SEP 78
UNCLASSIFIED

AD=A0T73 195 YUCCA INTERNATIONAL INC SCOTTSCALE AZ F/6 9/2
SYSTEM EVALUATION ITEM 0001 OF MICROPROCESSOR=BASED POWER CONDI==ETC(U)

DAAK70=78=C=0117

NL

END

DATE
FILMED

—70
=

oL




-
3 5
=
N
o
N
(8.}

I

e —— 56 32
=. 5K
Lo
mq T
== 1.8

. : “‘

. +
.
MICROCOPY RESOLUTION TEST Cl

NA_NM,AL BUREAU OF STANDARDS-1963-1:
Lo ¥ - i . Al
SR = - Iy

e

% < O

"m% | IE3 s




1 -

i
)
\

Sl St o

PSR g e
IR (g
g B el 1 d

éVSTEﬂ. EVPLUATION

Jer /m;m .
OF

J'ICROPROCESSOR-BASED POWER

CONDITIONER CONTROLLEP
CONTRACT NO,4DAAK?

AAO0T319D

e R e B kbt e R

PREPARED FOR
U. S. ARMY MERADCOM
FORT BELVOIP, VIRRINIA 22060

PREPAPED BY
YUCCA INTERNATIONAL INCORPOPATED
14415 N, SCOTTSDALE POAD
SUITE 700
SCOTTSDALE, ARIZONA 85260

DDC FILE_COPY




DISCLAIMER NOTI(

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




- . AL 5
g
TABLE OF CONTENTS
;
PACE i
1 .0.0 SL'W“ARY L} LY L LY L ] L 3 L] . - . L ) L ) L ) - L ] L ] L] » & . L] L] L] ] 3
20000 PPEFACE L ] L] . L ] L] L] L ] L] @ L] L] L] 3 . L] L) . . L] . . . L] 2
3.0.0 COPYPITHT PERMISSION: ¢ o « o « o o o o o o o o 0 o o 3
00 MR - i e e
5.0.0 INVESTI(‘ATION - ° . - . . L ] L) L) . . & » . L ] L] L] . © . 5
5.1.0  REVIEW OF POWER CONDITIONER . « » + v v v o v o .. 5
5.1 .1 0"EPALL "’IEw. e . L] . L] L ] L ] L N ) L ] L ] L] ° k3 L] . L] L ] 5
5.1.2 AT SEIIN. © . o v i s s
5. ] L ] 3 I'l‘l’ERTER. L ] [ ) L ] L ] a0 e L ] k2 L ] L ) L ] L] L ] L] . L] L ] L) . L] 8
5.1.4 VOLTACE RECULATION. © ¢ o o o ¢ ¢ s s o s o s o s 9
5.2,0  REQUIREMENTS FOR CONTROLLEP BASELINE DESIPN . . . . 1
5.3.0  DESIRED CONTROLLER FUNCTIONS. « « o « « o« « o« « « o 14
5.4.0 PLANS FOR NEXT TASK [} ° [ Y » *® . [} . L] L] . L] . . @ 15
GO0 DISBUSBIONL .« it e i ihs e v v nsr by % i
: 70,0 COMGAUSIONS o ¢ c v o e vn s v v sannvnvson 19
§ 8.0,0 RECOMENDATIONS . « « v « e s v s s s v anvoves 20 :

9.0.0 DISTRIBUTION. . . . . . L] . . L] . L . . . . . . . . . 2] 3

For
yailand/o¥
special
02\

At

.qilability Codes

ccession

\




g e

TABLE

48

AFPENDIX
A
y

LIST OF TABLES

-
b
=
m

COMPARISON OF ELECTRICAL PERFORMANCE WITH ELECTRICAL SPEC.
RESONANT CONVERTER FREQUENCY VS, CONVERTER POWEP OUTPUT

LIST OF ILLUSTRATIONS

-
—
=]
m

DELCO 15 KW POWER CONDITIONER (BLOCK DIACRAM)

AC-DC CONVERTER FOR DELCO 15 KW POWEP CONDITIONER
INVERTER FOR DELCO 15 KW POWER CONDITIONER

SIMPLIFIED SCHEMATIC OF INVERTER

SIMPLIFIED DIAGRAM OF STAIR-STEP SINE WAVES

SIMPLIFIED INVERTER OUTPUT CURPENT AND VOLTAGE WAVEFOPMS

LIST OF APPENDICES

TITLE

TRIP PEPORT
ADDITIONAL INFORMATION REQUESTED

c————— N e e e

T e

N




1.0.0 SUMMARY
EnThe results of an evaluation of a prototype 15 KK power conditioner,

built by Delco Electronics, for MERADCOM are contained in this report,

The evaluation was a prerequisite in the preparation for developing a
microprocessor-based controller to replace an existino controller in

the power conditioner. .

