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Abstract : Application of friction welding is increasing in the manufacturing process of machine elements in many
industry fields. To establish a reasonable strength evaluation method and fracture criterion, it is necessary to analyze
stress singularity under the residual stress condition on friction welded interface between dissimilar materials. In this
paper, a method to establish fracture criterion on interface of friction welded dissimiliar materials was investigated by
using the boundary element method BEM and static tensile testing. A quantitative fracture criterion for friction welded
dissimilar materials is suggested by using stress singularity factor, I

Key words : Friction welding(v}2H-873), Fracture criterion(3}31 7]5=), Residual stress(ZF-5-2), Boundary

element method(74 A 8.4~ %), Stress singularity factor(-&
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Q 7S AAE R g3
ot metA B Aol o) FmbEEF o) s ¥t
AFES] HAHA 257887 9 FalFol 28
sk Ao A 7hH g o1 7| E A8 A9t
3l7] g A ZA] STS 304/ SM 45C, STS 304/
SCM 440, SCM 440/SM 45C, SUH 35/SUH 3 o} z--8-
HAGHS A=t 7 A2 4~ (Boundary Element
Method : BEM) of] 9] 3t vbak8.5] A 2] §-3 5o
Aol iAol A g e Qg ARS By
2 A3 Al g A fur]ee A
W& A A st aAbgict,

2.1 A EE| K=o} 4
E AFol AR o)FA) npREH AgH e A
EE UHEAEN T2 o] AHEHE d7F ¢
Q1 STS 304, 71 A28 €47 SM 45C,
Bl 732 SCM 440, U 2)7d, W)atshAd, a1 7}
F& 2 2HolEAlL] WEH oA AHEA|
of v 7] W8 & 5 2 de] AHE- F= Ni-CrAl g
SUH 359} Wiwlmdo] 955 wlelAlol &
738<1 Si-CrA| SUH 30|t} o] AlsES vzt
| o) 4714 AlYEE AHAS AFstg o
H, Table 12 Z} A2 59| 71AA 42 & Y]
t}. Fig. 1(a)= P81 $ 5lato] Al A 5 %] ek A
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A Y X5 YERTE 84S g5 d AgHErt
S A7 12mme] AL AFAFH o] &ol3lnE
F83mmE FAAA FY e T AAZ AF
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o 88 A 1S9 F o= GAAFIE A5
AF 12 mm EFE 14}F T, FFHZe) Hoj=
AR AL ARE SAAA A 4E S Thslkd
whE-8- & Skt 242t S A A Al B 2o A
= 2875 AN FAELHE AT =2
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Table 1 Mechanical properties of materials

Mechanical . Coefficient .
properties Young,s P01ss.on,s of thermal We].d ne
——  |modulus} ratio . specimen
E (GPa) v expansion series
Materials (m/m.°K)
STS 304 193 0.3 7.5x10° | STS304/
SM 45C
SM 45C 205 03 12x10°
STS 304/
SCM440 | 203 | 03 | 142x10° | SCM440
o | SCM 440/
SUH 35 215 0.3 16.7x10 SM 45C
6 SUH 35/
SUH 3 196 0.3 17.5x10 SUH3

(2)

4-R10 Interface

12,

]
Material 1 o Material 2
[y O |
L 120 .
210
unit: mm
®)

Fig. 1 Shape and dimension of friction welded specimen
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paper)E AR&-3Fo] HH 7FF(polishing) 3}$1 v} Fig.
2 A8 BAA 9] Aol whet plike] FAbo]l thE A
A= Ag Fedshy] fa AR A=
SCM 440/SM 45C , SUH 35/SUH 3¢} 54t A2 &
thate] vhebd 1 o]tk Fig. 2(a), (c)= Bldte] 3
v A2A BAF vt 1o 7 SCM
440/SM 45C= Blate) z7)7) R T 1) 523
W B A5 27 6< 2 SUH 35/SUH 39] 7
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(@) (b)
SUH 35/SUH 3( £ , £, = 0.9116)

(© (d)
SCM 440/SM 45C (F, |, =0.985)
Fig. 2 Shapes of flash for SUH 35/SUH 3 and SCM 440/SM
45C
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Ozy = O—i‘j(rﬁk) (1)
Iy=o, lir{)l(r) .
L=y Hr'gl(r)/\Z 2)
Ir= F12+Ig
Table 2%= 7t &g A1 @@l sl 2|%-31% 100N
3} 2wt o) % AF$HE FHA S SoA
A2} S-HEo|AA A5 3?5&7‘%?}%4 A
olt}. ua £ Eo] g3 9w A H A
& meste] B AelAe Biakel gl AlgHe
A9 S HEO|AASF IS AT

3. AI%"HHEQ

=m0
QAN 7] = &% 245 kN9 M7 REA] qhsA
&) 7](Shimadzu AG-25TG)E A&l o™ A17A
(extensometer):= =AW Y7} 2.5mm~25mm<l
$G50-50 BAS Rtk A E AL Q%
252 2 mm/minC23Fe} STS 304/SM 45C, STS
304/SCM 440, SUH 35/SUH 3, SCM 440/SM 45C 2]

