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Abstract 

Military vehicles are used less intensively than the civil ones, and many types of the vehicles used by the army are 
stored for a long time. Therefore, this type of vehicles can be used even for a dozens of years. Due to the constant 
development of technology, used armament and military equipment has to be adjusted to current needs. The above 
applies also to recovery vehicles, including field workshops. This work analyses the level of safety and comfort of the 
crew of the modified field workshop (Sarna II) when the vehicle is moving under various conditions. The scope of 
improvement included two seats inside workshop for the transportation of the crew members. 

Experimental research involved measuring the accelerations on the seats of the crew and the noise inside the 
vehicle body. The assessment was conducted on the basis of the highest value of 8-hour of the exposure to the whole 
body vibrations A(8). The accelerations acting on the seats were determined mainly by the kind of the road, its 
roughness and the speed of the vehicle. The occupational risk connected with the exposure to the mechanical 
vibrations was in most cases assessed to be low or moderate. The risk was assessed to be high only when the vehicle 
was moving on the dirt road. Results of experimental researches indicated that passengers travelling in the body of 
Sarna II workshop, mounted on the underbody of STAR 266M2 vehicle, have ensured proper conditions of transport, 
both in terms of exposure to mechanical vibrations and to the noise. 
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1. Introduction

Modern battlefield is constantly changing – this is why every new generation of armament and
military equipment is an attempt at improvement. New generations of armament are developed 
both by improving the already existing constructions and by designing new ones. A piece of 
military equipment is usually improved many times because it is used for many years. The scope 
of improvement may include perfecting all the combat features (comprehensive improvement) or 
only the selected ones (partial improvement). The process of improvement involves not only 
military vehicles and elements of armament but also the equipment used by the military units 
responsible for the logistics to ensure proper operation of the basic armament [1].  

Machines and tools used to operate and repair the armament are one of the basic factors 
facilitating the effectiveness of the process of keeping the systems of weapons in running 
condition. While dealing with the military equipment, it is necessary to apply technical solutions 
that are very different from those used in the other areas of economy. Units of military logistics 
should be equipped with proper equipment for operating and repairing the armament, especially: 
mobile workshops, recovery vehicles, technical tents, mobile workshops for diagnostics and 
repairing subassemblies and sets of tools or materials used for repairing.  

In most cases, the body of various types of workshops is mounted on STAR 266 off-road 
lorries, which contributes to the effectiveness of service and repair field workshops. Polish army 
usually uses Sarna I and II bodies. Sarna II is a vehicle body of new construction design, which is 
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sealed and equipped with a fan filter unit. Sarna II is a construction used for deploying the 
equipment and it is designed in a manner that makes it possible for it to be quickly unloaded from 
the underbody, and to deploy it on a stable ground, on special supports.  

In case of some types of workshops, it may be necessary to increase the number of personnel. 
Therefore, it is necessary to mount extra seats inside the vehicle body, making it possible to carry 
passengers outside the cabin of the car. In this case, it is important to ensure the safety of the 
passengers and make the seats relatively comfortable, so that the passengers are not too tired, 
which would have a negative impact on the ability of the personnel to perform their tasks.  

Therefore, the main goal of the work is to assess the safety and comfort of the crew travelling 
inside the vehicle body of Sarna II workshop. The analysis is based on the results of experimental 
research. 
 
2. Research object and methodology 
 

The object of the research (Fig. 1) is Sarna II workshop, deployed on STAR 266M2 underbody 
along with an electric power generator on D 622 one-axle trailer. Two passenger seats (for the 
crew of the workshop) were mounted inside the vehicle body.  

 

 
Fig. 1.  Star 266M2 with Sarna II workshop 

 
The tests were conducted in a body of a workshop, equipped with the necessary devices, tools 

and seats. Fig. 2 depicts the inside of the workshop. For the purpose of the work, the following 
symbols were assigned: seat no. 1 is the seat at the back of the body, seat no. 2 is the seat at the 
door of the body of the workshop. It is worth emphasizing that the tests of the military vehicles 
should not cover only the general requirements, but also the guidelines of applicable military 
standards [5, 6]. 

The objective of research was to assess the safety and comfort of the crew travelling in 
S1AB01 and S1MED01 seats, manufactured by INTAP, mounted in the body of the workshop, as 
well as the dynamic loads acting on the crew and on the equipment of the workshop.  

The tests were conducted with control and measurement instruments, including three-axis seat 
acceleration sensors, placed on the seats occupied by the members of the workshop crew. The 
measurements of the level of noise to which the crew members were exposed inside the workshop 
body were conducted with 1613 sound level meter, manufactured by Brüel & Kjær. The meter was 
placed between the seats, at the level of the heads of sitting passengers. 
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Fig. 2. Interior of Sarna II workshop 

 
The nuisance of the vibrations generated by vehicles is highly subjective, therefore it is 

difficult to determine reasonable limits of exposure. The assessment of the exposure to the whole 
body vibrations was conducted on the basis of the highest value of 8-hour exposure among the 
exposures measured in three directions: max{Ax(8), Ay(8), Az(8)}. Al for each direction 
is calculated with equations [2, 4]: 
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where: 
n – number of activities performed during the exposure to the vibrations, 
i – number of the activity performed during the exposure to the vibrations, 
l – direction of the vibrations (x, y i z), 
kx = ky = 1.4, for x and y directions; kz = 1 for z direction, 
ti – duration of activity number i, 
awli – adjusted value of the vibration acceleration, measured in x, y and z directions for the activity 
number i, performed during the exposure to the vibrations. 

