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ABSTRACT 

 

 Multi-point forming (MPF) is a new flexible forming technology in which the fixed shape 

of conventional dies is replaced by a pair of opposed matrices of movable punch elements 

called "punch group".By using multi-point die a variety of three dimensional sheet parts of 

different shapes can be produced. However due to the discrete contacts between the work 

piece and punches the dimple defects occurred. In this paper, B-spline technique was used to 

represent the profile of the final product shape by adjusting the punch height of 

reconfigurable die. Finite element code (ANSYS 11) was used to simulate the MPF process 

and to investigate the influence of punch tip radius the interpolator type on the stress 

distribution, thickness variation and dimpling defect .The simulation results show that the 

large tip radius and (4mm)  rubber interpolator have a great effect in reducing the stress 

concentration, thickness variation and also prevent the dimpling defect. 

KEYWORDS: multi point forming, B-spline,  interpolators, punch tip, numerical 

simulation. 

 

التحقق النظري لتأثير نصف قطر راس المكبش ونىع المادة الفاصلت بين المكبش 

 والشريحت في التشكيل المتعذد النقط
 عبذ الكريم جليل             رغذ عزيز نعمه

 جامعت بابل /كليت الهنذصت /قضم الهنذصت الميكانيكيت
 

 الخلاصت 

انرشكٍم انًرعذد انُقظ هى ذقٍُح يشَح ٌرى فٍها اعرثذال انقانة انرقهٍذي انًكىٌ يٍ يكثظ وقانة تضوج يٍ انًظفىفاخ 

انًرضادج عهىٌح وعفهٍح حٍث ذحرىي كم يظفىفح عهى عذد يٍ انًكاتظ انقاتهح نهحشكح ذذعى تضيشج انًكاتظ . تاعرخذاو 

ل يخرهفح يٍ الاخغاو انثلاثٍح الاتعاد يع رنك انرلايظ انغٍش يغرًش تٍٍ انقىانة انًرعذدج انُقظ ًٌكٍ اَراج عذج اشكا

نرًثٍم   ( B-Spline )انًكاتظ وانششٌحح ٌغثة ظهىس عٍىب انرُقش عهى عطح انًُرح . فً هزا انثحث ذى اعرخذاو ذقٍُح 

ٍحح تاعرخذاو هزا انقانة . ذى انخشاياخ نهقانة انًرعذد انُقظ ويٍ ثى ذشكٍم انظفيظهش انًُرح انُهائً تضثظ اسذفاعاخ 

نًحاكاج عًهٍح انرشكٍم ونرحهٍم انُرائح َظشٌا ونذساعح (  ANSYS11) اعرخذاو تشَايح خاص ترقٍُح انعُاطش انًحذدج

َىعٍٍ يخرهفٍٍ يٍ انًىاد انرً ذًُع انرلايظ انًثاشش تٍٍ انًكاتظ  وذأثٍشذاثٍش كم يٍ َظف قطش ساط انًكثظ 

عهى كم يٍ ذىصٌع الاخهاداخ وذغٍٍش انغًك وعٍىب انرُقش  (ًطاط وانشطاصنا)وهً   ( Interpolation)وانششٌحح

كثٍش  ذأثٍشًٌرهكاٌ  يهى 4وانًطاط رو عًك  يهى 8فً انًُرح انُهائً . تٍُد َرائح انرحهٍم اٌ انًكثظ رو َظف قطش ساط 

ذًد الاعرفادج يٍ انداَة انُظشي ترقهٍم فً ذقهٍم الاخهاداخ انًرشكضج وانرغٍٍش فً انغًك وانرخهض يٍ انرُقش نزنك 

 انىقد وانكهفح فً اخرٍاس انرظًٍى الايثم نهزا انقانة ونهحظىل عهى يُرح خانً يٍ انرُقش . ثى طُع قانة يرعذد انًكاتظ

 .%5وذًد يقاسَح تعض َرائح انداَة انعًهً يع َرائح انداَة انُظشي وكاٌ َغثح انخطاء يغاوٌح انى 
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INTRODUCTION 

 

Traditionally in sheet metal forming, fixed shape matched tool is used to form the part shape. The 

die which is designed according to the specific shape and manufactured as a single piece is applied 

to accomplish the sheet metal forming in its cavity. Usually, the die is invariable, thus different dies 

are required to form different parts, and several sets of dies are needed for the product which is 

hardly to form in single forming. The main problem of this forming method is that it is extremely 

expensive to design these complex dies, especially for the small lot size production, because of the 

development time and the manufacturing costs. For this reason, the possible alternative forming 

method, which can reduce production costs named multi-point forming process (MPF), has been 

proposed. Multi-point forming (MPF) is an advanced flexible manufacturing technique rapidly 

developed for the various three dimensional sheet metal forming demands in recent years. The 

substance of multi-point forming is replacing the conventional solid dies by a set of discrete 

punches called "punch group", as shown in Figure(1) [Wang 2010]. 

