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ABSTRACT

Nowadays there is an increasingly demanding need for the development of agile
manufacturing techniques that can easily be adaptable to a constant introduction of new
products in the market. Incremental sheet forming is a new innovative and feasible solution for
the rapid prototyping and the manufacturing of small batch sheet parts. The process is carried

out at room temperature (cold forming).

Incremental sheet forming is a sheet metal forming technique where a sheet is formed
into the final part by series of small incremental deformations. It is a relative new sheet forming
process which offers the possibility of forming complex parts without dedicated dies using only
a single point tool and a standard 3-axis CNC machine. This process reflects good surface

finish, product consistency, complex shapes, reduces material wastage, cost efficient.

This project discusses about the finite element modelling of single point incremental
sheet forming process by considering geometry namely hyperbolic cups using 60-40 Brass
alloy. ABAQUS 6.14 software code was used for finite element analysis. Four process
parameters, sheet thickness, step depth, tool radius and coefficient of friction were taken at
three different levels. Design of experiments was carried out as per Taguchi technique using
L9 orthogonal array. ANOVA was performed on the results of Taguchi trails to know the
significance of each process parameter and their influence on formability of cups. Experiments

were carried on CNC machine and FEA results were validated with experimental results.
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The major SPIF process parameters, which influence the formability of hyperbolic cups of
brass, were step size, coefficient of friction and tool radius. The reduction of thickness was

highly influenced by the sheet thickness only. The optimal process variables could be any

combination of trails 7, 8 and 9 for producing successful cups.
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Figure 2: Forming of parabolic cup
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Figure 3: Raster images of von Mises stress in the cups.
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Figure 4: Location of thickness reduction in the deformed cup.

REFERENCES

1. A. Chennakesava Reddy, Finite element analysis of reverse superplastic blow forming of
Ti-Al-4V alloy for optimized control of thickness variation using ABAQUS, Journal of
Manufacturing Engineering, National Engineering College, vol. 1, no. 1, pp. 6-9, 2006.

2. J.J. V. Jeysingh, B. Nageswara Rao, A. Chennakesava Reddy, Investigation on failures of
hydroforming deep drawing processes, Materials Science Research Journal, 02, 03 & 04,

145-167, 2008.



M. Tech Thesis January 2017
Department of Mechanical Engineering, INTUH College of Engineering,
JNT University, Hyderabad

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

J. J. V. Jeysingh, B. Nageswara Rao, A. Chennakesava Reddy, Development of a ductile
fracture criterion in cold forming, Materials Science Research Journal, vol. 02, no. 3& 4,
pp- 191-206, 2008.

A. Chennakesava Reddy, T. Kishen Kumar Reddy, M. Vidya Sagar, Experimental
characterization of warm deep drawing process for EDD steel, International Journal of
Multidisciplinary Research & Advances in Engineering, vol. 4, no. 3, pp. 53-62, 2012.

A. Chennakesava Reddy, Evaluation of local thinning during cup drawing of gas cylinder
steel using isotropic criteria, International Journal of Engineering and Materials Sciences,
vol. 5, no. 2, pp. 71-76, 2012.

A. C. Reddy, Homogenization and Parametric Consequence of Warm Deep Drawing
Process for 1050A Aluminum Alloy: Validation through FEA, International Journal of
Science and Research, vol. 4, no. 4, pp. 2034-2042, 2015.

A. C. Reddy, Formability of Warm Deep Drawing Process for AA1050-H18 Pyramidal
Cups, International Journal of Science and Research, vol. 4, no. 7, pp. 2111-2119, 2015.
A. C. Reddy, Formability of Warm Deep Drawing Process for AA1050-H18 Rectangular
Cups, International Journal of Mechanical and Production Engineering Research and
Development, vol. 5, no. 4, pp. 85-97, 2015.

A. C. Reddy, Formability of superplastic deep drawing process with moving blank holder
for AA1050-H18 conical cups, International Journal of Research in Engineering and
Technology, vol. 4, no. 8, pp. 124-132, 2015.