The entire evalyation was performed by studving the Delco reports that

are listed Section 3 of this report. These are final and preliminary

reports ptrepared by Delco for the U, S. Armv, The power conditicner to

; be ingerfaced is currently being develcped btv Delce for MERADCOM at the

DeXco facility in Santa Barbara, California,

The primary objective of the evaluation was to obtain a thorough uncer-
standing of the power conditioner from studying thc latest availahle
documentation and to define the reouirements for a microprecessor con-
troller interface., This study will serve as the auideline for design

of the baseline controller, the next task,

Although the new controller will interface to the existina sense siorals
satisfactorily, the capability of the microprocessor could enhance per-
formance of the new controller {f certain sense circuitry modifications
were made,  Suggestions and recommendations are included and discussed in

this report.

.
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2.0,0 PREFACE

The work described in this renort was performed by Yucca International,
Inc. under the direction of the U. S, Army Mobility Equipment Research
and Development Command. This report completes the first task, of the
first phase (CLIN 0001, Phase 1) of the U. S. Army contract no. DAAK-
70-78-C-0T17,. The Contracting Officér's Representative is Dr. David
Lee at the U. S, Army MERADCOM headquarters at Fort Belvotr, Virainia.
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3.0,0 COPYRICHT PERMISSION

The information contained in this report was derived from the following Fovernment

documents:

Source No. 1 Contract No. DAAK-02-72-C-0210 Final Report
Frequency Converter Portable 10 KW Vol, I

Source No. 2 Contract No. DAAK-02-72-C-0210 Yol, II

Source No. 3. Contract No. DAAK-02-72-C-0210 Vol,. III

Source No. 4 Contract No. DAAK-70-77-C-0035 Final Report
15 KW Ceneral Purpose Power Conditicner AC-DC Section

Source No. 5 Contract No. DAAK-70-77-C-0157 Prelim, Report

15 KW General Purpose Power Conditioner Inverter

Scurce No, 6 MIL-STD-1332B

May 1974
May 1974
January 1975

April 1978

July 1978
Vvarch 31, 1978




| 4.0.0  INTRODUCTION

The U, S. Army Yobile Ecuipment Research & Development Command (™EPADCO!)
has contracted with Yucca International, Inc, to perform Part 1 of PhLase 1
to design, construct, and test a microprocessor-based controller for a

general purpose 3 phase 15 KW power conditioner.

The new controller, when completed, will be capable of replacing the
existing controller in a selected power conditioner te reduce cost, csize,

add new features, improve reliability and retain total system performance

ability. An additional advantace is that it could easily be adaptalle to

other similar power conditioners.

The power conditioner selected by the fovernment is the one developed for

the Army by Delco Electronics under contracts DAAK-02-72-C-0210 and DAAK-
70-77-C-0035, and is continuine under contract DAAK-70-77-C-0157 2t the !
Delco facility in Santa Barbara, California. When available, this power

conditioner will be used for initial testina of the cqntroller at Yucca.

Final acceptance testing will be conducted at MERADCOM,

This is a report of the initial evaluation of the Delco 15 KW power
conditiorer. The informatior available consisted of scveral reports vritten
by Delco for the Armv, These are listed in Section 3, The results of

this review outline a 1ist of reouirements for the baseline desien usine

a microprocessor controller, Also included is a plar for the next task.
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5.0,0 INVESTIGATION
5.1.0 REVIEW OF POWER CONDITIONER
5.1.1 QVERALL VIEM : :

The Delco 15 KW power conditioner can be described as a frequency changer,

Frequency changers are useful for convertinag input power of one frecuency

to output power at another freauencyv. Frequency chancers have been de-

signed to derive power from an input source of varyina freauency and

R

amplitude (the output of the turbo alternator or diesel generator set for

ek

example) and provide at its output, AC power that is stable in freauency

i and has low distortion and good regqulation,

Presently, the Delco 15 KW power conditioner is capatle of deriving its

power from 120/208 VP¥S @ S0 Hz, €0 Hz, or 400 Hz tfree phase, which must

be of utility class 2C (defined in MIL-STD-1332B) or better. The power
conditioner is capahle of providina quality AC output power at 120/240 VRS
@ 60 Hz or 400 Hz sinale phase, or 120/208 YP!'S @ 6C Hz or 400 Hz three
phase 3 or 4 wire, Table 1 1ists the electrical recuirements of the power

conditioner and the measured performance.