[Li et al 2002 ] developed an MPF press with flexible blank holder to manufacture complex sheet 

metal parts with out wrinkling and tearing defect. [Ming-Zhe 2006] described the overal structure of 

the digitized die forming (DDF) system and the methods of design and control of digitized die 

shape,the detailed steps of die shape correction for spring back and forming process simulation are 

explained. [Zhang et al 2007] investigated the performance of a multi-pin die with pins in cicular 

array and an adjustable blank holder.This die is suitable to form work-pieces with rotational 

symmitery. [Cekan et al 2008] performed the finite element simulation of the sheet metal forming to 

investigate the influence of the pins network type on the deformation process in reconfigurable 

(MPF) with fixed configuration. [Tan 2009] introduced dynamic explicit finite element software to 

simulate the MPF of titaniom alloy retiary sheet (152*125) mm
2
 and 0.5mm thickness with 30*30 

square holl and titanium alloy sheet metal (152*152) mm
2
 and thickness 0.5mm.[Seong-chan 

2010]designed and fabricated a 2000 KN flexible forming machine for forming of thick curved 

plate used for shipbulding industry. [Shaohui 2010] discussed the influence of the MPSD geometry 

on the surface quality and the shape accuracy of MPSF parts through analyzing dimple and the 

shape error after deformation.This paper foucused on studing the effect of interpolator type and 

thickness also the punch tip radius on MPF process in term stress distribution,thickness 

variation,and dimpling suppresion. 

 

PRINCIPLE OF MPF 

 

In MPF,the conventional stamping matched die are replaced by apair of opposed matrices of punch 

elements with hemispheric end,and the continous surface of conventional die is approximated by 

the envelope surface of punch matrix.Adjusting the height of each punch element, a multi-point die 

(MPD)is generated.The spherical tips of punch elements in MPD describe a discrete 3 D surface, 

and sheet metal parts with the same 3D geometry can be formed by apair of matched MPD . 

 

 Construction Of Multi Point Die Shape 

The shape of MPD ,namely the surface of the punch matrix, depends up on the heights of the 

punches elements in punch matrix,that is mean all the surface point's coordinate must be mesured 

theoritically.In this paper the general form of curve in two dimension and surface in three 

dimension is described by open uniform B-spline with (n=k=5)with the aid of MATLAB program 

 

P(u)= i,k(u)                                                                                                                           (1) 

 

where Pi is a control point , i is the index of the control points , k is the number of the control points 

that control a segment, (Ni,k) is  the b-spline’s basis function, and the range of parametric variable 

(u) must be : 0≤u≤n-k+2 .There are two mathematical definitions of B-spline’s basis functions:  
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1-When k= 1   : Ni,1(u)=                                                        (2) 

 

 

2-When k  : Ni,k(u)= )Ni,k-1(u)+ Ni+1,k-1(u)                                                     (3) 

 

Where (ti) is the knot value . 

B-spline curve consists of segments. The join point between these segments are called knots, and 

play a fundamental role in the understanding of this kind of curve. In the cubic case (m=3), there 

are n+4 knot values and in the general case  (n + m + 1) , which are commonly stored in a knot 

vector. The knot vector is used to specify values in the evaluation interval where the curve changes 

segment . The knot vector for the open-uniform B-spline curve requires the following general 

condition: ti+1≥ti. One of the forms of the open-uniform knot vector is as follows (Shaohui 

etal.2010) 

 

ti=0               if i   

ti=i-k+1       if k≤ i ≤n            Where 0≤i≤n+k                                                                                    (4) 

ti=n-k+2       if i       

 

 

In the derivative of the open-uniform B-spline Basis functions with (k=n=5),the open-uniform B-

spline basis function is determined by the general equation (3).While(k) is the equation order and 

(k-1)is the equation degree ,T =knot vector and  knot value symbolized by (ti). 

