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A Study on the Formability Estimation of Deep Drawing Process
by Using Taguchi Method

LEE Byoung-Chan*, MOON Jae~-Ho*, KANG Yeon-Sick**, YANG Dong-Yol***

ABSTRACT

Despite the increasing demands for improved product design, a limited number of works have been
reported in the field of sheet metal forming. In the present study, introducing the Taguchi method. an opti-
mal and robust combination of parameters is found and a data base management system is utilized for
knowledge acquisition. Analysis data, estimation rules of formability and graphical representation of the
analysis have been employed for the designer’s understanding and evaluation. The developed system is
applied to a deep drawing process. Through the present study, it is shown that the developed system is
useful for the design and the formability estimation of sheet metal forming processes.
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— Brainstorm Design experiment,
P / session ~—»  usually using
Product Identify factors, orthogonal array
levels
A
Run experiment
Record results
If results vary from " Identify combination
those expected, of fa{:mrs giving
look for missed expeniment least variation,
factor(s) or closet to target
interaction of factors. specification

Repeat process

Fig. 1 Problem-Solving Procedure using Taguchi Method
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Table 1 Comparision of the Necessary Numbers of Experi-
ments between Orthogonal Array and Complete

Factorial Design
Level-2 Level-3
Factor 0A Factoriat Factor 0A Factorial

3 4 8 4 9 81

7 8 128 13 27 1594323
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Application
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Fig. 2 Schematic Arrangement of System
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Formability Geometric Data FEM Analysis Data

o Formability --- True
False

Material Thickness
Friction Coefficient
Punch Radius

Hole Radius

Clearance

Die Shoulder Radius
Punch Shoulder Radius

0 Geometric Data ---

o FEM Analysis Data --- Max. Punch Load
Max. Effective Strain
Max. Thickness Strain
Max. Circumferential Strain
Max. Edge Strain

Fig. 4 Structure of Record
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Fig. 7 Schematic Representation of Estimation of Formabili-
ty for Deep Drawing

Drawing S06C

Criterion — i
recommended punch shouider radkus (mm)
32-—-- 8

fracture lnk of punch shouder radius (mn)

Hmiting height to um mlo (LHOR)

current height to u-nelu nm

keniting thickness / diameter * 100
10 wrinkling —= »»> 25
mmm&ms:/mzr loo

----- 05439
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32--——- 8

tracture mdd&mm(m)

wrinking i of die mmv rulko(mm) cp height  {mm)
_____ 9669 ————e 2656
curent die shouder radia (men) dearance (mm)
----- ———125
o ity N "
Formability Celterion is Satisfied 1!
Succassful Forming would be probably expected.

Fig. 8 Estimation of Formability for Deep Drawing
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Drawing so8C

~ G tric Variables -
material thickness

Basic Variabl

die clearance

punch radius

punch shauder radius

~===- 65
bank holding force

—==— 2200
blank size

Ch ic Value

Min, Punch Load
—m-me 1548

Fig. 9 Application of Parameter Design for Deep Drawing
using Taguhci Method

Table 2 Classification of Design Parameter and Noise Factor

Basic Material Tpickncss : 0.8 mm
Parameter Blank Radius : 30 mm
Punch Stroke : 40 mm
Friction Cocefficient 0.1 0.12
. Punch Radius {(mm) 16.0 17.0
Design Die Shoulder Radius (mm) 6.5 6.0
Parameter Punch Shoulder Radius (mm) 6.0 6.5
Clearance (mm) 1.2 13
Blank Holding Force (N) 2000 2200
. Material Thickness -3.0~3.0 %
Noisc Factor | pricvion Coefficient 30~39
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Table 3 Parameter Design of Deep Drawing

Parameter Level 1| Level 2
Friction Coefficient 0.1 0.12
Die Shoulder Radius 6.5 6.0
Design Die Clearance 12 1.3
[Parameter .
Punch Radius 160 | 17.0
Punch Shoulder Radius | 6.0 6.5
Blank Holding Force 2000 | 2200
. i i -3.0 3.0
Noise Material Thickness .
Factor L. .
Friction Coefficient -3.0 3.0
Combination of 1 1 2 2
Combination o noist factor 1 2 1 2
design parameter 1 2 2 1
1111111 1804 1810 19.12 1919
1112222 15.44 1551 16.34 1641
1221122 1850 1858 19.41 19.47
1222211 16.06 16.13 17.06 17.11
2121212 1676 1676 17.48 17.70
2122121 1847 1857 19.33 19.70
2211221 1575 1582 16.82 1692
2212112 1787 1822 1899 19.05

Optimal combination of design parameter : 1 2 ® 2 @ 2 => min. load : 16.48kN
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