A new approach
to steady-state and quasi-steady state
vehicle handling analysis

Diagram Yaw Moment Vs Laterat Acc.
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OptimumG - Overview

* Vehicle Dynamics & Data Acquisition Seminars

— In-House Seminar
— Public Seminar

Consulting

— Track Testing

— Race Engineering
— Data Acquisition

— Mechanical Design

Software Development
— OptimumK
— Simulation
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OptimumG - Seminars

Vehicle Dynamics & Data Acquisition Seminars
— In-House Seminar
— Public Seminar
— One-on-One training

— From 1 to 12 days
Design around customer needs
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OptimumG - Seminars Customers

312 Seminars / 12 Years
Over 6000 Satisfied Customers

Alcon
AP Brakes
Brembo

Bridgestone-Firestone USA *
Bridgestone Tech. Center Europe

BMW

Citroen Sport
Corrsys-Datron
Chrysler
Dunlop

Ferrari

Ford Advanced
Goodyear

Mac Laren

Vehicle Operations

Magneti-Marelli,

Michelin
Mitsubishi
Multimatic
MoTeC
Nascar
Ohlins
Oreca
Penske
Pi Research
Pirelli
Porsche

PSA Peugeot Citroen

Toyota
ZF-Sachs.

IPTIMIM D

®

Vehicle Dynamics Expo 16-18 May 2009 — Stuttgart, Germany



Optimuma@G - Consulting

Mechanical Studies

Chassis Design

Suspension Geometry Design
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Race Car Engineering

On Track Engineering
On Track Testing
Lab Testing

Data Acquisition
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OptimumG - Software Development

I Optimiank
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OptimumG - Software Development

OptimumT : Tire Data Fitting and Visualization Software

Lateral Force (Fy) - KN
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OptimumG - Software Development

« Computational Vehicle Dynamics
« Steady State simulation
* Quasi-Steady State simulation
* Yaw Moment Diagram — Moment Method
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Presentation

About CVD

CVD Presentation

. Design ComputaTionAL
* Motion D7 VenicLe

« Setup

. Analysis Dynamics

Quasi Steady State Simulation
Pure Steady State Simulation

Steering Simulation

Yaw Moment Diagram Simulation
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About CVD

CVD (Computational Vehicle Dynamics) calculates the
behavior of the car in steady state

Steady state: all the forces and moments are balanced in
each step of the simulation

- No inertia
- No damping

Calculation of lateral and longitudinal grip
- Reaction of both suspended and non suspended mass

—>Weight Transfer
—> Tire Deflection
K B
)
However, CVD could consider the case where the yaw 5
moment is not equal to zero allowing the user to analyze :
parameters like understeer or oversteer. - S
11
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Front Suspension Templates:
- Double A-Arm

- Nascar

- Mac Pherson
- Mac Pherson Pivot Arm

Rear Suspension Templates:
- Double A-Arm
- Mac Pherson

- Nascar

- V8 Supercar

- Five Link

CVD - Design

y MacPh G try  Options (mm)

Summary Symmetry
Left Right

Wishbone X Y z X Y z
Chassis Fore  -293 3566 12229 293 -3566 12229
Chassis Aft  B.7899¢ 379.04 13529 B.7899¢-379.04 13529
Upright 24 694 127 24 %4 127
Strut
Upper Paint 58 487 676 58 487 676
Lower Paint 4 63 283 4 635 283
Steering Type Rack and Pinion i
TieRods X Y z % Y z
Rack -111 33385 2191 -111-23385 2191
Upright 1517 68481 22173 -1517 68481 2173
Steering Ratio

Steering Rack Displacement./Steering Whee! Revolution

Wheel geometry

Half Track 758 798
Longitudinal Offset 0 0
Wertical Offset 0 0
Static Camber 0 0
Static Toe 043 043
Rim Diameter 450 450
Tire Diameter 650 650
Tire Width 270 270
Spring X ¥ z X Y

