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Synopsis :

An analysis has been developed for the study of the coefficient of friction on the round
headed punch in press forming. The theoretical equation of the coefficient of friction was
obtained by eliminating the tangential stress, the tangential strain and the
circumferential stress from the equilibrium equation of forces along the tangential
direction, by the use of Hill's incremental stress-strain relation for anisotropic materials,
geometrical relations, the equivalent stress, the equivalent strain and the value of A(=d
eo/dS (limit which brings S close to 0)) . In the case of deep-drawing, the linear
relationship between the coefficient of friction and the limiting drawing ratio was
investigated. In the case of stretch-forming, the linear relationship between the

coefficient of friction and the limiting stretching depth was investigated.
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An eanalysis has been developed for the study of the coefficient of friction on the round headed punch

in press forming. The theoretical equation of the coefficient of friction was obtained by eliminating

the tangential stress, the tangential strain and the circumierential stress from the equilibrium equation

of {orces along the tangential direction, by the use of Hill's incremental stress-strain relation for aniso-

tropic materials, geomsetrical relations, the equivalent stress, the equivalent strain and the value of A

(=lim d&s/a5).
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In the case of deep-drawing, the linear relationship between the coefficient of friction and the limiting

drawing ratioc was investigated.

In the case of stretch-forming, the linear relationship between the

coefficient of friction and the limiting stretching depth was investigated.
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Fig. 1 The coordinates and the stresses on an
element along the punch profile

J ST IGNGE, fir A v FIEEROHE
BEoROMA, xEEPORE, R irHyF3
BB, g LAY F IR & HOR D BRI ds b D e
FRETH D,

T FREIG st BIRD WA F ik, €0 % )3
HaELTs L,

as",_ 1 £t —
Y _—S(e ?«cosg—1)
DIsicELbha,

ZIT, HYFBIRPARTEDL LG, v A
oLt 5 L,

35¢_65¢ i — =S¢t ‘s .
5T R Rsing=r=58e ..o (3
HEL R,

F, EORECHT LSRR GEEE) & &
=0e,/8h B LU Ei=080/0h Ly b, W%
kT AIE-ENENL, EERTEY EEL
T

& _ £y 7
(]. + ru.) Jp—Faly - (1 + ra,) G5 —¥a0p
1 g
= e e tieaaaees 4
l+r, @ (42

DE3TELbRD, TONT, re il HEOEA

2

January 1971

BAHMAEL L BEDOT Ve 74— FE, H3
VILEIROBEETH D, ro=Fotrat+2rs) /4
THEbEhLLDETH, ¥, HXEN 0,
WIE E, HMIEHREE TR,

d:(ﬂzg_T?t:’:;"UyU¢+0¢2)§ """"" (5)
E:Sd&,
— 1+7’u o Zru. 2)']2'
=-- - — 3
de V1427 (dea +1+ma‘sade¢+d ¢
.................. (6)
s ldva (o 20 . .42)% (7
T Viten (E”+ Ty, T8 (7
EEEEND,
MITREEILE, 7 3 X8 CAFhERNT L
B, RHIERE LT
G=C(E) e (8)

DIHILFEThEIhD,

AELE, BBORIICR T a=g=0 &
T5, FrEEoRMCE LT, HE S=0Cik
=g, Mg W ioD, Foflid & THS T,

2.2 FEFREOFHHEK

A F I & R & D BT 25 D BERR AR B
i, DO BRSO RS LTELE
na., ZoXPETHFEITMIEN, ARG RSH
BICTEHTHTELMET B LT X b, B
B DL BT RBERD,

s
. 08y
3 T R— .
soro\ 8 9
EREk, () KLb
A=lim (esv“aﬂ .« COS qﬁ—l)—é
S 40
b (08 _O&N
‘5&3%(35 3S ) 10
EhE, LihsT (9), (10) #nk
08,
Im-25 294 e 1
SiTﬂ a5 an

mEDRD, BT,



Vol.3 No, 1 7v/<;!]uLlf‘erIJ<“ﬁ-l- T 15@1%1%‘ 3
fim 2% —fim -2 (5) Eleh, ARICLTE
S—+0 05 1008 E,=1+245 (19)
=__a__(1im ,3%) Fich, Ltedta T (D) &b &k
3k \s- 10 8S ,
a4 = vad Ii?;)*(u?zis) --------- (20)
-
=4 (12) DEHitEkbERD, —HITRWT, EiL
LB, = Sdé=g(-3‘g)da*= géa’e* --------- (21)
wiz, (D) Ro& tas Thb, (4) 1 6RkE;
6;@ W A& H0 T, D RLOBEI i, [0 (20) R A LT 5 &

g (1+ ra)e:a+:,ba‘i

Gy (L4 Fa)bs+ Fabe

PCALT, S &% +0 WS okt s s
k’

i AUa,) _ I |: feé ( By—oy
s 10,85 Teoin tasﬁR{ tan ¢
+[!(ﬂ'u+0¢)}j!
_ 17 7 BA . ei*
(1+27) " dex T g
..................... (14)
BEHRd, oT, KR AORELLT S &
AuvazZricds:, AL
. (tay) 4 il
m gas = T 15y, Y2 D)
el h,
B, ML (8) Kk, Lal &k
[1m6(ta¢)ft0§;as RO THRL, FEHEHHO

