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Bake Hardenability of Batch Annealed Steel Sheets with Prestrain

& =% g A
Hoon Huh, P. S. Whang

ABSTRACT

Bake hardenability of batch annealed steel sheets is investigated in connection with the
amount of tensile deformation and the bake hardening condition. This study associates with
the method for producing bake hardening materials by means of batch annealing process and

for measuring bake hardenability which is not yet fully established. The experimental result

demonstrates the relationship between strain distribution and bake hardening behavior in various
bake hardening conditions, which provides an essential information for automobile design and
related sheet metal forming in a press shop. The result also shows the bake hardenability of the
tested material increases as the baking temperature is increased from 150°C. The result assures
the bake hardening materials can guarantee reasonably high strength as well as good uniformity
in yield strength for the automobile body by sheet metal forming process.
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Table 2 Temperature and Duration in each
Bake Hardening Case

CASE A B ¢ D |'E F
TEMP°C | 150 | 150 | 200 | 200 | 250 | 280
TIME,min | 14 | 24 | 14 | 24 | 15 | 25

FIGURE | e | oo | Gomm | e | B | s

exE ok 200¢o)ER A9LewE 1507,
200°C, 2509 A7FX A+=2 st +49
AL AR eZFE wE Al F 20%
J Hg st 14ETH UE F HA A
oz gt ol¢ e AgFAFL AT
AR o] =AF Adate TAHE AAFHoE
Fojgly] st AR e m5e TRl
we} 2gewet Aztel tErg A7 3
Sl Watl At oldel stde 7
2o %7t 840°C/hr 2 F7FSHA 42EEA
om Folzl AZtFelE tdz S At
Be] #ASo= ¢F 100°C7tA]  1000°C/hr &
Ewg g Agee= o 1200074 1,200
C/hre] £22 YAHed, 100°C o3l
Me oo AdE oz YAz, o
How ol E THY ZWE 100°C ol
A AEgdael geolvteg 100°C A=7A
N7 T AedA AN IE AL S
Aol 488 R ge=Th

471e] W og A2dATE T AR AR
g sl FELH oy, At AFEH oy,
& AwsSe T 42g FAEAE
2 zH39), olv 71EATA S n, 2E
Bgu ry, 5= 78 F o, HEESA
2 A4 gelx 4 Age T FE
SH ez Ry 71FRRAEY FVHE FA
g 4 dom, APAC 288 Forz 4
Pl A A katsdrh

FE28 gy WS 0.2%NAM e B
Fot 2 71&719 FAR A SH-AFH &N
=7F makste d S FobA Tt ¥,
Aexte] 2ENE FE A4 & A
olAdEs AN gE A HAA
T ooyt 2E—HEE Axe HUYo=y

4 A=En 8 O

AP 37N o] 12FF AHE

6717 A2 2~4935 Palon, 4z A
£ et 37e] AlEE EAI FEZ
=, 3=, F4&
Az, A9ANEE £29A2Ae FJE
ZAEs 29X EgFe] FERAEE ot 1
Axz et ddez2yy el 2
e R (g ed, FEGEE oY
Hgo)] thated, £gA R duEEd &
AgAe Agel e zmAsAT

Fig.3< EAEE AP x| ozt oAl
A agADe] e A EAF AelH,
AAe 249A2E A @%e W FEZD
T2 ©A§ Aot} Fig.3_°_i—‘?*lﬂ AF AT
b dALEst AN oldd Al #}E
A7t @A3 ZMge & 5 Ak 222
AlZke] g A oletd W FEAZEL F
717} 3R ez B3] oujdde] glL wel=
27 AT ol Fold @AY &6
B mgEg ¢ 5 Uuth mEkd #fyol
Aei2 A E7} FolxlE o|d & dod
W Qg exst Az olgelelor TE & F
it A, W] 002 AR-E 250
ce eEZ 2587F 29 F Afol W0l
Qe A9 10% HE A Afo FEGE A

