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AbstrAct
Purpose: The objective of the present work is to study the influence of sheet thickness on blank holding force 
and limiting drawing ratio.
Design/methodology/approach: Variation in blankholding force and limiting drawing ratio in deep drawing of 
metal foils were evaluated by calculation.
Findings: The paper shows variation in the blankholding force required for the elimination of wrinkling and the 
limiting drawing ratio with sheet thickness. The blankholding force required for the elimination of wrinkling 
increased rapidly as the sheet thickness decreased. When the sheet thickness was very thin, the blankholding 
force was strongly influenced by the coefficient of friction. The limiting drawing ratio decreased as sheet 
thickness decreased and it decreased rapidly below 0.04 mm thickness. When the sheet thickness was very thin, 
the limiting drawing ratio was strongly influenced by the coefficient of friction.
Research limitations/implications: The control of the loading path of blankholding force will be an effective 
way to prevent the formation of defects including fractures and wrinkles in deep drawing of metal foils.
Practical implications: When deep drawing of metal foils is carried out, the control of loading path of blankholding 
force during deep drawing operation can be very effective for improving the limiting drawing ratio.
Originality/value: The contribution of the conducted research is observed in a possible view of improvement 
of deep drawability of metal foils.
Keywords: Plastic forming; Deep drawing; Metal foils; Sheet thickness 

1. Introduction 

Miniaturization of various industrial components and 
products including precise devices and information processing 
devices is progressing, and accordingly, the metal forming of 
very thin small components using very thin sheet metals or 
metal foils has become increasingly important [1].  Many 
studies on forming precise products from very thin sheets or 
metal foils using plasticity technology have been carried out 
[2-19]. New deep drawing processes have also been 
developed. Okazaki and Kawaguchi [13] improved the deep 
drawability of aluminum foil by oscillation of a die. Kasuga 
[16] reported that the control of the blankholding force by 

oscillation of the blankholder using piezoelectric actuators  
improved the limiting drawing ratio. Although several studies 
on deep drawing of metal foil have been done, there are still 
various unclarified points.   

In deep drawing of metal foils, there are two important 
issues to overcome; considerable decrease in the limiting 
drawing ratio, and easy occurrence of wrinkles of deep-drawn 
products. When a  metal foil is deep drawn, the development 
of wrinkling and a decrease in the limit drawing ratio should 
be simultaneously suppressed. In this study, the effect of sheet 
thickness of metal foil on the limiting drawing ratio and 
blankholding force was investigated. In addition, the influence 
of the loading ways of blankholding force on the limiting 
drawing ratio was examined. 

1.		Introduction
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2. Loading ways of blankholding force 

As ways to load the blank holding force, several cases are 
considered as shown in Fig. 1, which includes a case in which the 
blankholding force (BHF) is kept constant, a case in which the 
blankholding pressure (BHP) is kept constant, and a case in which the 
BHP is varied depending on the current drawing ratio which shows 
the progress of the deep drawing. In Fig. 1, the current drawing ratio 
is expressed as a ratio of the radius of the outer rim of a flange of a 
blank during deep drawing to the radius of a punch 4mm.  Therefore, 
the right-hand edge of each curve in Fig. 1 corresponds to the time at 
which deep drawing is begun. The left edge of each curve 
corresponds to the time at which deep drawing is finished 

We used Siebel’s equation [21] for BHP in the cases of constant 
BHF and constant BHP.  For the BHP in the cases of varying BHP 
with current drawing ratio, we used Kawai’s equation [20]. 
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Fig. 1. Variation of blankholding force 

3. Blankholding Force and Limiting 
Drawing Ratio

Figures 2 and 3 show the effects of the sheet thickness on 
changes in the BHF with current drawing ratio.  Results in the 
cases of constant BHP (Fig.2) and varying BHP (Fig.3) are 
shown.  In either case, the BHF required increased as the sheet 
thickness decreased.  It is seen that BHF is strongly influenced by 
sheet thickness. Figure 4 shows the relationship between the BHF 
and current drawing ratio for the coefficient of friction  at the 
flange in the case of varying BHP.  The required value of BHF 
increased as the coefficient of friction  decreased. When the 
sheet thickness is very thin, the BHF is strongly influenced by the 
coefficient of friction. 

