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Abstract

Bake hardenable steel utilizes the phenomenon of strain aging to provide an increase in the yield strength of formed com-
ponents. An increase of the carbon content will improve the bake hardening response: more solutes are available to pin mobile
dislocations and to form the clusters more rapidly. But aging resistance decrease as increasing solute carbon. In order to under-
stand the compatibility between bake hardenability and aging resistance. The optimum solute carbon control methods during
manufacture should be determined. In this paper, the effect of continuous heat cycle conditions such as soaking temperature,
rapid cooling start temperature, cooling rate on BH(Bake Hardenability), Al(Aging Index), YP-EI(Yield Point Elongation) and
other mechanical properties have been investigated. and following results were obtained. In the case of soaking temperature, BH
increases with higher soaking temperature because of NbC dissolution(830°C), Therefore the solute carbon and BH at 850°C and
870°C are higher than these at 810°C. But BH at 870°C is a little lower than that at 850°C owing to the ferrite grain size. The mea-
surement of amount of dissolution C using IFT(Internal Friction Test) can explain the relation of solute carbon and BH.
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Fig. 1. Schematic illustration of continuous annealing heat
cycle.

Table 1. Heat treatment conditions of rapid heating equipment.
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Section Temperature(°C) Conditions
Soaking 810, 830, 850, 870
Soaking time (sec) 60 Atmosphere :10” torr

Rapid cooling start Dew point :-30°C

Temperature 830 Line speed :120 mpm
Rapid cooling ” Cooling gas :10% H,-N,
rate(OC/Sec) Skin pass 0.8~1.2%
Over-aging 460
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Fig. 2. Measuring method for bake-hardenability. (JIS-
G3135,1986)
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Fig. 3. Evaluation method of Al(Aging Index)

Table 2. Chemical composition of the specimen(ppmy).

100°C, 60 min A|EX]2] F ©}A] Q1A §el|A] deiZ]
= 8} dEAN 75% QA Y 35 Aol E Al
XA eE AT 23] THESAIEAIFH 2 ovenel| A
50°C, 3% (=25°C /i) A &A =5 F AR Fel|A
dojA| = HEA dalew Hrlsl= Aot A
2} Al M 878 AlEASAL] 715 2N 1%
£ 718t 5] ARoM Y F A HIM s =
FEY Jrleg Yrislrg E o Folrs 7R R
AlubS o] 8-81e] A|EAFIAS HrsIsH-

2.4 NEEILE 2X

A4 G| 2ol o 7F Wil EAjshs 18
Ao 2 Fig. 4 EA=Z Yehd IFI(Internal
Friction Test, Shinkurico 1500M)S AR&3}led Abdzt
o2 vluslgel A d4 dAE g AjHE 10X
120 mm 7|2 vA71E2 8 Adsle] IFTe] Al3H-E
Aagt AR MEE 200°C7HA 9] -&X0d ¢ el A
100~600 Hz®] Z5F3-2 AHe| 7l8le, 3543
W3e] oA g SA)3lar 289z e A
FH o2 AREsIsH.

3. 48ay 3 ng

3.1. &t d&

Table 2= Ti-Nb &3} Hr}7}e] o4& ogxjz] H A
Aol RS AT Aot & 7ol A8 A&
A9 3L /S, N/O determinator(LECO, CS-
444), ICP (Thermojerral ASH, IRIS)5 & ©]-8-3}¢]

NN S

FreqUency L] | || High voitage
Modulation |— ] unit

Tunner

Vibration Data .
PC
Controller [~ Processor

Fig. 4. Schematic illustration of operating procedure of Internal
Friction Test.

Element C Si Mn P S Cu Ni N O Ti
ppm 31 130 3000 540 46 300 130 10 100 110
Element Nb Cr Al Mo Sn
ppm 130 300 470 50 34
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Fig. 5. Optical microphotographs of annealed Ti-Nb stabilized
steel sheet with various soaking temperature (a) 870°C,
(b) 850°C, (c¢) 830°C and (d) 810°C.
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Fig. 6. The effect of soaking temperature on (a) the mean value
of ferrite grain size of RD, TD, ND (b) yield, tensile
strength and elongation.
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Fig. 7. The effect of soaking temperature on (a) the bake
hardenability and the increase tensile strength (b) the
Aging Index.
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