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INFLUENCE OF VELOCITY ON THE ROLL STABILITY

OF TRACTOR - SEMI TRAILER

ANH HUONG CUA VAN TOC DEN S ON DINH CUA AU KEQ - SO MI RO MOOC

ABSTRACT

Today, tractor - semi trailer is the most popular transport vehicle in the
world due to its benefits. However, accidents related to this vehicle usually are
serious and usually linked to the loss stability of tractor - semi trailer. The main
leading factors to rollover accidents usually are the abrupt steering with high
velocity by the driver. This paper surveys the effect of velocity on the stability of
tractors - semi trailers. Tractors - semi trailer is modelled and simulated using
Matlab - Simulink software on the time domain in the cornering manuever. The
results show that rollover of the trailer - semi trailer occurred when the forward
velocity at the front and rear axle of the tractor reached 62.97km/h and
54.62km/h. and the velocity at the rear axle of semi trailer is 57.91km/h.

Keywords: Vehicle dynamic system, active anti roll bar, articulated vehicle
dynamic, LQR control method.

TOM TAT

Hién nay, dau kéo - so mi ro modc la phurong tién van chuyén phd bién nhét
trén thé gidi vi loi ich ctia nd dem lai. Tuy nhién, nhitng tai nan lién quan dén loai
xe nay rt nghiém trong va thwong lién quan dén sy mét 6n dinh It clia dau kéo
- s0'mi ro moéc. C4c yéu td chinh dan dén mat 6n dinh 14t throng do nguoi l4i di
Vi tdc do cao khi quay vong hodc chuyén lan. Trong bai béo nay, tac gia khao sat
anh hudng clia van toc dén sty 6n dinh cia dau kéo - so mi ro modc. MG hinh hoa
clia dAu kéo - so mi ro mode duge md phong bang phan mém Matlab - Simulink
trén mién thoi gian trong trudng hop 0 to quay vong. Cac két qua thu dwoc cho
thdy hién twong mét on dinh clia d&u kéo - so mi ro modc xay ra khi van toc ¢ cau
trudc, cau sau cla dau kéo dat gid tri 62,97km/h, 54,62km/h va van téc & cau sau
clia so'mi ro modc béng 57,91km/h.

Tlr khda: Bong luc hoc 0 t6, hé thong 6n dinh ngang chil dong, doan xe,
phirong phap diéu khién LQR.
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1. INTRODUCTION
Nowadays, tractor - semi trailer is used increasingly
because tractor - semi trailer is an attractive choice for
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several advantages in terms of environmental and financial
benefits in transportation field. Tractor - semi trailer can
decrease in fuel consumption per ton per kilometer leading
to less exhaust emission. Because the multiple units are
connected together in a single combination vehicle, the
aerodynamic performances are improved, there for the fuel
consumptions are drastically decreased [1]. Moreover,
economic benefits are also significantly improved, as fewer
drivers are required by reducing total number of vehicles on
the road for a given amount of goods to be transported [2].

However, the accidents related to AHVs usually are fatal
and they often are caused by rollover. The main leading
factors to rollover accidents usually are suspension system
not good enough and the abrupt steering with high
velocity by the driver. When driver controls tractor - semi
trailer cornering or suddenly change the lane in high
velocity, the outer wheels tend to lift off from road, leading
to rollover of vehicle [1].

In [1 - 4], the authors summarized the dynamics of
single tractor semi trailer and multi tractor full-trailer.
Publications from the University of Michigan
Transportation Research Institute are among the most
comprehensive general reviews of heavy vehicle dynamics
[5, 6, 7]. The roll dynamics of heavy vehicles in cornering
manuevers are much more relevant to vehicle safety than
those of automobiles [6].

The contributions of this paper are the following:

- A yaw - roll model is used for studying the stability of
tractor - semi trailer, by considering the vertical and lateral
displacement of the vehicle.

