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ABSTRACT  

The present work introduces a literature review on the Incremental Sheet Forming process 

application and main parameters. This process is used to manufacture small batches of 

parts and formed sheets prototypes, as a semi-spherical-tipped tool yields form to a sheet 

using a pre-defined trajectory and various step-downs (Δz). In this work we describe the 

Incremental Sheet Forming process variations, application examples, the types of 

machines used and the diagram characteristics that describe the formed material’s strain 

limits. The article also presents a detailed study on the influence of the main strength 

parameters required to execute the process, material formability, surface finishing and 

final product accuracy. 

 

Keywords incremental sheet forming (ISF), prototyping, review. 

 

RESUMO 

O presente trabalho apresenta uma revisão bibliográfica sobre o processo de aplicação e 

os principais parâmetros do processo de Formação de Chapas Incrementais. Este processo 

é utilizado para fabricar pequenos lotes de peças e protótipos de folhas formadas, como 

uma ferramenta semi-esférica de ponta cede forma a uma folha utilizando uma trajetória 

pré-definida e várias etapas (Δz). Neste trabalho descrevemos as variações do processo 

de Conformação Incremental de Chapas, exemplos de aplicação, os tipos de máquinas 

utilizadas e as características dos diagramas que descrevem os limites de deformação do 

material conformado. O artigo também apresenta um estudo detalhado sobre a influência 

dos principais parâmetros de resistência necessários para executar o processo, a 

formabilidade do material, o acabamento superficial e a precisão do produto final. 

 

Palavras-chave: formação de chapas incrementais (ISF), prototipagem, revisão. 
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1 INTRODUCTION 

Incremental Sheet Forming (ISF) is generally applied to fast prototyping and small 

batches of parts manufacturing. It can be used in different materials’ sheet forming, 

providing high formability and making it possible to manufacture complex shapes [1,2]. 

This process is extremely flexible, as it does not require specific tools [3] and can be 

performed on a CNC machine [4].  

To carry out the process, the sheet to be formed must be fixed between a backing 

plate and a blank-holder. Then a tool with a semi-spherical tip performs the sheet forming 

according to its trajectory, as shown in Figure 1. This process can be performed with or 

without tool rotation. 

 

Fig. 1. Incremental Sheet Forming process 

 

 

Two patents published in 1967 can be considered the precursors to the current 

Incremental Sheet Forming process, one published by Leszak [5] and the other by 

Berghahn and Murray [6]. Years later, in Mason's works of 1978, the process was carried 

out on a lathe [7], and later, in the works of Iseki et al. in 1989, on a milling machine, 

which allowed non-symmetrical parts manufacturing [8]. 

 

2 PROCESS VARIATION 

The Incremental Sheet Forming process presents some variations. The main ones 

are shown in Figure 2. 
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Fig. 2 Incremental Sheet Forming process main variations: (a) SPIF, (b) TPIF with negative die, (c) TPIF 

with partial die and (d) TPIF with positive die. 

 

 

The process’ most common form is SPIF (Single Point Incremental Forming), in 

which the sheet is fixed between a backing plate and a blank-holder while a semi-

spherical tool performs the sheet forming by increasing its trajectory, without the need to 

use a die, as shown in Figure 2 (a). 

The TPIF (Two Point Incremental Forming) process is carried out with a negative, 

partial or positive die below the sheet to be formed. TPIF is used to improve geometric 

tolerances in complex parts manufacturing, without substantial extra cost, as the dies can 

be manufactured with low-cost materials (such as low carbon steels, polymeric materials 

and wood) [2,9]. 

In the TPIF with negative die, the sheet is placed between a fixed blank-holder 

and a die, while the tool executes its trajectory forming the sheet against the die, as shown 

in Figure 2 (b). 

In the TPIF with partial die, indicated in Figure 2 (c), as well as in the TPIF with 

positive die, indicated in Figure 2 (d), it is necessary to use a system consisting of guides 

and mobile blank-holder, which allows the sheet to move downward as the tool executes 

its trajectory against it. 
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As in the TPIF with partial die, the die does not present the shape of the part to be 

formed exactly, in comparison with the TPIF with die, this grants less geometric accuracy 

to the part. 

