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< GeKa

Table of the Low-Alloy Electrodes According to AWS A5.5

[E |80 1 | 8 |-| B2 |

[Covered Electrode | waare 1 ooor Symbol Eiongaion %
i ype i,
y Tyoeof Cover | podion | clrent
Tensile Yield ETOI0  PHAVG 2222122
¥ Strength | Strength o [Cellulosic Sodium| ¢ o Heet | Doy | |ET011 A 22022
that | mmery | s | iy Silicalo
Cailulosic = E70M5  XBIUG 251925
10 |0 | e | w0 | s n Pg,:gg'gm FVOHHAE | ooty | [e706  xmzus 2519025
FAutile Potassium AC XBZLCIL
= - 13 Silicate FVLOH Hfilet | o S | |ETOI8 G 25/10/25/25/35
- —_ Basic Sodium ET00  AUG 25025
w |e| a0 | 7| o0 B siicats. | RO | 2B | e 22125
Basic Potassium ¥ AC EBOID PG 1919
wo | o | e | e | w00 ¢ Silicate FV.ORRA | ocy E80lt G 18
18 | Potassium Sticate -flled. 52%,-, EBNI G 1
me | e | 760 a7 670 - -
E8015  XBILG REREE]
20 Iron Oxide F Hfilet [ AC -
2 | e | s wor ] —| [EBOE  WCHCAG 102411919
Iron Oxide ; AC . =
# Iron Pow FoRdfillet | peiyin 190177240131
: 13188
— F=Flal _ V=Vertical OH=Overhead -
# | AllWelding Positions H=Horizontal  H-Fillets= Hori fillets
2 2 = V-Down= Vertical with downward progression
Harizontal and flat welding - g " J
2 positions "
Symbol Types of Electrodh Chemical Gomposition of the Weld Metals %
[ Wn NI Cr__| Mo E10010 G 6
Eoonca  [earbon Molybdenum alloyed] 012 0.60 - - 040088 | [eary & =
EXHBT 005012 | 080 - 040085 | 040065 | [E70013 & T}
e Gosaiz | oen = | Uoots | 04o8ss | [Eo0is wo 16/18
| Exennss |1 - 200280 | 090020 | e 0018w 1616
EXI-BAL 4 : — 176226 | 040085 | (£ 90018 MG 201616
EXOUOBS Chromi Iyt 007-015 | 040-0.70 = vavaen | 10002 | [E79010 o O
EXXILBA alloyed 005000 | 100 oa | aposoo | casons | [gi7om1 o |
[—— 005010 | 100 o4t | soos00 | nasoes | [E97013 & T2
 Exouce.ss 005010 | 100 040 | 00105 | 085120 | [E 77018 o 7]
Exen 008013 | 128 1,09 05 | 085490 | [Eq0e o T
EXXXXC1 L 1 s T s = E11018 M 20
EX G2 p 012 125 300375 — —_ E 12010 G 14
| exnxx.ca Nickel alloyed 012 | 040426 | osodi0 | 08 035 = 7
EXXXX-C4 010 l__‘ 2;0_0 e —_ G‘ 1
EXXXXNCE e SO0 TS o o E 12015 G 14
Exncenmn | Micks! alloyed | o010 seotie | o010 | odness | [Evzos G @
EXKLD1 012 L = 025045 | le12018 Gt 14718118
Exann0z * aloyed. 015 0.90 = 0.25.0,45
e 0,12 0,90 = cavoes | | %': B1, B2, B3, B4L, BS, BS, BSL,
Mn: 1,00 - Si; 0,80 - Ni: 0,50 - Cr: 0,30 B7, B7L, B8,B8L, BY, C1, C1L, C2,
UG Low alloy electrade | Mo: 0,20 Ihen at least one of these c2L, C5L, D1, D2, D3, P1
_|elements the limit, designated with “G". a1 G2
EXXNXM Military similar ode 0,10 140-180 | 015 035
EXKNKP1 Pipeling 0,20 1,00 0,30 0,50
BN W Weathering steel 912 040070 | 0.20-040 | 015030 | Cu 0.3-08
EXOLWE 012 |050-1,30 | 0.40-0.80 | 0.45-0,70 | Cu 03075
The symbel L is added to the low-carbon elecirodes.
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Weld metal includes Cb (Nb)+Ta.

Weld metal includes N.
Weld metal includes cu.
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< GeKa

Table of Cast Iron Electrodes According to TS EN IS0 1071

[E] NiFe-Ccl |
| Coated Electrodes J—,

Svmboll Product Composition of the weld metal %
Y : " Other
Structure| ¢ |[si| mn [P | s Fe Ni cu Not s
Coated Electrodes
Fe-1 EST 20 |15]0515[004] 004] rest E . 5 10
St EST 015 [10] 08 |ood| 004 rest E 0,35 & 04
o2 ET 02 |15/03-15/004] 004| rest - - Inbsvisgt00] 10
i E 20 40| 25 [ -Jooa] 80 [min85] 25 Al 10 20
) S 10 [075] 25 | - [003] 40 [min80[ 40 = 10
N-ClA B 20 40| 25 | - [003] 80 |minB5| 25 AL 1,0-3,0 0
NiFe-1 EST 20 40| 25 |003] 003] rest | 4570 | 40 AL10 1.0
elements
NiFe-2 EST 20 |40[1050/003| 003| vrest | 4580 25 [that produce| 10
carbide 3,0
= E 20 40 25 - 004 rfest _4oB0 25 A0 10
NiFeT3-Cl X 20 1,0[30-50] - | 003 rest 45-60 it Al 1) 1.0
NiFeCI-A 3 20 | 40| 25 | - [003| rest | 4580 3 Al 1.0-3.0 10
: 20 [10] 104 | - | 003] rest | 3545 Y Al 1 10
Hikeia Ll 05 |10]10-14 003 rest | 3545 | 25 AL10 10
NiCu EST 17 _[10] 26 | - [0.04 50 5075 | rest - 0
NiGU-A EsS 0,35-056]075] 23 | - [0025] 3060 | 5060 | 3545 : 10
NiCu-B ES 0,35:055[0.75] 23 | - |0025] 3060 | 6070 | 2535 - 10
Z RET Any agreed composition
Single values shown in the table mean maximum values unless noted otherwise.
Abbreviation | Tensile | Yield 5 Weld metal | &, ot
ofthe | Strength [Strength| Elongation Symbol| recove Type
Syrnbol Siarabia g g rate (%
WFa WPa % 1 <105 AC-DC
Fe-1 ECFe-1 Mo values, only for surface coating 2 5105 oc
St ECSt (intermediate transverse layers) 3 > 105125 AC-DC
ECFe2
% Adi 4 105<1 )] ¥
Fe-2 Torep 320 0 8 >105¢125
W ECNi-CI 200 750 3 5 1055125 | AC-DC
- SC NGl 200 250 3 B 108125 e
Ni-CIA ECNiCI-A 200 750 3 il >160 AC-DC
NiFe-1 E/SIT C NiFel 290 420 [ g 160 DC
NiFe-2 E/SIT C NIFe2 290 20 6
LT = = 6
NiFeT3-Cl_| TC NiFeTa-Cl 250 350 12
350 NiFe-CIA | E C NiFeCIA 250 350 4
E S NiFeMn-Cl 350 450 1
NFeMnCl 15 ¢ NiFelincI |30 150 i
Nicu £ NiCu 190 300 1
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Table of Cast Iron Electrodes according to AWS A5.15

E| NiFe-CI |

[ Coated Electrodes |

Composition of the weld metal
SymDOI c | Mn | si | [ l s | ro | M [ Mo | cu | Mg ! Al ‘59 elg:.,h:nrls
Coated Electrodes
ENi-CI 2.00 250 400 — 0,03 | 8,00 | min. 85 - 2,50 - 1,00 - 1.00
EN-CI-A -_— 0,03 | 8,00 | min, 85 — 2.50 — 1.0-3.0) — 100
o o Pel ww - 2w -
ENFeClA 2,00 250 | 400 — |op3|PRest | ase0 | — |zs0| — [1o30] — 1.00
ENFaMn-CI 200 10,0-14,0 1.00 - 0,03 | Rast 3545 — 2,50 — 1.00 -_ 1.00
ENICL-A 035088 230 | o7s — |o025|3.060| 080 | — |3sas| — - | = 1,00
ENICu-B 03s055) 230 | ors — |oozs|apso] somo | — |zsas| — = = 1,00
Flux-cored Wires
ENiFaT3-Cl | 200 | 3080 | 100 | — [op3|Rest| 45&01 — Jaso] — [ =T 100
Core Wire
E st ] o5 | oso [oss| oos JoosJRe] — T — T T —T-—T-T —
Cast Iron Welding Rods for Oxy-acetylene Welding
RCI 3235 |080075|27-30]| 050075 0.0 | Rest | eser | eser | — ey - |- -
RCLA 3235 | 050070 | 20-25]020-040| 0.10 | Rest | 12.16 |025045] — - -_ -— -
RCIB 3240 | 010040 32-38 0,05 0,015 | Rest 050 — — |04-010| — |020 -
TIG Rods
ERNI-CI 100 250 | o7s 0,03 | 4,00 | min 90 400 1.00
ERNiFeMn-Cl 050 | 100140 100 0,03 | Rest | 3545 2,50 1,00 1,00
Tensile Strength Yield Strangth -
ekl sl Elongation Hardness
(ksi) | (Wmm?) | (ksi) | (Nimm®) % BHN
2025 | 13872 ] — — — 150-210
a5-40 241276 - — -— 225-290
BO-90 552-821 70-75 | 483-517 3050 220-310
50-60 345 | 4045 | 276310 | soas0 150-200
- = = — - 250-400
4065 | 276-448 | 3860 | 262414 | 3080 135-218
276-448 135-218
- ==1]
400-579 165-218
ENiFeMn-CI 75-95 517655 | 60-70 | 414-483 10,0-18.0 165-210
ENiFeT2-Cl B5-B0 MS—SSE 40-55 | 276-370 12,0-20.0 150-185
[ERNlFeMn-CI 75100 517-689 | B55-80 | 448-552 15-35 165-210
- 457 - www.gedikwelding.com
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Table of Electrodes for Hardfacing according to TS EN 14700

| E | Fe12 e
Wires or Rods
Flux-cored Wires of Flux-cored Rods
Cast Iron Welding Rods
Strips
Sintered rods, strips or flux-cored-strips
Metal Powder
ey |Acceptance Chemical Composition %
ymbol ¢ cr Ni Mn [ Mo [ W v Nb other | rest
Fel p <04 <35 — | 05-3] <1 £1 21 - — | _Fe
| Fe2 p 4-1, s7 51 05-3 | =1 =1 1 - - . Fe
Fe3 st 2 -0, 1-8 <5 s $45 | <10 | =15 — Co, Sl Fe
Fed stip) 2-1, 2-6 <4 s s10 | s19 | =4 Fe
| _FeS cpstw 20, =01 17-22 5 3i-5 — — Fe
Feb gps 52 =10 = B =3 = = Fe
Fe? cpt 0. 4-30 s6 s £2 — s Fe
Fed gpt =02-2 5-18 —_ 03-3 | s45 | =2 Y. Fe
Fes k (n) p 03-12 <19 €3 | 11-18| s2 — s Fe
Feld | ckinjpz 5025 17-22 | 7-11 | 3-8 | €15 | — — Fe
Fell cnz 503 18-31 | 6-20 | =3 | sS4 | — | — Fe J
_Fel2 | cmz | s _ | mw-28 | -3 | i == Fe
Feld G 515 565 54 15— <4 = e Fe
Feld © 5-45 25-40 | <4 = <4 — — — — Fe
Fel5 q 45-55 20-40 | s4 = <2 — — | s10 B Fe
Felb 9z 40-175 10-40 | — <3 < <8 | =10 | <10 B, Co Fa
Fe20 cgtz | hardiacing mat. -— - — — - - e = Fe
Nil cpl <1 15-30 | rest [03-1 | <6 | = <1 — | _Si.Fe.B Ni
Ni2 ckptz 0,1 15-30 rest =15 =28 s s1 s4 Co, 8i, Ni
Ni3 cp <1 1-15 | rest | 03-1 | s6 | s s1 — Si. Fe, B Ni
Nid ckptz <01 1-15 | rest | <15 | =28 | = <1 4 | Co,SiTi Ni
Ni20 cqtz | hardfacing mat. - - - = - = - = Ni
Co ckiz <08 <06 |20-30] =10 | <10 | <15 | — — Fe Co
Co tzcs) 06-3 20-35 54 01-2 — [6-14 - —_ Fe Co
Co tz(cs) 1-3 20-35 | <4 =2 <1 [B6-14] — = Fe Co
Cu c(n) — — 56 515 - - - - Al, Fe, Sn Cu
All cn — — - 10-35 | =05 — — — Cu, Si Al
cr1 cg 1-5 rest — =1 — — [15-30] — |Fe,B,Si2r Cr
Acceptance: c: corrosion resistance n: non-magnetized t: heat resisting
g: abrasion resisting p: impact resisting  z: oxidation resisting
k: working hardening  s: shearing ability ~ w: precipitation hardening
a)Analyses that do not fit this table is signified with z.
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S Geka

