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I. INTRODUCTION 
 

Upgrading the mechanical properties of metals and 

their alloys has drawn increasing interest from 

materials scientists over several decades to response 

to the growing demand from industries like the 

automotive, aerospace and military industries. 

Manufacturing metals and their alloys with ultra-fine 

grain (UFG) structures is one of the approach used to 

enhance mechanical properties and increase the 

strength-to-weight ratio, which will again enable the 

material weight required for a certain strength value 

in an application to be reduced.  

 

This property is highly significant, mainly in the 

transportation system industry, where the reduction 

in fuel consumption and the resulting pollution both 

are prioritized. Two methods are used to produce  

 

 

 

 

 

 

 

 

UFG materials, bottom-up and top-down 

approaches. The bottom-up approach is not suitable 

for industrial manufacturing as this process gives a 

porous structure, while the top-down approach will 

give a bulk structure material that could be widely 

used in many applications. Severe plastic 

deformation (SPD) is a very effective technique to 

manufacture UFG materials via a top-down approach 

[Thangapandian and Balasivanandha (2015)].Several 

methods of SPD have been introduced in last 

decades for bulk as well as sheet metal deformation 

to enhance the mechanical properties of metallic 

materials by producing UFG structures.  

 

Accumulative roll bonding (ARB), Assmetric rolling 

(ASR), cryorolling, repetitive corrugation and 

straightening (RCS), constrained groove rolling (CGR) 

and constrained groove pressing (CGP) are used to 

manufacture sheet-shaped materials [Gupta, Tejveer 

and Singh (2016)]. Among these methods, CGP is the 

most versatile methods for manufacturing sheet 

metals with a UFG structure and that is why it has 

outstanding, unique and desirable properties. 

Abstract-Constrained groove pressing (CGP) is a modern process for dilating ultrafine grain in sheet 

metals structures for inducing good material properties. In CGP, the sheet metal specimens are subjected 
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Fig 1. Schematic of constrained groove pressing 

(CGP). 

 

Constrained groove pressing (CGP) is a promising 

route to produce the UFG structure without changing 

the overall dimensions of the samples. [D.H. Shin, J.J. 

Park, Y.S. Kim, K.T. Park, Constrained groove pressing 

and its application to grain refinement of aluminum, 

Mater. Sci. Eng. A 328 (2002) 98–103.] Initially 

developed the constrained groove pressing 

technique in which a sheet metal is subjected to 

repetitive shear deformation under plane strain 

condition. The schematic illustration of the CGP 

process is presented in Figure 1.  

 

In the CGP process, a blank is subjected to repetitive 

shear deformation by deforming the specimen 

alternately between asymmetrically aligned grooving 

and flattening dies under plane strain condition. Each 

pass consists of four stages, two in a grooving die 

and two in a straightening die.  

 

In this technique, the gap between the upper die and 

the lower die is identical to the sample thickness, and 

therefore, during the grooving operation, the 

inclined part located in the groove is subjected to 

pure shear deformation with an effective plastic 

strain of 0.58. Add reference [H. Alihosseini, K. 

Dehghani, Bake hardening of ultra-fine grained low 

carbon steel produced by constrained groove 

pressing, Mater. Sci. Eng. A 549 (2012) 157–162.].  

 

In the straightening operation, the deformed regions 

are subjected to a reverse shear deformation 

resulting in another effective strain of 0.58 in the 

reverse direction, causing a total effective strain of 

1.16 in the deformed regions [Z.S. Wang, Y.J. Guan, 

G.C. Wang, C.K. Zhong, Influences of die structure on 

constrained groove pressing of commercially pure Ni 

sheets, J. Mater. Process. Technol. 215 (2015) 205–

218]. After the second stage, the specimen is rotated 

by 180◦ around the axis perpendicular to the sheet 

plane, as shown in Figure 1.  