 The number of control points = n+1 = 6 points. 

 The number of segments = n-k+2 = 2 segments. 

 The number of control point per segment = k=5. 

 The number of knots in the knot vector equal to n+k+1=11 knots. 

The range of parametric variable (u) must be : 0≤u≤2.The knot vector of the open uniform B-spline 

is:   T=[t0,t1,t2,t3,t4,t5,t6,t7,t8,t9,t10]=  [0,0,0,0,0,1,2,2,2,2,2].The basis functions at k=1 are given by: 

 

N0,1(u)= ,N1,1(u)= , 

 

 

 N2,1(u)=  

 

 

N3,1(u)= , 

 

 

N4,1(u)= ,     

 

 

N5,1(u)=                           

 

 

And N6,1(u)=                                                                                  (5) 
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From the equation (2) the value of basis function are: 

N0,1(u)=N1,1(u)=N2,1(u)=N3,1(u)=0 because u 0,and N6,1(u)=N7,1(u)=N8,1(u)=N9,1(u)=0 because 

u 2.but N4,1(u)=1 because 0≤u  1 ,and N5,1(u)=1 because 1≤u 2. 

To simplify derivation, it
'
s easily to make a table includes all variables which are required in the 

equation (3) to reach the final equations. When k=2 

I 0 1 2 3 4 5 

Ni,k N0,2 N1,2 N2,2 N3,2 N4,2 N5,2 

Ni,k-1 N0,1 N1,1 N2,1 N3,1 N4,1 N5,1 

Ni+1,k-1 N1,1 N2,1 N3,1 N4,1 N5,1 N6,1 

ti 0 0 0 0 0 1 

ti+1 0 0 0 0 1 2 

ti+k 0 0 0 1 2 2 

ti+k-1 0 0 0 0 1 2 

N0,2(u)= N0,1(u)+ N1,1(u)=0                ,  N1,2(u)= N1,1(u)+ N2,1(u)=0,                                  

N2,2(u)= N2,1(u)+ N3,1(u)=0                 ,N3,2(u)=  N3,1(u)+  N4,1(u)=(1-u)N4,1(u) 

N4,2(u)= N4,1(u)+ N5,1(u)=uN4,1(u)+(2-u)N5,1(u)         

N5,2(u)= N5,1(u)+ N6,1(u)=(u-1)N5,1(u) , And  N6,2(u)=N7,2(u)=N8,2(u)=0.                           (6)       

Unlike the mathematical rules and during the calculation of B-spline surfaces any quantity divided 

by zero is equal to zero rather than infinity [Michael 1996]. When k=3 

 

I 0 1 2 3 4 5 

Ni,k N0,3 N1,3 N2,3 N3,3 N4,3 N5,3 

Ni,k-1 N0,2 N1,2 N2,2 N3,2 N4,2 N5,2 

Ni+1,k-1 N1,2 N2,2 N3,2 N4,2 N5,2 N6,2 

ti 0 0 0 0 0 1 

ti+1 0 0 0 0 1 2 

ti+k 0 0 1 2 2 2 

ti+k-1 0 0 0 1 2 2 

N0,3(u)=  N0,2(u)+  N1,2(u) =0                  , N1,3(u)=  N1,2(u)+  N2,2(u)=0 

N2,3(u)= N2,2(u)+ N3,2(u)=(1-u)N3,2(u)  

N3,3(u)= N3,2(u)+ N4,2(u)=[(u)N3,2(u)+  N4,2(u)]              

N4,3(u)= N4,2(u)+ N5,2(u)= N4,2(u)+  N5,2(u) 

N5,3(u)=  N5,2(u)+  N6,2(u)=(u-1)N5,2(u), And N6,3(u)=N7,3(u)=0.                            (7)                                   

When k=4                                                       

I 0 1 2 3 4 5 

Ni,k N0,4 N1,4 N2,4 N3,4 N4,4 N5,4 

Ni,k-1 N0,3 N1,3 N2,3 N3,3 N4,3 N5,3 

Ni+1,k-1 N1,3 N2,3 N3,3 N4,3 N5,3 N6,3 

ti 0 0 0 0 0 1 

ti+1 0 0 0 0 1 2 

ti+k 0 1 2 2 2 2 

ti+k-1 0 0 1 2 2 2 

N0,4(u)=  N0,3(u)+  N1,3(u)=0     , N1,4(u)=  N1,3(u)+  N2,3(u)=(1-u)N2,3(u), 
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N2,4(u)=  N2,3(u)+  N3,3(u)= uN2,3(u)+  N3,3(u), 

