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The Term

Frequency of Vibration
Vertical Acceleration
Time

Angular Velocity
Vertical Velocity

Jerk

Vertical Position

Root Mean Square

Pitch Angle

Roll Angle

Tire stiffness
coefficients

Spring Constant
Damping Coefficient
Sprung Mass
Unsprung Mass
Vibration Capacity
Turn

Road Curve

Gravity Constant

The distances of the
Horizontal Positions of
Wheels to Vehicle's
Centre Gravity

The chassis moment of
inertia around X axis
The chassis moment of
inertia around Y axis
Radius of Gyration in
Pitch

The forces provided by
actuators

Counts per Minute
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"Optimal Design of Passenger Car Suspension for Ride and
Road Holding" [Anil Shirahatt, Ahamadnagar, India, 2008]
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"Analysis of Passenger Ride Comfort"
[A. Sezgin, N. Yagiz; Istanbul Un, Turkey, 2012]
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Meck acceleration compared with the IS0 2631 standard
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"Design and Analysis of an Interconnected Suspension for a
Small Off-road Vehicle" [zheng Yao; University of Windsor; Canada, 2016]
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"Simulation and Experimental Research on Vehicle Ride

Comfort and Suspension Parameters Optimisation"
[2.Ding & Z.Lei; Changsha Un, China, 2016]
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"Ride Comfort Analysis Considering Suspension Friction with
Series Rigidity" [sh.koumura & T.Shionoya; TOYOTA Co, 2016]
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Vehicle: Assembly

Generic D-Class Sedan (Mid-Size) with Strut front
and Tri-Link Strut rear suspension.

D-Class vehicles include the Alfa Romeo 159,
Audi A4, BMW 3 Series, Cadillac CTS, Lexus IS,
and Mercedes-Benz C-Class.

Updated for CarSim 2017: Revised the steering
system parameters. Tested for: On-Center, Static
Steer, and Free Response Stability.

El?CarSim Run Control: Bounce Sine Sweep #1}
Models: Simulink: External Springs #1
Animator: Camera Setup: FL View, Road Ref, (
Wehicle with Loads. Sensors, Trailer, etc.: D-Cl:

Procedures: Bounce Sine Sweep Test

< >

Expand Collapse Refresh Reset

3x1 image
scale

Vehicle Body
Rigid sprung mass

\
D-Class, Sedan |
\
|

Aerodynamics

Scaleable Aero Properties

Animator Data
Vehicle 3D Shape: Vehicle Shape ‘

D-Class, Sedan Ir

Systems

Powertrain: Front

1t-wheel drive ‘
150 kW, 6-spd., 4.1 Ratio = Front Suspension
ndependent
D-Class, Sedan - Front
Brake Systern: 4-Wheel System ‘ ) )
D-Class, Sedan w/ ABS ‘ Springs, Dampers, and Compliance
D-Class, Sedan - Front
Steering System: 4-Whee| Steer ‘
D-Class, Sedan 2017: Power, R&P w/ Parking \ Tires: Specify all four tires alike
Custom settings All tires

215/55 R17

ghlaadl HLasVlg el g95 i (EA) JK&I

Rear Suspension

ndependent
D-Class, Sedan - Rear
Springs, Dampers, and Compliance
D-Class, Sedan - Rear

(D-Class Sedan) )bl £95 O ol 8yguall (el jlug auyall 3 ol e W g
(Alfa Romeo 159) Jie Ohluw il &d (9 ezl lawgie Caall oo (2

(Lexus

IS) 9 (Cadillac CTS) 3

(BMW 3 Series) 9

(Audi

Ad)

.(Mercedes-Benz C-Class) 9
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Vehicle: Sprung Mass

All dimensions and

z coordinates are in millimeters
F 3
Height for
animator: 1471 0 Lateral coordinate of sprung mass center Lateral coordinate
Width for of hitch
animator o | 0
1795 —_— e Mass center of sprung mass
- — 520 r
Left Right Left Right 375
340 340 325 325
o
: &
=CarSim Run Control: Bounce Sine Sweep #1 X Sprung mass
Madels: Simulink: External Springs #1 coordinate system 2780
Animator: Camera Setup: FL View, Road Ref. 3975

Vehicle with Loads, Sensars, Trailer, etc.: D-Cle

Procedures: Bounce Sine Sweep Test tional license required

The inertia properties are for the sprung mass in the design configuration, with no payloads