Upper Center 56 508 660 56 508
Lower Certer 41 563 512 41 553

Anti-Roll Bar

Pivot X : Z

Chassis Pivot 250 350 250 250 -350
Drop Link

Attachment Wishbone )
Anti-Roll Bar 0 600 230 0 600
Attachment 0D 600 130 0 -600

660
512

230
130

-\
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DESIGN SETUP

g N |

MOTION | ANALYSIS I

|§|---'f} Project ForPresentation
Jp Setup 1
b fB Setup 2

Setup

Setup 1

-

3 B | Masses and CG Inputs | | &

=iy Masses & CG Inputs Project

----- ® Masses 1
----- O Masses 2

5 s XK | Others Inputs
(=4 Others Inputs Project
L) Stiffnesses 1
L@ Stiffnesses 2

”»

& @ | Tire Model | [+

. 2
5
+ 1'= + + * +.IA

e

=i Tire Project
.1-. Rear Tire Model
L.."¢" Front Tire Model
o B X | Aero Maps =

=) Aero Project
@ Aeromap 1
.D Asromap 2
D Asromap 3

Setup splitin 4 :

CVD - Setup

<«— Create as many Setup as you want

- Masses and CG
- Others (Stiffness, Brake, Diff...)

- Tire Model
- Aero Maps

|:> Fast Setup changes

N\
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CVD - Setup (2)

Masses and CG
Inputs

* Corners Masses

* Non Suspended Masses

* CG Total Height

* Non Suspended Masses CG

Import - Export

= Print
MASSES and 06 INPUTS  Satup 1 5 Hasses Units {Metrc) =
Ledt Right
Cormees Mass [Kg) 06 Position [mm]) F4
Front 3] LT
e 155 Certer OF Gty Total 140
Yo Sumpendes Mass 5L 4 [1]

hon Suspanded Wass PR &
B suspended Mass (Ka) Mer Suspended Mass AL \
ot . e Miry Sompended MWt AR
¥ x &
Mass Distribution (%] Connman by
ik e 39 G5 S
Fre ~~
‘. n
Do L Q\
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Other Inputs

* Spring Stiffness

CVD - Setup (3)

* Anti Roll Bar Stiffness (or Belleville Washers Stiffness)

* Brake Distribution

* Drivetrain Configuration

e Static Ride Height

* Non Suspended Mass CGs
* Chassis Torsional Stiffness

|OTHERS INPUTS  Sclup | >> Stiffnesses | Umits (Metric) = = = )
St nesses
Eront Left Raght R Left Right
Twa Soree . 130 10 Nen Two Sorrge - Fr. 20 MNoen
Ara Ral Bar - L5000 Hem / deg At Fol Bar - 0 mm /ey
Bk Ride Hesght {mm) X ¥ I
Brabe Dempeestion (% Frort 50 Pt =agrt B £ u
Ade =egrt ey X L iR
Drrvelrain
Crrvan Whasly Frort Whesl [eve =
[fferertia Mocharycal = Comments
Torous Ditrboton [ irmcs heed) 40 I |
Chasers Toraon

e Softress -

N\
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Tire Model

* Pacejka
* Fiala
e STI

Harty

CVD - Setup (4)

