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B k dBackgroundg

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

• To reverse engineer a vehicle a good• To reverse engineer a vehicle, a good 
suspension model is α – Ωsuspension model is α – Ω

– 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 forcesapplied forces
Up to 100 independent ariables to be identified– Up to 100 independent variables to be identified

Hardpoint locations and b shing stiffness are primar• Hardpoint locations and bushing stiffness are primary
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Ki ti d C li t tiKinematics and Compliance testingp g
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E l ltExample resultsp
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U i M tl b t f K&C R d t tUsing Matlab, convert from K&C Raw data to 
filtered ADAMS splinesfiltered ADAMS splines
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U M tl b i t t it d filUse Matlab scripts to write command filesp
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ADAMS Obj tiADAMS Objectivesj

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

Use spline interpolation at output steps– Use spline interpolation at output steps
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R ADAMS/C S i Si l tiRun ADAMS/Car Suspension Simulationp

• Possible simulations: • Each simulation will result in a 
– Vertical wheel motion separate DOE experiment
– Steer • Pratt & Miller Engineering’s 
– Aligning torque

g g
DOETool® will be able to optimize 

– Lateral aiding force
L t l i f

p
across all the experiments

– Lateral opposing force
Traction force

p

– Traction force
Braking force– Braking force
Roll motion– Roll motion

– … 
– … 
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ADAMS/I i htADAMS/Insightg

• Load the assembly 

• Export to ADAMS/InsightExport to ADAMS/Insight 
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S t i tSetup experimentp p

• DOE Response Surface
– Develops interactions between all factors

• Cubic
– Quadratic could be enough, but due to short 

simulation time cubic was chosen for bettersimulation time, cubic was chosen for better 
results

• Latin HypercubeLatin Hypercube

• Number of Runs• Number of Runs
– Used a general rule of ~4x the minimumUsed a general rule of 4x the minimum 

suggested by ADAMS/Insight
– 1.7x the minimum suggested should be enough if 

all simulations run to completionall simulations run to completion

C t k t d i• Create workspace created in 
ADAMS/Insight but runs completedADAMS/Insight but runs completed 
externally to avoid issues with single runexternally to avoid issues with single run 
failurefailure

After external runs have completed the• After external runs have completed, the 
results were loaded the objectivesresults were loaded the objectives 
computedcomputed.
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R i l ti d l d ltRun simulations and load results

D t l i f ADAMS/I i ht• Do not run analysis from ADAMS/Insighty g
– Save experiment and close A/Insightp g

U• Use
– Command navigator mdi insight build

• Rename master acf (tst acf) to bat file• Rename master acf (tst.acf) to bat file
– Change each line from

Command/file tst xxxx acf• Command/file=tst_xxxx.acf
– toto

• 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 finishnot finish

• To load analysis resultsTo load analysis results
– Command navigator mdi insight load– Command navigator mdi insight load

• Return to ADAMS/Insight and load experimentReturn to ADAMS/Insight and load experiment
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St d th fitStudy the fity

• Without post processing the DOE has a 
fit i di t d b th fitpoor fit as indicated by the fit summary.

• Automatically remove y
outliers above 0.6 in this 
case to obtain a better fit
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R tliRemove outliers
• Usually have an objective for last simulation 

time

• Simplifies the process of eliminating p p g
runs that did not complete

• DOE fit improves after outliers 
are removedare removed
Thi i l t d f ll• This process is completed for all 
responsesresponses

• After this process is completed• After this process is completed, 
export the Insight data to a .m fileexport the Insight data to a .m file

• The m-file will be read by PMEThe m file will be read by PME 
DOETool
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PME DOET l®PME DOETool®

• A commercial software developed by Pratt &• A commercial software developed by Pratt & 
Miller EngineeringMiller Engineering

Tailor made to post process ADAMS/Insight results– Tailor-made to post process ADAMS/Insight results
Si lifi th f ki ith lti l i t– Simplifies the process of working with multiple experiments
Al dd l t f l t t t d f t t ib ti– Also adds several new type of plots to study factor contribution

M lti l f t• Multiple responses vs. one factor
O lti l f t• One response vs. multiple factors 

All f t i d ti i ti lti l i t ith l i f t– Allows for constrained optimization across multiple experiment with overlapping factors
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B ild PME DOET l® D t bBuild PME DOETool® Database

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

®• Create DOETool® “Experiment Set” that includes all experiments 
– Allows for optimization of factors across all the experiments
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P t Ch tPareto Charts
ResponseResponse

Factoracto

Response delta between factor 
i dmin and max

• Shows the change in response value when evaluated at the minimum and maximum of each factorg
• 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 importancegood first glance  impression of which parameters  are of most importance
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I t d M lti l P t Ch tInverted Multiple Pareto Charts

• Each color bar is a response p
• Each number of the y-axis is a factory
• Shows the effect of multiple factors on all the selected responsesp p

• While useful, it hides any non-linear response trends
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T d R Ch tTrend – Response Chartsp

• Evaluates the selected response at 11 normalizedEvaluates the selected response at 11 normalized 
points for each factorpoints for each factor
– Shows which factor truly has the highest impact along with any non-

linearities in the response value 
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T d F t R Ch tTrend – Factor Range Chartsg

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

imaximum
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F t I t ti S f Pl tFactor Interaction Surface Plots

Each color bar is a response• Each color bar is a response 
E h b f h i i f• Each number of the y-axis is a factor

• Shows the effect of each selected factor on all the selected responses
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Optimization across multiple experimentsOptimization across multiple experiments

Optimi e to red ce the error bet een the ADAMS/Car K&C res lts and the meas red res lts• 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• 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 experimentsobjectives across all experiments

• Reponses can be weighted depending on importance to simulationepo ses ca be e g ted depe d g o po ta ce to s u at o
– i.e. Wheel center movement weighted lower than bump camber and bump steer
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U d t ADAMS/C S b tUpdate ADAMS/Car Subsystemp y

• Create new ADAMS/Car 
subsystem files with new hard 
points and parameters
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C O i i l S b t ithCompare Original Subsystem with p g y
Optimized SubsystemOptimized Subsystem
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C O i i l S b t ithCompare Original Subsystem with p g y
Optimized SubsystemOptimized Subsystem
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C t t D t ilContact Details :

• For further information please contact

Jesper Slättengren
Pratt & Miller Engineering

29600 W.K. Smith Drive
New Hudson
MI 48465
USA

(248) 446-9800
jslat@prattmiller.com
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