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INTRODUCTION AND LITERATURE REVIEW

Incremental sheet forming (ISF) process is a flexitmanufacturing process to produce complex
products at reasonable manufacturing cost. Incréahsheet forming has shown improved formabilitycampared
to the traditional sheet forming processes sudtamping. The traditional sheet forming processireg dedicated
tools (i.e. die and punch). However, ISF does eguire any dedicated tool. The conventional formimgcess
requires dedicated tools (i.e. die and punch). [hkeemental sheet forming is capable to meet thekebhalemand
of low cost 3D complex product. The Incrementalnorg processes are broadly classified into two graies
[Kumar et al., 2015]: (i) Conventional Incremen&ieet Forming (CISF), (ii) Hybrid Incremental ShEetming
(HISF).

In conventional Incremental Sheet forming proc#s,deforming tool moves over the surface of thees
and results in the final shape. The Conventionaldmental forming process can be further classdieda) Single
Point Incremental Forming SPIF, also known as Negatie-less Forming (Figure 1) & (b) Two-Point tamental
Forming, TPIF or Positive Die less Forming (Fig@)dKumar et al., 2015].
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Figure 1: Single Point Incremental Forming (SPIF) Kumar et al., 2015]
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Figure 2: Two Point Incremental Forming (TPIF)
[Kumar et al., 2015].

Hybrid Incremental forming sheet forming procesaesthe modified form of conventional incrementahfing.
In these processes deforming tool moves over tifaciof sheet metals while the other side of thiéase of sheet metals
is supported by Pressurized Hydraulic Fluid, PaRia or Full Die to get the desired Shape and .Silybrid Incremental
Forming Processes are further classified as (ajl&iRoint Incremental Forming with Hydraulic Fluddso known as
Single Point Incremental Hydro-Forming (Fig. 3)) {wo-Point Incremental Forming with Partial DieidF4) and (c)

Two-Point Incremental Forming with Full Die (Fig).. 5
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Figure 3: Single Point Incremental Hydro-Forming (PIHF)
[Kumar et al., 2015].
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Figure 4: Two Point Incremental Forming with Partial Die (TPIFPD)
[Kumar et al., 2015].

Figure 5: Two Point Incremental Forming with Full Die (TPIFFD)
[Kumar et al., 2015].
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Hesse et al. (2017) determined influencing parameters and derivation of a modehigan of simulative and
experimental investigation®©kada et al. (2018) developed an incremental fognmrethod for carbon fiber reinforc
thermoplastics (CFRTB) using an optical heating systi Ai et al. (2017) presented a new analytical model whg
focused on investigating the deforma stability and its effect on the metal sheet freetli et al. (2017) presented a ne
type of sheet metal forming technology using utirac vibration appliedto SPIF (single point incremental formir
process. Min et al. (2018) found ttihe poor geometric accuracy of wopkeces plagues sin¢-point incremental forming
(SPIF) due to lack of support and unwanted plagimrmatior Suresh et al. (2017) preted some of the experimental
studies in multi-stage incremenfarming of steel sheets to get steep wall an Borrego et al. (2016) investigated
ability of the SPIF process to perform h-flanges in asingle stage, contributing to a better untanding of the
formability of metal sheetCenteno et al. (2012) found that F-flanging by incremental forming gives rise to a | mode
of deformation, not found in conventional increnaribrming of sheet metal blanks with pre-cut holes, and to failure
by fracture without previousiflocalized neckin¢ Durante et al. (2018) conducted different experitaletests, involving
different tool typegwith fixed and rotating end) and t« paths (unidirectional and alternate), to deterntivegr influenc
on the material formability, twisting, elastic spr back, forming forces, sheet thinniagd surface roughne Cao et al.
(2016) investigated thetress distribution and strain variationthe analytical approacnd numerical simulatic Baruah
et al. (2017) identified that lubrication has the higheshtributing factor for all tt three directions and feed rate as

least. Vertical step down and speed are the sesmoaidhird contributing paramete
ELEMENTS OF I NCREMENTAL SHEET FORMING PROCESS

The main elements of thincremental sheet forming process (1) Sheet Metal Bank (2) Blank holdir
arrangement (3) Forming Tool, (4) CNC Mach The Sheet blank of 125 diametarsd 2 mm thickne: has been chosen
for the current simulation study. Tlank- holding arrangement and forming tasd shown in Fig 7 has been develoy
The simulation has been carried out in Deform The optimum number of meshestbe metal sheet is 100000 mesh

elements.
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Figure 6: Elements of Incremental Sheet Forming Process
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Figure 7: Blank Holding & Forming Tool
SIMULATION RESULTS

The simulation was done using Deform 3D and it tapkroximately 20 days to complete the simulatibime
final shape of th@roduct obtained by simulatids shown in Fig 8.

The simulation results obtained are (1) load ptemh, i.e. the forming forces, (2) Energy requiremeng,
Effective stresses (4) Total force thre sheet, and (5) geometric accuracies. The samdsrasdd in the current section.

Figure 8: Final Product
Load Predictions

The formingforces (load) have been predicted from simulatiesults. The load predicted in X, Y anc-
direction in shown in Fig9, 10 & 11.The forming force requirement is very low. It inases at ver2 slow rate due to
strain — hardening effect on the sheet.

Load Prediction
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Figure 9: Load Prediction in X - Direction
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Load Prediction
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Figure 10: Load Prediction in Y - Direction

Load Prediction
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Figure 11: Load Prediction in Z - Direction

The forming force s in incremental sheet formingésy low when as compared to forming forces imitranal
forming processes. The main reason for very lownfog forces is the localized deformation in a snwalhtact area

between in tool & sheet blank.
Energy Requirements

The total energy requirement has been predictsti@sn in Fig 12. The energy requirement is lineartyeasing

with time. The energy required in Incremental St&®tning is as very much low than traditional fongprocesses.

Energy
Energy (N-rmem)

Figure 12: Energy Requirement
Effective Stresses

The very low effective stresses have been obsenvddcremental Sheet Forming as shown in Fig 13 Th

effective stresses are found to increase with time.
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Figure 13: Effective Stress
Total Force on Sheet

The total forming forces observed on the sheethdsve in Fig 14. The local deformation results ireduction in

total force observed in incremental sheet forming.

Figure 14: Total Force (N)
Geometric Accuracy

The geometric accuracy is an important issue imfiog processes. The folding angle has been chosebserve
the geometric accuracies in incremental sheet fagniihus, the geometric accuracy in incrementagtsfogming process

is found to be satisfactory as shown in Fig 15.

Step S4520

Figure 15: Folding Angle
CONCLUSIONS

* The forming forces in incremental sheet forming aery low when as compared to forming forces aditional

forming processes.

e The energy required in Incremental Sheet Formirgsisery much lower than traditional forming preessand

increases linearly with time.
» Very low effective stresses have been observeddremental Sheet Forming.

» The local deformation results in a reduction iratdorce observed in incremental sheet forming.
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The geometric accuracy in incremental sheet formiagess is found to be satisfactory.
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