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A Study on the Explosion Characteristics of flameproof

Electric motor under experimental conditions

U1-Nam Son

Department of Marine Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The strength of the flameproof casing shall be able to withstand an
internal explosion and this criterion shall be subjected to the
reference pressure test of international standard IEC 60079-1. For
simple structures, explosion pressure can be estimated by engineering
calculations, but 1t 1s difficult to predict explosion pressure 1f
internal structures, such as motors, are complex. However, there is
clearly a lack of research data to support the casing design of
flameproof electric motors.

In this paper, conducted an experiment on three conditions that could
change the explosion properties inside of flameproof motor. Conditions
for changing the gas type were selected for analysis of the explosive
pressure characteristics according to the type of explosive gas used in
the hazardous area where the motor was installed, Conditions were
selected to change the size of the air gap that could form a narrow path
inside the motor causing pressure piling. And the conditions for

changing the number of rotations of motors that effect on explosion
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properties by forming turbulence inside the motor were selected. Based
on the results of each set of experiments, the maximum explosion pressure
characteristic and the explosion pressure rise time were compared to

determine the effects of each test condition on the explosion.

KEY WORDS: flameproof electric motor; Reference pressure test; Pressure

piling; Experimental condition;
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Table 2.2 Classification of hazardous areas

Classification [EC NEC EPL
Where an explosive atmosphere is
continuously present, or present for
, Zone 0 Ga
long periods
(>100 hours per year) Division 1
Where an explosive atmosphere 1s
likely to occur in normal operation Zone 1 Ga, Gb
(10-100 hours per year)
Where an explosive atmosphere 1is
not likely to occur in normal o Ga, Gb,
. Zone 2 | Division 2
operation Gc
(<10 hours per year)

1) IEC: International Electrotechnical Commission
2) NEC: National Electrical Code
3) EPL: Equipment Protection Level
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Explosion- o sym | Available
Definition
proof type bol Zones
The enclosure can withstand the explosion
flameproof | pressure, and there is no transmission of flame | d 1, 2
through the flamepath when explosion occurs
. Type of protection in which the protective inert
pressurized o p 1, 2
gas inside the enclosure
, Type of protection in which measures are
increased _ . ;
applied so as to prevent with a higher degree e 2
safety
of safety
Method of protection for electrical equipment
non - desighted so that it wil not ignite the 5
n
sparking | surrounding explosive atmosphere in normal
operation
liquid Type of protection in which the electrical o 1 9
immersion | apparatus is immersed in oil ’
Type of protection when no spark or any
Intrinsic thermal effect in the circuit, produced in the ; 0 1 9
safety test conditions prescribed in the standard, is T
capable of causing ignition
. | Type of protection in which the parts which can
encapsulati | | " _ .
ignite an explosive atmosphere are enclosed in a| m 1, 2
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Fig 3.2 Maximum explosion pressure
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Table 3.1 Explosion classification of gas according to MESG
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Fig 3.6 Type test procedure for explosion proof products
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Table 3.2 Specification of gas-air mixtures for reference pressure test

- . Number

Explosion Group Gas type Gas in air by volume (%)

of tests
| Methane 9.8 = 0.5 3
A Propane 46 + 0.3 3
1B Ethylene 8.0 = 05 3
1B Hydrogen
. ydrogen / 240 = 1.0 5

(pressure piling) | methane (85/15)

e Acetylene 14.0 + 1.0 5}
Hydrogen 31.0 = 1.0 5
3.3.2 #etAl & (Overpressure test)

A el A vRe] sha Ede] o WASE 4P 2AZ AF
routine test T+ batch test th/fo}Fol me} Table 3.39] =74 W& 7|
o 1.59, 31 & 4ufel sfigstes ¢He &)l Ttete s HFEH] 9
st AT AYNIE AEF AFH $YeA WE 0E {9 FEE
AZIAY T2 &4 MA@, HEHe] 72z e &
trhd 8719 Ane A% Aow dddt

Table 3.3 Application pressure of overpressure test

Classification relative pressure applied

Enclosures subject to routine test

1.5 times the reference pressure

Enclosures subject to batch test

3.0 times the reference pressure

Enclosures not subject to routine test

4.0 times the reference pressure

- ‘]9 -
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jie

°13}A1 & (Non-transmission test)

