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A Study on Variation of Current, Voltage Drop and Heat Input
depending on Heat Condition of Welding Single Cable

Joung-hyun, Lee

Department of Materials Processing Engineering, The Graduate School
Pukyong National University

Abstract

To increase the welding productivity, the welding current has been
increased without consideration of welding cable. This cause the large
current and voltage drop, power loss and unstable arc. The purpose of
this study is to set the new time period of duty cycle for the
welding single connection cable which has welding power cable,
control cable and CO, gas hose in single jacket depending on heat
condition. In addition, power loss and heat input were calculated by
using temperature, current and voltage drop of cable. The waveform

and weld bead surface were also analyzed.

Key Words: Welding cable, Welding single connection cable, Power loss, Heat
input, Arc voltage, Cable voltage, Duty cycle, Time period, Voltage drop
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.

CO; gas flow meter

CO; gas tank

3 Phase

Wire feeder

Input
cable |

Welding torch
Fd

= Base metal

Control box

| Lead Earth h .
cable  cable Control cable  Torch cable

Fig. 2.1 Schematic of CO, welding equipment”
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Table 2.1 Size recommendation of welding cable

Welding Cable size (AWG) depending on length of welding circuit
Welding type current
(A) 500ft 100ft 150ft 2001t 300ft 400ft
)5 6 6 4 3 2 1
100 4 4 3 1 1/0
Manual 150 3 3 2 2/0 3/0
and 200 9) 2 1 1/0 3/0 4/0
semiautomatic 250 2 2 1/0 2/0 4/0 -
. 350 1 1 2/0 3/0 - -
. Weld;ngé o 300 1/0 10 3/0 400 ; -
(duty eyele 60%) 400 1/0 2/0 3/0 ; ; ;
450 2/0 3/0 4/0 - - -
500 3/0 3/0 4/0 - - -
semiautomatic
and 400 4/0 4/0 - - - -
automatic 800 2-4/0 2-4/0 - - - -
welding 1200 3-4/0 3-4/0 - - - -
(duty cycle 1600 4-4/0 4-4/0 - - - -
60~100%)

i
o
lo
=)
%
ko)

*AolE 329 dole 84 = Zolst $3E f= ol



rfo

rfo

ofo
iy
St
fru
=2
>
&Y
A/

=2 238
=2 Uedg

7OP

50

b= 4VE 2R ook shal A AA 9
H

ofok Ftt}. Table 2.2 LwHE Alo]E A A <

Table 2.2 Allowable temperature considering insulation material

Item Allowable temperature(C)
PE 75
Thermal XLPE 90
plasticity PVC 75
FEP 200
NR 60
Rubber
mixture CR 79
(Polymer)
EPR 90




2.1.3 KS 7+3: KS C 60245-6:2005 A} 450/750V o3} 1F HA4HA
Aol - A 63 : o= £HE HolEd

Table 2.3 Welding cable of 60245 KS C IEC 8land 82

1 z 3 4 2 U 7 | 8
Nominal | Maximum Total Thickness Mean overall Maximum conductor
cross diameter thickness | of sheath® diameter resistance at 20°C

sectional of of covering off
arca wires in composite L9wer U,pp,er Tir}ned Unt@ned
of conductor | Specified covering it limit L wires
conductor value Specified
value
mm? Yook mufl - mm mm Q/km Q/km
16 0.21 2.0 1.3 8.8 11.0 1.19 1.16
25 0.21 2.0 1=3 10.1 12.7 0.780 0.758
35 0.21 2.0 1.3 11.4 14.2 0.552 0.536
50 0.21 2.2 1.5 13.2 16.5 0.390 0.379
70 0.21 2.4 1.6 15.3 19.2 0.276 0.268
95 0.21 2.6 1.7 171 21.4 0.204 0.198
* The thickness of the insulation of composite is not measured separately.
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Tape