WE“‘Z b &5k, BRERCRTAHEESNED
&b
F=lpg=Gore) (163
PRTA, 2he @) AHmn
log= (]ij—;(;itu = (Zg+Ep) . ‘;
X {(1+#u)Es+#uda) e an

HEbERD, CoT, (7)) REAET LS

(Ge/aSy*Hfb T d, ¥4 & 13, 6= +AS

/R ey Y
g=1+4S

3

Fm /201470 &% +- gA VIAF7IS (22

EhA, IoT, HATIE S=0 THBMN, F
=/ 21+ryer thBH o L HGBb L

e\ s \/2'<"1+'_f_k_u>"_€?",)
() - %5

- ‘; ‘\/2(1""3’71)‘.{4.

s RLE,
(A7) ACin, Sodn 0e,) [te,65 4

< &
)
(1+fu)
+ S0 (24)

ftfﬁas - as
(1 +7 n,)aga + rus{?

Efch, ko T (4) &, (22 XLy (23) 5
A (24 sGSRA L, S—+0 o RR{li 4 55
&

a(tm) ( n

o ta,88 T O\ 26t
L4
201+2ry)
Lieh, Lizpis T (16) sk ERABETHZ
Limlh, AT Aotk
i+ 94‘27@_9{“_?“*) A

4(1+21 u)fte ap
,, s 2%
“R (26)
MRS, ZI2T
3R
- MU o7
4 4(1+2rs) @
LT (26) RRAETE



g QT2 n=28%) 4, e (28)

e*

LD, —aiT (28) RO RPHD T M
T&ig0 T, A" 2 EHEE T 1 X - TRt
JL ;;Bﬁ_k

W, AETEOENSS

A= —gt (aa;) ,3%‘0_ .................. ©)]
NEBRD, LT, @D R E (29) A b ER
GRE vk

at
‘u_ ( aS ) .................. (30)
rowmEHEhs, 22T
s2e¥
R, 31

T A A(12r)
Thb, SFREHAOWREED 1/2, (8t/35* i11H
SOMEANTHD,

2.3 BRFEHOHELRN

Hiffio (28) ROBEMBEMTA - Ll 5
,.C’ A’ it A a)g’l:ﬁj\:r -j‘-f'&#'ﬁ%
, s*es*
T+ n+2mr,
+n+2ma)5
24+ n+2nr,

+(1+4]u,)(

THRTEIND, bLEF M BLALFICHLL, et
D2 OENMERTED L B EAE
1% LA i T A kD I 5 iRt

E*

4 ey BBk E OB

January 1971

P BERGAE T AR, Thbb

=_pgl %ﬁL,}(”at>* b
o= Rll+n 1509 39 X4fn£*

b is,
3. £EBHF X

Z OPR O EER L ERIA S v F T 5 e
ML, HEE, FEEREAOR
ELTIRFD 7 v ANMTIE 5 F5Z 244 ¢,
TR RERS, ERFECHI - TDE
BN s 825,

3.1 RERKE LT

T AR, AT 100t P v AT o,
Table 1 =i i T Hoo~Fks w4,

Table 1 The dimension of tools

Type of ‘ i Dlameter Corner radius
Tool |
lormmg ! L (mmd ‘ (mm)
| Punch i 100 ‘ 50
Drawing e - -
i ' Die | w0z 5
Punch | 40| 70
Stretching Bi;_ o ‘ -142 ‘ 6
(Bead) | {180)
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Table 2 The mechanical properties of materials
: | vPr. | TS B.
Material | i ! Ya ! 7
(mm) | (kg/mm?} |  (kg/mm?) (%) | \
Stee! 1 : 08 | mo | wms 1 o 0.231
Steel I 0.8 ! 16.9 | 31.6 48 ‘ 1.53 0.233
Steel 1T | 0.8 ’ 3.0 64.9 61 0.89 0.424
i
Al : 0'8 3.3 9.2 40 ; 0.73 i 0.261

Cu 0.8 6.8 236 40 IR 0.270
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