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Abstract

In industries such as the mining, petrochemistryawer industries, personal protective equipmerdfien used in explosive atmos-

pheres. What causes the occurrence of explosivadimis ever-present in the work environment thelude, electrostatic phenomena as
well as the build-up of electrical charges on thdaxe of the protective equipment used. This papesents the results of studies which
were aimed at determining the fundamental electimsparameters of protective helmets as well &s and face protection, surface

resistance and the voltage of electrostatic fidid@minations on the typical structure of the abmentioned equipment was conducted
including the variable values of ambient humiditynich can occur in the working environment and wtfite use of various types of mate-
rials used to generate a charge. The adopted netratlitesting equipment have been presented. thengurrent, general requirements
regarding the electrostatic properties of materitde examined helmets and eye protection weresssdefor their use in explosive

atmospheres.

Keywords
electrostatics, protective helmets, eye and faogeption, resistance, electrostatic field voltagelividual protection equipment, zone of
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1. INTRODUCTION Domaradzka-Nigiska, Wrobel 2002). In a situation when the
nergy of a discharge is greater than the minimgmnition
nergy of an explosive atmosphere (PN-E-05201:1988%e

materials may be a source of ignition. Therefonearieas of

explosion risk, personal protective equipment sthdnd used
which has been verified in terms of electrostatioperties.

During the verification, special attention oughb paid to:

materials, from which elements of personal protecti

equipment are made can be subject to dangerougechar
with static electricity in conditions of their use

wearing personal protective equipment (puttingritamd

taking it off) can cause dangerous electrification

Static electricity is a common phenomenon commonl
observed both in natural conditions as well as wsations in
the industry.

State of being charged with static electricity @sisn most
cases as a result of physical and chemical chamges
pro-cesses of dynamic nature, and can be a diffsatt eof
hu-man activity. The resulting electrostatic chaggmerally
builds up on the materials of low electrical cortility or
conductive objects, isolated with dielectric matksriof leak-
age resistanceR, > 1 Q (Wytyczne... 1984; PN-E- °
-05200:1992). It can cause a number of variousidisinces
in the working environment, and above all: fire-lagon
hazard, technological disturbances in the coursth@fpro-
duction processes and disruptions in the functgoihmeas-
urement and control equipment.

The occurrence of static electricity — especiaflyareas

Specific requirements for some of the products cme-
tained in the relevant harmonized standards witfeddive
89/686/EWG (Directive 1989). Currently, there ateet
standardized test methods. Two of them — PN-EN 1149
-1:2008 and PN-EN 1149-2:1999 - refer to deterngirtime

where explosive mixtures may be present — is ealhgcian-
gerous from the point of view of potential consetmpes to

surface and volume resistance of materials, andhingé —
PN-EN 1149-3:2007 — is for determining the chargeay

employees. Therefore, in accordance with the ATEXme and shielding ratio for clothing materials. date, how-

directive (Directive 1999) in an explosive atmoggse all
potential sources of ignition must be eliminateeérddnal
protective equipment such as garments, industaifgty hel-
mets, eye and face protection, footwear — mostlgenaf
plastic with low electrical conductivity may cordute to the
development of dangerous spark discharge or brigshatge
(Kowalski, Wréblewska 2002; Vogel et. al

ever, no established standards have been devetoppub-
vide detailed requirements and test methods fousdtidl
protective helmets and eye protection to enableatfsess-
ment of their suitability in explosive atmospheriéshas not
been clearly established if these products posetanpal
hazard in these areas. Due to this fact, the Qdngtitute for

2002;| abour Protection-National Research Institute (GRIB),
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undertook the task of developing testing methodktasting
standards for protective helmets and eye protectimassess
their suitability in hazardous areas.

