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Introduction

The intent of the materjial presented is
to serve as & guide to the understanding
of the many excellent sources on the gen-
eral aspect of electrical power as it is
related to resistance welding.

Cor

ered to or taken from a device.

The heating effect, or real powsr compon-
ent, of a given magnitude of KVA is equal
to I2R if the ampere (current) component

af the KVA quantity is used and if the

The content has been kept as non-mathema- effective resistance of the device 1s used.

tical as possible and generalization, ra-
ther than detail, used to explain basic
principles. As a result many of the
statements made will not apply to excep-
tional situations.

Thus IZR is a measure of the instantansous
electrical power converted to thermal pow-
er in a device carrying I amperes with an
effective resistance of R ohas.

The electrical energy converted to ther-
mal energy, or heat, is then I2R sulti-
plied by the time that the current, or
load, exists.

However, it is hoped that the information
given will enable the reader to recognize
these and to use the references for addi-
tional datas when required. )

Sample calculations based on & typical Mathematically -
standard resistance welding machine have “

been included. E = 12RT (Thermal energy)

The basic premise of converting from one
duty cycle to another is that the energy
remains constant.

Concept Of Duty Cycle

Since the resistance welding loads are
inherently intermittent, the concept of

duty cycle becomes important. Suppose it is required to find the contin-

uous current (100% duty cycle) that will
produce the same energy (heating effect)

Duty cycle is the percent of time that
as a current at 50% duty cycle.

the load is applied during the integrat-
ing period for the device.

Energy at 100% duty cycle -
The integrating period is the sum of &» '

load and a rest period. Ejoo = l%00 xRxT

For determining RWMA standard rstings, Energy at 50% duty cycle -

the integrating period is set at one min- 2
ESO = 150 x R x 0,57

ute.
The RNMA standard rating is based on 50% I%oo xXRxT« 1§0 x Rx 0.5T
duty cycle, )

120013 xR x LEL
For example, a 150 KVA transformer can 100 50
carry a 150 KVA load if the load and rest Ti00 = Isp x ( 0.5)%
times are equal and if the load time does

. not exceed 30 seconds. Since welding = ISO x 0.707

load cycles are seldon exactly at a S50%
duty cycle rate, some method is required
to convert loads from any duty cycle to 5
a thermal equivalent at,either 50 or 100% Igg = I100 x (2)
"duty cycle.

x 1.414

Also -

= 00

KVA (Kilovolt-amperes) is a unit of appsar-
Consider the following simple load pattern:

ent electrical power and is a measure of
the apparent instantaneous power deliv-
. IW-THU—1
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‘The current IA which must exist over the
‘interval T, to produce the same hoat en-
ergy as chront I over interval T; is -
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The ratio TL is the duty cycles.
Ta

If Tp &s one minute, I, is the equiva-
lent continuous current.

Therefore since XA = Iip0

and = 15y x (0.5)%

100
Igo x (0.5)% = 1, x T1 )%

TA
Igo = I, % ( Ty )% x 2%
T (2)

Using the sample values of 46200 amperes
of welding current at 4.36 psrcent duty
cycle, the 50 percent duty cycle current
can be found by using (2) -

Igo = 46200 (.0436)% (2)%
= 13650 amperes

KVA may be substituted for amperes and
the roequired transformer rating found by
using the same equation.

KVAgo = SO8KVA (.0436)% (2)%
= 151 KVA

If the Ty intervals vary, but all load
currents are oqual, the duty cycle is
equal to the sum of all Ty intervals di-
vided by one minute. (T; and T, must be
expressed in the same units.)

If both the load currents and the load
time intervals vary, the equivalent con-
tinuous load current can be found as fol-

lows: (3)
1 = ORixTL)) L UBpxTy ), o T ]
T, (One Minute) J

Algebraic manipulation of equation (2)
gives other useful forms. Two of these

are given below.

Maximum allowable duty cycles, expressed
in percent, can be found using the fol-
lowing equations:

KVA (508 DC Rating) x 7.3;)2
(4)

KVA Demand
DC-(_IS_O
I

x 7.01)2

DC =

(s)
lSO = Secondary Current Rating
st 50% D.C.
IL = Welding Current

The Telation between demand, rating and
duty cycle can be expressed graphically.

Such a curve is shown on the attached '

chart, Figure 1.

The dashed lines show that at a duty cy-
cle of 4.36 percent, the allowable demand
is 338 percent of the 50 per cent duty
cycle rating. For a 150 KVA machine this
is about 508 KVA.

Machine Secondary Parameters

Genéral Bl
The secondary current output of a resis-
tance welding mgchine is controlled by
the secondary circuit electrical charac-
teristics. An inderstanding of these is
helpful when estimating machine output.
If the voltage level is unchanged the
magnitude of an alternating current in an
electrical circuit is determined by the
circuit resistance, inductance, and capa-
citance. In the case of most resistance
welding machines and their power supply,
only the resistance and inductance need
be considered.

Resistance

Resistance is analogous to friction and
its magnitude is determined by the elec-
tricsl conductor msterial, section and
length, and frequency of the current.
special cases the resistance is influ-
enced by materials adjacent tc the con-
ductor.) It is the mechanism by which
electrical energy is converted into ther-
mnal energy.

(In

In a circuit composed only of resistance
the current varies exactly in time Tela-
tionship with the supply voltage and the
voltage and current are said to be "in
phase". The voltage drop is also in
phase with the current. The power fac-
tor of such a circuit is 100%. See fig-
ure 2,

Single point machines with high KVA rat-
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ings generally have low resistance secon-
dary circuits. Multi-point machines us-
ing cable circuits have higher resistance.

Reactance

A conductor carrying an electrical curr-
ent always produces an electromagnetic
field concentric about the conductor and
extending outward with decreasing inten-
sity.

In the ctase of closed loops, such as the
secondary circuits of resistance welding
machines, only that portion of the field
enclosed by the loop is of interest.

The strength of the field at any point
varies with the current and is "in phase"
with the current.

Sine wave variation of the current causes
the field to change likewise and the
changing field generates, or induces, a
voltage in the secondary circuit which
leads the current by one-quarter of a
cycle or 90 degrees. This is the "vol-
tage drop" of an inductive circuit.

In any circuit composed of only one para-
meter (resistance or inductance) the sup-
ply voltage must be in phase with and
equal to the voltage drop. For a purely
inductive circuit the current therefore
lags the supply voltage by 90 degrees and
the power factor is said to be zero per-
cent lagging. See Figure 3.

The induced voltage inhibits the passage
of current and this property is known as
inductive reactance. The value of the
inductive reactance is determined primar-
ily by the area enclosed by the circuit
conductors, presence of magnetic mater-q
ials in or closely adjacent to the cir-
cuit loop, and the frequency.

The reactance of secondary circuits var-

les somewhat more than the square root

of the ratio of the enclosed areas. Thus
if the area is doubled the reactance will
increase approximately 150%.

