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__________________________________________________________________________________________ 

Abstract: The springback is one of the main defects in rubber forming process. When the blank 

is released after rubber forming, the part will deviate from the target shape due to the residual 

stress. The deviation can be corrected by compensating the die shape. In this paper, an 

algorithm is proposed to compensating the arc and flange surface of the hole flange with a 

theoretical method. The theoretical algorithm method mainly considers the material 

parameters. The algorithm is achieved by secondary development of the CATIA software. The 

die profile of part with hole flanges in aircraft could be designed rapidly. It was found that 

spring back decreased with the increase of the forming pressure. The result is within the 

tolerance limits of the part by using the compensation die. The method is demonstrated on an 

industrial aircraft wing rib part. 

Keywords: Rubber forming, spring back compensation, hole flange part, sheet metal, and finite 

element simulation. 
__________________________________________________________________________________________ 

1. INTRODUCTION 

hole flanging is a typical sheet forming process to produce flange features on sheet metal parts. 

In the conventional hole flanging process, a sheet metal blank or component with a small 

pre-cut hole is punched to form a cylindrical or conical flange. This process involves sheet 

bending and stretching deformation locally around the pre-cut hole [1]. Hole flanging 

operations are basically bending processes for sheet metal with concave curvatures. The hole 

flange is a special case of the stretch flange in which the bend line is a complete circle [2]. hole 

flanging is a sheet metal forming process which is widely used in the aircraft industry. In the 

process of manufacturing the aircraft sheet metal, the purpose of hole flanging is to reduce the 

weight of the aircraft. 
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Springback of sheet metal forming process is an important parameter in desired geometry of 

the part and designed of the corresponding dies. Rubber forming process means to use the 

rubber as a flexible die (punch), and use the liquid as a pressure medium to the sheet metal with 

a rigid punch (die) deformation of a soft tool method [3]. Rubber forming process accounted 

for more than 50% in the modern aircraft manufacturing process, and improved the quality of 

the parts forming and structural reliability. Thus the forming parts can be directly used for 

assembly without trimming or a small amount of trimming. 

In recent years, researchers have been done on the springback compensation technologies in 

sheet metal forming. Choi et al. [4] assumed that the stress-neutral and the strain-neutral plane 

coincide, without considering the effect of anisotropy, the springback angle is expressed as a 

relatively function. Borrego M et al. [5] investigated the ability of the SPIF process to perform 

hole-flanges in a single stage, contributing to a better understanding of the formability of the 

sheet in this demanding situation. Haiping Y et al. [6] studied deformation behavior during a 

circular hole flanging of QCr0.8 copper alloy sheet by magnetic pulse forming and quasi-static 

circular hole-flanging with a steel punch. Yogesh D et al. [7] presented in terms of variation of 

distribution of thickness along flange wall through conventional hole-flanging and incremental 

forming technique. Dawkwei L [8] derived relationship for estimating the instability of the 

hole-flanging process can be combined into the developed finite-element model to simulate the 

critical condition of the limiting deformation of the hole-flanging process. Ahmed K et al. [9] 

focused on the comparison of the geometrical and forming parameters predicted by the 

different models using various anisotropy assumptions, it was found that the model based on 

the orthotropic anisotropy assumption with r values determined by fitting the stress-strain 

curves precisely predicts the experimental results. Sutasn T et al. [10] proposed the fine 

blanked-hole flanging process (FB-hole flanging process), the results verify that the FB-hole 

flanging process resulted in better-flanged shapes and flangeability than those obtained by the 

conventional-hole flanging process (C-hole flanging process).Strano M[11] proposed a novel 

method to design variables of sheet-metal-forming processes by finite element method (FEM) 

analysis. The method is particularly suited to problems with large FEM computational times, 

small process window, and large non-uniform variance of results.  

The above studies mainly focused on traditional hole-flanging process, in which the rigid 

punch is statically fixed on the ram of a press. But the rubber forming is soft punch. Liu et al. 

