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Abstract

The results of the experimental research on the influence of the special vehicle movement conditions on the body shell
and the vehicle crew dynamic load will be presented in the paper. ROSOMAK Wheeled Armoured Personnel Carrier
(Wheeled APC), the basic version, was the subject of the research. The research work was aimed at analysis of the
dynamic loads resulting from the deterministic inputs and driving on the selected types of surfaces generating random
kinematic inputs. The personnel carrier service conditions, measuring apparatus, and testing methods will be
described. The vertical accelerations of the selected points of the vehicle, and deflection of the prime and second
suspension of the vehicle left side were measured. The time and the acceleration RMS value spectrum charts for the
selected implementations will be presented. The cumulative statistics will be shown in the form of a table. The
conclusions regarding the influence of the road surface on the personnel carrier driver's working comfort will be
formulated. The assessment of the suspension quality will be included in the conclusions. Driving on the smooth
surface is comfortable. However, the road surface worsening causes decreased proficiency sense until the exposure
limit boundary is reached when the vehicle drives on a poor quality cobble road with 50 km/h speed. The vehicle basic
version is not fitted with the seats for assault troops, therefore the influence of the road irregularities on the centre of
mass of the body shell, and the driver's and commander's seats were determined. It is recommended to make further
tests on the personnel carrier combat and special versions.

Keywords: experimental research, dynamic loads, wheeled armoured personnel carrier, acceleration, vibrations

1. Introduction

Independently of the gun turret, arm ament type, and arm our, the basic task of the personnel
carrier is to enable the crew to reach an ass  igned region efficiently and carry out the orders.
Driving comfort significantly influ ence the mental and p hysical soldiers' state during m ilitary
missions. Besides degree of protec tion, driving comfort is a significant criterion of assessm ent of
the given means of transport. During operati onal use of ROSOMAK Wheeled APC under various
terrain conditions many dynamic loads affect the vehicle. There are the following impact sources:

— engine (rotational speed and torque fluctuations);

— drive system (gear change, accelerating and braking, cornering);

— road surface (irregularities, slope, road adhesion);

— clearing terrain obstacles;

— armament operating (combat version);

— missile impact, mine and charge explosions.

The tested vehicle does not take part in combat activities, although it is exposed to the last two
impact sources mentioned above during missions in unstable regions. Vibrations of the arm oured
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body shell, caused by kinematic interactions associated with d riving on unsu rfaced roads,
wilderness, natural and artificial obs tacles, significantly influence the systems, circuits, and units
of the com bat vehicle in m ovement, during the operation life of the personnel carrier. The
exposure levels m ainly depend on the driving speed, the suspension dynam  ic properties, and
interaction between the driving system and the road surface.
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Fig. 1. Wheeled Armoured Personnel Carrier in basic version
2. Testing Methods and Measuring Apparatus

ROSOMAK 8 x 8 W heeled APC, the basic version, was the subject of research (Fig. 1). The
tests included the Wheeled APC dynamic loads analysis for various driving speeds on the roads
with various surfaces, and for driving on the s ingle irregularities. The experimental research on
random inputs was m ade at the Military University of Technology (MUT) testing ground and at
the selected roads with the following surfaces:

e the good quality asphalt road (the MUT internal road);

e the cobble road (the MUT internal road);

e the gravel road (the MUT testing ground);

e and the terrain road (unsurfaced) at the MUT testing ground.

The measurements for the indivi dual lanes were taken for a single d riving direction, with a
constant speed (Fig. 2). During the m easurement passages the driver was keeping the set speed,
was not shifting the gear and was not changing the tire pressure. In order to verify the result
repeatability three measurements were taken for each movement condition. Additionally, in order
to get data especially useful for the num erical models verification, the m easurements for the
determined inputs were m ade. The measurements were taken at the irregularity with a triangle
prism profile of height h=0.17 m, length L =4 m , and for the cosine irregularity of height h =
0.066 m and length L = 1.5 m , located on the asphalt surface. The m easurements were taken for
the following speeds:

e at the asphalt road: v =10, 20, 30, 40, 50 km/h;
e at the cobble road: v =10, 20, 30, 40, 50 km/h;
e at the testing ground road (wilderness): v = 10, 20, 30, 40 km/h;

The measurement speeds were selected on account of the safety and lim  its resulting from
available run-up and stop lanes for the measurements for the higher speeds.
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Fig. 2. Armoured vehicle during experiment:: a) at the testing ground road (wilderness), b) at the cosine irregularity

During the measurements the following parameters were measured:

— accelerations of the centre of mass for the three directions;

— vertical accelerations for the driver's seat;

— vertical accelerations for the commander's seat;

— vertical accelerations on the floor under the driver's seat;

— vertical accelerations of the vehicle front and back on the roll axis;

— vertical accelerations of the vehicle left and right sides on the lateral axis;

— vertical accelerations on the prime wishbone;

— dynamic deflection for the prime and second suspension of the vehicle left side.

The vertical direction concerns the accelerometers position when the vehicle is not in m otion, and
the direction perpendicular to the vehicle roll axis when the vehicle moves.

