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Effect of Sheet Metal Grades and Operating Conditions on Deformation
Constitutional Diagram in Stamping Autobody Parts

Synopsis:

Hirotaka IDA and Sadayuki SaTo

In the press forming of autobody parts with various shapes and dimentions, the change in pattern on the
deformation constitutional diagram was observed to evaluate the strain distribution in a longitudinal section

of a fracture region or a nearly critical portion.

Comparison of cylindrical formation with the press forming

of autobody parts was made through the effect of steel sheet grade, blank holder pressure and lubrication on

the strain distribution.
as shown in the following results.

Principally, similar behaviors were found between these two kinds of press forming,

1) The greater the blank holder pressure and the more inappropriate the lubricating condition, the larger
the difference in the strain behaviors among steel sheet grades is.

2) The strain on the stretching side becomes smaller in the order, rimmed steel, OCA and killed steel.

3) As for the shrinkage flange strain, the order of magnitude is reverse to that in 2); it is the largest in

killed steel and the smallest in rimmed steel.

(Received Oct. 1, 1971)
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Fig. 2. Example of deformation constitutional diagram of quarter panel.
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Fig. 3. Deformation constitutional diagram of quarter panel (A).
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Fig. 4. Deformation constitutional diagram of quarter panel (B).
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Fig. 5. Deformation constitutional diagram of quarter panel (C).
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Table I. Geometory of punch and die used for cylindrical formation and sheet metal
used for test. (sheet thickness 0°7 mm)

Punch diameter (Dpmm) 50 | 80 | 110
Geometry of punch | Die diameter (Dgmm) | 52:6 | 666 | 842 | 107 | 116 | 146
and die Overhang Ratio(Da/Dp) | 1:05| 1-33| 105| 13| 105| 133
Punch profile (rp mm) E 5 | 15 | 25 | 8 |24 | 40 | 11 | 33 | 55
. . Ultimate
Sheet metal grade c’]l?iirézltli%n ;{éﬂﬁ tensile eTlgf'laglation r value | n value Er ccv
strength
c 27-3 32-7 476 | 163 | 0214] 99 |27:25
Rimmed stecl L 248 323 444 | 1-24 | 0216 | 10°0 | 27-20
immed  stee 45° 1-17 | 0:222| 10°1
r) 25-1 325 46°0 | 1°30 | 0219 | 10°0 |27-23
Sheet metal
C 13°5 456 | 235 | 0-219] 105 | 2645
used for test Killed stecl L 147 46°6 | 1°77 | 0°234| 106 | 26-42
tied stee 45° 162 | 0°236| 10°5
x 141 46°1 | 1°84 | 0°231| 10°6 | 26-44
c | az9 525 | 2:40 | o0-262 | 11°1 | 2532
L | (11-9) 53-9 | 1-72 | 0-264 | 11-1 | 2531
OCcA 450 1-69 | 0-262 | 11-1
* 12-4 53-2 | 1-88 | 0-263 | 111 | 2532
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N TOEET, ERMOBELIIFETHD. TOES
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MR Z DX 5 7EH, Mz EFto£Z DL
S D EEFEVREW. I, BREXLFICXBE
HLBE, SRR LOETIC >R T 5 L RO
X, ®FhorLIERKHE SN, FoF7E ERO
BRI EDLDTHVEEIELICTELVWIA LTS
5. ZOZEWE, VAR OWTE LTS Da/Dp
=146/110 DIFEOWIALE VS, ERMOBE LT LA
ELDDTWiw. E/OCAf®D Da/Dp=146/110 D
BEATLREBOZ LWL, ZOBSOTLHKET LS
% Wb\, Fig. 9 Of RIS O LK & 7L liE &4
BPEDTVWELZ LREELTHRIRESTHSS. =7
WX BT AV, F—N—=NTBRREVITE, MEHS
WNAREETHDZEBRENT VS, ZDZEERF
EERDOEMIC XL DHORTORGSICE I DDTH
595, o

Sheet thickness O 7mm
N : Necking O, = 110 mm
4 © Fracture or necking s = 55 mm
Rimmed steel Killed steel Decarburized rimmed steel
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70, MROHEDOEWLEXhIEL bRV, LirL
—G, FNEEFEVSHIRT, T OEWIEMEE D
N5 X b, RO E UTHARAALTHE
2BZLT 5. o

