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A Study on Friction Welding and AE Evaluation for Cold Die Steel and High
Temperature Creep Properties
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Abstract : This paper deals with determining the proper friction welding condition and analyzing various
mecharical properties of friction welded joints of the bladepart heat resisting steel(STDI11) for cold die
punch to the shank part alloy steel(SCM440). And the in-process real-time weld quality evaluation
technique by acoustic emission during friction welding of STD11 to SCM440 steels with higher confidence
and reliability has been much required even though it might be the first trial approach for developing it.
Also, the high temperature properties of STD11-SCM440 weld were considered in this paper.

Key word : FRW(Friction welding), HAZ(Heat affected zone), o.(Tensile strength), W.I(Weld interface),
AE(Acoustic emission), T(Kelvin temperature, £{(Creep rupture time)
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(c) High tensile test and creep test specimen
Fig. 1 Shape and dimension of specimens
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Table 3 Various Condition of dissimilar friction welding of
SCM440 to STDI11
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s P; P, Ur (mn)
n(rpm) ti(sec) | txsec)
e (MPa) {(MPa)
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100 220 -
120 240 -
21 2,000 100 220 1-5 4 0.2~10.55
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Fig. 5 N vs. t; in dissimiar friction welding of SCM440

Fig. 3 0; vs. tl in dissimilar welding of SCM440 to
STD11( ¢ 14 bar- ¢ 14 bar)
Welding condition : as shown in Table 3 (Case 2)
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Fig. 7 Relationship of tensile strength vs. temperature for
SCM440-STD11 welded joints and SCM440, STD11 base
metals at 20C, 400C, 500C and 600°C
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Fig. 8 Typical creep curves for frictional welded
joint(SCM440-STD11) at 400TC, 500°C and 600C
Welding condition : n=2000 rpm, P;=100MPa, Pz=220MPa,
ti=4sec, tz=4sec
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Table 4 Data of creep test of friction welded joint
STD11-SCM440 under uni-axial and base metals
o sress| 082 | "t |cey | T | B 070
creep rate| rate
Mtls.
T (M‘;a) &% | d0m) | e | ety | T | (%)
435 | (Short-time tensile o) | - <107 | 100
425 | 4.162 1.526 28 86888 3.1 977
400 400 | 1.673 0.003 0.25 (10.388| 41.55 91.9
390 | 0976 {685%107*} 0.14 [13.783| 98.45 89.7
(2100 | - - - - (10 | 62.1
318 | (Short-time tensile oo | - <10 | 100
FRW 255 | 0514 0.461 3.17 |1L.729 3.7 80.2
Joints | o0 | 200 | 011 | 0012 | 1089 16585 1523 | 629
SCM440
_STDIL 175 | 0.039 0.002 054 |18729] 3462 55
(50) - - - - (109 15.7
195 | (Short-time tensile o) - <10™ 100
145 | 0.826 | 18.034 }124.284|20.034| 0.825 74.4
€00 120 0.34 7.28 1168 [19.038] 1.63 61.5
70 | 0.029 0.59 1315 (17.884| 13.60 359
(15) - - - - (10% 79
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Fig. 7 Relationship of stress versus steady state creep
rate of SCM440 -STD11 weld at 4007C, 500C and 600C
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400°C : log o= 2.627 + 0.011 logé (R*=0.99) (4)
500C : log o= 2.431 + 0.069 logé (R*=0.99) (5)
600C : log o= 1.894 + 0.213 logé (R?=0.99) (6)
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Fig. 8 Creep stress vs. creep life(rupture time) for
SCM440-STD11 weld at 400, 500 and 600TC
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Fig. 9 Relationship of creep stress versus initial strain of
friction welded joint of SCM440-STDI11 at 400C, 500TC
and 600C
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