 

This allows the undeformed regions to be deformed 

by further pressing due to the asymmetry of the 

grooved die, and finally, after the second 

straightening step, an overall uniform strain of 1.16 is 

imposed throughout the specimen. [S.S. Satheesh 

Kumar, T. Raghu, Structural and mechanical 

behaviour of severe plastically deformed high purity 

aluminium sheets processed by constrained groove 

pressing technique, Mater. Des. 57 (2014) 114–120]. 

 

1. Advantages of CGP: 

 More homogeneous strain distribution without 

changing the dimensions of the sample.  

 The CGP process is not limited to specific materials 

and can be used for microstructural refinement in a 

wide range of metallic materials.  

 Fabrication of dies is very simple when compared 

to some other SPD processes like ECAP.  

 

2. Limitations of CGP: 

 It is a highly discontinuous process owing to a 

number of stages required for corrugating and 

flattening. 

 A maximum strain that can be achieved by this 

process is less than other SPD processes.  

 

In the CGP process, the gap between the upper die 

and the lower die is equal to the thickness of the 

material resulting in pure shear deformation in the 

inclined groove region. In CGP, it is possible to 

impart a larger plastic strain compared to other SPD 

techniques in sheet metal processing.  

 

CGP is almost equivalent to the process of repetitive 

corrugating and straightening (RCS) except that the 

material is constrained from expanding laterally in all 

directions, leading to better homogeneity of material 

properties. Figure 2 shows the schematic difference 

between RCS and CGP. 

 

 
Fig 2. (a) Repetitive corrugating and straightening, 

and (b) constrained groove pressing. 
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II. DIE DESIGN AND MANUFACTURING 
 

The CGP technique contains two dies: one to act as 

the corrugating press and the second as the 

flattening press. The optimum die design can 

perform the necessary function while saving material 

and machining costs. To save the manufacturing cost 

of two dies (flat and corrugated), the idea of utilizing 

one cored die body with alternately inserted flat and 

corrugated punches has been suggested. CGP die 

design involves two steps: (i) proposing a die design 

with dimensions; many sketches with a range of 

dimensions are drawn as suggestions to acquire the 

optimum design; and (ii) selecting the most suitable 

material for the die.  

 

Fig. 10 shows the proposed CGP die assembly. The 

upper and lower setups of the proposed CGP die 

consist of an installation plate and a punch holder. 

These plates are used to fix the die on the press, and 

punch holders used to hold both the punches. The 

punches are shown in Fig. 11 A pair of flat punches 

which could be replaced is used to apply a shear 

force on the specimen from the flattening presses. 

The upper and lower flat punches are hung inside 

the upper and lower punch holders, respectively.For 

every die component, materials and sizes should be 

decided.  

 

The BÖHLER company has recommended M238 and 

K110 steel alloys as the most suitable materials for 

die manufacturing. M238 steel alloy finalized for 

upper and lower installation plates and punch 

holders, while K110 steel alloy was selected for upper 

and lower flat and corrugated punches.  

 

 
Fig  3. CGP Die Assembly. 

 

The most critical components of the proposed CGP 

die are punches; they are in direct contact with the 

processing materials and responsible for 

deformation. 200 mm length and 50 mm width for 

two punches were finalized to be suitable to obtain 

two flat tensile specimens.  

 

A V-grooved die is considered, this shape would be 

able to induce a higher shear strain and so give more 

effectively refine the microstructure than can semi-

circular dies, as reported by Thangapandian et al. 

[Thangapandian and Balasivanandha (2015)]. The 

groove angle of the corrugated die was selected to 

be 45°, as this value induces the highest shear strain 

(γ=tan45=1) in the material and produces an 

equivalent effective strain (εeff) of 0.58 in each press, 

as demonstrated by [Shin, Park, Kim et al. (2002)]. 

The groove depth was selected to be 3 mm (sheet 

thickness). 

 

 
Fig 4. CGP Die Punches a. Upper lower die punch, b. 

Lower corrugated punch, c. upper corrugated punch. 

