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H y b r i d  P r i n c i p l e
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A Weld Aluminum extrusion | B Cast cantilever 
C Prolonged steel sheet metal shell | D Acceptance for insertion body
E Connecting points | F Integrated attachment

Intermetallic
bonding (1)

Form closure (3)

Shrink joining (2)



Page 3October 2012

W e i g h t  R e d u c t i o n  – R e a s o n  1

• Surfaces with pressure load tend to fail prematurely as a result of

buckling. 

• By stiffening the surfaces can be forced to lower buckling.

• The load-bearing capacity can be increased to reach the plastic

material behavior.

Conventional Sheet 
Metal Structure

VarioStruct

Hybrid Structure Principle!
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Lower windshield cowl

Chassis supportscross member

Instrument Panel Beam Seat structure

Pillars Side Rails

Roof structure

P o t e n t i a l  Ap p l i c a t i o n
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Va r i o S t r u c t - C o m p e t e n c e  F i e l d s

Design by performance

Crash

Stiffness

NVH

Operating temp. behaviour

Corrosion

Design by performance

Crash

Stiffness

NVH

Operating temp. behaviour

Corrosion

Hybrid Specifics

Form fit

Internal stress

Steel-Aluminium Hybrid

Temp. Influence of casting

Material failure

Hybrid Specifics

Form fit

Internal stress

Steel-Aluminium Hybrid

Temp. Influence of casting

Material failure

Simulation techniques

Topology Optimization

Modeling of form closures

Modeling of failures

Crash

Stiffness

Operational strength

Complete car model

Casting simulation

Total virtual process chain

Simulation techniques

Topology Optimization

Modeling of form closures

Modeling of failures

Crash

Stiffness

Operational strength

Complete car model

Casting simulation

Total virtual process chain

Manufacturing

Dimensional stability

EPD-Process

Tooling technology 

Sheet metal and casting  

Manufacturing

Integration in BIW

Tolerances

Quality / Process Stability

Recycling

Manufacturing

Dimensional stability

EPD-Process

Tooling technology 

Sheet metal and casting  

Manufacturing

Integration in BIW

Tolerances

Quality / Process Stability

Recycling



CASE STUDY

ROOF CROSS MEMBER
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W e i g h t  a n d  C o m p l e x i t y  R e d u c t i o n

VarioStruct – Roof StructurePorsche Cayenne Roof Structure

Pos. s [mm] Material m [kg]

1 1 Sheet metal 1,86

2 1 Sheet metal 1,18

3 1 Sheet metal 1,67

Measured sum: 4,71

1

2

3

Pos. s [mm] Material m [kg]

(Sheet 

metal)

1,2 Trip 780 1,99

(Cast) 1,8-6,0 Castasil 37 1,40

Measured sum: 3,40

Mass reduction 28%

(not yet optimized)

Mass reduction 28%

(not yet optimized)
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C r o s s - S e c t i o n  a n d  As s e m b l y  R e d u c t i o n

Cross Section Reduction
~20% in X

Assembly Steps Original

(ASSY and BIW)

- 70 Welding points

- Structure bonding 

- 10 MIG-Welding

- 9 Laser-Welding (20mm)

Assembly Steps Original

(ASSY and BIW)

- 70 Welding points

- Structure bonding 

- 10 MIG-Welding

- 9 Laser-Welding (20mm)

Assembly Steps VarioStruct

(only to the BIW)

- 8 Weld points

- 9 Laser weldings (20mm)

Assembly Steps VarioStruct

(only to the BIW)

- 8 Weld points

- 9 Laser weldings (20mm)
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Ve r y  H i g h  C r a s h  P e r f o r m a n c e  
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3-points-central bending

Roof structure - VarioStruct

Steel-Aluminum Hydrid

Roof structure - Original 

Porsche Cayenne

Steel - 3 shell Design
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Pos s [mm] m [kg] Material BORON

1 1.0 1.88 22MnB5

2 1.0 1.62 22MnB5

Sum: 3.5 kg

Reference: VarioStruct = 3.4kg!

2 Shell Boron Geometry
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B o r o n  S t e e l  v e r s u s  Va r i o S t r u c t
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VarioStruct

Boron



CASE STUDY

A-PILLAR
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A- P i l l a r - R e q u i r e m e n t s

Door hanging testDoor hanging testTorsional stiffness YTorsional stiffness YTorsional stiffness XTorsional stiffness X

Frontal crashFrontal crashPole crashPole crashRoof crashRoof crash
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To p o l o g y I n t e r p r e t a t i o n  A - P i l l a r

Topology for all load cases

Topology for single load cases
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A- P i l l a r

Per vehicle ~ 5kg weight reduction
Weight savings: ~21%

(not yet optimized)

Cross Section A-A

Cross Section B-B



MANUFACTURING
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P r o d u c t i o n a s p e c t s



S u m m a r y  /  C u s t o m e r  B e n e f i t

Seite 17

Cost Saving Potential

Competitive

Cost reduction in choosing the
right VarioStruct component with
same and higher structural
performance

Also: due to complexity reduction 
and functional integration

Structural Performance

High stiffness and crash-performance 

High force level and energy absorption

Optimized deformation characteristics

Integration Potential

Open cross sections

Great leeway in the geometric
component design

Integration of a varienty of functions,

e.g. cable ducts, cladding, electric motors

Installation Space Efficiency

Additional free space in the package

due to large potential for integration

Smaller cross sections (e.g. VarioStruct

roof cross memner means larger 

sunroof)

October 2012

Lightweight Potential

Consequent saving of
unnecessary material

Well-directed ribbing and
reinforcements for areas of high 
load

Weight saving of 30% or more

Existing first technical release for

dedicated body structure application

with VarioStruct from German Car

Manufacturer
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Imperia GmbH 

Dipl.-Ing. G. von Kulmiz

Soerser Weg 9

D-52062 Aachen

Tel.: +49 (0)241 608 33 21

kulmiz@imperia.info

www.imperia.info

Tower Automotive Holding GmbH 

Dipl.-Ing J. Proksch

De-Gasperi-Straße 8 

D-51469 Bergisch Gladbach 

Tel.: +49 (0)2202 103 220 

proksch.johannes@towerautomotive.com 

www.towerautomotive.com

KSM Castings GmbH 

Dr. rer. nat. Klaus Greven

Cheruskerring 38 

D-31137 Hildesheim

Tel.: +49 (0)5121 505 1715 

klaus.greven@ksmcastings.com

www.ksmcastings.com
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