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ABSTRACT

The effectiveness of conventional demining rollers, especially in real working conditions constitute an open scientific
problem. The paper provides a description of developed simulation model (simplified assumptions, it’s kinematic struc-
ture, interaction between separate bodies and dynamic) of tracked vehicle equipped with a single demining section of
roller systems with rigid wheels. This model was used for simulation assessment of possibility of mine pressure fuse

activation during route clearance operations with different speeds and on different terrain profile and roughness.
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INTRODUCTION

Landmines used by military units are weap-
ons whose task is to delay, channel or break up an
enemy advance [1-3]. They are still a commonly
used means of warfare, which was particularly
highlighted by the course of the Russian-Ukraini-
an conflict [4, 5]. They are an effective and essen-
tial element of anti-tank defense [6, 7]. Moreover,
a survey of contemporary asymmetric armed
conflicts indicates that the threat is not only from
conventional mines, but also from improvised ex-
plosive devices — IEDs [8, 9].

Anti-tank mines (or IEDs) typically use
pressure-acting fuses [10, 11]. The explosion is
usually initiated by the application of a specified
minimum force to the fuse pressure plate, in-
duced by the vehicle’s running gear. Depending
on the design of the mine, the activation force of
anti-tank mines is in the range of approximately
1200-3000 N [12, 13]. A special type of mines
are those with pneumatic fuses that have a shock-
resistant mechanism [14, 15]. Activation of such
a mine requires applying an appropriate pressure
force for a certain minimum time to cause air to
flow between the internal chambers of the fuse,
which causes its detonation.

Ensuring the mobility of own troops requires
the removal or neutralization of mine obstacles
placed by the enemy. The most frequently used
method is the use of demining rollers, which al-
low for the highest demining speed and do not
destroy the ground on which they perform their
task, compared to other methods using mine
ploughs and mine flails [16, 17]. The principle
of operation of demining roller is similar to the
operation of the caterpillar of a tank or armored
personnel carrier, or to the operation of a ve-
hicle’s wheel. After hitting a mine or IED, the
wheel exerts pressure, activating the fuse and
detonating the explosive. These devices are both
suitable for making passages in minefields but
also enabling route clearance operations. One of
the factors for assessing and comparing a dem-
ining rollers is the effectiveness of its use. Ef-
fectiveness is mainly due to the demining speed
(when the required pressure force is achieved)
but may also be related to the mine explosion
resistance and the mobility and maneuverability
of the minesweeper-vehicle assembly.

This study is focused on demining rollers
with a conventional structure, i.e. with rigid,
non-deformable wheels (discs). The main ad-
vantage of this solution is mechanical durability
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to multiple mine explosions under the disc sec-
tion. These devices are installed mainly as addi-
tional equipment of the breaching vehicle (most
common - fast tracked vehicle). Ground pressure
values results from the weight of the wheel and
there is no additional pressing element. Demin-
ing rollers have been the subject of numerous
field experiments. The Study of SDDT (Surviv-
able Demining Tractor and Tools) segmented
roller [18] showed that due to limitations, in or-
der to increase demining effectiveness, it is ben-
eficial to use demining rollers in combination
with other mine neutralization methods. The au-
thors focused on examining the influence of the
number of passes on the level of neutralization
of surrogate anti-tank mines in a specific area.
Nevertheless, the analysis did not include the
study of the pressure exerted by the minesweep-
er’s disc on the ground. Another experiment
[19] involved examining the effect of increasing
velocity on the performance of the mine roller
system. For this purpose, an isolated rigid wheel
representing a single demining disc, was tested
on a special testing track. It was identified that
above a certain velocity, low amplitude verti-
cal vibration of rigid wheels begin, which ulti-
mately reduces the demining effectiveness. The
experiment also points out that in terms of roller
dimensions, narrow rollers appeared to produce
higher pressures, but have also been observed to
bounce more. Nevertheless, the experiment was
performed only on a flat terrain and did not in-
clude the influence of the kinematic connection
of the demining section with the vehicle. An-
other performance testing was carried out by the
designer and manufacturer of mechanical dem-
ining machines [20]. Novel anti-personnel mine
roller tests revealed that increasing the velocity
may negatively affect the effectiveness of dem-
ining. However, this study concerned anti-per-
sonnel mines, whose structure, dimensions and
method of laying them in the ground are differ-
ent than in the case of anti-tank mines. In another
experiment [21] a smooth steel roller, represent-
ing mechanical demining device was tested in an
indoor soil bin. Subsoil forces were measured at
variable roller travel speed. The study indicated
that slower operating speed could create higher
subsoil forces for the same vertical load.

