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' ' INTRODUCTION : :

This publication outlines thebasic principles for

proper design of industrial power systems which
must furnish power to resistance welders. The

{ntermittent character of resistance weldlng loads
introduces special problems not assoclated with

power supply for most other types of load. The
nature of these problems and methods for their so-
'ution are presented. Sufficlent information is in-
cluded to permit selection of suitable types and
ratings of power supply equipment for the majority
of applications. : :

RESISTANCE WELDER LOADS

Reslstanpe Welding

Resistance welding is a process in which metal
plecesarefirmly heldtogether while a high electric
current {s caused to flow between them. The re-
sistance in the path of the current generates suf-
ficient heatto weldthe pieces. The welding current
usually ranges from 3000to0 30,000 amperes or more.
This current is ordinarlly provided by a welding
transformer whichisa partofthe welding machine.
Fig.11s a schematic dlagram ofatypical resistance
welding machlne.

The welding transformer of Fig. 1 has a trans-
former witha single-turn secondary, which connects
to the electrode holders througha flexible lead. The
flexible lead permits some vertical movement of
the upper electrode, sothat the pleces to be welded
may be inserted between the électrbdes. The pres-
sure mechanism of the machine puts a substantial
force betweenthe pleces by pressing downonthe up-
per efectrode. This force assures good electrical
contact and enough pressure at the joint for welding.
Current is controlled by a contattor in the trans-
former primary. The contactor is usually an elec-
tronic device mounted onthe machine and employing
ignitron tubes. The current flows for onlythe very
short time required to complete the weld.

Nature of Load

The intermittent nature of resistance welding
loads introduces special problems not associated
with power supply for othertypes of load. For each
installation it is desirable to have estimates of the
expected number and location of welders and the
amount and character of thelir inputs. Approximate
data are usually sufficient for system destgn pur-
poses. Ample allowances shouldbe made for possi-
ble future Increases {n the welding load.

The kva rating of a welder Isthe input kva which
the welder transformer can accept without over-
heating, when (and if) current flows 50 percent of
the time during any minute of operation.

The actualinputtoa resistance welder cannot be
determineddirectly from its rating. It Isnecessary
to estimate the Input to each machine as affected
by Its type, and the operating conditions.

Such information can usually best be obtained
from the welder manufacturer, but test data may be

used Iif the machine is already installed. In many
cases, only rough estimates are needed, and these
can be made from information provided inthis bul-
letin, for the type and rating of each welder. The
most important aspects of resistance welder input
are kva demand, duty cycle, power factor, welds
per minute, and whether the welder is single-phase
or three-phase. Most welders are single-phase.

The kva demand is the maximum input during
welding. It may be from 30kvafora small machine
to 1000 kva for a large welder. The duty cycle is

.the ratio of weld time to total timefor a weld. The

weld time Isusually from one to thirty.cycles. The
total time Is determined by the number of welds

per minute, which may vary {ropg-adew welds to -

several hupdred. -
P

Measurement of Input

The current, voltage, and power Input of 2 welder
can seldom be measuredaccurately by conventlonal
instruments because of the short weld.time. For
weld times of 10 cycles or more, pointer-stop in-
struments may be used. A pointer-stop instrument
has an adjustable rest for the polnter — so that the
pointer may be held near the expected reading be-
fore current flows. This avoids the delay usually
associated with movement of the pointer to the indi-
cating position. The stop for a pointer-stop voit-
meter should hold the pointer down instead of up
scale, 50 that it will be near the value to which the
voltage may be expected to drop. Several trials

PRESSURE
MECKANISM
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Fig. 1 Schematic diagram for resistance welder
(1093803)
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Fig. 2 Typlcal resistance welder for spot or
projection welding (1027403)
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may be requiredto obtalna satisfactory initlal set-
ting of the stop. For weld times of less than 10
cycles it Is usually advisabletouse an oscillograph
if measured data is required.

Spot or Projection Welders

Fig. 2 shows a typlcal welder for making spot
welds or projection welds. Spot welds are made
between the two vertical electrodes at the front of
the machine. Projection weldsare made by placing
the pleces to be welded between the two horizontal
flat plates, called platens, behind these electrodes.
Welds are then formed where small projections on
one of the pleces press against the other plece,

Fig. 3shows the Input currenttoa typical single-
phase spot or projection welder. In this case the
weld time Is four cycles and the total time from the
start of one weldtothe start of the next is 40 cycles.
Hence, the duty cyclels 10 percent. Depending upon
operdting conditlons, the duty cycle of spot or pro-

i ' -
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Fig. 3 Spot or projection welder (1003804)

jection welders may range from oneto twenty per-
cent.

Occasionally several Impulses are used for each
weld, when employing a practice called pulsation
welding, or when preheating or post-heatingare re-
quired.

The kva demand s the product of the Iine voltage
and the RMS current during the weld time. Fora
spot or projection welder, the demand may be two
or three timesthe rated kva of the machine. Often,
however, welders are operated at less than thelr
maximum welding outputs, depending upon the ma-.
terial or parts belng welded.

" The power factor of conventional apot and pro-
jectlon welders is usually from 30 to 50 percent.
Portable spot welders, called gun welders, how-
ever, may have power factorsas high as 90 percent.
This high power factor results from the resistance
of the long cables used between the welding trans-
former secondary and the goriable *‘gun’ which
holdg the electrodes. ' e

If electronjc heat cofifrol is used with a welder,
the power factor is proportionately reduced as the
heat setting is lowered. However, maximum voltage
drop occurs at 100 percent heat setting.

- -

Seam Welders

The electrodes of a seam welder aretwo wheels.
The current flows from one wheel through the weld
to the other wheel. A seriesof welds called a seam
is made as the welding wheels rotate, causing the
welded pleces to move horizontally between them.

Fig. 4 shows the Input current to a typical seam
welder. The duty cycle of such a welder is high,
usually about 50 percent. The maximum demand Is
commonly close to the rated kva of the machlne.
The power factor {s ordinarily about 30 to 50 per-
cent. . ' - .

Butt Welders -

A butt welder welds two pleces end to end by
forcing the ends together as the welding current
flows between them. The input is simllar to that
of a spot welder.

——
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.Flash Welders

A flash welder is a speclal form of butt welder
which heats the pleces by establishlnganarc between
them for & perlod, called the flashing time, before
butting them together so that they weld during the

"remalning conduction perlod, calledthe upset time.

A flash weld has a characteristic load pattern.
During the flashing perlod, which may be several
seconds, the input current is at a power factor near
80 percent. Duringthe upset perlod, which may last
only a few cycles, the current is several times the
flashing value, and the power factor Is reduced to
about 50 percent. : -

Multiple Welders §

Sometimes several electrodes are mounted on a
common movable frame whichapplies welding pres-

SPECIAL

Several speclal types of- welders have been de-
veloped which have lower kva demands than the
conventional welders required #or a glven weld.
These machines have a higher Initial cost but the
extra cost may be offset by savings in the distri-
bution system. However, when there are a sub-
stantial number of welders to be supplied from one
substation, it is usually most economlcal to use 2
substation adequate for conventional mac hines, with
the possible exception of a few unusually large
welders, which may be special machines.

Series Capacitor Welders

One methodof reducingthe demandofa welder s
touse a single-phase machine withseries capacitors.
The capacitors are selected to change the power
factor to 100 percent at full heat. The maximum
welding kva is usually 30 to 50 percent of that for a
machine without capacitors and is proportional to
the power factor of the machine belfore application
of capacitors. Electronic heat control Is used, and
this reduces the power factor below unlity at reduced
heat settings. The maximum llne voltage drop usu-
ally occurs at about 90 percent current, and the
power factor at this setting 1s 90 percent.