- The obtained results show that the rollover of tractor -
semi trailer is occurred when the velocites of axles of
tractor and semi trailer take different values.

2. VEHICLE MODELLING
2.1. Modeling of a tractor - semi trailer

In this paper, we use the model in [8] to describe the
tractor - semi trailer dynamics. In this model we accept
some assumptions: the articulated vehicle is assumed to be
perfectly rigid; the affection of pitching and bouncing
motions on roll and handling behaviour of the vehicle are
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small and so can be neglected; the aerodynamic input and
road input have a small effect and they are also ignored;
the steering angle is the unique disturbances of the yaw -
roll model. The vehicle body has the roll axis with distance r
upwards from the ground. The dynamic equations of the
vehicle are formulated by equating the change of
momentum (or, in the rotational case, moment of
momentum) with the sum of external forces (or moments)
acting on the system. A coordinate system (X', y’, z') fixed in
the vehicle using to describe the motions. The roll axis is
replaced by an x’ axis parallel to the ground, and the z' axis
passes downward through the centre of mass of the tractor
- semi trailer.
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Figure 1. Yaw - roll model of tractor - semi trailer

Figure 1 shows the tractor - semi trailer model by
combining two parts: tractor and semi trailer, in which m;is
the sprung mass, hg;is the height of center of sprung mass,
my; is the unsprung mass at the front axle, and m,; the
unsprung mass at the rear axle, h,; is the height of center of
unsprung mass, l; is the roll moment of inertia, I,;is the yaw
moment of inertia, l,,;is the yaw roll moment of inertia, by,
is the longitudinal distance to articulation point, measured
forwards from center of sprung mass, b'’;; is the longitudinal
distance to articulation point, mesured forwards from
center of total mass of tractor or semi trailer. The subscripts
f and r denote the front and rear axle of the tractor or
trailer, respectively. The subscripts i (1 and 2) denote the
tractor and semi trailer, respectively. F. is lateral force at the
coupling point. The symbols and parameters of this model
are shown in [8].

2.2. Dynamic equations of a tractor - semi trailer

The dynamic equations of the Yaw - Roll model of
tractor - semi trailer are showed in equations (1) to (9),
which include: The equations (1) to (5) describe the yaw
moment, the roll moment of the sprung mass, the roll
moment of the front and rear unsprung masses of tractor.
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The yaw moment of the sprung mass, the roll moment of
the sprung mass, the roll moment of the rear unsprung
mass of semi trailer are noted in equations (6) to (8). The
equation (9) express the kinematic constraint between the
tractor and the semi trailer at the vehicle coupling [12].
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The lateral tyre forces F,; in the direction of velocity at
the wheel ground connection points are modelled by using
linear stiffness coefficients as:

Fsi = uCay
Fyri = “Crar

With the tyre side slip angles:

|, v Ly
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The motion differenial equations from (1) to (9) can be
rewritten in the LTI state - space representation as:

X = AX +Bw
z=Cx+D
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Where:

The state vector: x = [Bl \Vl ¢1 ¢1 ¢tf1 ¢tr1 ¢2 ¢2 Bz \I)z ¢tr2 ]T
The exogenous disturbance: w=[8]",

The output vector: z = x.

2.3. Criteria evaluate the loss stability of tractor - semi
trailer

In order to evaluate the vehicle roll stability of
articulated vehicles using the active anti - roll bar system,
we would like to minimize the normalized load transfers of

AF,

the three axles R; [R;|= <1, where AF, is lateral load

transfer and F, total axle load. If R; takes the value £1 then
the inner wheel in the bend lifts off, so the rollover occurs
and denoted in [9].