N3,4(u)=  N3,3(u)+  N4,3(u)= N3,3(u)+  N4,3(u),      

N4,4(u)=  N4,3(u)+  N5,3(u)=  N4,3(u)+(2-u)N5,3(u),  

N5,4(u)=  N5,3(u)+  N6,3(u)=(u-1)N5,3(u), And N6,4(u)=0                                                     (8)       

And finally for  k=5 

I 0 1 2 3 4 5 

Ni,k N0,5 N1,5 N2,5 N3,5 N4,5 N5,5 

Ni,k-1 N0,4 N1,4 N2,4 N3,4 N4,4 N5,4 

Ni+1,k-1 N1,4 N2,4 N3,4 N4,4 N5,4 N6,4 

ti 0 0 0 0 0 1 

ti+1 0 0 0 0 1 2 

ti+k 1 2 2 2 2 2 

ti+k-1 0 1 2 2 2 2 

N0,5(u)=  N0,4(u)+  N1,4(u)=(1-u)N1,4(u) 

N1,5(u)= N1,4(u)+ N2,4(u)=(u)N1,4(u)+  N2,4(u) 

N2,5(u)= N2,4(u)+ N3,4(u)= N2,4(u)+  N3,4(u)  

N3,5(u)= N3,4(u)+ N4,4(u)= N3,4(u)+  N4,4(u)  

N4,5(u)= N4,4(u)+ N5,4(u)= N4,4(u)+  N5,4(u)  

N5,5(u)= N5,4(u)+ N6,4(u)=(u-1)N5,4(u)                                                                              (9)                

After finding the equation for different orders, these equations are compensated with each other to 

get the basis function. 

1-N0,5(u)=(1-u)N1,4 (u) =(1-u) (1-u)N2,3(u) =(1-u) (1-u) (1-u)N3,2 (u) =(1-u)(1-u) (1-u) (1-u)N4,1(u)  

N0,5(u)=u
4
-4u

3
+6u

2
-4u+1  for   0≤u 1                                                                                           (10) 

 2-The same procedure can be followed to get the other blending function as follow: 

N1,5(u)=(u)N1,4(u)+ N2,4(u)=                      (11) 

N2,5(u)= N2,4(u)+ N3,4(u)=                          (12) 

N3,5(u)=                                                             

4,5(u)=                                                              (14) 

N5,5(u)=                                                                            (15)  

 

As a result of compensation these equations, two different basis functions will be produced. The 

matrix forms of these basis functions are: 
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For i=1:  P1(u)= [u
4
u

3
u

2
u1]

 
        

 

For i=2 :P2(u)= [u
4
u

3
u

2
u1]  

 

Curve Model In Simulation Process 

The mathematical formulation of the B-spline technique in previous section have been implemented 

and integrated with MATLAB software (V.7) to generate the curve dependent on initial control 

points. Figure(2). represent the shape of open uniform B-spline curve was used in simulation 

process, this curve constructed by using (n=k=5),which consists of two segments and six control 

points P0(-112.5,21), P1(-67.5,11.5), P2(22.5,3.85), P3(22.5,3.85),P4(67.5,11.5), and P5(112.5,21), 

five control points for each segment.  

  

MULTI-POINT FORMING PROCESS AND FINITE ELEMENT MODEL 

 

The Forming Process Of MPF 

The general MPF process includes the following steps: 

I-Calculate the height of punch elements according  to the computer aided design model of desired 

parts on computer. Table 1 represents the coordinate of point located at center of pin in half die 

model taken from software . 

II-The height of each pin is entered to ANSYS program to generate the same  profile surface  and to 

make simulation for the MPF. 

