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OverviewOverview

vv Dow Automotive IntroductionDow Automotive Introduction

vv FrontFront--End Carrier: Current Technologies and the new End Carrier: Current Technologies and the new 
concept from Dow Automotiveconcept from Dow Automotive

vv CAE / Prototype Development CAE / Prototype Development 

vv Prototype Testing & ValidationPrototype Testing & Validation

vv Benefits of the Bonded Hybrid SystemBenefits of the Bonded Hybrid System
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New New 
Dow AutomotiveDow Automotive

1st Customer Facing Business Unit of Dow Chemical1st Customer Facing Business Unit of Dow Chemical
$1.6B Annually, 1800 Employees$1.6B Annually, 1800 Employees

Captive and Shared AssetsCaptive and Shared Assets

Essex ChemicalEssex Chemical
Polymer Glass Bonding

$300MM Annually, 400 Employees
Captive Assets

DonnexDonnex
JV with Donnelly

Glass Bonding Technology

Sound AllianceSound Alliance
JV with Cascade. NVH Products

100MM Annually
100 Employees

Original Original 
Dow AutomotiveDow Automotive

Engineered Thermoplastics
$400MM Annually, 185 Employees

Shared Assets

Dow ChemicalDow Chemical
PU Seat and NVH Foam

$300MM Annually, 50 Employees
Shared Assets

Dow ChemicalDow Chemical
Oxygenated Solvents / Auto Fluids
$30MM Annually, 20 Employees

Shared Assets

Dow ChemicalDow Chemical
Fabricated Products / INTEGRAL* Films

$20MM Annually, 10 Employees
Shared Assets

The New Dow AutomotiveThe New Dow Automotive
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Interior
Systems
Interior

Systems

Exterior
Systems
Exterior
Systems

Body
Structures

Body
Structures

Chassis &
Powertrain
Chassis &
Powertrain

Engineering 
Plastics

Engineering 
Plastics

Adhesives, 
Sealants & 
Coatings

Adhesives, 
Sealants & 
Coatings

Molded
Products
Molded

Products

PolyurethanesPolyurethanes

Fabricated 
Products

Fabricated 
Products

Dow Automotive Business ModelDow Automotive Business Model

MATERIALSMATERIALS

SYSTEMSSYSTEMS

Occupant Safety
NVH

Crashworthiness
Mass Reduction
Cost Reduction
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Front End CarrierFront End Carrier
Current Technology / Dow SolutionCurrent Technology / Dow Solution
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HeadlampHeadlamp

Front End CarrierFront End Carrier

Radiator, EndRadiator, End
Tanks, HosesTanks, Hoses

BumperBumper
BeamBeam

FasciaFascia

TrimTrim

HoodHood
LatchLatch

Fan SupportFan Support

FansFans

GrilleGrille

Rub StripRub Strip

Vertical Vertical 
TieTie

Metal ReinforcementMetal Reinforcement

1998 VW Golf IV1998 VW Golf IV

What is a Front End Module ?What is a Front End Module ?
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Forces acting on front end carrierForces acting on front end carrier

Hood slam/Latch pull direction

Molding and assembly direction

Main load-
bearing 
section

Main Requirements (FEC)Main Requirements (FEC)
•• Hood slamHood slam
•• Latch pullLatch pull
•• StiffnessStiffness
•• Vibration/fatigueVibration/fatigue
•• Behavior in crashBehavior in crash

Metal Reinforcement is required for better impact performance
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Metal to Plastic Metal to Plastic -- Technological Approaches Technological Approaches 

x

z

y

Basic open boxBasic open box

Heat stake metal to plasticHeat stake metal to plastic
Overmolded open boxOvermolded open box

Dow Concept : Bonding Dow Concept : Bonding 
with closed boxwith closed box

Further Development Further Development 
through clever designthrough clever design
and engineeringand engineering

Current Production 

VW Golf (GMT / Steel)

Current Production 

Audi A4(Nylon / Steel)

Dow Concept 

(LGPP / Steel)
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1996 20042000 2002

VW Golf A3 VW Golf A3 -- GMTGMT

1998

Bayer Hybrid

Injection Molded

Injection Molded - Heat Stake
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• GMT Compression molding
• Metal to plastic attachment via 

rivets and heat stacks
• Open section in upper box 

area 
• Additional vertical tie for latch 

stiffness

• PP LGF injection molding
• Metal to plastic bonding via 

LESA technology
• Closed section in upper box 

area gives higher stiffness
• Removal of vertical tie with 

optimized plastic design
• Air duct integration

CurrentCurrent
designdesign

DowDow
designdesign

Dow Design ConceptDow Design Concept

LESALESA

Dow Automotive Benchmark
Current Production VW Golf
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CAE to Develop the Concept and CAE to Develop the Concept and 
Aid in ToolingAid in Tooling



