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The Formation Mechanism of White Line in Welded
Joints of ERW Steel Pipes
Seiji SuzUKI and Toshihiro TAKAMURA
Synopsis :

This investigation deals with the mechanism on the formation of white line in welded joints of ERW steel
pipes. In order to demonstrate the formation mechanism, the difference in carbon contents between weld
line and extruded melting bead in simulated resistance welded joints was investigated in detail, using hypo-
eutectics, eutectics and hypereutectics in Fe-C alloys.

In hypoeutectics, the carbon content in weld line is lower than that in base metal, while the carbon content
in extruded melting bead is higher. On the other hand, the carbon content in weld line is higher than
that in base metal and the carbon content in extruded melting bead is lower in hypereutectics. No difference
in carbon content occurs between weld line and extruded melting bead in eutectics.

It can be deduced from these results that two phase region where solid and liquid phase coexist exists in
weld line, and the liquid phase coexisting with solid phase is extruded outward and the solid phase remains
in the weld line at upsetting. Thus, it can be concluded that the difference in the content of alloying elements
between solid phase and liquid phase leads to the formation of white line in resistance welded joints such as

ERW:  steel pipes.
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Photo. 1. Typical macrostructure of welded
joint in ERW steel pipe.
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Fig. 1. Scanned line in white line by EPMA.
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Fig. 2. Change of chemical compositions in
white line determined by EPMA.
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Fig. 3. Comparison of pearlite content in white
line and base metal.
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Fig. 5. Change of oxygen and nitrogen in white
line of ERW steel pipes determined by AES.

Table 1. Total Al, sol.Al and N content in
extruded melting bead and base metal of
ERW steel pipes determined by chemical

analysis.
D T.Al  2) s.Al 1D—2) N
No. 1 Base metal 0.038 0.038 0 0.0035
Melting bead 0.029 0.017 0.012 0.0072
No. 2 Base metal 0.027 0.027 0 0.0038
Melting bead 0.020 0.012 0.008 0.0075
No. 3 Base metal 0.031 0.031 0 0.0042
Melting bead 0.021 0.016 0.005 0.0037
No. 4 Base metal 0.03!1 0.031 0 0.0037
Melting bead 0.024 0.023 0.001 0.0039
No. 5 Base metal 0.029 0.028 0.001 0.0042
Melting bead 0.025 0.010 0.015 0.0081
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Fig. 6. Shematic showing of the formation
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Fig. 7. Simulated resistance welding test

specimen.

Table 2. Chemical compositions and simulated
resistance welding conditions.

Welding conditions

Chemical

compositions(wt%?) current(A) time(s) force(kg)
0.49%C-Fe 6590~6740 0.18 30
2.19%C-Fe 6220~6300 0.18 30
Fe-C 3.0%C-Fe 5720~5870 0.18 30
4.39%C-Fe 5240~5400 0.18 30
4.8%C-Fe 4440~4650 0.18 30
14%Mn-Cu 5980~6010 0.18 30
Cu-Mn 36%Mn-Cu 3700~ 3800 0.18 30
54% Mn-Cu 3300~3710 0.18 30
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Photo. 2. Macrostructures of welded joints made
by simulated resistance welding.
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B : base metal, W : weld line, M : melting bead
Photo. 3. Microstructures of welded joints made by simulated resistance welding.

sz bbb,

Fig. 9 i, Cu-Mn M OREESH L oD
Mn &% EPMA CEESITL, KB LERYRT.
86%Cu-14%Mn ¥ CIIBEE AT O Mn B1XEHEO
FhInEALTRY, 46%Cu-54%Mn }f TILECE
BEA#WO Mn B3 LTw5. i, SBERER T
B 2 FFEROBE Ly 64%Cu-36%Mn #f D
WEBEAT T M BB kL Tt

PlEdR~- X 5, BABRELLEBCA: CrBHEES
WMoORHYEBHERT, FHEREC ST 2EK 2 HERER
RYEEL, TOEMEIBREEATCERETS EELN
EEERCHBEIRS.

3.2 BE&R2HERFHEECHITZEBTRE
3:2.1 BERSBEEDT
EwERcA CsERS BT L L T Fig. 10 ©

TEMP,

L+S L+S

Co CON. Cc ' C

b) Btype ¢) Ctype

Fig. 10. Schematic explanation of solid-liquid
separation types in resistance welding.

a) Atype

AR, BRI IOCEZ EZ bhb.

