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Abstract

The objective of this research is to study the effect of welding layer on mechanical properties of hard
facing carbon steel with fused tungsten carbide. The hard facing welds was performed by oxyacetylene.
Various experiments are carried out by that processes. Carburizing flame is used in oxyacetylene welding
process. The result is exhibited the distribution of tungsten carbide in weld metal is even. For the welds
microstructure of all layers are consisted of ferrite and pearlite with fine grain structure. In addition, the

welding layers has an effect on the microstructure and mechanical properties of the welds.
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L SPECTRO

7/6/2559 17:30:47

Method: Fe-10 7/6/2559 17:29:45
Comment: low alloy steel Element concentration
Sample Name:
S$S8400
[ c si Mn P s cr [ Mo Ni
[ % % % % % % % %
1 0.152 0.0403 0.802 0.0269 0.0097 0.0319 0.0025 00152
2 0.152 0.0318 0.791 0.0295 0.0092 0.0327 0.0023 0.0151
3 0.154 0.0307 0.770 0.0277 0.0091 0.0320 0.0024 0.01563
<x>(3) 0.152 0.0343 0.788 0.0280 | 0.0093 0.0322 0.0024 0.0152
sd 0.0012 0.0053 0.0165 0.0014 000030 | 0.00041 0.00011 0.00007
rsd 08 153 21 4.9 32 \ 13 45 0.4
[ Al Co Cu Nb i v w Pb
% % % % % % % %
1 0.0509 0.0049 0.0185 <0.00020 0.0033 0.0013 0.0042 0.00082
2 0.0491 0.0044 0.0196 <0.00020 0.0036 0.0010 0.0035 0.00081
3 0.0480 0.0055 0.0202 <0.00020 0.0037 0.0013 0.0050 0.0011
<x>(3) 0.0493 0.0050 0.0194 < 0.00020 0.0035 0.0012 0.0042 0.00092
sd 0.0014 0.00056 0.00084 0.00000 0.00025 0.00016 0.00074 0.00018
rsd 29 13 43 0.0 i 72 134 17.7 200
\_ Sn Zr Bi Ca Ce Sb Se Te
| % % % % % % % %
1 0.0024 0.00035 0.0017 0.0010 0.00091 0.0045 0.0172 <0.0010
z 0.0023 0.00042 0.0020 0.00074 0.00099 0.0053 0.0177 <0.0010
3 0.0025 0.00042 0.0020 0.00057 0.0012 0.0046 0.0178 <0.0010
<x>(3) 0.0024 0.00040 0.0019 0.00077 0.0010 0.0048 0.0176 <0.0010
sd 0.00013 0.00004 0.00015 0.00023 0.00014 0.00044 0.00036 0.00000
rsd 54 9.9 7.8 292 13.9 9.2 20 0.0
Ta B Ag N Fe |
% % % % %
1 0.0062 < 0.00010 < 0.00004 0.0194 98.7
2 0.0059 < 0.00010 0.00007 < 0.00040 98.8
3 0.0054 <0.00010 0.00009 0.0260 98.7
<x>(3) 0.0058 <0.00010 0.00007 0.0153 98.7
sd 0.00040 0.00000 0.00003 0.0133 0.0199
rsd 6.9 0.0 399 87.1 0.0
d' a g [
i‘ﬂ‘ﬂ .1 LL’dSﬁN@ﬂiNWﬁf‘lﬁ’)kﬂﬁ%ﬁ’d’)ﬂﬂ’dﬂﬂl@ﬂ’)ﬁﬁ] SS400
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v ] Y H v H
A1519% N.1 LAAINTTUNANANINAA lUMTAHDN OAW VYBIFUN 1, 2, 3 YBAFUTN 1