Fig. 10 13 Dpy=110, 7,=33 T 07 mm OHE% K
LB EOHT, FFREIRPEREED LRI DT
HITEFR CHEBT, F —N— N2 FORETER L
SMBbTRICKELAD. T LTEBRE~OF — N~
N ZOFEY Fig. 9 & Fig. 10 olkigd»r b, rp B3
INENFEERERNL B REVWEVZS. HIBTRZ
LI EHBIRRFER FILXBIETOHN, RERFX
DB RETHDT, Fig. 10 i idipE ko e
HEEHMHENTVWEEZTINWTHSS.

(2) == THRREUCTHESTEIPRERDT
BT LB E

R FERES, 80, 110mm D 3EHET, KoF& 5
4 EDFA == THER—C UCRE LcEE 0K
sEORER S Fig. 11 wR L. ,

PR EEOE NI XD THY FEEOF R L~V E
DIERLAH T LD THE D, R LITE T 5 E FEHED
BiBIE DR DOARKE X DFE 2> TCEEEHCIETIT
WML E DI 2B EERLTWS. Tihbb,

BMTREA L FOREE, MEC XHERREOE T
BEINE L, B FEIPIVIZEEX L FHROEDOOT
I L AOVIEE V. —HEE T % &L OIERIASIC 78 bR
UFRBROMBEDECOHEBIE TR FEBKRKE V.
EEEEHESKEV. VA NETIIES FEDEVIT
LBEHEOESKE L, FV MRy FEREOZE(IC
3, MIBOEVIC D HEEEK T, 3EEOMEOHRT
WI—BERE L ERERERT

L FEEELOTEIRHIRTE S SFTRI -0 C HHAEEVTIT
ERCTH 3.
PIEEHDRCIZ0THLALDEE, FHELDD
DI O BREL, FF—EENORKERDZE IR
BHDIT S AKRE L.

(3) R—®rFRETHR FEERAPTLI TS

KFFE, 4 2AFER—FILL, T FEHoEEr
ZLCIREE 1 B, FEH2EHELF S MBEOERETT
otz Fig. 12 i Ko7 110 mmof|TcH 5. Ko
FHRLERD SHEEIEE TOERESAES No 1~8 H7-h D
ZERIRD ey L RVONERLA, BIME S HCRBARIT A
FD rp DEVE—HIVSBERSFED LN DY & F
T, OCA WRMBFEDENWTIBRSEL 2TV 5.
Tabb ey DKHEVE rp A% 55, 33, 11 DIERLITIEIE

No lubrication

Y : Necking or -frocture Sheet thickness O°7 mm
N : Necking £, =110mm
B : fFracture = 33 mm
Rimmed steel Killed steel Decarburized rimmed steel
&V 8\’ EV
o3 ’ O3 o3
zcl239 56 348 358
CPT TR 29 299
298] 23456, 8,9 3
oz

&y 399 2 3 4

O039g/ 2 3 4 S 6

o2l e o2

Lubrication
o
T
v |
\l} \
[a:]
z
o
T

386
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o2 58N

B o~0—0 9
i | L L n 0, I |
ol o2 03 04 01 02 03 04

Fig. 10. Effect of changes in overhang on flat bottomed punch stretching.
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¥ : Fracture or necking
B : Fracture

Sheet thickness O7 mm

N : Necking
T
Rimmed steel Killed steel Decarburized rimmed steel
Dn Du Hmm 1
1108 — 1169 o8
BO# —B842p 278
504 —526¢ 200
- Ev
ez / L
(o]
©
5
S 2 3N 6N
=101 O— — -0 ’-—-Zg) - —— oll-
Zo /8\_ - _5‘ _o‘g4N
P T Lo Ty TSoemg a5 8
g~ ! | €x or-°" 8 I Ex
(e} o'l 02 03 o4 0O (o) 02 03 04| O

