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3-4()Weight Span:(
)vS(. 
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)wS(. 
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3-6()Critical Span:(
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.90%
.

. 
2-1(ACSR / AS: 

(Aluminum Conductor Aluminum Clad Steel Reinforced)

.
.

.
. 

3-1(ACSR / AW: 
(Aluminum Conductor Aluminum Coated Steel Reinforced)

ASAW.AW

.
. 
4-1(AAAC: 

(All Aluminum Alloy Conductor)

ACSR

. 
. 

5-1(ACAR: 
(Aluminum Conductor Aluminum Alloy Reinforced)

.

.
ACSR/ASACSR/AW. 
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(All Aluminum Conductor)
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. 

7-1(: 
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.

1-2- : 
. 

1-1-2(: 
circular milcm.)0.001(

cmd: 
62 10.)1( dA

62 10..)2( dnS

A:cm. 
n: . 

:d. 
242 1067.5

4
)4.25

1000
1(1 mmcm

2-1-2(: )BS23(
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4..
2dnS

S:. 
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3-1-2(:
. 

4-1-2(:
.. . .

: 
AWG = American Wire Gauge.
SWG = British Wire Gauge.
BWG = Birmingham iron Wire Gage.
MMG = Mili Meter Gauge. 

)113( 
2-2-
3-2-
4-2-
5-2-  

3(:

.

)14(
:

Fox 35 2mm
Mink 60 2mm
Dog 100 2mm

Partridge 266.8 KCM
Lynx 175 2mm
Oriole 336 KCM
Hawk 477 KCM
Drake 795 KCM

Canary 900 KCM
Cardinal 954 KCM
Curlew 1033 KCM
Martin 1351 KCM
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mmKCM/ 2mmKg/KmKgOhm/kg- C20

Fox8.3735 2mm14813400.7822
Mink10.9860 2mm25522200.4546
Dog14.15100 2mm39433300.2733

Partridge16.29 266.8 KCM5465130 0.2136 
Lynx19.53 175 2mm6428140 0.1576 

Oriole18.83336 KCM7857870 0.1698 
Hawk21.78477 KCM9768850 0.1196 

Drake28.13795 KCM162814300 0.07167 
Canary29.51900 KCM172514500 0.06332 

Cardinal30.39954 KCM182515400 0.05973 
Curlew31.621033 KCM198016600 0.05518 
Martin36.161351 KCM258521000 0.04238 

)14(
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1- GSACSR
2- ASAWGS

3- 
4- ACSR54)3.513 mm(7 )

3.513mm(
5- (Circular Mil)

6- 264.4427 
3.454.CM

7- ACSR54901.9
CM

8- 

9- 
10- 
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0
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0C

CR: Ct. 
0R: 0t. 
Ct: . 
0t: . 

M:: 
M

Hard drown61% 1/228
Annealed100% 5/234

Hard drown3/97% 5/241
2/17% 180

108% 243
2 14% 180980

2027% 480
2-1-1( : 
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d.23E.Q=t(2) SS

St: . 
SQ:. 
E:. 
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. 
4-1-1(: 

.
. 

5-1-1(: 
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6-1-1(: .
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2-1- :

. 
1-2-1(:

.
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 .ACf
:  

dcac K.R=R(6)
KX)1 (X

:  

dcR
.f0.063598.= x(7)

. 
,f)1 , f=50( x:  

dcR
x

4497.0

  

X K X K X K X K
0.0 1.00000 1.0 1.00519 2.0 1.07816 3.0 1.31809
0.1 1.00000 1.1 1.00758 2.1 1.09375 3.1 1.35102
0.2 1.00001 1.2 1.01071 2.2 1.11126 3.2 1.38504

0.3 1.00004 1.3 1.01470 2.3 1.13069 3.3 1.41999
0.4 1.00013 1.4 1.01963 2.4 1.15207 3.4 1.45570
0.5 1.00032 1.5 1.02582 2.5 1.17538 3.5 1.49202

0.6 1.00067 1.6 1.03323 2.6 1.20056 3.6 1.52879
0.7 1.00121 1.7 1.04205 2.7 1.22753 3.7 1.56587
0.8 1.00212 1.8 1.05240 2.8 1.25620 3.8 1.60314
0.9 1.00340 1.9 1.06440 2.9 1.28644 3.9 1.64051

)1 (KX  
  

3-1-:  

.  
4-1- :

 :  
.

.  
.