When comparing TPIF with positive die and TPIF with negative die, it appears 

that despite requiring more complex tools (with mobile parts), the TPIF with positive die 

requires less strength to perform the formability, which generates less residual stress in 

the sheet and consequently greater geometric accuracy due to the lower elastic return [10]. 

Another variation in the Incremental Sheet Forming process is Double Sided 

Incremental Forming (DSIF), which, much like SPIF, is performed without die. However, 

in this variation, the two tools used are synchronized, one at the upper part and the other 

in the lower part of the sheet, as indicated in Fig. 2 [11]. The DSIF process allows further 

deformation and greater geometric accuracy than the SPIF process, besides being more 

flexible and presenting lesser costs than the TPIF process (which require die 

manufacturing) [12].  

  

Fig. 2. DSIF [11] 

 
 

Although the Incremental Sheet Forming process allows parts manufacturing with 

large deformations (greater than in conventional stamping) [13], parts manufacturing with 

wall angles close to 90° are difficult to obtain in just one tool pass [14]. To overcome this 

difficulty, the Multi-pass Single Point Incremental Forming process (MSPIF) was 

developed, which allows uniform thickness distribution with greater wall angles [14,15]. 

In the MSPIF process, profiles are formed at intermediate angles, as shown in Fig. 3. 
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Fig. 3. MSPIF [14] 

 

 

Fig. 4(a) shows a MSPIF process application, in which the first tool pass was made 

at an angle of 30° in AA5052 aluminum alloy with an 1 mm initial thickness. In Fig. 4(b) 

the part is presented after the second tool pass with a 60° wall angle, and in this figure it 

is also indicated that at the cone base there is a sudden reduction in sheet thickness. 

 

Fig. 4. MSPIF process application: (a) Cone after 1º tool pass and (b) cone after 2° tool pass [14] 

 

                                    (a)                                                                               (b) 

  

There is still the possibility of combining the Incremental Sheet Forming 

processes previously presented, according to the part to be manufactured peculiarities. 

Erro! Fonte de referência não encontrada.(a) shows the multi-pass TPIF with partial 

die application. In this process, three strain passes were performed, alternating downward 

and upward tool movements. Erro! Fonte de referência não encontrada.(b) shows the 

formed part's result after the first pass (pre-form) with initial wall angle 𝜃’ = 45°, and 

below it there is the final formed shape after the third pass with wall angle 𝜃 = 81° [16]. 
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Fig. 5.  Multiple-passes TPIF with partial die: (a) Process stages (b) Pre-form and final form [16] 

 
(a) (b) 

 

3 APPLICATIONS 

Several applications have been studied due to the fact that the Incremental Sheet 

Forming process does not require specific tools, allowing fast prototyping or small 

batches of parts manufacturing [1], and as it also allows for forming with greater strains 

than those obtained in conventional stamping [13]. 

In the studies of Schreiber and Schaeffer [17], a series of experiments was 

conducted in order to define the Incremental Sheet Forming parameters for solar collector 

fins manufacturing. These fins were manufactured with 1 mm thick AA1100-H14 pure 

aluminum and the process was made using TPIF with a negative partial die. Fig. 6(a) 

shows the fin assemble manufactured through Incremental Sheet Forming mounted on 

cooper tube coils, while Fig. 6(b) shows the aluminum fin formed over the copper tube 

assembly in detail. 

 

 

 

 

 

Fig. 6. Solar Collector Fin Prototype manufactured by Incremental Sheet Forming: (a) Fin sets mounted 

on the copper tube coil and (b) Fin mounted on copper tube in detail [17] 
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(a)                                                                        (b) 

 

Schreiber et al. [18] developed a new model of absorber plate for flat plate solar 

collectors through the processes of Incremental Sheet Forming and Friction Stir Welding 

(FSW). In this work, the absorber plate was formed and welded symmetrically with two 

1 mm thick aluminum sheets, in order to allow water ducts to be formed between them. 