a aN 330
__g_,___?o 209
s £,
‘_:Q o2k O 3 aN{O2 I~
3 )3 _/_05/__?.‘:> ~O—-—0—-—-0— "7 ___o>__‘é 35
= 2 ///‘ R T EN
] ~~%xz7< - 503N S 7 3 N TTem-~~ 3 —/‘?B’
|01 s 9 o= o :)?:, ol 402
{ / o " _/
— 8
! 1 ! ex L L ! Ex | 0 °9/o' 1 Ex
0 (O] 02 03 04f 0 (o) 02 03 04 O Ol 02 03 04
Fig. 11. Effect of changes in Dy and D4 on round bottomed punch stretching

with same overhang ratio.
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DOEIRERBHICEZTR LTS,
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1. RAERVFTEFARAEELTELA—N—N T
Dy/Dy LS EE
(1) FrFhldr CHEEGLE £ TOEM~DER O
BRMBHC XD TEREKRS. Thabbl A FfABd2ED
HEoEEE2 5T 2T OCAMTHYD, v FiEd
D EIEEE ST Dl
(2) BT 5 &R UHERIRBAOHE OFEIB K
X< bbb, F—NN—NSHOEEEL DL A
< BFBHDITY & FHT, FUREANRDDEH/NIE V.
(3) dEBMTIEA —/N—N THBRREL LD EER
HED ey DRE LD HACERRERBZET 55
HEET S5 LT — NN THO/PNIWIEDID ey B
KELBRDEMHBDHDS.
2. F NN ISR CCHESTEDRBR D R T

& E A RTHRE LBE

(1) fEBHTIE, R FERHEDEVT X ST
REDZEIVI/PNE .

(2) BEZ2X<T5E, Vo FHTRESFEDOEN
CRBHEPREL LN, FUrFEPRKEVIEESE
WD ey BPREL, ERIKEREIX exy=cx @A T
FEfTHET 5. Lo L OCAMTIRIEIB OB L,
ek, HEBEOEESIREF LV FENRDDE DL
(3) MHEOEWIREB~DOREEE, £8H1 L 2T, Y
& FEH SO & D REUKIC R RGO E 2 517 5 AT
FUTdHEH, BERDEVOITER L TIXxL RET
DI L, EB 2T OCA # & Fu FERASIZIER
CRETHOR.

3. R—HrF7¥BTHELFELEREZDILIE 5L
(1) EBMTRIPRCHEC XD2ERREDEI/NE
L, HRT L SCTEDENREREIhDZ L1, 2 &
UTH5.

(2) HEHRBPEBRE~FIETEEIY L F, o
FETIRIERI U TS 555, OCA #Tixrp=33 04
1 oey B30 B RELALYD, BREBEBEOMATHEN
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B : Fracture Sheet thickness O'7mm %4:55mm
¥ : Fracture or necking Do = 110mm : 33 mm
N : Necking Ds - 146mm : |} mm

Rimmed steel Kilted steel Decarburized rimmed steel
Ev
S
= o2
5]
=
2
o o= Born
Z
L
0 04
ey
[
2 o2
8
= 1.2.3 5_7 1 3 4 3
= Sa 6 o= &N TR &8 )
o} N b—""an o1 8 Bogn ol 7
7 03__—-0-270 " ¥ gheee- -QB’:"’B,'%—‘ &'N
G8s i g _J&ﬁi’
o/ o o
ooy I 1 | oK | 1 I 1
0 o1 o2 03 € o4 o o'l 02 03 e 04| O o4
X x
Fig. 12. Effect of changes in punch profiile on punch stretching.
fbDOFF & 52755 CEE LT TR S L 150 5T H 5.

DLE#SEET S &, MESRE LERT OZEEIKE~ DR
LR OREIX Y & NI CRERAC R CRHRBED B
n5, OCA #&F v FIITRIER LIIROBEELR

DFzdIT, VA FREGESEMORENET 5 T &5
H5H.
3.2 #®OEE LESAKR

3-2-1 ZFEBRKGER

MIPEEH LOBAIIEEE LTR Y FHEBOEE AR
LI BHS, VIR LEERE T, R FHEEHOER
Nz TRIBEERR DK D R B ES OER D EELEKRE D
STL % FEERE LOBE LRk, MiEEM, Lb
Wz H, BOoUCRMEREEZTNThdr 2 TERIRE
OB & fTe27z. £ LTR—LEZHVT, RBES
BREICTHMT 5 X5 Lbfx NeZ b TERK
e st 520 &, A—TE, R—KEEXT,
F— Lb$ 2 N THEIE LB &M ER OZIIRFER
FHETH DD LD 2RFIDEREITID.

