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Abstract. LPG (Liquefied Pewroleum Gas) LPG s a bydrocarbon gas production from
refinerics and gas refinery with the major components of propane gas (C3IHE) and butane
(CAH10). Limdt Mame ( Flammable Range) or slso called gas with air. Value Lower Explosive
Limit (LEL ) is the minimum limit of the concentration of fuel vapor in the air whach if there is
no souree of fire, the gas will be bumed. Whike the value of the Upper Explosive Limit (LUEL),
which limits the maximum concentration of fuel vapor wa the air, whech if no source of fire, the
gas will be burned. Protection system is a defend mochanism of homan, oguipment, and
baildings around the protecicd arca. Goals w be achicved in this rescarch are o design a
prolection sysiem against the comsoquences caused by the leakage of LPG gas based on
ATmegalt microcontrolier, The method used n thas research is o reduce the levels of leaked
LPG and werned off the power source when the leakage of LPG is on the verge of explosive
limit. The design of this protection system works socurately between 200 ppm up to |00
ppm, which i siill below the threshold of explosive. Thus profeciing the carly resuli of that
willl resubl i the beakage of LG gas.

h

LPG (Liquefied Petroleum Gas). LPG & a hydrocarbon gax production from refineries and gas

refinery with the major components of propane gas (CIHE) and hMi('#Hll}'l At atmaospheric
pressure, a gascous LPG, but for case of distribution, LPG converted 1o a liquid phase by applying

pressure. In liquid form, LPG is distributed in tubes or tanks.

LPG gas is in the tube in a liquid state and partly intangible steam. The between the volumes
of gas when cvaporating gas in the liquid state varies depending on the composition, pressure and
temperature, but is typically around 250: 1. The ability of the gas could be transformed into liquid 1s
an excess of matenal that s gas volume can be reduced. Excess is applied mainly 10 store and deliver
gas in the tank, which in this way is economically very profitable.

Limit Name (Flammable Range) or also called burst limit (Explosive Range) is the rato of the
mixture {in percentage) between the gas with air, where in that range may occur fire or explosion. To
be able to fire or occur explosion, the magnitude of the ratio between gas vapor and air does not have
a single value (number), but the values that have a lower himit and upper limit.

5o if there is a mixture of gas and air in the range bottom and top value, there will be a fire or
explosion. Lower flame lmit value is also called the Lower Explosive Limit (LEL), s the minimum
limit of the concentration of fuel vapor in the ar where iff there is no source of fire, the gas will be
burned. While the upper limit value or Upper Explosive Limit (UEL), which limits the maximum
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concentration of fuel vapor in the air where if there is no source of fire, the gas will be bumed. Limit
flame (Flammable Range) for propane is between 2.4% to 9.6%, while the butane between 1.9% 1o
K.6%. This means that for example, when a mixture of propane 2.4% with 97.6% air. then the mixture
will be lit, but the amount of propane gas is a minimal amount. If the amount is less than 24%
propanc, the flame will aot occur. And vice versa, if the amount is more than 9.6% propane also will
nod turn on, cven though there are sources of ignition.

1. Fundamental theories

LPG (Liguefied Petroleum Gas) is made with gas, but for case of distnbution, LPG converted to a
liquid phase by applying pressure. In liquid form, LPG is distributed in a tube or tank (Pentamina,
2012). The blast, which occurred on LPG gas cylinder caused by several factors such as leaks in
wbing valves, regulators, and accessories. In addition 10 not meet the standards, tols and supplics
LPG gas tube was also damaged by the mixing activities from centain elements.

2 1. Gz Propane

Propane gas properties and flammable. This substance has a specific gravity of

.56 and is heavier than air. An series of hydrocarbons, with the formula CYHE. Made from

crude oil, natural gas, and as a byproduct dfJhe refinery cracking gases duning petroleum refining At
! temperatures, propane caught fire in the air. and produce carbon doxide and water as cnd

products. The atmosphere dunng combustion, occurs smoke production normally.