The presence of magnetic materials incre-
ses the strength of the electromagnetic
field and therefore the reactance of the
circuit. For the conditions normally
existing the increase seldom exceeds 25%.
(The energy losses in the material also

increase the resistance component of the
circuit slightly.) -

Impedance

All secondary circuits contain both re-
sistance and inductive reactance. They
are considered to be in series for calcu-
lation purposes and the reactance is nor-

mally greater than the resistance.

The total restricting effect on the cur-
rent is equal to the square root of the
sum of the squares of the resistance and
reactance. This total effect is known
as impedance. This implies that the re-
sistance and reactance are the two sides
of a right triangle. By convention the
resistance Is considered to be the low-
er horizontal side and the reactance the
vertical side. The power factor is the
cosine of the angle whose tangent is e-
qual to the reactance divided by the re-
sistance. If the resistance and reac-
tance are equal the angle is 45 degrees
and the power factor is 70%. This is
illustrated in Figure 4,

It is sometimes necessary to estimate the
change in output due to a change in

throat area. Although the primary change
in the parameters is in the reactance,

the resistance also usually changes a

small amount due to the variation in the
length of the conductors. It must be Te-
membered that that part of the machine
parameters due to the transformer don't
change and the total effect may be esti- -,

mated by assuming that the impedance .-

changes by an amount equal to the square
root of the ratio of the throat areas.
Thus an increase in throat area of 100%
will increase the machine impedance to
about 140% and decrease the output to
approximately 70%.

Since the out-of-phase current associated
with the reactance does no useful work,
it is desirable to keep its value as low
as possible. Reducing it also reduces
the impedance and therefore the voltage
required to produce a given welding cur-
rent.

Decreasing the secondary voltage for a
given output reduces the electrical weld-
ing demand a 1like umount and therefore
less power supply capacity is required,.

Nork Resistance

The parts being welded have resistance.
1f they didn't, resistance welding would
not be possible. Most of the work resis-
tance appears at the mating surfaces of
the pieces being welded.

The work resistance adds to the machine
resistance and therefore decreases the
secondary current. The magnitude of the
decrease depends on the change in the
machine impedance.

1f the machine short circuit resistance

- were equal to or greater than the reac-

tance (70% power factor or greater) a
given value of work resistance will in-

w-THU—1
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crease the machine impedance more than
the same work resistance added to a ma-
chine with a lower short circuit power
factor. This is illustrated by Figure 5.

For this reason high power factor ma-
chines are said to be "resistance sensi-
tive."

As a tule-of-thumb, the welding current
is about B85% to 90% of the short circuit
current for standard single point ma-
chines.

In general, a machine with high power
factor is more desirable than one with
low power factor. However, this is only
true if the higher power factor is due
to lower react'ance and not higher resis-
tance.

Qutput Estimate

The electrical efficiency of machines can
be compared by expressing their outputs
in "amperes per secondary volt".

The machine used as an example has an
output per volt of 50,000 amperes divid-
ed by 11 volts or 4550 amperes per volt.

As a8 rule-of-thumb, this figure varies
from approximately 1500 for cable cir-
cuits of multi-point machines to 12,000
for large flash welders.

Transformers
General

The following comments apply to the ma-
jority of resistance welding transform-
ers used with single-phase line frequen-
cy pedestal machines and transformers
generally known as 'package type'" used
with multi-point machines.

In the interest of non-technical clarity
some of the design theory has been over-
simplified without changing basic prin-
ciples.

These transformers have effectively two
electrical windings on one iron core.
The primary winding is multi-turn and is
connected to the supply line. The mini-
mum number of effective turns is equal
to the supply line (primary) voltage di-
vided by the maximum rated secondary
(output) voltage. The maximum number of
turns is equal to the primary voltage di-
vided by the minimum secoadary voltage.
The number of turns is always a whole
number,

The secondary (output) winding is effec-
tively one turn. Since the secondary
current ratings are high, the sectional

area of the secondary winding must be
large and this is most conveniently ob-
tained by using cast or fabricated cop-
per sections.

The following factors influence the trans-
former design:

Primary Voltage

Primary Frequency

Secondary Voltage Range

KVA Input at 50% DC

Insulation Class

Cooling Method

Type of Core Material to be used

A brief discussion of the effect of these
on transformer design and application
follows.

Primary Voltage

The primary voltage level determines the
dielectric strength of the primary insu-
lation system, the sectiornal area of the
primary copper (for equal KVA ratings),
and together with the secondary voltage
range, the number of effective primary
turns.

The standard primary voltages are 220 and’

440 volts.
applied to the transformer (line voltage
less primary contactor drop) exceeds ei-
ther of these values by more than 10%,
special designs are-required.

Units are occasionally required for oper-
ation at 2400 or 4160 volts. Although
the dielectric strength of the insulation
must be increased, the dielectric prob-
lems involved are usually easily solved.

The voltage level also determines the
conductor section. (For equal KVA rat-
ings). As the voltage decreases the con-
ductor section increases and ratings a-
bove 500 KVA are usually not desirable
for voltage below 440.

As the number of effective primary turns
increases due to increased primary vol-
tage and/or decreasing secondary voltage,
the design problems also increase. This
is largely due to the space required by
the between-turn insulation which can't
be decreased below a certain minimum
thickness for physictal reasons. This in
turn leads to the need for using more
primary coils and exceeds the usual max-
imum two to one ratio of primary to sec-
ondary coils generally used for efficient
cooling of the primary and low leakage
reactance.

Frequency

I1f all other things are equal, the weight

EW—-THU—1

1f the actual voltage to be °..




of the core iron required is inversely
proportional to the primary frequency.
Usually, however, the secondary voltage
required is 'somewhat less as the fre-
quency is decreased so that the core
weight does not quite double for a 50%
decrease in frequency. The usual fre-
quencies encountered are 60, SO0, and 25
cycles per second. Although the RWMA
standard frequency is 60 Hz, some trans-
formers are designed so that they can be
used at both 60 and 50 Hz.

Secondary Voltage Range

The secondary voltage range influences
the design to a great extent.

The range (maximum voltage divided by
minimum voltage) should not exceed 2.8
since the increased number of primary
turns required defeats efficient design.

The maximum secondary voltage determines
the size of the core and the section of
the secondary winding copper.

Except for increasing the overall size
and weight of the transformer, the lar-
ger core required for higher secondary
voltages does not affect the operating
characteristics of the unit.

For a given KVA rating the secondary cop-
per sectional area varies inversely with
the secondary maximum voltage. Thus a
transformer with a 10 volt secondary has
one-half of the secondary copper of one
with a 5 volt secondary if both have the
same KVA rating. This is important when
applying the transformer to a given weld-
ing load.

The transformer having an adequate KVA
rating with the lowest maximum veltage
that will produce the required welding
current will result in the highest utili-
tation cfficiency.

Tﬁe_secondary current rating is found by
dividing the XVA rating by the maximum
secondary voltage.