WENR L REI—RIEES 2 &M & Leh, TRRERD
BEELO TV ARETR ENEFELRETE 55
VS22 kDD, F—DERITR—FIRO DDV H

EEBRAENIEE O
Mo 3EET,

7mm®Y & FiE, FovKEH, OCA

I0mm DR 7 54T FH—2u%6mm

¥y FTHIW . R S X " T E~f % Table

2, Table 3 iz7r9.
7z \i‘f\::
Table 4 lIz7:x L 7.

3:-2.2 EBRER

SR

FEREERAEH L EFC E L
DT T ELE BEH LLbIWE 17

(1) F—RBIES CHESS-5E

(a)

HRIE L FEATORR

RHERTH D B OIZBEFE KA T T LA ST T REMT X &
HMELE UhbB A NE#ME Z iz Fig. 13 oAz R

L7z

IR UbMWMx A% Y & FEE, £ FiH, OCA

Table 2. Geometory of punch and die.

Punch diameter
Punch profile
Die diameter
Overhang ratio
Formation high

Dp=80mm
rp=8mm, 40 mm
Dg=84 mm, 107 mm
Dy/Dp=1-05, 133
H=45mm
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B Table 3. Mechanical properties of sheet metal used for test.
K . - i Ultimate |,. ;-
Sheet metal grade E;:_I;Sltliznf Y;ierlg ' tensile };xgl)dmg ;:Iig:lalation r value ' n value Er ccv
. |gree P ; strength g ‘ ;
G 21-3 32-1 066 48-8 1-75 0-211 10°3 27-03
. L 21-6 32-3 0-67 45-1 1-36 0-208 10-2 27-01
Rimmed estel 45° 1-40 0-203
mean 21°5 32-2 067 47-0 1-48 0-206 10-3 27-02
i
. Cc 17-1 31-2 056 48-3 2-36 0-237 10-9 2644
! Killed steel L 16-8 31-5 0-53 48-4 1-88 0-245 11-0 26-39
~iled stee 45° 1°51 | 0-236
mean 17-0 31-4 055 48-4 1-82 0-239 11-0 262
c 12-0 257 0-47 53-6 2-46 0-265 11-8 25°74
Decarbarized rimmed L (11-4) 25-6 0-45 52-8 1-63 0-263 11°5 25°55
steel 45° 156 0-257
mean | 25-7 0-46 53-2 1-80 0-261 11-7 2565
Table 4. Relations between blank diameter and blank holder pressure under the
condition of fracture.
- Sﬁ% 8 24 40
| Ov.crhang Sheet meta Blank Blank Blank
ratio grade Blank |} jlger | Blank  \polder | Blank | older
Lubrication diameter pressure diameter pressure diameter pressure
No @ t /] t t
Rimmed steel Lubrication 170 2-4 180 1-4 180 2-7
Lubrication 180 1-8 180 3-0 180 4-2
No
1-05 Killed steel Lubrication 170 2:6 180 1-9 180 4-1
Lubrication 180 2-1 180 3-7 180 51
No -
OCA Lubrication 170 2:7 180 2°2 180 36
Lubrication 180 2:2 180 34 180 53
No )
Rimmed steel Lubrication 190 35 190 4-3 190 2-5
Lubrication 190 49 190 55 190 3-7
No
1-33 Killed steel Lubrication 200 35 190 5-8 200 3-8
Lubrication 200 46 200 5-3 200 51
No
OCA Lubrication 200 39 200 43 190 4-9
Lubrication 200 49 200 54 200 4-8

kB LWL NIOUEHMEHITY L FTIX 1'6Hg,
X RTIE 1'35H%, OCA TIx 1'5Hy THBIZ &z

F SIS oME TRV,

IREH & FEHOLERIREBT & LN 5E W, RFE TR
HLZERESFEOBHE L D IREL, »OoTDERIK
BB OERRED bNS. TibbiRH LERER
D & FH, OCA #4, Fu FEOIEI/HIXL, Z0EW
7350 UMATHEDLNEDT, Hik7 7 SEOE
FEX* v, OCAH, ) 4 F@MOEIC/NEL S,

