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ABSTRACT

TITLE : THE STUDY ON MICRO-STRUCTURE OF LOW CARBON STEEL RODS
WELDED BY FRICTION WELDING

BY : SURASING ARAYANGKUN

DEGREE : MASTER OF ENGINEERING

MAJOR : MECHANICAL ENGINEERING

CHAIR : ASST. PROF. CHAWALIT THINVONGPITUK, Ph.D.

KEYWORDS : FRICTION WELDING

The project was aim to investigate the microstructure of low carbon steel welded by
friction welding. The welding machine was constructed and developed to conduct the study. The
machine is able to operate under all experimental requirements, which are pressures, time and
speed in targeted ranges.

The experiment was done using AISI 1015 steel rods of 10 mm. diameter. The
strength and hardness of specimen are 780 MPa and 202 HV respectively.

The experiment condition was extracted from previous researchs and relied on some
limitations of the machine. The conditions used in this study were 5 values of friction time (7, 9,
11, 13 and 15 Seconds), 7 values of friction pressure (10, 15, 20, 25, 30, 35 and 40 Bar). The upset
time and upset pressure were constant as 3 Sec. and 60 Bar respectively while the rotational speed
was 1,200 rpm. The experiment result suggested that friction time of 9 Sec. and friction pressure
of 10 Bar may be the most suitable condition. It provided welded strength of 913 MPa, which is
17.09 % higher than the original specimen. However, it was found that the hardness of welded
zone is lower than the original specimen. By doing micro - structure analysis it was found that the
grain of welded zone is finer than the original one. This can be explained that the upset pressure
(60 MPa) has crushed the grain of material in the process. (G number of welded zone is 13.87
while G — number of the original specimen is about 10.05 — 10.88). As the grain becomes smaller,
the strength is higher. Considering the hardness, which is found lower around the welded zone, it

could be explained that becausc of the component of ferrite is increased. It is the fact that the



hardness of ferrite is far lower, about 70 — 150 BHN, than the hardness of pearlite therefore, as

percentage of pearlite decreases and percentage of ferrite increases of welded zone is decreased.
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1 POSITION
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A A ' PR ¥ A - ' 2 & 2
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HV 0.102 x 2 Fsin (136 /2) (2.7)
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%u‘ﬁ % C2 % Sil % S % P1 % Mn3 % Ni2 % Crl
1 0.15590 0.17402 0.01375 0.02847 0.46780 0.00617 0.01082
2 0.13035 0.13647 0.01775 0.01488 0.37647 0.01474 0.02309
3 0.17312 0.14025 0.01968 0.01597 0.36705 0.01516 0.02017
4 0.14193 0.16924 0.02364 0.02302 0.44068 0.00800 0.01261
5 0.13192 0.14995 0.02163 0.02416 0.41221 0.00875 0.01091
!ﬂéﬂ 0.14664 0.15399 0.01929 0.02130 0.41284 0.01056 0.01552
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AN 5.1 ﬁ'Ju‘ﬂ‘i%ﬂﬂ‘U‘VHQlﬂﬂﬂlﬂﬁiﬂﬁﬂﬂi"ﬁﬁlUﬂﬁ‘ﬂﬂﬁ’E]'U (n19)

%W?; % Mo2 % V3 % Cu5 % W % Ti4 % Sn2 % Col
1 0.00294 0.00047 0.00373 0.00153 0.00035 0.00098 0.00307
2 0.00362 0.00111 0.00696 0.00202 0.00016 0.00125 0.00445
3 0.00205 0.00091 0.06503 0.00118 0.00020 0.00105 0.00427
4 0.00404 0.00277 0.11376 0.00502 0.00052 0.00176 0.00414
5 0.00209 0.00081 0.07190 0.00230 0.00018 0.00117 0.00356

Do 0.00295 0.00121 0.05228 0.00241 0.00028 0.00124 0.00390

=RDe
=
=h.

