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Challenges for production 

technology
—

▪ Increase of flexibility

▪ Reduction of component-

specific production costs

forming tool

clamping

sheet

(partial) die

Solution

Benefits

▪ stepwise, kinematic shape 
generation

▪ tools with minimum 
complexitiy

low tool costs

high-level flexibility

higher forming limit compared 
to deep drawing

decreasing 
quantities

profitability

Source: Y. Koren, The Global Manufacturing Revolution, 2010 
(modified by Kelkar et al 2014).

trend towards 
individualization

Procedural principle
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Housing partsHome Appliances

Signs

Car spare parts

Aerospace

Architecture

Art

Medical Engineering

Transportation

3.876 mm x 2.167 mm

Transport

3.876 mm x 2.167 mm

Heat exchanger

Note: All components shown here were manufactured at Fraunhofer IWU or in cooperation with partners from industry and science using ISF.
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* [Ames, J.: Systematische Untersuchung des Werkstoffflusses bei der inkrementellen Blechumformung mit 
CNC-Werkzeugmaschinen. Rheinisch-Westfaelische Technische Hochschule Aachen, Dissertation, 2008.] 

Example calculation of the unit costs for the benchmark components

Deep drawing Deep drawing

ISF
ISF

Batch size N Parts Batch size NParts
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Forming tool

Clamping

Sheet

(Partial) die

Forming tool

Clamping

Sheet

Elastic cushion

Use of a (partial) die

Use of a second forming tool 

Use of an elastic cushion

Forming without counterform

Forming tool

Clamping

Sheet

Forming tool

Clamping

Sheet

Forming tool



Offen

Tooling concepts

24.10.2024 © Fraunhofer IWUSeite 9

Comparison of different counter tool concepts

Variant / Property Elastomer 3D-Printing Milling Multipoint Kinematics

Degree of resolution ●● ●●●● ●●●● ●●●● ●●●●

Space requirement ●●●● ●●●● ●●●● ●● ●

Surface quality on the formed part ●●●● ●●●● ●●●● ●● ●●●●

Flexibility ●● ● ● ●●●● ●●●●

Shape memory level ●●●● ● ● ●●●● ●●●●

Effort of the control system ●●●● ●●●● ●●●● ●●●● ●

Resource efficiency ●●●● ● ● ●●●● ●●●●

Scalability ● ●●●● ●●●● ●●●● ●●●●

Sum 22 23 23 24 26

Ranking 5 3 3 2 1

Points according to VDI 222 Sheet 3 - Suitability for IBU:                                                                                                                            
●●●●... Very good, ●●● ... good, ●● ... satisfactory, ● ... barely acceptable, ○ ... unsatisfactory
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Machine Process

Post-processing Material Shape

Quality, time, 
cost of an 

ISF part

Human

shape

tribology

stiffness

forces (X, Y, Z)

accuracy

size

geometry

forming strategy

incremenet

temperature

Feed rate Forming tool rpm

Tool drive Forming speed

sheet thicknes

coating

material
lubricant

roughness

Tool

surface

die design

die 
material

desired
accuracy

surface
quality

heat treatment
(residual stresses)

trimming

size

duration

costs

thinning

training

experience

form on the day

CAD / CAM

addendum

3D die design

driven

rolling fixed woodmetal

plastic

full

without

partial

die

flexible

rigid

forming 
toolmovable

clamping 
frame

fixed

movable 

stoning

Formtoleranz

Lagetoleranz

Rauheit

Welligkeit

mechan. 
properties

elongation 
at break

yield 
strength

tensile 
strength

E-
Modul

complexity

freeforms

undercuts

Wall-
angle

dimensions

smallest 
elements

CAD-modell

z-constant

helix contour parallel

data quality

stl-conversionstraightening

flanging

joining
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izNC-code 
Visualisation

Helix z-konstant konturparallel

Formability (ISFU)

max. Wall Angle

Path Distance

Forming Path

Tool Size and GeometryTribology

▪ Lubrication

▪ Tool coating

▪ Component coatings
▪ Material-dependent, can be increased by 

using a multi-stage strategy

▪ Decreases with increasing tool-Ø and path 
distance

▪ Forming speed ↑ ➢ ISFU ↑ 
(thermal effects due to friction)

▪ some publications: Feed rate↓ + tool 
rotation ↑ ➢ ISFU ↑ 

▪ other publications with steel: 
tool rotation ↑ ➢ ISFU ↓ 
(caused by increased wear)

▪ Tool-Ø ↓ ➢ ISFU ↑ 
(higher loads due to smaller forming 
zone leads to better formability)

