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Agenda

* DLR Institute of Vehicle Concepts, Challenges and motivation for new vehicle
concepts and Project Next Generation Car (NGC)

 Holistic development Methodology for vehicle concepts and body structures

» Development of the vehicle body structure for the electric Urban Modular
Vehicle

 Prototypical validation of the floor crash concept

« Summary and Outlook
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Challenge and motivation
Packaging conventional- and electric vehicle

Source: Getrag
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* remove: combustion engine, exhaust system, transmission ...
e add: battery, electric motor, power electronics ...

Conclusion =2 Development of new vehicle concepts, components, BIW
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Chassis Energy Management

Drive Train

» Technologies, methods and tools for integrated development of road

! vehicles of tomorrow
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DLR Next Generation Car (NGC)

Concepts
Urban Modular Interurban Save Light Regional
Vehicle (UMV) Vehicle (IUV) Vehicle (SLRV)

Electric, intelligent, Comfortable fuel cell Cost-effective, very
modular vehicle with CFRP body light and safe vehicle,
class L7e
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DLR Next Generation Car (NGC)
Concept: Urban Modular Vehicle

 The UMV is a intelligent and safe electric vehicle for urban use area for
tomorrow's mobility.

» An example of the modularity of the UMV is the possibility of different
derivatives on one modular system:

UMYV Basic UMV Cargo
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DLR Next Generation Car (NGC)
Concept Highlights: Urban Modular Vehicle

Vehicle Concepts W

« Urban compact concept,

Vehicle Intelligence intelligent, light and save

» Several levels of automation, assist to fully .
automated and driverless selectable Vehicle Structure

+ 360° environment detection, S S Sow WMo o « Vehicle empty weight 680 kg

C2X-netV\./orkin.g _ + Optimized structures specifically for
+ Cooperation with the traffic battery-electric vehicle in the sense of
purpose design

A
Source: DLR
Source: DLR
Source: DLR

Chassis | Energy Management
« Modular, mechatronic, integrated _ _ * Intelligent overall vehicle energy

lightweight chassis with innovative Drive Train management

materials » The modular electric drive with 2 x . Con_nectlon of heat and mass flows,
+ Steer-by-Wire-; Brake-by-wire, 25 kW for the basic model, with Cabine-, battery-, electric motor-
. high speed spreading on the rear management

axle *
* PCM-energy storage
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Holistic development Methodology for vehicle concepts and body structures

Phase 1: Concept phase

Vehicle concept parameters Vehicle conception
(Number of seats, range,
Application area ...)

Parametric CAD-vehicle space model
(geometrically and simulative) (tunnel, double bottom, B-pillar ...)

Source: DLR (Miinster; Gaydon 2013). Source: DLR (Miinster; Gaydon 2013)
o

Source: DLR (Miinster; Gaydon 2013)

Mobility requirements/ Vehicle conception Vehicle dimension/ Design/Parametric CAD-
vehicle space model

Market/Customer geometrically/simulative Package

Phase 2: Body structure development phase
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Holistic development Methodology for vehicle concepts and body structures

Phase 1: Concept phase

Vehicle concept parameters
(Number of seats, range,
Application area ...)

Vehicle conception
(geometrically and simulative)

Mobility requirements/
Market/Customer

Phase 2: Body structure development phase
Prototypical

validation

Overall Rating b

Vehicle conception
geometrically/simulative

Package

Concept body structure

|_|

|
Material selection, MDO

optimization with concept
body structure

Source: DLR (Miinster; Gaydon 2013).

Vehicle dimension/

V2 without tunnel + profile +
functionally integrated
sandwich structures

Parametric CAD-vehicle space model
(tunnel, double bottom, B-pillar ...)

