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Table. 1 Chemical composition of materials used (wt%)

Material C Si Mn P S Ni Cr Mo Al Cu
SCM415 0.16 0% 0.73 0.009 0.007 - 099 0.17 - -
SNCM220 0.18 023 0.69 0.020 0013 040 051 Q.16 ~ Q.14
SCM43% 0.35 0.26 0.73 0.018 0011 0.13 0.9 017 - 020
SACM645 047 028 031 0.021 - - 1.3 0.17 1.092 -
Table. 2 Mechanical properties of materials used
Tensile X Yield Reduction Impact
Material Strength El(;rg/a)non strength of Area Har:ness value{Charpy)
olkgf/mm?) ° & (kgf/mm®) (%) v 1 (kgf/em?)
SNCM220 85 17 - 40 6
‘SCM435 95 15 80 50 ° 8
SCMA415 85 16 - 40 300 -
SACM645 111 186 98.1 525 3Bl 110
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channeD 224 14 channel7lx] 8371580, cl@E&gAd 248 AERE 2437l sl s Wy
(transducer)(R15-C 150kHz sensor)& #3A o2 RE X ¥ (chuck) WF o2 480 mme! A9 FX| g H-2a¢ic)
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Table. 3 Condition of Friction welding ¢ 36 tube~to~bar

Material Rotation | Heating pressure | Forging pressure | Heating time | Forging time
n(rpm) Pi(kgf/mm’) Pa(kgf/mm’) ti(sec) ta(sec)

SACM645 1600 5 10 10~24 4

SNCM220 1600 5 10 3~20

SCM435 1600 5 10 4~20 4

SCM415 1600 5 10 15~22 4
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@ SNCM220 : o3 = -1614'N° - 0.02N - 32896 (R%=1009%)
@ SCM435 : 0% = 6.348°N° - 945N + 0.043N - 547.41 (R22=100%)
@ SCM415 : g3 = -2.170°N’ + 0.0IN - 1481 (R’= 99%)
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Table. 4 List of material’s CE and N, tensile strength

Material SNCM220 SCM435 SACM645 SCM415
Ceq.(82%F%) 0.463 0.644 0.682 0.438
g, of BM 62.2 90.7 90.5 505
ONZ 54228-66736 54581-61766 43640-56110 | 55098-66695
924 (av.) (60482) (58173.5) (49875) (60896.5)
(bar-to-bar) OoZ 67.0-67.8 93.2-935 93.4-94.3 53.3-53.7
(av.) (67.4) (93.4) (93.9) (53.5)
ONZ 52857-57879 40462-46944 40232-45381 53019-60893
p31.2 (av.) (55368) (43703) (42806.5) (56956)
(bar-to-bar) OoZ 56.6-57.6 95.6-976 102.0-102.1 52.4-52.8
(av.) (57.1) (96.6) (102.4) (52.6)
ONZ 47474-50869 40030-45469 37658-43667 | 49725-57675
36 (av.) (49171.5) (42748.5) (40662.5) (53700)
(tube-to-bar) OaZ 55.4-55.8 8.9-865 98.0-98.3 50.8-51.3
(av.) (55.6) (86.2) (98.1) 6GLD
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38

Fricuon welding and AR test specimens of 36 tube-co-
bar to ¢36 plug bar
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E, &€, ¢ Vs, 1 of friction welding of

SACM645 @312 bar-to-bar and ¢36
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Welding cond.: same as table 3
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Heating time, t,(sec}
N Vs. 4 for ¢36 tube-to-bar friction
welding of SACM645
Welding con. :© n=1600 rpm, t:=4 sec,
Pi=5, P2=10 kgf/mm®

Heoting time. t,{sec)
N Vs. t; for 936 tube-to-bar friction
welding of SNCM220
Welding con. @ n=1600 mmm, t:=4 sec,
P1=5, P2=10 kgf/mm’
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Fig. 7 Fractograph of friction welded joints
of SACM645 ¢ 36 tube-to—-bar SEM
Welding cond. : n=1600 rpm, tz=4 sec, P;=5,
P,=10 kgf/mm’
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