The interaction of a vehicle-mounted me-
chanical minesweeper with an anti-tank mine
or the ground is the subject of numerous sci-
entific studies. Nanivskyi and Yemelianov [22]
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proposed a modified design of the roller work-
ing body in the form of a U-shaped rocker with
two working disks. Analysis of analytical de-
pendences showed that the magnitude of the un-
evenness’ may affect the disc pressure force. The
same modernized design of roller was tested in
[23] but in terms of the explosion shock wave
impact. By numerical simulation, it was estimat-
ed that proposed model of roller with discs of
smaller diameter and smaller thickness, smaller
angles between the legs of the U-shapes rocker
arm, are more viable. The same modified design
of roller was also examined in [24]. The analy-
sis showed that the use of the proposed work-
ing body in the demining device in the form of
a U-shaped rocker with discs at the end allows
to reduce the total weight of the device and im-
prove maneuverability, while maintaining the
same demining efficiency. Raymond and Jaya-
kumar [25] modeled tracked vehicle — soil inter-
actions using multi body simulations. The aim
of the research was to compare the mobility of
two notional path clearing implements pushed
by a tracked vehicle. The study indicated that
the flail system experienced lower peak loads
at the interface brackets and lower peak accel-
erations at the vehicle’s center of gravity than
the roller system. Renwick [26] used the finite
element analysis (FEA) to investigate the effec-
tiveness of rollers with rigid wheels in relation
to pneumatic tires. After performing a computer
simulation using a simplified model, the analysis
showed that the use of pneumatic tire for road
proofing has limitations, namely it is difficult to
induce high stresses in the road. Moreover, the
use of a rigid wheel is less able to adapt lateral
contours and results increased rolling resistance.

Analyzes and studies in the field of mechan-
ical demining devices revealed many investi-
gations related to testing the resistance of the
vehicle-mounted minesweeper to a mine explo-
sion. The papers [27-29] describe the method
of shaping the structure demining roller section
using computer aided engineering (CAE) soft-
ware. Then, under field conditions, the manu-
factured segment of the mine roller was sub-
jected to experimental analysis of the impact
of the explosive charge. This study confirmed
the previously performed calculations, con-
sistent with the imposed boundary conditions.
The results confirm the validity of computer
simulations when testing mechanical demin-
ing devices in order to reduce time and costs.
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Baranowski and Matachowski [30] showed that
it is possible to dissipate the explosion energy
of an explosive material by using and appropri-
ately shaping a non-pneumatic tire. Trajkovski
et al. [31] demonstrated the possibility of in-
creasing the explosion resistance of a vehicle
by using a V-hull floor insert.

The authors of the analyzes and studies cited
in this paper focused mainly on phenomena re-
lated to the mobility and maneuverability of the
minesweeper-vehicle assembly and on research
on the resistance of the structure of the mine-
sweeper itself to multiple mine explosions under
the demining discs. Nevertheless, there is a lack
of research results on the influence of the dy-
namics of minesweeper operation on demining
effectiveness. Several papers have indicated the
effect of increasing velocity on the performance
of the mine roller system, but the experiments
were mainly conducted on flat terrain using spe-
cial test tracks. This paper fills the gaps in the
current literature and covers a novelty scientific
area related to investigating the influence of ter-
rain unevenness (with incidential, periodic and
random terrain profile) and demining speed on
mine clearance capabilities, while taking into
account the interactions resulting from kine-
matic connection with the vehicle. The article
attempts to quantitatively analyze the effects of
simultaneous variability of these factors in real
operating conditions. Therefore, the aim of this
paper is to investigate the possibility of mine
pressure fuse activation during route clearance
operations with different speeds and on differ-
ent terrain profile and roughness using demining
rollers with rigid wheels.