.
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)8 (.  
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GMD

KX 101 log.)8(

0.002894f=K(9)

1X :.  
GMD :.  
GMR :.  

f :  
50K)9 (

)8 (:  

GMR
GMDX 101 log1447.0(10)

4.(11) erGMR  
r : :.  

GMR :  

GMR=0.7788r

2-2 (:
)10 (

)10 (GMRbGMR .
bGMR)12 (.  

SS nn
S AGMRn

1
1

b )..(GMR(12)

)2ns(A)13 (:  

S

S

n

dA
sin2

(13)

Sn :.  
Sd :.  
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A.A

A)13(: 

2
d=A2=n s

s

2
d3=A3=n s

s

2
d2=A4=n s

s

3(:

. 
1-3(:

r
GMDLogKXC 10.(14)

f
K 586.6(15)

CX:
K:.

K50)14(: 

r
GMDXC 10log1318.0)16(

CX:. 
GMD:. 

R:).(
2-3(:)r(

br.

. 
SS nn

Sb Arnr 11)..()17(

)14(.
br.

: 
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b
C r

GMDX 10log1318.0)18( (mega ohm/km)

4(:
1-4(: 

CX
B 1)19(

brGMDB
10log

59.7)20( ( Kmmho / ) 
2-4()()surge Impedance(:

: 
BVIXL ..)21( 22

B
X

I
V L

2

)22(

I
V

ZI)23(

LX , CX)LX
C

X LC ,1()22(ZI

: 
L

CZI)24(

L:C:ZI:. 
)4(. 

3-4()SIL()Surge Impedance Loading:(

.
SIL

C
L.)( 

: 

ZI
USIL

2

)25(

C
L

USIL
2

)26(

4-4(:
,,: 

LC
1)27(
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LCff .
1)28(

LC.)29(

:. 
:
:)f2( 

ZI,SIL: 

.
1

C
ZI .LZI

2.. UCSIL
.

2

L
USIL 2... UCfSIL

Lf
USIL

..

2

5(:
)2345( 

. 
132:

U=132kv GMD=700cm r=1.08cm ds= 45cm
230: 

U= 230kv GMD=1000cm r=1.50cm ds =45cm
400: 

U=400kv GMD=1400cm r=1.60cm ds= 45cm

1 2 3 4 

13240/0 29/0 25/0 23/0 

23042/0 31/0 27/0 25/0 

400- 33/0 29/0 27/0 

)2(
)( 
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1 2 3 4 
13226/2 78/3 36/4 85/4 

23067/2 62/2 11/4 50/4 

400- 40/3 82/3 15/4 
)3(

)Kmmho /( 

1 2 3 4 
132387276239215

230399293257234

400- 312277254
)4(

)( 

1 2 3 4 
13245637380

230133181206226

400- 513578630
)5()SIL( 

)MVA( 
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1- 230
6 1020

3015
. 

2- 230Canary6 
. 

3- 400Drake

GMD=10mCmds 45. 
4- 230Curlew

)mGMDcmds 7,45.(
5- (SIL)230Canary

GMD=8mcmds 45. 
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1(: 
)1()2(: 

rcsj WWWW(1)

vrcmsj WWWWWW(2)

jW:. 
sW:. 
cW:. 
rW: . 

mW:. 
vW:. 

mWvW

)1(. 

2(: sW , rW , cW

. 
1-2(:cW

)( 
)3(: 

123.05.0 ..)..(4825.0)3 frc TTdVPW

cW:. 
P:. 
V:. 
rT:)acr TTT. (



    
 
 
                 PowerEn.ir  

 
 

 

:

43

fT:)
2

aC
f

TTT.(

cT:. 
aT:. 
d:. 
2-2( : )rW(

)4(: 
44 )

100
()

100
(..1387.0)4 ac

r
TTdEW

rW:. 
E:. 
3-2( : 

)5(: 
ss QdW 12)5

sW:. 
:. 

sQ:. 
4-2(: )6(: 

2.)6 IRWj

jW:. 
R:. 
I:. 
5-2( : jW)1()7(

: 
rcs

2 W+W=W+R.I7)
3.4.5.6.7)8(

: 

R
WI s )W+(W)8 rc

. 

(: 
1-3(:.

.)27(
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.Lynxcurlew
. 

2-3(:)1(
5535Curlew1044759

40.)2(
. 

3-3(:)3(
. 

4-3( : 
: 

-)( 0.2
-)(0.5
-)( 0.9. 

)4(
. 

5-3( : )5(
20

. 
6-3( :)6(.