. Fuam Tawg QUNYI
P DRITRY 5| nIEUIM : - <
U 2 4 uuIn 4 - fnou VA Wae | ANWIGY | MIeme)
BN MILyeN | N30 YA #iia YA 4 h 4
150 L L
1 GAS SS400 40x100x4 FTC 35 47 482 542 2.03 5/28/2559
2 GAS SS400 40x100x4 FTC 3.5 235 621 473 2.25
3 GAS SS400 40x100x4 FTC 35 227 650 485 2.33
1 1 4 GAS SS400 40x100x4 FTC 3.5 243 637 574 3.19
5 GAS SS400 40x100x4 FTC 89 244 601 630 3.44
6 GAS SS400 40x100x4 FTC 35 246 637 614 3.11
7 GAS SS400 40x100x4 FTC 3.5 248 611 598 3.08
1 GAS SS400 40x100x4 FTC 3.5 44 471 373 2.46 5/27/2559
2 GAS SS400 40x100x4 FTC 3.5 229 612 535 2.31
3 GAS SS400 40x100x4 FTC 3.5 241 660 512 3.04
2 1 4 GAS SS400 40x100x4 FTC 35 245 744 506 2.38
5 GAS SS400 40x100x4 FTC 35 246 570 487 2.18
6 GAS SS400 40x100x4 FTC 35 248 598 429 2.29
7 GAS SS400 40x100x4 FTC 3.5 224 627 709 2.29
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v ] Y H v H
A1519% N.1 1HAAINITUNINANINAAAUMTIAFDN OAW VBIFUN 1, 2, 3 YDIFUTN 1 (7D)

. FUNY Tawg QUNYI
P DRITRY L | IzuIums : - <
it 2 4 U 4 - fou VaY Wae | ANNIGEY | MINEIg
Fuh ELY N3N YA ¥iiQ YA . 4 4
150 1o L
1 GAS SS400 | 40x100x4 FTC 3.5 87 686 464 2.30 5/26/2559
2 GAS SS400 | 40x100x4 FTC 3.5 220 513 506 2.12
3 GAS SS400 | 40x100x4 FTC 3.5 249 721 508 3.08
3 1 4 GAS SS400 | 40x100x4 FTC 3.5 215 705 597 2.52
5 GAS SS400 | 40x100x4 FTC 3.5 210 701 480 2.14
6 GAS SS400 | 40x100x4 FTC 3.5 224 721 564 2.31
7 GAS SS400 | 40x100x4 FTC 35 238 711 712 1.58
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v ] Y H v N
A1519% 0.2 HAAINTTUNNNANTNAAI UMTIAHBN OAW VYBIFUN 4 VoIFUN 1,2

. Fuan Tang QUNYI
P DRITRY P NIEUIU : - <
it - U 4 - fnou YR Hae | AN PRENT
BN MIyen | 1n3n YA %iin YA 4 4 4
150 150 L
1 GAS SS400 40x100x4 FTC 3.5 42 598 512 1.56 5/28/2559
2 GAS SS400 40x100x4 FTC 3.5 242 604 465 2.10
3 GAS SS400 40x100x4 FTC 3.5 230 602 560 3.29
1 4 GAS SS400 40x100x4 FTC 3.5 241 652 506 2.47
5 GAS SS400 | 40x100x4 FTC 3.5 250 608 577 3.25
6 GAS SS400 | 40x100x4 FTC 3.5 240 620 636 3.23
4 7 GAS SS400 | 40x100x4 FTC 3.5 241 727 661 2.44
1 GAS SS400 40x100x4 FTC 3.5 239 599 600 2.58
2 GAS SS400 40x100x4 FTC 3.5 224 632 505 2.58
3 GAS SS400 40x100x4 FTC 3.5 246 640 599 2.57
? 4 GAS SS400 40x100x4 FTC 3.5 241 671 630 3.48
5 GAS SS400 | 40x100x4 FTC 3.5 241 627 589 4.37
6 GAS SS400 | 40x100x4 FTC 3.5 250 665 574 4.27
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v 1 Y H Y v
A15199 0.3 LAAINITUNAINANINAaRIlUMTIHON OAW Y0IFUN 5 VoIFUN 1, 2