Table of Surfacing Electrodes according to AWS A5.13

E FeMn-A
. s
Symbol UNS Chemical Composition % — .
Number| ¢ | Mo ‘ si | er | Ni [ Mo ‘ v ‘ w [O'(In:x1 Fo | elements
IRON BASE SURFACING ELECTRODES®)
EFel W74001 [004020105-20] 10 |0535] — 15 | — =5 = rest
EFe2 W74002 |010-030]00-20| 10 [1838] 10 [ 10 |03 | — = rest
EFe3 W74003_|0,50-080[05-15] 10 [4080] — 10 | = - = rest
EFed W74004 | 1020 [0520] 10 [3080] — = - = = rest
EFe5 | W75110 |030-080[1525] 0% [1530] — [7.085/0515/0515] =~ rest
EFe6 | W77510 | 06-10 |0410] 10 [3050] — [7.0-85/0545/0515] - rest
W7T610 0

EFeMnC | W79210 | 0510 [ 1216 | 13 |25.50|28550| — - - — | rest 10
| EFeMn-D | W79410 | 0.5-1 201 13 [4575| — — 0412 — - rest 10
EFeMn-E | W79510 | 0.5, 20| 13 [3080] 10 = il = rest 1.0
EFeMn-F | W79610 | 0812 | 17-21 | 13 [3060] 10 - - = — | rest 10
EFeMnCr | WT9T10 |025075] 12-18 | 13 | 1347 [0520] 20 | 10 | — — | rest 10
EFeCr-A1-A| Wr4011 | 3545 [4060] 0320 [2025 | — 05 | - = = rest | 10 |
EFeCrAZ | W74012 | 2535 [0515] 0513 |7590] - — | Ti1218] rest 1,
EFeCr-A3 | W74013 | 2545 [0520] 1025 | 1420 | — 1, — — rest 1
EFeCr-Ad | WidDi4 | 3545 |[1595] 15 [2329[ — [1030] — | — — |rest | 1
EFeCr-AS | W74015 | 1525 |0515| 20 [2432] 40 | 40 | - - — rest 10 |
EFeCr-AB | Wr4016 | 2,535 |0515] 1025 [ 2430 | ~ [0520] - = = rest 1,
EFeCr-A7 | W74017 | 3550 |0515] 0525 [ 2330 | ~ [2045] - - = rest 1.0
EFeCr-AB | W74018 | 2545 |0515] 15 [3040 | — 20 | — — = rest 1.0
| EFeCr-E1 | W74211 | 5065 |20-3.0/ 0815 216 - - — — | Ti4,0-7.0 | rest 1.0
EFeCr-E2 | Wr4212 | 4060 [0515] 13 420 | — [5070] 15 = rest 10
EFeCr-E3 | Wid213 | 5070 |0520[ 0520 [ 1828 | — [507.0] - [3050| ~— rest 10
10 Nb 4 0- 10

EFeCr-E4 | W74214 | 4060 0515 20-30 | - |5070|0515| 20 70 rest

a)Suffur and phosphorus co each shall not exceed 0.035%.
Nickel and Cobalt Base Surfacing Electrodes

Symbol [ (UNS [ ¢ | wn | s | c | N [ Mo | Fe | w |oher | Co slomenls
ECoGrA | W73006 | 07-14 | 20 | 20 | 25 0 | 10 | 50 |3060] — |rest | 10
ECoGrB | Witz | 1047 | 20 | 20 [ 2532 [ 30 | 10 | 50 7095 — |rest | 10 |
Eoocre | Wiaol | 1730 | 20 | 20 | 2533 | 30 | 10 | 50 | fi-ta| — | rest | 10
ECoCrE | WI21 | 04504 | 15 | 20 | 2429 | 2040|4565 50 | 050 | — | test | 10
ErieC T Wasa0s 10510 | — | 3555 | 1218 | rest | — |3556] — |B2s45] 10 | 10
ENCMo- | weoooz | 042 | 10 | 10 | 1418 | rest | 1418 [4070|3050| Voso | - 10

ENiCrFeCo | W83002 [ 22-30 | 10 [ 06-15 | 25-30 | 1033 | 7.0-10 | 20-25 [2,04.0 - 10-15 10
b)Sulfur and phosphorus contents each shall not exceed 0.03%.
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Table of Wire Electrodes and Deposits for Gas-shielded Arc Welding of
Non-alloy and Fine-grain Steels according to

TS EN ISO 14341-A
IG]|4213[P]91| G3si1

Alloy Chemical Composition %" 9%
Symbol| ¢ si_ | M [P [ s [ N [ Mo | A [ Tz
GO 0,06-0,14
G2Si | 0,06-0.14 | 0.50-0,80 | 0.90-1,30 | 0,025 [ 0,025 | 0,15 0.15 0,02 0,15
=y i - .30-1.60 = | T 3
GA4Si1 06014 | 0,80-1,20 | 1,60-190 | 0,025 [ 0,025 | 015 A 0,02 0,15
G3si2 06-0.14 | 1,00-1,30 | 1,30-1,60 | 0,025 | 0,025 | 015 A 0,02 015
G2Ti 04-0.14 | 0.40-0,80 | 0,90-140 | 0,025 [ 0,025 | 0,15 ; 0,05-0.20 | 0,05-025
|__G3Ni__ | 0,060,14 | 0.50-080 | 1,00-1,60 | 0,025 | 0,025 | 0,80-015 | 0, 0,02 15
G2ZNi2_| 0,06-0,14 | 040080 | 0,80-140 | 0,025 | 0,025 | 2,10-2.70 | 0, 0,02 15
G2Mo__| 0,08-0,14 | 0,30-0,70 | 0,90-1,30 | 0,025 | 0,025 K 040-060 | 0,02 15
G4Mo | 0,08-0.14 | 0,50-0.80 | 1,70-2,10 | 0,025 | 0,025 X 040060 | 0,02 15
GZAT | 0,08-0,14 | 0,30-0,50 | 0,90-1,30 | 0,025 | 0,025 K 015 035075 | 015
1)Single values shown in the table mean maximum values.
2)If not specified, Cr<%0,15, Cu %0,35 and V %0,03.

Symbol for impact
properties of all-weld metal
Symbol | Temperature °C
i No Requirements
A (+20) il h
0 0
2 -20
= -
4 -40
WIS - 5 -50
Yield Strength, Tensile Strength and gati 6 -60
Rel 7 -70
(Nimm’) 8 80
355
380
Shielding Gas
460
500 EN 439
550 I
620
690
790
890 |980-1180| 15
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Table of Carbon Steel Electrodes and Rods tor Gas Shielded Arc Welding
(TIG, MIG) of Non- Alloy Steels according to AWS A5.18

Chemical Compositions for Solid and Stick Electrodes (%) (a)
T T ] T
ASHOM (ONS L ¢ S P:SIHi. Mol (G| W |z A
ERTIS ERAS2 KIOE 007 00440 040070 0025 0035 0.5 065 0.5 003 050 005015 000,12 005015
ERT0S3 ER485 K022 006015 090140 045075 0025 0095 0.45 0,45 0,15 003 050 *

ERT0S4 ER4BS4 K1tt2 006015 100450 055085 0005 0035 015 015 045 003 050

ERTOST ER4BST K125 007015 150200 050080 0025 05 015 0.5 0.5 008 050

ERTISG ER4SG - Not Specified
a) Single values shown in the table mean maximum values.

Symbols for
R(M | S| - |6 |H —f oo
| | all-weld metal
Symbol mLAl0g
il 16
Tensile Test impact Test a—
Tense  Yield Average Impact
Symbol Slrengh MM M{Hﬁ}
ASi8  ASABM Shielding Gas (Mpa) (Mpe) (%) A5.18M
ERT0S2  ER4GS-2 27J at-30C
ERIS3  ERMBS SR

ER4

Not required

ERIST  ERGST S 27Jat-30C

ERTOSG  ER4ESG @ 4 0 2

goca  Egplx 0 27J at -20C
%ArfRem. 80 40 2

ETIC6%  E4g06x  COporCOp 27J at -30C

ETOCGHN)  E48G-GIX) oWz 3

ETOC-GS(K) E4BC-65X) 40 Not Specified Not Required

{a) Specified according 1o the agreement between the producer and the customer,
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< GeKa

Table of Wire Electrodes for Arc Welding of Stainless Steels
According to AWS A5.9

|ER| 316L Si [

. . Mechanical Values
Chemical Composition (%) s?mfn Elonga | Heat m
" reng tion [Treatment|
Y c cr Ni Mo Mn Si Other Elements MPa) | (%) °C
ERZ09 0,05 | 205240 | 95120 | 1530 | 4070 0,50 N.V:0.10-0.30 Cu0.75 690 15 Naone
ERZ18 010 | 16,0180 | 8.09.0 0,75 7090 | 3545 N:0,08-0,18 Cu:0.75 . 2 2
ER210 0,05 | 10,0218 | 557.0 0,75 5,0-10.0 1,00 N.0,10.0.30 Cu-0.75 620 18 None
ERZ240 0,05 T_o.lg_o 4,0-8.0 0,75 10.5-13.5 1,00 M:0,10-0,30 Cu:0.75 (0] 15 Mono
ER307 004-0.14] 19.522,0 | 80107 | 0515 | 3.3-4.75 | 0.30-068 Cud,75 550 30| None
EFR308 0.08_| 19,5220 | 90110 | 075 1.0-25_| 0.30-0.66 Cu0.75 550 35 None
ER308H 004008} 195220 | 9.0-110 0,50 1,025 0,30-0,65 Cu0,75 550 35 Mone
ER306L 0,03 | 19,5220 | 80110 | 075 1,025 | 0,30-0,68 Cu,75 520 35 None
ER30BMG 08| 18.0-21,0 | 9.0-120 | 20-30 | 10-25 | 0,30-0,65 Cu.78 550 35 | None
ER30BLMo 04 | 180-21,0 | 50120 | 2030 | 1025 |0,300.68 Culd.75 520 35 Naone
ER308SI 08| 198220 | 8,011 75 1025 | 0,65-1.00 Cu.78 > 5 :
ER308LS 03| 19522 .11, 75 1.0:2, ,65-1.00 Cu0.75 . .
ER309 12| 23,0-250 | 12,0-14. 75 .02, ,30-0.65 Cu,75 550 30 None
ER309L 03| 23.0-250 | 12.0-14 .75 1,02, ,30-0,65 Cud 75 520 30 None
ER308Ma 12| 23.0-250 | 12,0-14.0] 2.0:3.0 | 1.0:2. 30-0.65 Cu0.75 550 30 None
ER308LMo | 0,03 | 23,0250 | 12,0-140] 2030 | 102 ,30-0.65 Cud.7! 520 30 None
ER305S] 12| 23.0-250 | 12.0-14] .78 1.0:2, 65-1.00 Cuif.75 . -
ER309LS! 03| 23.0.25.0 | 12,014, .75 02, ,65-1.00 Cu0,7 - - .
ER310 0.08-0.15| 25.0-28.0 | 20,0-22, .75 02, ,30-0.65 Cud,7 550 30 None
ER31 015 | 28.0-320 | B.0-105 75 02, 30-0,65 Cu.75 860 23 None
ER31 0,08 | 18,0200 | 11,0-140| 2.0-3.0 02, 300,65 Cu.75 530 30 None
ER316H 0.04-0.08| 18.0-200 | 11.0-140) 2030 £e2, | 30-0.85 Cu:.75 520 30 Nene
ER316L 0.03 18.0-20.0 | 11,0-144 33, 1025 L 30-0,65 Cul.75 490 30 Nona
ER3165] 0.08 | 18.0:20.0 | 11.0-14.0| 2,03, 1025 |0.651.00 G075 == = -
ER3T6LSI 003 | 18.0-20.0 | 11,014, 10-3, 102, 65-1,00 Cu.75 - - -
ER31T 0.08 .5-200. ,0-15, - 1.0-2.5 ,30-0,65 Cul.7s 550 30 Noneg
ERITIL 0.03 520, [0-15, )3 1.02, 300,65 Cu .75 520 30 None
ER31E 0.08 020, 014, 03] 10-25 | 0.30-0.65] Cb:8"Cmin/1.0max Cu0.75 550 25 None
ER320 0.07 021, 036.0] 203, 250 060 | Cho Cmint Omax Cu3.0-4.0 550 30| MNone
ER3Z0LR 0,025 | 19.0-21.0 | 32,0-360| 2030 | 1525 0,15 | Cb:8"Cmin/1,Omax Cu:3,0-4.0 520 30 None
ER3Z1 008 | 185205 | 90105 | 075 1025 | 030085 Tig°Cmin/l Omax Cu0.75 - . -
ER330 0,18:0,25] 150-17.0 | 34.037.0] 075 1025 | 0,30085 Cu,75 520 25 None
ER347 0,08 50110 | 075 1025 | 030-0.85] Cb:10°Cmin/1 Omax Cu.0.75 520 30 None
ER347S] 0.08 50110 | 075 1.0:25 | 0651,00] Cb.10"Crin/1,0max Cu.0,76 - - -
ER383 025 5 |30.0-330] 3242 | 102 50 Cu0.70-1.50 520 30 None
ER385 025 240-260] 4252 | 102 .50 Cu-1,20-2.00 520 £ None
ERADD .08 0 50 B0 50 Ti.10°Cmin/1,0max Cu0.75 . .
ER409CH .08 60 50 80 00| Coil0"Cmin/t Omax Cu0.75 . . .
ER410 12 ; i 75 60 50 10.78 450 20 730-760
ER410NMo 08| 11,0125 | 4050 | 0407 60 50 0.7 760 15 585620
ER420 0.25-0.40] 12.0-14, B0 0.7 60 50 0.7 - -
ER430 010 | 16,517, 60 075 | 080 50 7 350 20 7E0-700
ER446LMo | 0,015 | 250-27, 8 0,75-1.50 A0 A0 01 - - -
ER50Z X 4.6-6.0 060 | 045085 050 50 w07 420 20 | 840670
ERE0S X 8,0-10.5 50 | 0812 0 50 Cu75 420 20| 840870
ERB30 005 | 16.01675| 4550 | 075 | 0.25.0.78 75 Cb:0.15-0,30 Cu:3.25-4,00 530 7| 1025-1050
ER15-10H | 0,04-0,08 18,5200 | 8.091,0 | 0.28 1,020 | 0,30-065| _ Ti0,05 Cb:0.05 Cu:0.75 - - -
ER16-8-2 010 | 145165 | 7595 | 1020 | 1020 |0.30-0.85 Cu.78 550 35 None
ER2200 003 | 215235 | 7,50,6 | 05020 | 05020 | 0,90 N.0,08-0,20 Cu:0.75 650 20 None
ER2553 004 | 240:270 | 4585 1.50 1.50 100 | N.0,10-0.25 Cu1.52.5 760 15 None
ERsia 0,050.15] 21.0-23.0 | 19,0-22,5| 0.50-2,00| 0.50-2,0 | 0,20-0.80 Co:16,0-21.0 .
(N.0.10-0,30 W.2,0-3,5 Cb:0,30 T3.0,30-1,25 Al-0,10-0,50 2r-0,001-0.10 La:0.005-0,10 B:0,02)

