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A Cup Drawing Test for Measuring the Coefficient of Friction in
Sheet Metal Forming

ABSTRACT

Cup drawing tests were performed to evaluate the friction characteristics of sheet metals. The linear
refationship between drawing force and blank holding force obtained from the cup drawing test was used
to calculate the coefficient of friction of the sheet metal. The friction coefficient was compared to that
from conventional draw bead friction test. It was clarified that the cup drawing test can be used as a
simple and convenient method for evaluating the friction characteristic of the sheet metal and also lubricity

of the lubricant used.

T2 71489 | Stamping Formability(Z=% 34 % 43), Sheet Material(#), Cup Drawing Test(F =&
9B 4%), Coefficient of Friction(7+274*), Draw Bead Friction Test(Z22¥= ol

A%8), Lubrcant{H8%)

1. M4 B

Az A2FTAZN oA A (Sheet Mate-
ra) & HEAA gad 339 e A=
FAol 2gPFAolth o] FRAME A 3
EE g8 9% THAFFL AX GAE &
ol Azsed BIYF] dREE A
28 =2 dEFAA BRHD FE5TEAA

gnHoz ~UBFROIN BYSE 3, 78,
2zgusel 4YBgdde ABREF(AE

AARER, 57 2 2F3 §55), ¥94$
(F94%e A% 2 FEAES) 2 TAUF
(2gag £E&F4 3

XFA) o) ¥ 8o
ZYx FHAME B B0 FE3}e vt
g9 7yt B9 293 4 ¥4 (Stamping
Formability)ol & ¥&& v} oy w3
Egol ¥ Agafe FZ¥Ade %S

nRx B 24BFFA ol FEHY

< AAg, AYHIeRTE BT
AR ATE BARATY



e 9% BAY SHAEY W 97

oA vtgdel F7)7} Bde] HYERE
SNA 29BHF40) 2 4T FE A
o d&ol A2 AEA AAFAd W o
Adgel AA FAHD e oA 43
>
A
o
3

;o gy m
T

S o e m ofb it afl K1 o
_‘ﬁ,riros‘,ioé_?homx‘inum
ol

B9 AeE AU REF YaZwy

!

it

JY of
™ W
TS
oX
2]
o

L 1
B
ok
R
ol
<)
E
fr

Ko} o
i i
4,

_?l"

dr

-,
% Lo

ifid

2
N
N
0,

£330 FUSH-5229 4 74 (Phase
Composition), £F%9 A%, ZW84(Surface
Morphology) 01 4@o] Aoldte ul@dEAd
el 2 #BAE Jehliy, =3
21 7 ¥ 58X SO We 9us 5
o] 2RE2AE dHAE {A37
2 Hol A& o}
#Ae n@AEALE 2E "EA S (Coulomb's
Coefficient of Friction) 2 H7138}7] A% whye
& FiglolAs}t 2o] TPAFAF BAstE
Z ¥yncg 2 A vz =y opEAdy
ol Z+F A9 vlEEAH 2 $E/Y 4%
o de €853 ok dEAHQ e
Zg SEHANA B9 FAEHo
Ao s olREAE Hrpslvl 9 &
=2 2% (Strip Draw Test), tho] wt
A9l ol AZ7F ARl S
BuEde] doude AL s
34 ¥ (Bending Under Tension Test)!?
of A& A5 vk Foiedol e B
$ HX4E AR (Punch Radius Test)?
293 dolo] B3 Erjdd 2=
zzeucRoA A HY-TYER
WER PN vt EAE FUEr] @
=z 9v = 24 ¥ (Draw Bead Friction Test)™
FezovE wtFdRE $4-3d =53 He
A58 S Y7 vl Yok 48 rie
M ol Qi) olE nlAAPL 4y YL
QFAE710] FE3odof s BA

2} E
ulZEAo

—

0
il

2, oX o
r«]o;gqo
(9 ol iy
Gg)i

k

oL J
i

|

—

r2, oft od

Ao moER o
° oo b o

ﬂriﬂé-{mm{uogrﬂirloﬂrﬁ

30 M, 2 X

lo,

. cgb
T ~

!B!ank holder
: Flange

Pt — Die radius:
Ll i -/!/ I

\ Punch radlus

Fig.1 Friction state at each part in cup drawing
process

=)

o
o,

K

p

714 7§ wt@ASFE A8
ol 2EAE, 287 B9
TR =X, H4¥x
T3 FUEAS
FEAEN 3k 7
F AX e Fogkel
I e dAFeg?

°olE “}i]”‘]“‘-‘—}w 28 9 H==
@ (Cup Drawing Test) & £3lo] A=z
Limiting Drawing Ratio, LDR) &8 &#3%
ol 7ted ERaEYE Wt} AT
Hlol A A A X g e F7]7F wAl9] vt F
2 & (Lubricant) 8] +EH7}e] &85
A gy o] W Hrise e 54
ol MEQ 7AAEJRe g Age T
= A 4L ¢ o] AR vfREHUS
AEstA g # v EAH Ak

£ dFdxe AZAE7]¢) dXstoof e
fet 22 utEAYEI] EI}A g3 V&9
HAZFAE7E o83 H=2YLEPE F
3t ZtE fAe] wFAEARH $ERY B5E
s FAE 5 e WEE Audln, =
2JLFAA FEAE B AFE =208
ol = gl e U R v U e

