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DEVELOPMENT OF A FORMULA OF DEPENDENCE BETWEEN VEHICLE GEOMETRIC
PARAMETERS AND DYNAMIC CHARACTERISTICS

The paper considers a method for developing a formula that allows one to determine the relationship
between the geometric and kinematic parameters of a double-wishbone suspension of a car on its roll angle
when cornering. The method for determining the formula is described in detail. Test verification models were
built in the computer-aided design system to verify the results obtained. For the first time, mathematical
dependencies were derived to determine the change in the roll angles of the car depending on the geometric
parameters of the suspension, and the basic parameters of the car's movement. Calculations of the depend-
encies between the coordinates of the points of attachment of the suspension arms to the frame and the steer-
ing knuckle, respectively, on the roll angle of the car in the corner have been performed.
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A. A. IlonomapeHnko

PA3PABOTKA PACYETHOM 3ABUCUMOCTHU MEXK1Y TEOMETPUUYECKUMHU
HHAPAMETPAMMU TPAHCIIOPTHOI'O CPEJACTBA U IUHAMMWYECKUMMU
XAPAKTEPUCTUKAMUA

B pabome paccmompen memoo pazpabomku gopmynsl, no3gonA0wel onpeoeiums 3a6UCUMOCHb 2e0-
MempuyecKux U KUHeMAmu4ecKux napamempos 08YXpbluadcHOl NO0BeCKU a8mMoMOOUns om yend ee KpeHa
npu npoxoxcoeHuu nogopomos. 1100pobHo onucan cnocob onpedenenus hopmyvl. B cucmeme agmomamu-
3UPOBANHO20 NPOEKMUPOBAHUS DbLIU NOCMPOEHb MECNO8ble NPOEPOUHbIE MOOENU 01l NPOBEPKU NOLYUEH-
HbIX pe3ybmamos.

Bnepesvie 6vL1u 6bi6edenbl mamemamuyeckue 3a8UCUMOCU, NO3BOAIOWUE ONPEOeAmb USMEHEeHUe Y-
JI08 KpeHa aemomoOuns 8 3a8UCUMOCIU 2eOMeMPUIECKUX Napamempos noosecku, u OA308bIX napamempos
dgudicenUss asmomoouis. Buinonnenvt pacuemst 3a8UcUMOCHel] MeNHCOY KOOPOUHAMAMY MOYEK KPenieHus.
Ppbluae08 noosecKu K pame u n08OPOMHO20 KYIAKA COOMBEMCMBEHHO OM Veld KPeHd a8momMoOuns 6 nogo-
pome.

Knioueevie cnoea: 08yxpuviuadicnas nodsecka, YeHmp KpeHda, OUHAMUKA a8MOMOOUTISL, 2OHOYHbIL ABMO-
MOOUTD.

JI. B. Koaomieun, a.17.H., B. B. Xampaii, O. M. JlumapeHnko, k.T.H., A. 0. ba:xxanoBa, K.T.H.,
A. A. IloHomMapeHKo

PO3POBKA PO3PAXYHKOBOI 3AJIEXXKHOCTI MI’)K TEOMETPUYHUMU TAPAMETPAMU
TPAHCIIOPTHOI'O 3ACOBY TA JIUHAMIYHUMHU XAPAKTEPUCTUKAMU

