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Summary: Hole flanging, widely used in the automotive industry, is one of the most important processes in the sheet metal forming. Sometimes in this process, cracks occur at the initial hole edge. In this study, numerical simulations have been used to analyze the hole flanging of circular plates with a pre-determined initial hole at the center of sheet metal. Necessary data on mechanical properties of the workpiece material (DC04 according to EN standard) for process modeling were determinated by an experiment. According to obtained results, a model of the hole flanging process for single sheet metal thickness was defined. Numerical simulation results include dependency between the maximum punch load and punch stroke for different hole diameters.
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1. INTRODUCTION

Hole flanging is one of the sheet metal forming processes where a workpiece prepared from sheet metal with previously sheared hole in its centre is rigidly clamped around its periphery, and then a punch is used to force blank into a die to form collar (hollow-flanged component). Forming capacity in this process is dependent on ductility and surface quality of the hole edge.
Factors such as the edge condition before forming, punch shape, clearance, shearing operation, and microstructure (volume fractions of the different phases) affect the ability of the hole flange to stretch. There are two types of the hole flanging process: hole flanging with ironing and hole flanging without sheet metal thickness reduction.
Parts produced by the former are usually used for thread cutting at collar, while parts obtained without sheet metal thickness reduction have adaptation as a support for pipe joining by welding with other assembly parts. Products which in forming steps also undergo a hole flanging operation are very common in car bodies, especially at exaust gas systems, etc. In case of the hole flanging process without thickness reduction, deformation mode at the edge of the hole is a combination of bending and stretching. Hole flanging is a practical industrial process where cracks can arise on the collar edge during the process, hence that part would not be useful for assembling.
A schematic drawing of the hole flanging process is given on fig. 1. Workpiece shape with some important dimensions is drawn and given on fig. 2.
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 Fig. 1 Schematic drawing of the hole flanging        Fig. 2 Workpiece with formed collar    

      process (with stress-strain scheme)
Initial hole diameter which is needed to obtain collar with required dimensions can be calculated by using the clause of equality of collar length by the central line after forming process, and the width of the workpiece part which is necessary to obtain collar.
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However, by using the formula (1) it is not possible to predict geometrical dependencies at the workpiece which would ensure the forming process without the cracks emergence. Model of the hole flanging process that will ensure the process without cracks can be defined according to the experimental results or by the application of modern numerical simulation.
2. EXPERIMENTAL WORK

In order to prepare adequate numerical simulation of the hole flanging process, it is necessary to define mechanical properties of the sheet metal and formability parameters, and according to that data calculate flow curve approximation. The above mentioned data are given in table 1.
Table 1. Mechanical properties of the sheet metal

	Material: DC04 (t=0.8 mm)

	Properties
	Angle
	Average value

	
	0°
	45°
	90°
	

	Rp0.2 [MPa]
	160.51
	167.50
	167.30
	175.10

	Rm [MPa]
	303.40
	313.63
	304.29
	307.10

	Rp0.2 / Rm
	0.63
	0.53
	0.55
	0.57

	A80
	23.48
	22.14
	22.68
	22.77

	n - factor
	0.242
	0.240
	0.237
	0.240

	flow curve
	k=544.79φ0.242
	k=561.56φ0.240
	k=542.50φ0.237
	k=549.87φ0.240


Also, to define the critical value for strain at the hole flanging process, a few specimens were prepared with changeable initial hole diameters and formed on the adequate tool. For this purpose, a forming tool with changeable punch and die has been designed according to experiment needs. Workpieces without cracks at the body have been considered successfully formed, and one of them  is shown on fig. 3b. According to the experimental results of the hole flanging (for collar diameter 30, 40 and 50 mm) critical value for strain was calculated by the formula (2):


                                                 (2)
The flow curve equation and critical value for strain are inputs at the preprocessing phase for numerical simulation.
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                                  (a)                                                             (b)

