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Thesis Title:  
 

Investigation & Optimization of process parameters of Roll Bending machine in realizing 

Conical Shells in Aluminium 6063. 
 

Abstract: 

  

In the current research, :  For the sheet metal forming by roller bending machine, achieving the 

accurate geometry of components is the crucial task of many manufacturing industries. This is 

because of the “Springback” which refers to the elastic recovery of the deformed component. The 

microstructure and macroscopic mechanical properties of the sheet undergo changes during its 

forming process which results in inaccurate geometry of the component. These changes are 

common and inevitable in each phase of the production process. Hence to predict and controlling 

the Springback as per the geometrical shape requirements is one of the key factors influencing 

the quality of rolled sheet metal parts. In this research work, the investigation is made on realizing 

accurate conical shell-shaped components by roller bending machine for the material of 

construction (MOC) Aluminium 6063. Effects of sheet metal thickness, number of passes, roller 

pressure, and roller rpm on Springback for Aluminium 6063 are analyzed. After the testing of the 

spring back analysed with the regression analysis. In the validation work, Select the one input 

parameter range to develop a abaqus model. This model has been generated on the Abaqus 

software and after getting the result validate the result. Validation of the work has been compared 

the analytical work and practical work. Also find the errors between practical and analytical work.   
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Introduction: 

The word manufacture is derived from two Latin words, manus (hand) and factus (make). As a 

field of study in the modern era, manufacturing is defined two ways, one technologic and the other 

economic. Technologically, manufacturing is the application of physical and chemical processes 

to alter the geometry, properties, and appearance of a given starting material to make parts or 

products. Manufacturing also includes assembly of different parts to make products. The processes 

to accomplish manufacturing involve a combination of machinery, tools, power, and labour, as 

depicted in Figure 1.1. 

 

 

 

Fig 1 Manufacturing system (a) technical process (b) Economic process 

 

Manufacturing is carried out as a sequence of operations. Each operations bring the material closer 

to the desired final state. Economically, manufacturing is the transformation of materials into items 

of greater value by means of one or more processing of assembly operations. The key point is that 

manufacturing adds value to the material by changing its shape and size by combining processes. 

The material has been made valuable product through the manufacturing operations performed on 

material. Some of examples of manufacturing process such as iron ore is converted into steel, sand 

is transformed into glass, petroleum is refined into plastic, Plastic is moulded into the complex 
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geometry of a patio chair, it is made for valuable products. The words manufacturing and 

production are often used interchangeably. The author’s view is that production has a broader 

meaning than manufacturing.  

Manufacturing may produce many products, meaning individual parts or pieces of parts or it may 

produce continuous products. Nails, gears, steel balls, beverage cans and engine blocks are 

example of products. Metal or plastic sheet, wire, hose and pipe are continuous products that may 

be cut into individual pieces and thereby become discrete products. Because a manufactured item 

has undergone a number of changes during which raw material has become a useful product, it has 

added value, defined as monetary worth in terms of price.  

 

 

Three roller bending  

The three roller bending process is one aimed at producing materials with various curvatures by a 

set of three rollers. 

In roller bending forces acting on plate, rolls undergo changes in shape during rolling. Just as a 

straight beam deflects under a transverse load, roll force tend to bend the rolls elastically during 

rolling. As expected, the higher the elastic modulus of the roll material, the smaller the roll 

deflection. As a result of roll bending, the rolled strip tends to be thicker at its center than at its 

edges. The usual method of avoiding this problem is to grind the rolls in such a way that their 

diameter at the center is slightly larger than at their edges. 

 In this, plate is fed by two side rollers and bends to a desired curvature by adjusting the position 

of center top roller in one or several passes. Distance between the bottom rollers can also be varied. 

In three rollers bending machine desired curvature is function of thickness (t). width (b)of plate, 

material properties, center distance between the two bottom rollers and positionof the top roller. 

The involvement of so many parameters together makes the problem complex and till now 

experience on the shop-floor is taken as guide lines for a process planning. Any change in shape, 

material, machine required the similar experience to be developed again before satisfactory 

production can be obtained. Three roller bending process shown in the figure no. 1.4. 
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Fig 2 Three roller bending process 

 

 Problem statement 

In present days manufacturing industries, Aluminium has been a regular and extensively used 

material. Especially in aerospace, defense, and automotive industries, Aluminium alloys are 

favorable materials because of their comparatively light in weight and agreeable durable 

properties. Despite the fact that, Aluminium alloys have moderately lowered tensile strengths in 

comparison to steel, their strength to weight ratio seems adequate. As the punch is withdrawn from 

the sheet during the bending process, and elastic recovery happens because the elastic stresses are 

released. This elastic recovery is called spring back. Springback is a significant and dominant 

criterion in deriving the required form configurations of the part and design of the corresponding 

tooling. It is still an on-the-job production problem to predict the semi-finished geometry of the 

part after spring back and to design the appropriate tools to compensate for the spring back. 