F—N— o FH 1°05 OFETETIIEH UERIC AR
DEBB TV, HEH 7 T2 UEOERIREIZ EN

£, fEL 75U Y & i, OCA #f3 v FED
BiZ/hEv. ZRRIRBEOHBEERLT, Mis7 7028
ERAMEOMBARIFIRICCHD BB ENTEX
5. FEMHEL LT r EERFEHEE VWS ZENTE LS.
EEREOEILIC X 20T RS HDEX, ¥ FEIR
OZE LT NIRRT/ E v,

(b) HKUFBRAFEOHE

BR-PHEDA — NN TEERT B L, reE
DEESNR (AEORD) WX >TRy FHBOERE
MBHEATEN, ZOZEEFVWTRO rp TOWTHWi
5. Fig. 14 @RTTEL rp BREL L DT EHHR

5
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Lubrication No lubrication
Ey Blank diameter 180# €y / Blank diameter 180 ¢
o =X ol %
~o ¥t —e 5 { Necking) W 5 {Necking) :
o & L ./ | Ex  Blank holder | A 4 /7/ . &, Blonk holder
© 0 o °: / 03 04 0 pressure OR0o7T 02%X 03 04 05 pressure
T < ©—0 Rimmed steel 42t=1'6/ \\ ®—@ Rimmed steel 277t =16 My
e |-o1F '%\ \\ O---O Killed steel  S51t=1354] - O}~ 3003 \\\ O---O Killed steel 4°11=135hk
~ 13 ~x Decarburized oy o ~Ny—-~x Decarburized
= 13 \Qis\ x\\:- * ?mwn::Zsteel S3t=I54 13 %‘\\ 95\-9( ﬂmmm:lI stea1 38175 Ho
2 |-02F \Q <2\ B ( Necking) -02f RS N \XB(N ina)
2 \)%"_— >A.9 (Necking ) .\\|0/ ecking
o |-03 ~-03 SN °9(Nr,ckmg)
@ I o=
£ 10
o !
g -04f -04- sbéecking { Rimmed }
o (Rimmed) . i
2 |-osf 5 {Rimm Necking (Kl
1 Rimmed .
Killed 8 i
{OCA 9 '.qé.%"(‘.’ ! glNeck(Knlled)
£y Blank diameter 180¢ Ey Blank diameter |70
ol [oX]
Ex Blank holder 1 Ey Blank holder
— 0 o3 04 05 pressure 0 4 pressure
x * .
© *—e Rimmed steel 1’8t "_" R«mmed steel 24t
] -0k O---O Killed steel 271t ~oil o---0 Killed steel 26t
° .~x Decarburized . --x Decarburized .
: b\x rimmed steel 22t T nmmedI steel A
— 02k X 9 (Fracture) _ Aol
5 |92 roctare 02 9 ( Necking)
[ X
2 S 9 { Fracture) 0 9 (ecking)
-3 -3 ec mg
o 03 \\% / ‘P 10 ( Necking) 03 \\
(] &
£ \ \
S |-oaf 4 | -04l- %
6 8 =~ =0 //
O Frocture s Fracture
+— |05 (0cA)1 o (Rimmed ) _ 05—
A Necking 1
L (Kitled)
D,=80¢, D;=84¢, H=45, _D,{/Dl,zl‘()5
Sheet thichness 0°7 mm S.C.D 10mm
Fig. 13. Deformation constitutional diagram of three metal grades under the condition of
fracture or necking.
DEBKEL BLbNILTL 5. ER A v VRETHRVIRES E Lbi®xd, 7507

) 4 KGB, % KH, OCA HDZNENOHIEE
WEEZERAT R L7-b 0 Fig. 15 Th5. JTicb
b, FoUNFHEEH LZER X D3V TR LT vits
T, FrFEROE(LC X BREROZELL/AELS, LT
BHIRE A — IR T X AT S B

D & REANE, OER LK, R LIAITEEYSR
HHICER LT WHETH 5.