Figure 8(a) shows the FSW locations on prototype, while Figure 8(b) water ducts for 

prototype. 

 

Fig. 8. Prototyping of absorber plate for solar collector by ISF and FSW processes: (a) FSW locations on 

prototype, (b) water ducts for prototype [18] 

 
(a)                                                                                  (b) 

 

Jeswiet et al. [19] manufactured the solar oven cavity with 1.3 mm thick AA8006-

O aluminum alloy using the SPIF process. In this study, it was concluded that this 

product’s Incremental Sheet Forming has lower costs than conventional stamping 

manufacturing, or fiberglass manufacturing of the same product. In addition, the part’s 

elastic return after forming remained within the tolerance required for the application. 

Fig. (a) shows a solar oven representation in side view, with a glass cover and the to-be-

formed cavity, while Fig. (b) and Fig. (c) show the oven’s cavity internal and side views 

after forming, respectively. 
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Fig. 9. Solar Oven Prototype with cavity manufactured using Incremental Sheet Forming: (a) Assembly’s 

lateral view, (b) Formed cavity internal part and (c) Cavity’s external part [19] 

 
                (a)                                       (b)                                                    (c) 

 

Castelan et al. [20] carried out the CAD design and 0.5 mm thick pure titanium 

grade 2 skull prosthesis manufacturing using the negative die TPIF process. In this study, 

it was concluded that the Incremental Sheet Forming process can be used to manufacture 

custom implants, even though some dimensional variations have occurred in the final 

part. This dimensional variation after cutting the product can be reduced by changing the 

cutting method and heat treatment. Furthermore, a biomodel’s 3D printing was also 

carried out in which the prosthesis was installed. This biomodel’s manufacture was 

intended to assist in preoperative planning and improve communication between doctor 

and patient. Fig.(a) shows the prosthesis CAD drawing, while Fig.(b) and Fig.(c) show 

the prosthesis assembly on the skull biomodel isometric and frontal sectional views, 

respectively. 

 

Fig.10. Titanium skull prosthesis prototype manufactured using Incremental Sheet Forming: (a) CAD 

Project, (b) Prototype assembly isometric sectional view and (c) the assembly’s frontal sectional view 

[20] 

 
                  (a)                                               (b)                                                    (c) 
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In a partnership between Honda Motor Co. Ltd. and Amino Corp., work was 

carried out to develop replacement automotive parts to be manufactured using the 

Incremental Sheet Forming process [1]. In this work, they digitalized the Honda S800 

hood’s external and internal parts, then submitted the 0.7 mm thick JIS SPCE steel sheets 

to a stretching operation, which was then passed through Incremental Sheet Forming. Fig. 

7(a) and Fig. 7(b) show the outside and inside of the hood after forming, while Fig. 7(c) 

shows the hood mounted on the vehicle. 

 

Fig. 7. Honda S800 hood manufactured with Incremental Sheet Forming: (a) Patterned hood top, (b) 

Hood bottom and (c) Hood mounted on the vehicle [1] 

 

 

Another Incremental Sheet Forming process application example was the 

TOYOTA IQ-GRMN special edition logo embossing on the door [1]. Usually this type 

of customization is added using adhesives or chrome plastic parts, but in TOYOTA IQ-

GRMN the door previously manufactured by conventional stamping received the 

embossed details through Incremental Sheet Forming’s tool displacement. Erro! Fonte 

de referência não encontrada.(a) shows the detail formed on the vehicle door and Erro! 

Fonte de referência não encontrada.(b) shows the TOYOTA IQ-GRMN at Tokyo Auto 

Salon 2012.  
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Fig. 8. Incremental Sheet Forming on the door of the TOYOTA iQ-GRMN: (a) Logo formed on the door 

and (b) Vehicle photographed at Tokyo Auto Salon 2012 [1] 

 
(a)                                                        (b) 

 

4 MACHINES 

The Incremental Sheet Forming process can be performed on different types of 

machines, such as milling machines [4], CNC lathes [4], robotic arms [11], [21], or in 

machines specific to the process [1], [22]. Fig.9 presents a machine overview that can be 

applied to the Incremental Sheet Forming process. 