 

 Materials  
In the numerical analysis, the material of sheet metal is aluminum alloy 1060,which is extensively 

applied in aircraft outer skin productions. The mechanical properties of Aluminum 1060 in 

experimental  are elastic modulus of elasticity E=70 GPa, Poisson's ratio ν=0.33, yield strength 

σy=68.9 MPa, and tangent modulus Et=0.1GPa.In this work two types of interpolator were 

simulated the first is lead which have the following mechanical properties: E=15 GPa, Poisson's 

ratio ν=0.45, yield strength σy=20 MPa, and tangent modulus Et=10 MPa [Ahmed 2014].The 

second is Polyurethane which used as the material of elastic cushion in the present numerical 

analysis and which is more resistant to attack by oils and has better wear resistance than most other 

polymers. Polyurethane is an elastomer. Elastomers are the Mooney–Rivlin (2 parameters) hyper 

elastic material model which is used in numerical simulation. Mechanical properties of elastic 

cushion material are : E is  (2.87) MPa, υ is (0.499)and Mooney-Rivlin Constants C1,C2 are (0.293) 

and (0.177) MPa [Mustafa 2013]. In the following analyses, the friction coefficient between the 

blank and rubber  is(0.1) and between the rubber and pins is (0.2)[ Zhong-Yi 2009],and between the 

blank and tools is assumed as (0.1). 

 

 Finite Element Discretization  

In this paper, a commercial FE code (ANSYS 11)  is used to simulate the multi-point forming die 

operation .The blank modeled with (visco 106 element).The tool set (upper punches, lower punches 

,die ,and blank holder) was modeled as rigid bodies. The contact interface between the die and the 

deformed material is represented by (contact element 172 and target 169).The blank dimensions are 
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(320*320*1) mm
3
.The dimensions of the interpolator are (240*240*4) mm

3
. A MPD was created. 

Due to the symmetry, only one half of 2D model needed is be analyzed ,the profile of the final part 

geometry to be obtained is a B-spline curved plate. In the simulation, the effect of several 

parameters has been studied and discussed and these parameters are:  

The Effect Of Hemispherical End Radius Of Punch Element: In MPF composed of 16*16 

punch element three kinds of the radii of the hemispherical end (6.5,7,8)mm were used. Figure(3). 

shows the von Misses stress distributed along length with these radii. The material used in 

simulation is aluminum with 1mm thickness and attached by 5 KN BHF. The numerical results of 

the von-Misses stress distribution along length with different radii are given in Figure(4).,and from 

this figure, it can be concluded that the stress decreases with the increment of radius of punch end. 

Figure(5). presents the effect of different radii of  hemispherical end of punch element on the 

thickness distribution. These results show that when the radius of hemispherical end is 6.5 mm, the 

fluctuation in curve is evidence. When the radius of hemispherical end is 8mm ,the curve changes 

steadily, and these illustrated dimple are smaller on formed part . From the observed result, it can be 

concluded that the larger end radius of punch element gives slighter dimples. When the punch 

radius increase the contact area will increase with reduce of curvature ,and dimple will be slighter . 

The numerical results show that the larger hemispherical end radius should be selected to insure that 

the contact between the blank and punch element is good. concerning the effect of punch radius on 

shape error. 

Err=                                                                                                                                               (16) 

Where n is the number of sampling points ,yi and yti are the y coordinates at the ith sampling point 

on the formed part and desired part respectively,  Figure(6). shows the effect of punch radii(6.5,7,8) 

mm on shape aquracy. From this figure , the following features can be found: 

1-The shape error distribution with 6.5mm is larger than those of (7,8)mm. 

2-In the region near the edge of MPD ,the shape error sharply increases and when the punch radius 

is 6.5mm the average shape error is (0.26mm).in the case of (7,8)mm, the average shape error is 

(0.18mm),(0.17mm) respectively, so from these result it can be seen that the shape accuracy 

increases with increment of punch tip radius.  

 

The Effect of Interpolator Material: The use of interpolator will improve the contact condition 

between the sheet and discrete die and it will suppress the dimple in MPF. But the interpolator may 

make discrepancy between the shape of deformed and desired part. To investigate the influence of 

interpolator material on the shape of work piece ,numerical simulation with different interpolators 

(rubber and lead) on aluminum work pieces were carried out. The von Misses stresses  distribution 

on the distance from center along the length of  plate with (1) mm thickness and with(2mm) lead 

and rubber  interpolator are shown in Figure(7) and Figure(8). From the relation between the von 

Misses stress and the distance from the center along the plate length with (1mm) plate thicknesses 

,it can be seen that the influence of rubber to reduce the stress on the part surface is greater than the 

influence the lead material . These results  shown in Figure(9). 

 

The Effect Of Elastic Caution Thickness: To investigate the effect of the interpolator thickness 

three values of thickness (2,3,4) mm for two types of interpolator (rubber and lead) were taken. 

