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ELECTRICAL DEFINITIONS

1. Volt* The unit of electromotive force, electrical pressure, or &
difference of potential. Represented by E or V.

2. Ampere* The unit of current flow. Represented by |I. O

. Ohm* The unit of electrical resistance. Represented by R.

. Energy. The capacity for doing work. @ ‘

. Power. Rate of work, equals work divided by time \

. Watt. The unit of electrical power. Represented@ or W.

. Joule. The unit of work. Q

. Kilowatt. One thousand watts. Expres @(W.

© 0 N o g b~ W

. Current. The motion of a charge ir\ uctor.
10. Direct Current. A unidirection nt. Abbreviated DC.

11. Pulsating Current. Dire ent which changes regularly in
magnitude.

12. Continuous Current dy-state current, AC or DC.
L 4
13. Alternating Curr current which reverses regularly in

direction. The term ating current,” or AC, refers to a
current with succesgsi aves of the same shape, area

and period. x@

14. Cycle omplete wave of positive and negative values of
an alternati rrent.

15. Electrigal Degree. One 360th part of a cycle.

16. iod. The time required for the current to pass through

econd equals one Hertz (Hz).

§;’§ "*
Frequency. The number of cycles per second. One cycle per

*One volt will cause on ampere of current to flow through a resistance of one ohm.
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18. Root-Mean Square or Effective Value. The square root of
the mean of the squares of the instantaneous values for one
complete cycle. It is usually abbreviated r.m.s. Unless otherwise
specified, the numerical value of an alternating current refers to it
r.m.s. value. The r.m.s. value of a sinusoidal wave is equal to it
maximum, or peak value, divided by V/2. 0

19. Wave-Form or Wave-Shape. The shape of the curve obtained
when the instantaneous values of an alternating current are plotted
against time in rectangular coordinates. The distanc a@the
time axis corresponding to one complete cycle of v XS usually
taken as 21 radians, or 360 electrical degrees. ?b

20. Simple Alternating or Sinusoidal Curr erent whose
waveshape is sinusoidal. Alternating current €alctlations are
commonly based upon the assumption of @s idal currents and
voltages.

21. Phase. The factional part of tha%';i of a sinusoidal wave,
usually expressed in electrical deg% nd referenced to the

origin. @
22. Crest Factor. The rati e peak or maximum value of a
wave, to the r.m.s. value. N est factor of a sine wave is V2.

23. Form Factor. The gatio-0f the r.m.s. to the average value of a
periodic wave. ’\

*24. Phase Diffe : Lead and Lag. The difference in phase
between two sinusoidal waves having the same period, usually
expressed in cal degrees. The voltage wave if generally taken

as the re so in an inductive circuit the current lags the
voltag a capacitive circuit the current leads the voltage.
Someti lled the phase angle.
*25. Counter-Clockwise Convention. Itis a
c ntion that in any vector diagram, the leading E |
r be drawn counter-clockwise with respect
@the lagging vector, as in the accompanying
iagram, where Ol represent the vector of a current 5

é in a simple alternating current circuit, lagging behind
the vector OE or impressed voltage.

* Refers only to cases where the current and voltage are both sinusoidal.
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*26. The Active or In-Phase Component of the current in a
circuit is that component which is in phase with the voltage across

the circuit. &
*27. Reactive or Quadrature Component. That component of O

the current which is quadrature, or 90 degrees out of phase, wib

the voltage across the circuit.

*28. Reactive Factor. The ratio of the reactive volt-amperes to‘the
apparent power.

*29. Reactive Volt Amperes. The product of the vol \turrent
and the sine of the phase difference between them: essed in
vars.

*30. Non-Inductive Load and Inductive Lo Qon—inductive
load is a load in which the current is in p! m the voltage
across the load. An inductive load is a hich the current
lags behind the voltage across the Ioa&

31. Power in an Alternating-Curr *Circuit. The product of the
voltage, current and the cosine ase difference between
them. Expressed in watts.

32. Volt Amperes or App ower. The product of the voltage
across a circuit and the ¢ n the circuit. Expressed in VA.

L 4
33. Power Factor. T of the power as defined in (31) to the

volt amperes (32). case of sinusoidal current and voltage,
the power factor i to the cosine of their phase angle.

34. Single- a@&term characterizing a circuit energized by
a single % g voltage source.
35. Three se. A term characterizing a combination of three
circuits energized by alternating voltage sources which differ in
phasé\by one-third of a cycle, 120 degrees.
3 arter-Phase or Two-Phase. A term characterizing a

ination of two circuits energized by alternating voltage sources
W

ch differ in phase by a quarter of a cycle, 90 degrees.

* Refers only to cases in where the current and voltage are both sinusoidal.
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37. Six-Phase. A term characterizing the combination of six circuits
energized by alternating e.m.f.'s which differ in phase by one-sixth

of a cycle; i.e., 60 degrees. &
re

38. Polyphase. A general term applied to any system of mo

than a single phase. This term is ordinarily applied to symme@
systems.

39. The Load Factor of a Machine, Plant or System. The tatio
of the average power to the peak power during a spe period

of time. In each case, the interval of maximum load e period
over which the average is taken should be definite cified.
The proper interval and period are usually depen upon local
conditions and upon the purpose for which th factor is

to be used.

40. Plant Factor or Plant Capacity&@of the average load

to the rated capacity of the power pl

41. Demand Factor. The ratio of Q&ximum demand of any
system to the total connected lo he system, or of the part of
the system under considerati

42. Diversity Factor. The f the sum of the maximum power
demands of the subdivisi r parts of a system, to the maxi-
mum demand of the w| stem or of part of the system under
consideration.

0\
43. Connected L&S.\The combined continuous rating of all the
equipment conr@ to the system or part of the system under

consideratior*@

44, Effi cy: The efficiency of an electrical machine or apparatus
is the ra ts useful power output to its total power input.

45. Rating. The rating of an electrical device includes (1) the normal
r.m.§, current which it is designed to carry, (2) the normal r.m.s. volt-
the circuit in which it is intended to operate, (3) the normal
quency of the current and the interruption (or withstand) rating of
e device (see 52).

é 46. Continuous Rating. The maximum constant load that can be
carried continuously without exceeding established temperature
rise limitations under prescribed conditions.
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47. Short-Time Rating. The maximum constant load that can
be carried for a specified time without exceeding established
temperature rise limitations under prescribed conditions. &

48. Ampacity. The current a conductor can carry continuously O
without exceeding its temperature rating. Ampacity is a functiono
cable size, insulation type and the conditions of use.

49. Overcurrent. Any current in excess of conductor ampacity or
in excess of equipment continuous current rating.

50. Overload. The operation of conductors or equip@ current
that will cause damage if allowed to persist. 0

51. Short Circuit. Excessive current flow caus@ insulation
breakdown or wiring error.

52. Interrupting Rating or Capacity.
rupturing) capacity is the highest r.m.
which a device can interrupt under pr

ing (breaking or
t at normal voltage
ibed conditions.

53 Ambient Temperature. The e%ture surrounding an
object under consideration.

ROTAT, ACHINES

54. Generator. A machi ich converts mechanical power into
electrical power. N

55. Motor. A macl‘&)&hich converts electrical power into

mechanical pow

56. Booster. erator inserted in series in a circuit to add or
subtract fi the circuit voltage.

57. Motor-Generator Set. A conversion device consisting of one
or more mdtors mechanically coupled to one or more generators.

5 amotor. A converter with both motor and generator in one
etic field, either with two armatures, or with one armature

s ing two separate windings.
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59. Direct-Current Compensator or Balancer. Comprises two

or more similar direct-current machines (usually with shunt or
compound excitation) directly coupled to each other and connect-
ed in series across the outer conductors a multiple-wire system of
distribution, for the purpose of maintaining the potentials of the O
intermediate wires of the system, which are connected to the
junction points between the machines. C)

60. Double-Current Generator. Supplies both direct and alterpat-
ing currents from the same winding.

61. Converter. A device which changes electrical from one
form to another. There are several types of convi
62. Direct-Current Converter. A device whi erts direct

current to direct current, usually with a change of*voltage.

63. Synchronous Converter or Rota erter. Converts an

alternating current to a direct curren

64. Frequency Converter. Conver,
current system form one frequer%

65. Rotary Phase Conver erts an alternating current
system of one or more ph to alternating current system of a
different number of phase; of the same frequency.

power of an alternating
one more other frequencies.

66. Phase Modifier or Advancer. A machine which supplies
leading or lagging réactive’ volt amperes to the system to which

it is connected. Rhase modifiers may be either synchronous or
asynchronous. {'\,

67. Synchro hase Modifier or Synchronous Condenser.
A synchrox*1 otor, running without mechanical load, the field

excitat% ich may be varied so as to modify the power factor
ent.

of the

68. Alternator. An alternating current generator, either single
phase or polyphase.

nductor Alternator. An alternator in which both field and
ature windings are stationary and in which the voltage is pro-
uced by varying the flux linking the armature winding.

70. Synchronous Motor. An alternating current motor which
operates at the speed of rotation of the magnetic flux.
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71. Induction Motor. An alternating current motor, either single phase
or polyphase, comprising independent primary and

secondary windings, in which the secondary receives power

from the primary by electromagnetic induction.

72. Induction Generator. An induction machine, driven above O
synchronous speed, used to convert mechanical power to ()
electrical power.

L 4
73. Unipolar or Acyclic Machine. A direct current mac in which
the voltage generated in the active conductors maintaj same
direction with respect to those conductors.

74. Constant-Speed Motor. A motor whose spe ither constant
or varies little, such as synchronous motors, in@n motors with low
slip and ordinary direct-current shunt motors(b

75. Multispeed Motor. A motor which perated at any of sev-
eral distinct speeds, usually by changi number of poles or num-

ber of windings. K

76. Adjustable-Speed Motor. whose speed may be
varied gradually over a consi le range, but remains practically
unaffected by the load. \

77. Varying-Speed Mot %otor whose speed varies with the load,
ordinarily decreasing w@e load increases.

78. Base Speed o &djustable-Speed Motor. That speed of a
motor obtained with full'field under full load with no resistor in the

armature circuit®

79. Varial ed Motor. A motor with a positively damped speed-
torque ch tefistic which lends itself to controlled speed applications.
. TRANSFORMERS

80, sformer. A device for transferring energy in an alternating cur-
re stem from one circuit to another, consisting of two independent
ric circuits linked by a common magnetic circuit.

1. Potential Transformer. A transformer designed for shunt
or parallel connection in its primary circuit, with the ratio of
transformation appearing as a ratio of potential differences.

10
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82. Current Transformer. A transformer designed for series
connection in its primary circuit with the ratio of transformation
appearing as a ratio of currents.

83. Instrument Transformer. A transformer (current or poten
tial) suitable for use with measuring instruments; i.e., one in

the conditions of the current, voltage and phase angle in thelpri
mary circuit are represented with acceptable accuracy in the sec-
ondary circuit.

*
84. Auto-Transformer. A transformer having somb@ turns
common to both primary and secondary circuits. (D

85. Primary. The windings of a transformer W@receive ener-

gy from the supply circuit. Q
86. Secondary. The windings which recﬂbl e energy by

induction from the primary.

87. Voltage Ratio. The voltage ra\'&'t transformer is the ratio
of the r.m.s. primary terminal voltage te’the r.m.s. secondary cur-
rent, under specified conditions

88. Current Ratio. The ¢ t ratio of a current transformer is
th ratio of r.m.s. primary ch\ to r.m.s. secondary current, under
specified conditions of lo,

89. Marked Ratio., T@warked ratio of an instrument trans-
former is the ratio ated primary value to the rated sec-
ondary value as K on the nameplate.

C) FUSES

90. Fus \@/ercurrent protective device containing a calibrat-
ed currén ying member which melts and opens under speci-
fied ove ent conditions.

91. General Purpose Fuse. A fuse which meets industry stan-

d for overload and short circuit protection as well as physical
i sions. This fuse type is tested and certified by nationally
cognized testing laboratories and may be applied in accordance
ith the National Electrical Code and the Canadian Electrical

s Code to provide main, feeder and branch circuit protection.

11
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92. Enclosed Cartridge Fuse. A fuse with a tubular body having
a terminal on each end and a current-responsive element (link)

inside. &
93. Non-Renewable Fuse. An enclosed fuse with a link which O
cannot be replaced after operation. This fuse contains an arc

quenching filler. C)

94. Renewable Fuse. An enclosed fuse, the body of which carr
be opened and the fusible link replaced for re-sue. Thj f@a
usually does not a have a filler. \

95. Time Delay Fuse. A fuse which will carry an o @ent of a
specified magnitude for a minimum specified time Without opening,
as defined in the tri-national Fuse Standard 24

96. Current-Limiting Fuse. A fuse whic {at both the

magnitude and duration of current flow, hort circuit
conditions. \
97. UL/CSA Class Fuses. Gener ose fuses meeting one of

K, L, R, CC, G and T. Qualify ses are typically tested and

the industry standards called Q Fuse classifications H, J,
certified by UL or CSA to tri- | Fuse Standard 248.

98. Rejection Fuse. Ac gamiting fuse with high interrupting
rating and with uniquerdimensions or mounting provisions.

99. Bolt-In Fuse. Még.which is intended to be bolted directly to
S

bus bars, contact r fuse blocks.

100. Semic c@)r Fuse. An extremely fast-acting fuse intended
for the protéction,of power semiconductors. Sometimes referred to
as a recti u

101. Midget Fuse. Aterm describing a group of fuses used for
supplémentary circuit or component protection, all having dimensions
of 1- long and 13/32” diameter.

»Glass Fuses. A loose term describing a group of low voltage
uses, with glass or ceramic bodies, having dimensions smaller
an midget fuses. Also called “miniature” fuses, they are typically
1/4” x 1-1/4,” 1/4” x 1,” or 5mm x 20mm. These fuses are used to
protect electronic circuits or components.

12
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103. Micro Fuses. Term describing the smallest sizes of fuses,
usually mounted on, or used to protect, printed circuit boards or

small electronic components. &
104. Special Purpose Fuses. Fuses with special performance O
characteristics or ratings intended to protect equipment or

components under specified conditions. C)

105. Limiter. A special purpose fuse which is intended to provide
short circuit protection only.

106. Welder Protector. A fuse with special characﬁau\s to meet
heavy inrush current demands of an electric wel d protect
the welder on short circuits.

107. Cable Protector. A fuse with characteri designed to
protect cables against fault damage. C tectors have unique
mounting and crimping terminals.

108. Low Voltage Fuses. Fuses r 0 volts and below.

109. Medium voltage Fuses @rated from 601 volts to
34,500 volts.

110. High Voltage Fuse s rated 34,500 volts and above.

d” type fuse with a threaded base

111. Plug Fuse. A “hodse
i r Type S tamperproof base. Rated 0-30

such as an Edison-
amperes, 125 volts.

112. Class CC 693 A small current-limiting rejection type fuse
for control cirCuits. Rated 0-30 amperes, 600 volts and 200,000

amperesfin ting rating.
113. Cla Fuse. A small current-limiting fuse which comes in

four sizes 0-15A, 20A, 25-30A and 35-60A which are non-inter-
ch gea’ole. Rated 480 volts with a 100,000 ampere interrupting
r&

&4. Class H Fuse. Any 250 or 600 volt “standard” dimension

se, either renewable or non-renewable which has a 10,000
ampere interrupting rating.

13
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115. Class J Fuse. A 600 volt non-interchangeable current-limiting
fuse of small, unique dimensions. Available in ratings 0-600

amperes with a 200,000 ampere interrupting rating. &

116. Class K Fuse. A 250 or 600 volt standard dimension fuse O
(no rejection feature) with an interrupting rating of 50,000 or

100,000 amperes, meeting specific Ip and 12t limits. Available ()
in ratings 0-600 amperes.

L 4
117. Class L Fuse. A 600 volt bolt-in, current-limiting %@
es

unique dimensions. Class L fuses are rated 601-6000
with a 200,000 ampere interrupting rating. @

118. Class R Fuse. A 250 or 600 volt standard di ions fuse
with a 200,000 ampere interrupting rating and airejection feature
on one terminal. They are current-limiting fu ed 0-600
amperes.

119. Class T Fuse. A small, unique d% n current limiting
fuse, non-interchangeable with any otherfuse. Available in 300
volt and 600 volt sizes, rated 0-12 eres, with a 200,000

a fuse under defined labor, onditions. The ampere rating is
marked on each fuse. ClI uses and E-rated fuses may be
loaded to 100% of theﬂ@re rating. For all other fuses, continu-

ous load current sh not exceed 80% of fuse rating.

ampere interrupting rating. QO
120. Ampere Rating. The% us current carrying capability of

121. Filler. A non-Congluctive medium filling the inside of a fuse for

guenching elec s and absorbing energy produced by ele-
ment or lin \ during interruption.
122. Fuse or Fuse Holder. A device, designed and intend-

ed to hold a fuse and provide the means to connect it to the elec-
trical circuit. Fuse blocks consist of fuse clips, insulator and termi-
nal

$ ejection Fuse Block. A fuse block designed to accept
e

s s of a specific class.

14
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124. Fuse Clip. A conductive mechanical device for accepting and
securing the conductive part of a fuse to an electrical terminal or

connection point. &
SWITCHES, CIRCUIT BREAKERS

AND AUXILIARY APPARATUS C)O

125. Circuit Breaker. A device designed to open and close a circuit
by non-automatic means and to open the circuit automatically on

a predetermined overcurrent without injury to itself w er@perly
applied within its rating.

126. Air Switch. A switch arranged to interrupt ¢ in air.

127. Air Circuit Breaker. A circuit breaker a@ed to interrupt
one or more electric circuits in air.

128. Molded-Case Circuit Breaker.
assembled as an integral unit in a
housing of molded insulating materi

it breaker which is
g and enclosing

has the overcurrent and tri means of the thermal type, the

129. Thermal-Magnetic Cir 't@aker. A circuit breaker which
magnetic type or a combiN%of both.

130. Fused Circuit Br An integrally fused circuit breaker
which combines the.desigh and operating features of a circuit
breaker and currem{' ing fuse in one package.

131. Oil Switc itch arranged to interrupt one or more
electric circuitsai

132. Oilsmf Breaker. A circuit breaker arranged to interrupt

one or e glectric circuits in oil.

133. Conducting Parts. Those parts designed to carry current or
whigh are conductively connected therewith.

Contact. The surface common to two conducting parts,
ited by pressure, for the purpose of carrying current.

135. Grounded Parts. Parts that are intentionally connected to
ground.

15
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136. Dust-Proof. Apparatus is designated as dust-proof when so
constructed or protected that the accumulation of dust with or without
the device will not interfere with its successful operation. &

137. Dust-Tight. Apparatus is designated as dust-tight when so O
constructed that the dust will not enter the enclosing case unde
specified test conditions. ()

138. Gas-Proof. Apparatus is designated as gas-proof when so
constructed or protected that the specified gas will no in%re
with successful operation.

139. Gas-Tight. Apparatus is designated as gas-ti %en S0
constructed that the specified gas will into enter closing
case under specified test conditions.

constructed that, while not airtight, the e air has no deliberate
connection with external air except for K and breathing.

140. Totally Enclosed. Apparatus with %fa enclosure so

resisting when so constructed that it will not be readily

141. Moisture-Resisting. Appara':gbd esignated as moisture-
injured by moisture.

142. Drip-Proof. Apparatuss signated as drip-proof when it is
constructed so that succ peration is not interfered with
when falling drops of Iooh solid particles strike or enter the
enclosure at an an Ie& to 15 degrees from vertical.

143. Splash-Proof. open apparatus in which the ventilation
openings are s ructed that drops of liquid or solid particles
coming tow; any angle up to 100° downward from vertical

tly or by running along a surface.

144. SubmersSible. Apparatus is designated as submersible
when so censtructed that it operates successfully in water under
specified pressure and time conditions.

. Sleet-Proof. Apparatus is designated as sleet-proof when so
tructed or protected that the accumulation of sleet will not

$terfere with its successful operation.

16
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146. Contactor. A device for repeatedly establishing or interrupting
an electrical circuit under normal conditions. It is usually magnetically

serves to control, in some manner, the electric power deliver
the apparatus to which it is connected.

operated. &
147. Electric Controller. A device, or group of devices, Whic%?

148. Switch. A device for making, breaking, or changing confec-
tions in an electric circuit, the operation of which is ind dent of
the circuit to which it is connected.

149. Master Switch. A switch which serves to d % the
operation of contactors, relays and auxiliary d of an electric
controller.

150. Control Switch. A manually oper ({altch for controlling
power operated switches and circuit S.

151. Auxiliary Switch. A switch a by the main device for
signaling, interlocking, etc.
152. Disconnecting Switht?(\Qh which is intended to open

a circuit only after the Ioa(\ een removed by some other
means.

153. Load-Break Switch A switch which is designed for, and
intended to open a(ﬁw which may be under load.

hich is operative by variation in the conditions
it to effect the operation of other devices in the

same or arotl lectric circuit.

155. R@t. An adjustable resistor constructed so that its
resistancehay be changed without opening the circuit.

L 4

SS

17
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SKIN EFFECT

a wire. The current density decreases toward the center of the
conductor so that for large wires the central portion is used as
a conductor, thus increasing the resistance of the wire above th
which it would for a continuous current.

Alternating current causes an unequal distribution of current in &

This is known as “Skin Effect”

The skin effect increases with the frequency and also

diameter of the wire, in such a way that for the same! ntage
of increase in the resistance due to skin effect, the ct (diam-
eter2 x frequency) is constant.

Table A gives skin effect factors for dn‘ferent of the product
of frequency and cross-sectional area. Ta es skin effect
factors for different frequencies and SI

SKIN EFFECT AT ‘@OR STRAIGHT
CYLINDRIC\ ONDUCTORS

A P2 N\ B
Skin Effect Fagtc Copper Wire
Frequency | Copper K m Diameter Skin Effect
x Area u=1. and
in C.M. p=17 & 277 AWG 25 Cycle | 60 Cycle
10,000,000 [ 1.9 C 1.00 2.00” 1.222 1.75
20,000,000 | 1. 1.00 1.75" 1.145 1.56
30,000,000 1_% 1.006 1.50” 1.085 1.38
40,000,000, x 1.015 1.25" 1.042 1.201
509009{ 1,670 1.026 1.125" 1.028 1.143
60,000,00 '096 1.04 1.000” 1.018 1.095
70,000,000, 1 126 1.053 0.75” 1.006 1.031
1.158 1.069 0.50" 1.001 1.007
1.195 1.085 0000 1.000 1.004
1.23 1.104 000 1.003
o 1.332 1.151 00 1.002
\ 1.433 1.206 0 1.001
&75,000,000 1.53 1.266
200,000,000 | 1 g22 133

18
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WIRE DATA AND
APPLICATIONS

Wire Gages &
The American Wire Gage (AWG) - once called Browne and Sharpe or B

and S., is used almost exclusively in the U.S. for copper wire. The

Birmingham Wire Gage (B.W.G.) is used for steel wire. In England, copper

wire sizes are often specified by the English (or Imperial) Standard

Gage (S.W.G.), sometimes called New British Standard or N.B.S.

AWG
The diameters according to the AWG are defined as follows diameter

of size #0000 (often written 4/0) is chosen to be 0.4600 i that of
size #36, 0.0050 inch. Intermediate sizes are found by tric progres-
sion. That is, the ratio of one size to that of the next smaller size (larger
gage number) is: Q

Q\/ 04600 _ (b

0.0050 \

Circular Mil K
Also called cmil, the circular TQ o define cross-sectional area of

wires, being a unit of area eq the area of a circle 1 mil (0.001 in.) in
diameter. Such a circle has ax of 0.7854 (or 174) mil®. Thus, a wire 10
mils in diameter has a cros; nal area of 100 cmils or 78.54 mil%. A
kemil is 1000 cmils (785.4

<

Conductivity of Cop
The conductivity of,
conductivity base
resistance, whichf(is

er'is usually expressed in percent of a standard
he International Annealed Copper Standard of
ined as follows: The resistance of a wire one meter
in length and g one gram at a temperature of 20° C is 0.15328
ohm. Expr %various units, the International Annealed Copper
Standar x values:
15328 ohm (meter, gram) at 20° C
.20 ohms (mile, pound) at 20° C
0.017241 ohm (meter, sq. mm) at 20° C
¢ 0.67879 microhm-inch at 20° C
10.371 ohms (mil, foot) at 20° C
1.7241 microhm-cm at 20° C

accordance with the formula:

&mperature Coefficient
& he D.C. resistance of copper wire increases with increasing temperature in
ox?2
R =R [I+ox(t-t) + > (t-t )2+ ..]

t
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where R« = Resistance at temperature t
R . = Resistance at temperature to

ox = Temp. Coefficient of Resistance &
At 20° C. (68° F.) the temperature coefficient of copper with 100% conductivity 4

0.00393 per degree Centigrade or 0.00218 per degree Fahrenheit. The
temperature coefficient at another temperature or for copper of any conducti@
(e.g., hard drawn wire) may be calculated from the following formula, which
depends upon the fact that the temperature coefficient is proportional to
conductivity:

.
X = 0.0407 °C per degree C \@

ohms (mil, foot) a

o = 0.0226 °C per degree 0

ohms (mil, foot) at « Q

Common practice in the wire and cable industry,s t r all measurements of
copper resistance to 25° C. (77° F.). At this t e, the temperature
coefficient is 0.00385 per degree C. or 0.002 egree F.

A value of copper resistance measured a@emperature in the range 0° - 50°
C. (32° - 122° F.) may be corrected esponding value at 25° C. (77°F.) by

the multiplying factor taken from t\wing table:
COPPER RE{)@A CE - TEMPERATURE

Resel Correction Factor
.

COPPER TEMP§ FURE, DEGREES

- - MULTIPLYING
Centlgrad[e&“ Fahrenheit FACTOR
0 . NJ 32 1.107
5@ 41 1.084
\ 50 1.061
1 59 1.040
0 68 1.020

L 4

& 25 77 1.000
N
N
30 86 0.981
5 35 95 0.963

40 104 0.945

45 113 0.929
50 122 0.912
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COMPARATIVE DATA OF STRANDED
COPPER AND ALUMINUM CABLES

SIZE AREA WEIGHTS @

AWG/ Circular | Square | POUNDS PER KFT POUNDS PER MI
keMil Mils Millimeters| Copper Aluminum| Copper AIu@jn

30 100.5 0.051 0.3042 | 0.0924 1.606 0,488

28 159.8 0.081 0.4837 0.147 2.55b 0.776

26 254.1 0.123 0.7692 0.234 44 _) 1.236

24 404.0 0.205 1.223 0.371 1.959

22 642.4 0.326 1.945 0591 |, 3.120

20 1022 0.518 3.092 0939 | 1633 4.958

18 1620 0.823 4.917 1.49 N .96 7.87

16 2580 1.31 7.818 2.37Q 41.28 12,5

14 4110 2.08 12.43 65.64 20.0

12 6530 3.31 19.77 104.4 31.7

10 10380 5.26 31.43% 5 165.9 50.4

8 16510 8.37 . 15.2 263.9 80.3

6 26240 13.3 24.1 419.6 127

4 41740 21.2 1% 39.0 667.1 206

3 52620 26.7 ™45 49.0 841.3 260

2 66360 33.6 i€00.9 62.0 1061 327

1 83690 42.4\\ 53.3 78.1 1338 412

1/0 105600 53 3195 97 1687 513

2/0 133100 4 402.8 123 2127 647

3/0 167800 "&’ 507.9 155 2682 816

4/0 21160 \1‘&7 640.5 195 3382 1028

250 Q*\, 27 762 230 4026 1215

300 C ) 152 915 276 4831 1458

350 @ 177 1068 322 5636 1701

400 N 203 1220 368 6442 1924

500 > 253 1525 469 8052 2477

600 O 304 1830 552 9662 2916

700 355 2135 644 11273 3402

50 ¢ - 380 2288 690 12078 3645

405 2440 736 12883 3888

4 456 2745 828 14494 4374

‘klOOO 507 3050 920 16104 4860

S 1250 634 3813 1150 20130 6075

S 1500 760 4575 1380 24160 7290

1750 887 5338 1610 28180 8505

2000 1014 6100 1840 32210 9720
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COMPARATIVE DATA OF STRANDED
COPPER AND ALUMINUM CABLES,cont.

