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Background PRATT"4
MILLER

» This presentation focus on correlating
suspension K&C properties to test results

» To reverse engineer a vehicle, a good
suspension model is a — Q)

— K&C testing provides the kinematic and elasto-kinematic properties

« Toe, camber, caster, roll-center location .... as a function of wheel motion, steering input and
applied forces

— Up to 100 independent variables to be identified
« Hardpoint locations and bushing stiffness are primary

2009VPD
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Example results

Jounce —

« Rabound Wart Wheel Ctr Disp [mm]

Jounce —

+« Rabound Vert Whaal Ctr Disp [mm]
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Jounce —
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Using Matlab, convert from K&C Raw datato =~ PRATTY4
filtered ADAMS splines MILLER

Left Front Right Front
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Use Matlab scripts to write command files PRATT/%
MILLER

scondition creates the field and fills the data with zeros.,
waitkar (2,h, 'Filtering Data...')
for k = 1:size(chan kev, 1)
if isfield(data,chan key{k,3}}
data_out=secfield(data_out,chan keyik,1},chan keyik, 2}, 'raw _data’, (getfield(data, chan key(k,3}]+chan kepik,5)) . schan keyik, 4}):
[B,A]=butter (3,10/100, 'Low'):
data_out=setfield(data _out,chan key{k,1},chan key{k, 2}, 'filt data' ,filtfilt(B, i, getfield(data out,chan key{k,1},chan key{k, 2}, 'rav data'}}];
else
data_cut=sevfield(data_out,chan kep(k, 1}, chan keyik, 2}, 'raw data', zeros (arylen,1)):
end
data_out=setfield(data out,chan key{k, 1}, [chan key{k,2),' Offset'],0);
waithar (1/size (chan_key, 1))
=nd

%% Write txt file for reading into AfCar. K&C Comparison. Outputs raw data, not used in favor of fitted data file below
clear data_temp data_templ

data temp = []:

chan temp = [1:

output_name streat (dirname, '\’ 'PME_',file_infol1}{3,1}, ' ',file_infa{1}{4,1},'_',revision, .txt'):
e ‘ s
ford_M5C_ronf.m x| Fard_tab_plotsm  x
1res - Figure 1 =gl
HE h|aade |08 =0 BOH®O
Left Front Right Front
120 . T T T T . T 120 . T T . T .
o0t B a0 B
60} 60 B
5 30t 5 a0 g
£ £
s 5
5] ob (a3 1] 4
o o
H H
£ a0t £ B
B0 &0 B
E a0 1
120 . . . . . . . 190 . . . . . .
2 16 1 05 0 05 A 15 2 2 B A 05 i 05 16 2

WC Displacement

WC Displacement

data_element modify spline &

apline_name = .

2009VPD

_PME_fr susp.wvert LF dezired Camber &

units = "no_units" &
X o= &
> -95.04242,-958. 02899, -98.01178,-97.98959, -07_ 96271 ,-97.92902,-97. 88799, -97. 83577, -97. 75054, -97. 71264, -97. 653445, -97
¥ =&

1.52863,1.82859,1.82850,1.82832,1.82805,1. 52763, 1. 82707, 1. 82632, 1. 82537,1.82421,1. 52284, 1, 52125,1.51946,1. 81746, 1

4/17/2009
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ADAMS Objectives PRATT4
MILLER

» Created using “/View Variable and Macro”
» Sum absolute error (RMS) over simulation range

— Use spline interpolation at output steps

! fanalysis:t=analysis
]
!
war set var=5_self.model nhame =
obj={eval (DBE_ANCESTOR|"§analysis","nodel™) )
1
war set war=vert LF Camber error_sum real=0.0
1
1
war set war=§_szelf.steps int={eval (DE_COUNT("§analysis.testrig.canber angle.lefr™,"walues™) )]
war get war=5_szelf.reordered spline real=(eval (AKIMA 3FPLINE (vert LF desired Camber.xs,vert LF desired Camber.ys,5_self.steps)))
]

for wariahle=§_ self.ii start=1 end=(eval(s_Self.steps])
war set var=§_self.i int=(eval (INTi(§_self.ii))]
]

var set var=§ self.actual walue real=(eval(fanalysis.testrig.camber angle.left.wvalues[s . .
- 7 - Jmacro read macro_name = .vert LF_Camber_dewviation =

var set war=§_self.desired_wvalue real=(eval(§_self.reordered_spline.real walue[§ self.i] ]
| file = "wert_LF Camber_ macro.cmnd™

war set var=vert LF Cawber error sum & !