[12] presented a control surface processing (CSP) method to control springback compensation 

and extending to design forming shape model of doubly curved flange part with joggles. Lei C 

et al. [13] adopted orthogonal array (OA) experiment method to analyze the different factors' 

effect on springback in rubber fluid forming. Alan Leacock et al. [14] used the flex-forming 

process to manufacture sheet metal structural components in aerospace industry. Lei C et al. 

[15] studied of springback in rubber forming using aluminium sheet straight flanging process 

by using experimental and simulation. Li et al. [16] studied the influence of elastic supports on 

springback and formability of incremental forming was explored based on numerical 

simulation and experimental validation. Lee et al. [17] used a finite element simulation of the 
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rubber-diaphragm forming process for an aluminum alloy sheet aircraft component, simulation 

and experiment were conducted showing good agreement. 

In this paper, the purpose is to explore the springback compensation method for the hole flange 

parts. A theoretical algorithm is proposed by considering material parameters to design the die 

surface shape of the hole flange parts rapidly and precisely. A manufacturing experimental is 

carried out to verify its validity. How the compensated results are used to design the die in 

rubber forming and manufacture the parts are demonstrated on an industrial aircraft.  

2. MATERIALS 

In order to characterize the mechanical behavior, tensile tests according to ISO 6892-1:2009 

standard was used to obtain the mechanical properties at room temperature [18]. Fig.1 shows a 

schematic of the test specimen dimensions and the stress-strain curve in different rolling 

direction. The gauge length and width of the tensile specimens were 25 and 20 mm, 

respectively. 2024 aluminum alloy, whose composition is reported in Table 1, were provided in 

as-quenched (W) state. The Young’s modulus (E), Strength coefficient (K), hardening 

exponent (n), poisson’s ratio (ν) and plastic strain ratio (r) are displayed in Table 1. r values 

were calculated from transverse (width) and longitudinal (length) strains in the tensile 

specimens. The measurement of both transverse and longitudinal strains leads to the normal 

anisotropy: 

 

r= (r0+r90+2r45)/4                                                       (1) 
 

 
Fig 1. Stress-strain curve and dimension of test specimen 

Table 1. 2024-W aluminum alloy chemical composition (wt %) and mechanical properties. 
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Si Fe Cu Mn Mg Cr Zn Ti Al 
0.5 0.5 3.8 0.3 1.2 0.1 0.25 0.15 Balance 

E(MPa) K(MPa) n r ν 
73000 778 0.25 0.88 0.33 

3. COMPENSATION ALGORITHM 

3.1 Strain and stress analysis of hole flange 

Fig. 2 shows the hole flanging deformation process. The initial radius of hole is r0. The formed 

radius is R0. The deformation zone of the flange is the plane stress problem. In fact, 

, . The thickness strain is found by volume constancy, it can be expressed as: 

 

( )t                                                                   (2) 
 

S. C. Tang [19] describes an analysis of stresses and deformation using the finite element 

method in a flanged hole produced by punch stretching during a sheet metal forming process. 

The differential equation of deformation zone can be expressed as: 

 

                                                         (3) 

 
Assume that the sheet is an ideal plasticity material, the stress distribution at a certain 

deformation moment anywhere in the deformation zone can be expressed as: 

 

                                                              (4) 

 

 
Fig 2. hole flange process 

 

 

 

 



Volume 5 Issue 1 2019 

78 

3.2 Springback compensation algorithm 

There is a variety of parameters affecting the springback, such as the mechanical properties of 

the sheet metal, the die geometry, pressure and others regarding the quality of the pre-cut hole 

edges. Many analytical models are proposed that calculate the springback angle in flanging 

using a rigid die. To simplify the models, assumptions are made for: (I) the blank is anisotropic 

with three orthogonality symmetry planes; (II) the deformation occurs under the plane-stress 

state; (III) further, assume that the blank surface is isotropic, and only showing the anisotropic 

performance in the thickness direction. And the Hill 48 theory of plastic anisotropy is followed 

to describe the anisotropic characteristics of the blank. In the forming of sheet metal, the elastic 

deformation recovery after unloading, and the deformation of the sheet due to the release of 

residual stress will lead to the springback of the parts. A diagram of blank under bending is 

shown in Fig. 3. 