Frequency conversion in the power conditicner 1s accomplished in three steps. |
The AC input is rectified to NC, the DC 1s converted to a hiqher DC voltage,
and then the DC is inverted to produce an AC output, A brief description

of each of these stens follows, ; -

-5-




Each phase of the power input is rectified separately thrcugh bridae
rectifiers, There is verv little fi]terinq performed on the DC at the
output of the three bridge rectifiers, Since a resistive load is de-
sired to minimize the introduction of harmonics back into the pover
source, filtering is kept to the minimum necessary for proper operation
of the DC to DC converter that follows. The three DC to DC converters
are identical and have been designed to appear as.a resistive load and

a switch to the bridge rectifiers that feed them.

The unregulated, unfiltered DC applied to a DC to NC converter is con-
verted to high frequency sinusoidal voltage pulses and applied to the
primary of a step-up isolation transformer. The pulses at the secrndary
are rectified and filtered to produce a positive and necative veltace
with reference to an isolated common, The three DC tc DC converter out-

puts are paralleled,

From the filtered, requlated, and isolated NC, and inverter constructs

3 phases of stair-step approximated sine waves and delivers ther to

triplen harmonic cancellation and filter circuitry,




1.2

AC TO DC TO DC SECTIOH

Figure 2 is a schematic of the AC to DC converter sectior, Shown are
the 3 phase A inputs, the 3 bridae rectifiers, ard the 3 DC to NC cor-

verters described briei”’y in Section 5.1.1,

The DC to DC converters are referred to as 4 SCR resonant converters,
Contained in a resonant converter are 4 SCR's conﬁected to form 2 tridae
type circuit, The output of the SCR bridge is connected to a series
resonant load formed by a capacitor (613 and C14), a cheke (L9) and the

primary of a step-up isolation transformer (T1).

The gates of the SCR's are fired in a fixed seauerce by the power condi-
tioner's controller at a freouency that is determined by load conditions,

An increase in load reauires an increase in frecuency.

Q3 and Q2 are fired simultaneously to cause a half-sirusoid curren* pulse
through the isolation transformer nrimarv, VYoltace at the secondarv is
rectified and filtered. The collapsino magnetic field causes CR3 and CR2
to conduct. This commutates off Q3 and Q2 for aprroximately 19 ps (well
above the SCR spec recuirements of 10 us). A current transformer senses
the‘current throuoh CP2 and makes this sianal availetle tc the controller

as a commutation sense sional, The serse sianal indicates that the twe

SCR's are assumed tc be turned off, To prevent causinn a short circuit
across the bridee rectifiers, the controller waits for the commutation sense

signal before it permits the other pair of SCP's (Q1 and G4) tc be tricgered

-7.
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on, The magnetic field in the transforncr must te 2lloved to cellarce
and the reverse enerav nroduced rust be reroved hefore the application
of arother nulse, Ir other werds, the frecuency of oncration must te
kept below the resonant freouencv of the converter. (The resonant

frequency v:as not specified in the Delco reports.,)

The frequency of operation necessary to produce 18 K\ @ 300 YDC (+ 150
VDC) into the inverter is 5119 Hz, (Actual three phase AC power out of
the inverter with 18 KW in, is approximately 15 Ki.) Takle 2 provides
more informaticen concernina operatine frecuency vs. converter powver

output,

INVERTER
The inverter, supplied with the reaulated DC input from the converter
and crystal referenced waveform aencration signezls from the controller,

will produce quality 3 phase AC output.

The waveform aeneration signals from the controller consist of cate driver
signals for each of the 28 SCR's in the inverter, The controller does not
provide commutation off signals because it is performed automatically by the

inverter design and the SCR firina secuence.

