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ABSTRACT 

MSc Thesis 

DETERMINATION OF VEHICLE CABLE CURRENT CAPACITIES BY 

SIMULATIONS AND EXPERIMENTAL VALIDATION FOR DIFFERENT 

TEMPERATURES 

 

MUHAMMED RAFET BAKCAN 

 

 

Graduate School of Natural and Applied Sciences 

Department of Electronics Engineering  

 

Supervisor:  

Cables used in vehicle is important indirectly  for fuel efficiency, vehicle performance 

and vehicle safety. Optimum cable and cable size selection by user and environmental 

conditions in the vehicle reduce the total weight of the vehicle  and it leads to reduce 

fuel consumption. However, the use of the vehicle in difficult environment conditions 

that may select of the appropriate cable wiring which prevents possible damage and fire 

and that provides  safety conditions. In this thesis, current carrying capacities were 

determined in single core automotive cables which is used in vehicles. Firstly, current 

carrying capacities accordance with cable size were determined with mathematical 

models. Obtained results were used in finite element methods and correlation factors 

were added on obtained results. Finite elements methods simulation results were applied 

to the sample cables in the testing apparatus .  Finally, mathematical, simulation and 

experimental thermal and electrical results were compared for different ambient 

temperatures. 

Key words: Harness, wiring, automotive,  current carrying capacities, FEM. 

2016,  xii + 96 pages 
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Otomobil tarihi elektrik, mekanik, termodinamik ve malzeme bilimlerinde meydana 

 

90 

milyonlar seviyesinde seyretmektedir. 

(G ) 

 

  (  

 



2 
 

 

2.  

 

 

 

y

2 d  

karayolu i

motora sahip a sahip 

elle 

 

  

, 



3 
 

 

motorlar tercih edildi. 

jisinin e

itre

Tablo 1

 

sistemleri geli 1.2 d , 

 erjiyi elektrik enerjisine 

 .  

 .  (Larminie ve ark. 2012) 

 
  

[MJ/kg] 

Hacimsel 
enerji 

 
[MJ/l] 

enerji 
 

[kWh/kg] 

Hacimsel 
enerji 

 
[kWh/l] 

 
Dizel 
Benzin 

 
 

     Biodizel 
     Etanol 
     Metanol 
EESS 
      
     Nikel kadmiyum batarya 
     Lityum kobalt batarya 
     Lityum iyon fosfat batarya 
     Lityum titan batarya 
 

 
42.8 
43 
50 
 

37.8 
26.8 
22.7 

 
0.108 
0.288 
0.72 
0.4 

0.274 

 
35.9 
31 

28.7 
 

35.7 
21.2 
15.9 

 
0.1 
0.24 
1.9 

0.792 
0.236 

 
11.9 
11.9 
13.9 

 
10.5 
7.4 
6.3 

 
0.03 
0.08 
0.2 
0.11 

0.072 

 
9.96 
8.61 
7.97 

 
9.92 
5.89 
4.42 

 
0.028 
0.067 
0.53 
0.22 

0.062 
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 hem elektrik ve hemde 

 

 T fakat 

. 

T  

. (Larminie ve ark. 2012) 

 

motorlarla  yeniden tasar frenleme 

 fren sistemi   

tir 

 

 

3.  



5 
 

1.3 

300-  gerilime 

V duyulur.  

sistemi, dizel enjeksiyon sistemi, 

 

 

4. 

(  
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2.KAYNAK  

 

 

analizl

modellenip incel

r. (Karahan 2007)  

kapasitelerini etkileyen parametre

arda 1x25  

direk temas halinde bulunma



7 
 

 

 

 

sahip orta gerili

 



8 
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3.  

