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Abstract

The complete joining method for dissimilat press punch materials and its real-time evaluation
method is not available at present. Brazing method has been used for joining them, but it is
known that the welded joint by the brazing has the lower bonding efficiency and reliability than
the diffusion welding. The friction welding with a diffusion mechanism in bonding was applied in
this study.

This work was carried out to determine the proper friction welding conditions and to analyze
mechanical properties of friction welded joints of sintered carbide tool materials (SKNM50 for
the blade part of press punch) to alloy steel (SCM440 for the shank part of press punch) using
aluminum (A6061 for the interlayer material) as an insert material between the sintered carbide
tool materials and the alloy steel. In addition, acoustic emission test was carried out during
friction welding to evaluate the weld quality.
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Table 1 Chemical composition of materials (wt. %)

Materials | WC Ni Cr Mo C Si Mn P S Cr Cu Mg Al Fe
SKNM50 | 86.5 | 13.5 - - - - - - - - - - - -
SCM440 - 0.15 | 1.13 | 1.85 | 0.38 | 0.21 | 0.62 |0.017 | 0.022 - 0.11 - Bal.
A6061 - - - - - 0.48 | 0.11 - 0.23 1 0.32 | 0.9 | Bal -
Table 2 Mechanical properties of base materials for dissimilar friction welding
e Tensile strength Yield strength Elongation Hardness
Materials o,(MPa) o, (MPa) £ (%) Hy
SCM440 1054 926 12.2 315
A6061 182 137 10. 1
Sintered matcrials Specific gravit Transverse rupture strength Hardness
) opectlic gravity (MPa) (Hed)
SKNAMS0 13.5 2100 87.2
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Table 3 Welding conditions for friction welding of bar to bar
Weldding Rotating Heating Upsetting Heating Upsetting [ Total Upset Types of
Condition Material Speed Pressure Pressure Time Time U(mm)
Case No. n {rpm) P.(MPa) | P.(MPa) | Ti(sec) T, (sec) uy* test
SCM440 0.25 1. 9§0. 2)
0.5 2. 8{0.6) .
1 to L5 6 5.0(2.1) Tensile
A061 2.5 7.9(3.9)
0.25 2.1(0.3)
26 52
§L§‘<NM50 0.5 L7(0.7)
y 1.0 3.9(1.6) .
2 to 0.5 7 5.0(2.3) Deflection
AGOB1 2,000 2.0 6.9(3.4)
2.5 8.74.8
17 35 1.5
SCM440 22 44 2.3
3 to 26 52 1 6 3.1 Tensile
31 62 4.6
A6061 35 70 6.1
SKNM50 .
A 10 - . . 6 29 Deflection
(AB0B1-to- ‘ ' Tensile
SCM440) weld
* Note : U, is the upset during heating time T,
o 20 20000
X oy of AS061 BM.=14.8 18000 |-
= 18} 4
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Heating time, Ti(sec)
Fig. 3 Relation between total AE count(N) and
Fig. 2 Relation between heating time(T,) and heating time (T)) in friction welding of SCM

tensile strength (o) of friction welded joints
of interlayer metal (A6061) to SCM440 steel

OT\Z (optimum T, zone) 7} 0.5~1.5sec FoB=2

(Fig. 2), °l= Fig
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o dX3H, ol B A7 AJALE
ol =go] Hictn Azt

KEERBEE F158 F28, 19974 4A

4. 2 B

SYER Y o|FA vl LH ML AEEZDH
7HE A% d¥8dne vea go) 24 £ 9l
o},
1) 294 whagHd 98 SKNM50S F7HA
(A6061) & AHE-3ted SCM4403 @AM oz vzt
£33 A3 ((SCM440-A6061) weld-SKNM50) &
AAL A3 A== S04 (A6061) o] 71%H 1, o]
o F2h1e] HA 2o} OLZ (optimum L Zone) =
0.55~0. 74 mm= JEbt},

2)  ((SCM440-A6061) weld-SKNM50) &7 ) of]
3] FhA (A6061) & ol&stmEa ALY @3
point) 3 AEANHEL T A7}, AFPEE BF F
A (A6061) & 98%RoH, AEREE F7HA ]
2ujo] ol 11, o] W OLZE 0.55~0. 82 mmAto] 7}
7V FL Ao g velyth

3) 2vtA npE g HWH o o] ZHWAE
| T W SCM440-A6061 &4 H$ & AEFo]
oF 9300~ 14400 count, SKNM50-A6061 €3 2] #
£ & AEFo] 9F 3600~4000 count & W) 2}z} =
< EHF A=Y HAYAEE 2T & UL
o] #lEeornz, e aAYF F¥ AX9
5§ #Bddto HiEE Y 5 e vy
£ & 4 o guy, AE EXA] 4ry M,
AE #¥ gk (threshold) 7, AES} 917+ So of
& T Do, ALy A7/ Basict

4) SEM<E] Sgd ZAte] o8, ((SCM440-A
6061) weld-SKNM50) 8- A2} vty o3s
92 FAEEY ¥AFHAA Do) SKNM50Z
HHou dRE A6061%-2] HEAe] A nglo]
Rlso] ¢33t 483 Hio] olFoFHTim
Azbg),

5) EDSel o}&j 2¢tA) vl g HE o] SHAH B
=8 ZAAPEELE E4F A7 Fest Siol &4lo]
SCM4400l A A6061& 0. o] Fo]x) o] olx
Ak

6) AEel o3¢t P HX vl R84 E3 o] A7t
P77t 7ol FAFH o2 e EQir}.
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(b) point 1(SKNM50 side in the vicinity of WI)

Al

- 4 -
Si

_JL

{¢) point 2(A6061 side in the vicinity of WI)
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(e) point 4(SCM440 side in the vicinity of WI)

Fig. 12 W, Ni, Fe, Al, Cr, Mn concentration by
EDS analysis through weld interface of
dissimilar friction welded joints(by 2 steps
FRW method) of ((SCM440-A6061)weld-
SKNM50)
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