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Optimization of Bar-to-Bar Similar Friction Welding of Hydraulic Valve Spool
Steels and the Weld Strength Properties and its AE Evaluation

Sea-Kyoo Oh* - Kyung-Woo Lee** - Tae-Eun Jeon*** - Myeong-Suk Oh**** - Won-Suk Lee*****

Key Words : Acoustic emission{AE, &3%Z&), Friction welding(FRW, ©»1324) Flexure
strength(3+8 7} &), Welding condition(-8-d371), Weld interface(WI, 4% 7 #|
#1), Base metal(BM, 2.x]%-), Heat affected zone(HAZ, < sk®)

Abstract

In-process quality control and high reliability of the weld are the major concerns in
applying friction welding to the economical and qualified mass-production. Experimental
examinations and quantitative analysis were performed for the optimization of similar
friction welding of hydraulic valve spool steels(SNCM220, SCM435, SACM645, SCM415, ¢
24). The quantitative correlations were found between the initial cumulative counts of
acoustic emission(AE) occurring during plastic deformation periods of the welding and the
fatigue life as well as weld strength and welding conditions. A real-time evaluation
system was developed for the friction weld quality by AE.
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Table 1 Chemical composition of Cr-Mo steels(wt%

Materials | C Si Mn P S Ni Cr Mo Al ete.
SNCM220 0.23 0.26 0.77 0.010 0.015 0.49 0.49 0.17 0.04 Bal.
SCMA435 0.38 0.26 0.77 0.010 0.015 0.17 0.97 0.18 - "
SACM645 0.42 0.29 0.39 0.012 0.012 0.08 1.55 0.22 1.03 "
SCM415 0.17 0.30 0.82 0.013 0.02 0.03 0.03 0.2 - "

Table 2 Mechanical properties of Cr-Mo steels
. Tensile strength Hon ation Reduction of arca Hardness .
Materials o.(MPa) £ (%) ¥(%) Hy Pt

SNCM220 622 17 40 245 T3
SCMA435 A7 15 50 302 SRS
SACM645 934 186 325 300 2, %
SCM415 ! 205 16 40 280 T, 3

PWTH Postweld heat treatment for case hardening
L1 900~920C X 250min and 830°C X 20min carburizing, 60T oil cooling
Z 570°C x 12hr nitriding, air cooling

2 180°C X 120min tempering, air cooling
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(¢) Fatigue test specimen

Fig. 1 Shapes & dimensions of test specimens of
¢ 24 bar-to-bar friction welds(unit : mm)
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Fig. 3 6 Vs t; and N; Vs t; of FRW joints of
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Table 3 Optimizing condition of FRW for each material by considering on both joint efficiency and

fatigue life efficiency

Materials SNCM220 SCM435
ntrpm) 2000 2000
P;(MPa) 70 70
Welding conditions P,MPa) 100 100
ti(sec) 6~10 8~12
t(sec) 5 5
Materials SACMb45H SCM415
n(rpm) 2000 2000
P;(MPa) 70 70
Welding conditions Po{MPa) 100 100
ti(sec) 9~11 6~9
t2(sec) 5 5
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Fig. 4 N Vs t1 of FRW joints of SNCM220(0,/0,
=T1%), SCM435(0,/0,=72%6), SACM645(0,/0,
=74%) and SCM415(0,/0:=83%)

Welding condition: n=2,000 rpm, P;=70,
P>=100 MPa, t> = 5 sec
ONZ: optimum N zone
Ot Z: optimum t; zone

SNCM220(a/0,=77%), SCMA435(0/0,=72%),
SACM645(0,/0,=74%) and SCMA415(g/,
=89%)

Welding condition: n=2,000 rpm, P;=70,
P»=100 MPa, t; = 6~12, tz = 5 sec
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o= -1767x10°% N°+2291x10 * N-571
(R?=0.97)
Ny = -425%10° N*+567xN-121461.3 6))
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Ny = 0.000275N*+21. 77IN-36131.5 (4)
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Table 4 Joint and fatigue life efficiencies of FRW joints by considering on o, and N, according to

total AE counts at ONZ

Materials SNCM220 SCMA435 SACM645 SCMA415
ON7 (count) 54228 ~ 66736 54581 ~ 61766 47433~ 53668 55098 ~ 64290
o of BM (MPa) 622 907 935 505
o1 of welds at ONZ (MPa) 665 932 946 533 )
Joint efficiency (%) 1(;6.9 102.8 101.3 1055
Ny of BM (cycle) 5% 10" 5% 10 5% 10" 5% 10"
Ny of welds at ONZ (cycle) 581% 10" 5.8% 10" 56x 10" 5.4% 10
L"fffiderfg?’gc‘g‘) M s 116.2 116.0 112.0 00 1

MB : base metal, ONZ : optimum N zone, FRW : friction welding
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