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Effect of Bead Surface Treatments and Bead Shapes on the Drawing
and Friction Characteristics in Drawbead Forming of Sheet Metal

Dong-Hwal Lee, Jong-Soo Ryu, Woo-Chang Chung* and Young-Hoon Moon
School of Mechanical Engineering/ Engineering Research Center for Net Shape and Die Manufacturing,
Pusan National University, Busan 609-735
*Trouble Analysis and Reliability Research Center, Pusan National University, Busan 609-735

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 test was performed at various bead surface treatment conditions to clarify the frictional characteristics
between sheet and drawbead. Furthermore, the differences in drawing force between circular and rectangular
shape beads have also been measured to estimate the effectiveness of bead shape on the material flow control.
The results show that drawing and friction characteristic were strongly influenced by surface treatments of bead
and bead shapes.
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Fig. 1. Roller and fixed bead parts of drawbead tester.
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Table 1. Chemical composition of bead materials bead

material . Chemical composition (wt. %)
C Si Mn P S Mg

FC300 2.80~3.30 1.50~2.10 0.60~1.10 Max 0.15 Max 0.15 -
FCD550 3.30~4.10 2.00~3.20 0.10~0.05 Max 0.05 Max 0.03 Max 0.03
HCB891 2.80~3.30 1.80~2.25 0.75~1.05 Max 0.12 Max 0.12 -
HD700 3.30~3.70 1.90~2.30 Max 0.60 Max 0.05 Max 0.03 Max 0.03
HK600 0.05~0.07 0.07~1.10 0.07~1.00 Max 0.03 Max 0.03 -
HK700 1.40~1.50 0.40~0.60 Max 0.60 Max 0.03 Max 0.03 -
SKD11 1.40~1.60 Max 0.40 Max 0.06 Max 0.03 Max 0.03 -

Table 2. Experimental condition of drawbead test

Iron (FC300, FCD550, HC891, HD700) Steel (HK600, HK700, SKD11)

Base, Induction hardening, Cr plating, lon nitriding
TD process, TiN Coating, TICN Coating, CrN Coating

Cold rolled steel sheet (SPCEN, 0.7 mm)

Hot-dip galvannealed steel sheet (SGACEN, 0.7 mm)
Electrogalvanized coating steel sheet (EDZFCEN, 0.8 mm)
Aluminium alloy steel sheet (GC45, 1.2 mm)

Width 45 mm x Length 500 mm

Bead material

Bead surface treatment

Sheet

Specimen size

Clearance / Clamping depth | 1.3 mm/9.52 mm
Drawing length Roller bead 70 mm, Fixed bead 70 mm
Drawing speed 1000 mm/min

Lubricant Drawing oil (Viscosity at 40°C : 3.0 cSt)
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Fig. 3. Aspect touched between bead and sheet (a) roller
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Fig. 5. Effect of bead surface treatment on friction
coefficient for SKD11.
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Fig. 12. Drawing force of circular and rectangular bead in
various viscosity for (a) FC300 and BASE (b) FC300 and
Cr plating.

741*&*4011*1 & = o), EFPHIE AFA] viE
Aol S vXE 7R ZEiAR] IR Q1EE
oln ol uighiale] WAl 7HE =A
o]&3t,

Fig. 103 Fig. 112 ¥A(CR) 7o} a3t &
SEF(GA) el g ¢! %ﬁl—i‘—ﬂ nlEA 4=}
ABPAE VERIICE ZE ol viEAle} 7}
Pkl izl Q1= sksel 7%4 d8Ho=m S/HE

2 %% ek

Fig. 13. Fracture view of aluminum steel sheets(GC45
thickness 1.2 mm) for rectangular bead.

Fig. 14. Necking view of GA steel sheets(SGACEN
thickness 0.7 mm) for rectangular bead.
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