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Abstract

Since the industrial revolution, noise has been threatening the health of workers. Noise
causes a lot of adverse effects on the human body, leading not only to hearing loss, but
affecting the physical and mental health of workers. Noise-induced hearing loss is one of the
more common forms of health hazards faced by workers in the workplace.

The purpose of this study is to visit industrial factories and provide noise control
planning strategies to assist factories to improve their working environment. Ten factories
are visited during the course of the study, including one cable and plastic fabrication
company, two hot-rolled steel roll manufacturing companies, one cold-rolled steel roll
manufacturing company, two steel bar manufacturing companies, and four steel pipe
manufacturing companies, as well as noise exposure dosimeter measurements of 52 workers
in 3K metalworking workplace. Operating environment of the visits consist of many
different types of noise sources, including rotations, gears, vibration surfaces, shocks,
impacts, turbulence, and etc. These noises mainly come from the operations of devices, such
as a metal furnace, cutting, collision, welding, compressed air releasing, fans, pumps and
motors. The magnitude of noise in the workplace depends on the number of equipment and
noisy processes, as well as the density of them. The personal noise exposure dose is
associated with the noise level of operating environment, but workers in automated
manufacturing process stay in the control room most of the time, therefore their noise dose
value are low. Facilities planning would affect the entire sound pressure level, where
collisions generated from product delivery and metal cutting are common noise sources. In
addition, air transport outlets for ventilation are a significant source of noise within a plant.
During factory visits, noise exposure and noise source spectrum are measured and
preliminary recommendations for improvement as future noise reduction reference are
provided. This study selects 10 cases with detailed improvement design for engineering
control reference; three practical advocacy forums are held to introduce these control
strategies and cases to reduce noise hazards in the workplace. While wearing hearing
protection can reduce hearing damage, reducing workplace noise is a more fundamental
solution for noise hazards. It is suggested that noise engineering control must be treated as

necessary improvement in noise hazard management in future.
Key words: Noise, Engineering control, 3K manufacturing process
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19 ZZRIBESEE RS IERE T
Frequency (Hz)
|EArl 125 250 500 1,000 | 2,000 | 4,000 | 8,000 | Le
225 1
JE22 | dB | 63.2 60.0 56.0 55.0 40.0 38.0 32.0 65.8
Pa [2.89E-02(2.00E-02|1.26E-02|1.12E-02|2.00E-03 |1.59E-03 |7.96E-04|3.91E-02
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sz gEs | dB 76 85 80 79 77 75 78
Pa | 1.26E-01 | 3.56E-01 | 2.00E-01 | 1.78E-01 | 1.42E-01 | 1.12E-01 | 1.59E-01
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iz 125 250 500 | 1,000 | 2,000 | 4,000 | 8,000 | Leq
SR dB | 50 54 55 58 58 52 44 63.25
Pa [6.32E-03|1.00E-02|1.12E-02|1.59E-02(1.59E-02|7.96E-03|3.17E-03|2.91E-02
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Frequency (Hz)
Syleidkan | BRAL| 125 250 500 1,000 | 2,000 | 4,000 | 8,000
BEEIERE 4B | 80 77 85 86 38 92 38
Pa |2.00E-01 | 1.42E-01 | 3.56E-01 | 3.99E-01 | 5.02E-01 | 7.96E-01 | 5.02E-01
F 23 IERMEIE R 2 BT AR AT
- Frequency (Hz)
AL 125 250 500 1,000 | 2,000 | 4,000 | 8,000 L
9 9 b b e
s a
H#24H | dB 63 58 59 56 53 50 46 66.2
Pa [2.83E-02|1.59E-02|1.78E-02|1.26E-02|8.93E-03|6.32E-03|3.99E-03|4.08E-02
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Al > RESARILEAE 74 > SE R 2RSSR TR 25 -

