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The height at the gravity center of sprung mass is a parameter that greatly affects the rollover of
the tractor-trailer. The gravity center height of sprung mass depends on the type of cargo and how
it is loaded on the vehicle. This article investigates the effect of gravity center height of sprung
mass h2= (2+2.5) m on the ability to rollover of the fully loaded tractor-trailer when turning the
steering wheel according to the rules of steering RSM (Ramp Steer Maneuver). The survey results
showed that a full-load 6-axle tractor-trailer running on a road with a friction coefficient of 0.8
without the wheels separates from the road and the vehicle loses no stability and rollover. The
vehicle operates provided that the speed <40km/h, and the left steering angle LSA<5deg for a
vehicle with the height at gravity center of the trailer to the road surface is h2s=25dm; VV<44km/h
and LSA<5.5deg for h2s=24dm; V<50km/h and LSA<6deg for h2s=23dm; V<50km/h and
LSA<7deg for h2s=22dm.
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1. INTRODUCTION

Vehicle rollover includes tripped rollover and inertia rollover. Tripped rollover usually occurs
on roads with low friction coefficient, the vehicle slips and collides with obstacles or potholes in
the road. Inertia rollover usually occurs when the vehicle is fully loaded, has a big height at
gravity center of sprung mass running at big velocity on a road with a big friction ratio, and has
sudden driver actions such as turning around, changing lanes, braking, accelerating, etc. In this
paper, the authors focus on studying the effect of the height at the gravity center of the trailer on
the road surface on the inertia rollover when the vehicle is turning and running at different
speeds.

The authors used the Force Distribution Coefficient (FDC) to determine the state of the wheels
separating from the road surface and used the Lateral Rollover Coefficient (LRC) to confirm the
rollover instability of the tractor-trailer as the formula (1, 2)[1+3]:

Nanotechnology Perceptions 20 No.S1 (2024) 29-36



Effect of Height at Gravity Center on.... Tung Nguyen Thanh et al. 30

i=6

(F

ir

_Fil)

T
)
O
I

|

(i=1:1:6) Q)

NN
(2]

(Fir+Fi|)

-

When FDC= 1, the wheels will separate from the road.
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When LRC=1, the tractor-trailer with six axleswill lose stability and rollover.

2. Computational model

The tractor-trailer consists of 2 vehicles, which is one tractor has 3 axles and one semi-trailer
also has 3 axles connected by one turntable. The method of splitting the multiple system
structure is used to build a computational model of the tractor-trailer ispresented in Figure
1.[4+8]

Fig.1. Computational model of the tractor-trailer with six axles
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Based on Figure 1, we set up a system of dynamic equations to investigate the effect of
gravity center height on the inertia rolloverof the tractor-trailer with six axlesby building
equations to balance the forces and moments in a three-dimensional coordinate system using
the Newton method, and at the same time building the moment equilibrium equation around
the coordinate axes 0X, oy, 0z by the Euler method, specifically as follows:[9+15]

(m, +my, +m,, +m,, )&= F, cosd,, +F,coso, —F, sing, —F, sind, +F, +F, +F, +Fs —F, —F, (3)
(mz + mA4 + mAS + mAG )&: Fx4| + FxSI + F><6I + der + FxSr + Fx6r + Fkx2 (4)
(my +my +my, +m,, )&=F, sing,, +F sind, +F,; cosd;, +F o8, +F,, +F g +Fp +Fg =Ry (5)

(m,+my, +m,, +m,, )&= Far tFse +Fer +Fu +Fg +Fg + Ry (6)
ml&: FClr + FKlr + FCZr + FKZr + FC3r + FK3r + FClI + FKlI + FCZI + FKZI + FC3I + FKSI - sz (7)

2& C4r K4r + FCSr + FKSr + FCGr + FKGr + FCAI + FK4I + FC5I + FK5I + FCGI + FKBI - sz (8)

Jxlﬂli (FC|I+FK|I Clr FKlr) (h hB|) kal (I 1:1: 3 (9)
szﬂzi (Fe+Fa - FCir_FKir)%+':i(h2_hBi)+kaZ (i:4:1:6)(10)

y1§$‘ ~(Fo + Fa + o + R L+ Fa(hy =0+ Ry (b =hy )+ Ry + M + M, (i:l:1:3)(11)

yzﬁ‘ ‘( C|I+FKiI+ C|r+FK|r)| +F (hz_ri)+Fkxl(hz_hk1)+szllkl+Mil+Mir (i:4:1:6)(12)

. b
J,&=(F sind, + F,uc08dy, +F,y, sing,, +F,;, cosd,, I, +(F,ycos6, —F,,,c0s3;, )El+ Folia (13)