2. ELECTROSTATIC PHENOMENA

The electrical conductivity of materials, which yda
a decisive part in maintaining the electrified staf an object
is expressed by the value of volume resistap@nd surface
resistances (Wytyczne 1984; Directive 1999; Pidoll 2002).
It is accepted that:

Static electricity is treated as a set of phenomené) Materials that become electrified share the folluyvi

associated with the formation and accumulation letteo-
static charges on materials with low electrical dugativity
and on conductive objects isolated from the grouidctro-
static charges are created as excess electricgezha

In most cases, one has to deal with "contact" efiect
tion, i.e. a situation in which an electrostatiage is formed
as a result of affecting the electrical equilibriwm the sur-
face of two bodies (materials) at their mutual eentlf, in
the system of bodies in contact (materials), on¢hefn is
a grounded conductor, then the charge remains @man-
conductive material only. Due to the limited mdlyilof this
type of charge, it is referred to as an "electtistacharge.
The size and the sign of the resulting electrastatiarge
depends on such factors as the chemical compasitien
physical state and structure of the material, tgoel the
amount of admixtures of foreign substances in {betefy-
ing bodies and the electrical conductivity of thatemial. The
electrostatic properties of the materials to theatgst extent
determine the following parameters:

Leakage resistanc®, which primarily determines the
possibility for the accumulation of an electrostatharge on
the material. This refers to the total electricakistance,
measured between the surface of the object in igneand
the ground. It is therefore a transition resistancethe
ground, the value of which, in addition to the coctilvity of
the material of a given object, is also affected tine
resistance of separating it from ground construactiwateri-
als. An electrostatic charge cannot be accumulaeobjects
where leakage resistance fulfils the condifiyx 10° Q.

Permittivity is the ability of a material to prodaand
maintain an electrostatic charge. Knowledge of risative

characteristics:

— small electrical conductivity, for which volume istance
isg, > 10 Qm or surface resistancecis 10’ Q,

— conductivity, these are materials for which volume
resistance ig, < 10" Qm or surface resistance ds<
10" Q, and are isolated from the ground with non-
conductive materials, for which volume resistanse i
¢,>10'Qm or surface resistancegs> 10° Q.

For permanent electrification to occur, voluresistance

of ¢,> 10’ Qm, surface,> 10'°Q in cases of solid bodies

and volume resistance gf > 16* Qm in case of liquids
must be present; the electrification of such matergen-
erally results in disturbances in the environmemtaind-
ing it or production processes have been carrigdnith

their participation.

Materials of volume resistance*Om <¢,< 10-1¢° Qm

or surface resistance 1Q < ¢, < 10'° Q generally show

a slight capability of electrification and in coatavith the

grounded, conductive elements of the productioripequ

ment, quickly lose its generated charge.

) Materials with volume resistangg< 10* @Qm and surface
resistances< 10’ Q are considered to be conductive, i.e.
unable to accumulate an electrostatic charge, uttder
condition that they are not isolated from the giuwvith
non-conductive materials.

2)

3)

Electrostatic discharge is dangerous, when itsggné,
reaches the value of the so-called minimum enefggro-
tion W,,,i, of combustible material, it is possible to be with
the range of this discharge, i.e. WA&R > W,in, WhereW
is understood as the lowest energy of electrosthagicharge,
which in determined conditions is still sufficietd cause

permittivity ¢ facilitates approximately —assessing thegnition of a given combustible or explosive medium

expected electrification of a given material. Iirtgaular, the
degree of its static electricity charge, achievedadntact with
different materials, is greater the bigger the atéhce
between the electrical permeability of this mateaad the
permeability of the material in contact with it.

The relaxation time of an electrostatic chargdetermines
the rate of removal of the electrified materialotyject. This
is the time during which the degree of static eleity in the
material is reduced to about 27% of the initialueabf the
generated charge. It can be expressed as the profitiee
permittivity eoe and volume resistanag of a given material
(7 = eoegy) Or the product of leakage resistafeand electric
capacity C, if the electrostatic charge is accumulated
isolated form with a ground conductive object(R,C). The
above takes place when a loss of charge takes tlamegh

3. PROTECTIVEHELMETS

Protective helmets differ in purpose and desigm,timee
elements that they do have in common can be idedtif
a shell, a harness and a main strap.

The shell is the outer part of the helmet whichegivt
a basic shape. Its primary objective is to takéngact, par-
tially absorb its energy and transfer its remainpagt to the
harness. Due to the size of the surface it hagitbatest im-
pact on electrical properties of protective helmé&tse most
commonly used today for the production of shells poly-

il(}hene, ABS and glass mat composite cured with syiath

resins (Table 1).

