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M-1 0.63 0.27

M-2 0.63 0.27
0.67x0.50x0.68 0.61x0.64 25 16

M-3 50 1.37 1.22

M-4 0.59 0.31

M-5 0.45x0.60 20 36 0.97 0.46

100

M-6 0.60x0.48 0.95 0.41

M-7 0.63x0.63 0.91 0.4
0.66x0.66x1.15

M-8 50 1 40 0.92 0.34

M-9 0.61x0.83 0.7 1.5
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A2 w7 Fad A A B

Z
Jc

2 W A SaEA A" ds SAEY

AA | 2 gn i?—c o} T7] FYEE(m/s)
de 7T Qe mmAQD | 2o)17(ole)  WAQILT
1 1.6 -3.00 1.2 0.5
2 1.6 -3.00 1.3 0.5
M-1
3 1.6 -2.99 1.2 0.5
ot 1.6 -3.00 1.2 0.5
1 1.7 -4.00 1.3 0.6
M= 2 1.7 -3.99 1.4 0.6
3 1.7 -4.00 1.3 0.6
ot 1.7 -4.00 1.3 0.6
1 1.8 -4.50 1.4 0.5
M-3 2 1.9 -4.51 1.4 0.5
3 1.8 -4.50 1.3 0.5
ot 1.8 -4.50 1.3 0.5
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Bt 5.2 -57.50 6.5 7.5
1 3.1 -35.20 4.5 3.7
2 3.2 -35.20 4.9 3.8
M-9
3 3.1 -35.20 4.9 3.8
oot 3.1 -35.20 4.8 3.8
1 4.1 -47.00 5.2 5.8
2 4.2 -47.00 5.8 5.9
M-10
3 4.1 -47.00 5.7 5.4
ot 4.1 -47.00 5.6 5.7
A B 3.5 -28.73 3.8 3.7
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FolH E4 ARE vigow wAo] ME §EE (E 49 Zo| st ST AAFL BA o
Z71t AASHA GEg Fa @] B2 T ol 9a, AHAYTS Eolo] e BAZL glold Bt
GEE Solhi grk AAAYTY WAL AU Aol 7ol 50%E Wi glol, WAL 50%= Agshert
Quo G FIAFS 0] Glod, 1 e Zrk 2 ok MG 7% Bl Kol
AL AT 4 Uk ol F, WARNA EF 2R, 7 JFAA, BN SHFA R Fo] Uk
5 4GP B2 5 294% WA Fustel Bbt Bag Ao wud

(B 4 F2& 99 A Fau7 A2 s S48

THE P

o] —_1 [e]
I N s s A e

() | (/9 (CMM) | CMM) 1y L0y o) | @) | s | (CMMD)
M-1 1.6 0.76 0.61 1.2 0.58 0.5 0.03
M-2 1.7 0.79 0.66 7 85510-3 1.3 0.63 0.6 0.04
M-3 1.8 0.86 0.67 ) 1.3 0.63 0.98x10-3 0.5 0.03
M-4 2.3 1.07 0.71 14 0.67 0.6 0.04
M-5 4.6 2.17 2.00 11.3x10-3 2.7 1.85 2.5 0.15
Mg | BX1073 3 251 1.05 6.5 0.76 75 0.28
M-7 5.2 2.43 1.05 6.5 0.77 7.5 0.28
M-8 5.2 2.43 1.05 1.96x10-3 6.5 0.77 0.63x10-3 7.5 0.28
M-9 3.1 1.48 0.70 4.8 0.56 3.8 0.14
M-10 4.1 1.95 0.87 5.6 0.65 5.7 0.22
ES

AAJAAFNA HAe] F o] 50% Hal lof, B2 50%7 AT
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N
-
o 1o
)
r N
0,
o
-
=
>,

AT £E2 245} 2 ), ol §9T WA, Zwo] o
eA3 24 A AAESA 71719 oF, ZAUT oF 5 ke 9do] Yty WU A HEE JEo

(H 5 B g A 8i7]5F 71& 2717 AAJMAT 55 3%
e k]

a4 Wles | 2R F4F =71 (hole) Addaeds

M | oy | =50% EEE T w £ FA&: | 9y ES R
(CMM) (m?) (m/s) (m/s) (m?*) (m/s) (m/s)