Sprung mass: 1370 kg Edit radii o tion
Roll inertia (1xo): 671.3 kg-m2 R 0.700 m
Pitch inertia (lyy): 1972.8 kg-m2 Ry: 1.200 m
Yaw inertia (lzz): 23153 kg-m2 Rz: 1.300 m
Product (bxy): 0 kg-m2 Inertia and radius of gyration are related
Product (Ix2): 0 kg-m2 by the equation: | = M*R*R.
< bd .
Product (lyz): 0 kg-m2 Radii must be specified with numbers;
Expand | Collapse | Refresh | Reset formulas are not supported
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System Ki

Generic front strut-type suspension geometry Mass and Inertia

Unsprung mass (both sides): 80 kg
Fraction steered (0-1): 0.8 -
Spin inertia for each side:
Left Right
0.9 0.9 kg-m2
Geometry
1550
Wheel centers
£CarSim Run Control: Bounce Sine Sweep #1 Dimensions are in millimeters J
Medels: Simulink: External Springs #1 } =
Sprung mass origin T
Animator: Camera Setup: FL View, Road Ref. |
Sot wheel center height here
Wehicle with Loads, Sensors, Trailer, etc: D-Cl seiviiEs| i ekt e

Procedures: Bounce Sine Sweep Test
Lateral coordinate of
suspension center: 0 mm
MNote:
No roll center location is specified because the
location and movement of the axle are defined by
the kinematic data.

Front End View

+ Camber
Top View

+Toe

<

v

Expand | Collapse | Refresh | Reset

@

File Edit Datasets Libraries GoTo View Tools Help

Kinematics Due to Jounce
Jounce at design load: 0
Wheel Dive Movement

Dive as nonlinear function of jounce

Front Strut - Front Dive Angle
X movement as function of jounce
Strut - Front

Wheel Roll Movement
Camber as nonlinear function of jounce
Strut - Front

- movement as function of jounce
Strut - Front
Toe (Steer)
Toe as nonlinear function of jounce
Strut - Front
Static Alignment

Camber: 0

—

Sidebar

e ?

Refresh

Help

mm

deg
deg

.

Back  F
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Lib Tool  Parsfile

D Cmplnd_da70e.
05-28-2022 19:58:28

Suspension: Independent Compli , Springs, and Dampers

Front spring rate chosen for a front ride

Springs
frequency of 2.0 Hz and a front corner weight of

nternal springs only
411 kg.
Simple spring rate | 153 N/mm
Friction: 20 N
Beta (compression): 2 mm
Beta (extension): 2 mm
Spring cmp./jounce ratio | 0.65144
Upper seat height adjustment: 0 m
Dampers (Shock Absorbers)
=:CarSim Run Control: Bounce Sine Sweep #, Damper force vs compression rate |
Animator: Camera Setup: FL View, Road Ref. { Big Car |
Vehicle with Loads, Sensors, Trailer, etc.: D-Cle Damper cmp./jounce ratio | 0.65144
Procedures: Bounce Sine Sweep Test #1
Jounce / Rebound Stops
+60 mm / -40 mm
Jounce stop cmp./jeunce ratio | 0.65144
Rebound stop cmp./jounce ratio | 0.65144

< >

Expand || Collapse || Refresh || Reset
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Auxiliary Roll Moment
Aus. Roll Moment s
Linear: 384 N-m/deg b
Auxiliary roll damping: 0 N-m-s/deg
Compliance
Measurements of suspension compliance effects
should be made with identical Fx inputs on the left
and right wheels (parallel). Fy and Mz applied to
the two sides should be opposed.

For the right-side wheel, toe = steer and camber =
inclination. For the left side, toe = -steer and
camber = -indination.

Use anly linear compliance coefficients

Toe / Fx: 0 deg/N
Steer /Fy: -0.27e-6  deg/N

Steer /Mz  038e-4  deg/(N-m)
Camber / Fx: 0 deg/N
Inc. / Fy: 0 deg/N

Inc. / Mz 0 deg/(N-m)
long. /P 50e-5  mm/N
Lateral / Fy: 4.1e-5 mm/N

Dive / MyBk: 0 deg/(N-m)}
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Vertical Forces : Bounce Sine Su

Vertical Accel. of Sprung Mass Ct

iy

€ Steering: Handwheel Angle : Bour

Steer Torque : Bounce Sine Swee

Damping Force : Bounce Sine Su

Spring: Force vs. Compression :

ISun

Camber vs. Jounce - Front : Boun

0

i

S

5 W§ F o —

Camber vs. Jounce - Rear : Boun:

Pitch Angle of Sprung Masses : E

Sprung-mass Origin Vertical Posi

Ll e Jguasdly jlasl :(01) JKad!

