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* The article focuses on the study of the dynamics of a maintenance armored securit
« The road excitation is considered the primary influencing factor.
» The research model is unique in that it combines a crane and a truck while
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th booms and transforming into
Received: 21 July 2024 maintenance armored security vehic solution in situations requiring the
Accepted: 24 Dec 2024 lifting and movement of heavy objects over ances. This article presents the dynamics of
i ity vehicle capable ofolding objects while moving on a random

h road at various speeds. The research model is unique in that it

Keywords combines a crane and,a trucRwhile moving. The 2D dynamic model in this study considers the
Armored vehicles elasticity of the s stem, tires, boom cables, and wind load. Random rough road
Cable surfaces and the ential motion equations are solved using simulation methods in
Dynamic Matlab/Simulink software. T sults of the article demonstrate the ability of maintenance
Mobile crane armored ggturity vehicles to res to terrain conditions while simultaneously holding and
Rough road movin jects on different road surfaces. The findings of the article provide a basis for

evaluating operational, capabilities of maintenance armored security vehicles, aiming to
i minimize load oscillations during vehicle movement.

1. INTRODUCTION

The goal of deve
to the armed force

functig gituations, assume additional roles through the integration of supplementary
equi i example is an armored personnel carrier whose primary function is to transport
infan e'vatylefieTd but can be integrated with a boom (Figure 1), which, in certain situations, can be
used as nsport heavy objects such as engines, tracks, tank wheels, etc. After completing the
task, the b ould be able to be detached and installed neatly on the vehicle. In some countries with

underdevelopfd economies, military equipment is often used for extended periods, prompting a constant
need for improvement to enhance effectiveness. The BRDM-2 armored personnel carrier, produced by the
Soviet Union since the 1960s, is still in service in the armed forces of many countries, including Vietnam.
This vehicle can be integrated with a boom to become a maintenance armored security vehicle (ASV). The
boom is hinged to the vehicle's hull and held by cables while lifting and suspending heavy objects, utilizing
a chain hoist.

Researching the process by which the ASV both suspends an object and moves over rough road is essential
for evaluating the working process and proposing reasonable technical solutions to improve the stability of
both the object and the base vehicle during movement. This working process is characterized by several
key features:
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i) The movement process of the ASV is similar to the characteristics of a two-axle truck moving on
randomly uneven or sinusoidal road surfaces, where the vehicle experiences stimuli from the road surface
through its tires. Therefore, rough road surfaces greatly affect the oscillation of the object.

ii) The movement process of the ASV involves suspending the object with chains, subjecting it to the effects

of wind loading, while the boom is held with an elastic cable. Therefore, this process shares similarities
with the process of lifting a load or lifting the boom of a crawler crane.

BRDM-2 vehicle

The unique aspect of this research model lies in the compinationgf the t ors analyzed. The authors
have not come across any publications about this m mos§ published works focus on individual
research, such as stationary cable cranes or two-axle trucks . In the study of vehicle oscillations,
the two-axle vehicle model is the most basic. y studies have I tigated the oscillations of two-axle
vehicles in a flat or 3D model. These studies typlgally aim to achieve two main objectives: First, examine
the influence of the road surface on the hlcle oscillations or devices attached to the vehicle body.
Second, to propose control strategies to i comfort during vehicle movement, with these control
strategies primarily affecting the suspension syste

In [1, 2] the authors presented del of a fo-axle vehicle with 7 degrees of freedom moving on a