The RWMA standards specify
former shall be capable of
rated secondary current at any primary
tap. Use of the secondary current rating
results in a convenient method of deter-
mining the allowable operating duty cy-
¢le for a given welding current.

that a trans-
carrying the

Equation (5)
cle is used.

in the section on Duty Cy-

Equation (4) of the same section is only
valid for operation at the primary tap
producing the maximum secondary voltage.
For any other condition the KVA rating

nust'generally be derated in direct pro-
portion to the secondary voltage.

example, a transformer rated at 150
at 11 volts maximum will only be ra-
at 80 XVA when operated at a primary
giving 5.95 volts.

For
KVA
ted
tap

A numerical example will further clarify
this.

Suppose that the welding current of 46,200
amperes used for the example is produced
at 5.95 volts rather than at 11.0. This
gives a demand of 275 KVA. Using KVA de-
mands as a8 basis, the transformer rating
nust be lowered to 150 multiplied by 5.95
divided by 11.0 giving 80 KVA. The maxi-
num allowable duty cycle is then found by
equation (4) to be 4.36%.

The transformer rated secondary current

is 13,650 amperes, and the welding cur-

rent is 46,200. Using equation (5) the

maximum allowable duty cycle 1s found to
be 4.36%.

KVA Input Rating

]
The KVYA input rating is usually consider-‘
ed by the user to be the most important
of the various transformer ratings. The
previous discussion has shown that the
secondary voltage rating is equally im-
portant.

The practice of rating resistance welding
transformers at 50% duty cycle is diffi-
cult to rationalize by engineering analy-
sis. However, two possible reasons for
using this rating method are, first, that
the welding load is seldom such that it
could be considered as continuous; and,
second, that the difference between the
rating and welding demand becomes less as
the rating duty cycle approaches the ac-
tual welding duty cycle.

This reasoning tends to lead to the
thought that a standard rating at less
than 50% duty cycle would serve the pur-
pose better.

In any event, nothing relating to the de-
sign and operation of resistance welding

equipment would be different if the rat-

ing were changed to a 100% duty cycle ba-
sis. To do this all transformer ratings

would simply be multiplied by 0.707, mak-
ing for example, a 150 KVA unit a 106 KVA
or, rounded off, a 100 KVA unit.

The RWMA Standard stipulation of ene min-
ute as the integrating period (averaging
time) for welding equipment means that
operating limits and ratings are deter-
mined by calculating the duty cycle over
a one minute interval.

Tw-T—)
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As an example, s load of 100 KVA existing
for 30 seconds will require a transformer
rated at 100 KVA (50% DC) as long &s the
rest time is at least 30 seconds. The
standard rating will still be 100 KVA if
the rest time is one, two, or any number
of hours.

This results in calculated required stan-
dard ratings that are not always practi-
cal, and will be discussed in more detail
later.

"Indulation Class

The XVA rating is determined by the ther-
mal endur:nce of the insulation systenm
used.

Each of the five NEMA insulation classi-
fications has a maximum temperature which
should not be exceeded if adequate insu-
lstion life (100,000) hours) is to be
obtained.

The difference between this waximum and
the standard reference temperature (am-
bient air or water) is the allowable tem-
perature rise.

Since different methods of temperature
measurement give different degrees of ac-
curacy with respect to the maximum hot
spot temperature, each method (thermome-
ter, resistance, or imbedded detector)
has been assigned a rise associated with
each insulation systenm.

Generally, the resistance method is used
for the primary windings of water cooled
transformers and in this case the allow-
able rise is 85 for Class B, 110 for Class
F, and 130 for Class H, all in degrees C.

Since the KVA rating of a given transform-
er varies approximately with the square
root of the ratio of the rises, the same
transformer can have different KVA ratings
depending on the insulation system used.

Although other factors are involved which
can modify the following observations un-
der certain conditions, it is in general
true that a transformer using a high rise
insulation system is less efficient than
one using a low rise system if both units
are designed for the maximum allowable
rise. This follows because the resistance
of the copper windings increases with tem-
perature and, for the same KVA input, the
copper losses are greater with the high-
er rise sSystems.

Suppose a 100 KVA transformer has an in-
put of 100 KVA and that the losses are
equal to design values. Now increase the
transformer rating to 200 KVA by the us-

ual method of doubling the copper sections.
TW-TRU-1
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This halves the resistance and the losses’
decrease by 50%. Now increase the input
to 200 KVA. Compared with the 100 KVA
unit with 100 KVA input, the 200 KVA in-
put to the 200 KVA transformer gives twice
the current through one-half of tha re-
sistance. The losses are then (21) times
one-half of the resistance giving twice
the losses. Therefore, for the same class
of transformer, loaded to its rating, the
losses vary directly with the KVA rating.
This means that twice as much heat energy
must be removed by the cooling system
from a 200 KVA unit as from a 100 KVA un-
it.

Cooling

Because of the need for compact, high
strength construction required to with-
stand the mechanical forces produced by
the intermittent overloads characteristic
of resistance welding, it is difficult to
prov1de the air spaces necessary for con-
vection cooling.

Also the heavy secondary sections make it
easy to provide water cooling paths.

For these reasons resistance welding trans-
forpers are generally water cooled. ’
The RWMA Standards specify certain usual
service conditions under which the trans-
formers are warranted to operate satis-
factorily. The most important of these

are when the ambient air temperature does
not exceed 40 degrees C, the water tem-
perature does not exceed 30 degrees C,
has a pressure less than 30 psi.

or

The water cooling requirements vary with
the transformer design but as a rule-of-
thumd 13 gallons per minute per 100 KVA
is generally adequate.

Since the cooling water usually removes
from 50 to 75% of the total losses, the
remaining losses must be removed by the
surrounding air. Thus the temperature of
the ambient air has an influence on trans-
former operation.

Core Material

A core of ferromagnetic material is re-
quired to carry the magnetic flux that
transfers the electrical power from the
primary to the secondary winding.

This flux varies between negative and po-
sitive maximums at the frequency of the
supply voltage.

Under steady-state conditions the maxinum
value is directly proportional to the max-
imum value of the secondary voltage (for
effective single turn secondary windings)

¢!



and inversely proportional to the fre-
quency.

The quotient of the total maximum flux
divided by the sectional area of that
part of the core that passes through the
window of the coils is known as the core
flux density.

When the primary winding is energized,
a current must exist in the primary wind-
ing to establish the flux. For a given
type of core material this exciting cur-
rent varies non-linearily with the flux
density at some positive power greater
than one.

bl
This is shown by curve "A", on Figure 6,
for the core material usually used in
stacked core transformers, and for curve
"B" for grain oriented wound cores. (A
well known trade name for this material
is Hipersil}).

Note the high values of exciting current
associated with densities 10% greater
than normal for the wound core.

The RWMA Standards limit the exciting
current to 10% of rated primary current
for ratings of 100KVA and below and 5%
for ratings above 100KVA.

Figure 7 shows the variation of the flux
produced by a sine wave of primary vol-
tage, and the maximum flux reached for
normal and delayed firing.