Table 1. Selected properties of plastic used more frequently for the production of

leakage resistancB,, a situation is not taken into accountPrtective helments (Szlezyngier 2001)

when a dominating part plays the process of digghgr
conditions e.g. by the depolarization of a mategalthe
desorption of ions. It is accepted (Wytyczne 19B#gective
1999), that the total disappearance of electrasteliarge
takes place after the passage of the so-calleddiroemplete
dischargd,, (ty=57).

Density Volume Dielectric Dielectric

Material glem? resistance constant strength,
Qm for f=50 Hz kVimm
Polythene 0.92-0.96 | 10'=10"7 2.2-24 15-25
Polystyrene 1.0-1.1 1011-10"7 2.4-34 18-30
ABS 1.01-1.2 | 10'=10"7 2.6-3.6 17-30
Epoxide resin 1.1-1.9 1010-1015 3.1-6.5 16-25
Polyurethane resin 1.15-1.22 | 10"-101 3.55.0 15-28
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A harness and a main strap make up the insideeofi¢ih
met, linked with appropriate hooks with the shéllhas the
form of a strap system made of polyamide textilgesaor
low-pressure polyethylene. Their main task is tegkehe
helmet stable on the head of the user, absorb ingreergy
and distribute, in such a case, forces acting lamge surface
area of the head. This is the element that eletlyiconnects
the helmet shell with the head and hair of the eeakt this
point, owing to the friction of the harness elensenith hair,
an electric charge can be generated. An exampleeiofiet

structure is shown in Photo 1.

Photo. 1. Example of protective helmet structure: 1 — hamess, 2 - shell

The object of the study held in CIOP-PIB of elestatic

properties were helmets presented in Table 2.

Table 2. Protective helmets selected for the study

high resistance, limited possibilities of dischaageeasiness
of introducing charges on the surface — is the ipoitg of
bringing about hazards in areas where there isxptogive
atmosphere. In addition, it has a relatively lowisgance to
scratching. This disadvantage is eliminated byypglhard-
ening layers to the surface. It is also common gplhaan
anti-fog layer on the internal part of shield. Applied coat-
ings can have a significant impact (both positinel @aega-
tive) on the electrostatic properties of eye arue farotection.

For this study, personal protective equipment fer ¢yes
and face were selected and are presented in Table 3

Table 3. Personal protective equipment selected for the study

Helmet . Material of | No. of
. Material of shell
marking harness  |samples
ABS - poly(acrylonitrile-co- _
A butadiene-co-styrene PE - polythene 5
homogeneous |HDPE - high density poly- |PE - polythene
B h . 5
materials thene PA - polyamide
PE - polythene
c PE - polythene PA - polyamide 5
D glass ﬁbrgs, carbon and PA — polyamide 5
€poxy resin
heterqgeneous PE - polythene
E materials gelglsr? fibres and polyester PA - polyamide, 5
aramid

4. EYE AND FACE PROTECTION

Personal protective equipment designed to probeceyes
and face from four basic categories:

» safety glasses
» safety goggles
 face shields

« welding shield (this category of eye protectionludes

welding shields, helmet shields, goggles and hoods)

In the enumerated categories of eye protectionrsjgmo-
tective shields, mesh or filters are mounted. Ex@eetion
can also be part of respiratory protective equipnegrnead
protection. All categories of eye protection conseisa trans-
parent part and the frame or body with a harness.

The most important common element in most of thevab
categories of eye protection is the protective ldhiks main
task is to protect against impact. It is made ofypethyl
methacrylate, cellulose acetate, and (predomingpptycar-
bonate with a thickness from 0.25 to 3 mm. Thisemal is
characterized by its very high mechanical strengtid the
natural ability to absorb ultraviolet radiation athé ability to
colour the material in mass. The main disadvant#geoly-
carbonate — mainly due to the electrostatic prégeduch as

No. of Name of the Materials used
' Photograph for construction:
sample product .
visor/frame
1 Protective glasses PCIPE
2 PC/IPCV
Protective
goggles
3 PC/IPCV
4 Face protection PC/PE