2 AP BAL YR Zme] ofs) WAT o] AFE zolHA
Ui 29 & A=A AFI] 95l AW Table 349) 2 shx 15
2 aTHE Jla 5 202 W 3E 8719 WRe 9Re] 595 =4
S A1y Wi HehUe Agtel WREWS WAAN F R ol
AP e we olsalda 4do] Hiex FAAT 879 Aw o8 3
ol £FFEA A ojof s AHels] WFe] AL S5 A= Yt
e o83 StaAe AASL AR AAs Hd Ho] gRE £7] 9%
o b E o R FHelPrh

Table 3.4 Specification of gas-air mixtures for reference pressure test

: .Y Number
Explosion Group Gas type Gas in air by volume (%)
of tests
Hydro
I e 125 + 05 5
methane (58/42)
A Hydrogen 95.0 = 0.5 o
1B Hydrogen 370 £ 0.5 o
e Acetylene 75 £ 1.0 o
Hydrogen 275 + 1.5 o
- 20 -
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(]

Fig 4.1 Description of flamepath
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Grooves for grease seals

L width of flameproof joint

Fig 4.2 Description of flamepath for shaft gland
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Fig 4.4 Determination of pressure rising time
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o 7 FHE

223 Table 5.2¢] YEF T}

Table 5.1 Specification of gas-air mixtures for reference pressure test

Parameter Specification

Diameter of enclosure 320 [mm]
Length of enclosure 300 [mm]
Outer diameter of stator 300 [mm]

Inner diameter of stator 104 [mm] / 106 [mm] / 108 [mm]
Length of stator 180 [mm]
Diameter of rotor 102 [mm]
Length of rotor 350 [mm]

Air gap 1'[mm] / 2 [mm] / 3 [mm]

Table 5.2 List of components of experimental sample

No. Component information quantity

1 | Motor shaped cylinder (Length: 270[mml], Material: S45C) 1
Cylindrical cover (Diameter: 360[mm], Material: S45C) 2

3 Stator #1 (Outer diameter: 300[mml], Inner diameter: .
104[mm], Length: 180[mml], Material: S45C)

s Stator #2 (Outer diameter: 300[mml], Inner diameter: .
106[mm], Length: 180[mml], Material: S45C)

- Stator #1 (Outer diameter: 300[mml], Inner diameter: .
108[mm], Length: 180[mml], Material: S45C)

; Rotor (Outer diameter: 102[mm], Length: 460[mm], Material: .
S45C)

7 | Ring for fixing stator 1

g Guide for installing rotor (Outer diameter: 100[mml], Inner )
diameter: 30lmml], Material: S45C)

9 | bearing (6007Z2) 2

10 Seal ring for cylindrical cover (o-ring x 4pcs, back up ring 6
X 2pcs)

Collection @ kmou
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Fig 525 44 A4d 49 2de dehim glom, @t 49 =99 HA
AR Gl a (e A9 mde] uy 7aE ekl gl

(a) Test model with air-gap 2 mm

(b) Internal construction for test model

Fig 5.2 Test model
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F1g 5.3 Test model
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Number Purpose
Hole 1 Gas inlet
O Hole 2 Gas outlet
Hole 3 Spark ignition
@ @ Hole 4 Pressure transducer

Fig 5.4 Diagram for holes of motor cover
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53 A3 &7 44

Ad FHANA BEFE AT ARt &, @AM AL =
= al

Zbh2o] ME BFE Q1SS 27skal dth Table 5.3 <A 4o wWE 7hx
a5 Y 7t OF 8 o AY 7AE UE A o
Table 5.3 Gas group table
uipment
Equip Gas/vapour or liquid Test gas (Concentration) %
group
| Methane (firedamp) Methane (9.8 + 0.5 %

Ethanal, Acetone, Iso-Butane,
A n-Butane, Methane, Propane, Propane (4.6 = 0.3) %
Kerosene, Ammonia

Ethylene, Ethanol, Hydrogen Sulfide,
IIB | Ethylene 8.0 + 0.5 %
Carbon monoxide

Acetylene, Hydrogen, Carbon Acetylene (14.0 = 1.0) %
Disulfide Hydrogen (31.0 + 1.0) %

Ao A FE ARREHI = 72~ 5 1B, IB + H2, ICe] F EAE
sl =Usk 28 mdlo tsle] 371A] 7i(el g, oM EEl, FA)el]
<= Pty =4 74 IEC 60079-1A4= 1B 2319 A|gol4] 33]9

AAIRE HlolE o] 834 SHE sty LT 7|Et Ad= 45

ST
5% AT 24 7he 258 AW Ave weoz Au gk Tughy
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Fig 5.5 Test configuration diagram

Fig 5.6 Installation of test sample
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CHZ 1.600E+063kPa : © &4 Mainfilk 3>
CH3 1.600E+03kPa : : :

