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Abstract - Valve leak accidents in petrochemistry plants and gas utilities cause human and
property damage. The main reason why happen gas inhalation, poisoning, fire and explosion
accidents is gas valve leakage. To prevent gas leakage, inspectors check the facilities in the
field. And they are at risk of gas leak accidents. So we applied IoT-based risk assessment, mon-
itoring and automatic control system. It can detect both internal and external gas leakage, do
real-time monitoring of industrial valve in the plant by using hybrid sensor. As the new safety
management system for industrial valve is developed, it needs method to evaluate device per-
formance and environmental components for the system. This study is about development of
method to verify performance of the explosion-proofed hybrid sensing system include gas de-
tector and optical fiber sensor supporting wire and wireless communication.

Key words : industrial valves, safety management system, performance verification, internet of
things, actuator
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loT-based Industrial Valve Safety Management System

45 : S .
xplosion-prooftype Real-time Safel ndustrial Valve
Fig. 1. Scheme of IoT-based Industrial Valve Sa-
fety Management System.

Table 1. Classification by operating type of gas sensors

Type Description Detecting gas
measure the concentration of | Toxic gas
a target gas by oxidizing or | (CO, CO2,
Electrochemical | reducing the target gas at an | O3, SO2,

electrode and measuring the NO, NO2,
resulting current VOO)

oxidation of a gas readily | Combustible
occurs at the catalysed bead. gas

Catalytic Combustible gas raises the (Hydrogen,
temperature further , leading | LPG, LNG,

to an imbalance of the bridge. etc..)
The absorption or desorption | Toxic gas
Semiconductor of the gas on the metal oxide| (CO, NO2,
changes either the SO2, H2S,

conductivity or resistivity VOC)
Measure absorbance of CO, Co2,

Photoionization | photoionization and output to | NO, NO2,

gas concentration So02, 02, etc..
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Fig. 2. Drawing of remote monitoring system for
sealing leakage of industrial ball valve[8].
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Table 2. Description for parts of actuator pac-

kage
Part Description
Tem Measure change of resist by changing
o temperature and humidity on
Humidity .
semiconductor
MEMS type acceleration sensor that
Motion measure change of capacitance by
detecting motion
measure the concentration of a target
gas by oxidizing or reducing the target
. vocC .
s gas at an electrode and measuring the
g. resulting current
T
Photodiode(P tects the light fi
Flame otodiode(PIN) detects the light from
the flame
Detects electric current in a wire and
Current generates a signal proportional to that
current
Converts the angular position or motion
Encoder of a shaft or axle to analog or digital
output signals
Converts electric energy into mechanical
o Motor ener
g gy
R Reduce speed with which power is
a9 Reducer u . peec with w pow
transmitted
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Table 3. Standard for combustible gas leak alarm
setting value (Gas concentrations in air, %)

Gas Level Level Level Level

type | 1(Safety) 2(Caution) 3(Warning) 4(Danger)
LPG Lﬁ;;;f“ 005 ~ 045% | 045 ~ 1.8% | 1.8 ~ 84%
LNG Lf:;;g‘n 005 ~ 125% | 125 ~5% | 5~ 15%
H, Lf)s_z;;f" 005 ~1% | 1~4% | 4-~75%
co L%f;;;f“ 005 ~ 3.12% |3.12 ~ 12.5% | 12.5 ~ 74%
CHe Lf)szst;fn 005 ~ 0.75% | 075 ~ 3% | 3 ~ 125%
CH, Lf)s_z;;f" 0.05 ~ 0.68% | 0.68 ~ 2.7% | 2.7 ~ 36%
CH, L%f;;;f“ 005 ~ 0.63% | 0.63 ~ 25% | 2.5 ~ 81%
NH; Lf)szst;fn 0.05 ~ 3.75% | 375 ~ 15% | 15 ~ 28%
HCN L‘:“)S_Z;;f“ 005 ~ 1.5% | 15~6% | 6~41%
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Table 4. Standard for toxic gas leak alarm setting value (Gas concentrations in air, parts per million)

Gas type Class Level 1(Safety) Level 2(Caution) Level 3(Warning) Level 4(Danger)
TWA | Less than 0.001 ppm 0.001 ~ 2.5 ppm 2.5 ~ 10 ppm Over than 10 ppm

s LC50 | Less than 0.001 ppm 0.001 ~ 310.8 ppm 310.8 ~ 444 ppm Over than 444 ppm
TWA | Less than 0.001 ppm 0.001 ~ 21 ppm 21 ~ 30 ppm Over than 30 ppm

0 LC50 | Less than 0.001 ppm 0.001 ~ 2632 ppm 2632 ~ 3760 ppm Over than 3760 ppm
TWA | Less than 0.001 ppm 0.001 ~ 17.5 ppm 17.5 ~ 25 ppm Over than 25 ppm

