
FUSE SIZING

LOAD AMOUNT

Resistive 115o/o

Single Motor 125o/o

Multiple Motors off same feed:
150o/o of largest + 1 00o/o of each other

Transformers 1o0o/o

Primary Service 125o/o



Article 310 - Conductors for General Wiring

Table 310-16. Allowable Ampacities of Insulated Conductors Rated 0 through 2000 Volts, 60" to 90'C (140'to 194"F)
Not More Than Three Current-Carrying Conductors in Raceway or Cable or Earth (Directly Buried), Based
on Ambient Temperature of 30'C (86"F)

Slze Slze

AWG
kcmll

6
4
3
2
1

110
a0
3t9
410

400
500

6
4
3
2
't

110
210
3/0
4lo
250
300
350
400
s00

18
16
14
12
10
I

1 000
1250
1500
1 750
2000

250"
3001

600
700
750
800
900

CORRECTION FACTORS

Ambient
Temp.'C

For ambient temperatures other than 30'C (86"R, multlply the allowable ampacities shown above by the appro'
prlate lactor shown below.

21-25
26-30
3'l -35
36-40
41-45
46-50
51-55
56-60
61-70
71-80

tUnless othenryise specifically permitted elsewhere in this Code, the overcurrent protection for conductortypes marked with an obelisk (t) shall not exceed 15
for No. 14, 20 amperes tor No. tZ, and 30 amperes for No. 10 copper; or 15 amperes for No. 12 and 25 amperes for No. 1O aluminum and copper-clad a
after anv correction factors tor ambient temoerature and number of conductors have been apolied.

of Conductor. See Table 310-13.

(140'nl  (167"F) |  (1s4"R (140'Rl(roz 'Rl( tsa"n
TYPES

TBS, SA, SlS,
THHNt, THHWI,
THW-2, THWN-2,
RHHI, RHW.z,

USE-2,
XHH, XHHW,

XHHW-2.2W-2

TYPES
TBS, SA

srs, FEPI,
FEPBI, MI

RHHt, RHW.2,
THHNt, THHWt,

THW-21, THWN-2I,
usE-2, xHH,

XHHWT
XHHW-2. ZW-2

ryPES
TWt, UFt

TYPES
RHt, RHWI,

THHWt, THWI,
THWNt, XHHWt,

usEt

TYPES
TWt, UFt

TYPES
FEPWt,

BHf, RHWI,
THHWt, THWI,
THWNI, XHHWT

usEt, zwt

zot l20t l2st
25t l25t l3ot
30lsst l4ot
40150155

;bi
25
JU

rbi
301
40

40
53

65
t3

85

50
65
75

100

60
75
B5

100
115

75
95
110
130
150

290
320
350
380
430

205
230
250
270
310

230
255
2BO
JU3

350

255
285
310
335
380

475
520
535
555
585

285
310
JZU

330

340
375
385
395
425

385

435
450
480

e'rE

405
435
455
470

445
485
520
545
560

500
545
585
615
630

455
495
520
545
(An

545
590
625
650

1.08
1.00
.91
.82
.71

1.0s |  1.04
1.00 |  1.00
.94 | .96
.88 |  .91
82 | .87
.75 |  .82
.67 | .76
.58 |  .71
33 I .se

|  .41

1.08 |  1.05 |  1.04
1.00 I  1.00 |  1.00
.91 1.94 1.96
.82 I  .88 1.91
.71 1.82 1.87
58 1.75 1.82
.4 ' t1.67 1.76

|  .58 |  .71
| .33 I .58

230 NATIONAL ELECTRICAL CODE HANDBOOK 1996



Afticle 310 - Conductors for General Wiring

Table 310-16. Allowable Ampacities of lnsulated Conductors Rated 0 through 2000 Volts, 60'to 90'C (140" to 194'F)
Not More Than Three Current-Carrying Conductors in Raceway or Cable or Earth (Directly Buried), Based
on Ambient Temperature of 30"C (86"F)

