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Bar-to-bar similar friction welding of hydraulic or
pneumatic valve spools and AE evaluation

S. K Oh J H Jang, T. E. Jeon, H. D. Park, I ]. Yoo

Abstract

The hydraulic or pneumatic valve spools become essential as the important components on the
production of automatic hydraulic or pneumatic machinaries as mechanical industry is developed
rapidly. The machining precision is asked for manufacturing the valve spools. They could be unstable
in the quality by the conventional arc welding and they have a lot of technical problems in
manufacturing because their shapes are generally small. By the precision casting process such as lost
wax process, the production cost will be increased. But by the friction welding technique, they will be
able to be made without such problems.

Furthermore, there is a few study on friction welding of such hydraulic valve spool steels and
in-process real-time weld quality evaluation technique by acoustic emission.

So that, the final purpose of this study is 1) the development of design and manufacturing technique
of hydraulic or pneumatic valve spool by optimizing of friction welding, and 2) the development of

in-process real-time weld quality evaluation technique by acoustic emission.

1.A & Table 1 Chemical composition of Cr-Mo Steels(wt%)

Materials [ C [ Si (Mo | P S (Ni{ Cr [ Mo| Al { Cu

$3% WBAEAZ o|LHE Cr-Mo%el SNCM220, SNCM220 | 0.18 | 0.23 |0.69 0.020/0.013[0.40| 051 [ 016 | - (0.4
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Table 3 Optimizing condition of FRW for each materials

Materials SNCMZ20 SCMA%
Diameter(mm) 44| 4312 #24 4312
nirpm) 2000 1600 2000 1600
] P(kgt/mmD 7 5 7 4
elding | PatkgUmm) 10 10 10 8
t(sec) 6-10 1i-15 812 27
ty(sec) 5 ] 5 )
Materiais SACMESS SCMAI5
Diameter(mm) v 4312 ¢4 4312
ntrpm)_ 2000 1600 2000 1600
) Py(kgl/mm?) 7 ] 7 1
e [ Pakgl/momD 10 ) 10 )
t!(sa:) 9~11 2428 6~9 2224
tafsec) 5 1 5 3
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SNCM220 424

N=-130.16 t,%+5209.71 ;+27655.3 (R’=1.00) 1
SNCM220 4312

N=-234.23 ,%+7813.69 1-71786 (R%=0.99) )
SCM435 424

N=-32255 t,*+8247.05 u+9274.8 (R*=0.99) (3
SCM435 4312

N=-59.29 1,%+4466.34 1,-29103.6 (R%1.00) Iz
SACMB45 424

N=-22528 t,>+7623.08 t;-2927.5 (R*=0.99) (5)
SACM645 4312

N=-5870 t;°+4339.58 t,-30107.6 (R%*=0.99) (6
SCM415 424

N=-164.84 1,%+5536.46 1,+27813.7 (R?=0.99) (n

SCM415 ¢31.2
N=-507.14 t*+27278.60 t:-301514.0 (R*=0.99) ®
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Table 4 Optimum N zone for each materials

Materials SNCM220 SCM435
Diameter(mm) 424 #31.2 24 ¢31.2
Optimum t_Zone(sec) 6~10 11~15 8~12 2-2
N 51228 50431 54581 40462
Optimum N Zone(counts) 66736 _g706 61766 43068
Materials SACMB45 SCMALS
Diameter(mm) ¢A 4312 424 312
imum t; Zone{sec) $-11 2428 6~9 2-24
N 47433 40232 56098 53019
Optimum N Zonelcounts) 53668 45381 64290 Rprosey
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SNCM220 424

0=-1.767 x10® N%+2291 x 10 N-571 (R*=097) (9
SNCM220 4312

a=-5.085x 10" N2+5428 x 103 N-87.22 (R?<099) (10)
SCM435 424

0:=-7.829x10"® N®+9.063x 10 N-167.86 (R’=0.97) (11)
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SCM435 ¢31.2

6:=-5693x 10® N2+5276 x 10° N-24.65 (R*=0.95) (12)
SACMS645 424

6:=-2.907x 10® N?+2.975x 10 N+1891 (R*1.00) (13
SACM645 6312

6:=-4.180x 10® N?+3603 x 10 N+24.67 (R?=0.96) (14)
SCM415 ¢24

0=-2582x10® N%+3.194x 107 N-44.34 (R*<0.96) (15)
SCM415 4312

0:=-2632x 10 N%+3052% 107 N-35.47 (R%=1.00) (16)
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Table 5 Bonding efficiency of FRW for each materials

Materials SNCM220 SCM4®
Diameter(mm) 924 4312 2 4312
. of BM(kgV/mm") 6223 6223 90.70 90.70
1 of ONZ(kgt/mm® 6654 5682 | 0321 95.63
oint_efficiency (%) 106.53 [TETY 10277 | 10644 ]
Materials SACM645 SCMAL5
Dismeter(mm) U 4312 s 4312
1 of BM{kgUmm’) 9346 9346 5050 5050
a1 of ONZ(kgt/mm) 9464 101.98 5327 5236
Joint_efficiency(%6) 101.26 109.12 106.49 10368
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