Y cmammi npoananizoeano xinemamuuni napamempu 0808adiCiIbHOI NIOBICKU 20HOYHO20 ABMOMOOLA.
IIposedeno ananiz napamempa «Llenmp xpeny» ma tio2o 6niue Ha pyx asmomooins. /lemanvho poszensnymi
PilenHs wo 3acmoco8yiombCsl 8 MIJCHAPOOHOMY Cmyodenmcbvkomy npoekmi « Dopmyna cmyoenmy» (abo
Formula SAE). Posensnymi ocHosni menoenyii Mamemamuyno2o MoO08AHHSL WACE A8MOMOBINIE K 20HO-
YHUX MAK [ 36UYATTHUX OOPOICHIX MPAHCROPMHUX 3ac00i8. [Ipogedeno Kinemamuunull anaiiz npoyecy pyxy
a8moMo0ins 8 NOBOPOMI, GUIHAYEHO KAIOUOBI XAPAKMEPUCMUKY AGMOMODINA MA OCHOBHI OaHi pyXy asmo-
MOOINA HA 20HOYHIL MPAC], KIIOYANOYU PYX NPSAMOL, PYX Y NOBOPOMI, d MAKOIIC NPOYECU NPUCKOPEHHS ma
ynoginbHenHs. Buznaueno ma onmumizosano 080MipHy Modeib 0808ANCIIbHOL NIOGICKU, WO 00360UL0 YMO-
YHUMU 2eOMEMPUYHT nApaMempu 8iON0GiOHoI Modeni ma nioeomysamu O8OMIpHY cXemy 0Jisl HOOATbUI020
ananizy. Bnepuie 6ynu usedeni Mmamemamuyni 3a1eHCHOCMI, Wo 00380IAI0Mb BUSHAYAMU 3MIHY KYMi6 Kpe-
HY a8mMoMOOIIsL 3a/eHCHO 810 2eOMEMPULHUX NAPAMEMPI8 NIOGICKU, Mma OA308UX NAPAMEMPIE PYXY AGHMOMO-
oina. Ilokpokogo onucano aneopumm GU3HAYEHHS 3ANeHCHOCMI. BUKOHAHO pobomy 3 NO3HAYEHHS MOYOK
0808AMNCINLHOL NIOGICKU Y OBOMIPHIL NIOWUHI WO 003601UMb V MAUOYMHbOMY BUKOPUCHOBYEAMU 080MIDHI
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Koopounamu. Lle 0o36o1ums icmomno asmomamu3zyeamu po3paxyHox ma auaniz 0808ANCITbHUX NI0GICOK K
2OHOYHUX MAK I 36UHALIHUX OOPONCHIX A8MOMODINI8. Y cucmemi agmomamu3o8ano20 npoeKmysanHs nooy-
008aHO MeCcmOo8i NepesipOYHi MO0 01 NEPEGIPKU OMPUMAHUX pe3yTbmamis. AHANI3 pe3ylbmamie noKa3as
BUCOKY MOYHICTNb OMPUMAHUX MAMEMAMUYHUX 3a1edcHocmel. 3a OmpUMAaHUMU MAmeMamuyHumMuy opmy-
AAMU BUKOHAHI PO3PAXYHKU 3ANENCHOCHEN MIJNC KOOPOUHAMAMU MOYOK KPINJAEeHHs 8adicelis nid8icku 00 pa-
MU MA ROBOPOMHO20 KVIAKA 8IONOBIOHO 8I0 Kyma KpeHy asmomobins y nogopomi. Ilobydosano epagixu
3anedcHocmel Kyma KpeHy Gi0 3MIHU NOJONCEHHS. MOUKU KPINJEeHHSI HUICHLO2O 8AMCENsl V BEPMUKATbHIL

NJIOWUHT, BUSHAYEHO 3ANEHCHICTNb KYMA KDEHY a8MOMODLIs 8i0 3MIHU WUEUOKOCTI.
Ilpogedena poboma wo 00 auanizy 3miHU KYmy KpeHy aemomoOina nio uac 3miHu 8iOnosioHO0 Mo4oK
KpInjieHHs 6epXHbO20 NePeOHbO20, BEPXHLO20 3A0HbLO2O 8AdICENsl MA BIONOGIOHO HUNCHLO2O NePeoOHbO20 Mda

HUICHbO2O 3A0HbO20 BANCEIISL

Kntrouoei cnosa: ososaoicinena niogicka, yeHmp Kpeny, OUHAMIKA a8momo0iis, 20HOYHUL A8MOMOOINb.
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1. Introduction.

One of the ways to model automobile structures
is computer modeling or computer experiment,
which is based on numerical mathematical and geo-
metric methods [1-3].

The capabilities of such methods depend on the
tasks and research conditions [1].

The numerical analysis allows one to calculate
different options for the design of the studied object
with various combinations of loads [4].

makes it possible to determine the dependence
of the characteristics of vehicle parameters on the
relative position of chassis structural elements [5].

The relevance of the research topic — the prob-
lem is determined by the insufficient perfection of
methods for determining the parameters of a car
during movement and its dependence on its design
parameters [6-8].

2. Analysis of publications and
sources

Analysis of literature sources shows [7, 8] that
the main type of suspension for racing cars is a dou-
ble-wishbone suspension. This is due to the wide
range of suspension settings in racing cars, as well
as the low mass relative to MacPherson suspensions.