Slze Size

AWG
kcmil

18
16

12
' t0
B

't 000
1 250
1 500
'1750
2000

o

4
3
2
I '

110
210
3/0
4t0
250
300
350
400

600
704
750,
800r
900;

1lo
210
.t/u
410

b

4
2

2
I

250
300
350
400
500
600
740
750
800
900

CORRECTION FACTORS
Amblent

"c
21-25
26-30
31-35
36-40
41-45
40-3U

51-55
56-60
61-70
71-80

tunless otheNise specifically permitted elsewhere in this Code, the overcurrent protection tor conduclor types marked with an obelisk (t) shall not exceed 15
for No. 14, 20 amperes lor No. 12, and 30 amperes lor No. 10 copper; or 15 amperes for No. 12 and 25 amperes for No. 10 aluminum and copper-clad
after any correction tactors for ambient temperature and number of conduclors have been aoolied.

Temperature Ratlng of Conductor. See Table 310-13.

(140"R1 (167'R |  (1s4 (140'Dl(167'Rl(1e4'n
TYPES
FEPWt,

RHt, RHWI,
THHWt, THWt,
THWNI, XHHWT

usEt, zwt

TYPES
TBS, SA

sls, FEPI,
FEPBt, MI

RHHI, RHW-2,
THHNt, THHWt,

THW-21, THWN-2f,
USE-2, XHH,

XHHWT
KHHW-2,Vt't-z

TYPES
TWt, UF1

TYPES
RHt, RHWI,

THHWI, THWt,
THWNt, XHHWt,

usEt

TYPES
TBS, SA, SlS,

THHNf, THHWt,
THW-2, THWN-2,
RHHt, RHW-2,

usE-2,
XHH, XHHW,

KHHW-2,2W-2

:: :
20t
25t
35t
50

14
18
2sl
30t
40t
55

zot l2ot l25t
25l30t l3st
30140145

.. : :
20t
251
30
40

IJ

95
1t0
130
150

40
55
65

85

290
320
350
380
430

230
255
280
305

475
520
535
555

285
310
320
330

340

JOC

eoq

425

385
420
435
450
480

545
590
625
bcu

ooc

For amblent temperatures other than 30"C (86"F), mult lply the al lowable ampacit ies shown above by the appro- |  Amole
priate tactor shown below I TemP'

1.05
1.00
.94
.66

.82

.67

.58

:::

1.04
1.00
.96
.91
.87
.82
. /o
.71
.58

1.08 |  1.05 |  1.04
1.00 |  1.00 |  1.00
.91 I .94 1.96
.82 1 .88 l .Sr
.71 1.82 1.87
.58 1.75 1.82
.41 1.67 1.76

|  .58 |  .71
| .33 | .58

1.08
1.00

ql

.82

.71

.58

230 NATIONAL ELECTRICAL CODE HANDBOOK 1996
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Wirlng
1|f @y Brian Hall, Lewisron, NY) Could you please
\;| r help me with a guesrion I have about a 3.phase,
4-wire Delta connected transformer triS. 1).

Lt toI2 = 220 volrs; L1 to L3 = 220 volrs: L2 to L3 :
220 volts; 12 to N = 110 volts; and [3 to N = X10 volts,

I have been informed that the voltage between L1 and
N equals 177 volts. Is ttris correct?

What formula is used to arrive at the figure of 177 volr,s
or whatever voltage is between Ll and N?
A (By Ray Mullin, Bussmann) Although your dia-

Flr gram shows voltages of 110 volts and 220 volts, I
will use the voltages as referenced in Cbapter 9 of the
National Electrical Code book, namely, 120 volts and 240
volts.

I have marked the phased A, B, and C, and
grrounded neutralpoint as N (FrS. 2).

