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The longitudinal friction coefficient is a very important parameter to calculate vehicle dynamics. The
theoretically longitudinal friction coefficient is often used to investigate the vehicle dynamics.
However, the longitudinal friction coefficient depends on many factors and changes when the vehicle
moves on the actual road. This paper presents the experimental method to determine the longitudinal
friction coefficient function when braking the tractor semi-trailer on the road. The results of this study
can be used as an input to dynamic survey model for the tractor semi-trailer and to verify the
theoretical model. The experimental results showed that when braking the tractor semi-trailer on the
dry asphalt, the maximum longitudinal friction coefficient is @xmax=0.89 and the minimum

longitudinal friction coefficient is @xmin=0.72. Matlab-Simulink software was used to investigate and
compare the longitudinal friction coefficient determined by experiment and the theoretically
longitudinal friction coefficient according to Ammon tire model. The survey results showed that the
average error between experiment and theory was about 17%.

doi: 10.5829/ije.2021.34.07a.24

1. INTRODUCTION

2. THEORETICAL BASES

The method of separating structure of the multi-object

The movement of the vehicle depends on the tire-road
forces Fx, Fy, F.. The tire-road forces Fy, Fy, F, are
usually determined by the tire model and they depend
on the tire-road friction coefficient [1-3].

Ec () = E;()¢x(t) )

B () = B¢y (1) @

Therefore, the longitudinal friction coefficient
function by time can be determined:

9 (0) = 23 ®3)

Thus, in order to determine the longitudinal friction
coefficient function ¢x(t), Fx(t) and F(t) should be
known [4].

*Corresponding Author Institutional Email: tungnt@vlute.edu.vn (N.
Thanh Tung)

system for the vehicle dynamic model % is used as
shown in Figure 1, the equation of vehicle movement is
as follows [5]:

mz = FC + FK

mué = Fo, — (F¢ + Fy)

4
(m+my)¥ = Fx + Fy “)
FZ=FG+FCL
Fy = (m+my)i — F
or {X (m o+ ma)X = Fy ©)
F; = Fg + mZ + myé

The longitudinal slip coefficient of the wheel by
time is determined by the following Equations (6) and
.

The longitudinal slip coefficient of the wheel when
braking [6, 7]:

rap®)-x(t)

s, (t) = 0 sTa@(t) <x(t);—1<s,<0 (6)

Please cite this article as: N. Thanh Tung, Experimental Analysis for Determination of Longitudinal Friction Coefficient Function in Braking
Tractor Semi-trailer, International Journal of Engineering, Transactions A: Applications, Vol. 34, No. 7, (2021) 1799-1803




N. Thanh Tung / IJE TRANSACTIONS A: Basics Vol. 34, No. 7, (July 2021) 1799-1803 1800

Figure 1. Model of vehicle dynamics %2

The longitudinal slip coefficient of the wheel when
accelerating [5, 6, 8]:

s¢(t) = %;rw(t) >x(t);0<s, <1 (7

So in order to determine the longitudinal friction
coefficient function of the wheel according to the
longitudinal slip coefficient ¢, (s,), the longitudinal
friction coefficient function by time @x(t) should be
known as in formula (3) and the longitudinal slip
coefficient function by time sy(t) as in formula (6,7).
The longitudinal friction coefficient function according
to the longitudinal slip coefficient is shown in Figure 2
[9, 10].

3. EXPERIMENT AND SIMULATION

3. 1. Experiment In this paper, a 6-axle tractor
semi-trailer was chosen for experiment. During the
experiment, the braking systems of the axles I, 11, IlI,
IV, V were adjusted to stop working. The diagram for
installation of the experimental sensor is shown in
Figure 3.

To determine the longitudinal friction coefficient
function of the wheel according to the longitudinal slip
coefficient ¢, (s,), the following 6 parameters were
experimentally determined: Measurement of the
longitudinal velocity of the tractor semi-trailer (x) by
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Figure 2. Longitudinal friction coefficient as a function of slip
ratios

1. Sensor for measuring the body longitudinal velocity;
2. Sensor for measuring the body longitudinal acceleration;
3. Sensor for measuring the body vertical acceleration;
4. Sensor for measuring the axle vertical acceleration;
5. Sensor for measuring the wheel angular velocity;
6. Weigh the axle weight

Figure 3. Sensor installation diagram on the experimental
tractor semi-trailer

Kistler GPS sensor (1); measurement of the longitudinal
acceleration (¥) and vertical acceleration (Z) of the
tractor semi-trailer by MMA7361LC-XYZ sensor (2,3);
measurement of the vertical acceleration (§) of the axle
by MMA7361LC-XYZ sensor (4); measurement of the
wheel angular velocity (¢) by Sharp Rotary Encoder
sensor (5); weighing the un-sprung mass (ma) and the
sprung mass (m) with ULSTRALIM electronic balance
(6). Diagram of the measurement system, signal
reception and braking experimental result processing of
the tractor semi-trailer are shown in Figure 4 [11, 12].