 
Fig.9. Incremental Sheet Forming Machines: (a) CNC milling machine [4], (b) Robotic arm [21], (c) CNC 

lathe [4], (d) Incremental Sheet Forming Amino Machine [1], (e) Incremental Sheet Forming F3T [22]. 
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Several Incremental Sheet Forming studies have been carried out with CNC 

machines [4], [23], [24]. The advantage of using a milling machine is that it allows 

asymmetric parts manufacturing, while in the lathe, its application is restricted to axial 

symmetric parts [25]. Fig.9(a) shows the CNC milling machine use in the Incremental 

Sheet Forming process, while Fig.9(c) shows a CNC lathe in use. 

Industrial robotic arms can also be used in the incremental sheet forming processes 

and because they allow tool movements in six axes, they allow complex parts forming 

[21]. However, it has as a disadvantage the low rigidity of the robot when compared to a 

milling machine [25]. A Fig.9(b) shows an Incremental Sheet Forming process with a 

robotic arm application example. 

Machines specific to the Incremental Sheet Forming process, because they were 

built exclusively for this purpose, usually have features that facilitate the process 

application. Fig.9(d) shows a machine developed by Amino Corp. specific to Incremental 

Sheet Forming, which has a mobile sheet device for carrying out the TPIF process with a 

positive die [1,26]. 

Another equipment dedicated to Incremental Sheet Forming example is the F3T 

(Ford Freeform Fabrication Technology), developed by the Ford Motor Company, which 
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is shown in Fig.9(e). The F3T has an upper head moving the forming tool on the metal 

sheet and a lower head with another tool acting as a support for carrying out the DSIF 

process [22]. 

 

5 PROCESS PARAMETERS 

Many Incremental Sheet Forming process parameters, such as feed rate speed (f), 

rotation speed (S), step-down (Δz) and tool radius (Rt), as well as the type of lubrication 

used and process temperature, influence in the required strength for each process’ 

creation, material formability, surface finishing and final product’s accuracy. Fig. 10 

presents SPIF Incremental Sheet Forming process’ main parameters. 

 

 

 

 

 

 

 

Fig. 10. SPIF Incremental Sheet Forming process’ main parameters 

 

 

As Fig. 10 indicates, the path performed by the tool determines the formed sheet’s 

final shape, with the initial sheet thickness (s0) being reduced to the final thickness (s1), 

according to the wall angle used (θ), which is determined by the lateral increment value 
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(Δxy). The maximum formed depth (h), as well as the maximum wall angle are referential  

parameters for comparison between the different material’s formability [17,27]. 

It is possible to establish the relationship between the wall angle (θ) and the 

formed sheet’s final thickness (s1), which is called cosine law and is shown in Equation 

1 [28].  

 

𝑠1 = 𝑠0 ∙ 𝑐𝑜𝑠 𝜃 (1) 

 

Where: 

𝑠1= Final sheet thickness (mm); 

𝑠0= Initial sheet thickness (mm); 

𝜃 = Wall angle (°). 

 

To obtain a greater wall angle, the initial sheet thickness must be increased [28] 

taking into account that tool diameter and step-down have little influence on the 

maximum wall angle [29]. 

There is also a relationship between true thickness strain (φ3) and maximum wall 

angle (θmax) obtained in radians, according to Equation 2 [30]. 

 

 
𝜃𝑚𝑎𝑥 =

𝜋

2
− 𝑒𝜑3

                                  (2) 

 

Where: 

 

 

5.1 STEP-DOWN (Δz) 

The tool’s step-down in Incremental Sheet Forming influences the process time, 

formability, surface finish, accuracy and strength required to carry out the process.  

The higher the step-down value used, the shorter the processing time [17,31–33], 

however the formability will be lesser as well [31,34,35]. Since high step-down values 

increase the stress in the process, causing the fault to occur earlier [36]. 