Common techniques, which require using firsthand formulae and some heuristic procedures, result 

in the expenditure of efforts, time and raw material. From some recent years, with Taguchi, 

ANOVA and Optimization techniques have been appraised as an effective approach of describing 

bending processing and predicting spring back. Design of Experiments facilitates numerical 

analysis, which cause to shorter duration and more cost-effective design approach. In addition, 

Finite Element Analysis tools are used to represent and simulate numerous operations of tools and 

environments for metal-forming applications. 
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So above discussion, we make a statement “Investigation & Optimization of process 

parameters of Roll Bending machine in realizing Conical Shells in Aluminium 6063”. 

 

Objectives of research 

Objectives of research work as per the given below  

• To Find out an optimum process parameter to improve Spring back effect  of 

Material Al 6063 by bending operation with three roller bending process. 

• Identify number of Parameters responsible for Spring back effect for Al   6063 

Material using 3 roll Bending machine during Rolling Process. 

• Application of Taguchi method to identify effectiveness of identified parameters 

with experimental Result. 

• Develop mathematical model to check effectiveness of Parameters identified by 

experimental method for Al 6063 for 3 roll bending Process. 

• Identify (% error) between experimental Result and mathematical model. 

• Develop an approach to simulate the 3 Roller cone bending and Springback 

effect in FEA Analysis. 

• Study the Springback effect in simulation results from FEA Analysis. 

• Validation of experimental result, and mathematical model by using FEA 

Analysis. 

Methodology of research  

 In general, ‘methodology’ is the strategy that outlines the way in which research work is to be 

undertaken and identifies the methods used in it. It does not define a specific method but conveyed 

the nature of the processes followed by the objectives. This chapter describes methodology and 

experimental work of three roller bending process. To select the materials as per the application. 

Three roller bending process select process, number of pass, roller pressure, pilot test with different 

input parameters and final experiment with Design of experiment (D.O.E) and characteristics are 

discussed here.  

This section describes the methodology used in current research.  
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• Identification of independent, dependent, and independent extraneous variables. 

• Reduction of independent variables adopting dimensional analysis. 

• Determination of test envelope, test points, test sequence, and experimentation plan. 

• Physical design of an experimental set up. 

• Execution of experimentation for data collection. 

• Purification of experimentation data. 

• Analysis of practical data. 

• Model optimization. 

• Sensitivity analysis and validation of the model. 

 

 

Pilot test 

In this research work total 3 pilot runs have been performed with different input parameters. A 

successive pilot test has been performed to overcome the limitations of previous test. All the results 

such as inner and outer diameter of the cone plate, bending process, number of pass, thickness of 

the plate etc. of the third pilot test have been founded satisfactory. Final process parameter ranges 

has been finalized based on all positive aspects of three pilot tests. Pilot test image shown in the 

figure no 3.2.  

                

(i) (ii) 

Fig 3 Pilot test images (i) top view (ii) bottom view 
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Testing  

Spring back  

Spring back is the geometric change made to a part at the end of the forming process when the part 

has been released from the forces of the forming tool. Upon completion of sheet metal forming, 

deep-drawn and stretch-drawn parts spring back and thereby affect the dimensional accuracy of a 

finished part. The final form of a part is changed by spring back, which makes it difficult to produce 

the part. As a result, the manufacturing industry is faced with some practical problems: Firstly, 

prediction of the final part geometry after spring back and secondly, appropriate tools must be 

designed to compensate for these effects. 

Through the application of new materials, the number of problems increases. Forming parts made 

of these materials are more affected by spring back than parts made from conventional deep-drawn 

steel. Concerning classic sheet metal defects such as splits and wrinkles, strain in the sheet metal 

is decisive. If spring back occurs, such models are not enough to predict a deformation. In this 

case, the stresses are decisive and a considerably higher accuracy is crucial. 

