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Abstract

When a grand bus moves on the road, aerodynamic forces and moments can be the leading cause of vehicle
instability and accidents. Therefore, studying the influence of aerodynamic forces and moments on the
instability of grand buses is a matter of concern. This article investigates bus' safety when moving in crosswind
conditions with three types of motion instability: loose contact, rollover, and sideslip. A static model is used to
determine the speed limits when the vehicle is unstable. The basic equations are selected based on the
assumption that the vehicle moves straight in the driving line on the road. The aerodynamic forces and
moments are characterized by the aerodynamic coefficients determined by the bus's aerodynamic simulation
model. The article has focused on determining the limit speeds of crosswinds that cause instability of the 45-
seat bus by numerical method. The study results can be used as a basis for assessing the influence of
aerodynamic forces on the dynamic instability of the bus during the movement on the road in complex windy

conditions.
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1. Introduction

For grand buses, due to the large surface area and
long-distance travel, the risk of dynamic instability
will increase when the car is moving in high crosswind
conditions. It is necessary to determine the dangerous
speed threshold to alert the driver. However, it is
difficult and costly to determine the dynamic
parameters when the wvehicle moves in a high
crosswind. Therefore, many studies have proposed
determining the dangerous speed threshold during the
operation of automobiles in different wind speed
ranges (in static form).

One of the criteria for determining the probability
of an accident when the vehicle moves in crosswind
conditions proposed by Hucho [1]. He introduced the
possible accident danger levels based on the evaluation
of vehicle lateral displacement from the driving line
during the first 0.8 seconds after the car moves into the
crosswind area. Other criteria proposed by Barker [2].
According to him, crosswind accidents may be
classified into three types: rollover, sideslip, and
rotating accidents. Barker also proposed some criteria
to evaluate the above types of accidents when the
vehicle moves into the crosswind area, as follows:

- The contact force (vertical force) between the
wheel and the road is reduced to zero in 0.5 s.

- The vehicle's lateral displacement exceeds
0.5 m within 0.5 s.

- The vehicle's yaw angle exceeds 11.5° (0.2 rad)
within 0.5 s.
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The vehicle stability in crosswind conditions
depends on many factors such as wvehicle
specifications,  driving  conditions,  crosswind
characteristics, and driver reactions. However, driver
reaction is a random process that is difficult to
determine. Therefore, in most of the previous studies
on lateral stability, the influence of the driver reaction
is often not taken into account [3, 4].

The study of vehicle stability in crosswind
conditions, in particular, has also been mentioned in a
number of publications. The study of the vehicle
dynamic instability under the influence of external
factors (road, wind) usually is done by simulation
method using dynamic models. However, this is a
complicated problem because the aerodynamic
characteristics of each vehicle are different. Therefore,
some authors have proposed studies on the instability
of some vehicles under static crosswind conditions.
Some specific studies have been carried out to evaluate
the influence of aerodynamic forces on the instability
of passenger cars [2, 5], or trailers [6]. In fact, for each
particular vehicle, the influence of aerodynamic forces
and moments on vehicle stability is very different.
Therefore, the study to determine their influence on
bus instability is a significant problem in science and
practice. This paper focuses on determining the wind
speed limits causing instability of grand buses, using
criteria of the crosswind accident [2, 5]. The criteria
include the following:

- The contact force (vertical force) between the
wheel and the road is reduced to zero (rollover
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instability, Fig. 1a).

- The side force at all wheels exceeds the limit of
lateral slip (sideslip instability, Fig. 1b).

- The side force at wheels in an axle exceeds the
lateral slip limit (rotation instability, Fig. 1c).
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Fig. 1. Types of instability when the vehicle is moving
in crosswind conditions

2. Determination of Contact Forces between the
Wheels and the Road

A model of a two-axle bus is used for this case
study. The bus is assumed to be a rigid body, which is
characterized by mass and dimensions. Assume the
bus moves in a straight line until instability occurs. In
this study, no driver reaction was considered.

Fig. 2 presents the forces and moments acting on

the bus when moving in a straight line and crosswind
conditions. When the bus is in motion, at the center of
gravity (COQG) of the bus, there are six equilibrium
equations of force and moments, corresponding to
three translational motions and three rotational
motions. In this case, the Cartesian coordinate system
is used to describe the motion of the bus. The origin is
the COG of the bus; the x-axis is the longitudinal axis
of the bus in the direction of motion; the y-axis is the
transverse axis of the bus in the direction of the
crosswind; The z-axis is the upward vertical axis.

