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Vehicle Attributes/Disciplines

Vehicle
Performance

V: Vehicle Level
S: System Level
C: Component Level

Vehicle NVH Safety

Body Structure
(NVH & Durability)

Chassis &
Full Vehicle Durability

Vehicle Dynamics

TASE* &
Climate Control

« FRONT IMPACT (V)
- New FMVSS 208

« Idle Tactile (V)
« Idle Acoustic (V)

« Driveline Unbalance - NCAP
Tactile (V) - O0OP

« Driveline Unbalance - 1IHS Offset
Sound (V)

* Glen Eagle Tactile (V) * SIDE IMPACT (V)

« Rough Road Tactile (v) - 33.5 mph FMVSS214
« Brake Roughness Tactile - LINCAP
« Impact Harshness Tactile * Rear Impact (V)

« R1H / CP2 Tactile (V) - 35 mph RMB
« Glen Eagle Acoustic (V) - 50 mph C/C Inline

« Rough Road Acoustic (V) - 50 mph C/C Side
- 50 mph C/C 50% Offset

* Roof Crash (S)
* Head Impact (S)

« Impact Harshness
Acoustic (V)

« Brake Squeal
« Exhaust NVH B
* Wind Noise °
« Shift Quality

@ Passive Safety R&A

« Trimmed Body Principal
Modes (V)

« Trimmed Body Static
Stiffness (V)

« BIP Principal Modes (S)

« PM at Body Attach. Loc.(S)

« LP6 for Body Attachments (S)

« Static Stiffness for Body

« Attachment Locations (S)

* Body SDS/WCR/FMVSS (S/C)

* Chassis NVH
- Frame Principal Modes

« Vehicle Dynamics (V)

- Steering

- Handling
- Static Stiff. at Frame Attach. Rige

- PM at Frame Attachments _ Braking
- Suspension Modes

- Frame Static Stiffness

« Chassis Systems (S)
- General Vehicle
- Front Suspension

« Chassis Durability

- Front Suspension

: HOOI(:I ;S) - Rear Suspension - Rear Suspension
« Decklid (S

S) - Frame and Mounting - Steering
* Doors (S)

System
« Trailer Tow (C)

« Dash/Cowl fatigue (C) - -

s

*TASE: Thermal Aerodynamics System Engineering

* Aerodynamics CFD
Analysis (V)

* Heat Management (V)
« Coolant Flow Simulations (S)

« Vehicle Level Climate
Control (V)
- Front End Air Flow
- Front End Openings

« System Level Climate
Control (S)
- A/IC Performance
- Heater Performance




History of modeFRONTIER at Ford

Dl MDO, DFSS,
| all attributes

2003 2004 2005 2006 2007 2008 2009 2010 2011



Safety Application Overview
Main ﬁafety applications for modeFRONTIER
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MmodeFRONTIER Safety Applications
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Robust Design Optimization

Procedureis similar to General Optimization except for the following

1 Specify Distributions for Input Variables in the Workflow tab.
2 Specify the “scale” for each distribution.
3 Maodify Objective(s) and Constraints User Expression(s) to be p[target output]
+ 1.2816a(target output]
4, Run project
- Select MORDO Options tab
- Select Latin Hypercube for Sampling Mode
- Select number of Design Samples (if = 1 will only run nominal design)

Recommend 25 or greater.
- Run Project
5 Choose optimum design(s)
7 Submit confirmation Madymo run(s) /Conduct Robustness Assessment for
final design

[Value 1 Desgn/
|Variable |pescription Percent Noise ™ | pistribution tlean
|sDummy_PosL Dummy Long. Position (mm) vawe o niform
|sDummy_Posv Dummy Vert. Position (mm) vawe o niform
|sweb_st | Webbing Stifiness percent DN Uniform
[SRet_LL1 Retractor High Load (Force, N) __|value [N uniform
[SRet_LL2 Retractor Low Load (Force, N) __|value [N niform
sRet X1 High Load Extension Amount (mm) [value |DIN Uniform
[sBKI_Pret Buckle Pretensioning (mm) percent DN niform
[sRet_Pret Retractor Pretensioning (mim) percent DN niform
|sseat st Seat stiffness Percent DN Uniform
s80l_stL Lett Knee Bolster Stifiness percent DN niform
[s80l_StR Right Knee Bolster Stifiness percent DN niform
|scol_st Column Stiffness (Force, N) vawe o Uniform
sCol_stroke Column Stroke (Distance, mm) __|value [N niform
|scol_intrusion Column Intrusion (mim) vawe v niform
|svent [vent cd ent hole size, mm) vale [ Uniform 3 3
|STether [Tether Length (mm) vae Jom niform 10 10
|sBag_size (driver) Bag Diameter (mm) vae Jom niform 10 10
|sBag_size (passenger) _[Bag Scale percent__[oin Uniform 1| 25% | 25%
sPulse Pulse Variation (i) vaie Jom niform 3 3
[sinfator inlator Output (mass flow) percent__[oin niform | 0w | 10w
|$Bag_trigger_time |Airbag Deploy Time (ms) value DIN Uniform 3 39
|SLoadMLL Deploy Time (ms) |value DN niform 3 39

Driver NCAP Robustness Assessment
Use Student Chart to identify the
[} mostimportant factors,

i -_H_LL;J__!