In addition, the increase in step-down causes greater roughness in the formed part 

[26,34], decreases its accuracy [32,35,37] and requires greater strength to perform the 

forming [26,38]. 
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In the work by Jeswiet et al. [26], it was concluded that the use of large values 

step-downs, in addition to increasing the strength required to carry out the process and 

increasing the roughness, can also cause the “orange peel” effect on the printed surface. 

In the work of Schreiber and Schaeffer [17], it was found that when using high 

rotation associated with low step-down, despite obtaining greater formability, material 

removal from the sheet in the form of powder may occur, which may indicate inefficient 

lubrication.  

 

5.2 ROTATION SPEED (S) 

The tool’s rotation speed influences the formability, the surface finish and the 

strength required to carry out the process. 

The tool’s rotational movement generates friction and causes heating to the part-

tool interface [39]. As such, the increase in rotation speed grants greater formability to 

the part [17,26,36,39] and results in less strength required to carry out the forming process 

[40]. However, increasing the rotation speed can also increase the roughness of the part 

that is being formed [26]. 

In the research carried out by Durante et al. [41] on AA7075-T0’s Incremental 

Sheet Forming with rotation speed ranging from 0 and 800 rpm, it was found that with 

increase in the tool rotation there is a tendency to increase temperature, as well as decrease 

the strength required for forming. However, roughness variation in the studied parts 

proved to be insignificant. 

In the work carried out by Schreiber and Schaeffer [17] on AA1200-H14’s 

Incremental Sheet Forming with rotation speeds varying from 50 to 800 rpm, the increase 

in tool rotation generates an increase in the material's formability. However, this study 

also indicated that when using large values for step-down (between 1 and 2 mm), the 

rotation has no influence on formability. 

In the studies by Xu et al. [39] on AA5052-H32 aluminum’s Incremental Sheet 

Forming with rotation speeds varying from 0 to 7000 rpm for, the results show that the 

increase in material formability at low speeds (up to 1000 rpm) occurs due to variations 

in the friction conditions, whereas at higher speeds the temperature increase effect is 

responsible for the highest formability. 

 

5.3 FEED RATE SPEED (f) 
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The tool's feed rate speed influences the process time, formability and surface 

finish of the formed part. 

Feed rate speed increase allows the formed parts’ manufacturing to be done in a 

shorter period of time [32], however, it also decreases the material’s formability [35].  

According to the studies by Ham and Jeswiet [36] on AA3003 aluminum’s 

Incremental Sheet Forming, it was concluded that with the feed rate speed decrease 

(associated with the rotations from 100 rpm to 600 rpm), there is an increase in frictional 

heat generation, which as a consequence causes the material’s increased formability. 

For Teixeira et al. [42], the greatest strains in AA1200-H14 aluminum’s 

Incremental Sheet Forming were obtained using low feed rate values. However, when 

associating low feed rate (200 mm/min) with high rotation value (800 rpm), the “orange 

peel” effect appearance on the printed surfaces was verified. 

Rauch et al. [32] concluded that the feed rate used in the process (between 500 

mm/min to 1500 mm/min) does not have a significant influence on the formed part’s 

geometric accuracy, nor on the strength required to carry out the process.  

However, in the study by Fan et al. [35] on TiAl2Mn1.5’s Incremental Sheet 

Forming while hot, it was possible to eliminate distortion in the parts by increasing the 

process temperature and decreasing the feed rate from 800 mm/min to 400 mm/min. 

 

 

5.4 TOOL RADIUS (Rt) 

The selected tool radius value for the Incremental Sheet Forming process 

influences formability, surface finish, accuracy and strength required for forming the part. 

The greater the tool radius used in Incremental Sheet Forming, the lower the 

formability of the sheet to be formed [26,33,35]. 

The use of small tool radiuses promotes greater deformations before the material 

breaks, as the stresses are concentrated in a small region under the tool. While large tool 

radiuses promote greater stress distribution over a larger area and the process is similar 

to conventional stamping, allowing for less strain [30].  

In addition, with the increase in the tool radius, there is also an increase in 

roughness [26] and elastic return [35] in the formed part, as well as an increase in the 

strength required to perform the strain [33,38].  