Figure 5 shows the relationships between the limiting drawing 
ratio and the sheet thickness for different coefficients of friction 
in the cases of constant BHF.  For simplicity, the limiting drawing 
ratio was evaluated using the slab method.  
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Fig. 2. Variation in BHF with current drawing ratio in the case 
of constant BHP 
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Fig. 3. Variation in BHF with current drawing ratio in the case 
of varying BHP 

For any value of coefficient of friction , the limiting 
drawing ratio decreased as sheet thickness decreased, and it 
decreased rapidly below approximately 0.04 mm in thickness 
in this case.  We see that the blank breaks easily when its 
thickness is substantially decreased. In addition, the limiting 
drawing ratio decreases as the coefficient of friction 

increases.  When the sheet thickness is very thin, the limiting 
drawing ratio is strongly influenced by the coefficient of 
friction. In cases of constant BHP,  the trend in the change of 
the limiting drawing ratio is similar to that observed in the 
cases of constant BHF. 

2.		Loading	ways	of	blankholding	
force

3.		blankholding	force	and	
limiting	drawing	ratio
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Fig. 4. Variation in BHF with current drawing ratio in the case 
of varying BHP 
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Fig. 5. Influence of sheet thickness on the limiting drawing ratio 
in the case of constant BHF 

Figure 6 shows the result of evaluation of the limiting 
drawing ratio in cases when BHP was varied during deep 
drawing.  The limiting drawing ratio decreased as sheet 
thickness decreased; however, no rapid decrease in the 
limiting drawing ratio with a decrease in the sheet thickness.  
Figures 7 shows the effects of sheet thickness on the limiting 
drawing ratio for each loading way of blankholding force 
when = 0.05. When BHF=const or BHP=const, the limiting 
drawing ratio decreases considerably below 0.04 mm 
thickness. However, when BHP varies, considerable decrease 
in limiting drawing ratio is not observed.  The similar trend is 

observed when =0.1 as shown in Fig 8. The control of 
blankholding force during deep drawing operation can be very 
effective for improving the limiting drawing ratio. We can see 
that when deep drawing of metal foils is carried out, the 
loading ways of blankholding force is very important for 
improving the limiting drawing ratio. In addition to the 
appropriate selection of the loading ways, the application of 
auxiliary sheets will be very effective for prevention of 
wrinkling and fracturing in deep drawing of metal foils 
including stainless-steel foil.  
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Fig. 6 Influence of sheet thickness on the limiting drawing ratio 
in the case of varying BHP 
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Fig. 7. Influence of sheet thickness on the limiting drawing 
ratio (  = 0.05) 
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Fig. 8. Influence of sheet thickness on the limiting drawing 
ratio (  = 0.1) 

4. Conclusion 
The blankholding force required for the elimination of 

wrinkling increased rapidly as the sheet thickness decreased. The 
blankholding force was strongly influenced by sheet thickness and 
the coefficient of friction. The limiting drawing ratio decreased as 
sheet thickness decreased and it decreased rapidly below 0.04 mm 
thickness. When the sheet thickness was very thin, the limiting 
drawing ratio was strongly influenced by the coefficient of 
friction. When the blankholding force was appropriately varied 
during deep drawing operation, considerable decrease in limiting 
drawing ratio was not observed.  When deep drawing of metal 
foils is carried out, the control of loading path of blankholding 
force during deep drawing operation can be very effective for 
improving the limiting drawing ratio.  

Acknowledgements 
This research was partially supported by a Grant-in-Aid for 

Scientific Research from the Ministry of Education, Culture, 
Sports, Science and Technology of Japan, and by the Amada 
Foundation for Metal Work Technology in Japan 

References 
[1] M. Geiger, M. Kleiner, R. Eckstein, N. Tiesler, and 

U. Engel, Microforming, Ann. CIRP, 50-1 (2001) 1-18. 
[2] K. Yamaguchi, N. Takakura, T. Fukiage, and M. Fukuda, 

An experimental study of the size and shape of tension 
specimens for aluminum foil, Journal of the Japan Society 
for Technology of Plasticity, 17-191 (1976) 995-1002. 