Metallic Rectifier Welders

Some welders use a metallic rectifier to con-
vertthree-phase a-c power tod-c for welding. The
kva demand isusually 35 to 60 percent of that for a
comparable conventional machine, and moreover,
it Ls a balanced three-phase load. A small amount

of harmonics, about {lve percent, is introduced into-

sure for a number of welds at the same time. The

machine includes separate welding transformers

for each weld or palr of welds.. The contro! for
c#ucha multiple welder may cause all weldsto occur
sat once, but for a small additional cost, welds can
e made to occur ina sequence of one or a fewata
ctime. This greatly reduces the maximum demand
of the welder. ‘The increase In time required to
<omplete a group of welds Is usually negligible, and
¢he cost of power supply equipment may often be
=substantially lessened.

Frequently It is advantageous to make three welds
at a time or multiples of three and connect the cor-
responding weldlng transformers in the machine to
different phases so that the load is three-phase.

The power factor of multiple welders {s usually
high, 75 percent being a typical value,

WELDERS

the a-c line current by the rectifcation process..

The powe? factor is high.

.
-

Frequency-chingey Welders

These machines convert three-phase power to
single-phase at a low frequency, usually four to
twelve cycles per second, for weldlng.-The kva de-
mand {s usually 35to 60 percent of that for a compa-
rable single-phase welder. The input is three-
phase ata high power factor. Harmonics comprise
about 20 percent of the RMS line current. Voltage
drop, however, Is primarily due to the remaining
60 cycle component of current. The power factor
of this component is called the vector power factor
and atypicalvalue Is 85 percent. Voltage drop may
be calculated inthe same manner as for a balanced
three-phase load at this power factor. The line
current fluctuates somewhat at twice the welder
output frequency, and this fluctuation maybe slightly
more objectionable from the standpoint of light
flicker in some cases than the same voltage drop
by a welder which does not have this fluctuation. -

Stored-ene-rfy Welde.r's.

Severaltypes of welders employ energy storage
between welds to reduce Input demand. These In-
clude capacitor discharge welders, electromagnetic
stored energy welders, d-c battery welders, and

welders with motor-generator sets. Such equz- N

ment greatly reduces demand, but the Initialec

is relatively high. The first two -types mentioned
were widely used In the aircraft Industry in World
War II but they are now belng supplanied by other
methods which do not store energy.

o



VOLTAGE DROP

Limits for Voltage Drop

To check the sultabllity of a power system for
resistance welders it is advisable to be able to
estimate expected voltage drops. These should not
be too greattoooften for good welding results;also
they should not cause objectionable light flicker or
impalr performance of other loads.

Calculation of Drops :

Withany glventhree-phase power system, a llne-
to-line Blngle-phase load wlill cause twice as much
drop as a three-phase load of the same kva and
power factor. )

Improvement 011 power factor reduces the drop
for a glvenloadkva, and power factor improvement
is usually accompanied by a reduction in demand as
well, .

For single-phase welders, with power factors s of
about 50 percent or less, the percent voltage drop
on a single-phase supply nearly equals the percent
gystem impedance times the ratioof load kva to the
basekvausedfor determining the system impedance.

Transformers -

Foxfe‘xa'rﬁ'ple, a 100kva slngle-i:hzse welding de-

mand on a2 1000 kva single-phate transformer with’

LOAD APPLIED
TO THIS PHASE
(LINE-TO-LINE)

LOAD TRANSFORMER AND SUPPLY
HAVE SAME X/y

== o= e NKO LOAD
——— WITH LOAD

VALUES GIVEN ARE IN PERCENT OF NO-
VOLTAGE onLodo

!
THOF TOTAL IMPEDANCE 1S IN PRIMARY SUPPLY

Fig. 5 Delta - delta transformer with single-phase
1 load (1093808)

SYSTEM ALL

ten percent Impedance will cause about one percent
drop through the transformer, If the same single-
phase load were applled to a 1000 kva three-phase
transformer with the same percent impedance it
would cause a two percent drop.

Lines, Cables and Busways

The impedances of lines, cables, or busways may
be expressed in percent on the transformer kva
rating and added to the transformer percent im-
pedance to obtaln the total Impedance. Impedance
data for lines, cables, and busways are avallable in
articles devoted to short-circult calculations.

Usually it is practicable to design low-voltage
feeder circuits so that thelr Impedances are about

one or two percent on the substation kva rating, °

but long runs of small current ratings may have
considerably higher impedances.

Primary Supply System

The impedance of a substation primary supply
system may be approximately determlnedf{rom the
calculated short-circuit kva. For example, if a

1000 kva three-phase substatign is supplied by q .

system with 200,000 short-cirZalt’kva, the percent
impedance of the system Is one-half percent on the

+ substation rating. (1900/200,000 = 0.005)

LOAD APPLIED TO THIS
PHASE (LINE-TO~LINE)

SUPPLY IMPEDANCE ASSUMED BALANCED
%OF TOTAL IMPEDANCE IS IN PRIMARY SUPPLY

== ==NO LOAD A

-

WITH LOAD

VALUES GIVEN ARE IN PERCENT OF NO-LOAD
VOLTAGE

Fig. 6 Delta - wye or wye - delti‘transiormer '
with single-phase load (1093807)
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Thke singlé-phase short-clircuit kva of a three-
phase system s approximately halfthe three-phase
short-circuit kva. Hence, the same 200,000 kva,
three-phase system has one percent impedance on
the rating of a 1000 kva aingle-phase bank. (1000/
. 100,000 = 0.01)

Note well that the interrupting capacity selected
forswitchgear often considerably exceeds the mint-
mum short-circult kva, which determines maximum
voltage drops. Hence, the switchgear interrupting
capacity used is not a reliable Indication of the
system impedance affecting voltage drops.

Phases Aflected

Welders are ordinarlly connected line-to-line.
Lights may be supplied from either line-toeline or
line-to-neutral voltage. The percent line-to-neutral
drop caused by a line-to-line welder load is only
slightly less thanthe line-to-line dropofthe welder,
except that there s practically no dropon the phase
between neutral and the line to which the welder is
not connected. This s fllustrated by Fig. 5. -~

Sometimes it Is desirable to know the voltage
drops on the line-to-line phases other than that

supplying the welder. These drops are practicglly -
always less than the drop on the loaded phase, and
are commonly about one-fourth the loaded-phase
drop. .

When a delta-deltatransformer lsused, asingle-
phaseline-to-line secondaryload imposes a single-
phase load on the corresponding primary phase.
When a delta-wye or wye-deltatransformer isused,
the percent primary line-to-neutral drops corres-
pond tothe line-to-1ine drops obtalned with a delta-
delta transformer. Also the line-to-line drops
correspond to line-to-neutral drops obtained with
a delta-delta transformer. This Is {llustrated by
Fig. 6.

If a welder is supplied from line-to-neutral, as
withfrom single-phase transformer connectedline-
to-neutralona 2300/4160Y system, the correspond-
ing percent primary line-to-neutral drop is from
1.5to about 3.0 times the percent primary line-to-
line drop which would occur If the same welder kva
were supplied line-to-line from elther a single-
phase orthree-phase transformer. The exactvalue
depends upon the proportion of total impedance which
Is contributed by the neutral conductor.

