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ABSTRACT

Elght 900-ampere, 36-kw direct current welding
generators driven by eight 60-hp 1induction
motors have been operated in parallel to supply
up to 7200 amperes to resistance loads for heat
transfer studles. Detalls are glven for this
unique installation, which provldes safety
interlocks and permlits sectlonallzed operatlon
for smaller, separate loads.

-2 -




CONTENTS
Page
Introduction 4
Summary 4
Discussion 5
General 5
Equipment 5
Operation 6
Safety Devlces 7
Bibliography 8
LIST OF FIGURES
Flgure
1 Single Line Dlagram - Electrical 9
2 Paralleling Diagram - Direct Current Apparatus 10
% Control Dlagram - Schematic 11




PARALLEL OPERATION OF WELDING GENERATORS
INTRODUCTION

Studies of the heat transfer characteristics of varlous reactor
components are conducted at the Savannah River Laboratory. Experlmental
temperature condltions are obtalned by ilnserting the component to be
tested in a DC circult and using the reslstance of the test plece to
raise the temperature. A flexible DC power source was required to

meet the experimental demands.

Initlially, a power source had been provided that consisted of two
900-ampere DC weldlng generators. These generators were cperated in
parallel from only one built-in exciter. Experlence with this unit
demonstrated 1ts practicality, flexivllity, and economy.

The need to reach higher temperatures and greater heat fluxes required
the installation of a larger power source (7200 amperes at 40 volts).
Since the total power avallable in such a source would be used lnter-
mittently, and since a demand exlsgted for smaller units of power, some
system of sectionalizlng thils source appesared to be desirable.

Several types of commercially avallable power sources were consldered;
however, a system, simllar to the original installation, wlth eight
instead of two 900-ampere generators, was selected because of 1ts low
initial cost, potential flexibility, and shorfer delivery time.

SUMMARY

Eight 900-ampere welding generators have been lnstalled to provide to
various loads an electrical input up to 7200 amperes of direct current
at 40 volts. The power, contrcl, exciter, and output clrcuits have
been designed for complete parallel operation. The excitatlion acheme
utilized in the original installation (i.e., one bullt-in exciter used
with two generators) could ncot be extended to elght generators bhecause
the exclter capaclty was inadequate. Thls problem was solved by
deslgning an interlocked AC power supply, a parallel DC bus system,
and a speclal parallel exclter clrcult including an equalizer bus.

The design also lncludes arrangements that permlt the silmultaneous
operation of 1ndividual generators or groups of generators on as many
as three separate loads.

These elght machines are each driven by 60-hp induction motors that

are provided with safety interlocks to prevent startup or to disconnect
all motors in the event of errcnecus connection to the direct current
buses.

As far as can be determined this is 2 unique Installatlon that provldes

an economical, flexlble, and safe DC power source. Operatlng experlence
has been satisfactory. The equipment has been used to supply mere
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than 6800 amperes to a single load for approximately 30 minutes per
experiment and to supply power to three separate loads simultaneously.

DISCUSSION
GENERAL

A facllity to produce up to 7200 amperes of direct current was required
for heat tranafer experiments. Design criteria stressed early
installatlon, safety of operaticn, and practical economy.

A small facllity existed that consisted of two G00-ampere DC welding
generators operated 1n parallel from one exclter. Cost estimates
Indlcated that the addition of ldentical generators to the existing
facility would be the most economical and the quickest method of
producing the required power. However, it was not known whether
eight similar welding generators could be coperated in parallel. fThe
equlpment manufacturer recommended that not more than three machines
be connected In parallel and that these should be exclted from only
one of the three bullt-in exciters. No example of ftrue parallel
operation of 900-ampere DC weldlng machines was found in the
literaturelt?228) However, observations from tegts conducted on
the two existing machines indicated that complete parallel operation
for multiple machines should be sueccessful.

The declsion was made to proceed wlth the deslgn and procurement
necessary to install eight 60-hp, 36-kw DC weldlng generator sets for
complete parallel operation. Complete parallel operatlion is construed
to ineclude paralleled prime movers, paralleled dlrect current ocutput
from the generators, and the use of eight bullt-in exclters operating
in parallel.

The elght-generator assembly may also be operated as a single pcwer
source or sectlonallzed into several smaller unlts. These smaller
unlts can be operated simultaneously or separately. The clrcults are
shown 1in Figures 1, 2, and 3.

