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Comparison of the most important properties of common conductor materials

Property Cooper  Pure Pantal Brass Steel
(E-Cu) aluminiu (E-AlIMg (Ms 58) (galvanized)
m(E-Al) Si0.5)

Density kg/cm’ 8.9 2.7 27 85 7.85
El conductivity at 20°C m/Q. mm’ 56 35 30 ~18 =7
El conductivity at 60°C m/Q.mm’ 48 30 26 =16 ~6
Conductivity density 6.3 13 11 =2 =]
Spec resistance at 20°C Q. mm’m 00178 0.0286 0.0333 =~0.0555 ~0.143
Temperature coeff of el resistance
between 1°C and 100°C K' 0.0038 0.0040 0.0036 0.0024 0.005
Melting point °C 1083 658 630 ~912 1400
Heat of fusion Ws/g 181.28 386.86 376.81 167.47 293.07
Ws/cm® 1612 1047 1017 1444 2302
Mean spec heat between Ws/g-K  0.393 0.92 0.92 0.397 0.485
1°C and 100°C Ws/em™-K  3.475 2.386 2.386 3.391 3.558

Thermal conductivity between
1°C and100°C Ws/em-s-K 3.85 22 1:9 1.1 0.46

Mean coeff of expansion

between1°C and100°C mmmK 0017 0.024 0.023 0.018 0.012
Young's modulus N/mm* 110,000 65,000 70,000 =~90,000 210,000
Thermal limit current density A/ mm’ 154 102 89 91
Melting current density A/mm’ 3,060 1,910 1,690 1,900

Thermal limit current density is the current density at which the conductor temperature rises from
35°C to 200°C when laoded for 1s. Conductive heat removal disregarded.
Meltung current density is the current density at which the conductor temperature rises to the melting

temperature when liaded for 1/100 s. Values according to Miiler-Hillebrand.
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BFHIRERE a=0.004/C
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H = SMT
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DY ~ KEGHSREE S R B i
# 4.1 Total Heat Received by a Surface at Sea Level Normal to the Sun®s Rays

RS TR A

Solar Altitude Degrees Hc qs watts/sq ft (23K 4.2)
Clear Atmosphere Industrial Atmosphere
5 21.7 12.6
10 40.2 22.3
15 54.2 30.5
20 64.4 39.2
25 71.5 46.6
30 77.0 53.0
35 81.5 373
40 84.8 61.5
45 87.4 64.5
50 90.0 67.5
60 92.9 71.6
70 95.0 752
80 95.8 77.4
90 96.4 78.9

#¢ 4.2 Solar Heat Multiplying Factors for High Altitudes

Elevation above Sea Level, feet Multiplier for Values In 3 4.1
0 1.00
5,000 1.15
10,000 1.25
15,000 1.30

7% 4.3 Altitudes and Azimuth in Degrees of the Sun at Various Latitudes
Declination 23.0° Northern Hemisphere June 10 and July 3

Degrees Local Sun Time
North 10:00 A.M. 12:00 N. 2:00 P.M.

Latitude H. Ze H. Z. H. Z
20 62 78 87 0 62 282
25 62 88 88 180 62 272
30 62 98 83 180 62 262
35 61 107 78 180 61 2353
40 60 115 73 180 60 245
45 57 122 68 180 57 238
50 54 128 63 180 54 232
60 47 137 53 180 47 223
70 40 143 43 180 40 217
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=1.075 x 107 f*

& =4l

xé) =49.67°
6
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JEE V=7200 ft/hr

0 SRR S tw=658 °C

$8 B d=2.7 7i/cm

$R L3k 8=0.92 £ H/55°C

B IR B a=0.5

$i 2 PABSURE € =0.5
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ZESBAGEFE 1 =0.045 Tb/hreft
ZERHEE p =0.0728 b/t
72 REMEBAF B k=0.00807 W/ft*«°C
D prV
Hr

_1.228% 00728 x 7200
0.045

=14303.744 > 12000

Kt = 30°C
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3.2
2.54 x12

36°R.+0.5%x90x1.075x 107 xsin96.46°x

o 1695 LZBX 00T XT200 o o 0o

0.045

(t=22)x +0.138x1.228x0.5%

2.54x12

273 Fite 4 213+ 22 g 3.2

' 1100 ] 2.54x12

= 1296R.+0.05048=0.0447(t.-22)

273 4 te

+8.896x10™[( )'-75.734 )
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o 1296R.~0,0447t.~8.896x 10°( 21+ fe 0‘; )
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H=PPR.T;=SdAL ( tn—t.) B[l -

PR 1+ a «[( = +te -t]} Te

1 658 - &
6713)°R.{1 =
=>( )RA +250+ t[( 5 +tc)
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1 t
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Sl 250+ & ( 2 .
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1 t
=33798276.75R[1+ 329-—
Rd 250 + t( 2 )