[3] M. Saito, H. Saiki, and N. Kawai, Experimental analysis of 
ironing of thin metal cups, Trans. of ASME, Journal of 
Engineering for Industry, 111 (1989) 56-63. 

[4] Y. Kurosaki, H. Takeuchi, and K. Murai, Yield stress and 
fracture behavior of electronic copper foils, Transactions of 
the Japan Society of Mechanical Engineers, 58-550 (1992) 
313-318. 

[5] W.B. Lee, C.F. Cheun, L.K. Chan, W.M. Chiu, An 
investigation of process parameters in the dam-bar cutting of 
integrated circuit packages, Journal Materials Processing 
Technology, 66 (1997) 63-72. 

[6] I. Aoki, T. Yano and T. Higuchi, Development of a 
piezoelectric micropress and its application to press 
blanking, Journal of Japan Society for Precision 
Engineering, 58-2 (1992) 131-136. 

[7] F. Vollersten, I. Komel, and R. Kals, The laser bending of steel 
foils for microparts by the buckling mechanism – A model, 
modelling simulation, Mater.Sci.Eng, 3 (1992) 107-119. 

[8] C.L. Yau, K.C. Chan, and W.B. Lee, Laser bending of 
leadframe materials, Journal of Materials Processing 
Technology, 82 (1998) 117-121. 

[9] Y. Saotome, and T. Okamoto, An in-situ incremental 
microforming sysytem for three-dimensional shell structures 
of foil materials, Journal of Materials Processing 
Technology, 113 (2001) 636-640. 

[10] S. Tanaka, T. Nakamura, and K. Hayakawa, Miniature 
incremental forming of millimeter-sized tin shell structures, 
Advanced Technology of Plasticity 2002, 1 (2002) 38-42. 

[11] S. Suto, K. Katsuno and T. Sano, and K. Matsui,  Bending 
of amorphous alloys, Journal of Materials Processing 
Technology, 33-3 (1992) 215-227. 

[12] Y. Saotome and T. Okamoto, Microdeep drawability of very 
thin sheet steels, Journal of Materials Processing 
Technology, 113 (2001) 641-647. 

[13] Y. Okazaki and K. Kawaguchi, Ultrasonic deep drawing of 
aluminum foil, Advanced Technology of Plasticity 1990,  
3 (1990) 1333-1340. 

[14] S. Kurimoto, K. Hirota, Y. Nakano, and T. Mori, Improvement 
of ultra–fine piercing by means of vacuum system, Advanced 
Technology of Plasticity 2002, 1 (2002) 391-396. 

[15] M.A. Hassan, N. Takakura and K. Yamaguchi, Friction 
aided deep drawing of sheet metals using polyurethane ring 
and auxiliary metal punch, International Journal of Machine 
Tools & Manufacture, 42 (2002) 625-631. 

[16] Y. Kasuga, Deep drawing of ultra thin aluminum sheet with 
use of piezoelectric actuator, Journal of the Japan Society 
for Precision Engineering, 62-12 (1996) 1737-1741. 

[17] M. Otsu, T. Wada, and K. Osakada, Micro-bending of thin 
spring by laser forming and spark forming, CIRP Ann., 50-1 
(2001) 141-144. 

[18] Y. Marumo, H. Saiki, and A. Onoue, Effect of lap-sheets on 
deep drawing of metallic foil cups Journal of Materials 
Processing Technology, 119 (2001) 48-51.  

[19] Y. Marumo, H. Saiki, L. Ruan, K. Hokamoto, S. Itoh, and 
H. Iyama, Piercing process of very thin sheet metal using 
explosive-impulsive pressure, Materials Science Forum,  
465-466 (2004) 337-342. 

[20] N. Kawai, Critical conditions of wrinkling in deep drawing 
of sheet metals, Transactions of the Japan Society of 
Mechanical Engineers, 26-166 (1960) 857-863. 

[21] E. Siebel, H. Beisswanger, Tiefziehen, Carl Hanser  
Verlag, 1955. 

4.		conclusions

references

Acknowledgements