At a typical power factor of 70% the pri-
mary voltage will terminate at either A
or B. (For full sine wave conduction.)
Assume that the termination was at A.(Last
half-cycle positive). The flux density
will have a value of A' and will decay to
a value somewhat lower than this in a
short time. For stacked cores the final,
or residual value, will be at about Ag,
and at Ay, for wound cores. This residual
value, together with the magnetic char-
acteristics of the iron, determine the
maximum transient exciting current.

Nearly all welding controls have anti-
polar firing patterns and the next ener-
gization of the transformer will be nega-
tive with the firing point at A". The
flux change will be less than that for
the steady-state condition because the
first negative half-cycle is fractional.

However, since the starting point value
was either at A_ or A,, the negative max-
imum is greater than that during steady-
state operation. These transient maxi-
mum flux values are shown A and Ayn
with the corresponding exciting currents
on Figure 6. Note that the current for
the wound core is beyond the values shown

on the curve. At this point the exciting
current is limited largely by the primary
winding resistance.

If the firing point is delayed to about
90 degrees, or at voltage maximum, the
flux change for the wound core will be
less and the transient maximum will be
about equal to the steady-state maximum.
The exciting current will then be approx-
imately equal to the steady-state value.
This method of controlling the exciting
current is known as '"delayed firing".

the
the
the

The flux-exciting current curve for
grain oriented core shows that, for
maximum allowable exciting current,
flux density can be greater and the core,
therefore, can have less section than for
the stacked core. Ffor this reason trans-
formers using grain oriented cores are
generally smaller than the stacked core
types. :

Thermal Capacity

General

The thermal capacity of power supply sys-
tems is-usually determined by using a
current, or KVA, which is the continuous
equivalent of the welding load.

1f only one load is involved, equation (1)
in the Section on Duty Cycle can be used.
If there is more than one load and none

of the "ON" times overlap, equation (3)
can be used. Rules for other conditions
will be given later.

For example, consider the load of 508 KVA
( 1155 amperes ) at a duty cycle of 4.36
percent as used for the sample calcula-
tions. Equation (1) gives an equivalent
continuous load of 106 KVA or 242 amperes.
The continuous load arrived at this way
is valid for most conditions. However,
suppose that the machine were in use for
one minute and at rest for one hour. Use
of 242 amperes to select the thermal cap-
acity of some power supply components
could result in the choice of capacities
larger than actually required. '

The reason for this is the use of the
standard equipment averaging time of one
minute to find the continuous equivalent
load for apparatus with a thermal time
constant considcrably longer than one
minute.

There is no simple solution to this diff-
iculty since the thermal time constants
of power supply components are not readi-
ly available. Reference 1 (5 on page 29)
and Reference 11 give more information on
this.

W—THU—)
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In any event, use of one minute as the
averaging time will usually result in
conservative results.

As a rule-of-thumb use of equivalent con-
tinuous loads less than one-sixth of the
welding demand should be used with cau-
tion.

When more than ons load is to be supplied
by the same power supply system, and if
any of the "on" times overlap, equations
(1) 'and (3) can't be used. For these
conditions, the methods given in refer-
ence 1 (Ref. 6 on p. 53) and 3 must be
applied.

If no "on'" times overlap, the total equi-
valent current is equal to the square
root of the sum of the squares of the in-
dividual equivalent continuous load cur-
rents.

The following data will be based on the
machine used as the example, operating
continuously.

Low Voltage Feeder Selection

(a) Cable - The minimum total required
sectional area of each of the two legs
of the feeder will depend on the follow-
ing:

1. NEC requirements

2. Type of insulation

3. Number of cables per leg
4. If in air or conduit

S. Ambient temperature

The National Electric Code is & good ref-
erence for all of the above.

NEC Section 630-31 (1) specifies the min-
imum size of cable that can be used as
related to the machine rating and whether
the operation is manual or automatic. For
this case the size specified is less than
other considerations dictate.

NEC Table 310-12 is used to select the
cable size using the calculated equiva-
lent current of 241 amperes.

The proper vertical column selected is
‘determined by the insulation type. Table
310-2 (a) lists most of the available
insulation systems with a maximum tem-
perature for each. Type THW with a 75
degree Centigrade rating is selected.

Assuming that the maximum ambient tem-
perature is 40 degrees, all values in
Table 310-12 must be de-rated to 0.88 of

those given.

300 MCM cable when de-rated will carry
250 amperes and is the minimum that can
be used for the 241 ampere load.

It is possible that more thanm one cable
per leg will be required to reduce the
voltage drop. 1f so, Note 8 for Table
310-12 will further decrease the ampacity
of the cable. If two cables por leg(four
total) were required, 2/0 size would be
selected.

(b) Bus Duct - The NEC does not list the

thermal capacity of bus duct.

The ampacity is given in the technical

data provided by the manufacturers of bus:

ducts.

The required rating will be the next stan-
dard rating above 241 amperes. This is
400.

(c) Disconnecting Device - Article 630-32
of the NEC gives rules for determining
the minimum rating of the switch or cir-
cuit breaker. For this case it can't bg
less than 241 amperes. L

The next standard rating above 241 amperes
is 400. This would be the size seleocted.

(d) Supply Transformer - Since transfor-
mers are rated in KVA, it is convenient
to express the equivalent continuous load
in KVA rtather than amperes.

KVAC = 508 KVA (.0436) %
= 106 KVA

Thus the transforming device must have a
KVA rating equal to or greater than 106
KVA.

If other loads are being carried by the
same bank, the difference between the
other loads and the bank rating must be
equal to or greater than 106 KVA.

Single Phase Transformer

If a single phase transformer is to be
used, the next standard rating above 106
KVA, or 167 KVA, is selected. (See Ref.
1 for standard ratings.)

As in all thermal selections, it is pos-
sible that the ratings might have to be
increased if the voltage drop calcula-
tions to be made later require greaater
capacities.
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Three Phase Transformer

The three phase transformer connections
pormally used are as follows:

Delta

Delta -

Star - Delta’
> i E Load
Delta - Star

AN

As long as the load is connected to two
lines as shown and not line to neutral
(for the delta-star connection), the sin-
gle phase thermal capacity is one-half of
the three phase capacity.

Thus, for the example being used, the
rating of the three phase bank must be
equal to or greater than twice 106 KVA
or 212 KVA. The smallest standard rat-
ing above this is 225 KVA.

If the load is connected line to neutral
in the delta-star arrangement, the three
phase capacity must be three times the
single phase capacity.

Disconnecting And Overcurrent Devices

General

As in the case of any electrical device
some means must be supplied to discon-
nect the machine from the source of sup-
ply. In addition current responsive ele-
ments must be provided to protect the
machine and that portion of the power

supply system on the load side of the pro-
tective device from damage due to overcur-
rents.

The disconnecting means must be thermally
and physically able to carry the normal
load currents required by the machine and
in addition not be damaged by short-
circuit or fault currents.

Disconnecting devices can be divided into
two basic categories.

One is an air break switch and the other
an air circuit breaker.

