A A7V 3 A, A 18, A3E, pp.4l~48(2019.03) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 18, No. 3, pp.41~48(2019.03) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2019.18.3.041

AxIHolY Set2E aME EZE0 ool 2
MU F 2o 7= FHE}

1=
0K
Al
=
&
ol

I'***, 7c>l-%:>| g_**,#

* *% - —y = Kk k
FUSSA(F), Fodsn sgEtE,  (F)olE =

Structural Optimization of Industrial Safety Helmet
According to Frame Shape using Engineering Plastic
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ABSTRACT

The industrial safety helmets are personal protective equipment (PPE), used to protect the head against falls
from a height. This study indicated the necessity of wearing a safety helmet while working at heights below
4 m, through analysis of fall accidents occurring in the industrial field. The stress, displacement, and strain
of the safety helmet shell structure have been analyzed using the finite element method with various
thicknesses, engineering plastics, and designs. It was preferred that the safety helmet shell structure had a
reinforcement frame of uniform thickness in terms of increased impact strength and strain energy absorption
rate. The thickness can be reduced to lighten the total weight for workers wearing safety helmets.

Key Words : Industrial Safety Helmet(M-& QCFE), Falls(F2), PA66(EZ|ol0|E), POM(EZZ|OMEh,
Engineering Plastic(HX|H0{E Z2IAE), Frame(&CH)
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Table 1 Number of industrial accidents

(a) Fall injuries

Year . Injuries and Injuries irﬂ?llrl;s
illnesses(Number)  (Number) (Number/%)
2017 89,848 81,629 14,308/17.5
2016 90,656 82,517 14,679/17.8
2015 90,129 81,954 14,126/17.2
2014 90,909 82,947 14,104/17.0
2013 91,824 83,893 13,756/16.4

(b) Fall fatal injuries

Fatal an uries & Fatal Fall* fatal
Year injuries injuries

illnesses(Number)  (Number)  (Number/%)
2017 1,957 964 366/38.0
2016 1,777 969 366/37.8
2015 1,810 955 339/35.5
2014 1,850 992 363/36.6
2013 1,929 1,090 349/32.0

* Fall means falls from height(or falls to lower level) except
for kinds of accident caused by slippings or trippings
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Table 2 Types of industrial safety helmets

Type Protection
AB Falls, flying objects
AE Falls, voltage shock

ABE Falls, flying objects and voltage shock

Table 3 Material properties with engineering plastic

Properries unit ABS-PC  PA66 POM

Density kg/m® 1070 1140 1400

Poisson
Ratio - 0.39 0.39 0.36

Young's
Modulus GPa 241 2.88 3.10
Shear

Modulus GPa 0.86 1.04 1.14
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Impulsive force

N Number of frame M Engineering plastic material

t, Frame thickness

L; o t; Shell structure thickness

Industrial safety helmet

Fig. 1 Impulsive force and four design factors of
taguchi experimental design method for
industrial safety helmet
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Table 4 Design factors and levels

Factor M t t N

Level (mm) (mm) (ea)
1 ABS-PC 2.00 1.00 1
2 PA66 3.00 2.00 2
3 POM 4.00 3.00 3

Table 5 Orthogonal aray table of Lo(3*)

No Mo m mm )
1 ABS-PC 2 1 1
2 ABS-PC 3 2 2
3 ABS-PC 4 3 3
4 PA66 2 2 3
5 PA66 3 3 1
6 PA66 4 1 2
7 POM 2 3 2
8 POM 3 1 3
9 POM 4 2 1
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Fig. 2 Calculated von Mises stress of common
industrial safety helmet
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Fig. 3 Calculated von Mises stress of the 4th and Sth
safety helmet shell models
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(a) 1st 2-1-1 Model
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(b) 3rd 4-3-3 Model
Fig. 4 Calculated displacement of the 1st and 3rd safety
helmet shell models
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(a) 4th 2-2-3 Model
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ey
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(b) 5th 3-3-1 Model

Fig. § Calculated strain of the 4th and 5th safety helmet
shell models
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Fig. 6 Maximum von Mises stress and SN ratio of nine
taguchi experimental design method
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Fig. 7 Maximum displacement and SN ratio of nine
taguchi experimental design method
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Fig. 8 Maximum strain and SN ratio of nine taguchi
experimental design method
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Fig. 9 Weight and SN ratio of nine taguchi
experimental design method

M Engineering plastic material
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Fig. 10 Structural optimization of affecting stress ratio

Industrial safety helmet
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Table 6 Affecting ratio of design factors

Design Factors

Affecting
ratio(%) M t t N
(mm)  (mm) (ca)
Stress 20.2 51.5 25.2 3.1
Displacement 9.1 79.0 10.8 1.1
Strain 19.8 57.7 14.3 8.2
Weight 13.8 84.0 1.5 0.7
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