3.1 Kablo Demetleri 

e uyum

gerilim kablo demetlerine sahip e  teknolojileri 

(Williams 2007) 

demet halinde ve 

 

n 

polipropilen veya PVC izolasyon malzemesi . Bunun sebebi   

leridir. 

m  3.1

 

1.  (Denton 2004) 

Devre (12V)  Kabloda gerilim 

  

 < 15W 0.1 0.6 

 >15W 0.3 0.6 
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1. (devam) 

Devre (12V)  Kabloda gerilim 
  

 Nominal 0.5 0.5 

  0.5 0.5 

 Pull-in 1.5 1.9 

 Nominal  0.5 1.5 

  

     I = P/           (3.1) 

              (l/A)        (3.2) 

    

 ) 

 

          (3.3) 

 yerleri dikkate 

 3.2 (Denton 2004) 

2.  (Oba 2013) 

Kesit 
) 

 uygulamalar 

0.6 5.75  

0.7 6 Saat, radyo 

1 8.75  

2 17.5 Farlar 

3.1 27.5 Farlar 

4.6 35 Ana besleme 

5.9 45 Ana besleme 

6.9 50  

8.5 60  

39 700  
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3.1.  (Oba 2013) 

1 e

 uygun olarak 2

 

 

.2.  (Oba 2013) 
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syonun incel

 3 e  

3.  (Oba 2013) 

kesiti 
 

kablo kesiti 
 

Uygun kablo 
malzemesi 

 

0.13 0.08 
kablo 

iletkenlik 

0.5 ~ 2 0.75 ~ 2.5 Aluminyum kablo 
 

 5 ~ 100 - 
kablo 

 

kablolar genellikle 2.5 

gerilmeye da  

 

 - 

-iletkenlik oran  

A b

,  

- a 

ki 
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devam etmektedir. (Oba 2013) 

r.  

 

 2 .8 km 

- 1900 

-2500 

kadar 

 

3.3.   
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Kablolamada k 3.4 e 

 

 

 

3.4.  (Denton 2004) 

3.5  

arak d .  
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3.5. ablo demetleri 

 

  

  

  

  

  

  

 kolay  

 

in 
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ekil 

3.6 a   

 

7  kablo demeti  taslak olarak 

, ana 

 taslak olarak (Denton 2004) 

 

3.6.  

  

 

3.7.  



17 
 

 ki 

 , elektronik ko

birlikte sadec

 

olur. Kablo  ilgilenilen alan 

kablo k

edilmekteydi. 

orunlar 

anahtar 

 ve  

 

3.8 e 
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 3.8.  (Oba 2013) 

. B

 

lektronik sistemi mimarisinde 

  

azen 



19 
 

 

kuvveti gibi etmenl

ana sanayi 

 

 bulunur. B

a 

u

  iletilir.  

3.9 de  (Oba 2013) 

 

3.9. G   (Denton 2004) 
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  Bu 

otomatik olarak yerine getirilir. (Najamuz 2015) 

.4. (Najamuz 2015) 

i 

  

  

  

  

 Arka far  

3.2  

p

 3.5   

dahada artaca  

elektrik ve elektronik 

r mekanik cihazlarla 

 

  

  

  

  

elektrikli 
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  3.5 e 

.6 a 

 (Anonim 2010) 

5.  sigorta kutusu ve izin verilen maksimum  
(Anonim 2010) 

    

10A  10A 

elektrikli camlar 
10A  10A  
20A  25A 

 
20A  7.5A  
20A 

merkezi kilitleme 

15A  

7.5A Aynalar ve elektrikli camlar 10A  
10A Klima sistemi 7.5A El freni 
10A Telefon 25A Merkezi kilit 
10A  15A  
10A 

alarm 
15A  

15A Silecek ve  10A  
20A  20A 

camlar 
15A  10A Navigasyon, ses 
25A Elektrikli camlar 10A  
7.5A  20A  
7.5A  10A Aynalar ve elektrikli camlar 
20A 

merkezi kilitleme 

15A Ses ve saat 

0 a 

6 a  
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 3.10.  (Anonim 2010) 
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6.  (Anonim 2010) 

  