Switches

Air break switches, or, more simply, swit-
ches, are available in three types. These
are isolating, general purpose, and mo-
tor circuit. These are defined on Page
70-11 of the National Electric Code.

standards for enclosed switches are given
in NEMA Publication XS1 and in UL 98.

The standards are too involved to discuss
in detail here but an attempt will be
made to. point out the parts of the stan--
dards that are important when applied to
resistance welding machines.

Voltage Rating

Standard alternating current voltage rat-
ings are 120, 240, 480, and 600 volts.
Obviously the switch voltage rating must
equal or exceed the voltage of the cir-
cuit with which it is to be used.

Thermal Ratin

A1l switches which meet UL and NEMA Stan-
dards have continuous ampere ratings.
Standard ratings are 30, 60, 100, 200,
400, 600, 800, and 1200. These are per
pele.

To find the required ampere rating of the
switch, convert the load current to the
equivalent continuous current and select
a rating equal to or greater than this
value.

in the case of the example, this current
is 241 amperes so the switch rating re-
quired would be 400 amperes at 480 volts.
This would be a two pole unit.

Interrupting Rating

Switches which have only ampere ratings
are required to interrupt 150% of rated
current.

Some switches have horsepower ratings.
Enclosed switches are divided by NEMA
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into three classes - HD, MD, and LD. The
HD class standard reads in part "---the
operator will (can) not restrain the op-
eration of the contacts after they have
initially touched or parted---". This
style is generally called "Quick-make,
Quick-break" and, if it meets NEMA Stan-
dards, is capable of interrupting up to
ten times the full load current ratings
given in the NEC for the horsepower rat-
ing of the switch. Unfortunately the
present NEMA ratings do not go above 200
ampere switches rated at 480 volts.

‘In general, a switch should not be used
to interrupt current unless the inter-
rupting rating of the switch is fully
understood and the maximum possible mag-
nitude of ths overcurrent known.

It is general practice not to use fusi-
ble switches rated above 600 amperes at
480 volts.

Switches supplied as an integral part of
resistance welding controls can be of
any type and should not be presumed to
have any interrupting ability.

Overcurrent Protection

Overcurrents are currently greater than
the rated current of a device or circuit.
They can be divided into two categories.
One is called an overload current which
is due to a device malfunction or im-
proper use. The current path is confined
to the normal circuit elements. The oth-
er is known as a short circuit, or fault,
current which is not confined to the nor-
mal current path and which generally has
a8 magnitude much greater than either the
rated or overload current.

Fuses are the only devices available for
use with switches to give overload and/or
short circuit protection.

It is difficult to apply fuses to resis-
tance welding equipment so that they pro-
tect against overcurrents and still do
not open during the welding operation.

Although both NEMA and UL have written
standards relative to the time-gurrent
characteristics of fuses rated at 600
volts or less, they are expressed .as sin-
gle maximum 3& minimum values with -po one
point having both a maximum and minimum
value so as to establish a band of re-
quired operation. Therefore, fuses of
different manufacture can meet the NEMA
and UL Standards and yet have different
opening times for the same currents.

Fo¥ loads equal to five times the fuse
rating NEMA Type H and UL Type K time-
delay fuses must not open in less than

10 seconds. Most H and K time-delay type'-
fuses will open near this value. Type J .
fuses and H and K fuses not designated as
time-delay or dual element types do not
have to meet this requirement and, there-
fore, may open in less time at this value
of overcurrent.

Fuses are normally applied to resistance
welding equipment by using the next stan-
dard rating above the calculated equiva-
lent continuous current using one minute
as the averaging time. The opening time-
current curve of the particular fuse to
be used is then examined to be sure that
it will not open at the demand current
for the welding time used.

Since fuse tests are conducted under con-
ditions which 1limit the temperature of .
the air around the fuse to 32 degrees C,
operation at temperatures above this will
cause the operation of the fuse to depart
from the published curves. Therefore,
for operation in air above this tempera-
ture the fuse should be de-rated.

Although Class H and K fuses can have ap-
proximately the same characteristics in
the overcurrent region, Class X fuses,
have peak let-through current and 12T rat-
ings. Thus these fuses are current and",,
energy limiting and help protect the sys-
tem from damage due to short-circuit cur-
rents.

The vslues of peak let-through current
and 1T energy can be obtained from the
fuse manufacturer's data or from Refer-
ences 12 and 13.

Fuses having 127 ratings give a basis for
applying the fuse so as to limit the tem-
perature rise of cables during fault con-
ditions. Reference 14 gives short time-
current limits for cables of various _siz-
es. This data can be converted to I“T
ratings that can be compared with the fuse
rating.

The 3Q0 MCM cable selected has a calcula-
ted I“T rating of about 250 x 106 amperes
squared-seconds. A K-5, 250 ampere fuse
has a standard rating of 1.6 x 106 and
should give adequate protection provided
that the available fault current does not
exceed the interrupting rating of the
fuse. e

12T ratings of apparatus other than fuses
should be used with caution since these
values are only valid for time intervals
short enough to confine the heat devel-
oped to the device itself. This inter-
val is generally given as ten seconds or
less.

A special class of fuses known as “welder
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limiters" is also available. These have
a longer time-delay than time-delay H or
X fuses and, since they also have 121
ratings, they can be used for back-up
fault protection. It is recommended that
H or K fuses be used on the load side of
these special fuses.

Class K fuses may have interrupting rat-
ings of 50,000, 100,000, or 200,000 sym-
metrical amperes. These ratings are de-
termined by test and are assigned by the
fuse manufacturer. They are included in
the fuse characteristics data.

The interrupting ratings become important
when applying fuses to power systems hav-
ing high fault current capability. A
fuse with an interrupting rating less
than the fault capacity of the system at
the location of the fuse may not _interr-
upt a short-circuit within its I2T and
peak let-through ratings with resulting
damage to the devices to be protected.

The interrupting rating of the 250 ampere
K-5 fuse selected for the example is
50,000 symmetrical amperes.

Circuit Breakers

General

A circuit breaker is a device for closing
and interrupting a circuit between sep-
arable contacts under both normal and ab-
normal conditions. An air circuit break-
er is one in which the interruption oc-
curs in air.

Molded case circuit breakers are availa-
ble in freme amperage ratings from 100
up to and including 1200 and at alternat-
ing current voltages of 600 and below.

The following discussion is confined to
molded case air circuit breakers, here-
after spoken of as simply "breakers".

Breakers can be supplied with thermal
time-delay and/or instantaneous fixed or
adjusted magnetic overcurrent trips, un-
dervoltage trips, or no trips. Operation
can be fully manual or electrical closing,
and/or electrical opening. (Shunt trip).

Thermal Rating

The basic maximum thermal rating is de-
termined by the allowable temperature
rise of the current carrying parts of the
"frame" of the breaker. If the breaker
is supplied with thermal overcurrent
trips all or part of the current must
pass through parts of the tripping de-
vices. This limits the rating of the
breaker to the thermal capacity of the
overcurrent elements. For example, a

400 ampere frame breaker is available with
a8 number of ratings below 400. One is

250 and limits the breaker to a continu-
ous current of 250 amperes even though

the same bresker is capable of carrying
400 amperes with a 400 ampere overcurrent
unit.