M-1 0.76 0.38 1.2 0.7 0.5 0.4

M-2 0.79 0.40 . 1.3 0.8 0.6 0.4

M-3 0.86 0.43 7.:85x10 1.3 0.8 | 098x10°%| 05 0.4

M-4 1.07 0.53 1.4 1.0 0.6 0.5

M-5 2.17 1.08 11.3x10°° 2.7 1.5 2.5 0.7

M-6 2.51 1.26 6.5 8.1 75 4.1

M-7 2.43 1.22 6.5 7.9 75 3.9

M-8 2.43 1.21 1.96x1073 6.5 7.8 0.63x107° 7.5 3.9

M-9 1.48 0.74 4.8 4.8 3.8 2.4

M-10 1.95 0.97 5.6 6.2 5.7 3.1

“HEN/IRF 0%t A71Tsk AT E Bl wawta 1.
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2) R Eol Y A Fa AAY A SHA

371 & lOEH fges HFA Eof 7H‘%* Z2ANMY &5 FUE
_Q_ =

7}6}‘2‘14 g, AofsE o =

Lo AAEL BHE EAgho] FUKeE A Ao
T FHgo] & £o7 HolA s27] up#AQly|, -2.4mmAgelstE F71F
oF HAQIQIF] f&0], o] o|FREHE ko] JHHAA ST Ao]F 5o
A &0l oAl e AP HATh
(6 B o] i Al 47X A" S Ayt
ae | .., | 9E gor A4 7] A UEE(m/s)
s =SR] | F ( A) =5
T (m/s) MMAQ gy | F7]E(hole)  AAAATE
1 1.7 -0.60 0.3 0.5 0.7
2 1.7 -0.59 0.4 0.5 0.7
M-1
3 1.7 -0.60 0.4 0.5 0.7
ot 1.7 -0.60 0.4 0.5 0.7
1 1.7 -0.40 0.4 0.6 0.7
V-2 2 1.7 -0.40 0.4 0.5 0.7
3 1.8 -0.39 0.4 0.5 0.7
ot 1.7 -0.40 0.4 0.5 0.7
1 1.7 -0.80 0.4 0.9 0.9
M3 2 1.7 -0.80 0.4 0.8 0.9
3 1.7 -0.80 0.4 0.8 0.9
oot 1.7 -0.80 0.4 0.8 0.9
1 2.3 -1.30 0.4 1.0 0.6
2 2.3 -1.31 0.4 1.0 0.5
M4 3 2.3 -1.30 0.4 0.9 0.5
ot 2.3 -1.30 0.4 1.0 0.5
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Ao | g ;—niE o} ﬁ\l;i F7] FYEE(m/s)
He | TN e mmAD @l L 3 hole)  AAAYT
1 4.8 ~4.00 6.5 2.1 2.3
2 4.9 ~3.99 6.5 2.2 2.3
M-5
3 4.8 ~4.00 6.6 2.1 2.4
ot 4.9 -4.00 6.5 2.1 2.3
1 62  -3800 9.4 5.7 5.8
2 63  -3801 95 5.7 4.8
M-6
3 64  -3800 9.4 5.7 4.7
B4 | 63 -3800 9.4 5.7 5.1
1 6.3 ~4.80 9.5 52 53
2 6.5 ~4.80 9.5 5.5 5.6
M-7
3 6.5 ~4.80 9.4 53 5.4
B}d | 6.4 ~4.80 9.5 53 5.4
1 67  -4500 7.6 5.1 52
2 6.7  -4500 7.3 4.9 53
M-8
3 66  -4500 7.5 5.1 5.4
B4 | 67 -4500 75 5.0 53
1 35  -15.00 3.3 3.2 3.3
2 37 -15.00 3.3 3.1 35
M-9
3 32 -1500 3.2 3.0 3.0
ot 3.5 -15.00 3.2 3.1 3.3
1 3.9 ~2.40 3.3 43 4.8
2 4.1 ~2.40 3.3 4.1 4.2
M-10
3 3.9 ~2.40 3.2 3.9 43
B}F | 4.0 ~2.40 3.2 4.1 4.4
A B 39 -1123 4.1 2.8 2.9
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ol A Z4e ANE witoR WA L2 (E DIt Lol stk gE, F717(hole), AHAATAA ]
e B g gdjels] WEe] fi%o] F7KE AL & 4 9u, Z WA SR 4 AN A% AxE
82 stalrk

et o

Hlj 7| v 3F 714
SIE=] HE Lo =717 (hole) A1
m;