Figure(10). to Figure(13) show von Misses distribution with 3and4 mm rubber and lead 

interpolator thickness from the center distance along the aluminum plate length with (1)mm 

thicknesses. Figure(14) and Figure(15). show the relation between von-Mises stress and the center 

distance along the sheet length  with presence and absence the interpolator with different 

thicknesses, from this figure it can be seen that the stress distribution decreases with thick 

interpolator. The numerical results of the thickness distribution from the central distance along 1mm 

aluminum with different rubber and lead thicknesses  are shown in Figure(16). and Figure(17). 

,from these figures it can be observed that to reduce the thickness change, a thick interpolator 
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should be employed . The dimple effect decreases when the thickness variation is small and from 

Figure(18). it can be conclude that the best interpolator is the rubber and this interpolator must be 

uses in experimental work. 

Designing and Manufacturing Process  

The rig for multi-point forming process was composed of the upper multi-point die (UMPD) and 

the lower multi-point die (LMPD). Each multi-point die has the working arrays with (256) pins for 

each array, (16) rows and columns on both x and y-direction.The forming area equal to (242mm * 

242mm). The pins are displayed face to face, both on x and y-direction .In this work, (256) pins for 

each array were selected for the following reasons: 

1. The size of the place for the rig in the universal mechanical tests machine in University .   

2. The cost of the materials and manufacturing to build the rig.    

The LMPD was composed of three parts (the lower base, the lower plate contains the working 

array, and the die frame)  are welded together .The UMPD was composed of three parts (the upper  

base , the upper plate  and the blank holder) ,the blank holder consist of three parts (plate ,four 

shafts and four springs),the upper plate contains the working array and four holes to insert the BH 

shaft through it, this plate welded with the upper base and then the results parts connected with the 

blank holder ,the die frame dimensions  are (320*320*10) mm
3
, and fillet with (5mm) radius to 

ensure easy flow of sheet material into the die cavity, the length of horizontal edge is (39mm),and 

the length of vertical edge is (20mm) ,the outer dimensions of lower base  are (300*300*10) mm
3
 

and the inner dimensions are (238*238*10)mm
3
,the length of the edge is (25mm)  and the total 

height of the  base is (55mm),the lower and upper plates dimensions  are (300*300*10) mm
3
 and 

(318*318*10)mm
3
 respectively and they have the working array which consist of 256 hole ,the 

diameter of the hole is (8mm) and the distance between the centers of the holes is (15mm).  

The outer dimensions of the upper bases are (270*270*10)mm
3
 and the inner dimensions are 

(240*240*10) mm
3
,and the total height of the base is (40mm), the outer dimensions of the plate are 

(320*320*10) mm
3
 and the inner dimensions are (242*242*10)mm

3
, also this plate contain four 

holes, the distance from the center to the plate edge is 16.5mm, the length and diameter of the shafts 

are (100 and 10) mm respectively, and finally the springs dimensions are listed in Table.2 . 

 

Figure(19-a) shows the MPD parts before combination with pin matrix: The upper and lower parte 

each one has 256 holes are manufactured by using a vertical drill and the two plates  and die frame 

are manufactured  of  iron metal, the lower base welded with lower plate and the two bases  are 

manufactured of iron metal, the blank holder  connected with the  upper plate.Figure(19-b) Shows 

the lower MPD with pin matrix .  Figure(19-c) shows the upper MPD with pin matrix. 

 

 The Forming Process 

In the forming process, it is required to move the UMPD with (27.85mm) displacement in Y-

direction to generate complete the full stroke for sheet forming. The blank is 320*320*1mm
3
 

aluminum 1060.The MPD during the forming process was pressed by using WDW model (100D3) 

with maximum load capacity (100 KN). (4mm)of rubber interpolator was used to suppress the 

dimple defect and the experimental results for the relation between the forming load and punch 

travel are shown in Figure(20). From this figure it can be seen that the starting forming load is (4 

KN) although there is no contact between upper die and lower die with the work piece. This value 

represents the force required to compress the four springs with the effective stiffness (Ke=75 N/mm) 

located in UMPD to generate the part of  blank holder force and applied by the blank holder plate, 

also it can be seen clearly that the forming force depends  on the contact state. During the initial 

stage the forming force is small because only a few of punches are in contact with sheet metal ,and 

its force increase slowly . After the travel of punch reaches a value about the half of the travel 

distance, more and more punches get into contact with sheet and the forming force increases 

sharply. At the end of MPF process, the forming force reach to the maximum value. Experiment 