Voltage from A to B = 240 volts.
Voltage ftom B to C = 240 volts.
Voltage from C toA:240 volts.
When this 3-phase system is to supply 3-phase motor

loads and I?fif240-volt liShtinS loads, one of the trans-
formers is 'center tapped.' This is a common transformer
connection when ttre major portion of the load is 3-
phase, and the smaller porlionof the load is lighting

Voltage from A to N = 120 volts.
Voltage from B to N : 120 riolts.
Voltage from C to N : 208 volts.
The voltage C to N is calculated as 1.732 times

120- volt reference points. Thus, 120 x 7.732 :
volts.

We could also ealculate this by taking 240 volts times
86.6yo. Thus,240 x 0.866 = 2@volts. The compurarion

A lngpthly.questio_n-and-answe r f eature concentrating on actual
field problems. send your quesfions to the address-given, An

answer written by a..member of the Manufacturers Servjce Advisory
council will be sent directly to you and then published in the magazihe,

hot line

could also be done with veffors in Fig. 3,
Section 215-8 ofthe NEC requires that the conductors

for this 'high leg' (sometimes called rhe 'wild leg') be
identified by using an orange lnsulated conductor or by
tagging the conductor. This readiiy identifies the wjre
on which the higher voltage to ground appears.

A 3-phase, 4-wire Delta tlansformer bank is usuatly
recognized by the fact that one of the transformers is

L1

Fig.  1

r2

the
zu6

RSG February 1990/9
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the
larger than the other two transformers. This is because
one of the transformers will be supplying 3-phase power
loads only. For example, a typical transformer bank
might have two 50 kVA tranbformers and one 100 kVA
transformer.

Another 3-phase system is a 3-phase, 4-wire, \MYE
connected transformer bank. Here we have full 120 volts
between each phase wire and the neutral, and 208 volts
between phase conductors (Fig'. 4).

A to N = 120 volts.
B toN = 120 volts.
C toN = 120 volts.
A to B : 208 volts.
B to C = 208 volts.
C to A : 208 volts.
There is no'high leg'in this system.

Correct charges
1|f (By Enroch Smalls Jr., Mount Vernon, NY). How
\Jl I can you tell if you've gor the correct charge in a
system for low, medium, and high temperature refriger-
ation? I am familiar with charging by head pressure, and
a combination of head pressure and amp draw using a
charging cylinder. I am also aware that low side pres-
sure will start out high. Then when the box pulls down
to temperature, it will be a lower pressure. I thought a
technician could just put on gauges and tell right away
whether the pressure indicared an overcharge, under-
charge, or correct charge.

A @y Daniel Kramer P.E., consultant).
Fl r good question anci you have asked
hope I can answer it as clearly.

You ask: Can a ski.lled refrigeratlon technician put
gauges on a system and from the gauge readings alone
tell whether the system is overcharge, undercharged or
has the conect charge?

The answer is no, not from gauge readings alone.
However, if the pressures are reasonable, the slghtglass
is clear, the suction line cool, the receiver warm, the box
or fixture temperature satisfactory, and the cycle times
reasonable for the application, then the technician

hot line
C

a2=b2 +c2

c2=a2 -b2
e
O
N
l l
C)

NA
c=207.846

Fig. 3

AtoN
BtoN
CtoN
Ato B
BtoC
CtoA

120 volts
120 volts
120 volts
208 volts
208 volts
208 volts

should not suspect over or undercharge.
But if the running times are long or continuous or the

box temperature is too high and the receiver is cool
compared with adjacent machines, and the head is un-
expectedly high, then even if the srghtg/ass is bubbllng,
the technician should suspect overcharge or noncon-
densibles.

Even if the highside pressure is too high, the techni-
cian will have to know more to tell whether the cause is
overcharge. For instance, high head can a-lso be caused
by:

olnoperative condenser fan (fan loose on shaft, wrong
fan, undervoltage on fan motor, bad motor).

oDirty condenser fins.
oExcessive air temperature (air recirculation from

condenser discharge).
o Noncondensibles.
.Restricted capillary tube.
rExcessive suction pressure.
Further, noncondensibles and overcharge generally

exhibic exactly the same symptoms.
Even if the lowside pressure is too low, the technician

will still have to know more before being able to tell
whether the system is overcharged. For instance, low

You have a
it clearly. I

57600 - 14400

b=120

Fig.4

10/RSC February 1990



the
larger than the other two transformers. This is because
one of the transformers will be supplying 3-phase power
loads only. For example, a typical transformer bank
might have two 50 kVA tranbformers and one 100 kVA
transformer.