For the example a 400 ampere frame break-
er with a rating of 250 amperes could be
used. If a thermal-megnetic trip unit

is used, the breaker rating is 250 am-
peres.

Interrupting Rating

All breakers have interrupting ratings.
The magnitude generally is a minimum of
S000 symmetrical amperes and increases
with increasing frame size, or rating,
to a maximum of 100,000 amperes. Thus
breakers can be opened or closed with
loads which do not exceed their inter-
rupting rating.

Class J, X, or L fuses can have greater
interrupting ratings than a breaker of
the same continuous thermal ratings. For
this reason a current-limiting, high in-
terrupting capacity fuse is sometimes
used in series with a breaker so as to
allow the breaker to be used on a system
with fault currents greater than the in-
terrupting capacity of the breaker only.

The breaker selected for use with the ex-
ample has an interrupting rating of
30,000 symmetrical amperes.

An approximate jdea of the value of the
fault current that may be expected can

be found by dividing one hundred by the
estimated welding load voltage drop ex-
pressed in percent and multiplying the

quotient by the primary welding current
demand.

If the voltage drop for the example is
assumed to be 5%, the expected fault
current would be 20 multiplied by 1155 or
about 23,100 amperes. Although this me-
thod can be used for initial estimation,
the breaker selection should be based on
an actual calculation using the methods
given in Reference 14.

Overcurrent Protection

In general breakers are available with
overcurrent devices which are responsive
to either inverse time-current relation-
ship and/or current magnitude only. Both
can be combined in the same breaker.

The thermal inverse-time portion of the
time-current curve is shown on Figure 9
and is similar to the time-delay type of
fuse in the same percent overcurrent reg-
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ion. This part of the breaker overcurr-
ent curve is not adjustable. (Some
change of the lower part of the curve oc-
curs when the magnetic device is adjust-
ed.)

The magnetic portion of the overcurrent
characteristic can be supplied as an ad-
justable unit. The range is usually from
5 to 10 times the rating of the breakers.
This is shown by the vertical section of
the curves.

Breakers are sometimes applied to resis-
tance welding machines using only mag-
netic trip units. This provides short-
circuit protection and eliminates the
possibility of nuisance tripping due to
thermal effects but does not provide over-
load protection for the feeder.

As in the case of all thermally rated ap-
paratus, the rating must be decreased if
the ambient temperature exceeds the stan-
dard value. For breakers this is 40 de-
grees C.

Figure 9 compares the time-current char-
acteristics of time-delay fuses, non-
time-delay fuses, and breakers with a
welding machine. The curves are based on
the assumption that all of the devices
have equal continuous ratings. For exam-
ple, if the welding machine were rated at
250 amperes (350 amperes at 50 percent
duty cycle) the fuses and the breaker
would also be rated at 250 amperes.

The location on the "Welding Machine Ther-
mal Limit" curve shown as "Operating Point"
corresponds to the seconds of operating
time during one minute for the 4.36 per-
cent duty cycle for the machine used as

an example,

Since this point is abave the curve for
the Class J fuse, the inference is that a
non-time-delay fuse would not be satisfac-
tory.

Voltage Drop

General

Consideration must usually be given to
three elements of the power supply Ssys-
tem., These are:

1. The high voltage transmission or
distribution feeder normally owned
by the power conpany.

2. The transformer(s) reducing the
transmission voltage to the vol-
tage level required for the weld-
ing machine. These may or nay
not be owned by the power company.

3. The low voltage feeder connect-
ing the transformer with the
welding machine.

Methods for determining the voltage drop
of each section will be presented after

the following discussion on the overall

approach.

Two methods for arriving at voltage drops
are generally used. The first is the
most accurate and involves the use of ac-
tual ohmic values and vector manipula-
tions. The second is based on estimates,
ratios, charts, and tables, and involves
little mathematics. This method is often
accurate enough.

Two basic calculated values are used to
find voltage drops.
due to the resistance and the inductive
reactance., The ohmic values of either

are taken from tables or curves; or, in
the case of transformers also from data
plates or manufacturer's information if
available.

The voltage drop for each parameter is
calculated by multiplying the ohmic val-
ue of a device or line section by the - |
rms (root-mean-square or effective) cur-’,.
rent.passing through it. Since the re-
sistance voltage drop reaches its maxi-
mum at the same time as does the current,
and the reactance Jdrop one-quarter of a
cycle earlier, the two drops cannot be
subtracted arithmetically from the line
voltage to find the load voltage.

The methods for combining the two basic
drops with the system voltages and the
determination of the correct ohmic val-
ues to use for the resistance and reac-
tance must be understood in order that
voltage drop calculations may be made with
acceptable accuracy. A further complica-
tion is the fact that most published ma-
terial gives information on the calcula-
tion of three-phase loads on three-phase
systems. The methods given in this sec-
tion will be confined mainly to single-
phase loads on either single-phase or
three-phase systenms.

In alternating current circuits the var-
ious voltages involved in a voltage drop
calculation often do not reach their max-
jmum or minimum values at the same time.
In order to make correct calculations,
these time differences must be considered.
This can be done by means of a vector dia-
gram such as Figure 10.

be drawn to

the arrows, or
magnitudes. The
equal to differ-

Diagrams of this kind may
scale with the lengths of
vectors, representing rms
angular displacements are
ences in real time.
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Zero degrees, or zero time, is at three
o'clock and the rotation, or time lapse,
is counter-clockwise. Thus the current
vector I, is shown lagging the load vol-
tage E; ty the angle theta.

The voltage drops represented by the small
triangle were made greater than would nor-
mally be encountered so that the notations
would be legible.

Note the following on Figure 10.
1. The resistance drop is the vec-

tor Ep and is always parallel
to the load current Ip.

2. The reactance drop is Ey and is
always normal to I.

E, is the impedance drop and
1; the hypotenuse of the right

triangle formed by Ey, E , and
Ey. R
X
4. The load voltage E; is the vector
sum of ES and Ez.

S. The difference between the lengths
of Eg and E; is the voltage drop
Ep and may not be equal to Ey.

. The angle (time d;fference) be-
tween Eg and I, may not be equal
to the load power factor angle
theta.

The significance of these observations
will become clear later.

One other condition that is not apparent
from the diagram and that influences the
accuracy of the usual drop calculations
is that the load current is assumed to

be constant regardless of the value of
the load voltage that is found by the
drop calculation. This effect can be
compensated for by trial and error calcu-
lations.

Calculations Using Ohmic Values

Feeders

The first step is to determine the ohmic

values of the resistance and reactance to
be used. For feeders these are taken di-
rectly from tables or charts such as giv-
en in references 1 and 14.

