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Abstract 

Incremental sheet forming (ISF) is a promising manufacturing process in which flat metal sheets are gradually formed into 3D 

shapes using a generic forming tool. Since the process features benefits of reduced forming forces, enhanced formability and 

greater process flexibility, it has a great potential to achieve economic payoff for rapid prototyping applications and for small 

quantity production in various applications. In this review paper the critical controllable machining parameters for the CNC 

machines like speed, feed, depth of cut, tool geometry, tool material, work material etc. which affect desired output like material 

removal rate, surface roughness, tool  wear ,geometric accuracy are studied.  One of the techniques most widely used for 

optimization of machining parameters is Taguchi and ANOVA approach help to determine which parameters will be most 

significant. The main aim of this review paper is to study the parameters and their effects on various cnc machining processes with 

the help of literature review present till now with best of my knowledge. The present study is aimed to find out the best process 

which may enhance the productivity as well as quality of the products being prepared. With emphasize on tools of different radius 

so as to find out the optimum tool nose radius which improve the surface roughness and geometric accuracy.   
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________________________________________________________________________________________________________ 

INTRODUCTION 

Incremental Sheet Forming (ISF) technology is an emerging sheet forming process ideal for rapid prototype and small batch 

production. In an ISF process, a flat metal sheet is gradually formed into the designed 3D shape using Computer Numerical Control 

(CNC)-controlled generic forming tool. The process is characterized by the fact that at any time only a small part of the product is 

actually being formed and that area of local deformation is moving over the entire product until the desired geometry is obtained. 

By using this process, useable parts can be formed directly from CAD data with a minimum of specialized tooling. Therefore ISF 

is widely accepted as a promising forming process over conventional processes such as deep drawing and stamping for small batch 

production and custom manufactured products. The ISF process offers the rapid prototyping advantages of short lead times, high 

flexibility, high formability and lower cost in small batches for aeronautical, automotive and medical applications. Unlike other 

fast prototyping technologies which are suited to produce dimensionally accurate but non-functional replicas of parts, ISF can be 

used to produce functional metal parts suitable for use as prototypes, or even as regular production and service parts. 

 Several variants of the incremental sheet forming process have been developed in the past: 

 Conventional ISF. Conventional ISF comprises the variants of ‘single point incremental forming’ (SPIF) and ‘two-point 

incremental forming’ (TPIF). In SPIF, either no support at all or only a simple rig is used to support the outer contour of the 

part. In TPIF, the sheet metal is formed over a full or partial positive die. 

 Double-sided ISF. In this process variant, a tool is used on either side of the sheet, with one tool acting as the master forming 

tool and the other one acting as a local support. This process was investigated by Meier et al. (2007), Maidagan et al. (2007) 

as well as  Malhotra et al. (2011). 

 Stretch-forming and ISF. To overcome some of the limitations of conventional ISF process variants such as the long process 

time, the pronounced thinning and 

 

 



A Review Paper on Optimization of Different Tool Nose Radius and their Effects on Surface Finishing, Geometric Accuracy and Forming Time using Al7075 

Employing Taguchi Technique  
(IJSTE/ Volume 2 / Issue 11 / 047) 

 

 All rights reserved by www.ijste.org 
 

263 

 
Fig. 1: Illustration of conventional deep drawing & single point incremental forming (SPIF) 

the limited geometrical accuracy, ISF was combined with stretch-forming to a hybrid process by Taleb Araghi et al. (2009). 

The process was performed on a dedicated machine that combines four stretch-forming units and a CNC unit for ISF. 

 Heat-assisted ISF. In order to form e.g. titanium or magnesium alloys with a low formability at room temperature, heat-assisted 

ISF variants were developed, such as laser-assisted ISF by Duflou et al. (2007) and Göttmann et al. (2011), or ISF with 

resistance heating, see e.g. Göttmann et al. (2012). These variants are also hybrid processes, whose set-up and control is much 

more involved than for conventional ISF. 

 Mechanism- 

In general, the forming tool follows the pre-designed tool path to deform the material incrementally along a succession of contours 

until the desired final shape is obtained. 

