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Analysis on Parameters Affecting the Friction Coefficient in
Drawbead Forming of Sheet Metal
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(Received February 4, 2005)

Abstract
In sheet metal forming, drawbeads are often used to control uneven material flow which may cause defects such as
wrinkles, fractures, surface distortion and springback. Appropriate setting and adjusting of the drawbead force is one of
the most important parameters in sheet forming process control. Therefore in this study, drawbead friction test with
circular shape bead was performed at various sheets, lubricants(dry, three kinds of lubricants having different viscosities),
bead materials and surface treatments of bead surface. The results obtained by drawbead friction test show that the
friction and drawing characteristics of deforming panels were mainly influenced by strength of sheet, viscosity of

lubricant and hardness of bead surface.
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Fig. 2 Schematic drawing of circular bead

Fig. 1 Drawbead tester Table 1 Experimental condition for drawbead test

Bead size 9.52mm Width
9.52mm Height
76 mm Length

ol
H
;jﬂxﬂ ?j%f\ii:i ”Ei’:"ff?ff Specimensize | 45mm  Width
;; D;]&Mxﬂ).\]}a:g[ 111:1]15 ;;2;‘9«—]:0]; 500mm Length
:1;&;;;—3 . E;J‘;}"L]E]’"' cemme= J't'i 0.7(1.2)mm Thickness
¥E e T & KT Trl‘antafylhdls[4~5] 5 Clearance 1 3mm
T ERens AT de saH 2dd Clamping depth | 9.52mm
FRazsid] 48AA masu= YA o
wo] WaHPLe Mo dATsidnh. Fuld Drawing length Roller bead 70mm
HE 2% £22%E v2T Sare) shRsAg Fixed bead 70mm
A7Ey) 98 =2o uo BAE ALY ARd Drawing speed 1000 mm/min
ah glore-s] S2% M= YYIR U F
gra iy g oaME Bl o] &Y wagAe g ¢S =X F Ade 9% o A3
HAgl A+7F FHHAT9~11]. 9] 1 Hol AAgTE o] % AW =R 7}
E =FoME oy mzeuze FAAxE SF3Fil 1000mm/min & =2 FH=gt AN
FollA duid oz 7 del AMEHE dFHE =& 77 70mm ¥ Q1&E3He] WMY-sFEFAE
o i3] Awe] AE, &8fF H:, H=AE ¥ =
H= gRA7 4 AY T 249 B2 1 o] FMollA A& A 40~60mm oA 2= A
E AtolollA st mpEe] vAe JF¥FEE o o A€ dF k¥ R HE=E o JgEE
AgH ez sk F3te] ALE FHakglern dFol AAE &
ol71 A& 3 3 utE AAlst.
2. dEUE HENZ S B4 288 THAA AHEHa 9
= 4.76mm 2 AA3le] Fig. 2 9 2ol HFEPL
21 SRRH|S MY AEY B ALg% AWZAL Table 1 o] LERAZIC,
2 ggelre s 254ge) 97hE 913 Nine[2]
of o8 maE 9PBWe L= 1E SE9) 22 E2QH|E MEZH
= nhEAEslE sl g AHeE = AYe) AET BAE BAYEE LA Bol
ZoHl= vb AR71E Fig 1o vERIAT A}%QL AE FA(CR: Cold Rolled)?d, T332}
A¥e AA T4 0.7mm A 1.2mm & vhEA Fo}ld = Z 7 F(GA: Hot-dip Galvanized), ©]& 3
AS 7] ga %Q.E Z 45mm x Z°] 500mm 7]‘::L7L-’J'(EGF Electro-galvanized Zn-Fe Alloy), &
a71& A4t A Wol(burnE A AL F0lE53F(AA: Aluminum Alloy) $AE Hide s
Brietel= £HAY e =& dAsa &2F o, #g2ads Brlety] As FE&E(0ry)H
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AErt Zbzb g2 b ARS, UG =a 34 %2 AFEl(BM: Base material)®} 7 ¥ =&