 

First, each die component was drawn using the 

SolidWorks program, and then, all components were 

assembled (Fig. 1). Simulation was carried out using 

SolidWorks SimulationXpress wizard. According to 

the manual for SolidWorks Essential [SolidWorks 

Essential (2012)], the following tasks should be 

completed to attain the optimum design. 

 

1. Options:  

In this step, the system of units that will be used for 

materials, loads and results is chosen. The metric 

system was selected in the current work.  

 

2. Fixtures:  

All the faces of die components that stay fixed 

during press motion are selected. The installation 

locations of the installation plates in the press are 

also determined. 

 

3. Loads:  

The values of the applied external loads to a 

specified face and their directions are assigned. A 
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maximum press capacity of 150 tons was entered as 

the applied external pressure that is perpendicularly 

and evenly distributed on the die surface.  

 

4. Material:  

The materials for each die component are selected 

from the standard library of SolidWorks SimulationX-

press wizard, where all mechanical and physical 

properties of standard metals and alloys are 

recorded. As proposed by the BÖHLER company, 

M238 steel alloy was assigned for the upper and 

lower installation plates and punch holders, and 

K110 steel alloy was assigned for the upper and 

lower flat and corrugated punches in the program.  

 

5. Run:  

The coarseness of the mesh is set, and the run 

simulation button is clicked to begin analysis. 

 

6.  Results:  

The results of analysis, such as the safety factor, von 

Mises stresses and displacement, can be displayed. 

SimulationXpress wizard determines the value of the 

safety factor using the maximum von Mises stress 

criterion. This criterion states that a ductile material 

starts to yield when the equivalent (von Mises) stress 

reaches the YS of the material. SimulationXpress 

wizard calculates the safety factor at a point by 

dividing the YS of the material by the equivalent 

stress at that point. At any location, if the safety 

factor is less than one, it indicates that the material at 

that location has yielded and that the design is not 

safe. If the safety factor is equal to one, it indicates 

that the material at that location has just started to 

yield. When the safety factor is greater than one, it 

indicates that the material at that location has not 

yielded and that the design is safe. The safe locations 

appear blue, while the unsafe locations appear red.  

 

7. Optimize:  

The optimization step is used to estimate the safety 

factor, maximum stress or maximum displacement 

values to acceptable levels by iterating the values of 

the dimensions. In this step, the optimization target 

must be determined, i.e., minimizing or maximizing a 

specific material property to be optimized. First, the 

safety factor was set to 2. 

 

III. FEA SETUP 
 

CGP process consist of Lower die, upper die (punch), 

Sample. For doing analysis CAD model is necessary. 

The sample for CGP process has a dimension of 

90mm X 20mm X 1mm. The die has a groove angle 

of 45 degree at initial and vary from 45 degree to 44 

degree and 45 degree to 46 degree.  

 

As we changing the die design it is necessary to 

change the punch angle accordingly. So the punch 

angle also varies from 45 degree to 44 degree and 

45 degree to 46 degree. For modelling the lower die, 

upper die (punch) and sample we used hypermesh 

software and for post processing we used LS-dyna 

software. For modelling the upper die (punch), lower 

die and sample we used hexehedran element with a 

thickness of 1mm. While submitting the jobs we 

assigned auto memory and used R7.1.2 s mpp solver. 

We perform four presses in one job or iteration. We 

perform the 3 sets of iterations for two materials, so 

we have the 6 sets of iterations which includes 

 

 Aluminium Alloy A5083 and AA6061 with die angle 

44 degree. 

 Aluminium Alloy A5083 and AA6061 with die angle 

45 degree. 

 Aluminium Alloy A5083 and AA6061 with die angle 

46 degree. 

 

1.First Press CGP (Corrugating): 

 

 
 

Fig 5. First Press Design details for CGP (Front View). 

 

The outer node of the plate are constrained in all 

degrees of freedom as highlighted is the fig.5. The 

displacement of 3.45mm is applied to the top die in 

vertical or Y-direction in 44 degree die angle and 

3.5mm and 3.55 mm in 45 and 46 degree of groove 

angle respectively. 
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2. Second Press of CGP (Flattening): 

 

 
Fig 6. Second  Press Design details for CGP (Front 

View). 

