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Study on Optimization of Dissimilar Friction Welding
of Nuclear Power Plant Materials and Its Real Time AE Evaluatio
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ABSTRACT
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Weld interface(W.D), Weld quaility, Heat affected zo

2 In this paper, joints of Cu-1Cr-0.1Zr alloy to STS3I6L were performed by friction welding method. .

Cu-1Cr-0.1Zr alloy is attractive aandidate as nuclear power plant material and exibit the best combination of high st
good electrical and thermal conductivity of any copper alloy examined. The stainless steel s a structural rmaterial wh
alloy acts as a heat sink material for the surface heat flux in the first wall. So, in this paper, not only the develoy
optimizing o friction welding with more reliablity and more applicabililty but also the development of in-process rea
quility(such as strength and toughness) evaluation technique by acoustic emission for friction welding of such nucle
component of Cu-1Cr-0.1Zr alloy to STS3I6L steel were performed.
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Table 1 Chemical composition of materials used(wt.25)

Comp.
C Si| Mn| P S Ni Cr | Mo | Cu N r | M
Mitls.
C1Cr-017) - - - 0002 - - 0.3 - S 006 10011
STS3I6L [ 0017 | 0.35) 1.36 1 0.025] 0020110080 | 1623 | 216 | 019 | 004

Table 2 Mechanical properties of materials used

Tensile Yield Reducti
Prov. ens! ‘e Elongation IHardness teduction of
strength strength o () Area
Mls. ¢ (MPa) av (M) e (%)
Cu-iCr-0.1%r 420 - 24.1 160
STS316L 675 34 29.0 20 73
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(a) Friction welding and AE test specimen
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(b) Room temperature tensile test specimen
Fig. 1 Shape and dimension of specimens
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Table 3 Various Condition of dissimilar friction welding of
Cu-1Cr-0.1Zr to STS316L
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Table 4 AE instrumentation and operating parameters

PZ Type R-15
150kHz resonance frequency
Model 1220A
40dB fixed gain
100- 300kHz filter
40dB gain

I'ransducers

Pre-amplifier

Main-amplifier
Threshold voltage
at comparator

1.0V (80dB: gain + threshold)
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Fig. 2 o, vs. P;, Pz in dissimilar friction welding of

Cu-1Cr-0.1Zr to STS316L
Welding condition : as shown in Table 3 (Case 1)
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Fig. 3 U, vs. t;, U; vs. t, and U; vs. & for
dissimilar FRW of Cu-1Cr-0.1Zr to STS316L
Welding condition : as shown in Table 3 (Case 2)

3.12 gFBisel Azl AptaA

Fig. 4% Table 3(Case 2)9 #& RN ¢15m %<1
Cu-1Cr-01Zr# ¢15mm %9 STS3I6LZAE vla8H3 oF
A mtgHAe AARE g (MPa)st FFEAIZE fi(sec)
AUAE Aoz g AGE JERA Aol

Fig. 4914 & 4 %o} £4A49] AFF=E olFAF ¢
o 2 AAREQ Cu-1Cr-0.1ZrE A o,=420MPa)°ll s} o]
SEE] F Bl g JERlE FUY 4=1~3secE
o} Z7FE H Y AIZHOLZ) o2 AEgr). old o, -1, 9 HE4
& diolHHoZRE FAAFYHS ol &5 AN EA o
t}g-3 o] AabsIfich

i

(o]

g,=2.01t, - 24.85¢, 4 T3.87t, + 354 (R*=099) 2

o]714 R*& 7)o 5(coefficient of determination)®A 1] 7}
Heng ¥4 AT} s ok & 5 A0

420

ol //”\

a,0f BM. {Cu-alioy = 420MPa)

Tensile strength, o, (MPa)
£

320 |
%0 |
200 | otz
280 |
S
Heating time, ¢, (sec)
Fig. 4 o, vs. ¢, in dissimilar welding of Cu-1Cr-0.1Zr to

STS316L ( ¢ 15 bar- ¢ 15 bar)
Welding condition : as shown in Table 3 (Case 2)
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Fig. 5 E,, ¥, ¢ vs. t, in dissimilar friction welding of
Cu-1Cr-0.1Zr to STS316L( 4 15 bar to ¢ 15 bar)
Welding conditon : as shown in Table 3(Case 2)
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Fig. 6 N vs. t; in dissimiar friction welding of Cu-1Cr-0.1Zr
to STS316L (¢ 15 bar to ¢15 bar)
Welding condition : as shown in Table 3(Case 2)
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Fig. 7 o, vs N in dissimilar friction welding of
Cu-1Cr-0.1Zr to STS316L (415 bar to #15 bar)
Welding condition : as shown in Table 4(Case 2)
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Fig. 8 Hardness distribution near the weld interface of friction
welded joints of Cu-1Cr-0.1Zr( ¢ 15) to STS316L( ¢ 15)
n=2,000rpm, P=80MPa, P»=140MP4,
ti=2 sec, t=5 sec

Welding condition :
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