a) Nickel+Copper total is max. %0,5
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Table of Flux-Cored Wires according to AWS A5.20

E T T TT]-JTAT NI [TWIF—
E: Electrode ——J
o |Flat and Horizontal Position
ey | ETL-M ~ W | -
T F [(em [ - | @ | = -
ETIT4 i o | 2 -
ETNT-5.5M 0 W | 2 |27)at-20°C
- ETS 4 @ | 2 |27Jat-29°C |
Alloy Symbol Chemical Composition % N7 [f] @ |2 |- |
ENT8 i B | 2 |27Jat-29°C |
1 1.} B o
-svmw.NHn’fger ‘ih‘sc‘s‘rlc; Hi‘lh‘vluicu Eéxnm" 4£n gg 2_2 E?Jat_m
i ENTA [} ] =
) ot BOC2-00 | 40 | 6060 | B |27dat-29C |
| [ ESKE - i | - =
Py } Woreos 018 175 0%0 003 003 020 050 020 006 ~ 03! [ ENT - I
ENT4 EBHT-14 - ® | - =
et } wore ERNTG W | 4 |7 &
L L ENIG 40 ) u -
EMT4 WOTeM | M Ee = T —
ENTS WOTeR B = ® =
E;; m (1) 175 0R0 03 09 020 050 00 006 18 03| a) Single values are minimum values.
(EDTH WO |
0 = (f) 175 080 008 00 020 050 030 008 18 0% :
[EMT42
Pt ]S 055 180 020 0 0% 02 03 03 0 ~ 03 78, BIOTI0, 70T 31, ETIT 11 E1T.
BB Wosta
ETT2
ey | YO
EXT3 Womets Not
EICT0 WOTBH0 Specified
XT3 WOst3
BT WM
TGS~
f) Limits of this element was not specified. Look at AWS AB.5 forT]
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Table of Electrodes for Submerged Arc Welding of Non-alloy and
Fine-grain Steels according to TS EN IS0 14171-A

| - |38 I r I nla [ 82 ]
— Chemical Composition % 1) 2)
| ¢ si Mn P s | Mo | N | or
0.05-0,15 0,15 0.35-0.60 | (. 15 0,15 0,15
,07-0,18 0,15 0,80-1,30 | D,15 15 015 |—
,07-0.15 015 | »1.30-1,75 15 15 045
070,15 0,15 | »1.752.25 | ( , \ 0,15
,35-060 | ( R 15
| 0.80-1,30 f \ 15
801,30 | 1 | O , , KL
[>1,30-1,85 | ( | O A5 R ;
025 | 0,18 \ .
| 0025 | 0,450,865 R §
| 0.025 | 0,450,685 0.15 .
| 0,025 | 045065 015 0,15
0.025 | 045-065 | 015 | 0,15
07 [ 0,054 | 6020 [0025 | o 080-120 | 015
0.07-0.15 | 0,05-0.25 | 0,020 | 0,020 s >1,20-1.80 | 0,5
0.07-0.1 ,05-0.25 1,020 | 0,020 5 > 1,80-2.40 15
0,07-0, ,05.0,25 0,020 | 0.020 ; >2,80-3,70 A5
0,070, ,05-0,25 | 0,020°| 0,020 | 0.45-0,85 | 0,80-120 | 020
0.07-0, ,05-0.25 | > | 0020 [0020 [ 015 | >1,2041,80 20 |
0.07-0, ,05-0,25 : | 0,020 | 0,020 | 0.45-065 | 0.80-1.20 20
it 0.07-0, 05025 | 1 020 | 0,020 | 0,30-050 | 1.20-1.80 20
1 1nc1udmg the Cu of the covering, in the chemical composition of end product; Cu?%0,30; Al?%0,030.
2; Single values shown in the table mean maximum values. —
[Vield Strength, Tensllemﬂﬁﬂﬂsa;, Symbol for impact prorertles
Symbol RelL of all-weld metal
(NImm?) (mern ) {%} —1
355 | 440570 | 22 —S-I";m' ;o—eriﬁam‘:nrzfls
T 380 | 470600 | 20 - —20)
[ 420 | 500-840 | 20 ] i
4 460 530-680 20 ] 20
5 500 | 560-720 | 18 | 5 50
I 550 610-780 | 1 A 20
[ 62 690-890 | 1 T 50
69 ] 60-860 | 1 : %0
79 79 880-1080| 16 7 70
89 890 | 980-1180] 15 g 50
Production/orod Type of Submerged Welding Powder | Symbol
G [Wire Electrodes Manganese-silicate MS
O |Oxy-acetylene Calcium-silicate CS
E |Eleciic arc welding Zirconium-silicate Z5
Rutile-silicate RS
T |Flux-cored wires Aluminate-rutile AR
"W [TIG Rods A ; 3|
F [Submerged arc welding fluxes Aluminate-silicate AS
Aluminate-flouride-basic | AF
Flouride-basic FB
[ Other types Z5
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Specitication tor Wires and Fluxes for Submerged Arc Welding

According to AWS A5.17
Tensile Test [ Tensile Test
Wire-Fl Tensile Yield Elongation Wire-Flux Tensile Yield Elongation
‘_:‘_’_’_'?r_;‘-'_‘ﬁ'ﬁl‘(’!'  Strength psi Strength psi % ! Combination ~ Strength MPa Strength MPa
FGXX-EXXX  60000-80000 48000 ) I —

FABXX-EXXX  480-860 400 22 |

Impact Test Impact Test
Min. ] Min.
Max. Test Max. Test
Average Average
ISymbel Temperature °F Energy Bymbel Temperature °F Energy
0 0 0 0
2 -20
4 -40
p = 20 ft -Iof 27 Joule
6 -60
8 -80
Z Not noted

Symbo UNS Number c Mn Si s P Cu Ti

Low-Manganese Electrodes

EL8 K01008 0,10 0,25/0,60 0,07 003 003 035 -
EL 8K K010089 0,10 0,25/060 010/025 003 003 035 -
EL12 K01012 0,04/0,14 0,25/0,60 0,10 003 003 035 -

Medium-Manganese Electrodes
EM11K KO1111 0,07/0,15 1,00/1,50 0,65/085 003 0,025 0,35

0,05/0, 25 0,10/035 003

E KD ; 0,35 o
EM13K K01313 0,06/0,16 0,90/140 035075 0,03 A 0,35 -
EM14K KD1314 0,06/0,19 0,90/140 035/075 0025 0025 035 003/017
EM15K K01515 0,10/0,20 0,80/125 0,10/035 0032 003 035 -
High-Manganese Electrodes

EH10K Ko1210 0,07/0,16 1,30/1,70 005/025 0025 0025 035 -
EH11K K11140 0,07/0,16 1.40/185 080115 003 003 035 -
EH12K Ko1213 0,06/0,15 1,50/200 0250865 0,025 0025 035 &
EH14 K11585 0,10/0,20 1,70/2,20 0,10 003 003 035 =

G Not Specified
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Welding of Mild Steels

The most commonly used metallic materials of our era are iron based alloys. Steel has a very important
role in them. The property that makes steels this mportant is their ability to make various types of alloys
and their ability to gain various types of properties with the help of heat treatments. As known, while
quenched, steel can be used as a tool that can easily process steel that has the same composition with the
former one. 4000 types of steel that have different compositions and properties are developed since the
industrial revolut on. When different properties from the same steel are considered, there occurs a really
wide spectrum.

The most important issue for welding is the hardening that is caused by rapid cooling from very high
temperatures, which happens in some steels. The resulting hard material, which can go up to 64 HRC
depending on the composition of the steel and the cooling rate, is called “martensite”. Martensite is quite
hard and brittle. The hardest steels are the ones that contain 0,7-0,8% C. The other s gn ficant factor

in martensite formation aside from carbon is the cooling rate. While steels that include more than 0,3%
carbon only harden when they are cooled in the water from a high temperature, hard and brittle martensitic
structure occurs with a much slower cooling when steel includes alloying element.

In arc welding methods, metal is first heated to a temperature higher than its melting point; and then
cooled down. Experiments and measurements show that the cooling rate of the welded zone on an iron
bar is equivalent to the cooling rate of a piece that is heated up to a high temperature and cooled down
by being quenched. Hence, it is obvious that this kind of a hard and brittle structure will be proced at the
weld zones of the steels that contain carbon and alloying elements of higher amount than a certain value
for each.

Welding electrode producers adjust the composition of the filler metal in such a way that even il it mixes

a little with the base metal being melted, no hardening occurs at the molten metal after cooling. However,
hardening on the base metal that is interconnected to the welded zone can occur since this part that is
warmed up to a high temperature and then cooled down. Carbon and manganese are two elements that
especially affect the hardening capability of the unalloyed steel. There are various opinions on the required
maximum carbon content of the unalloyed steels for them to be welded without taking any precautions.

For example, while the maximum carbon content for non-degassed steels are is 0,25% and the maximum
carbon content for non-degassed steels are 0,22% in Sweden, it is allowed for this value to go up to 0,30%
in the USA.

Alloying elements such as chromium, molybdenum, vanadium, nickel and copper, when they are contained
in low-alloyed steels, cause hardening of the heat-affected zone (HAZ) although carbon content is lower.

In add ton to crack formation right after the welding in this hard and brittle material, that is caused by heat,
brittle fractures occur when any deformation process is performed on this structure material in case during
use of welded joints, any smallest deformation stress causes such structures to undergo brittle fracture ;
and, this results in significant damages.

The Weldability Commission of International Institute of Welding advises that the hardness of the heat-
affected zone should not be higher than 350 HVC.

