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OHM’S LAW

The rate of the flow of the current is equal to
electromotive force divided by resistance.
Intensity of Current = Amperes

|
E = Electromotive Force = Volts
R = Resistance = Ohms
P = Power = Watts
The three basic Ohm’s law formulas are:
- E_ -_E -
= R R= i E=IxR

Below is a chart containing the formulas related to Ohm’s law.

To use the chart, from the center circle, select the value you need to
find, | (Amps), R (Ohms), E (Volts) or P (Watts). Then select the
formula containing the values you know from the corresponding chart
quadrant.

Example:
An electric appliance is rated at 1200 Watts, and is connected to 120
Volts. How much current will it draw?

_ Watts _P _ 1200 _
Amperes = Volts I= E =120 - 10A
What is the Resistance of the same appliance?
Ohms:ﬂt-ﬁ— =E =ﬂ=12§2

Amperes 1 10

-1 -



OHM'S LAW

In the preceding example, we know the following values:

| =amps =10 R =ohms =12Q

E =volts =120 P = watts = 1200
We can now see how the twelve formulas in the Ohm’s Law chart
can be applied.

_ [WATTS _ [P 200 .

AMPS = —grre I _1/R =[5 =+/100 = 108

WATTS p 1200
AVPS = ~orTs b= F =70 =10

VOLTS E 120
AWPS = ~GHms l= g =7 =10

VOLTS’ E 1200 14,400
WATTS = W P = ? = 12 = T = 1200W
WATTS = VOLTS x AMPS P = ExI = 120x10 = 1200W
WATTS = AMPS’ x OHMS P = I' xR=100x12 = 1200W

VOLTS =-/WATTS x OHMS E =~/PxR =1/1200x 12 =1 /14,400 =120V

VOLTS = AMPS x OHMS E = IxR = 10x12 = 120V

voits = LS E- 2 -0 oy
OHMS=“A’;)+TT§ n=§=1;—20(§=%=129
OHMS = vmgssz R=f = 20 - 120
oHms = YT R=+ - 1B 0



SERIES CIRCUITS

A SERIES CIRCUIT is a circuit that has only one path through
which the electrons may flow.

RULE 1:  The total current in a series circuit is equal to the current in
any other part of the circuit.
TOTAL CURRENT Iy =1y =1, =I5, etc.
RULE 2:  The total voltage in a series circuit is equal to the sum of the
voltages across all parts of the circuit.
TOTAL VOLTAGE E;=E, +E, + E3, etc.
RULE 3: The total resistance of a series circuit is equal to the sum of
the resistances of all the parts of the circuit
TOTAL RESISTANCE Ry =R, + R, + R3, etc.

FORMULAS FROM OHM’S LAW

VOLTS E

VOLTS E
RESISTANCE = ‘AMPERES OR R= T
VOLTS = AMPERES x RESISTANCE ~ OR E=IxR

EXAMPLE: Find the total voltage, total current, and total resistance of
the following series circuit.

E =10 VOLTS
o0 - 0.4 AMPS Py
=25 OHMS
1 =8 VOLTS E;= 6 VOLTS
1 = 0.4 AMPS I3 = 0.4 AMPS
Ry =20 OHMS R3; = 15 OHMS
ET =7
lr=7?
Ry =7 (continued next page)



SERIES CIRCUITS

ET= E1+E2+E3 |T= |1=|2=|3
- 8+10+6 = 04=04=04
E; = 24 VOLTS It = 0.4 AMPS
Rt = Ry +Ro+Rjg
=20+25+ 15
Rt = 60 OHMS

EXAMPLE: Find E+, Ey, Eg, |1, 14, I5, 14, R, Ry, AND R,.
Remember that the total current in a series circuit is equal to the
current in any other part of the circuit.

E =2 Eg=?
I =2 I3 = 0.5 AMPS
R, = 72 OHMS Ry = 48 OHMS

E, =12 VOLTS E4 =48 VOLTS
lp=? =2
Ry, =7 Ry=7?
ET=? IT_’) RT
IT =I1=|2=|3=|4 E1=|1XR1
N B -05x72
0.5-05=05=05=05 E, =36 VOLTS

It =05AMPS I, = 0.5 AMPS
l; =05AMPS |, =0.5AMPS

Er =E;+E>+E3+E4 Es =13xR3
=36+12 +24 + 48 =0.5x48
Er =120 VOLTS E; =24 VOLTS

RT =R1+R2+R3+R4
=72+24 +48 + 96

Ry = 240 OHMS

_E _12 _E _48
R =7, =05 Re =1, =05
R, =24 OHMS R, = 96 OHMS



PARALLEL CIRCUITS

A PARALLEL CIRCUIT is a circuit that has more than one path

through which the electrons may flow.

RULE 1: The total current in a parallel circuit is equal to the sum of the
currents in all the branches of the circuit.

TOTAL CURRENT Iy =14 +1, + I3, etc.

RULE 2: The total voltage across any branch in parallel is equal to the
voltage across any other branch and is also equal to the total
voltage.

TOTAL VOLTAGE E;=E;=E, =E;, etc.

RULE 3: The total resistance of a parallel circuit is found by applying
OHM’S LAW to the total values of the circuit.

TOTAL VOLTAGE E
TOTAL RESISTANCE_—TOTAL AMPERES OR Ry = _ﬂ_

Example: Find the total current, total voltage, and total resistance of the

following parallel circuit.

® o
o

E, =120V E,= 120V Es=120V
Iy =2 AMP I, =1.5 AMP I3 =1 AMP
Ry =60 OHMS R, =80 OHMS R3 =120 OHMS
IT = |1+|2+|3 ET = E1=E2=E3
= 2 +15+1 = 120=120=120
lr = 45AMPS Er = 120VOLTS
E 120 VOLTS
Rr = —L = ———== = 26.66 OHMS RESISTANCE
U It 4.5 AMPS

NOTE: In a parallel circuit, the total resistance is always less than the
resistance of any branch. If the branches of a parallel circuit have
the same resistance, then each will draw the same current. If the
branches of a parallel circuit have different resistances, then each
will draw a different current. In either series or parallel circuits, the
larger the resistance, the smaller the current drawn.

-5-



PARALLEL CIRCUITS

To determine the total resistance in a parallel circuit when the total
current and total voltage are unknown:

1 11 1
TOTAL RESISTANCE =~ "R, © "R, " "R,

EXAMPLE: Find the total resistance of the following circuit;

AND ETC.

R, = 60 OHMS Ry = 80 OHMS Ry = 120 OHMS

i 1,1 .1

Rr = Ry R, ~ Rs

LI I B I
- 80 120

S R m——— o e Use lowest common denominator (240).
A~ _—~9
R—"">240
9 x Ry =1 x 240 or 9Ry = 240

divide both sides of the equation by 9
Rr = 26.66 OHMS RESISTANCE

cross multiply.

NOTE: The total resistance of a number of EQUAL resistors in parallel is
equal to the resistance of one resistor divided by the number of resistors.

RESISTANCE OF ONE RESISTOR

TOTAL RESISTANCE = —raieER OF RESISTORS IN CIRCUIT

(continued next page)



FORMULA:

PARALLEL CIRCUITS

R
fio=w

EXAMPLE: Find the total resistance

—AWA—

R, = 120 OHMS
R, = 120 OHMS

R3 =120 OHMS

AW
A

There are three resistors in parallel. Each has a
value of 120 OHMS resistance. According to the
formula, if we divide the resistance of any one of
the resistors by three, we will obtain the total
resistance of the circuit.

nT=% R Ry = %

TOTAL RESISTANCE = 40 OHMS.

NOTE: To find the total resistance of only two resistors in parallel, multiply
the resistances, and then divide the product by the sum of the resistors.

R R

FORMULA:  TOTAL RESISTANCE = —L X T2

EXAMPLE:

—AMWA—

R; = 40 OHMS

R, = 80 OHMS

A

R1+R2

R - Rix Ry
T R1+R2

40 x 80
40 + 80

3200
120

R = = 26.66 OHMS

-7-



COMBINATION CIRCUITS

In combination circuits, we combine series circuits with parallel circuits.
Combination circuits make it possible to obtain the different voltages of
series circuits, and the different currents of parallel circuits.

EXAMPLE 1. PARALLEL-SERIES CIRCUIT:
Solve for all missing values.

T E =2 T d g

< ly=? (@ 5=7
Er=120voTs 5 pRi=200HMS T <> Ro=100HMS
lh=7? z <Z(
Rr=7? E SE-? T Ey=?

i Iy =2 0 ly=?

l R, = 40 OHMS Ry = 50 OHMS

TO SOLVE:

1. Find the total resistance of each branch. Both branches are simple
series circuits, so
R1 + RZ = RA
20 + 40 = 60 OHMS total resistance of branch “A”

R3 + R4 = RB
10 + 50 = 60 OHMS total resistance of branch “B”

2. Re-draw the circuit, combining resistors (Ry + Ry) and
(R3 + Ry4) so that each branch will have only one resistor.

I T
< @
E;r =120 VOLTS — Ey=? T Eg="?
lr=? e ly=? S lg=?
Rr=7? é Ra = 60 OHMSE Rg = 60 OHMS
m m
1 1L
(continued next page)



COMBINATION CIRCUITS

NOTE: We now have a simple parallel circuit, so

B = BB = K
120V = 120V = 120V

We now have a parallel circuit with only two resistors, and they are of equal
value. We have a choice of three different formulas that can be used to
solve for the total resistance of the circuit.

(1) Ry X Ry 60 x 60 3600

R = = = = MS
T 7 Ry + Ry 60 + 60 120 30 0H

(2) When the resistors of a parallel circuit are of equal value,

R 60
Rr = o = & = 300HMS OR
@1+ _1+ 1 1 1 2 _ 1
Rr Ry "Ry 60 '60 ~ 60 - 30

1~ _—1
?T/=\ﬁ OR 1XRT=1X300R RT=300HMS

3. We know the values of Ex, Ry, Ep, Ry, Eg, Rg, Ry, Ry, R3, and R,.
Next we will solve for I, Iy, Ig, 14, I, I3, and 14.

- 120 -
It = R OR 30 - 4 lt = 4 AMPS
TS 120 _ -
IA = R, OR 50 - 2 ln = 2 AMPS
Ia = 14 =1 OR2=2=2 Iy = 2 AMPS
E 120
- B _ L -
lg s R OR 60 - 2 lg = 2 AMPS
Ig = I3 =14 OR2=2=2 Il = 2 AMPS
I, = 2AMPS
(continued next page)
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COMBINATION CIRCUITS

We know that resistors #1 and #2 of branch “A” are in series. We

know too that resistors #3 and #4 of branch “B” are in series. We
have determined that the total current of branch “A” is 2 AMPS, and
the total current of branch “B” is 2 AMPS. By using the series formula,

we can solve for the current of each branch.

BRANCH “A” BRANCH “B”

IA = |1 = |2 lB = |3 = |4
2 =2 =2 2 =008 =080
li = 2AMPS Iy = 2AMPS
l, = 2AMPS Iy = 2AMPS

5. We were given the resistance values of all resistors.

Ry =20 OHMS, R, =40 OHMS, R; =10 OHMS, and R4 = 50 OHMS.
By using OHM’'S Law, we can determine the voltage drop across each

resistor.
E1=R1XI1 E3=R3X|3
=20x 2 =10 x 2
E; = 40 VOLTS E; = 20 VOLTS
E2=R2X|2 E4=R4X|4
=40x 2 =50 x 2
E, = 80 VOLTS E, = 100 VOLTS
EXAMPLE 2: SERIES PARALLEL CIRCUIT.
Solve for all missing values.
Ey=?
ly=7?
WV R§=20
Ey=?
=2
Ry =10 A
ly=7?
Ry =30
BRANCH “A” —

Er=110 VOLTS
=2
Rr=?

(continued next page)



To solve:
We can see that resistors #2 and #3 are in parallel, and combined
they are branch “A”. When there are only two resistors, we use the

1.

following formula:

COMBINATION CIRCUITS

R, x Rg 20 x 30 600
Ry R, + Ry OR 50730 OR 50 OR 12 OHMS
2. We can now re-draw our circuit as a simple series circuit.
El‘;?? E{:\j Er = 110 VOLTS
Ry = 10 OHMS Ry = 12 OHMS lp=7?
Rr=?
<« BRANCH “A” ——
3. Ina series circuit,

Rr = Ry + Ry OR Ry = 10 + 12 OR 22 OHMS
By using OHM’S Law,

b

In a series circuit,

E

Ry

110
55 = 5 AMPS

Iy =l =ly or Iy =5AMPS, I; = 5AMPS, and I, = 5AMPS

By using OHM’S Law,
E; =14 x Ry =5 x 10 = 50 VOLTS

Er —E =E4 or 110 — 50 = 60 VOLTS = E,

In a parallel circuit,

EA = Ez = E3 or EA = 60 VOLTS
E, = 60 VOLTS, and E; = 60 VOLTS

By using OHM’S Law,

E

-

b = -
E

- B

' Ry

60
20 © 3 AMPS
60
30 ° 2 AMPS

11 -
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PROBLEM:

Solve for total resistance.

COMBINATION CIRCUITS

Re-draw circuit as many times as necessary.

Correct answer is 100 OHMS.

R

R,

Rs

RG
—AVAA—
Ry R,
_M_‘ AvAvAv
W
YVvy
Rr=? ®
GIVEN VALUES:
Ry = 150HMS Rg = 250HMS
R, = 350HMS R; = 10 OHMS
Ry = 50 OHMS Rg = 300 OHMS
Ry = 40 OHMS Ry = 60 OHMS
Rs = 30 OHMS

-12-




COMMON ELECTRICAL DISTRIBUTION SYSTEMS

120/240 Volt Single Phase Three Wire System
L1 Black t

T
120 volts
Neutral | white*

g ] 190volts 240 volts
L | Redt |

II—’M

t+ « Line one ungrounded conductor colored Black.
t+ « Line two ungrounded conductor colored Red.
**« Grounded neutral conductor colored White or Gray.

120/240 Volt Three Phase Four Wire System (Delta High Leg)

*B  High Leg Orange T
208V 240 volts 240 volts
A ¢ C Red 1
I
240volts ? I e
[
L

t « A phase ungrounded conductor colored Black.

t* « B phase ungrounded conductor colored Orange or tagged
(High Leg). (Caution - 208V Orange to White)

+ « C phase ungrounded conductor colored Red.

**« Grounded conductor colored White or Gray. (Center tap)

** Grounded conductors are required to be white or gray or three white stripes. See NEC 200.6A.
* B phase of high leg delta must be Orange or tagged.
1 Ungrounded conductor colors may be other than shown; see local ordinances or specifications.

-13 -



COMMON ELECTRICAL DISTRIBUTION SYSTEMS
120/208 Volt Three Phase Four Wire System (WYE Connected

Black 44
ackt B 208 volts
g T
White 12 VOjis
208 volts
i 120 volts
. ~ Blue t
&

t+ * A phase ungrounded conductor colored Black.

+ + B phase ungrounded conductor colored Red.

t+ C phase ungrounded conductor colored Blue.

**e Grounded neutral conductor colored White or Gray.

277/480 Volt Three Phase Four Wire System (WYE Connected)

Brownt 1
480 volts
\ Purplet

277 volts
Neutral \_ Gray™
A

277 volts 480 volts

Yellowt

C

t* A phase ungrounded conductor colored Brown.

t + B phase ungrounded conductor colored Purple

t + C phase ungrounded conductor colored Yellow.

**e Grounded neutral conductor colored Gray.

** Girounded conductors are required to be white or gray or three white stripes. See NEC 200.6A.

*B phase of high leg delta must be Orange or tagged.
tUngrounded conductor colors may be other than shown; see local ordinances or specifications.

-14 -
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TO FIND AMPERES

DIRECT CURRENT:
A. When HORSEPOWER is known:

HORSEPOWER x 746 HP x 746
AMPERES = {51TS x EFFICIENCY ° F X %EFF

What current will a travel-trailer toilet draw when equipped with a 12
volt, 1/8 HP motor, having a 96% efficiency rating?

r | =

HP x 746 746 x 1/8 93.25

= E X %EFF = T2x 096 - 152 - S09AMPS
B. When KILOWATTS are known:

KILOWATTS x 1000 KW x 1000
AMPERES = ATES or | = -KWX1000

A 75 KW, 240 Volt, direct current generator is used to power a
variable-speed conveyor belt at a rock crushing plant.
Determine the current.

KW x 1000 _ 75 x 1000

|l = E 540 = 312.5 AMPS

SINGLE PHASE:

A. When WATTS, VOLTS, AND POWER FACTOR are known:
WATTS P

AMPERES = vor7s~ POWERFACTOR ¢ “Ex PF

Determine the current when a circuit has a 1500 watt load, a power-
factor of 86%, and operates from a single-phase 230 volt source.

1500 1500

= 535 % 086 = 978 -

7.58 AMPS

-16 -



T0 FIND AMPERES

SINGLE PHASE:
B. When HORSEPOWER is known:

HORSEPOWER x 746
AMPERES = YOLTS x EFFICIENCY x POWER-FACTOR

Determine the amp-load of a single-phase, 1/2 HP, 115 volt motor.
The motor has an efficiency rating of 92%, and a power-factor of 80%.

| _ _HPxTa6  _ 112 x 746 .
= EXGEFF xPE - Ti5 x 002 x 080 - 8464
| = 4.4 AMPS
C. When KILOWATTS are known:
KILOWATTS x 1000 KW x 1000
AMPERES = yor7s x POWER-FACTOR ' ' = “Ex PF

A 230 Volt single-phase circuit has a 12KW power load, and operates
at 84% power-factor. Determine the current.

KW x 1000 12 x 1000 _ 12,000

| = TEXPF = 7230 x084 - {932 - O2AMPS
D. When KILOVOLT-AMPERE is known:

KILOVOLT-AMPERE x 1000 KVA x 1000
AMPERES = e or 1= ———

A 115 volt, 2 KVA, single-phase generator operating at full load will
deliver 17.4 AMPERES. (Prove.)

2 x 1000 2000
| = 15 = S = 17.4 AMPS

REMEMBER:
By definition, amperes is the rate of the flow of the current.
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T0 FIND AMPERES

THREE PHASE:
A. When WATTS, VOLTS, AND POWER FACTOR are known:
WATTS

AMPERES = VLTS x POWER-FACTOR x 1.73

S
E x PF x 1.73

Determine the current when a circuit has a 1500 watt load, a power-
factor of 86%, and operates from a three-phase, 230 volt source.

or | =

. P ) 1500 1500
" ExPFx1.73 ~ 230 x 086 x 173 3422
| = 4.4 AMPS

B. When HORSEPOWER is known:

HORSEPOWER x 746
VOLTS x EFFICIENCY x POWER-FACTOR x 1.73

HP x 746
E x %EFF x PF x 1.73

Determine the amp-load of a three-phase, 1/2 HP, 230 volt motor.
The motor has an efficiency rating of 92%, and a power-factor of 80%.

AMPERES =

or | =

| - HP x 746 _ 1/2 x 746
" E x %EFF x PF x 1.73 = 230 x .92 x .80 x 1.73
373
= 593 ° 1.27 AMPS
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T0 FIND AMPERES

THREE PHASE:
C. When KILOWATTS are known:
KILOWATTS x 1000

AMPERES = —75[Ts x POWER-FACTOR x 1.73

KW x 1000
~ Ex PF x 1.73

A 230 volt, three-phase circuit, has a 12KW power load, and operates
at 84% power-factor. Determine the current.

or |

| . _KWx 1000 12,000 12,000
Ex PFx 173 _ 230 x 084 x 1.73 33424
| = 36AMPS

D. When KILOVOLT-AMPERE is known:

KILOVOLT-AMPERE x 1000 KVA x 1000
IR = Ex1.73 = TEx1713

A 230 Volt, 4 KVA, three-phase generator operating at full load will
deliver 10 AMPERES. (Prove.)

| - KVA x1000 4 x 1000 4000
T E x173 230 x 1.73 ~ 3979

10 AMPS

NOTE: To better understand the preceding formulas:
1. TWO-PHASE CURRENT x 2 = SINGLE-PHASE CURRENT.
2. THREE-PHASE CURRENT x 1.73 = SINGLE-PHASE CURRENT
3.THE CURRENT IN THE COMMON CONDUCTOR OF A TWO-PHASE
(THREE WIRE) CIRCUIT IS 141% GREATER THAN EITHER OF
THE OTHER TWO CONDUCTORS OF THAT GIRCUIT.
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T0 FIND HORSEPOWER

DIRECT CURRENT:

VOLTS x AMPERES x EFFICIENCY
746

A 12 volt motor draws a current of 8.09 amperes, and has an

efficiency rating of 96%. Determine the horsepower.

E x | x %EFF 12 x 8.09 x 0.96 93.19

HORSEPOWER =

HP = 746 - 746 T 746
HP = 0.1249 = 1/8 HP
SINGLE-PHASE:

VOLTS x AMPERES x EFFICIENCY x POWER FACTOR
HP = 746

A single-phase, 115 volt (AC) motor has an efficiency rating of 92%,
and a power-factor of 80%. Determine the horsepower if the amp-
load is 4.4 amperes.

HP = E x| x %EFF x PF_ 115 x 44 x 0.92 x 0.80
- 746 - 746
372.416
HP = —7i - 0.4992 = 1/2 HP
TWO-PHASE:
HP = VOLTS x AMPERES x EFFICIENCY x POWER FACTOR x 2

746

Determine the horsepower of a two-phase, 230 volt (AC) motor. The
motor has an efficiency rating of 92%, a power-factor of 80%, and
an amp-load of 1.1 amperes.

E x| x %EFF x PF x 2 230 x 1.1 x 0.92 x 0.8x2
746 - 746

372.416
746

HP =

HP = = 04992 = 1/2HP
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T0 FIND HORSEPOWER

THREE-PHASE:

_ VOLTS x AMPERES x EFFICIENCY x POWER FACTOR x 1.73

- 746

A three-phase, 460 volt motor draws a current of 52 amperes. The

motor has an efficiency rating of 94%, and a power factor of 80%.

Determine the horsepower.

E x | x %EFF x PF x 1.73 460 x 52 x 0.94 x 0.80x1.73
746 N 746

HP

HP =

HP = 41.7 HP

-21 -



TO FIND WATTS

The.electrical power in any part of a circuit is equal to the current in
that part multiplied by the voltage across that part of the circuit.

A watt is the power used when one volt causes one ampere to flow
in a circuit.

One horsepower is the amount of energy required to lift 33,000
pounds, one foot, in one minute. The electrical equivalent of one
horsepower is 745.6 watts. One watt is the amount of energy
required to lift 44.26 pounds, one foot, in one minute. Watts is
power, and power is the amount of work done in a given time.

When VOLTS AND AMPERES are known:

POWER (WATTS) = VOLTS x AMPERES

A 120 volt AC circuit draws a current of 5 amperes. Determine the
power consumption.

P=Ex1I=120 x 5 = 600 WATTS

We can now determine the resistance of this circuit.
POWER = RESISTANCE x (AMPERES)
P=Rx I or 600 =R x 25 divide both sides of equation by 25

il =R or R = 240HMS

25
or
___(voLTsy _ B _ 120
POWER = “RESISTANCE or P = R or 600 = R
14,400
—_ 2 — 2 —
R x 600 = 120> or R = 600 = 24 OHMS

NOTE: REFER TO THE FORMULAS OF THE OHM’S LAW CHART ON PAGE 1



T0 FIND KILOWATTS

DIRECT CURRENT:

VOLTS x AMPERES
1000

A 120 volt (DC) motor draws a current of 40 amperes.
Determine the kilowatts.