MATERIALS AND METHODS

Simulation assessment of possibility of mine
pressure fuse activation during route clearance
operations was studied via simulation. In the com-
monly used solutions, single demining sections
are kinematically connected to the prime vehicle.
In the real working conditions, due to vibration
and pitching of the vehicle’s hull, mutual inter-
action between the demining section and mine-
clearing vehicle may affect the forces exerted un-
der the rollers. Therefore, an advanced model of
a vehicle equipped with a single demining section
of roller systems with rigid wheels was used. The
model (Figure 1) was developed in Adams/View,
commonly used software based on the multibody
method [32, 33]. The following simplifying as-
sumptions were used when developing the model:
e simulation model considered a system com-

posed of two subsystems: mine-clearing ve-
hicle and demining device;

e a vehicle model is a numerical representation
of the chassis of a fast tracked vehicle;

e the elements constituting the sprung mass of the
vehicle were reduced to a hull of mass m,, char-
acterized by mass moments of inertia / ,, L Ly

e the running gear was modeled using 12 wheels
(6 per side) connected to the hull using sus-
pension elements (Figure 2);

e cach of the road wheels are connected to the
rocker arms using ideal (without friction) ro-
tational kinematic pairs (J);

e the rocker arms are connected to the hull by
ideal rotational kinematic pairs (J);

e the action of the suspension torsion bars was
modeled using torsional stiffness in rotational

wb?

Figure 1. Structure and main parameters of a model of a fast tracked vehicle with a single demining section
developed in the MSC Adams software: 1 — mine-clearing vehicle; 2 — demining device; m — mass of hull, road
wheel, section frame, guiding element, demining disc; / — mass moment of inertia of hull, road wheel, demining

disc, d, — demining disc diameter, .J — rotational kinematic pair; ¢ — road kinematic excitation
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Figure 2. Diagram of the fast tracked vehicle model suspension: m — mass of road wheel, rocker arm; /— mass moment
of inertia of road wheel, M, — torque occurring in the constraint placed in torsion bar position; M —torque occurring in
the constraint placed in rotary damper position, ¥ — shock absorber arm position angle; ¢ — rocker position angle;
¢ — rocker mounting angle; J — rotational kinematic pair; S — spherical kinematic pair; g — road kinematic excitation

joint of rocker arm; torque M, occurring in the
i-th constraint placed in torsion bar position,
was determined according to the equation

My = ki (¢, = &) (1

where: k, is the torsional stiffness coefficient, ¢, is

the rocker position angle, C, is the rocker
mounting angle;

e in the 1st, 2nd and 6th road wheel, the action
of rotary damper was modeled using torsional
damping in the rotational axis of the hydraulic
shock absorber; the shock absorber arm is con-
nected to the suspension rocker arm by rocker-
shock absorber link; these bodies are connect-
ed by an ideal spherical kinematic pair (S) in
order to reduce redundant constraints; torque
M occurring in the j-th constraint placed in
rotary dampers’ position, was determined ac-
cording to the equation

Mej = —c¢j-y, (2)

where: ¢, is the torsional damping coefficient and
v, is the time derivative of the shock ab-
sorber arm position angle y;

e the fast tracked vehicle simulation model has
30 DoF (degrees of freedom);

e interaction between road wheels and ground
was modeled using contact model with Adams
default parameters [34];

e the mass of the track was reduced to the mass
of the vehicle hull (this methodology is known,
among others, from [35], where it was shown that
such a simplifying assumption does not affect the
results of the vehicle response to kinematic exci-
tation when conducting computer simulations of
the dynamics of suspensions of fast tracked ve-
hicles using the multi-body method);
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e ground profile constitutes the kinematic exci-
tation g;

e demining device is attached in front of the
mine-clearing vehicle (fast tracked vehicle);

e the model of demining device consists of a de-
mining wheel (disc), a guiding element and a
section frame;

e the demining wheel was modeled as a rigid,
non-deformable disc;

e disc guiding element was modeled as single
rigid link, connected on one side by revolute
joint to the section frame, and on other by a
revolute joint to the disc;

e the demining device is connected to the vehicle
model via interface brackets between the section
frame and the vehicle hull, defined as kinematic
constraints that take away six degrees of free-
dom (three translational and three rotational).