During the development of tools, spring back is compensated by software in order to remove the 

part from the tool straight away in the required dimensions. Intense tryout loops, which occur at a 

very late stage in the development of the tool, are reduced to a minimum. 

 

Result and discussion 

The result of the spring back has been shown in the below table 1 

Table 1 result of spring back 

SR 

NO. 

ROLLER 

SPEED 

(RPM) 
PRESSURE(KG/C

M2) 
THICKNESS 

(MM) 
NO.OF 

PASS 

SPRINGBACK 

(mm) 

1 8 1200 1 1 1.206 

2 8 1200 1 1 1.237 

3 8 1200 1 1 1.223 

4 8 2400 2 2 0.932 

5 8 2400 2 2 0.957 

6 8 2400 2 2 0.926 

7 8 3600 3 3 0.856 

8 8 3600 3 3 0.844 

9 8 3600 3 3 0.801 
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10 9 1200 2 3 0.794 

11 9 1200 2 3 0.789 

12 9 1200 2 3 0.798 

13 9 2400 3 1 0.979 

14 9 2400 3 1 0.963 

15 9 2400 3 1 0.954 

16 9 3600 1 2 1.075 

17 9 3600 1 2 1.089 

18 9 3600 1 2 1.099 

19 10 1200 3 2 0.934 

20 10 1200 3 2 0.918 

21 10 1200 3 2 0.907 

22 10 2400 1 3 0.931 

23 10 2400 1 3 0.945 

24 10 2400 1 3 0.967 

25 10 3600 2 1 1.084 

26 10 3600 2 1 1.087 

27 10 3600 2 1 1.071 

 

 

Optimization problem formulation 

The present study aimed to determine the set of optimal parameters of the bending process to 

ensure springback condition. The optimization obtained in terms of roller speed, Pressure, 

Thickness and number of pass. After generated equations, it is implement in the regression 

equation: 

 

Spring back(mm) = 0.0036 +0.0227 × Roller Speed (Rpm) - 0.0014 ×Pressure (kg/mm2)  -0.1973 

×Thickness(mm) -0.1284 × No. Of Pass 

As per ANOVA analysis, test experiment articulates that the chording experimental combination 

is a top-notch condition of optimization and offers better product quality. Further, the 

approximation of marginal effect as well as the determination of exceptional proportion for all 

governable factors can be achieved from the established. Since it is known that elevated value 

of ANOVA will provide the best value of spring back. Therefore, it is exhibited that the response 

will be the best at Roller Speed: 8 Rpm, Roller Pressure: 3600 kg/cm2, thickness: 3 mm, and a 

number of passes. 
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Table 2 Response table for signal to noise ratios                                  
________________________________________ 

Level 
Roller speed 

(RPM 

Pressure 

(KG/CM2  ) 

Thickness 

(mm) 
No. of pass 

1 2.3.10 2.2007 -0.6893 0.2085 

2 2.1538 1.4383 3.2744 2.5954 

3 1.4572 2.2734 3.3272 3.1084 

Delta 0.8441 0.8351 4.0166 2.8999 

Rank 3 4 1 2 
                                                       

 

 

Fig. 4. Spring back signal to Noise Ratios 
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Fig. 5 Main effect Plot of SN ratio for spring back 
 

                  

Fig. 6 Main effect Plot for Means for spring back 
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Fig 7 Main effect Plot of Grey Relational Grade 

 

 Finite element analysis 
 

In this research work validation of the work with the help of the finite element analysis. Firs 

generate 3D CAD model of 3-Roll Bending Assembly Setup which consists asymmetric 

arrangement of rollers and a flat sheet made from Al 6063-T5. It is subjected to rolling and bending 

forces exerted on it due to rollers during its forming operation for producing cone. The present 

FEA analysis simulate the rolling bending operation for producing cone and measuring Springback 
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effect in sheet for the given operating parameters. All guiding, rolling and bending rollers are 

considered rigid bodies as 2D surfaces and only sheet is analyzed as solid flexible body.  