. b, b,
+( Fylr 5m5 Fyll Sln51| ) 1 ( Fyz| + Fer )Iz ( Fysl + Fy3r )|3 ( szl - Fer )?2"'( Fx3| - Fx3r )Es

B Rl ~(Fy 4Rl (i=4:1:6) (14)

2
My &7 Fcul + ch FCiI - FKiI - Fcir - FKir (i =1:1:6 ) (15)
m & =F +F it y,r (i=1:1:6) (16)

‘]22@: ( inl - inr )

yil

3P = (Fa P~ o) (P s V- 1464+ Ry 1) (1= 1:2:6)(17)

‘]Ayirﬁ‘:MAir_MBir_ sir Vdir (I_l 1: 6)(18)
JAyil#F:MAil_Msil_inlrdil (i:12126)(19)
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Table 1. Symbols and meanings

Symbols Meanings
i=11:3;i=4:16 Order of axles of the tractor and semi-trailer
Ir left side; right side
XY, Z Vehicle motion in the 3D coordinate system
rg Tire rolling radius
d, O Left steering angle (LSA); Right steering angle (RSA)
li The length from the center of gravity to axles
his, has Height at the gravity center of the tractor and trailer
bi, wi Distance between left and right tires and suspensions
@il, Pir Rotation angle of left and right i-th wheels
. The angle of rotation of the tractor and trailer in the 3D coordinate
B @1, y1; B2, @2, w2 system
M1, My, Maj Body axles mass of the tractor and trailer
Jxty Jy1, Jz1: 2, Jy2, Jz2 The tractor and trailer inertia moment in the 3D coordinate system
Jayil, Jayir Inertia moment of left and right wheels
Fei, Fxit; Feir, Fkir The elastic and damping force of left and right i-th suspensions
Fevii; FeLir The left and right tire elastic force
Puit, Fyit, Fait Left and right tire forces
inr, Fyir, inr
Mail, Mgii: Mair, Mgir Driving and braking torque of left and right i-th wheels

3. Surveys and reviews

The authors used the RSM (Ramp Steer Maneuver) steering rule of the National Highway
Traffic Safety Administration (NHTSA) to study the influence of the height at gravity center
of the body on the inertia rollover of the 6-axle tractor-trailer. The steering wheel is rotated
150 degrees at a speed of 175 deg/s, corresponding to a left wheel steering angle of
LSA=6deg, as shown in Figure 2 [1+3].
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Fig.2. Rules of turning the steering wheel RSM

A full-load tractor-trailer is running on a road with a friction coefficient of 0.8, the steering
wheel is rotated according to the RSM rule, and investigating the influence of the height at
gravity center of the trailer on the inertia rollover of the tractor-trailer with six axleswhen the
vehicle with hx=[20:1:25]dm is rotated at different speeds.

Nanotechnology Perceptions Vol. 20 No.S1 (2024)



33 Tung Nguyen Thanh et al. Effect Of Height At Gravity Center On....

Figure 3 is a graph of the maximum Force Distribution Coefficient (FDCmax) 0f the vehicle
when the steering wheel is turned to the left corresponding to the left steering angle of
LSA=6deg and the vehicle is moving at a velocity of 50km/h. When the left steering angle is
LSA=6deg, a vehicle with the distance from the height at gravity center of the trailer is
has=23dm will have an FDCma=1 at V>50km/h; Similarly, when hys=24dm, FDCpa=1at
V>44km/h;when has=25dm, FDCrax=1 at V>40km/h,the wheels will separate from the road.
If the vehicle is is moving at a velocity of 50km/h, a vehicle with the distance from the
center of gravity of the trailer to the road surface is hx=22dm will have an FDCnax=1at
LSA>7deg; Similarly, when hy=23dm, FDCma=lat LSA>6deg; when hys=24dm,
FDCma=1at LSA>5.5deg; when has=25dm, FDCmax=1at LSA>5deg, the wheels will separate
from the road.

