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Abstract

In an effort to improve the dent resistance of exterior body panels at a reduced steel thickness, the
bake hardenable steels added Ti or Nb with tensile strength of 35Kgf/mm® were investigated. The bake
hardenability increased with the annealing temperature and solute carbon content. Bake hardening of 3

to 5Kgf/mm?® was obtained in steels with a controlled solute carbon concentration range from 6 to 10ppm.

The galvannealing temperature and time had little influence on the bake hardenability. The Fe-Zn allo-
ying reaction of 35Kgf/mm® BH steel was remarkably retarded due to a 0.07%P addition. The optimum
galvannealing temperatures of 35Kgf/mm?BH steel were ranged from 520 to 560 °C in view of the Fe con-
tent and powdering resistance. The cross-section and planar views of the galvannealed coatings to

characterize morphology development were discussed.
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Table. 2. Variables of hot-dip galvannealing experi—

o, 7ol S84 ¥ Table 1o] ek eich ments .
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Taple 1. Chemical composition of specimens used A E Ti-P BH, Nb-P BH, EDDQ
in this study (wt %) 892 4% (%) 15

B%| ¢ | Mo | P s | T | N | N H] 3 gz FFLE(C) | 770~930

T1 |0.0018] 0271 | 0.072 |0.0077 | 0.012 | — | 0.003 EE8 2%(T) 460

T2 0.0027 | 0.268 | 0.070 |0.0083| 0.012 | — | 0.002 =7 A A7 (sec) 3

T3 |0.0034| 0262 | 0.071 |0.0081 | 0.013 | — | 0.002 TF8 AR wt%) AlL10.14, Fe:0.02, Znbalance

T4 [0.0039| 0.964 | 0.075 |0.0095] 0015 | — | 0.002

N1 [ooo22| 0258 | o070 [ooors| ~ | 0018 | 0.002 | Mo/C=094 2. 4. AEASIA WL

N2 [ 00020 | 0.267 | 0.070 [0.0077| — | 0023 | 0002 | Nb/C=102 ruAsge GAdAE & 1%e zAgted

N3 |0.0023| 0.266 | 0.071 [0.0076] — | 0.018 | 0.002 | Nb/C=101 (SPM - skin pass mill) & 2IAJ3F AJo] disiAl,

N4 {00032 | 0.266 | 0.072 [0.0076| — | 0017 | 0.002 | Nb/C=069

eoog] 0.0011 | 0.077 | 0009 | 0.0097 | 0032 | 0012 | ooz | mma JISs 55 &A1H (EdA= 50mm) o2 7t &

2.2, SiAE HA2|AY
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ool
BN

2% 2] prestrain A 28 H FEZ= (flow stress)
9} 2%<] prestraing 170°ColA 2083 AR A
sta thA] ¢l st d& sHEalE Tl mele] 2ol 2

=40,

3 & Hoe
sdom FIFES LFsle] ICP2 EAsigdh
GA 3% #dd Frte dutdes Paix]
IRAE60° FPAIE FuldEo| g FAEe =
F3o| "olAle AR uA 2 A skt
Hety BF 1 BFH0] de getEA] g A
& e, 25 HMNE Y2 FELRE WYL
Ach BEw as Xl e =d Ad
o B9 ¢ Suzde PR Z e dst
it

3.1. Ti-PE7IZe A8As5 A
311 2R nAe nEeae] 9
Fig. 12 Table 1] vebd Ti-PR7F A57 8172
S Yoz AE (830Cx96s) % T3 Hel
(520°C X 168) ¥ & @4 w2 BHHES H7}t



250 gk i 3 8hs] 41349 Al33 2001

8

6r—
EXNs
= /_ﬂ’\'
m

2—.

0 I i 1

1
18 27 35 39
Carbon content (ppm)
Fig. 1. Effect of total carbon content on bake ha-

rdening of Ti-P BH steel (Annealing 830°C X
96s, GA 520C X 158)
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Fig. 3. Transmission electron micrographs of Ti-P BH steels (T2 steel, Annealing 830°C X 96s, GA
520°C x15s) (a) ATIN, (o) B:MnS+TiN,

(c) C: MnS,

(d) TiIC
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Fig. 5. Transmission electron micrographs of Nb-P
BH steels (N2 steel, Annealing 930 X 96s,
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Fig. 6. Effect of annealing temperature on bake ha
rdening for No-P BH steel (N2 steel, GA 560
C X 15s)
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Fig. 11. Cross sections of coating layer after galva-
nnealing at 480°C for 15s (a) EDDQ, (b) Ti-
PBH, (c) No-PBH
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