1 Kablo demeti   
2 Kablo demeti   
3 Kablo demeti   
4 Kablo demeti  Farlar 
5 Kablo demeti   

6 Kablo demeti   
7  
8 Kablo demeti    
9 Kablo demeti   
10 Kablo demeti   
11 Kablo demeti  Ana DC hat 
12 Kablo demeti  Arka lamba 
13 Kablo demeti   
14 Kablo demeti   
15 Kablo demeti   
16 Kablo demeti   
17 Kablo demeti   
18 Kablo demeti   
19 Kablo demeti   
20 Kablo demeti   
21 Kablo demeti   
22 Kablo demeti   
23 Kablo demeti   
24 Kablo demeti   
25 Kablo demeti   
26 Kablo demeti  Alarm 
27 Kablo demeti  
28 Kablo demeti   

3.3  

C iken ortalama en 

 -89,2  iken ortalama en 

-56,7 dir. (Anonim 2016) 
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7 de 

 

7.  (ISO 6722 2011) 

  

A 
B 
C 

  -40  / +85   
-40  / +100   
-40  / +125   

D 
E 
F 

-40  / +150   
-40  / +175   
-40  / +200   

G 
H 

-40  / +225   
-40  / +250   

 imal edilir.  

8.  (ISO 6722 2011) 

ASTM B1  

ASTM B3 yada EN 13602  

ASTM B33 yada  EN 13602  

ASTM B298  

ASTM B355  

 

3.9 a testlerin ne  

9 a 

 5)  -
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gerekli frekans 50-

duyulur.  

maksimum 

 10 a  

 

9. Kablolara uygulanan testler (ISO 6722 2011) 

  Periyodik 

 x x 

 x x 

 - - 

 x x 

Test gerilimi x x 

 - x 

 x - 

 x x 

Gerilme testi - - 

 x - 

 x x 

 - x 

 x x 

 - x 
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0. ISO 6722 S  (ISO 6722 2011) 

    
Kesit 
mm2 mm 

mm 

Kablo 

mm 
mm 

Kablo 

mm 
mm 

Kablo 

mm 

0.13 0.55 - -  
0.25 

1.05  
 
 

0.2 

0.95 
0.22 0.7 - - 1.2 1.05 
0.35 0.9 - - 1.4 1.2 
0.5 1.1  

 
 

0.6 

2.3 0.28 1.6 1.4 
0.75 1.3 2.5  

0.3 
1.9 1.6 

1 1.5 2.7 2.1 1.75 
1.25 1.7 2.95 2.3 2 
1.5 1.8 3 2.4 2.1 
2 2 3.3 0.35 2.8 0.25 2.4 

2.5 2.2 0.7 3.6 3 2.7 
3 2.4 4.1  

 
0.4 

3.4 - - 
4 2.8  

 
0.8 

4.4 3.7 - - 
5 3.1 4.9 4.2 - - 
6 3.4 5 4.3 - - 
8 4.3 5.9 5 - - 

10 4.5  
1 

6.5  
0.6 

6 - - 
12 5.4 7.4 6.5 - - 
16 5.8 8.3  

0.65 
7.2 - - 

20 6.9 1.1 9.1 7.8 - - 
25 7.2  

1.3 
10.4 8.7 - - 

30 8.3 10.9  
0.8 

9.6 - - 
35 8.5 11.6 10.4 - - 
40 9.6 1.4 12.4  

0.9 
11.1 - - 

50 10.5  
1.5 

13.5 12.2 - - 
60 11.6 14.6  

1 
13.3 - - 

70 12.5 15.5 14.4 - - 
95 14.8  

1.6 
18 1.1 16.7 - - 

120 16.5 19.7 - - - - 

l 3.4 0.5 

belirlenir. 