D & star
Nouminal design

Gy | o
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e mlmm]mmm]

ream |

w s 8
Dissign D

Note: A separate slide should be prepared for passenger as well. Use Scatter Chart to show mare detalil.




IIHS Rear Impact Application
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IIHS Rear Impact Application

backset mOdeFRONTIER WorkﬂOW
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IIHS Impact Application




Robustness Assessment Application

1 1
' ! Value / Design/ Noise | Noise | Design | Design
21 &3 ! " )% & Variable Description Percent Noise ® |Distribution IMean | Lower | Upper | Lower Upper
. 4 & 4 $Dummy_PosL Dummy Long. Position (mm) Value DIN Uniform -24 24
$Dummy_PosV Dumny Vert. Position (mm) Value DIN Uniform -14 14
‘ $Web_St Webbing Stiffness Percent [DIN Uniform -10% 10%
$Ret LL1 Retractor High Load (Force,N)  [Value DIN Uniform -500 500
# ,#— $Ret_LL2 Retractor Low Load (Force,N) [Value DIN Uniform -250 250
1 » W $Ret_Pret Retractor Pretensioning (mm) Percent |DIN Uniform -20% 20%
" » #$% &*+) $Seat_St Seat Stiffness Percent DIN Uniform -10% 10%
# $Bol_StL Left Knee Bolster Stiff ness Percent |DIN Uniform -20% 20%
# s $Bol_StR Right Knee Bolster Stiffness Percent DIN Uniform -20% 20%
#-%. $Col_St Columm Stiffness (Force, N) Value DIN Uniform -500 500
# /0 $Col_Stroke Colum Stroke (Distance, mm) Value DIN Uniform -15 15
f #0! % 1 $Vent Vent Cd (vent hole size, mm) Value DIN Uniform -3 3
N $Acti_Vent Active Vent Cd (vent hole size, nm{Value DIN Uniform -3 3
31 3 7 / $TetherTop Tether Length (mm) Value DIN Uniform -10 10
% : $TetherBottom Tether Length (mm) Value DIN Uniform -10 10
4 " $Bag_size (passenger) |Bag Scale Percent [DIN Uniform -25% 2.5%
$Pulse Fulse Variation (vpi) Value DIN Uniform -3 3
$inflator Inflator Output (mass flow) Percent [DIN Uniform -10% 10%
5! $Bag_trigger_time Airbag Deploy Time (ms) Value DIN Uniform -3 3
Duriiy_PosL Dumny_Posy Wwish_st Ret_LL1 Ret L2 RetPret Seat_St Bal St Bl SR Vent Tetheilong  TetherShot  Pulss
Bag_Size Col_st Inflator | Col_Stioke Ba TTF
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Robustness Assessment Application
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Other Attributes Applications at Ford

ModeFRONTIER is also used for NVH, Aero, and Fuel
Cell applications

Example of Aero Applications
Aerodynamic shape optimization.

Examples of NVH Applications

Vehicle level DOE and optimization studies of a car and a truck program.
Understand important design variables of drivetrain that controls interior sound.
Minimize interior sound due to excitation caused by rear axle transmission error.

Optimization of body structure using geometrical, sh ape, and gauge design variables to achieve
static stiffness and body primary modes targets.

Example of NVH 6-Sigma Applications

DOE and response surface modeling to develop design rules to improve body panel dentability



Other Attributes Applications at Ford

Examples of Alternative Fuel
Vehicle Applications

1. MPG maximization constrained by:

Cabin climate, Thermal systems, Front-end
Design (styling)

2. Fleet Mix Optimization constrained by:

Cost, Green House Gas Emissions, MPG,
Performance (acceleration)

3. Trade-off of alternative power trains
among: HEV, PHEV, BEV, FCV, ICE, H-
ICE, others

4. Battery/Motor/Engine sizing Optimization
constrained by Cost, MPG, Performance
(acceleration), Weight/Package

5. MPG maximization of HEVs constrained by
Vehicle hardware, Varying control
strategies

Implementation Cost [$]

Higher -

| FE & Cost Trade-Oft

|

Fuel Economy [mpg]




Future Trends & Opportunities

Passive Safety R&A



Concluding Remarks

« modeFRONTIER has established leadership on
the market

— Proven user-friendly and robust codes
— State-of-the-art technology

— Superb customer support

— Continued innovation

— Sustainable sale & business model

 We are looking forward to design future
“Quality, Green, Safe, Smart” vehicles using
modeFRONTIER

Passive Safety R&A



Thanks!
Questions/Comments?

Passive Safety R&A