72 TR

R 24 URIRIEEE AHEE

Frequency (Hz)
Jipm B[ 125 250 500 1,000 | 2,000 | 4,000 | 8,000
WRESRRE| dB | 78 78 80 83 85 95 88
Pa | 1.59E-01 | 1.59E-01 | 2.00E-01 | 2.83E-01 | 3.56E-01 | 1.12E+00 | 5.02E-01
= 25 WORPEIGE R 2 e AL A
55 fiy Frequency (Hz)
125 | 250 | 500 | 1,000 | 2,000 | 4,000 | 8,000 | Leq
oSt gg | 53 55 56 59 50 45 40 | 627
Pa |8.93E-03|1.12E-02|1.26E-02|1.78E-02/6.32E-03|3.56E-03|2.00E-032.72E-02
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o~ PR T A

PEARTS IR G 22 58 B il Ve 18 S R A AR = A8

H,ﬂ,i&

R HE

B B R

B LLE SRR TT U AWORIZR - 15 B HY P E T ) N BRI Pl i 2F 2 FL PR

.
=]

o S O

R

» ARG A AR R 2 Bl f

R {ERA - SRR -

—

Ll
-

L= M %
lge =5

——

75 PYEHH

l-.r
i

——

o L > EERACICAERE T > ST E ' g
BA > RS TR EEFREIREE - 48 75 Fos © e T 2iE RE 12 1
PR & R SR B FRSE T 1 30 oy a SR
» BERESTATAS AR 26 > DL 1.50mm 7 steel JyRELp iEf TELE
HICERAT ~ RE SRR

erdllsET B aE 76
BCANE 77 0 R Z IR AR AT 27

7% 26 M T
Frequency (Hz)
PR (e 125 250 500 1,000 | 2,000 | 4000 | 8,000
H
wpegs| AB |78 80 85 94 95 08 38
Pa | 1.59E-01 | 2.00E-01 | 3.56E-01 | 1.00E+00 | 1.12E+00 | 1.59E+00| 5.02E-01
7% 27 WO CimiEE & 2 e S iEEE o i
- Frequency (Hz)
B s 250 500 | 1,000 | 2,000 | 4,000 | 8,000 | Leq
Al ’ ’ ’ ’
| dB | 74 76 77 20 78 76 76 85.5
Pa |1.00E-01|1.26E-01|1.42E-01|2.00E-01|1.59E-01|1.26E-01|1.26E-01 |3.78E-01
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N BRI

&

G EE R T

VRSB it 5 I B PRASE T 7 AR B i 1 5
B DU S R - WiE 78 o BB 1E5 TREEHE ~ 78~ 46
Rl B - YN > Rie g E IV RIE SR - BIESS T

WInE Bk 2 T E TR - RIS ERE - A0
B)& 10 A ora e 2 e B AHEE Sy AT a2k 28 - MR ERHRE 25 R S Rkl &
aFAllEE A 79 - B E AT
LT 29 -

mm 7 steel S FEAfHETT
80 » IEER 2 I

BE >

78 BRI

W

TR EHEEA

2 fE - R

/ﬁ °
- e LR

LFE 0 NILREATR S LA
B iR P R AT

2L 1.50

xR 28 BURIEIEE AR
Frequency(Hz)
M
==Xivs 125 250 500 1,000 2,000 4,000 8,000
A B dB 65 70 75 77 79 74 72
IR
Pa | 3.56E-02 | 6.32E-02 | 1.12E-01 | 1.42E-01 | 1.78E-01 | 1.00E-01 | 7.96E-02
RS A B dB 65 70 73 76 78 76 72
e ([ 7
BRI E Pa | 3.56E-02 | 6.32E-02 | 8.93E-02 | 1.26E-01 | 1.59E-01 | 1.26E-01 | 7.96E-02
RS B dB 67 68 73 75 77 76 72
i N7
PRI E A Pa | 448E-02 | 5.02E-02 | 8.93E-02 | 1.12E-01 | 1.42E-01 | 1.26E-01 | 7.96E-02
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1638.50

