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Dissimilar Friction Welding of Hydraulic Valve Spool Steel
Bar-to-Bar and The Fatigue Evaluation by AE

*
LA, oldE, 238, #UF,

i

(FAFAETR) (FIFAEAY) (FF71AS7D)

Abstract

This paper deals with the development of fundamental design and manufacturing technique
of hydraulic valve spool by optimizing of friction welding, the development of in-process
real-time weld quality evaluation technique by acoustic emission and the evaluation of the
mechanical properties and the fatigue life about the bar-to-bar dissimilar friction welded

hydraulic valve spool steels.
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Table 1 Chemical composition of Cr-Mo Steels(wt%)

Materials | C ! Si [Mn| P S | Ni|Cr [Mo] Al |etc
SNCM220 {0.23(0.26{0.77{ 0.01 {0.015[0.4910.4910.1710.04{ Bal.
SCM435 [0.38|1026{0.76]{ 0.01 {0.015{0.17|0.97|018] - |
SACMB45 10.42{0.29]0.39{0.012{0.012/0.08]1.55]0.22|1.03|
SCM415  [0.17{0.30/0.820.013] 0.02 [0.03j1.03] 02| - | *

Table 2 Mechanical properties of Cr-Mo Steels

Tensile Redi;fmon

Matesials | s ation Hardness Heat treat
&;fd‘ nl (%) area Hv for case Hardening
o gtmm) (%)
0T
SNCMED | 623 17 «© 165 | %9 Min carburiaing
oi] cooling
K0~HDT
scmas | %07 15 %0 IL 314 | 2 Min carburizing
SACMS®S | 9346 86 | oss | a7 | ST A2 He
S0-HC__
scMals | 508 16 ) 314 | B M catbudzing
oil cooling
22 494

2.2.1 s0iE o|Exiel otAXa AEME

Fd% ojFAY vlAEHe HHI HAPxHE
Fa7] M E HA 2L T vAsEUE
(P1), 4AGEPE dAsA 2A o] 48
FYPF F £32de dAS, dANT)E A
Ae Fo AHGATE)E ThEstA dHAAA A
ke

#H, P gAsdE AEFE S35
ety ngx VE7I(R50-C 150kHz sensor)& &
AR FAH(chuck) BFez w37 (Nitte
FF-450-C)¢] 440mm X<} AAH Ao] 33
A,

2.2.2 ojE 2 HE AF H2 A

Fig.lol A9 ol AF7] HAJAFG SH2AY
(fatigue test)® Z 3o 5x10' Aol Z(cycle) 7)
F3td gzte] Agd wE A 2E 0§ F83,
ol Nt A% 69 Z+ ABY AZAE o AT

—101—



48y 0/0¢F Table 39149} o] s} Z o)
FA4 EHAN A8 8 Aol o) &Huld nta}
Z A Q% WAAY A2AFL PP

0.95

S o
2 ©
T T
.

o
o
ML
o)

o
~
1

Nominal stress ratio (o/cx)
3
T

(-]
2
T

o
o
)
¥

o
2 |

sxwt 10 10*
Number of cycles to faflure, Nicycle)

g

Fig. 1 Nominal stress ratio for fatigue test

Table 3 Nominal stress ratio for each base metal and
dissimilar welded joint

Materials SCMEs SCM435 SNCM220 SACMS645
Nominal .
stress 89(%) T2(%) THR) T4(%6)
ratiolg /a4
Noeminal SCMAES SCM4ls SCM435 SCM435
stress XSNONZE) | XSACM220 | XSNCM220 | X SNCM645
ratiolg /a0 89(%) B8H%) TH%) T4(%)

3. 4944 % uF

31 AE 337 $HEA(QRAE, d249)
3o dgH =%

Fig. 2~Fig. 5 £3 A SCM415xSNCM220,
SCM415X SACM645, SCM435X SNCM 220, SCM
435XSACM6459 4312 ¥ o ¥ oFA w2&
Y olS¥o ARFE(0, kgf/ mmDS} AE &N,
counts) ¥ AR E(o)} AZFH N, cycle)# 9
ABFAE =A% FIolrd. old ¢ -N& N-N9
ARTANL AxASYd dete] TS Zo] A
AbsjQich oluf Nee log® Hetd o

SCM415X SNCM220 6312
0 =1.083x10"N*-1.265x10 "N%+0.004N+0.56 (1)

log Ny=2.7863N° —3. 143N +0.000IN +3.2243 (2

SCMA415X SACMGS5 ¢31.2 :
o= 7.297x10 N°-1537x10°N?+0.00091N-33.182  (3)

Tog Ny=4.0104N° —7.5397VF +4.3861N+3.8996  (4)

SCM4350 % SNCM220 ¢31.2 :
oc = 2.624x10™N*-6.09x10 °N?+0.00041N +51.40 (5

log Ny=—1.5064N° +1.5106N° +5.1775N+4.5284  (6)

SCM435X SACM645 ¢31.2 :
o= 1.593x107N*-5.295x10 °N?+0.0005N+82.520  (7)

log Ny=—9.0696N° +1.3324N* —5.794N+5.3803  (8)

Fig. 2~Fig. 54 & £AdA s, golid +
@ OuZdl did AF AE F%e WY (ONZY
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ZdEFHo2 LHARANN FINA LYY AES
Zo EAwoz o|FEEL 100%, WHEFHES
10026 9] 8 &3 Fd(oy, Np& HAQI
Bt 4&58SF Aol &AHU
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Fig. 2 o« vs. AE and N¢ vs. AE for ¢31.2 bar-to-bar
friction welding of SCM415XSNCM22
Welding cond. : n=1340rpm, P:=5, Pz=10kgf/mm®
ta=6sec
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__SxireM
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S0 [5G o BM SOWT5 = %05

tensite strenqgth, ar (kgf/mm?)
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Fig. 3 o. vs. N and Nf vs. N for ¢31.2 bar-to-bar
friction welding of SCMA415X SACM645
Welding cond.: same as those in Fig. 2
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Fig. 4 o« vs. AE and N¢ vs. AE for ¢31.2 bar-to-bar
friction welding of SCMA435x SNCM220
Welding cond.: same as those in Fig. 2
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Fig. 5 61 vs. N and N vs. N for ¢31.2 bar-to-bar
friction welding of SCM435x SACM645
Welding cond.: same as those in Fig. 2
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Fig. 62 o0, N ¥ NE dFZFoz H3Y9 g,
(kgf/mm>)9  Ceq(%), Nlcount)®  Ceq(%),
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Dissimilar FRW joints of ¢31.2 :
log o ;= 12.394Ceq® ~13.349Ceq +5.352 ¢}

log N=20.444Ceq" - 20.7263Ceq +9.6134 (10)
log Ny=—10.9194Ceq® +11.9875Ceq +1.4587 )
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Fig. 6 o, vs. Ceq, N vs. Ceq and N¢ vs. Ceq of
dissimilar FRW joints of ¢31.2 in diameter
Welding cond.: n=1340rpm, P;=5, P,=10kgf/mm®,
ta=6sec
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