Lo
IR
oL ~

oo %

g

s
ot
N

fl
ol -
N2

2
1o o
-{o

.r},

i gk

o I
o, 12
B A
[o oX
_, fa
i i
i) }m

B ol

2 @ oWl WK o
i
ki

e

2

o

{m

=2

woreh 9

d

——t

oﬂoﬁhﬁuﬁ.rﬁi

B [ g o2 o2
o M oX

{t



% 194 -

FFNA P2 &
78 BAEe EPAELY oA HAY
2 ‘30 ro 2 A&
¥z
"ot olwf & 53.7‘] ! o)yt %’—'?'—01])\1 ot
go] gAY Ao FA=ZYHE
Yol =29ste Z$e gy sdo]
AsA Hol 98 HAdYl Erteddnh
"J%"%Oﬂ A FEEL7E 1R H e
‘?‘i" 2 FRWES] & 2A
R FEvpEgH ol
qastd go BYPLH
2 nstd A9 dFo] FYIA FEd=
g9 F7 }°ﬂ ozt HYBEXEe 4%
& itk o] AFEAEAE
£33t P2 o‘%lzé A ME sEEL F
= ‘ﬂ% °]°}°ﬂ "5?‘}‘;}

oﬁ_& ﬂli‘-.

s Ll

! Punch

=

Rd=8.0mm

52.4mm Rp=8.0mm

Do=95.0mm

Fig.2 Cup drawing test

#4d
T =Tyt Tut T+ Tw $))
TJ:T[”'T,,' (3)
ANN Tesh Toe EWAARS cholutze]
A9l FYRRRoI, T, T olwd o
T3 7oA F9EH FUELHoTh £F
T, e EAR R viz s ‘3}01‘?}73—?'-°ﬂ"1
o shEElT o|F Az 4L GEASE
EAlHCL
() TutTu=AKaln(p) (4

q71M B(=DyD)E =8JHlelL, K, & BT
#E 280G, £F AT DIAFR=D/DAA
29

(ii) Tb :AOI{mtO/ 4’-Rm = Y‘MD (5)

714 tpe BAFAN G B R(Frattd/2)
& HEGelPBolX 1t ol FE WBolTh

(i) Ty=2uN/B (6)

A “]”:5}74] olc}.
Gv) T~ {exp(w) - 1}(T/d+ Tt Tt Tp (N

714 ¢& tholutARolA A& tholut
Bolel AEZoli, p& tholutGReA v
Folt}, B d7dAMe Agrt doltidy e &
A3 gAY 7Hst 08 n22 ST

wetA olE 4Ze €& Eq(Dd tiystha
AuAaAE e o 2ol YEhiZ

T=exp(un/2) (Tt T+ To+Tp) + Top ®

Eq(®°A Edaggel ¥st AN ©E
HUyHExge d3 ATE &3 2o FolArh



Azl o8 B4 SHIEA B}

AT=exp(un/2) QuAN/B)

=1+ pn/2) QuANB) @

Eq(9) oA HgHX g Wal AT £82
399 uisl ANS EAAY F tho]ii G 79
aEAS g op 28D Z2YH g FFYE
¢ & gtk wekd =29y gE YASHA &y
Aoz A8L Pl AT/ANS ¥E F3d
o] gol Ao ZAXRE B tho]Rojrje] upF
EAL Jehdga & & i o] AHeA pot
pe FAE FA019, 2018 dgdoletz FH
vlA@A Az ARE $ Uk

=y a<l 6{1)]

web A Eq.(10)& Eq(9)el
2R A S Y SAARY ohFAS
oz RE FAUTH

W5t el 3
e e

. (v

—1+{1+ (A T/AN/ma
| A o A b E A
294 & 4A3IA

382 YAE BFez ¥
NAARA 29 ANAAH S FE3] £
azgds AqAAYe JAFAAZNYEH 7]
€7 AT/ONE T8I 33T ot e FHohd
gk agte 54 23019, 201604 &5 UXC

EqDE ol &3tel
W& F7) fANE

nARsn BYgaidEs

_I_!.
e
2

99
3. Algw

3.1 OolEs

AP A48 A 84 A U -9 7
dgoz dey AeHD gle a7 S 3259

Zn—Ni(Ni=116%), Zn—Fe(Fe=176%) &5
FIEEZH 7 1502 Table 1091 AFAFEA
o3 ztzhe] 7iAA 54& JeEAT 971A
YAZHES 47t 2AULE FHEE HE
4 Shot Blasting(S—B), Electrodischarge Textu-
ring(EDT), Laser Texturing(Lasertex) * 2]t
7+EE Aot S—BZAHY Aee REYAE
By HAPNEE FASY 73 E Zez
gz BAde 37, A%, =29 &%
g olgge] oo o3 & =T H LA
oj7t T @ BEYT W xxE Feth
33 EDTY Lasertex 74%2]
& yol X o8 #HHoE 738 29 93
Aol FYE 22 g Zonz UEYJ(Anti-
Galling Property) # %78 1< /3 (Paint Image Cla-
rity) o] $+8 E4o] Qle Aoz gF dg¥
Z} Aol BRZEE HHE 3 225
7121 Rodenstock RM600—3D E¥E AHg3td]
ZA3tgon Figsdl 2 Z23E Jepidoh
A7) ZAge JAH EA4E sy o9
29 rAwake] digl 0o, 45°, 90°9] ZEE
©2 ASTM E—-87 49 JdFAIE S AFsta 20
E £%9] Instron W5 AlE71l 93 10mm/

a=15—-30 3= && Zer min® ¥¢AE 5z AFLEL AET
Table 1 Mechanical properties of tested materials
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