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Abstract

In this study, the influence of carbon equivalents on friction welds of dissimilar stzels was investig-
ated. Four types of carbon steels with 10mm diameter were welded to a high-speed tool steel SKH 9.

Main experimental results could be summerized as follows

(1) Under constant friction pressure, the friction time increased almost linsarly with the increasing
burn-off length, while the forge length decreased almost linearly.

(2) The maximum hardness in carbon steels increased almost linearly with the increasing carbon
equivalent, but was much lower than that in the high speed steel.

(3) After quenching and tempering of dissimilar steel friction welds, the hardn=ss in carbon steel
weldments became similar as that in the base metal, while thz hardness in SKH 9 weld was still
higher that of the base metal.

(4) Relative movement in the friction phase occurred not at the interface of tha weldments, but in
the high speed steed steel near the interface.

(5) For considered material combinations and welding parameters, most of fractures in tension and
twisting tests occurred in the base metal. And welds with so high strength could produced in a

wide range of welding parameters.
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Table 1. Chemical compostions of base metals
Chemical composition(wt %) Carbon equivalent?
Material
c | si j Ma | Ni ] Cr j Mo v W |C.E.(D|C.E (2 [c. E. (3)
SM 20C l 0. 20' 0.271  o0.50 o0.016) 0.012 o0.005) 0.393 0. 287| 0. 285
SM 45C | 0. 49! 0. 28[ 0. 65 0. 052 0. 081 0. 005 0.723 0.616! 0.609
SPS 3 | 0. 771 0. ‘33l 0.72 0. OSSI 0. 090 0.019 1. 033 0. 913| 0. 902
STC 32 ; 1. 03“ 0.23 0.33 0.050, 0.094 0. 0051 1.178 1. 105} 1.097
SKH9 | 0.8 3.88 | 4.35] 1.67| 5.28
1) From “THE WELDING ENCYCLOPEDIA”, pp. C-10.
C.E.(1)=C% + MEZ ,S_ifi for most carbon steels

£

C.E.(2)=Cy +-~6_ LGy M_Olf for hardenbility
O

Mnz  Nig  Cry Cuy Mo%_ V%
CED=Co% + == o+ 15 a0 " 50 10

2) Spheroidized carbide structure

for hardness in the transform structure

Table 2. Mechanical propertles of base metals

U.T.S.D ] Bend angle? | Impact value®| Hardness? Torque (kgf-m)

Material

(kgf/mm?) | (D) (kgf-m/cm?) (Hv) As received QT »
SM 20C 50.0 >100 15. 4 126 6.3 6.8
SM 45C 71. 2 >100 2.2 172 9.6 10.9
SPS 3 103.0 >100 0.3 222 10. 3 13.8
STC 3 65.7 | >100 0.3 151 7.8 11.1
SKH 9 7.6 | 8.7 10. 5
1) D=6.25mm, L=37mm 3) Charpy-V-notch specimen, 20°C.

2) D=15mm, L=180mm, Thre2~point bending 4) Micro hardness (Knoop hardness) with p=130g.
5) Quenching : 4min. at 1200°C Oil quenching Tempering : 30min. at 550°C Air cooling
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¢) interface

d) SKH9 near the interface

Fig. 8. Microstructural change in a dissimilar steel friction weld between SM45C and SKHO.

Fig. 9. Typical HAZ shape in SKH9 of a dissimilar steel friction weld between SKH9 and carbon
steels (A case of SM20C is shown)
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Fig.11. Longitudinal section of a dissimilar steel
friction weld after tension test.

Fig.12. Fracture
friction weld between SKH9 and sM20C
(on the side of SM20C)

surface

of a dissimilar

steel

Table 3. Results of tension teating on dissimilar steel friction welds
S Materiall - gyanc 4 sKHY SM45C + SKH 9 SPC3+ SKH 9 STS3+ SKH9
- \Results fracture fracture fracture fracture
Condition? \\ uTsh place UTS place uTs place uTs place
e K K SKH
P,=30 SKH9 SKH9 9 = SKH9
L= 52.8 HAZ 71.7 HAZ 79.2 B. M. 52.3 HAZ
a s welded
Pi=11 3) 3) 3) 3)
Py=25
Li=3 SM20C SM20C SKH9 SKH9
as welded B. M. B. M. HAZ HAZ
Pi=11 3) 3) 3) 3)
P;=25
Li=3 SM20C | M45C SKH9 STC3
QT B. M. B. M. HAZ B. M.

1) UTS in kgf/mm?
N=3000rpm

L; in mm

2) Py, P; in kgf/mm?
t3=4sec

RESERBE, H4% H38 19864 125

3) UTS was not obtained due to testing error.



40

a) SM20C+SKH9

c) SPS3+SKH9
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Table 4. Results of torsion testing on 10m D as welded specimen of dissimilar steel
friction welds

S Materiall - ggpg 4 sMa0c SKH + SM45C SKHY + SPS3 SKH9 + STC3
Results " Fracture | Fracture Fracture| Fracture Fracture| Fracture Fracture{ Fracture

Condition® ™~_ | torque!) { place torque place torque place torque place
Li=2 5.6 SM20C 3) 9.8 SPS3 3.4 weld
Pi=11 6.0 SM20C 7.3 STC3
L;=3 6.0 SM20C 9.2 SM45C 8.3 SPS3 8.4 STC3
Py=11 9.0 SKH9
Li=4 6.0 SM20C 8.0 SM45C 9.2 SPS3 8.2 STC3
Pi=11 5.5 SM20C 8.6 SM45C 9.5 SPS3 9.7 STC3
Li=3 4.8 SM20C 9.1 SKH9 8.2 SKH9 9.0 STC3
P;=13

L=3 3) ) 2.6 | weld 7.5 | STC3
P,=15 ;

1) Fracture torque in kgf-m 2) L1 in mm, P: in kgf/mm,, Pp=25 kgf/mm?, N=3000 rpm, ts;=4sec
3) No experiment

Table 5. Results of torsion testing on 10mm D QT specimen of dissimilar steel friction
welds.

S Materiall gppg - smzoc | SKH9+SN45C |  SKH9+SMS3 ] SKH9 + STC3
Results

Fracture‘)‘ Fracture | Fracture | Fracture | Fracture | Fracture | Fracture ’ Fracture

Condition? !+ orque place torque place torque place torue place
Li=2 5.1 Weld 4.0 Weid® 5.3 Weld® 2.8 Weld3
P=11 6.8 SM20C 10.1 Weld 10. 5 SKH9 10.1 STC32
Li=3 4.8 SM20C 8.8 SM45C 8.6 SKH9 9.6 STC3
Pi=11 4.6 SM20C 8.8 SM45C 9.8 SKH9 9.0 STCS3
Li=4 7.5 SM20C 9.0 SM45C 9.2 Weld 13.2 Weld
Pi=11 5.9 SM20C 7.3 SM45C 9.8 SKH9 10. 6 SKH9
Li=3 6.4 SM20C 13. 3 Weld 11.1 Weld
Pi=13 8.9 SM45C 9.1 STC3
Li=3 6.7 SM20C 11.6 SM45C 9.0 Weld 14.8 Weld
P=15 6.3 SM20C 9.6 SKH9

1) Fracture torque in kgf-m 2) L; in mm, P, in kgf/mm2, P,=25 kgf/mm?2 N=3000 rpm, t;=4 sec
3) Prior cracking due to heat treatment
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Fig.14. Fracture surface of a dissimilar steel
friction weld between SKH9 and SPS3
due to torsion test after quenching and
tempering.
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