The only solution for decreasing the hardness of HAZ is to decelerate the cooling process after welding.
The safest way for doing this is preheating the piece and welding it at this temperature. Various theoretical
and applied researches have been made in order to find a constant that gives the hardening tendency of
the steel and hence to obtain a formula which gives the preheating temperature that should be appled.
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A solution that easily shows results is developed as a result of all these studies. In this solution, which is
named Carbon Equivalent, the amounts of the alloying elements which exist in the chemical composition
of the steel consist are put into a formula; and, a constant is calculated, depending on whose value a
preheating temperature is can be chosen determined according to this constant.

Although there are various formulas for the calculation of carbon equivalent in literature, all of them are
empirical relations that give close and satisfactory results in practice. The Carbon Equivalent Formula
which the International Institute of Welding (IIW) requires proposes for low-alloyed carbon steels is as
follows:

Ceq= C+ Mn/6 + Cr/5 + Mo/5 + V/5 + Ni/15 + Cu/15
The alloying elements limits in order for the above-given formula to be valid is are as follows:
€<0,5%; Mn<1%; Cr<1%; Nk 3,5%; M0<0,6%

The preheating temperature that should be applied according to Ceq is as follows:

Ceq(%) Preheating Temperature (°C)

less than 0,45 not required at normal conditions

between 0,45 and 0,60  100-200

more than 0,60 200-350 (can be increased up to 600 at special conditions)

If the carbon equivalent, which is just an approach, is used; maximum preheating temperatures should

be chosen as to be the upper limits of the value ranges that are valid for the conditions applied in the
circumstances that are specified below, and in some special conditions, they should be exceeded, in order
to eliminate any risks.

o |f the base metal is Thomas steel or hot-cast steel,

o |f the steel has a coarse-grained microstructure,

o |f the base metal piece (the workpiece) is big large and unorderly structure complex- shaped,
o |f the workpiece is very thick,

e [f low levels of energy should be applied during welding,

o |f the filler metal is not firm sufficiently tough

e |f the temperature of the welding environment is too low,

As seen, carbon equivalent only includes the chemical composition of the steel. However it does not involve
factors that primarily affect the cooling rate such as welding heat input, form of the weld groove, the
geometry and thickness of the workpiece. Although there are some empirical formulas in the literature, the
appropriate preheating temperatures according to electrode diameter (heat input), piece thickness, groove
form according to Cegq is shown in the table.

The points below should be considered during the welding of the steels that have tendency to harden and
have a Ceq value that is more than 0,45% for a safe welding .

e An appropriately chosen preheating temperature should be applied to all the whole pieces.

e The temperature should be kept at the same level during the welding process.

e A pre-dried basic-coated electrode should be used.

o |f a piece will be annealed for stress relieving, it should be put into the furnace as soon as the welding
process is finished before the piece cools down (it should stay in the furnace at the temperatures of
600-650 °C temperature for 2 hours for each 2 mm.). It should be taken out after it cooled down to
300 °C in the furnace, and should be left for air-cooling in a stable environment.
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Recommended Pre-annealing Temperatures according to Garbon
Equivalent, Electrode Diameter, Particle Thickness and Groove Type

Pre-annealing Temperature °C
Electrode = -
C Diameter| Particle Thickness/Butt Seam Particle Thickness/
eq Inside Corner Seam
(mm)
6 12 25 50 6 12 25 50
mm mm mm mm mm mm mm mm
3.20 . . . . . . . 100
4 L] L] . . . L] L] .
0.35 5 . . . . . . . .
[ . . . . . . . .
3.20 . . @ 150 . . 100 200
0.40 4 . L] L] - . L] L] 150
’ 5 ™ ™ ™ . . . . 100
5] . . ® . . . . 100
3.20 . . 150 250 . 100 250 300
0.45 4 . . 100 200 . . 200 250
) 5 . . . 150 . o 100 200
6 - ] . 100 . . . 150
3.20 . . 250 350 . 150 350 | (450)
050 4 . . 150 300 . 100 250 400
* 5 . . 100 200 . . 200 350
6 . . . 100 . . 150 300
3.20 . 150 400 (550) 100 300 550
0.55 4 - - 300 (450) - 200 E‘%Sog i
5 . . 150 50 . 100 350 | (600)
6 ° . 150 300 ° . 300 | (600)
3.20 150 400 X X 350 x x x
0.60 4 100 250 X X 250 (600) x
i 5 . 100 (500) (600) 150 300 (600) x
6 . . 500 L] 150 500 x
3.20 300 x X x X X X x
0.65 4 200 350 x X X x X x
i 5 . 150 (600) X 200 (600) X X
6 - - (500) b3 100 300 X x
3.20 400 x x x x x X x
0.70 4 300 500 X : % X X X
- 5 200 400 x X 400 | (600) X X
6 F 200 (600) x 200 400 X X
3.20 600 4 X X X b X x
0.75 4 500 x X x x X X x
5 400 500 x x (600) X x x
6 200 400 X x (450) (600) x X
* = Pre-Annealing is not recommended
x = It is not used in practice since required pre-annealing
temperature is too high
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In production plants, damaged parts must be repaired immediately operations. The damaged part should
be repaired by welding, and put into its place. The composition of the material of the piece is not generally
known. The welding shop cannot be expected to analyze and determine the chemical composition of

the piece before welding. in such conditions, the first thing that has to be done is to perform spark and

file tests on the material. A file that is grinded to the surface of the material makes it easy to determine

it hardening process is applied to the piece before. In the spark test, the piece is touched against the
spinning surface of a grinding wheel. It is touched to the wheel in such a way that the length of the sparks
is 30 cm. An experienced person who looks at the sparks in a dim light can estimate the elements that are
in the composite and the proportions of these elements. Even an inexperienced person can identify carbon
steel from alloyed steel and the low-middle and high-carbon steels from each other after a few hours work
unless they are dischromated. Another good way of analysing is to compare the piece with specimens from
metals whose chemical compositions are known.

Magnetic-particle test is generally used in distinguishing ferritic steels that can harden after heat treatment
from austenitic steels that cannot harden (despite their high carbon equivalent). Austenitic steels are not
pulled by magnets since they are antimagnetic. The point that should be bewared is not to put the magnet
to the zones that are mechanically worked or to the zones that hardened as a result of transformation
because these zones can locally be magnetic as a result of transformation.

o Use the largest-diameter electrode to which that is suitable for both the weld groove’s shape and the
part’s dimensions allow.

e Choose the max. value of welding ampacity that the electrode producer requested since the cool-down
rate decreases when the energy applied to the weld zone increases.

e Use basic austenitic coated electrodes. This may prevent the cracks in the weld bead because austenitic
steels are more tough.

o \Welded joint should never be done through one pass. The welding with as many passes as it can have
should be chosen because new pass has a tempering effect on the HAZ of the earlier pass and hence
the brittleness and hardness of this zone decreases. Various researchers advise that a tempering pass
should be applied to the weld bead without touching the base metal after the welding.
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Welding of Fine-Grained High-Strength Structural Steels

Fine-grained high-strength structural steels were developed in order to meet the increasing needs for
light steel containers and high-strength containers and reactors in the industry. Carbides, nitrides and
carbonitrides that are scattered around in a very tine structure especially in grain boundaries in the
internal microstructure of fine-grained structural steels, and are transmitted to the solution only at the
temperatures higher than 1100 °C; prevent grain growth even at the heat temperatures at the austenite
zone. High-strength and firm tough steels group occurs are obtained as a result of this . In a second group
of fine-grained structural steels, the yield and tensile strength and the firmness toughness of the steel

are increased without causing the steel that will form a low-carbon martensite in the inner structure lose
its weldabilty. Since the Martensite start temperature is 400 °C in this quenched fine-grained structural
steels group, the martensite that is formed is automatically tempered when it is slowly cooled down at a
temperature lower than this. Therefore fine grained scattered around carbide precipitates that increase the
strength of the inner structure form. Carbon content should not exceed 0,20 for their weldability in fine-
grained structural steels. Steels that have the desired qualities are obtained by low or limited hardening by
putting alloying elements as little as possible, fine-grain formation, decomposition of nitride particles that
prevent grain growth and optimization between heat treatments.

Fine-grained structural steels have a very good weldability because of the limitations to their carbon and
alloying element contents. Classical structural steels are preheated and welded with high energy input in
order to slow down the cooling down rate. On the other hand, slow down of the cooling down rate in fine-
grained structural steels causes them to turn into a ferrite and high-carbon martensite or bulk martensite
or bulk bainite areas at the inner structure in meld line of the base metal. This causes the firmness
toughness to decrease and the strength quality to deteriorate. This shows itself especially on the HAZ of
the joints that are preheated at a very high temperature and welded with a single pass. If the welding
process is multi-passed, quality of the weld zone gets better than the weld zone of the single pass welding
since each pass tempers the weld zone of the former one. An appropriate preheating for thick and highly
stressed constructions is an effective precaution for the cracks that can be caused by various reasons.

Specific-energy input E (k/cm) that is calculated by taking the ratio of the multiplication of welding current
strength and arc voltage and relative thermal activity coefficient of welding method to the welding speed;
preheating temperature and piece thickness are the three significant factors that affect the cooling down
rate of the weld zone.

These three factors should be considered together to be able to control the qualities of the weld zone of
the fine-grained structural steels. Cooling down rate tg/s at 800-500 °C is very important for affecting the
qualities of the weld zone of the steels. The decrease in time causes the hardness and the strength to
increase but the tendency to crack to increase.

Steel producers state the appropr ate tgs value for the fine-grained structural steels that they produce in
the certificate of the steel. There are mathematical formulas, computer programs that calculate the specific
energy that is applied to the weld, piece thickness, preheating temperature and tg;s and nomograms on

this issue. 1kj/cm for each mm of plate thickness as specific energy input is averagely chosen in practice.
For example, E=25kj/cm specific energy for a 25mm thick plate. A preheating process that is between

80 °C and 200 °C is applied to the joint for the processes that are under +5 °C in weld of the fine-grained
structural steels. For the processes higher than this temperature, yield limit and piece thickness are criteria
for the decision whether preheating process is applied or not.
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Welding of Heat and Creep Resisting Steels

Steel has to be heat-resisting in the fields of application such as power plants, high pressure steam boilers,
refineries and steam turbines. Hence the weld metal should be as heat resisting as the base metal.

The yield and tensile strengths of the unalloyed structural steels decrease significantly at high
temperatures. When alloying elements such as Cr, Mo, W or V to the steel, heat resistance values gel

much betler. One has to consider only the yield and tensile strengths of the steel at the high temperature
applications. Creep gets intensified for the materials as a result of the combined effect of temperature and
mechanical stress. The creep characteristics of all high temperature steels are determined and put into
the material standards and specifications in the last 20 years. in addition to these studies, similar tests

are applied to the test rods that are provided from the weld metal that is produced with creep resisting
electrodes. It is found out that the results have the same values as the test results from the heat and creep
resisting steels, and the results for the stabilized austenitic weld metal have even much higher values than
those.

These steels are classified depending on their compositions and hence their operative temperature. Cr, Mo,
W, Co, Nb, Ta, Ti and Al affect both the matrix composition of the steel and carbide formation and develop
its heat and creep resistance qualities. A little amount of Mo, V and Cr addition to the composition of the
steel is enough for the temperatures up to 500 °C . Mo is especially efficient in increasing heat resistance
quality. Material should be resistant to oxidation for the temperatures more than 550 °C. The best solution
for this is to choose steels that include 12%Cr and Mo, V and Nb/Ta. Steels transform and start loose their
creep resisting quality after 600 °C . Hence chromium-nickel austenitic steels are preferred for these
temperatures. This product is steel that includes 16%Cr and 13%Ni, and of which basic type’s creep
resisting qualities are developed by adding Mo, V and Nb/Ta. (X8CrNiNb 16 13, X8CrNiMoVNb 16 13).

Only alloys that are Cr-, Ni-, Co-based including Mo, V and Nb/Ta show the appropriate creep resistance for
the temperatures that are higher than 700 °C.

All 12% Cr and heat- and creep -resisting low-alloyed steels are generally welded after they are quenched
and tempered. The heat-affected zone of these steels with hardening tendencies hardens if there are

no precautions. Internal stresses that occur during welding process and the adjustment processes after
the welding cause the risk of cracking at this zone. in order to prevent the danger of this, an appropriate
groove should be chosen, a welding plan should be made, preheating and cooling should be carried out
under control; and, stress-relief heating should be applied when it is necessary.