The values of main parameters of the simula-
tion model of a fast tracked vehicle with a single
demining section are presented in Table 1.

The parameters of the developed simulation
model of a fast tracked vehicle were determined
on the basis of experimental research available in
the literature [36, 37]. On their basis, a validation
process was also carried out. The experimental
tests involved driving the vehicle at a set speed
through an obstacle with specified geometry (Fig.
3a). During the test, the displacement, velocity
and acceleration of markers placed on the vehi-
cle’s hull were recorded. The experiment condi-
tions were repeated in the simulation, using an
obstacle with the same dimensions and the same
speed as in experimental studies (Fig. 3b).

The curves obtained in simulation studies
were compared with experimental curves [37].
The validation results are presented in Figure 4.
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Table 1. Values of main parameters of the model of a fast tracked vehicle with a single demining section

Type

Parameter value

Demining disc mass

m, =500 kg

Demining disc mass moment of inertia

|5 =2,16 - 10" kg'-mm?
lp =4 10" kg'mm?
i

| =216 " 10" kg'mm?

Demining disc diameter

d, =800 mm

Vehicle hull mass

m,, = 40 000 kg

Vehicle hull mass moment of inertia

|, =6,6"10"kgmm?
I.,=15" 10"kg mm?
yH

|, =2,07 10"kg'mm?

Demining device frame body mass m, =500 kg
Demining disc guiding element body mass m, =20 kg
Road wheel mass m,, =m,,=...=m, =190 kg
ot = oo = - = Lg = 9,21 7 108 kg'mm?
Road wheel mass moment of inertia ot = Lp = oo = Lo = 1,79 - 107 kg'mm?
w=b,=-.=1 =921 10°kgmm?
Road wheel diameter d,, =d,,=...=d,=750 mm
Rocker arm body mass Mg, = Mg, = ... =M, =60 kg
Rocker arm length (between revolute constraint position points) lgy = |y = o = I =250 mm
Rotational stiffness of the torsion bar k,=k,=... =k, =17 " 10°N'mm/rad

Equivalent damping coefficient of the rotational damper

marker 2

N

€
B =
PN

Figure 3. Validation method of the developed simulation model of a fast tracked vehicle: (a) method of
conducting the experiment [37]; (b) simulation of driving through an obstacle with the same dimensions

The presented simulation results show high con-
sistency in terms of both acceleration oscillation
signal value and time period, compared to the
experiment. The following indicators were used
to assess the reliability of the model results with
the experiment:

e mean relative error &, = 9%;

e mean absolute error §,= 0.2 m/s%;
e Pearson correlation coefficient p = 0.73.

The obtained results show that the developed
model of the fast tracked vehicle is reliable and
can be used for simulation tests of the effective-
ness of the use of demining rollers. The interac-
tion between the demining disc and the ground
was modeled using a contact constraint of the
IMPACT type, in which contact parameters are
defined. This methodology is known from the

scientific studies [38, 39], where researchers
modeled the interaction of rigid wheels with the
ground in a multi-body environment. The IM-
PACT contact is described [40] as

4,00
% simulation
E 200 - experiment
g
'-E 0,00
()
©-2,00
13)
13)
<400

5 6 7 8 9

time, s

Figure 4. Results of validation of the simulation
model of a fast tracked vehicle (acceleration in the
vertical direction of marker 1, v =4 km/h)
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IMPACT (x, x, x4, k, e, Cnax, d) (3)

where: x — distance variable describing the in-
stantaneous distance between the model’s
bodies, x - time derivative of x to IMPACT,
x, — positive real variable that specifies
the free length of x (the minimum value of
the distance between the bodies at which
the normal contact force is not yet calcu-
lated, &k — stiffness of the boundary surface
interaction, e — exponent determining the
shape of the force deformation character-
istic, ¢ — maximum value of damping
coefficient, d — boundary penetration at
which full damping ¢__is applied.