ke

Y STRESS, Nfmm?
BNRENEEEL S

%) 2 3 4 58 7 85D
PRESTRAIN, %
a) 0° to rolling direction
Fig.3 Yield Strength vs. Prestrain in each
Bake Hardening Case



w
1)
t sl
£
2
]
B w0
%:lﬁ
zm
m
-nﬁf:ﬁf

001 2z 3 4 56 7 8 8 10
PRESTRAIN, %
b) 45° to rolling direction

&

-

¥ STAESS, Nimm?
yNZEBEsEdH

e T
01 2 3 4 5 6 7 B § W
PRESTRAIN, %

¢) 90° to rolling direction

o]7} oF 75N/mm*EX A9 &4US
o] g 7texo] 100N/mm?ol] #l3] 25N/
mm’ A= ZFAEe AL g ¢ Uk olHI H
e gtk 45°¢ A= dg dA
35, oF 3ZN/mm’ A=/t F43dte 57
EE ds #FYI S 4 ¢ Uk 7HEF
AAHQ FEAze] Frlais 5718 W3t
o, A& So ddFdel 0°¢] Alge 10
%2 JheAsE Zx 2747 oF 100N/mm?
250°C 2 258719 AdAYds P =7}
oF 45N/mm? 24 =792 7% 200 N/mud
o duldkd ¢F 145N/mm’~7} &7Fs+ 345 N/
mm’7F & & 4 gtk o] FAfode 249
28} Aglel] W2 zelr HATGE &
A,

294855 Y& Fo] WA X ot
ZAE Aol Fig.4elth a¥oAel go] &
dA g Z7hs A9 ¢ 80N/mm’ ol ]
Re x7] FEHE 200N/mm’e Blste] oF
409%9] Frlel Fect, 29BN EE FH
9] FF) wel =1 40N/mmf oA 60N/
mm? AEEZ AT RuFm Jus4Y, 4
£ e A% ON/mm’ & REFsn e

EEETHE&E:/ Vol. 12, No. 1, 1990/ 45

R HE B AfeAM gl 80N/mm’
9] AQAFEE 5718% sivh, I¥HANA R
£ Hiel gol Fol Aol dupAyol
245 A29AZert TR R AAVER
o] utgAIFa #A=7F Ho} FdsixE A
£ A 5 glaH, AAzE ALY T
HE g BEES Tl 2g¥e AT F857
25 A42Y 7 Utk 3 294 EE o
A 45° He o o-& Frlsiy, £71
FEAEE gl 45° Pgo] AWy} JMF ®
ong, AF YA THE @o] s WFg
2 45° Wgko] HA 7pFEiw FEgeA 2
o 22 298 d& T Uth

HEABES3 AR

BHSTRESS, N/mm?

5 o 3

R
PRESTRAIN, %

a) 0° to rolling direction

—

BN AHBRIRE

=]
x

[

BHSTRESS, N/ma@

o ¥
Rl

2 12 3 (567 8 9 mW
PRESTRAIN, %
b) 45° to rolling direction

' )ﬁ

B e sByE IR

BHSTRESS, N/mm?

S a a

[ 2—:75573970
PRESTRAIN, %

¢) 90° to rolling direction

Fig.4 Bake Hardening Strength vs. Prestrain
in each Bake Hardening Case



>I9F R FVMEEE 7 29X E A5

¥z EAISE o] Fig.5olth, o A% Z=
o 42gAe FAd & 24743 xY F7t
Eq ] Aol el A #5E ¢+ deH,
B, c , Bl Aoz ouEe] 2~10
% 8% é W 2gAswe FvF A=t v
%?@r% g At gy GdEEEe] gle
Al 7 At wet 29743 %e] F7)
7857} AR 3 Aol7t v Fol Aol o
T ARAN 2gAE] 2o EFHo FEHS

T & oY, Ed exEs} A7t Wl w

= 7} Ao AT Frte] zolrt ¥e &
F glem, <A Bel A4 co A7}
¥ st Aol Do Aot BEo AT}
S5 A% Tolt}
4]
£z
£e o |
iy :.._:._ 2%_
2ol Cis
£ B 0y
(281
g0
10
0.
“zE‘: N %
o 2%
gm [ 5%
52 B 0
o
-10
L1}
“ém
-]
=
-2 us
1]
qu E?:%
w
5 ol
-0

¢) 90° to rolling direction .