KILOWATTS =

Exl 120 x 40 4800
KW = <00 = —q000 = Tooo - &KW
SINGLE-PHASE:

KiLowarTs - JOLTS x AMPERES x POWER FACTOR

1000

A single-phase, 115 volt (AC) motor draws a current of 20 amperes,
and has a power-factor rating of 86%. Determine the kilowatts.

ExlxPF 115 x 20 x 0.86 1978

W= T - 1000 - 71000
= 1.978 = 2KW
KILOWATTS — _VOLTS X AMPERES x POWER FACTOR 2

1000

A two-phase, 230 volt (AC) motor with a power-factor of 92%, draws
a current of 55 amperes. Determine the kilowatts.

ExIlxPFx?2 230 x 55 x 0.92 x 2

LS 1000 - 1000
23,276 )
KW = oo = 23.276 = 23KW
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TO FIND KILOWATTS

THREE-PHASE:
VOLTS x AMPERES x POWER FACTOR x 1.73

KILOWATTS = 1000

A three-phase, 460 volt (AC) motor draws a current of 52 amperes,

and has a power-factor rating of 80%. Determine the kilowatts.

ExIxPFx173 460 x 52 x 0.80 x 1.73
1000 N 1000

33,105

000 - 33.105 = 33KW

KW =

KIRCHHOFF’S LAWS

FIRST LAW (CURRENT):
THE SUM OF THE CURRENTS ARRIVING AT ANY POINT IN A CIRCUIT
MUST EQUAL THE SUM OF THE CURRENTS LEAVING THAT POINT.

SECOND LAW (VOLTAGE):

THE TOTAL VOLTAGE APPLIED TO ANY CLOSED CIRCUIT PATH IS
ALWAYS EQUAL TO THE SUM OF THE VOLTAGE DROPS IN THAT
PATH.

OR

THE ALGEBRAIC SUM OF ALL THE VOLTAGES ENCOUNTERED IN
ANY LOOP EQUALS ZERO.
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TO FIND KILOVOLT-AMPERES

SINGLE-PHASE:

VOLTS x AMPERES
1000

A single-phase, 240 volt generator delivers 41.66 amperes at full load.
Determine the kilovolt-amperes rating.

KILOVOLT-AMPERES =

Exl 240 x 41.66 10,000
KVA = <900 - 1000 = oog - TOKVA
TWO-PHASE:

VOLTS x AMPERES x 2
1000

A two-phase, 230 volt generator delivers 55 amperes. Determine the
kilovolt-amperes.

Exlx?2 230 x 55 x 2 25,300

KILOVOLT-AMPERES =

KVA = —500 - 1000 = 71000
= 253 = 25KVA

THREE-PHASE:

KILOVOLT-AMPERES = _VOLTS X AMPERES x 1.73

1000

A three-phase, 460 volt generator delivers 52 amperes. Determine the
kilovolt-amperes rating.
Exlx1.73 460 x 52 x 1.73 41,382

LS = 1000 - 1000 = 71000

41.382 = 41 KVA

NOTE: KVA = APPARENT POWER = POWER BEFORE USED,
SUCH AS THE RATING OF A TRANSFORMER.
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TO FIND CAPACITANCE

CAPACITANCE (C):

a COULOMBS
C = —— or CAPACITANCE = —om—

Capacitance is the property of a circuit or body that permits it to store an
electrical charge equal to the accumulated charge divided by the voltage.
Expressed in farads.

A. To determine the total capacity of capacitors, and/or condensers
connected in series.

J_ 1., 1,1 .1
CT - C1 Cz C3 C4
Determine the total capacity of four each, 12 microfarad capacitors
connected in series.
1 1 1 1 1

rou el ol e o
oo 14
TRttt T
_1>:<4_ or Crx 4=12 or CT=—1—?—=3microfarads
Cr 12 4

B. To determine the total capacity of capacitors, and/or condensers
connected in parallel.
CT=C1+C2+C3+C4

Determine the total capacity of four each, 12 microfarad capacitors
connected in parallel.
CT=C1+Cz+C3+C4
Cr =12 + 12 + 12 + 12 = 48 microfarads
A farad is the unit of capacitance of a condenser that retains one
coulomb of charge with one volt difference of potential.
1 Farad = 1,000,000 Microfarads
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6-DOT COLOR CODE FOR MICA AND MOLDED PAPER CAPACITORS

DIRECTIONOF _, _ __,
READING DOTS 1ST DIGIT 2ND DIGIT

CHARACTERISTIC
OR CLASS TOLERANCEMULT'PLIER I
— — — —
1ST | 2ND TOLERANCE| CHARACTERISTIC
TYPE COLOR |DIGIT | DIGIT] MULTIPLIER (%) OR CLASS
JAN, MICA BLACK 0 0 1 + 1 APPLIES TO
BROWN | 1 1 10 + 2
RED 9 9 100 .3 TEMPERATURE
COEFFICIENT
YELLOW| 4 4 10,000 + 5 | OF TESTING
GREEN 8 5 100,000 + 6
BLUE 6 6 1,000,000 + 7
VIOLET 7 7 10,000,000 + 8
GRAY 8 8 100,000,000 + 9
ETA, MICA WHITE 9 9 |1,000,000,000
GOLD A + 10
MOLDED PAPER | SILVER 01 + 20
BODY
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MAXIMUM PERMISSIBLE CAPACITOR KVAR FOR USE WITH
OPEN-TYPE THREE-PHASE SIXTY-CYCLE INDUCTION MOTORS

3600 RPM 1800 RPM 1200 RPM

MOTOR| MAXIMUM |REDUCTION| MAXIMUM [ REDUCTION| MAXIMUM | REDUCTION
RATING| CAPACITOR| IN LINE | CAPACITOR| INLINE |CAPACITOR| IN LINE
HP RATING | CURRENT | RATING | CURRENT | RATING | CURRENT

KVAR % KVAR % KVAR %
10 3 10 3 1 35 14
15 4 9 4 10 5 13
20 5 9 5 10 65 12
25 6 9 6 10 75 1
30 7 8 7 9 9 1
40 9 8 9 9 1 10
50 12 8 11 9 13 10
60 14 8 14 8 15 10
75 17 8 16 8 18 10

100 22 8 21 8 25 9

125 27 8 26 8 30 9

150 | 325 8 30 8 35 9

200 40 8 375 8 425 9

900 RPM 720 RPM 600 RPM

MOTOR| MAXIMUM [REDUCTION| MAXIMUM [ REDUCTION| MAXIMUM | REDUCTION
RATING| CAPACITOR| IN LINE | CAPACITOR| INLINE |CAPACITOR| IN LINE
HP RATING | CURRENT | RATING | CURRENT | RATING | CURRENT

KVAR % KVAR % KVAR %

10 5 21 6.5 27 75 31
15 6.5 18 8 23 95 27
20 75 16 9 21 12 25
25 9 15 1 20 14 23
30 10 14 12 18 16 22
40 12 13 15 16 20 20
50 15 12 19 15 24 19
60 18 11 22 15 27 19
75 21 10 26 14 32.5 18
100 27 10 32.5 13 40 17
125 32.5 10 40 13 47.5 16
150 37.5 10 47.5 12 52.5 15
200 47.5 10 60 12 65 14

NOTE: If capacitors of a lower rating than the values given in the table are used, the
percentage reduction in line current given in the table should be reduced proportionately.
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POWER-FACTOR CORRECTION
TABLE VALUES x KW OF CAPACITORS NEEDED TO CORRECT
FROM EXISTING TO DESIRED POWER FACTOR

POWER. CORRECTED POWER FACTOR

FACTOR

% 100% | 95% | 90% | 85% | 80% | 75%

50 1732 | 1403 | 1247 | 1112 | 0982 | 0.850
52 1648 | 181 | aa58| 1028 4 0Be3| W71
54 1558 | 1.229 | 1.073 | 0938 | 0808 | 0676
55 1518 | 1189 | 1.033 | 0898 | 0768 | 0636
56 1479 | 1150 | 0994 | 0859 | 0729 | 0597
58 1404 | 1.075 | 0919 | 0784 | 0654 | 0522
60 1333 | 1.004 | 0848 | 0713 | 0583 | 0451
62 1265 | 093 | 0780 | 0645 | 0515 | 0383
64 1201 | 0872 | 0716 | 0581 | 0451 | 0319
65 1168 | 0.839 | 0683 | 0548 | 0418 | 0286
66 1139 | 0810 | 0654 | 0519 | 0389 | 0257
68 1078 | 0749 | 0593 | 0458 | 0328 | 0.196
70 1020 | 0691 | 0535 | 0400 | 0270 | 0.138
72 0964 | 0635 | 0479 | 0344 | 0214 | 0082
74 0909 | 0580 | 0424 | 0289 | 0159 | 0.027
75 0.882 | 0553 | 0397 | 0262 | 0.132

76 0.855 | 0526 | 0370 | 0235 | 0.105

78 0.802 | 0473 | 0317 | 0182 | 0.052

80 0.750 | 0421 | 0265 | 0.130

82 0698 | 0369 | 0213 | 0.078

84 0.646 | 0317 | 0.161

85 0.620 | 0291 | 0.135

86 0594 | 0265 | 0.109

88 0540 | 0211 | 0.055

90 0485 | 0.156

92 0426 | 0.097

94 0.363 | 0.034

95 0.329

TYPICAL PROBLEM: With a load of 500 KW at 70% power factor, it is desired to
find the KVA of capacitors required to correct the power factor to 85%

SOLUTION: From the table, select the multiplying factor 0.400 corresponding
to the existing 70%, and the corrected 85% power factor.
0.400 x 500 = 200 KVA of capacitors required.
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POWER FACTOR AND EFFICIENCY EXAMPLE

A squirrel cage induction motor is rated 10 horsepower, 208 volt,
three phase and has a nameplate rating of 27.79 amperes. A
wattmeter reading indicates 8 kilowatts of consumed (true) power.
Calculate apparent power (KVA), power factor, efficiency, internal
losses and size the capacitor in kilo-volts reactive (KVAR) needed
to correct the power factor to unity (100%).

Apparent input power: kilovolt-amperes (KVA)
KVA = (Ex1x1.73)/1000 = (208 x 27.79x 1.73)/ 1000 = 10 KVA

Power factor (PF) = ratio of true power (KW) to apparent power (KVA).
Kilo-watts / kilo-volt-amperes = 8KW/10 KVA = .8 = 80% Power Factor
80% of the 10-KVA apparent power input performs work.

Motor output in kilowatts = 10 horsepower x 746 watts = 7460 watts = 7.46 KW.
Efficiency = watts out/watts in = 7.46 KW / 8KW = .9325 = 93.25% Efficiency.

Internal losses (heat, friction, hysteresis) = 8KW - 7.46 KW = .54 KW (540 watts)

Kilovolt-amperes reactive (KVAR) (Power stored in motor magnetic field)

KVAR ="/KVA-KW2 = \10KVA: - BKW? =\/100-64 =\/36 = 6 KVAR
The size capacitor needed to equal the motor’s stored reactive power is 6 KVAR.
(A capacitor stores reactive power in its electrostatic field).

The power source must supply the current to perform work and maintain the
motor's magnetic field. Before power factor correction, this was 27.79 amperes.
The motor magnetizing current after power factor correction is supplied by circu-
lation of current between the motor and the electrostatic field of the capacitor
and is no longer supplied by power source after initial start up.

The motor feeder current after correction to 100% will equal the amount required
by the input watts in this case (8 KW x 1000) / (208 volts x 1.73) = 22.23 amps

*kilo = 1000 example: 1000 watts = 1 kilowatt

+ inductive loads (motors, coils) have lagging currents and capacitive loads have
leading currents.
* inductance and capacitance have opposite effects in a circuit and can cancel each other
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TO FIND INDUCGTANCE

INDUCTANGE (L):

Inductance is the production of magnetization of electrification in a
body by the proximity of a magnetic field or electric charge, or of the
electric current in a conductor by the variation of the magnetic field
in its vicinity. Expressed in Henrys.

A. To find the total inductance of coils connected in series.
LT=L1+L2+L3+L4
Determine the total inductance of four coils connected in series.
Each coil has an inductance of four Henrys.
LT=L1+L2+L3+L4
=4 + 4+ 4+ 4 =16Henrys

B. To find the total inductance of coils connected in parallel.
1 1 1 1 1

LT "TnL L, "L YL
Determine the total inductance of four coils connected in parallel.
Each coil has an inductance of four Henrys.

1 1 1 1 1
FER T P T
1 1 1 1 1
L~ 4 "% "7 *t7
1—= —40RLx4=1x4ORL=i=1Henr
Lr 4 ! 7Y y

An induction coil is a device, consisting of two concentric coils and
an interrupter, that changes a low steady voltage into a high intermittent
alternating voltage by electromagnetic induction. Most often used as
a spark coil.
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TO FIND IMPEDANCE

IMPEDANCE (Z):

Impedance is the total opposition to an alternating current presented
by a circuit. Expressed in OHMS.

A.When VOLTS AND AMPERES are known;

VOLTS E

Determine the impedance of a 120 volt A-C circuit that draws a
current of four amperes.

B. When RESISTANCE AND REACTANCE are known:

Z = "/RESISTANCE? + REACTANCE2 = "/R? + X?
Determine the impedance of an A-C circuit when the resistance is
6 OHMS, and the reactance is 8 OHMS.

Z ="/R + X =7/36 + 64 =/100 = 10 0OHMS
C. When RESISTANCE, INDUCTIVE REACTANCE, AND CAPACITIVE

REACTANCE are known:

Z="VR+ (X, - X

Determine the impedance of an A-C circuit which has a resistance

of 6 OHMS, an inductive reactance of 18 OHMS, and a capacitive

reactance of 10 OHMS.
R VA
Z =V RZ + (XL = XC)2

=\/6 + (18-10) =1/6* + (8)

=1/36 + 64 =/100 = 10 OHMS
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TO FIND REACTANCE

REACTANCE (X):

Reactance in a circuit is the opposition to an alternating current
caused by inductance and capacitance, equal to the difference
between capacitive and inductive reactance. Expressed in OHMS.
A.INDUCTIVE REACTANCE X,

Inductive reactance is that element of reactance in a circuit

caused by self-inductance.

X, = 2 x 3.1416 x FREQUENCY x INDUCTANCE

= 6.28 X E X L

Determine the reactance of a four-Henry coil on a 60 cycle,

A-C circuit.

X, =628 x F x L = 628 x 60 x 4 = 1507 OHMS
B. CAPACITIVE REACTANCE X

Capacitive reactance is that element of reactance in a circuit

caused by capacitance.

1
HR= 2 x 3.1416 x FREQUENCY x CAPACITANCE
~ 1
N 6.28 X F X C

Determine the reactance of a four microfarad condenser on a
60 cycle, A-C circuit.
1 _ 1
6.28 x F x C ~ 628 x 60 x .000004
1

0.0015072 ~ 663 OHMS
A HENRY is a unit of inductance, equal to the inductance of a
circuit in which the variation of a current at the rate of one
ampere per second induces an electromotive force of one volt.

Xc=
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RESISTO

R COLOR CODE

4 TOLE

L

22

1 1ST DIGIT

RANCE (PERCENT)
1 1ST DIGIT
3 MULTIPLIER
Z 2ND DIGIT

ND DIGIT
3 MULTIPLIER
4 TOLERANCE (PERCENT)

18T 2ND TOLERANCE
COLOR DIGIT DIGIT MULTIPLIER (%)
BLACK 0 0 1
BROWN 1 1 10
RED 2 2 100
ORANGE 3 3 1,000
YELLOW 4 4 10,000
GREEN 5 5 100,000
BLUE 6 6 1,000,000
VIOLET 7 7 10,000,000
GRAY 8 8 100,000,000
WHITE 9 9 1,000,000,000
GOLD A + 5%
SILVER 01 + 10%
NO COLOR + 20%
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RUNNING OVERLOAD UNITS

KIND OF NUMBER & LOCATION OF
MOTOR SUPPLY SYSTEM OVER-LOAD UNITS, SUCH
AS TRIP COILS OR RELAYS
I Fhase | Zwire, tphaseacorde, | 4in aither conductor

2 | 1-Phase 2-wire, 1-phase ac or dc, !

8 | acordc one condSctor ungrounded 1in ungrounded conductor

= | 1-Phase 3-wire, 1-phase ac or dc, 1 in either ungrounded

¢ Jacorde grounded neutral conductor

o

§ | 1-Phase ac | any 3-phase 1 in ungrounded conductor

:§ 2-Phase ac | 3-wire, 2-phase ac, ungrounded | 2, one in each phase

g1, 3-wire, 2-phase ac, ;

g ”2 Phase ac one conductor grotinded 2 in ungrounded conductors

CL 5 4-wire, 2-phase ac, 2, one per phase in

E? SUUEEEEE grounded or ungrounded ungrounded conductors

§ 5-wire, 2-phase ac, grounded | 2, one per phase in any

¢ 2-Phase ac | noiirg] orpungrounded ungrounded phase wire

%grS-Phase ac | any 3-phase 3, one in each phase”®

§§* Exception: Where protected by other approved means.

Eé MOTOR BRANCH - CIRCUIT PROTECTIVE DEVICES

:ﬁ MAXIMUM RATING OR SETTING

Percent of Full-Load Current

1] Dual

23 Element Instan-

£8 Nontime (Time- taneous Inverse
e Delay elay Tri Time
3%) Type of Motor Fuse* Fuse Breaker  Breaker**
;&x Single-phase motors 300 175 800 250
=3 AC polyphase motors other

sz} than wound-rotor

5o Squirrel Cage:

£3 Other than Design B 300 175 800 250
85 Design B 300 175 1100 250
gg Synchronous*** 300 175 800 250
3=| Wound rotor 150 150 800 150

£ 21 Direct-current (constant voltage) 150 150 250 150
“r For certain exceptions to the values specified, see Sections 430-52 — 430-54.

* The values in the Nontime Delay Fuse column apply to Time-Delay Class CC fuses.
** The values given in the last column also cover the ratings of nonadjustable inverse time types of circuit

breakers that may be modified as in Section 430-52.

*** Synchronous motors of the low-torque, low speed type (usually 450 rpm or lower), such as are used to drive
reciprocating compressors, pumps. etc., that start unloaded, do not require a fuse rating or circuit-breaker

setting in excess of 200% of full-load current.
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FULL-LOAD CURRENT IN AMPERES
DIRECT CURRENT MOTORS

HP 90V 120V | 180V | 240V | 500V | 550V
1/4 4.0 3.1 2.0 1.6 — —
1/3 b2 41 2.6 2.0 = =
172 6.8 5.4 34 2.7 = =
3/4 9.6 7.6 4.8 3.8 = =
1 12.2 9.5 6.1 47 = =
1-1/2 = 13.2 8.3 6.6 = =
2 = 17 10.8 8.5 = =
3 = 25 16 12.2 — =
D = 40 27 20 = =
7-1/2 & 58 = 29 13.6 12.2
10 = 76 = 38 18 16
15 - = = 55 27 24
20 = = = 72 34 31
25 = = = 89 43 38
30 = = = 106 51 46
40 = = - 140 67 61
50 = = = 173 83 75
60 = - = 206 99 90
75 = = = 255 123 111
100 = = = 34 164 148
125 = = = 425 205 185
150 = - = 506 246 222
200 = = = 675 330 294

These values of full-load currents* are for motors running at base speed.
* These are average dc quantities.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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DIRECT CURRENT MOTORS

TERMINAL MARKINGS:
Terminal markings are used to tag terminals to which connections
are to be made from outside circuits.
Facing the end opposite the drive (commutator end) the standard
direction of shaft rotation is counter-clockwise.

A-1 and A-2 indicate armature leads.

S-1 and S-2 indicate series-field leads.

F-1 and F-2 indicate shunt-field leads.

SHUNT WOUND MOTORS

AA

AT\ SHUNT To change rotation, reverse
COM. either armature leads or shunt

RN, leads. Do not reverse both

armature and shunt leads.

SERIES WOUND MOTORS
To change rotation, reverse
either armature leads or
series leads. Do not reverse
both armature and series leads.

wT COMPOUND WOUND MOTORS
K\ SERIES To change rotation, reverse
AA either armature leads or both
ARM. the series and shunt leads.
= o A s se e Do not reverse all three sets
2 T2 2 of leads.

Note: Standard rotation for D.C. Generator is clockwise.
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FULL-LOAD CURRENT IN AMPERES
SINGLE-PHASE ALTERNATING CURRENT MOTORS

HP 115V 200V 208V 230V
1/6 4.4 2.5 2.4 2.2
1/4 5.8 3.3 3.2 219
1/3 7.2 41 4.0 3.6
1/2 9.8 5.6 5.4 4.9
3/4 13.8 7.9 7.6 6.9
1 16 9.2 8.8 8.0
1-1/2 20 11.5 1 10
2 24 13.8 13.2 12
3 34 19.6 18.7 17
5 56 32.2 30.8 28
7-1/2 80 46 44 40
10 100 57.5 55 50

The voltages listed are rated motor voltages. The listed cur-
rents are for system voltage ranges of 110 to 120 and 220
to 240.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which s represented only by the Standard in its entirety.
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SINGLE-PHASE USING STANDARD THREE-PHASE STARTER

0,

L START oL
STOP oL
3
AUX. [N 0. i3
NOT USED i
DISCONNECT .
SWITCH
FUSE
—_—

OVERLOAD
HEATER

T-1 T-4

110 vOLT
CONNECTIONS

@ = MOTOR STARTER COIL

T

T1

220 VOLT
CONNECTIONS
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SINGLE PHASE MOTORS

SPLIT-PHASE----SQUIRREL CAGE-~-—DUAL VOLTAGE

T8 T
* SEC. 1
T4 MAIN WINDING 115 VOLTS
«— cew
T2
STARTING
0 [ WINDING
CINE SEC. 2
T3 § MAIN WINDING T
<
Ty
C-8 930 VOLTS
| I cew
Ts

TO REVERSE,

CLASSES OF SINGLE-PHASE MOTORS: INTERCHANGE 5 AND 8
1. SPLIT-PHASE

A. CAPACITOR-START

B. REPULSION-START

C. RESISTANCE-START

D. SPLIT-CAPACITOR

2. COMMUTATOR

A. REPULSION
B. SERIES
TERMINAL COLOR MARKING:
T BLUE Ts ORANGE Ts BLACK
T WHITE T+ YELLOW Te RED

NOTE:  Split-phase motors are usually fractional horsepower. The
majority of electric motors used in washing machines,
refrigerators, etc. are of the split-phase type.

To change the speed of a split-phase motor, the number of poles

must be changed.

1. Addition of running winding

2. Two starting windings, and two running windings

3. Consequent pole connections
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SINGLE PHASE MOTORS

SPLIT-PHASE----SQUIRREL CAGE
A.RESISTANCE START:

Tg
&
L
‘_.] STARTING WINDING

RUNNING WINDING I
Lo amsan
TO
LINE T4
RESISTANCE CS
Ts A

Centrifugal switch (CS) opens after reaching 75% of normal speed.