+50.18t, = 33018.44--------- (D)

B (B ) fl ( D) AL AFEZA]
R UORERR - (B LTI 22 CE 658
Tz FREHRE  BFHARE
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t=33.44°C

R=441.0 £ Q
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&t 5 33.44 °C » B[R R
38 ‘ChERZE @ R TEIEZ KA
(RB - AL - BHRER 1=33.44°C
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FHZE —#7% 1 =0.0447 Ib/hrft
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K =0.00801 W/ft*°C

£

D .prV _1.228x0.0734 x 0.00801
ur 0.0447

=14518.4 > 12000

# Q=0.1695(—£LL
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36°R.+0.5x90x1.075x1072

3.2
2.54 x12

xsin96.46° x

~0.1695( 1.228 % 0.0734 x 7200 106

0.0447

3.2
2.54 x12

0.00801x(t-22) x

273+ ¢
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+0.138x1.228x0.5[(
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Bk HREIR RS E)
(e By 2 EARE R, ( 0 ~ 300 &
B:) B > HINRNBEE B
AN BRI - I T #E B B R
AR BB SHTHA - HER
BB o EE SRS =RINE (BR
34078)  BARNEHREHER 15 S 8EE
R R TEAS 20 43 SRS DRHARI T Hi5H
(3 7388) - HEHEGS 2#)BEN - RIX
AR T TE MR
%1 77 ~ 82 578 - FARFRZ HF AT
A% HFRANEEE 470 LH(84
5 ) 2FmAREEE 465 LHH(84 4
12 H) - fifsH &##T 30 &5 FHH
DY C/S SRS - E#%4 100 ~ 150
28 WA SRR - E#kT 150 ~ 470

(FaE—] -

A — R ERTIER GtE T
iR THREEE  ARBHESD
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300 A1 400 A - HfEEZF L4 11 364
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M ERERT - HiREESEK
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ol
Z - =(88+180)/2 = 134°

He= (62+180)2 = 75°

HR 4105 q .= 954W/ *
6 = cos'[cos75°cos(134°-150°)]

= 75.59°
T RTHEEEEAR 30 AR
-

RoBTEHEEFRE tiFZE
fH -

R THEEERE toFFZZERIE
R BRI - SRR

tso = 40 °C

FTEL @ te=(taotta)/2

—(40+30)/2

=35°C

HR=A1G
(e= 0.0456 Ib/hroft
o= 0.0716 Ib/ft’
ke= 0.00818 W/ft*o°C

D .prV
Lr

_ 1.2280.0716 x 7200
0.0456

= 13882.9 > 12000
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D prV
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FETHEEEIER 30 A - ERE
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‘:>]2 Re [ 1+ (130 = tc)]+aqusin

g
0.004
D prV

8=0.1695(—=—")"* - kftyy—1.)+
Mt

k30 4 ka 4
0.138- D - — ) —(—
TRt TRl

=30°x441.1x10°® [1+]—]—— (tso

—— 43342
0.004

— 33.42)] + 0.5x95.4x1.075x

32
254 x12

107%xsin75.59°x

1.228 % 0.0716 x 7200 _,
0.0456

6

~ 0.1695(

3.2
2.94 x12

X 0.00818(tzp— 30) X

273 + B

+ 0.138x1.228x0.5
I( YT )

213+ 30 3.9
100 219 54%12

=

=0.350554+0.00139t3,+0.05214
= 0.04453t3—1.3359 + 8.896

<10% 273 + 130
100

=0.04314t5, + 8.896 x 10*

) — 0.74983

273 + [ 30
100

FH_EAATR#ES to = 38.32°C

)! = 2.488424
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RIEF —H =R BEHESHSR
PR MR 8SETH 2 HE 16 HLUL
RLAMBRETR AR - B M RS AR B AT
BB - RS RS RERGERE/ L
BER/\3) DIHE—H=4R# 24 12 T HHBk
PREFSHZIRE(51.2 °C) » FEHI R 3% R
RIS 30°C » TERAIES 100 228 -
N8 85 4F 10 H 1 HEHIFER » &%
B BEhEE 48.6 °C » MERFZR
R 29 °C - BRI 115 A > B EREE
BRI - HE R -
IRERFCHE] > fE5RIR 30 °C » Hi—
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HER G T A
#/\.1 F—H =R RITRACER