A review of research shows that mathematical
methods are used to calculate the parameters of a
double wishbone suspension, as well as computer-
aided design methods [9].

In the process of working with information
sources, gaps in the data of design calculations for
double-link suspensions became obvious, namely,
about the influence of the mutual arrangement of the
levers on the dynamic characteristics of the car [10].
It should be noted that the study of the movement of
the car and the calculation of the suspension of the
car are constantly being carried out [11-13].

Particular attention should be paid to the re-
search FSAE cars. The main advantage of such stud-
ies is that the authors are able to quickly verify the
results in practice (including car manufacturing pro-
cesses) [14-16].

literary

3. Purpose of the work

The purpose of the work is the determination
and scientific basis of the mathematical-geometric
dependence of the location of the suspension at-
tachment points on the roll angle of the car in the
turn.

4. Main purpose of the article

At the heart of the study of the parameters of a
two-link suspension is the goal to derive the depend-
ence of the mutual arrangement of the suspension
arms on the dynamic characteristics of the car,
namely the roll angle of the car in a turn.

Thanks to this dependence, it is possible to cal-
culate the roll angle of the car in a corner even at the
design stage.

The problem is solved by mathematical and ge-
ometric modeling of the car during movement along
the radius of the expected turn.

During the passage of the car through the cor-
ner, a redistribution of masses occurs, the result of
which is a lateral roll. The roll angle depends on two
components — the stiffness of the spring, and the
design of the suspension (Fig. 1). The hinge RC is
the roll center, which is determined geometrically
(Fig. 2) depending on the location of the suspension
arms and the contact patch point of the wheel.

F cent

CcG Gf‘%

RC /\

Figure 1 — Two-dimensional dynamic suspension
layout
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Figure 2 — Two-dimensional kinematic diagram of the suspension

During cornering, centrifugal force starts to
reach the center of mass point Feent

R

where m is the mass of the car;

V is the speed of the car in the corner;

R is the turning radius.

The equivalent circuit of a car in a corner is as

follows (Fig. 3)

F cent

Figure 3 — Vehicle braking process

Based on the diagram in Fig. 3, one can com-
pose an equilibrium equation

Fr=kx=R

where R; is the force coming to the damping
element;

x is the relative extension of the damping
element;

k is the coefficient of elasticity of the shock ab-
sorber of the car.

In this case, the parameter of the spring elonga-
tion will be equal to the parameters a and b, respec-
tively

R =ka,
R, =k,b

where k; is the coefficient of elasticity of the
left shock absorber;

k. is the coefficient of elasticity of the right
shock absorber;

a is movement of the left shock absorber;

b is movement of the right shock absorber.

Then the equilibrium equation will look like
this

SInB: cent C(H)
k,-2a+k,-2b

where 3 is the vehicle roll angle;

C(H) is the distance between the center of mass
and the roll center of the vehicle (CG-RC) in Fig. 3,
and CG-J in Fig. 4.
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From the above derived formula, it follows that
the angle of the longitudinal roll of the vehicle dur-
ing braking will depend on the parameter C(H), that
is, on the distance between the center of gravity and
roll center (RC in Fig. 3) (or Jin Fig. 4).

The determination of the instantaneous center
of mass can be done graphically, but in this case, it
becomes impossible to integrate the method into
automated computation systems.

In Fig. 4, the letters A and D indicate the at-
tachment points of the levers to the steering knuckle.
Letters B and C are the points of attachment of lev-
ers to the car frame. The section PO is equal to half
the track of the car. Segment CG-O is the height of
the center of mass of the vehicle. It is necessary to
determine the relationship between the geometric
parameters of the attachment of the levers and the
segment GJ.

To determine the segment CG J, sequential ge-
ometric calculations are performed (Fig. 4).

C(H)=CGJ =GO -JO,
JO =tan £JPO- PO,

tan ~JPO =tan (£LOPD - ZDPN ),

sin /DPN — DN -sin ZPDN ,
PN
DN — AD.-sm /DAB .
sin Z/DNA

Figure 4 — Suspension geometry

3 AD -sin ZDAB
sin(180° — (£DAB + ZADC)

PN = /DN?+PD?~2(DN - PD)-cos ZPDN,

G O
sin ZCPG =E,
PC
sin /DPC — DC -sin 4PDC,
PC

PC?=DC?+DP?-2-DP-DC-cos /PDC.

