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Study on Electrostatic Safety of Plastic Booth for Powder Coating
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(Received June 25, 1998; Accepted March 15, 1999)

A plastic wall of a powder spraying booth may be charged by a powder spray gun, to which a high
voltage of -100 kV is usually applied during powder coating materials are sprayed to objects to be
coated in the booth. Incendiary discharges may occur between the charged plastic wall and a grounded
conductor which is placed in the booth if there is a grounded conductor behind the plastic wall
However, there are few studies on such a problem as the electrostatic hazard causing ignition in an
actual plant for powder coating. The purpose of this study is to obtain the basic data on the electrostatic
safety of the plastic booth for its design. The characteristics of discharges between a charged plastic
plate and a grounded metal sphere were experimentally investigated with an apparatus which was
modeled a configuration of a plastic booth. The safety assessment of the booth, which was deduced

from experimental results, is reported in this paper.

1. [EL®IT

HEM R, BEOE MY, EEoRe, RERR
% EEREOE,OENLBREFEL L TEESR, T
WEBSEL LTERLTWS., ¥, HE, =7 a2, Bk
B SEMSORERAEOD L LT, £ OBKRER
Bt s —X0Sbic kY, SREmLRoTE
7. el g0kt ZarLEHRCRTZ0%
ATk X MR R R 2 B B 0RO BEkERE Tt
BTERL RoTWS., ZORERZMRT2EHNT, 7—
ABEMIC T T AT v 7 BERAL, BRENEECLIRL
BT — AV AT AN KRALShBEOSAL
~DRENTREE 72D, ZORER, #BERBBREOREY

F—J— R : HERERE BT —X, HE, 77
AF v HEINE
* IR KRR BT HMEA (3168511 RRRA M
i AR AT 4-12-1)
Graduate School of Science and Engineering, Ibaraki
University, 12-1, Nakanarusawa-cho 4-chome, Hitachi-shi,
Ibaraki, 316-8511 Japan
w QAT TA DV THRE TA A= REHR

(135-0062 HAFERLI K IHE 2-13-27)
Tonics Division, Nihon Parkerizing Co. Ltd., 13-27,
Shinonome 2-chome, Koto-ku, Tokyo, 135-0062 Japan

ook IR TN BRETFIER (316-8511 KRR
ST R ARIRET 4-12-1)
Department of Electrical and Electronic Engineering,
Ibaraki University, 12-1, Nakanarusawa-cho 4-chome,
Hitachi-shi, Ibaraki, 316-8511 Japan

A U Te AEIVIE 0 VLR B S SRS EEETE D R D 1T
pofz DS,

RO kO, TIRFyIERAOT—R LT, 77
RFy I EREMICER LT —R%E (TR F v I T—
R LHETE) X, FERBMBTIAF v IETHD
o, BT AENEEE AT A RE, FEICLLHE
fElROBNbEZONS., DEVHBELLTSFATF v 7B
B A REETT 5 L IRENAE L, MEOE KBRS
BREQHEISKELFET HHRENRF TR, Z0%
¥, TIRF v I T—AORFCH o TTHEBE L BE
MEOTEIZ DV TIESERE L 22T iR bR,

AFETIE, BRERTFAF v 7 T—ARFHOERT —
2 %185 B TETAEREITRY, TITRAF VI T =R
OREMTHSOVWTRE L. ERTIX, WELLTIRTF
v Z RIS R S B BRBTEL S 1 BOKEID
BB L. ZORECLVEREENDTRAF—DE KR
LRV BB REERD, WEBMLRE BT D HRT OV TR
HNEfThot. TORR, TIAF v I T—RAERMHTD
T OB LOREREEB IO THRETS.

2. TSRFYH IT—ADHBICLIMERRK

21 THSRF Y T—ADIEE - ik

M1ICRT LT ITRF v 7 T—RL, 7 —REMH
g7 S A F v 7 ThHI), HERERET VDR
ETABRVEEMCETL, BHRTRETEINRE




BB SERBEE Y — A OBBRLE T 5F% WIHE=ZIZ?)