The force equilibrium equations at the COG of
the bus (in the three x, y, and z axes, respectively) are
as follows:

—Fyy —Fa1—Fap —Foy = Fop + 15, + 15, =0 (D
_Fwy_Fyll_FyIZ_FyZI_FyZZ:0 (2)
—mg+F,, + Fy +F o+ Fp +F,5 =0 (3)

The moments' equilibrium equations at the COG
of the bus (in the three x, y, and z axes, respectively)
are:
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Fig. 2. Reaction forces and wind-induced resultant forces and moments on the vehicle.
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where g is the Earth's gravity, m is the mass of the bus;
a, b is the distance from the front and rear axle to the
COG of the bus; ¢ is the track width; /4 is the vertical
distance from COG of the bus to the ground.

A system of six equilibrium equations includes
20 components of forces and moments: six
aerodynamic forces and moments are: drag force Fx,
side force F.,, lift force F\., rolling moment M,x,
pitching moment M,,, and yawing moment M,.; 12
reaction forces are 4 tire rolling resistance forces Fl;,
4 tire side friction forces F,;, and 4 wheel loads
F.j(i=1,2andj =1, 2); and two tire traction forces
at the rear wheels (72;, T22). These forces are
determined as described below.

Let (xj, vy, ziy) be coordinates of the center of the
ijth wheel of the bus. Because the vehicle is assumed
to be a rigid body, all wheel's centers must lie in one
plane. Hence we have a constraint equation:

(7

If we assume that the loads F~; at each wheel is
proportional to the displacement z;; and the stiffness of
the suspension is the same at all wheels, then (7) is
converted to the constraint equation:
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The condition of the wheel's contact with the road
surface is F2; > 0. If F.;;= 0, the wheel will lose contact
with the road surface.

Assume that when the vehicle is stable, the
longitudinal and transverse reactions are within the
limited frictional forces determined by Coulomb
friction law. If we further assume that the limit of
friction is the same in all directions, then at each wheel,
there is a constraint equation between the reaction
components as follows:

(T Fy )+ F) <

where u is the friction coefficient. The tire rolling
resistance of the wheel is calculated as follows:

=¥y

WE ©)

F,

i (10)
where fis the tire rolling coefficient [7]. In this study,
rolling resistance is assumed to be the same for all
wheels.

Assume the traction force at the wheels is
proportional to the vertical reaction at each rear wheel.

T;'j:qF' (1D

=ij
where ¢ is the traction coefficient. The traction
coefficient is also assumed to be the same for all rear
wheels (driven wheel).
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Fig. 3. Equivalent wind speed when the vehicle is
moving in crosswind conditions

When the vehicle moves with absolute speed V,
in the condition of crosswind, which is characterized
by a wind speed V'w and an angle S, formed by the
wind direction and the longitudinal direction (x-axis)
of the bus, the effect of the crosswind, in this case, is
the same as that of an equivalent wind acting on a
stationary  vehicle. This equivalent wind is
characterized by a velocity V" and an angle y, with the
longitudinal x-axis of the bus (Fig. 3).

According to the geometric relation in Fig. 3, we
have:

V2= WV, +V,, cosB,, ) + sz sin [3‘2N (12)
V,, sin B,

fw 13
V, +V, cos B, (13)

v, = arctan

In the condition of moving with the equivalent
wind, the aerodynamic forces and moments acting on
the bus COG then are calculated as follows:

2 2
_ PV pr-.
Foe = CAP i Fy = €A P
y? y?
F,=CA2".m, =C,anP— (14)
2 2
2 2
M,, :CMyAhpZ M, = CMZAhp;/

where Cy, G, C., Cux, Cuyy, Cyr, are the coefficients of
aerodynamic forces and aerodynamic moments
corresponding to the coordinate axes. 4 is the
characteristic area of the vehicle, which is usually
taken as the projection of the vehicle's front area. 4 is
the vertical distance from the COG of the bus to the
ground, p is the air density.

Because the large bus is assumed to be a rigid
body, when a side force is applied, the wheel may slide
in the side direction. Therefore, the tire side friction
forces at each wheel are calculated as follows:

Fylj :SIFZU; Fy2j :S2Fz2j (] :1’2) (15)
where s; and s, are the sideslip parameters for the front

and the rear wheels.