SIZE AREA STRANDS Diameter | Area DC RESISTANCE
AWC_;/ Circ_ular Number | Diameter Overall | Square | Copper |Aluminu
keMil Mils Inches Inches | Ohms/kFt Ohms@g
18 1620 1 0.040 0.001 7.77 12‘8
18 1620 7 0.015 0.046 0.002 7.95 4 131
16 2580 1 0.051 0.002 44 C 8.05
16 2580 7 0.019 0.058 0.003 )y 8.21
14 4110 1 - 0.064 0.003 % 5.06
14 4110 7 0.024 0.073 0.004 4 5.17
12 6530 1 - 0.081 0.00; N .93 3.18
12 6530 7 0.030 0.092 0. 1.98 3.25
10 10380 1 --- 0.102 % 1.21 2.00
10 10380 7 0.038 0.116 1.24 2.04
8 16510 1 - 0.1 .013 0.764 1.26
8 16510 7 0.049 0. %0.017 0.778 1.28
6 26240 7 0.061 odg4 Y 0.027 0.491 0.808
4 41740 7 0.077 0.042 0.308 0.508
3 52620 7 0.0Q’ 0 0.053 0.245 0.403
2 66360 7 0 0.292 0.067 0.194 0.319
1 83690 19 O%\' 0.332 0.087 0.154 0.253
1/0 105600 19 . 0.373 0.109 0.122 0.201
2/0 133100 19 [ 0084 0.419 0.138 | 0.0967 | 0.159
3/0 167800 19" 094 0.470 0.173 | 0.0766| 0.126
4/0 211600 \0.106 0.528 0.219 0.0608 0.100
250 - 0.082 0.575 0.260 0.0515| 0.0847
300 3 0.090 0.630 0.312 | 0.0429| 0.0707
350 - (b 7 0.097 0.681 0.364 0.0367 | 0.0605
400 \ 37 0.104 0.728 0.416 | 0.0321| 0.0529
500 - P37 0.116 0.813 0.519 0.0258 0.424
600 61 0.099 0.893 0.626 | 0.0214| 0.0353
700 - 61 0.107 0.964 0.730 0.0184 | 0.0303
750, o 61 0.111 0.998 0.782 0.0171| 0.0282
8 61 0.114 1.03 0.834 | 0.0161| 0.0265
- 61 0.122 1.09 0.940 0.0143 | 0.0235
0 - 61 0.128 1.15 1.04 0.0129 | 0.0212
< 50 - 91 0.117 1.29 1.30 0.0103 | 0.0169
1500 91 0.128 141 1.57 | 0.00858| 0.0141
Q‘ 1750 127 0.117 152 1.83 | 0.00735| 0.0121
2000 127 0.126 1.63 2.09 | 0.00643| 0.0106
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NATIONAL ELECTRICAL CODE - 2002
Table 310-16. Allowable Ampacities of Single Insulated Conductors
Rated 0-2000 Volts, 60° to 90°C (140° to 194°F)

Not more than three conductors in Raceway or Cable or Earth
(Directly Buried), Based on Ambient Temperature of 30°C (86°F)

Size Temperature Rating of Conductor, See Table 310-13 Sige
60°C 75°C 90°C 60°C 75°C 90°C
(140°F)| (167°F) (194°F) (140°C) (167°C) (194°F) o
TYPES| TYPES TYPES TYPES TYPES TYPES
TWH RHWH, TBS,SA TWH RHt,RHW1, TBS S
UFt THHWH, SIS,FEPT, UFt THHWH, SA,SIS,
THWH, FEPBt,MI THWH, THI AWG/
AWG/ THWNT, RHHT,RHW-2 THWNT, Kkemil
kemil XHHWt, | THHNt THHWH, XHHWH, THW-2,
USET,ZWt | THW-2, THWN-2, USEt
USE-2,XHH, -2
XHHWt HHW
XHHW-2,ZW-2 \ XHMW-2,ZW-2
COPPER ALUMINUM OR‘!{& CLAD ALUMINUM
18 14 B
16 18
14 20t 20t 25t
12 25t 25t 30t 20t 25t 12
10 30 35t 40t 25 35t 10
8 40 50 55 30 0 45 8
6 55 65 75 40 0 60 6
4 70 85 95 55, \ 65 75 4
3 85 100 110 6! 75 85 3
2 95 115 130 90 100 2
1 110 130 %0 100 115 1
170 125 150 170 120 135 170
2/0 145 175 195 115 135 150 2/0
3/0 165 200 2 130 155 175 3/0
4/0 195 230 ZSN p 150 180 205 4/0
250 215 255 2 %] 170 205 230 250
300 240 285 190 230 255 300
350 260 310 5 210 250 280 350
400 280 335 b 3 225 270 305 400
500 320 380 &9 260 310 350 500
600 355 420 ‘\\475 285 340 385 600
700 385 46! 520 310 375 420 700
750 400 475 V 535 320 385 435 750
800 410 4 555 330 395 450 800
900 435 5. ’ 585 355 425 480 900
1000 455 615 375 445 500 1000
1250 49‘ 665 405 485 545 1250
1500 705 435 520 585 1500
1750 45 \50 735 455 545 615 1750
2000 yi 665 750 470 560 630 2000
CORRECTION FACTORS
Ambient For ambient temperatures other than 30° C (86°F), multiply the allowable Ambient
Temp °C ampacities shown above by the appropriate factor shown below. Temp °C
2125 | 1.08 1.05 1.04 1.08 1.05 1.04 70-77
- 1.00 1.00 1.00 1.00 1.00 1.00 78-86
R 91 .94 .96 91 94 .96 87-95
4 .82 .88 91 .82 .88 91 96-104
41-45 71 .82 .87 71 .82 .87 105-113
;6-50 .58 .75 .82 .58 .75 .82 114-122
b 51-55 41 .67 76 41 .67 .76 123-131
56-60 .58 71 - .58 71 132-140
61-70 .33 .58 - .33 .58 142-158
71-80 41 == .41 159-176
tUnless otherwise specifically permitted elsewhere in this Code, the overcurrent protection for conductor types

marked with an obelisk (t) shall not exceed 15 amperes for No.14, 20 amperes for No. 12, and 30 amperes for
No. 10 copper; or 15 amperes for No. 12 and 25 amperes for No. 10 aluminum and copper-clad aluminum after
any correction factors for ambient temperature and number of conductors have been applied.
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NATIONAL ELECTRICAL CODE - 2002

Table 310-17. Allowable Ampacities of Single Insulated Conductors
Rated 0-2000 Volts, In Free Air
Based on Ambient Temperature of 30°C (86°F)

Size Temperature Rating of Conductor, See Table 310-13 Size 4
60°C 75°C 90°C 60°C 75°C 90°C \D
(140°F)|  (167°F) (194°F) (140°C) (167°C) (194°F) CJD
TYPES| TYPES TYPES TYPES TYPES TYPES
TWt | RHWt, TBS,SA TWt RHT,RHWT, TBS
UFt | THHWY, SIS,FEPt UFt THHWt S
THWH, FEPBt,MI THWH, AWG/
AWG/ THWN+ RHHt,RHW-2 THWN+ kemil
kemil XHHWH, | THHNT, THHWt, XHHWH, >
ZWt | THW-2,THWN-2,
USE-2,XHH,
XHHW+
XHHW-2,ZW-2
COPPER ALUMINUM OR COP) D ALUMINUM
18 18
16 24
14 25+ 30t 35t
12 30t 35t 40t 35t 12
10 40 50t 55+ 40t 10
8 60 70 80 60 8
6 80 95 105 80 6
4 105 125 140 110 4
3 120 145 165 130 3
2 140 170 190 150 2
1 165 195 220 175 1
o [ 195 [ 230 | 260 | 205 | 1m0 |
2/0 225 265 300 235 2/0
3/0 260 310 350 < 275 3/0
410 300 360 405 315 4/0
250 340 405 455 W 355 250 |
300 375 445 505 395 300
350 420 505 570 445 350
400 455 545 355 425 480 400

6
500 515 620 . Q 405 485 545 500
600 575 90 755 540 615 00
700 630 755 & 500 595 675 700
750 655 785 85 515 620 700 750
=3

800 680 815 20 535 645 725 800
900 730 870 Q 985 580 700 785 900
1000 780 935 \J 1055 625 750 845 1000
1250 890 1 1200 710 855 960 1250
1500 980 1. 1325 795 950 1075 1500
1750 10704 1445 875 1050 1185 1750
2000 11 yi 13 1560 960 1150 1335 2000
y 4 CORRECTION FACTORS

Ambient For ent temperatures other than 30° C (86°F), multiply the allowable Ambient

Temp °C ampacities shown above by the appropriate factor shown below. Temp °F
21-25 1.08, 1.05 1.04 1.08 1.05 1.04 70-77
1.00 1.00 1.00 1.00 1.00 78-86
.94 .96 91 .94 .96 87-95

.88 91 .82 .88 91 96-104

.82 .87 71 .82 .87 105-113

75 .82 .58 .75 .82 114-122

.67 .76 41 .67 .76 123-131

.58 71 .58 71 132-140

.33 .58 .33 .58 141-158
Q 41 41 150-176

tUnless otherwise specifically permitted elsewhere in this Code, the overcurrent protection for conductor types
marked with an obelisk (1) shall not exceed 15 amperes for No.14, 20 amperes for No. 12, and 30 amperes for
No. 10 copper; or 15 amperes for No. 12 and 25 amperes for No. 10 aluminum and copper-clad aluminum after
any correction factors for ambient temperature and number of conductors have been applied.
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CANADIAN ELECTRICAL CODE - 2002

TABLE 1
(See Rules 4-004, 8-104, 12-2212, 26-000, &
26-742, 42-008 and 42-016 and Tables 5A, 5B, 19 and D3)

Allowable Ampacities for
Single Copper Conductors in Free Air 0

Based on Ambient Temperature of 30°C*

*
V-2
Allowable Ampacityt \&
60°C+ | 75°C# 85-90°C# 110°C# 200°C#
Types -
R90, RW90 r
Size Types T90 NYLON See >See
AWG | P& | RW75 [“gingle Conductor | N Note | Bare
kemil w TW75 | Mineral-Insulated ©) Wire
Cables§ §\
14 20 20 20 s 40 40 45
12 25 25 25 § 50 50 55
10 40 40 40 \ 65 70 75
8 55 65 70 & 85 90 100
80 95 1@ 120 125 135
4 105 125 3 160 170 180
3 120 145 155 180 195 210
2 140 170 \ 80 210 225 240
1 165 195 (b 10 245 265 280
0 195 230 o 245 285 305 325
00 225 26 (_) 285 330 355 370
000 260 3 330 385 410 430
0000 | 300 385 445 475 510
250 340 425 495 530
300 375 5 480 555 590
350 42 505 530 610 655
400 545 575 665 710
500 ‘/ 620 660 765 815
600 690 740 855 910
700 0 755 815 940 1005
750 655 785 845 980 1045
0 |* 680 815 880 1020 | 1085
730 870 940
1 0 | 780 935 1000 1165 | 1240
‘ 250 | 890 1065 1130
&), 1500 | 980 1175 1260 1450
1750 | 1070 | 1280 1370
2000 | 1155 | 1385 1470 1715
Col.1 | Col.2 | Col.3 Col. 4 Col. 5 Col. 6 Col. 7

Notes: See next page.

25



FERRAZ SHAWMUT
TABLE 1 NOTES

* See Table 5A for the correction factors to be applied to the
values in Columns 2 to 7 for ambient temperatures over 30°C.

Tt The ampacity of single-conductor aluminum-sheathed cables
based on the type of insulation used on the copper conductor.

¥ These are maximum allowable conductor temperatures #for

single conductors run in free air and may be used in d ining
the ampacity of other conductor types in Table 19, which”are so
run as follows: From Table 19 determine the maxi llowable

conductor temperature for that particular type; thﬁ m Table 1
determine the ampacity under the colum% rresponding

temperature rating.
@insulation on the

e'a deviation has been

8 These ratings are based on the use
emerging conductors and for sealing.
allowed in accordance with Rule 2 mineral-insulated cable
may be used at higher temperature: ut decrease in allowable
ampacity, provided that insulatio sealing material approved

for such higher temperatureQe
NOTES: (1) The ratings ofN 1 may be applied to a conductor
mounted on ane surface of masonry, plaster,

wood, or terial having a conductivity not less
than 0. C)

(2) For ion factors where from 2 to 4 conductors
are ent and in contact see Table 5B.

ampacities are only applicable under special
umstances where the use of insulated conductors
aving this temperature rating are acceptable.

€4) Type R90 silicone wiring may be used in ambient
temperatures up to 65°C without applying the

correction factors for ambient temperatures above
§ 30°C provided the temperature of the conductor at
s the termination does not exceed 90°C.
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CANADIAN ELECTRICAL CODE - 2002

TABLE 2
(See Rules 4-004, 8-104, 12-2212, 26-000,
26-742, 42-008 and 42-016 and Tables 5A, 5C, 19 and D3)

Allowable Ampacities for Not More Than
3 Copper Conductors in Raceway or Cable
Based on Ambient Temperature of 30°C*

4

Allowable Ampacity t $

60°C+ | 75°C%* 85-90°C#+ 110°C# .12@5 200°C#
Types N
R90, RW90 %
Size . Types T90 NYLON See & ee See
AWG yP€ | Rw75 Pa Noté\> Note Note
- W per
kemil W75 Mineral-Insulated @ &)
Cable** @-
14 15 15 15 0 30 30
12 20 20 20 N 35 40 40
10 30 30 30 %b 45 50 55
8 40 45 45 \ 60 65 70
6 55+ 65 & 30 85 95
4 70 85 105 115 120
3 30 100 120 130 145
2 100 115 120 135 145 165
1 110 130 \ 140 160 170 190
0 125 150 155 190 200 225
00 145 175 185+ 215 230 250
000 165 ooc ) 210 245 265 285
0000 | 195 235 275 310 340
250 215 265 315 335
300 240 4~ 295 345 380
350 260 < 10 325 390 420
400 2 335 345 420 450
500 ) 380 395 470 500
v
600 5 420 455 525 545
700 460 490 560 600
750 00 475 500 580 620
800 410 490 515 600 640
00 ¢ 435 520 555
) 455 545 585 680 730
250 | 495 590 645
1500 | 520 625 700 785
s 1750 | 545 650 735
2000 | 560 665 775 840
Col.1 | Col.2 | Col.3 Col. 4 Col. 5 Col. 6 Col. 7

Notes: See next page.
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TABLE 2 NOTES

* See Table 5A for the correction factors to be applied to the values
in Columns 2 to 7 for ambient temperatures over 30°C.

T The ampacity of aluminum-sheathed cable is based on the typ O
insulation used on the copper conductor. t)

¥ These are maximum allowable conductor temperatures for 1, 2 or

3 conductors run in a raceway, or 2 or 3 conductors r cable
and may be used in determining the ampacity of ot ductor
types in Table 19, which are so run as follows: able 19

determine the maximum allowable conductor te% re for that
particular type; then from Table 2 determine pacity under
the column of corresponding temperature rati

** These ratings are based on the us insulation on the
emerging conductors and for seali re a deviation has
been allowed in accordance with Nélﬁ -030, mineral-insulated
cable may be used at higher temﬂ res without decrease in
allowable ampacity, provided th lation and sealing material
approved for such higher te ratdre is used.

Tt For 3-wire 120/240 and &8 V residential services or sub-
services, the allowable city for sizes No. 6 and No. 2/0

AWG shall be 60 A al A respectively. In this case, the 5%
adjustment of Rule” 1) cannot be applied.

$ +See Table 5C fg orrection factors to be applied to the values
in Columns 2 t@ 7where there are more than 3 conductors in a

run of race\/\@r cable.

NOTES: ese ampacities are only applicable under special
ircumstances where the use of insulated conductors
having this temperature rating are acceptable.

*
S (2) Type R90 silicone wiring may be used in ambient

temperatures up to 65°C without applying the
s correction factors for ambient temperatures above

30°C provided the temperature of the conductor at
é the termination does not exceed 90°C.
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CANADIAN ELECTRICAL CODE - 2002

TABLE 3
(See Rules 4-004, 8-104, 12-2212, 26-000,

26-742, 42-008 and 42-016 and Tables 5A, 5B, and D3) O

Allowable Ampacities for
Single Aluminum Conductors in Free Air

Based on Ambient Temperature of 30°C*

*
Lo
Allowable Ampacityt “'.}
60°C+ | 75°C% 85-90°C# 110°C# ° 200°C#
Size Types Types See | \d
AWG Type RW75 R90, RW90 Note ote Bare
kemil W W75 T90 NYLON I ®) Wire
12 20 20 20 40 45
10 30 30 30 55 60
8 45 45 45 70 80
6 60 75 80 N\ 95 100 105
4 80 100 105 Q‘ 125 135 140
3 95 115 120 140 150 165
2 110 135 14 165 175 185
1 130 155 190 205 220
0 150 180 9 220 240 255
00 175 210 220 225 275 290
000 200 240 \ 55 300 320 335
0000 230 280 (b 300 345 370 400
250 265 315( 330 385 415
300 290 .) 375 435 460
350 330 415 475 510
400 355 450 520 555
500 405 ‘,. 515 595 635
600 45 45 585 675 720
700 500/1) 595 645 745 795
750 Y 620 670 775 825
800 3 645 695 805 855
900 5 700 750
1000 625 750 800 930 990
1250 [ 710 855 905
1500 795 950 1020 1175 -
875 1050 1125
&« 960 1150 1220 1425
SNeol.1 | col.2 | col.3 Col. 4 Col.5 | col.6 | Col.7

S Notes: See next page.
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TABLE 3 NOTES

* See Table 5A for the correction factors to be applied to the values
in Columns 2 to 7 for ambient temperatures over 30°C.

Tt The ampacity of single-conductor aluminum-sheathed cabl@
based on the type of insulation used on the copper conductor.

¥ These are maximum allowable conductor temperatures for single

conductors run in free air and may be used in detergiming the
ampacity of other conductor types in Table 19, whi SO run
as follows: From Table 19 determine the maxi llowable

conductor temperature for that particular type; % m Table 3
determine the ampacity under the column rresponding
temperature rating. é

NOTES: (1) The ratings of Table 3 ma; lied to a conductor
mounted on a plane of masonry, plaster,
wood, or any material a conductivity not less
than 0.4 W/(m°C). K

(2) For correction f ere from 2 to 4 conductors

are present a\ contact see Table 5B.
(3) These amp% are only applicable under special
circumstapeeSawhere the use of insulated conductors

having‘Li\canperature rating are acceptable.
x$
O

%

<
R
SS
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CANADIAN ELECTRICAL CODE - 2002

TABLE 4

(See Rules 4-004, 8-104, 12-2212, 26-000,
26-742, 42-008 and 42-016 and Tables 5A, 5C, and D3) O

Allowable Ampacities for Not More than
3 Aluminum Conductors in Raceway or Cable.

Based on Ambient temperature of 30°C* @

Allowable Ampacityt § m
60°C+ | 75°C# 85-90°C#+ 110°C# o] 125°C# | 200°C#
_ Types \
Size Type Types R90, RW90 See See
AWG | Tw | RW75 | __T90 NYLON Note | Note
kemil TW75 Paper
12 15 15 15 5 30 30
10 25 25 25 35 40 45
8 30 30 30 45 50 55
6 40 50 55**& 60 65 75
4 55 65 80 90 95
3 65 75 95 100 115
2 75 90 5 105 115 130
1 85 100 \ 105 125 135 150
0 100 120 120 150 160 180
00 115 135 145 170 180 200
000 130 155 165 195 210 225
0000 | 155 fa\) 185* 215 245 270
250 170 Qgg 215 250 270
300 190 fom 240 275 305
350 210 30 260 310 335
400 22 70 290 335 360
500 i ) 310 330 380 405
00 A 28 340 370 425 440
700 3 375 395 455 485
750 0 385 405 470 500
800 330 395 415 485 520
900 |, 355 425 455
375 445 480 560 600
405 485 530
1500 | 435 520 580 650
Q 1750 | 455 | 545 615
b 2000 | 470 560 650 705
Col.1 | Col.2 | Col.3 Col. 4 Col.5 | Col.6 | Col.7

Notes: See next page.
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TABLE 4 NOTES

* See Table 5A for the correction factors to be applied to the values
in Columns 2 to 7 for ambient temperatures over 30°C.

T The ampacity of aluminum-sheathed cable is based on the typ O
insulation used on the copper conductor. tl)

¥ These are maximum allowable conductor temperatures for 1, 2 or

3 conductors run in a raceway, or 2 or 3 conductors ru cable
and may be used in determining the ampacity of ot ductor
types in Table 19, which are so run as follows: able 19

determine the maximum allowable conductor te% re for that
particular type; then from Table 4 determine pacity under
the column of corresponding temperature rating.

§ See Table 5C for the correction factors t plied to the values
in Columns 2 to 7 where there are n 3 conductors in a
run of raceway or cable. \

** For 3-wire 120/240 and 120/208®dential services or subser-
vices, the allowable ampaci es No. 6 and No 2 and No.
4/0 AWG shall be 60 A, 10 d 200 A respectively. In this case,
the 5% adjustment of Rule (1) cannot be applied.

circum where the use of insulated conductors
havi ﬂ mperature rating are acceptable.

NOTES: (1) These am (.a are only applicable under special
sg
L 4

S
\$
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Allowable Short Circuit Currents for Insulated Aluminum

100000

90000
80000
70000
60000
50000

40000
30000

20000

1000
900
800

600
500

SHORT CIRCUIT CURRENT IN AMPERES

400
300

7SNANANA\

RN\

Conductors (90°C-RHH, RHW-2, XHH, XHHW, Etc.) &

CONDUCTOR - ALUMINUM
INSULATION -

CROSSLINKED POLYETHYLENE &
ETHYLENE PROPYLENE RUBBER

CURVES BASED ON FORMULA

1722 T: + 228
[K]t_'mzs"og [T; ¥ 228]

WHERE

SHORT CIRCUIT CURRENT AMPERES

| =

A = CONDUCTOR AREA-CIRCULAR MILS

t = TIME OF SHORT CIRCUIT-SECONDS

T, = MAXIMUM OPERATING
TEMPERATURE -90°C

T = MAXIMUM SHORT CIRCUIT

TEMPERATURE -250°C

100

S .
SS

o
o]

6

4

2 1 1/02/03/04/0
CONDUCTOR SIZE
(AWG)

250 500 1000
CONDUCTOR SIZE
(MCM)

Source: Insulated Cable Engineers Association
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Allowable Short Circuit Currents for Insulated Aluminum
Conductors (75°C-RH, RHW, THW, THHW, THWN, Etc.)

100000
90000
80000
70000
60000
50000
40000
30000
@
20000 &
é /4
& 10
S8
RIS
O LS
10000 /A
9000 A7
8000 G
7000 VAL
6000 YLV
5000 >

36
o

CONDUCTOR - ALUMINUM
INSULATION - THERMOPLASTIC

1000
CURVES BASED ON FORMULA
800
700
600

500

SHORT CIRCUIT CURRENT IN AMPERES

ESANNAANN
SN\

172 T: + 228
[K]t—.0125Log [71_1 5 228]

BZDNNNNN
R/

400 WHERE

300

SHORT CIRCUIT CURRENT AMPERES

CONDUCTOR AREA-CIRCULAR MILS

TIME OF SHORT CIRCUIT-SECONDS

MAXIMUM OPERATING

TEMPERATURE 75°C

T, = MAXIMUM SHORT CIRCUIT
TEMPERATURE 150°C

|

A
200 t
TJ

100 |7
S 10 4 2 1 1/02/03/04/0
CONDUCTOR SIZE
(AWG) 250 500 1000
CONDUCTOR SIZE
ss (MCM)
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SHORT CIRCUIT CURRENT IN AMPERES

Allowable Short Circuit Currents for Insulated Copper
Conductors (90°C-FEP, RHH, XHH, XHHW, Etc.)

100000
90000
80000
70000
60000
50000

40000
30000

20000

1000
900
800

600
500

400
300

7

10g

$

g'
O/ .
0
0 9
d
4 s
A 0
% §~
9 S
v/ ks
%/ ‘b‘
/ CONDUCTOR - COPPER
INSULATION -
CROSSLINKED POLYETHYLENE &
ETHYLENE PROPYLENE RUBBER
/ CURVES BASED ON FORMULA
L 2 2
Q [ omrion [23-22¢]
(& WHERE
\J | = SHORT CIRCUIT CURRENT AMPERES
Q‘, A = CONDUCTOR AREA-CIRCULAR MILS
t = TIME OF SHORT CIRCUIT-SECONDS
y T, = MAXIMUM OPERATING
TEMPERATURE 90°C
/ T = MAXIMUM SHORT CIRCUIT
TEMPERATURE 250°C
0 8 6 4 2 1 1/02/03/04/0
CONDUCTOR SIZE
(AWG) 250 500 1000
CONDUCTOR SIZE
(MCM)

Source: Insulated Cable Engineers Association
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Allowable Short Circuit Currents for Insulated Copper
Conductors (75°C-RH, RHW, THW, THHW, THWN, Etc.)

Source: Insulated Cable

36
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WIRE CALCULATIONS

Ohm’s Law
Ohm’s Law: | = % where | is current; O

E is voltage; and R is resistance. o

Example: With a voltage of 112 and a resistance of 8 ohms what currerit

would flow? @
1=212 or 14 amperes \

8

Example: What resistance is necessary to obtain a curren %mperes
at 112 volts?
- E - 112
R= = orR ==X or80hm°

Example: What voltage would be required to p @ﬂow of 14 amperes
through a resistance of 8 ohms?

E=|RorE=14N' 2 volts
Volt x

p

The resistance of a copper wirt oot long and one circular mil in cross
section is approximately 10.8 % luminum = 17.0 ohms).

In Ohm’s law 1= E- Ris e@o: Length conductor in feet X 10.8 divided
of tKNductor or,
R(}feet (length of circuit) X 10.8

CM
Using Ohm! \@ IR

g = Amps X 2 X feet X 10.8
CM

Py

by the circular mill

[

where theterm “feet” indicates the length of the circuit, the number of feet of wire
&ircuit being double the length of the circuit.

sample: What would be the volts drop in a circuit of No. 12 wire carrying 20
amperes a distance of 50 feet? (Find CM on page 21).

s E =20 X2 X 50 X 10.8 or 3.3 volts drop, or 3% on a 110-volt circuit
6530
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Example: What size of conductor would be necessary to give a 3% drop on a

110 volt circuit carrying 20 amperes a distance of 50 feet?
c = Amps X 2 X feet X 10.8 o &
o o
CM = 20 X 2 X 50X 10.8 or 6545 CM or a No. 12 wire. 0
3.3

.
Example: What current can a No. 12 wire carry on a 50 foot circuit v%voltage

drop of 3.3 volts. \
_cuxe D
AmMp. = 5 Jeet x 10.8 °'

_6545 X33

= Box2x108

Current Calculatio

The formula W = EI, where W = watts; E = vo
determine the watts, W = El; the voltage E =
This formula is applicable where the powe(b

current. Q
>

= current, can be used to
r the current, | = % .
is unity. To determine the

2-Wire, Direct Current: | = E

3-Wire, Direct Current: | >

wire and the neutral. \{

2-Wire, Single-PhaseN,= 3 >\<NPF , where PF represents the power factor of

the circuit. \
) ) W . )
3-Wire, Sln%e. | SSEXPE where E is voltage between the outside

wire and the neltral.

*
. ) - W )
3-W|re§d 4-Wire, Three-Phase: | = 173E <X PF , where E is the voltage

ere E is the voltage between the outside

bet tside wires.
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USE OF VOLTAGE DROP TABLE

To Find The Size of Wire Required for a Given Line Drop in Volts:
Find the “kilo-ampere feet’by multiplying the current in amperes by the length of&

o=

of one wire in feet (not the total length of wire in the circuit) and dividing
by 1,000.
. Starting with the given voltage drop, follow the column down to the number f

o

kilo-ampere feet nearest to the actual number calculated. Follow the horiz@ntal
line and find the correct size of wire at the extreme left column.

c. With very short runs, the table may indicate that a size of wire smaller than
permitted by Code regulations will hold the voltage drop within the limits
desired. In such cases, the wire size must be increased to me t?%de
requirements. \

N

. To Find the Drop in Volts, Which Will be Produced by a @iven’Size of Wire:

a. Find the kilo-ampere feet as above.

. Starting with the given size of wire, follow the horizont: the right to the
number of kilo-ampere feet nearest the actual numbermated. Follow this

column up and find the drop in volts. @

3. Example
A 23-KW balanced lighting load is to be suppli
The length of the run between service switch

The voltage drop is not to exceed 2 per ce
used? Solution:

On a balanced 3-wire system, t Qent in each of the outside wires would
be calculated as follows:

23 K.W X 1,000

o

-wire, 120-240 volt mains.
ribution panel is 250 feet.
at size of conductor should be

The kilo-ampere feet would

tage voltage drop is 2, the actual drop permitted is:

Since the permitted@

To determine the*wire size required, start at the top of column marked 5 volts
(which is neaggst to 4.8). Follow down until the figure 22.3 is reached (which is
nearesézo) This would indicate the use of 1/0 conductors. The actual drop would

.02 X 240 = 4.8 volts

then bes

22.0
22.3 X 5volts = 4.93 volts

@\is degree of error (2.05 per cent instead of 2 per cent) is entirely permissible
or feeder design.
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VOLTAGE DROP TABLE I.A.E.l. cCircuit Footage for 3 Per Cent Drop
COPPER CABLE

Size 3 6 15 20 25 35 &
AWG/MCM| Amps Amps Amps Amps Amps Amps
18 83 - - - - - \D

16 131 66 - - - - CJ
14 209 104 42 - - -

12 330 166 66 50 - o
10 528 264 105 79 63 -

8 840 420 168 126 10 72
6 1336 668 267 200 160 N, <114
4 2125 1062 424 318 25(b, 182
3 2680 1340 536 402 1 229
2 3379 1689 679 507 Q& 289
1 4262 2131 852 639 365
1/0 5372 2686 1074 806\ 644 460
2/0 6778 3389 1355 101(0 813 581
3/0 8543 4272 1709 1025 732
4/0 - 5387 2155 1293 923
250 - - 2546 1527 1091
300 - - 3055 1 1833 1309
350 - - - 673 2138 1526
400 - - --(br 3055 2444 1746
500 - - ~ - 3055 2182
600 - - - - 2619
700 - - \ - - 3055
VOLTAGE DROP TA@ I.A.E.l. Circuit Footage for 3 Per Cent Drop

Size 50 ~ 80 % 100 125
AWG/MCM| Amps S Amps Amps Amps Amps

6 100 - - - - -

4 12 91 - - - -

3 114 100 - - -

2| 144 126 112 - -

1 2 182 159 142 127 -
1/0 2 230 201 179 161 128
2/0 405 290 254 225 203 162
3/ ¢ 512 366 320 284 256 205

646 461 404 359 323 258

763 545 477 424 381 305

0 916 654 572 509 458 366

o 0 1069 763 667 594 534 427
400 1222 873 763 679 611 488

500 1527 1091 934 848 763 611

600 1833 1309 1145 1018 916 733

700 2138 1527 1336 1188 1069 855
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VOLTAGE DROP TABLE LA.E.I.