real=(eval (vert_LF Camber error_sum+iBES(§_self.actual walue-§_self.desired walue))) wvar set wvar=,} PME_fr_susp.wert LF Camber_error_sum real=0.0
! 1
' optimize objective create &

ohjective_name = (DB DEFAULT (s¥stem_defaults, "model™)//".wert_LF_Camber_ dewiation™) =
war set war=vert LF Camher error sum real={eval (vert LF Camber error sum/§ self.steps)) variable name = .° (PME_fr susp.vert LF_Camber error_sum &
| wacro_hame = ,vert LF Camber dewviation
! !

end
]

war del war={eval (DE_CHILDREN (5 seclf,"warishle™))) data element create spline &
spline_name = vert LF desired Cambers:
x =0,1,2,3,4,5:
¥ =0,0,0,0,0,0

> |

file command read file="wert desired_LF Camber_spline.cmd”
1

2009VPD  «res MSC ASoftware:




Run ADAMS/Car Suspension Simulation PRATT/4
MILLER

» Possible simulations: « Each simulation will result in a
— Vertical wheel motion separate DOE experiment
— Steer « Pratt & Miller Engineering’s

— Aligning torque

— Lateral aiding force

— Lateral opposing force
— Traction force

— Braking force
— Roll motion

DOETool® will be able to optimize
across all the experiments

2009VPD  «vrews s MSC A Software



ADAMS/Insight PRAT T4
MILLER

E-MSC_uc

&-Factors (0:698)
~Inclusions (0)

= Candidates (898)

; Name [ _PME_fr_sus.ground.hpl_cormp_rod_bush_x
* oad the assem T —
testrig Abbreviation |hpl_comp_rod_bush_x
Nominal Value |290.2

W PME_fr_stahilizer
_PME_fr_sus
gl_s_abs_hwr_bush

=8

* Export to ADAMS/Insight

l_upr_link_fr_bush Settings IValialinn | e | Description |
kl_upr_link_rr_bush
kr_comp_rod_bush Type Settings |55

kr_tv_link_bush = Continuous
fr_upr_link_fr_bush
kr_upr_link_rr_bush

Tolerance [0.0

 Discrete

Settings Details

Delta Type Ease of Adjustment
 Absolute € Easy

E-ground & Relative & hoderate
€ Relative Percent " Hard

| - sus.ground. hpl_comp_rot
H - _PME_fr_sus.ground.hpl_comp_roc
&+hpl_comp_rod_bush_xp

B-MSC_ue
Factors (0:698)
E-Responses {0:10)

Inclusions (1) Name |ver‘t7LFicamher7dewatinn
B-Candidates (10)
_PME_fr_susp Abbreviation |vert7LF7€amher
ert_LF_Caster_deviation Type
~wert_LF_Steer_deviation & Scalar
~wert_LF_WC X deviation

~vert_LF_WGC_Y_deviation £ Gompusite
~wert_RF_Camber_deviation
~wert_RF_Caster_deviation
~wert_RF_Steer_deviation —
-verl_RF_WC_¥_deviation Description IOptimizaIiun |
vert_RF_WC_Y_deviation
&-Design Description |
- Simulation
Analysis URL |