12

PN/3/12/2002

Materials Science & Characterization Materials Science & Characterization 
((LGF PP)LGF PP)
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Why LGF PP ? Why LGF PP ? 
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Notched Charpy 
ISO 179/1 23°C

Flex modulus FDI ISO 6603 23°C
3mm

Tensile Yield Tensile Rupture Elongation at
Rupture

E-modulus

30% Short Fibre PP

30% LGF PP A

30% LGF PP B

40% LGF PP A

40% LGF PP B

Impact Impact 
propertiesproperties
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a b

1st order elements 2nd order elements

fine mesh

coarse   mesh

Materials Science & Characterization Materials Science & Characterization 
(Adhesive Bonding)(Adhesive Bonding)

a  Adhesive is modeled  with solid 
elements

b  Adhesive bonding is modeled 
using rigid links
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Original FEC Original FEC -- GMT and MetalGMT and Metal

Displacement under latch pull load

F=2000 N, Max. displacement= 4.5 mm

Part weight: 5.0 kg,

Wall thickness: 3.0 - 3.5 mm
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Dow Concept Dow Concept -- LGF PP and MetalLGF PP and Metal

Part weight: 4.0 kg,

Wall thickness: 2.5 mm

Displacement under latch pull load

F=2000 N, Max. displacement= 3.7 mm
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Prototype DevelopmentPrototype Development

vv Main RequirementsMain Requirements
vv StiffnessStiffness
vv Latch pullLatch pull
vv Hood slamHood slam
vv VibrationVibration
vv ToolingTooling
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Adhesive BondingAdhesive Bonding
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Automated Application Apply directly to PP
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Low Energy Substrate Adhesion Low Energy Substrate Adhesion 
(LESA)(LESA)

vv 2 part  1:1 adhesive 2 part  1:1 adhesive -- room temperature cureroom temperature cure
vv 7 minute open time7 minute open time
vv Full cure in 24 hrsFull cure in 24 hrs
vv Creates covalent adhesive polymer graftsCreates covalent adhesive polymer grafts
vv substrate failure at 110 Csubstrate failure at 110 C
vv Viscosity appropriate for robotic applicationViscosity appropriate for robotic application
vv Good crack resistance.Good crack resistance.
vv New formulations developedNew formulations developed

LESALESA
Truly differentiated technology that enables the structural bondTruly differentiated technology that enables the structural bonding ing 

of  PE, PP, PS, SPS, PET, PTFE with no surface preof  PE, PP, PS, SPS, PET, PTFE with no surface pre--treatment!treatment!
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The Assembled Front End ModuleThe Assembled Front End Module
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Head LampsCooling Unit

Hood Latch Bumper Beam
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Prototype Testing and ValidationPrototype Testing and Validation
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Prototype Testing and ValidationPrototype Testing and Validation

Testing as per OEM specificationsTesting as per OEM specifications
vv Hood Contour RunHood Contour Run

vv Hood Latch Pull TestHood Latch Pull Test

vv Temperature TestTemperature Test

vv Vibration TestVibration Test

vv Climate TestClimate Test

vv Material TestMaterial Test

vv Insert TestInsert Test

vv All test completed and All test completed and 

passed without major passed without major 

issuesissues
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Latch Pull Test ResultsLatch Pull Test Results

Dow FEC design
Force-deflection curve at 23°C
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vv Latch Deflections Under Dynamic Loading (mm)Latch Deflections Under Dynamic Loading (mm)
CurrentCurrent DowDow

Temperature 23°CTemperature 23°C 10.510.5 6.16.1
Temperature Temperature --40°C40°C 8.78.7 4.24.2
Temperature 85°CTemperature 85°C 10.210.2 7.37.3

Load AreaLoad Area

Load 
applied 
at latch

in +Z

Dynamic
Load 

Maximum
Deflection
at Point 1
6.1mm

Zero
Deflection 

When 
Load is

Removed
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Validation Test ResultsValidation Test Results

Hood Slam:
• Open and close cycles at different 

temperatures and misuse tests
• No effect to bond-line, cracks or loss of 

insert torque

Temperature Exposure:
• Four temperatures for specified time
• No effect to bond-line and spit-lines, 

cracks or loss of insert torque

• Vibration Tests:
• Test with heaviest front end module 

assembly at specified temperature
• No cracks, no effect to bond-lines

Latch Pull:
• Dynamic load applied at latch pull 

area in positive Z (upward) 
direction

• Elastic deformation
• No cracks or damage
• No effect to bond-lines

Climate Tests:
• Climate cycles at different 

temperatures for specified time 
periods

• No effect to bond-lines and spit-
lines, cracks or loss of insert torque
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Benefits of the Bonded Hybrid Benefits of the Bonded Hybrid 
System System 
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1. Riveted open (GF PA)