A. C. Reddy, Performance of Warm Deep Drawing Process for AA1050 Cylindrical Cups
with and Without Blank Holding Force, International Journal of Scientific Research, vol.
4, no. 10, pp. 358-365, 2015.

A. C. Reddy, Necessity of Strain Hardening to Augment Load Bearing Capacity of
AA1050/AIN Nanocomposites, International Journal of Advanced Research, vol. 3, no. 6,
pp. 1211-1219, 2015.

Kothapalli Chandini, A. C. Reddy, Parametric Importance of Warm Deep Drawing Process
for 1070A Aluminium Alloy: Validation through FEA, International Journal of Scientific
& Engineering Research, vol. 6, no. 4, pp. 399-407, 2015.

Kothapalli Chandini, A. C. Reddy, Finite Element Analysis of Warm Deep Drawing
Process for Pyramidal Cup of AA1070 Aluminum Alloy, International Journal of
Advanced Research, vol. 3, no. 6, pp. 1325-1334, 2015.

Balla Yamuna, A. C. Reddy, Parametric Merit of Warm Deep Drawing Process for 1080A
Aluminium Alloy: Validation through FEA, International Journal of Scientific &
Engineering Research, vol. 6, no. 4, pp. 416-424, 2015.

Balla Yamuna, A. C. Reddy, Finite Element Analysis of Warm Deep Drawing Process for
Conical Cup of AA1080 Aluminum Alloy, International Journal of Advanced Research,
vol. 3, no. 6, pp. 1309-1317, 2015.

Thirunagari Srinivas, A. C. Reddy, Parametric Optimization of Warm Deep Drawing
Process of 1100 Aluminum Alloy: Validation through FEA, International Journal of
Scientific & Engineering Research, vol. 6, no. 4, pp. 425-433, 2015.

Thirunagari Srinivas, A. C. Reddy, Finite Element Analysis of Warm Deep Drawing
Process for Rectangular Cup of AA1100 Aluminum Alloy, International Journal of
Advanced Research, vol. 3, no. 6, pp. 1383-1391, 2015.

A. C. Reddy, Parametric Optimization of Warm Deep Drawing Process of 2014T6
Aluminum Alloy Using FEA, International Journal of Scientific & Engineering Research,
vol. 6, no. 5, pp. 1016-1024, 2015.



M. Tech Thesis January 2017
Department of Mechanical Engineering, INTUH College of Engineering,
JNT University, Hyderabad

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

A. C. Reddy, Finite Element Analysis of Warm Deep Drawing Process for 2017T4
Aluminum Alloy: Parametric Significance Using Taguchi Technique, International Journal
of Advanced Research, vol. 3, no. 5, pp. 1247-1255, 2015.

A. C. Reddy, Parametric Significance of Warm Drawing Process for 2024T4 Aluminum
Alloy through FEA, International Journal of Science and Research, vol. 4, no. 5, pp. 2345-
2351, 2015.

A. C. Reddy, Formability of High Temperature and High Strain Rate Superplastic Deep
Drawing Process for AA2219 Cylindrical Cups, International Journal of Advanced
Research, vol. 3, no. 10, pp. 1016-1024, 2015.

C. R Alavala, High temperature and high strain rate superplastic deep drawing process for
AA2618 alloy cylindrical cups, International Journal of Scientific Engineering and Applied
Science, vol. 2, no. 2, pp. 35-41, 2016.

C. R Alavala, Practicability of High Temperature and High Strain Rate Superplastic Deep
Drawing Process for AA3003 Alloy Cylindrical Cups, International Journal of Engineering
Inventions, vol. 5, no. 3, pp. 16-23, 2016.

C. R Alavala, High temperature and high strain rate superplastic deep drawing process for
AAS5049 alloy cylindrical cups, International Journal of Engineering Sciences & Research
Technology, vol. 5, no. 2, pp. 261-268, 2016.