Unless otherwise stated the values given
in all such sources are "ohms to neutral".
This means that the value is per conduc-
tor, or electrical side. When this val-
ue is multiplied by the rms value of the
current in the conductor, the result is
the voltage drop of this conductor only.
This drop is called the "drop to neutral",

For single-phase loads on either single-
phase or three-phase systems, the line-
to-line drop is this "drop to neutral”
multiplied by two. For three-phase sys-
tems with three-phase loads the line-to-
line drop is the "drop to neutral" mul-
tiplied by the square root of three.

Transformers

Ohms to neutral values can also be found
for transformers. The equations below
give ohmic values that can be used with
the same current as used to find the drop
in the feeder supplying the welding ma-
chine.

To use the equations the transformer per-
cent resistance and reactance must be
known. (If only the percent impedance is
available, the estimation method given
later should be used).

The R and X percent values will sometimes
be given on the data plate. The manufac-
turers csn also supply this data. An eas-
ier, and, for standard transformers, an
accurate enough way is to refer to tables
such as appear in references 1 and 14.

For three-phase transformers, or three
single-phase transformers connected as &
three-phase unit, with delta-delta, delta-
wye, or wye-delta arrangements the equa-

tion is:
2 -5 (s)
RY or X% E 10
R or X = ( T ) x LL X (ohms to
KVA Neutral)

Ejp ™ Secondary (feeder) line-to-line vol-
tage

KVA = Three-phase bank rating

For single-phase transformers connected to
single or three-phase systems:

(7)
2 -5
Ror X = (RY or X%) x E;Lfx 10 (ohms tY
2 KVA neutral)

ELL = Secondary (feeder) line-to-line vol-
tage

KVA = Single-phase bank rating

For single-phase loads the transformer
drop can be found by xalculating the "drop
to neutral” and multiplying this by two.
The calculation is the same for either
three-phase or single-phase transformers.

Transmission Line

The percent voltage drop due to the high
voltage transmission line is usually much
less than either the transformer or feed-
er drops. A rule-of-thumb sometimes used
is to assign a drop of one percent to the
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transmission line.

If a knowledge of the actual drop is re-
quired it is advisable to contact the
power company and ask that a calculation
be made. However, if it is essential
that a calculation be attempted, the fol-
lowing methods can be used.

Obtain the R and X ohmic values from the
power company. (These may be given as
0.00 plus J0.00. The first number is the
resistance, the second the reactance in
ohms to neutral. Multiply these by the
square of the quotient of the feeder
(transformer secondary) line-to-line vol-
tage divided by the tramsmission line-to-
line voltage. These new ohmic values can
be used as though they were for a second
section of low voltage feeder.

Many times the only data available on the
transmission line is the three-phase
"fault capacity”. This can be given ei-
ther in amperes or KVA. 1In this case on-
ly an impedance value can be found and
this is not usable with an ohmic calcula-
tion. Amperes can be converted to KVA by
dividing by the line-to-line transmission
voltage in kilovolts and then by the
square root of three.

A method using the fault capacity for es-
timating the transmission line drop is
given later.

Calculation Of Individual Props

The approximate voltage drop of a device
or line section is given by the follow-
ing equation:

(8)

Ep = IL (R cos 6 + X sin 8) volts

(6 = theta = load PF angle)

If R and X are expressed in "ohms

to neutral"” the result is in "volts
to neutral”. For single-phase loads
the line-to-line drop is this multi-
plied by two.

Figure 1] is a vector diagram of voltage
drop as calculated by equation (8).

Essentially, this gives the sum of the
R and X; drop projections on the exten-
sion of the load voltage vector E;.

I1f the total drop is not over 15% of Eg,
the angle alpha (a) will be small and the
error will be negligible.

If the angle is zero, as when the ratio
of X over R of the power supply system

equals the X over R ratio of the load,

the error is zero.

1

In the section on Thermal Capacity a 225 .
KVA three-phase and a 167 KVA single-phase
transformer were selected as being ther- .
mally large enough for the load used as

an example.

The voltage drops of these must now be
calculated to be sure that they are not
excessive.

From Reference 1 the R and X values for
the 225 KVA unit are found to be 1 and
4.9%. (X is calculated by taking the
square root of the square of the imped-
ance less the square of the resistance).

Using equation (6) the ohmic values to
neutral are calculated at 0.0102 for R )
and 0.049 for X. -

Equation (8) then gives a drop of 55.4
volts to neutral or 110.8 volts line-to-
line. This is 23.1% of 480 volts and is
about five times too great. Therefore,

a 1000 KVA transformer is selected and
the drop found as above. This is 28.6
volts or 5.95% of 480 volts and is ac-
ceptable. Cel,

The calculation for the 167 KVA single-
phasé transformer is made using the val-
ues from Reference 1 and equations (7)
and (8). The line-to-line drop is found
to be 14.8% and is too large. In order
to keep the drop to around 6%, a 500 KVA
transformer will be required.

Using the same calculating method the
500 KVA drop is found to be 5.4%.

The drop of the 300 MCM, 480 volt feeder
should also be checked.

Using R and X values from Reference 1 (R
is interpolated) the ohmic values for an
assumed 100 feet of feeder are 0.00434 R
and .0046 X. The line-to-line drop is
calculated to be 3.03%.

Calculation Of Total Drop

A one line diagram of the assumed power
supply system, with ohmic values and cal-
culated drop, is shown on Figure 12.

The total drop is found by adding all of
the ohmic R values and then al}l of the X
values and using equation (8) to find the
total drop to neutral. This is multiplied
by two to find the line-to-line drop for
single-phase systems.

is 47.4 volts giving a load
.4 volts. Primary contactor
subtracted from this giving
at the machine transformer

The total drop
voltage of 432
drop should be
2 load voltage
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of about 432 minus 20 or 412 volts. At
this voltage the demand current would be
less than 1155 amperes. This would in
turn reduce the drop and the actual vol-
tage a8t the transformer would have some
value between 412 and 440 volts.

The vector diagrams of the data given on
Figure 12 is shown on Figure 13.

For better accuracy the equations given
on page 233 of Reference 14 may be used.

Machine Output

Another interesting use of ohmic values
is the calculation of a machine output
that does not involve voltage drop but
does require knowledge of the machine
secondary parameters. (These can be cal-
culated if the welding demand, power fac-
tor, and turn ratio are known).

To do this the R, and X ohmic values are
converted to the level of the machine
secondary by multiplying them by the re-
ciprocal of the square of the machine
transformer turn ratio.

The resultant R and X values are multi-
plied by two, added to the machine secon-
dary R and X values, and the impedance
calculated. The machire open circuit vol-
tage for the turn ratic under considera-
tion (corrected for ignitron tube drop)

is divided by the impedance and the quo-
tient is the machine output in amperes.

Referred to
Machine Secondary

Power Supply
System

R XL
.00828 x 2 = 1035 x 10-6
40
.01893 x 2 = 23.64 x 10°°
40
Machine = 110.50 x 10°¢ 212,00 x 10°°
120.85 x 10 © 235.64 x 10°°
Zz = 263.5 x 10°°
480 e
Is = 40 x 10 = 45,600 amperes
763.5

Calculations Using Charts, Etc.