 =        (3.4) 

Denklem 3.4  bulunan, 

R20, 20  (m /m), 

(m ), 
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C). 

izelge 3.11  (ISO 6722 2011) 

1.  (ISO 6722 
2011) 

 
mm 

/m 20  

   

0.13 136 140 142 
0.22 84.4 86.5 87.9 
0.35 54.4 55.5 56.8 
0.5 37.1 38.2 38.6 
0.75 24.7 25.4 25.7 

1 18.5 19.1 19.3 
1.25 14.9 15.9 16 
1.5 12.7 13 13.2 
2 9.42 9.69 9.82 

2.5 7.6 7.82 7.92 
3 6.15 6.36 6.41 
4 4.71 4.85 4.91 
5 3.94 4.02 4.11 
6 3.14 3.23 3.27 
8 2.38 2.52 2.6 

10 1.82 1.85 1.9 
12 1.52 1.6 1.66 
16 1.16 1.18 1.21 
20 0.955 0.999 1.03 
30 0.647 0.684 0.706 
35 0.527 0.538 0.549 
40 0.473 0.5 0.516 
50 0.368 0.375 0.383 
60 0.315 0.333 0.344 
95 0.196 0.2 0.204 
120 0.153 0.156 0.159 

3.4   

nerji 
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3.4.1 ranferi 

 

 

3.11 e 

 -  

 

 3.11.  
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, 

 

   = kA  = -kA  (W)     (3.5) 

Denkelemde bulunan  

  

   = kA   (W)      (3.6) 

-

, 

 

 

 iken demir 

 termal iletkenli

, 

2
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2.  

Malzeme K ( W/mK ) 

 429 

 401 

Aluminyum  237 

Demir 80.2 

Cam  0.78 

 0.72 

Su 0.607 

Odun 0.17 

Helyum 0.152 

 0.13 

Cam fiber 0.043 

Hava 0.026 

3.4.2  

reket 
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 3.12

meydana gelir.  

 

 3.12.  

 

ile belirli kuvvet 

13 eki gibi 
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 3.13.  

 

 = h  ( ) (W)     (3.7) 

Denklemde bulunan  K 

,    

 

 

3

 

3.  

 h (W/ K) 
Gazlarda  2-25 

 10-1000 
 25-250 
 50-20000 

 2500-100000 
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3.5  

K

getirmektedir. Artan kablo 

demeterin

termal 

ve elektri  

 

r, 

 

 denklem 3.8 e 

  

+  =  +     (3.8) 

 boyutlu matris 

 

[ ].[ ]+[ ] = [ ].[ ]      (3.9) 
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Denklem 3.9 a [

radyasyonik [

temsil eder.   

3.14  

devrenin y

m 

 

 

3.14.  

3.14

Neuman  ve    
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kapasitesi , malzemin     malzemenin 

 

3.10 

ve 3.11 e  

 = . . .      (3.10) 

= . .      (3.11) 

, buda 

 

3.14 e   

emek 3.12 e

 

 =  +        (3.12) 

 

 

 

 =         (3.13) 

 haspsetmenin  

noktada,  

d  

n  
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3.15.  (Grandvuillemin ve ark. 

2007) 

3.15 e 

3.14 ve 3.15   gibi 

hesaplanabilir.  

  =          (3.14) 

 =        (3.15) 

 

 3.14 ki d

kol

yolu takip eder; 

 

 

 -Kutta gibi klasik 
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3.16 a -Kutta ile 30A 

ile beslenen 1.5 

  

 

3.16.  (Grandvuillemin ve 

ark. 2007) 

3.16 a -Nicolson metdou 

r

 

[ ] =         (3.16)   

3.17 e -

d

-  
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 (Grandvuillemin ve ark. 2007) 

 

3.17.  (Grandvuillemin ve ark. 

2007) 

3.6 Termografi Metodu 

 

lde 

 (9000-

mutla

artar. Te
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 3.18. Elektromanyetik tayf (Anonim 2016) 

 ticari 

 

 

 

 3.19.  (Anonim 2011) 

. Bununla 

 



40 
 

 x 120 yada 320 x240 

 x 768 piksele kadar 

 

 

 

-  

 

 

  

 

tespit edilebilir, 
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 (Anonim 2016) 

3.7 Sonlu Elemanlar Metodu 

 

Bu metod fizik ve 

Geometrisi karma

 

 Sonlu elemanlar metodunu 

Bu 

 

 

 sorununuda beraberinde getirir. Bu sebeple sonlu elemanlar 



42 
 

 (Moaveni 2015) 
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4. LER  ve DENEYSEL  

  

 

 

4.1 Benzetim ile  

Benzetim ile 

rencin 

4.1  4.2

 denklem 4.3 dan kablo 

 

4.3

i

giri  Benzetim ile 

modelleme formuller: 

 =                   (4.1) 

  lo  direnci,  maksimum kesit direncidir. 