Tg T T4 Ts TTg

CLOCKWISE
Ly Lo Ly

COUNTER-
CLOCKWISE
L2

B. CAPACITOR START:

Tg
@
L1_J
STARTING WINDING
—

RUNNING WINDING

Lo —_—
TO
LINE T4
CAPACITOR cs
Ts
! 1; o

Note: 1. A resistance start motor has a resistance connected in
series with the starting winding.
2. The capacitor start motor is employed where a high
starting torque is required.
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FULL-LOAD CURRENT

THREE-PHASE ALTERNATING CURRENT MOTORS

Induction Type

Squirrel-Cage and Wound-Rotor

Synchronous Type
Unity Power Factor*

Amperes Amperes

115 200 | 208 230 | 460 | 575 | 2300 | 230 | 460 | 575 2£00

HP | Volts | Volts | Volts | Volts | Volts | Volts | Volts |Volts | Volts |Volts Volts
2] 4.4 28 2.4 2.2 11 0.9 " - - - -

- B 3.7 35 3.2 1.6 1.3 - - > - *

1 8.4 438 4.6 42 21 1.7 - - - - =

12 1120 6.9 6.6 6.0 3.0 2.4 = = - = -
2 | 136 7.8 75 6.8 3.4 2.7 - - - - .

3 - | 110 | 108 96 4.8 4.9 = = - - =

& - | 175 | 16.7 | 152 7.6 6.1 - - - - -

7'/ - 253 | 242 22 : | 9 - = £ : =
10 - 1322 | 308 28 14 11 . ) * . -
15 - | 483 | 46.2 42 21 i = ~ 2 - -
20 - | 621 | 594 54 27 22 E - - - &
25 - M2 T8 68 34 27 i 53 26 21 -
30 = 92 88 80 40 32 - 63 32| 26 -
40 . 120 | 114 104 52 4 - 83 41 33 »
50 ~ 150 | 143 130 65 52 - | 104 52 | 42 -
60 - i) Hi695 |~ 154 I 62 16 | 123 61 49 |12
75 - 221 211 192 96 7 20 | 155 78| 62 |15
100 =285 273 | 248 | 124 88 26 | 202 101 I ]
125 - | 359 | 343 | 312 | 156 | 125 31 | 253 126 | 101 |25
150 - | 414 | 396 | 360 | 180 | 144 37 | 302 151 | 121 (30
200 - | 552 | 528 | 480 | 240 | 192 49 | 400 201 | 161 |40
250 . 4 - = 302|242 60 i - ® -
300 = - - - | 361 | 289 72 - - -
350 - - - -1 414 336 83 = 5 ¥
400 = - - - | 477 | 382 95 - - 3 -
450 - - - - | b16 | 412 103 - . -
500 S - = - | 590 | 472 118 = - -

The voltages listed are rated motor voltages. The currents listed shall be permit-
ted for system voltage ranges of 110 to 120, 220 to 240, 440 to 480, and 550-
600 volts.

* For 90 and 80 percent power factor, the above figures shall be multiplied by

1.1 and 1.25 respectively.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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FULL-LOAD CURRENT AND OTHER DATA
THREE PHASE A.C. MOTORS

MOTOR MOTOR SIZE SIZE | HEATER | SIZE SIZE
HORSEPOWER AMPERE | BREAKER |STARTER| AMPERE | WIRE | CONDUIT
2 230V 2.2 15 00 2530 | 12 8"
460 1.1 15 00 1.265 | 12 %a
*a 230 3.2 15 00 3.680 | 12 *a
460 1.6 15 00 1.840 | 12 %/a
1 230 4.2 15 00 4.830 | 12 *fa
460 2.1 15 00 2.415| 12 *fa
172 230 6.0 15 00 6.900 | 12 *a
460 3.0 iS5 00 3.450 | 12 %a
2 230 6.8 15 0 7.820 | 12 %
460 3.4 i1i5 00 3910 | 12 %
3 230 9.6 20 0 11.040 | 12 %
460 4.8 15 0 5520 | 12 %a
S 230 15.2 30 1 17.480 | 12 %a
460 7.6 15 0 8.740 | 12 %a
7'/ 230 22 45 1 25.300 | 10 *fa
460 11 20 1 12.650 | 12 %fa
L. 10 230 28 60 2 32.200 | 10 %a
= 460 14 30 1 16.100 | 12 %a
15 230 42 70 2 48.300 6 1
460 21 40 2 24.150 | 10 %a
20 230 54 100 3 62.100 4 1
460 27 50 2 31.050 | 10 %a
25 230 68 100 3 78.200 4 17
460 34 50 2 39.100 8 1
30 230 80 125 3 92.000 3 1
460 40 70 3 46.000 8 1
40 230 104 175 4 1119.600 1 1
460 52 100 3 59.800 6 1
50 230 130 200 4 |149.500 | 00 2
460 65 150 3 74.750 4 1z

* Overcurrent device may have to be increased due to starting current and load conditions.

See NEC 430-52, Table 430-52. Wire size based on 75°C terminations and 75°C insulation.
** Overload heater must be based on motor nameplate & sized per NEC 430-32.
*** Conduit size based on Rigid Metal Conduit with some spare capacity. For minimum size &
other conduit types, see NEC Appendix C, or UGLY'S pages 83 - 103.
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FULL-LOAD CURRENT AND OTHER DATA
THREE PHASE A.C. MOTORS

MOTOR MOTOR SIZE SIZE | HEATER | SIZE SIZE
HORSEPOWER AMPERE | BREAKER |STARTER AMPERE| WIRE |CONDUIT
60 230V | 154 250 5 |177.10| 000 2"
460 77 200 4 88.55 3 1'/2
75 230 192 300 5 1220.80| 250ucmi 2'/2
460 96 200 4 1110.40 1 1/
100 230 248 400 5 1285.20| 350k 3
460 124 200 4 142,60 2/0 2
125 230 312 500 6 |358.80| 600k 3/
460 156 250 5 [179.40| 000 2
150 230 360 600 6 |414.00| 700km 4
460 180 300 5 |207.00| 0000 2'/2
NOTE:

1. Wire & conduit size will vary depending on type of insulation & termination listing.
2. The preceding calculations apply to induction type, squirrel-cage, and wound-rotor
motors only.
3. The voltages listed are rated motor voltages; corresponding nominal system voltages
are 220V to 240V, and 440V to 480V.

4. Hertz: Preferred terminology for cycles per second.
5. Form coil: Coil made with rectangular or square wire.
6. Mush coil: Coil made with round wire.
7. Slip: Percentage difference between synchronous and operating speeds.
8. Synchronous speed: Maximum speed for A.C. motors or (Frequency x 120) / Poles.
9. Full load speed: Speed at which rated horsepower is developed.
10. Poles: Number of magnetic poles set up inside the motor by the placement and
connection of the windings.
** Qverload heater must be based on motor nameplate & sized per NEC 430-32.

conductor size.

GENERAL MOTOR RULES

Load Current. (UGLY'S page 35)
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Use Full Load Current from Tables instead of nameplate.
Branch Circuit Conductors - Use 125% of Full Load Current to find

Branch Circuit OCP Size - Use percentages given in Tables for Full

Feeder Conductor Size - 125% of largest motor and sum of the rest.
Feeder OCP - Use largest OCP plus rest of Full Load Currents




MOTOR BRANCH CIRCUIT AND FEEDER EXAMPLE
GENERAL MOTOR APPLICATIONS

Branch Circuit Conductors: Use Full Load Three Phase Currents;
From Table UGLY’S Page 42 or 2005 NEC Table 430.250,

50 HP 480 volt three phase motor design B, 75 degree terminations
= 65 Amperes

125% of Full Load Current (NEC 430.22(A) (UGLY’S page 44)
125% of 65 A = 81.25 Amperes Conductor Selection Ampacity

Branch Circuit Over Current Device: NEC 430.52 (C1)

(Branch Circuit Short Circuit and Ground Fault Protection)

Use percentages given in UGLY’S Page 35 or 2005 NEC 430.52 for
Type of circuit breaker or fuse used.

50 HP 480 V 3 Ph Motor = 65 Amperes from UGLY’S Page 42.
Nontime Fuse = 300% from UGLY’S Page 35.

300% of 65A = 195 A. NEC 430.52(C1)(EX1) Next size allowed
NEC 240.6A = 200 Ampere Fuse.

Feeder Connectors: For 50 HP and 30 HP 480 Volt Three phase
design B motors on same feeder

Use 125% of largest full load current and 100% of rest. (NEC 430.24)
50 HP 480 V 3 Ph Motor = 65A; 30 HP 480 V 3 Ph Motor = 40A
(125% of 65A) + 40A = 121.25 A Conductor Selection Ampacity

Feeder Overcurrent Device: (NEC 430.62(A)

(Feeder short circuit and ground fault protection)

Use largest over current protection device plus full load currents of
the rest of the motors.

50 HP = 200 A fuse (65 FLC)

30 HP = 125 A fuse (40 FLC)

200 A fuse + 40 A (FLC) = 240 A. Do not exceed this value on
feeder. Go down to a 225 A fuse.
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LOCKED ROTOR CODE LETTERS

Kilovolt-Ampere per Kilovolt-Ampere per

Code Horsepower with Code Horsepower with

Letter Locked Rotor Letter Locked Rotor
AL, 0-3.14 L....... 9.0-9.99
B....... 3.15-3.54 M...... 10.0 - 11.19
C....... 3.55-3.99 N...... 11.2-12.49
D........ 4.0-4.49 P...... 12.5-13.99
Bocncaons 4.5-4.99 R...... 14.0 - 15.99
Foooooo.. 5.0 - 5.59 S...... 16.0 - 17.99
G....... 5.6-6.29 T...... 18.0 - 19.99
Ho....... 6.3-7.09 U...... 20.0 - 22.39
Jooooo 7.1-7.99 V..., 22.4 and up
KoL, 8.0 - 8.99

The National Electrical Code® requires that all alternating current

- motors rated 1/2 horsepower or more (except for polyphase wound
rotor motors) must have code letters on their nameplates indicating
motor input with locked rotor (in kilovolt-amperes per horsepower).
If you know the horsepower and voltage rating of a motor and its
“Locked KVA per Horsepower” (from above table), you can calculate
the locked rotor current using the following formulas.

Single Phase Motors:
Locked Rotor Current = HP x KVAmp x 1000
E

Three Phase Motors:
Locked Rotor Current = HP x KVAnp x 1000
Ex1.73
Example: What is the maximum locked rotor current for a
480 volt 25 horsepower code letter F motor?
(from the above table, code letter F = 5.59 KVAnp)

| = HP X KVAnp x 1000 _ 25 x 5.59 x 1000
Ex1.73 480 x 1.73

= 168.29 Amperes

Reprinted with permission from NFPA 70-2005, the National Electrical Code® , Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM MOTOR LOCKED ROTOR CURRENT
in AMPERES, SINGLE PHASE *

HP [ 115V | 208V | 230V || HP [ 115V | 208V | 230V
1/2 | 58.8 | 32.5 29.4 3 204 113 102
3/4 | 828 | 458 | 414 3 336 186 168
1 96 53 48 |[7-1/2 | 480 265 240
1-1/2| 120 66 60 10 600 332 300
2 144 80 72
MAXIMUM MOTOR LOCKED ROTOR CURRENT
in AMPERES, TWO & THREE PHASE, DESIGN B, C AND D **
HP | 115V 200V | 208V | 230V | 460V | 575V
1/2 40 23 22.1 20 10 8
3/4 50 28.8 27.6 25 12.5 10
1 60 34.5 33 30 15 12
1-1/2 80 46 44 40 20 16
2 100 57.5 55 50 25 20
3 - 73.6 71 64 32 25.6
5 = 105.8 | 102 92 46 36.8
7-1/2 ~ 146 140 127 63.5 50.8
10 = 186.3 | 179 162 81 64.8
15 : 267 257 232 116 93
20 = 334 321 290 145 116
25 o 420 404 365 183 146
30 — 500 481 435 218 174
40 = 667 641 580 290 232
50 = 834 802 725 363 290
60 = 1001 962 870 435 348
75 = 1248 | 1200 | 1085 543 434
100 = 1668 | 1603 1450 725 580
125 = 2087 | 2007 | 1815 908 726
150 = 2496 | 2400 | 2170 | 1085 868
200 = 3335 | 3207 | 2900 | 1450 | 1160

* Conversion Table for Selection of Disconnecting Means and Controllers as Determined from Horsepower
and Voltage Rating. For use only with 430.110, 440.12, 440.41 and 455.8(C).

** Conversion Table for Selection of Disconnecting Means and Controllers as Determined from Horsepower
and Voltage Rating and Design Letter. For use only with 430.110, 440.12, 440.41 and 455.8(C).

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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THREE PHASE A.C. MOTOR WINDINGS AND CONNECTIONS

"Y" OR STAR ’ ’ DELTA 2.

HIGH VOLTAGE HIGH VOLTAGE
222 ® SO
O O @ @ O D
O O O O O O

LOW VOLTAGE LOW VOLTAGE

306
Fo6
FO0
FO00
000
3000

Note: 1. The most important part of any motor is the

name plate. Check the data given on the plate before
making the connections.

To change rotation direction of 3 phase motor, swap
any 2 T-leads.

N

-48 -



THREE WIRE STOP-START STATION

o
o
&

g1 0-
WIRING DIAGRAM l

CIRCUIT > )

CONTROL BREAKER
o- 1TF{ANSFOF{MEF! 5.3
| 480 V | FUSES—>

OVERLOAD ___
HEATER

120V SCHEMATIC DIAGRAM

START |
|

AUX

\@ = MOTOR STARTER COIL
OTE: CONTROLS AND MOTOR ARE OF DIFFERENT VOLTAGES.
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TWO THREE WIRE STOP-START STATIONS

START START L1 L2 L3
s ol : 3 CIRCUIT l
5 2§
2 I W oy BREAKER __ —_
2 T
SToP 1A 1ATSTOP | FUSES
2
!
AUX =
—_i.@‘

OVERLOAD
HEATERS

L1 -3
STAHT

STOP STOP

START

AUX

@ = MOTOR STARTER COIL

Note:  Controls and motor are of the same voltage.
If Low Voltage controls are used, see UGLY’S page 49 for control
transformer connections.
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HAND OFF AUTOMATIC CONTROL

WIRING DIAGRAM
CIRCUIT
BREAKER
FUSES
L3

HAND

I~

FUSE
oL

AUTO PRESSURE
SwW

OVERLOAD
HEATER

L-3
SCHEMATIC DIAGRAM
QP GR
3

FUSE

AUTO

@ MOTOR STARTER COIL
Controls and motor are of the same voltage
If Low Voltage controls are used, see UGLY’S page 49 for control

Note:
transformer connections
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JOGGING WITH CONTROL RELAY

L1 L2 L3

e ] Yo

oL

_________

' JOG : TH

- MOTOR STARTER COIL

Jogging circuits are used when machines must be operated
momentarily for inching (as in set-up or maintenance). The jog
circuit allows the starter to be energized only as long as the jog
button is depressed.
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TRANSFORMER CALCULATIONS

To better understand the following formulas, review the rule of
transposition in equations.

A multiplier may be removed from one side of an equation by mak-
ing it a divisor on the other side; or a divisor may be removed from
one side of an equation by making it a multiplier on the other side.

1.

VOLTAGE AND CURRENT: PRIMARY (p) AND SECONDARY (s)
POWER (p) = POWER(s) or Ep x Ip = Es x Is

Es x Is Es x Is
A Ep = ——lp— B. Ip = T—
c. B Xl D, R
Es Is

VOLTAGE AND TURNS IN COIL:
VOLTAGE (p) x TURNS (s) = VOLTAGE (s) x TURNS (p)
or
Ep x Ts = Es x Tp
Es x Tp

A. ED=T B. TS=ESE—Xpr

- AEREE
= Tp D. To = Es

Ep x Ts
Es

AMPERES AND TURNS IN COIL:

AMPERES (p) x TURNS (p) = AMPERES (s) x TURNS (s)
or

C.

IpxTp=1IsxTs
Is x Ts Is x Ts
c. P xTo _ g p. P XTo _
Is Ts
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VOLTAGE DROP CALCULATIONS
INDUCTANCE NEGLIGIBLE

Voltage Drop

Current in Conductor (Amperes)

One-way Length of Circuit (Ft.)

Cross Section Area of Conductor (Circular Mils) (page 72)
Resistance in ohms of one circular mil foot of conductor

K = 12.9 for Copper Conductors @75°C

K = 21.2 for Aluminum Conductors @75°C
NOTE: K value changes with temperature.
See NEC chapter 9, Table 8, Notes

* SINGLE PHASE CIRCUITS:

_2KXLXI  or 2K XLXI
Vd = T em Cm = 44

* THREE PHASE CIRCUITS:

_173KXLXI or 173K XL X
Vd = == em Cm vd

* Note: Always check ampacity tables to insure

conductors’ ampacity is equal to load after voltage
drop calculation.

Refer to UGLY’S pages 72 - 78 for conductor size, type & ampacity.
See UGLY’S page 55 for example.
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VOLTAGE DROP CALCULATIONS
EXAMPLES

SINGLE PHASE VOLTAGE DROP

What is the voltage drop of a 240 volt single phase circuit
consisting of #8 THWN copper conductors feeding a 30
ampere load that is 150 feet in length?

Voltage Drop Formula - See UGLY’S page 54

Vd:ZKxLxI_2x12.9x150x30

_ 116,100 _
o = 7 Volts

16,510 ~ 16,510

Percentage voltage drop = 7 volts/240 volts = .029 = 2.9%
Voltage at load = 240 volts - 7 volts = 233 volts

THREE PHASE VOLTAGE DROP

What is the voltage drop of a 480 volt three phase circuit
consisting of 250 kemil THWN copper conductors that supply
a 250 ampere load that is 500 feet from the source?

Voltage Drop Formula - See UGLY’S page 54
250 kemil = 250,000 circular mils

C1.73KxLxl_ 173x129%500x 250 2.789.625
Vd= e = 250,000 =550,000 = 11 Volts

Percentage voltage drop = 11 volts/480 volts = .0229 = 2.29%
Voltage at load = 480 volts - 11 volts = 469 volts

Note: Always check ampacity tables for conductors
selected

Refer to UGLY’S pages 72 - 78 for conductor size, type & ampacity.
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ALTERNATE VOLTAGE DROP CALCULATIONS

(Courtesy of Cooper Bussmann)

How to figure volt loss (drop):
Multiply the Distance (length in feet of one wire) by the Current (expressed in amp-
eres) by the Multiplier shown in Table A (see next page) for the kind of current
and the size of wire to be used, by one over the number of conductors per phase.
Then place a decimal point in front of the last 6 digits.
This results in the volt loss to be expected on that circuit.
Example: No. 6 copper wire in 180 feet of iron conduit - 3 phase, 40 amp.
load at 80% power factor.
Multiply feet by amperes: 180 x 40 = 7200
Multiply this number by the multiplier from Table A for No. 6 wire, three phase
at 80% power factor. 7200 x 745 = 5364000.

) 1 1
Multiply by Hphase 5364000 x T C 5364000

Place the decimal point 6 places to the left. 5.364 volts expected volt loss.

510 ¥ 100 or 2.23%.)

This table takes into consideration reactance on AC circuits as well as resistance of the wire. Re
member on short runs to verify that the size and type of wire indicated has sufficient ampere capacity.
How to select size of wire:

Multiply the Distance (length in feet of one wire) by the Current (expressed in
amperes), by one over the number of conductors per phase.

Divide that figure into the permissible Volt Loss multiplied by 1,000,000.

In Table A, look in the column applying to the type of current and power factor
for the figure nearest to, but not above your result. Then follow that row to the
left and this is the wire size needed.

Example:

Copper in 180 feet of iron conduit - 3 phase, 40 amp. load at 80% power fac-
tor - volt loss from local code equals 5.5 volts.

(For a 240 volt circuit, the % voltage drop is

Multiply feet by amperes by m: 180 x 40 x % = 7200

Divide (permissible volt loss multiplied 5.5 x 1,000,000 764
by 1,000,000) by this number. 7200 -

From Table A, select the number from the 3 phase, 80% power factor column
that is nearest, but not greater than 764. This number is 745, indicating the size
or wire needed is No.6.
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SHORT CIRCUIT CALCULATION

(Courtesy of Cooper Bussmann)

Basic Short-Circuit Calculation Procedure:
1. Determine transformer full-load amperes from either:
a) Name plate

b) Formula:
KVA x 1000

EL-L x 1.732

KVA x 1000
E L

30 transf. Iy =

10 transf. m
2. Find transformer multiplier.
100
*%Ztrans

3. Determine transformer let-thru short-circuit current.**
Isc. = I x Multiplier

Multiplier =

4. Calculate “f” factor.

30 faults oo 132 xLxly
CxE.

2xLx ||__|_
Cx EL-L

10 line-to-line (L-L) faults f
on 1@ Center Tapped
Transformer

2 x L ox Iy~

Cx Ey

10 line-to-neutral (L-N) f

faults on 10 Center Tapped

Transformer

L = length (feet) of conductor to the fault

C = constant from Table C (page 60) for conductors & busway. For parallel runs, multiply C
values by the number of conductors per phase.

= available short-circuit current in amperes at beginning of circuit.