Studies that relate the tool radius and formed sheet thickness have been successful 

in finding a critical value for the 𝑅𝑡  ≈  2,2. 𝑠0 relation (where 𝑟𝑡 is the tool radius and 



Brazilian Journal of Development 
ISSN: 2525-8761 

58052 

 

 

Brazilian Journal of Development, Curitiba, v.8, n.8, p. 58036-58060, aug., 2022 

 

𝑠0 the sheet’s thickness), which is to say that, in following this relation, it is possible to 

obtain the greatest strains in the formed sheet, regardless of the material to be formed 

[27].  

 

5.5 TEMPERATURE  

By applying heat to the material during forming it is possible to reduce the strength 

required to form the sheet, increasing the material’s formability and decreasing the parts’ 

elastic return, as verified in the studies by Al-Obaidi et al. [43], in which induction heating 

was carried out on DC04, DP800 and 22MnB5 steels. 

In Fan et al. [35]’s work on TiAl2Mn1.5’s Incremental Sheet Forming with 

heating being applied through electric currents, it was verified that the increase in the 

process temperature, in addition to contributing to greater material formability, allowed 

the forming of shapes without axial symmetry free of geometric distortion. 

In the study by Khazaali and Fereshteh-Saniee [37] on 0.5 mm thick Ti-6Al-4V 

titanium alloy sheets’ Incremental Sheet Forming with an electric heating system, it was 

found that at higher temperatures there is less elastic return from the formed part. 

The increase in temperature in the process can also be seen by increasing tool 

rotation, generating an increase in the material’s formability [44]. 

 

 

5.6 LUBRICATION 

As for the use of lubricants in Incremental Sheet Forming, their function is to 

reduce the final product’s roughness, reducing the friction between tool and material, 

cooling the part and the tool, reducing tool wear and reducing the strength exerted by the 

tool [45]. 

In Azevedo et al. [46]’s work, the lower roughness achieved in DP780 steel sheets 

was provided by Finarol B5746 oil and AS-40 grease, while for AA1050 aluminum, SAE 

30 oil and AL-M grease were used. In these studies, it was concluded that the greater the 

material’s hardness, the lower the lubricant’s viscosity must be in order to obtain a better 

finish. When assessing strength, they did not show significant differences for different 

lubricants. 

In the studies of Jawale et al. [47] on copper sheets, the formed part’s lower 

roughness was obtained with Castrol Magnaglide D68 mineral oil compared to Copaslip, 

AS40, Weicon Ni Special, Weicon montage greases. 
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5.7 PARAMETER INFLUENCE OVERVIEW 

Table 2 shows the influence of the main parameters in the Incremental Sheet 

Forming process. The first column presents the parameters that, if increased, have 

consequences for the formed parts, and these consequences, such as process time, 

formability, surface finish, accuracy and required strength are listed in the other columns. 

 

Table 1: Parameter influence in the Incremental Sheet Forming process 

  

Parameter 

increase: 

Consequence in: 

Process time Formability 
Surface 

finishing 
Accuracy Required force 

Step-down (Δz) 
Decreased 

[17,31–33] 

Decreased  

[31,34,35] 

Worsens  

[26,34] 

Decreased  

[32,35,37] 

Increased 

 [26,38]. 

Rotation speed 

(N) 
- 

Increased 

 [17,26,36,39] 

Worsens 

 [26] 
- 

Decreased  

 [40]. 

Feed rate speed 

(F) 

Decreased 

 [32] 

Decreased 

 [35] 

Worsens 

 [42]a. 
- - 

Tool radius (rt) - 
Decreased 

 [26,30,33,35] 

Worsens  

[26] 

Decreased 

 [35] 

Increased 

 [33,38] 

Temperature - 
Increased 

 [35,43] 
- 

Increased  

[35,37,43] 

Decreased 

 [43]. 
a Associating smaller feed rate speed with higher rotation value. 

 

The blank boxes in Table 2 correspond to the fact that there are no relevant 

consequences in these situations, or that there is a lack of sufficient research to affirm the 

opposite. 

