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ABSTRACT 

Processing parameters have great influence on forming quality of non-circular spinning. Finite 

element simulation model of non-circular spinning for the three straight-edge round-corner cross-

section (TSRC) hollow-part was established. Variation rules of thickness and springback of TSRC 

spun workpiece under different processing parameters were obtained by means of orthogonal test as 

well as the software MSC.MARC. The results show that the influences of the relative clearance ΔC 

and the feed ratio of roller fz on the maximum wall thickness thinning ratio δt are obvious, and the 

influences of n and Dr are slight; the influences of the nose radius of roller rρ on the springback angle 

Δα is the most obvious, and the influences of ΔC and Dr are slight.  
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1 INTRODUCTION 

Traditional definition of the metal spinning technology is that a continuous and local plastic forming 

occurs in the blank to form an axis-symmetrical hollow part by means of roller feeding and mandrel 

rotational movements (Wong et al. 2003). In recent years, a new spinning technology of hollow part 

with non-circular cross-section is developed (Awiszus 2005). It has the characteristics of high 

flexibility, high productivity and lost productive cost, and can be used to produce various parts with 

complex shapes and sizes (Music et al. 2005). Lots of researches proved that comparing with 

conventional spinning, non-circular spinning has different characteristics in distributions of wall 

thickness, springback and spinning force, etc (Arai 2005, Awiszus 2011). Awiszus et al. (2005) 

carried out feasibility test of hollow part with triangle cross-section by a simple spinning device where 

the radial force provided by spring was taken for constant. The result showed that the thickness 

thinning rate around junction of bottom and sidewall reached 40%. Cheng et al. (2011) analyzed the 

thickness distribution of spun hollow part with four arc-typed cross-section. The result showed that 

the thickness thinning increases with decreasing in the axial feed of roller fz and the nose radius of 

roller ρr. To study the influence of the main processing parameters on the forming quality of non-

circular spinning, the hollow parts with three straight-edge round-corner cross-section (TSRC) which 

has the typical non-circular feature had been selected as the researched object. The effects of the main 

processing parameters, such as the roller diameter, roller nose radius, relative clearance between the 
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roller and mandrel, spindle rotational speed and roller feed rate, on the forming quality were obtained 

based on numerical simulation combining with orthogonal experimental design. 

2 MODEL CONSTRUCTION AND PROGRAM DESIGN 

2.1 Finite Element Analysis Model 

To obtain the influencing factors on the spun quality of non-circular spinning, the TSRC hollow part 

was selected as the study object (as shown in Figure 1). The part was divided into the straight-side and 

filleted-corner along the tangential direction, and the bottom-corner, side-wall and opening-end along 

the generatrix direction. H refers to the height of the part.  
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                                    (a) Axial section                  (b) Top view                (c) 3D model 

Figure 1: Hollow parts with three straight-edge round-corner cross-section. 
 

As shown in Figure 2, the single pass deep-drawing spinning as stated by Xia et al. (2005) with a 

flat sheet metal blank was adopted, where Dr, rρ and β refer to the diameter, nose radius and 

installation angle of roller, h refers to the forming height during spinning. The blank material was cold 

rolled steel sheet SPCC with thickness t0=2 mm. 
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Figure 2: Single pass deep-drawing spinning. 

 

The software Msc. MARC was used to simulate the spinning process. The blank is defined as the 

elastic-plastic deformation body, the hexahedral element with eight nodes was adopted for the blank 

meshing. The No.7 element used for large metal deformation was adopted, which is the default element 

type of software MSC.MARC. The blank is discretized into 8-node hexahedral elements with double 

layers along the thickness direction (Xia et al. 2008), the ratio of the longest side to the shortest side of 

meshes of all elements is less than 3. The total number of elements is 7282 and the total number of 

nodes is 14564 in the established finite element analysis (FEA) model (as shown in Fig. 3). The 

spinning mandrel, tailstock and roller were defined as rigid bodies. The Coulomb friction model is used 

for the contact between the roller and the blank, the friction coefficient is 0.05 (Liu 2007).  

 
 

Figure 3 : FEA model of non-circular spinning of TSRC hollow part. 