5. Calculate “M” (multiplier) M= —
14+ f

6. Calculate the available short-circuit symmetrical RMS current at the
point of fault.

Isc.symrms = lsc. X M
(Continued - next page)
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SHORT CIRCUIT CALCULATION (continued)
(Courtesy of Cooper Bussmann)

25' - 500kemil, 6 Per Phase 50" - 500kemil

o R Service Entrance Feeder Cable
Ava'llzl;il:nl;"mv Conductors in Steel Conduit in Steel Conduit

Assumption I = 1804A KRP-C-20008P Fuse |400A Switch
2000A Switch LPS-RK-400SP
1500 KVA Fault X1 Fuse
Transformer,
480V, 30, 3.5%Z, S
3459X. 0.56";0R Motor Contribution

Fault Xz
Example - Short-Circuit Calculation:

(FAULT #1)
1. KVA x 1000 1500 x 1000

b = E.L x 1732 ~ 480 x 1.732 18044
2. Multiplier = —  _ 100 _ 9557

*olyas 35
3. Igc = 1804 x 28.57 = 51,540A

1732 x L x I3 1.73 x 25 x 51,540

ato= CxE. = B x 2218 x a0 - 00349

1 1

S M= 9 7 =77 0w

= .9663

6. lsc.symrms = lsc. X M = 51,540 x .9663 = 49,803 A
Is.c. motorconin = 4 X 1,804 = 7,216 A
hotal 5.c. symRms = 49,803 +7,216 = 57,019 A

(FAULT #2)

4. Use Ig . sym Rms @ Fault X4 to calculate “f”

1.73 x 50 x 49,803

J 22,185 x ag0 - 04090
1
5. M = s = TITT

6. |s_c_ symRMS = 49,803 X 7117 = 35,445 A
Isym motor contrip = 4 X 1,804 = 7,216 A
liotal s.C. symRMS = 35,445 + 7,216 = 42,661 A
-59 -
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TABLE “C”
“C” VALUES for CONDUCTORS (SHORT-CIRCUIT CALCULATION)
(Courtesy of Cooper Bussmann)

AWG | Copper Copper
or | Three Single Conductors Three Conductor Cable
MCM | Steel Conduit Nonmagnetic Conduit Steel Conduit Nonmagnetic Conduit
600V 5KV 15KV 600V 5KV 15KV 600V 5KV 15KV 600V 5KV 15KV
12 | 617 617 617 617 617 617 617 617 617 617 617 617
10 | 981 981 981 981 981 981 981 981 981 981 981 981

8 | 1557 1551 1557 1558 1555 1558 1559 1557 1559 1559 1558 1559
2425 2406 2389 2430 2417 2406 2431 2424 2414 2433 2428 2420
3806 3750 3695 3825 3789 3752 3830 3811 3778 3837 3823 3798
4760 4760 4760 4802 4802 4802 4760 4790 4760 4802 4802 4802
5906 5736 5574 6044 5926 5809 5989 5929 5827 6087 6022 5957
7292 7029 6758 7493 7306 7108 7454 7364 7188 7579 7507 7364
1/0 | 8924 8543 7973 9317 9033 8590 9209 9086 8707 9472 9372 9052
2/0 | 10755 10061 9389 11423 10877 10318 11244 11045 10500 11703 11528 11052
3/0 | 12843 11804 11021 13923 13048 12360 13656 13333 12613 14410 14118 13461
4/0 | 15082 13605 12542 16673 15351 14347 16391 15890 14813 17482 17019 16012
250 | 16483 14924 13643 18593 17120 15865 18310 17850 16465 19779 19352 18001
300 | 18176 16292 14768 20867 18975 17408 20617 20051 18318 22524 21938 20163
350 | 19703 17385 15678 22736 20526 18672 22646 21914 19821 24904 24126 21982
400 | 20565 18235 16365 24296 21786 19731 24253 23371 21042 26915 26044 23517
500 | 22185 19172 17492 26706 23277 21329 26980 25449 23125 30028 28712 25916
600 | 22965 20567 17962 28033 25203 22097 28752 27974 24896 32236 31258 27766
750 | 24136 21386 18888 28303 25430 22690 31050 30024 26932 32404 31338 28303
1000| 25278 22539 19923 31490 28083 24887 33864 32688 29320 37197 35748 31959

— N w s o>
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SHORT-CIRCUIT CALCULATION (continued)

(Courtesy of Cooper Bussmann)

NOTES:

*Transformer impedance (Z) helps to determine what the short circuit current will be
at the transformer secondary. Transformer impedance is determined as follows:

The transformer secondary is short circuited. Voltage is applied to the primary which
causes full load current to flow in the secondary. This applied voltage divided by the
rated primary voltage is the impedance of the transformer.

Example:

For a 480 volt rated primary, if 9.6 volts causes secondary full load current to flow
through the shorted secondary, the transformer impedance is 9.6 + 480 = .02 = 2%Z.
In addition, U.L. listed transformers 25KVA and larger have a + 10% impedance toler-
ance. Short circuit amperes can be affected by this tolerance.

** Motor Short-circuit contribution, if significant, may be added to the transformer
secondary short-circuit current value as determined in Step 3. Proceed with this
adjusted figure through Steps 4,5 and 6. A practical estimate of motor short-circuit
contribution is to multiply the total motor current in amperes by 4.

*** The L-N fault current is higher than the L-L fault current at the secondary termi-
nals of a single-phase center-tapped transformer. The short-circuit current available (1)
for this case in Step 4 should be adjusted at the transformer terminals as follows:

At L-N center tapped transformer terminals,

Iy = 1.5 x I at Transformer Terminals.
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SINGLE-PHASE TRANSFORMER CONNECTIONS

PRIMARY I PRIMARY J PRIMARY J
Hq Ha H1 Hp Hy Ho
X X X X X
1 2 - 1 4 1
X4 X2 120 V X
: 2 X3
120 VOLT ] ] SECONDARY 120V
| SECONDARY 120V ) J 120V )] b
1 " 3 —L_ SECONDARY
. o o

Single-phase to supply 120 volt
lighting load. Often used for single
customer.

CORE

PRIMARY [ £7 -7 7™

T e

SECONDARY

Single-phase to supply 120/240 - 3
wire lighting and power load. Used
in urban distribution circuits.

SINGLE @ TRANSFORMER CIRCUIT

Single-phase for power. Used for
small industrial applications.

A transformer is a stationary induction device for transferring
electrical energy from one circuit to another without change
of frequency. A transformer consists of two coils or windings
wound upon a magnetic core of soft iron laminations, and
insulated from one another.

- B2 -



BUCK AND BOOST TRANSFORMER CONNECTIONS

f- 115V INPUT -

i

10% BOOST

B
X3

k=—0OUTPUT
}= 115V INPUT A‘

;

20% BOOST

X4 X3 X2 X1
f=—ourtput

=" OUTPUT

j— 115V INPUT
1

H2
H3 H4
20% BUCK
X4 x3.x2 X1
— OUTPUT —

=——0UTPUT

btV V¢
Th1  H2 H3  HA

f 230V INPUT é‘

VAo NMNNAA_G
H1 H2 H3 H4
5% BOOST

e
X3

| 230V INPUT —

WV VW, VvV
Ht H2 H3 H4
10% BOOST

X4 X3-X2 X1
}<— OUTPUT

f<— 230V INPUT

f— 230V INPUT —

10% BUCK
X4 X3-X2 X1

— OQUTPUT —
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INPUT
= 213v - 227v =

M\ NN
H1  H2 H3 H4
5% BOOST

X2
— OUTPUT
INPUT
205V - 212V
- \N\_g/MNAY

H1 H2-H3 H4
10% BOOST

X4 X3-X2 X1
f— OUTPUT
INPUT
240V - 250V
WV V.V W .V.VV

H1 H2-H3 H4

5% BUCK
X1

X4
~— OUTPUT —=

INPUT
251V - 265V
H2-H3 H4

I 10% BUCK
X4 X3-X2 X1

OUTPUT —

H1




THREE-PHASE TRANSFORMERS

FULL LOAD CURRENTS

SINGLE-PHASE TRANSFORMERS

VOLTAGE (LINE TO LINE) VOLTAGE
KVA KVA
RATING| 208 | 240 | 480 | 2400 | 4160 |mamng| 120 | 208 | 240 | 480 | 2400
3| 83| 72| 36| 72| 416 1 833| 481| 417] 208] 42
6| 167| 144 72| 1a4| 83| 3 | 20| 144| 125| e25| 125
ol o250 217 08| 217| 1250 5 | 417| 240| 208 | 104 | 208
15| 416| 361| 180| 36 | 208| 75| e25| 361 | 313| 156 | 313
30| 833| 722 31| 72| 416 10 | 33| 481 | 417 | 208 | 417
45| 1249| 1083| 41| 108 | 25| 15 | 1250 | 721 | 625 | 313 | 625
75| 2082| 1804| 02| 180 | 104 | 25 | 2083 | 1202 | 1042 | 5211 | 104
100| 2776| 2408| 1203| 241 | 139 | 375| 3125 | 1803 | 1563 | 781 | 156
150 | 416.4| 3609| 1804| 361 | 208 | 50 | 4167 | 2404 | 2083 | 1042 | 208
225 | 6246| s5413| 2706| 541 | 312 | 75 | 6250 | 3606 | 3125 | 1563 | 313
300 | 8327| 7217| 3e09| 722 | 416 | 100 | 8333 | 4808 | 4167 | 2083 | 417
500 | 1387.9| 1202.8| 6014| 1203 | 694 | 125 | 10417 | 601.0 | 5208 | 2604 | 521
750 | 20819| 18043 9021| 1804 | 1041 | 1675 13958 | 8053 | 6979 | 349.0 | 698
1000 | 2775.8| 2405.7| 12028 | 24006 | 1388 | 200 | 16667 | 9615 | 8333 | 4167 | 833
1500 | 4163.7| 36085 18043 | 3609 | 2082 | 250 | 20833 [1201.9 | 10417 | 5208 | 1042
2000 | 55516| 4811.4| 24057| 4811 | 2776 | 333 | 27750 |1601.0 | 13875 | 6938 | 1388
2500 | 6939.5| 6014.2| 3007.1| 6014 | 3470 | 500 | 41667 |24088 | 20833 10417 | 2083
5000 | 13879.0|12028.5 60142 [ 12028 | 694.0
7500 | 20818.5|18042.7| 9021.4|1804.3 [1040.9
10000 | 27758.0{ 24057.0 120285 | 2405.7 |1387.9
KVA x 1000 Exlx1.73 KVA x 1000 Exl
b=—Fxim3 o KA=—"%0p == or  KVA = a5
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THREE PHASE CONNECTIONS

WYE (STAR)

Voltage from “A”, “B”, or “C” to Neutral = Eppage (Ep)
Voltage between A-B, B-C, or C-A = Eye (E)

I, = Ip, if balanced.

If unbalanced,

v =V IR +18,1¢ - (I x1g) - (IgX Ig) - (I X 1)

EL = Ep x 1.73

Ep = E = 173 .AT

(True Power) &

Power } J NEUTRAL OR
I, x E_ x 1.73 x Power Factor / 1 eRou

(cosine)

(Apparent Power) /

Voltamperes = I x E X 1.73 ¥ g~

DELTA

Einve (ED) = Epuase (Ep)
|L|NE = Ip x 1.73

lPHASE = IL = 1.73

(True Power)

Power =
I X E_ x 1.73 x Power Factor
(cosine)
(Apparent Power)

Voltamperes = I x E x 1.73

* Neutral could be ungrounded
Also see NEC A250 System
Grounding Requirements
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THREE-PHASE STANDARD PHASE ROTATION

STAR-DELTA

ADDITIVE POLARITY
30° ANGULAR-DISPLACEMENT

TRANSFORMERS
STAR-STAR

Hp

Hy Ho | Hs
r -
AJ 41 94—
LN )
X3 o
Xo 4—]
X_MJ_V/I/]
4 B =)
X2
5}5

SUBTRACTIVE POLARITY
0° PHASE-DISPLACEMENT

DELTA-DELTA

Hz

Hy | Ha Hs

X3

SUBTRACTIVE POLARITY
0° PHASE-DISPLACEMENT
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TRANSFORMER CONNECTIONS
SERIES CONNECTIONS OF LOW VOLTAGE WINDINGS

THREE-PHASE ADDITIVE POLARITY 5
HIGH VOLTAGE AAC

H1 Ho® ‘ } { f
J } A X2 x1 X3 X2 X14
—

r\r“
O|m|>

o

o

LOW VOLTAGE
DELTA-DELTA

—
EAC
THREE-PHASE ADDITIVE POLARITY AB
A C

HIGH VOLTAGE

W w w

4
&
b

r\HHr
zlo|o|>

LOW VOLTAGE a 4
STAR-DELTA

c

NOTE:  Single-phase transformers should be thoroughly checked
for impedance, polarity, and voltage ratio before installation.
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TRANSFORMER CONNECTIONS
SERIES CONNECTIONS OF LOW VOLTAGE WINDING§

A ~ HIGH VOLTAGE AC
B L =
A C [ T
H1 H2 ® Hi1 H2 { T
X3 X2 X1 . PX8 X2 X X3 X2 X1
d (¢ 4 4
[ ¢ I ¢
P rd ° A
b

LOW VOLTAGE X <
THREE-PHASE ADDITIVE POLARITY
DELTA-STAR

B
HIGH VOLTAGE A* ¢

mww

a
b
c
N

b

LOW VOLTAGE *

THREE-PHASE ADDITIVE POLARITY 57 N\
STAR-STAR

NOTE: For additive polarity the H-1 and the X-1 bushings are
diagonally opposite each other.

VeV ]
= [e] [==] b3

1L-\r\r\
0-\V'\r\
[ gUatlgl
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TRANSFORMER CONNECTIONS
SERIES CONNECTIONS OF LOW VOLTAGE WINDINGS

B
HIGH VOLTAGE AAC

—~ A —
R t " . T
w {H\ HZT {H1 HZf
) b L C C h
° L

¢

C

LOW VOLTAGE /_\b
THREE-PHASE SUBTRACTIVE POLARITY — a&¢
DELTA-DELTA

B
HIGH VOLTAGE AAC

A -

° c p] 2 &
{ H1 HZ} t H1 H2 ¢ H1 H2

X1 X2 X3 X1 X2 X31+ [ X1 X2 X3 ¢

A

Z|o |o |»

[ QUPalPRl

[ QUaUY
5

LOW VOLTAGE . < °
THREE-PHASE SUBTRACTIVE POLARITY
DELTA-STAR

NOTE: For subtractive polarity the H-1 and the X-1 bushings are
directly opposite each other.
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MISCELLANEOUS WIRING DIAGRAMS

COMMON

COMMON

TERMINAL s W’YSW—.‘ ,
- 3-WAY SW

LAMPS

NEUTRAL

115V

GOMMONT
TERMINAL'

3-WAY SW  4-WAY SW  3-WAY SW
NEUTRAL

RS
RN

TWO 3-WAY SWITCHES
ONE 4-WAY SWITCH

DOOR BELL
{O)

TRANSFORMER
©)

PUSH BUTTON

BELL

BELL CIRCUIT
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MISCELLANEOUS WIRING DIAGRAMS

NEUTRAL
115V

SWITCH

REMOTE CONTROL CIRCUIT - ONE RELAY AND ONE SWITCH

SUPPORTS FOR RIGID METAL CONDUIT
CONDUIT SIZE DISTANCE BETWEEN SUPPORTS

12" - 3/4' 10 FEET
1" 12 FEET
1-1/4" -1-1/2" 14 FEET
2" - 2-1/2" 16 FEET
3" AND LARGER 20 FEET

SUPPORT OF RIGID NONMETALLIC CONDUIT
CONDUIT SIZE DISTANCE BETWEEN SUPPORTS

172" - 1" 3 FEET
1-1/4" - 2" 5 FEET
2-1/2" - 3" 6 FEET
3-1/2" - &' 7 FEET
6" 8 FEET

For Sl units: (Supports) one foot = 0.3048 meter

-71 -



CONDUCTOR PROPERTIES

Conductors DC Resistance at 75°C (167°F)
Size Area Stranding Overall Copper Aluminum
AWG/ Cir. Quan- | Diam. Diam. | Area |Uncoated| Coated ohm/
kemil Mils tity In. In. In° | ohm/kFT | ohm/kFT | kFT
18 1620 1 0.040 0.001 7.77 8.08 12.8
18 1620 7 0.015 0.046 0.002 7.95 8.45 13.1
16 2580 1 = 0.051 0.002 4.89 5.08 8.05
16 2580 7 0.019 0.058 0.003 4.99 5.29 8.21
14 4110 1 e 0.064 0.003 3.07 3.19 5.06
14 4110 7 0.024 0.073 0.004 3.14 3.26 5.17
12 6530 1 = 0.081 0.005 1.93 2.01 3.18
12 6530 7 0.030 0.092 0.006 1.98 2.05 3.25
10 10380 1 = 0.102 0.008 1.21 1.26 2.00
10 10380 7 0.038 0.116 0.011 1.24 1.29 2.04
8 16510 1 0.128 0.013 0.764 0.786 1.26
8 16510 7 0.049 0.146 0.017 0.778 0.809 1.28
6 26240 7 0.061 0.184 0.027 0.491 0.510 0.808
4 41740 7 0.077 0.232 0.042 0.308 0.321 0.508
3 52620 7 0.087 0.260 0.053 0.245 0.254 0.403
2 66360 7 0.097 0.292 0.067 0.194 0.201 0.319
1 83690 19 0.066 0.332 0.087 0.154 0.160 0.253
1/0 105600 19 0.074 0.372 0.109 0.122 0.127 0.201
2/0 133100 19 0.084 0.418 0137 0.0967 0.101 0.159
3/0 167800 19 0.094 0.470 0.173 0.0766 0.0797 0.126
4/0 211600 19 0.106 0.528 0.219 0.0608 0.0626 0.100
250 37 0.082 0.575 | 0.260 | 0.0515 0.0535 0.0847
300 —— 37 0.090 0.630 0.312 0.0429 0.0446 0.0707
350 37 0.097 0.681 0.364 0.0367 0.0382 0.0605
400 37 0.104 0.728 0.416 0.0321 0.0331 0.0529
500 37 0.116 0.813 0.519 0.0258 0.0265 0.0424
600 61 0.099 0.893 0.626 0.0214 0.0223 0.0353
700 —— 61 0.107 0.964 0.730 0.0184 0.0189 0.0303
750 == 61 0.111 0.998 0.782 0.0171 0.0176 0.0282
800 — 61 0.114 1.030 0.834 0.0161 0.0166 0.0265
900 61 0.122 1.094 0.940 0.0143 0.0147 0.0235
1000 61 0.128 1.152 1.042 0.0129 0.0132 0.0212
1250 91 0.117 1.289 1.305 0.0103 0.0106 0.0169
1500 — 91 0.128 1.412 1.566 0.00858 | 0.00883 0.0141
1750 —-= 127 0.117 1.526 1.829 0.00735 | 0.00756 0.0121
2000 — 127 0.126 1.632 2.092 0.00643 | 0.00662 0.0106

These resistance values are valid ONLY for the parameters as given. Using conductors having coat-
ed strands, different stranding type, and, especially, other temperatures changes the resistance.

Formula for temperature change: Rz = Ri [1 + (T2 - 75)] where a,, = 0.00323, o, = 0.00330 at 75°C.
See NEC Chapter 9, Table 8. See Ugly’s page 127 - 135 for metric conversions.

Reprinted with permission from NFPA 70-2005, the National Electrical Code® , Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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ALLOWABLE AMPACITIES OF CONDUCTORS

Allowable Ampacities of Insulated Conductors Rated 0 - 2000 Volts, 60°C Through 90°C
(140°F Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway,
Cable, or Earth (Directly Buried), Based on Ambient Air Temperature of 30°C (86°F)

SIZE 60°C 75 90°C 60C | 75C 90°C SIZE
(140°F) | (167°F) (194°F) (140°F) | (167°F) (194°F)
TYPES TYPES TYPES TYPES TYPES TYPES
UF va\y\} FEp. FePB M| UF va\\/l\’/ maf%m
AT HW, RHH, RHW-2, THW, | THW2 THWN2 | AWG
or THWN, | THHN, THHW, THWN, | RHH RHW-2, or
kemil XHHW, | THW-2, THWN-2, XHHW, USE-2, )
USE,” | USE2, XHH, XHHW| USE XHH, XHFW, kemil
7W XHHW-2, 7W-2 XHHW-2, ZW-2
COPPER ALUMINUM OR COPPER-CLAD ALUMINUM
14* 20 20 25 14*
122 25 25 30 20 20 25 Hipz
10* 30 35 40 25 30 35 10*
8 40 50 55 30 40 45 8
6 55 65 75 40 50 60 6
4 70 85 95 55 65 75 4
3 85 100 110 65 75 85 3
2 95 115 130 75 90 100 2
1 110 130 150 85 100 115 1
1/0 | 125 150 170 100 120 135 1/0
2/0 | 145 175 195 115 135 150 2/0
3/0 | 165 200 225 130 155 175 3/0
4/0 | 195 230 260 150 180 205 4/0
250 | 215 255 290 170 205 230 250
300 | 240 285 320 190 230 255 300
350 | 260 310 350 210 250 280 350
400 | 280 335 380 225 270 305 400
500 | 320 380 430 260 310 350 500
600 | 355 420 475 285 340 385 600
700 | 385 460 520 310 375 420 700
750 | 400 475 535 320 385 435 750
800 | 410 490 555 330 395 450 800
900 | 435 520 585 355 425 480 900
1000 | 455 545 615 375 445 500 1000
1250 | 495 590 665 405 485 545 1250
1500 | 520 625 705 435 520 585 1500
1750 | 545 650 735 455 545 615 1750
2000 | 560 665 750 470 560 630 2000
Ambient | tTtEMPEFgATURtE chRa%cCTlolrtl rA“? ﬁ) SB | t Ambient
i or ambient temperatures other than multi| € allowable ampacities -
Qo G shovFv)n above by the appropriate factor s%gwn below. o Temp F
21-25| 1.08 1.05 1.04 1.08 1.05 1.04 70 - 77
26-30 | 1.00 1.00 1.00 1.00 1.00 1.00 78 - 86
31-35| 091 0.94 0.96 0.91 0.94 0.96 87 - 95
36-40 | 0.82 0.88 0.91 0.82 0.88 0.91 96 - 104
41-45 | 0.71 0.82 0.87 0.71 0.82 0.87 |105-113
46-50 | 058 0.75 0.82 0.58 0.75 0.82 |114-122
51-55 | 0.41 0.67 0.76 0.41 0.67 0.76 |123-131
56-60 | — 0.58 .071 _ 0.58 071 |132-140
61-70 | — 0.33 .058 — 0.33 0.58 |141-158
71-80 | — — 0.41 — | — 0.41  |159-176

See UGLY'S page 78 for Footnotes to this page, Overcurrent Protection (Fuses and C\rcun Breakers). Adjustment Factors based on
Number of Conductors. Adjustment Examples and copyright statement. See NEC 240 4(D.
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ALLOWABLE AMPACITIES OF CONDUCTORS

Based on Ambient Air Temperature of 30°C (86°F)

Allowable Ampacities of Single Insulated Conductors Rated 0 - 2000 Volts in Free Air,

SIZE 60°C 75°C 90°C 60°C 75°C 90°C SIZE
(140°F) (167°F) (194°F) (140°F) | (167°F) (194°F)
TYPES TYPES TYPES TYPES | TYPES TYPES
W T | ereeenm | OF | Tive (TR T
i THW, RHH, RHW-2, THW, | THW2 THWNZ | AWG
or THWN, | THHN, THHW, THWN, | RHH, RHW-2, or
kemil XHHW, | THW-2.THWN-2, XHHW, USE-2, .
W | USE2, XHH, XHHW, XHH, XHEW, kemil
XHHW-2, ZW-2 XHHW-2, ZW-2
COPPER ALUMINUM OR COPPER-CLAD ALUMINUM
14 25 30 35 o ---- ---- 14*
12F 30 35 40 25 30 35 12*
10* 40 50 55 35 40 40 10*
8 60 70 80 45 55 60 8
6 80 95 105 60 75 80 6
4 105 125 140 80 100 110 4
3 120 145 165 95 115 130 3
24 140 170 190 110 135 150 2
1 165 195 220 130 155 175, 1
1/0 195 230 260 150 180 205 1/0
2/0 225 265 300 175 210 235 2/0
3/0 260 310 350 200 240 275 3/0
4/0 300 360 405 235 280 315 4/0
250 340 405 455 265 315 355 250
300 375 445 505 290 350 395 300
350 420 505 570 330 395 445 350
400 455 545 615 355 425 480 400
500 515 620 700 405 485 545 500
600 575 690 780 455 540 615 600
700 630 755 855 500 595 675 700
750 655 785 885 515 620 700 750
800 680 815 920 535 645 725 800
900 730 870 985 580 700 785 900
1000 780 935 1055 625 750 845 1000
1250 890 1065 1200 710 855 960 1250
1500 980 1175 1325 795 950 1075 1500
1750 |1070 1280 1445 875 1050 1185 1750
2000 | 1155 1385 1560 960 1150 1335 2000
Ambient TEMPERATURE CORRECTION FACTORS Ambient
Temp C° For ambient temperatures other than 30°C, multiply the allowable ampacities Temp F
shown above by the appropriate factor shown below.
21-251 1.08 1.05 1.04 1.08 1.05 1.04 70 - 77
26-30 | 1.00 1.00 1.00 1.00 1.00 1.00 78 - 86
31-351 091 0.94 0.96 0.91 0.94 0.96 87 - 95
36-40 | 0.82 0.88 0.91 0.82 0.88 0.91 96 - 104
41-451 0.71 0.82 0.87 0.71 0.82 0.87 105 - 113
46 -50 | 0.58 0.75 0.82 0.58 0.75 0.82 114 - 122
51-55 1 0.41 0.67 0.76 0.41 0.67 0.76 123 - 131
56 -60 | —— 0.58 .071 = 0.58 0.71 132 - 140
61-70 | — 0.33 .058 — 0.33 0.58 141 - 158
71-80 | — —— 0.41 e = 0.41 159 - 176

