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Abstract

A Study on PMV Enhancement and Productivity
Improvement in the Production Sites of Electronics

Industry

Park, Sang—-man

Advisor : Prof. Pack Hai-chun, Ph.D.
Dept. of Industrial Safety Engineering
Graduate School of Chosun University

Modern people have been interested in comfort indoor environment, as the
standard of living has been improved according to social and cultural development.
Especially, air quality cause modern people who usually stay in indoor places to
get disease like Sick Building Syndrome, moreover it has influenced workers’
health, comfort requirements and operation efficiency in the production sites of

electronic industry.

Usually, modern people have been lived in confined buildings, so that we can not
helping being subject to artificial indoor environment. Under indoor environment
without self-purification, air conditioners, air handling units and air purifiers can
make comfort environment. In here, the requirements for comfort environment are
thermal environment which related to temperature and humidity, air quality
environment which are influenced by hazardous gas and dust, acoustic environment,
light environment, and etc. The ventilation methods of indoor space can be divided
into natural ventilation and mechanical ventilation. Since enough ventilation can not

be occurred by only natural ventilation which makes use of the natural flow of air

_1_



by temperature variations between outdoor and indoor, or the wind power of open

air, generally we use mechanical ventilation methods for indoor ventilation.

To control indoor thermal environment, nowadays, thermostat and humidist which
are controlled by temperature and humidity are using. However it is necessary to
consider and control all the factors such as humidity, wind speed, radiation, etc,
also including temperature, since those factors are complexly involved in indoor
thermal environment.

So to speck, we adopted this research to find out the method of productivity
improvement in production sites, as we planned to set up control factors for indoor
thermal environment using more complex Thermal Environment Index and to
control indoor thermal environment as similar to warmth and cold that people

usually felt.

The purpose of this study is to make comfort environment ideal to improve
productivity, as we inquire into the control condition and the phenomena of thermal
environment and air quality in the production sites of 'S’ Electronics, and also
suggest alternative plans for improvement by measuring the workers’ satisfaction

with indoor air quality.

The summary of this study is that firstly we measured thermal environment and
air quality from 3 production sites in 'S’ Electronics. The result that we analyzed
the problems is that PMV (Predicted Mean Vote) was recorded as 0.20, which was
definitely required to be improved, according to the cooling load of refrigerators
production sites. On the other hand, the PMV of the air conditioners and washing

machines production sites was from -0.17 to -0.07, and it means their thermal



environment was quite excellent. However, in air conditioners production site, it
was necessary to improve the function of ventilation, since the position and the
operation of some ventilations were poor in the process of welding, so the density
of CO2 was too high. Then, through the questionnaire survey of workers, it was
found that workers in refrigerators and washing machines production sites were
the most highly dissatisfied with air quality, as they were recorded like 52% and
55%. This fact caused workers to have respiratory diseases, and workers with
respiratory diseases were 68% in refrigerators site, more than 36% in washing
machines and air conditioners sites. We analyzed the relative frequency of PMV
and production improvement that were compared with the characters of work. As a
result, we found that there was the productivity loss of 2% in air conditioners site,

3% in washing machines site, and 8% in refrigerators site.

The result of this study were as follow:

1) The improvement of thermal environment in production sites

2) The improvement of air quality

3) The improvement of dissatisfied factors by questionnaire survey, etc

It should be focused to maintain production environment that make workers feel

comfort.

In fact, we had planned to suggest improvement programs for proper thermal
environment and air quality in the production sites of electronic industry, however
it 1s difficult to say that the contents suggested by this study completely
corresponds with the improvement of thermal environment in the whole production

sites of electronic industry.



Simply, we should keep trying to control and maintain indoor thermal environment
as similar to body heat, to create ideal indoor thermal environment for workers to
suggest improvement plans which fit in each character of control and thermal

environment depending on production sites.

Accordingly, we would like to indicate the PMV improvement plans of production
sites through workers’ interview and basic surveys for PMV improvement in
production sites, and to make a contribution to improve the production environment
which is related to PMV in other production sites by measuring the relation of

productivity and the result of improvement
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2. PMV & PPD (A28 7 w33 qAgENSC
PMYV (predicted mean vote)= ®vl= 2] P.Ole.Fanger 5o & 3lo] Aoty 2 xE
24 F9 B4 AL G4 vl o QA dHFH S VxR i dUrh F
AA 9 FF Fogrt AAFN FV|LE, HEFEAILE, T4 9 FF79 A A
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PMV = ( 0.303 e-0.036M + 0.028 ) { ( M - W ) - 3.05 * 10-3

[ 5733 - 699 (M - W ) - pa ] - 042

[ (M- W) -5815]- 1.7 % 10-5 M ( 5867 pa )

0.0014 M ( 34 - ta) - 3.96 = 10-8 fcl

[ (tel + 273 )4 - (tr + 273 )4 ] - fcl he (tel = ta ) } e, 21 (1)
of 7] ol A,

tel = 35.7 - 0028 (M - W ) - Icl { 3.96 = 10-8 fcl

[ (tel + 273 )4 - (tr + 273 )4 1 + fcl he ( tcl — ta ) }

he = 2.38 ( tel - ta )0.25 for 2.38 ( tcl - ta ) 0.25 >12.1 root (var)
he = 12.1 root ( var ) for 2.38 ( tcl - ta )0.25 <12.1 root (var)

fcl = 1.00 + 1.290 Icl for Icl < 0.078 m2T / W

fcl = 1.05 + 0.645 Icl for Icl > 0.078 m2TC / W

*

*

*

of 7] ol A,

PMV : Predicted mean vote

M : % (metabolic rate), & : 914 FwWolAe W/m® 1 metabolic unit = 1
met = 58 W/m”

W i 9]% A (external work), ¥ : W/m®, tl5-&e FEo]A 0

o © 929 ©d3Z (thermal resistance of clothing), ¥ : m°C/W, 1 unit of
thermal resistance of clothing = 1 clo = 0.155 m”C/W

fa @ YAIA A5 A WA digh ZoJAl A TWA H&

ta © &7 % (air temperature), &9 : C

tr ¢ T BASE (mean radiant temperature), T :
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Ul 7154 % (relative air velocity), ©¢ : m/s

Var -

. pascals

I (partial water vapour pressure), T
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