Fig. 3 Hole flanged workpieces with 50 mm collar diameter; (a) a workpiece with initial hole diameter of 22 mm (cracks occur), (b) a workpiece with initial hole diamater of 
23 mm (successful forming)
3. NUMERICAL SIMULATION
LS Dyna software was used for numerical simulations of the hole flanging process, and simulations were prepared at the Institute for Metal Forming Technology in Stuttgart. Tool parts were designed by CATIA software, and the punch had a cylindrical shape with 3 mm radius. Shell elements were used for discretization of the workpiece, while tool parts in the preprocessing phase were defined as rigid bodies. As a material model in the simulations, 103*mat_anisotropic_viscoplastic was defined because of possibility to circumscribe the critical strain value and represent the flow role. Due to the axysimmetrical specimen shape, just one forth of the part was taken into account in the simulations in order to decrease processing time.
              [image: image9.png]| L ———)

I LS PREPOST 24 B e

File Misc. Toggle Background Applicstions _Settings _Help
HF 40_17_1 Follow | Splitw | Partide
Time ="~ 0, nodes=6564, elem=5444 el o o
amo | ught | mp
SPlane | setting | _state
Range | Vector | Measur
Find | dent | Ascn
Feomp_| History | Views
Appear Color Model
Group | _slank | SelPar
T 2[3]a[s]e[7]0
| par Seecton
a1 -
Beam
shell |sg
Solid
Tshel
cnep
Hass
Disc
sBelt
Inerta
2 Rsurf
h;v Sphnd
Fiid
© Single
Tide | ofi | Tms | Tried | Book | Unode | Frin | tsos | Loom | Acen | zn | +10 | x| oeon | T Redw |_Home
tide | Shad | View | Wire | Feat | Edge | Grd | Mesh | Shm | Pcen | zout | 1/ dp P - Anim | Reset
BDC First 1 Last 8 me 1 Loop sF [10 Time 0
—_— Stateg 1 Selected  Info
7 & 1 Dbone orRm Ok sortsy
Al | none [ Rev
2| auto [ Ay [ pone
Particle method interface

| SO

2 W= 2 2 e rE





Fig. 4 Tool parts and a workpiece at the preprocessing phase (defined finite elemente grid)
After simulation on fig. 5a, it can been seen that cracks arise at the workpiece area which is close to collar edge in meridial direction. Also, the maximal value for effective stress at the workpiece with cracks is higher (512.2 MPa) than the one at the part without cracks (509.1 MPa). Comparing the results which are obtained by the experiment it can be concluded that there are similarities. During the simulation, the workpiece is bent twice, firstly around the punch profile and after that over the die radius. Taking into account all simulation results, dependency between initial hole diameter din and collar diameter which is coincident to the punch diameter dp was defined. 
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Fig. 5 Simulation of the hole flanging process for 50 mm collar diameter; (a) initial hole diameter din= 22 mm, (b) din = 23 mm (sheet metal thickness is 0.8 mm)
In order to confirm accuracy, the simulation results were compared with the experimental ones. Figure 6 shows curves which were defined according to the simulation and experimental results. Both curves represent boundary dependence between intial hole diameter and collar diameter. It means that drawn curves define boundary between the hole flanging process without cracks and the area where cracks will arise for the analyzed diameter spectrum (the forming process without cracks is under the curves). The boundary curve which is drawn on the basis of simulation data is linear while the second curve is with a higher order (for the experimental results). Also, it can been conluded that there are small deviations between the accomplished results in the above mentioned processes. From the engineering point of view, it is possible to aproximate curve which is defined on the basis of the experimental results by the first rank curve leaving the certain reserve of the ductility.
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Fig. 6 Comparison of numerical simulation results with experimental results for dependency between collar diameter dp and initial hole diameter din
A diagram of dependency between punch force and initial hole diameter for hole flanging process with 50 mm collar diameter is shown on fig. 7. Dependency is approximately linear.
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Fig. 7 Dependency between punch force and initial hole diameter
4. CONCLUSION 

Numerical simulation possibilities for prediction of the fractures at the hole flanging process were analyzed in this paper. Simulation results have been compared with experimental results for exact domain of diameters, and there is good agreement. During simulation, cracks arise on the collar edge in the meridial direction at the damaged parts. According to the simulation results a boundary curve which divides successful forming process from the hole flanging where cracks arise is approximately linear. It is possible to predict by numerical simulation when damages at the workpiece will appear. The analyzed diameter domain can be expanded according to needs, taking into account the same curve gradient as it is given at the curve on fig. 6.
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