 
Fig. 2: Four different configurations of ISF process 

The configuration shown in Fig. 2(a) belongs to single point incremental forming (SPIF), in which no particular die is needed. 

The sheet is deformed by the moving tool which is controlled by numerical codes previously designed and imported to the 

controller. The second one (Fig. 1(b)) shows an incremental forming with two tools on both sides of the material. This was also 

referred as double sided incremental forming (DSIF) . Since there is no die needed in these two configurations, it is also called a 

dieless forming process . The other two configurations (Fig. 2(c) and (d)) are classified as two point incremental forming (TPIF) 

where a partial or full die is placed underneath the material. This is commonly used for complex parts to improve the geometric 
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tolerances with no substantial extra cost as dies can be cheaply manufactured with woods or plastics due to low amplitude forming 

forces. 

 Taguchi Technique- 

The Taguchi method was utilized to design ISF experiments for investigation of the effects of process parameters on forming time. 

The Taguchi method has been widely used for experiment design which allows reducing the number of tests for optimising purpose 

through robust design of experiments. The overall objective of the method is to produce high quality product at low cost to the 

manufacturer. The experimental design proposed by Taguchi involves orthogonal arrays to organize the parameters affecting the 

process and to define the upper and lower limits of the parameters. Instead of having to conduct all possible combinations like the 

factorial design, the Taguchi method tests pairs of combinations. This allows for the collection of the necessary data to determine 

the most influential factors with a minimum amount of experimentation, thus saving time and resource. 

 The general design steps involved in Taguchi method are as follows: 

1) Define the process objective, or more specifically, a target value for a performance measure of the process. 

2) Determine the design parameters affecting the process. Parameters are variables within the process that affect the 

performance measure set above. 

3) Create orthogonal arrays for the parameter design indicating the number of and conditions for each experiment. 

4) Conduct the experiments and select the optimum level of process parameters through ANVOA analysis. 

5) Perform a confirmation test to verify the optimal process parameters. 

The Taguchi optimization procedure starts with selection of orthogonal array. The minimum number of runs in the array is  

Nmin = (L -1)F +1 

where L and F is number of levels and number of factors, respectively. 

LITERATURE REVIEW 

1) Kim and Park –(2002)investigated the effect of process parameters on formability and found that a small amount of friction 

at the tool/sheet interface helps to improve formability. 

2) Hagan and Jeswiet –(2004) analysed the influence of several forming variables, such as step-down size and spindle speed, on 

surface roughness in ISF process. The authors found that the surface finish can be viewed as a resultant of large-scale waviness 

created by the tool path and small-scale roughness induced by large surface strains. With the decrease of the step-down size, 

the morphology of surfaces transforms from waviness to strict roughness without waviness. 

3) Jeswiet et al. (2005) reviewed that the formability of the process was influenced by four major parameters: (a) thickness of 

the metal sheet, (b) vertical step-down size, (c) rotational and feed rate speed, (d) size of the forming tool. The influence of 

the sheet thickness is commonly explained by the sine law, in which thinning of the material is related to the forming wall 

angle. The speed of the forming tool is known to influence the formability because it directly affects the frictional conditions 

at the tool-sheet interface. Smaller radius of the forming tools was claimed to provide better formability due to the 

concentration of the sheet strains under the forming tool. Larger tool radius tends to distribute the strains over a more extended 

area and therefore reduces the formability. 

4) Allwood et al. (2005) considered 28 potential sheet metal products from 15 companies to search for potential applications of 

ISF. A product segmentation approach revealed that only two of the 28 products comply with the capabilities of ISF. In the 

study, a geometrical inaccuracy of 3 mm was presumed to exist independent of part size and workpiece material. Although 

the assumptions made for the achievable tolerance of ISF in the product segmentation approach are oversimplified, they show 

that the geometrical tolerance is a key factor that decides whether a given product can be manufactured by ISF or not. 

5) Petek et al. (2009)investigated the effect of SPIF process parameters on deformation and forming force, and reported that with 

an increase in tool diameter and vertical step size, the forming force increases. 

6) Powers et al. –(2010) investigated the surface morphology through a SPIF case analysis. The effect of sheet rolling mark 

direction on surface topology in SPIF was first studied. The results showed that surface roughness, 𝑅𝑧 is greater with rolling 

marks perpendicular to the forming orientation. 