R = F R g s g sx g s

(m’ (m/s) () (m/s) () (m/s) (m’) (m/s)

M-1 1.7 0.4 0.5 0.7
M-2 1.7 0.4 0.5 0.7

1.95x1073 7.85x1073
M-3 1.7 0.4 0.8 0.98 x1073 0.9
M-4 2.3 0.4 1.0 0.5
M-5 4.9 1.35x1073 6.5 11.30x1073 2.1 2.3
7.85x1073

M-6 6.3 1.44x1073 9.4 5.7 5.1
M-7 6.4 1.99x1073 9.5 53 5.4
M-8 6.7 7.5 1.96x107° 5.0 0.63 x107? 53
M-9 3.5 2.53x1073 3.2 3.1 3.3
M-10 4.0 3.2 4.1 4.4
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CE 8] W Baomol A A HEAE U 7 99T SUSER A uylgE gUe vwstad
ATe 1Y GE g 979 99 Sl gAdGol o Ak 2L o & 9k o G R
o] &4, AAFLAYY] AAe] o8, ANESA 24 W o8, 2He] o8 = ofe] o] 9L ol
i, 849 g FauslALEe] Brke] Aol qelA e Tgle] Wagh BRojet Azkeict
(B 8 BA Zol A A HESE 9 7 997 SUSER AMNG Y% GUF v CMM)
O olzF A B A}k

5e qe g | FHRGHY ol 27?41(]};1;0 ARNYT

M-1 0.80 0.32 0.04 0.24 0.04

M-2 0.82 0.32 0.04 0.24 0.04

M-3 0.81 0.49 0.04 0.39 0.05

M-4 1.08 0.53 0.05 0.45 0.03

M-5 2.29 2.12 0.53 1.45 0.14

M-6 2.97 1.68 0.82 0.67 0.19

M-7 3.02 1.96 1.13 0.63 0.20

M-8 3.14 1.93 1.13 0.59 0.20

M-9 1.63 0.98 0.49 0.36 0.12

M-10 1.86 1.14 0.49 0.48 0.17
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(E P F2 oot g Al mas7I A ] SH20E ARstinh. A4 30%% =tz HehE At
2 ARANRE W MESE FEA} A2 BEES BLe Aot WBSEe] 2AA} A2e] Aal} Aolr}
S AL U 5 Ao MBEEe] A9 BHBEAR 20| o], Wl e 24 Aol 24 A 4
5 we oAt BAT 4 ok ojul AHol] BE WMUsE FHAR WlRe AdHRY, A2sE u
L ound gEg Asolr], o] Avte AzelE 1 SERCE dHoz Bedts Aol vud o YEss A
& 24 % 9tk
@ 9 o wssk AT A FadsNcE 24 A

SE qd SHA] geAtol 30% of ASP (=VP) RERnEre

e A G A ASP £L9F 347 HEEE 347 (m/s)

(mmAq) (mmAq) (mmAq) (mmAq) (m/s)

M-1 -3.00 -0.60 -2.40 0.72 3.4 1.7

M-2 -4.00 -0.40 -3.60 1.08 4.2 1.7

M-3 -4.50 -0.80 -3.70 1.11 4.3 1.7

M-4 -5.00 -1.30 -3.70 1.11 4.3 2.3

M-5 -14.10 -4.00 -10.10 3.03 7.0 4.9

M-6 -59.00 -38.00 -21.00 6.30 10.1 6.3

M-7 -58.00 -4.80 -53.20 15.96 16.2 6.4

M-8 -57.50 -45.00 -12.50 3.75 7.8 6.7

M-9 -35.20 -15.00 -20.20 6.06 10.0 3.5

M-10 -47.00 -2.40 -44.60 13.38 14.8 4.0
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 4.1m/s, F7]7(hole)et AAJAFONMS 57 FAdSEE
m/s?t 2.9m/s2 SZEAe. T2 Wb A Aol wEhA
Ve Fo gy 2o s AT 5717 hole)t AAJYF