 

The blank material is SPCC. The mechanical properties listed in Table 1 were obtained by the 

uniaxial tensile test (Xia et al. 2011). 
 

Table 1: Mechanical properties of blank (Xia et al. 2011). 
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Young's 

modulus 

E (GPa) 

Poisson's 

rate 

 μ 

Stress yield 

σs (MPa) 

Tensile strength 

σb (MPa) 

Hardening 

 Index 

 n 

Strengthening 

coefficient  

K 

182.9 0.26 218 327 0.22 571.8 

2.2 Orthogonal Test Design 

As stated by Xia et al. (2005), processing parameters influencing the spun quality mainly includes the 

following items: roller diameter Dr, nose  radius of roller rρ, relative clearance between mandrel and 

roller ΔC (ΔC = 100% (C-t0)/t0, where C is the clearance between mandrel and roller, t0 is the blank 

thickness), rotational speed of mandrel n and feed ratio of roller along axial direction fz (as shown in 

Figure 3). Five different levels were selected for each factor, and the range of each factor level was 

based on the results of preliminary experiments. The orthogonal array experiment L25 (5
5
) for 5 

factors and 5 levels was designed. The simulation schemes and results are listed in Table 2.  

Table 2: Factors and levels of orthogonal array. 

Levels \ Factors 
Roller diameter 

Dr [mm] 

Feed ratio 

fz [mm/r] 

Relative clearance 

ΔC [%] 

 Nose  radius 

rρ [mm] 

Rotational speed  

of mandrel  

n [r/min] 

1 160 0.3 0 5 25 

2 200 0.4 -5 7 45 

3 240 0.5 -10 9 60 

4 280 0.6 -15 11 80 

5 320 0.7 -20 13 108 

2.3 Evaluation Targets 

Thickness uniformity and springback are the important indexes to evaluate the forming quality of 

spun parts. As shown in Figure 4, define that δt is the maximum wall thickness thinning ratio along 

the intermediate generatrix direction of filleted-corner Ⅰ or straight-side Ⅱ surfaces (δt =100%×(tf-

t0)/t0, where tf is the actual wall thickness of spun workpiece); Δα is the springback angle (Δα=α-α0, 

where α is the actual half cone angle of spun workpiece and α0 is the half cone angle of mandrel).  

                      
(a) Intermediate generatrix                (b) springback angle 

Figure 4:  Diagram of evaluation index. 

3 SIMULATION RESULTS AND ANALYSIS 

3.1 Effect of Five Factors on Maximum Wall Thickness Thinning Ratio 

Figure 5 shows the influences of five spinning parameters Dr, rρ, ΔC, n and fz on the maximum wall 

thickness thinning ratio δt, the vertical coordinate is the mean value of the sum of δt of all levels in 

each spinning parameter, which is defined as the result of the evaluation index and obtained by range 

analysis (Xuan 2011). Figure 6 shows the relationships between the five factors and δt. 

 Figure 5 shows that the variation tendencies of wall thickness thinning both in surfacesⅠand Ⅱare 

the same, (1) δt decreases with the increasing of roller diameter Dr and increases with the increasing 

of feed ratio of roller fz. (2) Wall thickness thinning is the most slight when the relative clearance ΔC 

is -10%, and is the most serious when ΔC is 0; the maximum wall thickness thinning ratio δt increases 
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gradually when ΔC increases from -20% to -10%, while decreases obviously when ΔC increases from 

-10% to 0.  (3) Wall thickness thinning is the most slight when the nose radius of roller Rρ is 11 mm; 

δt increases gradually when Rρ increases from 5 mm to 11 mm, while decreases obviously when Rρ 

increases from 11 mm to 13 mm. (4) δt varies slightly with the variation of rotational speed of 

mandrel n.   

 
Figure 5: Effects of Dr, rρ, ΔC, n and fz on δt. 

 

 
Figure 6: Relationships between Dr, rρ, ΔC, n and fz and δt. 