C. R Alavala, Suitability of High Temperature and High Strain Rate Superplastic Deep
Drawing Process for AA5052 Alloy, International Journal of Engineering and Advanced
Research Technology, vol. 2, no. 3, pp. 11-14, 2016.

C. R Alavala, Development of High Temperature and High Strain Rate Super Plastic Deep
Drawing Process for 5656 Al- Alloy Cylindrical Cups, International Journal of Mechanical
and Production Engineering, vol. 4, no. 10, pp. 187-193, 2016.

C. R Alavala, Effect of Temperature, Strain Rate and Coefficient of Friction on Deep
Drawing Process of 6061 Aluminum Alloy, International Journal of Mechanical
Engineering, vol. 5, no. 6, pp. 11-24, 2016.

V. Srija, A. C. Reddy, Single Point Incremental Forming of AA1050-H18 Alloy Frustum
of Cone Cups, International Journal of Science and Research, vol. 5, no. 6, pp. 1138-1143,
2016.

T. Santhosh Kumar, A. C. Reddy, Finite Element Analysis of Formability of Pyramidal
Cups Fabricated from AA1100-H18 Alloy, International Journal of Science and Research,
vol. 5, no. 6, pp. 1172-1177, 2016.

A. Raviteja, A. C. Reddy, Finite Element Analysis of Single Point Incremental Deep
Drawing Process for Truncated Pyramidal Cups from AA 1070 Alloy, International Journal
of Innovative Science, Engineering & Technology, vol. 3, no. 6, pp. 263-268, 2016.

. V. Srija, A. C. Reddy, Numerical Simulation of Truncated Pyramidal Cups of Aa1050-H18

Alloy Fabricated by Single Point Incremental Forming, International Journal of
Engineering Sciences & Research Technology, vol. 5, no. 6, pp. 741-749, 2016.

T. Santhosh Kumar, A. C. Reddy, Single Point Incremental Forming and Significance of
Its Process Parameters on Formability of Conical Cups Fabricated from Aall00-H18
Alloy, International Journal of Engineering Inventions, vol. 5, no. 6, pp. 10-18, 2016.

T. Santhosh Kumar, V. Srija, A. Ravi Teja, A. C. Reddy, Influence of Process Parameters
of Single Point Incremental Deep Drawing Process for Truncated Pyramidal Cups from
304 Stainless Steel using FEA, International Journal of Scientific & Engineering Research,
vol. 7, no. 6, pp. 100-105, 2016.

A. Raviteja, A. C. Reddy, Implication of Process Parameters of Single Point Incremental
Forming for Conical Frustum Cups from AA1070 Using FEA, International Journal of
Research in Engineering and Technology, vol. 5, no. 6, pp. 124-129, 2016.

5



M. Tech Thesis January 2017
Department of Mechanical Engineering, INTUH College of Engineering,
JNT University, Hyderabad

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.
50.

51.

Navya Sri, A. C. Reddy, Formability of Elliptical SS304 Cups in Single Point Incremental
Forming Process by Finite Element Method, International Journal of Research in
Engineering & Technology, vol. 4, no. 11, pp. 9-16, 2016.

K. Sai Santosh Kumar, A. C. Reddy, Die Less Single Point Incremental Forming Process
of Aa6082 Sheet Metal to Draw Parabolic Cups Using ABAQUS, International Journal of
Advanced Technology in Engineering and Science, vol. 4, no. 11, pp. 127-134, 2016.

T. Manohar Reddy, A. C. Reddy, Numerical Investigations on the Single Point Incremental
Forming of 60-40 Brass to Fabricate Hyperbolic Cups, International Journal of Advance
Research in Science and Engineering, vol. 5, no. 11, pp. 161-170, 2016.

G. Soujanya, A. C. Reddy, Analysis of Single Point Incremental Forming Process to
Fabricate Phosphorous Bronze Hemispherical Cups, International Journal of Innovative
Science, Engineering & Technology, vol. 3, no. 11, pp. 139-144, 2016.