HTD. 20T —RABE~RKYT 54— "— 2T L—§
EBEHID 2L, MELTHLBBOMFIISSET, =
7T 7u—CREBICKRETE S, T0iEn, BRENUHEE
PEAJL h 3 _RT7 B EBEREBEBORASOITRIZLY,
AFIC LB ERELEEEAD R L, ARXRROEMRL
ZXo T3,

22 MEREBROLELEFINRE

M2 CEEME (FTRAF v I7IR) & INICEET 58
HUER (BRTEEHEE) BoKBOKTERT. ZITH
RHEHEE L IUTOLI) RbDOE ST,

OYN R '

Q&BHEOEE (TERARRE BRAST V%)
Q87

@BETFEFINRIEOE BB

H 2128V, @) 7T AF v 7 ROEEICEMEE
(A EEHEE) RVER 6.7, (b) EHDHERETRT Y.

(@) DAL, BEEHEEO I R TORKER
RAETHID, HEMERR LY HHSNIBHETRNLF
— T AETHD. —FH, (b) OBFE, HEHEO L)
FOX ¥ R ZVABRKEL RBHDOT, HEMEREOER
R EREIEIEh DA, EHINL2BHEIHEATS. Z
OIREBIZIWWTC, HEMAICEEEREET 5L, WE
W IRFENCIN - 7o RE 2 R (R RE) BN RETD. &
DO, (a) THBELT, HETRAF -3 TREL
20, BAMEREORET D ARERFE 2D 0.

BUTH20 (b) 1, BEOTIAF v I T—RIZ,

Air Air

J U

________ ][_ [ <—Plastic wall

‘ "L7| Side hood
= F\ / —>Collection

l of powder
1

! :ing Y
o £
Belt conveyer for
" collection of powder
1 I
[ [
) —>Collection
of powder
VA

Hopper for collection of powder

K1 77AFy BT —AOHEE
Fig. 1 Structure of plastic booth for powder spraying.
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Fig. 2 Discharge caused by approach of grounded conductor
to charged plastic plate.
(a) is a discharge without backing grounded conductor, and

(b) is a discharge with backing grounded conductor.
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Fig. 3 Discharge occurring between charged plastic plate

and grounded metal sphere.

Backing grounded conductor is (a) metal plate, and (b) metal

pipe.
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Fig. 4 Influence of grounded conductor vertically set on

charged plastic plate on discharges.
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Fig. 5 Influence of grounded conductor set on charged

plastic plate on discharges.
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Fig. 6 Schematic diagram for experimental apparatus.
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Fig. 7 Surface electrostatic potential of charged plastic plate
versus distance between charged plastic plate and

backing grounded conductive plate.

(GEREMM : KSD — 6110) THIE L. £ TOERK
O, 1ERIEE GREE : 24 °C, HXHNEE : 20% ) OX
KPR TR o7 10),

42 TISRAFYIOHBELTERM

K71, F79AF v Z7RP OWFEICEMEBEERB 2ERS
BB (d =0 mm) T, FATBEEV ZEIMLTAA
VY U—RRAESYE, PEHEIELE, HRAICBEP
NOEEL T W ol b XD d 1I2XT 5 P ORRERICE
T AREBAL Ve OFE{LERLTWS. B, TI7AFy
I IR~OEEBIX, RO BRPHRELROMATH DT
», ACHESE. EROHEIX, FYIRFyIsRER
EI— BT Ay TR P K5I, HEeP
L OEEMEA 100 mm —EICRHRB LN EENLTIT-
7. ’

H 7RI X O, Ve i BA P SEENRDICRE-> TH <
oTW Z eRbhd. Zhix, POREICMHELTY
BEMMMEBRENTZEE, ADTOX Y /U Z U ARNE
2Bz TH5.

