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Prediction of Natural Radiation (UV) Protection in Industrial Safety Helmets
Depending on Color Factor Using Fuzzy Logic

Renk Faktortine Bagli Olarak Endustriyel Guivenlik Baretlerinde
Dogal Radyasyon (UV) Korumasinin Bulanik Mantik ile Tahmini

Murat KODALOGLU

ABSTRACT
This article presents the ultraviolet protection factor of helmet colors. UVR exposure dose distributions using helmets as sun protection
under various exposure conditions were estimated. Increasing the thermal comfort of safety helmets has become a major concern of hel-
met designers.

Helmets provide simple and convenient protection against UV rays. Ultraviolet Protection Factor (UPF) is widely used to determine the
degree of protection of helmets from UV radiation. A predictive model for the size of helmet colors was derived, saved by general logic
programming. While developing the prediction model for UPF, helmet outer shell temperature color components were taken into account
throughout the period. The blue color has the greatest impact on the ultraviolet protection factor of helmets. This study provides recom-
mendations for engineering helmets with adequate ultraviolet protection. The results show good agreement between actual and predicted
values.
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OZET
Bu makale, baret renklerinin ultraviyole koruma faktori tizerindeki etkilerini sunmaktadir. Baretlerin ¢esitli maruz kalma kosullarinda
gilinesten korunma etkinligini UVR maruziyet dozlarim dagilimlar tahmin edilmistir. Is giivenligi baretlerinin termal konforunu artirmak
baret tasarimcilarinin en biiytik ilgi alanlarindan biri haline gelmistir.

Baretler UV 1sinlarina karsi basit ve kullanish bir koruma saglar. Baretlerin UV radyasyonundan korunma derecesini belirlemek i¢in Ul-
traviyole Koruma Faktorii (UPF) yaygin olarak kullanilir. Baret renklerinin etkisini tanimlamak i¢in bulanik mantik programlamayla belir-
lenen tahmine dayali bir model tiiretildi. UPF i¢in tahmin modeli gelistirilirken siire, baret dis kabuk sicakligl renk bilesenleri dikkate
alinmistir. Mavi renk, baretlerin ultraviyole koruma faktorii iizerinde en biiyiik etkiye sahiptir. Bu ¢alisma, yeterli ultraviyole korumasina
sahip baretlerin miithendisligine yonelik tavsiyeler sunulmustur. Sonuglar deneysel ve tahmin edilen degerler arasinda ¢ok iyi bir uyum
oldugunu géstermektedir.
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I. INTRODUCTION

Ventilation holes in the helmet can increase comfort
[1]. However, they should not be used in applications whe-

re ventilation is not required [2].

Extreme heat and extreme cold are among the biggest
complaints of helmet users [3,4]. Workers do not wear
helmets because they are uncomfortable [5]. Helmets redu-
ce airflow, which increases heat-related stress [6,7]. Hel-
mets are important factors, especially in hot climates, so
helmet comfort has become important [8,9]. UPF values

have been studied in heat transfer in helmets.

Abeysekera et al. measured the heat flux of safety hel-
mets [10,11]. Hsu et al. used the temperature under the
helmet shell [12]. Davis et al. measured the physiological
responses of workers in a hot environment [13]. Reischl,
Coleman et al., Roszkowski, Spaul et al. investigated the
heat transfer of helmets [14,15]. Breckemidge et al., Mec-
heels et al., become dependent on evaporation in hot envi-
ronments [16,17]. Li et al. ABS outer shells under ultravio-
let exposure, hot weather and humid-heat conditions The
measured helmets were able to meet engineering tolerances
under outdoor, ultraviolet and hot weather conditions and
competitive mechanical performance to their intact hel-
mets were investigated by thermal characterizations under
humid-heat for 800 hours [18]. Ueno et al. investigated
the effects on heat dissipation in industrial safety helmets
[19]. Totla et al. ABS material was analyzed for various
analyses such as thermal analysis with the help of ANSYS
Workbench software. Thermal analysis was performed to
examine the insulation properties of the material and the
temperature gradient. The coconut shell helmet outer layer

showed good insulation properties [20-22].
In this study, a new approach that examines the relati-

onship between the ultraviolet protection factor by consi-
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dering the helmet colors with fuzzy logic, unlike the litera-
ture, is presented. A predictive model based on fuzzy logic
programming was derived to define the effect of helmet
colors according to existing practices in the literature. Whi-
le developing the predictive model for UPF, time, helmet
outer shell temperature color components were taken into
account. Our study compared the UPF of helmets with the
same structure in yellow, blue and white colors. The best
explanation of the relationship between colors has been
proposed to choose paints by developing helmets for UVR

transmission and UV protection [23-26].

II. METHODS

In order to help helmet makers with optimum thermal
comfort, measurements were performed based on helmet
colors. The modeling method presented in this article cle-
arly demonstrates the dependence between the parameters
characterizing the helmet color. Figure 1 shows the measu-

rement made with a thermal camera.

Figure 1: Measurement made with thermal camera

For yellow, blue, white helmets, the helmets were expo-
sed to sunlight between 12:00-13:00 on May 3, 2024, and
the outer shell temperatures and UPF values of the helmets
were determined with the Flir E40 thermal camera to de-

termine how they changed according to their colors.

In the study, the GBellMF method is a type of mem-
bership functions used in the input and output sets, thus

the trapezoidal shape, which is a geometric shape, is obtai-
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ned. Our input membership functions for yellow, blue and
white helmets were chosen in the range of time twelve and
outer shell temperature four feet [27-42]. Our output
function, UPF, is determined in the sixteen range. It was
created with a hundred and twenty rule base in order to
understand the effect of the relationship between the deter-
mined membership functions on the result. Figure 2 shows

the helmet colors used in the study.

