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Optimization of Friction Welding for Crank Shaft Steels and Its Real
Time AE Evaluation
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Abstract

The crank shafts need anti-corrosion materials. So STS 304 is the essential material to
manufacture this shaft. However, it costs more to manufacture the shafts by using only
STS 304 than welding of STS 304 to other carbon steels. And it has been difficult to weld
this sort of dissimilar materials. They could be unstable in the quality by the conventional
arc welding. And also they have a lot of technical problems in manufacturing. But by the
friction welding technique, it will be able to be made without such problems.

Then, this study aimed not only to develop the optimization of dissimilar friction welding
of crank shafts steels of STS304, SM35C, but also to develop the application technique of
the acoustic emission to accomplish in-process real-time quality(such as tensile) evaluation
during friction welding of the shafts by the AE technique.
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Table 1 Chemical composition of

SM35C (wt25)

C
0.065
0.32

STS304,

Materials
STS304
SM35C

Si
0.62
0.24

Mn
1.27
0.75

Ni
9.1
0.07

Cr
18.16
0.11

Cu
0.23
0.09

0.024
0.009

0.015
0.017

Table 2 Mechanical properties of STS304, SM35C
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Fig. 1 Shape and dimension of test specimens
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Table 3 Various condition of dissimilar friction

welding of 615 bar-to- 420 bar
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Fig. 2 o6+ vs. P, Pz in ¢15 bar-to-¢20 bar
friction welding of STS304 to SM35C
Welding condition : as shown in Table 3
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Fig. 3 Ur vs. &4 in ¢15 bar-to-¢20 bar

friction welding of STS304 to SM35C
Welding condition : as shown in Table 3
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Welding condition : as shown in Table 3

Fig. 4914 Ot:Z(optimum ¢t; zone)el] & 2}
A= t=3~5secel™, o|H¢] AAAEE o
¢ =162~773MPaclz FHARL Ur=29~69%
el ok #2E SM35CE EAjEe] fe
o, ofm o] F&L 100% oldelrt

313 % o & o]FA] whE4xe] A3

STS304-SM35C2| o] FA] whag-A ]l =3}
E A%t NAGAZ 4E bR st ARAtEs}
o8 4o W E AL F

w2t OfZre} o] AV vF Fod 4
FE(o)7b Gl e, m o] FE S FA ¢
v, Otz g Al 100%0] 49 83
=5 FAE 3= 9le] ol F AE gl A
A A5 AdE 5 gl

=g, vhabgAe] HAE & oje¥] A=
el A (AAFFAUA], dd5-SE, 489
A%< zE dast ok webx Table 39 4
Azl wet AE8E $4E ¢ o =hAZ Azt
toll O £4 39 Fouiz] dHsE2E 94
F39 AF FAE Fig. 59 e} o) 2P efA &
F UKol el FT Otz ¥, ¢2 ES
23 & =ZA 98E BF 3A goemz ql
A HelA EAEHA 3852 4 £ A

ol2i3t A3 e AFAF} wS APPSO,

lo o

O

1.

o



LU I IR

8

® Reduction of area

4  Ejonaation 1790
&0 W Absorption of eneray 4 180
50 F 4 140

8

Reduction of area, (%)
Elongation, &(%)
8
T

n
Q

S

e N

2 3 4
Heating time, ¢, (sec)

)
~

Fig. 5 ¥vs. t;, € vs. t;, and Ea vs. £t in ¢15
bar-to-¢20 bar fricion welding of
STS3M to SM35C

Welding condition : as shown in Table 3
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of dissimilar FRW joint (STS304-
SM35C) by SEM, X400
Welding cond. : n=2,000 rpm, P:=120(MPa),
Pz=270(MPa), t;=4(sec), tz=3(sec)
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