Variable |.VHm_F'ME_fr_susp.ven_LF_Camber_dewatiun

Units |

Qutput Char. |M\mmum

2009VPD  «vrews MSC




Setup experiment PRATT"4
MILLER

« DOE Response Surface

— Develops interactions between all factors

« Cubic

Investigation Strategy DOE Design Type

- Quadratic could be enough’ but due to short Study - Perimeter Linear 1 Blackett Burrmian
SImUIatlon tlme, CUblC was Chosen for better Study - Sweep Interactions Eractiamal Factarz]
results DOE Screening (2 Level) Quadratic Full Factarial

* DOE Response Surface + Cubic B Sehrker

« Latin Hypercube

“Yariation - Latin Hypercube D-Optimal

-
I
I
Waration - Monte Catla [t 0 LIl
(o
(g

«  Number of Runs

— Used a general rule of ~4x the minimum
suggested by ADAMS/Insight

Latin Hypercube

— 1.7x the minimum suggested should be enough if Candidate Runs Number of Runs [1000 220 to 1000000
all simulations run to completion 24 Number of Center Points |
. €1 Random Number of Candidate Runs I
- Create workspace created in o
ADAMS/Insight but runs completed € Standard
externally to avoid issues with single run ¢ Rendom
. " Ease of Adjustment
failure

- After external runs have completed, the
results were loaded the objectives
computed.

2009VPD

10 MSC ASoftware
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- usCsofwaeConfidential
Run simulations and load results PRAT T4

MILLER
Do not run analysis from ADAMS/Insight

— Save experiment and close A/lnsight

 Use

— Command navigator - mdi = insight - build

Rename master acf (tst.acf) to bat file

— Change each line from

«  Command/file=tst_xxxx.acf
- to
« Call adams08 acar ru-st tst_xxxx.acf

— This allows to run the bat file externally and the whole batch will complete even if one run do
not finish

To load analysis results

— Command navigator - mdi = insight - load

Return to ADAMS/Insight and load experiment

2009VPD

11 MSC A Software

4/17/2009




o wsCsomwCemdendal
Study the fit PRATTY4
MILLER

Fit for regression "vert_LF_Camber_deviation"

Without post processing the DOE has a

06—

Apply each exclusion to
& Only the regression with the outlier

 All regressions

DOF 53 |ms |[F [P b

Model | 230 303 0132 414 399e028 O . . . .

= | &m0 poor fit as indicated by the fit summary.

Total 450 380

R2 07E @

RZadj |0.591 @ Plot - Responses vs. Trials for regression "vert_LF_Camber_deviation"

R 13.8 © B A=
Regressions:
vert LF Carnber_deviation
vert_LF_Caster_deviation 248 450
vert_LF_Steer_deviation w5 4500
vert LF WC X deviation Zlsq @ 213

Select Al I Clear Al | 122 5 411 AF6
173 427 45070
12— Filter Using: [ Actual - g T T6E 209 yars . 4

Exclude Runs: | Above limit -2 250 444
Upper limit: B a 206 -
[Eawser | irmits

Response

«  Automatically remove |
outliers above 0.6 in this o | _to | _coma ]|

case to obtain a better fit - [ o
0— gression Runs Currently Qutliers
vert_LF_Cammber_deviation O 29
4| | |
-0.6
:lm LCancel 22'0 330 4:'10 sén

Trial

MSC A Software:

2009VPD

4/17/2009




Remove outliers PRATT"4
MILLER

« Usually have an objective for last simulation

Fit for regression "vert_LF_Camber_deviation" time
DOF 55 MS F F S. |.f. th f I. . t.
°
Model | 230 136 | 0.00599 (289 2.38e-108 O Imp I IeS e process O e Imlna Ing
S |20 |0y 005 runs that did not complete
Total 470 1.43
Plot - Responses vs. Trials for regression "vert_LF_Camber_deviation"
R2 0.965 & o
R2adj |0932 @ . 05
1483
R M2 O
AL s e 82
0.225— & 1 218 =
®
EI 15 - 27?870 04 342 4”’,‘;1574%%4141
= s 7 zn o 155
&3 0 193 - 418 474
o 3 ; 13 225352559 - R
> 2 = % 1059 - 57y 283 i 476
L . g o R . T Dzum 243 LR o = 57
- DOE fit improves after outliers 2 Fa e m Yo wB e GEEe
= 72 0B1E 415 454
are removed D O A e e U
e w oh 19 il 29 341 3787 1245
1534 11 ‘%i =8 Al #6353 apn
| 3%532 78 ma 195 /060 386

