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A Study on the Improvement of Formability of Automobile Body Sheet
Soon-Kyung Kim' + Seung-Soo Lee™ - Eon-Chan Jeon™

Abstract
Development on the mechanical properties of steel sheet for the automobile body panel is very
important in the BAF(Batch annealing furnace) annealing process. Because of the heat treatment
method in the BAF, mechanical properties was decided on the heat treatment method of the coil. So,
we tested on the development of mechanical properties according to heat treatment method at the
annealing furnace using the Ax atmospheric gas and the HNx atmospheric gas. As a result of

several investigations. We confirmed the following characteristics ; mechanical properties

was

changed under the influence of the annealing cycle, the heat treatment method and the atmospheric
gas. And, elongation in the HNx BAF was better than the Ax BAF. Finally, most important thing
in the BAF is using of proper annealing cycle in order to get a good quality.
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Table 1 Physical properties of hydrogen and
nitrogen. (at 250K).

Items H; (a) Nz (b) a/b
Thermal conductivity
(W/m.K) 0.157 0.0222 7

Viscosity (N - s/m2) | 7.89 x 10° |1549 x 10°] 1/2
Diffusion coefficient 814 x 10 11148 x 10| 7

{m2/s)
Density (kg/m3) 0.097 1.348 1/14
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(a) Radial thermal conductivity (¢) Ar/Asin hydrogen

Fig. 1 Heat transfer mechanism of coil
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A, ! inlet area of the diffuser, Az outlet area of
the diffuser, A : heat transfer area of coils, Cp; :
specific of the gas, D: diameter of the gas flow,
h: heat transfer coefficient, k: thermal conductivity
of coils, Pr! Prandtle number, Pi: inlet pressure of
the diffuser, P2 : outlet pressure of the diffuser,
Q : heat transfered, Re : Reynolds number, Ts
outer surface temperature of the coils, Tg: gas
temperature, V: gas velocity, po: density of the

gas, wu:'viscosity of the gas, 7 :pressure efficiency
of the diffuser
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Table 2 Chemical compositions of specimen(wt.%)

Material C Si Mn Al Cu
SAE | 0050 | 0009 | 0250 | 0010 | 0.010
1008 . . . . .
SAE _ _ _
1006 0.04 0.21

Table 3 Mechanical properties of specimen
Tensile ;
Material | Strength H(gdgt)ess El(();g)atnon
(N/nrr) R °
SAEL1008 357 53.0 42
SAE1006 207 43.0 33
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Fig. 2 Schematic diagram of annealer
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Fig. 4 Relation between annealing cycle time
and temperature in the Hx BAF.
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Fig. 5 Relation between annealing cycle time

and temperature in the HNx BAF.

olgt & ZAFAE AHERYE stdeNE A(2)4dA
ket go] #2471 did vt EAGAFI
i (DA o] F3Fo] By WEd AEF

-103-



o] WolA AFE AHgAzte] ZAEHM, Fig. 59 2]
Wzt = w9l HNx BAFET 4349 H,
BAF7} w27 Wzhsly) wjEojck®?

4.2 CQ ##e 7144 44 v

It oz 71 ol A&+ CQ(Commercial
Quality) Z#e HHfoz F2 ALxrz Y
Aol AA 2F5HA %A T DDQ(Deep Drawing
Quality) Z#e UREE AT A¥Yrtso] a71H=
AFol F2 ALE B3 A xAH e HEEFES
U5 ole} e Aol o) HFrtFo] o)FoA
o2 7 Ax, AZAAE agx AegH #S

N N
AR dAo]l e Fasir
U pza. HNx BAF n : 100
50 [7]: He BAF Sh 3.4
= o8 48.1 4576
- . 47, o
E o N r‘s b
Z ae}- P | } i ‘
é P i i 0 44;5 |
A ‘ | :
El 427 1 apg| | /
42 ! .
| % ] \
4 A
40 0.8 10 1.2 14

