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Abstract 
 

Spinning is one of the novel and unique processes in metal forming for the production of cylindrical and conical thin-walled 

parts with precise tolerances, good surface smoothness and suitable mechanical properties. This process includes 

conventional spinning, shear forming and flow forming. Metallurgical investigation is great importance in this process. The 

microstructure obtained from the spinning specimens, especially the shear forming and flow-forming, shows that the grains 

and the impurity particles are elongated in the direction of the main axis and are also stretched in the circumferential 

direction. This change in grain size on the roller side was larger than on the mandrel side. Fragmentation of coarse and brittle 

particles has also been observed. Also, due to the amount of strain and forces applied, the grain size decreases and as a 

result, the strength increases. The texture of the spinning parts has also changed. As the thickness decreases, the orientation 

of the grains and textures increases and the large angle boundaries increase. 
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1. Introduction 
 

Spinning is a method of forming metals that has the 

ability to produce seamless and hollow volumes 

with a axis of symmetry such as cones, cylinders, 

tubes, hemispheres or a combination of them. Also 

in this process, hollow elliptical parts can be 

produced with special methods. Whereas the deep 

drawing process cannot be used to produce a part 

with complex size or structure and the high cost of 

the tools and mold, spinning is a suitable alternative 

method. This process is widely used to produce 

parts needed in the oil and gas industry, automotive, 

pressure vessels, kitchen appliances, etc. For proper 

use of these accessories, the final properties of the 

manufactured part are important. Fig. 1. shows a 

schematic of the spinning process and the equipment 

and components of the device [1]. Since the high 

cost of tools and molds is always an important point 

in pressing or deep drawing, spinning is an 

economical and efficient process with many 

capabilities and an alternative and acceptable 

method for production of parts. 

 
Fig. 1. Schematic of the spinning process [1] 
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The advantages of the spinning process are [1, 2, 3]: 

- Production without chips, seamless and cold 

- Improving the mechanical properties of the 

material such as yield strength 

- Ability to produce parts with different dimensions 

- No need for some operations such as machining, 

grinding, etc. 

- It is economical compared to other methods 

- Dimensional accuracy of manufactured parts. 

The spinning process is divided into two categories 

in terms of thickness change during shaping: (i) in 

conventional spinning, the wall‐thickness of the 

blank remains nearly constant throughout the 

process, thus the final wall‐thickness of the spun 

part is equal to the thickness of the blank and this 

process can be done with manual and machine 

equipment. (ii) in shear spinning and flow forming 

the wall‐thickness of the blank is reduced in power 

spinning or flow forming and can only be done with 

special equipment [4]. Fig. 2. shows the 

classification types of spinning process. 

 

 
Fig. 2. Classification of spinning processes [5]. 

 

1.1. Conventional Spinning 

 

In this method, the deformation is done with a 

bending mechanism and wall-thickness does not 

change significantly. This process can be done by 

using manual or machine devices. In this process, a 

plate is placed between a rotating mandrel and the 
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roller of the machine. A compressive force is 

applied which gradually bends the metal on the 

mandrel after several working steps [6]. 
 

1.2. Shear Spinning 

 

Another type of spinning is shear forming or shear 

spinning, which is a subset of machine spinning. 

The reason for this naming is the application of pure 

shear force that is applied to the workpiece and 

reduces the thickness and thinning of its wall [6]. 

In shear spinning, the roller in each pass reduces the 

workpiece wall-thickness in a predictable and 

calculable way, while the blank diameter remains 

constant during the process.  

The final thickness of the workpiece in conical shear 

spinning follows Eq. (1)., which is called the sine 

law, as shown in Fig. 3. [6, 7]. 
 

𝑡𝑓 = 𝑡0 𝑠𝑖𝑛 (
𝛼

2
)    Eq. (1). 

𝑟 = 1 − 𝑠𝑖𝑛 (
𝛼

2
)   Eq. (2). 

 

 
 

Fig. 3. Sine law [8]. 
 