»  This process is completed for all P i ?éw”"“ SO T T 452@%&

e 2 2’3‘?9 5 3
o & o g THRE) e 1150191202 2199%?11 %3 gga0td12 5&335 159

responses 17 o 7o 5 ke e 148 . %%g’@ 2973m 2233%353 it

ﬂﬁ E; 18l 295 307313

107 1EYse
. . ] #1149 537755137 ”W “‘@m T 2 zaéi% . 4 2 33 43%3“;%@%9@9@@%7
«  After this process is completed, - ’

export the Insight data to a .m file 4

- The m-file will be read by PME
DOETool

2009VPD  seoe MSC ASoftware




PME DOETool® PRATT’4
>0 MILLER

- A commercial software developed by Pratt &
Miller Engineering

— Tailor-made to post process ADAMS/Insight results
— Simplifies the process of working with multiple experiments

— Also adds several new type of plots to study factor contribution
« Multiple responses vs. one factor
* One response vs. multiple factors

— Allows for constrained optimization across multiple experiment with overlapping factors

2009VPD

14 MSC A Software

4/17/2009




Build PME DOETool® Database

- Create a new database in PME DOETool ®
- Load each ADAMS/Insight experiment into the DOETool® database

- Create DOEToo0l® “Experiment Set” that includes all experiments

—  Allows for optimization of factors across all the experiments

2009VPD

ajt_y

sjt_z

kle_bjt =

kle_bjt_y

kle_bjt_z

I_center 3

I_center_y

I_center 3

ink_bush_|

ink_bush_|

1_rod_busl|

i_rod_busl|

k_bush_y

1k_bush_z

Wt_x

Nty

camber_d

Caster_de!

steer_devi

NWC_X_dev

WC_Y_dev

_Camber_|

_Steer_de!

we_x_de

WC_¥_de

Experiment Set YHOL1_LF_Full

PRATT4
MILLER

YHO1_LF_Full Experiments

._steer_LF

hpl_lwr_bjt_y
hpl_lwr_bjt_z
hpl_upr_bjt_x
hpl_upr_bjt_y
hpl_upr_bjt_z
hpl_knuckle_bjt_x
hpl_knuckle_|
hpl_knuckle_|

hpl_lwr_bijt x ~

Number Experiments 2
Number Factors 40
— Number Unique 20
— Number Duplicate 20
Number Responses 9
Date Created 19-Dec-2008, 12:54 PM

Source File

¥HO1_LF_vert Factors

Model Type Quadratic
Model Name (not set)

$im Script {not set)

Sim Strategy RSM

Design Type LatinHypercube
Number Runs 500

_LF_vert.m

Abbreviation
Type

Delta Type
Units
Description

VHO1_LF_vert Responses

hpl_lwr_bjt_x

Continuous
Relative

Nominal Yalue -8.85

Abbreviation
Type

% ¥alue
Units
Description
Statistics

Discrete
-1

Exit Open

CR7

CRB

Click an experiment set, experiment, factor, or response to view its attributes. Or, double-click an experiment set to display it. Or, select an
experiment set and click Open to display it.




- wscsofwaeCofidential
Pareto Charts PRATT4

Geﬂ/vedLFCamherdeviatiuM

hpl_upr_bjt_z (444.98—454.98)

20

19 hpl_upr_link_bush_fr_z (422.89—432.89)

