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INTRODUCTION

Helmets and vests with the respective refills and bal-
listic shields are typical protective equipment used 
by  police and army. In order to improve the quality 
and  functionality of these products numerous works 
of  esearch and development are carried out, that aim 
is to obtain products with the highest level of protec-
tion. Simultaneously it is necessary to conduct rese-
arch in the field of structural adjustment to the requi-
rements of users and the specificities of their work, i.e.: 
physical effort, workers exposure time, thermal envi-
ronment and the application of other required equip-
ment.

The aim of the paper is to present a methodology 
of  comprehensive evaluation helmets, ballistic vests 
and the shields, reflecting the assessment of users’ phy-
siological and psychological parameters. Conducting 
research in accordance with the planned methodology 
allows for an assessment of physiological stress resul-
ting from long-term work in the clothing that disturb 
exchanging body heat in the environment, as well 
as   hysiological disturbances resulting from the pro-
per reception of external stimuli, irritation and mental 
stress during work with ballistic equipment.

GENERAL PRINCIPLES

All tests will be conducted with participation 
of 12 volunteers - policemen (future users of respon-
dents) aged 20 - 40 years. Volunteers will be selected 
in accordance with similar physical capacity and simi-
lar body shapes.

PHYSIOLOGICAL STUDIES

Physiological studies can deliver knowledge abo-
ut a physiological load of users’ body during physical 
effort in a set of personal protective equipment under 
thermal environment impact.

Physiological responses of human body were 
an aim of many studies with protective clothing, inclu-
ding impermeable one and protected against chemical 
hazards (Bishop et al. 1995, Levine i in. 2001, Whi-
te & Hodous 1987). Such researches indicated that 
thermal load of the user’s body could be significant 
even during work in moderate thermal environment. 
Thermal load is increasing in a higher environmental 
temperature and with higher physical work intensity 
(Holmer et al. 1992, Ilmarinen et al. 2004). Physical 
activity in ballistic vests makes heat exchange difficult 
in the area of  the trunk. The limitation is even more 
in  the case of  full garment applying by intervention 
forces workers, because of multilayer construction 
of the clothing, which disturbs heat exchange in large 
extend.

The weight of ballistic vests currently produced, de-
pending on a construction type, is equal one to several 
kilogram but together with other equipment (wea-
pons) even 8-10 kg for different kind of military ser-
vice. Users of the ballistic vest wear also:  inflammable 
uniform for exercises, light vest, heavy vest, gloves, ba-
laclava and helmet. Full garment achieves mass of 20-
30 kg but with other equipment - even 40 kg. Users 
of  ballistic vests wear full equipment both in every 
season and during a day and at night. In the physio-
logical point of view main factors influencing comfort 
of  he vest’s users are:
• weight of full garment and
• heat process exchange between environment 

and skin surface, disturbed in a great extend.
On one side, personal protective equipment ought 

to ensure enough protection but on the other side – 
to  fulfill ergonomic requirements. Unfortunately, 
it  often makes physiological and psychological stress 
larger, physical performance lower and higher discom-
fort. This situation occurs when multilayer and imper-
meable clothing is applied, especially in a hot environ-
ment condition (Mihal 1981, Ilmarinen et al. 2004, 
Holmer et al. 1992, Marszałek et al. 2004). 
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ballistic body armours and covers for transportation means as well 
as for buildings made on a basis of textile composites”.
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In the case of ballistic vest using, especially high 
challenge for body heat equilibrium will be apply-
ing of the full garment mentioned above, in con-
dition of  high air temperature, when heat accumula-
tion in  human body and increased sweat production 
for heat removing to the environment are expected. 

In physiological studies connected with the influen-
ce of vest on user’s body there will be analyzed changes 
of heat stress indices including internal and skin tem-
peratures, heart rate, sweating intensity and also air 
humidity between the clothing layers (Bartels 2007). 