% AL7 % Pho % B1 % Nb % Zn5 % N1 % FE
1 0.00133 | -0.00023 | 0.00004 | -0.00039 | -0.00011 | -0.00253 | 99.13190
2 0.00058 0.00156 0.00011 0.00189 0.00101 -0.00452 | 99.26600
3 0.00275 0.00005 0.00012 0.00105 0.00055 0.01294 | 99.15650
4 0.00428 0.00459 0.00027 0.00593 0.00341 0.03999 | 98.99040
5 0.00112 | -0.00006 | 0.00014 0.00087 0.00048 0.00129 | 99.15460

mag 0.00201 0.00118 | 0.00014 0.00187 | 0.00107 0.00943 | 99.13988
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S ] FU T Fi ]
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1 10 9 910 910 920 913
2 15 9 895 900 892 896
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4 25 9 900 905 900 901
5 30 9 905 910 907 907
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(Trial no.) | (Friction Pressure) | (Friction Time) (Tensile Strength, MPa) (Tensile Strength)
(Bar) (Sec) ‘T:uﬁ 1 %uﬁ 2 G'I?yu‘ﬁ' 3 (MPa)

1 10 7 800 770 790 786

2 10 9 900 900 940 913

3 10 11 780 840 870 830

4 10 13 810 830 860 833

5 10 15 800 820 830 816
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HAMT Spectrometer FUANN 1 (Base Iron 1)

AN Y% C2 % Sil % S % P1 % Mn3 % Ni2 % Crl
1 0.12887 0.16183 0.02212 0.01884 0.37911 0.01723 0.02259
2 0.12468 0.16429 0.02277 0.01919 0.38284 0.01771 0.02307
3 0.13353 0.15994 0.02138 0.01866 0.38002 0.01800 0.02249
4 0.14200 0.16663 0.02272 0.01907 0.38025 0.01722 0.02257
5 0.15211 0.17902 0.02251 0.01714 0.39498 0.01723 0.02400
!ﬂéﬂ 0.13624 0.16634 | 0.02230 0.01858 0.38344 0.01748 0.02294
ﬂ%ﬁ‘ﬁ % Mo2 % V3 % Cus Y% W % Tid % Sn2 % Col
1 0.00391 0.00255 0.13929 0.00806 0.00054 0.00241 0.00566
2 0.00409 0.00261 0.14377 0.00855 0.00058 0.00250 0.00571
3 0.03397 0.00236 0.14280 0.00816 0.00050 0.00264 0.00561
4 0.00420 0.00278 0.14705 0.00857 0.00062 0.00255 0.00571
5 0.00577 0.00392 0.18667 0.01038 0.00098 0.00311 0.00608
méﬂ 0.01039 0.00284 0.15192 0.00874 0.00064 0.00264 0.00575
ﬂ%\‘l‘ﬁ % AL7 % Phé6 % B1 % Nb % Zn5 % N1 % FE
1 0.00324 0.00494 0.00045 0.00655 0.00356 0.00591 99.0623
2 0.00331 0.00497 0.00044 0.00679 0.00363 0.00837 99.0501
3 0.00318 0.00424 0.00046 0.00636 0.00309 0.00164 99.0610
4 0.00359 0.00550 0.00043 0.00703 0.00402 0.17185 98.8656
5 0.00529 0.00865 0.00060 0.01048 0.00610 0.02702 88.9180
!‘ﬂa'ﬂ 0.00372 0.00566 0.00048 0.00744 0.00408 0.04296 98.9914




86

y a g 1 day = le = o cf:]
ﬂ1§1\‘l‘ﬁ .2 HAMSAAT A AU 5L ABUMUATFUOUANTUR 2 Tagmmisnadaoy 5 A5e

HON13 Spectrometer Fuauaum 2 (Base Iron 2)

ﬂ%\‘lﬁ % C2 % Sil % S % P1 % Mn3 % Ni2 % Crl
1 0.14716 0.17901 0.02303 0.02604 0.43234 0.00988 0.01270
2 0.13801 0.16452 0.02176 0.02628 0.41554 0.01000 0.01160
3 0.15467 0.16872 0.02115 0.02349 0.41473 0.00937 0.01144
4 0.15451 0.17157 0.02200 0.02555 0.42077 0.00953 0.01171
5 0.15664 0.16941 0.02246 0.02563 0.41626 0.00962 0.01145
!ﬂéﬂl 0.15020 0.17065 0.02208 0.02540 0.41993 0.00968 0.01178
ﬂ%ﬂ‘?'l % Mo2 % V3 % Cus % W % Ti4 % Sn2 % Col
1 0.00363 0.00231 0.13331 0.00762 0.00050 0.00239 0.00466
2 0.00240 0.00119 0.10574 0.00483 0.00023 0.00181 0.00422
3 0.00219 0.00125 0.09488 0.00426 0.00027 0.00172 0.00410
4 0.00261 0.00151 0.10603 0.00437 0.00035 0.00184 0.00432
5 0.00225 0.00118 0.10018 0.00456 0.00025 0.00167 0.00415
méﬂ 0.00262 0.00149 0.10803 0.00513 0.00032 0.00189 0.00429
ﬂ%@‘?'l % AL7 % Phé % B1 % Nb % ZnS % N1 % FE
1 0.00254 0.00408 0.00046 0.00584 0.00328 0.00808 98.9911
2 0.00118 0.00140 0.00031 0.00279 0.00154 0.01715 99.0675
3 0.00173 0.00144 0.00028 0.00276 0.00158 0.03619 99.0438
4 0.00212 0.00207 0.00031 0.00339 0.00211 0.07601 98.9773
5 0.00224 0.00142 0.00032 0.00264 0.00151 0.16656 98.8996
Lﬂéﬂ 0.0019¢6 0.00208 0.00034 0.00348 0.00200 0.06080 98.9959
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HaN13 Spectrometer FUITANN 3 (Base Iron 3)