. 
7-3(: 

)(. )7(.
: 

28.5
0n )

3.44
1(P9) hP

nP:h. 
0P:. 
h:. 

.
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ACSR90
90% 

66%
2 

)1(ACSR
*

) .6090( 

C
Lynx

362 KCM 
Hawk

477 KCM
Drake

795 KCM
Canary

900 KCM 
Curlew

1033 KCM 
3056667193310081102
355376368859551044
40507600833899982
45474560777838915
50438517715771841
55398469646696759

)2(

C
Lynx

362 KCM 
Hawk

477 KCM
Drake

795 KCM
Canary

900 KCM 
Curlew

1033 KCM 
65290338450481518
70346406551592642
75394464635683743
80435514708763832
85473559774834910
90507600833899982

)3(
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Lynx
362 KCM 

Hawk
477 KCM

Drake
795 KCM

Canary
900 KCM 

Curlew
1033 KCM 

30/0 498588812875954
40/0 501592819883963
50/0 505597825890971
6/0 508601832897980

70/0 512605839905988
80/0 515609845912996
90/0 5196148529191004

)4(

W/in
Lynx

362 KCM 
Hawk

477 KCM
Drake

795 KCM
Canary

900 KCM 
Curlew

1033 KCM 
00/0 599713100510871192
10/0 58769998310631166
20/0 57668496110391139
30/0 56467093810141111
40/0 5516559159891082
50/0 5396398919631053
60/0 5266238679361023

)5(
Lynx

362 KCM 
Hawk

477 KCM
Drake

795 KCM
Canary

900 KCM 
Curlew

1033 KCM 
2 5196148529191004
3 58667193110041096
4 60671699210701168
5 638754104411251228
6 665786108811731280
7 689815112712151326
8 711840116212531367

)6(
Lynx

362 KCM 
Hawk

477 KCM
Drake

795 KCM
Canary

900 KCM 
Curlew

1033 KCM 
70/0 480568790852932
75/0 487577801865945
80/0 494585812877958
85/0 500592823888970
90/0 507600833899982
95/0 513607843909993
100/0 5196148529191004

)7(
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: 
1- src WWW ,,Canary- 9000 KCM

)1(. 
: 

2/66.0,9.0sec,/2,1,228,40,90 inWQEftVAtmPMtt s
C

a
C

c

dR(Canary)
: 

mmdKmR C 51.29,20//0633.0
20

90. 
).(

0tM
tMRR c

at

0R0t)Ct 200(tR
)ACDC(M

ACSR228. 
0812.0

20228
902280633.090R

dR: 
ftohmR /510474.290 inchd 162.1  

)3(cW: 
363273 cc tT 313273 aa tT

50acr TTT 338
2

ac
f

TTT

)4(rW: 
ftWWc /93.1733850)162.121(4825.0 132.05.0

ftWWr /26.11)13.363.3(162.19.01387.0 44

sW)5(. 
28.866.0162.19.012sW

)6(: 
AI 919)]10474.2/()28.826.1193.17[( 5.05

2- Drake42
)1( 

3- 0.11)(
35)1 

(.
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4- 230Curlew
) :1 (.

- 
2/66.0,40,90 inWQtt s

C
a

C
c

- 
2/00.0,25,60 inWQtt s

C
a

C
c

- 
2/25.0,15,57 inWQtt s

C
a

C
c

- 
2/00.0,5,34 inWQtt s

C
a

C
c
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. 

1(:
RI)1(: 

2.31) IRPL

cos.3
2)

U
PI

2)
cos

.(
.

3)
U

P
RPL

)3(
)4(

. 
2)

cos
.(

..
10004)

U
P

NN
RP
SC

L

LP:
R:cos:
I:CN:

V:SN:
P:

2(: 

)LE(T: 
LL PTE .5)

.
: 

LSFL PLTE ..6)

T:8760
LP:

SFL:
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L

L
SF PT

EL
.

7)

PT
ELF .

8)

. 

3(: 

.
: 

PT
ELF .

9)

L

L
SF PT

EL
.

10)

FL: TP: )( 
SFL: TLP: )( 
E: TT: 
LE: T

. 
1-3(:

. 
211) FSF LL

2-3(:
x

FSF LL12)
x91/1 93/1 .4/0 

8/0)(
1/1 .x

. 
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3-3(:
: 

FFSF LaLaL ).1(.13) 2

a7/0 1 
.

a
: 

98/0
95/0
80/0

4-3(:

: 
2.14) FSF LKL

)04.096.0(15) 2
max xK

2
116) maxKKav

max

min17)
P
Px

maxP:. 
minP: ).(

avK:K. 
K

: 
K

: 0.70.81.03
: 0.60.71.06

: 0.50.61.09
: 0.40.51.11
: 0.30.41.12

: 0.61.08

K
K

: 
208.118) FSF LL
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K.  
5-3(:

 .  