Thus, the system is left with only seven
unknowns F;j, Fzi2, Fz21, Fz22, 51, 52, and q. The system
of equations is described as follows:
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Solving (16), we have:
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From (17), the total tire side friction forces at
each axle are:

o PRy tMyy  BE My as)
+ = -q'
vy a+b 1 a+b
afF, —-M hF +M
F, i F _ wy wz+ T wy WX
yal =ty a+b i a+b
(19)
where:
q
=1 20
7'=7 S (20)

The wheel loads F~;, from (17) and the total tire
side friction forces, from (18) and (19), will be used to
evaluate the instability of the bus.

3. Case Studies of Instability
3.1. Wheels Lose Contact with the Road
3.1.1. One wheel loses contact with the road

When there is a crosswind from the right
direction (Fig. 2), from (17), we have:

hE, +M .,
Flz_Fn:Fzz_Fm:% 2n

These expressions are all positive because M,
and F,, are both positive. Therefore, if the vehicle
overturns, the right wheels 11 and 21 will lose contact
first. The limit speeds when wheel 11 or wheel 21 lose
contact, respectively, can be determined as follows:

Noosel1 = Zﬂ be (22)
pAd h(a +b)(Cy +Cpe) +he(C + CMy) +bcC,

ng ac
. [ 23
loose21 \/ pAd h(a+b)(cy+CMx)_hC(CX+CM)")+aCCZ ( )

3.1.2. Rollover

The rollover condition specified in the references
usually requires a vertical force applied to the wheels
upwind, resulting in a simultaneous loss of contact
with the road surface [2, 5]. Thus, the limit speed that
causes the bus to roll around the left side (both right
wheels lose contact):

Vrollover = maX(Vloosel 1» VlooseZl) (24)
3.2. The Wheels Slip in the Side Direction
3.2.1. Rotation

When the vehicle is rotated, the lateral force
applied to each wheel exceeds the friction limit. From
(15), the conditions for the front wheels and for the rear
wheels to reach the sideslip are:

Fo+Fp =iy +Fp) (25)
Foy+Fp =1 (Fop +Fp) (26)

where g =~ — f* 1y :m

Substituting the aerodynamic forces and
moments from equations (1) to (6) into equations (25)
and (26), the limit speeds causing sideslip at the wheels
at each axis are determined as follows:

= ’ng mb
Sipl \/ pd bcy+h[cMZ—q'(cy+ch)}+ W [bc;h(cﬁcm)}
27

Vs = 'ng WHa
v \/ P aC,-hCyp~q/(C, + Cop) [ s aC.-h{C,+Cyp )]
(28)
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Here, the traction coefficient ¢ in (17) will be
calculated according to the aerodynamic coefficients
as follows:

2mg
(a+b)|C+ f| —=-C,
{x f[pAV2 H
q= 5 29)
mg
a| —=-C, [+h|C,+Cy,
[ o A2 ] ( ) M)
3.2.2. Sideslip
The criterion for sideslip is taken into account
when all wheels simultaneously reach the friction
limit. Therefore, the limit speed for the bus to
completely sideslip is:
Viidestip = maX(Vgp15Vsiip2) (30)
3.3. Determination of Limit Speed that Causes

Instability

When one of the unstable conditions mentioned
in sections 3.1 and 3.2 occurs, there is a potential risk
of causing an accident on the bus. Therefore, the
determination of the limit speed that does not cause
any instability in the above four cases will be
significant in assessing the safety limit of the vehicle
in crosswind conditions. In this study, the stability
limit speed Vs is determined as follows:

(€2))

Vstable = mln(Vloosel 1» Vloose2l s VSlipl > VSlip2)

4. Results and Discussion

4.1. Determination of Aerodynamic Coefficient by
CFD Software

To calculate the limit speeds mentioned above,
we need to determine the coefficients of aerodynamic
forces and moments in the cases of vehicle movement
with speed ¥, and in wind conditions with speed 7,
(according to the angle 4,). Previous researchers often
used a mathematical function to describe the
dependence between these aerodynamic coefficients
and the angle y,. These mathematical functions are
usually calculated by the interpolation method, based
on the discrete values of the aerodynamic coefficient
in some cases of the angle y, for a specific vehicle.
These aerodynamic coefficients are calculated by a
CFD software. Some mathematical functions have
been proposed, such as exponential function,
trigonometric function [2, 5], or polynomial function
of order 2 [6]. The determination of the mathematical
function that characterizes the acrodynamic coefficient
from the discrete values in the paper also uses the
polynomial interpolation method. To evaluate the
accuracy of the interpolation process to determine the
aerodynamic coefficient, Zhang [6] used the R-square
index (roots mean squared) with the criterion
R-square > 0.95. It is also a good idea for the authors
in this paper to determine the aerodynamic force and
moment coefficients for the bus.
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4.1.1. Model for determining aerodynamic coefficients
of 45-seat bus