16| F, |verticaltyreforce N

171 & |steerangle deg
18] ¢ |absoluteroll angle of sprung mass deg
1| ¢ ;b;;)slute roll angle of unsprung deg
20| U |headingangle deg

Figure 2 shows the time response of the steering angle,
the roll angle of sprung mass, the normalized load transfer
at two axles of tractor when the vehicle velocity is
considered at 60km/h.
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In this part, the simulation results of the yaw - rollmodel  § _ P o /
of a tractor - semi trailer are illustrated in the time domain J e 5
by using Matlab - simulink software. A cornering scenario is L e ————
used in this paper as the common disturbance for studying Tine ] Time s
the I"O” Stability [9] The main Symbols and parameters Of Normalized load transfer at the rear axle - Tractor Normalized load transfer at the rear axle - Semi trailer
this model are shown in Table 1[8]. | | | | |
Table 1. Tractor - semi trailer parameters e’ / e
Semi | Unit = & @ W
No | Symbol Parameters Tractor trailer Timels] Tiels]
o height of centre of sprung mass, Lo | 1o Figure 2. Time responses when vehicle is in a cornering maneuver
. . m o
* | measured upwards from ground We can see that when the velocity is 60km/h, the
2 height of centre of unsprung mass, 053 | 053 normalized load transfer of the rear axle of tractor and semi
" | measured upwards from ground ' ' m trailer exceed 1, so that the inner wheels lift off and the
roll moment of inertia of sprung rollover occurs. In addition, the normalized load transfers at
3| I, |mass, measured about sprung| 2411 | 20164 | kg.m? 1.64 seconds in the rear axles of tractor reach 1, this means
centre of mass that the roll stability appears immediately. Of course, these
yaw-roll product of inertia of values rely on the steering angle and its velocity.
4| |, |sprung mass, measured about| 1390 | 14577 | kg.m? 4. INFLUENCE OF VELOCITY ON THE ROLL STABILITY OF
sprung centre of mass TRACTOR - SEMI TRAILER
yaw moment of inertia of Figure 3 shows the time response of the steering angle,
5| I, |[sprung mass, measured about| 11383 |223625| kg.m’ the roll angle of sprung mass, the normalized load transfer
sprung centre of mass at two axles of tractor when the vehicle velocity change
6| k |suspensionrollstiffness 380 | 684 | kN.mjrad | from Oto 100km/h.
Roll angle of the usprung mass at the rear axle - Semi trailer Normalized load transfer at the front axle - Tractor
7 k, |vehicleframe torsional stiffness | 629 | 629 | kN.m/rad
3
8| k. [tyrerollstiffness 2060 | 1776 | kN.m/rad 5 .
9| Ky |vehiclecouplingrollstiffness | 3000 | 3000 | kNm/rad | < — : -
10| I |suspensionroll damping rate 405 | 239 |kN.ms/rad ————>l L L ——> L
V - [m/s] V- [m/s]
11 ms Sprung maSS 4819 30821 kg Normalized load transfe[r att]he rear axle - Tractor s Normalized load transfer a[tth: rear axle - Semi trailer
12| m, | unsprung mass 706 | 800 kg .
4
: . s
13 ( height of roll axis, measured 0621 | 01 m 5 )
upwards from ground 2 !
14| F,|lateral force in vehicle coupling N o———x T o—— T
V- [mis] V-[mis]
15| F, [lateral tyreforce N
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Figure 3. Time responses when vehicle is in a cornering maneuver
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We can see that the normalized load transfer equal 1
when the vehicle velocity at front axle of tractor gets value
62.97km/h, while the figure for rear axle of tractor gets
54.62km/h. In addition, when the vehicle velocity at rear
axle of semi trailer gets 57.91km/h, the rollover starts occur.

4. CONCLUSIONS

We would like to emphasize that the influence of
velocity on the stability of tractor - semi trailer by
simulating the model of tractor - semi trailer in two
situations: remaining velocity and the change of velocity.
From this simulation results, some control methods could
be applied in order to improve the stability of this vehicle.
The dynamic equations of the tractor - semi trailer in this
study are useful for applying the advanced control
methods, such as LQR, LVP, Robust control in further
studies.
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