5. METHODOLOGY OF THE STUDY

Today there are several methods adopted to askess t
suitability of products for use in explosive are@snong
them, there is a group of methods including theitigm
ability of explosive mixtures by electrification shmples of
materials or entire products (Ptaski, Zeglea 2001). Another
group of methods for such an assessment is based on
measurements of the charge transferred in an ielectr
discharge. These methods result from the theststhieae is
a correlation between the charge displaced in ectrelstatic
discharge and the probability of the ignition afrfimable or
explosive mixture (von Pidoll, Brzostek, Froechtgr2002;
von Pidoll 2002; Ebadat 2002). The next group ofhods is
based on studying the electrostatic properties aferals
used in their manufacture. According to the cuiyeappli-
cable standards (PN-EN-05200:1992), a product is- an
electrostatic if it is made of a material whichconditions of
use, does not electrify or electrifies to an acaklat level.
Due to the specific design of the equipment, whsctine sub-
ject of this study and the materials used to predihem, it
was decided in order to assess electrostatic pieperto
choose methods based on the measurement of surface
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resistance and the voltage value of any chargenadiated
on the surface. To take into account the actuadlitions that
would prevail in the workplace, it was decided toe-p
condition tested products within 24 hours. The &edon-
ditions are summarized in Table 4.

Table 4. Adopted conditioning

Conditioning Conditioning (ambient air)
X temperature 21°C, humidity 53%
Y temperature 21°C, humidity 65%
/4 temperature 21°C, humidity 95%

6. SURFACE RESISTANCE OF HELMETS

To determine the resistance it was necessary tty &pp
appropriate system of electrodes. Due to the camtell shape
of helmets and eye protection, and the lack ofdlatents on
their structures and to facilitate the use of staicelectrodes
(EN1149-1:2006) it was decided to apply electra@soto 2)
using an electrically conductive coating with treidision of
silver — ELECTRONE 40AC. Geometrical parametersisg#d
strap electrodes (the length and the distance etvwieem)
were selected so that the geometric ratio of elde8 neces-
sary to determine the resistance was 10, i.e.:

G = kR,
where:

k — geometric ratio of measurement electrodes

Rs — surface resistance

¢s —surface resistivity

The diagram of the measuring system is shown iarEid.
The electrodes (3) have been connected to hightaesie
meter type TO-3 (Germany) (1) to measure the @sist in

the range from 10 (@ to 160 T2 while measuring voltage

between 100 and 500 V. The measurement sample
placed in a Faraday cage (2) during the measuremémn
a voltage was applied, resistance of the samplere@sded
every 1 second. Measurements were performed urheli-c
tions labelled as X after previous conditioning lflea4).

B _
Photo. 2. The electrodes with an electrically conductive coating: 1 - applied
electrodes, 2 — connection cables

Fig. 1. Scheme of measuring system: 1 — high resistance meter, 2 — Faraday cage,
3 — tested product

7.ELECTROSTATIC VOLTAGE

In actual conditions, when in use, helmets andpgpéec-
tors are usually electrified by friction. Therefotbe meas-

urement of electrostatic voltage, generated onstiréace of
products, was made after prior electrification hbhing
them. For this purpose, the samples were rubbethanyl
with a frequency of 1 Hz for 30 seconds. Three sypé
materials were used for this purpose:

* bristle (brush)

» plastic material (fleece)

» human hair (wig).

The diagram of the measuring system is shown inrEig.

: —=

100 mm 4

Fig. 2. Scheme presenting the way of electrostatic charge measurement: 1 - voltage
meter box, type JCI 140 (USA), 2 — laser distance meter, 3 — examined product,
4 — model of the head

Voltage measurement was performed using voltage ele
trostatic field meter type JCI 140 (USA) and placedn
accordance with the instructions — in a distanc&@F mm
from the electrified product located on the modahe head.
Measurements regarding distance were made usirasex |
distance meter.

8. RESULTSOF THE STUDY AND DISCUSSION
The following analysis of the results did not taikeo

W&tount the measurement uncertainty resulting fttermet-

rological properties of the equipment used, sinte¢he basis
of the calibration certificates held it was decidbdt it is
considerably small in comparison with the standiediation
values obtained.

8.1. Surfaceresistance

All tests of resistance were carried out under dth
specified in Table 4 as X, Y, Z. Just before measunts
were taken, the samples were conditioned as seédiii the
same Table. The results of the helmet tests oshosvn in
Table 5.