studies ai fproving ride smoothness were presented in [8]. Studies on the dynamics of automobiles
to propose ¢ I solutions affecting the vehicle's suspension system or cabin suspension system were also
conducted in“documents [9-12]. In the studies on vehicle oscillations mentioned above, all address the
roughness of the road surface. The random roughness of the road surface is detailed in documents [13-17].
Studies on the dynamics of wheel cranes, crawler cranes, tower cranes, or gantry cranes during lifting or
holding operations related to the elastic deformation of cables have been extensively published. Generally,
these studies consider the cable as an elastic element with stiffness and damping coefficients. Some studies
disregard the damping coefficient, treating the cable only as an elastic element. In [18-20], the authors
presented studies on the dynamics of wheel cranes during stationary operation. In these studies, the cable
is considered an elastic element with damping and viscous friction coefficients. Wind loading acting on the
lifted load or the lifting boom has been considered during lifting operations and identified as one of the
factors influencing the oscillation of the object during equipment operation [18,20]. Studies on the
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dynamics of crawler cranes are presented in [21-24]. In these studies, the cable's elasticity affects the
equipment's operation, particularly the lifting process, through conversion to an elastic element with a
damping coefficient. Cable deformation is considered to have two components: static deformation caused
by a static load and dynamic deformation caused by a dynamic load during equipment operation [21,22].
Comparing crawler cranes and wheel cranes, cable deformation is more closely monitored in crawler
cranes. To improve the equipment's working efficiency by reducing the oscillation of the boom or the
object, the authors also propose control solutions by influencing the drive torque of the lifting mechanism.
In studies on the dynamics of tower cranes [25-28] and gantry cranes [29,30], authors have also addressed
the elastic deformation of lifting cables. It can be observed that, in these research models, the influence of
cable elasticity is significant and directly impacts the stability during the equipment's operation.

The study on the dynamics of ASV during holding objects and movement is significant. The Sgudy presented
a novel research model, and the results serve as a basis for evaluating the stability ofdlhe objagt during the
vehicle's movement. Additionally, it provides a foundation for proposing practi ical Solutions to
minimize vibration.

2. MATERIAL AND METHOD
2.1. The Dynamic Model

ice, which is a boom
by a chain attached to a

The dynamic model for studying the oscillation of ASV consfigts o
linked to the chassis of a two-axle vehicle by a hinge joint. The ¥gad is s
manually operated pulley block described by a non-elasti rope (Figure 2).

Y:]
illure 2YDynamig model of the maintenance armored security vehicle; 1) front axle 2) rear axle 3)
vehicle chassis 4) boom 5) object 6) boom cable

The entire is placed in a fixed coordinate system (Oxz) attached to the ground. The considered
masses inclug€: m; and m; are the masses of the front and rear axles, respectively; ms is the mass of the
vehicle chassis; m4 is the mass of the boom; and ms is the mass of the object. The cable holding the boom
is described by an elastic element with stiffness and damping coefficients k, be; the tires have stiffness and
damping coefficients k;, by; the front suspension system has stiffness and damping coefficients ks, bys; the
rear suspension system has stiffness and damping coefficients kis, brs; the distances from the center of the
vehicle chassis to the center of the front and rear axles, the suspension cable attachment point C, and the
link point D between the crane and the vehicle chassis in the horizontal direction are ai, az, 1, and Iy,
respectively; the distances from D to the center of the lifting boom and from D to the suspension cable
attachment point E are I3 and l4, respectively; Is is the length of CD; Is is the length of the object suspension
cable; Je, Jo are the inertia moments of masses ms and ma, respectively, with respect to their corresponding
rotation axes. During movement, the ASV is subjected to stimuli from a randomly rough or sinusoidal road
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characterized by two excitation functions (y1, y-) and a horizontal wind resistance force (W). The extended
coordinate vectors to investigate the oscillation of the system consisting of six components (Figure 2) are:

[0, @, 9 a G Q]

where g: (m), g2 (m) are the displacements of the center of mass of the front and rear axles of the vehicle
chassis, respectively; gs (m) is the vertical displacement of the center of mass of the vehicle chassis; g4 (rad)
is the pitch angle of the vehicle chassis; gs (rad) is the pitch angle of the crane in the relative coordinate
system Ox.z; and Qs (rad) is the pitch angle of the load in the relative coordinate system Oxszs.

2.2. Road Excitation Function and Wind Resistance Force

The rough road surface in related studies is determined using two main methods.