* Visualization Tools:
- 2D Graph
- 3D Graph
- Tire Forces Calculator

TIRE FORCES CALCULATOR

Slip Angle Slip Ratio Camber  Fz (N) Fx(N) Fy(N)
Pure Lateral 2 18 3500 4284 458
Pure Longitudinal 12 15 3800
— —
PGl @ L DS O (- @ H | combined 18 21 4000 08.820
X Slip Angle = ¥ Fy-Lateral -z -
|TIRE MODEL | Setup 1 >> Front Tire Hodel . EIEL 7
Vertical Stiffness 350 [Njmm] 6000 f : =
Lot Robset-caf
Nominalload -Fz0 55602 [N] 1000 Slip Angle [+] ¥ [Fy-Lateral ||z stip Ratio |-l
Unloaded Tire Radius - RO 0448 [m]
| 1ateral Lengitudinal 2000 4
Cyl 1.1256C Dyl 1.7546¢ Rbyl 13.218 Rey2 57998 Cx1 11536 Dx1 18870 Rbx1 28100 Rbx2 91731
Dy2 -0.3482 Dy3 10.558¢ Rby3 -0.0222 Rey1 1.0480; Dx2 0.19207 Dx3 D Rex! 27503 Rexl 0 T o9
Eyl 0.9376 Ey2 -0.8577 Reyl 0 Rey2 0 Ex1 -0.9598 Ex2 -0.9347 Rex2 0 Rhx  0.0006: .E
Ey3 02113 Ey4 00358 Ryl 0.0006° Rny2 0 Ex3 004900 Bxd 0.0704: T 000 4
Kyl 61.686 Ky2 2.5586. Rwyl -0.0170 Rwy2 -0.0105 Kxl 47.8071F Kx2 -9.7819 [
Ky3 1.0008. Hyl 000150 Rwy3 02764 Rwyd 62441 Kx3 -0.2559 Hx1 -D.0010
Hy2 -0.0008 Hy3 0.0272 Rwy5 163850 RwyE 0.0011( Hx2 0.00050 Vil 0.0752¢ =000 1
Vyl 00522 W2 00438 VA2 00834 \
Vy3 20685 Vy4 00783t =il
Comments -8000 1 %
-10000 } i } } } t t | \
20 15 10 5 0 5 10 15 20 =
slip Angle v - %
.
= - t = \
= I B0
"
Slip Angle = e |\
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CVD - Setup (5)

Aero MapS * Aero Map Visualization:
- 3D Graph
- Iso Lines

Cz Front and Rear

* Cx Y] FYEE e 1o0R
X |Front Ride Heigk |~| ¥ Rear Ride Height » Z Balance(%Front) -
c A Bal '
ero badlance
. Effici
Efficiency :
40.5 4
39.54
38.5 4
37.51
36.5
35.5 L
34.5°
-
S = R 8
v
I R 2 | Cl
|AERO MAPS  Sctup | >> Aeromapl (%) Units (Metric) - 4 m &'“’Rideuejght ew“""‘““ E —
Ambient Conditions Comments R P @.l
Amirent Temperature (degC) 21 h1.00 (X| B%=40.00 (X m=?s
Ambient Pressure (bar) 1
12 =T
Reference Area ;n2) 15
ol * . . . .
Aero Maps S———
BEXE - Type of input forthe Maps [CszaMBdaﬂce*fx = 204
RH Front RH Rear C=f Car CzTotal Balance(%F) Cx Efficiency .A = s
15.0 20.0 0.604 1,0042 1.6091 37.59 0.7957 |2.0222 E 1
10.0 1200 1.6475 33.68 10.7953 2.0715 Boaed o//. . v —
10.0 |15.0 1.5356 |38.66 0,7867 |1.9520 3 &
10.0 1250 1.6708 |39.20 0.7930 |2 1 % 144+
10.0 1300 16789 |40.08 0,3028 | 3 g
15.0 1300 1.6254 |39.42 |0.7998 [2.0323 i & 127
15.0 250 L5134 38.53 0,7948 |2.0299 - . . = & ¥
15.0 1350 1.6218 |40.34 10.8017 |2.0230 i S
10.0 1350 1.6904 |40.88 0.3084 |2.0010 I gl
20.0 35.0 15544 37.83 0.3070 18757 X = . ) » =
2 Jil | » 6 I I L 1 1 1 1 1 L L IS
t t t t + + + + + + {
14 16 18 20 22 24 26 28 30 32 34 36
Ride Height Rear
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CVD - Motion

In CVD the inputs are based on forces and speed

3 types of motion can be generated according to the need
of the user.

—Pure Steady State
—Quasi Steady State
—Yaw Moment vs. Lateral Acceleration diagram

Z0PTIMIN €D
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Pure Steady State (PSS)
PSS motion:

CVD - Motion (2)

Yaw moment equal to zero - Steering wheel angle is
calculated in order to maintain the equilibrium.

Skid Pad Simulation

Steering (deg)

Parameters

Yaw Moment = 0

Lateral Acceleration = Input
Steering Wheel Angle = Output
Body Slip Angle = Output

N\
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CVD - Motion (3)

Quasi Steady State (QSS)

* QSS motion: the steering angle is an input and therefore the
yaw moment is not zero anymore.