See UGLY'S page 78 for Footnotes to this

Number of Conductors, Adjustment Example

f

age, Overcurrent Protection (Fuses and Circuit Breakers), Adjustment Factors based on
s and copyright statement. See NEC 240.4(D).
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ALLOWABLE AMPACITIES OF CONDUCTORS

Allowable Ampacities of Insulated Conductors Rated 0 - 2000 Volts, 150°C Through 250°C
(302°F Through 482°F), Not More Than Three Current-Carrying Conductors in Raceway

or Cable, Based on Ambient Air Temperature of 40°C (104°F)

SIZE 150°C 200°C 250C 150°C SIZE
(302°F) (392°F) (482°F) (302°F)
TYPE TYPES TYPES. TYPE
z FEP, PFAH, z
AWG ihe e AWG
or SA or
kemil NICKEL or ALUMINUM or kemil
COPPER NICKEL-COATED COPPER-CLAD
COPPER ALUMINUM
14 34 36 39 --- 14
12 43 45 54 30 12
10 65 60 73 44 10
8 76 83 93 57 8
6 96 110 117 75 6
4 120 125 148 94 4
3 143 152 166 109 3
2 160 171 191 124 2
1 186 197 215 145 1
1/0 215 229 244 169 1/0
2/0 251 260 273 198 2/0
3/0 288 297 308 227 3/0
4/0 332 346 361 260 4/0
Ambient TEMPERATURE CORRECTION FACTORS Ambient
Temp C° For ambient temperatures other than 40°C, multiply the allowable ampacities Temp F°
shown above by the appropriate factor shown below.
41 - 50 0.95 0.97 0.98 0.95 105 - 122
51 -60 0.90 0.94 0.95 0.90 123 - 140
61-70 0.85 0.90 0.93 0.85 141 - 158
71-80 0.80 0.87 0.90 0.80 169 - 176
81-90 0.74 0.83 0.87 0.74 177 - 194
91 - 100 0.67 0.79 0.85 0.67 195 - 212
101 - 120 0.52 0.71 0.79 0.52 213 - 248
121 - 140 0.30 0.61 0.72 0.30 249 - 284
141 - 160 = 0.50 0.65 e 285 - 320
161 - 180 - 0.35 0.58 - 321 - 356
181 - 200 == = 0.49 --- 357 - 392
201 - 225 = = 0.35 = 393 - 437

See UGLY'S page 78 for Footnotes 1o this page. Overcurrent Protection (Fuses and ercun Breakers), Adjustment Factors based on
Number of Conductors. Adjustment Examples and copyright statement. See NEC 240.4(D.
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ALLOWABLE AMPACITIES OF CONDUCTORS

Allowable Ampacities of Single Insulated Conductors,

Rated 0 - 2000 Volts, 150°C Through 250°C (302°F Through 482°F),

in Free Air, Based on Ambient Air Temperature of 40°C (104°F)

SIZE 150°C 200°C 250°C 150°C SIZE
(302°F) (392°F) (482°F) (302°F)
TYPE TYPES TYPES TYPE
z FEP, PFAH, 74
AWG T s AWG
or SA or
kemil NICKEL or ALUMINUM or kemil
COPPER NICKEL-COATED COPPER-CLAD
COPPER ALUMINUM
14 46 54 59 14
12 60 68 78 47 12
10 80 90 107 63 10
8 106 124 142 83 8
6 155 165 205 112 6
4 190 220 278 148 4
3 214 252 327 170 3
2 255 293 381 198 2
1 293 344 440 228 1
1/0 339 399 532 263 1/0
2/0 390 467 591 305 2/0
3/0 451 546 708 351 3/0
4/0 529 629 830 411 4/0
Ambient TEMPERATURE CORRECTION FACTORS Ambient
Temp C° For ambient temperatures other than 40°C, multiply the allowable ampacities Temp F°
shown above by the appropriate factor shown below.
41 - 50 0.95 0.97 0.98 0.95 105 - 122
51 - 60 0.90 0.94 0.95 0.90 123 - 140
61-70 0.85 0.90 0.93 0.85 141 - 158
71 -80 0.80 0.87 0.90 0.80 159 - 176
81-90 0.74 0.83 0.87 0.74 177 - 194
91 -100 0.67 0.79 0.85 0.67 195 - 212
101 - 120 0.52 0.71 0.79 0.52 213 - 248
121 - 140 0.30 0.61 072 0.30 249 - 284
141 - 160 0.50 0.65 285 - 320
161 - 180 0.35 0.58 321 - 356
181 - 200 0.49 357 - 392
201 - 226 - 0.35 393 - 437

See UGLY'S page 78 for Footnotes to this page. Overcurrent Protection (Fuses and Circuit Breakers), Adjustment Factors based on

Number of Conductors. Adjustment Examples and copyright statement. See NEC 240.4(D)
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* FOOTNOTES TO PAGES 74 - 78
Unless specifically permitted in 240.4(E) or 240.4(G), the overcurrent protec-
tion shall not exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG, and
30 amperes for 10 AWG copper; or 15 amperes for 12 AWG and 25 amperes
for 10 AWG aluminum and copper-clad aluminum after any correction factors
for ambient temperature and number of conductors have been applied.

AMPACITY CORRECTION AND ADJUSTMENT FACTORS
EXAMPLES

UGLY’S page 74 shows ampacity values for not more than three cur-
rent-carrying conductors in a raceway or cable and an ambient (sur-
rounding) temperature of 30°C (86°F).
(Example 1) A raceway contains three #3 THWN conductors for a three
phase circuit at an ambient temperature of 30°C.
UGLY’S page 74, 75" column indicates 100 amperes.

(Example 2) A raceway contains three #3 THWN conductors for a three
phase circuit at an ambient temperature of 40°C. UGLY’S page 74, 75°
column indicates 100 amperes. This value must be corrected for ambient
temperature (see Temperature Correction Factors at bottom of UGLY’S
page 74). 40°C factor is .88

100 amperes x .88 = 88 amperes = corrected ampacity

(Example 3) A raceway contains six #3 THWN conductors for two three
phase circuits at an ambient temperature of 30°C.

UGLY’S page 74, 75° column indicates 100 amperes. This value must
be adjusted for more than three current-carrying conductors. The Table
on UGLY’S page 79 requires an adjustment of 80% for four through six
current-carrying conductors. 100 amperes x 80% = 80 amperes

The adjusted ampacity is 80 amperes

(Example 4) A raceway contains six #3 THWN conductors for two three
phase circuits in an ambient temperature of 40°C. These conductors
must be derated for both temperature and number of conductors.
UGLY’S page 74, 75° column indicates 100 amperes

UGLY’S page 74, 40°C temperature factor is .88

UGLY’S page 79, 4 - 6 conductor factor is .80

100 amperes x .88 x .80 = 70.4 amperes

The new derated ampacity is 70.4 amperes.

Reprinted wnh;erm\sslon from NFPA 70-2008, the National Electrical Code® , Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.

-78 -



ADJUSTMENT FACTORS

for More than Three Current-Carrying Conductors in a
Raceway or Cable

Percent of Values in Tables 310-16
through 310-19 as Adjusted for Ambient
Temperature if Necessary

Number of Current-
Carrying Conductors

4-6 80
7-9 70
10-20 50

21 -30 45
31-40 40

41 and above 35

INSULATION CHART

TRADE NANE LETTER] wax. Tewe]_APPLICATION PROVISIONS
FLOURINATED FEP | 90°C | DRY AND DAMP LOCATIONS
ETHYLENE OR | 194°F
PROPYLENE FEPB | 200°C | DRY LOCATIONS - SPECIAL
392°F | APPLICATIONS
MINERAL INSULATION | MI 90°C | DRY AND WET LOGATIONS
(METAL SHEATHED) 194°F
250°C | SPEGIAL APPLICATIONS’
482°F
MOISTURE, HEAT-, | MTW | 60°C | MAGHINE TOOL WIRING IN WET
AND OIL-RESISTANT 140°F | LOCATIONS
THERMOPLASTIC 90°C |  MACHINE TOOL WIRING IN DRY
194°F | LOCATIONS, FPN: See NFPA 79
PAPER 85°C | FOR UNDERGROUND SERVICE
185°F | CONDUCTORS, OR BY SPECIAL
PERMISSION
PERFLUOROALKOXY | PFA | 90°C | DRY AND DAMP LOCATIONS
194°F
200°C | DRY LOCATIONS - SPECIAL
392°F | APPLICATIONS"

SEE UGLY'S PAGE 74 FOR SPECIAL PROVISIONS AND/OR APPLICATIONS.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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INSULATION CHART

TRADE NAME LETTER [max. Tevp| APPLICATION PROVISIONS

PERFLUOROALKOXY PFAH 250°C | DRY LOCATIONS ONLY. ONLY FOR
482°F | LEADS WITHIN APPARATUS OR
WITHIN RACEWAYS CONNECTED
TO APPARATUS, (NICKEL OR
NICKEL-COATED COPPER ONLY).

THERMOSET RHH 90°C | DRY AND DAMP LOCATIONS
194°F
MOISTURE-RESISTANT | RHW* 75°C | DRY & WET LOCATIONS
THERMOSET 167°F
MOISTURE-RESISTANT | RHW-2 | 90°C | DRY AND WET LOCATIONS
THERMOSET 194°F
SILICONE SA 90°C | DRY AND DAMP LOCATIONS
194°F
200°C | FOR SPECIAL APPLICATIONS?
392°F
THERMOSET SIS 90°C | SWITCHBOARD WIRING ONLY
194°F
THERMOPLASTIC AND | TBS 90°C | SWITCHBOARD WIRING ONLY
FIBROUS OUTER BRAID 194°F
EXTENDED TFE 250°C | DRY LOCATIONS ONLY. ONLY FOR
POLYTETRAFLUORO- 482°F | LEADS WITHIN APPARATUS OR WITH-
ETHYLENE IN'RACEWAYS CONNECTED TO APPA-

RATUS, OR AS OPEN WIRING (NIC-
KEL OR NICKEL-COATED COPPER ONLY).

HEAT-RESISTANT THHN 90°C | DRY AND DAMP LOCATIONS
THERMOPLASTIC 194°F
MOISTURE-AND THHW 75°C | WET LOCATION
HEAT-RESISTANT 167°F
THERMOPLASTIC 90°C | DRY LOCATION

194°F

SEE UGLY'S PAGE 74 FOR SPECIAL PROVISIONS AND/OR APPLICATIONS.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which i represented only by the Standard in its entirety.
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INSULATION CHART

TRADE NAME LETTER |max. Temp| APPLICATION PROVISIONS

MOISTURE - AND THW? 75°C | DRY & WET LOCATIONS

HEAT-RESISTANT 167°F

THERMOPLASTIC 90°C | SPECIAL APPL. WITHIN ELECTRIC

194°F | DISCHARGE LIGHTING EQUIPMENT.

LIMITED TO 1000 OPEN-CIRCUIT
VOLTS OR LESS, (SIZE 14-8 ONLY
AS PERMITTED IN SECTION 410-33)

MOISTURE - AND THWN* | 75°C | DRY AND WET LOCATIONS

HEAT-RESISTANT 167°F

THERMOPLASTIC

MOISTURE-RESISTANT [ TW 60°C | DRY AND WET LOCATIONS

THERMOPLASTIC 140°F

UNDERGROUND UF 60°C

FEEDER AND BRANCH- 140°F

CIRCUIT CABLE-SINGLE

CONDUCTOR, (FOR SEE ARTICLE 340 N.E.C.

TYPE “UF” CABLE 75°C

EMPLOYING MORE 167°F

THAN 1 CONDUCTOR.

(SEE NEC ART. 340)

UNDERGROUND USE* 75°C

SERVICE-ENTRANCE 167°F

CABLE-SINGLE

CONDUCTOR, (FOR SEE ARTICLE 338 N.E.C.

TYPE “USE” CABLE

EMPLOYING MORE

THAN 1 CONDUCTOR.

SEE N.E.C. ART. 338)

THERMOSET XHH 90°C | DRY AND DAMP LOCATIONS

194°F

SEE UGLY'S PAGE 74 FOR SPECIAL PROVISIONS AND/OR APPLICATIONS.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,

Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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INSULATION CHART

TRADE NAME LETTER | max. Temp| APPLICATION PROVISIONS
MOISTURE-RESISTANT | XHHW* | 90°C | DRY AND DAMP LOCATIONS
THERMOSET 194°F

75°C | WET LOCATIONS

167°F
MOISTURE-RESISTANT [ XHHW-2| 90°C | DRY AND WET LOCATIONS
THERMOSET 194°F
MODIFIED ETHYLENE | Z 90°C | DRY AND DAMP LOCATIONS
TETRAFLUORO- 194°F
ETHYLENE 150°C | DRY LOCATIONS -

302°F | SPECIAL APPLICATIONS?
MODIFIED ETHYLENE | ZW* 75°C | WET LOCATIONS
TETRAFLUORO- 167°F
ETHYLENE 90°C | DRY AND DAMP LOCATIONS

194°F

150°C | DRY LOCATIONS - SPECIAL
302°F | APPLICATIONS®

N —

&~ w

o N oo

FOOTNOTES:
Some insulations do not require an outer covering.
Where design conditions require maximum conductor operating temperatures
above 90°C (194°F).
For signaling circuits permitting 300-volt insulation.
Listed wire types designated with the suffix “-2,” such as RHW-2, shall be
permitted to be used at a continuous 90°C (194°F) operating temperature, wet or dry.
Some rubber insulations do not require an outer covering.
Includes integral jacket.
For ampacity limitation, see Section 340.80 NEC.
Insulation thickness shall be permitted to be 2.03 mm (80 mils) for listed Type
USE conductors that have been subjected to special investigations. The non-
metallic covering over individual rubber-covered conductors of aluminum-
sheathed cable and of lead-sheathed or multiconductor cable shall not be required
to be flame retardant. For Type MC cable, see 330.104. For nonmetallic-
sheathed cable, see Article 334, Part IIl. For Type UF cable, see Article 340, Part IIl.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN TRADE SIZES
OF CONDUIT OR TUBING

The 2002 National Electrical Code®shows 85 tables for conduit fill. There is a
separate table for each type of conduit. In order to keep Ugly’s Electrical
References® in a compact and easy to use format, the following tables are
included:

Electrical Metallic Tubing (EMT), Electrical Nonmetallic Tubing (ENT),

PVC 40, PVC 80, Rigid Metal Conduit, Flexible Metal Conduit and Liquidtight
Flexible Metal Conduit.
When other types of conduit are used, refer to Appendix G2002 NEC or use
method shown below to figure conduit size.

Example #1 - All same wire size and type insulation.

10 — #12 RHH in Intermediate Metal Conduit.

Go to the RHH Conductor Square Inch Area Table. (Ugly’s page 98)

#12 RHH = .0353 s@. in. 10 x .0353 sq. in. = .353 sq. in.

Go to Intermediate Metal Conduit Square Inch Area Table. (Ugly’s page 101)
Use “Over 2 Wires 40%” column.

*/s inch conduit = .235 sq. in. (less than .353, so it’s too small).

1 inch conduit = .384 sq. in. (greater than .353, so it’s correct size).
Example #2 - Different wire sizes or types insulation.

10— #12 RHH and 10 — #10 THHN in Liquidtight Nonmetallic Conduit (LFNC-B).
Go to the RHH Conductor Square Inch Area Table. (Uglys page 98)

#12 RHH = .0353 sq. in. 10 x.0353 sq. in. = .353 sq. i

Go to the THHN Conductor Square Inch Area Table. (Uglys page 98)

#10 THHN = .0211 sg. in. 10 x 0211 sg. in. = .211 sq. in.

.353 sq. in. +.211 sq. in. = .564 sq.

Go to Liquidtight Nonmeta/lic Conduit (LFNC-B) Square Inch Table. (Ugly’s page 102)
Use “Over 2 Wires 40%” column.

1 inch conduit = .349 sq. in. (less than .564, so it’s too small).

1'/s inch conduit = .611 sq. in. (greater than .564, so it’s correct size).

NOTE 1% All conductors must be counted including grounding conductors
for fill percentage.

NOTE 2: When all conductors are same type and size, decimals .8 and larger
must be rounded up.

NOTE 3**: These are minimum size calculations, under certain conditions
jamming can occur and the next size conduit must be used.

NOTE 4***: CAUTION - When over three current carrying conductors are
used in same circuit, conductor ampacity must be lower (derated).

*

See Appendix C and Chapter Nine 2002 NEC for complete tables and examples.
**See Chapter nine Table one and Notes 1 - 10, 2002 NEC.
*** See notes to Ampacity Tables, Note 8, 2002 NEC.
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MAXIMUM NUMBER OF CONDUCTORS IN ELECTRICAL METALLIC TUBING

Type Cond. Size Trade Sizes In Inches

Letters  AWG/kcmil 'f2 ¥fa 1 1/ 1 2 2| 3 3 4
RHH, RHW, 14 4 7 i 20 27 46 80 120, 1572201
RHW-2 12 3 6 9 17 23 38 66 100 131 167

10 2 5 8 13 18 30 53 81 105 135

8 1 2 4 7 9 16 28 42 55 70

6 1 1 3 5 8 13 22 34 44 56

4 1 1 2 4 6 10 17 26 34 44

3 1 1 1 4 5 9 15 23 30 38

2 1 1 1 3 4 7 13 2 26 33

1 0 i 1 1 3 5 9 13 17 22

1/0 0 1 1 1 2 4 7 11 15 19

2/0 0 1 1 1 2 4 6 10 13 17

3/0 0 0 1 1 1 3 5 8 11 14

4/0 0 0 1 1 1 3 5 i 9 12

250 0 0 0 1 1 1 3 5 7 9

300 0 0 0 il 1 1 3 5 6 8

350 0 0 0 1 1 1 3 4 6 7

400 0 0 0 1 1 1 2 4 5 7

500 0 0 0 0 1 1 2 3 4 6

600 0 0 0 0 1 1 1 3 4 5

700 0 0 0 0 0 1 1 2 3 4

750 0 0 0 0 0 1 1 2 3 4

W, 14 8 15 25 43 58 96 168 254 332 424
THHW, 12 6 =l 19 33 45 7400129 195 2 321

THW, 10 5 8 14 24 33 55 96 145 190 243

THW-2 8 2 5 8 13 18 30 53 81 1057 135

RHH*, RHW*, 14 6 10 16 28 39 64 112 169 221 282

RHW-2* 12 4 8 13 23 31 5 90 1361 227

10 3 6 10 18 24 40 70 106 138 177

8 1 4 6 10 14 24 42 63 83 106

RHH*, RHW*, 6 1 3 4 8 11 18 32 48 63 81

RHW-2*, TW, 4 1 1 3 6 8 13 24 36 47 60

THW, THHW, 3 1 1 3 5 7 12 20 31 40 52

THW-2 2 1 1 2 4 6 10 17 26 34 44
1 1 1 1 3 4 7 12 18 24 31

1/0 0 1 1 2 3 6 10 1 20 26

2/0 0 1 1 1 3 5 9 13 17 22

3/0 0 1 1 1 2 4 7 11 15 19

4/0 0 0 1 1 1 3 6 9 12 16

250 0 0 1 1 1 3 5 T 10 13

300 0 0 1 1 1 2 4 6 8 11

350 0 0 0 1 1 1 4 6 7 10

400 0 0 0 1 1 1 3 5 7 9

500 0 0 0 1 1 1 3 4 6 7

600 0 0 0 1 1 1 2 3 4 6

700 0 0 0 0 1 1 1 3 4 5

750 0 0 0 0 1 1 1 3 4 5

THHN, 14 2D 35 61 84 138 241 364 476 608

THWN, 12 9 16 26 45 61 101 176 266 347 443

THWN-2 10 i) 16 28 38 637 1 16795219 279
8 3 6 9 1 22 36 64 96 126 161

6 2 4 7 12 16 26 46 69 91 416

4 1 2 4 7 10 16 28 43 56 Till

3 1 1 3 6 8 13 24 36 47 60

2 1 1 3 5 7 11 20 30 40 51

1 1 1 1 4 5 8 15 22 29 37

1/0 1 1 1 3 4 7 12 19 25 32

2/0 0 1 il 2 3 6 10 16 20 26

3/0 0 1 1 1 3 5 8 13 17 22

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association
Quincy. MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN ELECTRICAL METALLIGC TUBING

Type Cond. Size Trade Sizes In Inches
B

Letters  AWG/kcmil 'f2 ¥ 1 1/ 1/ 2 2 3 3 4
THHN, 4/0 0 1 1 1 2 4 7 11 14 18
THWN, 250 0 0 1 1 1 3 6 9 1 15
THWN-2 300 0 0 i1 i 1 3 5 7 10 13

350 0 0 1 1 1 2 4 6 9 1

400 0 0 0 1 1 1 4 6 8 10

500 0 0 0 1 1 1 3 5 6 8

600 0 0 0 1 1 1 2 4 5 7

700 0 0 0 1 1 1 2 3 4 6

750 0 0 0 0 1 1 1 3 4 5

FEP, FEPB, 14 12 2 34 60 81 134 234 354 462 590
PFA, PFAH, i 9siailh 25 43 59 98 7 258 337 430
TFE 10 6 1 18 31 42 70 122 185 241 309
8 3 6 10 18 24 40 70 106 1138 2177

6 2 4 7 12 17 28 50 75 98 126

4 1 3 5 9 12 20 35 53 69 88

3 1 2 4 i 10 16 29 44 57 73

2 1 . 3 6 8 13 24 36 47 60

PFA, PFAH, TFE 1 1 1 2 4 6 9 16 25 33 42
PFA, PFAH, 1/0 1 1 1 3 5 8 14 21 27 35
TFE, Z 2/0 0 1 1 3 4 6 11 17 22 29
3/0 0 1 1 2 3 5 9 14 18 24

410 0 1 1 1 2 4 8 11 15 19

z 14 14 .25 41 72 987 bl 280 426 556 711
12 10 18 29 51 69 114 200 302 394 504

10 (heteh| 18 31 42 700 122 185 241 309

8 4 7 1 20 27 44 77 117 153 195

6 3 5 8 14 19 31 54 B2: 07 & EIaT

4 1 3 5 9 13 21 37 56 74 94

3 1 2 4 i 9 15 27 4 54 69

2 1 1 3 6 8 13 22 34 45 57

1 1 1 2 4 6 10 18 28 36 46

XHH, 14 8 15 25 43 58 96 168 254 332 424
XHHW, 12 6ol 19 33 45 74129 195 285 326
XHHW-2, 10 5 8 14 24 33 55 96 145 190 243
w 8 2 5 8 13 18 30 53 81..105 135
6 1 3 6 10 14 22 39 60 78 100

4 1 2 4 7 10 16 28 43 56 72

3 1 1 3 6 8 14 24 36 48 61

2 1 1 3 6 - 1 20 31 40 51

XHH, XHHW, 1 1 1 1 4 5 8 15 23 30 38
XHHW-2 1/0 1 1 1 3 4 7 13 19 25 32
2/0 0 1 1 2 3 6 10 16 21 27

3/0 0 1 1 1 3 5 9 13 17 22

4/0 0 1 1 1 2 4 7 1) 14 18

250 0 0 1 1 1 3 6 9 12 15

300 0 0 1 1 1 3 5 8 10 13

350 0 0 1 1 1 2 4 7 9 1"

400 0 0 0 1 1 1 4 6 8 10

500 0 0 0 1 1 1 3 5 6 8

600 0 0 0 1 1 1 2 4 5 6

700 0 0 0 0 1 il 2 3 4 6

750 0 0 0 0 1 1 1 3 4 5

* Types RHH, RHW, AND RHW-2 without outer covering.