N LC50 | Less than 0.001 ppm 0.001 ~ 5136.6 ppm 5136.6 ~ 7338 ppm Over than 7338 ppm
TWA | Less than 0.001 ppm 0.001 ~ 0.35 ppm 0.35 ~ 0.5 ppm Over than 0.5 ppm

< LC50 | Less than 0.001 ppm 0.001 ~ 205.1 ppm 205.1 ~ 293 ppm Over than 293 ppm
TWA | Less than 0.001 ppm 0.001 ~ 0.07 ppm 0.07 ~ 0.1 ppm Over than 0.1 ppm

" LC50 | Less than 0.001 ppm 0.001 ~ 129.5 ppm 129.5 ~ 185 ppm Over than 185 ppm
TWA | Less than 0.001 ppm 0.001 ~ 1.4 ppm 1.4 ~ 2 ppm Over than 2 ppm

50 LC50 | Less than 0.001 ppm 0.001 ~ 1764 ppm 1764 ~ 2520 ppm Over than 2520 ppm
TWA | Less than 0.001 ppm 0.001 ~ 17.5 ppm 17.5 ~ 25 ppm Over than 25 ppm

o LC50 | Less than 0.001 ppm 0.001 ~ 609 ppm 609 ~ 870 ppm Over than 870 ppm
TWA | Less than 0.001 ppm 0.001 ~ 2.1 ppm 2.1 ~ 3 ppm Over than 3 ppm

NO: LC50 | Less than 0.001 ppm 0.001 ~ 61.6 ppm 61.6 ~ 88 ppm Over than 88 ppm
TWA | Less than 0.001 ppm 0.001 ~ 3.29 ppm 329 ~ 4.7 ppm Over than 4.7 ppm

Hen LC50 | Less than 0.001 ppm 0.001 ~ 99.4 ppm 99.4 ~ 142 ppm Over than 142 ppm
TWA | Less than 0.001 ppm 0.001 ~ 0.7 ppm 0.7 ~ 1 ppm Over than 1 ppm

He LC50 | Less than 0.001 ppm 0.001 ~ 1093.4 ppm 1093.4 ~ 1562 ppm Over than 1562 ppm
TWA | Less than 0.001 ppm 0.001 ~ 0.35 ppm 0.35 ~ 0.5 ppm Over than 0.5 ppm

- LC50 | Less than 0.001 ppm 0.001 ~ 239.4 ppm 239.4 ~ 342 ppm Over than 342 ppm
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Table 5. IEEE 802.11 standard transmit test[22]

A - FiF -

IEEE 802.11 Standard 802.11a 802.11b 802.11g 802.11n 802.11ac
Transmit power (6] (0} O O -
Transmit spectral mask (0] (0] (0] (0]
Transmit center frequency tolerance (6] (0} (0}
Symbol clock frequency tolerance (0] - (6] (0} (o)
Transmit power-on and power-down ramp - (0] - - -
Transmitter center frequency leakage (6] - (0} o o
RF carrier suppression - (o) - - -
Transmitter spectral flatness (0] -
Transmitter modulation accuracy test (6] (0} (0} (0} (0}
Transmitter constellation error (6] - O O O
Table 6. IEEE 802.11 standard receive test[22]
IEEE 802.11 standard 802.11a 802.11b 802.11g 802.11n 802.11ac
Receiver minimum input level sensitivity O O (6] O -
Adjacent channel rejection (6} (6} (6] (6] (6]
Non-adjacent channel rejection (6} - (6] (6] (6]
Receiver maximum input level O O (6] O O

b) E%HUUWOM A}ﬁ Sk %‘% o 1EH ﬁ
q.]ol—u]—E_._rL H

7}2% okl KS C IEC 60079 1( J% 7171 -
A1E - EETE “d47),9F 'KS C IEC
60079-11(EAIAYZ T2 “7) oA AA 8}
= 3x7171ed gk 78S WETH18,19]

¢) RES5F2 7% KS C IEC 60034-5(3] 3717
- A5E: A 717 BE FE(IPRE)) Y
gl w} P68 5ol st Alg W
< TETH20].

NZofjolE] o] WF FH HHAS 'KGS GC103
(FZH717171¢] DZ% 2 Aol #3715
oﬂH AA e WE #H JHIES AIYRE
2 3t HAES FysH14].