18 @ _tv_link_bush_z (-68.6—-58.6)
17
16
15
14
13 hpl_knuckle_bjt_z (-20.68—-80.68)
12 hpl_upr_link_bush_fr_y {-456.7—-446.7)
11 hplupr_link_bush_rr_y {-456.7—-446.7)
10 hpl_lwr_bjt_»x (-13.85—-3.85)
hpl_wheel_center_y (-773.9—-763.9)
hpl_knuckle_bjt_y (-711.64—-701.64)
hpl_wheel_center_z (36—46)
hpl_comp_rod_bush_y {-393.3—-383.3)
hpl_comp_rod_bush_z {-68.84—-58.84)
hpl_lwr_bijt_y (-732.22—-722.22)
hpl_tv_link_bush_y (-393.27—-383.27)
hpl_knuckle_hijt_x {(102.71—112.71)

hpl_wheel_center_x (-5—5)

-+ T T
o 0.1

«  Shows the change in response value when evaluated at the minimum and maximum of each factor
«  Chart shows which factor has the most influence on the selected factor

- PME DOETool® can automatically create this Pareto chart for each response in each experiment. Gives a
good ‘first glance’ impression of which parameters are of most importance

ZUUQVPD MEE# Software




Inverted Multiple Pareto Charts Shart 7 Factors PRAT T4
— hpl_lwr_bjt_x (-13.85—-3.85) [1] ~ - - ILLER
VHOL LF_vert[cFO] | — hpl_lwr_bjt_y {-732.22—-722.22) [2

— hpl_lwr_bjt_z {(-65.16—-55.16) [3]
— hpl_upr_bjt_x (30.78—40.78) [4]
— hpl_upr_bjt_y (-665.06—-655.06) [5

— hpl_upr_bjt_z {444.98—454.98) [6]

10 )

] — hpl_knuckle_bjt_x (102.71—112.71)
= — hpl_knuckle_bjt_v (-711.64—-701.6.
= — hpl_knuckle_bjt_z {-90.68—-80.68)
? Bl — hpl_wheel_center_x {(-5—5) [10] 2
=] £ | 5
- Chart 7 Responses
, —) _LF_wvert

— vert_LF_Camber_deviation
— wert_LF_Caster_deviation
6t B — vert_LF_Steer_deviation
— vert_LF_WC_X dewviation
— vert_LF_WC_Y_deviation
5

(-)

i} 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

- Each color bar is a response
- Each number of the y-axis is a factor

« Shows the effect of multiple factors on all the selected responses
. While useful, it hides any non-linear response trends

2009VPD

MSC




Trend — Response Charts PRATT4
MILLER

HO1_LF_vert/vert_LF_Camber_deviation [CFO]
Chart 3 Factors
_LF_wvert
— hpl_lwr_bjt_x {-13.85—-3.85)
hpl_lwr_hijt -732.22—-722.2

upr_bjt_x (30.76—40.78)
— hpl_upr_bijt_¥ (-665.06—-655.0
— hpl_upr_bijt_z (444.98—454.98)

- Evaluates the selected response at 11 normalized

points for each factor
— Shows which factor truly has the highest impact along with any non-

linearities in the response value

2009VPD

MSC A Software:




Trend — Factor Range Charts PRATT/%
MILLER

Chart 5 Factors

LF_vert /hpl_lwr_bjt_z(-65.16—-55.16) [GFO]
_LF_wvert
— hpl_lwr_bjt_z (-65.16—-55.16)

Chart 5 Responses
T LR _wert
— vert LF_Camber_dewviation
— vert LF Caster dewviation

— vert_LF_Steer_deviation

0.9

0.8 /

0.7 —— |- vert_LF_WC_X_deviation
—wvert LF_WC_ Y dewviation

0.6 -

0.3 -\\ /

D.4--_—’_//

B /

4
D.Q_L\
0.14

- This is the inverse to the ‘Trend — Response Range’ shows the trend
for each response as the selected factor is varied from minimum to

maximum

2009VPD

MSC A Software:
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Factor Interaction Surface Plots