, cont. Circuit Footage for 3 Per Cent Drop

Size 150 175 225 250 275 300
AWG/MCM| Amps Amps Amps Amps Amps Amps
200 135 - - - - -
300 170 143 - - - - C,
4/0 215 184 143 - -
250 254 218 169 152 - C)
300 305 261 203 183 166 -
350 356 305 237 213 194 178
200 207 349 271 244 220 203
500 509 436 339 305 217 25
600 611 523 407 366 ) 305
700 712 611 475 427 = 356
750 763 654 500 458 ST 381
800 814 698 543 488 207
900 916 785 611 550 | 458
1000 | 1018 873 679 611 55 509
1100 1120 960 746 6720611 560
1200 | 1222 | 1047 S\ 666 611
1300 | 1324 1134 722 662
1200 | 1a25 | 1222 777 712
1500 | 1527 | 1309 832 763
1600 | 1628 | 139 888 814
1700 | 1728 | 1484 944 864
1800 | 1832 | 1571 1000 916
1000 | 1932 | 1664 1054 966
2000 | 2036 | 1746 1110 1018

VOLTAGE DROP TA%LA.E.L Circuit Footage for 3 Per Cent Drop

Size 450 500 525 550
AWG/MCM Amps Ns Amps Amps Amps Amps
400 188 - - - -
500 23 190 -- - - -
600 229 203 -- -- --
700 267 237 213 -- --
750 4| 286 254 229 218 -
800 / 6 305 271 244 232 222
900 23 343 305 275 261 250
1000 470 381 339 305 291 277
1100 . 517 420 373 336 320 305
4200 564 458 407 366 349 333
0 611 496 441 397 378 361
0 657 534 475 427 407 388
& 00 705 572 509 458 436 416
1600 752 611 532 488 465 444
1700 799 649 577 519 495 472
1800 846 687 611 555 523 500
1900 892 725 645 580 555 527
2000 940 763 679 611 582 555
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VOLTAGE DROP TABLE I.A.E.I., cont. circuit Footage for 3 Per Cent Drop

Size 600 650 690 730 770 810
AWG/MCM| Amps Amps Amps Amps Amps Amps
900 229 - - - - -
1000 254 235 - - - - <
1100 280 258 243 - - - C
1200 305 282 265 251 - -
1300 331 305 287 272 258 -
1400 356 328 309 292 277 264"
1500 381 352 332 313 297 " 82
1600 407 376 354 334 339\ 01
1700 432 399 376 355 36, 320
1800 458 423 398 376 B@' 339
1900 483 446 420 397 @ 358
2000 509 470 442 418 377
-
VOLTAGE DROP TABLE LLA.E.l.  circuit Fdo or 3 Per Cent Drop
Size 850 890 1010 1050
AWG/MCM| Amps Amps Amps Amps
1500 269 - -- -
1600 287 274 - --
1700 305 291 - -
1800 323 308 - -
1900 341 325 2 287 --
2000 359 343 N3 302 201

Notes: Tables calculated fB@Its dc. The footages shown are approximate
for single-phase and two-pfiasésat unity power factor. For 3-phase, the above

footage may be increased bysapproximately 12 percent. The following factors
may be used for other 76| S

olts -- multiply by 2
440 volts -- multiply by 4
0 volts -- multiply by 5
2200 volts -- multiply by 20
.

Fo%em drop, allow one third the footage shown. For 2 percent drop, allow
S

the footage shown.

$hese tables compiled by G.M. Miller, Richmond, Virginia.
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LINE CURRENT AND VOLTAGE DROP

(Simplex Wire & Cable Co.) &
In the following formulas for line current and voltage drop, the meaning of m

of the symbols will be found on the circuit diagrams. For completeness, tlz?

also defined here. It should be emphasized that the letter E with subscripts is
always used to designate circuit voltage. The primed values describe sendi

end conditions; and unprimed values, receiving end conditions. The Ietter.V with
subscripts always signifies a voltage drop.

= line current, amps \@

0 sending and receiving end voltages wal, volts

-
]
=

~
I

5
I

E’;, E; = sending and receiving end voltz@ een lines, volts
’p, Ep = sending and receiving el v@s per phase, volts
Vo = E’,-E,=voltage dro] tral, volts

V; = E’j-E;=voltage dl&)e een lines, volts
Vy, = E,-E, =Q&) per phase, volts

R =DC or/—\.\
conduc%

60 cycle Reactance of line, ohms per 1000 ft. per

e

z ycle Impedance of line, ohms per 1000 ft. per
nductor

stance of line, ohms per1000 ft. per

>
1

S

length of line, feet

= watts delivered

4 pf. = cos 6= power factor of load
S 6 = power factor angle of load

SHAWMUT fuse; for a SHAWMUT fuse is the fuse to use. SHAWMUT engineer-

E §here is a SHAWMUT fuse for every purpose. Where you can use a fuse, use a

ing has seen to that, from the fullest experience in both shop and field, over a
period of many years. Specify SHAWMUT fuses by name when you order fuses;
it is the way to be sure that you will get the exact performance and protection
you require.
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I <
D.C -2 WIRE T T O
E, E, jioa Q
v ¢
f— — ]

1_———alp5 c,
E \

V=E, -E, = —I——’(]I;o+21 volts drop @

D.C - 3 WIRE - BALANCED LOAD 0

I O
A 4
EO ©
E I
v I
[ —
A2
I = 2E. S.
, x Rx1
Vo =E, - E\ volts drop to neutral

1000
or V, =Ej (I)D—-I 2 115)0)(; 2! volts drop between lines
L 4
A.C - SINGLE PH@WIRE
I

Ot f
®<z) =

|e—1—

LOAD

D :
S = AXZX21  yons drop (approx.)

1000

21
1000 volts drop
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A.C - SINGLE PHASE - 3 WIRE - BALANCED LOAD
1

Vo =E;) 'Ea =

= szpf amps. &@

[ (E, cos O+ IR} + (E ,si

) 2

@Its drop 1o neutral
_ JxZx2l
= 1000 volts drop (a

V,=E} -E; = I1xZx?2l

7000 op between lines (approx.)

A.C -TWO PHASE - 4 OR SVW@LANCED LOAD
I
N 1

—

2-2E;x pf 2E,x pf amps.

V,=E, -E, = [ [E, cos O+ IR)? + (E ,sin O+ IX)?- E(,]
!
S X —ong Vvolts drop to neutral
S = ——%[— volts drop to neutral (approx.)
s Vi=

E} -E; = IxexﬁZ_l

- - 1000

IxZx 2l
1000

volts drop between lines (approx.)
V,=E, -E, =

volts drop per phase (approx.)
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When the line supplies a balanced load, the neutral wire carries no current
Therefore, the formulas are the same whether there is a neutral wire or not (4 or
5-wire circuit).

A.C - THREE PHASE -3 OR 4 WIRE - BALANCED LOAD O

@) .
®= ~——5ap—— Vvolts drop to neutral (approx.)

volts drop between lines (approx.)

l
T000° volts drop to neutral

en the line supplies a balanced load, the neutral wire carries no current.
Therefore, the formulas are the same whether there is a neutral wire or not (3 or
wire circuit).

When you buy SHAWMUT fuses, you buy experience and knowledge second to
none in fuse manufacture. And if you know fuses, you do buy SHAWMUT fuses.
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FORMULAE FOR DETERMINING CURRENT
IN ALTERNATING CURRENT CIRCUITS

@
AN
@

<

XL

Resistance in ohms
Inductive reactance in ohms
Capacitive reactance in ohms

;= £
r

~/rt+ XC2

;- E E

rXrXc Z

2 2 2 2
A X xS e X

Z = Impedance in ohms
| = Current in amperes
E = Voltage in volts
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FORMULAE FOR COMBINING
RESISTANCE AND REACTANCE

X,

2 2
r2+x

rXg

2 2
124 xf

X, Xg

—\/x2 X2 + 12 (X - X )2

R esistance in ohms
X &nductlve reactance in ohms (L= 2rfL

S Capacitive reactance in ohms % = 21\:1fC
= Impedance in ohms
$ = Frequency in cycles per second

L = Inductance in henrys

C = Capacitance in farads

2n = 2x3.1416 = 6.2832
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MOTOR OVERCURRENT PROTECTION

Overcurrent protection of motors is a threefold problem involving
normal starting currents, stalled rotors, and running overloads.

Many motors draw starting currents several times their full-load

ings, and because of the transient nature of these currents no

harm is done to the motors nor any part of the electrical system.
L 4

In most applications motors are selected which have a h ower
rating equal to the power required by the application u ormal
conditions; and since motors are capable of carrying oads for
short periods without excessive heating, a properl ned and

load capacity available.
TRIPPING CHARACTERISTICS OF A NT SENSITIVE
DEVICE COMPARED WITH MOTO ENT-TIME CURVE
500% \

% Motor
current

100%

selected overcurrent protective device makes th'b orary over-

t

Protector
Mot N to reach dangerous temperature
N' r-time to trip.
The above chart shows the inverse-time characteristics of motors
and protective . When these curves coincide the entire
motor cap mes available. Whenever the protector curve
moves to & t of the motor curve the motor is inadequately
protected. A{pr@tector curve to the left gives a margin of safety.

Non time delay fuses have time-current curves which cross the
motoricurve, but time-delay fuses (such as Ferraz Amp-Trap 2000
fu TRI-ONIC fuses) have characteristic curves which more
rly’approximate the motor curve and when properly selected
protect the motor at all loads and make available most of the
tor capacity.
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IDENTIFICATION OF MOTORS
The National Electrical Code rules and the standards of the National Electrical @

Manufacturers Association require that all alternating current motors rated at 1/
horse power or larger, except polyphase wound-rotor motors, shall have the
name-plate marked with a code letter to show its input in kilovolt-amperes w@
locked rotor, selected from the following table:

Kilovolt-Amperes Kilovolt-Amperes

Code per Horsepower Code per Horsepower

Letter with Locked Rotor Letter wit ked Rotor
AL 0-3.14 L.t .N9.0 - 9.99
B, 3.15- 3.54 M. @10.0 -11.19
[ 3.55-3.99 N.......0 7112 -12.49
D............ 4.0 - 4.49 P... N .. 125-13.99
| 45-4.99 R.. Q ....14.0-15.99
| 5.0 - 5.59 S N 16.0 -17.99

Knowing the horsepower and voltage r, &1 any particular motor, its locked
rotor current may be determined frj ocked KVA per Horsepower” by a
simple formula which is:

For Single-phase Motors (%ked KVA per h.p.) (rated h.p.) 1000

Locked rotor current

OU (rated voltage)
For Three-phase Moto?\

Locked rotox%&nt _ (Locked KVA per h.p.) (rated h.p.) 1000
(rated voltage) V3

For Two-phase
(Locked KVA per h.p.) (rated h.p.) 1000
(rated voltage) 2

X r current =

Example
Taking a 1/2 h.p., 220 volt, 3-phase motor with an “L” code letter

.
Locked rotor current = = 11.8 amperes (Minimum)
9.0 X 1/2 X 1000

220 v3 = 13.1 amperes (Maximum)
9.99 X 1/2 X 1000

220 V3
Therefore, the locked rotor current will be not less than 11.8 nor more
than 13.1 amperes.
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AVERAGE EFFICIENCY AND POWER FACTOR

VALUES OF MOTORS

APPROXIMATE LOCKED ROTOR CURRENTS OF
3-PHASE SQUIRREL CAGE INDUCTION MOTORS

fO{Q
N\

LOCKED ROTOR CURRENT IN AMPERES
HP DESIGN B, C AND D MOTORS* HIGH EFFICIENCY MOTOR**
115V | 208V | 230V | 460V | 575V | 115V [ 208V | 230V 575V
1/2 | 240 | 132 | 120 | 6.00 | 0.48 | 32.0 | 17.6 | 16.0 | ' 0.64
3/4 | 336 | 186 | 16.8 | 8.40 | 6.60 | 44.8 | 24.8 | 22.4 8.80
1 43.2 | 240 | 21.6 | 10.8 | 8.40 | 57.6 | 32.0 | 28. 11.2
1-1/2 | 62.4 | 342 | 31.2 | 156 | 126 | 83.2 | 456 | 4 16.8
2 81.6 | 45.0 | 40.8 | 20.4 | 16.2 | 109 | 60.0 4. 21.6
3 - 63.6 | 57.6 | 28.8 | 23.4 31.2
5 - 100 | 91.2 | 45.6 | 36.6 48.8
7-12 | - 145 | 132 | 66.0 | 54.0 INL76 72.0
10 - 185 | 168 | 84.0 | 66.0 v 224 88.0
15 - 277 | 252 | 126 | 102 336 136
20 - 356 | 324 | 162 | 132 432 176
25 - 449 | 408 | 204 | 162 644 216
30 - 528 | 480 | 240 | 192 640 256
40 - 686 | 624 | 312 | 246 832 328
50 - 858 | 780 | 390 311 1040 416
60 - 1020 | 924 | 462 1230 496
75 - 1270 | 1150 | 576 4 1540 616
100 - 1640 | 1490 | 744N 4 1980 792
125 -- | 2060 | 1870 | 93] &3 2500 1000
150 -- | 2380 | 2160 | 1 64 2880 1150
200 - | 3170 | 2880 409" 1150 3840 1540
.

* Approx. 6 times the full-I &ems shown on previous pages.
rents shown on previous pages.

** Approx. 8 times the fuIIQ
When the actual e@ i€s and power factors of the motors to be controlled are

not known, the& approximations may be used:
Efficiencies;
D.C rsf’35 horsepower and less 80% to 85%

D.C.m , above 35 horsepower 85% to 90%
Synchronous motors (at 100% power factor) 92% to 95%

*
(“Appatent” efficiencies = Efficiency X power factor):
ee phase induction motors, 25 horsepower and less
ree phase induction motors above 25 horsepower

Induction motors, over 20 horsepower 93% to 95%

@Efﬁciency” Three-Phase Motors:
Induction motors, 20 horsepower and less 88% to 92%
ST

70%
80%

hese figures may be decreased slightly for single-phase and two-phase induc-

tion motors.
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FULL LOAD CURRENT IN AMPERES
FOR DC AND SINGLE PHASE AC MOTORS

DC MOTORS

SINGLE PHASE AC MOTORS

240V

550V

115V

208V

1/6
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FULL LOAD CURRENT IN AMPERES
SQUIRREL CAGE MOTORS

TWO PHASE THREE PHASE
HP | 115V | 230V | 460V | 575V | 115V | 230V | 460V | 575V
12 4 2.0 1.0 08 | 44 2.2 11 o.(..
34 4.8 2.4 1.2 1.0 6.4 3.2 16 13
1 6.4 3.2 1.6 13 8.4 4.2 2.1 147
1-12 | 9.0 45 2.3 18 12 6.0 3.?0 2.4
2 118 | 59 3.0 24 | 136 | 68 ) 2.7
3 - | 83 | 42 | 33 | - | 96 \ 3.9
5 - 132 | 66 5.3 - 15.2 @. 6.1
712 | - 19 9.0 8.0 - 22 4 9.0
10 - 24 12 10 - 28 \}14 11
15 - 36 18 14 - 21 17
20 - 47 23 19 - Q' 27 22
25 - 59 29 24 - 34 27
30 - 69 35 28 - 40 32
40 - 90 45 36 - \[N\ 104 52 41
50 - 113 56 45 §b 130 65 52
60 - 133 67 53 \ 154 77 62
75 - 166 83 66 3 192 96 77
100 - 218 | 109 87 - 248 | 124 99
125 - 270 | 135 - 312 | 186 | 125
150 - 312 | 156 - 360 | 180 | 144
200 - 416 | 208 Q\ - 480 | 240 | 192

56

Multiplying
Factor
1.00
1.00
900 1.02
720 1.05
600 1.09
450 1.13
400 1.16
360 1.19
327 121
277 1.25
257 1.27
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SYNCHRONOUS SPEEDS - ALTERNATING CURRENT
GENERATORS AND MOTORS

_ Poles x R.P.M. &
Frequency =  —— 150 —
Number of Revolutions per Minute When Frequency is
Poles
Generator 25 30 40 50 60 CJ
or Motor Cycles Cycles Cycles Cycles Cycles
2 1,500 1,800 2,400 3,000 600"
4 750 900 1,200 1500 o % 0
6 500 600 800 1,000 \ 00
8 375 450 600 750 Q} 900
10 300 360 480 600 720
12 250 300 400 5(0 600
14 214 257 343 514
16 188 225 300 450
18 167 200 267 3 400
20 150 180 240 §\ 00 360
22 136 164 2 | 273 327
24 125 150 2%\' 250 300
26 115 138 ﬂ 231 280
28 107 128 214 257
30 100 120 200 240
32 94 13 ) aso 188 225
36 83 10 133 166 200
44 79 8 \‘ 100 136 164
48 63 éb 100 125 150
54 56 Qg 90 111 133
60 50 r 80 100 120
68 44 \53 71 88 106
72 42 W[\ 50 67 83 100
% 31 O“‘ 38 50 64 75
100 36 48 60 72
Fo )
LOW. GE FUSES FOR MOTOR PROTECTION
Overload '
Protection -
Article 430 Part C Disconniect
CEC 28-2000

The NEG and CEC
allow to be
us sole Fuse
m verload
tion for motor
b circuits(often
ical with small Gontactor

ingle-phase motors).

used, the fuse
ampere rating must Overload Relay

not exceed the value
shown in this table

Motor
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TABLE 1: Fuse Rating for Overload Protection

Motor Service Factor |Fuse Rating as
or Marked a % of Motor

- Temperature Rise Full Load (™
Code Requirements Service Factor of 125
The NEC and CEC require that motor 1.15 or greater
branch circuits be protected against - - a3
overloads and short circuits. Overload Marked Temp. Rise 1
protection may be provided by fuses, not exceeding 40°C
overload relays or motor thermal pro- All others

tectors. Short circuit protection may be

provided by fuses or circuit breakers. *These percentages are not o be Wd'

TABLE 2: Maximum Fuse Rating for Short Circuit Protection

i 0 %

Overload Fuse Rating a'I:S a % Motow Full Load
Protection Type of Motor N

NON-TIME DELAY, TIME DELAY
The NEC or CEC allows - v~ 4
fuses to be used as the All Single-phase AC motors 300 ‘\ 175
sole means of overload pro- AC polyphase motors other thand g
tection for motor branch cir- wound-rotor:
cuits. This approach is often Saquirrel Cage
practical with small single qui 9 00 175
phase motors. If the fuse is Other than Design E 175
the sole means of protec- Design E
tion, the fuse argpﬁre ra}ling Synchronous 175
must not exceed the values Wound-rotor 150 150
shown in Table 1. Direct-current (constant voltage) m 0 150

*The non-time 'rw apply to all class CC fuses.

e 2 when an overload relay or motor
s may be increased to 225% and non-

Short Circuit Protection
The motor branch circuit fuses may be sized as large as sh
thermal protector is included in the branch circuit. Time del
time delay fuse ratings to 400% (300% if over 600 ampere: tings shown in Table 2 will not carry motor
starting current. Some manufacturers’ motor starters may quately protected by the maximum fuse
sizing shown in Table 2. If this is the case, the starter ma cturer is required by UL 508 to label the starter
with a maximum permissible fuse size. If so labeled, thi imum value is not to be exceeded. Where the per-
centages shown in Table 2 do not correspond to standare e ratings the next larger fuse rating may be used.

eded Fuse Ampere Rating

i, T
thi

Motor F[l:lﬂrl-g:td or Acceleration Times
HP Jinimum Typical Heavy | Minimum Typical Heavy
115V RKS - TR Tri-onic/| 2D J-AT U/L Class CC ATDR
1/6 44 |56/10 | 6-1/40] 56/10 | 6-1/4 | 8 8 8 (1712
1/4 5.8 8 g 8 9 12 12 20 20
13 7.2 9 o , 15 9 12 | 15 15 25 | 25
1/2 9,8 12 17-2| 12 15 |17-1/2] 20 30 -
3/4 138 [17- 2i 25 | 1742 | 20 25 30 - -
1 16 5 30 20 25 30 - - -
1-1/2 20 W30 35 25 30 | 35 - - -
2 24 @ 35 | 40 | 30 | 35 | 40 - - -
3 34 o™ 50 60 45 50 60 - - -
5 56 0 80 100 70 80 100 - - -
7-112 y 00 | 125 | 150 | 100 | 125 | 150 - - -
10 4 200%| 125 | 150 | 175 | 125 | 150 | 175 | - - -
RK5 - TR Tri-onic/RK1-A2D J-AJT U/L Class CC ATDR
1/6 2-8/10 [ 3-1/2 | 4 | 2810 | 3-1/2| 4 4 7 8
1/4 .9 | 3-1/2 | 4-1/2 |56/10| 3-1/2 | 4-1/2 |5-6/10| 6 9 10
3 L 36 | 4-1/2 |5-6/10 7 | 4172 |56/10| 7 7 12 15
. 1/2 4.9 6-1/4 7 9 | 614 7 9 10 15 |17-1/2
/4 6.9 9 10 15 9 10 15 15 20 25
8 10 12 15 10 12 15 20 25 30
-1/2 10 12 15 |17-12| 12 15 |17-1/2] 20 30 -
2 12 15 |17-1/2] 25 15 | 1712 | 25 25 - -
3 17 20 25 30 20 25 30 - - -
5 28 35 | 40 | %0 | 35 40 | s0 - - -
7-1/2 40 50 60 70 50 60 70 - - -
10 50 60 80 90 60 80 90 - - -
Minimum This sizing is recommended if motor acceleration times do not exceed 2 seconds. Minimum sizing with RK1, RKS5,

and Class J fuses will provide overload protection.Minimum sizing is generally not heavy enough for motors with
code letter G or higher.

Typical Suggested for most applications. Use with overload relays. Suitable for motor acceleration times up to 5 seconds.
Heavy Load Maximum fuse size in accordance with Table 2. If this fuse size is not sufficient to start the load, RK1, RK5, and J

time delay fuse size may be increased to a maximum of 225% of full load amperes. Class CC fuses may be

increased to 400% of full load amperes. The Heavy Load column should be used for Design E and high efficiency 59

Design B motor fuse sizing.



FERRAZ SHAWMUT

%,

L 4

's1ojow Adualdiya ybiy 0y salddy "y J1ana| 8pod yum parew siojow oy ajqeddde joN peo AneaH

‘skeja) PeOIIAAO 0Z SSBID YININ UNM 81euipiood [iA\ ‘suopesldde jsow 1oy paisabbng

leoidAL

‘skejal umﬁo 02 VININ SWOS YNM 81eulplood Jou Aew pue Juaiind peoj ||nj J0J0W JO 9GZT Jeau pazis aje sasn4  WnwWiuln

- - C - - 009 - - 009 08y 002
- - 009 005 oSy 009 00S (o174 09¢ 05T
- - - 09 0S¥ 00v 009 o174 0or 453 setT
- - - \ i 0S€ 00€ 05 0G€ 00€ 8ve 00T
- - - S 00€ 0S¢ 0S€ 00g 052 26T SL
- - - _See 00z 00g see 002 ¥ST 09
- - - 052 N H ST [ 002 ST 0€T 05
- - - 002 T szt 002 0ST setT ¥0T ov
- - - 05T 00T 05T setT 00T 08 o€
- - - Szt 08 Szt 00T 08 89 14
- - - 00T 0! '\\NJN 00T 08 0L ¥S 0z
- - - 08 09 A0S 08 09 05 22 ST
- - - 05 oy 05 ov se 8C 0T
- - - oy ge \ oy se 0€ 44 2L
- - - 0€ Sz 14 (014 2ST S
- o 0z 2T LT ST 4 TIT) ) zt 96 €
Sz 0z T LT 43 0T 8 as [o}3 8 89 z
74 T LT ST T 6 8 T \ 6 8 09 2T
ST T [0)4 8 v/T-9 S R \; S 44 T
43 ot 8 9 S 4 9 m v - 4 ze vIE
6 L S 4 2-e € 4 v 01/8C 44 [
S09S G < S09S § S09S ¢ S09S G < S09S § S09S ¢ S09S G < S29S m( 4 NOET W dH
AneaH reordAL UIN AneaH reordAL UIN AneaH reardAL | saladwy 1010
¥ALY 00 SSY10 1N 1ov-r Qzv-T/(01u0-1) . Jw:ou._

Buirey aledwy asn4 papuswwodsy

SHYOLOW IASVHd 334HL 1T0A 0€¢ 40
NOILO310dd 404 s371aVL NOILO3 T3S 3Isnd

%
"y

60



FERRAZ SHAWMUT

‘s10jow Aouaidye ybiy 01 salddy "y Jens| 8pod yum paxrew siojow oy sjgedljdde JoN peoT AnesH

‘sAe|al peolIano 0z Sse|d VININ UM areuiplood |jipA “suonedldde jsow Joy pajsabbng feaidAL
.@Ey PEOJISA0 0Z YININ SWOS UM 81eulpiood Jou Aew pue Jusiind peoj | JOJOW JO 9,4GZT Jeau pazis ale sasnd  WNWIUIN
- - MR 0s€ 009 0st 0S€ 16C 002
- - - 00€e ooy 0se 00€ 8T¢ 0ST
- - - 0S¢ 0s€ 00€ 0S¢ 68T et
- - - S.T 00€ Gee ST 0ST 00T
- - - 0ST jera4 ST 0T 91T S
- - - 0oTT G.T 14 01T €6 09
- - - 06 0ST 0oTT 06 6L 0S
- - - 08 Se1 06 SL 89 o
- - - i .09 06 oL 09 8v 0g
- - - SL 09 0s N4 14
- - - 09 0S8 14 09 S (014 €€ 0c¢
- - - S GE o Ei GE (3 12 ST
- - - 0g 514 )  OF 514 0z LT o1
- - 0g 4 074 4 \ (074 ST €EeT 2L
- 0€ (or4 2/T-LT ST T J ST T 2’6 S
0¢ 2T-LT 1) 1) 8 8 ¢ 8 L 8'S €
ST ST 6 8 9 S 9 S v Z
ST T 8 A 0T/9-S 2ty \ /9-S [A%4 9'€ 2Tt
o7 8 S %4 14 oT/2-€ 0T/2-€ L2 T
8 9 14 2/T-€ 0T1/8-¢ arn-e ar-e /8- . 2/t-¢ LT vIe
01/9- 14 € 0T/8-C Z 0T/9-T 0T/8-¢ M) 0To T €T 2T
S29S G < S29S G S29S ¢ S29S G < S29S G S29S ¢ S29S G < S29S G ! NOSE IV dH
AnesH eardAL UIN AnesH leordAL UIN AnesH eordAL ﬁy salodwy 1010
N peo
- - ©21U0-11
ddlvy 20 SSV10 1N 1CV-C QazV-TYY/(+21u0-1 ._.vmé * 1in4

Buirey asadwy asn4 papuswiwossy

v

SHOLOW ISVHd 334HL LT0A 09% 40
NOILO310dd J0O4 S379VL NOILD3 T3S ISnd

7
"y

61



'Y 'sl1ojow Aouaidiya ybiy o3 saljddy v Jena| apod yum pasrew siojow oy ajgedldde JoN peoT AresH

