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Relationships between the Brittle Fracture Behavior of Deep-drawn Cups

and Deformation Texture and Facet Unit

Masatoshi Supo, Tsuguaki OKI and Zenichi SHIBATA

Synopsis : :

1) The cleavage fracture can occur along the deep drawing axis of a cup which is deep drawn from a hot-
rolled or cold-rolled steel blank. This cleavage fracture can be principally explained to be brought about

with the increase in (200) pole density on the fracture surface.

The work hardening and circumferential

tensile residual stress can cause brittle fracture, but can not explain the whole fracture behavior.

2) The reduction in the brittle fracture due to the increase in r value of blank sheet and additional iron-
ing process can be caused by decreasing the (200) pole density on the fracture surfaces.

3) The decrease in cleavage fracture unit {d,.) which is closely related to the toughness, is in linear rela-
tionship with the decrease in the (200) pole density and grain size on the fracture surfaces.
Key words : steel sheet; deep-drawn cup; cleavage fracture; cleavage fracture unit; r-value; grain size;

(200) pole density ; circumferential residual stress.
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Table 1. Chemical compositions of steels investi-
gated (wt% ).

Steel C Mn Si P S Al 0 N
AK-1~4 1 0.05 0.34 0.02 0.010 0.014 0.048 — —
HR-1 0.12  0.41 <0.05 0.005 0.010 — —
HR-2 0.052 0.30 0.005 0.014 0.028 0.004 — 0.0041
A 0.04 0.40 — 0.086 — 005 — —
B 0.04 0.40 0.25 0.085 — 0.05 — —

Table 2. Mechanical properties of steels investi-
gated.

Ys TS El = Grain size
Steel | (MPa) (MPa) (%) 4 Ar (um)
AK-1 164.1 295.2 43.7 1.49 0.35 8.2
AK-2 211.3 313.2 42.8 1.08 0.19 5.3
AK-3 166.7 296.5 43.3 1.11 0.16 7.4
AK-4 193.0 298.9 32.8 0.62 0.15 7.8
HR-1 276.5 374.6 38.2 — - —

Test Piece Section

R.D.=Rolling Direction T.D.=Transverse Direction
Fig. 1. Definition of test pieces for tensile test
and for Charpy V-notch impact test (A, B, C, D)
and sections observed (a, b, ¢, d) of a deep-drawn
cup.
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Fig. 2. Relationship between deep drawing ratio
and Charpy V-notch impact values (JIS No. 4 test
piece, thickness=2.5mm). (The steel investigated

is HR-1)
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Fig. 3. Relationship between deep drawing ratio
and tensile properties. (The steel investigated is
HR-1)
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Fig. 4. Effect of deep drawing ratio on the de-
formation texture formation and grain anisotropy of
deep-drawn cups. (The steel investigated is HR-1)
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Fig. 6. Relationship between fracture transition
temperature (test piece C) and (200) pole density
(Lz00)) obtained on section c. (The steel investi-
gated is HR-1)

D.D.=Drawing Direction C.D.=Circumferential Direction R.D.=Rolling Direction
Fig. 5. (200) pole figures of a deep-drawn cup measured on section ¢ (a)), section a (b)), and

cup wall (¢)). (D.R.=2.6, steel : HR-1)

— 119 —



628 & & 8 % 784 (1992) £4 5

SR, MEEINFSAE (WA c) DEGHBB LU E
RERF N ORRIC TR I N TSI IR S 7z,
AEER CIlZBI 5 BRIRE L W c (28115 (200) &
B (Liz00) & PDEHRE KD S & Fig 6 ICRT &
12, ILisg) P TII2>NCEBIMEE 3 BB Eim )i
BITLTWwA, REDEE L DZALIRE—MEH
D7, WEOEER Fig. 6 L& s Twa g
hbH FIT, BREREELWE cIIB75 Ly &
FE (d) EoMHBEERRNEZ KRS, 213D
Ii200) DENED A THBTE BREEIES LI

312 L ZTEMNLEE & MEEINFEAIREE & DORItR

BICBOTHENERBREE L LTERLEOBEEYK
H, LITERIN26% #2825 EBREBEIAMICET
TAHIE, ZLCHAFMEIREBRE I B L 05 (4

-100

110

Transition Temperature (°C)

-120 -
/

! ! | !
0.8 1.0 1.2 1.4

| (200)

Fig. 7. Relationship between brittle fracture tran-
sition temperature and 200, obtained on section c.
(Effect of ironing ratio)
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Fig. 8. Relationship between brittle fracture temperature and 7 value a) and grain size b) of blank sheets.

(The steels investigated are AK-1~4)

—120—



RO TR 0 AR OB & ERE GBS X OB AT & D BIR

629

QO Brittle fracture percent 0%

@ Brittle fracture percent 100%

Fig. 9. Relationship between brittle

fracture temperature and Igg0) a)
and Ig00y X do (grain size) b)
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Table 3. (200) pole intensities of the blank sheets
and those in the section c of the deep drawn cups.
Steel
Sample
AK-1 AK-2 AK-3 AK-4
Blank 0.49 1.04 0.84 2.60
Drawn cup 1.09 1.23 1.31 1.47

| ¢zo0> X do

FICH L AK-1 0 & R AKIRMNICF R TV % 017 5T
bH1OTHALEHRBTHI L LUETHL. £ T,
F— S BHERRTH 575, BENIREAEL ZVIRE (X
FQO) & r B LUHEEOMHBEERD . BEOH
Su@onohsmelEEEgonsesr o7 (R2 =
0.697).

y1=—24.32x1+5.94x2~117.8 .................. (2)
T oy BRIEE, n:THE xn:d Th.

Fig. 9 1O T L ICEBIRE LBIE ¢ 123875 L0
&, &5 Lo & do & DFE L DI H BIF 72 AHE]
RMR R b oS, RETEETAH 2 LXK )HEE
BhARES N LEE 2V,

FWD Lipoo) & BEWITH ¢ (ICBIFB Loy & O BIFR
PHRANDE, FTWD Ligoo) DS/hEWVITE, Wi ¢ TO
Iiso0) 13/NE & % BAEIMICH B (Table3). Tabb,
EWOB rfELAHBES R EoOm LB THLEH
12, FAWD Lp00) /D E VT ERIE ¢ I2B1T 5 Lig00) #*
NEL B Tk, BXUBEHOMEN MG RERISTO
ERHEDICE DD D TH A, MRALOZHRIFERZRA I
FHi s N, REBRICBWTS Fig. 8 8L 0(2)RUIR
T I —RERICH IR L.

3-2 WBhRERE LWEBLORF

~EPRIE T, FIFFR—o {100f ~EBAHEEAT

BEMT x4 VRE, Fo3BEEA (d) OKREE

10 obtained on section c. ( The steels in-
vestigated are AK-1~4)

(37.5)
[ I
~~Q,
30+ \\\
25 - \
F.U.
- O dca °
g @ dcb
S w0} \\
- [ ]
E \
- (o)
8 15 N\,
w ———
10 F c\\
O,
\\o__0
5 -
1 1 1 [ i

|
0 10 20 30 40 50
Reduction(%)

Fig. 10. Relationship between ironing ratio and
fracture unit ( d,).
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Fig. 12. Relationship between fracture unit
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