2
AN
=).

% C2 % Sil % S % P1 % Mn3 % Ni2 % Crl

1 0.13426 0.16651 0.02126 0.01801 0.38626 0.01715 0.02312

2 0.13624 0.17230 0.02166 0.01885 0.39149 0.01742 0.02336

3 0.15359 0.18138 0.02083 0.01655 0.39795 0.01730 0.02408

4 0.13318 0.16476 0.01958 0.01870 0.38410 0.01742 0.02278

5 0.17032 0.17266 0.02213 0.02530 0.41892 0.01010 0.01172
méﬂ 0.14552 0.17152 0.02109 0.01948 0.39574 0.01588 0.02101
vﬂ%;\i‘?; % Mo2 % V3 % CuSs % W % Ti4 % Sn2 % Col

1 0.00459 0.00290 0.15464 0.00828 0.00067 0.00261 0.00566

2 0.00481 0.00307 0.16573 0.00930 0.00079 0.00274 0.00571

3 0.00612 0.00406 0.19775 0.01171 0.00113 0.00332 0.00611

4 0.00472 0.00295 0.16344 0.00860 0.0006& 0.00283 0.00575

5 0.00254 0.00135 0.10971 0.00544 0.00035 0.00186 0.00424

m?"m 0.00456 0.00287 0.15825 0.00867 0.00072 0.00267 0.00549
ﬂ%‘;\iﬁ % AL7 % Ph6 % B1 % Nb % Zn5 % N1 % FE
1 0.00375 0.00570 0.00048 0.00776 0.00433 0.00475 99.0273

2 0.00483 0.00634 0.00054 0.00821 0.00457 0.00172 99.0003

3 0.00648 0.009238 0.00061 0.01113 0.00657 0.00042 98.9236

4 0.00393 0.00610 0.00052 0.00804 0.00435 -0.00014 99.0277

5 0.00307 0.00205 0.00034 0.00315 0.00201 0.00000 98.2035

!ﬂéﬂ 0.00441 0.00589 0.00050 | 0.00766 0.00437 0.00135 98.8365
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% C2 % Sil % S % P1 % Mn3 % Ni2 % Crl

)¢
=
=D.

1 0.13624 0.16634 0.0223 0.01858 0.38344 0.01748 0.02294

2 0.1502 0.17065 0.02208 0.0254 0.41993 0.00968 0.01178

3 0.14552 0.17152 0.02109 0.01948 0.39574 0.01588 0.02101

=
mnag 0.14399 0.16950 0.02182 0.02115 0.39970 0.01435 0.01858
L

% Mo2 % V3 % Cu5 % W % Ti4 % Sn2 % Col

=De
=
=h.

1 0.01039 0.00284 0.15192 0.00874 0.00064 0.00264 0.00575

2 0.00262 0.00149 0.10803 0.00513 0.00032 0.00189 0.00429

3 0.00456 0.00287 0.15825 0.00867 0.00072 0.00267 0.00549

mae 0.00586 0.00240 0.13940 0.00751 0.00056 0.00240 0.00518

% AL7 % Phé % B1 % Nb % Zn5 % N1 % FE

RDe
=
=h.