Figure 4A is a simplified schematic of the inverter., Fiaure 4B is a simpli-
fied diagram of three phases of stair-step approximated sine waves., It can

be seen that the SCR firina secuence for generatina thc center pulses in
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Figure 4B is PB-, PA+, PC-, PB+, PA-, and PC+, These SCR's may be found

in Figure 4A in a section of the inverter referred to as t"e power center.

Simultaneous with the firinq of a pow = center SCR, a stair-step waveform
must be started on both of the other phases. Conveniently, the stair-
step voltages of both phases are the same polarity, Thic polarity may

be applied to the top of the auto transformer by firing either T+ or T-,
The stair-steps may be cenerated by, first, firina the appropriate phase
select SCR's and then firing the appropriate left and right SCR's in the

sequence that produces the desired results,

It is apparent from Figure 4 that the "riecht" SCR's are not cenfigured
properly to deliver a positive stair-step to the load. The same is true

for the left SCR's if a necative stair-step is to he nreduced,

If a large output filter capacitance supplied current back into the in-
verter at the times described ahove, then forward bias across th~ SCR's
can be_achieved. The larae filter capacitance causes the output c'rrert
to lead the output voltage, (See Figure 5,) Immediately after the

output current crosses zero (reverses directions), the conditiors are

correct for turning on the SCR's indicated,

To clarify, Delco has purposely introduced a leadinc power factor in the

inverter output with a large filter capacitance. The leadinc power factor
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VOLTAGE RECULATION

is necessary to fire the step-forming SCR's when they would normally

be reverse biased, The leadina power factor must be maintained under
all 16ad conditions to successfully fire, and thus commutate off, all
of the step-forming SCR's, Otherwise, distortion of thc cutputs will

result.

The large filter capacitance is responsible for a -2 KW loss at no load, u
To reduce this loss, it appears Delco is considerinn'using relays to |

reduce capacitance at minimum or no load.

Not shown in Figure 4A are 4 SCR's, For detailed information about the ]

4 SCR's or the inverter operation described, consult Source No. 5, ».

] 3-24 )

To maintain 120/208 VAC at the inverter output the converter must supply
the inverter with approximately + 140 VNC at a current that is determined
by the load, It is important to note that tte inverter does not provide
the controller with any means of system voltaae reoulation or current

limiting.

The controller must exercise these functions throuah control of the 12

SCR gate sianals to the resonant converters.




The response time of the requlation loop will 1imit the ability to

react to transients. An optimum amount of capacitance must be prcvided
at the converter output to meet specified transient response recuirerents,
Too much capacitance may cause damare to the inverter i1f ar overlcad (or
short circuit) occurs causina this uncontrolled current to flow through
the low impedance inverter, Obviously, then, in the interest of protect-
ing the inverter and meetinn transient response reouirements, the reaula-

tion loop must be fast,

£.2,0 REQUIREMENT FOR CONTROLLER BASELINE DESICN

The recuirements are:

1) !Minimum use of analog components;

s b i

2) OUptimize software control functions versus hardvare control

functions;

3) Failsafe operation;
4) Detection, protection, and error indicatien of power condi- ?
tioner faults;
5) Provide the necessarv timina sienals tc the converter SCR'e
to achieve sub-cycle voltace reculaticn and current limiting
of the inverter outnut;

6) Short circuit current prctection;

7) Provide for momentarv averloads (up to 200% of rated load for o |
5 seconds) but then reduce to rated cutout to prevent irternal
damage.
«ll=
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8) Provide crystal referenced center pulse and step-ferming
Fiming sianals to the 28 SCR's ir the inverter. These timino
;19nals will permit either €0 Hz or 400 Hz sire wave output;

9) Permit the power conditioner to supplv 12C/208 VR!S three
phase @ 60 or 400 Hz or 120/240 VPMS sinale phase @ 60 cr
400 Hz;

10) Reliable operatien in electromaanetic environmert of pover
conditioner;

11) Permit the output voltace to be adjusted -5%, +15% awav
from nominal;

12) Determine mode of oneration by reading front panel switc!.
settinas;

13) Include all necessary power supplies;

14) Must not cavse a deoradation in performance;

15) Adaptable to other similar power conditioners;
16) Verify proper operation of power conditioner by monitorire the

following availakble sense sianals,

CONVERTER INPUT VOLTACE SENSE - 3 Total

Each of the 3 AC input phases are sensed by a transformer and then recti-
fied. These signals are monitored to detect input over-voltage, under=
voltage, and lost phase, They are not involved directly with the con-

troller reoulation loop.