Sensor Vertical Acceleration : Bo

Roll Angle of Sprung Masses : Bc

Springs Compression : Bounce S

11.776/23.000

23.000 _": 1.00

aig};\-f (CarSim) Gﬁby O Le..,}.l.c Ldla> k”§J| C)ULgJ\ Ja:sj.g ‘53.5.: ZSJ:\?':}" &b,.d! °

>l Ol bse Ol (Matlab) el (§ 835290)l (Simulink)

ULl ol pusiid Gl (36 b (CarSim) geball o e Ul 21 bl o)
RMS 339 Jerk da>,J8) d>1Jl Wl &50 Clusd (Matlab/Simulink) geliae lekasyis
A=Yy demdl Lialy Bl puur J8 35500 RMS 339 Jawgll JodLadl &)ludlly
05 29 (- laanld (@ladly Jolall cppgomall Jg> oMl Eolundlly ¢ Jasl 3S5a) (ol 8L
SHludl @89 Wlsa Al Cawdy lgiylaa) (Scope) gBlsdl poye (§23lue (ro gBLI o p25
Gl gl izl By sl
Ty 2o Al Jadyelly (CarSim) geliy oo Byaell z3gaill o Dol sl o3 Aa)
od e Jguall gl Blaxsl JusS cda)l ol e ol (Matlab/Simulink)

2bsall de Jgpamd) &l 8y0 aikole o demdl e Jguasll §)Luill oty )

vAa



00 105 0l i)y csuadan)) Guanll allas Jray lalaseall i ol tdataseall 7 4dg
Matlab zelyg CarSim gelisl (e Juogdl Als 8)lwdls 3oy0ll Gguiuall Jay 3] 5l
dazly )] Jans OF oSy CarSim gl oo leade Lla> @1 GUL! Jasy 3
oy LSer @)Y Gedisall e @5 a9 ((Jlad)l Cayaly Jladll allad) daliell 5)lUS)
Bl @z 35500 J98Lad) &)Ll d5-U bl o Uy Jlieg dgy (Soul) wlilanall
925 Adas ()29 el H)LEYT (29 GV Goiual! § (az sM) BHLEYL A jg0y0)]
I el JsII g2l ¢g,31 dmyl e A3 o5 a9 (gaiN) Bl o [M/52] Bl
M= 50 RMS (385 Jawgll Js8Lad) Lt Glused U1 £,40lg ¢ payall Ggue (0
(jerk) dazJl e Jgmamld Blaiadl 950 lad> (adWl cae,all Ll ((RMS) Goiuall
436 Bya9 (vel) Aol o Jgmasl] Jol 8po JoBU 9S8 ;331 £,aly bl bl

(position) d&=HYI Je Jga=l

External Springs .
Spring < [
"
Mzt

Clodk Time (sec) J

—c

J Spring Foroes

wee 11 [T
i il =

J 3 - Lz M
# Jounce_R1
—
Memory Jaunce R2 J i
T
CarSim S-Function2 CarSim Oulgs azsm |[ =TT S | .|
Vehide Code: i_i 20 =
RMS arms
pich J
ol | [ =
zog b
- F J | Ll e
CarSim Outputs ._I"‘EL;’} . e —
i
Gain z D
—_ Integrator el
i
)
zv
P D Integratori
pitch | duict f—f quiat ) )
T Derivative! Dedvative?  pitch acc
| duidt P cinidit D
rll
Ceriwatived  Denvatwed ol soc
—
zcg

a1l Ol g Ol 1(0Y) JSKEII
Jaxisg ¢ Galaill pllas 518Y 88lrally drdaidl shyz) AT bl (po Lingldl U3 9SS elldog
Lasd 8Ll ode d3ylieg oyl Calises die LI e Jguamll g AW shasdl ] L
.e.)LSJ\ Sl Lg L Lo 1029 g