According to the Regulation [7], the exposure action value (EAV) for whole body vibrations is 
0.5 m/s2, whereas the daily exposure limit value (ELV) A(8) vibrations is 0.8 m/s2 [8]. When 
the value exceeds the EAV, the employer is obliged to undertake the actions specified in 
the provisions of applicable law in order to reduce the occupational hazard connected with the 
vibrations. The assessment of the occupational risk connected with the exposure to mechanical 
vibrations involves mainly comparing the values of ELV at the workplace to the measured values 
of exposure. The risk is usually calculated as the ratio (k) of the measured value to the applicable 
ELV value [2, 4]: 

k ≤ 0.5   low risk, 
0.5 < k ≤ 1  moderate risk, 

k > 1.0   high risk. 
The ratio is calculated with the following equation: 

 ( )
( )dop8A

8Ak = .  (2) 

ISO 2631 [3] international standard can also help in the assessment of the exposure when 
calculating the distribution of the effective acceleration in various frequency ranges. 
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3. Test results 
 

The research was conducted with the vehicle moving on various types of road. The tests 
included an asphalt road, a gravel road and a dirt road in average condition. The measured changes 
in values over time served as the basis to assess the level of permissible vibrations. 

Figure 3 depicts exemplary changes of vertical accelerations over time, measured on seats no. 1 
and 2, with the vehicle moving at 20 km/h on the dirt road. The changes over time were very 
similar, which was due to the fact that the seats are placed in a similar distance in the direction 
longitudinal towards the centre of gravity. The above is caused by the fact that the seats are placed 
in a similar distance in the direction longitudinal to the centre of the mass. The minor differences 
observed in changes over time were caused mainly by displacement of seat no. 2 towards the side 
of the body of the vehicle. Due to the above, the angular displacement of the body of the vehicle 
with regard to the longitudinal axis in another factor determining the value of the accelerations. 
However, it is important to stress that the differences are visible mainly with the vehicle moving 
on the roughness causing this type of displacement (mainly dirt roads). On the asphalt road, the 
differences between the changes of the accelerations on the two seats were even smaller. 

 

 
Fig. 3. Vertical accelerations on seats – dirt road, v = 20 km/h 

 
The main factors determining the value of the accelerations acting on the seats were the type of 

the road, its roughness and the speed of the vehicle. In the majority of analysed situations, 
increasing the speed of the vehicle resulted in the increase in the value of the accelerations acting 
on the seats. However, significant differences were observed at 40 km/h. Fig. 4 depicts the changes 
of the vertical accelerations over time on the seat no. 1 with the vehicle moving on the same 
stretch of the asphalt road at two different speeds, 40 and 60 km/h. We clearly see that the increase 
in speed resulted in decreased value of the accelerations. Another finding is that at 40 km/h one of 
the frequencies of the vibrations has the biggest impact. The above is confirmed also by frequency 
analysis of the signals. 

Figure 5 depicts the charts of power spectral density of the accelerations for the signals 
presented above. At 40 km/h, the component of 3 Hz frequency is the dominant value. The 
distribution for the higher speed is different, there is no such clear dominant value. At 3 Hz 
frequency, the value of power spectral density of accelerations is about 14 times lower, due to 
resonant vibrations and forces that make the elements of the vehicle body vibrate. The same result 
was observed also in the vehicle moving on the gravel road. 
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Fig. 4. Vertical accelerations on seat no. 1 – asphalt road, v = 40 and 60 km/h 

 

 
Fig. 5. Power spectra density of the accelerations on seat no. 1 – asphalt road, v = 40 and 60 km/h 

 
The effects of the phenomenon described above can be observed also on the charts presenting 

the distribution of effective accelerations in various 1/3 octave bands of the accelerations. Fig. 6 
depicts the result of acceleration analysis based on ISO 2631 standard. The chart depicts also the 
permissible values, determining the fatigue-decreased proficiency boundary and an exposure limit. 
We clearly see the vibrations significantly exceeding the fatigue-decreased proficiency boundary 
in the band of centre frequency of 3.15 Hz. In this band, the effective value of accelerations is for 
40 km/h speed twice as high as for 60 km/h. In the case of the neighbouring bands, most important 
when it comes to the perceived intensity of the vibrations (i.e. 4 vs. 8 Hz), higher values were 
recorded for the higher speed. However, those values are distributed in a wider range of frequency 
and the fatigue-decreased proficiency boundary was not exceeded. Is also has to be emphasized 
that an exposure limit was not exceeded in any of the analysed testing situations. 