'sAejal peolIano 0z sse|Dd YININ Yim areuiplood |jip ‘suoieddde jsow Joy pajsabbng lealdAL
‘skejai §>o 02 YININ SWOS Y)im }eulplood Jou Aewl pue jualind peoj [N} 0joW JO %GZT Jeau pazis ale sasn4  wnwiuln
- - (S ) - 009 0st - 009 oSy 19 00€
- - 009 (014 00V 009 (0514 00t 20ge 0S¢
- - - (0514 0se 00€e (014 0se 00 ove 00¢
- - - r 0S¢ Ggee 0se 0S¢ 144 08T 0ST
- - - € era4 00¢ 00€ Gee 00¢ 95T Sct
- - - Z 00¢ S.T Gee 00¢ ST 4 00T
- - - ) 08T se1 /T 0T se1 96 s.
- - - 051 szt 00T 051 set 1 09
- - - G2t 08 et 00T S9 0S
- - - 00T 0L 00T 08 fact or
- - - 0L 0S 0L 09 oy 0g
- - - 09 ‘\a 09 0§ ve 514
- - - 0s (014 0S8 (014 yx4 0c
- - - oy 0g N S2 oy o€ 1%4 ST
- - - jer4 0c I 14 (014 T 0T
- o€ (0 0c 2/T-LT \ 4 2/-LT T 2L
0€ 14 4 Gt ct 0 \ T 9L S
2/T-LT ST ST 6 8 9 L 8V €
T 0T 8 S S 14 y S V'e 14
T 6 9 0T/9-S 2ty 2/-€ 0T/9°S T-v € T
6 vIT-9 S 14 0T/¢-€ 2r-c Voo & 124 Te T
vIT-9 S 2/t-e 01/8-¢ x4 Z 01/8-¢ - 9T v/
%4 2IT-€ € 4 0T/9-T 2T Z 0T/97 TT arT
$29S G < S29S § $99S ¢ $29S G < S29S G S99S ¢ $29S G < S29S § A0SV IV dH
AneaH lealdAL UIN AneaH lealdAL UIN AneaH lealdAL saladwy 1010
- - ®J1U0-1 - { peot
dalv 00 sse|o 1N 1cv-r Qa9v-TyY/(®d1uo-111) wﬁr & 4
Buirey aladwy asn4 papusawwodsy 4

FERRAZ SHAWMUT

SHYOLOW ASVHd 334HL LT0A 09% 40
NOILO310dd 404 S319VL NOILO313S Isn4d

62



¢ ‘slojow Aouaioya ybiy 03 salddy v Ja1a] apod Yyum pasirew siojow Joj ajqedldde JoN peo AneaH
y 'sAejal peolIano 0z sselD YININ Yim a1eulplood [jIp “suoieljdde 1sow oy pasabbng fealdAL
‘skejal %\, |

FERRAZ SHAWMUT

w 02 YINGN SWos Y)IM 81eulpiood Jou Aew pue jualind peoj ||nj 100w JO 04GeT Jeau pazis ale sasny  wWNWIulN
- - ~ 009 0S¥ 05€ 009 oSt 0s€ 682 00€
- - - 00S 0s€e 00€e 00S 0se 00€ ove 0S¢
- - - GE 00€ 0S¢ 0S¢ 00€ 0S¢ 261 00c
- - - et 4 SLT 00€ Gee ST 144" 0ST
- - - Z 00¢ 0ST §ee ST 0ST Set Set
- - - 0ST ferAn ST 0ST et 66 00T
- - - 0ST \mNH 00T 0ST Get 00T LL SL
- - - 0Tt 08 0TT 06 SL 29 09
- - - 0L 00T 08 0L rast 0S
- - - 0S SL 09 0S 1174 or
- - - 4 09 0s or e (0
- - - 0S oy Ge yx4 Ge
- - - (014 GE o€ r44 0c
- - - 0e 14 0c L1 ST
- 0g sz \ 0z 2T-LT ST b oT
- 0€ (or4 \ T ST ct 6 2it-L
0c 2/T-LT ST 8 6 8 79 S
ST 4 6 S /3 9 S 6'€ €
0T 8 9 oT/z-€ Gt 14 0T/¢-€ L2 4
ot 8 S 2Ty 2IT-€ € 2Ty 0\ -€ € e 2/T-T
vIT-9 0T/9-G 14 € ar-e vI1-¢ g ¢ / x4 L'T T
0T/9-S 14 € ar-c 4 0T/9-T 2t-e Z o 0T/9°T €T vIE
art-e 0T/8-¢ 2/t-¢ 0T/9-T 2T vIT-T 0T/9-T 0 8/1-T 6 2%
¥aLy 00 ssejo N LCV-C Q9V-THU/(1U0-NSH S ASLG
S09S G < S29S G S29S ¢ S29S G < S29S G S29S ¢ S29S G < S29S G S
AneaH _ fealdAL _ UIN AneaH fealdAL _ UIN AneaH fealdAL "4 | saladwy dH
SaWl| UOIIeIa[32dYy J0I0N freo |Ing 1010
Buirey aledwy asn4 papuswwoday

SHOLOW ASVHd 33HHL LT0A 6.5 40

V4
NOILD310dd 404 S318VL NOILO313S Isn4d S

63




FERRAZ SHAWMUT
FIELD CURRENT IN D.C. GENERATORS

It has been found that a fair average for the field amperes of different sized
generators is as follows:

KW, s 1 5 10 20 30 50 75 1(%)0

Percent 6 5 4 35 3 3 2.

The field current, expressed as a percentage of full load current on lines, is

determined with all of the resistance out. @ ¢

D.C. GENERATORS \@
Kilowatts Output Current Amperes E@cy %
Capacity | 125 Volts | 250 Volts| 500 Volts|1/2 Load4\3 oad |Full Load
5 40 20 10 . 81.0 82,5
10 80 40 20 85.0 86.0
15 120 60 30 86.5 86.5
20 160 80 40 86.5 87.5
25 200 100 50 88.0 89.0
35 280 140 70 89.0 89.5
50 400 200 10! 89.5 90.5
60 480 240 90.5 91.0
75 600 300 0 90.5 91.0
90 720 360 4 0 90.5 91.0
100 800 400 \z 0 90.5 91.0
125 1,000 500 Dzso 91.0 91.0
150 1,200 60! 300 91.3 915
200 1,600 400 91.5 92.0
300 2,400 & 600 91.8 92.0
400 3,200 600 800 92.3 925
500 4,000 = 0 1,000 92.2 92.5
750 6,000 J,ooo 1,500 92.3 92,5
1,000 8,0 4,000 2,000 93.0 93.5
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Application of Power Factor Capacitators

Power factor capacitors can be connected across electric lines to neutralize the&
effect of lagging power-factor loads, thereby reducing the current drawn for a

given kilowatt load. In a distribution system, small capacitor units may be

connected at the individual loads or the total capacitor kilovolt-amperes m

grouped at one point and connected to the main. Although the total kvar o

capacitors is the same, the use of small capacitors at the individual loads

reduces current all the way from the loads back to the source and therebywhas

greater PF corrective effect than the one big unit on the main, whi duces

current only from its point of installation back to the source.

Calculating Size of Capacitor: @

Assume it is desired to improve the power factor a given amount by the addition

of the capacitors to the circuit. Q
Then kvars = kw x (tan 0:- tan 02) @

where kvarr= Ra@t required capacitor
kvar = m kilovolt-amperes at original PF
kvar: = e kilovolt-amperes at improved PF
1= iginal phase angle

e@ahase angle at improved PF
oad at which original PF was determined
NOTE: haSe angle 0: and 0: can be determined from a table of trigono-

metric functiofs using the following relationships:

the original power factor.(eg. 0.70 for 70% PF; 0.65 for 65%

¢ 9= The angle which has its cosine equal to the decimal value of
S PF, etc.)

S 0. = The angle which has its cosine equal to the decimal value of
the improved power factor.

S -Electrical Construction and Maintenance Magazine
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TABLE FOR CALCULATING NECESSARY CAPACITOR

Desired Power Factor in Percentage

80 | 81 | 82 | 83 [ 84 | 85 [ 86 | 87 | 88 | 89
50 | 982 | 1.008| 1.034| 1.060| 1.086 | L.112| 1.139| 1.165 | 1.192] 1.22
51 | 936 | .962 | .988 | 1.014|1.040 | 1.066| 1.003| 1.119 | 1.146| 1.
52 | 894 | 920 | 946 | .972 | 998 | 1.024| 1.041| 1.077 | 1.104| 1432
N — 4
53 | 850 | .876 | .902 | .928 | .954 | .980 | 1.007| 1.033| 1.060| 1.088
54 | 809 | .835 | .861| .887 | .913 | .939 | .966 | .992 | 1.019| 1:047
55 | 760 | 795 | .821 | 847 | 873 | 1899 | 926 | 952 1.007
56 | 730 | .756 | .782 | .808 | .834 | .860 | .887 | 913 968
57 | 692 | 718 | 744 | 770 | 796 | 822 | 849 | 87 2| ‘930
58 | 655 | 681 | 707 | 733 | 759 | 785 | 812 | '865 | 893
50 | 618 | 644 | 670 | 696 | 722 | 748 | 7754n801 | .828 | 856
60 | 584 | 610 | 636 | 662 | 688 | 714 | 741| 767 | 794 | 1822
61 | 549 | 575 | .601 | 627 | .653 | 679 N.732 | 759 | 787
62 | 515 | 541 | 567 | 593 | .619 | .645 698 | 725 | 753
63 | 483 | 509 | 535 | 561 | 587 | . ;6 0| 666 | 693 | 721
64 | 450 | 476 | 502 | 528 | 554 | 4530607 | 633 | 660 | 688
P b
65 | 419 | 445 | 471 | 497 | 523 [Ns49 | 576 | 602 | .629 | .657
66 | 388 | 414 | 440 | .466 .49{ 8| 545 | 571 | 598 | 626
67 | 358 | 384 | 410 | 436 yr462( Jase | 515 | 541 | 568 | 59
68 | 320 | 355 | 381 | .40%[N433 | 459 | 486 | 512 | 539 567
69 | 200 | 325 | 351 | 3 3| 420 | 456 | 482 | 509 | 537
70 | 270 | 296 | 322 | @374 | 400 | 427 | 453 | 480 | 508
71 | 242 | 268 | 294 @3} 346 | 372 | 399 | 425 | 452 | 480
72 | 213 | 239 | 2 N2 1| 317 | 343 | 370 | 396 | 423 | 451
73 | 186 | 212 |\2%, 264 | 290 | 316 | 343 | 369 | 396 | 424
74 | 159 | 185 : .23 237 | 263 | 289 | 316 | 342 | 369 | .397
75 | 132 | 1 4| 210 | 236 | 262 | 289 | 315 | 342 | 370
76 | 105 { 18)/]).157 | .183 | 209 | 235 | 262 | .288 | .315 | 343
2N
77 | 0g6 105 | 131 | 157 | 183 | .200 | 236 | 262 | 289 | .37
78 | 0534 079 | 105| 131 | 157 | 183 | 210 | 236 | 263 | 291
79 | ‘026 M052 | 078 | 104 | 130 | 156 | 183 | 209 | 236 | 264
80 | 000 | .026 | .052 | 078 | .104 | 130 | .157 | .183 | 210 | 238
8L\ - |000| 026| 02 | 078 | 104 | 131| 157 | 184 212
~ | "= | 000 | 026 | 052 | 078 | 105 | 131 | 158 | 186
T = | - [ 000|026 052 079 | 105 | 132 .160
4| - | - | ~ | = | .000| 026 .053| 079 | 106 | .134
85 | ~ | - | - | - | -~ |.000]| .027| 053 | .080]| .108

Example: Total kw input of plant from wattmeter reading 100 kw at power

factor of 60%. The leading reactive kva, necessary to raise the power factor
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KVAR TO CORRECT LOAD TO DESIRED POWER FACTOR
(Cornell Dubilier)
Desired Power Factor in Percent

90 91 92 93 94 95 96 97 98 99 100 \ ~
1.248|1.276 [ 1.303| 1.337| 1.369| 1.403| 1.441| 1.481| 1.529 1.590| 1.73

1.202|1.230 |1.257| 1.291| 1.323| 1.357| 1.395| 1.435| 1.483| 1.544| 1. 1
1.160| 1.188 | 1.215| 1.249| 1.281| 1.315| 1.353| 1.393| 1.441| 1.502| 164494 52

1.116 | 1.144 | 1.171| 1.205| 1.237| 1.271| 1.309| 1.349| 1.397| 1.458| 1.600 | 53
1.075|1.103 | 1.130| 1.164| 1.196| 1.230| 1.268| 1.308| 1.356| 1.417| 14659 | 54
1.035|1.063|1.090| 1.124| 1.156| 1.190| 1.228| 1.268| 1.316 1519 | 55

.958 | .986 [1.013|1.047| 1.079| 1.113| 1.151| 1.191| 1.2 00| 1.442 | 57

.996 | 1.024 (1.051| 1.085| 1.117|1.151| 1.189| 1.229 1.27§! 1.480 | 56
921 | .949 | .976 | 1.010| 1.042| 1.076| 1.114| 1.154| 1 2‘

.263| 1.405 | 58

.849 | .878 | .905 | .939 | .971 | 1.005| 1.043| 1.0 1.192| 1.334 | 60

884 | 912 | 939 | 973 1.005| 1.039] 1.077 1.1{11%96 1.226| 1.368 | 59
1931
'815 | 843 | 870 | 904 | 1936 | .970 | 1.008 N.096( 1157| 1.299 | 61

.781 | .809 | .836 | .870 | .902 | .936 | .974 1.062| 1.123| 1.265 | 62
749 | 777 | .804 | .838 | .870 | .904 | . &9 2 | 1.030| 1.091| 1.233 | 63
716 | .744 | .771 | .805| .837 | .871 h 949 | .997 | 1.058| 1.200 | 64

685 | .713 | .740 | .774 | .806 | .840Q "gis 918 | .966 | 1.027| 1.169 | g5
654 | .682 | .709 | .743 | .775 .80{ Dﬁ 7| .887 | .935 | .996| 1.138 | gg
624 | 652 | 679 | 713| 745 \Y (817 | 857 | ‘905 | 966 | 1108 | ¢,
595 | 623 | .650 | .684 | 718 750 | .788 | .828 | .876 | .937 | 1.079 | 68
565 | 593 | .620 | .654 | .6 0| .758 | .798 | .840 | .907 | 1.049 | 69
536 | 564 | 591 | .625 691 | .729 | .769 | 811 | .878| 1.020 | 70

Existing Power Factor

S
.508 | .536 | .563 .SWQ% .663 | .701| .741| .783 | .850| .992 | 71
479 | 507 | .534 | 5 0 | .634 | 672 | .712| .754 | .821| 963 | 72
452 | .480 | .507 8 73

'607 | 645 | 685| 727 | 794| 936 | 73
425 | 453 | 480 @4 546 | 580 | 618 | .658 | 700 | 767 | 000 | 74
398 | 426 | 4534487 | 519 | 553 | 591 | 631 | 673 | .740| 882 | 75
371 | 399 (420/]).460 | 492 | 526 | 564 | 604 | 652 | 713| 855 | 76

.345 | .3
319 | .3
.292 | .320

434 | 466 | 500 | 538 | 578 | 620 | .687| 829 | 77
374 | 408 | 440 | 474 | 512| 552 | 594 | 661 | .803 | 78
347 | 381 | 413 | 447 | 485 | 525| 567 | 634| .776 | 79

266 4 294 | 321 | .355 | .387 | .421 | .459 | .499 | 541 | .608| .750 | 80
.2 268 | 295 | 329 | .361 | .395| .433 | .473| 515 | 582 .724 | 81
.&} 7242 | 269 | .303 | .335 | .369 | .407 | 447 | .489 | .556| .698 | 82
$ 216 | .243 | 277 | .309 | .343 | 381 [ .421| .463 | .530| .672 | 83

2| .190 | .217 | 251 | .283 | .317 | .355| .395| .437 | .504| .645 | 84
N 136 | 164 | 191 | .225| 257 | .291 | .329 | .369 | .417 | .478| .620 | 85

to 90% is found by multiplying the 100 kw by the factor found in the table,
which is .849. Then 100 kw x 0.849 = 84.9 kva. Use 85 kva.
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TRANSFORMER PROTECTION

Article 450-3 of the National Electrical Code and Rule 26-254 of the Canadian
Electrical Code cover overcurrent protection of transformers. Some of the

requirements are summarized here. O
Transformers - Primary 600 Volts or Less O
If secondary fuse protection is not provided, primary fuses are to be selected

according to Table 1. If both primary and secondary fuses are used, they are to
be selected according to Table 2.

*
Table 1 - Primary Fuse Only ,%

Transformer Maximum N U
Primary Primary FUSQ
Amperes % Rati
9 or More 125* (NEC) / * (CEC)
2t09
Less than 2

* May be increased to next higher std. % .

S

Table 2 - Primary;g@condary Fuses

Transformer ‘%Maximum % Rating
Secondar ary
Amperesy _'%se— Secondary

CEC Fuse
N
9 or More 250 300 125*
4
Less than 9,¢ [\, 250 300 167

*May be incc&z next higher std. fuse size

Transformer g@ing Inrush Currents

When volta & ed on to energize a transformer, the transformer core
ratesy This results in a large inrush (magnetizing) current which is

first half cycle (approx. .01 second) and becomes progres-

sively less severe over the next several cycles (approx. 0.1 second) until the
transformer reaches its normal current.

modate this inrush current, fuses are often selected which have time-
ithstand values of at least 12 times transformer primary rated current for
cond and 25 times for 0.01 second. Recommended primary fuses for
ular, low-voltage 3-phase transformers are shown on the next page. Control
ircuit transformers may have substantially greater inrush currents. For these
applications, the fuse should be selected to withstand 40 times transformer
primary rated current for 0.01 second.
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SECONDARY FUSES

known. Fuses are sized at 125% secondary FLA or next higher rating of at
167% of secondary FLA depending on secondary current. (See NEC and CE
guidelines on pervious page). The preferred sizing is 125% of rated second
Icurrent (Isec) or next higher fuse rating. Determine transformer rating (VA r
kVA), secondary voltage (Vsec) and whether it is single or three phase.

1. Single Phase: Isec = Transformer VA or Transformer KVA x 1000”
-=ing : Visec Vs 1‘5

Transformer VA Transforme X 1000

2. Three Phase: Isec = or b

1.73x Vsec
When Isec is determined, multiply it by 1.25 and choo@t fuse rating or the
next higher rating. (Isec x 1.25 = Fuse Rating).
For transformers with primary over 600 volts, ¢ | Application Section in
the Ferraz Shawmut Advisor.

Selecting fuses for the secondary is simple once rated secondary current is &

[

RECOMMENDED PRIMA ES FOR 240 VOLT
THREE PHASE SFORMERS
Trans- [)' (Primary Fuse Rating
former Primary
Rating |Full Load \‘]T* or
KVA Amps TR- >A2D-R* A4BQ* A4BY* A4BT*
3 72 |, L9 15 - - -
5 12 25 - - -
7-1/2 18 K 40 - -- --
9 22 30 45 - - -
15 3 r’ 45 60 - - -
30 90 150 - - -
45 150 225 - - -
75 225 400 - - -
1004 |y 281 300 450 - - -
112. 71 350 500 -- - -
150 361 450 600 - - -
225 541 600 - 1200 900 800
00 ¢ 722 - - 1600 1200 1200
0 1203 - - 2500 2000 1800
0 1804 - - 4000 3000 -
; 000 2406 - - 5000 5000 -
1500 3608 - - - 6000 -

* When using these fuses, transformer secondary must also be fused to comply with
NEC 450-3 and CEC 26-254.
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RECOMMENDED PRIMARY FUSES FOR 480 VOLT
THREE PHASE TRANSFORMERS

Trans- Primary Fuse Rating 43&

former | Primary
Rating |Full Load AJT* or c)
KVA Amps TRS-R A6D-R* | A4BQ* A4BY* A4B
3 3.6 4-1/2 6 - - -e
5 6.0 8 12 -- - "~ _ -
7-1/2 9.0 12 15 -- - \‘0
9 1 15 25 - @} -
15 18 25 --
30 36 45 0 --
45 54 70 N -
75 90 125 \ - --
100 120 150 7' - --
1125 135 175 - --
150 180 225 - -
225 271 350 - --
300 361 450 - --
500 601 - 1000 1000
750 902 - y 1600 1400
1000 1203 - 2000 1800
1500 1804 - ( 3000 --
2000 2406 . o 4000 -
2500 3007 ‘\ 5000 -
* When using these fuses er secondary must also be fused to comply with

NEC 450-3 and CEC 26-25:
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RECOMMENDED PRIMARY FUSES FOR 600 VOLT

THREE PHASE TRANSFORMERS &
Trang- Primary Fuse Rating (\\
formegr  Primary
Rating Full Load AJT* or g?’
KVA Amps | TRS-R | A6D-R* | A4BQ* | A4BY* | A
3 2.9 4 5 - - -
5 48 6 10 - - O) -
7-1/2 7.2 9 15 - \. -
9 9 12 17-172 - @ -
15 14 20 -
30 29 35 = -
45 43 60 - -
75 72 90 - -
100 96 125 - -
112.5 108 150 - -
150 144 200 - -
225 217 300 a& - -
300 289 350 % - - -
500 481 600 <2 - 1000 900 700
750 722 - - 1600 1400 1200
1000 962 - \\ - 2000 1800 1600
1500 1443 --(Dr - 3000 2500 2000
2000 10925 |, o - 4000 4000 -
2500 2406 \ - 5000 5000 -

uses,
NEC 450-3 and CEC 26-254.
L 4

S
SS

* When using these f(C)S sformer secondary must also be fused to comply with
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CONTROL CIRCUIT TRANSFORMERS

are to be protected as outlined in NEC 450-3 and CEC 25-256

with one important exception. The NEC allows primary fuses to bo
sized up to 500% of transformer rated primary current if the ratf)
current is less than 2 amperes.

Control circuit transformers used as part of a motor control circuit &

When a control circuit transformer is energized, the typical .
magnetizing inrush will be 25-40 times rated primary full
current (FLA) for the first 1/2 cycle and dissipates to r\ rrent

in a few cycles. Fuses must be sized so they do not during
this inrush. We recommend that fuses be selected t hstand
40 x FLA for 0.01 second and to stay within the ines

specified above.

For example: 300VA Transformer, 600@
I — Transformer VA _ _300 _

P = primary v 600 = Y 2{\'

The fuse time-current curve nQ@the right of the point

40 x (1/2A) = 20A @ .01 se\
RECOMMENDED ATQ@ ASS CC PRIMARY FUSES
ONTROL TRANSFORMERS

FOR SINGLE PI;I
Trans- 240V Prir@N 480V Primary 600V Primary
former
VA Pri. FLA ATQR | Pri. FLA ATQR
25 0.052 1/10 0.042 1/10
50 0.10 1/4 0.08 1/4
75 0.16 3/10 0.13 1/4
100 0.21 4/10 0.17 3/10
130 0.27 1/2 0.22 4/10
150 0.31 1/2 0.25 1/2
200 0.42 6/10 0.33 1/2
25 0.52 8/10 0.42 6/10
2.08 4* 1.04 2 0.83 1-1/2
3.13 ™ 1.56 3 1.25 2-1/2
4.16 10* 2.08 4* 1.67 3
00 6.25 15*% 3.13 7* 2.50 5*
N 000 8.3 20* 4.17 10* 3.33 8*

& When using these fuses, transformer secondary must also be fused to comply with NEC
450-3 and CEC 26-256.
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CONVERSION FACTORS - KVA TO AMPERES

Three-Phase | Amperes per Two-wire Volts
Volts Phase Amperes per
Line-to-line per kVA AC DC per kVA or
—
110 5.25 100 - 10.0
115 5.02 - 110 9.10
120 4.81 115 115 8.7,
180 3.21 120 - 8.33
199 2.90 - 125 4 @8.00
- - 220 - \ 4.55
208 278 - - Q) -
220 2.63 230 - 4.35
230 2,51 240 0 4.17
240 241 250 4.00
416 1.39 265 @ 3.77
440 1.31 - 3.64
- -- 277 - 3.61
460 1.25 - 300 3.33
480 1.20 - - -
550 1.05 416 -- 2.41
575 1.00 44 -- 2.27
600 0.96 - 2.17
i ? @' - 200
- - 5! 550 1.82
- - 4 575 - 1.74
- - \ 600 600 1.67
Lo

How to convert kVA t res.
For example, determi %

from a 750 kVA, 3-
220 volts is 2.63 a
or 1972.5 amp

conductor,

S

L 4

necessary busway rating to carry the full current
ansformer at 220 volts. From the table, one kVA at
r phase. Hence, the full-load current is 2.63 times 750

ase, requiring, at the minimum, a 2000 amp, 3-phase, 3-

sway.

When you need fuses for any purpose, always ask about the latest SHAWMUT
fuse for that purpose. SHAWMUT engineering is never satisfied with merely
making better product; it is alert at all times to the most exacting requirements
of circuit protection and consequently to the most exacting requirements for fuses.
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AMPERES FOR ONE KW AT VARIOUS VOLTAGES
AND POWER FACTORS

SINGLE-PHASE CIRCUITS &

Amperes per Kilowatt 0

@ Power Factor 1
Volts 100% 90% 80% 70% 60% 50%
115 8.70 9.67 10.9 12.4 145 . 17.4
230 4.38 4.87 5.48 6.23 7.3(\‘0.76
460 2.17 241 2.71 3.10 3. N 4.34
575 1.74 1.93 2.18 2.49 348
2300 0.435 0.483 0.544 0.621 7 0.870

S
TWO-PHASE cmc@
Amperes per %w

@ Power
%

Volts 100% 90% 80% 60% 50%
-

115 4.35 4.83 {aP 6.21 7.25 8.70

230 217 2.41 Q; 3.10 3.62 4.34

460 1.09 1.21 \ 1.56 1.82 2.18

575 0.870 0.966 (bl.og 1.24 1.45 1.74

2300 0.217 qi{i 0.271 0.310 0.362 0.434

N
E-PHASE CIRCUITS
C

N
"’ _ Amperes per Kilowatt

@ Power Factor

Volts WX 90% 80% 70% 60% 50%
115 % 5.58 6.28 7.17 8.37 10.0
208 N 2.78 3.08 3.48 3.97 4.63 5.56
23 251 2.79 3.18 3.59 4.18 5.02
$ 1.26 1.39 1.58 1.80 2.10 2.52
75 1.00 1.12 1.25 1.43 1.67 2.00
< 400 0.241 0.268 0.301 0.344 0.402 0.482
4160 0.139 0.154 0.174 0.199 0.232 0.278
y 7200 .0802 .0891 0.100 0.115 0.134 0.160
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\%S

W -
|-1 00+}=100+]

1000 O
|-1000—=|  |«-1000—] ()
[=1000—=|  |-1000-=

.
-—100 4=t
+—~100—] |=100—| \
®
Single-phase transformers on Single-phase sformers,
a single phase system. secon parallel.

[==1000— +—1000 -

QU

+—100—|+—100—
200

(% 5
Q7 HE

50
Single-phase trans Single-phase transformers
secondaries in' primaries in series, secondaries

in paraliel.

.
%

2() ®
P,
000 —|
1000
1000~ ~—1000—

kel

100 —=

Three single-phase transformers Three single-phase transformers
connected delta-delta in connected star-star in
a three-phase system a three-phase system
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CONNECTION DIAGRAMS

For Transformers
A B C A B C
«—— 1000 —— |[+— 1000 —] 1000 ——
— i CO
o577 —»|
+-1000 ~={  [=— 1000 | {«~1000 —|
(558)
[+-100 | 100 =] =100 577
[+ 100 173 18— ~——57.7 57.7—
c

connected delta-star in
a three-phase system

connected star-delta in
a three-phase system

C
Three single-phase transformersQ@ee single-phase transformers

AN

. )% S
SR
wo single-phase transformers
connected open delta in a three phase
system

A C D F
~—1000—= ~—1000 —
NN

50 | 50 | 707

[+—70.7
te— 100

50 |50
e
100 —
70.7—~|

Two single-phase transformers
connected star in a four-wire
two-phase system
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CONNECTION DIAGRAMS
For Transformers &

A € O
1414 1000 ——| ~— 1000 ——|
B
#1000 ——— | *=—— 1000 —| | —— 1000 ———eer—————»
500+ = 500~ —ass—| 7
a d

+—100; +—100—=|

N

Two single-phase transform @ Two single-phase transformers
connected in a three-wir connected in a three phase
two-phase system two-phase system. Scott Connection

Power

1000V ——
glla 10amp E
g |+—/ 0000005008 1|5

100 amp

100 amp

used as a booster. connected to lower the E.M.F.

SS Single phase transformer Single phase transformer
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GRAPHIC SYMBOLS FOR ELECTRICAL WIRING

Wall

®@@@©©QO§
bodbbddd

(o 1 407
[os 1 HGR ]
(Q 1 L1
[OR T [ 1]

f i

Grounded Ungrounded( )

& Single Receptacle Outlet

G

bho
10

s

UNG

UNG

UNG

UNG

Y,
Mol
B s 45

C
Zz
i)

Lighting outlets

Outlet O
Blanked Outlet C)

Junction Box .
Lamp Fixture Holder @
Recessed Lamp Fixture \

Drop Cord 0@

Recessed Exit Light
Surface or Pendant Exit'igh

Surface or Pend l@cem Fixture

t Fixture

ntinuous-Row Fluorescent Fixture
inuous -Row Fluorescent Fixture

Recessem
Barq orescent Strip
R?b cle Outlets

Duplex Receptacle Outlet

Switched Receptacle & Convenience Outlet
Duplex Receptacle Outlet - Split Wired
Single Special-Purpose Receptacle Outlet

Special-Purpose Connection - Subscript Letters
Indicate Function (DW - Dishwasher, etc.)