]2«




CONVERTER SCR COMMUTATION SENSE - 3 Total
A positive or neqative voltace at the output of the sense circuit
will indicate which pair of SCR's were just commutated off, There

is one sense circuit per converter.

CONVERTER OUTPUT CURRENT SENSE - 3 Total

Each of the converter step-up isolation transfcrmérs secondary are

sensed by a current transformer, This sense signal is rectified to
provide a voltage approximately proportional to the direct current

provided to inverter input.

CONVERTER OUYPUT VOLTARE SENSE - 1 Total

The voitage between the + 1ine and the - line is sensed through a

voltage divider. No transformer is used.

INVERTER INPUT CURRENT SENSE - 1 Total
The + line and the - Tine each have inserted in them, a separate
primary windino of the same current transformer. The outnut of

the transformer is rectified,

INVEPTER OUTPUT VOLTAGE SENSE - 3 Total
The sense sionals pro?ided are isolated from the output bv a trans-

former and rectified,
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INVERTER OUTPUT CUPRENT SENSE - 3 Total

Each of the three output phases are sensed by a current transfcrmer,
Rectification is performed before the sense siqgnal is rade available '5
¢

to the controller,

The location of all sense sianals discussed in thic secticn are shown

in Figure 1,

5.3.0 DESIRED CONTROLLER FUMNCTIONS
The desired functions are:

1) Provide for a multi-character 7 seement displav on the

front panel, The displav mirht be used to irdicate mode
of operation, self-test or diagnostic error conditions,

fault conditions, etc.;

P R I M

2) Sense over temperature;
3) Sense out-of-freouency; ;
4) Provide for controlled short circuit (time/overload pro-
file);
5) Provide for 50 Hz output frecuency option. (For NATO
compatibility); |

6) Consider self-test capability; for instance, check RA¥, A/D's,
N/A's, 1/0 (if applicable) etc, DNetermine {f PRC™S are authore
ized by readina a codc or checksum, Perform the self-test

before power conditioner aoes from standbv tc cperate,
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5.4.0 PLANS FOR NEXT TASK
Objective: Develop the controller baseline design. Deterrine ard 3
document the expected recuirements and duties of the microprocessor(s),

in preparation for microprocegsor(s) selection. i

1) Generate one or more conceptual approaches;
2) A1l conceptual approaches must conform -to the requirements

i listed in 5.2.0;

3) The conceptual approaches will clearly define the controller
to a functional block level, The necessary amount of PAMN,

L ROM, and I/O will be approximated;

4) An analysis will be included that will highlight the ad-

vantages of the approach;
5) From the conceptual approaches, the best or a compromise
will be selected for developing the baseline controller;
6) The baseline design will be documented with
a) Detailed schematic (portions may be functional
blocks);
b) List of microprocessor(s) duties;
c) Narrative description of the more difficult software
routines that will be needed.

A good feel should be obtained for what the microprocessor is expected =3

oo

to perform, This is necessarv for the selection of the optimum pro-

cessor(s), the third task,
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DISCUSSICN
This discussion will focus on the problems and difficulties encountered

during this task.

An analysis of the firing seauence of the 6 pairs of SCR's was determined
by studying the schematic on pace 6-11, Source No, 4, The 6 1ines leavine
the schematic on the right are believed to be mislabeled., Each of the-e
signals carry a 12 us pulse to circuitry trat will fire a pair of SCP's

in one of the three resonant converters in Ficure 4, The firing seau~nce
is believed to be Phase A 03, Q2; Phase C Q1, Q4; Phase B Q3, Q2; Phase

A Q1, Q4; Phase C Q3, Q2; Phase B Q1, Q4. The period between the pulses

are dependent on the operatina freouency or a commutation sense failure.