 =                (4.2) 

, zaman sabitidir. 

                             =         (4.3) 
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  ile 

0.75   - 100 , 40  - 100  ve 

60  - 100  

l e 

 

.  -100   

0.75 mm2 20  -100  
Zaman (sn)  

1 110 
2 78 
5 51 

10 38 
100 23 

1000 22 
3600 22 

4.2.  -100   kapasitesi 

0.75 mm2 40  -100  
Zaman (sn)  

1 94 
2 67 
5 44 

10 32 
100 19 

1000 18 
3600 18 

.   -100   

0.75 mm2 60  -100  
Zaman (sn)  

1 77 
2 55 
5 36 

10 27 
100 16 

1000 15 
3600 15 
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4.2  

 

 

-40  / +100  

fiziksel dayan  25 25 

ile 

 , 40  ve 60  

 

8 

saniye olar

 ve  Ek 4 eki 

tablolarda benzetim ile  

 

ki 

12  
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 4.1.  

4.2

hassasiyeti o kadar fazla 

olur

k 4.3

kablonun kesiti  

 

.  
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4.3.  esiti 

 

 

.  

 

 

4.4.   

de 

bu malzemelerin 
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.  

   (kg/ ) Termal iletkenlik 
(W/mC) 

 
(J/kgC) 

 
 

 8933 400 385 1.72  
PVC 1350 0.14 900 - 
Hava 1.1614 0.026 1007 - 

 

n 

le birlikte 

 

  , 40  

ve 60   

 

   = I -1/2 R  K T       (4.4) 

 +          (4.5) 

          R = ( + )*L/A       (4.6) 

K=( )*A/L        (4.7) 

   T = -         (4.8) 

  

a  R  K  T 

. 

  

 P, 

P=  * I*( T) + *R               (4.9) 
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 ise, 

 =  / P      (4.10) 

Benzetim ile 

 

benzetim ile 5, 4.6 

ve 4.7  Burada D:Deneysel, B:Benzetim, D.F: 

. 

. 0.75  - a kapasitesi 

0.75 mm2 -100 
Zaman(sn) D(A) B(A) D.F. 

1 180 110 1,65 
2 125 78 1,60 
5 79 51 1,54 

10 57 38 1,50 
100 31 23 1,35 

1000 26 22 1,20 
3600 23 22 1,05 

. 0.75  -  

0.75 mm2 -100 
Zaman(sn) D(A) B(A) D.F. 

1 155 94 1,65 
2 107 67 1,60 
5 67 44 1,54 

10 48 32 1,50 
100 26 19 1,35 

1000 22 18 1,20 
3600 19 18 1,05 
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. 0.75  -  

0.75 mm2 -100 
Zaman(sn) D(A) B(A) D.F. 

1 127 77 1,65 
2 88 55 1,6 
5 56 36 1,55 

10 41 27 1,5 
100 22 16 1,4 

1000 18 15 1,2 
3600 17 15 1,1 

 

 

 alt zaman 

dilimleri 

ile 5 deneme  

 kablo kesit  

 

 

. 0.75 Kesiti analiz sonucu   
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Analiz 

gibi kablo boyu

 

 

 Analiz sonucu kablonun 3   

 ve 

 

i 

 ekil 4.7 . 
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 4.7. 0.75  -  

4.3   

4.8

s , daha 

 paralel y

 

transfor  

 

sebebi nu
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ken,  22

zerine 

 el ile ayarlanabilmektedir. 

oru 

 

 

ampermetrelerden bir tanesi deney boyunca kullan  

 

 4.8.  

 

4.9.  
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tir. 

 

4.10.  