79 BEPRMEH C E S s [E]

JilE] BEAES BERETS
X-Y
b
Y-Z

i

80 BUPRHH C1im G FiT1& HH5EEH(1,000Hz i)
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R 29 BURMEDGE R Z R AR T

e Frequency (Hz)
=1] 4z
SURS B | 125 250 500 1,000 | 2,000 | 4,000 | 8,000 Leq
N dB 64 60 61 60 59 57 40 68.5
i P A
Pa |3.17E-02|2.00E-02(2.24E-02|2.00E-02|1.78E-02|1.42E-02|2.00E-03(5.32E-02
e dB 64 60 58 59 59 59 40 68.2
FZr A PR
Pa |3.17E-02{2.00E-02(1.59E-02|1.78E-02|1.78E-02|1.78E-02{2.00E-03|5.11E-02
e 1o o dB 66 58 59 58 57 59 40 68.7
R B
Pa |3.99E-02|1.59E-02(1.78E-02|1.59E-02|1.42E-02|1.78E-02|2.00E-03(5.42E-02

- BURSEREIGE

Hom B ERY EEACR /G N O EER PTE L 2 R o SRR
K el 81 - RPGIESy TREENE ~ 2~ o2 a® > HRHE B ERIRh—HE
g G ET7 25 A orpr MR RRE TS RA07 30 © BL1.50 mm 7 steel Ry A HETT
BE > FEEGTEAE 82 - BHEIUGEAT - RESIERILEAE 83 » R T TR
IR 31 -

[

81 JHEATRAH
R 30 FUH SR A

Frequency (Hz)
s | AL [ 125 250 500 | 1,000 | 2,000 | 4,000 | 8,000
EEHEE| 4B 83 84 82 79 76 76 78
Pa |2.83E-01|3.17E-01 |2.52E-01| 1.78E-01 | 1.26E-01 | 1.26E-01 | 1.59E-01
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*® 31 BHSENER G

By Frequency (Hz)
125 250 500 1,000 | 2,000 | 4,000 | 8,000 Leq
3 EE 5
R dB 64 65 71 72 68 64 60 76.4
Pa (3.17E-02|3.56E-02|7.10E-02|7.96E-02|5.02E-02|3.17E-02{2.00E-02(1.33E-01
82 EMEEAERGTE

J31H] BEAITEY BEEEY
X-Y
Y-Z

83 BURSEREAIRESILE(1,000Hz Fl)
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I\ B R

IR A

TAESHT (3 A S AR A

RS ~ EE) 7 DU R R B b R N M A A e
ErT RN - ERER
DIy G 2 e SRR AT R 32

» IR R 15 G SRV B S H 2

B - FREEEENEE 10
CEAmY AV NES G TN

o

frimes D& - e EEFEET
> WlE 84 o FylR(RES THEE

SR B )

FEiRwE MR - Rz B o ek

o DL 1.50 mm 7 steel BEAEITHEIZE
=% 2 R AR TR 33 -

TRBET R R St (PR

G EiE =

85 » BEHIGEAT ~ REHIEHHLEAE 86 -

84 B AL
R 32 GEEAHIR AR

Frequency (Hz)
Ly il Bfir| 125 250 500 1,000 2,000 4,000 8,000
I AEEE | dB 63 70 80 82 75 70 63
Pa | 2.83E-02 | 6.32E-02 | 2.00E-01 | 2.52E-01 | 1.12E-01 | 6.32E-02 | 2.83E-02
* 33 SUEIRAHIGE R E SR T
By Frequency (Hz)
125 250 500 1,000 | 2,000 | 4,000 | 8,000 Leq
SR dB 52 54 66 66 56 46 44 69.5
Pa |7.96E-03|1.00E-02|3.99E-02|3.99E-02|1.26E-02|3.99E-03|3.17E-03|5.94E-02
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U~ DITIR(FErR s i

5 LEMF RN TEGETHRE - fTEFEE > RESETER LT THHR
VrkcHE B E A > WIE 87 - £ LIFE Z T ORI Ry TIRFZ T LRSS A E
TR PEREIIATANR 34 - I LanfRLARE M A LIRS » Nibsat A FER75200 i
Mg RAE o FFAIEGTEIAIE 88 - IR{EEEEA A 1.50mm Z steel - BIEE K
6.35mm BFHHEITRE - ZME ZFEERAFR 35 - BHEEA R F SRR LT
89 » E R Z IR EAHRE I HTAIR 36 -

