Yucca International -proceed immediately to the next

task , the selection of a microprocessor. - 

-

- 
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9.0.0 DiSTRIBUTION 
- -

Three copies to ~ - V. David Lees D!~!W4E.EA 
S

Two copies to —— John A. ~‘~abb-v, flPDPE-PE-l
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APPENDIX A

The following are answers received from MERADCOM in response to the

questions listed in Appendix B of the report on Task 1.

1) The converter resonant frequency is approximately 9KHz;

2) The transformers shown on page 6-15 are not - the same as those ’

on page 6-13. Transformers on page 6-14 dri ve those on page

6—15; 
- S

3) Transistor controlling ends of center tapped transformers on

page 6-13 are turned on alternately. The oscillator on page

6-14 runs about 330 KHz. On Figure 2l U14 should be U15 and

vice-versa.

The charts and graphs requested have been received. S - 

. 
S
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FIGURE 7: EXISTING SENSE SIGNAL CIRCUITRY
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