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ABSTRACT 
Forming with reconfigurable multipoint dies is a flexible manufacturing stamping 

technology which it uses discrete punches to materialize the continuous 3-D surface 
of the active working surfaces. In the paper is presented a method for geometrical 
reconfiguration of the multipoint die based on reverse engineering and finite 
element analysis. By combining these techniques, the method assures the virtual 
compensation of the springback in multipoint forming and could be applied in 
practice. 
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1. INTRODUCTION 
 

The reconfigurable multipoint forming (RMPF) 
is a flexible sheet metal manufacturing method used 
in small batch production. The technology is known 
also as MPF - Multipoint Forming [6, 7, 9, 10, 15] or 
DDF - Digitized Die Forming [1-3].  

 In this manufacturing method a pins matrix 
approximate the continuous active surfaces of a 
conventional die. In the pins matrix each pin is 
vertically aligned according with the part geometry.  

In this context controlling the height of each pin 
is one of the main technological problems which 
assures the geometry of the part and avoids in general 
the dimpling phenomenon when RMPF without 
interpolator is applied.  The network of small dimples 
(Fig. 1) affects the surface quality, mainly if such type 
of parts are used in automotive and aeronautical 
industry for exterior parts or in medicine. 

 

 
 

Fig. 1. Dimple phenomenon in RMPF 

For other applications such as in civil and 
industrial construction, architecture and shipbuilding 
the appearance of such dimples is not the main 
problem. In these cases the problem of springback is 
more important and must be compensated.  

To compensate for springback different 
algorithms could be applied.    

In the paper a reconfigurable scheme and a 
method for smoothing the RMPF surface is presented. 
The examples presented above are applications of the 
scheme and method proposed.  

  
2. CORRECTION OF THE    
    ELASTIC  
    SPRINGBACK 

 
In order to correct the elastic springback of the 

part is necessary to determine the value of this 
springback in some points on the deformed surface of 
piece. 

Due of the dimpling the nominal and real 
piece’s surfaces, calculated by FEM software, need to 
be smoothed as it will be presented in the next 
chapter. 

It must notice that in double curved application, 
the surfaces obtained are smaller on X and Y direction 
that the dimension need to calculate the pin position 
and is necessary to extend these surfaces on both 
direction in order to calculate the pin position on the 
external rows and columns. This extension not affects 
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the final calculation because it was used the same 
function as for smoothness. 

After these it is established the distance between 
the nominal piece’s surface and the surface after 
springback, along the normal at the surface, in all the 
nodes give by the analyses software. 

It will be reconstruct another target surface 
deformed regarded the nominal surface with these 
distances but considered in the opposite sense along 
the normal. This target surface will be regarded as a 
new nominal surface and the pin positions will be 
calculated for this new surface. 

The nodes positions of the new target surface 
are calculated with: 
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= ⋅ −
= ⋅ −

   (1) 

 
where index n reefers to the new target surface, index  
t reefers to the theoretically surface and the index r 
reefers to the real surface after spring back 
calculation. 

The FEM analyse will be resumed until the 
springback surface is closed enough to the nominal 
surface to be technically acceptable. 

The workflow of this algorithm is presented in 
figure 2. 
 

 

 
 

Fig. 2. Algorithm’s workflow 
 

3. GEOMETRIC 
    RECONFIGURATION  
    ALGORITHM 

 
 The first step is to measure the obtained surface 

and to determine the theoretically surface. By points 
measuring we obtain an unevenness points cloud. In 
order to determine the theoretically surface we use the 
MatLab program which, based on its capabilities, 
allow obtaining a mesh with points uniformly 
distributed (see Fig. 3). 

In following we use this meshed surface to 
determine the pin position for the deformation of the 
blank. 

Due of the dimpling effect, the meshed surface 
will be not a smooth surface and will have unevenness 
which dramatically affect the model of surface to be 
obtained. 
 

 
 

Fig. 3. Measured points and approximated surface 
 

In order to correct the dimpling the model of 
surface need to be smoothed. Depending of the 
surface form it will be selected one of the MatLab 
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functions for curve fitting and this function will be 
applied on the rows (X direction) and columns (Y 
direction) of the mesh to calculate the value on Z 
direction (Figs. 4 and 5). We make the notice that the 
smoothing on only one direction is not enough to 
obtain a good model. 
 

 
 

Fig. 4. Smoothed surface on one direction 
 

 

 
 

Fig. 5. Smoothed surface on two directions 
 

On each of the mesh node is calculated with 
MatLab program the normal direction at the surface. 
We have to calculate two thus equidistant 
corresponding to the upper and lower half-die.  

With MatLab capabilities is generate two new 
surfaces (SUS and SLS) overlapped to surfaces SU and 
SL, with nodes at even pitch on x and y directions. 

The calculus is presented in [16]. 
 

3.1. Numerical example 
 

To proof the method we apply this algorithm to 
a surface with equations: 
 

                        
2 2

2 2 2 0x y z
a b

− − ⋅ =  (2) 

 
where a=8; b=8. 

The pin radius is 10 2R =  mm and the blank 
thickness is g=1mm. 

The surfaces have dimensions 200x200 mm2 
and the pin grid is formed by 10x10 pin, with distance 
between ball ends of pin 10 mm. 