;o_"

.
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LIGHT FLICKER

B

Frequency of Dips

~

The voltage drop which may be accepted without
objectionable flicker Is dependent on various factors,
the most important of which is the frequency at
which dips occur. Fig.71s a typical curve relating
acceptable drop and flicker frequency. This curve
or other slightly different curvesor rules are used
by power companies to determine the acceptabllity
of welding loads on lines which also supply other
customers.

o)
B N\
3 N
¥,
§ oF IRRITATION
-1 - Vi
E b S 4 I T
E 1 ~ I~ or.;‘;:cxtu
o N TR 2 8 102031 2 8§ 10 B
L 0IPS PER mMOUR DiPS PER MINUTE OiFs PER BECOND
N T i e S SRS
MiNUTES conps

TIMC DETWELN DIPS

Fig. 7 Flicker of incandescent lamps caused by
recurrént voltage dips (A 128397)

Note that a drop as small as oné-half perééht

may be objectionable. If only fluorescent lamps or ~—._.

large-sized Incandescent lamps are used, some what
higher drops may be accepted than those shown on
Fig. 7.

Groups of Welders

When several welders operate {ndependently,
the frequency of drops increases and some large
drops occur due to simultaneous operation of two
or more machines. The frequency of occurrence
of each possible drop valuels dependent upon prob-
abilitles of simultaneous. welds. Table I shows
calculatedfrequencies fora number of cases. Fig. 8
shows results obtalned by using the Information of
Table I with the border line of irritation shown on
Fig. 1. - - L

Short-clircuit Kva Required

The power system stiifness required to avoid
excessive voltage drop can be measured interms

of the short-circuit kva of the system. The larger _

this kva, the smaller wlill be the voltage drop cauged
by any given welder. On Fig. 8 are glven values of
required single-phase short-circiilt‘kva divided by
the kva demand of one welder. The_flguresbows
that If there are three welders each with a demand
of 100 kva and a duty cycle of five percent, each

-

-
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* This means that

operating at €0 welds per mlinute, the ratio s 200,
the single-phase short-circult kva
required is 200 times 100 kva or 20,000 kva, This
&53umes thatall the welders are supplled from one
phase. For example, Ua single-phase power trans-
former supplies them from a primary system of
negligible {mpedance, the short-circult kva of the
transformer must be at least 20,000. This would
be the case for a transformer rated 1000 kva and
having five percent Impedance. To avold flicker,
the three-phase short-circult kva of 2 three-phase
system must be twice the required single-phase
kva ifthe welders are allon one line-to-1lne phase,
and lights are supplied from the same phase. ‘

The calculations assume that all welders are
alike. If the welders have differing demands or
duty cycles, additional complexitiesare introduced.
However, asa generdl rule flicker Ls mostly due to
a few of the machlnes having the largest demands.

TABLE I

Calculated Frequehcles of Voltage Dips Which May Cause Light Flicker

Number Welds per Percent

of . Minute Duty Weld Time

Welders ' “per Machlne, Cycle (Cyc.)

. : o

2 8 5 30

10 €0

" 20 120

20 5 9

~ 10 18

20 38

€0 5 3

10 6

20 12

4 6 5 30

10 60

20. 120

20 5 9

10 18

20 36

80 S 3

10 8

20 12

8 6 5 30

10 60

20 120

20 5 9

10 18

20 36

60 5 3

10 6

12

—_—

10

-
 When welders are distributedonthree pbq..::es of
a three-phase system, the drops on any one phase
causedby welders onother phasesare usually com- .
paratively small, _ - i N
In typlcal cases, the three-phase short-clrcult 1.
kva required to supply a group of three or more
welders distributed among three Phases s 20 to 30
.percent more than the slngle-phagg short-clrcuit.
kva shown on Fig. 8 for the same total number of
welders,
TableIand Fig. 8 include only cases withafairly
Small number of welders at duty cycles of 20 percent
orless, and production rates of 60 welds per minute
orless. Forlonger duty cyclesorforalarge number
of welders, flicker does not greatly increase in se- —_
verity because of the tendency for some of the load
to be present at all times, 80 that the drop seldom
falls to zero. However, at productlion rates above
Average Frequency
) (Times/Sec.) .
l . 2 ; -~ 4 See
Machfite Machines Machiries Machines
Only Together _ Together Together
0.20 d.01 ~ - -
0.20 0.02 - - {
0.20 0.04 - -
0.67 0.033 - -
0.87 0.087 - o e
0.67 0.133 - -
2.0 0.10 - -
2.0 0.20 - -
2.0 0.40 - -
0.40 0.057 0.003 0.000005
0.39 0.108 0.011 0.0004
0.36 0.192 0.042 0.0032
1.32 0.189 0.0097 0.00002
1.30 0.3680 0.0374  0.0013
1.19 0.640 0.139 0.0107
3.98 0.568 0.029 0.00005 ~
3.89 1.08 0.112 0.004
3.58 1.92 0.418 0.032
0.76 0.24 0.035 0.003
0.68 0.40 0.118 0.020
0.46 0.53 0.313 0.114
2.54 0.794 0.117 0.010
2.7 1,32 0.394 0.068 . ..
1.54 1.1 1.04 0.380
7.63 2,38 0.352.. 0.030
6.80 3.96 1.18 0.204 q
4.61 5.30 3. 1Y
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Fig. 8 Short-circuit kva required to avoid flicker
(1093808)

60 welds per minute, the intervals between welds
tendtobe quite uniform in most cases so that over-
laps of weld times of any two machines are often
followed by a serles of similar overlaps, tendingto
produce flicker at the frequency of welding. For
such cases it Is probably safe to employ a power
supply which will not flicker when the three or four
largest machines operate exactly together at the
frequency most unfavorable for_flicker. The lack,
of test data concerning response Sttne eyeto random ™"
combinations of drops prev;nts development of a

. more preclse'rulﬁ. -

WELDING VOLTAGE

Voltage Required

A welding power supplycircuitto whichnolights
are connectedcanbe permittedtohave a much lower
short-circult kva than one for which flicker must
be considered. However, the voltage must not too
often be permitted to fall below a value which will
be adequate for good welds.

Ifthe onlyloadisa single welder, a large voltage
drop may be accepted because the drop occurs with
every weld, and adequate welding heat can usually
be assured by adjustingtaps or heat control to com-
pensate for the low voltage. Of course, a large drop
will reduce the maximum possible welder output
somewhat. The voltage should not fall so low as to
interfere with correct control operation unless the
welder control is supplied from a separate synchro-
nized source which does not ex-erience the voltage
drop. Controls are usually designed to operate
satisfactorily between 90 and 110 percent of their
rated voltage. Thus a drop as great as 20 percent
may be accequle and even greater drops have
sometimes been permissible. s o
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Groups of Welders

When only a few welders are supplied from one
source and production requirements are not severe,
Interlocking may be usedto prevent welding by two
or more machines at once, thus preventing inter-
ference between machines andlimiting the maximum
drop tothat of the largest machine. However, inter-
locking for morethan two machines i{s complicated
and production {s affected because welders must
walt until other welds are completed.

When a number of machines, without interlocking,
are supplied from a single source, consideration
must be given to the combined drops caused when
two or more machines happen to weld at the same
time.

Of course, it is possibleto design a distribution — -~ ~

system so that voltage drop is not excessive-e¥én
when all machines weld at exactly the same time.
However, it is often economically impractical to
do this. A large saving In system-cost caf'dften
be made if excessive voltage dropls permitted with
a very small percentage of the welds made,
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Fig. 9 Shovrt-clrcult kva required to avoid
Interference between welders (1093809)

)
Single-phase Short-circult Kva
Requlired ~

Fig. 9 shows the single-phase short-circult kva
requiredtoprevent excessive Interference between
welders, Itis assumedthatthe voltage for any weld
ts inadequate i its RMS value duringthe weldisless
than 90 percent of the voltage obtained when no other
welders operate. The voltage may dip below 90 per-
cent during a portion of the weld time, if it is suf-
ficlently above 90 percent during the remalinder of
the weld, so that the heating (RMS value) for the
entire weld is not Inadequate.