1 0.00372 0.00566 0.00048 0.00744 0.00408 0.04296 98.9914

2 0.00196 0.00208 0.00034 0.00348 0.002 0.0608 98.9959

3 0.00441 0.00589 0.0005 0.00766 0.00437 0.00135 98.8365

may | 0.00336 0.00454 0.00044 0.00619 0.00348 0.03504 98.9413
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#ans Spectrometer NIDULFONVBITUNUN 1 (Welding 1)

% C2 % Sil % S % P1 % Mn3 % Ni2 % Cr1
1 0.12572 0.15029 0.01904 0.02019 0.36910 0.01625 0.01991
p/ 0.10948 0.15206 0.01854 0.02198 0.37971 0.01521 0.01890
3 0.13199 0.16534 0.01752 0.02648 0.40838 0.01261 0.01594
4 0.10918 0.15297 0.01875 0.02202 0.38151 0.01526 0.01894
5 0.12508 0.15720 0.01790 0.02310 0.38935 ) 0.01444 0.01796
!ﬂé&l 0.12029 0.15557 0.01835 0.02275 0.38561 0.01475 0.01833
ﬂ%ﬂ‘?'l Y% Mo2 % V3 % Cu5 % W % Ti4 % Sn2 % Col
1 0.00235 0.00112 0.09500 0.00525 0.00031 0.00170 0.00489
2 0.00218 0.00105 0.09254 0.00509 0.00028 0.00169 0.00467
3 0.00216 0.00112 0.09393 0.00488 0.00045 0.00170 0.00440
4 0.00233 0.00113 0.09833 0.00536 0.00032 0.00181 0.00466
5 0.00233 0.00113 0.09743 0.00586 0.00037 0.00172 0.00460
méﬂ 0.00227 0.00111 0.09545 0.00529 0.00035 0.00172 0.00464
ﬂ%@l‘ﬁ % AL7 % Pho6 % B1 % Nb % Zn5 % N1 % FE
1 0.00256 0.00152 0.00029 0.00245 0.00163 0.03682 99.1236
2 0.00198 0.00117 0.00028 0.00223 0.00140 0.01991 99.1496
3 0.00293 0.00107 0.00032 0.00232 0.00142 0.01726 99.08738
4 0.00204 0.00139 0.00030 0.00260 0.00165 0.01954 99.1399
5 0.00231 0.00149 0.00030 0.00246 0.00167 0.01695 99.1163
!ﬂéﬂ 0.00236 0.00133 0.00030 0.00241 0.00155 0.02210 99.1234
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WaN13 Spectrometer ﬁmm%’?aumm%mmﬁ 2 (Welding 2) ]

| ﬂ%&ﬁ % C2 % Sil | % S % P1 % Mn3 % Ni2 % Crl

1 0.12451 0.14881 0.02123 0.01860 0.36118 0.01732 | 0.02066

2 0.13633 0.15066 0.02003 0.01749 0.36368 0.01707 0.02065

3 0.10950 0.15191 0.01997 0.01792 0.36596 0.01689 | 0.02141

L

4 0.11011 0.15041 0.02013 0.01811 0.36546 0.01707 0.02096

5 0.10957 0.14969 0.02013 0.01812 0.36323 0.01767 | 0.02061

méﬂ 0.11800 0.15030 0.02030 0.01805 0.36390 0.01720 0.02086
ﬂ%’ﬂ‘ﬁ % Mo2 % V3 % Cus % W % Ti4 % Sn2 % Col

1 0.00248 0.00116 0.09924 0.00549 0.00027 0.00187 | 0.00503

2 0.00266 0.00133 0.10484 0.00516 0.00032 0.00187 0.00503

3 0.00289 0.00151 0.10858 0.00603 0.00038 0.00193 0.00512

4 0.00286 0.00146 0.11112 0.00653 0.00033 0.00200 | 0.00514

5 0.00291 0.00144 0.11018 0.00616 0.00028 0.00208 | 0.00517

méﬂ 0.00276 0.00138 0.10679 0.00587 0.00032 0.00195 | 0.00510
ﬂ%ﬂﬁ % AL7 % Ph6 % B1 % Nb % Zn3 % N1 % FE

1 0.00257 0.00163 0.00030 0.00260 0.00178 0.03397 | 99.1293

2 0.00311 0.00203 0.00034 0.00322 0.00189 0.01942 | 99.1229

3 0.00268 0.00245 0.00034 0.00374 0.00217 0.01638 99.1422

4 0.00256 0.00233 0.00034 0.00355 0.00219 0.01628 99.1411

5 0.00235 0.00233 0.00034 0.00338 0.00205 0.01796 | 99.1443

mém 0.00265 0.00215 0.00033 0.00330 0.00202 0.02080 | 99.1360
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WaN13 Spectrometer NIEFOUVDITUNIUN 3 (Welding 3)