87 M LI(EFE
* 34 LIRSS

Frequency (Hz)
TIEG BEfr| 125 250 500 1,000 2,000 4,000 8,000
IEEAERE | 4B 65 70 83 81 78 73 68

Pa | 3.56E-02 | 6.32E-02 | 2.83E-01 | 2.24E-01 | 1.59E-01 | 8.93E-02 | 5.02E-02
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* 35 IR ERMEZFEER

Frequency (Hz)
MRk
BEAL 125 250 500 1,000 2,000 4,000 8,000
1.50 mm| dB 21 30 34 37 40 47 52
Steel
ZeiEEs| Pa |2.24E-04|6.32E-04 | 1.00E-03 | 1.42E-03 | 2.00E-03 | 4.48E-03 | 7.96E-03
1.35mm | 4B 17 23 25 27 28 29 30
JE 33
2884 Pa | 1.42E-04 |2.83E-04 | 3.56E-04 | 4.48E-04 | 5.02E-04 | 5.64E-04 | 6.32E-04
% 36 NI TIEEEE R 2 S s T
. Frequency (Hz)
BEAL
T 125 250 500 1,000 | 2,000 | 4,000 | 8,000 Leq
E{EE | dB 62 60 65 64 58 46 36 69.5
Pa [2.52E-02|2.00E-02|3.56E-02|3.17E-02|1.59E-02|3.99E-03|1.26E-03|5.98E-02

88 NI THE(EE B s TE
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J3lA BEES BEREYS

X-Z Fo—BEEIR > FTLARASEfE

Y-Z Fo—BER > FTLURISEfE

& 89 I #EEBAERIREHELE(1,000Hz F )
T EBIER RS UGS

i 65 5 FH =R SV ZE B = B AT LU B B B 08 > BILZE N E S
58 SRARSR A RATRIMFF A R ESRE » (ESEUE S T IRRE NAVEG B (02
SRORVIRSR » NIERETIRG B8 - A BlREE 2R e = 5 UET G - HaTZE
FHCEHRERFIREEE - 2E 90 - HHEHSERARE - Wt Ass MR
BRI > PRIKIR S S5 S B 2 IR (B T T S PRI - M S Tkt — iR E =
& eRETIEIANE 91 > L2 ERE S o KEIUE 2R TR AR R > Rk

o BRUE G R I KB S0mm 2 R 5ep > BIE2% y 6.35mm(12.7mm air gap)
ZEEEREE TR - % O ME ZFERRER 38 o BHEIEERT ~ RE SRR
92 » ER SR SIATAIRR 39 -

* 37 BEIEEE

Frequency (Hz)
Eolgg (AL 125 250 500 1,000 | 2,000 | 4,000 | 8,000
i 2l
WEIE gp [ 75 85 9% 100 | 102 95 93
Pa | 1.12E-01 | 3.56E-01 | 1.59E+00 |2.00E+00|2.52E+00| 1.12E+00 | 8.93E-01
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38 BIVEERFEEEAMR ZZEERR

Frequency (Hz)
e »
Bz 125 250 500 1,000 | 2,000 | 4,000 8,000
- | dB 23 28 33 43 50 49 50
LERERRE)ZFE

E4 > 50 x 50 mm
Pa |2.83E-04|5.02E-04|8.93E-04|2.83E-03|6.32E-03|5.64E-03|6.32E-03

BRI g | 25 28 31 37 40 43 47
152.4mm ZE R &) %
B 5 635 x

Pa |2.00E-05|2.00E-05|2.00E-05|2.00E-05|2.00E-05|2.00E-05|2.00E-05

6.35mm
= 39 FEIERIE=E ARG TR T IHEE T
Frequency (Hz)
B E
BAfr| 125 250 500 1,000 | 2,000 | 4,000 | 8,000 | Leq
EAERE | 9B | 74 66 86 82 74 76 78 88.5

| pa |1.00E-01[3.99E-02|3.99E-01|2.52E-01|1.00E-01|1.26E-01|1.59E-01|5.34E-01

dB 52 60 76 78 82 76 73 85.1

HrakaET
BRI | Pa [7.96E-03]2.00E-02|1.26E-01|1.59E-01(2.52E-01|1.26E-01|8.93E-02|3.59E-01
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(IR G > SRR R\ S B -