 

Figure 6 shows that the influences of the relative clearance ΔC and the feed ratio of roller fz on the 

maximum wall thickness thinning ratio δt are obvious, and the influences of n and Dr are slight; the influence 

sequence on the maximum wall thickness thinning ratio δt is relative clearance ΔC, feed ratio of roller fz,  nose 

radius of roller Rρ, rotational speed of mandrel n and roller diameter Dr. 

3.2 Effect of Five Factors on Springback Angle 

Figure 7 shows the influences of five spinning parameters Dr, rρ, ΔC, n and fz  on springback angle Δα, 

Figure 8 shows the relationships between the five factors and Δα. 

Figure 7 shows that the variation tendencies of springback both in surfacesⅠand Ⅱare almost the 

same, (1) the springback angle Δα varies slightly with the variation of the roller diameter Dr and 

relative clearance ΔC.   (2) Δα decreases gradually with the increasing of feed ratio of roller fz. (3) Δα. 

approximately linear increases with the increasing of nose radius rρ and rotational speed of mandrel n. 
Figure 8 shows that the influences of the nose radius of roller rρ on the springback angle Δα is the most 

obvious, and the influences of ΔC and Dr are slight; the influence sequence on the springback angle Δα is nose 

radius of roller rρ, rotational speed of mandrel n, feed ratio of roller fz, roller diameter Dr and relative clearance 

ΔC. 
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Figure 7: Effects of Dr, rρ, ΔC, n on Δα.   

 

Figure 8: Relationships between Dr, rρ, ΔC, n and fz and Δα. 

4 EXPERIMENT AND ANALYSIS 

The experiment was carried out on the HGPX-WSM spinning machine (Xia et al. 2006), the  

processing parameters used for experiment were the same as the numerical simulation scheme one 

(Dr=240mm, rρ=9mm, ΔC=0, n=45r/min and fz =0.3mm/r), as listed in Table 2. Figure 9 shows the 

experiment device (Xia et al. 2013) and the spun workpiece formed by the experiment. 

Table 3 shows the comparison of experimental and simulation results. It shows that the maximum 

wall thickness thinning ratio δt of experimental result is 13.54%, and the corresponding simulation 

result is 13.03%. The relative error between two results is only -3.77%, which equals (13.03%-

13.54%)/13.54%×100%. The experimental results conform well with the simulation one.  It indicates 

that the FEA model established in this paper is reasonable and reliable. 
 

     
(a) Spin-forming device                     (b) spun workpiece 
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Figure 9: Spin-forming device based on profiling driving and spun workpiece (1-Spinning mandrel, 2-

Tailstock, 3-Worktable A, 4-Spinning roller, 5-Worktable B, 6-Profiling roller, 7-Profiling mandrel, 

8-Guide strip, 9-Gear). 

Table 3: Comparison of maximum δt between experimental and simulation results. 

Simulation/δt  [%] Experiment/δt  [%] Relative error [%] 

-13.03 -13.54 -3.77 

5 CONCLUSIONS 

The influence of main processing parameters on forming quality during non-circular spinning was 

investigated based on orthogonal experimental design. The conclusions are as follows: 

(1) The variation tendencies of maximum wall thickness thinning and springback along the 

intermediate generatrix direction of filleted-corner or straight-side surfaces are the same. 

(2) The maximum wall thickness thinning ratio δt decreases with the increasing of roller diameter 

Dr and increases with the increasing of feed ratio of roller fz; δt varies slightly with the variation of 

rotational speed of mandrel n; the optimum values of the relative clearance ΔC and the nose radius Rρ 

exit in view of decreasing the wall thickness thinning. 

(3) The springback angle Δα increases with the increasing of nose radius rρ and rotational speed of 

mandrel n, but decreases with the increasing of feed ratio of roller fz; Δα varies slightly with the 

variation of the roller diameter Dr and the relative clearance ΔC.  

 (4) The influence sequence on the maximum wall thickness thinning ratio δt is relative clearance 

ΔC, feed ratio of roller fz,  nose radius of roller Rρ, rotational speed of mandrel n and roller diameter 

Dr; and the influence sequence on the springback angle Δα is nose radius of roller rρ, rotational speed 

of mandrel n, feed ratio of roller fz, roller diameter Dr and relative clearance ΔC. 
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