  

6 STRAIN LIMITS 

In the Incremental Sheet Forming process, the strain limits are different from those 

expressed in the Forming Limit Curve - FLC, which is generally used to define the 

formability limits in the Conventional Stamping process. Fracture Forming Limit 

Diagram - FFLD is the one that best describes the material’s formability in Incremental 

Sheet Forming. Fig. 11 shows a comparison between the FLC and the FFLD for a given 

material, where it is possible to identify that the formability (characterized by the main 

deformations φ1 and φ2) is greater in Incremental Sheet Forming than in Conventional 

Stamping. 

 

Fig. 11. Comparison between FLC and FFLD [13] 
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As shown in Fig. 11, FFLD is defined as a straight line in the first quadrant of type 

𝜑1 = 𝑎𝜑2 + 𝑏 [48], noting that, in several studies, this coefficient value is considered 

equal to “−1” [30,48], resulting in a negative slope. It is also verified that in the case of 

plane state strain (when φ2 = 0) the formability is extremely high [13], and that in all cases 

its value is higher than that obtained in the FLC. 

Do et al. [48] defined the two aluminum (AL5052-O and AL3000), stainless steel 

(STS304) and pure titanium equations for FFLD with different thickness values as shown 

in Fig. 12. In that study, the FFLD was defined through incrementally forming three 

formats: a pyramid with four sides (𝜑2 = 0), a straight inclined groove (𝜑1 ≠ 𝜑2), and a 

crossed inclined groove (𝜑1 = 𝜑2). In Fig. 12, it is possible to identify that in the study, 

despite the difference between materials and thicknesses, the FFLD angular coefficient 

varied between -0.98 and -1.04. 

 

Fig. 12. FLLD of different materials: AL5052-O, s0=0,8 mm (a), AL3000, s0=0,6 mm (b), STS304, s0=0,5 

mm (c), Ti, s0=0,5 mm (d) [48] 
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If the FFLD angular coefficient is considered 𝑎 = −1, thickness strain φ3 

(obtained by Equation 3) will be constant, independent from the strain type that the sheet 

is submitted to [49]. And from the thickness strain determination it is possible to estimate 

the final sheet thickness, according to Equation 4. 

  

𝜑3 = −(𝜑1 +  𝜑2)  (3) 

 

𝑠1 = 𝑠0 ∙ 𝑒𝜑3  (4) 

  

However, as the material’s formability varies with the process parameters used in 

Incremental Sheet Forming, it is possible to obtain several FFLD for the same material, 

according to the parameters used. In Figure 17, different FFLDs of the same material are 

presented, considering the angular coefficient 𝑎 = −1. A comparison with FLC is also 

shown. In this study, AA1200-H14’s Incremental Sheet Forming was carried out keeping 

the tool‘s feed rate constant and varying the step-down and rotation in each experiment. 

This work concluded that the increase in rotation associated with the decrease in the step-

down allows greater strain limits to the formed part [17]. 
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Fig.13. Different FFLD with step-down variation and tool rotation in comparison to AA1200-H14’s FLC 

[17] 

 

 

7 CONCLUSIONS 

The Incremental Sheet Forming process provides high formability to the formed 

material and is efficient in rapid prototyping and in small batches of parts manufacturing, 

since it does not require specific tools and machinery. Because it is a flexible process, 

Incremental Sheet Forming can be performed on different machine types, such as milling 

machines, CNC lathes, and robotic arms or even using specific machines. 

In relation to the main parameters’ influence in the process, it can be concluded 

that: 

• Process time can be reduced with step-down and feed rate speed increase; 

• The formability process can be increased with rotation speed and 

temperature increase, or the decrease in step-down, feed rate speed and tool radius; 

• The part’s surface finishing can be improved with step-down, rotation 

speed, feed rate speed and tool diameter decrease; 

• Process accuracy can be increased with temperature increase, or with step-

down and tool radius decrease; 

• The necessary strength to perform the process can be decreased with the 

increase in rotation speed and temperature, or with step-down and tool radius 

decrease. 
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