Where tf is the final thickness of the workpiece, t0 is 

the initial thickness of the preform and (α / 2) is the 

half-angle of the mandrel cone. However, the result 

is in real condition usually slightly different from 

what is obtained from the sine law [8].Reduction of 

the thickness more or less than in Eq. (2). causes the 

flange to wrinkle or tear. The shear strain γ is 

obtained from Eq. (3). [9]: 
 

𝛾 = 𝑐𝑜𝑡 (
𝛼

2
)      Eq. (3). 

 

1.2. Pipe spinning or flow forming 

 

This process is used to make seamless pipe-like 

parts with high dimensional accuracy. 

The preform is tubular and during the process its 

length increases while the thickness of the tube 

decreases. Fig. 4. shows a schematic of direct flow 

forming [8]. 

 
 

Fig. 4. Schematic of direct flow forming [8]. 

 

1.4. Hybrid Spinning 

 

In fact, a combination of conical spinning and 

tubular spinning occurs in this process. In other 

words, the spinning process of spherical parts is a 

combination of shear forming and extrusion [8].  

Fig. 5. shows the gradual steps in a hybrid spinning.  

 

 
 

Fig. 5. Gradual steps in a hybrid spinning  [8]. 

 

1.5. Mechanical Study of Conventional and Shear 

Spinning Model 

 

Avitzur and Yang [10] in 1960 and Kobayashi [11] 

in 1961 were the first researchers to identify the 

spinning process. These two researchers made great 

efforts to identify forces in the deformation zone. In 

the deformation zone, they identified three radial, 

axial, and tangential forces that the tangential force 

being smaller than the other two forces, while most 

of the driving force is transmitted through tangential 

components. In 1985, Held [12] investigated the 

forces applied during the shear spinning process. In 

this study, he examined the amount of thickness 

reduction due to the application of roller pressure on 

a small path of the disk and provided a method for 

estimating the forces in the process. Fig. 6. shows 

the stress distribution in the deformation zone 

during shear forming. The main deformation region 

includes tensile stress σc and compressive stress σm 

produced by the mold. The bending zone consists of 

radial compressive stress σn and axial shear stress τ0 

produced by the roller. The shear stress τ0 is 

perpendicular to the plate [13]. 
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Fig. 6. Schematic of stress state in deformation area 

during shear spinning [13]. 

In the conventional spinning model, it is assumed 

that the thickness will not change during the 

forming process (as shown in Fig. 7.). To produce 

the final workpiece with radius R, the initial sheet 

with radius r is needed. Considering the constant 

volume and assuming that the thickness is constant 

for the production of the final part, we follow 

according to Eq. (4) [14]: 

 

𝜋𝑟2𝑡 =
2

3
𝜋[(𝑅 + 𝑡)3 − 𝑅3]     Eq. (4). 

 

 
 

Fig. 7. Theory model of (a) Conventional spinning 

(constant thickness), (b) Shear forming  

(constant diameter) [14]. 

 

If r* is the radius of the initial sheet required to 

produce the final workpiece with radius Rn and 

angle α shown in Fig. 7., with the constant volume 

theory Eq. (5). is obtained by[14]: 

πr∗2t =
2

3
π[((R + t)3 − R3)(1 + cos α)] Eq. (5). 

Where according to Eq. (6). is obtained: 

cos α =
√R2−Rn2

R
    Eq. (6). 

 

Thus we can be expressed r * as a function of Rn 

according to Eq. (7): 

r∗(Rn) = √(2R2 + 2Rt2 +
2

3
t2)

R−√R2−n2

R
   Eq. (7). 

 

Due to the fact that in the conventional spinning 

model there is no change in thickness, so the amount 

of strain in the direction of thickness will be zero. 

The engineering hoop strain will easily be obtained 

as Eq. (8) with consider to the initial (2πr*) and final 

(2πRn) circumference [14]:  

εh (Rn) =
2πRn−2πr∗

2πr∗ =
Rn−r∗

r∗                   Eq. (8). 

 

The engineering radial strain εr is determined using 

constant volume law in terms of the engineering 

strains as follows 

 
(1 + εr)(1 + εh)(1 + εt) = 1  Eq. (9). 

εr =
−εh

1+εh
                         Eq. (10). 

εr(Rn) =
r∗−Rn

Rn
               Eq. (11). 