While the methods following are not &8s

accurate as ohmic calculations they are
satisfactory in many cases. The drops

arrived at are impedance drops and are

added arithmetically.

Feeder voltage drop can be read directly
using the special slide rule of Reference
15. The drop in this case is given as

14.0 volts.
Transformer drops are found as follows:

For three-phase transformers -
o KVA (demand) x 2% x 2 x ELL
KVA (rating) x 100

Ep (volts)

For this case the drop is found to be
23.7 volts. (Transformer Z = 5.75%)

For single-phase transformers -

E. = KVA (demand) x 2% x Ej {volts)
KVA (rating) x 100
For transmission lines -
E_ = (2 x KVA (demand) x,ELL) (volts) g

(kvA (fault capacity))

For this example the drop is found to
be 4.88 volts.

The total drop is the sum of 14, 23.7 and
4.88 giving 42.58 volts. The ohmic cal-

culation drop was 47.4 giving an error of
10.2% for the estimated drop. .
Referpnce 2 on page 53 of Reference 1 T
gives methods for estimating voltage chan-

ges on the loaded and unloaded phases.

Drops Due to Multiple Loads

When more than one load is connected to a
supply system it is often necessary to
determine the effect of the drop produced
by one load or loads on other machines.

Reference 5 on page 53 of Reference 1 gives
procedures for finding these effects.
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APPENDIX

CHARACTERISTICS OF MACHINE USED FOR
SAMPLE CALCULATIONS

General Rating

Industrial Power Systems Handbook. Type RWMA Size 2 Proj.
McGraw-Hill. Rating 1S0KVA (50% DC)
Throat Depth 30 inches
Voltage Drop Calculating Siide Rule. Primary Voltage 440 volts
Square D Company. Frequency 60 Hz
Secondary Voltage-Max. 11.0 volts
Resistance Welding Manual. Resis- Secondary Voltage-Min. 5.95 volts

tance Welder Manufacturer's Associa-
tion, 1900 Arch St., Philadelphis,
Pa., 19103.

Rated Secondary Current

13650 amperes

Short Circuit Data

Transient Problems with High-Flux

Secondary Output

50,000 amperes

Density Transformers in Welding Power factor 27.5% '
Applications. Meirendorf. Welding Demand 550 KVA .
Demand 1272 amperes

Journal, March, 1956.

Resistance Welding Equipment Stan-
dards - Bulletin 16. Resistance
Welder Manufacturer's Association.

Impedance (Ref.to Sec.).
Reactance "
Resistance "

220 microhms
212 microhms
60.5 microhms

Welding Data

Distribution Data Book. General

Electric Co. GET - 1008K. Secondary Current 46,200 amperes
Secondary Voltage 11.0 volts -

Overcurrent Protection. A series Demand S0B XVA i

of ten articles published in "Act- Demand 1155 amperes (PTi.)

ual Specifying Engineer," Medalist Power factor 46.5%

Publications, Inc., Chicago, I1l. “"ON" Time 20 cycles(0.33 sec.

(1955-56) "OFF'" Time 7.32 seconds

Duty cycle
Power factor angle theta 62.3 degrees
Continuous equivalent 106 KVA
Continuous equivalent 241 amperes(Pri.)

Electric Power Distribution for In-
dustrial Plants. IEEE publicatien
No. 952.

4.36%

Impedance(Ref.to Sec.) 238 microhms

The Design of Low-Voltage Welding
Power Distribution. Adams, Fetcher,
and Johnson. AJEE Transactions 1944,
Vol. 63 - pp 1180-90.

Today's Problems in Resistance Weld-
ing and Related Power Supply. Record
of proceedings of joint meeting of
AIEE, AWS, and IEE, Detroit, Mich.,
1963.

How Good is Your Welder Power Supply?
Johnson and Donathan. Welding Jour-
nal, July, 1958.

W —-THU=1

408

Reactance " 212 microhms
~Resistance "

110.5 microhms
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Power factor sngle

Reactance

Resistance

FPigure &

High Power Pactor Circuit

Low Power Factor Circuit

Impedance Gjunge

6,052

Impedance Change
22%

4
Zureld

Zghort circuit
Zuwe 1d

Machine R 7Hork Rﬁ

Pigure §
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Max., Positive Steady-~state
- Flux

" Vqltage

Max. Negative Steady~-astate
Flux Max., Transient Flux

STACKED CORE - NORMAL FIRING (70% PF)
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N
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Figure 7
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APPROXIMATE TIME-CURRENT CURVES

ror

600 VOLT FUSES AND MOULDED CASE BREAKERS

Breaker Max, Time

2 Hours pr—— Class H-K-J Fuse Max. Time
1 Hour || I
\ 250 Amp. Breaker & Class H-K-J Fuse
10 Min, — Maximum Time
\ N | Breakar Inverse-Time Portiom
1 Min. AN \ l l
\ N Class H-K Time-Delay Fuse
A N r Minimm Time

10 Sec. \\ AN I l

Welding anhine/ AN Breaker Magnetic Trip Portion
Thermal Limit \ .

Operating Point & \-'——— Max. (10X) Setting

Min. (5X) Set

Lo s \ \ n. (5X) Settimg

. C. \ NG A

\ \
Class J Puse - _._\ \V— Class K-5 Time-Delay Puse
0.1 Sec. \ \
=
.01 Sec, \ \
_\ .

"001 See. Ly; T7s 200 500 T 000 % o&m 10000

PERCENT RATED CURRENT

Figure 9
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TRANSMISSION LINE

4160 volts line-to-line
100,000 KVA Fault Capacity
0.122 + j0.122 ohms

R - 0.122
75

0.122
~——
75

X

TRANSFORMER

1000 KVA Three-phase
4160/480 line-to-line
R = 1% .

X = 5.5%

FEEDER

1 - 300 MCM/leg

100 feet from transformer
to load

R a

X s

Total at Machine

Load

508 KVA (1155 Amp.)
46.5% PF

Figure 12
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Ohms to Neutral Line~to-Line
480v Base Voltage Drop
R XL at LBOV
00163
5.05
.00163
.00231
28.60
.01270
.00434
14.00
.00460
00828 01893 47.60



ry

Resistance Drops

Transmission Line 3.77

Trausformer 5.34
Feeder 10,00 Z;]P

Total (Egy) 19.11

=S

=\

Reactance Drops

L. Transmission Line 3.77

Calculation of Total Drop
Using R and Xj Drops

L. Transformer 29,35

Eps (EpTx cos O + ExT sin 9_ N
« 19.11 x .465 + 43,74 x .884) ——— Feeder 10.62
a 47.6 volts ) Total (EXT) 43,74

ED » Total Drop

Calculation of Total Drop
Using R and X1, Ohmic Values

Ey = Iy (Rt x cos @ + Xpp x sin 8)
« 1155 (.00828 x .465 +
.01893 x ,884)

s 47.6 volts

Figure 13
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