See Ugly's page 131 for Trade Size / Metric Designator conversion.

Reprinted with permission from NFPA 70-2005, the National Electrical Code® ., Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted materiai is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN NONMETALLIC TUBING

Type Cond. Size Trade Sizes In Inches
Letters  AWG/kemil '/ s 1 1/ 1/ 2
RHH, RHW, 14 3 6 10 19 26 43
RHW-2 12 2 5 9 16 22 36
10 1 4 7 13 17 29
8 1 1 3 6 9 15
6 1 1 3 5 7 12
4 1 1 2 4 6 9
3 1 il 1 3 5 8
2 0 1 1 3 4 7
1 0 1 1 1 3 5
1/0 0 0 1 1 2 4
2/0 0 0 1 1 1 3
3/0 0 0 1 1 1 3
4/0 0 0 1 i 1 2
250 0 0 0 1 1 1
300 0 0 0 1 1 1
350 0 0 0 1 1 1
400 0 0 0 1 1 1
500 0 0 0 0 1 1
600 0 0 0 0 1 1
700 0 0 0 0 0 1
750 0 0 0 0 0 1
w 14 7 13 22 40 55 92
THHW, 12 5 10 17 31 42 7
THW, 10 4 7 13 23 32 52
THW-2 8 1 4 T 13 17 29
RHH*, RHW*, 14 4 8 15 27 37 61
RHW-2* 12 3 z 12 21 29 49
10 3 5 9 17 23 38
8 1 3 5 10 14 23
RHH*, RHW*, 6 1 2 4 7 10 17
RHW-2*, TW, 4 1 1 3 5 8 13
THW, THHW, 3 1 1 2 5 7 1
THW-2 2 1 1 7 4 6 9
1 0 1 1 3 4 6
1/0 0 1 1 2 3 5
2/0 0 1 1 1 3 5
3/0 0 0 1! 1 2 4
4/0 0 0 1 1 1 3
250 0 0 1 1 1 2
300 0 0 0 1 1 2
350 0 0 0 1 1 1
400 0 0 0 1 1 1
500 0 0 0 1 1 1
600 0 0 0 0 1 1
700 0 0 0 0 1 1
750 0 0 0 0 1 1
THHN, 14 10 18 32 58 80 132
THWN, 12 7 13 23 42 58 96
THWN-2 10 4 8 15 26 36 60
8 2 5 8 15 21 35
6 1 3 6 11 15 25
4 1 1 4 7 9 15
3 1 1 3 5 8 13
2 1 1 2 5 6 11
1 1 1 1 3 5 8
1/0 0 1 1 3 4 7
2/0 0 1 1 2 3 5
3/0 0 1 1 1 3 4

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN NWONMETALLIC TUBING

Type Cond. Size Trade Sizes In Inches
Letters  AWG/kemil ' 3 1 1 1/ 2
THHN, 4/0 0 0 1 1 2 4
THWN, 250 0 0 1 1 1 3
THWN-2 300 0 0 il 1 1 22
350 0 0 0 1 1 2
400 0 0 0 1 il 1
500 0 0 0 1 1 1
600 0 0 0 1 1 1
700 0 0 0 0 1 1
750 0 0 0 0 1 1
FEP, FEPB, 14 10 18 31 56 77 128
PFA, PFAH, 12 7 13 23 41 56 93
TFE 10 5 9 16 29 40 67
8 3 5 9 17 23 38
6 1 4 6 12 16 27
4 il 2 4 8 11 19
3 1 1 4 7 9 16
2 1 1 3 5 8 13
PFA, PFAH, TFE 1 1 1 1 4 5 9
PFA, PFAH, 1/0 0 i) 1 3 4 7
i 2/0 0 1 1 2 4 6
3/0 0 1 1 3l 3 5
4/0 0 1 1 1 2 4
z 14 12 22 38 68 93 154
12 8 15 27 48 66 109
10 5 9 16 29 40 67
8 3 6 10 18 25 42
6 1 4 7 13 18 30
4 1 3 5 9 12 20
3 1 1 3 6 9 15
2 1 1 3 5 7 12
1 1 1 2 4 6 10
XHH, 14 7 13 22 40 55 92
XHHW, 12 5 10 17 31 42 7
XHHW-2, 10 4 7 13 23 32 52
W 8 1 4 7 13 17 29
6 1 3 5 9 13 21
4 1 1 4 7 9 15
3 1 1 3 6 8 13
2 1 1 2 5 6 11
XHH, XHHW, 1 1 1 1 3 5 8
XHHW-2 1/0 0 1 1 3 4 it
0 1 1 2 3 6
3/0 0 1 1 1 3 5
4/0 0 0 1 1 2 4
250 0 0 1 1 1 3
300 0 0 1 1 1 3
350 0 0 1 1 1 2
400 0 0 0 1 1 1
500 0 0 0 1 1 1
600 0 0 0 1 1 1
700 0 0 0 0 1 1
750 0 0 0 0 1 1

* Types RHH, RHW, AND RHW-2 without outer covering.

See Ugly’s page 131 for Trade Size / Metric Designator conversion.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN [&IGID PVC CONDUIT, SCHEDULE 40

Type Cond. Size Trade Sizes In Inches

Letters AWG/kemil ' 1 1 1) 2 2 3 3% 4 5 6
RHH, RHW, 14 4 7 20 siara A 645 99 R38R 069300
RHW-2 12 3 5 9 16 22 37 53 82 110 142 224 323

10 2 4 TS B30 1435 665 BYREENNG 51815061

8 1 2 4 7 9 15 22 3 60 94 137

6 1 1 3 5 feihl2n 18R I08 T 37EeE 485 76109

4 1 1 2 4 6 10 14 22 29 37 59 8

3 1 1 1 4 5 SRR 198 05 33RE0E TS

2 1 1 1 3 4 7 10 16 22 28 45 65

1 0 1 1 1 3 5 7o W 14 1929 43

1/0 0 1 1 1 2 4 6 9 13 16 26 37

2/0 0 0 1 1 1 3 5 8 14 14 722 32

3/0 0 0 1 1 1 3 4 7 9 12 19 28

4/0 0 0 1 1 1 2 4 6 8. 100 18

250 0 0 0 1 1 1 3 4 6 8 12 18

300 0 0 0 1 1 1 2 4 5 A Eb

350 0 0 0 1 1 1 2 3 5 6 10 14

400 0 0 0 1 1 1 1 3 4 6 9 .18

500 0 0 0 0 1 1 1 3 4 5 8 11

600 0 0 0 0 1 1 1 2 3 4 6 9

700 0 0 0 0 0 1 1 1 3 3 6 8

750 0 0 0 0 0 1 1 1 2 3 5 8

W 14 8 14 24 42 57 94 135 209 280 361 568 822
THHW, 12 6 T 18532 AL 72 036 1601521580 277 A6 631
THW, 10 4 8 13 24 32 54 77 119 160 206 325 470
THW-2 8 2 4 H3 18IEE 80 43 660 B0R 1A 5 18T 26)
RHH*, RHW*, 14 5 9 16 28 38 63 90 139 186 240 378 546
RHW-2* 12 4 8 12092 30750 720112 1500 193 304 439
10 3 6 10 17 24 39 56 8 117 150 237 343

8 1 3 B0 145023 330 L 520 70: - 907 71495 205

TW, THW, 6 1 2 4 8 1 18 26 40 53 69 109 157
THHW, THW-2 4 1 1 3 6 to i ) o R (1) 81 117
3 1 1 3 5 7 11 16 25 34 4 69 100

2 1 1 2 4 64710 . 14 22099 37 & B9 8D

1 0 1 1 3 4 7 10 15 20 26 41 60

1/0 0 1 1 2 3 6 B 18 il 2D ah hY

2/0 0 1 1 1 3 5 71 15 19 30 43

3/0 0 1 1 1 2 4 6 9 1200160250 3B

4/0 0 0 1 1 1 3 5 8§ 10 13 21 30

250 0 0 1 1 1 3 4 6 8 1 25

300 0 0 1 1 1 2 3 5 7 9 15 21

350 0 0 0 1 1 1 3 5 6 Lokl

400 0 0 0 1 1 1 3 4 6 7012 17

500 0 0 0 1 1 Al 2 3 5 67 105 14

600 0 0 0 0 1 1 1 3 4 5 8 M

700 0 0 0 0 1 2| 1 2 3 4 Z=n 10

750 0 0 0 0 1 1 1 2 3 4 6 10

THHN, 14 1 21 3475605 1825::135.,-193 299 401 517. B15:1178
THWN, 12 8 15 25 43 59 99 141 218 293 377 5 859
THWN-2 10 5 9. 158 27T 3 62 89 137 - 184 238 374 541
8 3 5 9 16 21 36 51 79 106 137 216 312

6 1 4 G 1650 260 87 - 57 77i--99 156 225

4 1 2 4 7 9 16 22 35 47 61 96 138

3 1 1 3 6 8- 13 19:. 30 40" 51 81 117

2 1 1 3 5 7 11 16 25 33 43 68 98

1 1 1 i 3 5 B 2eR 180 250 3915 50= -+ 73

1/0 1 1 1 3 4 7 10 15 2 27 42 61

2/0 0 1 1 2 3 6 8ea 180 A a 22500 35 51

3/0 0 1 1 1 3 5 7 M 14 18 29 42

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the subject which is only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN &IGID PVC CONDUIT, SCHEDULE 40

Type Cond, Size Trade Sizes In Inches

Letters AWGAkemil % s 1 1% 1% 2 2% 3 3, 4 5 6
THHN, 40 Oh el T i2is o diLs G Ok oEs o0 Ak gD
THWN, 250 0 0 1 1 1 3 4 7 10 12 20 28
THWN-2 300 07 s OREE R e e Y

350 o 0 1 1 1 2 3 5 7 9 15 2
400 0iEaE R DI R e e SR R S 1REY
500 o 0 0o 1 1 1 2 4 5 7 1 16
600 05 OREEOEE R L e S 5 9 g
700 0 0 o0 0 1 1 1 3 4 5 8 1
750 QREEORE0ESE OB R 0 BT
FEP, FEPB, 14 1120 33 58 79 131 188 200 389 502 790 1142
PFA, PFAH, 12 gllisiybie: o4v 408 585 ¢ 96T aTH2120: DBAY 366% 577 834
TFE 10 6 10 17 30 41 69 98 152 204 263 414 598
8 SEERETRA0T | 175 041 a0 Hi boRE a7 1k 60k 237E R a4B
6 2 4 7 12 17 28 4 62 8 107 169 244
4 TSR g RO TR saeE ToE 1R
3 1 2 4 7 10 16 23 36 48 62 98 142
2 18 B 35T 6L BB O 308 HORET STE e
PFA, PFAH, TFE 1 1 1 2 4 5 9 13 20 28 36 56 81
PFA, PFAH, 110 R e T E e T
TFE, Z 210 0o 1 1 3 4 6 9 14 19 24 39 56
30 QR R S D T B o SO
410 0o 1 1 1 2 4 6 9 13 16 2 38
z 1 13 24 40 70 95 158 226 350 469 605 952 1376
12 9 17 28 49 68 112 160 248 333 429 6
10 B 0 (75 208 410 160717 08 1508 2047 PapaTATs08
8 3 6 11 19 26 43 62 9 129 166 261 378
6 I 4B T3 18 30 AT 67 00 T B ENE 765
4 1 3 5 9 12 21 30 46 62 8 126 183
3 Tl SRS e i TR ORI AEE U R TR QTR Y
2 11 3 5 7 12 18 28 38 49 77 M
1 Bl s sl r B ata e e
XHH, 14 8 14 24 4 57 94 135 209 280 361 568 822
XHHW, 12 G AT TBET: a0l AR FT2 108171805 21505 277 436563
XHHW-2, 10 4 8 13 24 3 54 77 119 160 206 325 470
w 8 O 4EL T 7 AU BEE RS 43000 (BRI S 00B ETIH 1 1181 26)
6 103 5 10 13 2 32 49 66 85 134 193
4 b e e T s
3 i1 3 6 8 13 19 30 40 52 & 118
2 BRI e Sl T e sy e A 6000
XHH, XHHW, 1 T 1 1 3 5 8 12 19 25 32 51 714
XHHW-2 110 i i e e e D)
210 o 1 1 2 3 & 8 18 17 2B ¥ 5
3/0 OEEEIES i BT ST e e T 19 0T
40 o 1 1 1 2 4 6 9 12 15 24 35
250 O Qi R Sl s D90 0 iog
300 o 0 1 1 1 3 4 6 8 11 17 2
350 ORGR ORI e T RS R S R D B sk o)
400 o 0 o 1 1 1 3 5 6 8 13 19
500 0T U R e R s D
600 0 0 o 1 1 1 1 3 4 5 9 13
700 RSO R I DR R B E e ey
750 o 0 o0 0 1 1 1 2 3 4 7 T

* Types RHH, RHW, AND RHW-2 without outer covering.

See Ugly’s page 131 for Trade Size / Metric Designator conversion.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which s represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN

RIGID PYGC CONDUIT, SCHEDULE 80

Type Cond. Size

Trade Sizes In Inches

Letters  AWG/kemil '/ s 1 14 1) 2 2 3 3% 4 5 6
RHH RHW, 14 3 5 9 iaT 23030 B0 88 81635 2430 8 349
RHW-2 12 2 4 7 14 19 32 46 73 98 127 202 290
10 1 3 Bl 16526 L8735 5900 707 11103 1635034

8 1 1 3 6 8§ 13 19 31 4 54 8 122

6 1 1 2 4 Gl el SRR e GE R

4 1 1 1 3 5 8 12 19 26 33 53 77

3 0 1 1 3 4 Tl R TR 205 ST 6T

2 0 1 1 3 4 6 9 14 20 25 41 58

1 0 1 1 1 2 4 6 5 I3l 27 88

1/0 0 0 1 1 1 3 5 8 1 15 23 33

2/0 0 0 1 1 1 3 4 ol 1320 29

3/0 0 0 1 1 1 3 4 6 8 11 17 25

4/0 0 0 0 1 i 2 3 5 7 9. sl

250 0 0 0 1 1 1 2 4 5 7 11 16

300 0 0 0 il 1 1 2 3 5 6 @10 14

350 0 0 0 1 1 1 1 3 4 5 9 13

400 0 0 0 0 1 1 1 3 4 5 Biiii2

500 0 0 0 0 1 1 1 2 3 4 7 10

600 0 0 0 0 0 1 1 1 3 3 6 8

700 0 0 0 0 0 1 1 1 2 3 5 7

750 0 0 0 0 0 1 1 1 2 3 5 7

w 14 6 11 20 35 49 82 118 185 250 324 514 736
THHW, 12 5 Q1% 1hi P27 ERRIAII630 0] T R149 1921948751804 65
THW, 10 3 6 11 20 28 47 67 106 143 185 294 421
THW-2 8 1 3 6 11 A5TRIP6 a7 e 50 T0 R 0316811034
RHH*, RHW*, 14 4 8 13 23 32 55 79 123 166 215 341 490
RHW-2* 12 3 6 10:52019 0426, 1044 1 63709 CH138 o173 074 394
10 2 5 8 15 20 34 49 77 104 135 214 307

8 1 3 5 9 1208020 529 460 605 (81 1108 1184

RHH*, RHW*, 6 1 1 3 7 9 16 22 35 48 62 98 141
RHW-2*, TW, 4 il i 3 5 G e 6 h s b R (638 05
THW, THHW, 3 1 1 2 4 6 10 14 22 30 39 63 9
THW-2 2 1 1 1 3 5 8 L1219 260 3353 77
1 0 1 1 2 3 6 8 13 18 23 37 54

1/0 0 1 1 1 3 5 7.1 15:...20 82" 46

2/0 0 1 1 1 2 4 6 10 13 17 27 39

3/0 0 0 1 1 1 3 5 8 il 14 23 33

4/0 0 0 1 1 1 3 4 7 9 12 19 27

250 0 0 0 1 1 2 3 5 7 el o)

300 0 0 0 1 1 1 3 5 6 8 13 19

350 0 0 0 1 1 1 2 4 6 72T

400 0 0 0 1 1 1 2 4 5 7 10 15

500 0 0 0 1 1 1 3l 3 4 5 9. 13

600 0 0 0 0 1 1 1 2 3 4 7 10

700 0 0 0 0 | | 1 2 3 4 6 9

750 0 0 0 0 0 1 1 1 3 4 6 8

THHN, 14 9 S0 7=iaRo8atiEbl 7018 | 17077265 #3585 1464073671055
THWN, 12 6 12 20 37 &1 86 124 193 261 338 537 770
THWN-2 10 4 TAESAR 23305 aRE0A i 78 102 (HH0AT 32131453387 7485
8 2 4 7 13 18 31 45 70 95 123 195 279

6 1 3 5 Q.13 18207532 (66T 68700280 4Y 5002

4 1 1 3 6 8 14 20 31 42 54 8 124

3 1 1 3 5 T2 e A6 3hE R MGIEET] 2105

2 1 1 2 4 6 10 14 22 30 39 61 88

1 0 1 1 3 4 7 05652055100 E 45 L 65

1/0 0 1 1 2 3 6 9 14 18 24 38 55

2/0 0 1 1 1 3 5 sl o 016 3i020.0 532 25146

3/0 0 1 1 1 2 4 6 9 13 17 26 38

Reprinted wnhf
Quincy, MA 02269. This reprinted material is not
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MAXIMUM NUMBER OF CONDUCTORS IN &IGID PVG CONDUIT, SCHEDULE 60

Type Cond. Size Trade Sizes In Inches
Letters AWG/kemil ' %/ 1 14 1 2 2, 3 3| 4 5 6
THHN, 4/0 0 0 1 1 1 3 5 8 10 14 22 3
THWN, 250 0 0 1 1 1 3 4 6 8 1 18 25
THWN-2 300 0 0 0 1 1 2 3 5 7 9 160 22
350 0 0 0 1 1 1 3 5 6 8 13 19
400 0 0 0 1 i 1 3 4 6 7 12
500 0 0 0 1 1 1 2 3 5 6 10 14
600 0 0 0 0 1 il 3l 3 4 5 8 12
700 0 0 0 0 1 1 1 2 3 4 7 10
750 0 0 0 0 1 1 1 2 3 4 7 9
FEP, FEPB, 14 8 16 27 49 68 115 164 257 347 450 714 1024
PFA, PFAH, 12 6 12 2036 50 84 120001881 ¢ 253 3285 B2 A7
TFE 10 4 8 14 26 36 8 135 182 235 374 536
8 2 5 8l 15 20 34 49 77 104 135 214 307
6 1 3 6 10 14 24 3 55 74 96 152 218
4 1 2 4 Jiss ! W24 38 52 674 106153
3 1 1 3 6 8 14 20 32 43 56 89 127
2 1 b 3 5 It 12 17 26 35 46 T3 105
PFA, PFAH, TFE 1 i1 1 3 5 8 11 18 25 3 51 73
PFA, PFAH, 1/0 0 1 1 3 4 7 10 15 20 27 42 61
TFE, Z 2/0 0 1 1 2 3 & 8 12 17 22 35 50
3/0 0 1 1 4 2 4 6 10 14 18 29 4
4/0 0 0 1 1 1 4 5 8 1 15 24 34
Z 14 10 19 33 59 82 138 198 310 418 542 860 1233
12 7 14 23 42 5 98 141 220 297 38 61 875
10 4 814 %636 60 8 135 182 235 374 536
8 3 5 9 16 22 38 54 8 115 149 236 339
6 2 4 By 16 26.:38 600 " 81: 104 166 238
4 1 2 4 8 11 18 26 41 55 72 114 164
3 1 2 3 5 8 185 <1902 7308 40 52 83 19
2 1 1 2 5 6 1 16 25 33 43 69 99
1 0 1 2 4 5 9 1320027 3508 80
XHH, 14 6 1 20 35 49 82 118 185 250 324 514 736
XHHW, 12 5 9 1527 38 63 91 142 192 248 394 565
XHHW-2, 10 3 6 M 20 28 47 67 106 143 185 294 421
W 8 1 3 (i 15 260 37 89 79 103 1630 234
6 1 2 4 8 M 19 28 43 59 76 121 173
4 1 1 3 6 8 14 20 3 42 55 87: 125
3 1 1 3 5 7, 12 17 26 36 47 74 106
2 1 1 2 4 6 1080 0de 22 30: 39 6080
XHH, XHHW, 1 0 1 1 3 4 7 10 16 22 29 46 66
XHHW-2 1/0 0 1 1 2 3 6 9 14 19 24439 1556
2/0 0 1 1 1 3 5 7 M 16 20 32 46
3/0 0 1 1 1 2 4 6 9L 13 170 27500 R8
4/0 0 0 1 1 1 3 5 8 M 14 22 32
250 0 0 1 1 1 3 4 6 9 11 185 26
300 0 0 1 1 1 2 3 5 7 10 15 22
350 0 0 0 1 1 1 3 5 6 8 4 20
400 0 0 0 1 1 1 3 4 6 7 12 17
500 0 0 0 1 1 1 2 3 5 6 014
600 0 0 0 0 1 1 1 3 4 B 8 1
700 0 0 0 0 1 1 1 2 3 4 710
750 0 0 0 0 1 1 1 2 3 4 6 9

* Types RHH, RHW, AND RHW-2 without outer covering.