127 (27)

300

200

100 ¢

Maximum charge transferred Om (nC)

0 10 20 30 40
Diameter D ( mm)
X 8 HEHEAROERIIXNTIRRBHEROEL
Fig. 8 Maximum charge transferred versus diameter of

grounded metal sphere.
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Fig. 9 Maximum charge transferred versus distance
between charged plastic plate and backing

grounded metal plate.
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Fig. 10 Maximum charge transferred versus distance
between grounded metal sphere and backing

grounded metal pipe.
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Fig. 11 Influence of grounded conductor vertically set on
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charged plastic plate on discharges.
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Fig. 12 Influence of grounded conductor set on charged

plastic plate on charge transferred.
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thickness of plastic plate.

Maximum charge transferred (C)
Material Thickness
(mm) d=0 (mm) d= 50 (mm)

Vinyl chloride 3 25x10° 43 x10%
Vinyl chloride 6 7.1 %107 3.5x10%
Vinyl chloride 10 28x 107 33 x10%
Acrylic acid resin 10 32x107  49x10°®
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HBLTEBD TRELS RS, ZOBEKBRSOMBITEY
WCHEBRERVA, BRMREEZ T S8 I B/MNEET XL X
—EZEMCEHT S ICIERRVORNEZEL, £BREL




HENEEEAMER Y -2 OBERL

TRV, 22T, BEZEMLT 272010, BT 3)
REBRATZZEE Lz, 3) NidahRo L 9 cHrEds
DFEZDOHRRILT B2, BEHEEROEHLEECHIRE N
R ULEHETHNIE, 3), @) RTRODONLBET RNV F—
X TREBRICH .

W.> Wi (5)

o, 3) RELVEH LE=RVXT -0, Bk
DENBERKTZINF— W, X RTINE, FEEAETH
5LHBLTELIZRNEEZLRS.

— MR, ZERPITRT HREEREOR/NE KT RV F—
X 9~30 ml THDARY, 1986 FITRAT ST RRMNBHE
EN50050 T ARIEN v OB RN F—i 5 m) &l
ATHBRLRVWEREBEINTWS P, B%, BWEgE o
FRCBWTCIEHEREZERALRVDOT, 5 mIELTO
BMET AN —THNIEEKOERILRNEE XTI,
o T, TREMBZMZT On ZRODIIT I V.

W, =5 m) (6)
B7 X0V, ORKEZR -100 kV THEDT, (4)KRU6)
K&V FTRERBELRD.

Om = 100 nC @)

7B, F—MorOBRA THERBHEORINFET L5
AL, BB IAX L5 ml LD EB0/hER
BERA2OTEELZETD. BIRREINHEK EN50050 128
WTHESH TS E/NEKT RN F—iL, WEBERT
VOFEMNS m] THEIDIK L, FEREEEATHE
FIBBRADOEHEICIZ 024 m] EiroTW 5.

622 HEEMBEOR

HOKRVPRIIWRLELIK, HELETTRAF v IR
P OHEMLLIZ, HEEHEAB NEETIHETH-T
b, d 2 50 mm OFFEH T, POEICHELIEHERBIR M
DERITEMRZR L, BEXRBEEHE Om OEIX, 50 nC LT
Thole., LEMRST, 621 TROEEME (Om = 100
nC)&L ¥, ZOMBIIHEBFEKETH D LHMITED.

¥/, BOEWEAIT, P L BREOEMSERKEEZ
WIERWO T, FXMEREBEOET 2 MR, X5
RBITTHD. —H, F1 Td=0mm DEFE, Om DE
[£280 nC BLEL72oTHRD, ZoKEIEFAETHS &
Ezbhb.

6.2.3 EXEMEHROR

B IR LEK 1T, EIEMEMARF OB (x =100
mm) T, BB x OB L, Om bEAEBZRT.
Zhix, Vo THEIRIE, Fohbiiiansi 4y
D—E (EATEEHIE AR OWTEE TIIRES) 28, EREEHE
FEEBLTRKMZHENATLEY, FTRF v 7 PEREDOH

BAMBI S, TOBRPOBMNE LR LARZVWEDTHS.