OCA #4139 & F§l, *V FiEmE PR RiFeT
By, RELEDCHBHER LT VM TED LF
Abhd.

(2) RA—EEST,
bW XNTHRE LI2SE

BREFM—TH, R—#fzHwT,

Y & KERAHITY 5 —ED L

Y & N EHASTRET

EETIKE LB E OLERARER & LigmsT L, HER
TERiT X5 EREBOXLFAET S. LAEZME, #H#,

RIEZ I EVREER CTH D0 b,
bifxz s Table 5 kL7
FEEER Fig. 16, 17 @R L7,
F == 1°05 TR, Y & FEAOKRERED
HEEERBEETC, B &3 CRIBEER I BRI ER R R PR
BEA3H D, BEET, SREEET, MEL LT X IRENOZEL
VRIER T/ E v

F U KEE, OCA it > THMEOERSEHFL DD
LB /N E L 2T 58, Fig. 13, 14 T &5
NAHERIREOHE C & ofF#ix Fig. 16, 17T 2D
IFERDLNRD. Li L HEEEZERIKEBOEIX Fig.

T EEL
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L.ubrication No lubrication
o 4 S ( Necking ) &
g .aq-—."-—--)g BCKING gl .
o1 ©0=~0~ =75 (Necking ) ot BO T o S (Necking)
oy “F~>0 5 ( Fracture / o= Pl S  Necking )
o 0o 1 /1:/ { { ! €x 0 : =75 [Necking), €y
<‘x'- ‘¢ 02 03 04 05 1/ 02f 03 04 05
= o o1 i
= 0 Blank  Blank holder & Blank Blank holder
= o diometer  pressure ~Se=x diometer pressure
2 "0~  (Ref) ®——¢ Rimmed steel 1S0Omm 37t [O2 *—¢ Rimmed steel 190mm 2'St
9 0-==0 Killed steel 200 5 (Ref.) ©---0 Kilied steel 200 38t
g -0 3~ x—-—x Decorburized 50 a75 O3 x—-—x Decarburized 190 486
:_; rimmed steel rimmed steel
o |FO04- -O41-
TCJ Necking
2 —— {Necking (Rimmed) " (R"""‘EF”
o Fracture ( Killed ) g Necking
Necking s Necking (oca)
(0CA) (Killed )
12
Ev L . 6\1
ol / /8 (Fracture) ol
iR — _ ] i
S O i S T ol R ) |,
© o'l 0)(2)"',/ 03 04 05 Ot 27 8 (Necking )
" \ 8 (Necking ) R
e oI : -0 ;
~— O
la .Q\'\
=
g (o2 X, 02 :Sk
a , 45\\\.0,// Blonk  Blank holder :3;';-’ Blank  Blank holder
ol —03 diameter  pressure o3 diameter  pressure
g (Ref.) #——e Rimmed steel |90mm 4'86t (Ref.) ®——@ Rimmed steel 190mm 35t
-— .
g -4t 0---0 Killed steel 200 459 |04 O---0 Killed steel 200 35
N 2 4 § x--—x Decorburized ., 486 2 4 g x—-—x Decarburized 54 39
o i rimmed steel « rimmed steel
w F(r;'i:ltl‘ej.;e) 8 Necking (R.mmed) 8™ Necking
10 oca 10 Rimmed
<Ki||ad )
12 12 oca

Dpy=804, Dy=107 ¢, H=45, Dg/Dy=133
Sheet thickness 0°7 mm S.C.D 10mm

Reference means that blank diameter is

of fracture or necking.

L Killed steel

< Decarburized rimmed sieel
v/
Rimmed stee!

1
'/
l\ '/ ex
SR
\\\\
~
\\
~
~
~ ~
~
~
& . 3 & s
NS - ~
\\ ._.—/ ) 26
< 7/ ¥
- ’

Fig. 15. Typical deformation constitutional diagram

of sheet metal grades in cylindrical for-
mation.
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different from other two.