Fig. 9assumes that it is acceptable for one weld
in one thousand to have Inadequate voltage.

Conslder, for example, five welders at {ive per-
cent duty cycle, each having a demand of 200 kva,
supplied from a single-phase system. The ratlo of
short-circultkvato welder demand kva givenby the
right-hand vertical scale of Fig. 9 is 20. Hence,
the required single-phase short circuit kva is 4000
kva. Thls requirement can be met by a 300 kva
single-phase transformer if the impedance of the
transformer andthe associated circults is not over
7.5 percent (300/0.075 = 4000).

If the perrent Impedance were only five ;;ercent,
a 200 kva sourice could be used. (200/0.05 = 4000)
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For purposes of comparisonlet us calculate the
short-clrcult kva required to prevent Inadequate

voltage even with all welders operating at once. -°

The drop due one welder occurs with every weld
80 that this much of the drop can be compensated
by aheat setting adjustment. The'remalnling portion
of the maximum possible drop is caused by four
welders, having a total demand of 800 kva. This
load should not cause more than ten percent drop
if inadequate welding voltage is to be completely
avoided. Therefore the single-phase short-circuit
kva required is 8000 kva (800/0.10 = 8000). This
is twice the value required to provide adequate
voltage for all but one weld in a thousand.

Number of Welders

The required short-circuit kva does not increase
rapldly as the number of machines is Increased.
This is illustrated by Fig. 9.

Duty Cycle

The short-circuit kva required increases as
duty cycle increases. This is also shown by Fig. 9.
Since it importantly affects system cost, the duty
cycle shouldbe estimated asaccuratelyasis practi-
cable. The effect of expected operating delays for

individual machines may be included in duty cycle+-

estimates, but time Intervals, sachZs lunch perlods
when all welders stop operating, shouldnot be con-
sidered. Reducingthe duty €ycle of any one welder
does not reduce’the froportion of its welds which
are spolled, but does reduce the number of spoiled
welds made by other machines.

-, =~ e

Weld Time

When all welds times are alike and are thre
cycles or more, the required short-circuit kva is
given by the right-hand vertical scale of Fig. 9.
When all of the welders have one-cycle weld times,
or whenever weld times are not all alike,a greater
short-circuit kva is required. The left-hand verti-
cal scale of Fig. 9 introduces a 20 percentallowance
for such conditlons, When the weld times are not
all alike, the welders with shorter weld times tend

f_—,

to have Inadequate voltage for a larger proportion .

of their welds than do the welders with the longer
weld times,

Proportion of Welds with Inadequate
Voltage

With the values of short-circuit kva given by
Fig. 9, one weld in 1000 wlll experlence a voltage
drop of more than ten percent, averaged over the
entire weld time. .

Ten percent hasbeen selectedas atypleal allow=",
ance for welding mild steel. For materlals wfich
are more sensitive to variations jn heat, such as
aluminum, a2 smaller allowance will often be re-
quired. The allowancetobe assigned for an§ group

" of welders should be determined by the user.

(

P

.



For an allowance smaller than ten percent, the
short-circuit kva valuesfrom Fig. 9should be pro-
portionately Increased. For example, If the allow-
ance is flve percent, short-circuit kva values from
Fig. 9 should be doubled,

Welding conditions which permit an allowance
of morethan 10 percent will permita corresponding
reduction in short-circuit kva, but for large allow-

ances the possibility of incorrect control operation, -

as well as reduced welding heat, should be con-
sidered.

Thetotal voltage varlation whicha welder control
experiences Is partly due to its own welder, partly
duetoother welders, partly duetonon-weldingload,
and partly due to varfations in voltage level main-
tained by the power source. The allowance of ten
percent used for Fig. 9 applies only to the contri-
bution of other welders.

The proportion of welds spoiled is not the same
as the proportion of welds withvoltage drop exceed-
ing the assigned allowance. Some spoilage is due
to causes such as delects in material, which aze
Independent of voltage. Some spollage Is due to
comblnations of causes. For example, electrode

tips which have been spread by repeated use will -

make welds which are more sensitive to voltage
drops than welds by new tips. Consequently the
allowance assigned by the user to voltage drops
should be less than the drop which can be accepted
under {deal conditlons, and the proportion of welds
with inadequate voltage shouldbe less thanthe allow-
able proportion of welds spotiled.

"I the short-circult kva is increased beyond the
values given In Fig. 9, the proportion of welds with
inadequate voltage decreases rapidly. This is il-
lustrated by Fig. 10. This figure also glves some
ldea of the increase In this proportion as short-
circult kva Is reduced. ’ )

Parts Having Several Welds

When a partto be welded has several welds, one
Or more of these welds may have {nadequate voltage.
For some parts, such as gas-tight seam-welded
tanks or tubes, one bad weld will spoll the entire
part. Insuch cases, the proportion of parts spoiled
very nearly equals the number of welds per part
times the proportion of bad welds, Consequently,
the proportion of spoiled welds shouldbe kept very
low. For example, if one weld in 10,000 be spoiled
and there are 100 welds per part, then about one of
every 100 parts will have a bad weld. (100x 1/10,000=
1/100)

I more than one bad weld In successlon is re-
quired to spoll a part, the number of parts spolled
by a given number of welders at a glven duty cycle
is greatly reduced. For example, if one weld In
1000 has inadequate voltage, two such welds will
occur Insuccession only once every 1,000,000 welds.
However, to Increase the number of welds on a par-
ticular partand yet malintainthe same production of

f
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these parts per hour requires that either the duty
cycle or the number of weldersbe increased. Con-

sequently, the number of parts spoiled by inadequate——
voltage is not necessarlily reduced.

Welders with Different Demands
and Duty Cycles

Fig. 8 is based upon the assumption that all
welders have the same demand and the same duty
cycle, This figure maybe usedfor groups of welders
which are not all alike by finding an equivalent de-
mand and an equivalent duty cycle.

The equivalent demand is ‘
(A2 4+ Bz) '

Where .

G- apd e, and. ...

2
A n

(2

n = number of other welders.
(A numbered subscript is used for each — =
other welder.) A
d= duty cycle. -
B= w et (3)
n



- Thne equivalent duty cycle ls

de = (3)—(A . Bz) (4)

The numher of other welders (n) Is one less than
the total number of welders. For precise calcula-
tions, each welder should be conslidered in turn, its
own demand and duty cycle being omitled from the
calculations. However, a simpler procedure is to
make a single calculation Includirig all welders and
use a curve from Fig. 9 corresponding to one more
than the expected total number of machines. The
result 18 the short-circuit kva requlred to prevent
all the expected welders from interfering with an
assumed future small additional welder.

If the short-circuit,kva obtained by use of the
equivalent demand Is less than the short-circult
kva required to limit the drop by the largest ma-
chine to the assigned allowance, this larger short-
circuit kva should be used.

Example: For example, conslder three welders

as Iollows, supplied from a single-phase system:
I3 =300 kva dy =0.02
I = 100 kva dz = 0.02
I3 = 100 kva da = 0.02
From _12) -

(.02) (.667-.02) (300)2 +1.02) ¢.667-.02) (100)2 +

A2 . (.02) (.667-.02) (100)2
: 3
“ _ 170+ 1:&_1_3_0 =471
~
From (3)
g = (0.02) (300) + (0.02)3(100) +(0.02) (100) _ 5 44
The equivalent demand is

(A + 82)

—333 = 220 kva
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Fig. 11 Distribution system for welders (1093801)
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The equivalent duty cycle is .