2yl Juadl

Aoganlodl oyl 51y
EB&JJI Juds g



I Jukoeiy o ganlondl oyl el

e ddad) Ly saladl dalasl §1657 jlasl § Bue dogul> (ol 5y Juad)l 1o

ez Lo (plasg I 2m5 03 09 bl ol

rdla>Mo

Oleadl gp Bale JaaYl Aol Blas 0550 ¢dlpl) dopids (3 Balatll plas HLasy
] Calizee deg ((delw/@S 009 ) -) om 79l Lo Baley cdlawgially Laa30all
Laa50n0 Ole u _puedl dind Mdac W1 Gdaill allas (aSlas glay 4 g 3yl
sl @yl Cgas e Jelaiw Galadl allas OY (ruogl JSaw 5oLl d>l) ot
Ole Al e gl die bl colaaadly wldasdly yasd! Jie ¢ Jundl JSaw 151,55 iSY1g
36) U JY! 92 &850l e Bylacdls Ol b wgllasll (2 053 Y 416 3Ll
B3V duyill @ Y] yledd (35 Km/h) depudl e Wamer lanidl oyl I
Laisia)l Oled) HSiedl Jral) ddawy dad O3S deudl oda sl
Aokl 3 83V il waydly colhlhsally cylatll sde pamn) dawgially
Gkl allas el e daliseal] ile |

o Ayl Y ldg gasl dargll e dax g £luil) Gand 88 08 gl yglaie
g dgus & Byb e oS oyl 0Y9 Bl deliall drass 0ud daiad
2T Laily dadsie Cand B)liseal) de adl Y9 ST S 3alaidl pllas 8o S gl
dawgl)

B 3 80Ul Jawgll &)ludlly dudawgll dazyllg ilaailly (elaall Olawdl 03 0]
dpluadl aSbasdl e Balawlb clldy (Matlab) geby plasuul Bly Lgwse
Gl JalasdS wlidl yelas (g ¢(Simulink) diw eud 83929001 (Scope) dauds ol
Lo3 Ugaad Ll (RMIS) 399 dxdaungll oudill slac (glid) oo Juloxd oo LiSady
(bl Lol @l Ll Jasls cnne (a0) Joxe ¢y 3301

ols  View  Simulat

File  Tc tion  Help
G- BOP®| - |w-B- | F @

¥ Signal Statistics

Value Time
— | Max 7.6802+00 8.833
Min 6.070e+00 11.060
Peak to Peak  1.376e+01

Mean 2.450e-05
Median -2.195e-02
RMS 2.355e+00

» Setting;
¥ Transitions

2 High 7.3650-01
Low 4.905e-02

+ || Amplitude 6.875e-01

N 2 ||+ Edges 8
+ Rise Time 10.990 ms
+ Slew Rate 149,816 (/s)
- Edges 88
- Fall Time 9.392 ms

- Slew Rate -190.914 (55)

» Overshoots / Undershoots
¥ Cycles

Period 250472 ms
Frequency 3.992 Hz
n| + Pulses 88
+ Width 96.229 ms
+ Duty Cycle 43982 % ’7
P -Pulses 87
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Semi-Adive Suspension Controller
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Active Suspension Control on Quarter Car Model

i 1
0
r i r sd
Road Disturbance Suspension Deflection
Road Bump FS ab ! »
Body Acceleration
Quarter Car Model
Double click to open the
Control System Tuner
Session
Actuator Dynamics Controller
Active Suspension Force 1 ’ Control Force Iy =Ax+Bu [g
den(s) y = Cx+Du
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Abstract

Research Background:

The research studies the effect of suspension systems with its different
types, designs and parameters according to comfort ride values by
suspension systems modeling, simulation and comparing among its types.

The Research Purpose:

The research purpose is suspension systems performance analyzing due
to access to comfort ride desired values and avoiding designs or values,
which leads to hard ride.

The Materials and Methods:

The (CarSim) program was used to do simulation for car and detect road
type and do test, then the (Matlab) program was used to calculate
comfort ride values.

The Experimental Results:

The results was satisfied and logical, and it gave clear difference in variant
suspension types and parameters, and it showed the active system
progress comparing to the passive and semi active system, and it showed
the independent suspension progress comparing to the dependent
suspension, and it gave the difference when increasing parameter or
decreasing it.

The Conclusions by The Researcher:

e The research gave a general idea about suspension system behavior
and it types to access comfort ride values, and we have to complete
the work to get more information about specific type.

e The big benefits of (CarSim) program.

The Keywords:

Suspension System - Passive - Semi Active - Active - Vibrations -
Frequency - Vertical Position - Vertical Acceleration - Roll - Pitch.
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