3. Bonded closed without ribs (LGF PP) 4. Bonded closed with ribs (LGF PP)

Bending and Torsion Studies on Several Hybrid FEC Concepts

5. Further Bonded Design Concepts (LGF PP) Mass - 305 gm

2. Bonded open (LGF PP)

Mass - 286gm

Mass - 306 gm

Mass - 320 gm

Mass - 274.4 gm

Uniformly Uniformly 
distributed distributed 

dynamic loading dynamic loading 
of 0of 0--5000 N on 5000 N on 

top center of top center of 
simply supported simply supported 

beambeam
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Comparing Bending Stiffness Performance

Section type Force @ Yield Force @Yield Force @ Yield Force @ Yield

23o C (Steel) N 23o C (Plastic) N 60o C (steel) N 60o C (Plastic) N

Over-Molded (1)
1700 2700 1700 2700

Bonded open (2)
1600 2600 1600 2400

Bonded closed w/o ribs (3)
800 2400 700 2400

Bonded closed with ribs (4) 1700 2700 1600 2700

New Design Concept (5)
1900 4300 1800 3800

Force at Yielding of Metal and Plastic at 23o and 60o C

Force Vs Displacement Plot for difference sections in Bending (23o C)
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Force Vs. Displacement Plot for different sections in Bending (60o C)

0

1000

2000

3000

4000

5000

6000

-35 -30 -25 -20 -15 -10 -5 0

Displacements - mm

Fo
rc

e 
- N

Riveted (1)

Bonded closed w/o ribs (3)

Bonded closed with ribs (4)

New design concept (5)

Bonded open (2)

CAE for Further DevelopmentCAE for Further Development
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Comparing Torsional Rigidity Performance

Section type
Torsional rigidity @ 1,2,3 deg 
twist

Torsional rigidity @ 1,2,3 deg 
twist

N-m (@ 23o C N-m (@ 60o C

Over-Molded (1)
~ 15, 30, 44 ~ 15, 28, 43

Bonded open (2)
~ 10, 18, 25 ~ 10, 16, 22

Bonded closed w/o ribs (3)
~ 40, 59, 70 ~ 35, 56, 65

Bonded closed with ribs (4)
~ 40, 58, 70 ~ 35, 56, 65

New Design Concept (5)
~ 25, 45, 55 ~ 22, 40, 52

Reaction Moment at 1, 2 and 3 degree twists at 23o and 60o C

Torsional rigidity comparison for different sections (23o C)
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Torsional rigidity comparison for different sections (60o C)
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GMTGMT Dow ConceptDow Concept

ReinforcementReinforcement 1,40 kg1,40 kg 1,70 kg1,70 kg
Plastic structurePlastic structure 3,50 kg3,50 kg 2,30 kg2,30 kg
Air ductAir duct 0,12 kg0,12 kg 0,00 kg0,00 kg
Adhesive bondingAdhesive bonding 0,00 kg0,00 kg 0,05 kg0,05 kg
InsertsInserts -------- --------
________________________________________________________________________________________
Total systemTotal system 5,00 kg5,00 kg 4,05 kg4,05 kg

Mass Comparison Mass Comparison 

~1 Kg mass reduction
= 20 %

~~1 Kg mass reduction1 Kg mass reduction
= 20 %= 20 %
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RecyclingRecycling

Remove inserts and grind

Grind up and separate
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Recylate Recylate PropertiesProperties

vv Tensile StrengthTensile Strength 120120 68 68 8585 MPaMPa
vv Tensile ModulusTensile Modulus 67006700 5628 5628 55005500 MPaMPa

vv ElongationElongation 2.62.6 1.9 1.9 3.53.5 %%

vv Flexural StrengthFlexural Strength 170170 127 127 8585 MPa MPa 
vv Flexural ModulusFlexural Modulus 68006800 5377 5377 55005500 MPa MPa 

vv Charpy ImpactCharpy Impact 5555 41 41 4040 kJ/mkJ/m22
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Summary:Benefits and Advantages Summary:Benefits and Advantages 
of the Dow Frontof the Dow Front--End SystemEnd System

vv Mass reductionMass reduction
vv Performance improvementPerformance improvement
vv Consistent high qualityConsistent high quality
vv Flexibility of designFlexibility of design
vv Availability of process capabilitiesAvailability of process capabilities
vv Materials tuned to optimise systemMaterials tuned to optimise system
vv CAE capabilities developedCAE capabilities developed
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Thank you !Thank you !

Questions ? Questions ? 


