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Table 3.1 Chemical composition of die-quenching steel sheet used for experiment (mass%)
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(a) Process-annealed

(b) Fully annealed

(600°C, 2h hold,furnace cooling) (1000°C, 2h hold,furnace cooling)

Fig.3.1 Microstructures of pretreated test pieces used for experiments

Table 3.2 Mechanical properties of pretreated test pieces

Pretreating condition (a) Process-annealed (b) Fully annealed
Yield strength (MPa) 456 298
Ultimate tensile strength(MPa) 556 499
Vickers hardness (HVs) 204 141
Total Elongation (%) 19 28




Nominal stress (MPa)

600

N
o
o

200

10

® Process-annealed

® Fully annealed

| x 1 1 1 n | s 1

5 10 15 20 25
Nominal strain (%)

Fig3.2 Stress-strain curves of original test pieces

30



11

3.2 WEMEL - KA 7 =T EER

3.2.1 EhpdEE

WEMES A 7 = F FRPEGE OWME 2 X 33 1R L, X34 IZEBROEELZRT. @
BIMBGLEIEMm L =7 — U A =Bl TR Y, MO FRIE 120mm & 72> T,
RBRAIT=T = ) X —IC ko T, FLE M LOTTRY T2, @EEEOMR
BIXX 35T T LY T, N7 U RAZFIH L CERTITEARELEZ 10V ICRE L. A/
B ONNENELEE X, SRR D A B I EHIE T1T o 7o, AR TOIBNE X
HWEMBICBIT D mEERE L L, ¥4 7= FEBREEIL, X330 LT OHRGA
7y 7 (JEE 40mm, £ S 107mm, BE90mm)iHak S . fiElE, WEY—R T L AL o
TMMZ5. WMEF—R7L20HIIE, o— RFe kB Lz EEonER 7 a v o
(CP DT EICE > THIB ZAT - 72, fFEAMIC LD BRI 2 #AkE 7)1 4.9MPa %
ML LT, £, BMEDZ, BB EMmAET vy 7 OEMIRIES F 0 ITEEBR A OmE]
WIS RIFT DT, 25MPa & 7.4MPa @ 2 DOHTE S50 T T EBR L,

EfRE ) DL MA L.

Load (hydraulic press)

— | N —

Air-cylinder
Test piece

N

Electrode

Steel block

Test piece holder

Insulator = |




12

Upper steel block Air-cylinder

| a/’ l.

Test piece

Thermocouple
P Lower steel block Electrode

Fig.3.4 Experiment device for resistance heating and die-quenching
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Fig.3.6 Experimental procedure
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Fig.3.9 Location of metallographic observation and hardness test

Fig.3.10 Test pieces mounted in resin for texture observation and hardness test
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Fig.3.13 Hydraulic servo press used for tensile test
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Fig. 3.14 Clip gauge
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Fig.4.1 Temperature variation of process-annealed test pieces being resistance-heated to

910°C and die-quenched by various contact pressure
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Fig.4.2 Cooling rate variation of process-annealed test pieces being die-quenched from

910°C by various contact pressure
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910°C by various contact pressure
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Fig.4.5 Stress-strain curves of process-annealed test pieces after die-quenching from
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various heating temperatures
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Fig.4.13 Effect of heating temperature on Vickers hardness
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Fig.4.14 Micro Vickers hardness distribution of process-annealed test

pieces after die-quenching from various heating temperatures
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Fig.4. 16 Stress-strain curves of process-annealed test pieces after die-quenching from

various heating temperatures
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Fig.4.21 Temperature variation of process-annealed test pieces being resistance-

heated to various heating temperature and held for 3s and die-quenched
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