AN % C2 % Sil % S % P1 % Mn3 % Ni2 % Crl
1 0.12544 0.16164 0.02425 0.02752 0.46843 0.06234 0.05700
2 0.12801 0.16286 0.02505 0.02845 0.47557 0.06736 0.06190
3 0.12881 0.16101 0.02565 0.028638 0.47770 0.07020 0.06422
4 0.12900 0.16106 0.02575 0.02851 0.47492 0.06844 0.06200
5 0.12969 0.16243 0.02512 0.02835 0.48065 0.06983 0.06410
m‘éa 0.12819 0.16180 0.02516 0.02830 0.47545 0.06763 0.06184
ﬂ%ﬁ‘ﬁ % Mo2 % V3 % Cu5 % W % Tid % Sn2 % Col
1 0.01145 0.00201 2.49653 0.00787 0.00052 0.01475 0.00803
2 0.01246 0.00215 2.79210 0.00797 0.00059 0.01614 0.00843
3 0.01295 0.00211 2.95280 0.00832 0.00058 0.01703 0.00866
4 0.01263 0.00207 2.83793 0.00791 0.00058 0.01656 0.00849
5 0.01299 0.00224 2.94780 0.00785 0.00060 0.01692 0.00860
m”éﬂ 0.01250 0.00212 2.80543 0.00798 0.00057 0.01628 0.00844
ﬂ%\i‘ﬁ % AL7 % Phé6 % B1 % Nb % Zn5 % N1 % FE
1 0.00290 0.00258 0.00040 0.00397 0.00334 0.01714 96.5019
2 0.00305 0.00286 0.00039 0.00416 0.00383 0.02043 96.1762
3 0.00320 0.00281 0.00039 0.00396 0.00379 0.02255 96.0046
4 0.00306 0.00285 0.00039 0.60387 0.00374 0.02282 96.1274
5 0.00307 0.00300 0.00041 0.00439 0.00385 0.02009 96.008
méﬂ 0.00306 0.00282 0.00040 0.00407 0.00371 0.02061 96.16362
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%Wﬁ % C2 % Sil % S % P1 % Mn3 % Ni2 % Crl
1 0.12029 0.15557 0.01835 0.02275 0.38561 0.01475 0.01833
2 0.11800 0.15030 i 0.02030 0.01805 0.36390 0.01720 0.02086
3 0.12819 0.16180 0.02516 0.02830 0.47545 0.06763 0.06184
!ﬂéﬂ 0.12216 0.15589 0.02127 0.02303 0.40832 0.03319 0.0336:
%ﬂu‘ﬁ % Mo2 % V3 % Cu5 % W % Tid % Sn2 % Col -
1 0.00227 0.00111 0.09545 0.00529 0.00035 0.00172 0.00464
2 0.00276 0.00138 0.10679 0.00587 0.00032 0.00195 0.00510
3 0.01250 0.00212 2.80543 0.00798 0.00057 0.01628 0.00844
!ﬂéﬁl 0.00584 0.00154 1.00256 0.00638 | 0.00041 0.00665 0.00606
%Wﬁ % AL7 % Pho % B1 % Nb % Zn5S % N1 % FE
1 0.00236 0.00133 0.00030 0.00241 0.00155 0.02210 99.1234
2 0.00265 0.00215 0.00033 0.00330 0.00202 0.02080 99.1360
3 0.00306 0.00282 0.00040 0.00407 0.00371 0.02061 96.1636
m?;sj 0.00269 0.00210 0.00034 0.00326 0.00243 0.02117 98.1410
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The study on properties of joint of round steel rods welded by friction welding
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Abstract

Friction welding s & weldiog webnique that has been studied and developed continnously, This is due 1o ks
advantages, such as it provides high quality of Joint, bigh strength of joint. Tt can make welded zone through out
the whole section without any bubblex. Howewver, there is hest generated in the welding process that can change

the phase of matertals. Hence, the hardness and strength of joint are affected. This paper is admed 1o investigate
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the property of joim welded by friction welding. In order 1o explain the variation of strength and hardress of
Joint. The welding machine was constructed for this study. The experiment was conducred with AISE 1015 stecl
rods of Hb man, diameter. The testing conditions used in this study were friction pressure of 10 bar, friction time
of & seo, upset pressure of 60 bar, upset time of 3 see and speed of 1,200 rpm. The welded spectinens were tested
Tor strength, hardness and microstructure. I8 was revealed that the strenptl of welded element is higher bt the
hardness iz lower. The mdcrostructure imvestigation found that, at the center of welded section, number of pearlite
was decrepsed while the number of ferrite was inereased. This was the reason of hardness reduction in welded
zone. T addition, # was also fond that number of geadn at the center of welded zone was higher and, hence,

moressing in the strongth of welded elomoent.

