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Dissimilar Friction Welding of Engine Exhaustive Valve and High Temperature
Creep Prediction and Their Real-Time Evaluation by AE
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Abstract

The engine exhaustive valve became essential as the important element. The dissimmilar
welding method of exhaustive valve head to stem was asked for manufacturing the engine
exhaustive valve, for which the electric resistance arc welding has been conventionally
used, resulting in poor quality of the welded joint.

In this paper, not only the development of optimizing of friction welding with more
reliability and more applicability but also the development of in-process real-time weld
quality(such as strength and toughness) evaluation technique by acoustic emission for
friction welding of the engine exhaustive valve(SUH3-SUH35 dissimilar steels) were
performed. The high temperature(500, 550, 600°C) creep properties prediction of the friction
welded joint of SUH3-SUH35 was investigated relating to the initial strain method(ISM) as
a new approach, resulting in obtaining an experimental equation of creep life prediction.
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Table 1 Chemical compositions of materials

(wt.%)
pertiesl ¢ Isifmal P | s | o | Ni | Mo
Materials
SuH3 | 040]215]060| 008 | 003 | 120 [060]| 10
SUH35 | 050008 [9.11]0025 |0.006 | 2034/ 331 |0.17

Table 2 Mechanical properties of base materials

Properties| ot oy € U2
Materials (MPa) | (MPa) | (%) (%)
SUH3 7410 | 5121 234 480
SUH35 10822 | 796.5 298 284

o+ - Tensile strength, oy @ Yield strength
& : Elongation, ¥ : Reduction of area
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(c) Creep test specimen
Fig. 1 Shape and dimension of test specimens

32 Ay

uhbag o] A3t Y-S #8 344 2,000(pm),
ubgrbed 3 (P2 60~180(MPa), A% (Py)-&
120—~360(MPa) 8] 2 g A ZHt2)& cheFslA ¥
AIA ARt o) 539 AAAHoA s A4}
=, FgovA, dAE 5& 73l 2Andg
T W E AAHA HA Az Y s el
3 27} AEF 44700 AbgAd-g Felb] 9
st} 27] AETAEFE A5

ot 343 Al o] WA E AEFE 23387 S8
o w7t AA(R15 150kHz sensor)& TOHO
TH25 "H28-4712] A=A (chuck)ell %2 3}%lc}.
223 &% noised AlA 7] ¢ =tR4A7]
3 AA7IHH AEAEE 2438} threshold
45dB=2 A A3k}
creep Algell A14-" AgdHe] I e
Fig. 1(c)¢} 2} A He] HY3= 0mmoejz 3
g0 282 6mmoltt. ARAE ZAs] 8
N2 of el A UEE AFA s

=
=

=
=]




ojd: - LAY - LAIF

o714 AMg-" ZEZ A§r|E 73 SATECAE
2] DLF-10(£% 5 ton)oldd o4l AlAA
(extensometer)& £3l LVDT(linear variable
disiplacement transformer)® &3l AF7] A
Ao} A=)} e recorder & E3lo] Zelx 2
Ag 23 AR stdFAH-L T3 Al
A JALZ(300, 600, 700 T)7HA] % 9.6C/minS
2 7Mdylen, §EE ZHr] A AgRe 2=
x5 FdEA FAEHEE dALT NN 30E7¢
2EE FAAZ L, 35S AEAA AYRS
galodoh =3, AY F 2EE dALEAAA
1CHS] olE fAshdAM Ayt

H

aj
=

X

4. A al

41 HEZ ol B2l otEEHEe| X3t a4

411 vhagR 2A7e] 4BA
244 H4eg Tar] 915k Table 37

Table 3 Welding condition for friction welding of
bar-to-bar(SUH3-SUH35) ( ¢ 12.3mm)
P P
(MPa) (MPa)
60~180 | 120~360
160 320

n
(rpm)

2,000

t
(sec)
5
1~9

t2
(sec)

3

Materials

SUH3
to SUH35

n : Rotating speed
Pi : Heating pressure, P» : Upsetting pressure
t1 : Heating time, t; : Upsetting time
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Total upset, ({mm)
Heating upset, Y(mm)
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Fig. 2 Relationship of heating or upsetting pres—
sure Vs. heating and total upset(U;, Uy
Welding condition : n=2,000(rpm), ti=5(sec),
t2=3(sec)
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Fig. 3 Relationship between heating or upsetting
pressure and tensile strength
Welding condition : n=2,000(pm), t:=5(sec),
tz=3(sec)
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Fig. 7 Tensile fractured fractograph of SUH3-
SUH35 in friction welded joint by SEM
(Fractured at SUH3 HAZ side)
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Welding condition : as in Table 3
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