A= sk gl A9t gl AR 38 A%

= =
3% e o ARg agon, AF-u =g 7S5 e] v
=2 %313}04 = anWr Tﬂr" o FASHT dd skt
Table 2 Stress singularity index and factor for friction welded specimen series
S\::(}ﬁ;nei Load Temp. Stress singularity parameter
series M) € A A9 n I A T
300 0.00015 0.0431 100.101 0.887 0.0431 100.105
SUH 35/SUH 3 100 500 0.000153 0.0431 100.101 0.885 0.0431 100.105
700 0.00017 0.04311 100.048 0.865 0.04311 100.052
STS 304/ SM 45C 100 700 0.000304 0.0469 99.9201 0.02 0.046 99.92
STS 304 / SCM 440 100 700 0.000304 0.0473 99.92 0.02 0.0473 99.9
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4. Al dn 3 &
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Zt E-A P9 A9-ol st Bldto] 9= 4
T = AE A 235 A7 Table 37 2o
9 X e] AE At

AZAIAANA A5 B X 9] 271100 74 77
& SCM 440/SM 45C £-4 A 3H Ag)=e] AL
Sae] Q= 499 gl A9 25 8HAE o] 9)
9] B A(substrate) P10 vhet H ik A2 BAR|
2] 27} 18t} k7 2}ol 7} 91 SUH 35/SUH 3 &
HAANHH Y 9= B5lato] e 9ol mx) Ry
ol A= ALE oSBT AR EAR S 27} 2
STS 304/SM 45C 2} STS 304/SCM 440 A g)=2= o)
ol e Ao gl A B 2 A 5
GE Ak 247 shekdE SUH 35/SUH 3 Alg] ==
F A5 RAZF @A A7 2 2R (SUH 35)%9]
Dol gatEE A7E el o) g
T7F 22 A 5.9] 739 Fig. 29} o] vpd £ A| 1
o] Fifol A AAE =, ol & tlate] &
HE HAEAR S0 Htste] o] ¥l 3

7 SHE & A AT o mA qato] A Al
AR @S} 2 malnn BEst 2 e
Z o2 B 4= gl U} Fig. 3(a)= SUH 35/SUH 3 A]&] =
oA Biate] 9l ¢ & AlS 7 2 ZAY(SUH 35)
7t ek AL VR, Fig. 3(b)= STS 304/SM
45C Ay z9] giite] Q= A SHAHEY g
E&5S HAEh

2 AT E S AW JHENE A A
T332} SUH 35/SUH 3 Al 2] 2256 -4 A5 7}
2 SUH 35 2Aj 9] Al o]<] 2] v o t) g BEM-S-
Hel Al AAstgink

(b) STS 304/SM 45C
Fig. 3 Fractured shapes for specimen seriess of SUH 35/
SUH 3 and STS 304/SM 45C with flash
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Fig. 4 Model of BEM analysis for substrate on friction
welded SUH 35/ SUH3 specimen

Table 3 Comparision of fracture strength for friction welded specimen series

Welding Fracture results
specimen E /E, o/ With flash Without flash
series Interface Outside Interface Outside
SUH 35/SUH 3 09116 0.954 . L]
STS 304/ SM 45C 0.941 0.625 . .
STS 304 / SCM 440 0.951 0.528 . °
SCM 440/ SM 45C 0.985 1.18 . o
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Fig. 5 Normal stress distribution in stress collection zone of
SUH 35 substrate
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Fig. 6 Stress-strain diagram of SUH 35 substrate

Table 4 Comparision of tensile strength for SUH 35 and

SUH 3 materials
Properties | Tensile strength [MPa] | Increasing
without with rate of Results
Materials flash flash strength
SUH 3 941 1106 17.5% Safety
SUH 35 1082 1106 2.2% Fracture

o wf 17474 1082 MPa o] 2| ¥, Gl Ato] &% 7.
A

A7 EE 1106 MPa & 57} F 1) £ 9 A
=Y 9 2} sldde] e ¢ olﬂﬂtﬂz 2% %
7}ak v ghek 5 A] o2 SUH 39 491 17.5% o]
4] A= MBS JERI AT

43 STAMHe| izt

431 Ciso| HAstg st AP

SCM 440/8SM 45C, SUH 35/SUH 3 ®.t} A & 24
]9} 2}7} 2 STS 304/SM 45C, STS 304/SCM 440 A
25 glabo] gl Ao = S AR A shol
U ojrh Fig. 794 Fig. 8- Blade] gl& ¢t fle
719~ STS 304/SM 45C, STS 304/SCM 440 X&) = Z+
Zhol) gk 3hE-H Y veldith A3 A
STS 304/SM 45C¢] sehslz& Hatol

Ax=E

[e]
A= 7S

314 kN, tiato] glE= A9 29.6 kNoja, STS
304/SCM 440% g-o] O1T‘—:_ o’?‘ 3391(N H’g}ol
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Fig. 7 P-6 diagram on an interface of STS 304/SM 45C
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0.0 03 0.6 09 1.2 15
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Fig. 8 P-6 diagram on an interface of friction welded STS
304/SCM 440
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= jul
SR E
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wle . STS 304/SM 45C | 0.941]0.625
)
SE
Y T 1 ¥ T T
0.0 0.3 06 08 1.2 15

Displacement (mm)

Fig. 9 P-& diagram at interface of STS 304/SM 45C and STS
304/SCM 440
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Fig. 10 P-§ diagram at interface of friction welded specimen
series
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Fig. 11 Fracture criterion on interface of friction welded
specimen series
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