The arguments x, X, and x, are computed nu-
merically for each integration step. The remain-
ing ones are determined at the stage of numerical
contact definition. Table 2 lists the values of main
parameters used to describe the IMPACT disc-
ground contact model. The normal contact force
F is expressed using the following formula [34]:

0ifx > x;
F= “
k(x; —x)¢ — cpaxX - STEP(x,x; — d, 1,x1,0) if x < x;
Frictional forces between demining disc and
ground at contact location are modeled based on
the Coulomb friction principle using a relatively
simple velocity-based friction model. The coeffi-
cient of friction p is determined by function based
on specified parameters. These parameters include
the static friction coefficient p, the dynamic friction
coefficient p, stiction transition velocity v, and the
friction transition velocity v,. The function follows
cubic step functions from respectively -, to -, -p1_
to +u_and + p_to + p,. Value of the coefficient of
friction p is expressed by following equation
—sign(v) uq for |v| > vy

u(w) =< =step(|v|, vs, us, vg, tq)sign(v) for v; < |v| < vd(S)
step(v, —vs, Us, Vs, —lis) for —vg < v < v

Table 2. Values of main parameters of the demining
disc-ground IMPACT contact model

Type Parameter value
k =800 N/mm
Coax = 40 N's/mm
e=1.1

Contact stiffness

Contact damping

Contact force exponent e

Contact penetration depth d=0.1mm
Static friction coefficient p,=0.8
Dynamic friction coefficient py=0.5

Stiction transition velocity v, =100 mm/s

Friction transition velocity v, = 1000 mm/s
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Validation of interaction between demining
disc and ground was carried out on the basis of
experimental research available in the literature
[19]. The experimental test involved recording
the normal force exerted by the disc while mov-
ing on plain surface (Figure 5a) and recording the
distance “x” that disc jumped when passing over
a single bump, with specified dimension (Figure
5b). The experimental conditions were recreated in
a simulation, in two variants with a roller weighing
253 kg (as in [19]), and a roller weighing 500 kg
(as in the developed model of a fast tracked vehicle
with a single demining section). By selecting the
IMPACT contact parameters (the final values are
listed in Table 2) and using the eccentric position
of the center of mass of disc, the experimental and
simulation results were consistent, which is con-
firmed by the data presented in Figure 6 and Table
3. For the same simulation parameters, the 253 kg
and 500 kg roller model generates similar results
and is consistent with the experimental data from
the reference object in the literature. It follows that
the simulation model correctly and equivalently
describes the wheel-ground interaction.

A simulation study of the demining roller sec-
tion was carried out for five types of terrain profiles:
e incidental — a bump-type convex irregular-

ity (Figure 7a) with a length of 70 cm and a

height of 7 cm, representing a special case of

a ground profile with a mine laid in the center

of irregularity;

¢ incidental — a pothole-type concave irregular-
ity (Figure 7b) with a length of 80 cm and a
depth of 7 cm, representing a special case of
a ground profile with a mine laid in the center
of irregularity;

e periodic — a sinusoidal profile (Figure 7c¢) with
an amplitude of 10 cm and wavelength of 4
m, representing the profile of a dirt road after
multiple passes with wheeled and tracked ve-
hicles [41, 42];

e periodic — a sinusoidal profile (Figure 7d) with
an amplitude of 10 cm and wavelength of 7
m, representing the profile of a dirt road after
multiple passes with wheeled and tracked ve-
hicles [43, 44];

e random — implementation of a single random
profile (Figure 7e), determined based on the
ISO 8608 standard, generated using Adams/
Tire software [45, 46].