PE FARE A =2 A4S aa F 7hEsk T Bl =R 9] ul R A2 Ball on Disc Type
HAE Hbg FdA AAGE ARG o] mtRAIZ 7] 30N 9 35 120pm & £E2
Table2 o AHE £BHY EHE eI, 908 AP F ol sk
HlEs APRIEE AH8E3i e Table 3 o e}
J v = AEEE 259 2 sK(IH:Induction hardening), 2.3 gt 3z, oy ¥ 2N
AFEF(CP: Cr plating) A& 3t RUA S raAe] B, AFRE, ANE € 257 vt
450 TIAE EIHE Fohns] AaAA A
Table 2 Lubricants used for the test o &l A=AE, QAT P FEAFES A
Viscosi Specific SR FEARS B el bl AEwE
t - - = -
Lubricant Type 4(;8,,2051831 gravity Ao 2 HAA AE AF7)E o] &ste] A5}
(M0C.e80|5c jat)y  gem Al mSd 23® @ Bz dE
Lub. 1 Washing & rust 97 0.808 #He A
o preventive oil ’ ’ AFAEH-2 KS B 0802 o whel A zHatgl on
ARt ] kil o] &b L. R}FZREE] Al &l
Lub.2 | Drawingoil 3.0 0.812 MTS gulel el 48 19 gastel ddat
Rk 01E T 02% SEZA FEZJE ARPE,
Lub, 3 |FTHEPIESIE] g s 0.840 dedage Foit 2RSS Fuel ¢d
additive ol AR e AHse] 2P0 Smm 2 He] B
Table 3 Chemical composition of bead materials
Chemical composition (wt, %) Hardness(HV)
Bead
C Si Mn P(Max) S(Max) BM IH CP
Fc300 2.80~3.30 1.50~2.10 0.60~1.10 0.15 0.15- 330 647 860
HC891 2.80~3.30 1.80~2.25 0.75~1.05 0.12 0.12 300 637 849
FCD550 3.30~4.10 | 2.00~3.20 0.10~0.05 0.05 0.03 254 730 916
HK700 1.40~1.50 Max 0.40 Max 0.6 0.03 0.03 242 763 913
Table 4 Material properties of sheets used for the test
. Y.S. TS Hard Roughness
Class Sheet Thickness arcness %EL
(MPa) (MPa) V) Ra(um) | R.(um)
SPCEN 0.7 mm 138.96 289.70 86.94 40.84 0.80 3.7
CR SPRC35E 0.7 mm 203.53 361.59 107.93 34.07 0.71 4.10
TRIP60 0.7 mm 377.57 603.29 185.21 27.91 0.74 3.26
GA SGACEN 0.7mm 131.29 274.17 93.16 40.28 0.74 2.75
SGARC3SE 0.7 mm 204.40 355.15 104.80 34.43 0.69 3.27
EGE EDZFCEN 0.7 mm 142.25 276.22 98.94 39.49 0.79 3.51
EDZFRC35 0.7 mm 212.97 364.54 106.06 33.34 0.67 3.72
AA GC45 1.2 mm 135.16 274.69 74.57 26.24 0.53 2.33
GC55 1.2 mm 137.61 287.90 76.82 25.00 0.49 2.25
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(b
Fig. 3 Contact aspect between bead and sheet for (a)
roller bead, and (b) fixed bead
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Friction Coefficient

GCa5 GCs5

SPCEN SPRC35E  TRIPBO
Sheet

Fig. 4 Friction coefficients of various sheets at
different bead conditions (FC300)
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Fig. 5 Effect of hardness of sheet on the friction
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Fig. 6 Effect of surface coating on the friction
coefficient: (a)SPCEN base, (b)SPRC35E base
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Fig. 7 Frict efficients at different bead materials
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Fig. 8 Relationship between surface hardness and
wear weight for various bead materials
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