PRATT4
MILLER

Each color bar is a response

Each number of the y-axis is a factor

Shows the effect of each selected factor on all the selected responses
2009VPD

MSC

Software



o wsCsomwCemdendal
Optimization across multiple experiments PRATT"4

Experiment Max Include? Opt Min Opt Max Base f CFOD Current Simple Opt| Adwvan'd Opt MATLAB Opt
_LF_vert hpl_lwr_bjt_x -13.85 -3.85 -13.85 -3.85 -6.85 -8.85 k
_LF_vert hpl_lwr_bijt_¥ -732.22 -722.22 -7 3 -7 P = 2 2
_LF_vert hpl_lwr_bijt_z -65.16 -55.16 i i 6 6
_LF_vert hpl_upr_bjt_x 30.78 40.78 3 8 ‘8
_LF_vert hpl_upr_bjt_y -665.06 -655.06 -6 -t i - 6 16
_LF_vert hpl_upr_bijt_z 444.98 454.98 4 p 3 8 8
_LF_vert hpl_knuckle_bjt x 102.71 112.71 1 1 L 1 ‘1
_LF_vert hpl_knuckle_bjt_y | ~711.64 -701.64 -7 = ' 5 4 4
_LF_vert hpl_knuckle_bjt_z -90.68 -80.68 . 3 8 8
_LF_vert hpl_wheel_center_x -5 5 i 1] 0
_LF_vert hpl_wheel_center_y -7739 -763.9 . ] 9 9
_LF_vert hpl_wheel_center_z 36 46 3 1 -1
_LF_vert hpl_upr_link_bush_fr_y -456.7 -446.7 - 7 7 7
_LF_vert hpl_upr_link_bush_fi z 422.89 432.89 4 < ] 9 i9
_LF_vert hpl_upr_link_bush_r_y -456.7 -446.7 5 r 7 7
_LF_vert hpl_upr_link_bush_n-_z 353.64 363.64 3 ) 4 It}

_LF_vert hpl_comp_rod_bush_y -393.3 -383.3 . 3 3 3
_LF_vert hpl_comp_rod_bush_z -68.84 -58.84 - I 4 4
_LF_vert hpl_tv_link_bush_y -393.27 -383.27 -3 s 7 - 7 7
._LF_wvert hpl_tv_link_bush_=z -68.6 -58.6 ,. & .6 .6
Constraint Include?

Experiment Response Target Weight Subtotal Change Base f CRO Current Simple Opt| Adwvan'd Opt MATLAB Opt
_LF_vert vert_LF_Camber_deviation Target o 5 0.05 0.06 0.06
_LF_vert vert_LF_Caster_deviation Target 1} 0.9 0.66 0 0.74 0.74
_LF_vert vert_LF_Steer_deviation Target 0 i 0.16 “0.02 0.16 0.16
_LF_vert vert LF_WC_X_deviation Target 1} 0.75 0.35 0 0.46 0.46
_LF_vert vert_LF_WC_Y_deviation Target 1] 0.8 0.37 o 0.47 0.47
_steer_LF steer_LF_Camber_deviation Target (1} 1 0.12 1] 0.12 0.12
_steer_LF steer_LF_Steer_deviation Target L1} 1 0.28 o 0.28 0.28
_steer_LF steer_LF_WC_X_deviation Target 1] 0.9 0.57 o 0.64 0.64
._steer_LF steer_LF_WC_Y_deviation Target L1} 1 0.34 o 0.34 0.34

«  Optimize to reduce the error between the ADAMS/Car K&C results and the measured results

. Optimum hard point locations will differ for each experiment
- What works best for the vertical experiment may produce poor results in the steering experiment

. PME DOETool® will return a single set of hard points that represents the smallest error for all
objectives across all experiments

+ Reponses can be weighted depending on importance to simulation
- i.e. Wheel center movement weighted lower than bump camber and bump steer
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Update ADAMS/Car Subsystem PRATT/4
MILLER

et e ity MDI_HEADER

[MDI_HEADER]

FILE_TY¥PE =  l'sub!'

