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Abstract: In this study, we developed a control method for a forming roller used in a spinning process at an elevated temperature for 

manufacturing dome parts of a high-pressure vessel. The sequence and forming path of the forming roller were determined by the 

number of passes in the hot spinning process and dome radius. To verify the reliability of the proposed method, an FE (finite element) 

analysis under the Forge software environment and spinning experiments were performed using a 34CrMo4 alloy steel pipe with an 

outer diameter of 559 mm and thickness of 16.5 mm. The FE analysis and experimental results indicated that the roller control 

method provided a successful dome shape. 
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1. Introduction 
Dome spinning process is a universally applicable metal 

forming process to manufacture axisymmetric parts, such as 

steel CNG (compressed natural gas) tanks and supporting cone 

of engines, in aerospace, weapon, and automotive industries. 

Previous literature on the metal spinning process was based on 

its theoretical and experimental investigation. In this study, the 

spinning of tubes is reviewed with the objective of understanding 

the basic mechanisms underlying the spinning process, important 

variables, tools used, and techniques implemented by S. 

Kalpakjian and S. Rajagopal [1]. The thickness distribution of a 

spin-formed dome in an Al pressure vessel was determined 

experimentally based on a simple formulation proposed by N.  

Akkus and M. Kawahara [2]. M. Joseph Davidson et al. studied 

the optimization of process parameters in a flow-forming process 

for the maximum deformation using the Taguchi method [3]. 

Over the last decade, many researchers have applied an FE 

(finite element) analysis to the metal spinning process. Hua et 

al. developed a 3D elastic-plastic model for the three-roller 

backward spinning of a cylindrical workpiece [4]. A coupled set 

of experiments and FE analysis were conducted by M. S. 

Mohebbi and A. Akbarzadeh to investigate the evolution of 

redundant strains in a single roller flow-forming process [5]. 

New techniques were developed by  S. Y. Jiang et al. The ball 

spinning process was used to manufacture nickel-titanium shape 

memory alloy tubes at an elevated temperature using a rigid 

viscoplastic FE method [6]. H. Zoghi et al. presented an 

enhanced FE analysis of a material deformation and strain 

distribution in the spinning of 42CrMo steel tubes at an elevated 

temperature [7]. X. Zhang et al. proposed an optimized neck-

spinning technique for the seamless cylinder of pure titanium by 

reversing the material flowing direction with respect to the 

feeding direction of the spinning roller [8]. 

All these studies have focused on the influence of process 

variables and tool movements on the closed ends of tube, and its 

plastic deformation behavior. It is difficult to apply these 

techniques during actual production due to a lack of research on 

the forming path of forming rollers.  

In this study, the authors aim to develop a control method for 

a forming roller used in the dome spinning process of 34CrMo4 

alloy steel pipes at an elevated temperature. The control method 

was established using a 3D FE spinning model under the Forge 

software environment. The effects of the developed method on 

the dome shape and strain distribution were analyzed. These 

analytical results were verified through hot spinning tests using 

a 34CrMo4 alloy steel pipe. 

 

† 
 

Corresponding Author (ORCID: http://orcid.org/0000-0001-6474-527X): Assistant Professor, Division of Marine Engineering, Korea Maritime 
and Ocean University, 727, Taejong-ro, Yeongdo-gu, Busan 49112, Korea, E-mail: submarine@kmou.ac.kr, Tel: 051-410-4263 

1 Ph.D Candidate, School of Mechanical Engineering, Pusan National University, E-mail: 96ldh21@hanmail.net, Tel: 051-510-3074 

2 M.S Candidate, Division of Marine Engineering, Korea Maritime and Ocean University, E-mail: marin_tek@kmou.ac.kr, Tel: 051-410-4263 
3 Professor, School of Mechanical Engineering, Pusan National University, E-mail: bmkim@pusan.ac.kr, Tel: 051-510-3074 



 
 

Dong-Hoon Leeㆍ Sung-Cheol Parkㆍ Byung-Min Kimㆍ Kyung-Hun Lee 
 
 

 
 
Journal of the Korean Society of Marine Engineering, Vol. 42, No. 10, 2018. 12                                                                                                          808 

2. FE analysis of pipe spinning process 

2.1 FE analysis model 
The spinning tool path curves designed by a geometrical 

construction method are shown in Figure 1. These tool path 

curves have over 30 passes with an increment of 9.3 and 9.7 

mm in the pipe's radial and axial directions, respectively.  