▪ Tool-Ø ↑ ➢ Forming force ↑
▪ Tool-Ø ↑ ➢ more uniform sheet 

thickness distribution

▪ Path planning similar to milling

▪ great influence on sheet thickness distribution

➢ Spiral path, for example, produces 
more uniform thickness distribution

▪ Path distance  ↓ ➢ ISFU ↑ 
▪ T ↑ ➢ ISFU ↑ 

Temperature
Forming Speed

∝
𝑡1𝑡0

𝑡1 =  cos ∝∙ 𝑡0 

∝:  Wall angle
t0: Initial sheet thickness
t1: End sheet thickness



Offen

03
—
Incremental sheet metal forming at Fraunhofer IWU

Incremental Sheet Forming

24.10.2024 © Fraunhofer IWUSeite 12

Economical production of prototypes and small series



Offen

Incremental Sheet Forming
History at Fraunhofer IWU

24.10.2024 © Fraunhofer IWUSeite 13

2004 2010 2020

Over 15 years experience in incremental sheet metal forming

2015

3.876 mm x 2.167 mm

2020 - 2022:
CORNET-Project „FutureFacade“

Combination of individualised design
and solar heat functionality

 

2014: Side wall of a tram

2015 - 2017:
ZIM-Project 
"Customized facade 
elements"

2018 - 2020:
CORNET-Project 
„Variable Tool“

Geometry-variable tool for small 
series production

 

2012 – 2014:
CORNET-Project 

„ISFLight“ - Heat 
supported ISF of

Lightweight 
Materials 

2010 – 2012:
SAB-Project 

Wind turbine housing:
Ø 1.500 mm 

2005: First design studies with a 
conventional milling machine

2004: Basic studies using the 
Mikromat 6X parallel kinematic 
milling machine

2008: Parameter study 
engine hood

2008: Deep drawing + ISF using the 
example of a passenger car 
transmission carrier

2021 - 2022:
CORNET-Project 
„Rapid Sheet“

Rapid prototyping of sheet metal parts 
using intelligent 3D-printed dies 
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Test setup at Fraunhofer IWU

CNC gantry type machine

▪ modular and height adjustable sheet 

metal clamping frame 

▪ max. sheet dimensions: 

4.000 mm x 2.000 mm

▪ Drawing depth ≤ 500 mm

▪ variable counter tool

▪ max. sheet dimensions: 

2.000 mm x 2.000 mm

▪ Drawing depth ≤ 270 mm

▪ globale component tempering 

▪ ≤ 250 °C

▪ max. sheet dimensions: 

2.000 mm x 1.000 mm

▪ Drawing depth ≤ 500 mm

Machine parameters
—
▪ sheet dimensions:

➢ 4.000 mm x 2.000 mm x 500 mm (cold)

➢ 2.000 mm x 1.000 mm x 500 mm (max. 250°C)

▪ sheet thickness: ≤ 2.5 mm (Steel) | ≤ 5 mm (Alu)

▪ max. z-Force: F = 20 kN

▪ max. Speed: v = 15 m/min

24.10.2024 © Fraunhofer IWUSeite 14
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ISF-Gantry Machining CenterVision Robot Cell

▪ working area: approx. 4,000 mm x 2,000 mm x 1,000 mm

▪ max. pressing force in z-direction: approx. 20 kN

▪ working space: approx. 2,000 mm x 1,000 mm x 200 mm

▪ max. load: approx. 1,3 kN

▪ Germany-wide competence center for geometry-flexible manufacturing using ISF

▪ Expansion of the machine park at Fraunhofer IWU Chemnitz

Mini-ISF-Center

▪ working area: approx. 2.000 mm x 1.000 mm x 6.000 mm

▪ max. Traglast: ca. 2 kN

▪ vorr. Verfügbarkeit: ab 10/2024 
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Continuous CAx process chain

Challenges

➢ Connection of CAD, CAM + CAE for the prediction of the "optimal" forming path

➢ Computing times and performance of current simulation software and computing technology

www.silberhummel.de

Use of established CAx

process chains for the tool 

design process and for 

component manufacture

—
▪ Support of flexibility and agility 

of kinematic shaping processes

▪ Realization of extremely short 

cycle times from CAD model to 

first part (1 week using the silver 

bumblebee as an example)

www.silberhummel.de

finished 

component

CAE/CAM

Feasibility analysis +

Design

3D-Scan

ISF-Manufacturing

Tool manufacturing

Validation

Finishing

Tryout

CAD

Geometry-
adjustment

Springback
compensation

NC-Program

Request
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ISF-Software-Tools made by Fraunhofer IWU

Visualization tool

Analysis of the sheet thickness distribution as a function of the 

component geometry

Python-Tool

Compilation of CNC path data into AutoForm and LS-Dyna readable 

data

©
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u
s 

Jü
rg

e
n
s
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Beispielbild
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FE-Simulation

Simulation possible with 

commercially available FE 

software (e.g. LS-DYNA, 

Abaqus, AutoForm-HemPlanner)

—
▪ Challenges: Computation times + 

failure prediction

➢ Currently: mainly empirical design 

of the forming path. Real process: 25 min 

Simulation time: 24 h

Fraunhofer IWU software tools for analytical prediction 
of sheet thinning (left) and Python tool for compiling 

the forming path (right).