2.2, Burane (ras

This gas is coldss and has properties flammable. Butane has a specific gravity of 201 and is

[Bavier than air. Butane is one of two hydrocarbon saturated with the chemical formula C4H10. In the

n-butane (normal). the chain s continuous and unbranched whercas in i-butane (is0). one of the

carbon branched off to the side. Differences in the structure is small. but differ in terms of

nature. melts at -138.3 * € (-216.9 ° F) and boils at 0.5 * C (31.1 * F), and i-butffe mehs ot
<145 ® C (-229 * F) and boils & -10.2 * C (13.6 ° F). Both butane is formed from natural gas,

petroleum, aff g refinenes. They showed litthe chemical reactivity at ordinary temperatures, but it
 easy 1o burn when ignited in air or oxygen. In the production of atmospheric combustion fumes.
l'l'l HHH
L
e . :
Figure |. Propane Chemical Structure Figure :

23 LPG Gax Low Explosive Level

LPG gas leakage can occur through a hose connection that is not waterproof or the hose itself 1s
porous pore so that it can be penetrated by a gas due 10 inadeguate quality hose. This accurs through
the valve of the tube itself that not fit on the sand or it could be like the writer ever expenenced when
cook gravy food thal gone overflow, so as 1o put the fire in the stove. This causes the gas gush
continue unchecked so that the gas fills kitchen.

In case of LPG gas leak in the kitchen, will be very dangerous because of the dsadvantages that
LPG is heavier than air. If the air is | per unit weight of the LPG , that means gas is 2 per unit weight.

The volume of gas may unexpectedly have accumulated and are in the explosive mixtures. LPG
gas mixture 1o air up to 1.8% despite ignited or burmed with a cigaretie lighter flame that will not be
an explosion or ignite. But a1 the gas content between 1.8% - 10%, it will explode very severe il
there is no source of fire or eleciric static. In the LIFG content of 10%, then it will only light up.
That is because the nature of LPG gas mixture itself | SochatmanRamili, 2005),

LPG explosion in the conlent of 1.8% - 10% are calegorized perfectly, so it is very temible
destruction of the power mains, and also the blast power is depends on the amount of the mixiure
exploded. At the time of bursting. all of the oxygen in the arca will be used up and becomes a
vacuum, so that if there are people in the surrounding arca. in addition got burns also be difficulty
breathing. The surrounding buildings will bore the brunt of the air back and forth. LPG exploded on
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the content of 1.8% to 10%, essentially was not followed by a fire. If followed by a fire means that
the gas content is already 107 on (lammable) instead of an explosion.

2. 4. Fire
There is some definitions of fire, as follows:

I Fire is uncontrolled flame beyond human ability and desire (Ramli, 2010).

2. According to the Labor Depaniment, fire s an exothermic oxidation reaction that
progresses rapidly from a fuel accompanied by the emergence of fire or ignition
{Wisaksono Department of Labour, 201 1)

3. Fire is a chemical reaction involving rapid oxidation { combustion) of fuel {Fire Risk UK).

There are several theories that explain the fires, as follows:

a. Fire Triangle

According to this theory, fire occurmed because of 3 factors nto the fire element, namely:

= Fuel

- Heat source

.[hmn

Fires can occur when all three elements of the fire 1s mutually react with each other (Ramli,

2010).

2. ¥ Tewrahedron Theory

The fire tnangle theory then developed into the theory tetrahedron where a fire could
occur if there is a fourth element called a chain reaction. Without a combustion reaction, the
fire will not be able 1o live constantly (Ramli, 2010).

