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ABSTRACT: Correct suspension parameters determination is one of the most important design
issues in the development of each type of car. The aim of the suspension design in the field
of race cars is to provide ideal operating conditions for the tire and to allow it to generate
the maximum amount of traction, braking and lateral forces which determine a vehicle’s
acceleration capabilities. This article describes the determination of the Formula Student/SAE
car suspension parameters related to the vertical dynamics of the car as a basic point in tuning
up the suspension on the car itself in real operating conditions.
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1 INTRODUCTION

Suspension is one of the most important pieces of equipment on each car. It has different
functions: it carries all the vehicle’s loads; maintains the correct wheel alignment to the ground;
reduces the effect of shock forces when passing ground disturbances; controls the vehicle’s
longitudinal and lateral speed, and maintains the tire contact patch in contact with the ground
for the maximum time possible. The mentioned requirements are provided by different
suspensions parts divided into the guiding elements and force generating elements.
In the following articles, the procedure for the determination of the spring rate and damping
rate is presented. The numerical values of the mentioned constants are computed for a Formula
Student/SAE car and later used when building the real Formula Student/SAE car at CULS
Prague.

2 DETERMINATION OF SPRING RATES

The described approach for the determination of all the necessary suspension parameters
related to the vertical dynamics is based on a quarter-sized car model. The basic points
for the suspension design parameters are the mass properties of the vehicle (see tab.1).
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Table 1: Vehicle mass properties.

Constant Value Unit Signification

m 300 [ka] overall vehicle mass

We s w 45 /55 [% /%] mass distribution related to front / rear axis
R

me =wem 135 [kgl overall mass on front axis

Mg = WM 165 [ka] overall mass on rear axis

m, 27.78 [ka] overall unsprung mass on front axis

Mg 29.11 [ka] overall unsprung mass on rear axis

M =M —Mye 107.22 [ka] overall sprung mass on front axis

Mg = My — M, 135.89 [ka] overall sprung mass on rear

According the suggestions from literature (Milliken & Milliken 1995) for low-downforced
racing cars, the initial choice of ride frequencies is as follow: front ride frequency
f. = 2.1 Hz, rear ride frequency, f . =1.9Hz Thenride rates for front K, andrear K

end of the vehicle, with respect to corner (either left or right which equals).

K, = (27.2,1) %: 933367Nm* K, =(27.19) @: 9683,61NM™

With spring rate K, =125000Nm™ of chosen tire Hoosier 20x7.5x13 - pressure 14 PSI
(Honzik , 2008)

KK
K — rF,R" M
wF,R K —K

t rF,R

_ 9333,67.125000
" 125000-9333,67

_ 9683,61.125000
125000 -9683,61

=10086,84Nm™ Kur =10496,78Nm™

198



VOLUME 3 TRANSACTIONS ON TRANSPORT SCIENCES NUMBER 4 2010

Final real spring rates K . must be recalculated using the so-called “installation ratio" IR

(Milliken & Milliken, 1995) defined as rate of change of spring compression with wheel
movement. To slightly simplify the non-linear function for pull-rod type suspension,
installation ~ ratios have to be dealt withasa constant IR, =IR.(0)=1,5

and IR, =IR,(0)=1,4. Then

L= KWZF = 100862’84 = 4483,04Nm™ Ky =
IRZ 15

= ng = 104962’78 =5355,5Nm™
IR 14

3 CALCULATION OF ANTI-ROLL BAR PARAMETERS FOR DESIRED ROLL
GRADIENTS

Roll gradient RG[deg/g] gives information on how much the body rolls due to the lateral

acceleration of the whole car. The desired set up is up to 1.5° / 1g, referred to by suggestions
given in (Milliken & Milliken, 1995) as the Formula Student/SAE car achieved a max. lateral
acceleration of about 1.5g. At first, roll stiffness is computed using front and rear track
(t- =1,230m,t; =1,205m), spring rates K, . .

K., =LK _t,2=05.10086,84.1,230° = 7630,19 " = 133 17\
.2 rad deg
K .= 1K_t,?=0,510496,78.1,205" = 7620,8 " = 133,01\
2 rad deg

The next step in the determination of anti-roll bars is the computation (Milliken & Milliken,
1995) of the height of the center of gravity of the sprung mass hg, sprung mass distribution

a; and rolling moment lever arm hg,, (with the help of used variables: height of the center
of gravity of the whole car h=0,38m , wheel radius r- =0,26m , r, =0,26m, and front / rear
roll center heights z. =0,04m , z, =0,06m).

= M= Mgl ~Mgly _ 300.0,38-27,78.026-29,11.026 _ ) o7y o
(m,. +m,) 107,22+135,89

ao Me 10122 o,
m, +m, 107,22+135,89

hew = hs = [z = (25 — 2, J1-a, )]= 0,347 —[0,04— (0,06 — 0,04)* (1-0,44)]= 0,319m
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For anti-roll bars stiffness K 5 , the calculation of the rolling moment per 1g of lateral
acceleration, M /A, and the computation of the overall desired roll stiffness K is required.