For surface smoothing we use the polynomial 
approximation with a quadric polynomial on form: 
 
                2

1 2 3 ,i iZ p X p X p= ⋅ + ⋅ +  (3) 
 
where p1, p2 and p3 are the polynomial coefficients 
calculated by MatLab software for each row of the 
coordinates array. 

The measured points and the approximated 
curve for the middle row of the coordinates array are 
presented in Fig. 6. 
 

 
 

Fig. 6. Measured points and their approximation 
 

 
 

Fig. 7. Contacts points on the approximated surface 
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 The contacts points between the pins and the 
approximated surface are presented in Fig. 7. The 
figure presents a rapid method for checking the 
calculated contacts points. 
 

4. CONCLUSIONS 
 

This paper presents a scheme for springback 
calculation and an algorithm for reconfigure the pins 
matrix. The algorithm is useful in the case of 
deformation without interpolator where the localized 
deformation reduced the surface quality of the part 
due to the presence of dimpling. The algorithm will 
be further applied for smoothing the deformed surface 
in order to apply the proposed springback scheme.  

 
ACKNOWLEDGEMENTS 

 
 The authors gratefully acknowledge the 
financial support of the Romanian Ministry of 
Education and Research through grant 
PN_II_ID_1761/2008 
 

REFERENCES 
 
[1] Cai Z.Y., Li, M.Z., Digitized die forming system for sheet metal 
and springback minimizing technique, Int J Adv Manuf Technology 
(2006) 28: 1089–1096, pag. 1089-1096 
[2] Cai, Z.Y., Li, M.Z., Optimum path forming technique for sheet 
metal and its realization in multi-point forming, J Mater Process 
Technology, 110:136–141, 2001 
[3] Cai Z.Y., Li, M.Z., Digitized die forming system for sheet metal 
and springback minimizing technique, Int J Adv Manuf Technology 
(2006) 28: 1089–1096, pag. 1089-1096 
[4] Hardt, D.E., Rzepniewski, A., Pi, A., Cycle-to-Cycle Feedback 
Control and its Application to Sheet Metal Forming, Proceedings of 
the JSME/ASME International Conference on Materials and 
Processing, Oct. 2002. 

[5] Hardt, D.E., Siu, T.-S., Cycle to Cycle Manufacturing Process 
Control, First Annual SMA Symposium, Singapore, Jan. 2002. 
[6] Gavan, E., Paunoiu, V., Dimache, A., Comparative Study for 
Single-Curved Plates Forming with Continuous and Reconfigurable 
Die-Punch Assembly, Analele Universităţii Dunărea de Jos din 
Galaţi, fasc. V, 2004, pag. 81-85, ISSN 1221-4566  
[7] Gavan, E., Paunoiu, V., Dimache, A., Cylindrical Thick Plate 
Forming with Reconfigurable Die-Punch Tool, TMCR, Chişinău, 
20035, pag. 400-404, ISBN 9975-9975-3-2  
[8] Karafillis, A. P., and Boyce, M. C., Tooling Design in Sheet 
Metal Forming using Springback Calculations, Int. J. Mech. Sci., 
34, pp. 113–131,1992 
[9] Li, M.Z., Cai, Z.Y., Sui, Z., Yan, Q.G., Multi-point forming 
technology for sheet metal, J Mater Process Technology 129(1–
3):333–338, 2002 
[10] Li, M.Z., Liu, Y.H., et al., Multi-point forming: a flexible 
manufacturing method for a 3-D surface sheet, J. Mater. Process. 
Technolology 87 (1999) 277–280. 
[11] Nakajima, N., A Newly Developed Technique to Fabricate 
Complicated Dies and Electrodes with Wires, Bulletin of Japanese 
Society of Manufacturing Engineers (JSME), Vol. 12, No. 54, 
1969, pp. 1546-1554  
[12] Owodunni, O.O., Diaz-Rozo, J., and Hinduja, S., 
Development and Evaluation of a Low-Cost Computer Controlled 
Reconfigurable Rapid Tool, Computer-Aided Design and 
Applications, 1, 1-4, 2004, 101-108. 
[13] Papazian, J., Tools of Change. Mechanical Engineering, Feb. 
2002, pp. 31-40 
[14] Papazian, J. M., Anagnostou, E.L., Christ, R. J., Hoitsma 
Jr.D., Ogilvie, P., and Schwarz, R.C., Tooling For Rapid Sheet 
Metal Parts Production, 6th Joint FAA/DoD/NASA Conf. on 
Aging Aircraft, San Francisco, CA, USA, September 16-19, 2002 
[15] Paunoiu, V., Oancea, N., Nicoara, D., Simulation of Plate’s 
Deformation Using Discrete Surfaces, Materials Processing and 
Design: Simulation and Application, NUMIFORM, 2004, OHIO 
State University, American Institute of Physics 0-7354-0188-8, pag. 
1007-1010 
[16] Paunoiu, V., Teodor, V., Gavan, E., Nicoara, D., Algorithm 
for geometric configuration of the reconfigurable multipoint dies 
NEWTECH 2009, Annals of Dunarea de Jos University of Galati, 
ISSN 1221-4566, pag. 95-100 
[17] Walczyk, D.F., Hardt, D.E., Design and analysis of 
reconfigurable discrete dies for sheet metal forming, J Manuf Syst 
17:436–454, 1998 

 