 

The outer node of the sample are constrained in all 

degrees of freedom as highlighted is the fig.6. The 

displacement of 3.45mm is applied to the top die in 

vertical or Y-direction in 44 degree die angle and 

3.5mm and 3.55mm in 45 and 46 degree of groove 

angle respectively.  

3. Third Press of CGP (Corrugating): 

 

 
Fig 7. Third  Press Design details for CGP (Front 

View). 

 

A rotation of the sample by 180° about Y-axis which 

is perpendicular to the sheet plane is performed. The 

outer node of the plate are constrained in all degrees 

of freedom as highlighted is the fig7.  

 

The displacement of 3.45mm is applied to the top 

die in vertical or Y-direction in 44 degree die angle 

and 3.5mm and 3.55 mm in 45 and 46 degree of 

groove angle respectively. 

 

4. Fourth Press of CGP (Flattening): 

 

 
Fig 8. Fourth  Press Design details for CGP (Front 

View). 

 

The outer node of the sample are constrained in all 

degrees of freedom as highlighted is the fig.8. The 

displacement of 3.45mm is applied to the top die in 

vertical or Y-direction in 44 degree die angle and 

3.5mm and 3.55 mm in 45 and 46 degree of groove 

angle respectively.  

 

IV. MATERIAL 
 

We perform CGP process on AA5083 and AA6061 

aluminium alloys. The rigid material for lower die and 

upper die (punch) assigned and for sample we 

assigned AA5083 and AA6061. 

 

 
Fig 9. Chemical Composition for AA5083 and 

AA6061. 

 

1.Mechanical properties for AA5083 are: 

Youngs modulus =72GPa, Density =2.66E-6, Yield 

Strength =0.129GPa, Ultimate strength =0.300GPa 

and elongation = 34%. 

 

2. Mechanical properties for AA6061 are: 

Youngs modulus =69GPa, Density =2.7E-6, Yield 

Strength =0.058GPa, Ultimate strength =0.158GPa 

and elongation = 42.6%. 

 

V. RESULTS AND DISCUSSION 
 

The simulations of CGP for 3 sets for each material 

performed using hyper mesh as a Pre Processor and 

LS dyna as Post Processor. To examine the effect of 

groove angle change we differentiate the various 

factors i.e. effective plastic strain, Von mises stress, 

Internal Energy of sample, force generated on the 

sample. 

 

As we perform simulation by changing groove angle 

we observed that when we increase the angle 

material strength is increased and if we decreased 

the groove angle material strength is decreased. 

Hence we conclude that groove angle is directly 

proportional to material strength. Some of the 

results are discussed below. 
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1.The comparison of Effective Plastic strain at end of 

forth press for AA5083 material: 

 

 
Fig 10. Effective Plastic Strain at end of forth press for 

AA5083 material. 

2. The comparison of Effective Plastic strain at end of 

forth press for AA6061 material: 

 

 
Fig 11. Effective Plastic Strain at end of forth press for 

AA6061 material. 

 

3. The comparison of Von mises stress at end of forth 

press for AA5083 material : 

 

 
Fig 12. Von mises stress at end of forth press for 

AA5083 material. 

 

4. The comparison of Von mises stress at end of forth 

press for AA6061 material : 

 

 
Fig 13. Von mises stress at end of forth press for 

AA6061 material. 

 

The Von – mises stress of sample is increased with 

increased in groove angle, hence we can conclude 

that material strength is increased with increasing 

groove angle. 

VI. CONCLUSION 
 

Material strength is increased with increased in 

groove angle in both the material which we consider 

for simulation.From the summary table we concluded 

that plastic strain is lower in 44degree groove angle 

sample and higher in 46 egree sample in both the 

sample. The Von – mises stress is lower in 44 egree 

groove angle sample and higher in 46 degree sample 

in both the sample. 
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