. e Tawe Nl
2 LRiTelY L | nEvIUmS - .
WU s g uuIn A r L4 4 Wae | AW | Mg
Ui 1501 BED) YA ¥iin YU | AOUON | VaIsweu |
101
1 GAS SS400 | 40x100x4 FTC 3.5 65 648 598 1.30 5/26/2559
2 GAS SS400 | 40x100x4 FTC 3.5 239 578 449 1.52
3 GAS SS400 | 40x100x4 FTC 3.5 246 748 620 2.05
1 4 GAS SS400 | 40x100x4 | FTC 3.5 229 665 641 2.05
5 GAS SS400 | 40x100x4 | FTC 3.5 245 642 609 1.55
6 GAS SS400 | 40x100x4 | FTC 3.5 241 646 651 2.20
5 7 GAS SS400 | 40x100x4 | FTC 3.5 243 639 648 2.19
1 GAS SS400 | 40x100x4 FTC 3.5 239 741 670 2.44
2 GAS SS400 | 40x100x4 FTC 3.5 250 792 682 3.00
3 GAS SS400 | 40x100x4 FTC 3.5 239 733 720 2.46
’ 4 GAS SS400 | 40x100x4 FTC 3.5 243 727 714 3.03
5 GAS SS400 | 40x100x4 | FTC 3.5 249 736 724 3.18
6 GAS SS400 | 40x100x4 | FTC 3.5 246 708 702 2.50




v ] Y H v H
A1519% N.4 LAAINTTUNINANINAAAIUMTIAHBN OAW VYBIFUN 6 VOIFUN 1,2

73

g UMY p NTTUIU Fua Tan QUNYH B

¥U v 4 U 4 - — 5 — ANUGTY | HUBLHE
TUN MsoN | 1n3A ATRE ¥ VWA | NOWFON | VULIFOY | HAUVOU

1 GAS SS400 | 40x100x4 FTC 3.5 70 407 386 1.25 5/26/2559

2 GAS SS400 | 40x100x4 FTC 3.5 224 615 493 1.47

3 GAS SS400 | 40x100x4 FTC 3.5 215 691 611 2.06

1 4 GAS SS400 | 40x100x4 FTC 3.5 244 527 444 2.09

5 GAS SS400 | 40x100x4 FTC 3.5 250 700 641 2.26

6 GAS SS400 | 40x100x4 FTC 3.5 238 711 592 2.31

6 7 GAS SS400 | 40x100x4 FTC 3.5 244 719 599 2.28

1 GAS SS400 | 40x100x4 FTC 3.5 233 744 593 2.38

2 GAS SS400 | 40x100x4 FTC 3.5 247 707 659 243

3 GAS SS400 | 40x100x4 FTC 3.5 250 782 686 242

? 4 GAS SS400 | 40x100x4 FTC 3.5 248 759 744 3.03

5 GAS SS400 | 40x100x4 FTC 3.5 250 765 609 2.58

6 GAS SS400 | 40x100x4 FTC 3.5 250 830 816 2.54
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v ] Y H v H
A1519% 0.5 HAAINTTUNANANINAAAUMTIAHDN OAW VYBIFUN 7 VoaTUN 1,2, 3