7) Durante et al. (2010)described a model for evaluating the roughness in terms of both amplitude and spacing associated with 

three parameters: the slope angle, the step-down size and the tool radius. The roughness values 𝑅𝑎, 𝑅𝑧, and the mean spacing 

between profile peaks were evaluated as the output of the models. The prediction showed that a good agreement can be 

achieved with an error below 10% compared with experimental values. 

8) Hamilton et al. (2010) investigated the influences of tool feed rates and spindle rotation at high speeds during forming on the 

non-contact side roughness (i.e. orange peel effect). A model for the orange peel prediction in SPIF was established, which 

provided some guidelines for the improvement of external surface quality by choosing desirable process parameters during 

forming. 

9) Malhotra et al. (2011) developed a platform which enables double-sided incremental forming (DSIF). In this configuration, a 

second tool was used on the opposite side of the sheet, acting as a local support for the forming tool. It was demonstrated that 
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the overall geometry of the components formed with DSIF is much better than that in SPIF by reducing the significant amount 

of bending at the edges of the component. A substantial improvement of geometric error at the bottom of the formed truncated 

cones was also achieved. 

10) Sarraji et al. (2011) studied process forming time in ISF in terms of the effects of four different process parameters (tool 

diameter, step down size, feed rate and support type). By using Taguchi analysis with design of experiments (DOE) and 

analysis of variance (ANOVA), the effects of these four process parameters and their combinations were investigated to 

optimize parameter levels with the aim to minimize forming time. The analysis results showed that the most influential 

parameter on forming time is step-down size followed by feed rate and then tool diameter. 

11) Ambrogio et al. (2012) explored the capability of improving industrial suitability of the ISF process by using very high feed 

rates to significantly reduce forming time. The effects of high feed rate on formability, surface roughness and geometric 

accuracy were investigated. It was found that the high feed rates have no considerable effect on formability and surface 

roughness compared with other process parameters (e.g. step size and tool diameter). In terms of the geometric accuracy, the 

effect of the tool feed rate and its interaction with the sheet thickness and the wall angle cannot be ignored. However, it was 

recommended that the tool feed rate can be increased up two orders of magnitude without relevant reduction in the geometrical 

precision of the component. 

12) Lasunon et al. (2013) assessed the effects of three process parameters on the surface roughness in SPIF by a factorial design. 

It was concluded that wall angle and step-down size play an important role on the surface roughness, while feed rate has little 

effect. 

13) Bagudanch et al. (2013) studied the effects of process parameters on the energy consumption. A series of experiments were 

conducted by considering sheet material, step down as well as the tool rotation speed while keeping feed rate as constant. 

Interestingly, it was concluded that the variation of tool rotation speed is the most significant parameter, followed by the 

material of the work piece and step-down size. It was explained that the lower rotation speed greatly reduced the friction 

between the sheet and the tool and also decreased the processing time since the rotation has to be stopped when the tool 

descends to the next contour for the machine setup. Unfortunately, the investigated process parameters were only varied at 

two levels that should be further extended to provide more comprehensive conclusion. 

CONCLUSIONS 

A comprehensive review of the current research in ISF technology, including all the major aspects is provided in this chapter. 

Research contributions and challenges in each aspect are highlighted based on the relevant studies reported in the literature. First, 

the foregoing literature research has shown that several different methods have been proposed to analyze the surface finish and 

geometric accuracy and explain the increased formability in ISF, but an agreement hasn’t been reached regarding the  role of 

different tool nose radius .  FE models can be used to clarify the forming characteristics, predict forming defects, and improve the 

forming process, but the models are computationally inefficient, costly and slow due to complicated contact problems involved in 

the ISF process. In addition, it is noticed that despite substantial experimental research into the effects of process parameters on 

forming forces in ISF, accurate and efficient approaches for predicting forming forces and geometric accuracy are still lacking. 

Furthermore, a comprehensive understanding of the how process parameters influence the output qualities (e.g. geometric 

accuracy, surface finish, forming efficiency, etc.) is still essential to clarify the forming process, geometric accuracy, surface finish 

and thus optimize the process. 
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