 .
.  
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: 
)1(230

Curlew .:
-120
-200
-55.020/055.0RC Ckmohm

-M=228

-C40

-85/0
-60/0
-2

SF 08.1L FL

:40
: 

0594/0
20228
40228055/0

a

c
ac TM

TMRR

54/15)
85/0230

200(
22
0594/01000 2

LP

PL120: 
186554/15120

: 
LSFPLEL 8760

389/06/008/1 2
SFL

35/6389/018658760LE

)2(230150
15060/0 Canary 900 KCM)R=0.0633

ohm/Km -20oc(: 
-60
-90

21.1 FSF LL.

)3(- 400Canary600

120. 
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)4(230Drake100
150

912.1
FSF LL. 

)5(P80/0 
95/0.

R. 
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230 .
)

( .
.  

1 -:   

2.21
2

301) 0g   0.gg  

) (2530
2/21

. 
1)2 (:  

P
T92.32)  

P
)2 ()3 (.  

P
T2983)  

g :  
 :  

P :)76(.  
T :)at273T(at

25(. )1 (
)1 (

 .
)pg( 85/0 90/0 g:  

0.9.04) gg p   
)2 (gg p 9.0 .

 .20
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10002/17
. 

2-: 
: 

)(log.
5)

rDr
Vg
e

c

: 

)(log..
6)

rDmr
Vg

e
c

)6(: 

)(log...
7)

rDmr
Vg

e
c

cg85/0 9/0 .: 
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I = 15 m

d = 2.5 Cm

L = 3.0 m

D = 3.0 Cm

f = 15 m
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: 
1.)system voltage(
2.)Temporary overvoltage(
3.)Switching overvoltage(
4.)Lighting overvoltage(
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2(:
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2)1( UV pp

3
2)2( UV gp

U:. 
ppV:. 
gpV:. 
1-2(: .

: 
.

.
.

.
.

2-2(: 
.

: 
)Oscillatory wave shape.(
)A periodic wave shape.(
)Repetitive wave shape.(
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ABCDE

mg/Cm

)( 
Suspension Insulator

)( 
Post Type

063/0 

03/0 

125/0 

06/0 

25/0 

12/0 

5/0 

35/0 

*

*

m/s
10

m/s
10

50

10

1050

10

310

1 3 

0 3 

0 1 

0 5/0 

0 3/0 

- 

)1(- 
)Cat. No. 148 , Suspension Insulator , NGK Insulators , LTD , Japan( 

146254146254
254254
146146
292432
110125
110130
7895
4550

50
120135
125145
7085
4045

)2(- 
(IEC, Cat 515 MZ . 515MC & CA ,714 L D- 714 L Y MF J  B`s Mn-037(

245

254

280

280

254146

254146

254170

254170

292

432

370

550

)3(- 
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C
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C
D
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C
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50

24
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138
230
287
345
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765
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35- 30V
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(Transmission Line Refrence Book , Page 564)

300
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765
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1550- 1425- 1300
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Technical Guide , NGK Isulators LTD, Cat. No. 91H.Page 78 first Revision .1989

K

33
66
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500
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23065
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)Line Hardware and conductor Accessories
(

: 
- - - - - 

.

(: 
: 

1-1(:
. 

2-1():(

.
. 

:
1.U)U_ Bolt.(
2.)Chain.(
3.)Shackle.(
4.)Extension link.(
5.)Eye_ Ball.(
6.)Clevis_ Ball.(
7.)Clevis_ Eye.(
8.)Socket_ Eye.(
9.)Socket_ Clevis.(

10.)Yoke plat.(
11.)Turn Buckle.(
12.)Suspension clamp.(

:
1.)Dead End Clamp.(
2.)Jumper Terminal.(
3.)Conductor Joint.(
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4.)Repair Sleeve.(
:

1.)Spacer.(
2.)Vibration Damper.(
3.)Spacer Damper.(
4.)Armour Rod.(
5.)Arcing Horn.(
6.)Arcing Ring.(
7.)Grading Ring.(
8.)Corona Ring.(

: 
)Tower Bonding Clamp.(

)Parallel Groove Clamp(. 
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KVKVKVKVKVKVKV
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