Physiological studies will be carried out in a cli-
matic chamber of CIOP-PIB, at air temperatures 
of –20 oC and +35 oC, according to PN-V-87000:1999 
Standard. There will be monitored rectal tempera-
ture and local skin temperature at four places, accor-
ding to PN-EN ISO 9886:2005 Standard, heart 
rate, temperature and humidity between clothing 
layers at two places (chest and shoulder) and body 
mass. Also subjective ratings of thermal sensations 
(PN-EN ISO 10551:2002 Standard), skin wetness 
(Nielsen i in. 1990) and perceived exertion (Borg G. 
1982) will be collected.

During the study subjects will fulfil some exercises 
recommended by BS 7971-1:2002 Standard if there 
is possible to do them in the climatic chamber.

Described above studies will allow to compare in-
fluence of the set of ballistic protectors (three kinds 
of  vests with two different refills, helmet and shield) 
on users in two thermal environments – cold and hot.

PSYCHOLOGICAL TESTS

Three psychological tests will be used while ergo-
nomic assessing of vests and ballistic shields: complex 
reaction time, TUS and Grandjean Scale. These tests 
are   esigned for evaluating human traits and skills, 
which are necessary to perform difficult and dan-
gerous profession. Its make possible to assess both 
objective and subjective parameters of human per-
formance (e.g. reflex, attention, mood, feeling of fa-
tigue). Psychological tests will be conducted during 
two sessions of measurement: before start and after 
the end of each experiment. The session of psycholo-
gical testing will last about 10 minutes. The sequence 
of tests will always be the same: (1) Grandjean Scale, 
(2) TUS, (3) complex reaction time.

Grandjean Scale is a subjective method for de-
scribing current mood and mental load. It is used 
as  a  subjective measure of fatigue resulting various 
types of  work and occupations, such as Air Traffic 
Controllers (Costa 1993), as an indicator of changes 
in human performance and in the level of arousal cau-

sed by drugs(Weber et al. 1975), and as an indicator 
of mental load arising from mental activity (Baschera 
1979). Polish adaptation of the Grandjean Scale indi-
cated, that its validity is satisfactory (Luczak 1994).

TUS (Ciechanowicz i in 2006) is a test for assess-
ment an attention and perceptiveness. The concept 
of  attention refers to the selective aspect of percep-
tiveness, which is manifesting itself in the notice 
and concentrate on some elements of the environment 
and the relative ignoring the other ones (Reber 1985). 
This ability may be manifested as the possibility to 
focus the mind simultaneously on a specific problem 
or on several problems for a long time. Attention is pla-
ced on 2nd position among 10 other capabilities im-
portant for safe and well work performance (Luczak 
1999).

Complex reaction time test is a measure of reflexes. 
The response time is defined as “the time interval sepa-
rating the stimulation perceived by subject and its con-
scious response.” The assessment of the reaction time 
is practiced in job selection for occupations, requi-
ring superb reflexes, attention and for operators’ 
work (Sillamy 1989). Reflex is placed on 2nd posi-
tion among 15 other sensomotor features important 
for safe and well work performance (Luczak 1999).

THERMAL INSULATION TESTS

Thermal insulation of used protective equipment 
influence on amount of heat transferred to the en-
vironment and thereby on thermal stress of users 
(Holmer 2009).

All the experiments on a thermal manikin will 
take place in a climatic chamber. Thermal insula-
tion of   the  vests and helmets will be determined 
on  he thermal standing, stationary manikin type TM 
3.2/R110, named ‘Diana’ (Konarska et. al. 2008). 
The  measurements will be taken in accordance with 
EN ISO 15831 standard. Each measurement will be re-
peated three times at the assumptions that the climatic 
chamber had the following environment parameters: 
air temperature 10 ± 0.1oC, air velocity 0.4 ± 0.05m/s, 
relative humidity 45 ± 1%. All the measurements 
were taken with 1-second intervals and subsequently 
a 1-minute average value was calculated and recorded. 
The results were constantly displayed to help to evalua-
te the steady state. The tests will be conducted in three 
stages: measurement of thermal insulation of air layer, 
measurement of insulation of clothing ensemble used 
with  vest and helmet, measurement of thermal insu-
lation of complete protective ensemble. Resultant in-
sulation of vest and helmet will be calculated on basis 
of difference in measured insulation values.



