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ABSTRACT 

In this paper, the optimization and simulation of the conventional spinning process are investigated for the thick 

and large blank. The objective function is to minimize the tangential force, and constraint functions of the 

deformation and instability condition of the spinning process are also involved in the optimization procedure to 

provide the optimal parameters for initial conditions of the spinning process such as feed ratio of the roller, angular 

velocity… Due to the thick blank, thickness t = 50mm, so the hot spinning process is conducted at the forming 

temperature of 850oC for the stainless steel 304L. The simulations of the hot spinning process are done in the 

ANSYS-LSDYNA framework. The simulation results show that the thickness distributions during the spinning 

process are almost the same for all cases considered, while the residual stress distribution and the resultant force 

of the optimal case are better than those of the considered cases that do not optimize. 
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INTRODUCTION 

The spinning process is a kind of sheet presswork method to shape a blank under the action of a force, causing local 

plastic deformation according to the mandrel profile. Conventional spinning processes and their optimization are 

studied in the past decades in [1-7]. In the present work, the spinning sheet metal on the lathe machine is presented 

and is an excellent approach for quickly prototyping round hollow sheet metal forms [2]. A roller force is uniformly 

applied to the sheet metal (blank) by rotating the blank and the mandrel at very high speeds, thus the sheet metal 

is deformed evenly without any wrinkle or warble [1]. The spinning process allows the rapid production of 

multiple parts as well as the quick reiteration since only tone tool (mandrel) needs to be modified [3]. Depending 

on the complexity of the spinning part, this spinning process can be highly demanded physically. The final product 

should have a mirror sheen, or until one is more skilled with the finishing tool, small concentric annular grooves on 

the exterior surface. The interior surface against the mandrel should be as smooth as the surface of the mandrel. 

Metals harden as they are worked which sometimes necessitates annealing the piece partway through a spin, but 

often this isn’t necessary and the metal hardens to a desirable stiffness as the part is spun [4]. Flow forming is a 

process whereby a hollow metal blank, a disc, or a tube is mounted on a rotating mandrel and the material is made 

to flow axially along the rotating mandrel by one or more rollers. The essential difference between flow forming 

and spinning is that in the former process, significant variations in the thickness of the blank are occasioned [1]. 

The development of this technique has increased the flexibility of incremental forming technology and provides 

manufacturers with an alternative to conventional forging and deep drawing, where the size or complexity of the 

shape of a component is beyond the capacity of conventional presses. [1] 

Today, the production of many key components, especially for the automotive industry are manufactured by 

spinning and flow forming techniques such as stamping as well. The ability to enable the metal to flow in 

complicated paths using simple tools not only eliminates multi-production stages on presses, thus reducing costs, 

but also offers the potential for the production of lightweight, net shape parts. Spinning was employed mainly to 

produce domestic products such as saucepans and cooking pots on a simple lathe-like machine where repeatability 

in dimensional tolerances is not very critical [1]. Though labour cost is high due to the skilled workers required, 
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this results in to be considered by the low tool cost. In the present work, we will numerically investigate the thick 

sheet metal spinning process and optimize the spinning parameters to obtain optimal results. Because of the thick 

hollow blank, so the hot spinning process will be studied. The stainless steel 304L is adopted for the working 

material and the forming temperature of 850oC is selected for the hot spinning process [8]. 

OPTIMIZATION OF THE THICK SHEET METAL SPINNING PROCESS 

The typical conventional spinning process is presented in Figure 1. Among the three force components (radial Fr, 

axial, Fa, and tangential Ft forces shown in Figure 1) acting on the roller, the radial component does not work at 

all, because it is not associated with any displacement [9-11]. The displacement by feed is compared to the 

circumference and thus axial force does very small work. Most of the power supplied by the motor driving the 

chuck of the machine is translated into torque through the tangential component. The tangential force component 

is the most important of the power required of spinning. 

 

Figure 1. Typical conventional spinning process 

 

Figure 2. Deformation of conventional spinning process [9]. 