A definition of the operating freauencv is helieved to be the reciprocal
of the period between puises tc the same pair of ccnverter SCP's, At

an operatina frecuency of 5119 Hz, for example, the nerioc would be 195 us
(unless a commutation failure occurred causinc all pulses to be delaved

10 ms),

The operating frequency can be misleadinn when thinkina ir terms of the
resonant freoquency. When the period of the operating frecuercv {s 195 us,
the actual time between pulses to the resonent load is 195 s 2 or 97.5 us,

for an effective frequency of twice the oneratine frecuency. The actual

«16=
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time between pulses tovthe resonant load must never decrease below 18 us

which is approximately the time needed to turr off a converter SCR,

Part 1 of Phase 1 of the contract will corcentrate or developine the hardware
and software necessary to perform voltace reaulation of the power cerditicrer,
The converter operatina frecuency (control frecuencv) may be basecd or either

the inverter cutput voltaces or the converter outpdt veltace or toth,

The inverter output voltace can be reculated more accurately by sensina the
inverter outputs instead of the cenverter ocutprut, but resncnse time of the
reaulation loop is sacrificed, since it takes lorcer tc serse 3 ou*nuts

instead of cpe.

Unless a DC averace of the invertor cutmut voltaces arc reasured, the

value will have to he correlated to some point or the sine vave for compari-
son to a sine table stored in memorv (In addition to verifvine correct ortput
volt-~e, sampling in this manner will ch~ck disterticn.) Performire the
above measurements on the ocutput and determininn a ccntrel sicral, could

take a significant amount of time,

The nomimal inverter ocutput voltage is 120 VYRMS 1ire tc neutral, which
corresponds to approximatelv + 140 VDC at the crnverter output. This

relationship may chanae slinhtly at different outrut frecuencies or loads.

-] 7.
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Reaulating the converter output to produce an accurate anproximation
of the inverter output voltage could prove challenging if load or
frequency dependent variables exist in the inverter. The prchlem car
partially be corrected by storina in computer memory a "“load profile.”
Perhaps a load profile will be stored for cach output freouency, The
load profile will permit the contreller to make slioht adjustmente tc
the converter output voltage tc correct for chances in the inverter
under various loads, Implementino this load profile vill necessitate

sensino the inverter irput current,

The existing inverter outnut voltage and current sense sicnals are
routed through isclation transformers and then rectified to produce

two positive half sine waves. The forvard dicde drops may introduce
~an error vhen the 1hverter output is crossinn zero, This may produce
an error at all inverter voltages., Beirg atle to identify the pesitive
and negative half-cvcle of the inverter output voltace is useful and
this identification is more difficult when these sigrals are rectified.
To achieve the accuracy desfred. it may be necessarv to sense these

voltages and currents more directlv,
The inverter output voltages measured must he correlated somehov to their

exact position on the sine wave, There are several methods of achieving

this'(and these will be investigated durina the next task).




7.7.0 CONCLUSIONS

In general, from the data review, a thorough understandirg of the pover
conditioner has been obtained, The recuirements and plans for the next
task, the controller baseline desion, have been formulated and included

in this report.

An objective for the controller baseline desien 1s.to improve performance.

- The capability of the microprocessor-based controller to improve performance
over that of the existine controller may be enhanced by changes to

existino inverter outpdt voltaae and current sense circuitry., Appropriate

recommendations will be made after the next task.

A reaquirement of the controller is to provide sub-cycle reaula*icn response,
Due to the complexity and time reocuired to measure the inverter output
voltages, it may be desired to Base the converter contrel freovency initially
on converter output voltage and then optimize with resul*s of the inverter

output measurements.

«]19-
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8.0.0 RECOMMENDATIONS

1) Based on the study durina this period, it is recommended
that we proceed immediately to the baseline desian;

2) The baseline desion should show any recormended chances
in sensing circuitry;

3) A technical conference be held at Yucca International at
the conclusion of the baselire desion pericd for the purnose

of review and concurrence with the baseline desion,

-20-




9.0.0 - DISTRIBUTION i
Three copies to -- W, David Lee, DRDME-EA
Two copies to == John A, fabby, DRDIME-PE-1
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RESONANT CONVERTER

OPEPATIN® FREQUENCY CONVEPTEP POKEP OUTPUT
(1z) (KATTS)
5119 18000
350 | 12000
1726 6000
9N ‘ 3000
345 - 1100

TABLE 2: RESONANT CONVERTER FREQUENCY VS, CONVEPTEP POWER OUTPUT

This information was ohtained from Final Report AC-DC Section, Contract
No. DAAk70-77-C-0035, P, 7=5
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FPPENDIX A

8/18/78

FROM: Bill Tuten

SUBJECT: Trip Report- Meradcom visit on Contract DAAK-70-78-C-0117
Meeting Qith Dr. David Lee and Bob Williams

Bob Williams discussed the Delco Inverter System and how it operates. We
then discussed how a microprocessor controller can be used in this inverter.