Fig. 14. Deformation constitutional diagram of three sheet metal grades under the condition

13, 14 QBEHITHE LT LPIC NELLDTHS.
= #
L. W UKIRE TR €254

(1) FrFHEBORE LERRELHESA T T DD
ZEEEOIERIIE ORI LS. Tibb, ¥ FIHEE
DLEREIZY) & F, OCA, XV FDIETH D, §EHr7 T
OBMTILEDIBRL & 7 5. AL THERIRE~D
R FERLMBEORET, Vo FHEIFEIREL, K
A5 OCA, v RFAFHIHI V.

(2) MHETXOWEBIESZE{LT 5 & EITIREER
BAIBICEILT 555, MEISFEOERITIIREROZE
[ S S SN | ATl faS g = ] AR A

(3) NN ZBREVETE, 7 rp BKE
WiEE, MEDEZBRELEbhS.
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Table 5. Relations between blank diameter and blank holder pressure under the condition
of fracture of only rimmed steel.

Punch|

8 24 40
Overhang proﬁle[ -
ratio Da/Dy Blank Blank Blank Blank Blank Blank
. holder . holder . holder
c diameter diameter diameter
Lubrication pressure pressure pressure
1-05 No @ t @ t @ t
Dp=80 Lubrication 170 2:4 180 1-4 180 2-7
Dd=84) Lubrication 180 1-8 180 3:0 180 4-2
133 No i
Dy= 80 Lubrication 190 35 190 4-3 190 25
(Dd= 107 Lubrication 190 49 190 55 190 3-7
Lubrication No lubrication
eYO‘l | / Blank diameter 1804 E'O'I B Blank diometer 180#
o, g x 5 (Mecking) S 5 (Necking)
0 L2 ! ! €x 0 I eI 1 I Ex
> o /o3 04 05 o'l ‘;’Kys 04 05
pre of ®——® Rimmed steel Q)
1| -0l - N\ OO Killed steel -0+ .
L‘ x. N xe e o Decarburized . N
~ o2 N . rimmed steel ook 3 °:\ N
é \\Q‘\ %
B : i N
- -03} -03F ~d
£
S |-oaf ~0a}
3
2 & Necking (Rimmed )
3
&
13
niz i3
€vo |- Blank diameter 180¢ o - / Blank diameter 170#
/é*‘ ! L ! L Ex) o < | I I I Ex
- 1 Ng203 04 05 06 01 302 03 04 05
m \ N3
i -0l b N
S
- N\
5 -ozf "o
= A\
a ! .
< . : -03 | X
£ : < . L
2 \X soar >d b
8 2 4 6 2.4 8 o
5 8 . s
2 g Fracture { Rimmed) 9 Necking (Rimmed)
10 10
12
D,=80¢, Dy=84, H=45, Dy/Dp=1-05
Sheet thickness 0°7 mm S.C.D 10mm
Fig. 16. Deformation constitutional diagram of rimmed steel under the condition of fracture
or necking and other two sheet metals.
F—RKES T, U & FE@ERHETO Lbix 1T L . B
Fodg A 4. BBEHEFETSIERKEOKRE
(1) F ==, ®FF rp OF{LICHL, 1D MERROT R 2> T, ERRECH T 2K, #
HE R UCEHERTH 5P, HEMOZITRST 5. BOREZAELER L, BFHEERRLOEIIKE
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Lubrication

No lubrication

o 5 (Necking)
o €
1 1 | £x
- 03 04 05

o——e Rimmed steel
x—-~=x Killed steel
O-=-0 Decarburized

W‘”EEI
4 Necking

5 {Rimmed)

Round bottomed punch (7

Blank diameter 190¢

Blank digmeter 190¢

-02

-03

-0

£, Blank diameter [90¢
o1k /

_ | o EETTm e,

rﬁ) Olél, 03 04 05

- ]

— Q

=

<

<

>

j=%

el

LY

£

o

S

L

5

i

£y Blank diameter 190¢

Necking
8 (Rimmed)

D,=80, D.=109, H=45, Dy/Dp=1-33
Fig. 17. Deformation constitutional diagram of rimmed steel under the condition of necking

and other two sheet metals.
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RETHEEZ IR TWD. T DROEIRETFELF - F
CERDA — NN TPRRECHE LN WIGE DA
bR o2Twa.

MRk DEBRTIX, M & ERmoE VTR
EWRDEVB LN, O] T OFITIRERIND G HH
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