Thickness (mm)

Fig. 6 Relation between thickness and
hardness on the CQ

Fig. 62 HNx BAF$ H: BAFA €323 CQ
2o A=E Ueld Ae2 Ax £917] 7h&ddA
F&3A Agd ZRe B=r A FAC EAA
=4 dEebsth o9t e AL AZHA] o] F9
AHA WAl Feho] 2FHo] FHHAA & FE
A AAol AFHA ot mAT =9 HEIH
FEEy] gEolgi s

361

:E‘ V7. HNx BAF n: 100
£ 35} [J: Hz BAF SD: 1.0
~
]
< 3}
e
S a3t 32.7
[
% 32| 32.2
« 37
7
S 31f
2]
30

Thickness mm)
Fig. 7 Relation between thickness and
tensile strength on the CQ

-104-

Fig. 791X & CQ Z#9 AZZ2=E YEtd Zi&
2 9q7|M= ZE9 upi7lA2 Hp BAFAA &
AE CQ 7Y ARAEI AvtHez A HL
Bwtrh ol 22 @4 24 A& 4% JA=
A FEs A=Y FiHdsId dEY R
2 woddd a8y 434 AHAY dF%E v
A& A& Fig. 89AM HEenkst 2ol Fxy ¢
AEske dtdiel @de] YEhY HNxE$7) 7k
oM Aol Fd AHA B HIAHo] ¢+

e & 4 Atk ARYATL FREA ARAAHW
Qi gol A AHF) Lo|BUAATY, BH
o] xulgxo] FEH A4l Stretcher-strain &4
o] HAE JhgAdo] glern® AHGG AP =
o] wj¢ F Qs

o2 V7 HNx BAF n: 100

50 [ "T3: H2 BAF SD ;13

48|

46t 45.3

Elongation(%)

443 44.1
4 43.2
42.3
421
40
hickness (mm)

Fig. 8 Relatlon between thickness and
elongation on the CQ

mebd BAF oAt PRUE Hede WEHE
FEA Hotstel AeE T A4S LS 2R
7o) o] Fo A A shefof wrh,

4.3 CQAHR 71AAH 429 X

100
1 :HNx BAF(0:3.3,2:42.8)

80} o H2 BAF(0:3.1,7:481)
= - (t=1.0)
= B0
o s
I
s 40’»
ST

2o} /XQ\;

| [

Q
38 40 42 44 46 4B 50 52 b4
Hardness(HRB)

Fig. 9 Relation between thickness and
hardness

Fig. 9% 9% F49 Z#E& Fa: 2L Uy



o2 gXYdy HAxe EIXE Jgd Holth
HNx ¢ A$E ZE(HgB)Y X7 3994 439 ¢
ol 714 A9 He ¢ A$E 47~51A1017} 7H %

2e H/HE&E Uit
100
] 0 :BNx BAF(0:0.9,1:32.0)
80} 0 :H2 BAF(6:10.7:33.2)
o - (1=1.0)
3
= 60}
E i
= 40}
[
oy i
20}
f Sy

0% 31 32 33 34 o5 36 37
Tensile strength(Kg/mm® )

Fig. 10 Relation between thickness and
tensile strength

Fig. 10914 Fig. 95 nhartae 943 =9 &
g Yehiid. 9714 BAFS FFe BALel
2¥sh Ao 9ARE ¢ & Aok weM ARPE

o) A$E 97 shzol AP wEs A glem
2 2% Aole $£30 A "ax gt Ae=
g E—?‘f] 2l (2), (B)AA Beute) Zo] 2%
o A7t 2; FFAL F5FE ALdFol B ¢4
TR ¥ } WEe Eds =
100
O HNx BAF(0:1.3.7:44.0)
80} o .HZ2 BAF(p:1.2,7:42.3)
— L (t=1.0)
£ 6ot
5 L
© 40
& L
20}

O 1 I e 1 L
38 39 40 41 42 43 44 45
Elongation(%)