g U p NTTUIU Fua Tang QUNYH B

U L 4 U 4 B — » — ANWID | MG
FUN MseN | 1A VWA A VWA | NOWFON | VaZI¥ON | WAusew

1 GAS SS400 | 40x100x4 FTC 3.5 54 632 621 1.27 5/31/2559

2 GAS SS400 | 40x100x4 FTC 35 250 637 600 1.32

3 GAS SS400 | 40x100x4 FTC 35 249 635 653 1.54

4 GAS SS400 | 40x100x4 FTC 3.5 247 716 683 2.02

1 5 GAS SS400 | 40x100x4 FTC 3.5 250 753 795 2.10

6 GAS SS400 | 40x100x4 FTC 3.5 247 661 649 2.32

7 GAS SS400 | 40x100x4 FTC 3.5 248 647 903 242

7 8 GAS SS400 | 40x100x4 FTC 3.5 244 642 806 2.28

1 GAS SS400 | 40x100x4 FTC 3.5 246 675 684 2.14

2 GAS SS400 | 40x100x4 FTC 3.5 250 758 814 2.26

3 GAS SS400 | 40x100x4 FTC 3.5 250 732 723 3.05

4 GAS SS400 | 40x100x4 FTC 3.5 250 834 641 3.26

? 5 GAS SS400 | 40x100x4 FTC 35 246 815 802 3.41

6 GAS SS400 | 40x100x4 FTC 35 249 863 938 3.52

7 GAS SS400 | 40x100x4 FTC 3.5 245 826 889 3.24
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‘ ‘ 1 GAS ‘ SS400 ‘ 40x100x4 ‘ FTC ‘ 3.5 ‘ 248 ‘ 734 ‘ 774 ‘ 3.38 ‘
< o = 4 2 4 Y 4 :
AN 1.5 LAAINMTTUNINANTNADITUNTITON OAW VOIFUN 7 YOIFUN 1,2,3(g9)
s | L 4 p NTLUIN U Tang QUNYN .
U | WIUTUN | uwdn 4 = — 3 — ANUGY | MR
mikou | n3n N %iin VA | NOUYON | VMZIFON | MAUBON
1 GAS SS400 40x100x4 FTC 3.5 248 734 774 3.38
2 GAS SS400 40x100x4 FTC 3.5 250 717 822 342
3 GAS SS400 40x100x4 FTC 3.5 249 796 823 4.43
7 3
4 GAS SS400 40x100x4 FTC 3.5 250 767 818 3.24
5 GAS SS400 | 40x100x4 FTC 3.5 247 845 713 4.30
6 GAS SS400 | 40x100x4 FTC 3.5 248 851 809 3.39
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v 1 Y H Y ]
A15199 0.6 LAAINMITUNAINANINAaBIlUMTIADN OAW VBIFUN 8 VOIFUN 1, 2, 3

Qy U 4 NTTUIU Fua Tawg guUNgu B

U L 4 I 4 3 — 5 — ANUGTY | HUBLR
¥Uhn MIFoN | 1n3A YUIA A VIR | NOUFON | VMLIFOU | NAUBON

1 GAS SS400 | 40x100x4 FTC 3.5 74 460 423 1.45

2 GAS SS400 | 40x100x4 FTC 3.5 242 662 761 1.48

3 GAS SS400 | 40x100x4 FTC 3.5 247 666 616 2.33

4 GAS SS400 | 40x100x4 FTC 3.5 248 714 749 2.30

: 5 GAS SS400 | 40x100x4 FTC 3.5 245 813 846 2.53

6 GAS SS400 | 40x100x4 FTC 3.5 245 679 595 2.25

7 GAS SS400 | 40x100x4 FTC 3.5 250 757 694 3.11

" 8 GAS SS400 | 40x100x4 FTC 3.5 249 709 790 3.34

1 GAS SS400 | 40x100x4 FTC 3.5 250 717 699 4.11

2 GAS SS400 | 40x100x4 FTC 3.5 237 709 740 3.52

3 GAS SS400 | 40x100x4 FTC 3.5 250 733 784 4.16

? 4 GAS SS400 | 40x100x4 FTC 3.5 250 796 724 3.53

5 GAS SS400 | 40x100x4 FTC 3.5 249 668 756 4.24

6 GAS SS400 | 40x100x4 FTC 3.5 246 692 616 4.15
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7 GAS SS400 | 40x100x4 FTC 3.5 250 720 807 4.06
1 GAS SS400 | 40x100x4 FTC 3.5 245 776 1035 4.02
2 GAS SS400 | 40x100x4 FTC 3.5 240 722 758 4.05
’ 3 GAS SS400 | 40x100x4 FTC 3.5 250 746 937 4.05
4 GAS SS400 | 40x100x4 FTC 3.5 249 681 682 5.10
M3 0.6 naaIMITuTinnanINAaedluMIAeY OAW YBIFUT 8 YoITUT 1,2,3 (A0)
& U p NEEATRIN Fuau Tane Qv ;
U L 4 uuan 4 A — 3 — ANWIGY | MBI
BUN NILBDY 1NIA VYUIA TURA VUIA NOUITOY | YUIIYON | HATYOU
5 GAS SS400 | 40x100x4 FTC 3.5 249 715 864 4.50
’ ’ 6 GAS SS400 | 40x100x4 FTC 35 250 800 802 3.51
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Qy U 4| PITVIUMS Fua Taweg gungu B

