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BRI 2007

Frecutive
Award

Finet Annual
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Technical lnnovation Rward
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New products, teamwork
pave Way Forward for
Ford South America

4 g P———
Intenor safety prOJect takes engineering Innovatmn Award
“Optimization and Robustness for an Occupant bR
Restraint System Design,” a project developed
to increase interior safety in Ford vehicles while
reducing development time and costs, received
the 2007 Technical Innovation Award recently at
the first North American CAE (Computer Aided
Engineering) Technical Innovation Awards. The | B - B :

project developed a new methodology to drive From left: award panel judge Randy

the upfront design optimization of interior safety gﬁ;’s’i‘fs’”;g‘::gg‘r‘;zgeﬂﬁ]‘;g Z»?a?;zfe?‘nbers
systems to meet NH.TSA‘ﬂve-star reqmremerjnts for Yan Fu, EGA bramo;kf; Brian Kachnowski
occupant safety, while simultaneously reducing

i . Chang Qi and Guosong Lj; and Kend
engineering development time and costs. Kochhar, executive technical leader, CAE.
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N
Fig. 4. FE models of the ATS tubes (Overall vigqu\and top view): (a) SCS, (b) SCT, (¢) MCS and (d) MCT.
S/
O

a=20°

Chang Qi, Shu Yang*, Fangliang Dong. Thin-Walled Structures, 2012. SCI/EI, 1F:1.231.
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a = 20°

Chang Qi, Shu Yang*. International Journal of Crashworthiness, 2014. SCI/EI, 1F:0.789.
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Shu Yang, Chang Qi*. International Journal of Impact Engineering, 2013. SCI/EI, 1F:1.681.
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FMVSS/CMVSS

Real-world Safety

Robust,

Reliable ’:
Solution 1 |

Initial Probability
of Failure, P;

Occupant Injury Numbers

BIFME: SIAAHER SNSRI EMIBACAERIE

fiifE: AR SHMESE L]

FREFE R/ R, X

Edge/MKX— 1N EESFETAFLRAT7, 000, 000E T,
oM : BN SEERIFENGR S A FR RV
NMA: EMNATAZIMBNREESES

43



TR R AR F GBI

Occupant Dynamic Response: P-Diagram

Noise Factors

Airbag (vent size, tether length, bag geometry, material), Inflator (gas mass, temperature), Retractor
load, Pretensioning, Belt webbing, Column (load, stroke, and intrusion), Seat stiffness, Bolster
stiffness, dummy positioning

-
G Outputs:
Inputs Dummy
Crash Modes: Responses
barrier type, impact [> * HIC (36) e
speed, impact angle + HIC (15)
+ Chest defl. —
* Nij
ﬁ . Fernur Fz FMVSS208
* Tibia Index
Control Factors

Airbag: vent size, tether length, bag size
Inflator: gas mass, temperature

Seat Belt: retractor load, pretensioning, webbing
Column: stroke load, stroke length

Seat: stiffness

Knee Bolster: stiffness, position

Crash Pulse: crush space, pulse shape

FAC & Real-
\ world Safety
Error State:

Dummy metric exceeds public
domain target or FAC
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Methodology (

e

Define Robust Design Problem

Objective:
/— Minimize P;

<

(e.g. Design Variables, Objective, and Constraints)

Y | Y '
Generate Base Case Robustness Assessment for
Distribution by Sobol the Baseline Design I
Y Y - _ R
Build Stochastic Response Surface Mogdels & ' i - 4 §

Check Model Quality with the Baseline Design

Y ol | 1

Robust Design using a Multi-objective Genetic Algorithm Mean Standard Deviation

US NCAP Star Chart

Achieve
Targets ?
Robustness Assessment for the Optimal Design s

Caror> N

Robust Desig
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Edge Rear Impact Example

3 Objective Functions:

Sianificant Variabl Robust Desian Obtimizati v" Min. 90 percentile Neck Rating
ignificant Variables obu esign Optimization ~/ Min. 90 percentile Contact Time

v Min. 90 percentile T1x Acceleration

Signific

11 Design Variables:

Humber of Siiicant Virigbies
Ll LY ir B
+ I
é

Bes .«
Wor .«
O T T g . = E = E. E = M oo
TEEEOE & R R
i ' ' E. -§| ! E‘ .
533 g 5 g 3y g g backset

Inpait Wariables

Correlation Matrix

D'V f Seat Mot

D' { Seat Mot = FU
D' f Seat Mot p

D' f Sedt Back Rot v

D' f Headd Rest Rt vy FM

O f Hiesd Rest

O f Sedt Bad_Lp
O Sedt Badd_hiid
O f Sedt Badk Low
Oy FETiC Head Red x
Dt FEFC Head Red =

40 50 &0 7O &0 90

ContactTime




Edge Rear Impact Example

350

[WA]
[
]

[
i3]
]

[
[
)

150

100

S0

Maximum Upper Meck Shear (M)

Edge/MKX

INSURANCE INSTITUTE

FOR HIGHWAY SAFETY

February 2007

Rating for the Joint Distribution

Basehne

e ], 325 12

e ], 4512 N
o HEFH37
= HEF72S
m HEFP 20

—m— HEF7 27
e

Maxdmum Uppear Medk Tersion (M)