OBJECTIVE FUNCTION 

The tangential force is calculated in [9-10] as follows: 

 
(1) 

where to is the initial thickness of blank, α0 is the conical angle, σm1, and σm2 are the mean stresses of material, 

φ is reduction angle, v is the velocity of the roller, w is the angular velocity, f is the feed ratio f = v/w, t and tf are 

the thickness and final thickness, respectively, and b/a is the ratio, seen in Figure 2. 
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Figure 3. Reduction angle, φ [9]. 

The aim of the optimization process is to minimize the value of tangential force possible of the function Ft in the 

conventional spinning process in order to reduce residual stress. This means the objective function (equation (1)) 

must be minimized. Variables are considered for the optimization of the spinning process as follows: Velocity of 

roller, v (mm/min), angular velocity w (rev/min), ratio b/a, and reduction angle shown in Figure 3, φ (degree). In 

these variables, just two variables v and w are considered for setting up the spinning process in the experiment. 

CONSTRAINT FUNCTIONS 

Feed ratio of roller, f, (seen in Figure 2) must be less than a half of round radius of roller, ro, shown in Figure 4 

to avoid the helical track on surface of blank. 

 

Figure 4. Geometry of the roller. 

 
(2) 

Deformation of blank in its normal direction u (seen in Figure 2) after a single revolution should be less than an 

half of initial thickness to decrease wrinkles [9-10]. 

 
(3) 

Instability condition of spinning process is expressed in [9] as follows: 

 

(4) 

with 
  

k is constant 0.46 or 0.64, C is constant of given material. 

Limitation of the reduction angle: 

 (5) 

Limitation of the roller velocity: 

vlower ≤ v ≤ vupper (6) 
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Limitation of the angular velocity: 

wlower ≤ w ≤ wupper (7) 

Finally, we consider the ratio: [9-10] 

 
(8) 

A program is written to use the function fmincon available in Optimization Toolbox in MATLAB to optimize 

objective function and constraint conditions aforementioned. Parameters of a conventional spinning process for 

thick blank are considered as follows: 

+ Initial thickness of blank t = 50 mm. 

+ Inside radius of blank ao = 500 mm. 

+ Outside radius of blank bo = 1200 mm. 

+ Cone angle αo = 45o. 

+ Yield stress of stainless steel 304L at temperature 850oC σ = 135MPa [8]. 

+ Round radius of roller ro = 40 mm. 

+ Range of velocity of roller v: 100 – 500 mm/min. 

+ Range of angular velocity of mandrel w: 1 – 30 rev/min. 

Results of optimal process obtain for the spinning process as follows: 

+ Velocity of roller v = 100mm/min. 

+ Angular velocity w = 7.8 rev/min. 

+ Feed ratio f = 12.82 mm/rev. 

+ Ratio b/a = 1.58. 

+ Reduction angle φ = 45.02. 

FINITE ELEMENT SIMULATION 

Finite element (FE) models of the conventional spinning process are studied in [7, 11], and a typical FE model in 

ANSYS- LSDYNA of the thick and large plate is presented in Figure 5. The 3D shell element 163 is also used in 

this model, and the automatic contact type is adopted to run the simulation cases. 

BOUNDARY CONDITIONS 

• The nodes in the central region of the blank (radius of ao) are considered as rigid regions (i.e. there is no 

displacement). 

• The mandrel and roller are rigid bodies. 

 

It is obvious that the present spinning process is spun for thick sheet metal. The shell element is, therefore, used 

for modeling of the spinning process. In the blank, the circumference is divided into 48 elements and the radius 

is divided into 12 elements along from tailstock to the outer radius of the blank. The circumference of the mandrel 

is divided into 48 elements and the generated line is divided into 8 elements. The roller with its elements is 8 in 

each direction. 

 

 

Figure 5. A typical FE model of spinning process. 
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Assumption: Due to the thick blank, t = 50mm, the forming temperature (T = 850oC) is kept constant in the overall 

spinning process, and a typical hot spinning process is carried out in the experiment shown in Figure 6. 

 

Figure 6. The blank is preheated at the forming temperature [8]. 