v Ry TIESRCRAVRCR - FrA EERAIME B IE WA R FEC S - B E r ESEE

EHEE > BRFEE IR - RAIPE SRR E 10dB LLE > Al
DR S SRR PAME -

- PEEEEIEE TSR ERE > S EAENEE > NILEWEE I sE %

BURES > B B HAGEREIE TR - FERT S EREVER - SR BEZHIER
o SRR R - VRSGE R HIE EEE - FE R 650~750 YL FLROREY
JEVEE 2 2 AE T BRI E 2 > (B ~ H SR BN & a5 P Rk R

h~ E RE(IE A RYE 2 LABA LG 2\ B 28 R R RE R - B L i Z PR (s
P EATHHE A > PIPBLZ S B B 2 A DL AR RN 2 A 8 43 o

J\

+ [EEEE AR REIZ IR - IR ENEE Z/KRERE L AlE

Heth o] R ELE o R0 > PRIREr S DEEELREIRED - RIS ek & e 2 R B AL B
B -

© AR ERGSE R B E LIRS - RIRL & AR E R R R

EEIERAER -
AR 10 $HARRE B NE 2 A L 70K (B BB E B AR S G Z b
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=81 AR AT

e S B A R LU ] Z A B R DDA ER - SR B SN ~ ZRE M f g e
W - AR —HIRGT 2R E USRS - (R EAUFRATR A G B 40 -
PRAR ZR R BB (B ZE T 22 > PGE A (7o) B [ (R EL(dB) Z B (R IE e = 23R
SRIERR(TIT/dB) » EEEEA dB AR ERERRAS - AR[BIEEE IR
FlEEREM S ZBE  EARZEEZRA G - — KNS > A ESGET ZRRRLTH
fRErRE 1525 Sy H7Ach - HESREZ SRS BRSSO
[z oy HEUERS - DIORGESS THYEIESEL OSHA HFRGREIZE - MIRAERIEH (L
tH ERGR B YRR T DU R 22 E PRGRIE] - AT ATHECRIZEZ (R 90dBA -

R A0 MR B AR RRRA G AT

g s = AR
I 3l = A s
1 22 R R R R I 22.2 30.0 1.35
2 HAl SR (R SRR T 25.1 62.5 2.49
3 PAN S S 24.9 17.5 0.70
4 ol R 28.0 11.0 0.39
5| B Chmie i 15.6 34.0 2.17
6 B PRI = LA 5 4 14.7 9.5 0.65
7 EHH SRS 12.8 1.20 0.94
8 o PRI A 15.5 1.75 1.13
9 T E GRS 16.8 6.0 0.35
10 BRI F=ErRE 17.2/20.7 208.0 12.1/10.1
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SFUUEN 455 OSHA HiEREP

FIE B ACETTIER S (FSRDGERT > A] B AE SO A B 25 0 5 R T T o5 A
It FRHERS T BRI ER - iR s Ll OSHA HIEREIRS Z
EER o BN GE L B AR S SERE B H AR IELEE o DIARWTFE > R R
A H L R IIRE S B R 90dBA LT » 4141 » AT H AR E 48 ARy
AfilEl - AniE 93 thEEER Ky HATAR 90BA » iZ (I E 2RSSR AAHEMAL 500 ~ 1k ~ 2k »
4k ~ 8kHz 48 90dBA HYEFEER « WKL IR S A H HARR T DU (R 2 KR AR
AT hfE PRI (Y 90dBA » FELCB BB ISR il AR S T E A 2R -

T A4l RIS RRRSGS & OSHA HigRZE B

N 125 250 500 1k 2k 4k 8k Leq

= HE4LR(dB)| 88 83 77 74 72 71 73 89.8

IERIFERE(IB)| 80 77 85 86 83 81 80 91.1

IEEAAEE(B)| 63 58 59 56 53 50 46 66.2

100
90

80

70

60
50
40
30
20
10

125 250 500 1,000 2,000 4,000 8000 Leq
e T IRIECUERTIARE (AB) e T ERISCN B RAFFE(dB) —— X HRHR(dB)
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