2, __B2 11.1

de=G) 2,85 " 3’ @i+ 1) " 0018

From Fig. 8 for four welders with a demand of
220 kva each and a duty cycle of 1.5 percent, the
required single-phase short-clrcultkvais 12 times
220 kva or 2640 kva. The largest welder has a
demand of 300 kva, so to limit its drop to ten per-
cent would require a single-phase short-clrcuit
kva of about 3000 kva. Since this is larger than
2640kva, the larger value (3000 kva) should be used.
In most cases, the value obtained by use of the
equivalent demandand duty cycle will be the larger
short-circuit kva,

Location of Welders

The short-circuit kva from Fig. 9 corresponds
to a systemimpedance commonto all welders. Any
impedance associated with only one welder need not
be considered. Occasionally the .amount of im-
pedance shared by a welder with others depends
uponthe locationof each other welder. Forexample,
consider a welder supplied from a busway which
i{s in turn supplied by a feeder cable from a sub-
station bus as shown by Fig. 11. Welders on the
same busway share the substation and cable im-
pedance with this welder. Welderg.qnother feeders’
share onlythe substation impedance with this welder.
In determiningthe short-circujtkva required at the
cnd of the cable, the welders on other feeders may
be conslidered as belng located at the end of this
same cable but having thelr demands reduced in
proportlon to their reduced share of the  total im-
pedance.

Number of Phases

Fig. 9 gives single-phase short-circuit kva re-
quired. The three-phase short-circuit kva of a
three-phase system Is twice the single-phase short-
circuit kva available betweenany two lines. Hence,
if all the welders were connected to one phase, the
required three-phase short-circuit kva could be
obtained by doubling the values given by Fig. 9.

If welders are distributed onthe phases,the re-
quired three-phase short-circuit kva wouldbe less
than twice the single-phase kva given by Fig. 9.

Ifthere are only two or three welders, each on a
different phase, the required three-phase short-
circuit kva will generally be equal to or less than
the single-phase kva given by Fig. 9. This is true
because a welder onone phase causes comparatively
little drop on other phases.

Ifthere are four or more simllar weldersdistrib-
uted among three phases, the required three-phase

short-circuit kva will be about 110-150 percenPSl

the single-phase kva given by Fig. §. The larger
percentages apply to cases with only a few welders
with very low duty cycles. A more common "¥ilue
Is 125 percent.

- e
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If necessary, the short-circult kva required of
A three-phase system can be determined by calcu-
Iating the single-phase short-circult kva required
of each phase and doublingthe largest of these values
to obtaln the required three-phase short-circult
kva. The single-phase short-circult kva required

for any phase may be determined by assuming all

welders to be connected to it, but those welders
which are actually on other phases should then be-

assumed to have their demands reduced. The as-

- sumed demand Is proportlonal to the fraction of a

welder’s own phase drop which occurs on the phase
conslidered.

EQUIVALENT CONTINUOUS LOAD

. Fromthe standpélnt of thermal capacity of distri-
bution equipment, an equivalent continuous Joad may
be found for any welder or group of welders. ‘

The equivalent continuous current is useful in
selecting welder feeder equipment and in determln-
Ing the amount of power transformer capacity avall-
able for other loads. When the duty cycle or the
number of welders per substation is large, sub-
station size may be determined by equivalent con-
tinuous load instead of voltage drop. -

Individual Welders

" For a single welder, having a single value of

RMS demand during the weld time, the equivalent
contlnuous load equals this demand multiplied by
the square root of the duty cycle. For example,
consider a welder drawing 200 kva at 25 percent
duty cycle. The equivalent cofitinuous load for this
machine is 200 times the square root of 0.25 or
200 x 0.5 = 100 kva.

" For flash welders, or other welders with more

thanone value of RMS current\durlngthe weld time,
the equivalent continuous current canbe calculated
by finding the squares of all RMS a-ccurrent values,
multiplyingthese by their respective times of occur-
rence, adding the products, dividing by the total
time, and taking the sqQuare root.

Groups of Welders

For agroup of welders, we should use the follow-
Ing procedure which takes Into account the proba-
bilities of overlap of weld times: :

(1) Calculate the equivalent continuous load for
each welder :

Callthese values 1 and Iy, etc. for the varl-
ous machines

(2) Calculate the average load of each welder

This s the average of all RMS a-c values.
For a welder with a single value of demand,
itisthis demand multipliedby the duty cytle.

Call the average loads a1 and a3, ete.

(3) For each welder calculate the *‘standard
devlation’’ (sigma)

This 1s the root mean square of all devia-
tions h‘-om the average load. The following
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formula may be used for finding this ‘“stand-
ard devlation” for each welder:

01 --Jllz - 2,2 etc. (5)

- (4) Calculate the standard deviation for the group

of loads, using the following formula:
Ot '\Idlz +022+.... (6)
(5) Calculate the average load for the group

It {s usually acceptable to assume all ma-
chines have the same power factor, In which
case the total average load is:

3T"1“2"'"" (7)

If differences in power_factor must be cod-"

isldered, we must first f{ndfor each machine
the average of two vector components which
are respectively {f phase and out of phase
with some reference vector suchas the supply
voltage. Two sums shouldthen be found, one
for each type of component. The vector re- '
sultant of these sums is the fotal averape

current ) ——

- (8) Calculate the equivalent continuous load for
the group,as follows: )

ir »0p2+ I-Tz (8)

Number of Phases

This procedure is applicable for single-phase
welders on a single-phase system, three-phase
welders on athree-phase Bystem, and single-phase
welders all on one phase of a three-phase Bystem.

When single-phase welders are distributed 1ine-
to-line onthree phasesofa three-phase system, the
equlvalent ‘contlnuous current In each line can be
calculatedby considering only those machlnes con-
nected to the line selected for calculation.

If the weldersall have the same power factor, the
line currents due to welders on one of the line-to-.

Iy

~nm@

line phases which connecttothis1ine will be 8)de. .-

grees out of phase with the currents due to welders
on the other phase considered.The average cur-
rents {n the two phases should therefore be added
vectorlally to consider this phase angle difference
when obtainlng the Average line current.



Expressing current in amperes Instead of kva
ls advisable when maklng such calculations, be-
cause three-phase and alngle-phase clrcults have
different values of kva per ampere.

Thethree-phase kva correspondingtothe equiva-
lent contlnuous line current to a group of similar
welders distributed evenly among the llne-to-line
phases Is slightly greater than the equivalent con-
tinuous kva for these same machines connected to
a single-phase supply.

Example: Asanexample of the method presented,
conslder three welders with lnputs as follows, all
at 0.5 power factor, and five percent duty cycle:

Iy = 1000 amperes
I3 = 500 amperes
I3 = 100 amperes

For each welder, the equlvalent continuous load
is:

iy = 1000 Y0.05 = 224 amperes p
i = 500 ¥0.05 = 112 amperes
i3 = 100 ¥0.05 = 22.4 amperes

For each welder the average load Is:

a1 = 1000 (0.05) = 50 amperes
, ag = 500 (0.05) = 25 amperes
ag = 100 (0.05)= 5 amperes

For each welder the standard deviation (sigma)
{s,,from (5),

0, = V(2242 - (50)2 =218 amperes
O2 =Y(112)% - (25)2 = 109 amperes
O3 =Y(22.9)2-(5)2 = 21.8 amperes

The standard devlation for the group is:
Or = (218)2 + (109)2 + (21.8)2 = 245 amperes

If the welders are connected to a single-phase
supply, the average load for the group Is, from (7)

ap =50 + 25 + 5 = 80 amperes

For this case, the equivalent continuous load s,
from (8)

it =Y (245)2 + (80)2 = 258 amperes

Fora 440 volt, single-phase circuit this is 113 kva.