See Ugly's page 131 for Trade Size / Metric Designator conversion.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN [#/@/D WMETAL GCONDUIT

Type Cond. Size

Trade Sizes In Inches

Letters  AWG/kemil /. ¥ 1 1% 1) 2 2 3 3% 4 5 6
RHH, RHW, 14 4 722 2877754b 66102 " 136 17601276 398
RHW-2 12 3 6 10 17 23 38 55 85 113 146 229 330

10 3 5 Bl AT S 3 il e RN R85 067

8 1 2 4 7 10 16 23 36 48 61 97 139

6 1 1 3 6 BENEln e BAEE20 a0 A0 D

4 1 1 2 4 6 10 14 22 30 38 60 87

3 1 1 2 4 5 DaE12: S 10 2000034158 (76

2 1 1 1 3 4 71 17 23 29 46 66

1 0 1 1 1 3 5 e 18: 019830 44

1/0 0 1 1 1 2 4 6 10 13 17 26 38

2/0 0 1 1 1 2 4 5 8: 14 23 33

3/0 0 0 1 1 1 3 4 7 10 12 20 28

4/0 0 0 1 1 1 3 4 6 B~ M 17 24

250 0 0 0 1 1 1 3 4 6 8 13 18

300 0 0 0 1 1 1 2 4 5 T e

350 0 0 0 1 1 1 2 4 5 6 10 15

400 0 0 0 1 1 1 1 3 4 6 9 13

500 0 0 0 1 1 1 1 3 4 5 8 1

600 0 0 0 0 1 1 il 2 3 4 6 9

700 0 0 0 0 1 1 1 1 3 4 6 8

750 0 0 0 0 0 1 1 1 3 3 5 8

™w 14 9 15 25 44 59 98 140 216 288 370 581 839
THHW, i) 72 a0 188 b b 07 FE165. 6221 (084 446 644
THW, 10 [ 9 14 25 34 56 80 123 164 212 332 480
THW-2 8 3 5 8.1 0140 SR A4 680 FEIB 8 E8s 267
RHH*, RHW*, 14 6 10 17 29 39 65 93 143 191 246 387 558
RHW-2* 12 5 8 18028 32 © 52 L5554 198 311 S448
10 3 6 10 18 25 41 58 90 120 154 242 350

8 1 4 6 16 PAE b i DT 9P G1Ab1 1200

RHH*, RHW*, 6 1 3 5 8 M 18 27 4 55 71 111 160
RHW-2*, TW, 4 1 1 3 6 8 =l 20 5 281 4 53 83 120
THW, THHW, 3 1 1 3 5 7 12 17 26 3 45 71 103
THW-2 2 1 1 2 4 G0 NI 205 0. C 380 60 G
1 1 1 1 3 4 7 10 15 2t 27 42 6l

10 0 1 1 2 3 6 8 i3 18 .23 3GF 5D

2/0 0 1 1 2 3 5 7 1 15 19 31 44

3/0 0 1 1 1 2 4 6 9.3 . 16 28 37

4/0 0 0 1 1 1 3 5 8 10 14 20 3

250 0 0 1 1 1 3 4 6 8 17+ 125

300 0 0 1 1 1 2 3 5 7 9 15 22

350 0 0 0 1 1 1 3 5 6 8 18 9

400 0 0 0 1 1 1 3 4 6 7012 17

500 0 0 0 1 1 1 2 3 5 [ER ek 7

600 0 0 0 1 1 1 1 3 4 5 8 12

700 0 0 0 0 1 1 ] 2 3 4 7. 10

750 0 0 0 0 1 1 1 2 3 4 710

THHN, 14 13,0222 360 63 85 19140 1200 309 412. 531 . 833 1202
THWN, 12 9 16 26 46 62 102 146 225 301 387 608 877
THWN-2 10 Guis 07 20 - 39w 6A 92 149 189 5244 1°383 ©1552
8 3 6 9 16 22 37 53 82 109 140 221 318

6 2 4 i 20006 527638 - 50 <L 79 00 15941230

4 1 2 4 7 10 16 23 36 48 62 98 141

3 il 1 3 6 8 ald N R0 23] 4 53 83 120

2 1 1 3 5 7 11 17 26 34 4 70 100

1 1 1 1 4 5 B 2000519 5 2507 1380 B A

1/0 1 1 1 3 4 7 10 16 21 27 43 63

2/0 0 1 1 2 3 6 8 13 . 18- ..23 .36 52

3/0 0 1 1 1 3 5 7 M 15 19 30 43

Reprinted with permission from NFPA 70-2005, the National Electrical Code® . Copyright 2004, National Fire Protection Association
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN /@D METAL CONDUIT

Type Cond. Size Trade Sizes In Inches
Letters  AWG/kemil ' ¥ 1 14 1k 2 2. 3 3) 4 5 6
THHN, 4/0 0 1 il 1 2 4 6 9 12 16 125 236
THWN, 250 0 0 1 1 1 3 5 710 13 20 29
THWN-2 300 0 0 i 1 1 3 4 6 GRS e L
350 0 0 1 1 1 2 3 5 7 10 15 22
400 0 0 1 il 1 2 3 b T 8 13 20
500 0 0 0 1 1 1 2 4 5 7 11 16
600 0 0 0 1 1 1 1 3 4 6 9. 43
700 0 0 0 1 1 1 1 3 4 5 8 11
750 0 0 0 0 1 4 1 3 4 5 7.1
FEP, FEPB, 14 12 22 35 61 83 136 194 300 400 515 808 1166
PFA, PFAH, 12 9. .16 .26 44 . 60 99 142 219 2927 376 . B 851
TFE 10 6 11 18 32 43 71 102 157 209 269 423 610
8 3 GEE e i S 581 #590: 1120, 54 M9 5350
6 2 4 7 13 29 4 64 85 110 172 249
4 1 3 5 OF R0 BD0TREDST FAT RO R T R DD T
3 1 2 4 7 10 17 24 37 50 64 100 145
2 1 i) 3 6 8 14 20 3 4 53830120
PFA, PFAH, TFE 1 1 1 2 4 6 9 14 21 28 37 57 83
PFA, PFAH, 1/0 1 1 1 3 5 8 Eer e 30 a8 60
TFE, Z 2/0 1 1 1 3 4 6 9 14 19 25 40 57
3/0 0 1 1 2 3 5 8u 2 16 21 3 47
4/0 0 1 1 1 2 4 6 10 13 17 271 39
7 14 150 26 - 42 73 100 ‘164 234 ..361 - 482 = 621+ 974 1405
12 10 18 30 5 71 116 166 256 342 440 6 7
10 6: 11 018 3243 Tl 02 157 2000 12695 142357610
8 4 7 11 20 27 45 64 99 132 170 267 386
6 3 5 8 H4 19 31 451069 93 11200 188 271
4 1 3 5 9 13 22 31 48 64 8 129 186
3 1 2 4 7 9.1 Efpiiio imss. Hay G0, 104 Hi3e
2 1 1 3 6 8 13 19 29 39 50 78 113
1 1 1 2 5 BN i e e P
XHH, 14 9 15 25 44 59 98 140 216 288 370 581 839
XHHW, 12 7 12..-519. 038 04 75 107165 201 284 446 . 644
XHHW-2, 10 5 9 14 25 34 56 80 123 164 212 332 480
Al 8 3 5 8 4 19 31 44 " 168 91 118 11185 267
6 1 3 6 10 14 23 33 5 68 87 137 197
4 1 2 4 7 10 1 2487 4963 994143
3] 1 1 3 6 8 14 20 31 4 53 84 121
2 1 il 3 5 I 1200 i 260 135 457 70101
XHH, XHHW, 1 1 1 1 4 B 9 12 19 26 33 52 76
XHHW-2 1/0 1 1 1 3 4 7010 M6 208 M
2/0 0 1 1 2 3 6 9 13 18 23 37 53
3/0 0 1 1 1 3 5 7= 15 9 30E e
4/0 0 1 1 1 2 4 6 9 12 16 25 36
250 0 0 1 1 1 3 5 o S o T
300 0 0 1 1 1 3 4 6 9 11 18 25
350 0 0 1 1 1 2 3 6 7100 150522
400 0 0 1 1 1 2 3 5 7 9 14 20
500 0 0 0 1 1 1 o) 4 5 77 e
600 0 0 0 1 1 1 1 3 4 6 9 13
700 0 0 0 1 1 1 1 3 4 5 il
750 0 0 0 0 1 1 1 3 4 5 71

* Types RHH, RHW, AND RHW-2 without outer covering.

See Ugly's page 131 for Trade Size / Metric Designator conversion.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy. MA 02269. This reprinted materiai is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN [FLEXIBLE METAL CONDUIT

Type  Cond. Size Trade Sizes In Inches
Letters AWG/Akemil /. 1 1 1k 22 3 3k 4
RHH RHW, 14 4 7 1 17 25 44 67 96 I3
RHW-2 12 3 6 9 14 21 37 55 80 109 142
10 3 5 7 11 17 30 4 B4 AL 8BRS
8 1 2 4 6 9 15 23 34 4 60
6 1 1 2 5 7 120519 2T g
4 1 1 2 4 5 10 14 2129 37
3 1 1 1 3 5 B 185 #2657 733
2 1 1 1 3 4 701 16 22 28
1 0 1 1 1 2 5 7 10 14 19
1/0 0 1 1 1 2 4 6 9 12 16
2/0 0 1 1 1 1 3 5 8 1 14
3/0 0 0 1 1 1 3 5 7 9 12
4/0 0 0 1 1 1 2 4 6 8 10
250 0 0 0 1 1 1 3 4 6 8
300 0 0 0 1 1 1 2 4 5 7
350 0 0 0 1 1 1 2 3 5 6
400 0 0 0 0 1 1 1 3 4 6
500 0 0 0 0 1 1 1 3 4 5
600 0 0 0 0 1 1 1 2 3 4
700 0 0 0 0 0 1 1 1 3 3
750 0 0 0 0 0 1 1 1 2 3
w 14 9 15 2 36 53 94 141 203 277 361
THHW, 12 Tl 18 20 728 - H08E S Hbe s 2R o
THW, 10 5 8 13 21 30 54 81 116 158 207
THW-2 8 3 5 7 i 17 30 45 64 88 115
RHH*, RHW*, 14 6 10 15 24 35 62 94 135 184 240
RHW-2* 12 8 g1z 19775328 5055 753l #1081 % 1487 193
10 4 6 10 15 22 39 59 85 115 151
8 1 4 6 9 13 23 35 51 69 90
RHH*, RHW*, 6 1 3 4 7 10 18 27 39 53 69
RHW-2*, TW, 4 1 1 3 5 7 136 0120 ey
THW, THHW, 3 1 1 3 4 6 117 25 34 44
THW-2 2 1 1 2 4 5 10 14 21 29 37
1 1 1 1 2 4 710 15 20 26
1/0 0 a) 1 1 3 6 9 12 17 22
2/0 0 1 1 1 3 5 7 10 14 19
3/0 0 1 1 1 2 4 6 Ciibages
4/0 0 0 1 1 1 3 5 7 10 13
250 0 0 1 1 1 3 4 6 &1
300 0 0 1 1 1 2 3 5 7 9
350 0 0 0 1 1 1 3 4 6 8
400 0 0 0 1 1 1 3 4 6 7
500 0 0 0 1 1 1 2 3 5 6
600 0 0 0 0 1 1 1 2 4 5
700 QiR 0 0 1 1 1 2 3 4
750 0 0 0 0 1 1 1 F: 3 4
THHN, 14 191 E2niies 52 7607 134 T 202 291 396" 518
THWN, 12 9 16 24 38 56 98 147 212 289 378
THWN-2 10 il 15 24 35 62 93 134 18 23
8 3 6 3 14 20 35 53 77 106 137
6 2 4 6 10 14 2% 38 58 76 9
4 1 2 4 6 9 16 24 34 46 61
3 1 1 3 5 7 13 20 29 39 51
2 1 1 3 4 6 117 24 33 43
1 1 1 1 3 4 8 12 184 g2
1/0 1 1 1 2 4 710 15 20 27
2/0 0 1 1 1 3 6 9 12 17 22
3/0 0 1 1 1 2 5 7 10 14 18

Reprinted wnh?perm\ssron from NFPA 70-2005, the National Elec{m:a! Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the subject which is only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN [FLEXIBLE METAL CONDUIT

Type Cond. Size Trade Sizes In Inches
Letters  AWG/kemil VI 1 14 1) 22/ 3 3%k 4
THHN, 4/0 0 1 1 1 1 4 6 8 1245
THWN, 250 0 0 1 1 1 3 5 7 9 12
THWN-2 300 0 0 1 1 1 3 4 6 (e 1]
350 0 0 1 1 1 2 3 5 7 9
400 0 0 0 1 1 1 3 5! 6 8
500 0 0 0 1 1 1 2 4 5 7
600 0 0 0 0 1 1 1 3 4 5
700 0 0 0 0 1 1 1 3 4 5
750 0 0 0 0 1 i 1 2 3 4
FEP, FEPB, 14 12 2 32 51 74 130 196 282 385 502
PFA, PFAH, 12 9 15 24 37 54 951443 12D 281 367
TFE 10 6 11 17 26 39 68 103 148 201 263
8 4 6 10 15 22 39 59 85 1lh i ihl
6 2 4 7 11 16 28 42 60 8 107
4 1 3 5 7 1 H9iERERY 4255795
3 1 2 4 6 9 16 24 35 48 62
2 1 il 3 5 7 13 20 29 39 51
PFA, PFAH, TFE 1 1 1 2 3 5 9 14 20 27 36
PFA, PFAH, 1/0 1 1 1 3 4 ] 170235 30
TFE, Z 2/0 1 1 1 2 3 6 9 14 19 24
3/0 0 1 1 1 3 5 8 1 158500
4/0 0 1 1 1 2 4 6 9 13 16
z 14 154 125 39 61 89 157 236 . 340 463 605
12 118 28 43 63 111 168 241 329 429
10 6 il 17 26 39 68 103 148 201 263
8 4 7 1 17 24 43 65 93 127 166
6 3 5 7 12 17 30 45 651457800 T
4 1 3 5 8 12 21 31 45 61 80
3 1 2 4 6 8 15554523 337 4550158
2 1 1 3 5 7 12 19 27 37 49
1 i 1 2 4 6 104015 227 30489
XHH, 14 9 15 23 36 53 94 141 203 277 361
XHHW, 12 i e 18 28 41 720 108 R 56 S 212 0T
XHHW-2, 10 5 8 13 21 30 54 81 116 158 207
W 8 3 5 7 il 17 Cliji e 64 = L 8BEETD
6 1 3 5 8 12 22 33 48 65 85
4 1 2 4 6 9 16 24 3 ar e
3 1 1 3 5 7 13 20 29 40 52
2 1 1 3 4 6 1Al 1 24 33 44
XHH, XHHW, 1 1 1 1 3 5 8 13 18 25 32
XHHW-2 1/0 1 1 1 2 4 e 155521 27
2/0 0 1 1 2 3 6 9 13 17 23
3/0 0 1 1 1 3 5 I 10 14 19
4/0 0 1 1 1 2 4 6 9 12 15
250 0 0 1 1 1 3 5 7S a8
300 0 0 1 1 1 3 4 6 8 i
350 0 0 1 1 1 2 4 5 7, 9
400 0 0 0 1 1 1 3 B 6 8
500 0 0 0 2} 1 1 3 4 5 7
600 0 0 0 0 1 1 1 3 4 5
700 0 0 0 0 1 1 1 3 4 b
750 0 0 0 0 1 1 1 2 3 4

* Types RHH, RHW, AND RHW-2 without outer covering.

See Ugly’s page 131 for Trade Size / Metric Designator conversion.

Reprinted with permission from NFPA 70-2005, the National Electrical Code® , Copyright 2004, National Fire Protection Association,
Quincy. MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN LIGUIDTIGHT FLEXIBLE METAL CONDUIT

Type  Cond. Size Trade Sizes In Inches
Letters  AWG/kemil . % 1 16 1P 22 3 3%k 4
RHH, RHW, 14 4 TEna2 21 27 A TRe 020 R 1333
RHW-2 12 3 6 10 17 22 36 55 84 110 144
10 3 5 8 14 18 29 M 68 89 116
8 1 2 4 7 9 15 23 36 46 61
6 1 1 3 6 7 12 .18 2877 a7 1 4B
4 1 1 2 4 6 9 14 2 29 38
3 1 1 1 4 5 B 19/ 257 /33
2 1 1 1 3 4 701 17 2 29
1 0 1 1 1 3 5 7 R
1/0 0 1 1 1 2 4 6 10 13 16
2/0 0 1 1 1 1 3 5 8 Ul 14
3/0 0 0 1 1 1 3 4 7 9 12
4/0 0 0 1 1 1 2 4 6 8 10
250 0 0 0 1 1 1 3 4 6 8
300 0 0 0 1 1 ¥ 2 4 & 7
350 0 0 0 1 1 1 2 3 5 6
400 0 0 0 1 1 1 1 3 4 6
500 0 0 0 1 1 1 1 3 4 5
600 0 0 0 0 1 4 1 2 3 4
700 0 0 0 0 0 1 1 1 3 3
750 0 0 0 0 0 1 1 1 2 3
w 14 9 15 25 44 57 93 140 215 280 365
THHW, 12 ooz o 33 43 7180 1081 77165.7 2150 280
THW, 10 5 9 14 25 32 53 80 123 160 209
THW-2 8 3 5 8 14 18 a8 4 68 89 116
RHH*, RHW*, 14 6 10 16 29 38 62 93 143 186 243
RHW-2* 12 5 g 18 23 30 RO 78 omE M8 185
10 3 6 10 18 23 39 58 89 117 152
8 1 4 6 1 14 235441185 5 1@ 9
RHH*, RHW*, 6 1 3 5 8 11 18 27 4 53 70
RHW-2*, TW, 4 1 1 3 6 8 B an - 40 52
THW, THHW, 3 1 1 3 5 7 117 2% 34 44
-2 2 1 1 2 4 6 94 womoon
1 1 1 1 3 4 710 15 20 26
1/0 0 1 il 2 3 6 8 RT3
2/0 0 1 1 2 3 5 7 1115 19
3/0 0 1 1 1 2 4 6 9 -1
4/0 0 0 1 1 1 3 5 8 10 13
250 0 0 1 1 1 3 4 6 B n
300 0 0 1 1 1 2 3 5 7 9
350 0 0 0 1 1 1 3 5 6 8
400 0 0 0 1 1 1 3 4 6 7
500 0 0 0 1 1 1 2 3 5 6
600 0 0 0 1 1 1 1 3 4 5
700 0 0 0 0 1 1 1 2 3 4
750 0 0 0 0 1 1 1 2 3 4
THHN, 14 18 gk 63 81 133 201 308 401 523
THWN, 12 9 16 26 46 59 97 146 225 292 381
THWN-2 10 B 18 18 29725037, 61 92 141 184 240
8 3 6 9 16 21 35 53 81 106 138
6 2 4 7 12 15 2% 38 59 76 . 100
4 1 2 4 7 9 15 23 3% 47 61
3 1 1 3 6 8 1320 3 40 52
2 1 1 3 5 7 117 26 33 44
1 1 1 1 4 5 812 19i 4125 7. 132
1/0 1 1 1 3 4 710 16 21 27
2/0 0 1 1 2 3 6 8 13T .23
3/0 0 1 1 1 3 5 7 11419

Reprinted with permission from NFPA 70-2005, the National Electrical Code® , Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which i represented only by the Standard i its entirety.
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MAXIMUM NUMBER OF CONDUCTORS IN LIQUIDTIGHT FLEXIBLE METAL CONDUIT

Type Cond. Size Trade Sizes In Inches
i ol 1 16 1% 2 2% 3 3 4
THHN, 4/0 0 1 1 1 2 4 6 9 12 15
THWN, 250 0 0 1 1 1 3 5 7 10 12
THWN-2 300 0 0 1 1 1 3 4 6 8 1
350 0 0 1 1 1 2 3 5 7 9
400 0 0 0 1 1 1 3 5 6 8
500 0 0 0 1 1 1 2 4 5 7
600 0 0 0 1 i 1 1 3 4 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 0 1 1 1 3 3 5
FEP, FEPB, 14 12 21 35 61 79 129 195 299 389 507
PFA, PFAH, 12 9; 15 25 44 57 94 142 218 284 370
TFE 10 6 11 18 32 4 68 102 156 203 266
8 3 6 10 18 23 39 58 B89 162
6 2 4 7 13 17 27 4 64 83 108
4 1 3 5 9 12 19 29 44 58 75
3 1 2 4 7 10 16 24 37 48 63
2 1 1 3 6 8 13 20 30 40 52
PFA, PFAH, TFE 1 T 2 4 5 9 14 2 28 36
PFA, PFAH, 1/0 1 1 1 3 4 7 0 18 23 30
TFE, Z 2/0 1 1 1 3 4 6 9 14 19 25
3/0 0 1 1 2 3 5 8 12NT6HRE20
4/0 0 1 1 1 2 4 6 10 13 17
74 14 20 26 42 73 95 156 235 360 469 611
12 14 18 30 52 67 111 167 255 332 434
10 8 1 18 32 4 68 102 166 21:203:7266
8 5 7 1 20 26 43 64 99 129 168
6 4 5 8 14 18 30 45 69 90 118
4 2 3 5 9 12 20 31 48 62 81
3 2 2 4 i 9 15 23 35 45 59
2 1 1 3 6 7 12 19 29 38 49
1 i 1 2 5 6 1025545 230300 - 40
XHH, 14 9 15 25 44 57 93 140 215 280 365
XHHW, 12 7 12 19 33 43 71244108, 165552161280
XHHW-2, 10 5 9 14 25 32 53 80 123 160 209
w 8 3 5 8 14 18 29 44 68LELEIBOI TG
6 1 3 6 10 13 22 33 50 66 86
4 1 2 4 7 9 161024 36481162
3 1 1 3 6 8 1320 31 40 52
2 1 1 3 5 7 1 17 26 34 44
XHH, XHHW, 1 1 1 1 4 5 8 12 19 25 33
XHHW-2 1/0 1 1 1 3 4 7 10 16 21 28
2/0 0 1 1 2 3 6 9 13 17 23
3/0 0 1 1 1 3 5 7 1 14 19
4/0 0 1 1 1 2 4 6 9 12 16
250 0 0 1 1 1 3 5 TaG 0TS
300 0 0 1 1 1 3 4 6 8 1
350 0 0 1 i 1 2 3 5 Taki=d0
400 0 0 0 1 1 1 3 5 6 8
500 0 0 0 1 1 1 2 4 5 7
600 0 0 0 1 1 1 1 3 4 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 0 1 1 1 3 3 5

* Types RHH, RHW, AND RHW-2 without outer covering.

See Ugly's page 131 for Trade Size / Metric Designator conversion.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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DIMENSIONS OF INSULATED CONDUCTORS & FIXTURE WIRES

APPROX. AREA
SQ. IN.