A 3D thermo-mechanical FE model, shown in Figure 2, is 

developed using the Forge software to prove the effectiveness 

of the proposed control method. A coupled thermo-mechanical 

tetrahedron element with four nodes is adopted for the model 

calculation to avoid a convergence problem and reduce 

computation time. Figure 3 shows the required dimensions of 

the forming roller. 

Relevant parameters needed for the FE model are shown in 

Table 1. The forming roller is set as a rigid body. The roller 

diameter and height are 700 and 150 mm, respectively. H. 

Lexian and B. M. Dariani reported the effect of the roller nose 
 

 
Figure 1: Dome spinning tool path curve 

 

 
Figure 2: 3D FE model of hot spinning process 

 

 
Figure 3: Required dimensions of forming roller (unit: mm) 

 

Table 1: Input parameters required for hot spinning process 

Parameter Value 

Pipe material 34CrMo4 alloy steel 
Initial outer diameter of pipe, D0 559 mm 
Initial wall thickness of pipe, to 16.5 mm 

Initial length of pipe, L0 400 mm 
Initial temperature of pipe 1050 ºC 

Corner radius of forming roller 25 mm 
Release angle of forming roller 0 º 

Tool temperature 300 ºC 
Rotational speed of pipe 160rpm 

Friction coefficient 0.2 
No. of passes 40 

 

 
(a) 

 
(b) 

 
(c) 

Figure 4: Effective stress-strain curves of 34CrMo4 under 

different temperature and strain rates: (a) 0.1 s-1; (b) 1 s-1; (c) 10 s-1 
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radius and release angle on the forming quality in a hot spinning 

process [9]. The stability and forming quality improves by 

increasing the roller nose radius and reducing the release angle. 

Hence, the corner radius and release angle of the forming roller 

used in this study are 25 mm and 0 º, respectively. The roller 

feeding speed is 50 mm·s-1 and the pipe rotates at a constant 

rotation speed of 160 rpm to ensure a good balance between 

process stability and operation speed. Thirty successive forming 

passes are required to form the final dome shaped product. The 

forming roller is applied the deformation zone by synchronous 

longitudinal and radial forming path. 

The dimensions of an initial pipe, Do and to, were taken to be 

559 mm and 16.5 mm, respectively. Since the FE model for hot 

spinning process always involves high number of elements and 

boundary conditions, and therefore requires very long computation 

times. So length of an initial workpiece, L0 is shortly restricted to 

400 mm. The used material was 34CrMo4 alloy steel, which is 

equivalent to the American grade alloy AISI4135. Its density, 

elastic modulus and Poisson’s ratio were 7850 kg·m-3, 200GPa and 

0.29, respectively. Initial temperature of steel pipe heated by 

furnace is 1050 ºC. The stress-strain curves of a 34CrMo4 alloy 

steel obtained under different temperatures and strain rates are 

given in Figure 4. Coulomb friction model is adopted to friction of 

contact surfaces between forming roller and steel pipe, and the 

friction coefficient is 0.2. The used temperature-dependent 

physical properties of steel alloys are derived from Metal Supplier 

Online of America: specific heat of 778 J·kg-1·ºC-1, conductivity of 

35.5 W·m-1·C-1, emissivity of 0.88, respectively. 

2.2 Results of FE analysis 
Pipe plastic deformation means that plastic zone penetrates 

the pipe section, and pipe produces the plastic deformation by 

reducing radius and increasing the thickness in the spinning 

process. The expanding rule of plastic zone can be revealed in 

process of pipe plastic penetration. In order to investigate the 

deformation behavior in pipe spinning process, the expanding 

rule of plastic zone should be carried out firstly [10][11]. 