Fig.5 Comparison of Bake Hardening Strength
with respect to Prestrains and Bake
Hordening Cases

e e e e e

S #Ast BY 7 3
A stovt Co A
BT 2QH e T

b 4
ol‘J.Q. Il

° rlr

=
e =
D&l 3%

Aoz, du¥Hol 1—E ol s &g
o Z77t mmshy, dugEel g %ol
= 244 A7) 47‘# 2473357} 2
FA%e @ 4 Atk wed  2aH DN
& o WA S eyl g ves 2
=% F7M1Y 4 A8e A5% > gich o]
A& E, B9 A% Ned A% 29
=5

Fig.69 =HARE 43 B H3x
o F7RFEL AA dHE & Aok A 3

$ol e 2749 =43 2 x}o]-:—;-s: =3

gler}, Bel Aerge AAYAA &7t
HE2EE gd4s 3y & gdoy C D9
Agol = v ZAPAS HEES FHYY

Aol FANAL Aol FA A ehdot,
E, F9] Zols ZHHA 80| opiet 4
Afell = g4rt 491 &S & T3

H, 53 Fo A9l gart 2BIUI =
W n2A HEse A= M A& 4
A A=E 5 Ao =% ol JFe= F
o Z¢e AUy AZE @A Aste TH
e 9A goh, RAFET Zolsk e A,
Bel A$olE geraydEs) 4 Aug
2 2ol 7} ot Fol 7 follis R4o] u)¢
we] g

. oy
e . \\)
o
M P
e

10 pm -

a) Case A

Fig.6 Variation of Microstructyres in Bake
Hardened Steal Sheets



Table 3ol = ?Jrﬁmrgmﬂ 90° cd
SHAE GABRom, 1 o)
of WE ANE Wit o 751
3t AL 2 el s By o ]:Jr
o Aole 7 AlA dae3 Hojdg

Ev‘é = HA7F glond, Ausidoe] #Hxlu &

A7} 2old 48 HYdApEs

AMETBRE/ Vol. 12 No. L 1990/ 47

Table 3 Elongation (95) and Maximum Tensile
Strength(N/mm?) of Bake Hardened
Steel Sheets(90° to rolling direction)

0% 2% 5% | 10%

A 38.8/326) 38.8/327| 38.8/329| 38.8/33
B 38.1/3291 36.3/329} 36.3/331(35.0/341
C 38.8/329|36.3/333| 36.3/335/31.3/346
D 38.8/330| 35.6/337) 33.8/341| 25.0/351
E 38.6/329|35.6/336 | 34.4/344| 23.8/351
F 35.0/329)35.0/34130.0/349| 23.8/357

e Fage & F At 59 m
S AUEe 15% P= Pasht 3
AAAEE 10% Axe Frpsles AL 11—3-_17
ook oldd 4L ¥e YuPwsl
WAARET WAHEE AFFE  HEA)
aTHE DAL WA E Fel§ 54
olgt & # sith,

a A&
7

5. 2 &

o Fu FEelNeE dE8EYEAE 49
AT 72ate] Ayakggo] FAS] = YL, =
= L R °’r+ 1% EA Rl
A2t A ggeln], ol AEa A AHA
o FoE BuF s}ﬂro] Areedael 2
4 ARE T 5 ) e, B =RdM =
el vl A AgatEiele] Sglel Axrbs
B dBEYAY HdFS Aw 29 =
gl distel A3 . Aaigth

HIHoE Az 4% £IH=E 297
3 Zde 2x7t 150°Co A5 250 C7HA
F74ekl wheb 2gAEs) Zrleiet, sk
2G4 ne AdAIgte] F7l MM E F
& T UM ADAFE HYe]
=4 dojus] WEe] ALLE UA
Hod4de B o] dA=RH A
el FEZErt B FYHA He
SleE & T ok ‘
ol 218 Zhe Z7h= 250°C= 25
A0S o Hl 80N/mm? 7} Hof .