Fig. 2.2 Sectional view for CO; welding cable
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Welding single

connection cable

Fig. 2.3 Example for installation of CO: welding single
connection cable
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Fig. 2.5 Structure of welding single connection cable
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23 &3 AolEAN Y &4 SAHAHY

231 AJAE AL AolE AY =H

Fig 262 AYAE AL Aol &9 A 4 W EAEE
et o] B2 AL JAYAE AHEEt] S B9t £37
Sape Aol AGT EFE Friet mA A Atolo AYS EHste
Aotk a0 AFAANE o83t &4 AFE FHDT

CO; Torch
JJ L Voltage
Earth cable Vi sensor (V3)
Current hal

sensor

R Voltage
sensor (V)

Wire feeder

Welding single
connection cable

Fig. 2.6 Schematic of voltage measurement
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232 A} &4 AFE ol 8T Ay &4 A

Table 2.4 Comparison of american wire gage with metric system

Resistance at 68°F Nominal cross Resistance at 20 C
' per 10001t sectional area by SI per 1000m
AWG Size I
Q i Q
8 0.688
10 1.75
6 0.435
16 1.09
4 0.272
25 0.70
2 0.173
35 0.50
1 0.137
50 0.35
1/0 0.109
2/0 0.087
70 0.25
3/0 0.068
95 0.18
4/0 0.054
120 0.146
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233 X8 A F3 AE

AYeAS AFste A AR e Table 252 o]&3te Ao,
o] AL Folx HFolA &HT uf 30m(100ft) 2ol I =] thdh
Aol X5 MY A3tE HoFEth o] A% AE &42 24 3)7
2oh 7|4 PLL AEELAW), I A/F(A), L83 VD(voltage drop)
E AgAsH(V)S UEhdth Fig 2798 AFo] @ AolE A& W
A E4S Ueidth AolEY AF7t AS4E Y &4 71&7)7t
H43] S7kesleE AL & 5 o

PL=1IxVD 3)

Table 2.5 Voltage drop for AWG size depending on current

Welding Voltage drop depending on cable size (AWG) per 100ft
current
A) s 1 1/0 2/0 3/0 4/0
50 1.0 0.7 0.5 0.4 0.3 0.3
75 1.3 1.0 0.8 0.7 0.5 04
100 1.8 1.4 ) 0.9 0.7 0.6
125 2.3 1.7 1.4 1.1 1.0 0.7
150 2.8 2.1 1.7 1.4 1.1 0.9
175 33 2.6 2.0 1.7 1.3 1.0
200 37 3.0 24 2.0 1.5 1.2
250 4.7 3.6 3.0 24 1.8 1.5
300 - 44 34 2.8 2.2 1.7
350 - - 4.0 32 2.5 2.0
400 - - 4.6 37 2.9 2.3
450 - - - 4.2 3.2 2.6
500 - - - 4.7 3.6 2.8
550 - - - - 3.9 3.1
600 - - - - 43 34
650 - - - - - 37
700 - - - - - 4.0
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Current (A)

Fig. 2.7 Powerloss per 100ft for various sizes of welding cable
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Fig. 2.7 Schematic illustration of GMA welding circuit
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Welding power

Fig. 2.10 Definition of the arc energy
E =E —E =1V, t—1V.t=1t(V,-V.)=1tV, )

Em: Machine output energy

Ea: Short circuit energy

I: Current of welding circuit
Vim: Voltage of machine output
Vs: Voltage of short circuit

V.: Voltage of arc
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32 43 A8 € WUy

321 48 A=

2 d7oME 848 dE A9 AlolEe =4 H7BE 60, 68,
80mrS Zo] 50m= ate] AF AT Table 3.1 &3 M Aol&e
=4 F4E Uebdh