MATERIAL MODEL 

Strain rate dependent plasticity model typically used for super-plastic forming analyses. This model is represented 

by the mathematical relationships and it is also available in ANSYS/LS-DYNA. 

 

 (9) 

where ɛ is the strain, έ is the strain rate, K is the material constant, m is the hardening coefficient, and the quantity 

n is the strain rate sensitivity coefficient. A program is written in MATLAB to find these coefficients from 

experimental data in [8]. These coefficients and the stress-strain curve at different elevated temperatures with 

these coefficients are shown in Table 1 and Figure 7. 

Table 1. Material properties of stainless steel 304L at 850oC [8]. 

Forming temperature 850oC 

K 4.5930 

m 0.2123 

n 4 

έ 100 

E (Young modulus) MPa 135.56 

 

NUMERICAL SIMULATION CASES 

The results of optimal process are compared with two other conditions shown in Table 2. 

Table 2: Spinning parameters 

Spinning parameters Case 1 Case 2 (Optimal) Case 3 

f (mm/rev.) 15 12.82 10 

w (rev/min) 30 7.8 6 
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Figure 7. Stress-strain curve of stainless steel 304L at temperature of 850oC. 

SIMULATION RESULTS 

CASE 1 

The thickness and residual stress distributions, and resultant force of case 1 are found in Figures 8a, 8b, and 8c, 

respectively. The simulation results show the change of thickness during the spinning process. The maximum 

thickness is 0.0524m at the bottom of the blank, seen in Figure 8a. It shows that the lowest residual stress is 

0.0251GPa, and the maximum stress is 0.226GPa near the bottom of the blank shown in the red color, seen in 

Figure 8b. The resultant force distribution is plotted in Figure 8c. It gradually increases to the peak value of 

2220kN, and thereafter it rapidly decreases along the axial direction. 

 



 An Optimization of the Thick Sheet Metal Spinning Process 

 

69 

 

Figure 8. Case 1 a) Thickness b) Residual stress and c) Resultant force. 

CASE 2 (OPTIMAL CASE) 

The thickness and residual stress distributions, and resultant force of case 2 are located in Figures 9a, 9b, and 9c, 

respectively. The simulation results show the change of thickness during the spinning process. The maximum 

thickness is 0.0520m at the bottom of the blank, seen in Figure 9a. The simulation results point out that the lowest 

residual stress is 0.0227GPa, and the maximum stress is 0.204GPa near the bottom of the blank shown in the red 

color, seen in Figure 9b. The resultant force distribution is plotted in Figure 9c. It gradually increases to the peak 

value of 2125kN, and thereafter it rapidly decreases along the axial direction. 
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Figure 9. Case 2 a) Thickness b) Residual stress and c) Resultant force. 

CASE 3 

The thickness and residual stress distributions, and resultant force of case 3 are presented in Figures 10a, 10b, and 

10c, respectively. The maximum thickness is 0.0520m at the bottom of the blank, and the blank thickness changes 

during the spinning process, seen in Figure 10a. The lowest residual stress is 0.023GPa, and the maximum stress 

is 0.207GPa located at the middle of the blank shown in the red color, seen in Figure 10b There is the wrinkle at 

the bottom of the blank in this case. The resultant force distribution is plotted in Figure 10c. It gradually increases 

to the peak value of 2020kN, and thereafter it rapidly decreases along the axial direction. 

 

 

Figure 10. Case 3 a) Thickness b) Residual stress and c) Resultant force. 
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CONCLUSION 

In the three cases mentioned above, the simulation results obtained show that the thickness distributions are almost 

the same. The maximum residual stress is smallest in optimal case 2. The maximum resultant force is highest in 

case 1 and smallest in case 3, but there is the wrinkle at the outside region of the blank in case 3 shown in Figure 

10b. This means the instability condition is not satisfied in this case. The maximum resultant force of the optimal 

case 2 (2125kN) is smaller than that of case 1 (2220kN). Finally, the results of optimal case 2 are better than those 

of cases 1 and 3 with f = 12.82 mm/rev. and w = 7.8 rev/min for initial conditions of the conventional spinning. 
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