Forces, Roll and Pitch Moments are in equilibrium.

Parameters

4| Yaw Moment = Output

Lateral Acceleration = Input
Steering Wheel Angle = Input

Body Slip Angle = Output

IPTIMIM D
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CVD - Motion (4)

Yaw Moment Diagram

In a diagram motion the input is a sweep for both body SA and
steering wheel angle. For each point the lateral acceleration and
yaw moment are calculated and then a diagram can be
generated. This gives a quick visualization of parameters such as
control, stability, behavior at the limit.

Sweep

B"Sm ™ Parameters

sssss Yaw Moment = Output

eeeee

f Lateral Acceleration = Output
/ / Steering Wheel Angle = Input
I il Body Slip Angle = Input

= 0PTImIney
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CVD - Analysis Tools

ELEE) S RETE EFFET T B
Weight Transfer HIRC 3| H k@ 9% H GCHEL--RAFO
1000 +
4000
3 380
500 + E i:::
i 3200
g 3000
0 4 £ 2800
2600
E 2400
& 2200
= 2000
s = 00 /;/
2l 1 1 1 | I | 1 1 i EFFET LY YT
b 2 £ 9 & % £ [} & 1
Channel Report Data [B]X]
- :
S mﬁ:&' sl e ol sl el B Front Left ! Front Right Rear Left Rear Right
Tire\Lateral Force\Front Left
Min 1006245 83715
Ve 208271 1038 752
Tire\Lateral Force\Front Right
Min 581503 1000.438 L
Ve 7907347 5237529 — ¢ - .
Tire\Lateral Force\Rear Left u ‘ = = | | | | Jr’ iy
Min 1251751 l . | | | o
Max 1944 874 S 11 el
Tire\Lateral Force\Rear Right
Min | |1229.408
Ve 1073197
Tire\Vertical Force\Front Left i — ‘.'
Min | (1879391 1826299 [O]] /
M 3441 968 3442 359 3 FTimVerliﬂ‘ -}@QQ‘O.J‘@@QG@&@HJQ-FP Sl i
Tire\Vertical Force\Front Right orce Rear | " ——
: 3540 284
1 | 3053697 | 3055528 [3715.389
2 | 2878585 |2852113 2090595
3 | 2702459 (27528 4085741
| 5 | 2353553 JERES 4415.756 =
5 2531.789 2537388 4237337
7 | 279,097 |z713769 4060153
3 | 2886 735 288986 38824
3 | 3064478 06587 374552
10 |3282261 241818 3526 74
n |3s19212 418593 3343783 §
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13 I 7705 299528
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15 207118 075305 269287
7 = T
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Yaw Moment Diagram - Presentation

*For a given speed an longitudinal acceleration, the yaw moment
diagram covers the full maneuvering envelope and presents the
results graphically in one graph.

*Graphic analyze of the stability and control of an automobile.
*Analogy with aeronautical techniques.

*Force/Moment study instead of motion study avoids filtering
effects of the inertias and give the ability to isolate results of small
changes in the vehicle configuration not discernible in a transient
response.

ZIPTIMIN €D
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Yaw Moment Diagram - Construction

@ Sweep of Steering Wheel Angle
@ Sweep of Body Slip Angle
@ Vehicle Speed
Longitudinal Acceleration
@ Vertical Acceleration

A f— -{;-' | ; Iso Body Slip Angle

A AT | A~ T — Iso Steer Angle

®ﬂ/’/'////[////(/9
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Yaw Moment Diagram — How to use it?

M [Mm]

S000—

Control

Zero-body slip angle curve

o _ Oversteer
Limit behavior

15

Understeer

Stability

~6000—

Zero-steer curve

ay [m/<]
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Yaw Moment Diagram — How to use it? (2)

Stability

STABILITY: The slope of the zero-steer curve shows the
yaw moment (N) for different CG body slip angle (B). This is
called the directional stability of the car.