Figure 3. Fire Triangle ' Figure 4. Tetrahedron Theory

:.ﬁ.amqufﬂ!lﬂ“*
Microprocessor technology has been progressing. The same thing happencd on - microcontroller
the previous microprocessor technology compfex instruction-sel computing (CISC)
processors such as the Intel 386/486, then the microcontroller ATMEL uses types of MCS (ATS9CS1,
ATE9SS51 and ATROSS2).
Afler growing, technology microprocessors and microcontrollers 1o increase that offurred in the
range of 199 1o 1998. ATMEL issuing microcontroller technology the most manifold AVR (Al amd
Vegard's Risc processor) wechnology that uses a RISC (Reduce instruction Set Computer) with the

advantages of more
L«u.mmm ler based on the AVR
m:.iln:-dh—:.wumm of the execution of the in a single clock cycle,

ATmegalb approaches 1 MIPS per MHz allowing the system designed 1o optimize processing speed
than what it CONSUMe.
ATmegalb architecture with separate bus between the memories 10 maximize the
ability and speed. Instructions in the program memary are executed with a single level pupelining.
When one instruction is exccuted. the next instruction is taken from the program memory. This
concept led to the instructions executed in cach clack cyele CPU consists of 32 x B general purpose

registers thal can be accessed quickly in a single clock cycle, resulting in opemtion Arithmetic Logic
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Unir [&U:!hpﬂ—dhlﬁuﬂ.hﬁlqﬁ-m#m from the
register, then the operation is executed and the results are stored back i the register in one clock
eycle. Arthmetic and logic operation in ALU will change the bits that contained in Stanus Register
{SREG). The process of taking instructions and executing instructions are running in parallel. and can
be seen in the Figure below:

Figure 5. The Process of Taking Instructions and Executing Instructions in Parallel

2 1. LPG MQ-65ensor

To keep scanning the gas from LPG, ATmegal 6 microcontroller requires external devices such as an
imput device or a sensor input module LPG MO-6. This sensor will read the content of LG gas in the
alT.
MQ-6 has a @ffsensor used to detect iso-butane, and propane with high sensitivity. M()-6
gas sensor has a small sensitivity to a drug alcohol and cigaretie smoke. MQ-6 gas sensor 18 a sensor
that has a rapid response o the LPG. The sensor is also stable, durable, and can be used in a simple

drive circuit,

B Figure 6.LPG MQ-6 Gas Sensor
Sowrce: oy waw clivgro com LG G Sowaor M-8 bomd, 200 1

2.8 The ISIS Proteus T Professional Application
Proteus [S15 apphication 15 an electronic schematic creation program that can simulate circuit. Proteus
ISIS program can also be used 1o design printed circuit boards (PCB). However, the writer only use
Proteus 1515 as a maker of apphcation circuit schematic and simulate it.

To wuse Proleus 1515, i must be installed by following the imstallation prompis,
How 10 use Proteus [SI1S as follows:
a. Run the application on the computer by sclecting the application’s shortcut or menu in Windows.
b. Create a file by clicking “new design®.
c. Find the required key componentsin the button P,
d. Arrange the components and create lines by connecting feet of components schema.

2.9 The PCB Wizard Application
The PCB Wizand Application is an application for designing printed circuit boards (PCB).
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4. Result and analysis

ol 0 | o
Eauleg ginrs amdl L

Figure 9. LG Gas Detection Groove

LPG Gas scannings taken through the LPG (MQ-6) sensor data in the form of analog voltage is then
converied into digital data 10 bit value from 0 to 1023, From this data, it will be the mital data o

perform the cal bration process that embedded within the microcontroller program ATmegal6.

1. PCB Designing
PCB Designing uses PCB Wiz Application,

Figars 18, Componcat Lisyouts snd FCB Track

1. Circuit Power Supply Testing

Measurement aims 1o determine the power supply output voltage penerated by the power supply.
when it has no load and when connected 1o a load. It is also useful as a wol for sensor calibration
calculations of MQ-6. Power supply is used 1o provide voltage to the sensor MQ-6, the minimum
system microcontroller, and LED & LCD. From the resubs of § times tests, the result can be seen in
the table.

The results of each output measured voltage when using a power supply load and no-load. that the
value is found eligible for the supply voltage 1o the existing circuit. And measures can be seen in the
Figure below.

Figure 11, Pewer Sapply Measurenses
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The Figure above is the power supply voltage measurement points that are entered into the circuit
system. Measurement aims 1o determine whether good or bad the power supply 1o use.