M
—2=hg,, (M, +msR)g =0,319.(107,22+135,89).9,81= 762,9Nm
A,

« _MIA 7629
* RG 15

=508,6N.m/deg

K,s = K, — K, — K, =508,6-133,17 -133,01= 242,42Nm/ deg

The recommendation (Milliken & Milliken, 1995) is to start with a total lateral load distribution
to be 5% more than the weight distribution wF  at the front axle. Based on this fact,
the required anti-roll bar stiffness for the front and rear axle K ;.. is determined

from the overall desired roll stiffness K, as follows

WF+5)_ K. :508.6.(45+5
100 ’ 100

Kpr =K, . (

)-133.17 = 121.13 Nm/deg

Koor = Ko - Kogp = 242.42-121.13= 121.29 Nm/ deg

Because the anti-roll bar installation ratio IR,z ; (the rate of anti-roll bar displacement / roll
with body roll) is expected to be the same as the ratio for the springs IR, = IR, (0)=1,5
and IR,;, = IR,;,(0)=1,4 , then the final front and rear anti-roll bar stiffness Kos e IS

K
Kopgr = —5—= 121’213253,83 Nm / deg
IR%. 1,5
_ Kier _ 121,29

=61,88 Nm/ deg

ABF — 2 2
? IR&r 1.4
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4 DETERMINATION OF DAMPING COEFFICIENTS

The baseline mean ride damping coefficients for each wheel of the front C,,. and rear axle
C,r result from the critical damping valuesC, ..., C.rrie (the critical damping coefficients

of the sprung mass) multiplied by the recommended (Milliken & Milliken, 1995) damping
ratios for the front and rear axle (- =0,4, resp.{; =0,45.

Corpor = 24| S K = 2\/[107’22 10008,84) =1470,7308
2 2 m

Cercrit = 2 % KwR = 2\/(135,89 10496,78j = 1689,05E
V 2 2 m

Coir = CeChrert = 0,4.1470,73= 588,29E
m
Ns

Coir = CrCyirerit = 0,45.1689,05= 760,07H

To obtain the final values of the mean damping coefficients set-up on the dampers,C. .,
these must be corrected by the corresponding installation ratio again

C, = 259829 _ o 46N ¢ = Com S TO00T_ g7 59 NS

IR 15 m IR? 1,47 m

For better control of resonance and the energy released by the spring, more damping force
isrequired by the damper during the rebound (bilinear model). This asymmetry
for compression C. and extension C. damping is expressed by the compression/extension

ratio Rce= Cé—c with a typically value 0.4 as recommended from (Dixon, 1999).
E
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Then, the modified damping coefficients, as a starting point for the next suspension tuning
for the linear progressivity of compression and extension, are calculated for both axles
as follows

Copm 20 222616 _ ot NS o m R Cor = 14041
1+R 1+0,4 m m
Con= 2Cn = 238779 _ 5oaqq NS o R Cer = 20150
1+ R 1+0,4 m m

5 CONCLUSIONS

This paper presents an approach for the determination of basic suspension parameters - spring
stiffness, anti-roll bar stiffness and damping coefficients. The approach is based on linear
vibrations dynamics and semi-experimental recommendations for the choice of basic constants.
The presented approach can be applied for any road racing vehicle.

ACKNOWLEDGEMENTS

This paper was supported by the Internal Grant Agency of the Technical Faculty at the Czech
University of Life Sciences. The paper was created in the Formula Student/SAE project
at TF CULS.

REFERENCES

Milliken, W., Milliken D. , 1995. Race Car Vehicle Dynamics. SAE, 1995.

Honzik T., 2008. Front Axle Design for Formula SAE. VUT Brno

Rill, G. : Vehicle dynamics. Lecture notes, October 2007. Fachhochshule Regensburg.
Available on http://homepages.fhregensburg.de/~rig39165/skripte/Vehicle_Dynamics.pdf

Dixon, J. : 1999, The Shock Absorbers Handbook , SAE 1999

202



VOLUME 3 TRANSACTIONS ON TRANSPORT SCIENCES NUMBER 4 2010

Index of Titles

Volume 3/ 2010

Abdominal Finite Element Model for Traffic Accidents Injury Analysis, 169 - 178

Acceptance of Train Delays by Passengsers, 83 - 92

An Application for the Impendance Spectroscopy Metod and Building Material Trstiny, 71 - 76

Assessment of Heavy Metal Pollution (Cd, Cu, Pb, Hg) in Urban Soils of Roadsides in Brno, 147 - 156
Biomechanical Response of Head Dutiny Impact Loading, 53 - 66

Critical Infrastructure Safety Management, 157 - 168

Decarbonisation of Transport and Modal Split, 107 - 114

Dynamic Tests: Passenger Car vs. Child Pedestrian, 157 - 196

Fast Impedance Spectroscopy Method for Insulating Layers with Very High Impedance, 29 - 38

Influences of Utility Networks on Measuring, 39 - 44

Interaction between Cyclist and Car during Broadside and Confortation with Pedestrian Throw Formulas — Multibody
Simulation, 99 - 106

Methods of Safety Estimation in Road Traffic with Taking Pedestrian Traffic Problems into Consideration, 77 - 82
Modeling Traffic Information using Bayesian Networks, 129 - 136

Modelling of Price Demand Elasticity for Entry to Bus Terminals, 67 - 70

Non-linear Ultrasonic Spectroscopy as an Assessment Tool for the Structure Integrity of Concrete Specimen, 17 - 22
Optimizing the Location of Piezoelectric Senzore, 23 - 28

Pedestrian Model for Injury Prediction for Lateral Impact, 45 - 52

Proposal for a Wheel Suspension Mechanism with Controlled Characteristics, 115 - 120

Study of the Development of Cracks Accompanying Mechanical Loading of Solids, 1 - 8

203