LS-DYNA Simulation boundary conditions

▪ Element size: 2mm
▪ Material model: MAT024; 
▪ Tool speed ≈ 2.5 m/s
▪ Calculation on 24 cores

Comparison of sheet thinning between experiment 
(left) and simulation (right).

knowledge-based path planning 

Application of artificial intelligence 
and machine learning methods

Use of high-performance 
computing technology

Focus of current research
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VibroForming

▪ Reduction of forming forces and improvement of component quality 
(lower springback) through the use of ultrasonic-assisted forming 
tools 

▪ preliminary work and patents on vibration actuators in the field of 
machining and peening as a basis for actuator development for ISF

➢ friction value reduction by 72 % at 23 kHz
in pin-on-disc model test

➢ sustainable forming technology by using vibration 
superposition instead of lubricants as an environmentally 
friendly method to reduce the coefficient of friction

Stift-Scheibe-Modellversuch mit angepasstem 
piezo-elektrischen Bohrwerkzeug

Sheet / 
Clamping

Pressing force 
FD

HM-Tool

Sonotrode

Piezoactor

Machine

FD

n

Test boundary conditions :

▪ Pressing force FD = 500 N
▪ Rotational sheet speed = 12 min-1

▪ Tool-Ø = 6 mm
▪ Sheet metal material: 1.4301 in 0,8 mm
▪ Reference lubricant: KTL-N 16

Model of the ISF vibration unit with process 
position, workpiece and machine
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Technology Demonstrator Silver Bumblebee®
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Reconstruction of the outer panel of an Auto Union 

racing car in cooperation with the Vehicle Museum 

Chemnitz

▪ Cost-efficient and fast forming technology for small quantities

➢ Cycle time from CAD data set to first part within 1 week

www.silberhummel.de
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AutoBild Reportage 10/2020

www.silberhummel.de
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Vehicle Museum Chemnitz / Freie Presse

www.silberhummel.de
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www.silberhummel.deUmformprozess des hinteren Kotflügels der „Silberhummel“
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Example parts – Wheel arch extensions Porsche Dakar
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Complete set (left + right)

Reverse Engineering

ISF-process ISF-process
3D-Measurement

Reverse Engineering

Complete set (left + right)



Offen

Incremental Sheet Forming
Example parts – Laminating mold for kayak segment
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Test segment

ISF-process 3D-Measurement Laminated sample part
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www.silberhummel.deBead
DC04, t0 = 0,7 mm

Stylized number
EN AW-5182, t0 = 1,2 mm

Fraunhofer-Logo
CuZnB7 E30, t0 = 1 mm

Star
Ti Grade 1, t0 = 0,6 mm

Canal structure
EN AW-5182, t0 = 1,0 mm

Lamp
DX56, t0 = 0,8 mm

Swing
EN AW-6014, t0 = 1,2 mm
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www.silberhummel.de

Shell
DX54, t0 = 0.6 mm

Truncated pyramid
AZ31, t0 = 1.2 mm

Beam 
Litecore, t0 = 1.5 mm

Heat exchanger
Copper, t0 = 0.3 mm 

Laminating form
EN AW-1050, t0 = 1,0 mm
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www.silberhummel.de

Chair
EN AW-6014, s0 = 1,0 mm

Trophy
DX56, s0 = 0,8 mm

Decorative Structure
EN AW-6014, s0 = 1,2 mm

Speaker housing
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www.silberhummel.de

Frame cooker hood
DX54, t0 = 1,0 mm

Beaded plate 2.500 mm x 1.500 mm
DC01, t0 = 1,5 mm

Cover flap
DC01, t0 = 3,0 mm

Company logo
DC06, t0 = 1,0 mm

Cooking chamber shell
DC03/04 ED, t = 0,5 mm 

Ventilation box
DC01, t0 = 1,0 mm
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Advertising sign e-charging station 
1.300 mm x 250 mm 

EN AW-1050, t0 = 1,0 mm

Freeform facade element with 
solar thermal functionality

500 mm x 400 mm (scaled)

DX54, t0 = 0,8 mm



Contact
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M. Sc. Peter Scholz

Forming Technology Division

Tel. +49 371 5397-1253

Fax +49 371 5397-6-1253

peter.scholz@iwu.fraunhofer.de

—
Dipl. Ing. Dieter Weise

Forming Technology Division

Tel. +49 371 5397-1218

Fax +49 371 5397-6-1218

dieter.weise@iwu.fraunhofer.de



Thank you for the attention!
—
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