Floor Receptacle

Clock Hanger Receptacle

Fan Hanger Receptacle

Floor Duplex Receptacle Outlet

Floor Telephone Outlet - Public
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Switch Outlets

S Single-Pole Switch
S2  Double-Pole Switch
S3  Three-Way Switch
Sa  Four-Way Switch
SF Fused Switch

SwPF Weather-Proof Fused Switch

SK  Key-Operated Switch
Sp  Switch and Pilot Lamp

SL  Switch for Low-Voltage System

SRC  Remote Control Switch

—OSs
ESE

Swp Weatherproof Switch
Sp  Door Switch
ST Time Switch
Smc
Scs

Circuit Breaker Switch

Switch and Single Receptacle
Switch and Double Receptacle

Momentary Contact Switch

Power Circuits
T T} Fuse

"~~~ Circuit Breaker

-+ & Capacitor

—HF  Contactor

W Transformer

—3 E“ PotentialTransformer
-~ CurrentTransformer
~ X~ Qvetrload Relay
—— Lige Switch
—@ Motor

& Ground
—@ Generator

__\_

Transfer Switch

—VWV—  Resistor
- Inductor
Al Battery

Swce Weatherproof Circuit BréakehSwitch

Residential Occupancies
@ Push-button

\D Buzzer
O gel
Chirre

<>_ Annungiator

Elegtric Door Opener
Interconnection Box
Qutside Telephone
Interconnecting Telephone
Radio Outlet

Television Outlet

EE&®Y ][]

Bus Duct and Wireway

[ [1I 7] Trolley Duct
WL W[ W[ Wireway
[B] I8l Te[ Busway (Service,

Feeder or Plug-in)

Circuiting

Wiring Concealed in

Ceiling or Wall
——————— Wiring Concealed in Fioor

Wire Exposed

——»2 & Branch Circuit Home
Run to Panel Board
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APPROXIMATE COST OF OPERATING AVERAGE
ELECTRICAL APPLIANCES ON A 10-CENT RATE

Appliance

Typical Average
Annual Power
Consumption - KWH

Annual Cost at
10 Cents/KWH

Hot Water Heater
Air Conditioner (Room)
Air Conditioner (House)
Swimming Pool
Room Heater
Refrigerator: Manual (12 Cu. Ft.)
Automatic Defrost (14 Cu. Ft.)
Automatic Defrost (19 Cu. Ft.)
Freezer: Manual (16 Cu. Ft.)
Automatic Defrost (16 Cu. Ft.)
Water Bed
Lighting: 4 - 5 Rooms
6 - 8 Rooms
9 - 12 Rooms
Attic Fan
Clothes Dryer
Furnace Fan
Range/Oven
Well Pump

Colour Television
Microwave Oven
Sump Pump
Toaster Oven
Personal Computer
Coffee Maker

Slow Cooker \

Frying Pan C)
Washing Ma hir@t Hot Water)
Iron

Electric Blanket
Black & e
Stereo
Radio
Broiler
T ompactor
Cleaner
aster
ndwich Grill

N4

evision

Dishwasher (Not Incl. Hot Water
Dehumidifier
Window Fan \

4,000
300

2.50

ote - For different rates,multiply the new rate times the annual usage. Example: The annual

cost of running a hot water heater at $.08/KWH would be .08 x 4000 = $320.00
Source: Massachusetts Electric Company
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THERMOMETER SCALE

Celsius - Fahrenheit

Celsius = 5/9 (F - 32)

Fahrenheit = 9/5 C + 32 Q

C F [¢ F C F ¢ FOCN©
-35 310 13 55.4 49 120.2 85 g}‘
-30 22.0 14 57.2 50 122.0 86 186
25 -13.0 15 59.0 51 123.8 87 188.6
20 4.0 16 60.8 52 125.6 8 190.4
-19 2.2 17 62.6 53 127.4 \@ 192.2
-18 -4 18 64.4 54 129.2 194.0
-17 1.4 19 66.2 55 131.0\% 195.8
-16 3.2 20 68.0 56 132\} 92 197.6
-15 5.0 21 69.8 57 ; 93 199.4
-14 6.8 22 716 58 J@ 94 201.2
-13 8.6 23 73.4 59 (&2 95 203.0
-12 10.4 24 75.2 N140.0 96 204.8
11 12.2 25 77.0 b 141.8 97 206.6
-10 14.0 26 78.8 &3 143.6 98 208.4
-9 15.8 27 80.6 145.4 99 210.2
-8 17.6 28 De4 1472 | 100 | 2120
7 19.4 29 Q 65 1490 | 105 | 221.0
-6 21.2 30 X 66 150.8 | 110 | 230.0
5 23.0 31 ’az 67 1526 | 115 | 239.0
-4 24.8 32 9.6 68 154.4 | 120 | 248.0
-3 26.6 * ) 91.4 69 156.2 | 130 | 266.0
2 28.4 4 93.2 70 1580 | 140 | 284.0
-1 302 o 95.0 71 159.8 | 150 | 302.0
0 32.0 Jae 96.8 72 161.6 | 160 | 320.0
1 3 37 98.6 73 1634 | 170 | 338.0
2 b 38 100.4 74 1652 | 180 | 356.0
3 37, 39 102.2 75 167.0 | 190 | 374.0
4 2 40 104.0 76 1688 | 200 | 392.0
5 | 410 41 105.8 77 1706 | 250 | 482.0
428 42 107.6 78 172.4 | 300 | 572.0
§ 44.6 43 109.4 79 1742 | 350 | 662.0
& 46.4 44 111.2 80 176.0 | 400 | 752.0
9 48.2 45 113.0 81 177.8 | 500 | 932.0
b 10 50.0 46 114.8 82 1796 | 600 | 1112.0
11 51.8 a7 116.0 83 181.4 | 800 | 1472.0
12 53.6 48 118.4 84 183.2 | 1000 | 1832.0
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GENERAL CONVERSION TABLE

BTU x 777.5 = Foot pounds

BTU x 1055 = Joules

BTU x 0.000293 = Kilowatt hours O
BTU per minute x 13.0 = Foot pounds per second c)
BTU per minute x 0.0176 = Kilowatts

BTU per hour x 0.000293 = Kilowatts
Cubic feet x 0.02832 = Cubic meters @
Cubic feet per minute x 7.48 = US Gallons per minute\
Cubic inches x 16.387 = Cubic centimeters @
Cycles per second = Hertz
Degrees x 0.01745 = Radians
Degrees Celsius x 1.8 + 32 = Degrees Fahrenheit
Degrees Celsius = (Degrees Fahrenheit - 3%1.
Feet x 30.48 = Centimeters
Feet x 0.3048 = Meters
Feet of water x 0.883 = Inches of Me
Feet of water X 63.43 = Pounds pe are foot
Feet of water X 0.43135 = Poup @square inch
Feet per minute X 0.0114 = per hour
Feet per second x 0.682 = MileSwer hour
Feet per second x 0.3048
Foot-pounds x 0.0229 =
Foot-pounds x 5.05/10
Foot-pounds x 3.7
Foot-pounds x 1.3
Foot-pounds x Newton meters
Foot-pound inute x 0.00129 = BTU per minute
Foot-pounds minute x 3.03/100,000 = Horsepower
Foot-pou second x 0.00182 = Horsepower
Foot-poundsper second x 1.356 = Watts
Gallons (US) x 3.785 = Liters
Gal (US) x 0.134 = Cubic feet
s (Imperial) x 1.2 = US Gallons
epower X 746 = Watts
rsepower x 42.4 = BTU per minute
smrsepower x 33,000 = Foot-pounds per minute
H

orsepower x 550 = Foot-pounds per second

*

%) 00 = Horsepower hours
,000 = Kilowatt hours
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GENERAL CONVERSION TABLE CONT.

Horsepower Boiler x 33,520 = BTU per hour

Horsepower Boiler x 9.80 = Kilowatts

Horsepower hours x 2550 = BTU O
Horsepower hours X 1,980,000 = Foot-pounds C)
Inches x 2.54 = Centimeters

Inches of mercury x 1.133 = feet of water .

Inches of mercury x 70.7 = Pounds per square foot
Inches of mercury x 0.491 = Pounds per square incN
Inches of mercury x 3.374 = Kilopascals (D
Inches of water x 0.0735 = Inches of Mercury 0
Inches of water x 5.2 = Pounds per square fo

Inches of water x 0.2486 = Kilopascals b

Inch pounds x 0.1130 = Newton meter (b
Kilowatts x 56.9 = BTU per minute

Kilowatts x 3412 = BTU per hour

Kilowatts x 1.341 = Horsepower \

Kilowatt hours x 3412 = BTU &

Kilowatt hours x 1.34 = Hors ours

Miles per hour x 1.47 = Fe r second

Miles per hour x 0.447 = per second

Miles per hour x 1.609 =
Minutes x 0.000291 =

Pounds force x ewtons

Pounds per cubij x 16.02 = Kilograms per cubic meter
Pounds per c ot x 16.02 = Grams per liter

Pounds p e foot x 0.016 = Feet of water

Pound QXuare inch x 2.31 = Feet of water
Pounds*pér square inch x 144 = pounds per square foot
Pounds per square inch x 6.895 = Kilopascals
Radians®x 57.3 = Degrees

ns x 3438 = Minutes

lutions x 6.28 = Radians

volutions per minute x 0.105 = Radians per second
quare inches x 1,273,000 Circular Mills

Square inches x 6.452 = Square centimeters

Square feet x 0.0929 = Square meters
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WEIGHTS AND MEASURES

Troy Weight
24 grains = 1 penny weight 12 ounces = 1 pound
20 pennyweights = 1 ounce 3.168 grains = 1 carat
Used for weighing gold, silver and jewels
Apothecaries’ Weight o
20 grains = 1 scruple 8 drams = 1 ounce
3 scruples = 1 dram 12 ounces = 1 pound

The ounce and pound in this are the same as in Troy weight ¢

Avoirdupois Weight @
27-11/32 grains = 1 dram 4 quarters = 1 hundredwe;i?b

16 drams = 1 ounce 2000 pounds = 1 short to
16 ounces = 1 pound 2240 pounds = 1 long tt
25 pounds = 1 quarter

8 quarts = 1 peck 36 bushels

Dry Measure
2 pints = 1 quart 4 pecks = 1%

Liquid Measur
4 gills = 1 pint 3 s = 1 barrel
2 pints = 1 quart 2 = 1 hogshead

4 quarts = 1 gallon lon = 231 cubic inches

Mariners’ @'e
6 feet = 1 fathom Q 0 feet = 1 statute mile

120 fathoms = 1 cable length 6086 feet = 1 nautical mile
7-1/2 cable lengths = 1 mile

@Iaﬂeous
3inches = 1 palm O 18 inches = 1 cubit

4inches = 1 hand . 21.8 inches = 1 Bible cubit

6 inches = 1 span \ 2-1/2 feet = 1 military pace
\&' Square Measure

144 square inches = 1 squar€To 40 square rods = 1 rood

9 square feet = 1 square yal 4 roods = 1 acre

30-1/4 square yards = e rod 640 acres = 1 square mile

\ Surveyors’ Measure
7.92 inches =& lin| 36 square miles (6 miles square) = 1 township

25 links = 1 ro 4 rods = 1 chain
10 square chains or'60 square rods = 1 acre 640 acres = 1 square mile
. Cubic Measure

1728 cubic inches = 1 cubic foot 1 cubic foot = about four-fifths of a bushel
27 cul =1 cubic yard 128 cubic feet = 1 cord (wood)
2140 bic inches = 1 standard bushel 40 cubic feet = ton (shipping
cubic inches = 1 standard gallon
Long Measure
2 inches = 1 foot 40 rods = 1 furlong
3feet=1yard 8 furlongs = 1 statute mile
5-1/2 yards = 1 rod 3miles = 1 league
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DECIMAL EQUIVALENTS, SQUARES, CUBES,
SQUARE AND CUBE ROOTS, CIRCUMFERENCES AND
AREAS OF CIRCLES, FROM 1/64 TO 1/2 INCH

Decimal Square Cube Circle*
Fraction| Equiv. | Square| Root Cube Root | Circum. Are('
1/64 |.015625 |.0002441 |.125 000003815/ .25 .04909 .000192
1/32 |.03125 |.0009766 |.176777 |.000030518| .31498 | .09817 .00Q767
3/64 |.046875 |.0021973 |.216506 |.000102997| .36056 | .14726 G .001726
1/16 |.0625 .0039063 |.25 00024414 | .39685 .19& ‘9.003068
N
5/64 |.078125 |.0061035 |.279508 |.00047684| .42749 .2@ .004794
3/32 |.09375 |.0087891 |.306186 |.00082397| .45428 | . .006903
7/64 |.109375 |.0119629 |.330719 |.0013084 | 47823 | 61 .009396
18 |.125 .015625 |.353553 | .0019531 | .5 CV9270 .012272
9/64 |.140625 |.0197754 |.375 .0027809 {5 44179 .015532
5/32 |.15625 |.0244141 |.395285 |.0038147 .49087 .019175
11/64 |.171875 |.0295410 |.414578 |.0050 600 | .53996 .023201
3/16 |.1875 .0351563 |.433013 | .006! 57236 | .58905 .027611
13/64 |.203125 |.0412598 |.450694 | 00 58783 | .63814 .032405
7132 |.21875 |.0478516 |.46770 8 60254 | .68722 .037583
15/64 |.234375 |.0549316 |.484 .012875 | .61655 | .73631 .043143
14 |25 .0625 5 015625 | 62996 | .78540 .049087
g
17/64 |.265625 |.0705566 .5 .018742 | .64282 | .83449 .055415
9/32 |.28125 |.0791016 ‘:5?’ 0 |.022247 | .65519 | .88357 .062126
19/64 |.296875 |.0881348, 644862 | .026165 | .66710 | .93266 .069221
5/16 |.3125 .0 559017 |.030518 | .67860 | .98175 .076699
21/64 |.328125 |.1076 572822 |.035328 |.68973 | 1.03084 .084561
11/32  |.34375 4 |.586302 |.040619 |.70051 | 1.07992 .092806
23/64 | .359: c ..‘1)9150 599479 | .046413 |.71097 | 1.12901 .101434
3/8 .3},&..140625 612372 | .052734 |.72112 1.17810 .110445
25/64 .P:QW .1525879 |.625 .059605 | .73100 | 1.22718 .119842
13/32 |.40625 |.1650391 |.637377 |.067047 | .74062 1.27627 1129621
27/64 |.421875 |.1779785 |.649519 |.075085 |.75 1.32536 .139784
7 4375 .1914063 |.661438 |.083740 |.75915 | 1.37445 .150330
/64 | .453125 |.2053223 |.673146 |.093037 |.76808 | 1.42353 .161260
- 2 |.46875  |.2197266 |.684653 |.102997 |.77681 | 1.47262 172573
\ 1/64 |.484375 |.2346191 |.695971 |.113644 |.78535 | 1.52171 .184269
&‘ 12 |5 .25 707107 | .125 79370 | 1.57080 .196350

*Fraction represents diameter
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DECIMAL EQUIVALENTS, SQUARES, CUBES,
SQUARE AND CUBE ROOTS, CIRCUMFERENCES AND
AREAS OF CIRCLES, FROM 33/64 TO 1/2 INCH

Q

P

Decimal Square Cube Circle* (

Fraction| Equiv. | Square| Root Cube Root | Circum. A{Ea\
33/64 | 515625 | 265869 | .718070 | .137080 | .80188 | 1.61988 | .208813
17/32 53125 | .282227 | .728869 | .149933 | .80990 | 1.66897 | .221660
35/64 | 546875 | 290072 | 739510 | .163555 | 81777 | 1.71806 | .234891
9/16 5625 .316406 | .75 177979 | .82548 {% .248505
37/64 | 578125 | .334229 | .760345 | .193226 | .83306 Xs .262502
19/32 59375 | .352539 | .770552 | .209320 | .840494 532 | .276884
39/64 | .609375 | .371338 | .780625 | .226284 8478\).91441 .291648
5/8 .625 .390625 | .790569 | .244141 1.96350 | .306796
41/64 | .640625 | .410400 | .800391 | .262913 @0 2.01258 | .322328
21/32 65625 | .430664 | .810093 | .2826 901 | 2.06167 | .338243
43/64 | .671875 | .451416 | .819680 \87585 2.11076 | .354541
11/16 .6875 472656 | .829156 .88259 | 2.15984 | .371223

4

45/64 | .703125 | .494385 | .838525 45347614 | .88922 | 2.20893 | .388289
23/32 71875 | 516602 Qism 89576 | 2.25802 | .405737
47/64 | 734375 | 539307 7396053 | .90221 | 2.30711 | .423570
3/4 .75 5625 421875 | .90856 | 2.35619 | .441786
49/64 | 765625 | .586182 448795 | .91483 | 2.40528 | .460386
25/32 78125 | .6103 476837 | .92101 | 2.45437 | .479369
51/64 | .796875 | .68 t).sgzmg 506023 | .92711 | 2.50346 | .498736
13/16 | .8125 (& 901388 | .536377 | .93313 | 2.55254 | .518486
53/64 | .82812541". 91 | .910014 | .567921 | .93907 | 2.60163 | .538619
27/32 .84375 1914 | 918559 | .600677 | .94494 | 2.65072 | .559136
55/64 | . 59@’ 738525 | 927024 | .634670 | .95074 | 2.69981 | .580036
7/8 ,ﬁ\ 765625 | 935414 | .669922 | .95647 | 2.74889 | .601320

Y

57/64 N 25 | .793213 | .943729 | .706455 | .96213 | 2.79798 | .622988
29/32 90625 | .821289 | .951972 | .744293 | .96772 | 2.84707 | .645039
59/64 |, .921875 | .849854 | .960143 | .783459 | .97325 | 2.89616 | .667473
&3 .9375 878906 | .968246 | .823975 | .97872 | 2.94524 | .690291
4 | 953125 | .908447 | 976281 | .865864 | .98412 | 2.99433 | .713493
&1/32 96875 | .938477 | .984251 | .909149 | .98947 | 3.04342 | .737078
b 63/64 | .984375 | .968994 | .992157 | .953854 | .99476 | 3.09251 | .761046
1|1 1 1 1 1 3.14159 | .785398

*Fraction represents diameter
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AREAS AND CIRCUMFERENCES OF CIRCLES

Diam. Circum. Area Diam. Circum. Area
1/64 .049087 .00019 | 2. 6.28319 3.1416
1/32 .098175 .00077 1/16 6.47953 3.3410
3/64 .147262 .00173 1/8 6.67588 3.5466 <)
1/16 .196350 .00307 3/16 6.87223 3.75
3/32 .294524 .00690 1/4 7.06858 3.97@

1/8 .392699 .01227
5/16 7.26493 4.2000
5/32 490874 .01917 3/8 7.46128 4.43p1
3/16 .589049 .02761 7116 7.65763 4.6664
7132 .687223 .03758 172 7.8539 @.9087
1/4 .785398 .04909
9/16 8.050 N, 51572
9/32 .883573 .06213 5/8 8.24EQr 5.4119
5/16 .981748 .07670 11/16 8.4 5.6727
11/32 1.07992 .09281 3/4 39 5.9396
3/8 1.17810 .11045
13/16 8.88573 6.2126

13/32 1.27627 .12962 7/8 03208 6.4918
7116 1.37445 .15033 15/16 ‘ 122843 6.7771

15/32 1.47262 17257 |3. 9.42478 7.0686

1/2 1.57080 .19635 N
9.62113 7.3662

17/32 1.66897 22166 9.81748 7.6699
9/16 1.76715 .24850 10.0138 7.9798

19/32 1.86532 .27688 1/ 10.2102 8.2958

5/8 1.96350 .30680
@lG 10.4065 8.6179

21/32 2.06167 .338; 3/8 10.6029 8.9462

11/16 2.15984 .37 7116 10.7992 9.2806

23/32 2.25802 10.9956 9.6211

3/4 2.35619
11.1919 9.9678

25/32 2.45437 11.3883 10.321

13/16 2.55254 11.5846 10.680

27/32 2.65072 ¢ 11.7810 11.045

7/8 2.74889 4
11.9773 11.416

29/32 2.8470& . 12,1737 11.793

15/16 2.945, Vo 12.3700 12.177

31/32 3.043 . . 12.5664 12.566

1. 3 .
1/16 12.7627 12.962
1/16 Py 4 .88664 1/8 12.9591 13.364
1/8 3.53429 .99402 3/16 13.1554 13.772
3/16 3064 1.1075 1/4 13.3518 14.186
1/4 .92699 1.2272
5/16 13.5481 14.607
5/16 4 4.12334 1.3530 3/8 13.7445 15.033
4.31969 1.4849 7116 13.9408 15.466
4.51604 1.6230 12 14.1372 15.904
4.71239 1.7671
9/16 14.3335 16.349
/16 4.90874 1.9175 5/8 14.5299 16.800
5/8 5.10509 2.0739 11/16 14.7262 17.257
11/16 5.30144 2.2365 3/4 14.9226 17.721
3/4 5.49779 2.4053
13/16 15.1189 18.190
13/16 5.69414 2.5802 7/8 15.3153 18.665
7/8 5.89049 2.7612 15/16 15.5116 19.147
15/16 6.08684 29483 |5. 15.7080 19.635
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TRIGONOMETRIC FUNCTIONS

Angle- Deg. Sine Cos Tan Cot Angle-Deg.

0 .0000 1.0000 .0000 Infinite 90

1 0175 .9998 0175 57.29 89 \

2 .0349 .9994 .0349 28.64 88 < ,

3 .0523 .9986 0524 19.08

4 .0698 .9976 .0699 14.30 {)

5 .0872 .9962 .0875 11.43 8

6 .1045 .9945 11051 9.514 84

7 1219 19925 1228 8.144 b 83

8 11392 .9903 .1405 Co 82

9 .1564 9877 11584 81

10 1736 .9848 1763 80

1 .1908 9816 .1944 79

12 .2079 9781 2126 78

13 .2250 9744 12309 77

14 2419 9703 2493 76

15 .2588 .9659 2679 75

16 2756 19613 74

17 2924 .9563 73

18 .3090 9511 72

19 .3256 9455 . 71

20 .3420 .9397 &G 70

21 .3584 9336 (b 839 2.605 69

22 .3746 927 4040 2.475 68

23 .3907 9 4245 2.356 67

24 4067 4452 2.246 66

25 4226 4663 2.146 65

26 4384 4877 2.050 64

27 4540 5095 1.963 63

28 4695 5317 1.881 62

29 4848 5543 1.804 61

30 .5000 & 5774 1.732 60

31 5 P 8572 6009 1.664 59

32 5299 8480 16249 1.600 58

33 8337 6494 1.540 57

34 2 .8290 6745 1.483 56

35 4\ 6 8192 .7002 1.428 55

36 y V5878 .8090 7265 1.376 54

37 / .6018 7986 7536 1.327 53

38 6157 7880 7813 1.280 52

39 .6293 7771 .8098 1.235 51

40 » .6428 7660 8391 1.192 50

.6561 7547 8693 1.150 49
.6691 7431 .9004 1.111 48

43 .6820 7314 19325 1.072 47

44 6947 7193 19657 1.036 46

45 .7071 7071 1.0000 1.000 45
Angle-Deg. Cos Sine Cot Tan Angle-Deg.

For angles over 45°, use titles at bottom of page.
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TRIGNOMETRIC FORMULAE

(SUPLEE)
Right-Angled Triangles &

Q
C A .
b %
1. a =Vb2¢+c? 1. o=1/2b2?3~
2 a = o 12. Q =1/2®c

cos C

w
v
1
53
-
w
Q
=
|1
+
(2]
o
=
fY)
\
)
o

Q

- = <
4. a =2 sin2C " T a
5 b =acos C {\aos c = %
6 b =ccotC
7 b = asinB . tanC = _Z_
8 b =ctan B Q
\ 17. sn2c = 49
2Q az
9. b =
tan C 20
18. tan C = 5
1. Q = a’s b

XN

In a triangle the functions of an angle have a certain relation to the opposite side;
it is this relationshi enables us to solve the triangle by the application of
simple arithm

ic.
In triangle x are denoted by the lefters a, b, and ¢; their respective
opposite anglés denoted by A, B, and C, and the area by Q.

Example: The side cin a right-angled triangle being 365 feet, and the angle
C=139°20", How long is the side a = ?

F P - B 365 . 965 _ g75861eet.

S sin C sin 39° 20’ 0.63383
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TRIGNOMETRICAL FORMULAE

(SUPLEE)

Oblique-Angled Triangles

B
a c
Q
C A
b
a:b =
a:c = sinA: s
_ CcsinA
& = “&nc
a = c sinA
sin (A + B)
_ 2Q
& = bsncC
b = csinB
sin
.
b =@
sinC =\ClsinB

=V

2Q sinA

sin B sin (A+B)

sinA: sinB,andb: ¢ = sin B

inC,andQ : ab = QZ

>

&sin 12 A

O
\Q 14. sin1/2B

15. cos 1/2 A
16. cos1/28
17. Q
18. Q
19. Q
20. Q=

n

1/2 (a+b+0)

NI
bc

. [Ea60
ac

\," s(s-a)

v be
L 8(s-b)
¥ ac

bc sin A
2

_ absinC

(S-a)(S-b(8-08

2

_ c%inAsn8

2 sin (A +B)

2Q sin(A+C)

!
~/b%+c?-2bccos A 21. b =V

sin Asin C

[ 2asnc

2. ¢ = \/ sin A sin (A +C)
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WEIGHTS OF VARIOUS SUBSTANCES AND METALS

Weight
per Cubic
Metals and Alloys Foot, Lbs. ™

Weight
per Cubic
Substances Foot,Lbs.
Asbestos

125-175
Asphaltum .

Brick, Fire ............ ....144
Brickwork, in mortar ...
Brickwork, in cement .
Cement, Set ........ .178
Chalk....
Charcoal, Oak
Charcoal, Pine
Concrete
Earth, loose....
Earth, rammed ....
Emery
Glass, common.
Granite
Gravel
Gypsum...

Ivory .
Kaolin
Lead acetate
Lime, Slaked .
Limestone
Litharge, Artificial ....
Magnetite .........

Marble .

Pyrolusite .
Sand, dry

4

Aluminum, cast
Antimony, solid ...

Barium.....
Bismuth, solid .. 617
BOroN ....ovviiiiiiiiieee 162
Brass, yellow, 70 Cu. @

Zn. cast ............ \ ..........

Brass, red 90 Cu +
Brass, white, 50

Platinum .
Potassium, solid .

Zinc, cast

Iron, grey, cast
Iron,white,
Iron, wrought....

Tungsten .
Vanadium ....

cast
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PROPERTIES OF METALS AS CONDUCTORS

Resistivity | Temp. Coeff. Tensile Melting
Microhm-Cm | of Resistivity | Specific | Strength PointJ

Metal 20°C per °C Gravity | Ibs.fin.” °Cm|
Aluminum 2.824 0.0039 2.7 30.000 SQ..
Antimony 41.7 0.0036 6.6 -- @
Bismuth 120 0.004 9.8 -- 271
Brass 7 0.002 8.6 70,000 | ¢ 900
cadmium 7.6 00038 | 86 | . (= 321
Climax 87 0.0007 8.1 00 | 1250
Cobalt 9.8 0.0033 8.71 - 1480
Constantan 49 0.00001 8.9 } ,000 1190
Copper-annealed 1.7241 0.00393 8 N\ 30,000 1083

-hand-drawn 1.771 0.00382 b " 60,000 1083
German Silver, 18%Ni 33 0.0004 150,000 | 1100
Gold 2.44 0.0034§ 20,000 1063
Iron 10 o.o%{ 7.8 50,000 | 1530
Lead 22 0@ 11.4 3000 | 327
Magnesium 4.6 .004 1.74 33,000 651

Manganin 44 V01 8.4 150,000 910
Mercury 95.78 700089 | 13.546 0 -38.9
Molybdenum, drawn 5.7 0.004 9 100,000 | 25.00

Monel 4 \» 0.002 8.9 160,000 1300
Nichrome 0.0004 8.2 150,000 1500

Nickel « 0.006 8.9 120,000 | 1452
Palladium \11 0.0033 | 12.2 39,000 | 1550
Phosphor Bronze V\SIS 0.0018 8.9 25,000 750
Platinum c' ) 10 0.003 21.4 50,000 | 1755
Silver o 1.59 0.0038 | 10.5 42,000 960
Steel, E.B.By, ")/ 10.4 0.005 7.7 53,000 | 1510
Steel, e 70 0.001 75 230,000 | 1260
Tantalu 15.5 0.0031 16.6 -- 2850
Tin - 11.5 0.0042 7.3 4,000 232
Tungstenydrawn 5.6 0.0045 19 500,000 3400

i 5.8 0.0037 7.1 10,000 419

S
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CONDUIT AND TUBING DIMENSIONS AND AREAS
(National Electric Products Corp.)