EE7F kol Y 2N Hoh £33, EEES A¢
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dekol] o]z} Qe AL Aol LEGrom Ago] H uf
QFelAlo] SJa|A 100% Hgto] StEe 7L =A% % 9t
e}
=
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pl [ DA e %o RCORTOND o R0 RN RC N o RN e RT | oo oo oo
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(B 11) B2 dhet o] /g 274 A 47| AA" 587 A3t F

e

B oy 5ol 7%

o 2E g B RIEEY | A= g A B RUREN

i) MMAD | 2120l AAQAT | mi TMAD (0 | 2o 7 hol ARG
M-1 1.6 -3.00 1.2 0.5 1.7 -0.60 0.4 0.5 0.7
M-2 1.7 -4.00 1.3 0.6 1.7 -0.40 0.4 0.5 0.7
M-3 1.8 -4.50 1.3 0.5 1.7 -0.80 0.4 0.8 0.9
M-4 2.3 -5.00 1.4 0.6 2.3 -1.30 0.4 1.0 0.5
M-5 4.6 -14.10 2.7 2.5 49 -4.00 6.5 2.4 2.3
M-6 5.3 -59.00 6.5 7.5 6.3 -38.00 94 5.7 5.1
M-7 5.2 -58.00 6.5 7.5 6.4 -4.80 9.5 5.3 54
M-8 5.2 -57.50 6.5 7.5 6.7 -45.00 7.5 5.0 5.3
M-9 3.1 -35.20 4.8 3.8 3.5 -15.00 3.2 3.1 3.3
M-10 4.1 -47.00 5.6 5.7 4.0 -2.40 3.2 4.1 4.4
B 3.5 -28.73 3.8 3.7 39  -11.23 41 2.8 2.9
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Bohet dloleg st

A HESEeRS] A

2709 HELEE

;(-]01—31]_ Hi\_ 7].]1:1]—

ZAG A 2] Aot} 5

M =239

=

® 1= F& Y 23049

Bt Ane

gt Aol [

Y S1e ol Woh ANE wigoE AR gue dejmeldt. He e
o ABEAZ LA A alolUA(C)gE FH)e| Lo Bt )
shod gl - 12 FahFch
Z7 A3 W Ba =S F) Al BolA4E HEZLE Frbeht
A FAT 5 Qolrk. B8], B AngA A O ul, Aero] B4
A, ol A Az ATHRA, o] Fhoz UK ATl HE
S22} 2715, WA G4 Aol HHEL 2L g 5 ot
ohl HE &5 49 7 slAlelA X HE AR@A)e] AR th2
ok ol2 98] A HESESL debd 4 ] R A% B Fom
e w) ghgro] Wad A Pt
(E 12) B2 Wel A 3GW ol A A HESE 54 B3
55 | Faema T o
M-1 3.00 1.7
M-2 4.00 1.7
M-3 4.50 1.7
M-4 5.00 2.3
M-5 14.10 4.9
M-6 59.00 6.3
M-7 58.00 6.4
M-8 57.50 6.7
M-9 35.20 3.5
M-10 47.00 4.0

_29_



7.0

*

y=0.0734x+ 1.8 ‘e
6.0 R*=0.7991 -

5.0
40 T .
3.0

2.0
*

S0 A Al BESE (m/s)

1.0

0.0
0 10 20 30 40 50 60 70

U Al FY(mmAg)

Ol

(29 5] F& 2 Al AT o] A Al ESE uA= 9.

o AleleEs A 24

H13)9] Ho|HE Juter, B Ud A AT Zof A Al AlolE
Sto] APPAS LAF Ak (39 617 2h YL WOl mrolus