 4.10 a 

6 00 saniye 

boyunca 133 A  Bu kesit ve   

100 saniyedir  

  4.11

 

 

4.11. Deney 1. a  
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kil 4.12  a  

 kablonu boyunca izolasyon malzemesi olan 

den gele  

 

 

4.12. Deney 2. a  

4.13 sabit tutularak verilmeye 

0 her 

dumanlanma  K

 

. 
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4.13. Deney 3. a  

4 45 tkan malzemesi 

 

ine  

 

4.14.  

, 1 , 1.25 

, 1.5 , 2.5 , 3 , 5  ve 6  
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20   

kadar 1, 2, 5, 10, 100, 1000 ve 

  ile belirlenen 

olup deneysel  

  kablo toplam boyu 1 metre 

 

4.15  

1, 2, 

5, 10, 100, 1000 ve 3600 saniye boyunca 2.5 

   

 

 4.15.  

,  
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-
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5.BULGULAR  

deneysel olarak kapasitesinin belirl elde edilen 20 

  

   0.75 

, 1 , 1.25 , 1.5 , 2.5 , 3 , 5  ve 6  

4   halinde 

 

.  kesitli kablo  

0.75  

Zaman(sn)  C) Merkez( C) ( C) 
1 180 103 95 101 
2 125 100 95 99 
5 79 102 96 100 

10 57 100 97 100 
100 31 102 97 100 

1000 26 102 98 101 
3600 23 101 98 102 

ki  

  ir 

 

 

 5.1.  



60 
 

6  kesite sahip kabloya uygulanan deformasyon inceleme deneyinde 133 A 

. 

 

 

2. 6  kablonun 80 saniyede  

5.3  

 

3. 6  kablonun 80 saniyede sol  
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6  

 

4 ya 133 A 

  

 

4. 6  kablonun 130 saniyede   

 

kablo 127.3 

 

 

l 5.5. 6  kablonun 150 saniyede  merkez  

A 
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birlikte kablo 

 

 

6. 6  kablonun 180 saniyede    

 

26 A 7

  

 

7. 0.75 kablonun 1000 saniyede sol  



63 
 

0.75  

8    

 

8. 0.75 kablonun 1000 saniyede merkezde meydana 
 

104.5   

 

9. 0.75 kablonun 1000 saniyede  ta  
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Deneysel olarak ek 

1 ve ek 

 

 

10.  2.5  kesitli na sahip  

0 A 

elde edilen 2.5 

 

 

11. 2.5  ek yerine sahip kablonun merkez  

 7.3  

1  
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12. 2.5  ek yerine sahip kablonun  

Deneysel olarak 2.5 

 

. 2.5  Ek yerine sahip kablo - si 

Zaman(sn) 

 

 

 

Cu 

(2.5 ) 

( C) 

Ek1(C) 

 

Cu 

(2.5 ) 

 

Ek2  

 

Cu 

(2.5 ) 

 

1 520 81 106 81 104 81 

2 364 83 108 82 106 84 

5 225 86 110 83 108 88 

10 154 90 103 92 102 89 

100 64 95 102 96 99 95 

1000 54 98 100 96 100 97 

3600 48 98 101 97 100 97 

 

 



66 
 

6.   

benzetim, 

 

  

 

C (B 

20  

 ve 60  

Buda ortam 

 

100 t   

uygulanan 

saniye ve 
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larda k ki    %1 

 

. 
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EKLER 

EK 1 

 Otomotivde  

 

Standart 

 

 

J1292  

J1742 

 

J2223/1 Binek - tek kutuplu 

 

J2223/2 - test ve 

genek performans gereksinimleri 

J2223/3 - 

 

J1673  

J2618 Kablo demetlerinde f  

J2192  
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EK 2 

 

 

0.75  100 saniyede sol  

 

0.75 800 saniyede    
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0.75 1000 saniyede merkezde  

 

1 800 saniyede merkezde  
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1 800 saniyede merkezde  

 

1.5  1000 saniyede merkezde  
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1.5 1000 saniyede   

 

1.5 10 saniyede  sol  
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1.25 80 saniyede merkez  

 

2.5 100 saniyede  
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2.5 ekli 900 saniyede  

 