Conduit | Internal Internal Area Sq. In. &
Size | Diameter | 100% 60% 50% 40% O
1/2” 622" 304 182 152 122
3/4 824" 533 320 267 213 C)
1" | 1.049 864 518 432 346
11/4" | 1.380" 1.496 .898 748 508 | @
11/2" 1.610” 2.036 1.222 1.018 y
2 | 2067 3.356 2.014 1.678
212" | 2.469 4788 2.873 2.394
3 | 3068 | 7.393 | 4436 | 3.697 5
312 | 3548 9.887 5932 | 4.944 W S2.957
4 | 4026" | 1273 7638 | 6.365%))" 3.955
41/2" | 4506" | 15095 9.570 707 5.092
5" 5.047" 20.00 12.000 6.380
6" | 6.065" | 28.89 17.334 5 8.000
\
CALCULATION OF C FILL
K Number
of Wires A B
135 ——»
—t0— 3 27 2.15
4 3.1 2.41
5 35 27
6 3.9 3.0
7 48 373
8 4.9 3.83

Diagram shows s| Qquivalent diameter of group of wires and diameter of

i meter of a single wire. Diameter of conduit is for runs of
-90° bends to 150 ft. with 1-90° bend. For more difficult runs
f conduit to 115%; for less difficult, decrease to 87%.
onduit in terms of C.
B = Smallest equivalent diameter of group of wires in terms of C.
C = Diametef of individual wire. Use conduit size with internal diameter nearest

increase di

1 4 #10 wires require 3.1 X .63 = 1.95” or a 2" conduit (Assume dia. #10
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APPROXIMATE DIMENSIONS OF CONDUIT FITTINGS

{General Electric Company)

Nominal C (offset) D (Tangent)
Size A
inches Radius B 90" Elbow | 80° Elbow | 45" Elbow,
G.E. RIGID STEEL CONDUIT
12" 4 | 32132 | 61116 | 2-11/16 4-5/16
3/4 4-1/2 | 3-31/32 | 7-13/32 | 2-20/32 | 4-47/6%
1 5-3/4 5-3/32 | 8-27/64 | 2-43/64 5
1-1/4 7-14 | 6-27/64 9-7/8 2-5/8 | 3-25/32
1172 81/4 | 7-11/32 | 11-3116 | 2-15/1§ 4-9/16
2 9-1/2 85116 | 13-25/32 4-9(82_sfn, 6-17/64
2172 10-1/2 9-1/16 15-1/4 4-3/4 5-1/8
3 13 1-1/4 19 6 7-1/64
3-1/2 15 13 | 22-13/16 #7381 8-7/64
4 16 13-3/4 23 7 | 72332
4172 18 15-1/2 | 28-11/32N10:4/32 | 9-15/16
5 24 | 21-7/32 | 34-5[6 | 110-5/16 | 11-37/64
3 30 [26-11/16 | av,z088[F 11716 | 11-21/32
ELECTRICAL METALLIC TUBING
1 5.063 9.438 4.375
?&‘3‘9\@ 4 | 5500 10| as00 [ 5500
12 6.875 10.938 4.063 5.125
2 8 13 5 6
D
{Steel City Electric @ompany)
LOCKNUT BUSHING
Nominal
Pipe A B c D A B c D
inches
3/8 1-1/16 5/8 1 /8 27/32 15/32 3/4 5/16
172 1-3/32 25/32 1-1/6 1/8 1-1/32 5/8 29/32 11/32
34 | 1-11/32 1 179732 5/32 1-1/4 34 1-5/32 7116
1 1-21/32 1144 1419/32 532 | 1-17/32 1-1/32 | 1-13/32 916
1-1/4 2-1/8 | 1-19/32 2-1182 7132 | 1-29/32 1-5/16 1-3/4 916
1172 2-3/8 | 1-13/32 2:1/4 3/16 2-5/32 | 1-17/32 2-1/32 5/8
2 | 23132 2-506 [W2-25/32 7132 | 2-25/32 2 | 217/32 19/32
212 | 317/32 2;3/4 3-5/16 14 3508 | 2-13/32 3 25/32
3 4-5/16 3-3/8 4-1/32 5/16 3.7/8 3-1/32 | 3-11/16 27/32
3172 5| 31816 4-5/8 516 | 4-17/82 | 3-15/32 4-9/32 29/32
4 5-3/8 2-7/16 5-3/16 716 5-1/8 4 | 42532 7/8
4-1/2 6-3i32 47/8 | 52532 12 53/4 | 4-15/32 5-7/16 1-1/32
5 6-3/8| “5:15/32 6-7/16 9/16 6-3/8 5-1/32 6-1/32 1-3/32
6 | 719/32 6-1/2 | 7-29/32 5/8 | 7-13/32 6-1/16 7-5/32 1-1/8
Locknut Bushing

98

G I
E=EETT -




FERRAZ SHAWMUT

HARDNESS CONVERSION TABLE (Approximate)

(Industrial Steels, Inc.)

Values vary depending on grades and conditions of material involved. Rockwell “B” Scale
should not be used over B-100. The “C" Scale should not be used under C-20.

Shore | Tensile X Rock- | Shore | Tensil
Brinell Rockwell Sclero- Lbs. Brinell Sclero- Lbs.
scope | Sq.In. well scope | Sggin.

Hard B C Hard In 1000 Hard B Hard In
No. Scale Scale No. Lbs No. Scale No Lbs
782 = 72 107 383 163 84 25 @84
744 - 69 100 365 159 83 82
713 - 67 9 350 156 82 % 80
683 - 65 92 334 153 81 \é 79
652 - 63 88 318 149 80 ‘b 78
627 - 61 85 307 146 78, 3 77
600 - 59 81 294 143 77 22 76
578 - 58 78 284 140 - 74
555 - 56 75 271 137 - 73
532 - 54 72 260 134 74 - 71
512 - 52 70 251 13{ 2 - 70
495 - 51 68 242 ‘ 71 - 69
477 - 49 66 233 70 - 67
460 - 48 64 226 69 - 66
444 - 47 61 21 2 67 - 65
430 - 45 59 2&\,1 8 66 - 63
418 - 44 57 2 116 65 - 62
402 - 43 55 ‘7 b 114 64 - 61
387 - 41 53 go)”| 112 62 - 60
375 - 40 5, > 18 109 61 - 59
364 - 39 178 107 59 - 58
351 - 38 i\ 172 105 58 - 57
340 - 37 167 103 57 - 56
332 - 36 162 101 56 - 55
321 - 35 <" 157 99 54 - 54
311 - Kz 4 152 97 53 - 53
302 - & N 42 148 96 52 - 53
293 - a1 144 95 51 - 52
286 - ,& 40 140 93 50 - 52
277 - < 9 39 136 92 49 - 51
269 - 8 38 132 90 48 - 50
262 Q’ 27 37 128 88 47 - 49
255 - 26 36 125 87 46 - 48
248 \ 25 36 121 86 45 - 48
24 / 24 35 118 85 44 - a7
235 J; 23 34 115 83 43 - 47
228 98 22 33 113 82 42 - 46
223 ,| 97 21 33 109 81 41 - 46
217 96 20 32 106 80 40 - 45
‘%2 95 - 31 104 79 39 - 45
\; 7 94 - 30 101 78 38 - a4
202 93 - 30 99 77 37 - a4
196 92 - 29 96 76 36 - 43
192 91 - 29 94 75 35 - 43
187 20 - 28 91 74 33 - 42
183 89 - 28 90 73 31 - 42
179 88 - 27 89 72 30 - a1
174 87 - 27 88 71 29 - 41
170 86 - 26 86 70 27 - 40
166 85 - 26 85 69 26 - 40
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Shawmut TRI-ONIC fuses end needless interruption and give complete, flexible,

economic protection to a circuit and its equipment under all conditions.
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$

DRILL SIZES
Drill | Dia. | Drill | Dia. | Drill | Dia. | Drill | Dia. | Drill | Dia.
Size |Inches | Size | Inches| Size | Inches | Size | Inches| Size | Inches
80 |.0135 | 50 | .070 |5/32 | .1562 | F | 257 |31/64| 4 \)
79 | 0145 | 49 | 073 | 22 | 157 | G | 261 | 112 _5%
78 | .016 | 48 | 076 | 21 | .159 |17/64| 2656 |33/64| 5156
77 |.018 |5/64 | 0781 | 20 | .161 H | 266 |17/32| 5312
76 | .020 | 47 | o785 | 19 | .166 I | 272 (3 5468
75 | 021 | 46 |.081 | 18 | .1695| K | .281 \ 5625
74 | .0225 | 45 | .082 |11/64| .1718 | 9/32 2814@64 5781
73 | 024 | 44 | 086 | 17 | 173 1T0/32| 5937
72 | 025 | 43 | 089 | 16 | .177 39/64| .6093
71 | 026 | 42 | .0935 | 15 | .180 5/8 | 625
70 | .028 |3/32|.0037 | 14 | 182 41/64| 6406
69 |.0292 | 41 | .096 | 13 | .185 21/32| 6562
68 |.031 | 40 | .068 | 3/16 | .1 . 43/64| 6718
1/32 | .0312 | 39 | .0995 | 12 .;b'\P 323 |11/16| 6875
67 |.032 | 38 |.1015 | 11 21/64| 3281 |45/64| 7031
66 |.033 | 37 |.1040 | 10 (Qﬁs R |.339 |23/32| 7187
65 |.035 | 36 |.1065 06 | 11/32| 3437 |47/64| 7343
64 |.036 | 7/64 | 10934 1199 S | .348 | 314 | 750
63 |.037 | 35 |.110 \ 201 | T |.358 |49/64| 7656
62 | .038 | 34 |1 4@64 2031 | 23/64| 3593 |25/32| 7812
61 |.039 | 33 4.1 6 |.204 | U |.367 |51/64| 7968
60 |.040 | 32 PM”| 5 | 2055 | 38 | 375 |13/16| 8125
59 | .041 3\. 0 | 4 | .209 V | .377 |53/64| 8281
58 | .042 Mios | 3 | 213 | W | 386 |27/32| 8437
57 1285 | 7/32 | 2187 | 25/64| 3906 |55/64| 8593
56 | . 136 | 2 |.221 | X |.397 | 78 | 875
3/64 4 M28 | 1405 | 1 | .228 | Y |.404 |57/64| 8906
55 9/64 | 1406 | A | 234 |13/32| 4062 |29/32| 9062
54 27 | 144 |15/64| 2343 | Z | .413 |59/64| 9218
3 26 | .147 | B | 238 |27/64| 4218 |15/16| .9375
25 | 1495 C | 242 7/16 | 4375 |61/64| 9531
24 | 152 | D | 246 |29/64| 4531 |31/32| .9687
) 51 23 | 154 | EV/4 | 250 |15/32| .4687 |63/64 9843
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SHEET METAL GAUGE

UNCOATED SHEETS

Gauge Thickness| Gauge Thicknes ,
No. Inch No. IncI(

United States Standard Gauge for Sheet and Plate Steel (USS Gauge) &

Gauge Thick 2. Gauge Thickness

No. Irm No. Inch

.0396

\. ..... .0456 | 31.. . .0142
-4

iime: Due to variation in manufacture a plus or minus tolerance is generally

recognized, some authorities allowing a 10 percent variation.
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PULLEYS

proportion to their diameters. The pulley that imparts motion to the belt is calle:

The revolutions of any two pulleys over which a belt is run vary in inverse (&
the “driver,” and that which receives motion is called the “driven.” O

From above the following formulas may be deducted: o

D = diameter of driver
d = diameter of driven

.
N = number of revolutions in driver @
n = number of revolutions in driven \
_dn _DN _DN _@'
P=n 97 h "= b

Example 1: Diameter of driven pulley 48-inch. Sh%ﬁed 200 R.P.M.
motor pulley.

= 8-inch diameter of
motor pulley.

Example 2: Diameter of motor pulley % Motor speed 1200 R.P.M.
i iameter of pulley for shaft.

= 48-inch diameter
of pulley shaft.

Example 3: Diameter af motorjpulley 8-inch. Motor speed 1200 R.P.M.
Diameter K on shaft 48-inch. Find speed of shaft.

8-inch X 1200

8 =200 R.P.M. speed

of shaft.

'X@*}r of motor pulley 8-inch. Speed of shaft 200 R.P.M.
i

eter of pulley on shaft 48-inch. Find speed of motor.

n="4 by subsiitttion n =

substitution N = _48-nch X 200 - 1200 R.p.M. speed
8 of motor.
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SHAFTING
Jones & Laughlin Steel Co. gives the following for steel shafts:
Turned Cold-Rolled

For simply transmitting power

and short countershaft bearings H.P. = d°R + 50 H.P. = d°R =+ 40
not more than 8 ft. apart

As second movers, or line shafts, H.P.=d°R + 90 H.P.=dR + ()
bearings 8ft. apart

As prime movers or head shafts *
carrying main driving pulley or gear, H.P.=dR + 125 H.P. -+ 100

well supported by bearings

Horsepower Transmitted by Cold-Rolled Steel Shafting at @nt Speeds
o

as Prime Movers or Head Shafts Carrying Main Drivin r Gear,
Well Supported by Bearings

Reprinted by permission from “Mechanical Engineers” Handbook - d Shop Practice”
by Kent, published by John Wiley & Sons,

(023

Revolutions per minute Mﬂns per minute

200 | 300 | 400 | 500

Diam. | 100 | 200 | 300 | 400 | 500

48 72 95 | 119
51 76 | 101 | 127
54 81 | 108 | 135
61 91 | 122 | 152
65 97 | 129 | 162
69 103 | 137 | 172
7 115 | 154 | 192
81 122 | 162 | 203
86 128 | 171 | 214
90 136 | 180 | 226
95 143 | 190 | 238
100 150 | 200 | 251
105 158 211 | 264
116 174 | 233 | 291
67 3-15/16 61 122 183 | 244 | 305
8 72 4 64 128 192 | 256 | 320
62 78 4-3/16 74 147 221 | 294 | 367

7 67 |84 |4-1/4 77 | 154 | 230 | 307 | 383
"é’ 72 |90 |4-7/16 88 | 175 | 263 | 350 | 438
8

1-1/2 34| 6.7 101|135 |16.9
1-9/16 38| 76| 114|152 | 19.0
1-5/8 43| 861|128 | 171 |21
1-11/16 | 4.8 | 9.6 | 144 | 19.2 | 24

1-3/4 54107 | 16.1 | 21 27
1-13/16| 59 | 119 | 17.8 | 24 3
1-7/8 6.6 | 13.1 | 19.7 | 26

1-15/16| 7.3 | 145 | 22 29

2 8.0 | 16.0 | 24 32 4
2-1/16 8.8 | 17.6 | 26 35

2-5/8 18.1
2-11/16 | 19. 3 77 97 4-1/2 91 182 273 365 | 456
2-3/4 2 f 62 83 |104 |4-3/4 107 | 214 | 322 | 429 | 537
2-13/16| 22 4 67 89 |111 5 125 | 250 | 375 | 500 | 625
hd
¢ Formula H.P. = d°R + 100

For H. smitted by turned steel shafts, as prime mover}. etc., multiply the figures by 0.8.

afts, as second movers or line shafts, Cold-rolled Turned

ings 8 ft. apart, multiply By...........ccccoovviiiiiiiiiii } 1.43 1.11

r simply transmitting power, short countershatfts,
etc., bearings not over 8ft. apart multiply by................ccoo.e. 2 2.50

The horsepower is directly proportional to the number of revolutions per minute.

SPEED OF SHAFTING - Machine shops 120 to 240

104 - Wood-working ] 250 to 300
- Cotton and woolen mills 300 to 400
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BELTING
(Suplee)

The power which can be transmitted by a belt is measured by the pull and by th
lineal velocity at which the belt travels. The pull is limited by the strength of the be

and by the friction upon the pulleys, while the lineal velocity is dependent upo
revolving speed of the pulleys and upon their diameter. If it is attempted to in

the strength by increasing the thickness, it is possible that the stiffness of @It
will prevent it from wrapping closely about the pulley, and hence the friction be
reduced. If the speed is made too high, the centrifugal force will act to throw the
belt out of close contact with the pulley and the friction will again be reduced. There
are, therefore, several practical limits within which satisfactory e%smissions
should be kept. \

The tension which can be maintained in actual practice ra @m about 30 to
60 pounds per inch of width for single ply belts 3/16” thick, 65 t0y95 pounds for dou-
ble ply belts 3/8” thick, and 130 to 160 pounds for four 3/4” thick.

If a high tension is put on a belt, it will gradually djiffimi
stress upon it becomes low enough to check fi
sufficient to transmit the power, the transmissio
too heavy the belt will slip and it must be eitl i

width or speed. \
If the power to be transmitted is given in, &lower, we have 33,000 foot-pounds
per minute to consider. If the belt ten i@ be 30 pounds per inch of width, we
must, therefore, have a speed of @ feét’per minute. If the speed is one-half as
much, the width must be twice great, and so the given elements must be taken
and the others found. Usually, N ed and the power are given and the width
required.

n e,
&k\: width, in inches

, owing to stretch, until
tching. If this tension is
n well, while if the load is
ned or a change made in the

= speed, in feet, per minute
Ol = horsepower
@ t = tension, per inch width of belt
we have \
tws _ 33000 N _ 33000 N
N w = S

33000 ts - tw
*

S
SS
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Or, if we have given the width, speed and horsepower, the minimum tension
which can be reached before slipping will occur is

;= 33000 N
B ws

Thus, if a belt 10 inches wide, running at 4000 feet per minute, is transmitting 5(0

horsepower the tension is 0
t= 33000 X 50 =41.25 pounds

The tension available for transmitting power is really the difference b tweedl the
tensions of the tight and slack sides, since there must always be ‘er‘%enough

on the slack side to secure sufficient friction on the pulley to keep th om slip-

ping. @
tws
If we take the formula N= 733000 0
W, Q

and write it N= X112

the last term will represent square feet per r@ﬂassing a given point. By sub-
stituting any value for t, and making N=1, thus find how many square feet
per minute will transmit a horsepower. o%ctical belting rules are: For single
belts, 60 square feet per minute e 1 Rérsepower; and for double belts, 40

square feet per minute equals 1 hi wer. These correspond to 45 pounds and
68 pounds tension per inch of wi pectively - tensions which are readily

maintained in practice. @

These values are based op t@umption that the belt embraces 180° of each
pulley. If the arc of contactg ) the power transmitted may be taken in the fol-

lowing proportions: \

Percentage of Efficiency for Various Arcs of Contact

90° 0 10° 120° 130° 140° 150° 160° 170° 180°
0. O%0 0.75 0.79 0.83 0.87 091 0.94 0.97 1.00

The power 0#,180° is to be multiplied by the percentage coefficient for other arcs.
Thus 130° only 83 percent as much power is transmitted as with 180°.

SS
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QUICK 3 PHASE SHORT-CIRCUIT CALCULATIONS

Short circuit levels must be known before fuses can be correctly applied. For fuses, unlike
circuit breakers, there are only four levels of interest. These are 10,000, 50,000, 100,000 and
200,000 RMS symmetrical amperes.

Rigorous determination of short circuit currents requires accurate reactance and resista
data for each power carrying component from the utility generating station right to the poini.
fault. It is impractical for a plant engineer to collect all this information and yet he is the
most affected by short circuit hazards. Q

There have been several approaches to “easy” short circuit calculations which have been
been too cumbersome to be of practical use. The method described here is not new but it is
updated and more comprehensive than before and is the simplest of all approaches. .

In summary, each basic component of the industrial electrical distribution is pre-
assigned a single factor based on the impedance it adds to the system. I e, a 1000
KVA, 480 volt, 5.75%Z transformer has a factor of 4.80. This factor corre; with 25,000
RMS short circuit amperes. (directly read on Scale 1)

Note: Factors change directly with transformer impedance. If this transfor were 5.00%Z,
the factor would be 5.00/5.75 x 4.80 = 4.17.

Cable and bus factors are based on 100 foot lengths. Shorter, r lengths have pro-
portionally smaller or larger factors (i.e. 50’ length = 1/2 factor; 200’ th = 2 x factor).

To find the short circuit current at any point in the system si add the factors as they
appear in the system from the entrance to the fault poin an@'he available current on
Scale 1.

Example #1:

What is the potential short circuit at various poi&

0V, 3-phase system fed by a

1000 KVA, 5.75%Z transformer? (Assume primary ircuit power to be 500 MVA).

Answer: K

ONE LINE EQUIVALE! @ CALCULATIONS
DIAGRAM DIAG
Factor Isc
.__[ };‘Z%E,"/XZ;: (from tables) (from Scale 1)
m; 4.80 25,000A
L[ oo
(Magnetic Duct)
\ +1.07 (3.2+3) 21,000A
C) 5.87

sogMcH }__ 14,000A
gbnerc Do) /T 836
Y.

.__|: 400A lugin +.84 (1.67 = 2) 13,000A
Bus Duct

Ao 7/ 9.20

xample #2:
If the primary short circuit power were 50MVA (instead of 500MVA) in this same system.
what would the Isc be at the transformer? At the end of the bus duct run?
Answer:
From the Primary MVA correction factor table (next page), the factor is 50MVA (at 480V) is
1.74. The new Factor at the transformer is 4.80 + 1.74 = 6.54 and Isc is reduced to 18,000A.
The new factor at the bus duct is 9.20 + 1.74 = 10.94 and Isc is 11,000A.
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QUICK 3 PHASE SHORT-CIRCUIT CALCULATIONS cont.

30

Factors Transformer Size 208 240 480 600
A.Transformers - 39
(Transformer factors
are based on

75 KVA 1.60%Z 9.00 10.00 20.00 24.00
100 KVA 1.70%Z 7.00 8.00 16.00 20
112.5 KVA 2.00%Z 7.40 8.50 17.00 21. ’

available primary 150 KVA2.00%Z | 540 | 6.00 | 12.00 | 15.00
short circuit power 225 KVA2.00%Z | 3.70 4.00 8.00 | 10400
of 500 MVA.) 300 KVA2.00%Z | 2.70 3.00 7.50

500 KVA2.50%Z | 2.15 2.25 5.60

750 KVAS5.75%Z | 278 3.25 8.00
1000 KVA5.75%Z | 2.24 2.40 @v 6.00
1500 KVA5.75%Z | 1.48 1.60%, %820 4.00
2000 KVA5.75%Z | N.A. 1. }2.40 3.00

2500 KVA %.75%Z N.A. & 191 2.40

240, 480 and 600 volt 3@ytral r factors are calculated for

NOTES: 208 VOLT 3¢ transformer fa% alculated for 50% motor load.
100% motor load.

A phase-to-phase f: s . es the calculated 3-phase value.
Primar v 30
A.1 Transformer MV,

Correction Factors 208 240 480 600

For systems with other than le 282 | 324 | 643 | 805

500 MVA primary short circuit 4| 25 165 | 190 | 378 | 473

power, add the appropriate \ 138 ';j 'ig 1.;3 i'ég
correction factors in this table (. D 150 20 23 46 58
to the transformer factor. ‘ 250 08 10 20 25

’\C) Infinite -.08 -.10 -.20 -.25

S

er in System
or at the second transformer primary.
Example: Isc 0V = 40,000A. Factor is 3.00
2. Adjust faetors portion to voltage ratio of 480/208V transformer.
Exampley#Fop208V, Factor changes to (208 + 480) x 3.00 = 1.30

3. Add facto second 3@ transformer.
Example: Factor for 100 KVA, 208V, 1.70%Z transformer is 7.00
Tatal Fdttor = 7.00 = 1.30 = 8.30 (Isc = 14,500A)

3¢
s 480\:\1/:0.000A
100KVA
2ostT1\ 4.500A

2nd 3¢ Transformer
in 3p system

A2 Second 39 Tral
Determine sys
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QUICK 3 PHASE SHORT-CIRCUIT CALCULATIONS cont.

A3. Single Phase Transformer in 3 System
Transformer connections must be known before factor can be determined. Se
Diagrams A and B. é

1. Determine system factor at 1@ transformer primary, with 480V pri., O
120/240V sec. (Diagram A)

Example: Isc @ 480V = 40,000A, 39

Factor is 3.00 @
3.00
3x Factor _ =345 \

1@ Factor = — (5o~ — 886 - 886

2. Adjustment Factor in proportion to voltage ratio of 480/24QV transformer.
Example: For 240V, 1@, factor is (240 + 480) 3. .70

3. Add Factor 1@ transformer with Diagram A.c
Example:
Factor for 100 KVA, 120/240V, 3%Z trafs
a. 120v - Total Factor = 6.22 + 1.70 =
b. 240v - Total Factor = 8.64 + 1.70 =

Franst
Transformer Size 4 Diagram A | Diagram B
240V 120V
15 KVA2.5% 346 48.0 24.0
25 KVAzstyQ’ 20.7 28.8 14.4
37.5 KVA 28%. 16.6 23.0 1.5
50 K % 125 173 8.65
75 sz 8.28 115 5.75
100 YKVAS,00%2 6.22 8.64 432
15 5%Z 3.46 4.80 2.40
16 A 2.5%Z 3.10 431 2.16
@ KVA 2,507 2.30 3.20 1.60
‘\0 KVA 3.0%Z 2.07 2.88 1.44
0 KVA4.5%Z 1.86 2.59 1.30

NQTE: Factor varies with %Z
ample: 50KVA, 240V secondary with a 1.5%Z has a factor

of (1.5%Z + 3.0%Z) X 17.3 = 8.65

120V
480V 240V 480V 120V
120V
Diagram A

Diagram B
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QUICK 3 PHASE SHORT-CIRCUIT CALCULATIONS cont.
B. Copper Cables in Magnetic Duct (per 100’)

Total Lee
3 @ Voltage Factor (RMS Amperes)
csa.lble cd 6 200,00
1ze 208 240 480 600 77
.8 150,000
8 79.00 68.00 34.00 27.00 9 O
6 50.00 43.00 22.00 17.50 1—— 120,
4 32.00 28.00 14.00 11.15 —[ 10,00
2 21.00 18.00 9.00 7.23 ~[ 100,00
1 17.50 15.00 7.40 5.91 — 90,000
1/0 14.00 12.20 6.10 4.85 - oo
2/0 11.80 10.20 5.10 4.05 15 —— 80,
3/0 9.80 8.50 4.27 3.43 ‘ 000
410 8.40 7.30 3.67 2.94 a
250MCM 7.70 6.70 3.37 2.70 iy 70,000
300MCM 7.00 6.10 3.04 2.44
350MCM 6.60 5.70 2.85 2.28
400MCM 6.20 5.40 2.70 2.16
500MCM 5.80 5.00 2.49 2.00 —{ 65,000
600MCM 5.50 4.80 2.40 1.91
750MCM 5.20 4.50 2.26 1.80 (\ ——— 60,000
. —— 55,000
B1. Copper Cables in -
—— 50,000
Cable 25—
Size 208 _|— 45,000
8 78.00 m
6 47.90 3——— 40,000
g iggg —— 35,000
1 16.20 -
1/0 13.20 4—1— 30000
2/0 10.60 ]
3/0 8.87 25,000
40 7.57 5
250MCM 6.86 —
300MCM 5.75 6 —— 20,000
350MCM 5.36 N
400MCM 5.09 8 1 15,000
500MCM 4.66 18
600MCM 4.29 11
750MCM 4.05 2= 10.000
M1 8000
. i . 16— 8
C. Aluminum Cable agnetic Duct (per 100’) 127* 7,000
- 20 —— 6,000
22 —|
(:Sa}ble — Vv’ 32 Voltage 24 —+— 5,000
ize 40 —— 3,000
;%5 240 480 600 20" 3000
8 29, 112.00 56.00 45.00 80 —— 1,500
6 .00 72.00 36.00 29.00 100
4 .00 46.00 23.00 18.50 120 1,000
2 35.00 30.00 15.00 12.00 Scale 1
1 |* 2800 24.00 12.00 9.60
21.50 18.50 9.70 7.70
18.50 16.00 8.00 6.40 Isc = 120,000
15.00 13.00 6.50 5.20 Total Factor
0 12.50 11.00 5.50 4.40
CM 11.10 9.60 4.80 3.85 For parallel runs divide factor
) CM 9.90 8.60 4.30 3.42 by number of conductors per
MCM 8.60 7.40 3.70 3.00 phase.
400MCM 8.30 7.20 3.60 2.90 Example: If factor for a
500MCM 7.40 6.40 3.20 2.60 single 500MCM conductor is
600MCM 7.20 6.20 3.10 2.44 2.49 then the factor for a run
750MCM 6.50 5.60 2.80 2.22 having 3-500MCM per phase

is 2.49 + 3 = .83. (Example
from Table B 480 volts.)
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QUICK 3 PHASE SHORT-CIRCUIT CALCULATIONS cont.
C1. Aluminum Cables In Non-Magnetic Duct (Per 100’)

Cable 3 @ Voltage
Size 208 240 480 600 O
8 129.75 112.45 56.20 45.00 [
6 80.00 69.10 34.60 27.70 (J
4 51.10 44.20 22.10 17.70
2 33.00 25.70 14.30 11.40
1 26.30 22.80 11.40 912 ¢
1/0 21.20 18.40 9.20
2/0 17.00 14.70 7.34
3/0 13.80 12.00 6.02 .79
4/0 11.50 9.95 4.98 @399
250MCM 10.10 8.72 436 4 3.49
300MCM 8.13 7.04 3.52\> 2.81
350MCM 7.49 6.50 3 2.45
400MCM 6.87 5.95 3 2.38
500MCM 6.12 5.31 2.13
600MCM 5.30 4.59 1.83
750MCM 4.85 4.20 \ 710 1.69
For parallel runs, divide factors by conductors per phas: -
Example: 3-500MCM per phase, 240v. New Factor = 1.77
D. Feeder Bus Duct Factors (per 10
y_ N .
Ampere Copper (/y Aluminum
Rating 208 240 4 M 208 240 480 600
600 2.85 2.48 | .99 2.54 2.19 1.10 .88
800 1.61 1.40 .56 2.54 2.19 1.10 .88
1000 1.61 1.40 .56 1.90 1.65 .82 .66
1200 1.21 1.06 - 3 42 1.60 1.36 .68 .54
1350 1.17 1.0 .51 .40 1.32 1.14 .57 .46
1600 1.03 * .45 .36 1.19 1.03 .52 A1
2000 .90 3 .39 .31 .90 77 .39 31
2500 .63 % v .27 .22 .70 .60 .30 24
3000 .51 R .22 .18 .60 .52 .26 21
4000 37 4™ 2 16 .13 43 .38 19 .15
5000 30l 9.26 13 10| - - - -
Appropriate i der Bus Duct Manufactured by ITE, GE, Square D and Westinghouse.
D1. Plugy Duct Factors (per 100")
¥
' n
Ampere y Copper Aluminum
Rating 208 240 480 600 208 240 480 600
*
400 2.53 2.18 1.09 .89 3.88 3.34 1.67 1.36
‘ 00 2.53 2.18 1.09 .89 241 2.07 1.04 .84
] 0 1.87 1.61 .81 .66 241 2.07 1.04 .84
000 1.87 1.61 81 .66 1.69 1.45 73 .59
1200 1.47 1.26 63 51 1.43 1.22 .61 .50
1350 1.26 1.08 54 44 1.30 1.12 .56 .45
1600 91 .78 39 .32 1.09 .94 A7 .38
2000 .79 .68 34 .28 .89 a7 .38 31
2500 .61 .52 26 21 .66 .57 .28 .23
3000 .48 42 21 17 .59 51 .25 21
4000 43 37 18 .15 .46 .40 .20 .16
5000 .38 .33 16 .13 .35 .30 15 12

Appropriate for use with plug-in Bus Duct Manufactured by GE, Square D and Westinghouse.
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SHORT CIRCUIT LANGUAGE

It is impossible to discuss short-circuit currents without some understanding of
what happens during a short circuit and the terminology.