U v I ; = — 5 — ANUTI | NIBIG
TUN 1y N3 A YA A VA | NOUTON | VMLIFON | HAuFOU

1 GAS SS400 40x100x4 FTC 3.5 39 833 708 2.38

2 GAS SS400 40x100x4 FTC 3.5 248 704 632 2.47

3 GAS SS400 40x100x4 FTC 3.5 250 695 810 2.59

4 GAS SS400 40x100x4 FTC 3.5 232 692 766 3.15

1 5 GAS SS400 | 40x100x4 FTC 7 250 634 838 3.29

6 GAS SS400 | 40x100x4 FTC 3.5 249 670 609 3.14

’ 7 GAS 8S400 | 40x100x4 FTC 3.5 250 711 672 2.50

8 GAS SS400 | 40x100x4 FTC 3.5 248 671 648 2.36

1 GAS SS400 40x100x4 FTC 3.5 250 741 781 3.23

2 GAS SS400 40x100x4 FTC 3.5 245 691 672 3.51

’ 3 GAS SS400 40x100x4 FTC 3.5 250 723 885 4.12

4 GAS SS400 40x100x4 FTC 3.5 250 773 935 4.23
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6 GAS SS400 | 40x100x4 FTC 3.5 249 679 940 4.16

? 7 GAS SS400 | 40x100x4 FTC 3.5 250 748 624 327

1 GAS SS400 | 40x100x4 FTC 3.5 244 778 770 251

’ 2 GAS SS400 | 40x100x4 FTC 3.5 250 838 837 3.07

’ 3 GAS SS400 | 40x100x4 FTC 3.5 250 791 714 3.39

4 GAS SS400 | 40x100x4 FTC 3.5 248 779 866 4.27

319 0.7 ngmamstufinransnaasslumsiFon OAW veasuii 9 vesdui 1,2,3 (D)

2 U L | PIZUIUMS Fuam Tanz QUNYI <

T s 4 U A = — 5 — AN | NINEme
FUA 1wou (N30 YUIA A VWA | NOUIYON | VT¥ON | Hauye
5 GAS SS400 | 40x100x4 FTC 3.5 250 833 894 3.54
’ ’ 6 GAS SS400 | 40x100x4 FTC 3.5 244 806 797 4.05
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FUNUAFIUNTZUVIUMTTON OAW (Oxy Acetylene gas Welding : OAW)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

89509.85 ym?
89509.85 ym?

Sample 01

9/6/2559 12:25:45
ASTM A 247

1

89509.85 ym?
89509.85 ym?
72.0% 1 28.0%
0.000

0.000

Weld zone OAW 24
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:06:47

ASTM E112
10.33 +/- 0.00
8.92
1.40
214.00
112.10
Sample 01
10.33 +/- 0.00
8.92
1.40
214.00
0.11

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name weld

Number of Intercepts 214
Pattern Length 1908.95
Image Comment point 1

c ]
%, ~ &”’
On . 2 a%
Y1aginafulaves

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

89509.85 ym?
89509.85 ym?

Wz

9/6/2559 11:12:00
ASTM A 247

1

89509.85 ym?
89509.85 ym?
44.6% 1 55.4%
0.000

0.000

HAZ zone OAW 2 i
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:00:36

ASTM E112
11.24 +/- 0.00
6.51
0.94
271.00
153.55
Sample 01
11.24 +/- 0.00
6.51
0.94
271.00
0.15

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Your Vidos, Os Futere

Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name HAZ tif
Number of Intercepts 271
Pattern Length 1764.88

Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

82255.45 pm?
82255.45 pm?

HAZ

9/6/2559 11:03:21
ASTM A 247

1
82255.45 ym?
82255.45 ym?
68.7% / 31.3%
0.000
0.000

Base zone OAW 2 4
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 10:50:22

ASTM E112
10.63 +/- 0.00
8.03
1.21
199.00
124.59
Sample 01
10.63 +/- 0.00
8.03
1.21
199.00
0.12

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name base
Number of Intercepts

Pattern Length

Image Comment point 1

Cast Iron analysis
(Summary)

199
1597.21
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

74703.65 pm?
74703.65 pm?

BASE

9/6/2559 10:53:39
ASTM A 247

1

74703.65 ym?
74703.65 ym?
72.8% 127.2%
0.000

0.000

Weld zone OAW 3 i
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:33:05

ASTM E112
11.04 +/- 0.00
6.97
1.18
274.00
143.53
Sample 01
11.04 +/- 0.00
6.97
1.18
274.00
0.14

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name weld

Number of Intercepts 274
Pattern Length 1908.95
Image Comment point 1

Cast Iron analysis
(Summary)




101

OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images
Total Sample Area
Etched Sample Area
Ferrite / Pearlite Ratio
Total Particles per mm?

ASTM A 247
1

89509.85 pm?
89509.85 pm?