Flgure 2: Helmet colors used in the study

The sun's radiation penetrating the helmet shell surface
is assumed to be equal. To assist helmet makers with opti-
mum UPF, a prediction model for UPF was developed
through fuzzy logic based on helmet colors. The method of
modeling UPF presented in this article clearly reveals the
dependence between the parameters characterizing helmet
color. We want to show that the fuzzy logic method is a

useful method for estimating UPF for helmet designers.

III. DISCUSSION

We believe that it is impossible to consider all types of
paint, so we concentrated our research on selected colors
yellow, blue, white. Therefore, although the UPF was
influenced by the chemical structure of the dye molecules,
the hue was determined by the color parameters characteri-

zing the helmet color in the visible spectrum range.
A. Fuzzy Logic Method Applied to White Helmet

Figure 3 shows the UPF change for a white helmet.
Although white helmets have much lower protection aga-

inst UV rays, white helmets have some advantages in terms

of comfort and reduce heat compared to other colors.
Temperature: 37 °C, 38.5 °C, 39.5 °C and 41 °C these
levels are important to consider thermal comfort. For this
reason, helmet material selection and design should have
important insulation properties for UPF. It has been obser-

ved that UPF values are between 12.3 and 29.6 in white .

Figure 3: UPF change for white colored helmet
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Figure 4: Variation between outer shell temperature

and upf for white colored helmet
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Figure 4 shows the change graph between Outer Shell
temperature and UPF for a white helmet. Effect on UPF:
35 to 38 provides low protection, 39 to 41 provides very
good protection, 41 to 42 provides good protection. Hel-

met rated UPF values were found to be “good” in white.
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B. Fuzzy Logic Method Applied to Yellow Helmet

Figure 5: UPF change for yellow helmet
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Figure 5 shows the UPF change for the yellow helmet.
Yellow helmets react like additives; They increase UV pro-
tection because they absorb UV radiation. Temperature:
37 °C, 39 °C, 40 °C and 43 °C these levels are important
to consider thermal comfort. For this reason, helmet mate-
rial selection and design should have important insulation
properties for UPF. It has been observed that UPF values

are between 15.9 and 35.6 in yellow.

Figure 6: Variation between outer shell temperature

and upf for yellow helmet
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Figure 6 shows the variation between Outer Shell tem-
perature and UPF for the yellow helmet. Effect on UPF:
35 - 41 - low protection, 42 - 43 good protection, 44 - 45

- very good protection. Helmet rated UPF values are
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“good” in yellow.

C. Fuzzy Logic Method Applied to Blue Colored Hel-

met

Figure 7: UPF change for blue helmet
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Figure 7 shows the UPF change for the blue helmet.
Blue colored helmets react like additives; They provide the
highest UV protection because they perfectly absorb UV
radiation. Temperature: 30 °C, 35 °C and 40 °C these
levels are important to consider thermal comfort. For this
reason, helmet material selection and design should have
important insulation properties for UPFE. It has been obser-
ved that UPF values are between 16.3 and 39.4 in blue.

Figure 8: Variation between outer shell temperature

and upf for blue colored helmet

Figure 8 shows the variation between Outer Shell tem-

perature and UPF for the blue helmet. Effect on UPF: 25
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to 35 provides low protection, 35 to 40 provides good
protection, 40 to 45 provides very good protection. Hel-

met rated UPF values were found to be “excellent” in blue.

Fuzzy logic and experimental results are given in Expe-
rimental values of UPF deviate from predicted ones by an
average of 6%; This makes our proposed model satisfactory
for the development of helmet structures with the desired
UV protection. Fuzzy logic and experiment results are gi-

ven in Figure 9 for 35 0 C and in Figure 10 for 40 0 C.

Figure 9: Fuzzy logic and experimental results for 35

0C are given

Time (minute)

Helmet rated UPF values were found to be “good” on
light colors and “fairly good” on yellow and blue colors. It
has been observed that with the application of UV absor-
ber material in white helmets, the light-coloured UPF inc-
reased from "good" to "fairly good", thus the protection
category of the light-coloured helmet passed from "good"
to "fairly good" category. In the yellow and blue color, the
rated UPF increased from "good" to "excellent”, a decrease
in the permeability of UV rays and an increase in the UPF

value of the sample were observed.

Yellow and blue colored helmets provide better protec-
tion than light colored ones. It has been observed that the

protective properties of helmets against UV rays increase

with paint.

Figure 10: Fuzzy logic and experimental results for 40

0C are given

UPF

IV. CONCLUSION

It's clear that color has a big impact on UV protection.
Helmets of the same construction but different colors have
very different UV protection. Yellow and blue colored
helmets offer excellent UV protection; White colored hel-
mets have low UV protection and are not suitable to pro-
tect us against UV radiation. But on the other hand, to
protect the body against IR radiation, helmets in light pas-
tel colors are suitable. Yellow and blue colored helmets
collect a lot of heat and give an unpleasant feeling when
wearing them. It is necessary to improve insulation against
solar heat, change the surface of the helmet shell and incre-
ase thermal protection. It is very important for the helmet
manufacturer to both meet the demands and develop a
helmet that has good UV protection as well as good pro-

tection against heat accumulation.

As a result of the study conducted to see the effect of
color on UV transmittance; It has been observed that the
protective properties of helmets against UV rays increase
and their permeability decreases with the paint. Yellow and
blue color helmets have better protection than light colo-

urs. With this study, the idea that we should wear light-
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coloured clothes, especially in summer, has changed so-
mewhat. If you want to be protected from harmful UV
rays, helmets painted in yellow and blue colors should be
preferred. The fact that yellow and blue colors also increase
body temperature has revealed the fact that it would be
more appropriate to use light-colored helmets with UV

absorbing material.
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