3.
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Figure 3. Random ro ile at a vehicle speed of 1.5 m/s

27V
represent the wavelength of the road surface, @ = 7

denote the frequency of , and d denote the distance between the axles of the front

and rear wheels

1)

egistance on the lifted object. If A (mz) is the cross- sectlonal area exposed to the wind

of the li d qw (N/m?) is the wind resistance coefficient, then the wind resistance force W (N) is
determined equation:
W =Aq,. 2

2.3. Kinetic Energy, Potential Energy and Dissipation Function

The length of segment CE at any given time is:

= IF+1,7 - 2l),cos(B-q,) 3)
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The distance from D to CE at any given time is:

- I4I53|nI(B %) ”

CE

The static deformation of the cable segment holding the boom is determined from the cable tension through
the moment equilibrium equation of the forces acting on the boom with respect to point D when the boom
is in a balanced static state:

(m,gl, +m.gl,)cos(q,, +0, + o)

F = : 1.2 +1,7 - 2Ilcos[3 q
l;sin(B—qy,) \/ %
where a0 and gso are the initial values of g4 and gs, respectively. The static defor segment

holding the boom is:

F

Al === .
kC
The total deformation of the boom support cable is: X

A=Al + 17 +1.2 =21, cos(B—0g) — I} +1,7 - 7)

The kinetic energy of the mechanical system i
directions and the rotational kinetic energy gbout
ms and ma. Let v (m/s) be the speed o
determined by the expression:

2+@

q4 +q5

des the translational kinetic energy along the Ox and Oz
e axis passing through the center of mass of the masses
The total kinetic energy of the mechanical system is

,0,sin(q, +o)—2vl,(d, +4,)sin(q, +q, +(x)}
(8)

) +21,1,6, ( i7,d, cos(q, +o)+2d,l, (d, +d,)cos(q, +0, +a)

2 (G, +4d,)cos(q, +q, +o)+2d,l, (¢, +d, +0, )cos(a, + s+, +a)

The total potential energy of the mechanical system is determined by the expression:
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1 2 1 > 1 > 1 2
H=§kt(q1—y1) +5kt(qz—yz) +5kfs(q3—a1q4—q1) +§krs(qa+a2q4—qz)

1 h,+0,+1,sin(q, +a)
+=k Al +mg(h +q,)+m,g(h,+q,)+m,g(h +q,)+m, 9
Sk g(h+q,)+mg(h,+a,)+mg(h +q,) g{+lssin(q4+q5+a) ©)
+m,g {h, +d, +1,sin(q, +a)+1,sin(q, + 0, +a)+1,sin (g, + g, +0, +ot)}.
The total dissipated energy of the mechanical system is determined by the expression:
1 .. . 1 .. . 1 . . 1 . .
® =0, (G- 9.) +5b(d,-,) + 55, (6 -ad,~d) + b, (¢ +ad,~d,) (10)

2.3. The System of Differential Equations

(m,I, +m, )cos(q, +

m,+m, +m,)q, +
(m.-+m, m,)¢; {+mslecos(q4+q5

_bfsql - brqu + (bfs + brs )qa - (13)

~(m,J,+m,)(¢, +4d,) si

_kfsql - krsqz + (kfs ¢ %
+a)+myl, cos(q, + a)} )
s

Iy

+mgl, cgs(a, + m,l, cos(q, +q, + o)
2 2
LL+mL +ml°+2m.Ll, cosq, |
4
s(9s + g, )+ 2m,1,I; cos g,

2 2
Cosq, +myl,> +myll, cosg, +ml? +m,l cos(q, +d, )+ 2ml,I, cosq,

+{m;? + ) Al
+(mgly* +myl,; cos(q, +d, ) +myl,l,cosq, ) g, +ab,d, —a,b.d, —(ab, —a)h,)d,

+(bea’ +h.a})d, +ak,q —ak.q, + (—aikfs +ak,)q, +(a’k, +a,%k,)a, (14)
+m,gl, cos(q, +a)+m,gl, cos(q, + g, +a )+ m,gl, cos(q, + o)+ m.gl, cos(q, + g, +a)

+m,gl, cos(aq, +q, + ¢, +a)—ml (d, +2d, + ¢, )(d, +d, )sin(a, + ;)

-mgl,l; (26, + 24, + 4, )sin g,d, — (m,L1L, +mgl1, )(2d, +d, )sing,q,

=-WI,sin(q, +o)—-WI,sin(q, + g, + o) ~WI,sin(q, + g, + g, + a)
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m,l, cos(q, +q, +q, +a)d, + {m5I62 +m,l cos(q, +q,)+m.l,l cos qs}q'4

+(ml2 +ml I, cosq, )d +ml *, +m, {Izlqu2 sin(q, +¢,)+1,1 (¢, + 4, ) sin qe} (15)

+m,gl, cos(q4 +0s+0; + OC) =-Wi; Sin(q4 +0,+0, + OL)