2.5 1000 saniyede  
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3 100 saniyede merkez  
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EK 3 

 Analizi  

 

0.75 1000 saniye  

 

1 1000  



80 
 

 

1.25 1000 saniyede  

 

1.5 1000  



81 
 

 

2.5 1000  

 

3 1000  

 



82 
 

 

5 1000  

 

6 1000  
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0.75  100  

 

1 100  
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1.25 100  

 

1.5 100 saniyede kablo kesiti  
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2.5 100  

 

3 100  



86 
 

 

5 100  

 

6 100  
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0.75 10 saniyed  

 

1 10  



88 
 

 

1.25 10  

 

1.5 mm2 10  



89 
 

 

2.5  10  
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EK 4 

Benzetim  

0.75 mm2  -100  1 mm2  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 180 110 1,65 1 207 145 1,45 
2 125 78 1,60 2 144 103 1,40 
5 79 51 1,54 5 91 67 1,35 

10 57 38 1,50 10 65 49 1,30 
100 31 23 1,35 100 34 27 1,30 

1000 26 22 1,20 1000 29 26 1,10 
3600 23 22 1,05 3600 26 26 1,00 

1.25 mm2  -100  1.5 mm2  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 270 178 1,50 1 329 208 1,60 
2 186 127 1,45 2 228 148 1,55 
5 117 82 1,40 5 143 95 1,50 

10 81 60 1,35 10 98 70 1,40 
100 41 31 1,30 100 46 35 1,30 

1000 36 30 1,20 1000 39 33 1,20 
3600 32 30 1,10 3600 36 33 1,10 

2.5 mm2  -100  3 mm2  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 520 337 1,60 1 620 415 1,50 
2 364 240 1,55 2 426 293 1,45 
5 225 155 1,50 5 264 190 1,40 

10 154 110 1,40 10 180 135 1,35 
100 64 50 1,30 100 73 59 1,25 

1000 54 46 1,20 1000 61 53 1,20 
3600 48 46 1,10 3600 55 53 1,10 

5 mm2  -100  6 mm2  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 968 630 1,55 1 1255 790 1,60 
2 675 450 1,50 2 870 559 1,55 
5 413 285 1,45 5 555 358 1,50 

10 287 208 1,40 10 371 255 1,45 
100 108 83 1,30 100 133 100 1,35 

1000 77 70 1,10 1000 92 82 1,10 
3600 73 70 1,05 3600 87 82 1,05 
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0.75 mm2 40  -100    1 mm2 40  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 155 94 1,65 1 180 124 1,45 
2 107 67 1,60 2 123 88 1,40 
5 67 44 1,54 5 76 57 1,35 

10 48 32 1,50 10 55 42 1,30 
100 26 19 1,35 100 30 23 1,30 

1000 22 18 1,20 1000 24 22 1,10 
3600 19 18 1,05 3600 22 22 1,00 

1.25 mm2 40  -100    1.5 mm2 40  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 228 152 1,50 1 283 177 1,60 
2 156 108 1,45 2 195 126 1,55 
5 98 70 1,40 5 123 82 1,50 

10 69 51 1,35 10 84 59 1,40 
100 34 27 1,30 100 39 30 1,30 

1000 30 26 1,20 1000 34 28 1,20 
3600 28 26 1,10 3600 31 28 1,10 

2.5 mm2 40  -100    3 mm2 40  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 464 290 1,60 1 531 354 1,50 
2 317 205 1,55 2 363 251 1,45 
5 199 143 1,50 5 227 162 1,40 

10 133 96 1,40 10 157 117 1,35 
100 56 43 1,30 100 63 50 1,25 

1000 48 40 1,20 1000 54 45 1,20 
3600 44 40 1,10 3600 49 45 1,10 

5 mm2 40  -100    6 mm2 40  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 840 542 1,55 1 1078 674 1,60 
2 576 384 1,50 2 740 478 1,55 
5 360 248 1,45 5 460 307 1,50 