Fig. 11 Relation between thickness and

elongation

Fig. 11& |Alg9 ¥W3E Yed o2, HNx
o ALE AFEXG /MgAT AxvbAd HlE o
ByostA AAH S B ded o9 22
Hates 7#d3 dA AJFo] o|FAARA &L AL
Azech gy £ AJEol ol AT
Ao gAgge]l ¥ HNx 7F2E 9871 89

-105-

o o3l FQE FHYo] o]BojX R Y RER
o8 T dEA vtk BFAEA stde] Hof w
B33t A540 AdojAs Aoz AAE

4. 4 DDQ7Z%e 71AH 44 vx

DDQ(Deep Drawing Quality)d &< F2 Ay}t
28 Moz ALHEE CQAABY 5% Ay
do] a7d.

“°F 273 HNx BAF n 30
46} [ H2 BAF SD: 20
44.4
asl '
|
EQV \ | = 4141
40| 40 !
{39
38| 1
3 0.8 1.0 12

Thickness (mm)

Fig. 12 Relation between thickness and

hardness

Fig. 125 DDQZ %Y A& YEd HLe2 Ax

971 7t2=HAA
BE7E FAL FHE

TF&8A

Aed DDQ Z%)
ABANE A AT T

A9 Z7tel wet ol =A Yebgoh

w
(%]

L2
N

31

30

29

28

Tensile strength{kg/mm?®)

27

Fig.

Fig. 1394 &

7777 HNx BAF n : 30
- ] H2 BAF SD: 0.8
31 31
- i 30.6 30.6
‘ 305
B 30“1 30302
i 1 |
|
- | !
, i
l %_] |
0.8 10 1.2 1.4

Thickness (mm)

13 Relation between thickness and

tensile strength

DDQZ#e AAFEE VER A

02X Az vtA7tAE Hp BAFAA A& A
g 9o ARAEs Avtxez Z g JENd
o oleh Fe S CQEUIH L dYez A
Zrgth



777): HNx BAF n: 30
50F [J: He BAF Sh 12
48~ 48.4 47247
- 46.2
:} 46} 45.6 45.5 45.9
= 44.2
aql
a2k !
an
40
0.8 1.0 12 W

Thickness (mm)
Fig. 14 Relation between thickness and
elongation

Fig. 149X AE7HFAA 718 83
el d41€S Jetd Aoz A FACA Hy BAF
A dxg DDQ Aol ANz ¥e &
Uehllz Qoo A& F4E HiME &F
AlolE& £Ho| oty Atz dch

4.5 DDQ 7% 71AA 449 &%

Fig. 15% Y% F74< DDQ Z#<& FYwie
2 98y dxgsty Fxe BIXE UEhd o
th. 2¥olA B AF Zo] HNx BAF® H: BAF
o] AX(HsB)Y EXE dAdoez FAS AFS

YEbd S & & vk AdrA oz FEE 40~46 Al
olof 717 ®o] X U
100
[ o :HNx BAF(0:3.0.7:41.0)
80} o :H2 BAF(6:2.9.7.40.0)
. s (t=1.0)
® gof
=
= |
¢ a0}
g f A
20t LA AN
= . > ’ \\
0 " I \$ > )
36 38 40 42 44 46 48 50 5H2
Hardness{HRB)
Fig. 15 Relation between thickness and
hardness

Fig. 162 Fig. 159 w37t 2 QPR =e X
E Jed Aoz CQ A#e AH$9e= g njAs
Auk M2 Aol EXE Ygz Yo AR AT
9o B¥ WE 298kg/mm’~316kg/mm’ uiA

-106 -

Hslgte & = AT g 2l N2 FAEY
Hzte] Aol £y WEd &E AtolE9 3
o] gty Azd.