EQUIPMENT

The equlpment in thls system conslsts of the primary power supply
apparatus, the weldlng generator sets, the DC bus and excitation

systems, the metering equipment, and the control apparatus. Conventlonal
power supply and control apparatus was used throughout the system.

The components of the system are discussed briefly below.

The primary power 1s supplled from the substatlon via conventional
feeder apparatug to four circult breakers (one for each two machines)
and from these to elght 480-volt, threeéphase motor starters. Detalls
are shown in Flgure 1.




There are elght welding generator sets. Each machlne embodles & 60-hp
induction motor, a 36-kw dlrect current weldlng generator, and a 1.5-kw
direct current exclter generator. The rated output from each machine
1s 900 amperes of direct current at approximately 40 volts. The elght
motor-generator sets were mounted on "Unlsorb" felt pads for nolse
reduction purposes. (See Figures 1 and 2.)

The direct current bus system is designed to handle 8000 amperes. It
is arranged to permlt sectionalizing to the extent requlred for use

in as many as three slmultaneous experiments. Sectlionalization 1s
accomplished by manually rearrangling special links 1n the 1/4 x 4-inch
electrical-grade copper bars. Flgure 2 shows the possible arrangement
and the paralleled excitatlon circults.

The metering equipment consilsts of three voltmeters and filve ammeters
with shunts. The voltmeters are connected to coordinate with the bus
sectlonallzatlon scheme for use In as many as three separate
experiments. Two of the ammeters are used in conjunction with two
rotary swilfches to monltor the output currents from each of the
generators at two separate operating statlons. The other ammeters

are used for metering comblned currents to the various experiments,
and thelr connections can be manually altered as required. Provisions
were made to use an 8000-ampere shunt and ammeter, but these were not
installed. Figure 2 shows the locations of the ammeter shunts.

The control apparatus consists of two statlions: one 1s adjacent to

the generator sets and the other 1s remotely located. These two
statlons house conventlonal control equlpment that provides selectlve
means for locally or remotely operating the varlous generatoras as
required by the operating setup. These stations also house the safety
interlock terminals whereby each separate experiment can be 1lnterlocked
into the contrels to shut the generators down in the event of excess
temperature, low water flow, or other undeslrable experimental
condltions.

OPERATION

A "load specimen" 1g fabricated to represent accurately the'"unknown"
for heat trangfer studies.'*?3) This load specimen 1s connected

in the direct current circult as a load reslstance. Manual rearrange-
ments of the buses and meter connections are made as required for the
particular experimental setup. Flow swltches, temperature-measuring
devices, pressure switches, and the like are connected into the control
terminals as desired for safe control and data accumulatlon.

When the setup has been completed, all control rheostats are set to
thelr lower limits and the main power cilrcuit breakers are closed.
The machlnes are then started and the exeitatlon clrcuit breakers are
closed. Direct current power to the experimental load (or loads) is
gradually built up to the deslred level by slmultaneous rheostat
changes at the remote control statlon.
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As the machines warm up under lcad, slight differences in circult
reslstances occur to cause a spread in current output from the
indilvidual machines. This spread in current output 18 eliminated

by small adjustments to the series field rheostats. These fluctuations
have not been large enough to actuate the protective equipment designed
to interrupt power to the machlnes.

SAFETY DEVICES

Combination temperature and overload detectors were provided within
each machlne and were connected within the control circults to provide
posltive stopping of all generator sets involved 1n any experimental
group when any one machine falled.

Successful operation of the groups of machines depends upon several
secondary safety interlocks, such as temperature, pressure, or flow
switches, located in or adjacent to the experimental load. These are
connected in the control circuit through special terminals. Adverse
actuation of any one Interlock will shut the affected group of
generators down. The 1lnterlocks may be omitted when they are not
requlired for personnel safety or for protectlon of equipment.

Reversed polarity wilthin the excitation clrecuit 1s prevented by the
use of one-time fuses 1n each exciter lead and by cirecuit breakers for
each of the possible generator groups.

Remote and local "panic" buttons have been provided in easlly acecessible
locations. Either button wlll stop all of the motor generator sets
at once durlng an emergency situation.

B. H. Butler :
Laboratory Services Division
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