~400.0E+00kPa | 5 5 5 5 5 :
o000 —400.0E+DOkPa | : ; ; ; ; | s00.0ms

Max (CHZ) 625.33E+80kPa  Rise(CHZ) 4.98ns Prod(CHZ) s
Max (CH3) 635.33E+00kPa Rise(CH3) 4.26ns Prod(CH3)  seseeses

Fig 5.8 Test result for Ethylene

b, T
CHZ 1.600E+63kPa : T 4 Mainz 10k >>
CH3 1.600E+03kPa : ]

400 OE+00KPa : : : : : :
oo 400 _GE+DOKPa | ; ; ; ; : T

Max (CHZ) 720.67E+00kPa Rise(CHZ) 3.96ns Prod (CHZ) oo
Max (CH3) 8§64.00E+00kPa Rise(CH3) 2Z.56ns Prod (CH3) s

Fig 5.9 Test result for Acetylene
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CHZ 1.600E+03kPa : . < Mainfilk »»
CH3 1.600E+03kPa : :

cHz ORI e ]
-400.0E+00KPa | : : : : : :

o000 -400.0E+B0KPa | ; ; ; : ; D 0. ome
Max (CHZ) 636.00E+60kPa  Rise(CH2) 1.76ms Prod(CH2) o
Max (CH3) 708.00E+00kPa  Rise(CH3) Z.@6ms Prod(CH3) o

Fig 5.10 Test result for Hydrogen

(kPa] Ethylene Acetylene Hydrogen
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H P1 : Ignition source side H P2 : Opposite side of ignition source

Fig 5.11 Graph for explosion pressure according to type of

gas
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[ms] Ethylene Acetylene Hydrogen
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Fig 5.12 Graph for pressure rising time according to type of gas
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Fig 5.14 Test sample with air-gap 3 mm
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Fig 5.15 Test result for air-gap 1 mm

CHZ 1.600E+03kPa : T << Fainz 10k 3
CH3 1.600E+03kPa : :

460 .OE +00kPa
oo, e —460.0E+DOkPA

© S00.0ms

Hax (CHZ) 640.67E+00kPa  Rise(CHZ) 4.80ns

Prod(CHZ)  seeseses
Hax (CH3) 66Z.00E+00kPa  Rise(CH3) 3.96ns

Prod(CH3)  sesesess

Fig 5.16 Test result for air-gap 2 mm
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CHZ 1.600E+03kPa T << Mainz 10Kk >
CH3 1.600E+03kPa : :

400 _0F+00kPa : : : : :
-s00.0ns 300 .OE+BOkPA : : : : P S00.0ms
Max (CHZ) 1594.00E+00kPa Rise(CHZ) 5.26ms Prod(CHZ) sesescses
Max (CH3) 7?76Z2.67E+00kPa Rise(CH3) 4.66ns Prod(CH3) s

Fig 5.17 Test result for air-gap 3 mm
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H P1 : Ignition source side ® P2 : Opposite side of ignition source

Fig 5.18 Graph for explosion pressure according to air-gap
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[ms] Air-gap 1 [mm] Air-gap 2 [mm] Air-gap 3 [mm]
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Fig 5.19 Graph for pressure rising time according to air-gap
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Fig 5.21 Test result for stop condition
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Fig 5.22 Test result for 500 rpm
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Fig 5.23 Test result for 1500 rpm
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Fig 5.24 Test result for 2500 rpm
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Fig 5.25 Graph for explosion pressure according to

the number of revolutions
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Fig 5.26 Graph for pressure rising time according to

the number of revolutions

Aof Zuk gteo] 3 AP ARS s A4 FeelAs v
oA oFzte] i A ¢lo] UojuidA e FH @dol WASAAT, H
# diulste & 48 dee #EHA GdT AEr1e s@dAE 5000rpm],
1500(rpm], 2500[rpm]e. 2 =242 0.2 F7FA7|A A37E Aol F v
Zo] F Ado] A= AL FAskAth =3, HEr7h AT 20 A

Ea Zof vjulstel E W) SolA ofzbe] Ew qfEol FHEA ¢

AN

,‘E. o

FA @Yol A uehgon BE A9l utehte @4 ohd Ae §
A5t AW AB7)E PASRGL Wsh vimwstA AFse AT Fw
B el e 45A S Ae FeHe FARA

_46_

Collection @ kmou



)

L

iz
==

2o A 7}
p/]

st

skl =4l 74 IEC 60079-19]