This study was conducted with a 45-seat bus
manufactured and assembled in Vietnam (Fig. 4). In
the process of performing calculations by simulation
method, in order to ensure the reliability of the model
but suitable for computer memory, the model is set up
with the following assumptions:

- The body model is rigid, regardless of tire
deformation during the simulation;

- Model does not take into account the heat
exchange process between the bus body and the air;

- The body surface is smooth, and the underbody
is wrapped flat (ignoring the influence of other car
details such as glass, wipers, door handles, etc.).

The 3-D model of the 45-seat bus body was built
using Solidworks software (Fig. 4). The coordinate
system during the aerodynamic simulation is the
Cartesian coordinate system, with the origin located at
the center of gravity of the bus.

The 45-seat bus model was then used to
determine the aerodynamic coefficients using Ansys
Fluent software. According to the simulation
experience given in the Ansys Fluent software manual
and according to some other authors [8], the airbox
surrounding the body of the bus in this simulation is a
rectangular box. The meshing in the simulation is
performed differently in 3 airboxes: the first airbox
closest to the vehicle is rectangular with dimensions:
length x width. x height = 15000 mm x 6000 mm x
4500 mm; The second airbox is also rectangular with
dimensions: length x width x height = 30000 mm x
16000 mm x 10000 mm and the third airbox is far from
the bus body (Fig. 5). Because the 45-seat bus body
profile is very complex, the first airbox has meshed
very finely, the second airbox is divided relatively
finely, and the third airbox has meshed with large
steps. After meshing, the model has 558293 nodes and
2354550 elements.

Fig. 4. 3D model of 45-seat bus and coordinate system
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Fig. 5. Meshing the airbox to determine the
aerodynamic coefficients in Ansys Fluent

In the study of automotive aerodynamics,
researchers often use the Navier- Stoke equation to
describe the flow of air around the bus body. In this
study, the authors have chosen the k-epsilon model
with the boundary condition as "Non-Equilibrium
Wall Functions Wall Treatment" [9].

4.1.2. Results of determination of aerodynamic force
and moment coefficients

The aerodynamic coefficients are calculated
using Ansys Fluent software and verified
experimentally [10, 11]. In the model of calculating the
aerodynamic coefficients, assuming the bus is
stationary, a wind has velocity V., and the wind is
inclined at an angle f, to the longitudinal axis of the
bus. Thus, in this case, the equivalent wind speed in
this calculation V' = V,, and y, = f,. The aerodynamic
coefficients in each case of angle y, calculated by
Ansys Fluent software are shown in Table 1.

As mentioned in section 2, the change of the
vehicle speed Vy, either of the speed V, or the angle S,
of the wind, will change the equivalent wind
parameters (wind speed V' and impact angle ).
Therefore, it is necessary to define interpolation
functions to calculate the aerodynamic coefficients as
input parameters of the calculation model. From the
results as the discrete values of the aerodynamic
coefficients (Table 1), we have built a function of
polynomials of order 4 to describe the dependence of
the aerodynamic coefficients on the angle i of the
equivalent wind.

Table 1. The aerodynamic coefficients corresponding
to the angle y,

() Aerodynamic coefficients

Cx Cy C. Cwmx Cwmy CMmz

0| 051 0.00 | -0.18 | 0.00 | -0.12 | 0.00
10| 0.65| 097 | 0.13 | 0.04 | 0.03| 0.28
20| 069 | 191 | 0.77 | 0.06 | 0.03 | 0.53
30| 0.61 | 293 | 137 | 0.08 | 0.02 | 0.64
40 | 044 | 388 | 1.67| 0.12 | -0.04 | 0.66
50| 0.17 | 454 | 1.75| 0.17 | -0.09 | 0.61
60 | -0.12 | 4.61 | 1.60 | 0.20 | -0.08 | 0.55
70 | -0.25 | 430 | 1.11 | 0.21 | -0.05 | 0.32
80 | -0.27 | 413 | 0.74 | 0.22 | -0.05 | 0.04
90 | -0.23 | 4.06 | 0.62 | 0.28 | -0.07 | -1.40