 

In shear spinning model, it is assumed that the 

diameter of the sheet will not change during the 

forming process and in fact the thickness in this 

model will be variable [14]. In this model, the radial 

position for each element does not change during 

the process.  

Thus the circumference of each circular element 

(2πRn) remains constant during the process, 

resulting in zero hoop strain. If t is the initial 

thickness and α is the angle shown for point A in 

Fig. 7.b, it can be seen that the final thickness will 

be equal to t cosα. As a result, engineering strain in 

the direction of thickness is obtained by Eq. (12) 

[14]: 

 

𝜀𝑡 (α )   =  
𝑡 𝑐𝑜𝑠𝛼−𝑡

𝑡
 = 𝑐𝑜𝑠𝛼 − 1                      Eq. (12). 

 

Therefore, the radial strain is obtained according to 

the law of constant volume as follows. 

 

ε t  (α ) = 
1

cos 𝛼
 -1              Eq. (13). 

𝜀𝑡   (Rn) =   
√𝑅2−𝑅𝑛2

𝑅
 − 1               Eq. (14). 

𝜀𝑡   (Rn) =
𝑅

√𝑅2−𝑅𝑛2
 -1                  Eq. (15). 

 

 

1.6. Main spinning parameters 

There are three main types of parameters in spinning 

processes, which are shown in Fig. 8. [15]. 
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Fig. 8. The main parameters of spinning processes [15]. 
 

 
 
Fig. 9. Influence of strain on microstructure in different planes during shear spinning of AlMg6Mn alloy (a) 

Reduction=30%, L-T plane; (b) Reduction=50%, L-T plane; (c) Reduction=68%, L-T plane; 

 (d) Reduction=30%, L-S plane; (e) Reduction=50%, L-S plane; (f) Reduction=68%, L-S plane [16]. 

 

As we know, microstructure has an important role in 

controlling the properties of materials. Therefore, it 

will be very important to pay attention to the 

influencing factors in the microstructure of the 

workpiece during the spinning process. In the 

spinning process, there is little microstructural 

information and microstructure design, while most 

of the research presented in this field has been to 

design mechanical parameters and has been 

examined more from a mechanical point of view. As 

a result, the lack of a comprehensive metallurgical 

investigation in this area is somewhat felt. The main 

purpose of this study is to investigate the effect of 

some spinning parameters on microstructure, grain 

size, texture and finally mechanical properties. 

2. Findings 
2.1. Shear Spinning 

 

Radovic et al. [16] studied the deformation and 

microstructure of AlMg6Mn alloy during shear 

spinning. 
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 They reduced the thicknesses 30%, 50% and 68% 

by using different mandrels. The grain structure is 

gradually developed refining during shear spinning. 
The grains are elongated in the axial direction by 

increasing the amount of thickness reduction and are 

also stretched in the rotational direction. In this 

study, the most optimal combination of strength and 

elongation was obtained, which has been attributed 

to grain refinement and reaction of dislocations with 

Mg and Mn particles and atoms in solid solution. 

Finally, the effect of initial grain size as well as 

mechanical properties have been investigated. In 

this study, they concluded that high accumulated 

energy, as a result of local deformation and high 

strain rate, may lead to dynamic recovery. Recovery 

in Al-Mg alloys usually stops during other 

deformation modes. On the other hand, using 

transmission electron microscopy (TEM), it has 

been proven that dynamic recovery occurs during 

shear spinning of AlMg3 alloy in high reducing 

thickness, but this does not occur in cold rolling in 

the same thickness reduction [16]. 

They also observed that during shear spinning, grain 

refinement occurs gradually in both small and large 

grains as the thickness decreases. The grains are 

elongated in the axial direction (Fig. 9.a to Fig. 9.c) 

and also stretched in the direction of rotation (Fig. 

9.d to Fig. 9.f). Fragmentation of coarse and brittle 

particles is also observed. They also reported an 

important result, they reported that the grain size in 

the shear spinning specimens did not differ much 

from the rolled specimens in the same conditions. 

They reported that shear spinning was effective in 

improving the strength of AlMg6Mn alloy while 

maintaining the elongation approximately.  