The magnitude tells you how much yaw moment is acting
on the car with zero steering input. The sign is always the
opposite sign as the lateral acceleration sign, thus this yaw
moment tends to reduce the body slip angle.

IPTIMIM D
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Yaw Moment Diagram — How to use it? (2)

Control

CONTROL: The yaw moment generated at 1° of steering
shows the derivative of yaw moment (N) with regard to
steering angle. This is a measure of the yaw moment
control that the driver has.

Lateral acceleration generated at 1° of steering shows the
derivative of lateral acceleration (Y) with regard to steering
angle. This is a measure of the lateral-acceleration control
that the driver has.

= IPTImIne?
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Yaw Moment Diagram — How to use it? (2)

Limit Behavior

LIMIT BEHAVIOR: If the tip of the diagram is above the
line yaw moment (N) = 0 for positive lateral accelerations,
then the car is limit oversteer (spin).

If the tip of the diagram is below the yaw moment (N) = 0
for positive lateral accelerations, the car is limit understeer

(plow).

Note that a car can be limit oversteer but understeer In
terms of trim behavior.
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Yaw Moment Diagram — Overlay
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Yaw Moment Diagram — Overlay (2)
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Analysis — QSS Simulation

Motion:
« Lateral Acceleration : ramp from0to 1 G
 Speed : 200 Km/h
« Steering angle : 0 to 60 Deg

Weight Transfer Visualization of forces
e L ETFFETET - EFERNC IR T TR |
Total WT(Elast,NS,Geom,Steer) WT (Spring,ARB,3rd Spring)

o
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Analysis — QSS Simulation (2)

Friction Ellipse Roll in suspension and tires

 FHHdSLYE SHp+

EHAdS MY S
n
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Motion:

Analysis — PSS Simulation

« Same motion as QSS
« Calculating the steering wheel angle

Weight Transfer

ErFFELLY] =X EFFETLY

Total WT(Elast,NS,Geom Steer)

WT (Spring,ARB,3rd Spring)

uuuuuuuuu

nnnnnnnnnn

RRRRR

ight

 EHAdSWGE D -

-0 45000

Visualization of forces
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Analysis — PSS Simulation (2)

Friction Ellipse Roll in suspension and tires

ErFFET T
__Frun[LEﬂ

Tot. Bf.= 28.97%
Lat, Ef.m 28.93%
Lon, Eff.= -1.03%

7 | EFFEFENEFTT

ar Left

B Rear Right
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Analysis — Steering Simulation

Motion:
« Sweep of steering angle
 Analyze weight transfer due to steering geometry

SHESWIE vdle E[X

Tire Vertical Force

3500

25004

24004

2900

HHEASBYE HEE - =E3
= Steering Angle
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Analysis — Yaw Moment Diagram

Motion: Sweep of the steering angle only to analyze the

weight transfer due to the steering geometry

ErEFET T EET

Body SA:

More Oversteer and

lateral acceleration
and higher speed

More corner entry 12788
understeer at lower ]
Speed 'Ia .,;f;

Less control at 100
km/h but more
stability.
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Analysis — Yaw Moment Diagram (2)

Understeer
tendency at the limit
for  stiffer front
suspension

Same corner entry |

behavior

Less control with
stiffer springs in the
front

SddsaYy »dp

Baseline Configuration, 100 Km/h and 150 km/h

Diagram Yaw Moment Vs Laterat &~ -

)
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Analysis - Yaw Moment Diagram (3)

Baseline Configuration, Stiff Spring in the front

| EFFETETEET o |
Diagram Yaw Moment Vs Laterat Acc.

Steer

ETrEEl e rT

Diagram Yaw Moment Vsjf "~ -

« Understeer tendency
at the limit for stiffer
front suspension

e Same corner entry
behavior

oment Total

,,,,,

« Less control with
stiffer springs in the
front
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Questions? - Contacts

IPTIMIN @

OptimumG LLC.
8801 E. Hampden Ave.
Suite 210
Denver, CO 80231

engineering@optimumg.com
www.optimumg.com

"There is no such thing as understeer or oversteer:
there is only under-yaw or over-yaw moment”
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