 

 

Fig 8 ROLL BENDING ASSEMBLY SETUP 

In this model document the finite element analysis results of 3-Roll Bending operation to form a 

cone for the given operating parameters (1) Sheet thickness: 2 mm, (2) Roller Speed: 9 RPM, (3) 

No. of Pass: 1 and (4) Roller displacement: 52.5 for the desired cone dimensions (OD: 350 mm, 

ID: 175 mm, Θ= 30 Degree). After the analysis of the work found the some Equivalent elastic 

stress in figure (i) and the figure (ii) permanent elastic strain. In the below figure (iii) is 

deformation. It is found maximum deformation 642 mm. In figure (iv) gives information about the 

spring back effect. In the whole process put the input parameters and found total deformation, and 

spring-back effect on the Aluminium plate.  
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(i)                                                                                   (ii)  

 

 

 

 

 

 

 

 

 

 

 

(i)                                                                            (iv) 

Fig 9 (i) Equivalent elastic stress (ii)Permanent elastic strain (iii)Deformation (iv) Spring back effect 
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Result of the finite element analysis 

Table 3 Result of finite element analysis 

CASE COMPONENT 
SHEET 
THK 

(MM) 
ROLLER 
SPEED 
(RPM) 

NO. 
OF 

PASS 
ROLLER 

DISPLACEMENT 
(MM) 

ANALYSIS RESULTS 
MAX. 

STRESS 
VALUE 
(MPA) 

MAX. 
STRAIN 
VALUE 

MAX. 
DEFORMATION 

(MM) 
MAX. 

SPRINGBACK, 
U1 (MM) 

MAX. 
SPRINGBACK, 

U3 (MM) 

1 FEA_3-ROLL 
BENDING_13  3 9 1 52.51 110 0.05 642 2.72 3.16 

 

Mathematical model 

The main objective of this section is to formulate a mathematical model to predict Spring Back 

effect of Al6063 in three-roller bending machine using dimensional analysis. A mathematical 

model is a description of a system or a process in mathematical forms. A model helps to explain a 

system or a process and to study the effects of different parameters influencing the response. 

Dimensional analysis is a powerful tool for understanding and analyzing engineering problems. 

Dimensional analysis computes dimensionless groups of parameters and provides information to 

what group of parameters affects the response. To formulate the mathematical model, Buckingham 

pi theorem is used. Buckingham’s Pi Theorem [10] states that if there is a physically meaningful 

equation involving a certain number n of physical variables, then the original equation can be 

rewritten in terms of a set of p=n−k dimensionless parameters π1, π2, …, πp constructed from the 

original variables. To calculate dimensionless pi terms, all dependent and independent parameters 

are expressed in terms of fundamental [MLT] physical quantities. 

D    =    Top Roller Diameter in mm 

Ε     =    Young's Modulus of Material N/mm2 

T     =    Thickness of Plate in mm. 

 σ   =    Yield Strength of Material N/mm2 

n     =     Number of Passes 

k     =     Curve Fitting Constant 

a to d  = Exponents of Independent Parameters 

S     =    Spring Back in mm. 

G     =    Acceleration due to gravity of Top Roller in mm/sec2 
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For three-roller bending process, total 08 parameters are selected, out of which 03 are selected as 

repeating variables (D, σ ,G). Hence, 05 independent pi groups are formed. Here the development 

of mathematical model is for Spring back . So, for model development, 05 independent pi groups 

are used. Description of parameters with fundamental form and dimensionless pi groups are as 

shown in Table.  

Each dependent pi term is the function of the available independent Pi terms. 

Hence, 

f (π1, π2, π3, π4, π5)= 0 ………………………………………………………………….……………..(1) 

A probable exact mathematical form for the dimensional equations of the phenomenon could be 

assumed to be of exponential form as 

π 1  = k (π 2 )
a (π 3 )

b  (π 4 )
c (π 5 )

d 

In this modelling total variable 8, Repeating variable is 3 so total pi terms are 5. π1   = Spring 

Back, π2   = Effect of Roller Pressure, π3   = Effect of Roller Rpm, π4   = Effect of Thickness of 

Material, π5   = Effect of No. of Passes. 

π1=   S  Da σb Gc 

Mo L0 T0  = Mo L1 T0   (Mo L1 T0 )a   (M1 L -1 T-2)b (M0 L 1 T-2 )c 

After Solving above equation, 

a = -1,b=0,c=0. 

 

π2=   P  Da σb Gc 

Mo L0 T0  = M1 L-1 T2   (Mo L1 T0 )a   (M1 L -1 T-2)b (M0 L 1 T-2 )c 

After Solving above equation, 

a = 0,b=-1,c=0. 

 

π3=   N  Da σb Gc 

Mo L0 T0  = Mo L0 T-1 (Mo L1 T0 )a   (M1 L -1 T-2)b (M0 L 1 T-2 )c 

After Solving above equation, 

a = 1/2,b=0,c=-1/2. 