 

 

Fig 3. Schematic of blank bending 

 

According to Fig 3 and based on the knowledge of plastic mechanics, the yield criterion in the 

condition of planar isotropy can be expressed as follows [20]:  

 

                                                        (5) 

 
Where: , are stress of tangential and thickness direction,  r is the plastic strain ratio, is 

the effective stress. When the plastic deformation of sheet is unloaded, , where 

 

                                                            (6) 
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Where  and  are the neutral axes before and after unloading. y is the distance from the 

neutral layer. In order to simplify the model, the bending moment produced when unloading is 

 

                                            (7) 

 
Where E is Young’s modulus, ν is poisson’s ratio, b is width of blank and t is the blank 

thickness. When unloading completes the bending moment is: 

 

                                                (8) 

 
Where K is the strength coefficient. According to the moment of unloading, the bending 

moment is equal and the direction is opposite, , the following equation is obtained: 

 

                                             (9) 

 
As the length of the neutral layer is the same due to springback, , the springback 

angle  and springback radius  equation is obtained: 

 

                                                 (10) 

 

                                                                (11) 

 
Verify the accuracy of Eq. (10) by the basic flange experimental, the calculation value and 

experimental value have a deviation, as shown in Fig.4. So correction the Eq. (10), the 

compensation factor was proposed. In this paper, the deviation between the experimental value 

and the calculated value is about 10%, so define the compensation factor to be 0.9. The 

calculation of modified springback angle can be expressed as follows: 

 

                                               (12) 
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Fig 4. Basic flange experimental springback result 

 

The above-mentioned springback compensation algorithm studied that the flanging springback 

is free, and the hole flanging geometric features are mutually constrained, resulting in 

relatively small springback. Fig.5 shows the hole flanging model. The maximum strain can be 

expressed as follows: 

 

                                                               (13) 

 
When the flanging angle is 90°, the  can be expressed as follows: 

 

                               (14) 

 
The  can be expressed as follows: 

 

                                                           (15) 

 

The maximum stress can be expressed as .The strain can be expressed as . 

Therefore, .The deviation can be expressed as .The springback 

angle can be expressed as follows: 
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                                                          (16) 

 
Fig 5. Hole flanging model 

 

Take the aircraft rib parts as an example. The hole radius is 50mm, 45mm and 40mm. The 

flange height is 8mm. The fillet radius is 5mm. The thickness of blank is 1.0mm. The flange 

angle is 90°.The die surface after compensation was obtaining on rubber forming through the 

CATIA software of secondary development, as shown in Fig.6. The red part is the 

compensation surface, and the yellow part is the design surface. In the compensation process, 

assume the web surface not occur springback. The die surface was modified within the arc and 

flange part.  

 
Fig 6. The contrast between design surface and compensation 

4. RESULTS 

4.1 Simulation 

Simulation has been used to predict the springback for years. Pam-stamp 2G was used to 

simulate the rubber forming process [21-23]. A simulation model is shown in Fig.7. The 

simulation model primarily consists of four parts: the station, the blank, the die and the rubber. 

The rubber and the bank are deformable bodies, and the die and the station are the rigid bodies. 
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The material parameters are listed in Table 1, and obey the Holloman hardening equation: 

. 

 

 
Fig 7. Simulation model. 

 

Mooney-Rivlin model was applied in the rubber, the parameter is 9MPa and 5MPa [24]. 

Coulomb friction formulation was adopted with friction coefficient equal to 0.2 for every 

contact surface. The element size is 0.5 in the die and station. The element size is 0.1 in the 

blank and rubber. Four-node B–T shell element was adopted in this study. In the forming 

process, the station and the die were fixed six degrees of freedom, the rubber boundary fixed 

x,y direction of the displacement and xyz direction of the rotation. Under the pressure, the 

rubber and the blank are driven into the die and conform to its shape, forming the part. Fig.8 

shows the thickness distribution. After forming, the hole becomes thinner. 