Hardness and tensile strength gradually increase as 

the wall thickness reductions. This phenomenon is 

explained by grain refinement, hardening by particle 

and Mg and Mn effects. Strength and hardness 

indicate dependence on grain size, which increases 

with decreasing grain size. High values of 

elongation are justified by the dynamic recovery that 

occurs with high accumulation energy as a result of 

local deformation and high strain rate [16]. 

Zhan et al. [17] have been studied in 2016 to 

investigate grain refinement and its mechanism in 

shear forming, microstructures of aluminum parts 

that are formed under different deformation 

conditions, with different deflection ratio (relative to 

sine law (Eq. (1)). Their results show that after shear 

spinning, the microstructure is symmetrically 

distributed around an area of sheet thickness 

between the inner surface and the center plane 

(called the neutral area) (Fig. 10.). Electron back 

scatter diffraction (EBSD) images of these samples 

are also shown in Fig. 11. Different deflection ratios 

in shear spinning can lead to grain refinement in 

different areas along the thickness of the spinning 

specimen. The nature of the microstructure indicates 

that the grain refining mechanism is the result of the 

formation of deformation bands. It has been 

observed that in deformation bands, the parallel 

necessary geometric boundaries with the zero 

deflection ratio are formed and cross GNBs are 

formed with a positive and negative deflection ratio, 

which is the result of different stress states affected 

by different deflection ratios in shear spinning. As a 

result of the effect of grain refinement, 

microhardness increases with decreasing deflection 

ratio (Fig. 12.).  

 

 

 
 

Fig. 10. Microstructure after shear spinning with angle α = 30º in different deflection ratios (a) X = 28.66%, (b) X = 0 

and (c) X = -28.33% [17]. 
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Fig. 13.  (a), (b) and (c) schematic of three repetitive shear spinning steps [19]. 

 
 

Fig. 14. Optical images in (a) repetitive shear spinning; (b) single-pass shear spinning and (c) two-pass shear 

spinning; EBSD images in (d) repetitive shear spinning; (e) single-pass shear spinning and (f) two-pass shear spinning 

[19].

 

 
 

Fig. 11. EBSD images of 3A21-O alloy after shear 

spinning with angle α = 30º at (a) X = 28.66% (b) X = 0 

and (c)  X = -28.33% [17]. 

Also, according to Brandon et al. [18] research on 

shear spinning of steel, after deformation, only the 

solution treatment affects the texture, and the aging 

treatment alone has no effect on the texture.  

Wang et al. [19] used a special spinning technique 

called repetitive shear spinning. Repetitive shear 

spinning consists of two successive shear spinning 

passes along both sides of the sheet metal. Fig. 13. 

shows a simulation illustrations of this process in 

three steps using two mandrels. Fig. 14. shows the 

microstructures in repetitive, single-pass and two-

pass shear spinning. 
 

 
 

Fig. 12. Microhardness of the specimen in different 

deflection ratios obtained at α = 30º [17]. 

The microstructure obtained by optical microscopy 

shows that after shear forming, the grains are 

elongated in the rollers direction and compressed in 

the normal direction. Compared to single-pass and 

two-pass shear spinning, the grains in repetitive 

shear spinning are more compressed and elongated. 

Base on the electron back scatter diffraction (EBSD) 

images, it appears that the grain boundaries in 

repetitive and two passes shear spinning are formed 

along the geometrical necessary boundaries (GNBs) 

to fragment the grains. In repetitive shear spinning, 
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 a large number of small subdivided grains are 

formed as shown in Fig. 14.d The grain size 

obtained from the repetitive shear spinning process 

is smaller than the one-pass and two-pass process 

[19]. In 2017, Guillot et al. [20] investigated 

different areas of shear spinning cones from 304L 

steel as shown in Fig. 15. The raw material with 

equiaxial grains that becomes a structure with 

elongated grains after shear spinning. Also, their 

hardness during the process increases strongly and 

reaches about 370HV. High local deformation was 

observed in the form of shear bands along the θ axis 

of the cylindrical coordinates and slightly titled from 

the shear forming direction. Microstructural and 

hardness analysis showed that the homogeneous 

microstructure is stretched along the shear spinning 

parts. Transformation of austenite to martensite is 

observed. The main mechanism of deformation was 

identified as simple shear. Shear spinning has a 

significant effect on the microstructure, hardness 

and texture of the material. In Fig. 15.a shear 

spinning specimen is divided into five sections from 

M1 to M5 and tested. Fig. 16. shows the 

microstructure of the different areas of the deformed 

sample. Microstructural images are shown and the 

initial material called M1 contains some equiaxed 

grains. 