During simulations, the mentioned irregulari-
ties constituted the kinematic excitation ¢ during
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Figure 5. Method of conducting of experimental study of demining disc: (a) moving on plain surface;
(b) passing over a single bump

N
w

2,0

1,5

Peak normal force
relative to static

'],O fl:/\-ne.nniiiliiiv
static

++ @-+ Experiment
-« @-- Simulation (500 kg roller) .
Simulation (253 kg roller) ..-':.\‘ e

5 km/h

.
[
PR )
. 8
o .
o

" hs

'

sas@

. .
OV R
& a%’s
seh

10 km/h 20 km/h

Movement speed

Figure 6. The ratio of the peak normal force of demining disc to the static value on flat surface

Table 3. Results of validation of the simulation model of interaction between demining disc and ground

Speed Distance that disc jumped “x”

Experiment [19] Simulation (500 kg roller) Simulation (253 kg roller)
10 km/h ~0m 0.059 m 0.067 m
20 km/h 1.2m 1.163 m 1.147 m

the movement of the mine-clearing vehicle with
attached demining section along the test track at
a set speed. The study included conducting tests
with four driving speeds: 4, 8, 12 and 16 km/h.

RESULTS AND DISCUSSION

To evaluate the effectiveness of the demining
rollers with rigid wheels, i.e. the possibility of mine
pressure fuse activation during route clearance oper-
ations with different speeds and on different terrain
profile and roughness, the indicator of the minimum
obtained pressure force of the demining disc while
passing over an obstacle or test track was used. In
certain anti-tank mines with a pneumatic fuse, in
addition to the pressure force, the time of action of
this force on the fuse is also essential. Therefore, in
the simulation of incidental unevenness (bump and
pothole) passing, the value of the impulse exerted
over a distance of 15 cm relative to the center of the
bump was also analyzed. Figure 8 shows the meth-
od of determining the distance at which the force

impulse was determined. In this study, the impulse
was defined as the product of the contact force and
the time of this force (the impulse represents the
area under the curve on the force plots, during the
time of the disc’s impact on the mine fuse), accord-
ing to the following equation

i
Jr= f F(t)dt (6)
ty

As a result of the simulation tests, the curves
of normal forces exerted by the roller as a func-
tion of displacement relative to the center of the
unevenness (for bump and pothole tracks) or
relative to the start of the test track (for sinusoi-
dal and random tracks) were obtained (Figures
9,11, 13, 15, 18).

In the case of negotiating a single bump-type
convex unevenness, the recorded values show
that when the demining disc drives over the ob-
stacle, the normal force increases first, and then
decreases in the area of the center of the uneven-
ness (Figure 9). As the speed increased, a decrease
in the normal force in the area of the center of the
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Figure 7. Shape and dimensions of selected test tracks for testing the effectiveness of demining roller
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Figure 8. Method of determining the distance to determine the value of impulse exerted by the roller:
(a) on a bump-type unevenness; (b) on a pothole-type unevenness
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Figure 9. Values of normal forces exerted by the roller in relation to the distance to the center of bump-type
unevenness: (a) terrain profile; (b) force variation graphs

unevenness was observed, caused by the inertia
of the demining disc. At 12 km/h, there was a ten-
dency for the roller to bounce in the air, therefore
the test was abandoned for a speed of 16 km/h.

Figure 10 shows a graphical comparison of
the changes in the assessment indicator values
depending on the speed of passing over a single
bump-type convex unevenness. The results of the
tests show that at 8 km/h the normal force F is
lower than mine activation force (at a distance
of 34 cm, determined from Figure 9). At a speed
of 12 km/h the normal force decreases to zero at
the distance of 71 cm. It was found that two-fold
increase in driving speed from 4 to 8 km/h leads
to decrease of the impulse almost ten-fold. At 12
km/h, due to the tendency for the roller to bounce
into the air, impulse is zero.

(a)
4000 .

5 ©, 3689
E °
< _ 3000 ° -
ez mine
£ 8 2000 ’ activation
ES -928 force
£ 1000 ®.
= el 0

0 ‘@

4 km/h 8 km/h 12 km/h

Demining roller movement speed

During the simulation of passing over a pot-
hole-type unevenness, when the obstacle is driv-
en over, the normal force exerted by the roller
decreases, then increases in the area of the cen-
ter of the unevenness and decreases again when
driving off the obstacle (Figure 11). As the speed
increased, this phenomenon intensified due to
the inertia of the demining disc. At 12 km/h, the
demining disc was already observed to bounce
in the air, therefore, similarly to the case of the
bump-type obstacle, the test was abandoned for
a speed of 16 km/h.