Source: DLR (Miinster; Gaydon 2013)

Design/Parametric CAD-
vehicle space model

Selection of Basic

Topol timization f
OPOTOBY Op |m|2fa |<?n y form variant and
global load pathflndlng

| package

g /? “ MU + og=te

State of the art comparison

Concept review

Component validation

Optimization

Load path analysis

Engineering design
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Phase 1: Vehicle concept phase

Phase 1: Concept phase

Vehicle concept parameters Vehicle conception
(Number of seats, range,
Application area ...)

Parametric CAD-vehicle space model
(geometrically and simulative) (tunnel, double bottom, B-pillar ...)

Source: DLR (Miinster; Gaydon 2013). Source: DLR (Minster; Gaydon 2013)
o)

Source: DLR (Miinster; Gaydon 2013)

Mobility requirements/ Vehicle conception Vehicle dimension/ Design/Parametric CAD- Package study Q#.
vehicle space model

Market/Customer geometrically/simulative Package
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Phase 1: Vehicle concept phase
Vehicle concept parameters, first boundary conditions

Vehicle concept paramete Vehicle conception Parametric CAD-vehicle space model
(Number of seats, range. (geometrically and simulative) (tunnel, double battom, B-pillar ...)

P B Ay 922

Vehicle dimension/ Design/Parametric CAD- Package study Q#.
vehicle space model

Market/Customer geflinetrically/simulative Package
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consumer
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Vehicle concept
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Phase 1: Vehicle concept phase
Vehicle conception

Vehicle conception a
(geometrically and simulative) (tunnel, double bottom, Mpillar ...)

[ —— = ——

Vehicle dimension/ Design/Parametric CAD-
Market/Customer o Package vehicle space model

Simulative part:
the volume- and
components are
with the aid of the
resistance equati

Geometric part:
the dimensions
passenger com
the front/rear of
estimated.

Battery Power

electronics Front End [~ ) . |
Passenger
compartment

Cooler Electric Motor aé& 6@
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Phase 1: Vehicle concept phase
Vehicle CAD-Modell

Phase 1: Concept phase

Vehicle concept parameters Vehicle conception Parametric CAD-vehicle space model
(N:':;fnf ;';E;:'B"";Pv (geometrically and simulative) (tunnel, double bottom, B-pillar ...)

[ —— Soee: 0 e, caren 5

. ,—i . ﬁ
Maobility requi Vehicle Vehicle dimension/ Design/Parametric CAD- Package study Qg
vehicle space model

Market/Customer geometrically/simulative Package

Parametric CAD-vehicle Analysis and evaluation of different
space model package variants in urban space model
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Phase 1: Vehicle concept phase

Phase 1: Concept phase

Vehicle concept parameters Vehicle conception
(Number of seats, range,
Application area ...)

Parametric CAD-vehicle space model
(geometrically and simulative) (tunnel, double bottom, B-pillar ...)

Source: DLR (Miinster; Gaydon 2013). Source: DLR (Minster; Gaydon 2013)
o)

Source: DLR (Miinster; Gaydon 2013)

Mobility requirements/ Vehicle conception Vehicle dimension/ Design/Parametric CAD- Package study Q#.
vehicle space model

Market/Customer geometrically/simulative Package
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Holistic development Methodology for vehicle concepts and body structures

Phase 1: Concept phase

Vehicle concept parameters
(Number of seats, range,
Application area ...)

Vehicle conception
(geometrically and simulative)

Mobility requirements/
Market/Customer

Phase 2: Body structure development phase
Prototypical

validation

Overall Rating b

Vehicle conception
geometrically/simulative

Package

Concept body structure

|_|

|
Material selection, MDO

optimization with concept
body structure

Source: DLR (Miinster; Gaydon 2013).

Vehicle dimension/

V2 without tunnel + profile +
functionally integrated
sandwich structures

Parametric CAD-vehicle space model
(tunnel, double bottom, B-pillar ...)