 
Fig. 15. Test areas [20]. 

The initial material is heterogeneous and has a 

relatively weak rolling texture. In the shear spinning 

areas, M2 to M5 elongated grains are present and 

only slight microstructural differences are observed. 

Shear bands that show severe local deformation 

during plastic deformation are observed [20].  
 

 
Fig.16. Microstructure of shear spinning parts [20]. 

 
Fig. 17. TEM images of a) initial sample, b) shear spinning sample with 20% thickness reduction, c) shear spinning 

sample with 20% thickness reduction and then aged at 175 ° C for 2 hours [22 ]. 
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Fig. 18. EBSD analysis image orientation map from a) 0% thickness reduction sample, undeformed sample, b) 30% 

thickness reduction sample, c) 75% thickness reduction sample [23]. 
 

 

Fig. 19. EBSD analysis of high angle grain boundaries (HAGB) and low angle grain boundaries (LAGB) from from a) 

0% thickness reduction sample, undeformed sample, b) 30% thickness reduction sample, c) 75% thickness reduction 

sample [23].  

 
 

Fig. 20. Principle of  (a) stagger spinning and (b) counter-roller spinning [24]. 

 

In a study by Valdez et al. [21], based on 

microstructural and texture analysis, they stated that 

the main mechanism of deformation in the shear 

forming process is simple shear, and heavier shear 

deformation was observed near the roller that lead to 

formation of finer grains near the roller in the shear 

formed specimen. Also, these results were 

successfully agreement with the simulated results.  

In 2020, Li et al. [22] investigated the role of the 

shear spinning process on the aging behavior of 

AA2219 aluminum alloy. Using transmission 

electron microscopy (TEM) images shown in Fig. 

17., it was found that when the thickness reduction 

is more than 10%, a large number of dislocation 

cells and sub-grain boundaries are produced by 

shear spinning deformation. These dislocation cells 

and sub-grain boundaries lead to the formation of 

coarse and non-uniformly distributed precipitates in 

aging process, which reduces hardness uniformly 

after aging for more than 2 hours. 

 

2.2. Flow forming 

In 2014, Kubialy [23] conducted a study on grain 

orientation in flow forming. The orientation map of 

the flow forming area is shown in Fig. 18. The grain 

orientation in the sample with a 30% reduction in 

wall-thickness is much more homogeneous than in 

the undeformed area. The grains are elongated in the 

direction of deformation, and are not randomly. 
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 Flow forming causes the grains to elongate in the x 

direction, which results the number of grains 

decreases in this direction. Fig. 19. shows the high 

angle and low angle grain boundaries. The ratio 

(HAGB / LAGB) is equal to 

(42.56 / 57.44), which indicates a large number of 

sub-grain boundaries. This indicates that even 

before the flow forming process, there are sub-

boundaries in the microstructure. Kubialy by using 

EBSD analysis showed that with increasing the 

amount of strain (reduction of wall-thickness) the 

orientation of the grains will be much more and 

more homogeneous and the high angle boundaries 

will increase somewhat [23]. 

Xiao et al. [24] investigated the effect of flow 

forming process on grain refinement and observed 

the overall grain refinement in the direction of the 

thickness of the cylinder produced by the spinning 

method. In this study, they demonstrated the 

material flow model based on the upper bound 

method and compared stagger spinning with 

counter-roller spinning shown in Fig. 20. They also 

performed metallographic and microstructural 

analysis, which was very consistent with theoretical 

analysis. 

The microstructure in Fig. 21. shows that the grain 

refinement in the inner layer was less than the outer 

layer in stagger spinning. While the percentage of 

grain refinement in the inner and outer layers in the 

counter-roller spinning was close to each other [24]. 