48

a. Aerodynamic force coefficients

The aerodynamic force coefficients calculated
directly from the aerodynamic simulation model and
calculated from the polynomial interpolation function
of order 4 are shown in Fig. 6. The red square points
represent the drag coefficient C calculated by direct
simulation (Ciy,im), and the red solid line represents the
drag coefficient C, calculated by the interpolation
function (C,z). The blue circle points represent the
side coefficient C, calculated by direct simulation
(Cysim), and the blue dotted line represents the side
coefficient calculated by the interpolation function
(Cyfi). The black triangular points represent the lift
coefficient C; calculated by direct simulation (C:gm),
and the black dashed line represents the lift coefficient
calculated by the interpolation function (C.z). The
interpolation functions of the aerodynamic force
coefficients are determined as follows:

C, =0.4969y2 +0.01637y2 —2.386yw2

(32)
+1.361y, +0.5093
4 3 2
C, =4274y5 —14.1y3, +11.15p) +3.267y,,  (33)
C. =4.636p2 — 3 2
=4.636pt 1431y +11.19y2 (34)

+0.3152y,, —0.1758

To evaluate the accuracy of the interpolation
process to determine the aerodynamic force
coefficients, in this paper, the authors also use the
R-square index (with the criterion R-square > 0.95,
[6]). The interpolation functions to calculate the
coefficients Cy, C,, and C. in the paper all have
R-square indexes of approximately 0.99.

Fig. 6. Aerodynamic force coefficients

In fact, when the angle s, = 0°, the drag force Fx
only acts on the front surface of the bus. When the
angle w;, is changed (0° <y, <90°), aerodynamic forces
appear on both the front and side surfaces of the bus,
and thus the total longitudinal drag force F\. may
increase or decrease. Thus the drag coefficient C, in
these cases can be higher or lower than that when the
angle v, = 0°. Similarly with the side force coefficient
C, can be higher or lower than that when angle
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ww = 90° The results in Fig. 6 show that the drag
coefficient reaches the maximum value Cy o = 0.712
at y, = 16°. The side coefficient reaches the maximum
value Cymar = 4,631 at y, = 58°. The lift coefficient
reaches the maximum value C; mar = 1,803 at s, = 50°.

b. Aerodynamic moment coefficients

The aerodynamic moment coefficients are shown
in Fig. 7. The red square points represent the rolling
coefficient Cyy calculated by direct simulation
(Chx,sim), and the red solid line represents the rolling
coefficient Cy calculated by the interpolation function
(Ch,ir). The blue circle points represent the pitching
coefficient Cy, calculated by direct simulation
(Cumy,sim), and the blue dotted line represents the
pitching coefficient calculated by the interpolation
function (Cas. ). The black triangular points represent
the yawing coefficient Cj. calculated by direct
simulation (Chzsim), and the black dashed line
represents the yawing coefficient calculated by the
interpolation function (Cizgs). The interpolation
functions of the aerodynamic moment coefficients are
determined as follows:

Cyy =-0.2493y/,} +0.1436y,, +0.359,,

(35)
+0.7475y,,
Cop =-2.95p% +1 3 2
My =295y, +10.38y5, -11.55y, (36)
+3.835p,,-0.129
4 3 2
Cyp =1.592p2 -3.752y3 - 4.756y2 (37)

+9.872y,,

The interpolation functions to calculate the
coefficients Cyn, Cipy, Ci- also have R-square indexes
of approximately 0.99. The results in Fig. 7 show that
the rolling coefficient reaches the maximum value
Cyomar = 1.19 at w;, = 75° The pitching coefficient
reaches the maximum value Cy,max = 0.26 at y, = 22°,
The yawing coefficient reaches the maximum value
Crzmax = 3.68 at -y, = 40°.

o -

s o v, N

Fig. 7. Aerodynamic moment coefficients

The results in Fig. 7 also show that, when the
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crosswind has a direction almost perpendicular to the
side of the body (y, > 75°), the yawing moment
coefficient (Ciz) is negative, that is, when the center of
the crosswind side is located behind the vehicle's
center of gravity (along the x-axis). The reason for this
phenomenon is because the body of the vehicle in the
aerodynamic simulation has been assumed to be a solid
block, so when the angle w;, changes, the resistance
area (depending on the body size) of the bus also
changes. The change of the yawing moment M,
depends on the drag force (along the x-axis) and the
side force (along the y-axis). In cases where the angle
v is close to 90°, the Cy. coefficient is negative
because the side force F\, (C, coefficient) decreases
from its maximum value, and the drag force
F.x (Cx coefficient) is negative in this case (Fig. 6).