Table 3.1 Construction and length of welding single connection cable

Construction of conductor Length
Nominal cross | Wire diameter | Wire number
sectional area
mﬂf mm E A m
60 0.26 1,128 50
68 0.26 1,300 50
80 0.26 1,500 50
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Table 32% F3} H2E 275 Ueldlch Aol &9 dukal &g
e 2 Al FEAEE 2] 98t AlelEL Fig 313 #Zo] F
A= AEIol 08002 93] 7S HEHE o ¥ GAZRE 3m golx
AT Aol AT 26m AHolA =4 g AAAe 2= &

A3ttt AFE TAAE AL AGS HEHAEHE o] &3}

N
=

Table 3.2 Condition for electrical load test

Thyristor 600A
Power source .
welding power source

Load tester Capacity 600A
Setting current 300, 400, 500A
Loading time 10, 60, 100 min

Cable state Uncoiled, coiled

Room temperature 18~23C
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Load tester
o
Welding | {041 m? Earth cable
M/C
g5m!
- N
ik
Current hall
sensor :
Voltage,/ _N——"77"
sensor
Thermometer
Welding single
connection cable
(50m)
Thermometer

(@) Uncoiled state
Fig. 3.1 Schematic of electrical load test
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(b) Coiled state

Fig. 3.1 Schematic of electrical load test
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Fig. 3.2 Result of temperature calibration
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Temperature of cable ('C)

Voltage drop of cable (V)
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(b) Voltage

Fig. 3.3 Temperature and voltage drop of cable

at 500A, 60%duty cycle
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Voltage drop of cable (V)
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(b) Voltage
Fig. 3.4 Temperature and voltage drop of cable
at 500A, 80% duty cycle

_32_



—_
o 120+
~ | —— Uncoiled 5 Q-OOOOO 00
- 100+ coiled /O’O’O
s 3 O
Q /
“— 80} O/O
g - Oy poHbobOboogooo
— / /[]’
2 60 o~
£ e
2 40
:
D -
= 20
0 . . . ! " L . !

20 40 60 80 100

Time (min)

(a) Temperature

S\ 7.4¢ _5 Uncoiled 00
L 79, SO coiled O’OO O
‘C’é ) B /OO
° 7.0+ O
Gl - ©)
° I & oE-a-8-dghooo.
o 6 8 L O /D'D’D 00O
e O/D/D
o)
O 6-6 B /[]/
S 1Y
< 6.4 ?D
~ 6.20
6-0 L 1 L 1 . 1

20 40 60 80 100

Time (min)

(b) Voltage
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cycle depending on cable state
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Fig. 3.7 Temperature and voltage drop depending on sectional area of
cable at 500A, 100% duty cycle and 100min time period
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Fig. 3.8 Resistivity depending on sectional area of cable at 500A,
100% duty cycle and 100min time period
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Fig. 3.9 Resistivity depending on temperature of cable at 500A,
100% duty cycle and 100min time period
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Fig. 3.10 Static voltage-current characteristic curve of CV welding machine
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Fig. 3.12 Heat input of depending on sectional area of cable at
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Table 4.1 Welding condition for experiments

Current hall
‘ sensor

Voltage_’i) 5
sensor
Thermometery, Welding single

(3m) connection cable
(50m)

2800x9turns
NS

n%
Thermometer
(25m)

Welding current 400A
Welding speed 100cpm
CTWD 25mm
Shield gas flow rate CO,, 20£/min
Load tester
0
Turn 100mm? Earth cable
table (5m) Welding
m/C
o Y @
Wire feeder y o7 g -
3 [ } §

Fig. 41 Schematic of welding experiment setup
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Table 4.2 Waveform and weld surface

Current 1084
Tnitial state
of 80mm? Voltage 38.39V (V. 34.18V)
7 L]
| Current 4104
Initial state
of 60mm? ji Voltage 38.55V (V,,: 33.15V)
o
wadar i
Current 1A

After 100min
loaded

at 400A,

60mm?

1¥

WAANAAAATNAAAA

Voltage 37 75NV, 30.55V)

. thta]
NV,

Initial state of SO Initial state of 60MI 100mwin loaded at 60m"

cable state

Fig. 42 Vi and Vae depending on cable state
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