100
i o :HNx BAF(c:1.0.z:30.2)
80+ o :H2 BAF(6:0.8,%:30.0 )
— | (t=1.0)
32
= 60}
=t
o 5
£ 40
E |
o |
B —
20t P ~_
v B
7z

0 ‘ L ‘ X
286 292 298 304 310 316 R2 328
Tensile strength(Kg/mm?*)

Fig. 16 Relation between thickness and
tensile strength

100
5 0 :HNx BAF(0:1.3.7:48.2)
0 :H2 BAF(0:1.3,7:44.7)
80 (t=1.0)
© 60}
= L
& 40t
C
j
©
a,

O I " & L i
440 446 452 458 464 470 476 482
Elongation(%)

Fig. 17 Relation between thickness and
elongation

Fig. 16& Fig. 159 nl3/xz2 AR5 e] 23X
\%EM Aoz CQ #Be Fsde 2 vAs
M2 Aoldt BXE Yehdx Uoh IF A=

ﬂ% 29.8kg/mm’~31.6kg/mm’ Hell A
F AMh @ Ze N2 fAE
1 £30387] fEo 2§ Aol 3

o Azt

DDQ duel 54 F Mg Fa¥ dUEL Fig
17904 BE vhe} o] 446%~476%°] T2 ¥
Hol Jom mid zoje oy ME {FAG A
g vede 2+ Atk

r+r
e

_,rﬁ.rﬁ.ie,_.m\m
b ok
o ot
‘,doﬂ.mlo
-EOS‘JMUE

mE

5. 2 &
48E T3 71AF 4Ae MEE Hn AFE
243 g5 22 488 AU



1) &FAYAAN FA7A7F 96%U HNx BAF7}
AEdEgo] BAA ®A7] 7129 75%7F 49 He
BAF7} A4t o) 714 a3 3ol

BAFE R4 7|44 A43A& vlusird Hy BAF
o] AS AAHol SHEA o]Fojx| x| o} HubH
22 Ailgo] EoAS & F Utk

2) CQ 29 ARAE £EE HAZ FAE 4
< YeEtWAIY, BxE Ax7b Eob 484 g
. EAEE B2 HNx7F 57 "E 7HE Aol

o
tha

L1

3 4
A}

oL

H& ZHQ DDQ ¥y A= CQe A9

%S JeEEZ, &5 A4 F A=A )
' Ax BAF9 FHAZ L2EAOIEFE o] A
I #wgdd

&

P
2
&

4o o

£

ZF 1 & 3

1. Mizikar, R. A., and Bresky, N.P.; Improved
Quality and Productivity from Batch Annealing,
American Iron and Steel Institute Regional
Technical Meeting, Nov. 9, pp.125-127, 1972

2. Perrin, A. R., Guthrie, R, and Stonehill, B,
The Process Technology of Batch Annealing, Iron
and Steel Maker, Oct., p28, 1988

J.FEEFREER, ZTEX, EHEH BFERT 100%
KEEN R & REBR, EXEB, vold4, ppbl-52,
1992

4. Heribert L.; The HICON/H2 bell Annealer of
1989, Iron and Steel Engineer, March, p.43, 1990
5.Heribert L., Annealing Cold Rolled Strip in
Hi-Con./H2 Bell Annealer, Iron and Steel
Engineer, vol 4, p.46, 1988

6.Rao. T.R.S, Barth.G.J, Miller.JR ; Computer
Model Prediction of Heating, Soaking and Cooling
Times in Batch Coil Annealing, Iron and Steel
Engineer, Semp., pp.22-31, 1983

7. 5@ ¥, /NEZE , Tight coil Bt EEBRET &
ZofER, B, 52933%, p.8l, 1978

8 AAX, A&7 ; “HNxEH7] 7t FoA BAF
2FEA TP LxNgd #E A7, dEsIAG

3] =83, A8, A5%, pp. 1227-1234, 1994

9. 1A%, A7 5 “I5%T2 BAFAEZd A9 &
TRiglel] @3 A7, FFADITE3IN A, A114E, A
2%, pp. 173-181, 1994

-107-