 

  

  
Fig 8. Thickness distribution in rubber forming: (a) T=0ms; (b) T=8ms; (c) T=16ms; (d) 

T=24ms. 

Fig.9 shows the springback distribution. The maximum deviation is 0.831mm. It is suggested 

that the springback mainly occurred in the flange. The springback is very small and all within 

the tolerance limits by using the compensation die. 
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Fig 9. Springback distribution 

4.2 Experimental 

The QFC1.4 4-1000 rubber hydraulic press produced by ABB was applied in the 

experimental, and it is characterized by high efficiency and time-saving performance [25]. Fig. 

10a shows the compensated die. The forming pressure P was 40MPa and 60MPa. The 

experiments were performed under each pressure. Fig.10b shows the formed part. Fig.10c 

shows the hole ofφ100mm, it is suggested that the quality of forming is fine and the surface is 

smooth. Divide the hole into 8 parts and measure the angle. Table 2 shows the angle after 

springback. 

 

  
(a) 

 
(b) 

 
(c) 

Fig 10. (a) Compensation die; (b) Forming part; (c) Hole of φ100 mm 
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Table 2. Each position angle measurement results 

Hole 

radius(mm) 

Pressure 

(MPa) 

Position 

1 2 3 4 5 6 7 8 

40 
40 90.17 90.23 90.20 90.23 90.30 90.27 90.17 90.33 

60 89.83 90.33 90.17 89.97 90.50 90.30 90.17 90.27 

45 
40 90.47 90.47 90.17 90.37 90.23 90.43 90.43 90.50 

60 90.27 90.30 90.17 90.33 90.17 90.40 90.37 90.43 

50 
40 90.37 90.23 90.33 90.27 90.33 90.47 90.43 90.50 

60 90.33 90.17 90.30 90.17 90.37 90.30 90.27 90.17 

5. DISCUSSION 

The thickness profiles were measured with the use of an optical microscope and the 

commercial image processing software. Fig.11 shows the thickness profile and the 

measurement results. As can be observed, thickness reduction presents the flange part. The 

maximum reduction is 7% and 8.7% in experimental and simulation, respectively. The 

experimental results agreed well with the simulation (see Fig.8d). Therefore, the simulation 

model can be used to predict the rubber forming process. 

 

 
Fig 11. Thickness of blank after forming 

 

Fig.12 shows springback angle of different radius in each measurement points under the 

pressure. It was shown that the springbcak angle decreased with the increase of the pressure. 

The springback was all within the tolerance limits by using the compensation die. The web 

surface occurred warp deformation in the actual manufacturing but it is smaller. Therefore, the 

theoretical algorithm method can be used to compensate the die of the rubber forming process.  
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(a)                                  (b) 

 
(c) 

Fig 12. Springback angle (a) Hole radius 40mm; (b) Whole radius 45mm; (c) Hole radius 

50mm 

6. CONCLUSIONS 

A method for the design of rubber forming dies to produce a hole flange part shape has been 

developed. The theoretical algorithm method is directly compensated the profile with CATIA 

software by secondary development. The theoretical algorithm method has been presented and 

tested for hole flange part. The tests and analyses reveal the following conclusions: 

1. To hole flange, the proposed theoretical algorithm method mainly considers the material 

parameters. It adjusts not the hole part surface directly, but the radius and flange surface. So, 

the die profile of part with hole flanges in aircraft could be designed rapidly. 

2. The simulation model can be used to predict springback in the rubber forming process. 

3. Springback decreased with the increase of the forming pressure. This is within the tolerance 

limits of the part by using the compensation die.  

In the future, it is necessary to extend for the part with stiffening slot, stiffening socket and 

jogged flanged. The die design method should be developed to control the warp deformation to 

manufacture parts accurately. 
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