C. R Alavala, Fem Analysis of Single Point Incremental Forming Process and Validation
with Grid-Based Experimental Deformation Analysis, International Journal of Mechanical
Engineering, 5, 5, 1-6, 2016.

C. R Alavala, Validation of Single Point Incremental Forming Process for Deep Drawn
Pyramidal Cups Using Experimental Grid-Based Deformation, International Journal of
Engineering Sciences & Research Technology, vol. 5, no. 8, pp. 481-488, 2016.

G. Hussain, L. Gao, Z. Y. Zhang, Formability evaluation of a pure titanium sheet in the
cold incremental forming process, International Journal of Advanced Manufacturing
Technology, vol. 37, pp.920-266, 2008.

M. B. Silva, M. Skjoedt, N. Bay, P. A. F. Martins, Multistage Single Point Incremental
Forming, In proceedings of Congress on Numerical Methods in Engineering APMTAC,
Portugal, 2011.

Kurra Suresh, Arman Khan, Srinivasa Prakash Regalla, Tool path definition for numerical
simulation of single point incremental forming, International Conference on Design and
Manufacturing, Icondm, Procedia Engineering 64 page 536 — 545, 2013.

Kurra Suresh, Srinivasa Prakash Regalla, Effect of mesh parameters in finite element
simulation of single point incremental sheet forming process, 3rd International Conference
on Materials Processing and Characterisation (ICMPC 2014), Procedia Materials Science
vol. 6, pp. 376 — 382, 2014.

D. S. Malwad, V. M. Nandedkar, Deformation Mechanism Analysis of Single Point
Incremental Sheet Metal Forming, 3rd International Conference on Materials Processing
and Characterization (ICMPC 2014), Procedia Materials Science, vol. 6, pp. 1505 — 1510,
2014.

F. C. Minutolo, M. Durante, A. Formisano, A. Langella, Evaluation of the maximum slope
angle of simple geometries carried out by incremental forming process, Journal of Materials
Process Technology, vol. 194, pp. 145-150, 2007.

Kurra Suresh, Sree Divya Bagade & Srinivasa Prakash Regalla, Experimental and
numerical studies on formability of extra-deep drawing steel in incremental sheet metal
forming, Materials and Manufacturing Processes, vol. 30, pp.1202-1209, 2015.

M. Tisza, General overview of sheet incremental forming Journal of achievements in
materials and Manufacturing Engineering, vol. 55, no. 1, pp. 113-120, 2012.

ABAQUS 6.14 user manual and help guide,

C. R. Alavala, Finite element methods: Basic Concepts and Applications, PHI Learning
Pvt. Ltd., 2008.

C. R. Alavala, CAD/CAM: Concepts and Applications, PHI Learning Pvt. Ltd, 2008.



M. Tech Thesis January 2017
Department of Mechanical Engineering, INTUH College of Engineering,
JNT University, Hyderabad

52.

53.

54.

55.

56.

57.

J. F. Lin, L. Y. Wang, and T. Huang, Friction in deep drawing of aluminum sheet, Wear,
vol. 156, pp. 189-199, 1992.

T. Madeira, C.M.A. Silva, M.B. Silva, P.A.F. Martins, Failure in single point incremental
forming”, International Journal of Advanced Manufacturing Technology, vol. 80, pp.1471-
1479. 2015.

M. Fiorotto, M. Sorgente, G. Lucchetta, Preliminary studies on single point incremental
forming for composite materials”, International Journal Materials Forming, vol. 3, no. 1,
pp. 951-954, 2010.

Jaos Luis padrao de brito camara, Single point incremental forming, PhD thesis September
2009.

David William Adams, Improvements on Single Point Incremental Forming through
Electrically Assisted Forming, Contact Area Prediction and Tool, PhD thesis, November
2013.

Saad Arshad, Single point incremental forming, Master’s thesis, June 2012.