{m,J,cos(q, +q, +a)+m,l, cos(q, +0 +o)+myl, cos(q, +7, +7 +a)} d,

+{(m4lgz+m5l42)+(m L1, + m,L,I,)cosq, +m,l* +mlI cos(q, +q,)+2m,,l (:osqe}q4

47273 5°2°4 5°2°6 5°4°6

+{(m4I32 +ml?)+J, +m* +2m.l | cos qs}q'5 +(mgl? +myl,I, cos g, ) d,

+{mlLsing, +m, (L1, sing, +L1,sin (g, +0,))} 4, —milJ, (20, + 24, +d,) (16)
+m,gl, cos(q, +9, +o)+m,gl, cos(q, +0, +a)+mgl, cos(q, +0, +0,
I5|4S|n(B_q5) +bCAI _I5I4S|n(B_q5)
JI&+12 =21, cos(B-q,) JI+1,.2 =21, cos (B of
=-WI,sin(q, +q,+o,)-WI sin(q, +q, +q, +o,).

—k Al

In Equation (16), component Al is determined as follow:

_I5I4 Sin(B_qs)qs
\/ISZ +1,7 =21, cos(a, —q;) '

Al = (17)

jded in Table 1 below [18]. The technical parameters
the BRDM-2 vehicle. The system of differential
d using simulation methods in MATLAB with the

The input parameters for solving the system
related to the base vehicle in Table 1 are the paramet
equations can be represented in gflatrix form and sol
initial conditions as follows:

Parameter Value Parameter Value
Je (kgm?) 125 I, (M) 2.5
m1 (Kg) 305 I3 (M) 2.5
295x10° m. (kg) 300 s (m) 5.0
ke (N/m) 2x10° m3 (kg) 5450 Is (M) 4.6
bt (N.s/m) 500 ms (Kg) 80 ls (M) 2.0
brs (N.s/m) 24000 ms (Kg) 500 A (m?) 0.5
brs (N.s/m) 24000 az (m) 1.8 aw (N/m?) 250
be (N.s/m) 500 az (M) 2.4 o (rad) n/18
Jb (kgm?) 3250 I, (m) 2.2 B (rad) 125x7/180

The uneven road surface can induce various types of oscillations in an ASV, affecting its comfort, safety,
and lifespan, especially the oscillations of the object. We consider the impact of several typical rough road
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surfaces on the oscillations of the vehicle chassis, boom, and object during vehicle movement at speeds of
1 m/s, 1.5 m/s, and 2 m/s.

3. RESULTS AND DISCUSSION

3.1. The Influence of a Sinusoidal Rough Road Surface

The sinusoidal rough road surface (SRRS) is an idealized road profile often used in theoretical and
simulation studies. Considering the case of a vehicle moving on a sinusoidal rough road surface with an

amplitude of 15 cm and a wavelength of 8 m. The graphs in Figure 4 show the oscillations of the object and
the boom corresponding to the vehicle's speeds. From the graph in Figure 4a, we observe that as the vehicle

speed increases, the amplitude of the object's oscillation also increases. The maximum “amplitudes of gs
corresponding to speeds of 1 m/s, 1.5 m/s, and 2 m/s are 0.2 rad, 0.3 rad, and 0.46 gdd, respctively. It is
noteworthy that when the speed reaches 2 m/s, the maximum amplitude of gs jump g Regarding

the oscillation of the boom, the graph in Figure 4b shows that during the ve
holding the boom remains taut, and the boom only oscillates around its e
small amplitude. The maximum amplitude of the boom's oscillation al
increases. This is consistent with the oscillation of the object.

4.4 T : : 0.7864 1 \
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=) / < 07858
£ 33 \ \\/ / g
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Figure 5. Oscillation of the chassis on a SRRS; a) roll angle b) vertical displacement

We observe that the oscillation patterns of g; and g4 also have sinusoidal shapes, with longer periods
corresponding to lower speeds. When the road roughness remains constant, the amplitudes of the vertical
displacement and the roll angle of the chassis are approximately equal. At the equilibrium position, the
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center of gravity of the chassis is lowered by about 15 cm compared to its initial position, and the
approximate roll angle amplitude of the chassis is 0.09 rad.