Figure 5 shows the plastic zone distributions of different 

passes during the pipe spinning process. Blue areas indicate the 

elastic zone, and areas with other colors mean the plastic zone 

with different effective strain. Since the material was actually 

restricted by forming path, effective strain was obviously 

increased at end of the pipe. There is no wrinkling of folding 

defect and maximum effective strain at the end of pipe is about 

8.0 during the hot spinning process. 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
Figure 5: Plastic zone distribution of deformed pipe during hot 

spinning process: (a) 5 pass; (b) 10 pass; (c) 15 pass; (d) 20 pass; 

(e) 25 pass; (f) 30 pass; (g) 35 pass; (h) 40 pass 

Figure 6: Comparison of cross-sections of deformed dome pipe 
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Figure 7: Comparison of thickness distribution at each pass 

The comparison of cross section and thickness distribution at 

each pass is shown in Figure 6 and Figure 7, respectively. 

Material at the end of pipe was smoothly deformed in a semi-

spherical type. The maximum thickness at the end of the dome 

shape is 41.33 mm. The maximum difference between the 

thickness of the initial pipe and that obtained from the FE-analysis 

is about 24.83 mm. A large thickness is necessary for 

manufacturing seamless steel CNG tanks because deep screw cuts 

are required for the boss connection. The proposed control method 

ensures the circular dome shape with a large boss thickness. 

3. Experimental verification

3.1 Experimental procedures 
A hot spinning experiment was conducted on a pipe-spinning 

machine from NK Co., Ltd in Korea, to experimentally verify 

the effectiveness of the proposed control method and obtain the 

sufficient thickness for a screw cut at the boss of the dome. The 

specifications of this spinning machine included a maximum 

external diameter of 914.4 mm and forming force of 

approximately 75 tons. 

General experimental conditions are the same as those listed in 

Table 1. A 34CrMo4 steel alloy pipe of 16.5 mm thickness (outer 

diameter: 559 mm, inner diameter: 526 mm) was first heated to 

about 1050 ºC in a furnace and this temperature was maintained 

using gas flame torches on the deformation zone of the pipe 

during the entire process. The heated pipe was clamped by a large 

hydraulic chuck while the forming roller performed the 

deformation using the designed forming path. The roller feeding 

speed was 500 mm·s-1 and the chuck turning speed was 160 rpm 

during the spinning process. A deformed specimen was cut using 

a wire-EDM machine and the cross section was measured. 

Figure 8: Hot dome spinning experiment of high-pressure vessel 

Dome thickness 
A: 42.6 mm 
B: 39.4 mm 
C: 31.2 mm 
D: 18.5 mm 
E: 16.6 mm 

 

Figure 9: Image of hot spun high-pressure vessel and its thickness 

3.2 Results of pipe spinning experiment 
Figure 8 represents the pipe spinning experiment carried out 

using an industrial hot spinning machine. The deformed pipe 

configuration during the hot spinning process is shown in Figure 

8 and Figure 9. The maximum dome thickness is 42.6 mm. The 

experimental results indicated that the proposed method led to a 

successful dome shape with the highest dimensional precision 

and a large boss thickness. Hence, this method is suitable for use 

in an actual hot dome spinning process. 

4. Conclusion
The control method for a forming roller was investigated 

using a 3D FE analysis. The effectiveness of the proposed 

method was validated by hot spinning experiments of the dome 
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parts. The main conclusions are as follows: 

(1) The proposed control method was posited based on a 

geometrical construction drawing. 

(2) The expanding rules of the plastic zone were clearly 

revealed in the hot spinning process. As the spinning pass 

increases, the plastic zone expands towards the end of the 

deformed dome shapes. 

(3) The control method for a forming roller could successfully 

operate according to the requirements of a hot spinning mill 

and provide a successful dome shape with a large boss 

thickness.  

(4) These results provide valuable guidelines for the process 

design in an actual dome spinning production. 
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