Ithethree welders hadbeen connectedtoathree-
phase pyatem, eachtoa different ling-to-line phase,
the maximum equivalent continuous line current
would be that for the line to which the two larger
machines connect (since all machines have the same

duty cycle). If we call this line A, the standard
deviation of (ts current is .

Oa =¥(218)3 4 (109)2 = 244 amperes
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Fig. 12 Equivalent continuous current as affected

by duty cycle and number of welders (1003476)

The average llne current is obtained by vector::-
addition-9f a3 and a3, recogniziig fhelr 80 degree
phase angle differences. If we useIjasareference
‘vector, the expre's\slonvtor #ifls vector additlon is

ap = Y(ag + a5 cos 600)2 4 (a2 sin 6092 «

= (50 + 25 x 0.5)% + (25 x 0.866)° -
= 66.2 amperes

) The equivalent continuous line current is there- T

fore

g = {(244)5 + (66.2)2 = 252 amperes

For a 440 volt three-phase circult, this is 193
kva.

Identical Welders

When all welders are alike, curves maybe drawn,
as on Fig. 12, showling equlvalent continuous current
as affected by duty cycle and number of welders.

Steady Load

If the equlvalent continuous load current for a
group of welders is addedto the current of a steady
load, such as an industrial heatingload, the resulting
sum will be slightly higher than the actual equiva-

Yy

O

lent contlnuous current for the combined load. A . -

precise result can be obtained by adding the steady "~
load to the average welder load, and calculating the
equivalent contlnuous current by the method de-
scribed. This procedure merely_recognlres the
fact that the standard deviation of a steady load Ls
zero.

1



CAPACITOR APPLICATIONS .

There are several types of applications of ca-

pacitors to circults supplying power to reslistance
welding machines. It i{s important to undersuqd
basic characteristics of each and their differences.

Shunt Capaclitors Continuously
Connected

Since the power factor of most welding loads is
quite low, shunt capacitors are often justified for
power factor improvement. It is usually preferable
for these to be connected to the supply source by
separate switching means, which normally leave the
capaclitors connected to the line most or all of the
time. (See Fig. 13.) Such capacitors are selected
to improve plant power factor rather thanthe power
factor of any particular welder.

The plant power factor for billlng purposes is
oftenbased on metered reactivekva, which isusually
averaged over a time interval of 15 minutes or
more. The metered reactive kva of a2 welderor
group of welders 1s equal to the average reactive
load, which 1s much less than the momentary de-
mand. Continuously connected shunt capacitors
tend to reduce the metered reactive kva. The ca-
pacitor kva may be subtracted directly from the
average lagging reactive load kva unless the net
reactive kva may go legding at times, and detents

on the meter prevent negativé registration at such
times. :

., When there are a substantial number of welders
supplied by one substation, continuously connected
shunt capacitors are usually the most economical
means for power factor improvement.

Shunt Capacitors Switched witha
Welder

Shunt capacitors may be selectedtoimprove the
power factor of the currenttoany particular welder
and be so controlledthatthe capacitor is connected
only whenthe welder operates. The same electronlc
contactor which controls the welder should not be

|
e

~Ynm

l) )

-
-L CIRCUIT
- . BREAKERS
CAPACITORS |
;W_J
TO WELDERS
Fig. 13 Shunt capacitora continuously connected

; (1093800)
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used for the capacitors; instead a separate special -
electronic contactor should be usedfor the capacl-
tors, arranged to operate at the same time as the
welder control. The cost of the additional electronlc
contactor is a principal reason why serles capacl-
tors switched with a welder are usuzlly more eco-
nomical than shunt capacitors switched with the
same machine. (See Fig. 14.)

Series Capacitors Switched witha
Welder

_ Serles capacitors selected tobe switched by the

same control used for the welder are = means of
improving the power factor and thereby reducing
the demand of a welder. (See Fig. 15.) Since the

selection of capacitors, control, welding trans--
former, andassoclated electrical equipment should
be co-ordinated closely with the welder design,

recommendations andquotationon serles capacitors

for any partciular welder shouldbe obtained by the

user from the welder manufacturer. The effect of
series capacitors on welder demand and power
factor have been discussed earller In this article.

Serles Capacitors Conttnliously N

Connected

Serles capagltorg may be connected in a power
‘supply circuit to compensate for the reactance of
power transformers, cables, or overhead lines.
Suchcapacitors increase the effective short-circuit
kvaofthe system asfar as voltagé drop on the 16ad
side of the capacitors is concerned. A protective .
gap Is provided to by-pass the capacitors In case
of an overcurrent which would otherwise cause too
much voltage to appear acrossthe capacitors. Con-
sequently, the Interrupting capacity requiredofcir-
cuit breakers on the load side of the capacitors is
not Increased by use of the serles capacitors.

l l)\

' CIRCUIT
BREAKERS

IGNITRON CONTACTORS
- ,'.-j-‘ft

F i
’ ‘ .-
CAPACITORS T WELDERS

Fig. 14 Shunt capacitors switch with 2 welder
(1093799) )
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Fig. 15 Serles capacitors switched with 2 welder
{1093798)

Location of Capaclitors

Continuously connected series capacitors’are
usually furnished for connection in the supply cir-
cult of a substation because the cost of equipment

for a high voltage clrcult Ls less than for welding-

substation secondary voltages.

Capacitors may be selected to compensate for

the reactance of the primary circult so as to elimi-
nate flicker of lights connected to other substations

-
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Fig. 16 Compensation for line reactance

i (1093797)

on the same circult, as shown by Fig. 16, Sucha
capacitor equipment has relatively little effeet on
voltage drops at the secondary of the welding sub- R
station because these drops are mostly determined e
by the reactance of the substation. If the equipment
of Fig. 16 were designed to compensate forthis re-
actance also, undesirable voltage rises would be
applied to the other substation shown.

The reactance of the welding substation can be
compensated by a serles capacitor equipment at
its primary, connected so that there are no other
substatlons on the load side ofthe capacitors. (See
Fig. 11.) This equipment can also be selected to
compensate for the reactance of the primary clrcuit,
but wlll have no effect on the substations on the
supply side of the capacitors. —

¥

Maximum Loads

The protective gap is adjusted to operate only
whentheloadis severaltimesthe substatlon ratlng.
When loads are suddenly applled or suddenly re-
moved, as with welding, translents may cause the
gap to operate at loads lessthan those correspond-
ing to the setting. These translents may be ac-
centuated by excessive transformer saturation if
the voltage rise through the capacitor s too great.
Consequently, the capacltor equipments are not well
sulted to loads which often greatly exceed the sub- |
statlon ratlng However, occalonal peaks due o'~
very rare comblnations of welders may be permitted

» to reach highvalues if distorted secondary voltages

and possible gap ope ration following such peaks may
be accepted. A permanently connected shunting re- ‘
sistor is furnished with the capacitor equipment to

k—Y-J ’( -{.,.'."--.‘
WELDERS C e :

Fig. 17 Compensauon for subsutlon reagiance u'k
(1093798)



prevent resulting saturatlon conditions from lasting
more than a few cycles, .

Economic Constiderations

When continuously connected serles capacltors
are used, the slze ofthe substation requiredisordi-
narlly determined by the equivalent continuous load
current, and for welding loads this is usually con-

slderably smaller than would otherwise be required. .