4.2. Evaluation of Bus Instability in Static Crosswind
Conditions

This study evaluated the bus instability in static
crosswind conditions by determining the limiting
speeds for the unstable states presented in section 3. In
this study, the crosswind is characterized by the
change of wind speed, while the wind direction is
perpendicular to the side surface of the bus (i, = 90°).
The limits of the bus speed and the wind speed are both
200 km/h. In addition, with different vehicle speeds
and crosswind speeds, using formulas (12) and (13) we
can calculate the equivalent wind parameters. From
there, the corresponding aerodynamic coefficients are
selected thanks to the results shown in Fig. 6 and 7.
The vehicle characteristics used in the calculation are
presented in Table 2.

Table 2. Vehicle parameters

Unit
m kg

Value
12500
3.69
2.46
2.5
1.5
8.2769
0.02
0.5

Parameter

SR

B |B|B|B

BN

YN E K

Using the numerical calculation method, we have
calculated and determined the limit speeds that cause
bus instability when moving in crosswind conditions.

Fig. 8 shows the limit speeds for the types of
instability: loose contact of the front wheel 11 (blue
dashed line with circle point), loose contact of rear
wheel 21 (blue solid line with square point), sideslip of
front wheels (red dashed line with diamond point), and
slide of the rear wheel (red solid line with triangle
point). Each line of the limit speed divides the graph
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plane into two zones: the lower left is the stability
zone, the upper right is the instability zone. Based on
the limit speeds line, we can find out the wind speed
that causes instability according to the bus speed.

Fig. 8. Graph of limit speeds causing bus instability

Consider the phenomenon of loss of contact
between the wheel and the road surface and the
phenomenon of rollover: the results in Fig. 8 show that,
with a 45-seat bus, when the wind speed increases,
wheel 11 (front axle) loses contact with the road before
wheel 21 (rear axle) loses contact. Thus, the limit
speed of the vehicle on the left side (on the same side
of the crosswind) is equal to the speed limit when
wheel 21 loses contact with the road.

Considering the phenomena of body rotation and
side slippage: The results in Fig. 8 show that, when the
vehicle moves at a low speed (< 30 km/h), and the
wind speed is more significant than 182 km/h, the rear
wheels will sideslip before the front wheels. In this
case, the bus tends to rotate around the front axle.
When the vehicle moves at a speed greater than
30 km/h, and the wind speed increases, the front
wheels will be sideslip before the rear wheels. In this
case, the bus tends to rotate around the rear axle. The
results also showed that the bus slide completely (all
four wheels sideslip), mainly when the rear wheels are
sideslip.

Table 3. Limit speeds do not cause instability in some
cases of vehicle speed

. Bus speed (km/h)
Instability

80 100 120
Sideslip of front 124 106 9
wheels
Sideslip of rear 170 160 152
wheels
Loss of wheel 11 161 144 134
Loss of wheel 21 192 179 166

The values of the limit wind speed that do not
cause instability (loss of wheels 11 and 21, sideslip of
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front and rear wheels) in bus speed of 80 km/h, 100
km/h, and 120 km/h are summarized in Table 3. The
results show that with the aerodynamic shape of this
bus, dangerous instability is concentrated on the front
axle. Therefore, the aerodynamic design of the car
needs special attention because the front axle is the
driving guide, which is more likely to cause an
accident.

5. Conclusion
The paper presents the following main results:

- Determination of the polynomial interpolation
functions to calculate the aerodynamic coefficients of
the bus. These interpolation functions can be used in
bus dynamics simulation in crosswind conditions;

- Determination of the value of speed causing
instability (rollover, sideslip, loss of contact)
according to the dimensions and aerodynamic
characteristics of the bus body;

- Construction of a graph of the relationship
between the bus speed and the wind speed to determine
the limit wind speeds to not cause instability for the
bus.

However, the studies were only carried out in the
case of the vehicle moving in a straight line in static
crosswind conditions. This study did not take into
account the influence of suspension and tire stiffness,
nor did it evaluate the instability of the bus trajectory
on the road. A complete study of bus dynamics will
need to be developed in the future in order to better
evaluate the effect of crosswinds on bus stability
during actual motion.
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