Another 3-phase system is a 3-phase, 4-wire, \MYE
connected transformer bank. Here we have full 120 volts
between each phase wire and the neutral, and 208 volts
between phase conductots (FiE 4).

A to N = 120 volts"
B to N = 120 volts.
C to N : 120 volts.
A to B : 208 volts.
B to C : 208 volts.
C i:o A : 208 volts.
There is no 'high leg' in this system.

Correct charges
n 

(By Enroch Smallc Jr., Mount Vernon, NY). How
\Jl r can you tell if you've got the correct charge in a
system for low, medium, and high temperature refriger-
ation? I am familiar with charging by head pressure, and
a combination of head pressure and amp draw using a
charging rylinder. I am also aware that low side pres-
sure will start out high. Then when the box pulls down
to temperature, it will be a lower pressure. I thought a
technician could just put on gauges and tell right away
whether the pressure indicated an overcharge, under-
charge, or correct charge.

1f, @y Daniel Kramer P.E., consultant). You have a
Ar good guestion and you have asked it clearly. I
hope I can answer it as clearly.

You ask: Can a skilled refrigeration technician put
gauges on a system and from the gauge readings alone
tell whether the system is overcharge, undercharged or
has the conect charge?

The answer is no, not from gauge readings alone.
However, if the pressures are reasonable, the sightglass
is clear, the suction line cool, the receiver warm, the box
or fixture temperature satlsfactory, and the cycle times
reasonable for the application, then the technician

@
c)
ot
l l
()

NA

hot line
a2=b2 +c2

c2=az -b2

c=207.846

Fig. 3

Ato N
BtON
CtON
AtoB
BtoC
CtoA

120 volts
120 volts
120 volts
208 volts
208 volts
208 volts

should not suspect over or undercharge.
But if the running times are long or continuous or the

box temperatwe is too high and the receiver is cool
compared with adjacent machines, and the head is un-
expectedly high, then even if the srghtglass is bubbling,
the technician should suspect overcharge or noncon-
densibles.

Even if the highside pressure is too high, the techni-
cian will have to know more to tell whether the cause is
overcharge. For instance, high head can alscl be caused
by:

.Inoperative condenser fan (fan loose on shaft, wrong
fan, undervoltage on fan motor, bad motor).

oDirty condenser fins.
o Excessive air temperature (air recirculation from

condenser discharge).
r Noncondensibles.
. Restricted capillary tube.
oExcessive suction pressure.
Further, noncondensibles and overcharge generally

exhibit exactly the same symptoms.
Even if the lowside pressure is too low, the technician

will still have to know more before being able to tell
whether the system is overcharged. For instance, low

b=120

Fig.  4

1O/RSC February 1990
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MIDWEST EQUIPMENT COMPANY
6555 CORPORATE DRTVE
CB.ICINNATI OHIO 452/,2