KIGAS Vol. 24, No. 5, October, 2020

gelate] Mz Ao A= Aok itk
a) TFEl EFUJIEC 60034-1014 AHol® S1H-E
S107kA) o] Q=8 X ZF7l HHIA] o7
b) 5 A ® Fa5 1Y gl
) X#%%7171(41;& )2 HE o] Gl
d) Wlolg 2 £3f 4
e) A 57
f) 4, *E s, "HEsg g8l
g) dFololE e EHEIY} WBE FEE7|

h) A4 AR gATE B G0 WE A

@ AFelole Hx A AA =
PAFSIEE el A Aol s 2
ANE Aol 43 F WY 5t 18
e e
2 W A3ololelol] Ul WA 57
o FofolEjsh Wy =

2

- 16 -




[e]
@ A%
o WE 2Hlo] ojgk 2E23 AY

B)AFofolH AX l A4 AA T+
AFoolEle 1 H 2 |
st ohg 22 AU AXAFAEHR JE E o

oF it}

a) MRS F7IE 717

b) 714l &ste] Feirt 914, 84 9 FH =4
o A%t A

o) & A A9 B§ AFoolEl W}
ol e NYge AAs . ddete UE 5
F 72 9 74 wel x|

d) AH&AY %%%57} AFY A2 W
of T 3ol MX

O

N

i

V. SMEN T NS4S wol

N

51. Ms I ¥ 2= 2H 74

WLAN(eress Local Area Network) TJH}lo] ==
kst 74 54 74 Adeh gk 74
g A, A EHﬁﬁ, Wz Y, Rssss 3
gk ohekst gEbuE 23S Hotslor ok 1 F
FZ A8 IEEE 802.11 #4& 7|F22 319
o g FAAM FAS 4 5 4 5
Table 590, +41 45 &4 F5& Table 69 LERY

Aoh22]. FA5A BF B F4L 'KGS GC102
HP% 27171719 A, AF 9L AXo #e 7|E
3} 'KS C IEC 60079-0 - #A0oH- : 7]7] - IHta+
Al o] W88 uhET22]

0
e

52. BEESEN Ho|
1H 848 74 54l
—?LWJ 19]

A

=
of

2,
ok
T

off
%9
i
i
=
—
lus]
£
2
=R
2
Lo
=

of
ﬂtl
o X
Ay
o

¥
X0,
o
0o 1
o
of
Y

2

oX
ookl
o b

ol oo
=
N
Y
e -
9

&
e
&
o
N
lo
olo o
r
W oe s
o
iy
e
L)
KO

| Aol Ho] =

%, SEND®] 5000= 71Y ¥ Send HES

Eth WAIA 719 Al AW FAEA R 9 Al
A 2E S WARAE tE2A A3

e) doﬂﬁ Aol A Bl do]E 9} SHERS

r

o =

td
me

- 17 -

stel A B4 AHAE A2 5 Ak A
|

oIHE SHAFHT.
f Feto|dEg A4 BE] AAH PColA A
WolA 1 EolE|sl Amoel Bl o] &

el

g 74 () 2ol AT
A5 3o SAE ke 27 A o -
of e s
71ze AR A wet gk 5
d HgAERE 20 ~ 60 T W olA

it
flo
4
&
v}
_&
E

=~
2 ojujgny. A EEol
o)
2

Zke] HolE ZE Slrol] thefj A AAIS ‘iiq

Z

ASHTE (%) =

@ 948 74

E
_ AFellolE Jﬂi’]ﬂ‘ﬂl ZE WE Ala
o]

Aol A7hEE 7

o]/

T2 53E

=
re 7k A vhoh g 5

T b
DAY st Qolz o)y

FEE T TO'IO]: Sl ool 3 7]=] <

VOC AlA, /5

Ao o3 ?fﬁ?&ﬁ}. Al?é A= e 2o

a) AIXE AAT SoldES AA Zegd A
2S5 <rtsih

b) ¥ A AlA Hloly oA &3

c) FeloldES AA mE AZAFH PCollA Z+
Aol QZIEE & AAZ dH3ct

olo

s
45
5

AN, B2 R AN R R

(3) AT FABA oAy
TR 7} A2 37 S TS Table 73 20]
AE zAst] AA w23t A8 T4 54 A

S 23 Ao I B Mule ARSI
< {rE £ gk Bk A8 O ARE

st stk

a) AlA =& HlX] Al A& $417](Transmitter) &

7|Eo 2

T4l 7] (Receiver)d] ABlE €A 1

Ao g SYAY = 7k HoEe] s W
3}HA] 7]'24/‘1 1 o2} &(Packet Error Rate,
PER)S 43T} A9 A F2ES &8
3}o] LOS(Line-of-Sight), NLOS(None-Line-of-
Sight) 33 & 24T 4 9k

b

~

Rl el

HZ e go] FEFE U YESLT A
E-ll,] A];]/Ho] l:ll__?gﬂ‘_—_ 74 o7 % :":
o) 9]

St

o Tx

“”;9

2L 8
= Ao
= Ao

_\?‘
7.

&4l o
24
£

Q&m\if

32 A244 A5 2020 102



Table 7. Field adaptability for WLAN][23]

Environment Method
Channel overlapping
WLAN Distance between sensor node and
WLAN module
By metal structure
Indoor By concrete structure
Communication between floors
LOS
Outdoor NLOS by stairs
NLOS by structures
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