—— h2s=20 ~-:ven LA h2s=21 ===® === h2s=22 ——— 125220 ceeeee Areeees h2s=21 ==-@==- h2s=22
— —e— — h2s=23 =====o- h2s=24 h2s=25 - —0— = h2523 =====-- h2s=24 h2s=25
11 1.1
1.0 1.0
0.9 0.9
x 0.8 0.8
g o7 é 0.7
O 06 O 0.6
Qo5 | Qo5
0.4 04
0.3 0.3 e
02 T e 0.2 &=
0.1 g™ 0.1
0.0 0.0
3032 34 36 38 40 42 44 46 48 50 52 54 56 58 60 20253.0354.04550556.0657.07.58.0
V(km/h) LSA(deg)

Fig.3. The maximum Force Distribution Coefficient at LSA=6deg and 50km/h

The maximum Lateral Rollover Coefficient (LRCmax) of the tractor-trailer at a velocity of
50km/h is performed in Figure 4. The tractor-trailer will lose stability and roll overLRCmax=1
when hzs=25dm and LSA>5deg or hzs=24dm and LSA>5.5deg or hos=23dm and LSA>6deg
or hs=22dm and LSA>7deg.
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Fig.4. The maximum Lateral Rollover Coefficient of the vehicle at 50km/h

Figure 5 is a graph of the maximum acceleration in the lateral of the tractor (Y”imax) and
trailer (Y”2max) at the left steering angle LSA=6deg.When the tractor-trailer is running at a
velocity of 60km/h, the maximum lateral acceleration of the tractor Y 1max=5.96m/s? if the
height at gravity center of the trailer is h,=25dm; Likewise, Y 1max=5.9m/s? if hx=24dm;
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Y”lmax=5.37m/52 |f h23:23dm, Y”lmax:4.08m/32 |f h25:22dm, Y”lmax=2.17m/52 |f h25:21dm,

and

Y 1max=1.20m/s? if hs=20dm. The maximum acceleration in the lateralof the trailer

Y 2max=(1.09+4.76)m/s? if the height at gravity center of the trailer is hys=(20+25)dm.
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Fig.5. The maximum acceleration in the lateralof the tractor and trailer at LSA=6deg
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Fig.6. The maximum acceleration in the lateralof the tractor and trailer at 50km/h

maximum acceleration in the lateral of the tractor and trailer at a speed of 50km/h is

shown in Figure 6. If the tractor-trailer is running at a velocity of 50km/h and the left
steering angle is LSA=8deg, the maximum acceleration in the lateral of the tractor
Y 1max=(3.25+5.90)m/s? if the height at gravity center of the traileris hys=(20+25)dm.
Likewise, the maximum acceleration in the lateral of the trailer Y omax=(3.04+4.75)m/s? if
has=(20+25)dm.

Figure 7 is a graph ofthe rollover angle of the tractor (RA1) and trailer (RA) at the left
steering angle is LSA=6deg.Case the vehicle is traveling at a velocity of 60km/h and the left
steering angle is LSA=6deg, then RA:=(1.1+9.2)deg if the height at gravity center of the
traileris has=(20+25)dm. Likewise, RA>=(1.1+9.6)deg if h2s=(20+25)dm.
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Fig.7. The rollover angle of the tractor and trailer at LSA=6deg

The rollover angle of the tractor (RA:) and trailer (RA:) at a velocity of 50km/h is indicated
in Figure 8. Case the vehicle is traveling at a velocity of 50km/h and the left steering angle is
LSA=8deg, then RA;=(3.71+9.18)deg if the height at gravity center of the traileris
h2s=(20+25)dm. Likewise, RA,=(3.85+9.62)deg if has=(20+25)dm.

———— h25=20  ceeees TORPPPN h2s=21 ——eB === h2s=22 ———— h2520  eeeees TORPPPN h2s=21 ——eB==- h2s=22
- == = h25=23  emee—-- h2s=24 h2s=25 - == = h2s=23 = =====--- h2s=24 h2s=25
10.0 100
9.0 9.0
8.0 8.0
D 70 D 70
g 60 < 60
S 50 S s0
40 40
3.0 3.0
20 20 f
1.0 1.0
0.0 0.0
20 25 3.0 35 4.0 45 50 55 6.0 6.5 7.0 7.5 8.0 20 25 30 35 40 45 50 55 6.0 65 7.0 7.5 80
LSA(deg) LSA(deg)

Fig.8. The rollover angle of the tractor and trailer at 50km/h
4. Conclusions

To ensure that a full-load 6-axle tractor-trailer runs on the road surface with a coefficient of
adhesion of 0.8 without the wheels separating from the road, maintaining stability and
preventing rollover at the maximum Force Distribution Coefficient and the maximum Lateral
Rollover Coefficient FDCmax=LRCmax=1, the vehicle is operated provided that the vehicle
speed V<40km/h and left steering angle LSA<5deg for a vehicle with the height at gravity
center of the trailer is hys=25dm; V<44km/h and LSA<5.5deg for hxs=24dm; V<50km/h and
LSA<6deg for hs=23dm; V<50km/h and LSA<7deg for has=22dm.
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