1 — .l“ Model Predlctlon S
| Robust De5|gn S \ __________
0 EOIU 4OIU EJ:]IU BUIU 10'510 12(IIJ

Provided a $35/vehicle

(or $7 million/year) cost
avoidance

Recommended modifications:

upward 12.5 mm

l/‘_-'\l'
stiffer cushion =————s| \

forward 25 mm «—

~
stiffer
joint

stiffer cushion \
softer cushion \ , /

softer cushion
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Front Impact Examples

0 oer |\

Restraint Optimization

5 Star

Optimized

HIC [

S EEEREEEEERD

T EEFEEEEEREEEEEEENEEE RN N

Chand 07 [ maa )

\ More Robust 5 Sta/

I M s

p=

B-Car \

Restraint Optimization

Optimized

4 Star to 90%
Confidence 5 Star/

/ U502 \

Restraint Optimization

Multi-Objective Optimization
4 Crash Modes

= 50t% 35mph Belted

= 50t% 25mph Unbelted

= 5th8; 35mph Belted

= 5thag 25mph Unbelted

Objective: CPI ( 5 Star NCAP)
Constraints: 64

{90% Confidence 5 SEy
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Impact on Ford’s Business Objectives

Innovation

Industry First Robust Optimization Design
Framework & Tools for Occupant Crash Safety;

Industry First CAE Common Process for
OccupantCrash Safety

Value to Ford

Improve occupantsafety & increased confidence
levelforachieving top safety ratings

Improved PD efficiencythrough reducing
productcost, reducing prototype build/test,
and improving quality by robustdesign

e.g.Method provided a $35/vehicle (or $7
million/yearfor Edge/MKX alone) cost
avoidance over OEMs thatuse "active”
seat/headrestraintsystem

Reduce developmenttime, e.g. the application
of this tool was the only way to get Ford
Edge/Lincoln MKX to achieve “Good” rating within
6 months before Job 1

e.dg.reduced turn-around time by 90%

Impact Implementation
Technelogy Validated Cross-Carline Deployment
Edge/MKX U387 -2007MY
INSURANCE INSTITUTE | | D219-2008MY

FOR HIGHWAY SAFETY

Taurus/Sable/Taurus X

oo ke
T T
wowv mhisa g

D258 -2008MY

C170-2008MY

D385-2009MY

D471-2009MY

D472-2009MY

B299-2010MY

C3XX-=2011MY

* Management direction
is to apply this
method to all future
programs

* 15 NAE Engineers
Trained

« CAE Best Practice

Global Product Development

Technology transferred to Mazda, Jaguar, Volvo,
Ford of Europe forapplications
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SOUTH AMERICA

New products, teamwork

pave Way Forward for
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Battery pack

Face-sheet

Adhesive

. R
NPR material %‘mﬁa

(a) BAAHH; (b) & ibiH

~.1~- NPR material-cored
sandwich structure

160 f
140
120 ~

100

=) =]
(=] (=]
[

=
=)
1

Energy absor ption of sandwich panel (J)

=]
= =
| 1

Ea'i-[tmj:FgEﬁg*ﬁﬁﬂiug:gﬁE{ﬁE V,=380m/s V;=425m/s V,=500m/s V= 600m/s

Impact velocity

Shu Yang, Chang Qi* et al. Advances in Mechanical Engineering, 2013. SCI, 1F:1.062.
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LANDMINE EXPLOSION
Time = 0

LANDMINE EXPLOSION

Time = [

Vector of Total-velocity 0.000e+00

min=0, at node# 2142

max=0, at nodes 2142 0.000e+00
0.000e+00

Fringe Levels

0.000e+00 _
0.000e+00 _
0.000e+00 |
0.000e+00 _
0.000e+00 _
0.000e+00
0.000e+00 ]
0.000e+00
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HMMWV FRONTAL IMPACT TEST

Time = 1]




=

Land mine blast location uncertainty

Material
waste

\

Design variable

Thin aluminum sheets

Aluminum foam

Design variable is the metal foam thickness

Response surface of maximum
crew K. E. w. r. t. mine location

ew

Maximum K.E. of Cr

-
in

y 510" Foam thickness -
?E}/_,_’_/El\

a \.

"I Design for

.| worst scenario
5.

45

E=

I Design target (maxdimum K, E. of crew) a

|— — — — — —

5 B 7 3 g 10

Foam thickness
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Systems (Added) mass (kg)
Vehicle 3,397 100
Steel armor 1,797 53
Uniform aluminum
116 3.4
foam armor
Designed aluminum
66 1.9

foam armor
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Minimize {Mach(Tf,Tb,Tc,pf) —ASEAC(TI,Tb,TC,pf)}
subjectto 2mm < Ty, T, < 4 mm
40mm < T, < 60mm

135kg/m* < p; < 540kg/m’(ie. 5% < p* <20%

FHRMUARBE S EITHRIE
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Initialize design variables: R Record-to-record (RRT) DoE for
pit pat patl pst | constraint satisfaction problem (CSP) |
- J o J
Calculate MaxD and ASEA 5 FEA at DoE points
4
r~ ™ ' ™
Construct RBF metamodels of .
MDD and ASEA > Validate RBF metamodels
- J e /
s Y
Optimization using NSGA-TI
L ) Yes
No
P Y ~
Pareto front of the MOD problem [ Add DoE points ]7
A /
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—ASEA (kJ-m7/kg)
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