Maj et al. [25] investigated the flow forming of 

Inconel 718 cylinders. They have reported an 

enormous increase in tensile strength after cold flow 

forming. 

This huge increase in strength is greater than what is 

related to the work hardening and dislocations. After 

heat treatment, a significant decrease in strength has 

been observed. 

They suggested that the aging kinetics and 

nucleation increase with a large increase in 

deformation. Very fine precipitations are the result 

of heat treatment. Large amounts of δ phase in the 

tested samples have very high strength and 

maximum elongation. Xia et al [26]. performed 

several steps of flow forming in ultrafine-grained 

materials and subsequent recrystallization annealing 

treatment. The microstructure and mechanical 

properties of ASTM1020 steel pipe produced by 

spinning method were investigated. They concluded 

that a good surface smoothness and an improved 

spin formability of spun workpiece can be obtained 

by the process combining of 3 passes spinning 

followed by a 580 ° C and 0.5 h static 

recrystallization and 2 passes spinning with a 580 ° 

C and 1 h static recrystallization annealing under the 

severe thinning ratio of wall thickness reduction. 

The grain size of ferrite has strongly decreased after 

stagger spinning. Fine and equiaxed grains of ferrite 

were generated through re-nucleation and grain 

growth by subsequent recrystallization annealing. 

 
 

Fig. 21. Microstructure of stagger flow forming sample 

(a) outer surface, (b) inner surface and flow forming 

with counter-roller (c) outer surface, (d) inner surface 

[24]. 
 

This research shows that the stagger spinning 

method has a great potential for making bulk metals 

with ultrafine grain microstructure.  The mechanical 

properties and microstructure of A356 aluminum 

under the hot flow forming process have been 

investigated by Wu et al. [27]. The results of this 

study showed that the mechanical properties of 

A356 aluminum alloy were improved and uniform 

microstructure was obtained. During the hot forming 

process, Si eutectic particles and Fe-rich phases are 

dispersed and the porosity is eliminated.  
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Fig. 22. a) Schematic of the spinning process 3S, b) and c) EBSD images of surface microstructure in samples with 

two different feed amounts [29]. 
 

Recrystallization of Al matrix and AlSiTi phase 

precipitation also occur. The results of mechanical 

properties tests also show that an improvement in 

the final strength, an increase in toughness and a 

decrease in the microhardness of the deformed 

sample compared to the cast alloy were observed. 

These results are attributed to the uniform 

distribution of fine spherical eutectic Si particles, 

increase in dislocation density, the elimination of 

casting defects, and the fine-grained recrystallization 

grain structure. The microstructure and mechanical 

properties of hot flow forming and subsequent 

annealing TA15 alloy pipes were also investigated 

by Xu et al. [28]. The results of this study showed 

that with increasing the number of flow forming 

passes, the fiber microstructure is gradually 

elongated in the axial direction and the circular 

microstructure is stretched in the direction of 

rotation. Also, the tensile stress increases and the 

elongation decreases not only in the axial direction 

but also in the circumferential direction. When the 

thickness reduction ratio increases to close to or 

over 40%, the tensile strength increases rapidly and 

the elongation decreases, which means that titanium 

alloy can be strengthened bi-directionally by power 

spinning. The ductility of the spun TA15 alloy can 

be improved by annealing treatment at a temperature 

not higher than the recrystallization temperature and 

slightly reducing the tensile strength. Debin et al. 

[29] tested and investigated the cold flow forming 

process in Ti-15-3 alloy. They suggested a method 

that, using reverse extrusion and solution heat 

treatment, could improve the microstructure of the 

original billet and prevent cracking during spinning. 

After the first spinning pass and the solution heat 

treatment, the crystals of the material are refined and 

the thickness reduction range increases in 

subsequent spinning passes. In this way, by 

increasing the number of spinning passes, the billet 

is more easily shaped. As the number of spinning 

passes and the degree of deformation increase, the 

crystals become more refined.  