This offers savings inthe cost of transformers and
switchgear. However, since the cost of a complete
serles capacitor equipment may approachthat of the
transformers with whichtheyare used, anet saving
Is seldom obtained unless the size of substation
otherwise required is at least 1000 kva. When
welders are large and secondary voltage must be
held within close limits, the size of such an alter-
native substation may be so0 large that capacitors
offer a considerable net saving,

Required Information

To assure proper co-ordination of the capacitor
protective equipment withthe characteristics of the

- DISTRIBUTION SYSTEMS

Voltage ‘
" The most economical voltage for supplylng
“welders Is usually 480 volts. Use of 277/480Y sub-
stations Is recommended since theéy permit neutral
grounding. Exceptionally large welders may some-
times be advantageously suppliedat 2400 volts., Use
of 240 volt systems 1s usually undesirable because
‘of the higher cost ofassoclated cables, switchgear,
and welder control equipment.

Type of System

The same types of distributlon systems whichare
applicable for other industrial loads may be used
for supplylng resistance welders. The most im-
portant types are radial, secondary selective, and
network systems. These systems are illustrated
by Flg. 18 to 20. . .
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Fig. 18 IBadizl system (1093795):
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load, supply system and substation trangtormers,
propositions for such serfes capacitor equipments
should be referred to the General Office. Request *
for quotations should include the following {nforma:
tion:

(1) One-line dlagrams of primary and secondary
distribution systems

(2) Voltage, frequency, maximum and minimum
short-clrcult currents, andnumber of phases
of primary supply system

(3) Voltage, frequency, kva rating, and number
of phases of substation transformers. For
existing equipment, Include also {mpedance,
manufacturer's name, and serial number

(4) Demands, duty cycles, and number of phases
for all welders

(5) Total amount of other substation load, with
nameplate data for all motors of hp rating
in excess of 10 percent.of the substation kva
rating. .
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The simplést sFstem 1s the radialtype (Fig. 18)
Such systems commonly supply welding, lighting,
and power when weldlng loads are not so large as

to cause objectionable flicker. ... .- -

The secondary selective system (Fig. 19) not only—.
provides added reliability, but permits segregation
of lighting and welding loads except when the tie
breaker is closed because one transformer is out
of service. When the welding load is substantla),
this system may be less costly than the radial
system because smallertransformers may be used
when welding and lighting loads are separated. Of
course, flicker wouldthenhave tobe accepted under
emergency conditions which require closing of the
tle breaker.
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Fig. 19 Secondary selective system (1093754)
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Fig. 20 Network system (1093793)

A network system (Fig. 20) may be advantageous

shenthe needforlow system impedance and anticl-
rated large shifts inlocatlons of loadconcentrations
ustify the additional complexity andthe cost of the
\igher switchgear interrupting capacities required.

Sometimes it is advisable to supply a single
arge welder from a different substation than other
‘maller welders, in order to reduce the effect of
he voltage drop of the large machine.

,oad Combinations on One Substation

Motors, industrial heating,"and many other loads
'xcept lights are less sensitive to intermittent volt-
1ge drops thanare welders. Hence, notor and heat-
.ng loads can be supplied from a substation which
s only large enough to avoid interference between
velders. The ‘equivalent continuous load of the
welders Is usually small enough to permit a sub-
stantial proportion of other load, ‘except when the
wumber of welders per substation Is very large.

Usually {t is economlcal to supply lights from
:he same substationas other industrial loads except
welders. When the substation voltage 157480 volts,
lighting may be supplied through small air-cooled,
$80-120 volt transformers or by use of 277 volt
fluorescent fixtures connected from linetoneutral.

Shunt capacitors for plant power factor improve-
ment, together with suitable switching equipment,
may be connected at the bus or to feeders.

Number of Phases

The kva rating of a three-phase transformer of
standard design large enough to limit the voltage
drop of a single-phase weldertoa specified amount
s abouttwicethe kva rating of a comparable single-
phase transformer. Similarly, the three-phase kva
rating required to supply a group of single-phase
welders without Interference between machines is
somewhat larger than the kva rating requiredof a
single-phase transformer. However, it Is seldom
possible to supply non-welding load from a single-

|

phase transformer southe entire cost of this trans-,
former is chargeable to the weldingload. A three+
phase transformer, on the other hand, often ofifers
economies because its full thermal capacity can
be utilized, combining welding and other loads.
Furthermore, three-phase substations are more
salvageable when power system changesare made.
In addition, three-phase subatations can supply
three-phase welders. Consequently, three-phase
substations are usually preferable.

The feeder circults supplied by a three-phase
substation may be either three-phase or single-
phase, whichever is the more economical.

Transformer Reactance

Using transformers of special low percent im-
pedance is seldom advisable. Such transformers,
when of less than four percent impedance, are not
adequatelybracedto withstand a secondaryterminal
short-clrcuit with full primary voltage applied. To
avold possible damage, the supply circuit should
Include sufficient Impedance tolimit the current to
25 times normal. Use of such system {mpedance
defeats the purpose ofa low transformer impedance.

Substation Slize o

When the total plant load, Inoluding welding and
lights, canbe supplied by & substationof 750 kva or
less, a single radial substation is usually satis-
factory. For larger total loads it Is nearly always
most economiéalto employ several substations, the:
optimum size belng about 500-1500 kva, each sub-
station being located close to the center of its load
area.

When the supplyto a group of weldersis divided
betweentwo or moretransformers which are not in
parallel, the totalkva requiredis greater than for a
single transformer large enough to supply all the
welders. The system cost per kva Increases, how-
ever, as the substation size exceeds about 750 kva,
because of the longer feeder runs and the need for
switchgear of higher interrupting capacity. Conse-
quently, it is often satisfactorytouse the same sizes
of substation as are best for supplying other in-
dustrial loads. When the welders are so large that
only a few of them can be supplied from one such
substatlon, it may be found economicaltouselarger
substation sizes. For suchlarge substations it may
be advantageoustoconnect transformers inparallel
to permit use of the same transformer sizes used
for other loads in the same plant. It Ls seldom
advisable to use substations so large as to require
larger interrupting capacitles than are avallable
with standard drawout low-voltage switchgear. Us®”
of serles capacitors at substation.primarles is
advantageous for installations which would other-
wise réquire such large substatlons, —. "¢’



Individual Welders

Two-conductor concentric armored cable is
usually preferable for clrcuits supplying individusal
welders. Such cable has a lower voltage drop and
a lower installed cost than two single-conductor
cables in condult.

Groups of Welders

Busways are widely used for distributing power
to groups of welders, primarily because of their
adaptability to changes in machine locations. Bus-
ways (such as General Electric type LVD feeder
busway) are available with low-impedance designs
especially adapted to welding loads. For small
welders, however, less costly bus (such as General
Electric type FVK plug-in busway) i8 satisfactory.

Busway its not an economical way to transmit
blocks of power over long runs having notaps. When
such runs are necessary, cable should be used be-
tween the substation and a section of busway “Used
for distributingthe power to individual loads. When
current deliveredtothe busway is large, it is usually
more economical to use several moderate-size

cables (such as 250 MCM) in parallel than touse  °

one or more larger cables.

When there areonly a few welders located close
to the substation, busways fhay -be ellmlnated, the |
welder cables being brought directly to the snb-
station. Insuchcases, it is sometimes advantageous

‘1 to connect more than one welder toa single breaker.

