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Development of Extra-Deep Drawing Cold-Rolled Sheet Steels for Integrated Parts
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Synopsis :

To develop extra-deep drawing (EDDQ) cold-rolled sheet steels for integrated
automobile parts, effects of steel chemistry and processing conditions on the mechanical
properties of extra-low C steels have been investigated. Strong carbide-forming
elements such as Ti and Nb are necessary to stabilize C even in 20-ppm C steels.
Ti-bearing steel has superior ductility and drawability to Nb-bearing steel since grain
growth at recrystallization is faster in Ti-added steel than in Nb-added steel due to the
difference in the precipitate dispersion. A small amount of Nb addition to Ti-stabilized
steel is effective in decreasing the planar anisotropy of mechanical properties. High
temperature continuous annealing (850-880°C) and low reduction temper-rolling (about
0.5%) with the use of the Ti and Nb co-addition steels have provided new products with
an excellent mechanical property superior to the mechanical property of a conventional
EDDQ steel. These products have been used for complicated and enlarged automobile

parts such as a side outer panel and an oil pan.
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Synopsis:

To develop extra-deep drawing (EDDQ) cold-rolled sheet steels
for integrated automobile parts, effects of steel chemistry and
processing conditions on the mechanical properties of extra-low
C steels have been investigated. Strong carbide-forming elements
such as Ti and Nb are necessary to stabilize C even in 20-ppm
C steels. Ti-bearing steel has superior ductility and drawability
to Nb-bearing steel since grain growth at recrystallization is faster
in Ti-added steel than in Nb-added steel due to the difference in
the precipitate dispersion. A small amount of Nb addition to
Ti-stabilized steel 1s effective in decreasing the planar anisotropy
of mechanical properties. High temperature continuous annealing
(850-880°C) and low reduction temper-rolling {about 0.5%) with
the use of the Ti and Nb eo-addition steels have provided new
products with an excellent mechanical property superior to the
mechanical property of a conventional EDDQ steel. These pro-
ducts have been used for complicated and enlarged automobile

parts such as a side outer panel and an oil pan.
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Fig. 1 Elffect of C content on mechanical properties of anneal-

ed sheet steels with no alloying elements (Annealing
temperature: 830°C)
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Table 1 Chemical compositions of steels used

S Ti Ti*(at.2%) Nb  Nb (at.9)
(ppm)  (wt.%) C {at.%) (wt.%) C (at.%)

F a2 — — — —

T 24 0.045 1.8 - —

N 29 - — 0.065 3.8
TN1 20 0.030 2.4 0.004 —
TN2 21 0.026 2.0 0.006 —
TN3 24 0.028 2.0 0.007 —
TN4 18 0.029 2.8 0.016 —
TN5 18 0.029 2.8 0.031 —

* Si 0.0, Mn 0.1, P 0.01, §0.005, N 0.002, Al 0.04
(wt.%)
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Fig. 2 Comparison of mechanical properties between Ti- (steel
T) and Nb-bearing (steel N} sheet steels
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Fig. 3 Effect of steel chemistry on finishing temperature of
recrystallization, Ty (steels F, T, and N}
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Photo 1 Transmission electron micrographs of (a) Ti- {steel
T) and (b) Nb-bearing (steel N) hot bands
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Fig. 4 Distribution of precipitate diameter of Ti- (steel T)
and Nb-bearing {steel N) hot bands
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Fig. 5 Effect of Nb addition to Ti-based sheet steels on planar
anisotropy of elongation and #-value (steels T and TN1
to TIN5, annealing temperature 850°C)

Photo 2 Optical micrographs of (a) Ti-bearing {steel T) and
(b} Ti-Nb co-added {steel TN3} hot bands

Table 2 Comparison of recrystallization temperature and
mechanical properties hetween Ti, Nb, and Ti-Nb
steels

. Ti-Nb
Ti Nb (Ti>Nb)
Recrystallization :
temperature Low High Low
Mechanical properties Excellent Good Excellent
Planar anisotropy of
mechanical properties Large Small Small
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Fig. 6 = Ti-Nb &N 4 ERIE (Ti=0.03%, Nbg0.00E%)
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Fig. 6 Effect of C content on elongation of continuously an-
nealed sheet steels (Ti0.028 wt.9%, Nb 0.008 wt, %,
annealing temperature 850°C)
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Fig. 7 Effect of Ti content on #-value of continuausly anneal-
ed sheet steels (C+N 0,0045 wt.%, Nb 0.003 wt.9%,
annealing temperature 880°C)
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Fig. 8 Effect of continuous annealing temperature on elonga-
tion and r-value
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Fig. 9 Effect of temper-rolling reduction on elongation and
yield strength of continuously annealed sheet steels (C
0.0025 wt. %, Ti 0.030wt.%, Nb 0.006 wt.%, anneal-
ing temperature 850°C)
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Table 3 Manufacturing conditions and mechanical progerties of newly developed EDDQ steels

Chemical Composition Annealing | Temper-R. ¥s s - ]
Steel Type c Ti Nb temp. reduction dr
(ppm)  (Wt.%)  (wl.%) "0 (%) (kgf/mm?®) (kgf/mm?) (%)
High ductility (0.7 mm) 18 0.026 0.008 850 0.5 13.2 27.8 55 2.15 0.43
High drawability (1.2 mm) 23 0.067 0.003 880 0.5 14.2 27.5 55 2.50 0.36
Conventicnal EDDQ (0.7 mm) 14.9 29.2 52 2.10 0.56
A, BEIMRIETEET A v FOEE D B E HEEHHY 30°C {2 - 7o

Ashtws,

5 % B

— R AR D S ERFOMEY E® E LT, Ti NbiE
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AR SR BRI L e, SO El, » {1 Ti g
MEDE R T e, T, I 800°C LU o KR e
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(2} Tigmsix Nb s & 0 & 8EHZ T 50nm LIF o i
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BROXE <2l RS T35,
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CHEBELBROF A LA v R oS CEE SR T3,
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