PHOlilB: 5134E$2060 FA)(: 513489-2140

QUOTE

FROM: RUS$ EINERAN

DATEr l-1F97

NO, OFPAGES: I

iiiiiiiewjiiiiii
rq'LL

liiriiii:lffifr ifh iiii,ii
$ 15.00

ALL Bl2c.l 2I AMP IEC CONTACTON. I I AITP INDUCNVE 17.00

AL,L Bl6C.l 2I AI,IP IEC CONTACTOR- 17 A}{P INDUCN\E 21.00

ALL B15C-l 33 AMp IEC CONTACTOR" 28 AMp INDUCT1VE x5.00

ilLL B30C.t 45 AJ\,IP IEC CONTACIAR- 32 AMP INDUCTTVE 40.00

AI,L Bdoc-r 65 AMP IBC CONTACTOR, ifO AMP INDUCHVE 50.00

ALL B50C-t 65AMP lBCCOlfrAC*nOR" 52 AMP INDUCillE ' 65.00

AI.t 863C.1 E5 AlvtP IEc coNTAcTo& 65 AI{P INDU0II\E 73.00

AI,L T25HJ__ OVERLOAD RXLAYS . .I TT{RU 32,0 AMPS 25.00

ALL T75DI,J-- OVERI.OAD RELAY - I E,O THRIJEO.O AMPS 10.00

NOTE: HIOHERAIVIP RATING IS FOR RESI$IIVE

TYPE I4ADS. I,OWER INDUCflVE AMP

RATING IS FOR MSTORTYPE TOAD$.

ALL CONTACICIRS COMB STN.IDAND

WNH ONE }{\O AUXILIARY CONTACT.

3'?-11- Alo t39
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WEBER }VIANI,JFACruRINO CO., INC.
P,O. BOX t9149
INDIANAFOLIS,IH 16219

ATIENIION: DAVIDPOX

TEL:515-489-2140

The Mldwxt Equlpment Compuy, Inc.
6555CcrporthDdw
Cinainnsti OH 45242

PHONE: (513) 48e-2060 FAX: (513)489.2140

l' l  rg 07 ' 9t-, 1 5 : [t4 l,]a . [r[r2 F' . t]l 1

QUOTE

PROM: RUST FINERAN

DATE: l{AY7,1996

tr!

ALL

ALL

ALL

ALL

ALL

ALL

ALL

6R3OA3SP, 3 POLE TUSB BI,OCK)

6R3OA2SP, 2 POLE FTISE BI.OCK (

R!oA3SP, 3POLEFUSBBLOCK 
r

R3OA2SP, 2 POLB TUSB BI,OCK J

6F3OA3SP,3 POLE FTJSE BIOCK)

6F}OA2SP, 2 POLE FUSB BIffK (

F3OA3SP, 3 POLE FU8E BI,OCK T

F3OAzSP. 2 POLE FTJSE BLOCK J

fiertetrror.t T tPE

Nor'.\ -Resec1166 TIPE

lilC p4ortatnil6 CuqnP

:;i:i:::i:i::i;::liititU.i,in::i,i:ii:ii:i,:i
: ' : ; : . : - :  : . : . :a; : . : ' ; : : : : : : : l ; i ; i ; l ; : . : ; ; . i . : ; i ' l ' i1 l . i

$ 8.30

6.52

5.30

3.85

8.75

6,75

5,75

3,75

o.35

BRzP- rJ - Ac r zo 2 PotE Ptrt Reta,1 f  B.zo
I

fi Rzp-uL- Ac rzo z PoLe__ PtN _Ef:d:lJyfrI
$ r t ,B{

RR3p-uL- Acrzo 3 pore=,_llv- fEyl_4:,6!!
1 t . l .  o l
F--;i;5RZP-OG A PN BNSE

RR3P- tJ - AC rZo 3 Pot-E P rsr B-etAY s rA"{-
1v1 Jv
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WEBER MANUI.'ACTUFJNG CO,, INC,
P.O, BOX 19449
INDTANAPOLIS,IN 46?I9

ATTENTION: DAVID FOX

WILLADVI$E

The Mldwest Equlpnrent Comp&ny, Inc,
6555 Corporatc Drive
Curoirun[ OH 45242

PHONE; (513) 489-2060 FAx (513)489.2140

QUOTE

FROM; RUSS T,INERAN

DATE: APRIL l l ,1996

i ' ATI,:,:,',i,,
ALL

ATL

ALL

AIL

ALL

ALL

ALL

ALL

ALL

ALI,

AJ.L

AIL

ALL

ALL

ALL

ALL

AIL

ALL

AIL

ALL

ALL

AIL

ALL

q