The following information was gained:

Delco Inverter System

1) Present inverter has not beer; married tc converter;

2) Efficiency of present inverter/converter combination
is 75% not the spec 80% or the desired 85%;

3) Total system is large in size and heavy;

4) System appears to be very reliable;

5) Meradcom seems very pleased with the Delco System;

; 6) No fuses in system.

Desired Controller fﬁnctions

1) Diagnostic;

2) Over/under voltage - both input and output-

3) Out of frequency;

4) Over temperature;

5) Controlled short circuit (Time/overload profile)

6) Indicate status of input/output on display. If done
display must have blocking option;

- 30..




7) Look at preventive maintenance -- like pressure
drop across air cleaner -- slowino down of fan, etc.

8) Monitor SCR status signals on when supposed to be --

not on otherwise.

Helpful documents 1
1) Look at ADA035043 (obtainable from Defense Documentation

Center) Volumes 1, 3, and 5.

Unanswered questions
1) Response time?
2) Do all three converters requlate and operate'at same

frequency or all signals independent for each of the

three converters?

Attached is a 1ist of questions discussed,

o




QUESTION 1

ANSWER 1

JUESTION 2

ANSEER 2

OQUESTION 3

ANSWER 3

Fhat tvpe of loads are expected to be prwered with the

inverter? In addition to moters and pure resistive
loads,.will we have loads similar to these shown below?
s
PR~ e .

The inverter is verv low impedance and, therefore, should

be no problem with any tvpe of lcad,

How is overload goino to he handled? Limit to rated ouvtnut

or complete shut down,

Uperates to 200% overload at NOnf and 95% bus veltace --
must shut down or back off after 2 time profile based upon

overload.

What portion of the power ccrverter can be shut down under
microprocessor control wifhoqt damace to other conmponconts

or functional blocks.

Freouency shut down could be a problem. There shculd he

no other problems, Also discuss that no fuses used in

system, Onlv breaker is a maqne*ic breaker,

w——




UESTION 4

ANSWEP 4 .

QUESTION 5

QUESTION 6

ANSWERS 5, €

How Tona will the starane capabilitv of the irverter
handle momentary increases in load recuirements? libat

is the resporse tine recuired of th- corverter (recuvlator)?

At this time this answer is not krown., It will Le discussed

with Delco,

In the cevent of minor failure that nrevénts the micronrocessor
from éontfollinn the AC output to nroduce rated specification,
vill emeraency back up measures be desired 2s ar alternative
to complete shut down? (For exarnle: switchine POM in nlece
of PAll to control inverter SCP's; or aralor reaulator as an

alternate to diaital locp in the event of failure)

How ruch diaenostic capabilitv is desired? For exarmple:
self-test eould indicate to front panel display, failina RA"
memory address, a bad bit in one of the D/A's or A/D's,

faulty DT to DC converter, etc.

Questions 5 and 6 concerr failures, self-test and diacnoztics.
The answers. to these ocuestions have alreadv been addressed

in the body of this report,

-33-
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APPENDIX B

Requests for additional information corcernine the power conditioner

were made to MERADCOM during a teiephone conversaticn with Dr, David

Lee on August 30, 1978, and will be included in the baseline desigr when

received,

1) Updated charts and timing charts similar to those of
: Appendix A & B, respectfve1y. in the purchase description;

2) Are transfonnefs shovn on pace 6-15 of Source No, 4
the same transformers ;hown on page 6-13 of Source No, 4?

If so, are the cards the transformers are on CCAA3 of CCA4?

3) To fire a converter SCR, 1t appears that both ends of a
center-tapped primary are arounded sumultaneously fer 12 s,
Is this correct?

4) Page 9;5 of Source No. 4 does not indicate anyv corverter
input voltage sense circuits, Where do the sense circuits
shown on page 18 of Source No. 4 perform this function?

5) What is the resonant frequencv of the DC to DC converters?