Direct Current....
Alternating Current
Sine Wave......
Sinusodial Wave

Page 112

Instantaneous Current. Page 113
Peak Current . Page 113
Average Current Page 113
Effective Current. Page 113
RMS Current ..... Page 113
Symmetrical Current. Page 114
Asymmetrical Curren Page 114
Offset Wave... Page 115
Displaced Wave. Page 115

DC Componen
Total Current..

Decay Page 115
Decrement Page 115
Closing Angle

DIRECT C

The introduction of direct current in an
alternating current analysis is done to
provide a relative comparison, to make
the understanding of alternating curtent
easier.

Figure 1 represents steady curr

10 amperes direct current. A e
seen, the DC value is copsta nd
theoretically unaffected by tife.

Random Closing....
Available Short-Circuit Curren
First Half Cycle Current
Current Limitatio
Melting Time
Arcing Time
Total Clearing Time,
Let-Thru Current
Triangular Wave
Three-Phase Short Circui
X/R Ratio.
Impedance
Phase Angle
Power Facto
I, 2and I...
Withstand Rating

Interrupting Q

Direct Current

y

10 Amperes

0

Time ———

Figure 1

c} LTERNATING CURRENT

Almost everyl ows that alternating
current; Iternate continuously.
They keepfchahging direction and vary
in the value from 0 to Maximum back to

0 in one (ﬁrection and then repeating in
theqopposite direction.

0 cycle AC currents change direction
times per second and one cycle =
1/60 second = 0.0167 second.

+| Maximum Maximum Maximum

Maximum Maximum

1 Cycle

-+— 1 Cycle —»-|

Figure 2
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Figure 3

.
SINE WAVE
All the alternating current circuits which we will consider have curr: voltages

el
following a sine wave. A sine wave is generated by a revolving v j.e. inside a
rotating machine.

SINUSOIDAL WAVE

Same as the Sine Wave.

EFFECTIVE CURRENT
Since an alternating current varies continuously from 0 (vlmum to O first in one
direction and then in the other, it is not readily appare twhat the true current value
really is.
The current at any point on a sine wave is call
The current at the top of the wave is called the P
possible to determine the ARITHMETIC AVER
but none of these values correctly relate alt
tainly desirable to have 1 ampere of altesnati rrent do the same work as 1 ampere
of direct current. This current is callel E CTIVE CURRENT and 1 ampere of
effective alternating current will do t)\e heating as 1 ampere of direct current.

TANTANEOUS CURRENT.
REST CURRENT. Itis also
LUE of the alternating current,
current to direct current. It is cer-

RRENT
Effective current is more commoply cali€d RMS current. RMS means root mean square
and is the square root of th of all the instantaneous currents squared.
The RMS value of a sine w&readily determined by calculus but can perhaps be
more easily understood %—fashioned arithmetic. Let's study a half sine wave
having a 10 ampere or peak value. The complete wave would be 20
amperes (Fig. 4). t:)

@Q)

643

!
i
i
|
|

o 150 160 70 160
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We will use instantaneous currents at
10 degree intervals. The value of the
instantaneous currents can be easily
measured. They have been tabulated
in the following table. These values
have also been squared. The average
instantaneous current and the average
squared instantaneous current are
found by dividing the totals by 18. The
square root of the average squared
instantaneous current is easily found
and readily understood.

Calculation of Average and RHS Currents

Instan-

Instan- taneous

taneous Amperes

Degrees | Amperes | Squared

0 0 0

10 1.74 3.03

20 3.42 11.70

30 5.00 25.00

40 6.43 41.34

50 7.66 58.67

60 8.66 75.00

70 9.40 88.3

80 9.86 97.

90 10.00 100"
100 9.86 97, r
110 9.40 X
120 8.66 A
130 7.66 4 @37
140 6.43 ‘\ .34
150 5.00 5.00
160 3.42\\ 11.70
170 1.7, ¥ 3.03
180 0 0
Total 4 900.9

Average/ 50.0

RMS = wzm amperes

The average current of sine wave is

0.636 of the peak current and the effec-

ti RMS current is 0.707 of the
current

utting this another way we can say
that the peak is 1.4 times the RMS
value. Standard AC ammeters are
marked in RMS amperes and unless
stated otherwise all AC currents are
considerd RMS currents.

When speaking of currents which flow
for a few cycles or less it is necessary
to specify what kind of amperes were
talking about such as:
RMS (effective)
Peak (crest) O
Average C)
Instantaneous

*

1 Ampere DC

-—1 Ampere AC (RMS)

(Uigure 5
currents shown above have
e same effective value.

SYMMETRICAL CURRENT

A symmetrical current wave is symmet-
rical about the zero axis of the wave.
This wave has the same magnitude
above and below the zero axis.

|IVAAWA v
TAAN

Figure 6

ASYMMETRICAL CURRENT

An asymmetrical current wave is not
symmetrical about the zero axis. The
axis of symmetry is displaced or offset
from the zero axis, and the magnitude
above and below the zero axis are not
equal. See Figure 7.
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- - Axis of symmetry

Figure 7

zero axis

OFFSET CURRENT

An asymmetrical wave can be partially
offset. Fig. 7 shows a fully offset wave.
Offset waves are sometimes called
DISPLACED WAVES.

DC COMPONENT

The axis of symmetry of an offset wave
resembles a DC current and asymmet-
rical currents can be readily handled if
considered to have an AC component
and a DC component. Both of these
components are theoretical. The DC
component is generated within the AC
system and has no external source.

Peak

iy
Y ,'I Symms@ omponent
Figureﬁ)

Fig. 8 shows offset asymmetri-
cal current with eady DC compo-
nent as its axis’ of symmetry. The sym-

metrical comperent has the zero axis
as its axis of symmetry. If the RMS or
effective valde of the symmetrical cur-
rent i then the peak of the symmet-
ric; nt is 1.41. This is also the
tive value of the DC component.
an add these two effective cur-
rents together by the square root of the
um of the squares and get the effec-
tive or RMS value of the asymmetrical
current.
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AMS (asymmx
OC Compor
RMS (symmet

Ly =7/ PPdc + Psym
l, =3/ (1417 +F =+/3 = 1.73

The RMS value of a fully offset asym-,
metrical current is 1.73 times the sy
metrical RMS current. It is re

apparent that the peak asymmetri
current is twice the peak symmetrical

iy

current, i.e. 2 X 1.41 = 2.8% ¢
TOTAL CURRENT \

The term total curr used to
express the total or. m of the of
the AC componentandythe DC compo-

nent of an asy .
Total curren IQ'I'OTAL ASYMMET-

RICAL have the same
meaning ay be expressed in
peal amperes

U unately fault currents are neither
@etrical or fully asymmetrical but
S where in between. The DC com-

ponent is usually short lived and is said
o decay.

[=— Short circuit starts here
~—— Asymmetrical cutrent

DC Companent
RVEvavs

Vo

RMS Asymmetrical

AR

" AC Component

Figure 9

In the above diagram the DC compo-
nent decays to zero in about four
cycles. The rate of decay is called
DECREMENT and depends upon the
circuit constants. The DC components
would never decay in a circuit having
reactance but zero resistance, and
would remain constant forever. In a cir-
cuit having resistance but zero reac-
tance the DC component would decay
instantly. These are theoretical condi-
tions and all practical circuits have
some resistance and reactance, and
the DC component disappears in a few
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CLOSING ANGLE

A short-circuit fault can occur at any
point on the voltage wave of the cir-
cuit. So far we've avoided discussing
voltage characteristics but the voltage
wave resembles the current wave.
The two waves may be in phase or out
of phase and the magnitude and sym-
metry of the current wave on a short
circuit depends on the point of the volt-
age wave at which the short occurs.

In laboratory tests it is possible to pick
the point on the voltage wave where
the fault occurs by closing the circuit at
any desired angle on the voltage
wave. We can say that we pick the
closing angle to produce the current
conditions which we wish. This is
called Controlled Closing.

RANDOM CLOSING

In real life, faults occur at any and ‘
every point on the voltage wave andsi

a laboratory this can be duplicate a@
closing the circuit at random.
known as random closing. The -
ing is true of a short circuit hav g-

ligible resistance: N c )
}&voltage

1.) If the fault occurs a
the current wave is f&s' mmetrical,
thus the maximumgvalye of short-cir-

cuit current is ob]

2.) If the faul s at maximum
wave is completely
d a minimum value of

short-circuit current is obtained.

*
3. st natural faults occur some-
etween these two extremes.

\%S

AVAILABLE SHORT CIRCUIT CURRENT
The first question which enters our
minds when we look at Fig 9. is just
what is the current value of a wav

which is neither symmetrical or asym-
metrical, in other words, what is @
available short-circuit cufrent:
Referring again to Fig. 9 we cap_sa
that it is symmetrical after about 4
cycles, and we can properly talk about

the available short-cigetit_current in
RMS symmetrical after the
DC component b zero. We

can also determini&rent atl, 2,3
cycles of any o@ e after the short

circuit starte

YCLE CURRENT
practice is to use the
h is available 1/2 cycle
ort circuit starts. For a fully
wave the maximum current

ccur at the end of the first half
e of time. Because this is the worst

se, we should determine the peak
and RMS currents at this point. Since
the DC component has already started
to decay, we cannot use the values
shown in Fig. 8 where there is no
decay.

oe

As already mentioned, the rate of
decay depends upon the circuit con-
stants. A study of actual circuits of 600
volts or less indicates that the proper
1/2 cycle value for the RMS asymmet-
rical current is 1.4 times the RMS sym-
metrical current, and the peak instan-
taneous current is 1.7 times the RMS
asymmetrical current.

1.7 x 1.4 = 2.4 RMS symmetrical current

|=—— Short circuit starts here
—| |—t2Cycle
24] | P e
1.4— A 7 AN s
N VAV EVAVANAN
TEYYY VY

Figure 10
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CURRENT LIMITATION

The significant reduction of available
short-circuit current, in a circuit, by use
of a device that prevents this short-cir-
cuit current from reaching its maxi-
mum value, is called Current
Limitation. Fuses which perform this
function are known as Current
Limiting. Current Limiting fuses oper-
ate in less than 1/2 cycle, thus inter-
rupting the short-circuit current before
it can achieve its maximum value. The
resultant reduction(refer to shaded
segment of Fig. 11) is substantially
less than the maximum value of avail-
able short-circuit current.

Peak
Instantanecus
urrent
(First Half
Cycle)

Peak
Let-thru
Current

Melting ]

Arcing
Time| ™1

Time

Total
Clearing
Time.

\/ Time —=

4

Figure 11
.
This figure shows the cu Nmiting

action of these fuses. TheWWELTING
TIME is the time requi melt the
fusible link. The AR IME is the

time required for { c to burn back
ible li ce the current
. ARING TIME is

elting and arcing
times and is the time from fault initia-
tion to extinc‘ion.

imum instantaneous or peak
nt which passes through the fuse

isycalled the let-thru current. This

alue can be expressed in RMS

amperes also. The value of let-thru
current is used in determination of
electrical equipment protection, as
required by the NEC, Article 110-10
and CEC 14-200.

P
N

TRIANGULAR WAVE

The rise and fall of the current through
a current-limiting fuse resembles an
isosceles triangle, and can be
assumed to be a triangle without intro-
ducing an appreciable error. Since tho

is not a sine wave, cannot determi

the RMS value of the let-thru cu’@
by taking .707 of the peak value as for
a sine wave. Suffice to say that the
effective or RMS value of a triangular

wave is equal to the p\ e divid-

ed by V3.
1.7

The let: @ent of a current-limit-

| pe:
| =

rms

[0]
ﬁ
=~

ing fus ries with the design,
am ing and available short-cir-
cu rfent. Fuse manufacturers fur-
nish letthru curves for their various

of current-limiting fuses.

) THREE-PHASE SHORT CIRCUITS

, Three-phase short-circuit currents can
be determined exactly the same as
single-phase currents if we assume
one phase is symmetrical. The three
phases each have different current
values at any instant. Only one can be
fully asymmetrical at a given time.
This is called the MAXIMUM or
WORST PHASE and its RMS current
value can be found by multiplying the
symmetrical RMS current by the prop-
er factor. The currents in the three
phases can be averaged and the
AVERAGE 3-PHASE RMS
AMPERES can be determined by mul-
tiplying the symmetrical RMS current
by the proper factor. The common fac-
tor is 1.25 times the RMS symmetrical
current which corresponds with an
8.5% power factor. The Short Circuit
Power Factor Relationships table
includes multiplying factors for various
power factors.
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X/R RATIO

Every practical circuit contains resis-
tance (R) and inductive reactance (X).
These are electrically in series. Their
combined effect is called IMPED-
ANCE (Z). When current flows thru an
inductance (coil) the voltage leads the
current by 90° and when current flows
thru a resistance the voltage and cur-
rent are in phase. This means that X
and R must be combined vectorially to
obtain impedance

Figure 12
Z=R + X

X
R =tanQ

The resultant 8 angle is bet@e
voltage and current wav, is
called the PHASE ANG (T)e

volt-
e current

age leads the current @r

lags the voltage by a& nt equal to
the phase angle. C)

The X/R value@eterminant as to
how long ircuit current will

remain ircuit if uninterrupted by
an overc ntyprotective device.

POWER FACTOR
P factor is defined as a ratio of
ower (KW) to apparent power
VA).
Kw Real Power
PF = KVvA = Apparent Power

KW are measured with a watt-meter.
KVA are calculated with a voltmeter
and ammeter readings since the volt-
age and current waves may be i
phase or out of phase.

Without going into a lot of detail,
and KVA can be represente a
right angle relationship as shown:

.

Uy,
eny)

(active current)

o

Cl/r,sn’)

voltage

Figure 13

The active current is in phase with the
voltage. The actual current, as read on
an ammeter, lags the voltage by an
amount equal to the phase angle.

Power Factor = cos 6

X/R =tan 0

The power factor is said to be 1 or
unity or 100% when the current and

the voltage are in phase i.e. when 6 =
0 degrees. (cos 6° = 1). The power
factor is 0 when 0 is 90 degrees. (cos
90° = 0).

The X/R ratio determines the power
factor of a circuit and the table on the
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SHORT CIRCUIT POWER FACTOR RELATIONSHIPS

Multiplying Factor
Maximum Average Maximum
Short Circuit 1 Phase RMS | 3 Phase RMS Peak
Power Factor | Short Circuit | Amperes at | Amperes at | Amperes at
Percent XIR Ratio 1/2 Cycle 1/2 Cycle 1/2 Cycle
0 Infinite 1.732 1.394 2.828 ()
5 19.974 1.568 1.301 2.625
10 9.9501 1.436 1.229 2.455
20 4.8990 1.247 1.127 2.183 o
30 3.1798 1.130 1.066 1.
50 1.7321 1.026 1.013 1%
100 0.0000 1.000 1.000 N

—

Peak Let-Thru Amperes
RMS Let-Thru Amperes

Peak Available
‘Amperes

RAMS Available
~— Amperes —®

-~

— ’ume|<—
- fime ———=

Figure 14

The small triangle shows currentNZ

time variation when a current-li

fuse interrupts a high fault m
The current starts to rise but the fuse
element melts before th able
current can get throu % urrent
drops to zero in the % marked
as “time”. The peak%he triangle
shows the peak ¢ ich the fuse
lets through. Thi LI@int can also be

expressed i peres. It should
be noted cyfrent-limiting fuses
limit both cur and time. Current

limiting fuses could be called time lim-
iting fuses. ¢

I? g easure of the Mechanical
e caused by peak current (Ip).

is the electro-magnetic force

ch mechanically damages bus

Wi
&lructures, cable supports and equip-

ment enclosures.
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Peak Let-Thr
Amperes.
Peak Available
Amperes

[+— [ —>|

[—

Figure 15

)%ring the available peak current of

the circuit gives a very large number in

b comparison to the square of the peak
let-thru current of the current-limiting
fuse. The difference in the size of the
two squares (Fig. 15) illustrates the
great difference in Ip?, or mechanical
force, exhibited with or without a cur-
rent-limiting fuse.

I’t is a measure of the heating effect or
Thermal Energy of a fault current. It
uses RMS amperes instead of peak
amperes, used for mechanical forces.
The difference in size of the large
cube-like figure and the small cube-
like figure (Fig. 16) represents the dif-
ference in heating effect between hav-
ing and not having a current-limiting
fuse in the circuit. I’t is a measure of
the heating effect which burns off con-
ductors such as pigtails in breakers
and heater coils in motor controllers. It
also welds butt contacts in contactors
and breakers. I’t units are ampere
squared seconds.
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T
R N gef z
P4 ~ QLo xg
N N EE |
A i AN 1
\/ Time|== |-Iﬁme
e Time | —— Time ——|
Figure 16

These values of Mechanical force (Iz)
and Thermal Energy (I*t) are valuable
in determining the protection of electri-
cal equipment. At any point in a distri-
bution system the equipment must be
capable of handling the Mechanical
Force and Thermal Energy available.
Should these values exceed the capa-
bilities of equipment, either the equip-
ment must be reinforced or a current-
limiting fuse used to reduce the
amount of force and energy available
to the equipment. This is referred to in
article 110-10 of the NEC and 14-200
of the CEC.

WITHSTAND RATING
The maximum specified valu
Voltage and Current that equi
can safely “handle” is kno

“WITHSTAND RATING”, viously
shown short-circuit translates
into Mechanical Fo nd
Thermal Energy (I*f),which can

destroy equipm create
hazardous . Therefore, for
equipmept proteetion, the Withstand
d p€ver be less than the
available showt-circuit current at the
equipment location. In reality such
condlitions cannot always be avoided.
the current-limiting ability of
is utilized to reduce the short-
ircuit current of a value LESS THAN
he equipment Withstand Rating.

FERRAZ SHAWMUT

INTERRUPTING RATING

The maximum specified value of
short-circuit current that a overcurrent
protective device (fuse or circuij
breaker) can safely open or cleagsi
known as its INTERRUPTING @
ING. For circuit beakers thﬂ
numerous ratings ranging from 0
up (i.e 10,000, 14,000, 22,000,
42,000, 65,000 etc.) In the éase of
modern current-limitin es (Class
R,J and L) there is one rating 200,000
amperes RMS. Older® fuse types
(Class H and K), 0,000, 50,000

or 100,000 amper tings.

The Intern@Raﬂngs of over-cur-
rent protécti evices must never be
exc erious damage is to be
ayoid ence, the used of One-
Ti Renewable, 10,000 ampere
s H fuses can create serious con-

rn. Extreme caution must be exer-
ised so that there 10,000 ampere rat-
g is not exceeded. This problem is
eliminated with the application of
200,000 ampere rated fuses.

NOTE: For further detailed informa-
tion regarding fuse back-up protection
of circuit breakers, and compliance
with the National Electrical Code and
Canadian Electrical Code, refer to the
Ferraz Shawmut application guide
“Fuse Protection of Molded Case
Circuit Breakers”.
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GLOBAL ELECTRICAL SYSTEMS
AND STANDARDS FOR FUSES

As electrical markets expand internationally, worldwide voltages and &
frequencies are of interest as well as the standards for products. O

For fuses, the most important standard is the harmonized IEC2
adopted by the European community and becoming recognized
worldwide. In North America the harmonized CANENA Standard

(U/L, CSA & Nom) 248 has been accepted by the U. da
and Mexico and may eventually include Central and S

America. CANENA Standard (U/L, CSA & Nom) 248 J and
Class L fuses are now a part of IEC269, hence the available

for use in countries adopting IEC standards and,i ing them in
their local standards.

U.S. - UL 248 France -

Canada -- CSA C22.1-98  Germany --"BIN 57636 & VDE 0636
Mexico -- NOM J-9 Spai E 21.103

United Kingdom -- BS88 Q -- AS 2005

Country domestic voltages a\ guencies:

100 - 120 Volts/60 Hz (b

North America, Brazil » £e)uela, Columbia, Ecuador, Peru,
Northern Caribbean Islands, (Cuba, Haiti, Dominican Republic,

Puerto Rico, Virginﬁ@‘ s, Bahamas), Liberia, Philippines,
Taiwan and South@ea.

100 Volts / 5%@0 Hz

127 Volts / § & 60 Hz

Mexico

Local fuse standards still exist. Examples

2 0 Volts / 50 Hz

S Most of the rest of the world
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AMP."”AP” SUGGESTED FUSE
SPECIFICATIONS
2000 &

1.0 GENERAL Q

The electrical contractor shall furnish and install a complete set of fuses all
fusible equipment on the job as specified by the electrical drawings. Final tests
and inspections shall be made prior to energizing the equipment. This shall
include tightening all electrical connections and inspecting all @)nductors.

Fuses shall be as follows:

A. Circuits 601 to 6000 amperes shall be protected b nt-limiting Ferraz
Shawmut Amp-Trap 2000 Class L time-delay A4BQ fi uses shall be time-
delay and shall hold 500% of rated current for a mini of 4 seconds, clear 20
times rated current in .01 second or less and b and CSA certified with
an interrupting rating of 200,000 amperes rms rical.

2.0 MAINS, FEEDERS AND BRANCH CIRCUITS @
N‘UEP

B. Circuits 600 amperes or less shall b ected by current-limiting Ferraz
Shawmut Amp-Trap 2000 Smart Spot Cla time-delay A2D (250V) or A6D
(600V) or Class J time-delay AJT fuse ﬁes shall hold 500% of rated current
for a minimum of 10 seconds (30A, 2 lass RK1 case size shall be a mini-
mum of 8 seconds) and shall be, sted’and CSA certified with an interrupting

rating of 200,000 amperes rm\ etrical.

C. Motor Protection

All individual motor circuits | protected by Ferraz Shawmut Amp-Trap 2000
Class RK1 Smart Spot, CKJ mart Spot or Class L time-delay fuses as follows:

For circuits up to 480A\\Class RK1 - A2D (250V) or A6D (600V) or Class J - AJT

For circuits over 480, Class L - A4BQ
Fuse sizes for rotection shall be chosen from tables published by Ferraz
Shawmut ropriate fuse. Heavy load and maximum fuse ratings are to

be usedor applications where typical ratings are not sufficient for the starting
current e piotor.

D. Motor Controllers
Motor cofitrollers shall be protected from short circuits by Ferraz Shawmut Amp-
T 000 time-delay fuses. For IEC style controllers requiring Type 2 protection,
shall be chosen in accordance with motor control manufacturers’ published
commendations, based on Type 2 test results. The fuses shall be Class RK1
D (250V) or A6D (600V) Smart Spot or Class J AJT Smart Spot or Class CC

s EATDR (600V.)
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AMP_"”‘ p“’ SUGGESTED FUSE
SPECIFICATIONS cont.
2000 &

E. Circuit breakers and circuit breaker panels shall be protected by F@
Shawmut Amp-Trap 2000 Fuses Class RK1 (A2D or A6D Smart Spot), Clas!
(AJT Smart Spot) or Class L (A4BQ) sized in accordance with tested UL Series-
Connected combinations published in the current yellow UL %)gnlzed

Component Directory. \

F. Lighting and control circuits in the connected combinations @ up to 30A
600vac shall be protected by Ferraz Shawmut Amp-Trap 20! ss CC time-
delay ATDR fuses, sizes according to the electrical drawin

3.0 SPARES Q

Spare fuses amounting to 10% (minimum three) o e@)e and rating shall be
supplied by the electrical contractor. These shal ed over to the owner
upon project completion. Fuses shall be contai and catalogued within the
appropriate number of spare fuse cabinets (n n one), located per project
drawings. Spare fuse cabinets shall be equip with a key lock handle, be
dedicated for storage of spare fuses an be type GSFC, as supplied by
Ferraz Shawmut. %

4.0 EXECUTION

A. Fuses shall not be installed un\ ment is to be energized. All fuses shall
‘s&

be of the same manufacturer to selective coordination.

B. As-installed drawings sh I@ubmined to the engineer after completion of
the job.

C. All fusible equipm@m 600 amperes or less shall be equipped with fuse
rc

clips to accept Class lass J fuses as noted in the specifications.

%)

Fuse sizes jndigated on drawings are based on Ferraz Shawmut Amp-Trap 2000
imiting performance and selectivity ratios. Alternative submittals to
furnish materials other than those specified, shall be submitted to the engineer in
writing two v‘eeks prior to bid date, along with a short circuit and selective coor-

dinati$tudy.
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DIMENSIONS OF FUSEHOLDERS

FOR CLASS H, J, K, R, CC AND MIDGET FUSES
Outline Only - 1 Pole Shown

f ]

Y

o]
. O
A A
e
T
C
P —
0-60A
Fuse Voltage, -
Class and g\?é?-gﬂ
Ampere Range inch Y.
nc
250V Class R, K, H
0-30 1.38 35
31-60 2.12 54
61 - 100 2.28 57
101 - 200 2.90 74
201 - 400 3.62 92
401 - 600 4.75 120
600V Class R, K, H
0-30 5\0 178 | 1.63 41 2.00 51
31-60 <' 0 178 1.63 41 2.00 51
61 - 100 \)).0 254 2.10 53 2.50 64
101 - 200 Q’ 105 | 267 | 3.00 76 | 2.90 74
201 - 4 145 368 | 3.50 89 3.62 92
401 - 16.1 409 | 4.00 | 101 4.75 120
y ]
Class J
0-30 3.9 99 1.29 33 2.12 54
1-60 4.00 102 1.65 42 2.12 54
100 7.00 178 2.31 58 2.36 60
- 200 6.12 156 3.00 76 2.90 51
01 - 400 8.00 203 4.00 101 3.75 95
401 - 600 11.0 279 4.00 101 4.75 121
Class CC & Midget
0-30 0.85 22 3.04 77 131 33
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Class J Time Delay

110 600A

600V AC, 200KA I.R.

500V DC, 100kA I.R.

Current Limiting

UL Listed

CSA Certified

Smart Spot Indicator

Motor, motor controller, control trans-
former, and circuit breaker back-up
protection. Space saving dimensions.

Very current limiting. Q
4 )

Time Delay

1/10 to 600A

A2D: 250V AC, 200KA I.R.

AGD: 600V AC, 200KA L.R.
Current Limiting

UL Listed

GSA Certified

Smart Spot Indicator

Motor controller and motor overcur-
rent protection. Very current limiting.

>

ed (601 to 6000A)
ertified (601 to 6000A)
most current-limiting Class L fuse
available today. For increased protection
of AC and DC equipment.

ATDR & ATOR

AMP-TRAP

Class CC  Time Delay
1-1/2" x 13/32"

UL Listed,

CSA Certified

ATDR:

1/4 to 30A

600V AC, 200kA |.R.
300V DC, 100kA I.R.

For motor protection
ATOR

1/10 to 30A
600V AC, 200kA |.R.
For transformer protection.
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TRI-ONIC
Class RK5  Time Delay
TR: 1/10 to 600A

250V AC, 200KkA I.R.

DG all ratings

TRS: 1/10 to 600A

600V AC, 200kA L.R.