AF ; ¢y, € DR OIHAREE T B FHER co D
Wheim#FET5 L, EHEEREOE ¢ BEEN
CEREL, 77y PRIDTIhIIMNE~HLE IR
5. ZORR, BEBEAMOBRSNERTS.

BAI ; RIE@ECEWABEL, 28 LcEME EREO

— 157 —



1472

# oL M %70 g (1984) 5105

RITHRY> OBEL B Thhb. 20O, 772, Mk
DTRHEPR L I hBEEATSORS 1 EEHT 5. it
¥, CORTTEEET SR, ROLEE5e
CHLHEERS.

CH ; G RE 3 5B B S HENEEL, 77
oy M XOTRENE U I hWEBEARORS 1 E
BT 5.

Ch bOERSBR O EEM I O\ TIUFRE L.

3-2.2 EWLHEER OB

ARy MESBEE YR, BEROT7 S, B
DREFELEF v r 77 7 Lo THEL, BRI D
Ba&at L.

TOBERFCRT BT 7y B EBEBHROEL
% Fig. 11 wiR$. 77+, FEEIL 30kg TH D,
HEMS L FAFCATIhT WS, REBA MBI 2
CEREDTT Ty MEAENAR IR TV SIS 20
LOTHEERTHEZ CELTV5. ok, A8k
EfIhTEY, ZOERIBEESRIERLIED
CAELRIDTHS. CoOBEETAIRKIIARIRT
WBT7 ey MR X OTERICNE~ P X D,

LichioT, BNBEE L U 2B BEEARORS EH)
ik Fig. 10 R U “CH)” o@FEBRR RSB X
HHDTIRIeL, HBEWB#FDO7 7w, VEICE U B
AR LI “BE” ofIBABC XL D EEL L
hs.

R, BRBEELGEOBERMEY 0.02s B &1k
SRTHEELLHE CUTFHRIEDH EHT) ofGEL
PEEL, BRSMoR»H#E L.

Photo. 4 13kt (4.8%C) oiibdHHERK SR

Lo L

tpsel| i (dE;L-Lo)
Lo=15mm

1+0.2mm
+o
1+-0.2

displacement
¢

S000A T

Lurrent T

——t—
0 02 sec.

Fig. 11. An example of resistance
welding records.

-—iObuﬁi

b) welding time~0.12s

— Imm
a) welding time~0.10s
¢) welding time~0.14s

Photo. 4. Macro and microstructures of welded
joints made by simulated resistance welding (4.8
%C).
. @ERRE 0.10s ClxZzo~7 vl TR S
NI, 0.12s TIR—HMBEHEXTFLH I Tx b, *
O TFHMCITEPNER LTV 5. 0.14s TS EAR
SRCERPERL TR D, FEABEET LTV 5.
¥/, BERRE 0.12s OBEO 3 7 2 RN S B
LB FNEFL2Y Photo. 4-d)IiiR$ X 5 g X
5. Thoik, B Xy L EERRE OE - HES M
ROCHEBL, 77y "VRIDTIhAHLE XA,
BNV BEEARCEBLLERTAB LEL RS,
Z DI A I BV B BB AR O [E W 4y R 13 Fig.
10 » “AR” ©TH%.

ks, HEXEMOFIEDH CRXERS MR LR cx
3 &5 B EIZ R S hish 0.

3-2.3 HABOHKERE

7Y -7 AT Ty MEERELIR, BE
BOWHRINIBREXHE L. HAMDILEES B X
DX OW IR % Table 3 1, REEHHIK% Fig.
12 @id. 774y ME 1420°C, 1430°C B X0t
1440°C o 3EETERL, 772 » FEIZVTRL 5
mm & L7,

Photo. 5 iz DFED = 7 el %RT. 77 & »

— 158 —



ERMERBEROBAREOALRKE

1473

— 3mm

b) upsetting at 1430°C

a) upsetting at 1420°C

c) upsetting at 1440°C
Photo. 5. Macrostructures of welded joints
made by Gleeble testing.

Table 3. Chemical composition and liquidus line
temperature of steel used for Gleeble test.

C Si Mn P S TL*
0.15 0.16 1.09

0.018 0.005 1520°C

* liquidus line temp.
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Fig. 12. Gleeble test specimen.
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