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A Study on Optimization of Friction Welding of Automobile Component
Materials(SM40C) and Its Real Time Quality Evaluation by AE
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Abstract

This paper presents the experimental examinations and statistical quantitative analysis
of the correlation between the cumulative counts of acoustic emission{(AE) during plastic
deformation periods of the welding and the tensile strength and other properties of the
bar-to-bar welded joints of O.D. 16mm shaft(SM40C) as well as the various welding
variables. And this is a new approach which attempts finally to develop real-time quality
monitoring system for friction welding. The results lead to a practical possibility of
real-time quality control more than 100% joint efficiency showing good weld with no
micro structural defects.
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Table 1 Chemical composition of SM40C steels

(wt.%)
Material{ C | Si {Mn| P S | Cr | Al | Fe
SMA40C [0.39310.163(0.729]0.010{0.008|0.135/0.030| bal.

Table 2 Mechanical properties of SM40C steels

Properties| Tensile | Yield Hong- Reducti- Tensilef
strength | strength | a4 o energy o ardnes
ation of area | absomtion & >
0'; oy Ea H\'
0, Q,
Material \| 00 | ) | €99 T e
SMAOC+ 583 M | M2 515 928 |176~178

* Heat treatment temp. @ Quenching = 830-~-8307C,
Tempering = 550~650C

Q=quenching, T=tempering
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(b) Tension test specimen

Fig. 1 Shape and dimension of test specimens
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Table 3 Welding conditions for similar friction
welding(FRW) of SM40C (416)

Heating | Forging | Heating | Forging | Total
pressure { pressure| time time upset
P{(MPa)| PAMPa)| ti(sec) | tAsec) | Urlmm)

Rotation

Case n(rpm)

2,000 40 80 5 5 54

" 30 100 " " 69

: " 60 120 " " 89
" 70 140 " " 109

2 | 2000 60 120 | 05~8 5 |21~161
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Welding condition : those of Table 3 (Case 1)
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joints of SM40C
Welding condition : those of Table 3 (Case 2)
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SM40C
Welding condition : those of Table 3 ’
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Welding condition : those of Table 3 (Case 2)
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Fig. 8 Hardness distribution near the weld
interface(W.I) of friction welded joints of
SM40C bar to bar (#16)
Welding conditions : n= 2,000 rpm, P;=
60 MPa, P>= 120 MPa, = 4 sec, tz= 5
sec, Ur= 89 mm
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Fig. 9 Fractograph of tensile fracture of friction
welded joint of SM40C under optimum
welding condition by SEMI( X 200)
Welding conditions : n= 2,000 rpm, P;= 6
0 MPa, P>= 120 MPa, t;= 4 sec, tz= 5 sec,
Ur= 89 mm
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