e R
FHE ol 2

B2 W A ggre] -

_p
Lh
8
8
5
o)
3
>
1
2
=
o
_O‘
k‘l

AlojF4ol 0.38
m/se2 WA Aolg& 715——0* T=SHA] Ftt —'131‘/} ?JO] —5mmAq¥

o o] Jigol =W, AojEFH2 0.41m/s& —7}0}fﬂ, ‘%‘31—1 AlolS< 7=



21 0.4m/s o4 WEY 4 Ity W

Holl A= Aol —352mmAq ©|

olfl 7oA Halsiol & A2 HE 4 Ee AdAE 4AE
e gy JAHFES)| AxHofoF 514 o AR A ST
of du Foho] M= o] U olz <Iste] W} &5H, | A <]
Gl wret Aol estol, sid =anlr] AlxdeA FstE Ao
Holle 2®77F e & AT, 2 dFollMe 2 FEE dder 3
7He A7 di2oll, ol= IRt @A A Frial TS|, | Ao
H Bhy AdE sHA €1, 1€ Beol | AHiE AR Aol ¥UE
gl 2 ojFttH <IE 13)9] dlojE e}

qd F2 A A ol A A
Ho A (mmAq) Aol E4%(m/s)
M-1 3.00 0.35
M-2 4.00 0.36
M-3 4.50 0.38
M-4 5.00 0.41
M-5 14.10 6.54
M-6 59.00 9.44
M-7 58.00 9.47
M-8 57.50 7.47
M-9 35.20 3.25
M-10 47.00 3.24
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10.0

*e
y =0.1292x + 0.3799

9.0
R?=0.7123

8.0

7.0

6.0

5.0
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3.0

o] Al Aol F4(m/s)

2.0

1.0
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0.0
0 10 20 30 40 50 60 70

U Al A mmAqg)

o
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(29 6] & 2o A AAH Eof AT Al AojFEel viAE

b

eh  F717(hole) F71frUdE=e} A 24

A E&t e 249l A9 B
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o8 MAZ sol mol Y A Aejswi JuNY WA
W AGTTASL ot B F(hole) BIRULES FF0R BAS WP
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i

o Avbe (19 717 Pk Age AEQ AUBAE BAT] YaiA bt
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ABSTRACT

A Study on the Characteristics and Development of a
Performance Management Method for the Local
Exhaust Ventilation Systems in an Enclosed Equipment

at a Secondary Battery Manufacturing Industry

Han, Dong—Hoon
Major in Industrial Hygiene Engineering

Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

This study investigates the characteristics of local exhaust ventilation
(LEV) systems in an enclosed equipment used in secondary battery
manufacturing lines and verifies their performance during normal
operation (enclosed state) and maintenance (with doors open). The study
conducted for 10 marking machines and their connected LEV systems.
The basic structures of the marking machines and LEV systems, as well
as the openings of the marking machines, were identified. Measurements
were taken for the control air velocity at the openings of the marking
machines, the air velocity within ducts attached to the machines, and the

hood static pressure (static pressure in the attached ducts) during both
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enclosed and open—door states.

In the enclosed state (normal operation), the duct velocity attached to
the marking machines ranged from 1.6 to 5.2 m/s, and the hood static
pressure ranged from (-)3 mmAq to (-)59 mmAq. These parameters
varied depending on the distance from the blower of the entire LEV
system, the static pressure, and airflow of the near devices and machines,
resulting in differences based on the location of the marking machines.

The inlet air velocity at the supply air holes ranged from 1.2 to 6.5
m/s, while the inlet velocity through the cable inlets was measured
between 0.5 and 7.5 m/s. Therefore, during normal operation, the inlet
velocity at the openings of the enclosed equipment exceeded 0.5 m/s.

When the door was open, the hood static pressure decreased to a
range of (-)0.6 mmAq to (-)45 mmAq compared to the enclosed state.
This reduction was attributed to increased air inflow due to the enlarged
door opening area, which converted some of the hood static pressure into
velocity pressure. In the open—door state, the control air velocity at the
openings was measured at 0.4 to 9.5 m/s, indicating a relatively high
value. During this state, the inlet velocity at the supply air holes was 0.5
to 5.4 m/s, maintaining 40—83% of the enclosed state levels. Similarly,
the inlet velocity through the cable inlets was 0.5 to 5.4 m/s, maintaining
72-100% of the enclosed state levels.

Based on these findings, it was confirmed that enclosed equipment
connected to an LEV system can maintain the control velocity standard
of 0.5 m/s for booth—type hoods, not only during normal operation
(enclosed state) but also when the door is opened for maintenance,
provided that a certain level of hood static pressure is maintained by the

connected LEV system.
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