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Abstract

This study was performed to optimize friction welding conditions of Cr-Mo steel bars used for
hydraulic or pneumatic valve spools and to realize the real-time evaluation of weld quality by acoustic
emission method.

SNCM220, SCM435, SACM645, and SCM415 steel bars were tested to find optimum conditions
of friction welding. Quantitative equations which exhibit the relations of tensile strength, elongation,
reduction of area and energy absorption with friction heating time were obtained by the experiment.

Acoustic emission was also performed in the friction welding process, and the real-time evaluation
was enabled to find the optimum range of weld strength.

Finally, the strength and toughness of welded joints were interpreted by the SEM analysis of tensile
fracture surfaces.
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n : rotation speed
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t, : heating time(sec)
t; © upsetting time(sec)
Fig. 1 Cycle of friction welding process
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Table 1. Chemical composition of Cr-Mo Steels(wt%)
Materials C Si Mn P S Ni Cr Mo Al Cu
SNCM220 0.18 0.23 0.69 0.020 0.013 040 051 0.16 — 0.14
SCM435 0.35 0.26 0.73 0.018 0.011 0.13 0.99 0.17 - 0.2
SACM645 047 0.28 0.31 0.021 — — 1.38 0.17 1.092 —
SCM415 0.16 0.25 0.73 0.009 0.007 - 0.99 0.17 - -
Table 2. Mechanical properties and condition of heat treatment of Cr-Mo Steels
Tensile Yield ) Reduction | Impact value Heat
Materials strength strength Elorzgaglon of area (Charpy) Hardness treatment
alkgt/mm) | o,(kgt/mm) &% ¥(%) | 1(kgf - myend) H,
850~900TC
Oil-Quenched
SNCM220 8 - 17 40 - 185 150~200€
Tempered
Air cooling
830~880C
Oil-Quenched
SCM435 95 80 15 50 - 314 530~ 630C
Tempered
900C
Oil-Quenched
SACM645 111.1 98.1 186 52,5 11.0 217 650C X 1hr
Tempered
850C
Oil-Quenched
SCM415 85 - 16 40 - 314 200C
Tempered
Air cooling
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(a) Friction welding and AE test specimens
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(b) Tension test and energy absorption test specimen
Fig. 3 Specimens for friction welding-AE and tension-
energy absorption test
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Table 3. Optimal conditions of FRW for studied steels
Materials SNCM220 SCM435 SACM645 SCM415
n(rpm) 2000 2000 2000 2000
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Table 4. Bonding efficiency of FRW for studied steels

Materials SNCM220 SCM435 SACM645 SCM415
o of B.M(kef/mm’) 62.23 90.70 9346 50.50
o of ONZ(kgf/mm’) 66.54 93.21 94.64 53.27
Joint _efficiency(%) 106.9 102.8 1013 1055
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Fig. 16 Fracture surface of SNCM220 friction welding
joints in optimum zone by SEM (X 1000)
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Fig. 17 Fracture surface of SNCM645 friction welding
joints in optimum zone by SEM:(X1000)
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