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Study on the characteristics of explosion pressure based on the internal structure

of a cylindrical enclosure
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Abstract: Demand for explosion-proof electrical equipment is increasing with the increasing number of gas handling areas. Electric
motors, which are essential in industrial fields, also require that they be explosion-proof structures. An explosion-proof motor
should be designed such that it is sufficiently strong to withstand internal explosion pressure, and the strength of the casing must
be verified using a reference pressure test. It is possible to estimate the internal explosion pressure of a general cylindrical struc-
ture using engineering calculations. However, this estimation becomes difficult when the internal structure, such as that of an elec-
tric motor, is complicated. In addition, the explosion pressure is confirmed experimentally. In this study, to analyze explosion
pressure characteristics based on the internal structure of a cylindrical enclosure, models with different structures were fabricated
and the same test environment was set up to perform a reference pressure test. After the cylindrical enclosure was tested, the test
was repeated with the stator and rotor components added in sequence, and the explosion pressure characteristics based on the in-
ternal structure of the enclosure were analyzed based on the results of the explosion test. In addition, experiments were conducted
on the closed vessel by changing the size of the air-gap for the motor, which can accelerate the explosion and produce a pres-
sure piling phenomenon. Finally, the explosion pressure characteristics based on the size of the air-gap were analyzed.
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Figure 1: Diagram of test sample for PTS
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Figure 2: Installation of test sample for PTS
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Figure 4: Test model

Table 2: Specification of Test model

Parameter Specification
Outer diameter of stator 300 mm
Inner diameter of stator 106 mm
Rotor diameter 102 mm
Air gap 2 mm

Figure 5: Dimensional structure of the stator and rotor for

motor [7]

Ay melol A AL S45CE AHE-EF 2™, Figure 5 A5
719 AubAQl Fx2E st dPAEe [A571e 14
Zpeb AL, aEla F5E BARE RS RS &gl
tH7). a7 Akel 3] HAke] AFAolE 160 mm=E 7353
om, g2 x| ik o Heple] AEE 50 mm
2 A&atelct deo] 10 mme] w9 1gxF Fge] -4
F 16705 &4ste] AR e D%, 3| el FAE
& AW o AZskSiT). Figure 5 116 7] XHle] 317
A AAT 1879 EE u?%ow ook, A=z gA
12 8HA] ek} Figure 4004 Hi= nho}l gho] AFZE A}
< FABIoH, APZESL Aol Tl dEd AT
=2 AFsgith AA AE7] xRk Aoldk o gt
of &%l gl ulal &2 T Fe7k 0% (o 47)
&7F g o] Tt

206



47 AE EAH A3S Sl 2o 7] e 2 WA 2318 A9l
. . a, BE AR L FdeA 24T 5, A4 114 IEC
% o 7P AolR T EE A RS Table 33 e wEE wa s AN lﬁﬂﬁ

Zo] Ag muS AAsiolon 7 Ad mde ke 60079-1, Clause 15.2.2°] w} 714 AldS AP3eich

=3 = = =270 M—"1, 71 2 ra = = WAl EEmo T — - e o 3

) Zibgd E3MEL B T dEH FE (8.0 £ 0.5) %= 24

|
JYEE AR ol HstE
300 mm / Z°] L = 280 mm)°ll 4] <] v »14_1 }1}04141 I s
A Fd S ST F ke AlA ] Al
& 93} Test sample AS TH| 3} o Hagx s
PR ME B g 4% B datel we o S o VL AT EXTAG - DS o013 - 003,
A% Tzo] AR WA TAES Recommendation effectiveness determination explosion pres-
- ) 9 .% 2ty 1 Aol o , pds _,Z_Zju Eo]@_}
B9} Test sample BOl 374} &4be] TAHES 2748 Test i‘r;i ‘Hjm ;;}jﬂ;% rse, 4 ed
KX 35
sampleCE H]O}ME]— u],;(]u]—o g;'L 37]0“ T—q—% %% = 3 2 L8 o [8]
e 5448 $4317] $1519 Test sample ColA 3= 7]

PR k1
TS SV F= 2 mm Z2719] Test sample D9} 3= 3 5. 49 A+
mm Z719] Test sample ES =H|3}3 T AR 2 L A met APs Pl on, s
719 < Eoll &8 AAME 7 AAste] 3 dEE 5
Table 3: Classification of test sample “g3l3lTt. Figure 7 ()= A& flof Ele AAE AR
Classification Detailed description o™, Figure 7 ()= d3 TAEE YEhith