Table 5. Test results of surface resistance of protective helmets

M:::r'::)gleOf Conditio[ling A:::gt::::‘;d Standard deviation
) (according
(according to Tab. 4) voltage, V
to Tab. 2) ) 100 500 100 500
X 7.18E+13 | 6.56E+13 | 2.39E+12 | 1.33E+12
A Y 1.95E+14 | 1.78E+14 | 1.05E+13 | 7.53E+12
z 1.16E+13 | 2.06E+12 | 7.53E+10 | 5.16E+09
X 8.06E+12 | 9.61E+12 | 9.33E+10 | 2.59E+10
B Y 1.59E+12 | 8.90E+11 | 4.17E+09 | 1.68E+10
z 446E+11 | 1.02E+11 | 4.17E+09 | 9.83E+07
X 9.30E+13 | 3.35E+13 | 1.58E+12 | 3.70E+11
C Y 2.72E+12 | 1.65E+12 | 6.53E+09 | 8.94E+09
z 6.20E+11 | 1.13E+12 | 1.17E+09 | 9.52E+09
X 1.04E+11 | 1.01E+11 | 241E+08 | 3.49E+08
D Y 1.80E+11 | 2.80E+11 | 1.38E+09 | 2.64E+09
z 1.75E+11 | 1.64E+10 | 7.53E+08 | 2.80E+08
X 5.81E+09 | 543E+09 | 7.07E+06 | 1.67E+06
E Y 1.60E+08 | 1.32E+08 | 3.27E+05 | 3.78E+05
Z 5.90E+07 | 3.51E+07 | 5.75E+05 | 1.05E+05
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Results of testing eye protection are presentddbie 6.

Table 6. Results of testing surface resistance of eye protection

8.2. Electrostatic voltage

All tests concerning electrostatic voltage wereriedrout

Marking of | ditioning ?verz_igtevalug Standard deviation under the COﬂC!ItIOﬂS described in Table 3 as X. dmhatel_y
the sa'(‘j‘P'e (according ot resistance, faos v before performing the measurements the samples coeid-
(f:f’r‘;[) '2)9 to Tab. 4) 0 500 tage, 100 500 tioned under X as shown in Table 4 for 24 hours T@sults
+ + + + concerning helmets are shown in Table 7.
X 8.49E+11 | 8.37E+11 | 152E+10 | 2.65E+10 g
1 Y 7.995E+11 | 6.475E+11 | 2.34E+11 | 3.27E+11 , , ,
7 7676411 | 6.34E+11 | 3.66E+10 | 1.34E+11 Table 7. Results of testing voltage of electrostatlil ﬂlﬁd foru pr;)\t/ectlve helmets
X 87E+11 | 8.72E+11 | 1.28E+09 | 3.16E+09 oltage U,
2 Y 8.7E+11 8.7E+11 755E+08 | 7.94E+08 Materials for rtéat;i%%db‘il/ime;g;coglmétgi;r;i:;e sample was
z 8.31E+11 | 8.29E+11 | 1.00E+11 [ 9.91E+10 . L . .
X 1.34E+12 | 1.28EA12 | 3.67E+11 | 5.14E+10 (tt’)rr'j;'ﬁ) a“'ﬁff'fe'erg:)te”a' h“’?ﬁg)"a'r
3 Y 127E412 | 129E+12 | 9.24E+10 | 3.72E+11 1~ right side of the helmet, 2 - left side of the helmet
z 1.28E+12 | 9.27E+11 | 347E+10 | 2.38E+11 Marking of
X 3.52E+12 | 3.62E+12 | 259E+11 | 2.64E+11 sample
4 Y 2.237E+12 | 2.082E+12 | 2.03E+12 | 6.25E+11 | |(according L 2 ! 2 L 2
z 1.77E+12 | 3.23E+12 | 1.32E+12 | 2.80E+12 to Tab. 2)
_ . Vaa | 254E-01|353E-01 | 9.78E-01 | 4.70E-01 |1.29E+00 | 1.16E+00
After analysing the results of the surface resistanf A sandard
helmets, it can be said that: deviation | 7-26E-03 | 5.00E-03 | 6.67E-03 | 2.45E-02 | 6.72E-02 | 5.01E-02
» During measurements carried out on the same hesatt, p—
isfactory concurrence of results was visible, sirthe 5 |vale 240E+00|2.37E+00 | 5.56E+00 | 4.49E+00| 5.57E+00 | 5.44E+00
standard deviation was within the range from 1.05&5 Ztaqd?rd 673602 | 3.505-02 | 103501 | 3.935-01 | 1.20E01 | 1 84E-01
the value of 3.51E® to 1.05Q E13 for the value of 6.56E13 eviation
Q, thus from 0.3 to 16% in relation to the averagkie. mean
« The highest resistance was displayed by helmeterad | .  |vale 1.07E+001.07E+00 1.51E+00 145E+00 4.46E+00 | 4.37E+00
ABS — 1.95E14 and helmets B and C made of polythene Sandard | 4 60E.03 | 1.03E-02 | 6.40E-03 | 334E-03 | 2.37E-02 | 36902
— 9.30E130Q, the lowest resistance was found in helmets
E, it was made of _heterogeneous matenr_;lls, i.esdiare melan 3.805-02 | 1.285-01 | 5.015-01 | 2.76E-01 | 6.10E-02 | 1.76E-01
and polyester resin — 3.51K2, the resistance values| p :fa‘r‘]‘;ard
obtained were close to the theoretical resistarateevof deviation | +-22E-03|4.22E-03 | 1.29E-01 1.30E-01 | 6.64E-02 | 6.42E-02
any other given material.
e With the increase in the ambient humidity (from 53, \';eljg 5.21E-01 | 5.29E-01 | 5.09E-01 | 4.89E-01 | 5.83E-01 | 4.92E-01
through 65, to 95%) and the decreased surfacetanses B Isandad
. : a1 3.16E-03 | 3.16E-03 | 3.16E-03 | 3.16E-03 | 4.83E-03 | 4.22E-03
of the helmet, the greatest differences were seethé deviation