Stabilized austenitic steels show betler qualities at high temperatures when that are welded after solution
heat treatment is performed on them. Because of the tendency to crack in high temperatures of this type
of materials, heat input should be low during the welding process. Since the low thermal conductivity of
this type of materials can cause regional heat rises, the weld heat should not be allowed to accumulate

at the welded zone. For these cases, short arc and electrodes that have diameters no longer than 4 mm
should be applied at an 80-90 °C angle, and weld beads that are as narrow as possible should be produced
with oscillations no higher than three times of the wire diameter. Welding is generally performed without
preheating. However, preheating to 100-200 °C should be applied to the pieces that are thicker than 25
mm; but, the temperature of the welding zone should not exceed 300-350 C in those cases.

Co-based, creep-resisting materials such as X40 Cr Ni Co Nb, should be preheated up to 200- 400 °C
because of their high content of carbon.
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Welding of Cryogenic Steels

Especially the production of the welding vessels that are used in sforage and transportation of liquefied
gases requires material that does not lose its qualities at very low temperatures and weld joints that are
appropriate for it. As it is known, the tensile strength of steels increases but the ductility and firmness
toughness of them decrease as the temperature decreases. For these reasons, the most important quality
of the material for applications under the temperature of 0 °C is for it to protect its firmness toughness that
is determined by impact test at the desired level. Various surveillance organizations estimate that these
types of steels give the result of minimum 27J at ISO-V impact test at the lowest operation temperatures.
The impact test is thought to be inadequate recently, and this type of steels is assessed by various

fracture mechanics tests. Steels that are used depending on the ambient temperature they are in, and the
appropriate GeKa Electrodes for their welding is shown in the table.

 The thin sheet metals that are used in this production branch are not generally preheated before welding.
A preheating process between 80 and 150 °C is necessary as the cut view gets thicker and the carbon
content exceeds 20 %.

e ow hydrogen, well dried, basic coated electrodes are used in welding .

e Weld metal is chosen in such a way that it provides both the desired strength qualities and the necessary
firmness toughness at the operation temperature.

* The most important point for these steels is to keep the heat input at the lowest level in order for HAZ
not to have grain growth. Even it a preheating process is performed before the welding, the interpass
temperature should not exceed 150 °C.

o Stress relief heating should be applied on some conditions in order to develop the qualities of the steel
depending on the type of the steel and the specifications. The temperature degree and duration that the
steel producer proposed should in no way exceeded .

e Welding should be performed in a flat position as horizontal as possible by using positioners. The reason
is that both controlling the heat input and providing a faultless welding is only possible in this position.
These types of steels should never be welded in overhead, horizontal vertical and vertical up positions.
If vertical welding position is necessary, they should only be welded in vertical down position.

Weld bead is done straight without oscillating the electrode in order to limit the heat input during welding
process. In case of vertical welding, vertical down welding position is preferred in order to decrease the
heat input. Electrical arc welding with coated electrodes is still the most preferred welding method for
welding of these types of steels. Submerged arc welding applications with TIG, MIG and special powders
are also done recently.
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Welding of Stainless Steels

The most important qual ty of stainless steels is that they do not rust, and that they are resistant to
oxidation and corrosion. This quality is acquired by adding more than 12% chromium to the content of the
steel. As the amount of chromium increases, the oxidation resistance at hi gh temperatures also increases.
Existence of the steel causes corrosion resistance especially in acidic environments. Besides nickel,
molybdenum addition also protects steel from some types of corrosion. However, steels that contain more
than 6.5% molybdenum cannot be produced economically.

Chromium causes steel to keep its mechanical qualities at very high temperatures. Hence chromium
stainless steels are also used as creep resisting steels at high temperatures.

Stainless steels that have more than 170 types are widely used in industry for various purposes. The most
commonly-used ones of the stainless steel types that are used in industry are generally divided into three
main groups:

e Martensitic Chromium Stainless Steels.
e Ferritic Chromium Stainless Steels.
o Austenitic Chromium-Nickel Stainless Steels.

In constructions in which the stainless steels are used, modern welding methods such as electron beam
welding and laser beam welding are also used besides arc welding with coated electrodes, gas metal arc
welding methods (TIG, MIG), submerged arc welding and plasma welding.

Physical qualities of the stainless steels of different types are also different from each other. This plays an
important role in welding processes.

Heat conductivity facfor of chromium stainless is halt of the unalloyed steels. This value is 50% more in
austenitic chromium-nickel steels than the value in low-carbon alloy steels. This is of particular concern to
construcfor as well as the welder.

Low-carbon alloy steels have low resistance to electrical conductivity. This value is 4-7 times higher in
stainless steels. Thus stainless steel electrodes redden more quickly, are produced shorter, and are loaded
with 25% less strength of current than the normal electrodes.

Welding of Martensitic Chromium Stainless Steels

Stainless steels in this group contain Cr amount between 11.5% and 18%. Carbon amount in their
composition is between 0.1% and 1.2%.

Main effective element in welding of martensitic stainless steels is carbon. Amount of carbon affects the
hardness of HAZ, and can be controlled by welding method to an extent. If the hardness of HAZ increases,
and, firmness toughness decreases.

Martensitic is relatively less hard in low-carbon martensitic stainless steels. Hence their tendency to crack
is less. These steels are normally preheated at 200-400 °C temperature before welding. Soon after the
welding a stress-relieiving process can be performed before the joint cools down by heating it 800-820 °C
for four hours and cooling it slowly in the furnace.
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Flux-coated electrodes and TIG welding wires of GeKa are safely used in welding of martensitic chromium
stainless steels. Especially ELOX B 410 and GeKaTec 410 HD are coated electrodes that are appropriate
for welding of low-carbon martensitic stainless steels. in addition to these, austenitic chromium-nickel
stainless coated GeKa electrodes such as GeKa ELOX R 307, ELOX B 307, ELOX R 309 L, ELOX R 312,
ELOX B 347, ELOX R 347 provide quality weld joints in conditions such that the strength of the weld bead
is not required to be too strong and the joint does not operate in a sulfuric environment. The fact that the
yield point of austenitic welding metal is low prevents the danger of cracking which is caused by tensile
stress that will happen after the welding. If the joint operates in sulfuric environments, weld beads in
which the base metal composition is the same is provided with GeKa stainless chromium special products.
The application tables that are given can be used while choosing these products. You can easily solve the
problems you experienced with the help of the experts of our company.

Welding of Ferritic Chromium Stainless Steels

This type of steels contains 16-30 % Cr and 0.5-0.25 % C. Its internal composition microstructure is
normally made up of ferrite and carbide.

The most significant qualities of these steels are that they are not hardened by quenching since phase
transformation is not seen when they are solid, and their corrosion and oxidation resistance is high at high
temperatures. They are magnetic. They can be rolled hot or cold. They show their best mechanical qualities
when they are normalized. Their resistance to the stress corrosion cracking caused by the chlorinated
environments is high.

Weldability of ferritic chromium stainless steels is better than the weldability of martensitic stainless
steels. However, one of the significant problems that occur in the welding of ferritic stainless steels is the
tendency to grain growth at HAZ. This cannot be removed by a post-weld heating. Furthermore, carbide
precipitation at the ferritic grain boundaries also causes vulnerability at weld joints. Thus the mechanic
qualities decrease. Use of austenitic chromium-nickel electrodes at the arc welding of this type of steels
with coated electrodes prevents the brittleness that is caused by the grain growth at the molten zone.
GeKa ELOX R 308 L and ELOX R 347 that contain 20%Cr and 10%Ni is recommended since they have
great result at welding of low-carbon ferritic stainless steels. For the ferritic stainless steels that contain
more than 0.1% carbon, GeKa Flux-coated Electrodes that contain more Cr and Ni can be easily used
(ELOX R 309 L).

Use of the austenitic weld metal creates weld beads that have very good mechanical qualities, and absorbs
most of the welding stress. However, the color of the weld beads would be different than the base metal.
GeKa ELOX B 430 coated electrode that contains 18% Cr should be used when weld beads are desired to
be the same color as the base metal since filler metal that has the same characteristics as the base metal
should be used.

Preheating process in the welding of stainless steels prevents the danger of cracking in HAZ and minimizes
the stress that is caused by the welding. 150-300 2C preheating temperature is recommended normally.
Interpass temperature can be a little higher than the preheating temperature. To keep the heat input at

low temperatures, the electrode with the smallest diameter possible should be chosen, the welding speed
should be high and the electrode should not oscillate.

Rapid cooling after 750-800 °C post weld heating helps the and the intergranular corrosion resistance of
the HAZ to increase for this type of steels.

Cold formation of the welded joints should be done after a heating process at 300-400 °C because the
deformation capability of those steels significantly increases at this temperature.
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Welding of Austenitic Chromium-Nickel Stainless Steels

The composition of austenitic chromium-nickel stainless steels contains 12-25% Cr and 8-25% Ni. Various
alloy elements are added to these steels, which are antimagnetic, to increase their corrosion resistance.
These stainless steels have very good weldability. However, the physical qualities they have that are
mentioned before should be taken into consideration during welding. in welding of these steels, more
tension is seen than the welding of low-alloy carbon steels. The possibility of hot cracks at the two-sided
inside corner fillet seam of these steels is very high at the welding of these stainless steels.

SCHAEFFLER diagram and DE LONG diagram that is the advanced version of it is used while calculating
the amount of ferrite in the weld metal at welding of these stainless steels. Ferrite making elements Cr,
Mo, Si, and Nb are put to the horizontal axis as chromium equivalent to detect the amount of delta ferrite
that will be in the composition of the weld metal with the help of these diagrams. “Ferrite numbers” and
hence the ferrite percentage can be read from the De Long diagram. With the help of these diagrams, the
problems that can occur in the weld metal in cases of arc welding with flux-coated electrodes are known
beforehand, and the required precautions can be taken.

Another metallurgical problem in welding of austenitic chromium-nickel stainless steels is the chromium-
carbide precipitation that is caused in HAZ when this zone is heated for a long time at 500-900 °C.
Chromium-carbides precipitate at grain boundaries and make the steel vulnerable to intergranular
corrosion. Hence, the carbon content of the austenitic chromium-nickel stainless steels that will be welded
should be maximum 0.06% and, optimally, 0.03%. For this reason, it is advised that the amount of carbon
of the products is decreased and the corrosion resistance is increased.

Another method to prevent the chromium-carbide precipitation is to add stabilization elements such as Ti,
Nb and to to the composition of the steel. Niobium is preferred in electrodes because of its deprivation in
titanium arc.

GeKa product range developed has been enriched with rutile and basic-coated electrodes to be used in
the arc welding of austenitic chromium-nickel stainless steels. They contain stabilization elements in their
coating-fluxes. The points that are considered in case of using of basic-coated electrodes for welding of
mild steels should also be considered in both arc start and welding with basic-coated electrodes in this
case, too.

The lowest-diameter electrode possible should be chosen and the lowest strength amount of current
should be chosen when austenitic chromium-nickel steels are arc-welded with flux-coated electrodes. The
electrodes should not be oscillated. in case of multi-pass welding, the joint should be cooled down to room
temperature after each pass, which should be followed by the second pass following pass should be done
after that, and, then, by the application of rapid cooling should be performed. The crater that formed in the
end of the weld should be filled and enclosed.

GEDiK WELDING produces flux-coated various stainless steel electrodes for welding of austenitic stainless
steels. Some of them are the GeKa electrodes ELOX R 308 L, ELOX R 316 L, ELOX R 318, ELOX R 347 and
ELOX R 310. in addition to these, gas-shielded (TIG or MIG) or submerged arc welding wires of GEDIK
WELDING meet all your requirements. Expert staff of GEDIK WELDING is at your service in case of a
problem.
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GeKa GeKaTec Electrodes for Welding of Ferritic Chromium Steels
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GeKa GeKaTec TIG-MIG Wires and Submerged Wire-Powder
Combination for Welding of Ferritic Chromium Steels
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GeKa GeKaTec Electrodes for Welding of
Chemical Resistant Steels
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GeKa GeKaTec TIG-MIG Wires and Submerged Wire-Powder
Combination for Welding of Chemical Resistant Steels
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Welding of High-Manganese Austenitic Hard Steels

High-manganese austenitic steels that are named as Haldfield steel in Anglo-Saxon literature, and are
widely used in contemporary technology are tough, ductile, durable, abrasion resisting, antimagnetic
materials that have high strain hardening, and contain 11-14% Mn and 0.7-1.4 % C. Cr, Mo, V, Cu, Ti and
Ba is added as the alloy element to these steels in order to acquire some additional qualities.

These steels are used in the production of the joints that take impact and are worn out of the heavy
construction equipments such as excavator buckets, baggers, grader and dozer blades, crusher jaws.