The results of simulation of passing over a sin-
gle pothole-type concave unevenness (Figure 12)
show that at 8 km/h the normal force F is lower
than mine activation force (at distance of 17 cm).
At a speed of 12 km/h the normal force decreases

(b)
1200
1000

Z 800 *

600 °
400 139
200 . 0

@
4km/h  8km/h  12km/h

Demining roller movement speec

S

Impulse, N

Figure 10. Changes in the values of indicators for assessing the effectiveness of the demining section while
passing bump-type unevenness: (a) the influence of speed on the value of the demining roller normal pressure
force; (b) the influence of speed on the value of the impulse
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to zero twice, at a distance of 33 and 36 cm. The
conducted test shows that increase in driving
speed from 4 to 8 km/h does not significantly af-
fect the impulse value. At 12 km/h, due to tenden-
cy for the roller to bounce twice, impulse is zero.

The recorded values during the simulation of
the vehicle’s passage with the demining section
through a sinusoidal ground profile (with an am-
plitude of 10 cm and a wavelength of 4 m) show
that with the distance traveled, the normal force
alternately increases and decreases, relative to
the value in static conditions (Figure 13). An
increase in the travel speed causes the phenom-
enon to intensify. At a speed of 16 km/h, the de-
mining disc was repeatedly observed to bounce
in the air due to its inertia.

The simulation test of passage through a si-
nusoidal ground profile (with an amplitude of 10
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cm and a wavelength of 4 m) shows that at 4 and
8 km/h, the minimum required force to initiate
the explosion of an anti-tank mine is achieved
(Figure 14). When driving at a speed of 12 km/h
the normal force at certain points drops below
the fuse activation value. During the simulation
of driving at a speed of 16 km/h, due to regular
tendency for the roller to bounce into the air
(during the simulation, a distance of 95 cm, 117
cm and 107 cm was recorded) the minimum
normal force is zero.

In the case of passing through a sinusoidal
ground profile (with an amplitude of 10 cm and a
wavelength of 7 m), the recorded values show that,
similarly to the previous case, the normal force
exerted by the roller increases and decreases with
the distance traveled (Figure 15). At a speed of 16
km/h, the demining disc bounce in the air multiple



Advances in Science and Technology Research Journal 2025, 19(2), 163-178

a)
£ 02 |
% ok |
E 8? \/\/\/\/\/\/\/\/
(0]
= -0,2 - 1
g681012141618202224262830323436
Displacement, m

b)

20 -

—4 km/h —8 km/h
15 —12 km/h  ——16 km/h

Normal force, kN
)

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Displacement, m
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times. Analysis of the simulation result showed
that the phenomenon of the roller bouncing results
mainly from the resulting “hull pitching” of the fast
tracked vehicle hull and a simultaneous momen-
tary increase in the inclination of the element tow-
ing the disk section (Figure 16). Hull pitching is
the response of the dynamic system (vehicle body
with suspension elements) to kinematic excitation
such as ground unevenness. The results of simu-
lation of passing over a sinusoidal ground profile
(with an amplitude of 10 cm and a wavelength of 7
m) show that at 4 km/h the minimum mine activa-
tion force is achieved (Figure 17). The study shows
that at 8 km/h, the normal force is lower than the
activation force of selected mines. However, at 12
km/h the normal force is lower than the activation
force of any mines. It was found, that at 16 km/h,
due to vehicle hull pitching and the increase of de-
mining section inclination, minimum normal force
is zero (during the simulation, a distance of 113
and 78 cm was recorded).

During the simulation of passage through a
random road profile, normal force of the demining
roller irregularly oscillates around the static value
along with the distance traveled (Figure 18). At a
speed of 16 km/h, the demining disc is repeatedly
bounced in the air due to its inertia.

