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Effects of Continuous Annealing Conditions on Mechanical
Properties of Drawing Quality High Strength Steel Sheet

Osamu AKISUE, Teruaki YAMADA, Shigeru UEDA, and Kikuo TAKASHINA

Synopsis:

Effects of continucus annealing conditions on mechanical properties of drawing quality high strength
stecl sheet were studied using the continuous annealing heat cycle simulator which had been developed

by the authors.

Continuous annealing conditions which were studied arc as follows:

(1) Cooling rate before over aging.

(accelerated cooling) method and W.Q (water quenching) method.

(2) Starting temperature of cooling in the cases of AcC

(3) End temperature of cooling

in the case of AcC method. At the same time, changes of the amount of carbon in solution and
carbide precipitation during heat treatments were studied.

As a result of this study, it was made clear that the most desirable heat cycle for drawing quality
and non aging high strength steel sheet consisted of slow’ coolmg of about 7°C/s from soaking tem-
perature to 675°C, accelerated cooling of about 100°C/s from 675°C to 400°C and over aging at 400°C.
In this annealing condition, most of the fine carbides precipitated on grain boundaries and the amount
of carbon in solution decreased in short over aging time.
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Fig. 2. Effect of cooling rate on the amount of

cooling rate. The cooling rate is from 3 to carbon in solution. Over aging condition is
200°C/s. 400°Cx 120 s.
Table 1. Chemistry and hot rolling conditions of steel.
Chemistry (95) Hot rolling conditions
C Mn P S sol. Al T N Finishing temperature  Coiling temperature Thickness of hot band
(4% (°C) (mm)
0.034 0.14 0.052 0.005 0.060 0.0019 875 735 3.5
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Photo. 1. Effect of cooling rate on carbide precipitation,
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Fig. 3. Effects of cooling rate on the mechanical

properties after aging of 100°Cx1h. Over
aging condition is 400°C x 120 s,

(AR EE) 250  BOAME L Te D RIR AU e B .
HEEEN 100°C/s wie s LHERE BIRE) 128
<A KREL LD, LrhdRBREBRTI el
B IR MR AR DD .

3. —RBTHEBEEORE

TR SRR A et X o TS s i —
KSAEE % 100°C/s Fiigic 35 = LoBEO CEET
BB EDNREFE T2, AECRERERLLTD
KRG & B8 DI (water quenching method, [
T W.Q ¥) &% 100°C/s o @B FBT5 Hk
{accelerated cooling method, [AIF AcC B) 041
DWT, TN EhO—RBEFAETRE OEBCoWTil
~5.

31 EEAE

EEut Table 1 iR LAcBJERK % 0.80 mm 12%5(H)
EIEL, thic Fig. 4 WR$BOESE Lk
7c.

W. Q Hiie U — k& DR SIRE 2 8M iR E ©
H%H H00°C CRAREHBE L AcC it T, 850
°C o BHREL L —RIBBRE (Tq) ¥ ToOM
1 7°C/s TIHRE LE D BT Kpd#Eds X O° 100°C/s
THHE L. A%BBIARE R 850°C 75 400°C ¥ Co
T < DIREXBAL. W.Q HOBEAIL Tq 5
KB ID>T 30°CETEBL, TORET SsBFL
7ot 20°C/s o HE T 400°C F ¢ HMBLT 60s
BEFLH B A L. AcC BEOHAR 400°Cin s ok
SREHEL, T0% 5T 120s OBRFEHAE S L
7o. B ohiciREoEBRER, RILWOFTHIRE, 1.0
% DFBEEIE L 100°C T 1 h O R:ZhER % ORI
BYRAE L —RBGHBRREOKEL R
3.2 RBERELUER

Fig. 5 & W.Q 3#3 X0 AcC B CoRBRBRERIC
BiET— k2GR EDOHEYRT. AcC EoBs
WRIHBREE D B 675°C ¥ ¢ 7°C/s THRE L, FORE
7y b 100°C/s T 400°C # CE&% L CGERFAEY T 5

850°C X d0sec To (400~-850C)

e
= AcC (100C /sec)
a
o / .
o " 400C X 120sec
£ I
P wa i 1o
g L—4—400C X 60sec
% Cd
Time

Fig. 4. Heat cycles for study on the effects of
the starting temperature (Tgq) of cooling.

— 264 —



MTAEEANSERNROMECRET EREMEFORE 1391

|
.30
£ B (N
\% ! S AcC Method
\
e 20 \
f:_ i I \>
3 W.Q Method
\ J
= [N | o~
= 10 -4 Lo—)/
o o ¥a__o | —e-
£
]
O
0 i 1

400 500 600 700 800

Starting temperature of cooling (C)

Fig. 5. Effect of the starting temperature (7gq)
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