High-manganese austenitic hard steels can easily be welded because of their austenitic structure although
their thermal conductivity is very low and their thermal expansion is high. They become brittle because of
carbide formation when they stay at 400-800 °C temperature for a long time, and their tendency to crack
increases. Thus, these steels are welded only with electrical arc welding by applying as little heat input as
possible. Each pass is cooled down by spraying water or wiping with a wet cloth after welding.Big pieces
are welded by putting them into a water bath in such a way that only the weld zone is out of water.

Distortions and deformations in welding of the manganese austenitic hard steels are severer than the
welding of carbon steels because of their high thermal expansion and low thermal conductivity. Even
though cooling process decreases the severity of this problem, hammering the weld bead after cooling is
very useful both for reducing the internal stress and for increasing the abrasion resistance as a result of
deformation hardening.

Build-Up

Making worn out machine parts usable with build-up is very economical. As the types of electrodes
increased, it is no lenger necessary to use an electrode that is made up of the same material as the
material of the joint that will be repaired. There is a possibility of applying filler welding with a material that
is much more durable.

Before the filler welding ofa worn out joint, surfaces that will be filled should be processed until all the
abrasion cracks are removed with grinding or machining. If base metal and electrode are made up

of different materials, using ELOX B 307 electrode that is ductile, that can remove the post welding
internal stresses by changing its shape, and, that can prevent the fusion zone that can have undesired
characteristics as the buffer layer is recommended. Filling processed is applied with ELHARD 14 Mn
electrode by cooling and hammering each pass on the buffer layer made up

A- Buffer Welding with ELOX B 307
B- Build-Up with ELHARD 14 Mn
C- Hardfacing with ELHARD 600
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It would be safer if the last three passes are built up with ELHARD 600 in order for build-up layer to be
more abrasion and impact resisting.

If the joints are small and lightly abraded, ELHARD 600 can be directly used on top of the buffer layer that
is made with ELOX B 307. To have a more effective outcome in breaker and crusher jaws, the pass that is
made with ELHARD 600 should be hot hammered. Although cooling the hot weld bead by putting it in water
is also recommended to increase hardness, this process can only be applied to small joints that have a
small filling zone.

If the top layer has to be very hard, ELHARD 60/63/65 can be used instead of ELHARD 600. However, this
type of electrodes should not be applied in more than two passes in filling processes, and cooling and
hammering processes should not be applied to them.

Joint Welding

Manganese austenitic hard steels can be welded with the same steels or with low-alloy steels. Chromium-
nickel-manganese alloyed ELOX B 307 should be preferred instead of a high-manganese electrode that
fits the composition of the base metal for this process. This electrode has an excellent abrasion resistance
and removes tensions by changing its shape with its high ductility. Welding process should be made by
applying as little heat input as possible and a cooling process. Short passes should be applied by changing
directions, and each pass should be hammered after it cooled down.

Hard Manganese-steel rods (1 or 2)

(b)

A crusher of which worn out part is filled with hardfacing
a) by using steel rod
b) completely by electrode

Hardfacing application in repair and maintenance of bucket teeth that are made up of manganese
austenitic hard steel.
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Welding of Cast Irons

Cast irons are iron alloys that generally contain 1.7-4% C, 3.5% Si, Mn, S, and P the facts that cast irons
can flow well when they are liquid, their melting point is low, they are not affected by carbon catching
during melting made them unique cast material. Cast irons contain carbon in unbound form, in carbide and
a little in ferrite. The type and the characteristics of cast irons are determined by the form of the carbon.
The significant types of cast irons for welding that are highly used in industry are gray cast iron and
nodular cast iron.

Welding of Gray Cast Irons

Gray cast iron has an internalstructure that is composed of unbound graphite that is scattered in the form
of platelets in a matrix that resembles low-alloy unbound-carbon steels. The reason for the gray cast iron
not to have transformation capability, to have low strength and to be brittle is the graphite platelets in its
internalstructure.

Two significant points affect the weldability of gray cast iron;

1- Since the melted zone rapidly cools down because of its high carbon content, weld bead is very hard,
brittle and rich in cementite.

2- Deformation caused by regional heating and cooling during welding causes the cast iron joint that is
very brittle to crack from the weakest point.

There are two solutions for the welding of cast iron.

e |t is possible to prevent both the hard structure that is caused by rapid cooling and the danger of
cracking caused by welding stress by applying preheating at a very high temperature (600-700 °C).
Electric arc welding and oxi-acetylene welding with a metal that has the suitable composition to the base
metal can be applied in this process, which can be named as hot welding.

* The bases of the welding process of gray casting irons that is named as cold welding is to apply heat low
enough to prevent the formation of high amounts of cementite and martensite and formation of the stress
that can cause fracture in the course of heating, and, to use a weld metal that does mot cause martensite
and cementite formation. Pure Nickel, Copper-Nickel, Iron-Nickel alloy coated electrodes are used in this
method.

V, X 'and U grooves in 80-90° angle is applied to joint that will be welded. Cast spunk along the grooves is
cleaned. it is necessary to obey the following conditions in this welding method during welding to prevent
the danger of heat stress cracking, to narrow transition zene and to decrease the hardening in this zone.

Heat input should be decreased by using the thinnest electrode and the lowest strength of current possible.
Weld bead length should be limited to 25mm in order for the base metal not to warm too much.

Each pass should be hammered with a round head hammer before it cools down to decrease the stress the
weld metal causes by shrinking.

Welding should be paused after each weld bead until the joint cools down to a temperature at which one
can touch it by hand.

Electrode should be started on the prior seam when welder starts a new seam.

Arc should always be directed to the piled metal during welding and welder should go back a little while
they put out the arc. They should retract the electrode slowly.

In order to decrease the stresses in the multi pass welding of thick joints, welding should be applied in
width and length.
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Geka developed pure nickel ELNIKEL, copper-nickel ELMONEL and ferronickel ELNIFER electrodes for the
cold welding of cast irons.

It is possible to apply the weld joint quicker, with less risk and with longer seams using electrodes above
and a preheating at 150-250 ‘ C in the cases where the size, shape and the type of the cast iron joint are
appropriate. in the method that is called half-hot welding, the hardness of the HAZ does not exceed 200
Vickers.

In the cases where the weld zone does not have to be processed, an experienced welder can get a
satisfactory result with LASER B 50 or ELFER basic electrodes if they obey the conditions above. However,
hard zones that can exceed 450 Vickers can be seen in the HAZ in these conditions.

Welding of Nodular Cast Irons

Long studies showed that ferronickel based electrode ELNIFER is the most appropriate electrode for the
welding of nodular cast iron. Although nodular cast irons can be welded with low heat input, the most
appropriate results are gotten in the applications

Mild Steel Electrode

&
5
S
&

i

—

Nickel Electrode
p

Fd

’ g ~ Steel Electrode

Examples of reinforced stud welding of cast iron joints
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Welding Positions according to EN and AWS Standards

Flat Position
PA (1G) PA (1F)
(Horizontal Vertical Horizontal Fillet
Cceqeeeaeccccc
PC (2G)
-
-

DD

PG (3G) PG (3F) P,

™ /7

Overhead Pos.  Overhead Fillet Pos)

P /
|| PD (4F) )

\

PE (4G
Mo (4G)
= Vertical Up )
o
g
o
e
o
—
g
S
S
S
S
S g
= PF (3G PF (3F
L @6) )
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Symbols for the Designation of Weld Beads in Projects

Usage of welding symbols and supporting elements adopted and standardized to make graphing and
reapplication of welded constructions easier. TS 3004 is published on this issue in Turkey. However,
conductors do not completely obey this standard. Thus, our craftsmen should be knowledgeable.

lllustrations that are the most important part of the welding plan should reflect all properties of weld beads.

There are an elementary symbol, an arrow line that has an arrow that shows the joint at the end of it, and a
reference line in illustrations

Reference Line Symbol

Arrow Line
Welded Joint

Designation that is used in weld joints

The side of the joint where the arrow put is called “arrow side of the joint”, the other side is called “other
side of the joint”.

- il _;__:_'_,__.j__f_
A =7

Various designations
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The position of the arrow line with respect to the weld is generally of no special significance. However, the
arrow line should point towards the plate which is prepared for welding.

The reference line should be drawn parallel to the bottom edge of the drawing,
Positions of the symbols in relation to the reference line are defined according to E (first angle) and A (third
angle) methods.

One should look into TS 3004 if they have to graph or read welding construction illustrations that are
graphed using A method.

Although the symbols that are used in the illustrations of welded constructions have some differences
depending on the symbols of the countries, they can show the information that determine the construction
such as groove and seam surface from easily, clearly and in a simple way.

Position of the symbols according to E Method

lllustration Figure Eﬁﬁg’sz?:t;‘;?: Definition of Position of the symbols

2
P

Note: In the case of spot welds made by projection welding, the projection surface is to
be considered as the external surface of the weld.

The symbol is placed above the
== reference line if the weld face is
on the arrow side of the joint

If the exterior surface of the weld
LK is on the other side of the joint,
below the reference line

line

________ If welding is not made in the
@ junction plane, on the reference

“-'l.wm.rn \

B e
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Notation of Elementary Symbols in Standards

Designation illustration s ﬁﬁmb,&',s Bs.
;;?egﬂglf?gsﬁnedggg @ FASH IPL N IV N LN
Butt weld between & I
Square butt weld @ | " ] Il
Single-V butt weld 2 |v v |v]|wv
Convoluted Single-V butt weld @ h'd
Single-bevel butt weld @ V 4 v v
| i broad foot tace &2 |Y|IY|Y]|Y
T < [r]r|r]r
Single-U butt weld L&D VIYIVIY
Single-J butt weld L2 PIELIP LY
Backing weld &L cles|l=|=
Fillet weld & DN DN
b
Plug weld @ mM m ™ 7!
Sl
Spot weld O @) =
L7
ey
Seam weld S| & | S
e
Steep-flanked single-V butt weld @ \J/
Steep-flanked single-bevel butt weld @ P
Edge weld @ I
Surfacing a3 ~ | -
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Examples of Elementary Symbols in a Combined Way

P . illustrati Symbol
Designation usiration oiN | Aws

m
[7:]

Double-V butt weld (X weld)

Double-bevel butt weld

Double-V butt weld with broad
root face

Double-bevel butt weld with broad
root face

Double-U butt weld

Double-J butt weld

V-U Butt weld

Single-V butt weld with broad
root face and backing run

Double- Fillet weld

VYV K [ X|7T5IX|7 [ = | XX |8
VK | XTI | = |N|X
VWIK | XTI |I=< || X
VK [X|[TE[>C|7N (X [T~ X

& 888588884

Supplementary symbols

Shape of the welded surface Symbol
Flat

Convex ~
Concave S’
Toes shall be blended smoothly ,__/L/
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Position of the symbols according to E Method

il | __figure __.mm _ einition of Position of the symbos |
If the exterior surface
= of the weld is on the
arrow side of the joint,
above the reference line

If the exterior surface of
the weld is on the other
side of the joint, below
the reference line

""" Pl weldmg is not made in
- k:chcn plane,
reference ling

Note: In ihe case of spot welds made by’ pm]ecton wardlng thé projection surlace is
to be considered as the external surface of the weld.

SN

m
|

Weld symbols are generally examined under three groups:

a) Elementary Symbols
b) Combined Symbols
¢) Supplementary symbols

We can look at the notation of these in various country symbols.

a) Elementary Symbols
Examples for the usage of elementary symbols to show the welding type are also given in the table. These
symbols are generally similar to the shape of the weld seam. Hence they can be easily remembered.

b) Combined Symbols
These symbols are shown in the table for the examples of elementary symbols in a combined way.

¢) Supplementary Symbols

Elementary symbols can be completed with the supplementary symbols that show the shape of surface
of the weld seam.Welded surfaces are generally made flat. Since there is no need to show the welding
surface completely, it is normal that supplementary symbols are not used.

Designation illustration Symbol
Flat single-V butt weld \

Convex double-V weld m A
Concave fillet weld % &-

Flat single-V butt weld with flat kv
backing run 7, S| o

Examples of application of supplementary symbols
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Certain dimensions can be shown next to each welding symbol.

The main dimension of the cross section should be written on the left side of the symbol. Lengthwise
dimensions ((Length of the weld bead) should be written on the right side of it.

The principles for these dimensions are shown in the table. More significant dimensions can be shown
when necessary.

In case of flat weld joints, it is understood that welding is made without opening a root along the joint.