3.2. The Influence of Randomly Rough Road Surfaces of Class D

The randomly rough road surface (RRRS) of class D and E, as defined by ISO 8608, represents poor road
conditions commonly encountered in reality. They remain a standardized model and may not fully capture
the complexity of real-world road surfaces. However, in many studies on vehicle dynamics, describing the
road surface according to this standard is the closest to reality in theoretical studies. The oscillation of the
object when the vehicle moves on the RRRS of class D is depicted in Figure 6. From the graph in Figure
6a, we observe that the oscillation amplitude of gs increases over time for each differenigspeed, and the
amplitude is larger when the vehicle's speed is higher. This is understood as the vehicle moviRg at a constant
speed, the amplitude of the object gradually increases with the distance traveled gdCompaiing between
speeds, we find that the amplitude of gs reaches approximately 0.12 rad after 18s eng at a speed

of v=1 m/s, after 10s of movement at a speed of v = 1.5 m/s, and after 5s of ofv=2
m/s. The angular velocity ¢ shown in Figure 6b also exhibits an increasin meaning that
the object oscillates faster as it moves. Considering the overall oscillaj ct when the

vehicle moves on a RRRS of class D, we can make the general obse

the oscillation of the object. For speeds of 1 m/s and 1.5 m/s, thedliffere s not vgpy pronounced, but
when the speed increases to 2 m/s, the oscillation amplitude of ghe ct is ST tly larger compared
to the other cases.
4 ‘ W
4 v=lm/s v=1.5m/s v=2m/s ‘ ‘ v=lm/s v=1.5m/s v=2m/s ‘
0.4
H‘r‘ M N\
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° | i | ) fl (. Ll
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Figure 7. Oscillation of the boom on RRRS of class D; a) v=1m/s b) v= 2m/s
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The oscillation of the vehicle chassis, including the roll angle g4 and the vertical displacement gz, is shown
in Figure 8.

0.03 : . . 0
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Time (s) Time (s)
(@)

b) erMement

Figure 8. Oscillation of the chassis on RRRS of class D; a) roll a

amplitude of the chassis reaches approximately 0.035 rad, whi
gravity is about 22 cm lower than the initial position. Thi

he vehicle's suspension
characteristics, indicating that the vehicle can both hol

rough terrain of class D.

speeds. The oscillation of the boo
patterns with relatively small m
boom corresponding to a speed of

4.1 é - g 0.7865

[ ] —vima)
i ) 0.786 “ l ’ ' ‘ 1
il fine

0.785\ ' | I‘ "“ ﬁw M
3.5
s 5 10 15 20 7% 5 10 15 20
Time (s) Time (s)

V4 (a) (b)

Figure 9. Oscillation of the object and the boom on RRRS of class E; a) oscillation of the object
b) oscillation of the boom

The oscillation of the vehicle chassis is depicted in Figure 10, and the oscillation patterns of gs; and g4 also
exhibit random forms corresponding to the terrain. The maximum roll angle amplitude of the chassis
reaches approximately 0.06 rad, and the lowest position of the chassis center of gravity compared to the
initial position is about 26 cm.
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Figure 10. Oscillation of the chassis on RRRS of class E; a) roll angle b) verti

From the three cases examined above, we focus more on the oscillation of the
the research results show that the off-road capability of the vehicle chassis f uiremMents for

terrain cases mentioned above, we observe the most pronounced com e gscillation amplitude
increases as the vehicle speed increases, and its maximum value gr
the oscillation of the object during vehicle movement is a
performance when used as a mobile crane. This is the next
depth.

ating the vehicle's
be studied in greater

4. CONCLUSION

The study has developed a dynamic model of 44 ASV simultaneously holding and moving objects on a
randomly or sinusoidally rough road. This pesear@ model is unique in its combination of vehicle motion
and crane operation. The paper's results rale the appropriate interaction between the oscillation of
the vehicle chassis and the road surface durin ent. As the vehicle speed increases from 1 m/s to 2
m/s, the object oscillates around phe vertical axis, the angle amplitude increases. This oscillation
highlights the need to minimize@he oscillation amglitude of the object. This study holds significant
importance in the military sector D¥@gonsidering the impact of working conditions on the movement of
ASVs and aiming to eval i ati

N

carriers, which are curre
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