Source: DLR (Miinster; Gaydon 2013)

Design/Parametric CAD-
vehicle space model

Selection of Basic

Topol timization f
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State of the art comparison

Concept review
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Engineering design
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Phase 2: Body structure development phase
Topology optimization on space model for global load pathfinding

Phase 2: Body structure development phase Concent bodystiu Ct = —
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Concept review || Component validation Optimization Engineering design , Load path analysis

Topology optimization in different space model variants
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Phase 2: Body structure development phase
Development of the vehicle body structure

Concept body structure

Phase 2: Body structure development pha

validation

V1 tunnel + profile + shell

PRI Selection of Basic
Topology optimization for,
B cEv ‘ form variant and

global I?a? pathfinding package
é ” w V1IGED + opte
dd o ale NV 4 V2 G + ose

State of the art comparison




DLR.de * Chart22 > Methodological development from vehicle concept to modular body structure for the DLR NGC-Urban Modular Vehicle > Marco Minster « 2016

Phase 2: Body structure development phase
Development of the vehicle body structure

Concept body structure

Phase 2: Body structure development pha

validation

Overall Rating ' I .

Selection of Basic
form variant and
package

@ﬂ‘ "?""‘@ VI + ot

V2N + este

V1 tunnel + profile + shell Topology optimization for,
global load pathfinding ‘

State of the art comparison

Ci pt review || Comp
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Phase 2: Body structure development phase

Design philosophy

Phase 2: Body structure development phase

Overall Rating

Prototypical

Material selection, M g
optimization with concept Xf"'g’l‘l
body structure sand!

Ci pt review

DO

Materials

RGB colour code

Low Strength Steel: Mild steels R 153, G 204, B 255
High Strength Steels (HSS):
High Strength Interstitial-free Steels (HSIF), R 051, G 102, B 255
Concept body structure Bake Harding Steels (BH), High Strength Low Allo
i . «» Advance d High Strength Steels (AHSS):
.ﬁl o & Dual els (DP), R 255, G 153, B 204
4}2? ? Tran Induced Plasticity Steels(TRIP)

Stain : Austenitic stainless steels

PRI Selection of Basic
Topology optimization for,
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W globalload pathfinding ﬁ' package

w@p@ V1 G + opte
T dika BV 4 V2 G + oste

State of the art comparison

usteni
Ultra High Strength Steels(UHSS):

— R 204, G 153, B 255
Complex Phase Steels(CP),Martensitic Steels(Ms)

R 128, G 000, B 128

R 204, G 255, B 204
R 153, G 204, B 000
R 051, G 153, B 102

R 255, G 255, B 000

_ 255, G 000, B 000

8 re
@ Duro cluding Sheet Molding Compound R 255, G 153, B 000

Load path analysis

Design philosophy BIW

Node elements

- Cast nodes

- Adaptive node
- Combination of different
materials

- modularising

- Function integration

R 153, G 051, B 000

R 255, G 204, B 204
R192,G192,B192

Sandwich plates

- Crash-/Passenger cell
area

- Function integration

- loads and functions (for
example: air channel)

- modularising

Profiles

- Length variability

- Adaptability

- Function integration
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Phase 2: Body structure development phase
Design philosophy Materials

g (i g | & v
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S

Load path analysis

Battery box Cast nodes with
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\chassus support
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—

sill
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beams

Cast nodes withkA

chassis support
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Phase 2: Body structure development phase
Design philosophy
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Phase 2: Body structure development phase
Prototypical validation of the floor crash concept

Concept body structure

Phase 2: B ent phase
Prototypical

Selection of Basic

N ;
V1 tunnel + profile + shell Topology optimization for,
P B cEv ‘ form variant and

global load pathfinding

- package
i - J
&% ViR + et
e P ek
¢ V2without tunnel + profile + &) - A VZ@ + %2
P functionally integrated State of the art comparison
ndwich structures

Concept review || Comfjonent validation Optimization Engineering design Load path analysis

Levels of prototypical validation of the floor crash concept:

Complete vehicle Component Floor crash
concept

Simulation

Experiment
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Phase 2: Body structure development phase
Complete vehicle crash simulation

Concept body structure

Phase 2: B ent phase

V1t | + prof f! hII Topology optimization for; 3
form varian t and
lobal load pathfindin,
glol pa g‘pkg
&/“

Concept review || Comfjonent validation Optimization Engineering design Load path analysis

Complete vehicle crash simulation
* Vehicle mass 984 kg

« Euro NCAP Pole-crash

« v=29km/h

Objectives:

« Dimensioning of the BIW

* Review of the new body concept

Results:

» Crash concept of bottom crash
module works

* No intrusion of the battery module

i DLR
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Phase 2: Body structure development phase
Component simulation and experiment

Concept body structure

Phase 2: B entphase

Prototypical
validation

R\ . .
V1 tunnel + profile + shell Topology optimization for, ?electlon_ OitBas': Complete vehicle Component Floor crash
global load pathflndmg ormvariant:am concept
. package
ﬂ E VIGEED + opte Simulation
ion with V2 without tun | < profil - - V2@+o,—l.
optiggzation with concept nally State of the art comparison
Q sand h LLLLLL .
Experiment

Optimization Engineering design Load path analysis

Component: Trapezoidal sandwich

Force peak = 83 kN \ Force level = 36 kN
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o
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E 30
8
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Simulation Stamp displacement [mm]
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Phase 2: Body structure development phase
Floor crash concept simulation

s
v -" P global load pathfinding
b N
\ .i
=" ‘ é L b km + 2o Simulation
Faa XA D+ o

State of the art comparison

Phase 2: B

Selection of Basic

Experiment

Optimization Engineering design Load path analysis »

Simulation: Complete crash concept of the floor module
« Impact-mass 750 kg

« Euro NCAP Pole-crash

« v=29km/h

Force peak = 242 kN
Intrusion = 152 mm

Y
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2 0 |
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Phase 2: Body structure development phase
Floor crash concept experiment

Concept body structure

Phase 2: B

ent phase

Prototypical

X

L oy

V1 tunnel + profile + shell Topology optimization for; ?election_ oftBasi;: Complete vehicle
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bo ructure h st s Experiment
Optimization Engineering design Load path analysis

Experiment: Complete crash concept of the floor module
* Impact-mass 750 kg
« Euro NCAP Pole-crash
« v=29km/h

Force peak = 237 kN

Intrusion = 166 mm
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Phase 2: Body structure development phase
Floor crash concept simulation and experiment

Concept body structure

Phase 2: B ent phase

Selection of Basic
form variant and

‘ ‘—‘ ‘—| glj:al Io‘aéi pathfinding : package

S .

9 \ | 7 ® @ V1D + epte Simulation @
Mafliial selecti lid a7 dad ¥ > | [

optfllization wi V2 ‘@ +eete

V2 without tunnel + profile +
ONCEPt  finctionally integrated

L.

V1 tunnel + profile + shell Topology optimization iorL_‘ Complete vehicle

State of the art comparison

Engineering design Load path analysis

Concept review ([ Comfjonent validati

Comparison: simulation and experiment crashmodul

* Impact-mass 750 kg

« Euro NCAP Pole-crash

« v=29km/h

Result:

* good
correspondence
simulation and
experiment e.g.
intrusion 166 mm
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Summery and outlook

Summery:

Holistic development Methodology for vehicle concepts and body structures
Development of two different vehicle body structures ‘
Complete vehicle crash simulation

Prototypical validation of the floor crash concept
Complete crash of a novel floor module

QOutlook:

 Detailing the entire body structure and virtuel simulation/optimization
* Prototypical validation other body in white components
 Prototypical construction of complete vehicle structure

i DLR
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Source: DLR (Miinster; Gaydon 2013) o«
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Source: DLR (Munster; Gaydon 2013)

Source: DLR (Miinster; Gaydon 2013)

Thank you for your attention
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