DG all ratings

UL Listed

CSA Certified

Smart Spot Indicator
Motor overcurrent, motor
controller and transformer
protection.

AMP-TRAP*

Class L » Time Delay
2000/6000A

600V AC, 200KA I.R.
200-2500A

300V DC, 100kA LR.
Current Limiting

UL Listed (601 to 6000A)
CSA Certified (601 to 6000A)
Service entrance, feeder circuit,
transformer, and circuit breaker
back-up protection.

i
B
AMP-TRAP*

Class J Fast Acting

1to 600A

600V AC, 200kA L.R.

300V DC,20KA I.R.

Current Limiting

UL Listed!

CSA Cedified

Feeder Circuit, panelboard, and circuit
bigaker back-up protection. Space saving
dimensions. Very current limiting.

AMP-TRAP®

ClassL  Time Delay

200 to 2000A

600V AC, 200KA I.R.

500V DC, 100kA I.R.
Current Limiting

UL Listed (601-2000A)
CSA Certified (601-2000A)
Motor, motor controller, and
transformer protection. Also
suitable for DC application.
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AMP-TRAP®

ClassT  Fast Acting

A3T: 1to 1200A

300V AC, 200KA I.R.

160V DC, 50KA L.R.

AGT: 1 to 800A

600V AC, 200KA I.R.

300V DC, 100kA I.R.

Current Limiting

UL Listed

CSA Certified

Loadcenter, metering center, panel-
board, and circuit breaker back-up
protection. Very current limiting.
Small physical size.

AMP;TRAP®

Class‘G  Time Delay

1/2 10 20A

600V AC, 100KA L.R.

25 to 60A

480V AC, 100KkA I.R.

Gurrent Limiting

UL Listed

CSA Gertified

With time delay (above 5A) plus
600 and 480 volt ratings, AG
fuses fit a wider variety of branch
circuit protection in lighting,
heating and appliances.

AMP-TRAP
Class RK1  Fast Acting

AK2: 1 to 600A

250V AG/DC200KA I.R.

AGK: 1 to/600A

600V AC, 200KA I.R.
300U/DC;"200KA I.R.
Cureent.Limiting

UL\Listed

CSA Certified

Egeder circuit, panelboard, and circuit
breaker back-up protection. Very
current limiting.

AMP-TRAP®

Class CC  Fast Acting
1/10 to 30A

600V AC, 200KA I.R.
1-1/2" x 13/32" midget
Rejection style design
Current Limiting

UL Listed

CSA Certified

The smallest dimension fuse
suitable for branch circuit
protection.
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ONE-TIME

ClassK5 General Purpose
OT: 1 to 600A

250V AC, 50KA L.R.

250V DC, 20KA L.R.

0TS: 1 to 600A

600V AC, 50KA I.R.

300V DC, 20KA L.R.

OTN: 15 to 60A (Canada)
250V AC, 50KA L.R.

UL Listed

CSA Certified

Lowest cost protection for circuits
serving heating, lighting, and other
non-motor loads.

AMP-TRAP®

Midget Dimensions
1=1/2'x13/32"

ATQ Time Delay

1/10 to 30A, 500V AC, 10KA L.R.
ATM Fast Acting

1/10 to 30A, 600V AC, 100KA L.R.
35 to 50A, 600V AC, 10KA L.R.
1/10 to 30A, 500V DC, 100kA LR.
A6Y-2B Fast Acting

1/4 to 3R, 60OV AC, 10KA L.R.
3-2/10 to 15A, 500V AC, 10KA LR,
A25Z-2 Extremely Fast Acting
110 30A, 300V AC, 100KA L.R.
Supplementary overcurrent and semi-
conductor protection.

RENEWABLE

ClassH General Purese
RF: 1 to 600A

250V AC, 10KA IR

RFS: 1 to 500A

600V AC,10kA.R.

UL Listed

CSA Certified

Knuried®end caps unscrew for easy
link Teplacement after fuse oper-
ates Provides protection for non-
motor loads where short circuits
are 10kA or less.

MIDGET FUSES
1-1/2' X 13/32"

TRM Time Delay

110 308, 2500 AC, 10KA L.

OTM Fast Acting

1 to 30A, 250V AC, 10KA L.R.

GGU Fast Acting

(Glass/Ceramic hody)

3 to 30A, 125V AC, 10kA LR.

GFN Time Delay, Pin Indicating
1/10 to 10A 250V, 12 & 15A 125V,

20 to 30A, 32V
All are U.L./CSA except GGU



FERRAZ SHAWMUT

Product Guide

SBS

General Purpose
Fast Acting

1-3/8" x 13/32"
2/10 to 30A

600V AC 100KA L.R.
UL Listed

CSA Certified

SBS is the only fuse in its size to
have a full 600V AC rating and
100kA |.R.. Protection of control
circuits, lighting ballasts, meter
circuits and electronic circuits.

Glass Body FSFE Fuses
Fast Acting

4A to 30A

32V AC/DC

In-Line Fuse Holders for FSFE, 2AG,

and Smm x 20mm fuses.
FSFE holder max amp rating:
20A @ 32V

2AG holder max amp rating:
5A @ 32V

5mm x 20mm max amp rating:
10A @ 32V

z§

%, <

125V, and 250V AC
v are UL Listed and/or CSA Certified
tional axial leads

Supplementary protect\on in electrical and
electronic circuits

AUTOMOTIVE FUSES

Fast Acting

1 to 30A Miniature

Fast Acting

1 to 40A Mid-size

Slow Acting

20 to 80A Max size

Many are U.L. Listed, Recognized
and/or CSA Certified and designed
to U.L. Standard for automohile
hlade type fuses. SAE (Society of
Automotive Engineers) J1284.

133



FERRAZ SHAWMUT

134

Product Guide

PG MOUNT FUSES

Direct Mount PC Board Fuses
PCF Fast Acting Fuses
110 30A, 600V AC, 500V DC

PGS Semiconductor Protection
Fuses

5 to 304, 600V AC/DC

PCT Time Delay Fuses
1 to 30A, 500V AC

UL Recognized Components

, 200KA L.R.
R Class to 90A VDE 636-23

aR Class (100A) VDE 636-23

and IEC 269.4

Extremely high interrupting rating
UL & CSA Recognized

German std w/o BFI

German std w/seperate BFI

DIN 43623/00C

British std w/o BFI

British std w/seperate BFI

BS 88-4

Semiconductor Fuses

47

K equipment.

..

AMP-TRAP..

[t provides protection for
miconductors and electronic

DIN 000 FUSES

German Standard

gRB-URB, Size: 000

20 to 400A

690V (660V AC, 200kA I.R. tested)
315A, 660V, 350 & 400A, 500V, 500V
AC, 120KA L.R. tested

R Class to 125A VDE 636-23

aR Class (100A) VDE 636-23

and IEC 269.4

Extremely high interrupting rating

3 Models to DIN 43653-00C are UL & CSA
Recognized

1 Model to DIN 43620
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DIN BS88 FUSES

Protistor Fuses

uRB/URB Size: 000

20 to 400A

690V (660V AC, 200KA I.R. tested)
315A, 660V, 350 & 400A, 500V,
500V AC, 120KA I.R. tested

oR Class to 125A VDE 636-23

aR Class (75 to 400A) VDE 636-23
and IEC 269.4

Extremely high interrupting rating

UL & CSA Recognized

2 Models to BS 88-4 and EN 60 269.4
std

650 to 1300V AC, 100KA L.R.
UL Recognized Components
Gurrent Limiting

Extremely Fast Acting

IEC 269-4 Compliance
Protection of rectifiers, inverters,
DC drives, UPS systems, reduced
voltage motor starters, and other
globally accepted applications.

(

O

O

43653/00C
DIN 43620/00 (solid hlades)

PROTISTOR
FRENCH CYLINDRICAL

.11o0 250A Class aR

500V to 1000V AC
Dimensions (mm)

10 x 38, 14 x 51, 22 x 58,
27x 60

8 to 110A Class gR

800V AC

Dimensions (mm) 27 x 60
VDE 636-23

IEC 269-1, -4

Extremely high

interrupting rating.
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AMP-TRAP®

E Rated Current Limiting
A055F - AC: 5E to 450E
5.5KkV max, 63KA I.R. Sym
A825X - AC: 10E to 200E
8.25kV max, 50kA I.R. Sym
A155F - AC: 5E to 200E
15.5kV max, 50kA LR. Sym
A055C - AC: 10E to 900E
5.5kV max, 63kA L.R. Sym

Medium Voltage

A155C - AC: 10E to 300E max, 65KA 1.R. Sym
15.5K max, 50KA LR. Sym \%mﬁx‘\%ﬂ Ty,

UL Listed UI. Recognized Component
Protection for medium voltage Short circuit protection for medium
transformers and dist. system voltage motors and controllers.

(7]
(-]
(7]
= EURO/IEC FUSES
= Clindrical Fuses
E Rated S Jriee kot Iines
For Potential Transformers S D oo AC
Current Limiting = Screw Cap Fuses
A240T - AC: 1/2E to 5E a5 DO Type - 400V AC
2.4KV max, 50kA LR. Sym ‘= D Type - 500V AC
A480T - AC: 1/2E to 5E == 210 100A
4.8KV max 50kA LR. Sym NH Dimension Fuses
ASOOT - AG: 1/2E to 5%E Lo, and calt Tpes
5.0kV max, 50kA I.R. Sym 2 m,slmA
A720T - AC: 1/2E to 3E
7.2 max, 50KA LR, Sym GANADIAN FUSES
Primary protection for potential ﬁl?cslsl-(l:iligt‘:‘. cB

136 transformers. NRN/NRS, CRN/CRS
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Special Purpose Fuses

i
SURGE SUPPRESSION
FUSES

VSP - 600V AC, 200 kA L.R.
Surge Rating:

5-100KA 8 x 20 usec

Special purpose MOV protector.
Protection of TUSS devices.

UL Recognized

TPMOV

150V to 550V AC, 100KA I.R.
Surge rating:

4OKA 8 x 20 usec

)

Welder Protectors
Current Limiting
100 to 600A

600V AC, 200KkA I.R.

Short circuit protection for
electric welders. Class K and
Class J dimensions.

<
AMP-TRAP<
Cable nrnleclur@
Current Limiti
600V AC, 2 X
Sizes:
Copper; G to 750kemil (MCIM)
lu /0 to 750kemil (MCM)

S of multiple conductor
y selectively isolating faulted
les. Available for copper

&\vd aluminum cable.

AMP-TRAP®
Form 600 Special Purpose
Current Limiting

U.L. Recognized

A2Y - 1 to 600A

250V AC, 200KA I.R.

500V DC, 100KA I.R.

A6Y - 110 8A

500V AC, 200KA I.R.

500V DC, 100KA I.R.

A6Y - 10 to 1200A

600V AC, 200KA I.R.

AGY - 10 to GOOA

500V DC, 100KA L.R. 137
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CAPACITOR FUSES
6A to 300A
600V to 5500V AC

Cartridge type. Full range operation.
Indicator for most types. Direct mig.
on capacitor. Special mtg. brackets
available.

AC3
UL Recognized Components
Cartridge type:

ACK: 1 - 400A Time Delay
ACL: 30 - 120A

ALS: 100 - 500A

125V AC/DC 10KA L.R.

Blade Type

CNN: 10 - 800A

130V AC, 2500A I.R.

80V DC, 2600A I.R.

CNL: 35 - 500A

80V AC/DC 2600A I.R.

110 800A @
170V DC, 1%

f distribution switching

, Dattery back-up systems,

er supplies, switching substations,
phone switching equipment, and
ifiers.

IN-LINE FUSES
AND HOLDERS
SLR Fuses - 1/2 to 150
300V AC, 10KA L.R.

Fast Acting

UL Listed & CSA Certified
Intergral fuse & insulating cap
SMF Fuses - 3/10 to 10A

300V AC, 10KA LR.
Time-Delay

UL Listed & CSA Certified
intergral fuse & insulating cap
Designed to handle hallast
inrush currents.

SHR fuse holders

300V AC: 15A, 10KA L.R.
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PLUG FUSES

Edison Base and Type S
125V AC, 10KkA L.R.

UL Listed

CSA Certified

Types:

Non-Time Delay - GW, G, GP
Time Delay - GTL, GT, TD, GSL*

erejection type “s” must be
used with SAG adapter

, 2258, 27X60 (mm)
8101108

660V DC, 50kA I.R.
27x60mm, UL Recoynized
6o 63A

1000V DC, 100KALR.
20x127mm, UL Recognized
25 to 100A (9RB-gRC)
1000V DC, 100KA I.R.
36x127mm, UL Recognized

DC RATED FUSES

4 mosunn%(b

aR & uR operati

Very high j g ability
Current @
Roun are hody designs

raction and traction
circuits, filters, rectifiers,

DC RATED FERRULE
FUSES

.8 10 5A (CC 1551 CP gRB)
10000V DC, 100kA L.R.

.8 10 5A (CC 1500 CP yRB)
1000V DC, 30KkA I.R.

6 to 25A (CC 1500 CP gRD)
1500V DC, 30KkA I.R.
20x127mm

6 to 32A (CC 1591 CP gRC)
1500V DC, 6OKA I.R.

6 to 32A (CC 1500 CP gRC)
1500V DC, 6OKA L.R.
20x190mm
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FUSES

40 to 100A

(CC1591 CP yRC-yRD)
1500V DC, 6OKA I.R.
36x190mm

40 to 100A

(CC1500 CP gRC-yRD)
1500V DC, 6OKA L.R.
36x190mm

Special Purpose Fuses

DG RATED FERRULE

.8 10 20A (CC4000 CP yRC)

40000V DC, 30KA L.R.
36x400mm

500A (CC 7.50RC)

750V DC, 100KA I.R.
900V DC, 100KA LR.

630 to 750A (CC 7.50RD)
750V DC, 100KA L.R.
800A (CC 6.69RB)

660V DC, 100KA L.R.
Size: 123

500 to 900A (CC 7.50RC)
900V DC, 100KA I.R.
Size: 2x122

140

U
50 t0 150A$
750 DC R.
900V n@m IR,
Recognized

Size;
(CC 7.59RC)
, 100KA L.R.
C, 100KA L.R.
e: 121, UL Recognized

{\sn to 500A (CC 7.59RC, GRD)
b 750V DC, 100KA LR,

900V DC, 100KA L.R.
Size: 122, UL Recognized

_—
DC RATED SQUARE-
BODY FUSES
1000A (CC 7.59RC)
750V DC, 100kA L.R.
900V DC, 100kA L.R.
1250 to 1500A (CC7.59RB, D)
750V DC, 100kA L.R.
1600A (CC 6.69RB)
660V DC, 100kA L.R.
Size: 2x123
160 to 420A (CC 12 SRG)
1200V DC, 100KA L.R.
Size: 72
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DC RATED SQUARE-
BODY FUSES

20 to 215A (CC 20 SRC)
2000V DC, 100kA L.R.
Size: 120

160 to 400A (CC 20 SRD)
1800V DC, 100KA L.R.
2000V DC, 100KA LR.
Size: 122

6 to 25A (CC 35 gRB)
3500V DC, 30kA LR.

32 to 80 to 125 (

(CC40 uRB, yRD)
4000V DC, 30kA LR.
Size: 600

SE BLOCKS
250V AND 600V

Single and Multi-Pole

Available for Class H, J, K, R,
CC and Midget fuses. A variety
of clips, pole configurations
and termination provisions are
available. Most are UL Listed, UL
Recognized or CSA Certified.

ULTRASA
FUSE HO

e Blocks and Holders

s For Class CC Fuses

- For Midget Fuses

K\GSSJ - For Class J Fuses
D US6J - For Class J Fuses

US14 - For 414x51mm Fuses
US22 - For 22x58mm Fuses

IN-LINE
FUSEHOLDERS

For 1-1/2" x 13/32" & Class
CC fuses Rated 30A, 600V AC
200KA withstand rating
Breakaway feature - standard
UL Recognized

CSA Certified

Choice of crimp or screw
connectors for solid or stranded
copper cable. Rubber boots
available.
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GPM SERIES
PANEL MOUNT
FUSE HOLDERS

Rated up to 30A, 600V AC
UL Recognized
CSA Certified

Various sizes accommodate
5mm x 20mm, 1/4" x 1-1/4" or
1-1/2" x 13/32" Midget and
Class CC fuses. Straight and
right angle connections. Front

or rear mounting in panel. Q

750V AC, 200KA I.R.
Ratings up to 100A
UL Recognized

CSA Certified

Blocks are open face style and
accommodate 14mmx51mm
and 22mmx58mm fuses. Choice
of box, screw or pressure plate
connector. Thermoplastic bases.

o b
W
CLASS T
FUSE BLQ%
Rated 30A up
300V AC - ith A3T fuses
600V AC ith AGT fuses

Full barrier design.
Unique adder-block design.

DFG DEAD-FRONT
FUSE COVERS

Snap on to Class G, H, J, K, R,
CC or Midget Fuses in fuse
holders

Provide dead-front
electrical safety

Fits fuses 0-100A
Reusahle

Optional Open-Fuse
Indicator Light

UL Listed or Recognized
CSA Certified
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GLASS G FUSE
BLOCKS

600V: 15A & 20A

480V: 30A & 60A

Withstand rating: 100KA using
screw, pressure plate or hox
connector. 10KA using quick
connects.

UL Listed - Meets Standard 512
CSA Certified

Unique adder block design with
integral DIN rail adapter. Spring

reinforcing standard for 60A ch;Q

llSE BLOCKS

For semiconductor fuses 1 to
1000A

Clip Type: 1200V or less

Stud Type: 1000V or less
Insulators are glass filled
polycarhonate or laminated
phenolic.

UL Recognized

CSA Certified

P

.‘

Recoynized
GSA Certified

MODULAR FUSE
BLOCKS

For semiconductor fuses 100 to
800A, 600 to 5000V

UL Recognized 600 & 1000V
Modular 2-piece design

Stud type & hox connector
Phenolic insulators

Mounting hardware included
Heat dissipating hox connect.
Accomodates a large range of
semiconductor fuses.
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FERRULE FUSE
e
Modular Fus
For 20x127mm ferrule fuses 50 E"i:"sa':';"s' m:‘?::::ismm,
e | o

li
and only salt spray proof model. Sries: 2 size ranges

Fuse mounting in holders or no- .
load disconnectors with or with- \hs:?:gtnﬁlmg ;g?::'kg'
' b will accept 14x51mm, 22x58mm &

30A/250V Class H/K/R fuse links.

FINGER-SAFE
BLOCKS

NH Dimension
690V Ceramic hases

Silver plated contacts
Screw mount

690V Polyester hases
Silver plated contacts

Snap-on DIN rail mounting
Screw or rail mount Captive termination screw
Ampere ratings 175 to 840A
1 to 4 pole holders avail- 600V rated
ahle for NH - 0, 1, 2, and UL Recognized
3 size fuse links. CSA Certified

Provides DIN rail mounting
capahilities in addition to
heing completely finger safe
to an IP20 level.

Compact modularity

Power Distribution Blocks
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OPEN POWER DIST.
BLOCKS 600V AC

600V, 90 to 2660A

Small - 62-63 series
Intermediate - 66-67 series
Large - 68-69 series

Copper & Aluminum available
Safety covers availahle
Most are UL Rec/CSA Cert
Provides convenient means of
distributing power. A variety of
pole configurations, termination
provisions and gauge sizes are
available.

o

ﬁi REDUCERS
Widg’chaiCe for 30A to 400A

HfJ, K& R fuse reducers to

fit 0 600A, 250 or 600V clips.

FUSE PULLERS

Nylon or plastic for 30 to 600A fuses.

FUSE CLIP CLAMPS

Steel jaws clamp fuses tightly in clips,

with a turn of the cap.

125V AC UL List

Galvanized st

Variety of p , switch and
receptac ations

All stan| e hoxes avail
gbplug fuses primarily in the

of 125V motors and motor

BLOWN FUSE
INDICATORS

Shawmut Trigger*
TI-130, TI-600, TI-1500
Wired in parallel with fuse
Trigger Actuator® (TA)
Optionally mounted on many
Amp-trap fuses
Add-On-Switch (A0S)
AOS-Q quick connectors
AOS-S screw terminals

IL - indicator

Provides blown fuse indication
EI-700 and EI-1000

Externally mounted 700 and

1000V indicators 145
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LY X\ N

B
— 1

MICROSWITCHES
AND STUDS

PSC Fuse Type

310 10A

1000 & 1500V AC
Watertight & resettable
available

Protistor Type

3&5A

1250 to 6000V
Watertight & resettable
available

SURGE SWITCH

600U AC

200KA 8x20 ps waveform
3.& 4 pole switches available
Extremely reliable

Defeatable handles standard
automatic re-latch when door
is closed; no tool necessary
Direct mount handles optional
Compact footprint

UL Recognized & CSA
Certified Pending

Only surge rated switch
available today

Application: TUSS Panels

Disconnect Swtiches

FUSIBLE,

NON-FUSIBLE
AND LOAB,BREAK

LBS - logdreak disconnect
switches, from 16 to 100A-UL
508

SIRCO - non-fusible disconnect
switches, from 30 to 1200A-UL
98

FUSERBLOC - fusible dosconnect
Switches, from 30 to 800A-UL 98
Front or side operated disconnect
switches with direct or external handles
including flange style.

ENGINEERED
SWITCHES

Fusihle Shunt Trip Disconnect
Switches

Ensclosure - NEMA 1 (std)
NEMA 12, 3R, 4 or 4X availahle
120V AC Shunt Trip

3-Pole Fused Switch

Modular Components

Many optional features availahle
600V AC: 30A, GOA, 100A, 200A,
and 400A (w/stand rating: 200kA
I.R.) Applications:

elevators, emergency hidg sys-
tems, misc fusible shunt trip
applications
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Index

Alternating current formulae, 49 - 50

Aluminum and copper, comparative
weights of cables, 21

Ambient temperature, definition, 8

Ampere, correction factors, 56; definition, 4;
formulae for determining, 51; for one K.W.
at various voltages and power factors, 72,
73; ratings for various type motors, 54, 55;
ratings for slip ring motors, 56; ratings of
synchronous motors at full load, 57

Angle closing, 116

Appliances, approximate cost of operating, 79

Application of Power Factor Capacitors, 64

Belting, 104, 105

Cables, resistance and weights, 20 - 22
Calculations, short circuit, 106 - 110
Canadian Electrical Code Tables, 25 - 32
Capacitors, power factor, application of, 64

Catalog guide, Shawmut fuse data, 128 - 144
Centigrade comparison with fahrenheit, 80
Characteristics of transformers, 111
Circles areas and circumferences, 87 Q
Closing angle, 116; random, 116 %
Conductors, in conduit or tubing, 95§phy.

properties of common electri
Conduit, dimensions and m
elbows, dimensions er of con
ductors in conduit @g, 95; percent
area of cond N +95; conduit fill,
calculatio #bushings and locknuts,
dimensions,
Controll8g, electric definition, 17
Contr uit Transformers, 71
C n table general, 81 - 82; Kva to
eres, 72
ection diagrams, transformers, 74 - 76
$opper, aluminum, comparative weights
of, 21
Copper wire information, formulae, 19 - 20;

Circuit breaker, definition, 15
tors, x
48
Contact, definition,
resistance - temperature, 20

Circular Mil, Definition, 19
92 - 94; voltage drop, ta
6;
Contractor, defigition, 17

Copper conductivity of, 19

Correction table for three-phase induction
motors, power factor, 56

Cubes of numbers, 85 - 86

Current, RMS, 113; available short circuit
116; first half cycle, 116; let-thru, 117,
effective, 113; line 45 - 47; symmetrical,
114; asymmetrical, 114; offset, 115; &

$

)

" 124 -126; fuse

total, 115 @

Decimal and metric equiv: \‘part of
aninch, 84 %

Decimal equivalent, squi bes, square
roots, cube root erence, areas of
circles, 85 - BQ

Definitions, % -17

if-proof, definition, 16
-proof, definition, 16

iciencies of motors, 54
Electrical symbols for plans, 77 - 78
Electrical metallic tubing, 96 - 97

Fahrenheit, comparison with Centigrade, 80

Ferrule Fuses, 39 - 141

Field current in D.C. generators, 63

Formulae, alternating current, 49 - 51;
amperes, determining, 49; horsepower,
electrical, 51; Kilowatts, 51; KVA, 51;
reactance and resistance, 50; trigonomet-
ric, 89 - 90

Fuse, cable protector, definition, 13; current
limiting, 12; Class J, definition, 14; Class
K definition, 14; Class L, definition, 14;
Class R definition, 14; ampere rating, 14;
definition, 11; dimensions, 124 - 125;
semiconductor, definition, 12; renewable,
definition, 12; time-delay, definition, 12;
welder protector, definition, 13; Ferraz
Shawmut fuses, 128 - 144; secondary, 68;
primary, 69 - 70

Fuseholders, dimensions, 127,
Ultrasafe, 133
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Gas-proof, definition, 16

Gas-tight, definition, 16

Generators and motors, D.C. generators,63;
synchronous speeds, A.C., 58

Glass Fuses, miniature, 134

Graphic symbols, 77 - 78

Hardness, conversion table, 98
Hertz, (frequency) definition, 4
Horsepower, electrical, formula for, 51

I, P and 14, 119 - 120

Identification of motors, 53

Interrupting capacity or range definition, 8
Iron, sheet metal gauge, 101

Kilowatt, KVA, formula for, 51; KVA conver-
sion to amperes, 51

Language, short circuit, 112

Line current and voltage drop, formulas
45-50

Low voltage fuses, 59

Measures, tables of weights, 83 X

Metals, weights of various, 91; gaug \
101; hardness, 98

Metric equivalents of parts of an inch,

Midget fuse dimensions, 12

Mil, circular, 19

Moisture, resisting, defini

Motor overcurrent

Motors, alternati Tent ﬁotor fuse
table, 230%vi -phase, 60; 480-volt
three-phiasgf 61675-volt three-phase, 62,

115-23 single-phase, 59; ampere
ratings of 220-volt induction motors, 56;
ampere ratings of synchronous motors at full
o0ag, 57; determining size of fuse for motors,
2; efficiency and power factor values,
" protection automatic, 52; identification
of motors, 53

(=]

National Electric Code Tables, 23 - 24
NH Fuse Links, 142 - 144
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Ohm, definition, 4
Ohm’s law, 37

Operating cost of electrical appliances, 790@

Overcurrent protection of motors, 60 - 62

Physical and mechanical properties o
metals, comparative, 92 - 93; hardness,
98 .

Pipe, dimensions, 96; carryi acity, 95

Power factor correction BK 66;
application of, 64; uit relation-
ships, 119; gene m

Protection of overgurr otors, 52;
transformer

Pulleys, 102

@ 116
it breaker or switch), defini
; continuous, definition, 7; inter-

Rand
Rating

&g g, 120; withstand, 120; short-time,
%1 nition, 8

0, current, definition, 11; marked defini-
tion, 11, voltage definition, 11

Reactance, 49 - 50

Relay, definition, 17

Resistance, materials, properties of com-
mon, 94, ratio to reactance, formula for
combining, 49 - 50

Rheostat, definition, 17

Screw threads, American national, coarse
and fine, 99

Shafting, 103

Shawmut, catalog guide, 128 - 144

Sheet metal gauge, 101

Short-circuit cable, 33 - 36

Short-circuit calculations, 106 - 110

Short-circuit currents, general 112 - 120

Short-circuit power factor relationships, 119

Short-circuit factors, 107 - 110

Skin effect, 18

Sleet-proof, definition, 16

Specifications for Shawmut fuses,
suggested, 122- 123

Splash-proof, definition, 16

Squares and square roots of numbers,
85 - 86
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Submersible, definition, 16
Switch auxiliary, definition, 17; control defini-
nition, 17; disconnecting, definition,17;
master, definition, 17 0

Symbols for electrical plans, 77 - 78 C)
Synchronous motor ampere ratings, 57

Synchronous speeds, A.C. generators and
motors, 58 A4

Taps, drill sizes, 99 \@
Temperature, ambient, definition, 8;

comparison of Centigrade and Fahrenhetit, @

80; coefficient, 19, 92, 94; resistance 0

correction factor, 20
Tensile strength 93, 94, 98, Q
Thermometers, Centigrade and Fahrenheit,

80 (2>
Threads, screw, American, 99; pipe, 96
Transformers, characteristics, 111, connec-

tion diagrams, 74 - 76; current definition, &\'

11; instrument, definition, 11; potential,
definition, 10; short circuit currents 111

Trigonometric formulae, 89 - 90; functions,Q(b

88

Tubing, electrical metallic, 96 - 97 \
Ultrasafe Fuse Holders, 133 @

U.S. screw threads, 99 . O
Voltage drop, 37 - 48 \&'\

Wave, sine, 113; sinusoid@ triangular

17

Weights, general wej measures, 83;
iron and stegl’shee 1; stranded cop-
per cable, 2; gtranded copper and

aluminum, col son, 21 - 22; various
substances and metals, 91
Wire calculatiors, 37 - 38
Wire ables, data and applications,
:'Sizes for conduit, 95; stranded

pel Y resistance and weight of, 21 - 22
, connection diagrams for
s nsformers, 74 - 76
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