PD?+ DC? - PC?

sin /PDN (PDC) =+, [1—
2-PD-DC

PC =+PG* +GC?,

Z0PD = ZDPC + £CPG,

2
] ' 5. Results

In the course of creating a mathematical-

geometric model, the formula was derived
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Z0OPD —

(ADsin ZDAB)/(sin(180°— ZADC))- [i\/l—[

PD? + DC? —(PG? +GC?) Y’
2.-PD-DC

J +PD?—2(DN-PD)-

PD? + DC? —(«/PGZ +GC2)

2-PD-DC

CGJ =GO —| PO -1g
AD-sin /.DAB )
sin (180°— ZADC)
where
ZOPDZ(DC-smzPDCj+
PC

Substituting the resulting formula into the de-
pendence of the roll angle on the kinematic and dy-
namic parameters, the formula is as follows

2
mv— -CGJ
k,-2a+k,-2b

The resulting formula allows you to analyze the
dependence of the suspension attachment points and
the car's roll angle in a turn.

You can receive data such as:

- Dependence of the roll angle on the change in
the position of the attachment point of the lower arm
in the vertical plane (Fig. 5). Where the range of 67-
88 mm at the speed of 30 m/s, turn radius 60 m.

- Dependence of the vehicle roll angle on the
speedchange (in the range from 1 to 22 m/s), and
many other graphic dependencies (Fig. 6).

sinf =

Roll angle (deg)

CG?
DC2?+DP?-2.DP-DC-cos/PDC )

This data allows you to optimize the process of
developing racecar suspension.

Conclusions

1. Methods for determining the roll center of a
car with a double wishbone suspension are deter-
mined.

2. Dependences of the roll angle on the vehicle
speed, turning radius, coefficient of spring stiffness,
and its mass are determined.

3. The process of deriving a formula is shown
in detail, which allows to show the relationship be-
tween the geometrical parameters of the suspension
and the roll angle of the car in a corner.

4. Derived the final formula of the mathemati-
cal-geometric model of a car with a double wish-
bone suspension

5. The graphs of the dependences of the roll an-
gle of the car on the geometric and physical parame-
ters have been built.

—_—

67 71 76 81 86 88
C-G (mm)

Figure 5 — Dependence of the roll angle on the change in the position of the attachment point of the lower
arm in the vertical plane in the range of 65-170 mm at a speed of 30 m/s
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Figure 6 — Dependence of the vehicle roll angle on the speed change
(in the range from 1 to 22 m/s)
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Hayionanvnuii asiayitinuii ynisepcumem, m. Kuis

METOAU BUMIPIOBAHHS POBOYUX XAPAKTEPUCTHUK EJIEKTPOI'EHEPATOPIB

Y cmammi susuaemocs 3anexcnicmv 00epmanbHO20 MOMEHMY e1eKmpO2eHepamopie ma ix GUXIiOHUX
napamempis. Ha ocHosi 00cniodxcensb 3anponoHO8aAH0 Memo0 8UMIDIOGAHHS 0OEPMAIbHOZ0 MOMEHMY 3 6U-
KOPUCMAHHAM THOYKMUBHO20 CEHCOPa, WO 00360JI€ NOKPAWUMU MEMPOIOSTUHI XAPAKMEPUCUKU BUMIDIO-
BANILHO20 KAHALY WAIAXOM NIOBUWEHHA YYMAUBOCMI umiptosanHa. Taxe niosuujenHs 00ca2acmscs 3a paxy-
HOK M020, Wo HA KOMYWKU, SIKI 3MIHIOI0Mb CEOI0 THOYKMUBHICHb Ni0 0IEI0 MOPCIOHHO20 HABAHMANCEHHS HA
8471 e1eKMPOOBUSYHA, He GNIUBAIOMDb eNeKMPOMASHIMHI NePeuKoou, Wo CMeopioIomvCs eleKmpo2eHepamo-
pom nio uac poobomu. s 06pobKu pe3yromamis sUMipio8arb ma 00Cai0NCeH s NOXUOOK, BUKOPUCTOBYBAG-
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