case of helmet B — from 9.61E12 to 9.02KE1,0C, — from
9.3E13 to0 6.2E10 and E — from 5.43E9 to 3.51 EX
 Differences in resistance, due to the voltage dsedhe
tests, only exceeded 10% in two cases, that iedbnet B
after conditioning Z and for helmet C after cormliiing X.

Analysing the results of the surface resistanceyaf and
face protection, it can be said that:

e The values of surface resistance obtained durirsgs te

using strip electrodes in most cases showed a Emg-
gy with the theoretical values of resistance ofgimate-
rials. Small differences are due only to differencef
polycarbonate composition, the method of its pratian
and processing by individual manufacturers and agi-
tional coating changing the properties of the baaterial
(coating to prevent fogging — Antifog).

* The results from the standpoint of prior conditranshow
very slight decreases in the resistance with irginga
ambient humidity. The largest differences weresample
no. 1 — from 8.37E+11 to 6.34 E+11 and for sampledn
— from 3.52E+ to 1.77E +12.

« Differences in resistance, resulting from the wgdtaised
for the measurement, in some cases exceeded 2%,
for sample no. 1 after conditioning Y, for sample. 3
after conditioning Z and for sample no. 4 and aftendi-
tioning Z.

The results of eye and face protection are showiabie 8.

Table 8. The results for voltage electrostatic field of eye and face protection

Voltage U, kV
Materials for rubbing, static electricity with which the sample
bristle artificial material human hair
(brush) (fleece) (wig)
Another series of | Another series of | Another series of
measurements measurements measurements w
Sample
marking 1 2 1 2 1 2
(according
to Tab. 3)
\';eljg 1.72E+00|2.51E+00| 1.27E+00|3.10E+00|3.88E+00| 2.84E+00
1
standard |7 70 0 | 3,04E-02 | 5.77E-02 | 3.75E-02 | 1.76E-01 | 3.50E-02
deviation
mean
Vel 6.93E-01|6.11E-01 | 7.53E-01 | 4.43E-01 |2.20E+00| 1.94E+00
2
Z‘a’?d‘?rd 7.78E-03| 3.96E-02 | 8.46E-03 | 2.87E-02 | 2.47E-02 | 1.26E-01
eviation
mean
Vol 8.00E-01|8.64E-01 | 8.51E-01 |9.81E-01 |2.49E+00|2.34E+00
3
gta’.‘d?rd 6.49E-03 | 6.07E-03 | 6.90E-03 | 6.90E-03 | 2.01E-02 | 1.64E-02
eviation
mean
Vel 7.05E+00|9.22E+00|4.83E+00|1.36E+01|9.14E+01|1.01E+02
4
Z‘a’?d‘?rd 6.51E-01|3.74E-01 | 4.46E-01 | 5.50E-01 |8.44E+00|4.12E+00
eviation
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By analysing the results of electrostatic voltage hel-
mets, it can be said that:

* The values of the voltage are greatly dependenthen
material with which the surface was electrifiedor & giv-
en helmet within the range of:

helmet A: 0.1-1.2 kV,
helmet B: 0.25-5.6 kV,
helmet C: 0.28-4.46 kV,
helmet D: 0.04-0.5 kV,
helmet E: 0.49-0.76 kV.

