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Effects on Penetrator Defect Occurrence of Welding Conditions and Mn/Si Ratio of ERW
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Synopsis :

Such effects as shown in the title have been investigated using ERW steel pipe of
1.5%Mn and from 0.17 to 0.41%Si. Penetrator defects increase with an increase of heat
input and with a decrease of welding speed, and moreover with a decrease of Mn/Si ratio.
The non-metallic inclusions, which are the main cause of the penetrator, are mainly
FeO-MnO-Si02 oxides, and with an increase of Mn/Si ratio, Si02 content decreases and
FeO and MnO content increases. Manganese and Silicon content at the welded zone
noticeably decreases with heat coefficient, although carbon content shows no particular
change. In the thermodynamic considerations, reactions of penetrator formation (FeO -+
Mn=Fe+MnO and 2FeO+ Si=2Fe+Si02) in high manganese ERW pipe reach very

rapidly to quasi-equilibrium state.
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Such etiscts as shown in the title have been investigated using ERW steel pipe of 1.9%;Mn and from 0.17 to 0.419551

Penetrator defects increase with an increase of heat input and with a decrease of welding speed, and moreover with a

decrease of Mn/5i ratio.

The non-metallic inclusions, which are the main cause of the penetrator, are mainly FeC-MnO-

SO oxides, and with an increase of Mn/Si ratio, $iC2 content decrsases and FeQ and MnO content increases. Manga-

nese and Silicon content at the welded zone noticeably decreases with heat coefficient, although carbon content shows

no particular change.

In the thermodynamic considerations, reactions of penetrator formation (FeQ+Mn=Fe+MnO and

2Fe(+Si=2PFe + 502 in high manganese ERW pipe reach very rapidly to quasi-equilibrium state.
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Chemical compositions of hot-rolled sheets

{wt%)
WE T [ s | w ]
B35 | 000 | 047 | L4z | 0018 | 0.007 | 0041 | 0013 |
TTu48 | 011 | 032 | 143 0017 | 0009 ' 0.053 | 0.014 | 508495
351 | 010 | 041 | 144 ; 0019 | 0004 | 0.041 | 0.016
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Table 2 Dye penetrant inspections on weld line of pipes with varieus welding conditions

- Welding condition Dye penetrant inspection

Pipe No. Mn/Si Heat Speed Voltage Current Ecoel:f?zent Pipe length T(Jtaio}ength

input {m/min) (kV) (A} Q {m) p""e];‘;j:'lmrs
CAI7-H . High 170 15.0 25.0 2.32 17.04 1
AI7-M 895 | Medium | 14.5 24.5 2.20 17.06 0
AITL . Low | 135 23.8 1.99 1704 | 10
BI7-H High - 175 143 | 256 2.20 17.07 2
B17-M 4.46 Medium . 13.8 24.6 2.04 17.05 0
B17-L Low : 136 | 242 1.98 17.07 1
CCirH | High 175 1 143 %5 2.19 17.08 4
C17-M 3.51 Medium ’ 13.8 248 | 2.06 16.98 15
C17-L Low ’ 13.8 245 2.03 14.92 3
Al2-H High 12.0 13.1 22.7 2.61 17.05 16
Al2-M 8.35 Medium ’ 12.5 215 2.3 17.05 | 0
Al2-L Low ’ 12.2 209 224 4 1716 1

B12-H High |  12.0 13.5 22.5 2.67 17.00 Mo
B12-M 4.46 Medium 12.3 127 | 220 2.40 15.04 3
B12-L Low 12.3 12.6 21.7 2.35 17.09 8
Cl-H High 115 13.2 22.9 2.77 17.07 176
C12-M 3.51 Medium 12.0 12.6 21.8 2.41 17.07 10
Cl2-L Low 12.0 12.4 21.5 2.34 17.06 1%
Ag-H High 8.0 11.8 19.6 3.03 17.05 90
A8-M | 835 Medium 8.3 116 19.5 2.87 17.05 I
AS-L Low | 86 | IL4 | 194 2.71 15.12 18
B8-H High 8.3 118 20.1 3.00 17.05 81
B&-M 4.4 Medium v T 20.0 2.97 15.03 64
BS-L Low 8.5 114 19.4 2.74 17.06 7

C8 - H 0 Higk | 80 120 | 206 3.25 15.10 52
C8-M 351 . Medium 8.5 117 20.2 2.93 o1 | 108
C8-L . Low | 115 19.5 278 1 1705 | 276

ZOFM, AP L= 513 ALOs 4~8% £ & Tk ARFES D HH, ~E b L 7KL
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Fig. 3 Effect of Mn/Si on the compositions of

penetrators
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Table 3 Chemical compositions of penetrators detected from various plpes(wt%]
Chemical composition | Penetrator o
A R ‘ Ma | Al | Ma/Si| Feo | MmO . Si0, | ALO,
11 010 | 017 | o143 | oo | a40 621 | 5555 | 3204 | 526
IR _T_J I ' 414 | 5607 | 3483 | 640
3 [ R P B " 768 | 5481 | 3168 | 5.00
4 0.11 0.18 14 | 0042 | sl 400 | 5629 | 3114 | 764
5 o | 03l | 142 | 053 458 | 344 | 5422 | 378 44
6 | rff e T e T ase | s222 | 360 | as0
7 | oog T'__o_.éé 144 | 0051 436 310 | 4963 | 3855 | 7496
_Eﬁ _' omj 70}41 o 145 o041 | 356 5 275 1748.88 427.00 5.82
9 0.09 0.41 148 | 0042 | 361 396 | 5145 | 0. 09 | 3.8
1_9_: . » " : | _3.50" 5055 | 4l. 17 40
molo " " " . 311 | 5085 | dl. 26 420
12, 020 | 022 ¢ 115 | 002 | 523 1.78 53. 85 3. 56 | 7 30
13 " p . . y 714 | 5538 | 3193 | 3. 348 "
oo 7)”14 150 | 0035 | 1071 L 802 | 5831 : 2104 | 660
5| 0w 012 128 | 0032 | 1066 | 1314 | 6642 | 1444 | 425
16 | 014 | 0006 109 | 0024 | 1816 | 1302 | 8231 307 70&7
1'7"_7 015 ooz ‘ 115 | 0033 | 9ss | 1413 6603 | 17.15 321
s | 01 oar } 105 0041 | 620 | 1642 | 5120 | 2508 | 471
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{a] Secondary electron image

(c) Mn Ky

Photo. 2 Scanning images of characteristic X-ray of penetrator observed on the fracture surface
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Fig. 4 Effect of heat coefficient on the manganese and silicon drop obtained by chemical analysis of the

fused part of the outside flash removed from pipe
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