Sample 01

9/6/2559 11:35:18
ASTM A 247

1

89509.85 pm?
89509.85 pm?
70.6% / 29.4%

0.000

Total nodular particles per mm? 0.000

HAZ zone OAW 3 4

Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:28:00

ASTM E112
11.77 +/- 0.00
5.42
0.97
352.00
184.39
Sample 01
11.77 +/- 0.00
542
0.97
352.00
0.18

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

24 »‘FM§V%"%W :

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name
Number of Intercepts
Pattern Length
Image Comment

HAZ

352
1908.95
point 1

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images
Total Sample Area
Etched Sample Area
Ferrite / Pearlite Ratio
Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

89509.85 ym?
89509.85 ym?

Sample 01

9/6/2559 11:29:32
ASTM A 247

1

89509.85 ym?
89509.85 ym?
58.7% 1 41.3%

0.000
0.000

Base zone OAW 3 %u

Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:15:25

ASTM E112
10.08 +/- 0.00
9.74
14
196.00
102.67
Sample 01
10.08 +/- 0.00
9.74
1.1
196.00
0.10

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name base.tif

Number of Intercepts 196
Pattern Length 1908.95
Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

89509.85 ym?
89509.85 ym?

base

9/6/2559 11:18:58
ASTM A 247

1

89509.85 ym?
89509.85 ym?
78.2% 121.8%
0.000

0.000
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COMPARISON OF MICROSTRUCTURE AND MECHANICAL
PROPERTIES OF HARD-FACING WELDS GENERATED
BY GTAW AND OAW WELDING PROCESSES

Jongkol Srithorn', Kampoon Promsupha?

School of Industrial Engineering, Institutes of Engineering,

Suranaree University of Technology
E-Mail: Jongkol@sut.ac.th

ABSTRACT

There are many welding processes can be used to perform
hard-facing welds.The objective of this research is to
compare the microstructure and mechanical properties of
the welds that performed by two welding processes:
oxyacetylene and gas tungsten arc welding. Base metal is
low carbon steel and fused tungsten carbide is used as a
filler metal. Various experiments are carried out by that
processes. For GTAW, the current are varied from 90 to
120 ampere at constant welding speed. Carburizing flame
is used in oxyacetylene welding process. The result is
exhibited that at the current of 110 ampere the distribution
of tungsten carbide in weld metal is even. The hardness of
the welds using OAW is higher than that of GTAW
process which is 868.86 HV and 664.5 HV in respectively.
For the welds microstructure of both processes are
consisted of ferrite and pearlite with fine grain structure.
In addition, the welding speed has an effect on the
microstructure and mechanical properties of the welds.

1. INTRODUCTION

Nowaday, welding processs has been developed for
convenience for further use and greater -efficiency.
Different welding methods cause different welding
efficiency, dilution ration, and welding cost. Therefore,
consideration must be given to welding process selection
in order to fulfil requirement of work (WWo &
L.T.Wu,1996). Effect of heat input is another factor
influencing bead quality such as penetration, width,
height, and heat affected zone (HAZ) of metal (Cited
Dec 21 2015).

Hard-facing welding process is a popular method for
repairing surface of worn parts. Several factors affecting
result of welding include type of electrode, material type
and so on (Sukangkana Lee, 2012). Operating hard-facing
welding process must consider the appropriateness of
material and welding process since these factors can
increase service life of parts (Yongyuth Dunyakul, 2012).

Oxy Acetylene Gas Welding is one of the processes
used in hard-facing welding process since it is convenient
and provides high temperature. It can penetrate high
hardness materials such as tungsten carbide. However, the
use of acetylene must consider operation safety and law
(N. Parkin & C.R. Flood 1979). Different welding method
results in mechanical properties and microstructure of
metal.

The objective of this research is to compare
microstructure and mechanical properties of hard-facing
welding process using Tungsten Inert Gas Welding
Method and Oxy Acetylene Welding Method. Materials
used in hard-facing welding is Fused Tungsten Carbide:
Fused WC.

2. EXPERIMENT
2.1 Experimental Apparatus

Materials used in this study is SS400 grade carbon
steel with dimension of 100x150x12 mm. Electrodes used
are Fused WC with 3.5 mm diameter. Hard-facing welded
work pieces are then cut and only the middle of work
pieces are used to test microstructure and mechanical
properties (Figure 1).