During the m easurements three various m easurement systems were used: Halikan logger,
Pulse multianalyser and DAQBook measurement set. The personnel carrier crew and the Wheeled
APC dynamic loads measurements were taken with the use of the following transducers:

e linear acceleration thre e-axis transducers with Delta Tron piezoelectric sensors  and
inductive sensors;

e acceleration single-axis transducers with the sensors asm  entioned above, A DXL
micromechanical sensors, and piezoelectric and inductive sensors;

e linear displacement inductive transducers (Fig. 3a);

o the vehicle speed optical transducer (Fig. 3b).

Fig. 3. Location of sensors outside vehicle:a) linear displacement inductive sensor, b) the vehicle speed optical sensor
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The linear displacement sensors were mounted on the prime and second suspension on the left
side, and the optical sensor was mounted at the vehicle back (Fig. 3). The appropriate am plifiers
and the recording equipm ent were located inside the vehicle. The accele ration transducers were
located inside the vehicle at the following places (Fig. 4):

1) at the driver/mechanic's seat (1) and the commander's seat (2);

2) at the personnel carrier centre of mass (three-axis) (3);
at the assault troops' compartment (4, 5, 6).

Fig. 4. Location of acceleration transcuders

3. The Experimental Research Results

The selected time charts for the tested surfaces, driving speed s and inputs are presented in the
paper. Additionally, the setting-up for all varian ts is shown in the form of a table. The tim e charts
for the vertical accelerations of the centre of mass and th e driver, for the asphalt road, with the
speed of 50 km/h, are shown in Fig ure 5. Maximum acceleration recorded for the vehicle body
shell is 1.99 m/s?, at standard deviation 0.46 m/s*. Much higher accelerations affect the driver. The
following accelerations were recorded: m aximum 5.55 m/sz, minimum -6.14 m/sz, at stand ard
deviation 1.22m /s*. The m easured valuesarem ore than2.5tim es higher, although the
accelerations measured on the floor under the driver' s seat do not sig nificantly differ from the
accelerations of the centre of m ass (the influence of the longitudinal angular vibrations at a small
distance). Such behaviour of the driver' s seat may result from the seat suspension system play,
however itis necess ary toexamine thecas e by m eans of m easurements of the vehicle
representative sample. The basic statistics for the random inputs are presented in Tables 1, 2.
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Fig. 5. Time chart of acceleration for centre of mass, driver seat and floor under driver seat during experiment on
asphalt surface with 50 km/h vehicle speed
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Tab. 1. Statistical summary of acceleration values for asphalt and cobble surface

centre of mass driver seat floor under driver seat
v a a std. . a std. . a std.
Surface MAX | SMIN 1 ey MAX | AMIN | goy [ Amax | A | gy
km/h : . /s2 2 .

[ 1| [m/s7] | [m/s7] (/5] [m/s”] | [m/s7] (/5] [m/s7] | [m/s7] [m/s’]

10 | 048 | -048 | 0.14 | 1.76 | -1.55 | 0.14 | 0.45 | -0.42 | 0.38
20 | 123 | -1.07 | 03 | 343 | 266 | 077 | 1.2 | -1.09 | 031
Asphalt 30 | 131 | -123 ] 033 | 352 | -337 | 09 | 144 |-1.17 | 033
40 | 134 | -132 | 04 | 496 | 455 | 1.14 | 145 | -1.46 | 0.42
50 | 199 | -159 ] 046 | 555 | -6.14 | 122 [ 204 | -1.9 | 048
10 | 1.14 | -094 | 031 | 1.68 | -2.11 | 0.54 | 1.11 | -1.04 | 0.32
20 21 | 264 | 056 | 647 | -822 | 1.73 | 277 | 237 | 0.63
Cobble 30 | 419 | 265 | 074 | 949 | 94 | 239 | 3.51 | -3.48 | 0.91
40 | 449 | 464 | 1.19 | 12.89 |-12.84 | 3.32 | 4.85 | -4.14 | 131
50 | 541 | -5.9 | 1.24 | 16.89 [-19.11| 338 | 532 | -4.97 | 1.34

Tab. 2. Statistical summary of acceleration values for gravel and unsurfaced road

centre of mass driver seat

Surf: v AMAX aAMIN Std' AMAX aAMIN jtd.
T peem | s | s |G s | s
10 1.38 -1.41 0.40 1.59 -1.45 0.41

20 1.10 -0.92 0.32 1.35 -1.29 0.41

Gravel

30 1.89 -1.82 0.49 2.20 -3.25 0.69

40 2.16 -2.25 0.68 3.50 -5.41 1.11

10 2.33 -9.26 0.66 2.74 -9.63 0.71

15 4.29 -4.03 0.96 4.51 -4.95 1.05

Unsurfaced road 20 4.60 -4.52 1.12 7.32 -7.60 1.48
25 3.54 -3.55 1.00 4.92 -4.57 1.51

30 2.94 -3.45 1.03 4.78 -4.68 1.65

The spectral analysis of the time charts for accelerations and displacem ents was made. The
fast Fourier transform algorithm implemented in MATLAB environm ent was used and RMS
values of accelerations for 1/3 octave bands with the use of the power density spectrum numerical
integration were determ ined. The acceleration RMS value spectrum charts were m ade for 1/3
octave middle bands up to the frequency of 20 Hz. Exam  ple charts for the asphalt surface at
various driving speeds are presented in Fig. 6. For the asph alt surface, at a low driving speed (1 0
km/h) the com fort boundary was not exceeded. The comfort boundary was exceeded when the
driving speed increased up to 50 km /h, but the fatigue-decreased proficiency boundary was not
exceeded.