Tabie 1. supph Meavercmsond withoat |oead
1: Valtaged | Yolteged

Weas o3
nt Dhtpet DC | Olpant D Be
I 12,1 .00 4,58
3 12,36 L .
3 1116 4.5 J
4 1203 5,00 500
5 1197 45 5,01
Sowrce: Primary [Data, 2016

The table above is a measurement tahle results without using a power supply load. The expenses in
the form include sensors, LCD, microcontroller ATmega 6, indicator lights, and relay output.

Tahle Supply Messroment with | oad
Meas t: Veltngey | Volhamed
b wn va Ontpat
oi te | Dhwipei AC | Ot D e

1 1261 4.9 [

2 1227 4,88 494

3 2.4 [ 4,95

4 1] 49 a5

5 F 4,57 A,
Sowrce: Primary Data, 20 &

The table above measurement table results using a power supply with a load which aims 10
determine the voltage drop of the power supply, and to determine whether the power supply available
1o supply the used load.

Tabie 3. Data Graph,Data Sheet

Data from Dats Shert
e Pereemii%e)
PPN Ri . Re LG
K B WON e (7 -
2 w0 1% 003
] T [ .0
- 3 0.05
[ A0 A 0.0
I ) 3 0,07
T o) [ [P i
[ T 1,1 i, (%
] [ 1 [}
T 02
i LI LT (&}
12 000 0,5 na
13 SiNMr 0 50 iS5
T e | o on
15 000 0.4 07
In HINM) 043 [T
17 G000 0,40 0o
T} T i) Ly
Kowrce: Primary Daia, N 1§

The data tables above represent primary data taken from the data sheet of LPG sensor MO-6 which
became the initial data to perform the calibration process sensors in the micracontroller program.
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Searching for Ro value in clean air
TiEw o el
h: —
s Y.
o Lo

-

Wy =iV - VIR, (Y

Figure | 1. Senrching ler B,V slae in Olean Abr

Ro=(Vc-Va)* (RL ' Va)

Ro = (4,84 - D35) * (20000 / 0.35)
Ro=(449) * (57142 85)

Ro = 25657140 £2

Ro is a sensor resistance value when the condition is worth Rs 1000 ppm. The explanation of
condition 1000 ppm is currently normal air conditions that is not mixed by propane gas and butane
gas, because the state of 1000 ppm is the intial state or a minimum of Rs before detecting the levels
of the gas, so that if the initial conditions, the RL produced was 0,35 volts. Rated voltage of 0.35 volts
taken from a minimum value issued by the sensor currently worth Rs 1000 ppm. Ve formula is used to
activate the circuit. Formula RL is resistor used this tool 1o measure the RL at 20K.

Ro value has been obtained, that is 256,571.40 £, resulting from the Ro value can be used o find
the value of Re/Ro. With the value of Rs, the condition of the sensor can detect a wide vanety of gas
levels in air. Therefore, The Bascom Program states as follows:

Ro = 25657140
Voltage = Gas_ref/ 1023
Voltage = Voltage *4.84
X = 4, 84 - Voluage

Y = X/ Voltage

Rs = ¥ * 20000

D = Rs/ Ro

D is value of Bs/Ro where the D value to be converied into the PPM via a conversion formiula data
from the data sheet thal provides charts for LPG concentration in ppm against Re®o, 1o the condition
of 20C and 65% RH. If it maiches the carve 1o a given value, it was found that:

RsRo = 18446 * (ppm LPG) * -0 421

Rs
'L D Shovi Formula ‘:‘_:
s | Ko o= 1R A4 * i

ippm LPG) * 0421 W™ o

<

Figure 13, Sonsor { alibaration

From the above conversion process, it was discovered the formula 1o change the value of the
voltage that has been converted 10 Rs and Ro into PPM. The formula is as follows:
PpmLPG={(RsRo)'18.446]11/-0,0421)
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In the Bascom program. AVR Rs/Ro is defined as variable D). And the result of the division
between 24,53 1o Ra/Ro defined as vaniables E. The following is how Bascom explains the formula.