The analysis of the results of the simulation of
passing over random profile test track (in accor-
dance with the ISO 8608 standard for category H)
shows that at 4 km/h the minimum mine activation
force is achieved (Figure 19). At 8 km/h normal
force decreases below the value of the activation
force of any mines. At 12 km/h the normal force at
certain points decreases to zero. The study shows,
that at 16 km/h, due to inertia of the disc and its
tendency to bounce, it was recorded that normal
force is zero over a distance of 26, 73 and 51 cm.

The simulation tests carried out showed that
the speed of movement significantly limits the op-
erational properties of the demining rollers with a
conventional structure with rigid wheels, without

Figure 16. Simulation sample — fast tracked vehicle hull pitching affecting the decrease in the normal force
exerted by roller when passing through a sinusoidal profile (wavelength 7 m)
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Figure 17. The influence of speed on the value of the demining roller normal pressure force during passing
over a sinusoidal ground profile (with an amplitude of 10 cm and a wavelength of 7 m)

174



Advances in Science and Technology Research Journal 2025, 19(2), 163-178

Normal force, kN

3 4 5 6
Displacement, m

——4 km/h
—12 km/h

——38 km/h
—16 km/h

7 8 9 10

Figure 18. Values of normal forces exerted by the roller in relation to the distance to the start
of random profile test track

3500
Z 3000
(0]

S 2500
= 2000 .,

1500 .

= 1000 %
500

norma
L

Min

4 km/h

8 km/h

mine
activation
force
®e, el = 0 0
®e 2@eessaessaces o
12 km/h 16 km/h

Demining roller movement speed

Figure 19. The influence of speed on the value of the demining roller normal pressure force
during passing over random profile test track

an additional ground pressure system. In each of
the analyzed cases, up to a speed of 4 km/h, the
normal pressure forces assume the minimum val-
ues required to activate the anti-tank mine fuse. At
8 km/h, there is contact between disc and ground,
but the normal forces decrease below the required
value, which may result in not cleaning all types of
mines or in the complete lack of demining effec-
tiveness. At a speed of 8 km/h, the phenomenon of
an intense reduction of the exerted impulse (dispro-
portionate to the increased speed) was identified.
At a speed of 12 km/h and higher, the phenomenon
of wheels bouncing was identified, which results in
a complete lack of demining effectiveness (at such
a moment, both the normal pressure force and the
impulse value become zero).

The conducted research revealed limitations
in the use of conventional demining rollers with
rigid wheels, without an additional system of
pressing elements. Despite their main advantage
related to resistance to multiple anti-tank mine
explosions, the proven maximum speed limit
may constitute a significant limitation in the area

of use in military operations. A lower movement
speed increases the time required to conduct route
clearance operation and may potentially expose
the crew or equipment to enemy fire. On the other
hand, the use of demining rollers at higher speeds
may result in the mine not detonating, i.e. not ful-
filling the main purpose for which it was intended.

CONCLUSIONS

The aim of the study was to assess the pos-
sibility of mine pressure fuse activation during
route clearance operations with different speeds
and on different terrain profile and roughness. For
this purpose, tests were conducted using multi-
body simulations using an advanced model con-
sisting of a fast tracked vehicle with an attached
demining section with rigid wheels. The normal
pressure force of the demining disc and the im-
pulse while passing through a determined ground
profile at a determined driving speed were tested.
The identified limitation of use of the examined
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minesweepers can be reduced by using demining
rollers which construction includes a system of
pressing components, e.g. in the form of a sus-
pension with linear or non-linear elastic or elastic
damping elements. Elastic suspension can poten-
tially prevent the demining wheels from detach-
ing from the ground on uneven terrain. In such
solution, the pressure on the ground is caused by a
kinematic system that uses the mass of the demin-
ing device or vehicle.

The results of this research indicates the need
to conduct further studies on demining roller, es-
pecially those with elastic or hydrostatic pressure
system and deformable wheels, and in particular
the influence of the characteristics of the pressure
system on the ability to obtain constant and uni-
form downward force.
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