C 
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work showed that the suppression of dimpling in the sheet metal is easily accomplished  by 

sandwiching the sheet blank between two polymer blankets as shown in Figure(21-a). The product 

was divided in to two parts by using a diamond saw to measure the product thickness. Micrometer 

and electronic digital caliper with accuracy of (0.01mm) were used to measure the product 

thickness variation along X and Z-axis.(Figure22-b). shows  the deformation results in half part of 

the same plate numerically and experimentally. Fig.23 shows the comparison between numerical 

and experimental thickness variation along the X-axis and Z-axis and the comparison results show 

the error percentage between the numerical and experimental work is (5%). 

 

CONCLUSIONS 

 

1- The thickness variation, stress distribution, and dimple defect along the sheet metal without 

elastic cushion is greater than with elastic cushion. 

2-The thickness variation, Von-Mises stress, and dimpling defect decrease with increase the elastic 

cushion thickness. 

3-With the rubber interpolator the thickness variation ,Von-Mises stress, and dimpling defect 

smaller than with the lead interpolator. 

4-When the punch tip radius increase the stress distributed uniformly along the sheet metal ,also the 

thickness variation and dimpling defect decrease. 

 

 

            Table 1 Represent the coordinate of points located at center of pin in half die model 
X Y 

7.5 0 

22.5 1.37 

37.5 3.64 

52.5 6.83 

67.5 10.42 

82.5 14.06 

97.5 17.56 

112.5 20.85 

 

 

Table 2 Dimensions of the spring. 

Diameter Width Length Number of turns Stiffness(N/mm) 

5 30 75 7 75 

 

 

 
                           (a)                                                 (b) 

 

Fig.1 Schematic diagram of sheet metal forming:  

a) Traditional sheet metal forming,     b) Multi-point forming of sheet metal 
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Fig.2 Represent the shape of the curve 

 

  (a) 

 (b) 

 (c) 

Fig.3Von-Mises stress distribution along 1mm Al plate with :a)6.5,  b)7,and c) 8mm pin tip radius. 
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Fig. 4Von –Misses stress distribution along the Al sheet metal formed by different punch tip radius. 

 

 

 
Fig.5 Thickness variation along the1mm Al plate by different punch tip radius. 

 

 

 

 
Fig. 6 shape error on 1mm Al plate formed by using MPD with (6.5,7.5,8)mm punch tip radius. 

 

 

 

 (a) 

 (b) 

Fig.7 Von–Mises stress distribution along length of  1mm Al plate with 2mm lead interpolator :     

a-half die model and b-sheet metal only. 
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 (a) 

 (b) 

Fig.8 Von –Mises stress distribution along length of  1mm Al plate with 2mm rubber interpolator:  

a-half die model and b-sheet metal only. 

 

 
Fig. 9 Von –Mises stress distribution  along 1mm Al plate with (2mm)lead and rubber interpolator. 

 

 
Fig.10Von–Misses stress distribution along length of 1mm Al plate with 3mm rubber interpolator. 

 

 
Fig.11Von–Misses stress distribution along length of 1mm Al plate with 4mm rubber interpolator. 
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Fig.12 Von –Mises stress distribution along length of 1mm Al plate with 3mm lead interpolator. 

 

 
Fig.13Von –Mises stress distribution along length of  1mm Al plate with 4mm lead interpolator. 

 

 
Fig.14 Von–Mises stress distribution along 1mm Al with different lead thickness. 

 
Fig.15 Von–Mises stress distribution along 1mm Al with different rubber thickness. 

 
Fig.16 Thickness variation  along 1mm Al with different rubber thickness. 

 
Fig.17 Thickness variation  along 1mm Al with different lead thickness. 
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Fig. 18 The thickness variation along 1mm Al plate with 4mm and without interpolator. 

 

     
Fig.19. Assembled die. 

  

 
Fig.20  Forming load with 4mm rubber interpolator versus displacement. 

 

 

                        
                                (A)                                                                              (B) 

 

 

Fig .21 Formed sheet with using 4mm rubber elastic cushion:(A) top and bottom of all product 

experimentally , and (B) half  product experimentally and numerically . 

 

 
Fig.22  Thickness variation along X-axis. 

 

A B lower base 

  

c 

Blank holder 
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