Figure 1. Work piece for microstructure and mechanical
properties testing.

2.2 Technique
2.2.1 Experiment Design

For the method of Tungsten Inert Gas Welding, the
welding parameters are current, voltage, tip angle, and



welding speed (Table 1). Welding current is set at four
levels (90, 100, 110, and 120 Amp). Welding current is
important for mechanical properties (Noppakorn and
Isaratat,2008) Voltage is 14.3 V. and tip angle is 15°.
Welding speeds used are 9.2, 11.2, and 15.3 cm/s. For the
Oxy Acetylene Welding Method, the welding condition
are shown in Table 2.

Table 1. Parameters of Tungsten Inert Gas Welding.

Welding parameters Value

Welding current (Amp.) 90, 100, 110, 120

Welding voltage (V.) 14.3

Tip angle (degree) 15

Travel speed (cm/min) 9.2,11.2,15.3

Table 2. Parameters of Oxy Acetylene Welding.

Welding parameters Value
Flame Carburizing
Oxygen pressure (Ib./in2) 3-5
Acetylene pressure (Ib./in2) 3-5
Tip angle (degree) 15
Travel speed (cm/min) 4.3

2.2.2 Hardness Test

Result of hardness test can be used to analyze property
of materials such as wear resistance (Somnuk
Watanasriyakul,2006) For the hardness test in this study,
the indentation is made on the work piece horizontally and
vertically as shown in Figures 2 and 3.The welding current
that provides the greatest hardness is selected to determine
the travel speed with the greatest hardness.

Figure 2. The horizontal indentation of the work piece.

,7 0.25
1

f

Figure 3. The vertical indentation of the work piece.

3. ANALYSIS
3.1 Hardness Test

The result of hardness test shows that Tungsten Inert
Gas Welding with welding current of 110 Amp. provides
the greatest hardness (664.5 HV). Then, the work pieces
with current condition of 110 Amp. with different travel
speeds are then compared. It is found that the travel speed
of 11.2 cm/min yields the greatest hardness (Figure 4).

T _HAZ TWM-PTHAZ ¢ Bm

¢ —8— Speed1S.3 Civimin
I ] —e— Specd 15.3 Cr/min
R 4MAR= —o— Specd 15.3 Cvimin
}y - ‘\(
4
$

2500.0

g 5 8
g 8 2

Hardness (HV)

|
\

a _d

10.00 15.00 20.00 25.00
Position (mmn.)

Figure 4. The relationship between travel speed and
hardness

3.2 Macrostructure

After investigating the macrostructure of Tungsten
Inert Gas Welding, it is found that different welding
current influence welding bead (Figure 5). Welding
current of 90 Amp. results in small bead and low
penetration. This is because lower current causes rapid
cooling. Therefore, tungsten carbide is spread all over the
bead. Welding current of 100 Amp. makes it easier to
control the melting of electrode and also results in perfect
bead. By greater heat at the bead and the work piece,
tungsten carbide is mostly placed at the bottom of the
bead.  For the 110 Amp. current, the electrode is well
melted. The bead is perfect. The spread of tungsten
carbide when using the 110 Amp. current is better than
when using the 100 Amp. current. For the 120 Amp.
current, the bead is wide and flat. ~ Tungsten carbide is
well spread. However, the penetration is too high.  This
can affect dilution of materials and change the mechanical
properties (Noppakorn and Isaratat,2008).

Oxy Acetylene Welding with carburizing flame requires
low oxygen flow rate. This can prevent the work piece
from cracking of bead during welding and damage.
Figure 6 shows that the bead is wider than the bead of
Tungsten Inert Gas Welding and low penetration.
Tungsten carbide is spread all over the bead. This helps
controlling the flame of Acetylene feather (3x) to be twice
longer than the flame of the inner cone (X)
(Cited Dec 21 2015) as shown in Figure 7.

i
; 20
Gl

e —

Figure 5. (a) TIG bead.



Figure 6. OAW bead.

3X ACETYLENE FEATHER

DUTER ENVELOPE FLAME
ACETYLENE FEATHER

Figure 7. Oxy Acetylene flame (Cited Dec 21 2015).