The maximum allowable thickness reduction rate 

has increased for each passes and the smallest 

allowable value for the thickness reduction rate has 

decreased, which has increased the thickness 

reduction rate range. As the number of spinning 

passes increases, spinning will become increasingly 

easier. Solution Heat treatment is necessary in cold 

spinning of Ti-15-3 alloy, so that the residual 

stresses from the deformation are eliminated and the 

crystals are refined. This treatment will help 

improve the plasticity of the billet. A new method 

for surface strengthening was introduced by Ren et 

al. [30] called surface strengthening by spinning 

(3S) method, which causes a difference in surface 

layer microstructure compared to the sub-layers of 

Cu-11% Al alloy (Fig. 22.).  

Depending on the amount of grain refinement, the 

microstructural difference can be divided into four 

areas, which include the nanoscale grain area, the 

fine grain area, the fine grain area, and the coarse 

grain area from the surface to the center. 

Meanwhile, the abundance of grain boundaries and 

twin boundaries has been effective in inhibiting the 

movement of dislocations in the surface layer during 

the plastic deformation process. Subsequently, this 

method has improved the surface mechanical 

properties due to differences in the surface 

microstructure compared to the sub-layers.  

2.3. Conventional Spinning 

In 2020, Gondo et al. [31] conducted research on the 

conventional spinning in several passes on AA1050 

aluminum sheet. By examining the microstructure 

and texture of the spun workpiece, they showed that 

the crystalline orientation had changed in two-thirds 

of the thickness of the workpiece, and included four 

types of crystalline texture, shown schematically in 

Fig. 23. 
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Fig. 24. Distribution of crystal orientation and SEM images along the thickness of spun samples [31].

 

 
Fig. 23. Relationships among the stable directions: Cu 

texture, texture-I, texture-II, and texture-III [31]. 

The Cu texture, "texture-I", which rotated 20° 

around <111> from the Cu texture; "texture-II", 

which rotated 5° around its <110> from the Cu 

texture; and "texture-III", which rotated 10° around 

its <001> from texture-I. It also shows scanning 

electron microscopy (SEM) images and IPF maps in 

the direction of sample thickness in different layers 

and passes in Fig. 24. The IPF map in the X, Y and 

Z directions shows the crystal directions which are 

parallel to the rolling direction (RD), parallel to the 

normal direction (ND) and parallel to the transverse 

direction (TD) of the sheet, respectively [31].  In the 

IPF maps on the X, Y, and Z planes of the initial 

disk, there are approximately the same colors in 

one-third of the thickness. Outer and inner side 

colors are different. There are similar colors in the 

IPF map for X direction. The IPF maps in the initial 

passes were similar to the original disc. In 

subsequent passes, the colors of the IPF maps on the 

mandrel side are different from the initial disc. The 

crystal orientation of the workpiece has changed in 

two thirds of the thickness from the mandrel side. 

Therefore, it can be concluded that spinning 

operations in multiple passes have changed the 

microstructure, texture and orientation of the grains 

[31]. 

3. Conclusion 
 

1. According to the studies, it can be concluded that 

by performing the spinning process, especially shear 

spinning and flow forming processes, which have a 

higher strain and forces on the part, the grain size is 

reduced and as a result, the strength increases. 

2. The microstructure obtained from spinning parts, 

especially shear spinning and flow-forming, shows 

that the grains as well as impurity particles have 

elongated along the main axis and have been 

stretched in the circumferential direction. This grain 
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size change was greater on the roller side than on the 

mandrel side. Fragmentation of coarse and brittle 

particles is also observed. The nature of the 

microstructure indicates that the grain refining 

mechanism is the result of the formation of 

deformation bands.  

3. With the changes in the microstructure, the 

texture of the spinning parts has also changed. With 

increasing thickness reduction, the orientation of the 

grains and texture changes and the high angle 

boundaries increase. 

4. The microstructure of different areas of a cone 

produced by shear spinning method, from apex to 

base, has been investigated to show that there is no 

difference in the microstructure of these areas. 

5. The results obtained from hot spinning show that 

the mechanical properties have been improved and a 

uniform microstructure is obtained. During the hot 

forming process, eutectic particles and impurity 

phases are dispersed and the porosity is eliminated. 

As the number of passes increases, the fiber 

microstructure gradually elongated in the axial 

direction and the circular microstructure stretched in 

the circumferential direction. 
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