+ Helmets D and E, made of laminate, were charae@riz

with the smallest change of values of measuredagelt
due to changes of material, by means of which thexe
electrified, that is from 6.1E-2 kV to 1.28E-1 kwdrfhel-
met D and from 7.59E-1 kV to 4.89 E-1 kV for helniet
In other cases, the highest efficiency was obtafoedhe
electrification of natural hair, when the valueswvoltage
of the electrostatic field for helmet A came toA k¥, the
helmet B — to 5.57 kV and for a helmet C — up #64kV.

e The highest repeatability while changing the plade

measurement was obtained for products made of hemog

nous material injection. In only one case he diffee of

the measured values exceeded 5% — for helmet Biglur

electrification with fleece it was 1.07 kV, or 19%or
helmets made of heterogeneous materials, such #gin
case of helmet E, during electrification with dasbrush,
the difference exceeded 70%.

The results of electrostatic voltage for each typeye and
face protection, depending on the material withcolththey
were electrified, fall into the range:

e product no. 1: 1.27-3.88 kV,
e product no. 2: 0.61-2.2 kV,
e product no. 3: 0.8-2.49 kV,
e product no. 4: 4.83-1.01 kV.

In this case, the face protection equipment marked
Table 3, product no. 4 showed the greatest subddgtito
the way (material) of electrification.

The above data shows that with the increase ouhiace
area of eye and face protection, on which a chasagintro-
duced, the value of electrostatic voltage increases

9. SUMMARY

Summing up the results obtained in this study guuplya
ing it to the existing criteria for evaluating maads from the
point of view of the possibility of their use in teatially
explosive atmospheres (Directive 1999; PN-E-052992],
the following conclusions can be drawn:

« Criterion of resistance

This specifies the minimum value of the criticadistance
to materials from the point of view of the posstiibf their
use in explosive areas. For all explosive mixtures:
surface resistance gf< 10 Q,
with ignition energy of 1d J <W,< 0.1 J, it can be

allowed to use the materials with surface resigtang,

of 10/ Q <¢<10° Q.
Therefore, the surface resistance criterion wasamigtfor
helmet E, at ambient air above 65%.
« Voltage criterion

It specifies the maximum value of the critical s
potential of materials from the point of view o&thossibility
of their use in explosive areas. Surface poteraiah time
when the product is in use and in the presencéaofrable
material should have a minimum ignition energy of:

* W< 0.1 mJ should be less than 1 kV,
* 0.1 mJ QW< 0.5 J should be less than 3 kV.

This criterion for combustible materials of minimugni-
tion energyW,< 0.1 mJ was met only by two types of protec-
tive helmets, and only one protective helmet arfdtgayog-
gles for substances of ignition energy of 0.1 M\¥,< 0.5 J
— was found. All of the tested protective gogglesl dace
shield exceeded the established threshold.

The obtained results indicate that the productdyaed,
despite their relatively small size, are able toumeulate an
electric charge in environments where explosivetunes are
found. This means that in the case of helmets gedaad
face protection — as in the context of protectigengents — in
explosive atmospheres, equipment having laboratory-
-confirmed anti-static properties must be used.

It is necessary to conduct further research inahés so as

ito improve the method of evaluating and selectiagspnal

protective equipment for zones where explosions otayr.

Of course, there are other criteria that can stnassess
the electrostatic properties of materials. As pnee in this
article, the methods and results of the study, f@iag to the
author, are characterized by the highest repedatabénd
conducted tests have confirmed the correctnesbeofelec-
tion of the equipment and the methods used to mhirterthe
surface resistance and voltage of the electrosfald in
materials of uneven shape, such as shells of piatec
helmets and visors. Therefore, it can be assumedttiey
can be regarded as reliable tools for the evalnatfcelectro-
static properties.
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