Current Carrying Capacity

The capacity of busways and cables should be
sufficient so that:

(2) The equivalent continuous load current is
equalled or exceeded by the rating. It should
be noted that the maximum equivalent con-

TABLE 11

Minimum Cable Sizes

Short Minimum
Circult Conductor2
Current! Size
5,000 8
10,000 4
15,000 2
25,000 1
35,000 1/0
50,000 3/0
75,000 300 MCM
100,000 500 MCM

1. This 18 125 percent of the symmetrical short-
clrcuit current.

2. Instantaneous trip device assumed to operate.
|
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FEEDER CIRCUITS

tinuous load kva of a welder is 70.7 percent
of the welder rating .

Voltage drops will not be excesslve (they
usually will not be for moderate run lengths,
but voltage drop should be checked)

Stresses andtemperature rises during inter-
ruption of fault currents willnot be dangerous

Bee Table -II for cables and Table III for bus-
ways

®)

(c)

The National Elecfrlc Code Imposes the following
additional limitations (paraphrasedfrom 1847 Code,
Section 6331):

(d)} The circult currentcarrylng capacity should
not be less than the sum of the equivalent
continuous current of the largest welder plus
60 percent of the equlvalent continuous cur-
rents of all other welders. (Thissum usually
exceeds the equlvalent continuous total cur-
rent for a group of spot or projection welders)

(e) The clrcuit current carrying capacity should
not be less than one-third the pick-up cur-
rent of the overcurrent protective device used
for the circult. e

e
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™ STABLE I
SHORT-CIRCUIT RATINGS OF STANDARD DESIGN
IN ASYMMETRICAL AMPERES -

-
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LVD Feeder Busway
LVD 5
Aluminum Bars

LVD 3
Copper Bars

Ampere
Rating or
600
800
1000
1350 - 1600
2000 - 3000
4000 1

FVK Plug-in Busway

Ampere FVK
Rating Busway
225 15,000
400 25,000
600 25,000
800 25,000
1000 25,000 e

Special busway designs with higher sl‘ug-
circuit ratings can be supplied. Refer to
Distribution Assemblies Departmem for
proposal.

o
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Use of Reactors

. Onclrcults which supply non-welding loads or
small welders only, so that voltage drop 1s nut of
major Importance, current limiting reactors may
be used at the substatlon to permit application of
cables and busways which would otherwise have in-
-adequate size and strength to carry faults until
fault interruption is completed.

Feeder Size

The number of welders to be connected to one
feeder, and consequently the feeder rating, should
be determined by a study of the proposed installa-
tion. ‘

In gener"al,u the number of welders pex.' feeder
Is increased, the total feeder current-carrying

5

PROTECTIVE

The baslc principles for short-circult protection
of all systems are applicable for systems supply-
ing welders. Sometimes special precautions are
required to avold unnecessary tripping by weldlng
load currents.

Interrupting Capaclty

Adequate interrupting capacity{s essential. The
short-circult kva values used In checking voltage
drops by mieans of Fig. 8 and 9 glve an Indication
of required Interrupting capacity.¢ However, it s
advisable to calculate short-circuit current Inde-
pendently by conventlonal procedure, because the
shortscircuit kva is usually a minimum required
value while the Interrupting capacity “should be
based on the maximum short-circult current.

Savings In cost of circuit breakers can often be
made by employlng cascade operation, in which a
heavy fault trips all breakers supplylng it, thus
permitting the use of smaller Interrupting capacitles
on the load side of the back-upbreakers. All types
of low-voltage breakers will not, however, operate
successfully in cascade. For example, Trumbull
Type AT breakers will not cascade with General
Electric Type AK breakers.

Types of Equipment

Drawout air clrcult breakers are recommended
for substations. If a feeder supplies only a single
welder, no protective device is required at the
welder. On feeders which supply more than one
load, a protective device is requiredfor each welder.
Enclosed clrcult breakers, mounted on or near the
welder, are preferredfor maximum safety andcon-
venlence. For welders with equivalent continuous
load clrcuits under 200 amperes, a fused switch Is
often used because of the cost savings offered.
Switches shouldemploy fuses of adequate Interrupt-
Ing rating (such as General Electric Type CLF
fuses) and the switch should be designed and tested
for use with such ‘fuses (a8 with the Trumbull Type

. !
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capacity multiplier is reduced (See Fig. 12). ThLis
tends to permitsavings Incostof cables and busway,

but, if carried too far, may impalir operating flexi-

bility by shutting down too many machines {n case
of a feeder fault,

For a {irst trial layout it ls suggested that the
feeders be arranged so that their required current
carrying capacitles correspondto the largest availa-
ble ampere ratings of feeder circuit breakers which
have just sufflcient interrupting capacity for use at
the substation.

The cost of clrcuit breakers should, of course,
be included with cable, busway, and installation
costs when estimating the costs of alternative feeder
arrangements.

Voltage drop should be checkedfor each feeder.
EQUIPMENT

HCI switch)toassure that the switch will close and
hold during the time the fuse is Interrupting. Fused
switches are not recommended for supplying groups
of welders, because of the llkellhood of operators
opening the switch during overcurrents, and because
the fuses will not co-ordinate properly with the

tripping devices of clrcuit breakers which may be

used for the individual welders. :

Two-pole éircult breakers are<vailable for the

single-pha’se loads commonly encountered in weld-
ing. -~
™ -

Tripping Devices

Adjustable Instantaneoustripsare preferred for
breakers for individual welders. These should be
settooperate ata current slightly above the welder
demand current. 'In selecting the breaker and its
trip range, provision should be made for possible
increases in welder demand, up to the maximum
possible value for the welder considered.

Cautlon shouldbe exerclsed inselecting tripping
devices for breakers supplylng groups of welders.
Instantaneous trips shouldbe set above the maximum
total demand current, toavold occasional tripping by
s{multaneous operation. Time delay direct tripping
devices should be used only if they can be set at
values of minimum plck-up current which are
reached Infrequently by the load. If the normal
demand of any one welder exceeds the pick-up set-
ting used, the resulting repeated plcking-up will
wear out the device, even though the weld time is
not long enough to causetripping. The time setting

.of the trip device should be sufficlent so that even

unfavorable comblinations of welder loads will not
cause tripping. With Type AKX alr circult breakers
a varlety of tripping characteristics are available.
Usually the tripping characteristic with instan_
taneoustrip at 15 times normal will be satisfactoty
for feeders supplying groups of welders, but trip
colls can be easily changed, even after breaker
installation, if necessary. e
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SYSTEM COST

The cost of a distribution system supplying
welders will be approximately the same as for a
similar system for general industrial loads of the
sametotal substation kva usingthe same substation
sizes. When the substation size Is determined by
the necesslty of limiting welder voltage drops, and
all ofthe current carrying capaclty not used by the
welders cannot be utllized by other loads or is not
neededfor reserve capaclity, the portion of the sub-
station cost attributable to the resulting excess
current carrying capacity is a part of the cost of
supplying the welders.

The cost per welder of power supply for a large
group of welders s usually less than for supplying
only a few welders of the same type.

Whenthe system designislargely determined by ~

a few large welders, it may be economical to use
speclal means to reduce the demands of these ma-
chines. In the case of multiple-electrods welders,
the costof reducing demandisso low astobe nearly
always justified, because the only equipment re-
quired is & control which causes welds to occur In
sequence instead of all at the same time.

In order to properly consider possible use of
speclal welders or special means of reducing de-
mand, cost and performance data shouldbe obtained
from welder manufacturers. .

PRIMARY SUPPLY

Sometimes a major portion of the voltage drop
due to welders occurs in the supply circuits pro-
vided by the power company. It may be advisable
for these circuits tobe modified when welding load

REFERENCES

- company &t such times.

is added or when a plant distribution system is to
be furnished or adapted for welders. Consequently,
it s ordinarily advisable to consult with the power
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