Basic Dimensions

No Welding Method

1 Arc welding

11 Metal-arc welding without gas protection
111 Metal-arc welding with coated electrode
12 Submerged arc welding

13 (Gas-shielded metal-arc welding

131 MIG welding

135 MAG welding

14 TIG welding

15 Plasma arc welding

2 Resistance welding

21 Spot welding

22 Seam welding

23 Projection welding

24 Flash welding

3 Gaswelding

311 Oxy-acetylene welding

4 Pressure welding

41 Ultrasonic welding

42 Friction welding

441 Explosive welding

45 Diffusion welding

71 Thermic welding

72 Electro-slag welding

73 Electro-gas welding

751 Laser beam welding

76 Electron beam welding

9 Brazing, soldering and braze welding

According to DiN 1912, assessment group of the welding is shown right after the welding method in
between slashes.
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Flag symbol that is used to indicate the field or site weld

111/DIN 8563-BS/W/
DIN 1913-E 5122 RR&

| | |

. 111/DIN 8563-BS/W/
DIN 1913-E 5122 RR6

,—

Welding position and the designation of the electrode that is used

/_al:‘.'_“&( 111/DIN 8563 Ck/h

An example of an intermittent fillet weld
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ELECTRODE CONSUMPTION CALCULATION

In order to calculate the welding cost, the amount of electrodes that will be used should be calculated since
it is the most important input. Although there are computer programs for this purpose, this can also be
approximately calculated with the eight tables that are given below. in the first seven of these tables, the
diameters of the electrodes that are recommended are also given considering the plate thickness and the
weight of 1 meter welding seam and the welding position in !fillet welds. The number of electrodes that are
needed is calculated for root and filler passes from table 8 in relation to the electrode diameter and length
with the help of 1 meter seam weight that is calculated from those tables. The discarded stem length is
considered to be 30mm and the loss that is caused by spattering and burning is considered to be 10% in
this table. This value changes between 87% and 93% in practice depending on the type of electrode and
the strength of current.

Since the efficiency of electrodes that have iron powder is higher the number of electrodes that are used
in practice is lower than the number that is determined according to the table. Hence the number that is
calculated with the help of the table is multiplied with 0.8 for 100-120 % efficiency electrodes and 0.6 for
160% efficiency electrodes.

Example 1: Calculation of the required number of electrodes for 1 meter welding seam when a 6mm plate
is welded with a V groove in a horizontal position.

The weight of 1 meter welding seam is calculated as 0.10kg when 350mm long electrode that has
3.25mm long diameter is used for root pass according to table 1.

The weight of 1 meter welding seam is calculated as 0.12kg when 350mm long electrode that has 4mm
long diameter is used for filler pass.

The number of electrodes according to table 8. 0.10kg= 5.3 (03.25x350mm electrodes)
0.12kg= 0.10+0.02kg= 3.5+0.7= 4.2 (94.00x350mm electrodes)

Example 2: Calculation of the required number of electrodes when a 16mm plate is welded with a V
groove and its root is also welded from underside in a horizontal position.

The weight of 1 meter welding seam is calculated as 0.12kg when 450mm long electrode that has 4mm
long diameter is used for root pass according to table 1.

In case of a root pass underside, 1 meter welding seam is calculated as 0.12kg for 450mm long electrode
that has 4mm long diameter.

The weight of 1 meter welding seam is calculated as 1.3kg when 450mm long electrode that has 5mm
long diameter is used for filler pass.

The number of electrodes according to table 8.

Root pass: 0.12= 0.10+0.02= 2.7+0.5= 3.2 (04.00x450mm electrodes)
Underside Root Pass: 0.12= 0.10+0.02= 2.7+0.5= 3.2 (94.00x450mm electrodes)
Filler Pass: 1.3= 1+0.3= 17.2+5.2= 22.4 (95.00x450mm electrodes)

Note: These calculations are for normal electrodes. For example, if the same welding processed is made
with a 160% efficient iron powder coated electrode, the number should be multiplied with 0.6. in case of
basic electrodes, it should be multiplied with 0.8.
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Weld Bead Weight in V groove in horizontal and flat positions

V-Groove / (W, /
Horizontal and flat position |
Groove angle: 60° Root Gap
Plate Root Electrode Anpsrgggate Seam
Thickness Gap Diameter oy Weight
(mm) (mm) (mm) Cros(sm?ne)cnon (kg/m)
3 1 2,5 8,5 0,07
4 1 25 or 3,25 13,5 0,11
5 1 3,25 19,5 0,16
W3,25 0,10
& L D4 & 0,12
7 i ® o
W 3,25 0,10
B 1,5 D @eﬁés 5 49 0,29
; 0,10
9 1,5 D435 60,5 0,38
W3,25 0,10
10 2 D4 g 5 775 0,51
.25 0,10
11 2 D\?vabég 5 92 0'%
1 0!
12 2 D4 o5 108 0,75
3,25 0,10
13 2 D\?V“W- 5 123 a,%;g
3,25 0,70
14 ? D 4‘;\';57". 142 1,02
4 0,12
5 e D5 or 6 181 1,14
4 0,12
16 2 D5 or .6 180 1,30
4 0,12
17 2 D5 or 6 201 1,46
18 2 3 223 LB
D5 or B 1,72
0,12
19 2 D5 or 6 246 187
W 0,12
20 2 D5 or 6 27 2.01
W: RootPass D: Filler Pass

Half of the seam weight is added in the case of welding of plates that are up to 5mm for root welding from
underside. At least the weight of the root pass should be added for the plaies that are thicker than 5mm.

Hail of the plate thickness is taken in case of welding seam weight for double-V groove. Double of the
required V-groove is taken and opposing welding of the root side is added to this.

3 Gedik

- 508 -

www.gedikwelding.com



< GeKa

Weld Bead Weight in V butt welding in vertical position

V-Groove Root Gap
Horizontal and flat position
Groove angle: 60° \
ey
Plate Root Electrode Appriaimate Seam
Thickness Gap Diameter Gross-Saction Weight
(mm) (mm) (mm) (mm) (kg/m)
3 1 25 or 3,25 85 0,09
4 1 325 13,5 0,14
5 1 8,25 19,5 0,20
6 1 3,25 27 0,26
7 15 325 39 0,36
8 1.5 3,25 49 0,45
9 16 Wi 60,5 P
10 2 W 3,25 77,5 )
11 2 W35 %2 o
12 2 e 108 ey
13 2 Wi 123 e
14 2 W 142 15
s PR B 2 T
16 2 - 180 8
L e | W I
C e | VeE 1w | v
o I S N
20 2 i e 271 R
W: RootPass D: Filler Pass

Half of the seam weight is added in the case of welding of plates that are up to 8mm for root welding from
underside. At least the weight of the root pass should be added for the plates that are thicker than 8mm.

Hali of the plate thickness is taken in case of welding seam weight for double-V groove. Double of the
required V-groove is laken and opposing welding of the root side is added to this.
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Weld Bead in V butt welding in overhead, vertical and
horizontal vertical positions

V-Groove Overhead, vertical and horizontal vertical positions Groove angle: 70°
Root Gap (== < — o
2 § 3
R g
7* i
Plate Root Electrode AbpIoMeRge Seam
Thickness Gap Diameter e Casiinn Weight
(mm) (mm) (mm) (mm) (kg/m)
3 1 2,5 95 0,10 i
4 1 25 or 3,25 16 0,16
5 1 3,25 22,5 0,22
6 1 3,25 31 0,29
7 1,5 3,25 45 0,41
8 1.5 3,25 57 0,51
9 15 Wage 70,5 4o
10 2 WS 90,5 o
E 2 W28 o | o2
12 2 W 125,5 By
13 2 e 138 057
T | VeE | w | om
s | Ve w02
s R I TR
17 2 W26 236 ]
18 2 W 263 e
19 2 e 291 o
20 2 W 320 0%
W: RootPass D: Filler Pass

Half of the seam weight is added in the case of welding of plates that are up to 8mm for root welding from
underside. At least the weight of the root pass should be added for the plates that are thicker than 8mm.

Halt of the plate thickness is taken in case of welding seam weight for double-V groove. Ooubl e of the
required V-groove is laken and opposing welding of the root side is added to this.
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Weld Bead Weight in fillet welding in horizontal and flat positions

Fillet Welding
%
Horizontal and flat position é\“\\

Tricmes Diameter e werght
(mm) (mm) e (kg/m)

2 25 4 0,038

25 25 or 3,25 6,5 0,058

3 325 or 4 9 0,082

35 325 or 4 12,5 0,115

4 325 or 4 16 0,15

45 325 or 4 20,5 0,18

5 325 or 4 25 0,23

55 325 or 4 30,5 0,28

6 3,25 or 4 36 0,33

6,5 325 or 4 42,5 0,39

= 3,25 or 4 49 0,45

7.5 325 or 4 56,5 0,52

8 B 64 Gat

23 D4 758 046

; 2 o (i

W %05 018

10 Dswc; 6 100 g}g

1 D5 of 6 121 giég

12 Dso 6 144 Tl

13 s 169 030

14 Ds"or 6 196 %g

15 D5 or 6 225 (R

16 D5 or 6 256 gf:i

W: RootPass D: Filler Pass
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Weld Bead Weight in fillet welding in vertical position

Fillet Welding
Vertical position
Th:::rl?:leess E;ﬁ'nr;%? Appsrg;im a_w ‘gggﬂt
(mm) (mm) B (kg/m)
2 2 o 25 4 0,040
25 2 or 25 6,5 0,061
3 25 or 325 9 0,086
35 3,25 12,5 0,12
4 3,25 16 0,16
45 3,25 20,5 0,19
s WS 2 3
55 W7 %05 818
2 LS 8 028
6.5 W 425 089
v S E g
7.6 4 56,5 0,55
8 4 64 0,62
8,5 4 72,5 0,69
9 4 81 0,78
9,5 4 90,5 0,87
10 4 100 0,96
11 4 121 1,16
12 4 144 1,39
13 4 169 1,63
14 4 196 1,87
15 4 225 2,17
16 4 256 2,44
W: RootPass D: Filler Pass
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Weld Bead Weight in fillet welding in overhead position

Fillet Welding
Overhead position
g%’L?nraslgn‘éEggogsgﬁ:ggdap%ssfoir;;?lg?tfgr:r?;,a SRition (). 1 @
Thickness Dlameter e Wognt
(mm) (mm) o (kg/m)
2 25 4 0,040
25 25 6.5 0,061
3 25 9 0,086
3,5 25 12,5 0,12
4 25 16 0,16
45 25 205 0,19
5 3,25 25 0,24
5.5 3,25 30,5 0,29
6 3,25 36 0,35
6,5 3,25 425 0,41
7 3,25 49 0,47
7,5 325 56,5 0,55
) o o o
g W o 8
W s e
o e 0 3
T WS w o
2 W I g
s WeE e
4 WS 19 7
s W 2z 2
s WSE = 3
W: RootPass D: Filler Pass
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Weld Bead Weight in 1-butt wel ng of thin plates in horizontal position

I-Groove of Thin Plates
Plate Root Electrode Seam Weight
Thickness Gap Diameter oL ponex
(mm) (mm) (mm) (ka/m)
1,5 0,5 2 0,015
2 1 2 0,030
2,5 1,2 25 0,060
3 1,5 2,5 (3,25) 0,075
3.5 1,5 3,25 0,090

Labor Costs

Labor is not only the wage of the welder. It is one-hour labor cost that is calculated by
adding wages of everybody that contributes to the application of that welding seam in
a certain rate. This labor cost is divided to the one meter long welding seam.