 

 



Synopsis Page 18 
 

 

 

π4=   T  Da σb Gc 

Mo L0 T0  = Mo L1 T0   (Mo L1 T0 )a   (M1 L -1 T-2)b (M0 L 1 T-2 )c 

After Solving above equation, 

a = -1,b=0,c=0. 

 

π5   = Effect of No. of Passes. 

π5=   n  Da σb Gc 

Mo L0 T0  = Mo L0 T0   (Mo L1 T0 )a   (M1 L -1 T-2)b (M0 L 1 T-2 )c 

After Solving above equation, 

a = 0,b=0,c=0. 

A probable exact mathematical form for the dimensional equations of the phenomenon could be 

assumed to be of exponential form as 

π 1  = k (π 2 )a (π 3 )b  (π 4 )c (π 5 )d 

S/D = K (P/σ)a  (N √D/G)b  (T/D)c  (n)d 

Here,  K is curve fitting constant and a to d be indices which needs to be calculated by multi 

variable regression analysis at 95 percent confidence interval. 

By using data obtained in experimental part of this investigation and substituting these 

parameters in equation number (A).The predictive model for spring back follow as . 

 

log π1  =  log k + a log π2 + b log π3 + c log π4 + d log π5  ……………………..……….(2) 

 

As per multi variable regression analysis at 95 percent confidence interval using data obtained in 

experimental part of this investigation  

 

Spring back(mm) = 0.0036 +0.0227 Roller Speed (Rpm) - 0.0014 Pressure(kg/Mm2) -

0.1973  Thickness(mm) -0.1284 No.Of Pass ………………………………………….……(3) 
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By analyzing above equations,  

The constant K = 0.0036 

 a = -0.0014 , b = 0.0227 , c = -0.1973 , d = -0.1284 

 

S = K D (P/σ)a  (N √D/G)b  (T/D)c  (n)d 

S = K D (P/σ) -0.0014 (N √D/G)0.0227  (T/D)-0.1973  (n)-0.1284      …………….……….(4) 

Developed model for π1 related to spring back of three-roller bending machine is analyzed by 

calculating percentage error between experimental values and values obtained from mathematical 

model. Values of dependent parameter π1 from mathematical model are obtained by putting the 

experimental values of independent variables in mathematical model formed. Deviation of the 

values obtained from mathematical model from actual experimental values of dependent 

parameters shows closeness of the mathematical model with real-life process. Deviation of the 

values can be obtained in terms of percentage error. Following mathematical relationship will give 

percentage error between actual values and mathematical values. 

Percentage Error =     (
𝑬𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍 𝒗𝒂𝒍𝒖𝒆𝒔−𝑴𝒐𝒅𝒆𝒍 𝒗𝒂𝒍𝒖𝒆𝒔

𝑬𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍 𝒗𝒂𝒍𝒖𝒆𝒔
 ) ×  100………………(5) 

               

Percentage error for π1 related to spring back obtained is less than 10%.In the below table shows 

that values obtained from mathematical model are close with actual experimental values.  

 

Table 4 Validation of experimental and model value 

SR. 

NO. 

SPRING

BACK 

(MM) 

(P/σ)-0.0014 (N √D/G)0.0227 (T/D)-0.1973   n-0.1284 K 

Model 

SPRINGB

ACK 

(MM) 

Perce. 

error(%) 

1 1.206 1.000289 1.027584272 2.57171276 1.000 0.0036 1.14195 5.31 

2 1.237 1.000289 1.027584272 2.57171276 1.000 0.0036 1.14195 7.68 

3 1.223 1.000289 1.027584272 2.57171276 1.000 0.0036 1.14195 6.62 

4 0.932 0.999322 1.027584272 2.24299984 0.915 0.0036 0.9103 2.32 

5 0.957 0.999322 1.027584272 2.24299984 0.915 0.0036 0.9103 4.88 
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6 0.926 0.999322 1.027584272 2.24299984 0.915 0.0036 0.9103 1.69 