S

215 A%
EE Thee) Algol A FE v =

FAg A AR FH O A = JtAA TFao ERo| o

A6FdAE

foFstd e} 2k
9%

-

| Y

750[kPa], 835[kPal& H it

7], 28l A
D As5717F AR

Mo

Hr

Eg=z

Flem A4 dxE

S

2 Ay

5
Rtk 371219 =49 1Imm], 2lmm], 3[mm] &= =7

1Imm] &= =7]9

e gen of
M) Ao Zak qheel 662kPaldl 702[kPale] Aol wls)

Al

ol
|=|

Np

A=R=I)

3]

&
=

)

= A
- =

Bdol A 7 we Hul % ghe 737(kPal

715 7HA|

o 1

Tz

2lmm]e} 3[mm]e]

213

T—

| N

==
K3

e
=

e 2

A5 710 M =

(€]

H} 2

s

jm

|

A

—_
file)

B
el

m
0

7
B

718 839

_47_

Collection @ kmou



= AAlel @A gt =S sfof 3ot

3 ME71Y vt T EAC wx= dFS syl fske] Olrpml,
500[rpm], 1500[rpm], 2500[rpm]2] ZZ| td 7= AFS IPsA o

M A7) HAsos BAQe] RE EAA EW w ZoA Zu
1

of AdRE Wol AEHUCH AW FA Aol T Ao o
3 owE 29 e g BEHA Yo AL AASEA W
B Ze 2w ghol ok gEti e FASAL. 4P Aol o
sz Aol AEe HAGIL T ) 2o Ho) L 4P 4542
F e s ge BAT 5 U9

- 48 -
Collection @ kmou



FEF

[1] IEC 60079-0, Edition 7.0, 2017, Explosive atmospheres - Part 0: Equipment
- General requirements

[2] IEC 60079-1, Edition 7.0, 2014, Explosive atmospheres - Part 1: Equipment
protection by flameproof enclosures “d”

[3] IEC 60079-20-1, Edition 1.0, 2010, Explosive atmospheres - Part 20-1:
Material characteristics for gas and vapour classification - Test methods and
data

[4] WIKIPEDIA, 1992 Guadalajara explosions [Online] (Updated 22 September
2017) Available at https://en.wikipedia.org [Accessed 23 November 2018]

[5] WIKIPEDIA, 1995 Daegu gas explosions [Online] (Updated 27 January 2018)
Available at https://en.wikipedia.org [Accessed 23 November 2018]

[6] WIKIPEDIA, West Fertilizer Company explosion [Online] (Updated 14
November 2018) Available at https://en.wikipedia.org [Accessed 23 November
2018]

[7] WIKIPEDIA, 2014 Kaohsiung gas explosions [Online] (Updated 16 September
2018) Available at https://en.wikipedia.org [Accessed 23 November 2018]

[8] WIKIPEDIA, 2015 Tianjin explosions [Online] (Updated 23 November 2017)
Available at https://en.wikipedia.org [Accessed 23 November 2018]

[9] Dr.-ing Christian Lehrmann, 2013, Latest news on explosion protection

[10] A+, AA3, A&A, 201849, WHFAEs FHE #3 fFololE-H
il &g el HALA, d=FA7IATE =3 214), pp.17-23.

[11] 278, A%, +54, 2=, 19973, 712 EF-E9] Zutd ) A4 g9
ABBAA A, =7 28rE A 1), pp.49-55.

[12] oJl-%, AAE, o|x-%, ol42, 2009. Wt AF=HA

[13] Jim Munro, 2017, Flame Transmission at Extremely Low Temperatures
When Pressure Piling Is Present, IEEE TRANSACTIONS ON INDUSTRY

- 49 -
Collection @ kmou



APPLICATIONS, VOL. 53, NO. 2, MARCH/APRIL 2017, pp.1685-1693.

[14] =2}, 2000. IEC 60079-1 WstrE Al @7zl o 7= EA ]
gt AT A =R S oMbs A S,

[15] Heinrich, H.-J, 1988, Ablauf von Gas-und Staubexplosionen
Gemeinsamkeiten und Unterschiede, VDI Berichte nr. 701, Sichere Handhabung
brennbare Staube, Band I, VDI Verlag, W. Germany

[16] NUR FATIN NAJWA BT KAMARUDDIN, 2014. STUDY ON THE EFFECT
OF IGNITION LOCATION ON PRESSURE PILING. Bachelor of Chemical
Engineering, UNIVERSITY MALAYSIA PAHANG

[17] MIHAI MAGYARI, SORIN BURIAN, MARTIN FIREDMANN, 2013. Design
concepts for flameproof enclosures of electric motors for hazardous areas
with explosive mixtures of gases, and vapours with air. Recent Advances in
Electrical Engineering. pp.124-129.