Bfif : °C

&% (7)) KR | B H—H =R g |H i

MR °C A 1 2 3 1 2 3 | H H
B —=-#1 29 125 | 37.0 | 389 | 39.5 | 36.1 | 36.3 | 36.2 | 850702
#1 29 125 | 38.2 | 38.0 | 37.8 | 36.8 | 38.5 | 37.6 | 850702
#2 29 120 | 349 | 37.2 | 43.9 850702
w4 29 103 40.1 | 43.4 | 48.2 | 850702
#6 29 103 | 43.4 | 42.7 | 44.0 31.9 850702
#8 29 100 | 33,6 | 33.8 | 35.6 36.4 850702
#12 30 200 | 31.4 | 30.7 | 324 850702
#13 30 98 345 | 324 | 344 | 850702
#16~#17 30 98 32.3 | 850702
#16~#17 30 98 32.2 | 850702
#19 29 111 | 31.7 | 30.3 | 31.1 | 33.7 | 30.4 | 32.2 | 850703
#20 29 108 | 31.9 | 37.0 | 31.0 | 32.0 | 32.9 | 34.2 | 850703
#23~#24 29 101 32.3 850703
#30 30 100 | 315|333 | 353 | 355 | 354 | 353 | 850703
#31~#32 30 100 30.0 850703
#37~#38 30 98 31.1 | 30.8 | 31.6 | 850703
#38~#39 30 98 31.4 | 30.7 850703
#38 29 98 | 31.1 | 30.6 | 33.4 | 32.8 | 32.3 | 30.3 | 850704
#36~#37 30 96 32.7 850704
#39~#40 30 97 35.4 850704
#40~#41 30 97 32.2 38.6 | 850704
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#/\.2 F——H = ARAT A AR R AC R

B : °C

i lm|mm| o vz | m—mmg B W

HE R °C A 1 2 3 1 2 3 ¥ H H
#41~#42 30 98 33.3 35.4 850704
H#46-2-#47 29 104 | 34.0 | 35.1 | 33.6 850716
#46-2~#47 | 29 104 | 33.8 | 37.2 | 43.9 850716
#46-3~#47 | 29 102 35.7'| 382 | 35:8 850716
#47 30 102 | 34:0.| 351 | 320 | 322 | 358 | 359 850716
#47 30 102 | 33,8 | 30.1 | 31.8 | 31.9 | 37.0 38.4 850716
#47 30 102 324 | 369 | 35.8 850716
#47~-#48 30 100 | 345 | 355 | 34.1 | 35.0 | 35.7 | 37.7 850716
#4748 30 100 33.3 850716
#48~#49 30 100 | 35.8 37.1 850716
#50-1 30 100 | 346 | 35.2 | 351 850716
#50-1 30 100 | 32.8 | 35.5| 354 850716
#51 30 98 37.5 | 36.7 | 39.1 850716
#51 30 98 372 | 37.4 | 39.3 850716
#51 30 98 35.1| 36.6 | 39.4 850716
#51~#52 30 99 32.4 | 34.4 850716
#51~#52 30 99 33.6 850716
#52 30 99 32.8 | 34.1 | 351 850716
#58 30 99 37.1. | 362 | 37.2 850716
#1 30 99 42.7 | 42.0 | 40.8 850716
#1 30 99 408 | 41.8 |144.3 38.6 850716
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#/\.3 H—~H =RAIAMR AR AC R

B - °C

}ﬁiﬁé(ﬁ G || BRoE | mmmmgg B W
b °C | A 1 2 3 1 2 3 W A H
#1-#1-2 | 30 | 99 | 40.8 | 39.8 | 42.5 850716
#1-2-#1-3| 30 | 99 | 363 | 36.9 | 38.4 850716
#4 30 | 99 | 349|366 | 35.1 850716
#5 30 | 98 | 41.7 | 41.7 | 410 850705
#15 30 | 98 | 36.7 | 358|389 850705
#16 30 | 98 |39.6 429|420 850705
#16 30 | 98 | 429 | 43.4 | 41.0 850705
#16 30 | 98 | 409 | 46.3 | 40.7 850705
#17 30 | 100 | 41.1 | 42.8 | 40.7 850705
#22 30 | 100 | 46.9 | 47.0 | 46.1 850705
#22 30 | 100 | 44.0 | 44.9 | 44.6 850705
#23-2 | 30 | 100 | 44.2 | 43.0 | 45.5 850705
#24 30 | 100 | 48.6 | 50.0 | 51.2 850705
#24~#25 | 30 | 100 43.5 850705
#27 30 | 100 | 41.8 | 40.5 | 40.7 850705
#28 29 | 100 | 37.5 38.6 850705
#29 29 | 102 37.6 850705
#32 29 | 102 | 45.0 | 45.6 | 43.2 850705
#32 29 | 102 | 45.4 | 44.6 | 40.0 850705
=43 | 29 | 102 | 354 | 39.7 | 37.8 850705
=43 29 | 102 | 42.0 [ 43.4 | 39.8 850705
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