The following formula is used in calculation.

le . KMA

EG. 7] (TU/meter welding)

Labor Costs/meter welding =

la : One hour cost (TL)

KMA : Weight of the one meter long welding metal (Kg)
EG : Melting power of electrodes (Kg/h)

ni : Operation factor
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Number of electrodes for each Kg/m bead weight
(Efficiency is considered to be 90% and discarded stem length is considered to be 30mm)

Seam Electrode diameters and lengths

Vﬁe}ght 15] 2 | 25| 25 | 325 | 825 | 4 4 5 | 6

(kg/m) | 250 | 250 | 250 | 350 | 350 | 450 | 350 | as0 | as0 | 4s0
0,01 36| 20| 13| o9| o5| 04| 04| 03| 02| o1
0,02 73| 41| 28| 18| 11| 08| 07| 05| o3| 02

0,03 109 61| 39| 27| 16| 12| 11| o8| 05| 04
0,04 145| 82| 53| 36| 21| 16| 14| 11| 07| 05
0,05 182| 102| 65| 45| 27| 20| 18] 13| 09| o6
0,06 218 128 79| 54| 32| 24| 21| 16| 10| 07
0,07 254 143 | 92| 63| 37| 29| 25| 19| 12| o9
0,08 291 164|105 | 72| 43| 33| 28| 22| 14| 10
0,09 327 184 [ 118 | 81| 48| 37| 32| 24| 15/ 1.1
0,10 36,4 | 204 | 131 90| 53| 41| 35| 27| 17| 12
0,15 545( 807|197 | 135| 80| 61| 53| 40| 26/ 18
0,20 728| 409 | 262 | 181|107 | 81| 70| 54| 34| 24
0,25 910 51,1 (328 | 226|133 | 102| 88| 67| 43| 30

0,30 109| 61,3 | 39,4 2711 16,0 | 122 | 106 81 5,2 3,6
0,35 127 | 71,5 | 46,0 31,6 18,7 142 | 12,3 9.4 6,0 42
0,40 145| 81,8 | 525 362 | 21,4 16,3 | 141 | 10,8 6,9 4.8
0,45 164 | 92,0 | 59,1 | 40,7 | 24,0 | 18,3 | 158 | 12,1 77| 5.4
0,50 182 102 | 65,6 4521 26,7 | 203 | 176 | 13,4 8,6 6,0
0,55 200 113 | 722 | 497|294 | 224 | 194 | 14,8 94| 66
0,60 218 123 | 78,8 5431320 | 244 | 21,1 | 181 10,3 72
0,65 236 133 | 85,4 58,8 | 347 | 264 | 229 | 175 11,1 o7
0,70 254 143 | 92,0 633|374 | 285 | 246 | 18,8 12,0 8,3
0,75 273 153 | 98,5 67,8 40,0 | 305 | 26,4 | 20,2 12,9 89
0,80 291 164 | 105 7221427 | 325 | 282 | 21,5 13,7 9,5

0,85 309 174 112 769 | 454 | 346 | 30,0 | 228 14,6 | 101
0,80 327 184 118 81,4 48,0 | 366 | 31,7 | 24,2 15,4 | 10,7
0,95 346 | 194 | 125 859|507 | 386 | 335 | 256 | 16,3 | 11,3
1,00 364 204 131 90,4 | 53,4 | 40,7 | 352 | 28,9 17,2 | 11,9
2,00 728 409 | 262 181 107 | 81,3 | 70,4 | 538 34,3 | 23,8
3,00 1090 | 613 | 394 271 160 122 108 | 80,7 51,5357
4,00 1450 | 818 | 460 362 | 214 162 141 108 68,6 | 476
5,00 1820 | 1020 | 525 452 | 267 203 176 134 85,7 | 59,5
6,00 2180 | 1230 | 788 543 | 320 244 | 211 161 103 | 71,5
7,00 2540 | 1430 | 920 633 | 374 285 | 246 | 188 120 | 834
8,00 2910 | 1640 | 1050 723 | 427 325 288 215 137 | 953
9,00 3270 | 1840 | 1180 B14 | 4B0 366 317 242 154 | 107
10,00 3640 | 2040 | 1310 904 | 534 407 352 269 172 | 119

W: RootPass D: Filler Pass

s Gedik -515- www.gedikwelding.com



< GeKa

BRINELL, ROCKWELL, VICKERS HARDNESS COMPARISION TABLE

; ; Rockwell Hardness
Impact Vickers Brinell
Strength | Hardness | Hardness HR | HR | HR
HRB | HRF | HRC | HRA | HRD | 2 | AR | SR
255 80 76.0 - - - - - - - -
270 85 80.7 410 | - - - - - - -
285 90 85.5 480 | 826 | - - . . ; .
305 95 90.2 520 | - - - - - : -
320 100 95.0 562 | 870 | - - - - - -
335 105 99.8 - - - - - - - -
350 110 105 623 | 905 | - - - - - -
370 115 109 - - . - . . . .
385 120 114 66.7 | 936 | - - - - - -
400 125 119 - - - - - - - -
415 130 124 712 | %64 | - - - - - .
430 135 128 - - - - . - - .
450 140 133 75.0 | 99.0 | - = X ; : :
465 145 138 - - - - - - - -
480 150 143 787 |101.4| - : : E = :
495 155 147 - - - - - - : -
510 160 152 81.7 (1036 - - - - - -
530 165 156 - - - - - - - -
545 170 162 85.0 [1055( - - - - - :
560 175 166 - - - - : - - -
575 180 171 87.1 [107.2| - - - - - -
595 185 176 - - - - - - - -
610 190 181 89.5 (1055 - - - - - -
625 195 185 - - - - - - - -
640 200 190 915 [1101 | - - . : : :
660 205 195 925 | - . - . - . .
675 210 199 935 [111.3| - - : g = :
690 215 204 940 | - . - - - - -
705 220 209 950 (1124 - - - - - -
720 225 214 96.0 | - - - - - - -
740 230 219 96.7 (1134 - - - - - :
755 235 223 - - - - - - - -
770 240 228 98,1 (1143203 | 60.7 | 40.3 | 69.6 | 41.7 | 19.9
785 245 233 - - 213 | e12 | 411 | 701 | 425 | 211
800 250 238 99.5 (1151|222 | 616 | 41.7 | 70.6 | 434 | 222
820 255 242 - - |231 | 620 | 422 | 71.1 | 442 | 232
835 260 247 (1o1) | - | 240 | 624|431 | 716 | 450 | 24.3
850 265 252 - - |248 | 827 | 437 | 721 | 457 | 252
865 270 257 (102) | - |256 | 631 | 443 | 726 | 46.4 [ 26.2
880 275 261 - - |26.4 | 635 | 44.9 | 730 | 47.2 [ 27.1
900 280 266 (104) | - |27.1 | 638|453 | 734 | 47.8 [ 279
915 285 271 - - |27.8 | 642 | 46.0 | 73.8 | 48.4 | 28.7
930 290 276 (105)| - |285 |645| 465 | 742 | 490 [ 2955
950 295 280 - - | 292 | 648 | 47.1 | 746 | 497 | 30.4
965 300 285 - - | 298 | 652 | 475 | 749 | 50.2 | 314
995 305 295 - - |310 | 658|484 | 756 | 51.3| 325
1030 310 304 - - |322 | 664 | 494 | 762 | 52.3 | 339
1060 315 314 - - | 333|670 | 502|768 | 536 | 35.2
1095 320 323 - - | 344 | 676 | 511 | 77.4 | 54.4 | 365
1125 325 333 - - | 355|681 | 519|780 | 554 | 37.8
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BRINELL, ROCKWELL, VICKERS HARDNESS COMPARISION TABLE

Rockwell Hardness

Impact Vickers Brinell
Strength | Hardness | Hardness
HR [ HR | HR
HRB | HRF | HRC | HRA | HRD 15N 30N |as N
1155 360 342 - - | 386|687 | 528 | 786 | 56.4 | 39.1
1190 370 352 - - | 377|692 | 536 | 79.2 | 57.4 | 404
1220 380 361 - - | 388|698 | 544 | 79.8 | 584 | 41.7
1255 390 371 - - | 398|703 |553 803 593|429
1290 400 380 - - | 408|708 | 56.0 | 80.8 | 60.2 | 44.1
1320 410 390 - - | 418|714 | 568 | 81.4 | 61.1 | 453
1350 420 399 - - | 427|718 | 575 | 81.8 | 91.9 | 46.4
1385 430 409 - - | 436723 | 582 | 823 | 627 | 47.4
1420 440 418 - - | 445728 | 58.8 | 828 | 635 | 48.4
1455 450 428 - - | 453|733 | 594 | 832 | 64.3 | 494
1485 460 437 - - | 461|736 | 60.1 | 836 | 64.9 | 50.4
1520 470 447 - - | 469 | 741 | 60.7 | 839 | 65.7 | 51.3
1555 480 (456 - - | 477|745 | 61.3 | 843 | 66.4 | 52.2
1595 490 (466 - - | 484 | 749 | 616 | 847 | 67.1 | 53.1
1630 500 (475) - - | 491 [753 | 622 | 850 | 67.7 | 53.9
1665 510 485) - - | 498|757 | 629 | 854 | 63.8 | 586
1700 520 494 - - | 505|761 | 635|857 | 69.0| 55.6
1740 530 504 - - | 511|764 | 639 | 86.0 | 695 | 56.2
1775 540 513 - - | 517|767 | 644 | 86.3 | 70.0 | 57.0
1810 550 (523) - - | 523|770 | 648 | 866 | 705 | 57.8
1845 560 (532) - - | 530|774 | 654 | 869 | 71.2 | 58.6
1880 570 §542 - - | 536|778 | 658|872 71.7 | 59.3
1920 580 551 - - | 541780662875 721 59.9
1955 590 (561 - - | 547|784 | 66.7 | 87.8 | 72.7 | 60.5
1995 600 (570) - - | 552|786 | 670|880 | 732 612
2030 610 gsao - - | 557|789 | 675 | 88.2 | 73.7 | 61.7
2070 620 589 - - | 563([79.2|67.9 | 885 | 742 | 62.4
2105 630 (599) - - | 568 (795|683 (888 | 74.6 | 63.0
2145 640 (608) - - | 573|798 | 687 |89.0]| 751|635
2180 650 (618) - - | 578 | B0.0 | 69.0 | 89.2 | 75.5 | 4.1
- 660 - - - | 583|803 | 694|895 759 64.7
- 670 - - - | 588|806 |698 897 | 764 | 653
- 680 - - - | 59.2| 808 | 70.1 | 898 | 76.8 | 65.7
- 890 - - - | 597|811 | 705 | 90.1 | 77.2 | 66.2
- 700 - = - | 601|813 | 708 | 903 | 77.6 | 66.7
- 720 - - - | etof818]| 715 9.7 | 784 | 67.7
- 740 - - - | 618|822 | 721|910 79.1 | 68.6
e 760 - - - | 625|826 | 726 | 912 | 79.7 | 69.4
- 780 - - - | 633|830 733 | 915 | B0.4 | 70.2
- 800 - - - | 640|834 | 738 [ 918 | 811 710
- 820 - - - | 647|938 | 743 | 921 | 81.7 | 71.8
- 840 - - - | 653 (841|748 | 923 | 822 | 72.2
- 860 - - - | 659|844 | 753 | 925 | 827 | 731
- 880 - - - | 664 | 847 | 75.7 | 92.7 | 83.1 | 736
- 900 - - - | 670|850 | 76.1 | 92.9 | 836 | 742
- 920 - - - | 675|853 | 765 | 93.0 | B4.0 | 74.8
- 940 - - - | 68.0| 856 | 769 | 932 | 844 | 75.4
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DRYING TEMPERATURES AND DURATIONS OF GEKA ELECTRODES

Materlal to Drying Drying Drying
Standard | Ymich the Cgatigg Process [Temperature| Duration
is applied yp (1-2) 2)°c (3) (hour)
EN 499 A, AR, C
piN 1913 | Unalloyed | gc) AR not - -
an RR (B) required
T o
B B(R).B required 300 - 350 2-10
EN757 | .
DIN 8529 [High-strength|
fine-grained B required 300 - 350 2-10
structural
AWS steels
5.5
EN 1599 = not ) )
DIN 8575 Heat required
resisting
steels
?\grs B required 300 - 350 2-10
EN 1600 Siiiess R recommended | 100 - 200 2-10
DINSESE | “ageio B(R,B | not required - -
Mild
A Nbacher i B required | 300-350 2-10
Double ph ;
il (R) B required | 250-350 2-10
EN 14700 R not required - -
DIN 8555
hardfacing B (R), B required 300 - 350 2-10
AWS : )
513 special on producer’s recommandation
TS EN 147008 nickel
DIN1736 when . .
AWS based el types necessary | 20300 2ri
511 alloys

1) Electrodes in special can packages can be used without a drying process in 8 hours after the can is
opened. in establishments that are more than 70% humid, electrodes should be put into special hot
boxes at 100-200 °C after the package is opened.

2) Please follow the recommendations of the producer tor special circumstances.

3) The maximum value is the sum of the durations of drying processes when electrode is dried multiple
times (in different dates)
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CALCULATION OF WELDING CABLE CROSS-SECTION

In calculation of the weldin? cable cross-sections, the following

empirical formula is used:
2xLx1
K=
axUu

K: Cross-section of the appropriate cable (mmg2).

L: Length of the bar (electrode) or the earth wire (m).
I: Strength of welding current (A).

U: Permitted voltage loss in the welding circuit (V).
(This value should not exceed 2V.)

a: parameter in relation to the material of the cable

For copper: a=60
For aluminum a=30

For zinc a=15

For iron a=8

Example: what should be the cross-section of the appropriate copper cable if the length
of the cable is 15m in a welding process that is performed with 160A?

2x15x 160

=40 mm?

60x2

Copper cable cross-sections depending on welding cable length and welding current

Welding Welding Current Length (m)

Current
(A) 10 15 20 25 30
50 25 25 35 35 35
100 25 35 35 50 50
150 35 35 50 70 95
200 35 50 70 95 120
250 50 70 95 120 150
300 70 95 120 150 150
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