The analogous charts for accelerations for the cobble surface are presented in Figure 7. As for
the asphalt surface, the implementations for the vehicle speeds of 10 and 50 km/h are presented. It
may be observed that the com fort boundary was exceeded for the frequencies of 2 and 4 Hz. For
the speed of 50 km/h the comfort and fatigue-decreased proficiency boundary were exceeded, and
for the frequency of 10 Hz the exposure limit boundary was exceeded.
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Fig. 6. The acceleration RMS value spectrum chart for driver seat on asphalt surface
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Fig. 7. The acceleration RMS value spectrum chart for driver seat on cobble surface

The charts for the vertical accelerations for th e centre of m ass and the driver' s seat, atth e
speed of 40 km /h, for a single irre gularity (the triangle prism), are shown in Figure 8. As for the
passages on various road surfaces (asphalt, cobble, gravel, unsurfaced), it may be observed that the
extreme values of the accelerations and the stan dard deviation are much higher for the driver than
for the centre of mass. Maximum acceleration of the centre of mass is 5.47 m/s at the minimum is
—5.74 m/s*. For the driver's seat the values are 10.96 and —13.83 m /s* respectively. The setting-up
for extreme accelerations for the o ther vehicle speeds, taking into consideration the accelerations
for the floor under the driver's seat, is shown in Table 3. The analogous setting-up for the passages
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over a single obstacle with a cosine profile is shown also in Table 3. The vertical accelerations for
the centre of mass are signed with SM sym bol, the accelerations for th e driver's seat are signed
with K, and the vertical accelerations for the floor under the driver's seat — with PK.

15
—cenlre of mass

—dnver seal
floor under driver seat

1‘ | | g
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time [s]

acceleration [mis?)

Fig. 8. Time chart of acceleration of centre of mass, driver seat and floor under driver seat for single irregularity (the
triangle prism)

Tab. 3. Statistical summary of acceleration values for a single irregularity

The triangle prism profile Cosine profile
i External PK
\/[T(bnjliﬁy values [1?1/1\;[2] K [m/s’] [m/s’] [31/1\;[2] K [ms’] [IE/EZ]

10 Max 1.69 2.66 1.69 1.51 1.45 1.48
Min -1.26 -3-1.36 -1.1 -1.44 -2.02

20 Max 2.8 4.69 2.87 2.97 3.95 2.48
Min -3.14 -6.67 -3158 -2.65 .37 -3.23

30 Max 4.42 11.75 3.56 3.42 4.51 3.16
Min -3.58 -7.75 -5 -3.24 -5.01 -427

40 Max 5.47 10.96 5.36 3.43 4.8 4.66
Min -5.72 -13.83 -7.93 -3.98 -5]24 -4.44

50 Max 7.21 22.28 6.89 4.43 5.53 431
Min -6.96 -14.5 -9106 -3.65 H.72 -6.05

The road availability limited the scope of the experim ental research. On this account (and for
the third persons' safety during the tests) m aximum speeds were limited. Within the framework of
the research the simulations for wider speed ranges were made. Example results for the very good
quality asphalt surfaces are shown in Figure 9. The com fort boundary was not exceeded what
indicates comfortable driving cond itions. The sim ulation tests with in a wider range will be
presented in a separate paper.
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Fig. 9. The acceleration RMS value spectrum chart for driver seat — simulation, parameters: G,=0.000006 m’,
w=2.18

3. Final Conclusions

On account of the test limitation to a single personnel carrier the tests were the diagnostic ones.

In order to get m ore information about the dynam ic impacts on the personnel carrier crew it is
recommended to test several vehicles of every carrier type. However, the test results analysis make
it possible to formulate the following conclusions:

The personnel carrier provides a high driv ing comfort during driving on the good quality
asphalt surfaces.

During the personnel carrier m ovement on the poor quality asphalt su rfaces RMS values of
accelerations are much higher than for the good ones. The com fort boundary exceeding takes
place already at the speed of 20 km /h. For the higher driving speeds the fatigue-decreased
proficiency boundary exceeding takes place, too.

For the cobble surfaces the fatigue-decreased proficiency boundary exceeding already takes
place at the speed of 20 km /h. Along with the sp eed increase RMS values increase to o, and at
the speed of 50 km/h the values exceed the exposure-limit boundary.

When the personnel carrier d rives on the poor surfaces (the unsurfaced roads — th e testing
ground) the dynam ic loads with the values exceeding th e fatigue-decreased pro ficiency
boundary are being generated, what negatively influences the driving comfort.
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