ST 2EE WIHE=E)) 131 31)

L7zo T, SHEBRF OFER, EREVI XV b, ©pL
AREIRFANANEATDE NS,

624 ETNEREROFLY

6.2.2, 623 THRANETNVEROMEL Y, BEHE&BIR
M PHEBLETTRAF v IR P KR L & & ITRET
HAEITIE, DRRh o FEESEHERB 5\ IXE R
HEAFAREL, HEEMBEHEORBIZL > TR, KEE
WEOKRE RRENBETIHEEODH D Z EBHAMNE R
o, BIZE, M9 Td=0mm DHEE, HAVER 11 T
x 2 100 mm 2>2 d = 0 mm DHFEHIT, BEXEKEBEOETL B
REMEA B, )

Plbd~7e X 5ic, BERMNICERRKEORERL, =
L LTHESEMEFEORBIZETELTRY, 5 XFv 2
T—AORFIH - T, ZOREFEELRTRIT RS
RN EMETNVEREL VREB S,

6.3 fEREBEIHOEA

62 TRRZX S, HHEEHERE T T RAF v 7T
LHELTHEET R0, BRE&THBELWVWRDE. REOS
FARAF v I T—ARHOBENE, T—REM2EBEOX
FH CEET BRI, BEMEEH D 50 mm P_EHEIE RS
LREREVNEWR D, BREF LY S LTHXEHM R EEMIC
FEASERINZ R DRWEEITE, fhicxRz#H L,
TIRFy ZICEBZONDTRNF =R, BEOFRK/IEK
TARNF—EBIRVE I LT b 20,

56 THRRZXOIWE, 7TFRF v s BEEEICEHERN
HBEE, TOELOTTRF v 7 BERE LT, LRI/
EROEHEREZREL, TONRERANLLOOERY
RAle. ZOERO B, AiegEtEmIfcksTs7
FAF v VBEOWBBINO EREHE, FRMEREMH O
PREMRETEZ LI D, REOERIT, KsDETNH
EBREBICLVITolk. TOEBERERLEN 12 2B
WT, Om < 100 nC L RAHHEIX, THIzma—bT—7
DBFET x = 150 mm, AF—VBROBEE x = 180 mm &
RoTW2S. 7%, K5 ORETEESEE RN AR
(7 — 2 DI ITHEY) OFETO>NTIE, K 10
DEBFFEREBRTES. b, KI0IRLEEX S,
B A DN R SHHNE, x < 100 mm TH Y, £
LLED#E T, HEEBEEDRWEE & RRICE 2T
By,

UEOEBRRERIY, FI9RF v 7 OBEELICREBES
AT BRI X 5 8 KIEEIRI 0% RE, FHBIET
EHbDEELILND.

7. LFUY
TIGAF v I T —AOREMIZOWTHRITT S, 7




132 (32) BB
BT —RADEFTNVEREBICKL o THEERERRTLL Z
A, UTomAisfgohi.

(1) BEMTHDTTAF v 7 REEICER LIoRE T
HEERIEET D HA, 7T AF v Z RO BB
BELLE, BEBRBKEELSNWTWIHREERE
100 nC L EOFKMEHENRET DL EHD.

Q) FIAF v ZREEHD 50 mm LA EBERZ KRBT
EEEHEENFET 258, hoBMEAREELTY
fERRI BB ORE T D HERIIBD TH R,

(3) TIFARF v ZIRICK U THEBEERERZ L TN DE
A1, EXEMEEOREBIILVBERVEILL, BETS

WEBEDEBEOT T AF v 7 ROEBENEILEST5.

ZDH, MOBMEBEER T T AT v I RICESE LIRS
THAERZBEENIRET DHEITBD THRWV.

@ LFE Q) ~ @) kv, FTRF I T —ROERE
EHRETAEDITE, FIRFy I T —REERTHEE
PR, HFIC T — RBEE EICELE S h 5 & BT SIGH
PRBEEEEHFIERTEE, R RTIRF 7
MU X SER LR TIER 520

() k3 @) T, &5 LTHEREMELEY ST ATy
7 SNBEIZEERM SRR TR R D RWRRITIE, TIRFy
o NEE RICEEREREBETHZ L. IEL, DL EE,
EHEAORE X, BECEELRWE S ITEBHhEL
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