Table 1 presents a summary of the results of the measurement of vibrations and noise for all of 
the analysed situations. The highest load of vibrations was recorded on seat no. 2, with the vehicle 
moving on the dirt road. Slightly lower values were recorded on seat no. 1. However, the daily 
exposure to vibrations exceeded 0.8 m/s2 for both of the seats, and the occupational risk connected 
with the exposure to mechanical vibrations was assessed to be high. Greater load acting on 
a human sitting in seat no. 2 can be assumed also on the basis of the results of the tests with the 
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vehicle moving at various speed on the asphalt road. In the case of seat no. 1, the value of daily 
exposure A(8) was not higher than 0.4 m/s2 for all the values of speed, therefore the risk is 
assessed to be low. In case of seat no. 2, the level of risk turns into moderate above 50 km/h.  

 

 
Fig. 6. RMS of vertical acceleration on seat no. 1 – asphalt road, v = 40 and 60 km/h 

 
Tab. 1. A summary of the results of the measurement of vibrations and noise 

No. Kind of road Velocity 
[km/h] 

Seat 1 Seat 2 Noise 
level 

[dB(A)] 
A(8) 

[m/s2] k risk Te[h] A(8) 
[m/s2] k risk Te[h] 

1 

Asphalt road 

20 0.202 0.25 low 8 0.233 0.29 low 8 68 
2 30 0.205 0.26 low 8 0.245 0.31 low 8 70 
3 40 0.427 0.53 low 8 0.449 0.56 moderate 8 78 
4 50 0.371 0.46 low 8 0.427 0.53 moderate 8 71 
5 60 0.388 0.49 low 8 0.417 0.52 moderate 8 76 
6 70 0.395 0.49 low 8 0.456 0.57 moderate 8 77 
7 

Gravel road 
30 0.399 0.50 low 8 0.498 0.62 moderate 8 72 

8 40 0.541 0.68 moderate 6.83 0.641 0.80 moderate 4.87 78 
9 50 0.502 0.63 moderate 7.95 0.588 0.74 moderate 5.79 73 

10 Dirt road 20 0.828 1.04 high 2.92 0.996 1.25 high 2.02 74 
 

On the asphalt road, the exposure action value was not exceeded for general vibrations. 
Therefore, there is no need to shorten the permissible time of exposition Te. However, it is 
necessary to do so with the car moving on the gravel road at more than 40 km/h and on the dirt 
road. 

The results of the noise measurement inside the vehicle body indicate that in each of the 
analysed situations the limit of permissible daily noise exposure was not exceeded. The highest 
noise level was recorded with the vehicle moving at 40 km/h both on the asphalt road and on the 
gravel road. The level reached the value of 78 db(A), due to the vibrations of the elements of 
vehicle body, which is confirmed by the recorded vibration measurements. 

Figure 7 depicts the chart of the levels of A(8) daily exposure to whole body vibrations for 
each of the analysed situations. On the chart, the exposure action value (EAV) is also marked, as 
well as the daily exposure limit value (ELV). 
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Fig. 7. The levels of daily exposure values to whole body vibrations on seat no. 1 and 2 – asphalt road, v = 40 

and 60 km/h 
 

4. Summary 
 

Military equipment is used in a very unique manner. Military vehicles are used less intensively 
than the civil ones, and many types of the vehicles used by the army are stored for a long time. 
Therefore, this type of vehicles can be used even for a dozens of years. Due to the constant 
development of technology, used armament and military equipment has to be adjusted to current 
needs. The above applies also to recovery vehicles, including field workshops. 

This work analyses the level of safety and comfort of the crew of the field workshop when the 
vehicle is moving under various conditions. The equipment of the workshop, deployed in Sarna II 
vehicle body, a property of the army, was improved. The scope of improvement included also 
mounting two seats for the transportation of the crew members. 

Experimental research involved measuring the accelerations on the seats of the crew and the 
noise inside the vehicle body. The accelerations acting on the seats were determined mainly by the 
kind of the road, its roughness and the speed of the vehicle. In the majority of analysed situations, 
increase in the speed of the vehicle resulted in the increase in the accelerations. Significant 
differences were recorded for 40 km/h. At this speed, the level of exposure to vibrations A(8) was 
significantly higher than in the case of other values of speed. The occupational risk connected with 
the exposure to the mechanical vibrations was in most cases assessed to be low or moderate. The 
risk was assessed to be high only when the vehicle was moving on the dirt road. However, it is 
worth to emphasise that the members of the crew are not exposed to the vibrations for a long time. 
After being transported to the place of destination, they perform their work after the vehicle comes 
to a complete stop. 

According to the research analysed, regardless of the conditions of use, travel speed and the 
kind of road (condition of the surface), recorded noise level does not exceed 78 dB(A), therefore it 
does not exceed the permissible value of 85 db(A). Due to the above, for the passengers travelling 
in the body of Sarna II workshop, mounted on the underbody of STAR 266M2 vehicle, proper 
conditions of transport are ensured, both in terms of exposure to mechanical vibrations and to the 
noise. 
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