10 252 178 1,40 10 319 220 1,45 
100 93 72 1,30 100 116 86 1,35 

1000 66 60 1,10 1000 77 70 1,10 
3600 63 60 1,05 3600 73 70 1,05 
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0.75 mm2 60  -100  1 mm2 60  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 127 77 1,65 1 149 101 1,45 
2 88 55 1,6 2 104 72 1,40 
5 56 36 1,55 5 67 41 1,35 

10 41 27 1,5 10 47 35 1,30 
100 22 16 1,4 100 25 19 1,30 

1000 18 15 1,2 1000 20 18 1,10 
3600 17 15 1,1 3600 19 18 1,00 

1.25 mm2 60  -100    1.5 mm2 60  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 188 125 1,50 1 232 145 1,60 
2 130 89 1,45 2 160 103 1,55 
5 80 57 1,40 5 100 66 1,50 

10 57 42 1,35 10 79 64 1,40 
100 29 22 1,30 100 33 25 1,30 

1000 25 21 1,20 1000 28 23 1,20 
3600 23 21 1,10 3600 25 23 1,10 

2.5 mm2 60  -100    3 mm2 60  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 380 238 1,60 1 438 292 1,50 
2 262 169 1,55 2 300 207 1,45 
5 162 108 1,50 5 184 132 1,40 

10 133 95 1,40 10 134 122 1,35 
100 46 35 1,30 100 52 41 1,25 

1000 38 32 1,20 1000 43 37 1,20 
3600 35 32 1,10 3600 40 37 1,10 

5 mm2 60  -100    6 mm2 60  -100  
Zaman(sn) D (A) B (A) D.F. Zaman(sn) D (A) B (A) D.F. 

1 692 447 1,55 1 900 556 1,60 
2 475 317 1,50 2 610 394 1,55 
5 290 202 1,45 5 376 251 1,50 

10 237 180 1,40 10 265 183 1,45 
100 77 58 1,30 100 96 71 1,35 

1000 54 49 1,10 1000 62 57 1,10 
3600 51 49 1,05 3600 60 57 1,05 
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EK 5 

 Zaman  

1 mm2 

Zaman(sn)  
Sol 

C) Merkez( C) ( C) 
1 207 106 95 104 
2 144 103 95 102 
5 91 100 96 101 
10 65 105 97 102 

100 34 103 98 102 
1000 29 103 99 102 
3600 26 105 100 103 

  

1.25 mm2 

Zaman(sn)  
Sol 

C) Merkez( C) ( C) 
1 270 109 93 106 
2 186 107 93 107 
5 117 102 94 105 
10 81 106 95 107 

100 41 104 96 104 
1000 36 103 98 102 
3600 32 102 100 102 

 

1.5 mm2 

Zaman(sn)  
Sol 

C) Merkez( C) ( C) 
1 329 109 95 108 
2 228 108 95 106 
5 143 106 97 105 
10 98 106 97 105 

100 46 103 98 103 
1000 39 101 98 102 
3600 36 101 99 101 
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2.5  

Zaman(sn)  
Sol 

C) Merkez( C) ( C) 
1 520 110 92 108 
2 364 108 93 109 
5 225 104 96 105 
10 154 103 96 102 

100 64 102 98 100 
1000 54 101 100 101 
3600 48 102 100 103 

 

3  

Zaman(sn)  
Sol 

C) Merkez( C) ( C) 
1 620 110 91 106 
2 426 108 93 102 
5 264 106 95 102 
10 180 104 96 100 

100 73 102 98 100 
1000 61 102 100 100 
3600 55 103 100 102 

  

5  

Zaman(sn)  
Sol 

C) Merkez( C) ( C) 
1 968 108 92 103 
2 675 104 95 102 
5 413 102 94 101 
10 287 100 96 99 

100 108 104 100 102 
1000 77 101 98 100 
3600 73 101 99 101 
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6  

Zaman(sn)  
Sol 

C) Merkez( C) ( C) 
1 1255 110 92 107 
2 870 108 93 108 
5 555 105 94 106 
10 371 102 96 103 

100 133 100 98 106 
1000 92 99 99 103 
3600 87 100 100 102 
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