~J \.
N
=

% a2 o
2 4
L o o

de 2 o

R B dl f
e o,

[EEOH. 2
Snlr



48/ W 3=

%7] FEZ= 200N/mm’ ¢ #sped o 40
NN FEREE TR T ASES E T
gt olRe Adden 4% FYUALIL
Az A 28743l +EE RAE
oh, AR AEAIS] BT MP LS S%E )
Fotn EFAGANE o 2] FEAE=
200N/mm* =8E 7134 el o) <F BN/
mm® @733 &3 o 55N/mm’ 7+ Sk
e HF FEZE 330N/mm’Y ¥ ZE
7 ARE 94 5 Utk
B AgadA 78 2954 348 #EHde
AgE A%EIAE 29Awe] 24547
A9 FAFStATh wEtd, 497z e
AR AA QAN = B AP T &
g7 xd g A5E FusiE A9 =
FadFAA 2 B2 AR HAF FEF
w9l A& =&e] 9 ARelth

& 1 & #

1. Evancho,, JW. and Kaufman, J.G., New
6XXX-Series Alloys for Auto Body Sheet,
SAE Paper 770307 (1977)

2. Krupitzer, R.P. et al, Progress in HSLA
Steels in Automotive Applications, SAE
Paper 770162 (1977)

3. Goodman, S.R. and Mould, P.R., High-
Strength Steel Sheets for Automobile
Body Panels, SAE Paper 790168 (1979)

4. Mantey, H.HL. and Burton, F.T., Dual
Phase Steel Production Bumpers, SAE
Paper 790281 .(1979)

5. Meers, U, Van De Walle, A, and Ver-
hoeven, G., Bake Hardenability of Con-
tinuously Annealed Steel Sheet, Ausein-
andersetzung in Leuven (KUL) (1985)

6. Litzke, H. and Miuller, R., Das Bake-
Hardening-Potential von in Hauben Geg-
luhtem, Kaltgewalztem Feinblech, IDDRG

10.

11.

12.

13.

14.

15.

16.

. Bleck, W., Junius,

14th Biennial Congress (1986)

Bleck, W. et. al, Hoherfestes Kaltgewalztes
Feinblech aus Phosphorlegierten Stihlen
und aus Stdhlen mit Dualphasengefige,
Stahl u. Eisen 106 Nr. 25-26 pp.1381-
1398 (1986)

. Renard, L. and Beco, F., Bake Hardening

Measurement, IDDRG Working Group
Meetings (1987)

H.T., Miischenborn
W., and Schlaphof W. Comparison of
Batch and Continuously Anneled Bake-
hardening Steels, IDDRG Working Group
Meetings (1987)

Drewes, E.J., New Steels for Body Sheet
Application, IDDRG Working Group Meet-
ings (1987)

Wollrab, P.M. and Streidl, M., Moglich-
keiten und Grenzen des Finsatzes Hoher-
fester Stahlbleche im Automobilbau, Stahl
u. Eisen 107 Nr. 4 pp.165-168 (1987)
Drewes, E.J., Bersch, B., and Meuthen,
B., Anwendungstechnische Entwicklungen
fur Kaltgewalzte und Oberflichenveredelte
Flacherzeugnisse bei der Hoesch Stahl AG,
Stahl u. Eisen 108 Nr. 4 pp.153-159
(1988)

Drewes, E.J. and Engl, B., Contingegliihte
Héherfeste Stahlsorten fiir Feinbleche,
Stahl u. Eigen 108 Nr. 21, pp.987994
(1988)

Drewes, E.JJ. and Engl, B., Metallurgy of
Thin Sheets, ATA Events technical paper,
Turin, Italy (1988) _

Okamoto, A., Takahashi, M. and Hino, T.,
Development of Bake-Hardenable Al-killed
Steel Sheet by Box-annealing Process,
Trans. ISIJ. Vol.21, pp.802-811 (1981)
Hoesch Stahl AG Lieferprogramm.