Let the tractor semi-trailer moved steadily on the dry
asphalt at a speed of 50 km/h and then braked to let the
tractor came to a complete stop. Based on 6 parameters
determined by the experiment, the computer processed
and output graphs F;(t), Fx(t), ox(t), sx(t) as shown in
Figures 5, 6, 7 and 8. The longitudinal friction
coefficient function of the wheel according to the
longitudinal slip coefficient ¢, (s,) is shown in Figure
9.

The experimental results show that the value and
shape of the graphs F.(t), Fx(t), ox(t), sx(t), @x(sx) are
consistent with the theoretical rules. When braking the
tractor semi-trailer on the dry asphalt, the maximum
longitudinal friction coefficient is @xmax=0.89 and the
minimum longitudinal friction coefficient is @xmin=0.72,
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Figure 4. The longitudinal friction coefficient measurement
system
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Figure 5. Tire longitudinal force
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Figure 7. Longitudinal friction coefficient
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Figure 8. Longitudinal slip ratio
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Figure 9. Function of longitudinal friction coefficient

the value of the longitudinal friction coefficient was
determined by experiment equivalent to theoretical
value.

3. 2. Simulation Matlab-Simulink software was
used to investigate and compare the longitudinal friction
coefficient function of the wheel according to the
longitudinal slide coefficient ¢, (s,) determined by
experiment and the function @.(s,) simulated
according to Ammon tire model on the same type of
road with the maximum longitudinal friction coefficient
Oxmax=0.89 and the minimum longitudinal friction
coefficient @xmin=0.72 [4, 5]. The results of function
simulation ¢,(s,) by experiment and according to
Ammon tire model are shown in Figure 10. The survey
results showed that the average error between
experiment (the longitudinal friction coefficient
function ¢, (s,) determined by experiment) and theory
(the longitudinal friction coefficient function ¢, (s,)
determined by Ammon tire model) was about 17%.

The function ¢@,(s,) determined by experiment and
function ¢, (s,) determined by Ammon tire model were used
as an input to the dynamic survey model of the tractor semi-
trailer as in Figures 11 and the system of dynamic equations of
the tractor semi-trailer as fomulas (8-49).
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Figure 10. Function ¢.(s,) determined by experiment and
Ammon tire model
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Figure 11. Dynamic model of the tractor semi-trailer

The system of dynamic equations of the tractor semi-
trailer are as follows [5]:

mcljécl = inj —Fyx1 — Fkxl(i =1- 3) (8)
Mo Yer = Fyij - Fwyl - Fkyl(i =1-3) 9
JzetWer = Feajli + Fyajby + Fieyalr — Fyijli + (10)
(Fxiz — Frinb;

MepXer = inj + Fixa(i =4 —6) (11)
M2 = Fkyz + Fyij(i =4- 6) (12)
JecaWez = (Friz = Fxin)bi + Fryaliz — Fyijli(i = (13)
4-6)

Me1Zer = Feij + Frij = Fen(i=1+3) (14)
Jyc1Per = (Ferj + Fraijdli + Fizalien = Fixen (heq — (15)
MepZey = Feij + Fyij + Fipo(i = 4+ 6) (16)
Jyc2Pca = —(Feij + Frij)li + Frxa(hey — i) + (17)
Fzoliz + My (i = 4+ 6)

JxcitPer = (Feiz + Friz — Fein — Fran)w; + (18)
Mpxr ((=1+3)

Jxc2Pez = (Feiz + Friz — Fein — Fian)wi — (19)

Mix2(i = 4 + 6)

Maz 4 = Feuij + Fiwij — Feyj — Fryj(i =1+ 6)  (20-25)

TnAijhi ==f%'+'P&U(i =1 +—6) (26'
31)
JaxiPai = (Fer + Fiin — Feiz — Fri)Wi + (Feriz — (32-
Ferinby — Fyij(rij + &aij) 37)
Jayij®ij = Maij — Mpij — FijTaij (335
4

Graphs of force Fx, F; surveyed by Matlab-Simulink
software with the input function ¢, (s,) determined by
experiment and Ammon function are presented in
Figures 12 and 13. The survey results showed that when
the input function ¢, (s,) determined by experiment and
Ammon function were used, the average error of force
Fx was 11,81% and the average error of force F; is 19
and 25%.

The obtained results determined by the experiment
had shapes and values consistent with theoretical rules
as well as research results of many other authors [8, 11,
12].
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Figure 13. Tire vertical force F;
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4. CONCLUSION

The
be d
the
vehi
the

longitudinal friction coefficient function ¢, (s,) can
etermined by measuring the longitudinal velocity of
vehicle (x), the longitudinal acceleration of the
cle (%), the vertical acceleration of the body (%),
vertical acceleration of the axle (&), the wheel

angular velocity and weighing the vehicle weight. The
experimental results can be used to study the dynamics
of the tractor semi-trailer and other types of vehicles on
actual roads.
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