Techniczne Wyroby Włókiennicze 200916

 OPERATIONAL LABORATORY TESTS

Operational research methodology takes into 
account a subjective assessment of people taking part 
in them, psychophysical tests as well as on objective 
evaluation of researchers. During operating tests users 
will wear vests and helmets and then carry out a seque-
nce of activities that simulate the use of ballistic pro-
ducts in the predictable conditions of use. A similar set 
of exercises will be related to ballistic shields, designed 
for handheld by the participants. Before performing 
tests users will answer survey questions on their own 
experiences with the use of ballistic products. After 
completing a series of exercises, users will be asked to 
study the subjective assessment of equipment and ap-
propriate comments. Before and after performance 
users will be performed the psychological testing wit-
hout the devices and product ballistic missiles, desig-
ned to assess the size of mental stress resulting from 
the use of ballistic products.

Operational tests will be performed at the air tem-
perature ranging from 16oC to 32oC and relative hu-
midity from 30% to 80% with sound effects (a noise 
simulation during the action) in order to evaluate 
the  ability of communication and the effects of light 
enabling the premises and nooks in terms of safety.

Operational tests in the laboratory will inclu-
de a   set of skill exercises in the following sequence: 
walk in an  upright position - 100 meters with a speed 
of 6 km/h for 10 minutes, going in an inclined posi-
tion 1.3 m - 140 m for 5 minutes, walking on a hori-
zontal plane in an upright position - 125m at any time, 
walking in an upright position - at speed of 3  km/h 
for 5min, 1min walk, or run on the treadmill at a speed 
of 8 km/h on the distance 133 m, 2 min walk, or run 
on the treadmill at speed of 2.4 m/h on the distance 
80 m and 20% slope; 4 min walking on the horizon-
tal treadmill at  a speed of 4.0 km/h - a total distance 
of  267  m, crawling in the tunnel of 70  cm height by 
5 minutes - a total distance of 70 m, entering and exit 
the  ladder, and  once the transition in both direc-
tions by  the square hole of  dimension 460  mm side, 
at a height of 20 m; filling the basket scraps of rubber 
20 times by 10 minutes, moving successively to 10 m 
distance and laying in  a  pile of 20  sand bags, each 
weighing 12 kg.

After the test users will subjectively evaluate equi-
pment by completing a questionnaire assessing their 
helmets and viewfinders. During tests the compatibi-
lity of their helmets used with another of their equip-
ment (vests, shields) will be assessed.

OPERATIONAL FIELD TESTS

The aim of field tests is to evaluate the design of new 
prototype devices in the ballistic conditions similar 
to the actual use, and verify the test methodology de-
veloped laboratory supplies, during which the devices 
are assessed subjectively in the field of ballistic ergono-
mics and safety.

Before and after field tests the psychological tests 
will be carried out without the products and with pro-
ducts of ballistic missiles.

The exercises will consist of: crawling by about 30 m 
under the barbed wire, beat the underground tunnel, 
cross the brick walls and go through dark labyrinth, 
where you can only navigate “blindly”; slide down 
the rope into a pit filled with water, where at the height 
of 0.5 m from the pane is hidden entrance to the un-
derground tunnel, after crossing about 40 meters go 
into the basement, check all the rooms and corners 
to make sure that they are safe.

During field and laboratory tests the energy expen-
diture will be analyzed. The excessive work load of hu-
man organism may cause a peripheral tirering, inclu-
ding the musculoskeletal system and general fatigue, 
and functional changes in central nervous system. The-
se changes can lead to discomfort, exhaustion of ener-
gy resources, and a metabolic, cognitive dysfunction, 
including eye-hand coordination and a reduction 
in mental capacity (Indulski 1999, Kozlowski et. al. 
1999), which may lead to additional risks in the work 
environment.

SUMMARY

The proposed method will allow a full ergono-
mic assessment of typical personal equipment used 
by  the police and the military.

The method will be verified on the basis of discus-
sions with potential products users, as well as on the ba-
sis of preliminary tests, developed by the project, mo-
dels of ballistic protection.
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