3.2 Microstructure

Tungsten Inert Gas Welding has dendrite structure
which composes of ferrite and pearlite. Different welding
current and travel speed causes different percent of ferrite
and pearlite as shown in Table 3. Lower welding current
leads to bigger grain, whereas greater welding current
leads to finer grain. Using 100 Amp. welding current
brings about the similar microstructure as using 110 and
120 Amp. welding current. The grain size affects
mechanical properties (Figures 7 and 8). Metals with small
grain size and large number of grain have greater strength
than those with big grain size and small number of grain.
For the structure at HAZ area, the grain is long and fine.
The grain of 90 Amp. welding current is bigger than that
of 100 Amp. welding current. The grain sizes of 110 and
120 Amp. welding current are quite similar (Figures 7 and
8).

The microstructures of the Oxy Acetylene Welding and
the Tungsten Inert Gas Welding are almost alike.  From
Table 3, it is obvious that the areas of weld metal, HAZ,
and base metal of the Oxy Acetylene Welding shows high
percent of perlite. This is because the Oxy Acetylene
Welding produces greater heat and thus greater amount of
heat accumulated in the work piece (Figures 9 and 10).

Table 3. Percent of ferrite and pearlite for each welding
current and process condition.

o ‘:::cd;:sg Current (A) Positi 'Mlcmstm:tur.e
Ferrite (%) | Perlite (%)
1 TIG 90 Weld Metal 75.7 24.3
HAZ 74.6-97.1 9.9-254
Base Metal 82.5-88 12-17.5
2 TIG 100 Weld Metal 71-81.4 18.6 -29
HAZ 74.6-97.1 99-254
Base Metal 82.5-88 12-17.5
3 TIG 110 Weld Metal 71-81.4 18.6 - 29
HAZ 74.6-97.1 9.9-254
Base Metal 82.5-88 12-17.5
4 TIG 120 Weld Metal 71-814 18.6 - 29
HAZ 74.6-97.1 9.9-254
Base Metal §2.5-88 12-17.5
5 OAW Carfllaaujnnzmg Weld Metal 70-75 25-30
HAZ 82.1 17.9
Base Metal 82.1 17.9

Table 4. Percent of ferrite and pearlite at the travel speed
of 11.2 and 15.3 cm./min.

Microstructure
Position Ferrite (%) Perlite (%)
11.2 Cm/min 15.3 Cm/min 11.2 Cm/min 15.3 Cm/min
Weld Metal 71.0 795 20.5 29.0
HAZ 90.1 83 9.9 17
Base Metal 88 85.3 12 14.7

From Table 4, when using higher travelling speed,
percents of ferrite and pearlite are greater at weld metal
area. This is because speed reduces heat accumulated in
the work piece. However, at HAZ and base metal areas,
the cooling down is slow. This results in lower percent of
pearlite but higher percent of ferrite (Figures 11, 12, and

Figure 7. Microstructure at weld metal of Tungsten Inert
Gas Welding.

Gas

Figure 9. (a) Microstructure at weld metal area of
Tungsten Inert Gas Welding. (b) Microstructure at weld
metal area of Oxy Acetylene Welding.



(a)

Figure 10. (a) Microstructure at HAZ area of Tungsten
Inert Gas Welding. (b) Microstructure at HAZ area of Oxy
Acetylene

Figure 11. (a) Microstructure at weld metal area with
travel speed of 11.2 cm./min. (b) Microstructure at weld
metal area with travel speed of 15.3 cm./min.

Figure 12. (a) Microstructure at HAZ area with travel
speed of 11.2 cm./min. (b) Microstructure at HAZ area
with travel speed of 15.3 cm./min.

(@) (b)

Figure 13. (a) Microstructure at base metal area with
travel speed of 11.2 cm./min. (b) Microstructure at base
metal area with travel speed of 15.3 cm./min.

CONCLUSIONS

1. The process of Tungsten Inert Gas Welding with 110
Amp. welding current produces the most appropriate bead
and the hardness of 664.5 HV. It also provides a well
spread of tungsten carbide. Using the travel speed of 11.2
cm./min. results in high hardness and perfect bead.

2. For Oxy Acetylene Welding process with
carburizing, it shows low penetration. Tungsten carbide is
not melted with base metal. Since tungsten carbide is
spread all over the bead, the bead has high hardness
(868.86 HV).

3. Microstructure of both processes are ferrite and
pearlite, but their grains are different. This affects
mechanical structure of the materials.
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