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Study on Friction Welding of SUS431 and SCM21 for External Shaft of Ship
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Abstract

A study on friction welding of stainless steel bar(SUS431) to chrome molybdenum steel bar
(SCM21) was accomplished experimentally through analysis for relations among friction
welding conditions, tension test, hardness test, microstructure test and acoustic emission test.

The results obtained are summarized as follows ;

1. Through friction welding of SUS431 bar to SCM21 bar, the optimum welding condition by
considering on strength and toughness was found to be the range of heating time of 3~5
sec when the number of rotating speed of 2000rpm, heating pressure of 10kgy/mm®, and
upsetting time of 4 sec.

2. Quantitative relationship was identified between heating time(T1, sec) and tensile strength
(0, kgi/mm?) of the friction welded joint and the relation equation is
0=52.62T""

3. Through AE test, quantitative relationship was confirmed between heating time(T1, sec)
and total AE(N, counts) during welding, and the relation is computed as follows ;
N=30413.6e"""

4. It was confirmed that the quantitative relationship exists between the tensile strength of
the welded joints and AE cumulative counts. And the relation is computed as the
following ;
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0=16.37(In N) - 116.4

5. When ONZ = 36500~ 41500 counts by OT1Z==3~5sec, it was identified by experiment that
the range of welded joint tensile strength is 55.6~57.7 kg/mm?® whose joint efficiency is

more than 100%, and it was experimentally confirmed that the real - time nondestructive

quality(strength) evaluation for the friction welded joints could be possible by acoustic

emission technique.
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Table 1 Chemical composition of materials (wt%)
Item . : .

Materials C Si | Mn P ; S Ni Cr
SUS431 0.17 0.69 : 0.72 0.028 0.011 2.05 16.27
SCM21 0.146 0.31 | 0.83 0.03 0.027 0.03 1.129

i
Table 2 Mechanical properties of base materials
Item \! Tensile strength Elongation Reduction of area Hardness
Materlals o(kgr/mm?) (%) (Hwv)
SUQ431 75.3 55 265
SCM21 53.2 60.5 159
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Fig. 2 Schematic friction welding cycle
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Welding Condition ; as in Table 3
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sec, G A7t T2=4 secE SUS4313 SCM21-&
vt g e &35 dFAEHA e npAg
(macro)Atzl % FALE A4 @e B EEM) o 2 #
23l nlo] 2 & (micro)AFA o] o}

Fig.12v sgtH o] nld 2 (macro)Ab# o2
Zo] SUS431, $Zo] SCM210] 1L SUS431 9 3
%o HHW S o} 10 mm Zo2 opago) 27
2tgelel thare] SCM2Lsteio] F2tslol v
SCM219] 2] ¥ 7} SUS4310] K axo] g
ol A gt 2] ofn SCM219] =Ajo] dg i
(HAZ)o| A gets]o] &HPGEFHUWDe 28 &
FzgE & 4 Ut =, Fig.129] SCM21% ¢t
o] SEM4 S Bl o] o SUS4319| )
Hdo] 1 &R o] i H t’O] SCM21& g oz
SCM21Zol A nAld <l o & (dimple)E & 43t
o 24WE o ‘E*éuh% Fep & ehisl L,

(a) Macroscopic tensile - fracture surface

(b) Microscopic fracture surface by SEM

Fig. 12 Macroscopic tensile fracture surface and
tensile fractured fractograph of SUS431
SCMZ21 friction welded joint
Welding Cond. : n=2,000 rpm, P1=10 kgr
/mm?, P2= 15 kgr/mm?, T1=5 sec, T2 =4 sec

ol HEFo X E ARF EA ste BEE,
T HEYA Y olEEAR L 2EHY
(strain)e] B4 RE o2 Ngses & e
v) &2 F(micro void) & FEHo g FhrTo
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=-116.4+16.37(In N)
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