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Friction welding has emerged as a reliable process for high-production commercial application with

significant economic and technical advantages. But nondestructive test in friction weld was not clearly

developed. Therefore the experimental verification is necessary in order to understand the characteri-

stics of the pulse echo effects according to various change in welding conditions.

This paper presents a new attempt to detect the bond strength of friction welds b ultrasonic.

Instead of looking for a flaw or cracks at the interface, the new approach evaluates the coefficient

by reflection which provides a single quantitative indicator involving the acoustic energy reflected at

the interface. The objective of this study is to find the realationship between the reflection coeffici-

ents and the weld strength.

Results of the bar-to-bar friction welding of aluminum to copper and stainless steel and such rela-

tionship investigation are presented and interpreted.
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Table 1. Chemical composition of welding materials

Materials Chemical compositions (Wt %)

(bar) Si Mn Cr Ni Zn Sn Pb C
AA1050 0.24 0.05 —_ _ 0.20 0.10 0.05 —_
Cu102 — — — — 0.20 0.04 0.08 —
SUS304 0.47 1.45 18.3 8.36 — - — 0.08
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Fig.1. (2) Weld workpieces, (b) Welded workpiece, (¢) Ultrasonic test specimen,

(d) Tension test specimen
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Table 2. Welding conditions of bar-to-bar friction weld

Welding conditions

Materials (bar)

t1 t2 t3 bt P2 b3
AA1050 to Cul02 0.5~6 4 0.5 42.14 83.34 18.13
AA1050 to SUS304 2.5 3 1.5 36.35 36.35-90.75 18.13
Remarks; N=2000 rpm
t: ; Frictional heating time (sec) p: ; Frictional heating pressure (MPa)
tz ; Upsetting time (sec) p2 ¢ Upsetting pressure (MPa)
ts ; Frictional preheating time (sec) ps ; Frictional preheating pressure (MPa)

N ; Running speed of main spindle of friction weld ing machine
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Fig. 2. Schematic representation of ultrasonic pulse-echo system
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Fig.6. Relationship between ultrasonic reflection
coefficient and upsettmg pressure. Welding
condition; as shown in Table 2(AA1050-SUS
304)
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Fig.7. Relationship between frictional heating time
and tensile strength of friction welded joint
of dissimilar materials(AA1050, Cul02).
Welding conditions; p1=33.1MPa, p.=83.3
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Fig.8. Relationship between ultrasonic reflection
coefficient and tensile strength of friction
welded joint of dissimilar materials(AA1050,
Cu102).

Welding conditions; p1=33.3MPa, t=5-6
sec, p2=83.3 MPa, t2=3sec, ps=16.7 MPa,
ty=1sec, N=2000 rpm

Table 3. Analysis of variance for lack-of-
fit test

Sum of L:gree of Mean

Source squares freedom squares F-ratio
Residual 18.396 20 — —
Pure error 11.392 16 0.7120 2.45
Lack of fit 6.977 4 1.7443 —
Remarks From F-table : F (4, 16;0.95)

=3.29>2.45 (95% confidence)
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