Kevwords: frodos welding, smicre structure of jofnt
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Abstract

Fricton wekling 8 ¢

native welding Ischnlque whish

has been developed for decades. §t forms the joint by Fiof

oros hebwes we, 0 tha welding process,

the inlorfars of faatet IR e

the spacimens are o conlast and roteted, so thal heat &

ganerated  urdil the contast faces are i somi-solid  stale.

Eogquercly, the spacimens sre pushed 1o bond Dgether. Frigtion

*;’m%rjing provades mar

y nivartages such as the joint is spesded

through the whale seclon and high strengh of jrind

in thizs paper, & Hollon welding machine was consfruciad fo

frevtorm a study on welding of round atext rode of SIS 1040 The

B

manhine was de 2z frem WEEG

ned 0 owork oath Irclion prassure

bar, upsst posssws from 20100 bar and friction spees frem O

1550 rpm. Friction 8me and upssl dme can dlso be waded as

desired. The maching was osiad o wald, A58 115 mund siee!

rads under some condfions. B owas found that the strength of

walded spocimen ig higher than the bage iron. This is because
the finer gains of welded some slter walding.

t adddon, ¥ was siso found thal the hardness of the

wolding zong s decredsey, cenier of inint. This

s dus to the percantoge of peadite v decrsssed whils the

percemage of fonite B invressed o the hoeling process of

Friction.
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Friction welding has been widely used & many engineering

applications. This iz hecause iclion weldihg can join materals

W whnie oo

hraugh 5 section while the sohventional welding

can go only amund the sdge of secion. Furthesrore, fricton

welding reguires shorter welding troe and offer wery oonatant

walding qualiity hecause It i3 indepandent from hurnar skl

Theraiore, this waiding technigue has §

struchres

apeed, fFiokion Bme, fmolion pressure, refoe and INEHs

of welding zone. This reasarch 6 350 dimad o invesiigats the

intluenoe oF fcisn Sme and wichon presawre an haudness and

=irength of welded elements as well 53 i3 mioro struclure.

A mnber of ANS] 1015 roundd atesis was welded by iction

welding, Friclion pressure was wvarled from 19, 15, 20, 25, 38, 35
and 40 pbar. Fricdon tme 9 seconds. Lipsst gressure, Upss! time

and welding spesd were fixg and 1200
FRm fespentvely.
The optimmn comiition obtaned too this study is fiiction

pressure at 10 bar, ms:ison ime of B seocnds. Acshived maximum

wensde forse is 182657 Kyt which is highey thaa the

ravther plece.
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Abstract

Friction welding has been wadely used in mony engimesres

apphestions. Thiv is becouse friction welding can jom meterials thwongh

the whaly cross seotion while the copventonsl welding vm do oaly
aromnd e edge of iscticn. Fawthemvors, fucton welding requirss

shocter welding time sud offer very constant welding guality because it

sadent from human ¢

bousmg on oaey peramsters wach 83

fiotecn tone, fiction gres micre and macte struch

s of welding

=ese. This resesrch i3 aiso zimed 1 lovestigare the bflusnce of frictias

time and frictica pressuee on harduess and strength of welded slement

well as ds misea studture

% uwsber of AISL H0LF rowed ctesls wos welded by frctien

wellding. Friction pees

ws varted from 10,

bar. Frigtion dme was alue vaded fro

7,09, 15, 13 asd 15 zecsw

Yipset presswce, Upteg time aod welding speed were fixed at 80 bar, 3

seonds and 1 200 rpum respactively,

The opticeme condition obistned from fds viedy & LN PTRLAE
t 10 bar, fiction thue of @ seconds. Arcidved maxiomm tegsils force &

1,326,587 Kg-f which i 17.05 % higher thon the mother pisce.
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