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Effects of Initial AE Counts during Plastic Deformation in Friction
Welding of Dissimilar Steel Tubes on the Weld Quality Control*

by

Sae Kyoo Oh**, Dong Jo Kim**¥, Lak Kee Chung***

Abstract

Both in-process quality control and reliability of the weld is one of the major concerns in apolying

friction welding. No reliable nondestructive monitoring method is available at present to determine the

weld quality particularly in process of production.

So that, this paper presents an experimental examination and quantitative analysis for the effects of

initial acoustic emission (AE) counts on the weld strength relating to the rotating speed as a new

approach which attempts finally to develop an on-line quality monitoring system design for friction

welds using AE techniques.

As one of the important results, it was well confirmed that the initial AE counts occurring during

plastic deformation period of welding were quantitatively correlated with reliability at 95% confidence
level to the joint strength of welds, tube-to-tube (SM 20C to STS 304) and then an AE technique

using the initial AE counts can be reliably applied to in-process strength monitoring of the weld.
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Table 1. Chemical composition and tensile strength of base metals

Materials ‘ Chemical composition (wt % } T. S*
(Tubes) c Mn P Cr Ni si or
SM 20C 0.20 0. 45 0.04 — — — 62.2
STS 304 0.08 2.00 0.04 18.0 8.00 0.75 l 75.5

* Unit : kg f/mm?, each specimen with 0.635#m R notch,
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(a) Location of AE transducer.
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Fig. 2. (b) Block diagram of welding-parameters measuring-apparatus and AE monitoring-apparatus.

Table 2. Friction welding conditions(Inertia type)

Materials Diameter Moment of Initial Axial Initial
Combination D, mm Inertia Rotating Speed Prerrure Energy
1, kgfm? n, rpm P, kgf/mm? E, kgfm
Tube-to-tube 0D 25.40 -9 8.9 167—2351
SM 20C-STS 304 | ID 19.05 0.472 796—2984
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Table 3. Computasion of residual sum of squares and pure error for inital AE counts during plastic
deformation in friction welding on the empircal Na-n equation of SM 20 C-8TS 304 tube

welds
Trial Initial AE Counts, Counts Trial Initial AE Counts, Counts
NO. Expected, Na I Observed, Na’ NoO. Expected, Na ’ Observed, Na’
1 a 189631 212000 6 47410 76000
b 189631 2G0000 7 79663 75000
2 a 317812 378000 8 110820 45000
b 317812 252000 9 107620 242000
3 a 459629 4840600 10 110440 133000
b 459029 467000 11 195220 182000
4 a 661464 656000 12 307600 232000
b 661464 €03600 13 669780 817000
5 47867 30000

Resiaual sum of squares=3X(Na'—Na)?=6.3730Xx10"
pure error=1/2 X (Na'a—Ny'a)?=9.8365x10°

Journal of KWS Vol.1, No.2, December, 1983



RERE EREER MRS 4x f0 AERo) BB 1] v B 29 mn 75

Table 4. ANOVA table for resting the lack of fit on the empirical Na-n equati on(mean 9 error :
11.69) of SM 20 C-STS 304 tube welds
Source Sum of Squares { Degree of Freedom } Mean Square F-ratio
Residual 6. 3730 X 1010 16 ‘ |
Pure error 9.8365x10° 4 2.4591x10°
Lack of fit 5. 3894 X 100 12 ‘ 4.4912%10° 1.83
Remarks From F-table : 12, 4, 0. 05=3. 28, F14,4, 0. 05=3. 23,

then, F13,4,0.05=3.26
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