Stator and rotor are removed

T le A
est sample (Simple cylindrical enclosure)

Stator is assembled inside and

Test sample B .
rotor is removed

Stator and rotor are assembled inside

Test 1 .
est sample C (Air gap 1 mm)

Stator and rotor are assembled inside

Test le D
est satple (Air gap 2 mm)

Stator and rotor are assembled inside

Test sample E (Air gap 3 mm)

am, |
g

B e

(=5 L

(a) Test sample A (b) Test sample B
£t | 3 il

= U L U
| 12— I

il il
- Air gap | mm - Air gap 2 mm

e X
bl L |
o = ¢ = Figure 7: Preparation for reference test
(c) Test sample C (d) Test sample D
U AEYF A8 weo] mARIe} AR Gare] FAIEo]
&l = ik B vX & FFS F241817] $15H Test sample A
:_d Airgap3mm:i‘: 9} Test sample B, Z1¥]3L Test sample Co| A3 AZE
| T Figure 80 U eIl oH, P1S H3ldS A3 =9 ¢ty
=, AAola, P2 sk W & ghel Axelt Zuk gt
(¢) Test sample E o 4% Azl didt AZE Figure 9°l ‘/}E}Uﬂﬁgfﬁ],
Figure 6: Schematic diagram of test samples Risel & 3}gS Ax|3k =01, Rise2E A3t i =

SharutA A Yo &5t s] %] Al43¢W A|3%(2019.3) 207



YeR 3 k. HESH ZF Test sample] &9+ b 114
Figure 100 el Qi
m#l m#2 m#3

©

Test sample A
(Remove stator and rotor)

o
=

o
=

P1: Ignition source side, P2 : Opposite side of ignition source side

r~
0
©

P1
Test sample B
(Install stator, Remove rotor)

825
828
843
84
806
882

737

%
.\l\

< 0
o
“‘ vgm

Test sample C
(nstall stator and rotor)

643
620
617
612

Explosion pressure [kPa]

I 673

Figure 8: Test results according to changing of internal

component (Explosion pressure)

B#L m#2 m#3 Risel : Ignition source side, Rise2 : Opposite side of ignition source side

E"'OO S e~
- o - o
LR mﬁ%
W
E
£
= =Y
; pei s NS
w3
£ = -0
2
14
— N
~ o w oo
"i('i III
Risel Rise2 Risel Rise2 Risel Rise2

Test sample C
(Install stator and rotor)

Test sample A
(Remove stator and rotor)

Test sample B
(Install stator, Remove rotor)

Figure 9: Test results according to changing of internal

component (Rising time)

LY
CHZ 1.600E+03kPa <4 Mainz 10k >

CH3 :1.600E+03kPa

400 . 0F+D0kPa : : :
-s00.0ns  ~400. 0E+00kPa 500. 0ns.

Max (CHZ) 825.33E+00kPa  Rise(CHZ) 31.4ms
Hax (CH3) 8684.67E+00kPa  Rise(CH3) 31.ems

(a) Test result of test sample A (Pressure waveform)

Prod(CHZ) seeooe
Prod(CH3) sewssen

rok

oA AdAYo] @ a3 A A|43A@ A|3%F(2019.3)

CHZ 1.600E+63kPa

<< I"In):_I/l Ok >>
CH  1.660E+63kPa :

CHZ

—400 . 0E+00kPa
Lsao.ons  —%00 .0E+00kPa H H H D s00. 0us

Max (CHZ) 643.33E+00kPa  Rise(CHZ) 13.6ms
Max (CH3) 612.67E+00kPa  Rise(CH3) 13.1ms

Prod(CHZ)  ssexns
Prod (CH3)  sesexns

(b) Test result of test sample B (Pressure waveform)

CHZ 1.GOOE+03kPa eI T

CH3 1.600E+03kPa

CHZ CH3

—4060 . OE+00kPa
|-s00. 0ns  —400 . OE+00KPA 500, Ons

Max (CHZ) 648.67E+00kPa  Rise(CHZ) 5.16ms
Max (CH3) 730.00E+00kPa Rise(CH3) 4.30ns

Prod(CHZ) soeesex
Prod(CH3) soeeex

(c) Test result of test sample C (Pressure waveform)

Figure 10: Pressure waveform of each test sample
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