TYPE SIZE
RFH-2 18 0.0145
FFH-2 16 0.0172
RHW-2, RHH 14 00293
RHW 12 00353
10 0.0437
8 00835
6 01041
4 01333
3 01521
2 01750
1 0.2660
10 0.3039
20 0.3505
30 04072
40 0.4754
250 06291
300 07088
350 07870
400  0.8626
500 1.0082
600 12135
700 13561
750 14272
800  1.4957
900  1.6377
1000 17719
1250 2.3479
1500 26938
1750  3.0357
2000 3.3719
SF-2, SFF-2 18 00115
16 00139
14 00172
SF-1, SFF-1 18 0.0065
RFH-1, XF, XFF 18 0.0080
TF, TFF, XF, XFF 16 0.0109
TW, XF, XFF, 14 00139

THHW, THW, THW-2

W, THHW, 12 00181
THW, THW-2 10 00243
8 0.0437
RHH', RHW*, RHW-2", 14 0.0209
12 00260

*Types RHH, RHW, and RHW-2 without outer covering

Reprinted with permission from NFPA 70-2005, the National
Electrical Code'™ , Copyright 2004, National Fire Protection
Association, Quincy, MA 02269. This reprinted material is not
the referenced subject which is represented only by the

Standard in s entirety.
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APPROX. AREA

TYPE SIZE  SQ. IN.
THHW, THW, AF, XF, XFF 10 0.0333
RHH*, RHW*, RHW-2* 8 0.0556
TW, THW 6 0.0726
THHW 4 0.0973
THW-2 3 0.1134
RHH* 2 0.1333
RHW* 1 0.1901
RHW-2* 1/0 0.2223
2/0 0.2624

3/0 0.3117

4/0 0.3718

250 0.4596

300 0.5281

350 0.5958

400 0.6619

500 0.7901

600 0.9729

700 1.1010

750 1.1652

800 1.2272

900 1.3561

1000 1.4784

1250 1.8602

1500 2.1695

1750 24773

2000 2.7818

TFN 18 0.0055
TFEN 16 0.0072
THHN 14 0.0097
THWN 12 0.0133
THWN-2 10 0.0211
8 0.0366

6 0.0507

4 0.0824

3 0.0973

2 0.1158

1 0.1562

1/0 0.1855

2/0 0.2223

3/0 0.2679

4/0 0.3237

250 0.3970

300 0.4608

350 0.5242

400 0.5863

500 0.7073

600 0.8676

700 0.9887



DIMENSIONS OF INSULATED CONDUCTORS & FIXTURE WIRES

APPROX. AREA APPROX. AREA
TYPE SIZE SQ. IN. TYPE SIZE  SQ.IN.
HN 750 1.0496 XHHW 300 0.4536
-{:WN 800 1.1085 XHHW-2 350 0.5166
THWN-2 900 1.2311 XHH 400 0.5782
1000 1.3478 ggg 83%491
PF, PGFF, PGF, PFF, 18 0.0058 700 0.9923
PTF, PAF, PTFF, PAFF 16 0.0075 750 10532
PF, PGFF, PGF, PFF, 14 0.0100 800 11122
PTF, PAF, PTFF, PAFF 900 1.2351
TFE, FEP, PFA 1000 1.3519
FEPB, PFAH 1250 1.7180
TFE, FEP, 12 0.0137 1500 2.0157
PFA, FEPB, 10 0.0191 1750 2.3127
PFAH 8 0.0333 2000 2.6073
6 0.0468 KF-2 18 0.0031
4 0.0670 KFF-2 16 0.0044
g 883% 14 0.0064
. 12 0.0093
TFE, PFAH 1 0.1399 10 0.0139
TFE, 1/0 0.1676 KF-1 18 0.0026
PFA, 2/0 0.2027 KFF-1 16 0.0037
PFAH, Z 3/0 0.2463 14 0.0055
4/0 0.3000 12 0.0083
ZF, ZFF lg 8883? 10 0.0127
Z, ZF, ZFF 14 0.0083
YA 12 0.0117
10 0.0191 *Types RHH, RHW, and RHW-2 without outer covering
8 Doas
6 3
4 0.0625
3 0.0855 See Ugly's page 129 - 135 for conversion of Square
2 0.1029 inches to mn¥.
1 0.1269
XHHW, ZW 14 0.0139
XHHW-2 12 0.0181
XHH 10 0.0243
8 0.0437
6 0.0590
4 0.0814
3 0.0962
2 0.1146
XHHW 1 0.1534
XHHW-2 1/0 0.1825
XHH 2/0 0.2190 Reprinted with permission from NFPA 70-2005, the National
3/0 0.2642 Reataion ainoy N G255 Thin ssprited matong: 1o not
4/0 0.3197 éﬂi&ﬁ;ﬁ??ﬁ" Su‘bje((:; which is represented only by the
250 0.3904 = enie
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COMPACT ALUMINUM BUILDING WIRE NOMINAL DIMENSIONS* AND AREAS

Bare Conductor Types THW and THHW Type THHN Type XHHW
Size Number Approx. Approx. Approx. Approx. Approx. Approx. Size
AWG or of Diam. Diam. Area Diam. Area Diam. Area AWG or
kemil | Strands Inches Inches Sq. In. Inches Sq. In. Inches Sq. Inches | kemil
8 7 0.134 0.255 0.0510 —_ — 0.224 0.0394 8
6 7 0.169 0.290 0.0660 0.240 0.0452 0.260 0.0530 6
4 7 0.213 0.335 0.0881 0.305 0.0730 0.305 0.0730 4
2 7 0.268 0.390 0.1194 0.360 0.1017 0.360 0.1017 2
1 19 0.299 0.465 0.1698 0.415 0.1352 0.415 0.1352 1
1/0 19 0.336 0.500 0.1963 0.450 0.1590 0.450 0.1590 1/0
2/0 19 0.376 0.545 0.2332 0.495 0.1924 0.490 0.1885 2/0
3/0 19 0.423 0.590 0.2733 0.540 0.2290 0.540 0.2290 3/0
4/0 19 0.475 0.645 0.3267 0.595 0.2780 0.590 0.2733 4/0
250 37 0.520 0.725 0.4128 0.670 0.3525 0.660 0.3421 250
300 37 0.570 0.775 0.4717 0.720 0.4071 0.715 0.4015 300
350 37 0.616 0.820 0.5281 0.770 0.4656 0.760 0.4536 350
400 37 0.659 0.865 0.5876 0.815 0.5216 0.800 0.5026 400
500 37 0.736 0.940 0.6939 0.885 0.6151 0.880 0.6082 500
600 61 0.813 1.050 0.8659 0.985 0.7620 0.980 0.7542 600
700 61 0.877 1310 0.9676 1.050 0.8659 1.050 0.8659 700
750 61 0.908 1.150 1.0386 1.075 0.9076 1.090 0.9331 750
1000 61 1.060 1.285 1.2968 1:255 1.2370 1.230 1.1882 1000
* Dimensions are from industry sources.

See Ugly’s page 127 - 135 for metric conversions.

Reprinted with permission from NFPA 70-2005, the National Electrical Code', Copyrigh 2004, National Fire Protection Association, Quincy, MA 02269
This reprinted material is not the d subject which is repf only by the Standard in its entirety.
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DIMENSIONS AND PERCENT AREA OF CONDUIT AND TUBING
(for the combinations of wires permitted in Table 1, Chapter 9, NEC ©)
(See Ugly’s page 127 - 135 for metric conversion)
Internal  Total Area 2 Wires Over 2 Wires 1 Wire

Trade Size Diameter 100% 31% 40% 53% 60%
Inches  Inches Sq. .in. Sq. in.
ELECTRICAL METALLIC TUBING (EMT)
2 0.622 0.161 0.182
%a 0.824 0‘533 0 165 O 213 0.283 0.320
1 1.049 0.864 0.268 0.346 0.458 0.519
1% 1380 1.496 0.464 0.598 0.793 0.897
1'% 1.610 2.036 0.631 0.814 1.079 1.221
2 2.067 3.356 1.040 1.342 1718 2.013
2') 2.731 5.858 1.816 2.343 3.105 3.515
3 3.356 8.846 2.742 3.538 4.688 5.307
3% 3.834 11.545 3.579 4.618 6.119 6.927
4 4.334 4753 4573 5.901 7.819 8.852
ELECTRICAL NONMETALLIC TUBING (ENT)
/2 0.560 0.076 099 131 0.148
¥ 0.760 0 454 0141 0181 O 240 0.272
1 1.000 0.785 0.243 0.314 0.416 0.471
14 1.340 1.410 0.437 0.564 0.747 0.846
1/ 1570 1.936 0.600 0.774 1.026 1.162
2 2.020 3.205 0:993 1.282 1.699 1.923
2'/ - - - - -
3 o ax - o i
3 - - - - -
4 - - e
FLEXIBLE METAL CONDUIT (FMC)

s 0.384 0.116 0.061 0.069
Y 0.635 0317 0 098 0 127 0.168 0.190
¥/ 0.824 0.533 0.165 0.213 0.283 0.320
1 1.020 0.817 0.253 0.327 0.433 0.490
1'a 1.275 1.277 0.396 0.511 0.677 0.766
1% 1538 1.858 0.576 0.743 0.985 1115
2 2.040 3.269 1.013 1.307 1.732 1.961
2 2500 4.909 1.522 1.963 2.602 2.945
3 3.000 7.069 2.191 2.827 3.746 4.241
3k 8500 9.621 2.983 3.848 5.099 5.773
4 4.000 12.566 3.896 5.027 6.660 7.540
y INTERMEDIATE METAL CONDUIT (IMC)
3s _
2 0.660 0.342 0.106 0. 137 0.181 0.205
5a 0.864 0.586 0.182 0.235 0.311 0.352
1 1.105 0.959 0.297 0.384 0.508 0.575
1'a 1.448 1.647 0.510 0.659 0.873 0.988
Vi 1683 2.225 0.690 0.890 1179 1385
2 2.150 3.630 1125 1.452 1.924 2178
2'/2 2:667 54135 1:592 2.054 2.722 3.081
3 3.176 7.922 2.456 3.169 4199 4.753
3 3.671 10.584 3.281 4.234 5.610 6.351
4 4.166 13.631 4.226 5.452 7.224 8.179

Reprinted with permission from NFPA 70-2008, the National Electrical Code®, Copyright 2004, National Fire Protection Association
Quincy. MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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DIMENSIONS AND PERCENT AREA OF CONDUIT AND TUBING
(for the combinations of wires permitted in Table 1, Chapter 9, NEC ©)
(See Ugly’s page 127 - 135 for metric conversion)
Internal  Total Area 2 Wires Over 2 Wires 1 Wire

Trade Size Diameter 100% 31% 40% 53% 60%

Inches  Inches Sq. in. Sq. in. $q. in. Sq. in. Sq. in.
LIQUIDTIGHT FLEXIBLE NONMETALLIC CONDUIT (TYPE LFNC-B*)

*fs 0.494 0.192 0.059 0.077 0.102 0.115

h 0.632 0.314 0.097 0125 0.166 0.188

*a 0.830 0.541 0.168 0.216 0.287 0.325

1 1.054 0.873 0.270 0.349 0.462 0.524

1% 1.395 1.528 0.474 0.611 0.810 0.917

1 1588 1.981 0.614 0.792 1.050 1.188

2 2.033 3.246 1.006 1.298 1.720 1.948

* Corresponds to Section 356.2(2).
LIQUIDTIGHT FLEXIBLE NONMETALLIC CONDUIT (TYPE LFNC-A*)
*fs 0.192 0.060 0.077 0.102

0.495 ) 0.115
s 0.630 0.312 0.097 0.125 0.165 0.187
*fa 0.825 0.535 0.166 0.214 0.283 0.321
1 1.043 0.854 0.265 0.342 0.453 0513
17 1.383 1.502 0.466 0.601 0.796 0.901
T e 2.018 0.626 0.807 1.070 121
2 2.063 3.343 1.036 1.337 1.772 2.006

* Corresponds to Section 356.2(1).
LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)
0.077 0.102

*fs 0.494 0.192 0.059 0.115
a 0.632 0.314 0.097 0.125 0.166 0.188
*fa 0.830 0.541 0.168 0.216 0.287 0.325
1 1.054 0.873 0.270 0.349 0.462 0.524
1/ 1.395 1.528 0.474 0.611 0.810 0.917
1R 1588 1.981 0.614 0.792 1.050 1.188
2 2.033 3.246 1.006 1.298 1.720 1.948
AhE2iAgs 4.881 1613 1.9563 2.587 2.929
3 3.085 7475 2.317 2.990 3.962 4.485
3 3520 9.731 3.017 3.893 5.158 5.839
4 4.020 12.692 3.935 5.077 6.727 7.615
RIGID METAL CONDUIT (RMC)
Z/E —_ - — —_ —_
2 0.632 0.314 0.097 0.125 0.166 0.188
*fa 0.836 0.549 0.170 0.220 0.291 0.329
1 1.063 0.887 0.275 0.355 0.470 0.532
1 1.394 1.526 0.473 0.610 0.809 0.916
1% 1624 2071 0.642 0.829 1.098 1.243
2 2.083 3.408 1.056 1.363 1.806 2.045
2 2489 4.866 1.508 1.946 2.579 2.919
3 3.090 7.499 2.325 3.000 3.974 4.499
8%, 3570 10.010 3.103 4.004 5.305 6.006
4 4.050 12.882 3.994 5.153 6.828 7.729
& 5.073 20.212 6.266 8.085 10.713 12427
6 6.093 29.158 9.039 11.663 15.454 17.495

Reprinted with permission from NFPA 70-2005, the National Electrical Code*, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the subject which is représented only by the Standard in its entirety.
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DIMENSIONS AND PERCENT AREA OF CONDUIT AND TUBING
(for the combinations of wires permitted in Table 1, Chapter 9, NEC ©)
(See Ugly’s page 127 - 135 for metric conversion)
Internal  Total Area 2 Wires Over 2 Wires 1 Wire

Trade Size Diameter 100% 31% 40% 53% 60%
Inches  Inches Sq. in. Sq. in. Sq. in. Sq. in. Sq. in.
RIGID PVC CONDUIT (RNC), SCHEDULE 80
» .526 0.217 0.067 0.087 0.115 0.130
a 0.722 0.409 0.127 0.164 0.217 0.246
1 0.936 0.688 0.213 0.275 0.365 0.413
1% 1255 1.237 0.383 0.495 0.656 0.742
1, 1476 1.711 0.530 0.684 0.907 1.027
2 1.913 2.874 0.891 1.150 1:523 1.725
21 2.290 4119 1.277 1.647 2.183 2.471
3 2.864 6.442 1.997 2577 3.414 3.865
32 3.326 8.688 2.693 3.475 4.605 5.213
4 3.786 11.258 3.490 4.503 5.967 6.755
5 4.768 17.855 5538 7.142 9.463 10.713
6 5.709 25.598 7.935 10.239 18.567 15.359
RIGID PVC CONDUIT (RNC), SCHEDULE 40 & HDPE CONDUIT
' 0.602 0.285 0.088 0.114 0.151 0.171
%a 0.804 0.508 0157 0.203 0.269 0.305
1 1.029 0.832 0.258 0.333 0.441 0.499
1% 1360 1.453 0.450 0.581 0.770 0.872
1/ 1.590 1.986 0.616 0.794 1.052 1.191
2 2.047 3291 1.020 1.316 1.744 1.975
2. 2.445 4.695 1.455 1.878 2.488 2.817
3 3.042 7.268 2.253 2.907 3.852 4.361
3/ 3.521 9.737 3.018 3.895 5.161 5.842
4 3.998 12.554 3.892 5.022 6.654 7.532
5 5.016 19.761 6.126 7.904 10.473 11.856
6 6.031 28.567 8.856 11.427 15.141 17.140
TYPE A, RIGID PVC CONDUIT (RNC)
' 0.700 0.385 0.119 0.154 0.204 0.231
*a 0.910 0.650 0.202 0.260 0.345 0.390
1 1175 1.084 0.336 0.434 0.575 0.651
Hilaaa 500 161 0.548 0.707 0.937 1.060
1. 1720 2.324 0.720 0.929 1.231 1.394
2 2.155 3.647 1481 1.459 1:933 2.188
22 2635 5.453 1.690 2.181 2.890 3.272
3 3.230 8.194 2.540 3.278 4.343 4.916
3/ 3.690 10.694 3.315 4.278 5.668 6.416
4 4.180 13.723 4.254 5.489 1213 8.234
TYPE EB, PVC CONDUIT (RNC)
2 2.221 3.874 1.201 1.550 2.053 2.325
2k - - - - -
3 3.330 8.709 2.700 3.484 4.616 5.226
3. 3.804 11.865 3528 4.546 6.023 6.819
4 4.289 14.448 4.479 5.779 7.657 8.669
5 5316 22.195 6.881 8.878 11.763 13.317
6 6.336 31.530 9.774 12.612 16.711 18.918

Reprinted W\ihferm\sslon from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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COARSE THREAD SERIES

THREAD DIMENSIONS AND TAP DRILL SIZES
FINE THREAD SERIES

NOMINAL THREADS TAP DRILL CLEARANCE NOMINAL THREADS TAP DRILL CLEARANCE
SIZE PER IN. DRILL SIZE PER IN. DRILL
5/64" 48 47 36 0 80 3/64" 51
1/8 40 38 29 1 /2 53 47
6 32 36 25 2 64 50 42
8 32 29 16 3 56 45 36
10 24 25 13/64" 4 48 42 31
12 24 16 7/32" 1/8" 44 37 29
1/4" 20 7 17/64" 6 40 33 25
5/16" 18 F 21/64” 8 36 29 16
3/8" 16 5/16" 25/64" 10 32 21 13/64"
7/16" 14 ] 29/64" 12 28 14 7/32"
172" 13 27/64" 33/64" 1/4" 28 3 17/64"
9/16" 12 31/64" 37/64" 5/16" 24 1 21/64"
5/8" 1 17/32" 41/64" 3/8" 24 Q 25/64"
3/4" 10 21/32" 49/64" 7/16" 20 25/64" 29/64"
7/8" 9 49/64" 57/64" 1/2" 20 29/64" 33/64"
1" 8 7/8" 1-1/64" 9/16" 18 33/64" 37/64"
1-1/4" 7 1-11/64" 1-17/64" 5/8" 18 37/64" 41/64"
1-3/8" 6 1-19/64" 1-25/64" 3/4" 16 11/16" 49/64"
1-1/2" 6 1-27/64" 1-33/64" 7/8" 14 13/16" 57/64"
2" 4-1/2" 1-25/32" 2-1/32" 1 14 15/16" 1-1/64"

HOLE SAW CHART *

TRADE RIGID E.M.T. GREEN- L.T. RIGID E.M.T. GREEN-
SIZE CONDUIT CONDUIT FIELD FLEX. CONDUIT CONDUIT FIELD
172" 7/8" 3/4" 1" 1-1/8" 3" 2-7/8" 2-7/8"
3/4 1-1/8" 1" 1-1/8" 1-1/4" 3-5/8" 3-1/2" 3-5/8"
1" 1-3/8" 1-1/4" 1-1/2" 1-1/2" 4-1/8" 4" 4-1/8"
1-1/4" 1-3/4" 1-5/8" 1-3/4" 1-7/8" 4-5/8" 4-1/2" 4-5/8"
1-1/2" 2" 1-7/8" 2" 2-1/8" 5-3/4"
2" 2-1/2" 2-1/8" 2-1/2" 2-3/4" 6-3/4"

NOTE: For oil type push button station, use size 1-7/32" knock-out punch.
* For connectors, (male connectors and adapters), use Rigid Table.
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MINIMUM COVER REQUIREMENTS 0 - 600 VOLTS, NOMINAL

Cover is defined as the distance between the top surface of direct
burial cable, conduit, or other raceways and the finished surface.

MINIMUM BURIAL

WIRING METHOD

(INCHES)
DIRECT BURIAL CABLES 24
RIGID METAL CONDUIT 6
INTERMEDIATE METAL CONDUIT 6
RIGID NONMETALLIC CONDUIT 18

(APPROVED FOR DIRECT BURIAL
WITHOUT CONCRETE ENCASEMENT)

*For most locations, for complete details, refer to National Electrical
Code® Table 300-5 for exceptions such as highways, dwellings, airports,
driveways, parking lots, etc. See Ugly’s page 127 - 135 for metric conversions.

VOLUME REQUIRED PER CONDUCTOR

SIZE OF FREE SPACE WITHIN BOX
CONDUCTOR FOR EACH CONDUCTOR
No. 18 1.5 CUBIC INCHES
No. 16 1.75 CUBIC INCHES
No. 14 2 CUBIC INCHES
No. 12 2.25 CUBIC INCHES
No. 10 2.5 CUBIC INCHES
No. 8 3 CUBIC INCHES
No. 6 5 CUBIC INCHES
For complete details see NEC 314.16B.  See Ugly’s page 127 - 135 for metric conversions.

VERTICAL CONDUCTOR SUPPORTS

CONDUCTORS
AWG or Support of Con-  Aluminum or
Circular-Mil ductors in Ver- Copper-Clad
Size of Wire tical Raceways Aluminum  Copper
18 AWG through 8 AWG Not greater than 100 feet 100 feet
6 AWG through 1/0 AWG Not greater than 200 feet 100 feet
2/0 AWG through 4/0 AWG Not greater than 180 feet 80 feet

Over 4/0 AWG through 350 kemil ~ Not greater than 135 feet 60 feet
Over 350 kemil through 500 kemil — Not greater than 120 feet 50 feet
Over 500 kemil through 750 kemil — Not greater than 95 feet 40 feet
Over 750 kemil Not greater than 85 feet 35 feet

For Sl units: one foot = 0.3048 meter. ~ See Ugly’s page 127 - 135 for metric conversions.

Reprinted with permission from NFPA 70-2005, the National Electrical Code, Copyright 2004, National Fire Protection Association
Quincy, MA 02269. This reprinted material is not the referenced subject which i represented only by the Standard in its entirety

-106 -



MINIMUM DEPTH OF CLEAR WORKING SPACE IN FRONT OF
ELECTRICAL EQUIPMENT

NOMINAL CONDITIONS
VOLTAGE TO GROUND 1 2 3
Minimum clear distance (feet)
0-150 3 3 3
151 - 600 3 3-1/2 4
601 - 2500 3 4 5
2501 - 9000 4 5 6
9001 - 25,000 5 6 9
25,001 - 75 kV 6 8 10
Above 75 kV 8 10 12
NOTES:

1. For Sl units, 1 ft. = 0.3048 m.

2. Where the conditions are as follows:
Condition 1 — Exposed live parts on one side of the working space
and no live or grounded parts on the other side of the working space,
or exposed live parts on both sides of the working space that are
effectively guarded by insulating materials.
Condition 2 — Exposed live parts on one side of the working spac
and grounded parts on the other side of the working space. Concrete,

brick, or tile walls shall be considered as grounded.

Condition 3 — Exposed live parts on both sides of the work space.

See Ugly’s page 127 - 135 for metric conversion.

Reprinted with permission from NFPA 70-2005, the National Electrical Code®, Copyright 2004, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the referenced subject which is represented only by the Standard in its entirety.
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MINIMUM CLEARANCE OF LIVE PARTS

NOMINAL | IMPULSE WITHSTAND| *MINIMUM CLEARANCE OF LIVE PARTS,
VOLTAGE INCHES
RATING KV PHASE-TO-PHASE | PHASE-TO-GROUND
KV INDOORS |OUTDOORS| INDOORS |OUTDOORS| INDOORS |OUTDOORS
24-416 60 95 4.5 7 3.0 6
7.2 75 95 55 7 4.0 6
13.8 95 110 7.5 12 5.0 7
14.4 110 110 9.0 12 6.5 7
23 125 150 10.5 15 7:5 10
34.5 150 150 12.5 15 9.5 10
200 200 18.0 18 13.0 13
46 200 18 13
250 21 17
69 250 21 17
350 31 25
115 550 53 42
138 550 53 42
650 63 50
161 650 63 50
750 72 58
230 750 72 58
900 89 71
1050 105 83

For Sl units: one inch = 25.4 millimeters

*

The values given are the minimum clearance for rigid parts and bare

conductors under favorable service conditions. They shall be increased
for conductor movement or under unfavorable service conditions, or
wherever space limitations permit. The selection of the associated
impulse withstand voltage for a particular system voltage is determined
by the characteristics of the surge protective equipment.

See Ugly’s page 127 - 135 for metric conversion.
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