7 0.856 0.998755 1.027584272 2.0705534 0.868 0.0036 0.79723 6.86 

8 0.844 0.998755 1.027584272 2.0705534 0.868 0.0036 0.79723 5.54 

9 0.801 0.998755 1.027584272 2.0705534 0.868 0.0036 0.79723 0.47 

10 0.794 1.000289 1.030335374 2.24299984 0.868 0.0036 0.86727 9.22 

11 0.789 1.000289 1.030335374 2.24299984 0.868 0.0036 0.86727 9.92 

12 0.798 1.000289 1.030335374 2.24299984 0.868 0.0036 0.86727 8.68 

13 0.979 0.999322 1.030335374 2.0705534 1.000 0.0036 0.92099 5.92 

14 0.963 0.999322 1.030335374 2.0705534 1.000 0.0036 0.92099 4.36 

15 0.954 0.999322 1.030335374 2.0705534 1.000 0.0036 0.92099 3.46 

16 1.075 0.998755 1.030335374 2.57171276 0.915 0.0036 1.0459 2.70 

17 1.089 0.998755 1.030335374 2.57171276 0.915 0.0036 1.0459 3.95 

18 1.099 0.998755 1.030335374 2.57171276 0.915 0.0036 1.0459 4.83 

19 0.934 1.000289 1.03280256 2.0705534 0.915 0.0036 0.8454 9.48 

20 0.918 1.000289 1.03280256 2.0705534 0.915 0.0036 0.8454 7.90 

21 0.907 1.000289 1.03280256 2.0705534 0.915 0.0036 0.8454 6.79 

22 0.931 0.999322 1.03280256 2.57171276 0.868 0.0036 0.99579 6.95 

23 0.945 0.999322 1.03280256 2.57171276 0.868 0.0036 0.99579 5.37 

24 0.967 0.999322 1.03280256 2.57171276 0.868 0.0036 0.99579 2.97 

25 1.084 0.998755 1.03280256 2.24299984 1.000 0.0036 0.99951 7.79 

26 1.078 0.998755 1.03280256 2.24299984 1.000 0.0036 0.99951 7.28 

27 1.071 0.998755 1.03280256 2.24299984 1.000 0.0036 0.99951 6.67 

 

Conclusions 

In three roller bending process is a high potential in the field of the metal bending with various 

metals. This research presents an investigation & Optimization of process parameters of Roll 

Bending machine in realizing Conical Shells in Aluminium 6063. In this work design of the three 

roller bending has been done using Abaqus to analyze the shear stress and strain. A systematic 
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approach has been adopted for the perform the bending. Experiments have been conducted for 

various combinations of parameters. Three levels of roller pressure, roller speed, sheet thickness, 

number of pass have been taken during experimental investigation using a taguchi L9 Method of 

experiment. The spring-back of the bending plate has been analyzed by quantitative method. Pie- 

theorem has been used for the generate mathematical model for the work. Regression analysis has 

been done for the which parameter is highly impact on the three roller bending process. 

Experimental validation has been done using Abaqus analysis work. The following conclusions 

are derived. 

• From the above work first generate design of three roller bending machine with abaqus 

software to analysis of the work. 

• From the ANOVA it is found that the main factor of the spring back is thickness of the 

material, second number of pass, third roller speed and last pressure. 

• For all parameters p value is below than 5% so work is accepted. 

• In FEA analysis maximum stress found as 110 Mpa, Max strain is 0.05, Max spring back 

U1 and U3 have 2 to 3 mm 

• It also validate this work with FEA to experimental work .  

• The curve fitting constant in the model is 0.0036 This value represents the effect of 

clearances and other factors which affect the phenomena. 

• Percentage error for Spring back obtained is less than 10%. It shows that values obtained 

from mathematical model are close with actual experimental values. 

• A generalized field data-based model is developed to predict Spring back effect. 

Methodology of dimensional analysis is used. It is found that the independent pi terms 

influencing the dependent pi term π1 in descending order. The following primary 

conclusions appear to be justified from the above model. 

• The absolute index value of π3(Rpm) is highest and is equal to 0.0227 Thus, terms used in 

π3 group are most influencing. The value of the index is positive indicating π1 directly 

varying with respect to π3. 
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• The absolute index value of π4 (Thickness) is lowest and is equal to −0.1973. Thus, terms 

used in π4 group are least influencing. The value of the index is negative indicating π1 

inversely varying with respect to π4. 

• The sequence of influence of the other independent pi terms present in the model are π5(No. 

of pass) and π2(roller pressure) having absolute indices −0.1284 and −0.0014 respectively. 

• Above details presented a new methodology of dimensional analysis to develop 

relationship of various parameters of bending process. It is concluded that dimensional 

analysis is simple and excellent when functional relationship among variables is unknown. 

Future scope  

• Further research on the different inlet and outlet diameter of the cone. 

• Different materials will be use for the further study of the research with different 

parameters.  
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