D= Rs/Ro
E=D/ K446
Ppm = E ~ (-2.175)

PPM levels have been obtamed using a formula that 1s displayed on the LCD screen that 1o be
calibrated again by adjusting the data sheet chan, whether or not formula display value of Rs/Ro
compared with FPM gas levels as follows.

From the table above, it is found the increment ppm conduction chan data with the results of the
calculation formula. Minimal difference between the value chant with the formula is 0.41% and the
maximum difference of 5.87%. This was due 10 a lack of accuracy in the data collection charts. Means
that the formula can be usad in the calibration program but with the accuracy £ 6%.

3. Program Making
The program making will be embedded i the microcontroller using BASCOM-AVR and

Khazama AVR application.
Table 4. G raphic Duta snd Formula Comparion

pre— Data (amph [haka Wik
I R e iy
w HEX file Ro L I#
—#  (compile program} =
HA ST - AVE 1 Lob a2 194, 8| a3 Lix
l 2 LW 1,70 WIETY 1203 404
I LS 150 RT3 1247 LN |
Sctt g an with Khazama AVR
Khamma AVR | Agolintion 5 13 0 13 WISd 247 odl
Appleaton
& L17 ™l 17 0 | 55 054 0012
l T Lig By 1,00 B 4NT 9.4 119
1,08 L G052 405 DA%
System
Module 6=  USBapidonnlonder 8 |00 Dipinn 1 D 104,121 1512 130
m nTs 3 0,78 AT mnii 03
1 oas ey DES IR EOS IT&ll 5ET
Figure "'*f‘'''''''I""lm';""'l“""''lr Micrecantroller 12 0% 4000 0% 402109 120 057
1} asa S0 0,50 2 28T MiSAD 532
14 D4x NN 4R RO, L W] Ao
13 n4i D 0483 2 ATELEM A2 AA9
16 o042 RNy D42 TR&T, 107 nEe o4l
1T 040 e QA0 F948 928 HOT  OsD
IE @3E (s} ©O38  §§0-d, ) i ES | pE

4. Charging Program
Steps charging module using the application program o KHAZAMA AVR.
a. Connect the USB cable 10 the module and computer.
b. Open KHAZAMA AVR application.
€. Select ATmegalé microcontroller.
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Figure 14 Choosing the Type of Micoroenrolla

Operation of EquipmentSystem

The system works by detecting levels of LPG gas which is in the room source/'engine using LPG
gas. I there is a LPG gas is detected, the ool will first be issued the indicator of LPG PPM value on
LCD, and if # ncreases, the leakage indicator light will tum on the appropriate level. Furthermore,
leakage of data will be sent to the computer via Hyper Terminal and if the leak continues to ris, then
try to flutter exhaust fan 1o reduce the levels of LPG in the room. However, if the LPG gas levels
continue 1o fse and reach the threshold of explosive/fire, then the system will shut off the power
source and exhaust fan, and also hrn on the alarm.

x

Based on the result of design and research. it can be concluded as follows:

1. System tools have been successfully applied 1o the methods of reducing levels of gas in the room.

2. IF the sensor detects the MQ-6 LPG gas at a cenain level, the sysiem displays on the computer,
turn on the alarm, and turn of the power source.

3. Calibration sensor M6 insens into programming microcontroller ATmegal6 for an accuraie

sCanning.
4. A maximum load of alarm and exhousefan 1 A for 1 20V specified relay sysiem output.

Suggestion

Further suggesinn:

. Installation of cquipment is cammed oul outdoors given the equipment is not immunc 1o the
explosion, as well as the equipment did not follow 1o die with the death of the power source in the

room.

2. Installation of LPG gas sensor M6 placed as close as possible 10 the source or sources of LPG

gas is most vulnerable to leakage.

3. Use exhouse fan larger for a big room.

4. Replace relay output for bigger outpul power use.
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