[18] IECEx Operational document No Ex/OD020, 2005. Guidance for the
Sampling of Group I Ex d Motors for Testing as Representative of a Range
for Certification Purposes

[19] IECEX/EXTAG Decision Sheet, 2013/003. Recommendation to improve the
effectiveness of the determination of explosion pressure

[20] James Munro, 2017, Impact of extremely cold temperatures on the safety

of flameproof motors, Doctoral thesis, The University of Sydney

- 50 -
Collection @ kmou



	제 1 장 서 론   
	1.1 연구배경   
	1.2 연구내용   
	1.3 논문의 구성   

	제 2 장 폭발과 방폭   
	2.1 폭발과 방폭의 정의   
	2.2 방폭형 구조의 종류   
	2.2.1 가연성 물질을 제거하는 형식   
	2.2.2 점화원을 제거하는 형식   
	2.2.3 최소 점화 에너지를 제한하는 형식   
	2.2.4 폭발과 격리시키는 형식   


	제 3 장 내압 방폭 구조   
	3.1 내압 방폭 구조의 정의   
	3.2 내압 방폭 구조의 용기에 대한 폭발 압력   
	3.2.1 폭발 압력의 추산   
	3.2.2 압력 상승에 미치는 환경적인 영향   

	3.3 내압 방폭 구조의 형식 시험   
	3.3.1 기준압 시험 (Reference pressure test)   
	3.3.2 과압 시험 (Overpressure test)   
	3.3.3 폭발 인화 시험 (Non-transmission test)   


	제 4 장 내압 방폭형 전동기   
	4.1 내압 방폭형 전동기의 구조   
	4.2 내압 방폭형 전동기의 기준압   

	제 5 장 내압 방폭형 전동기의 폭발 특성 분석   
	5.1 실험 개요   
	5.2 실험 모델   
	5.3 실험 환경의 설정   
	5.3.1 가스 종류에 따른 실험 조건   
	5.3.2 전동기의 공극 크기에 따른 실험 조건   
	5.3.3 전동기의 회전수에 따른 실험 조건   

	5.4 실험 장치의 구성   
	5.5 실험 방법   
	5.6 실험 결과   
	5.6.1 가스 종류에 따른 실험 결과   
	5.6.2 전동기의 공극 크기에 따른 실험 결과   
	5.6.3 전동기의 회전수에 따른 실험 결과   


	제 6 장 결 론   
	참고문헌   
	감사의 글   


<startpage>13
제 1 장 서 론    1
  1.1 연구배경    1
  1.2 연구내용    2
  1.3 논문의 구성    3
제 2 장 폭발과 방폭    4
  2.1 폭발과 방폭의 정의    4
  2.2 방폭형 구조의 종류    8
   2.2.1 가연성 물질을 제거하는 형식    8
   2.2.2 점화원을 제거하는 형식    9
   2.2.3 최소 점화 에너지를 제한하는 형식    10
   2.2.4 폭발과 격리시키는 형식    11
제 3 장 내압 방폭 구조    13
  3.1 내압 방폭 구조의 정의    13
  3.2 내압 방폭 구조의 용기에 대한 폭발 압력    14
   3.2.1 폭발 압력의 추산    14
   3.2.2 압력 상승에 미치는 환경적인 영향    15
  3.3 내압 방폭 구조의 형식 시험    17
   3.3.1 기준압 시험 (Reference pressure test)    18
   3.3.2 과압 시험 (Overpressure test)    19
   3.3.3 폭발 인화 시험 (Non-transmission test)    20
제 4 장 내압 방폭형 전동기    21
  4.1 내압 방폭형 전동기의 구조    21
  4.2 내압 방폭형 전동기의 기준압    22
제 5 장 내압 방폭형 전동기의 폭발 특성 분석    25
  5.1 실험 개요    25
  5.2 실험 모델    26
  5.3 실험 환경의 설정    30
   5.3.1 가스 종류에 따른 실험 조건    30
   5.3.2 전동기의 공극 크기에 따른 실험 조건    31
   5.3.3 전동기의 회전수에 따른 실험 조건    31
  5.4 실험 장치의 구성    31
  5.5 실험 방법    33
  5.6 실험 결과    34
   5.6.1 가스 종류에 따른 실험 결과    34
   5.6.2 전동기의 공극 크기에 따른 실험 결과    38
   5.6.3 전동기의 회전수에 따른 실험 결과    42
제 6 장 결 론    47
참고문헌    49
감사의 글    51
</body>