FILE VERSION = 6.6

e SUESYSTEM HEADER = =

[ SUBSYSTEN_HEADER] - subsystem files with new hard
TEMPLATE_NAME = '< =itemplates. thly front_ suspension sp.tpl' .
MAJOR ROIE - 'suspension' points and parameters
MINOR_ROLE = I!front'

TIMESTAMP = '2005/11 /20,12 23: 57

o THNITS

[UNITS]

LENGTH = 'mm '

FORCE = 'mewton'

ANGLE = "deg!

Mass = kg
TIME = 'sec'

e HARDFPOINT

[HARDFOINT]

{hardpoint name SYmmetEY ®_walue ¥ wvalue = waluel
'origo ! 'single ! " a.o
‘comp_ > " N ! 'left/right' = .G84
'comp_ i) ! "left/right! 2t g4
'comp_ a ' 'left/right! 50 16
'Erack ! 'left/right! 11: 62
'lur_t ! 'left/right!' - 1la
'lur_F ' 'lefrc/righe! - 18
'mbr_i ! 'left/right! -5 1.6
‘mbr_i ' 'left/right’ -5t 1.6
‘mhr_ i ' 'left/right! -5t .6
'mbr_i ! 'left/right! i 13
'mhr_i ' 'left/right! " 55
'mbr_ 3 ! "lefto/eight! i L£E
'side_ ' 'lefrc/righe! < g
's_ab: ' 'left/right! - 17
's_ab: p ! 'left/right' 3! o4
'a_ahb: zph ! 'left/right! -1t 1.3
's_ab: ! 'left/right! cH e
's_ab:z <p ' 'left/right! 3! 34
'a_ahb: zp ! 'left/right! =18 85
ttw_li ' 'left/right’ - .65
‘o li ' 'lefrc/righe! 2t 54
'upr_t ! "left/right! A0 =1=}
'upr_k ' 'left/right! 3 549
‘upr_1 [4 ! 'left/right! -9 .89
'upr_ 1 [4 ! "left/right! 15 3.64
‘wheel oo ' 'left/righo! I 45,99

Rt et ettt D D D B D DDt E L e b Dt PART ASSEMELY
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Compare Original Subsystem with PRATT’4
Optimized Subsystem MILLER

4.0
3.0j
2.0:
1.0:

0.0
1.0
2.0

-3.0

W(C Longitudinal Movement (mm)

401 —

-5.0

] ---K&C
-6.0 ‘ ‘ : S
~100.0 -50.0 0.0 50.0 100.0 Original
WC Vertical Movement (mm) —Vertical & Steering Optimized
—Vertical Optimized

8000.0
7000.0 :
6000.0 i
5000.0 :
4000.0 :

3000.0

Tire Normal Force (newton)

2000.0

2100.0 -50.0 0.0 50.0 100.0
WC Vertical Movement (mm)

Msﬁﬁuftwa re
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Compare Original Subsystem with
Optimized Subsystem

PRATT4
MILLER

6.0
N 5.0
E’ | ---K&C
2 407 — Qriginal
2 | —Vertical & Steering Optimized
. —Vertical Optimized
o 30
w |
8]
2.0
1.0 1
0.0 T T T
-100.0 -50.0 0.0 50.0 100.0
WC Vertical Movement {(mm)
K&C Data Original Vertical Only Both
fl Min Ao Error Marmalized Error | Avg Error - Marmalized Error | Avg Error Marmalized Error
Camber 1498 -0.227 0114 0.066 0105
Caster §.208 0.942 0266 0.0a0 0139
Vertical Steer 0637 -0472 07498 0.7z0 0&18
WC X 2731 -4.018 07480 o1y
WC Y 0.359 -10.193 2032 0.1483

Camber 2,345 -1.828
Steer Steer 26007 -23.204 074z 0.01s
WC K 23308 -21.721 05584 0013
WY 0.155 -5.081 0.285 0.047
Total Normalized Error 1.231
Average Normalized Error 0.137

2009VPD
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Contact Details : PRATT"4
MILLER

* For further information please contact

Jesper Slattengren
Pratt & Miller Engineering

29600 W.K. Smith Drive
New Hudson

MI 48465

USA

(248) 446-9800
jslat@prattmiller.com
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