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ABSTRACT

Explosion protection is indispensable in the industry operating in an
atmosphere filled with combustible substances. Intrinsic safety (Ex i) is one of
the explosion protection methods which can restrict the energy entering the
hazardous area and limit the energy reserved in the field devices. Furthermore,
it is mostly applied in the control and instrumentation system. The project
aims to examine the conformity of various EX i systems as per IEC 60079-14.
The objectives are to verify the compliance of the apparatuses and carry out
the analysis on the intrinsic safety loop verification. Additionally, the
emphasis is put on the verification regarding the validity of the Ex i systems
that implement temperature sensing and the controlling of the solenoid valve.
Throughout the project, the experiment and site visit are not implemented. The
specifications of the apparatuses and the configuration of the Ex i systems are
obtained from the datasheets of the companies specializing in explosion
protection such as Eaton MTL, Pepperl+Fuchs and Phoenix Contact. Based on
the parameters and certification of conformity shown in the datasheets, the
compliance of apparatuses and intrinsic safety loop can be examined. In this
project, the conformity of four Ex i systems has been validated in terms of the
compliance of the apparatuses and the intrinsic safety loop verification. The
ways to implement the validation regarding the compliances of various
apparatuses including temperature transducer, digital display, temperature
sensors, solenoid valves and intrinsic safety barriers have been demonstrated.
Furthermore, the proper way to utilize the energy curves in the verification of
the safety parameters is covered. Apart from that, the intrinsic safety loop
verification of several Ex i system configurations is executed. In addition, the
flowcharts and equations are presented to interpret the intrinsic safety loop
verification more understandably. In short, the conformity of all of the four Ex
I systems is proven and the detailed steps of the verification are shown, thus
providing clearer guidelines on the implementation of Ex i method as per IEC
60079-14.
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CHAPTER 1

INTRODUCTION

1.1 General Introduction

In some industries such as petrochemical industries and flour milling
industries, flammable substances such as gases and dust will form explosive
atmospheres. As a result, explosion protection methods have to be carried out
to prevent the explosion and assure safety. The International Electrotechnical
Commission (IEC) has established a series of guidelines and standards, known
as IEC 60079. The purpose of the standards is to assure the conformity of
electrical equipment and to regulate the use of electrical equipment in
explosive atmospheres. Under the standards, the explosion protection methods
such as intrinsic safety, pressurization, flame proof and so on are introduced
(IEC-IECEX, 2022). Intrinsic safety (or Ex i) is one of the most widely applied
protection methods in industries operating under an explosive atmosphere.
Furthermore, intrinsic safety is mostly used method to provide explosion
protection in the control and instrumentation system. By applying intrinsic
safety techniques, the energy is bound within a safe level that is lower than the
ignition point and does not result in an explosion (MTL Instruments, n.d). In
this report, intrinsic safety is studied in accordance with IEC 60079-14
standard.

1.2 Importance of the Study

Among the explosion protection methods, intrinsic safety is the only method
that can be applied in the most hazardous area (Zone 0). Also, the restriction of
energy due to the nature of Ex i can ensure the safety of the maintenance work.
Through the implementation of the Ex i technique, the maintenance can be
executed without switching off the electrical apparatus and therefore the
operation of the industries will not be affected (Sackett, 2018). Aside from that,
the Ex i system can allow more than one fault condition depending on the level
of protection. For instance, if the protection level of the Ex i system is higher,

it can withstand more fault conditions (Mirza, 2015).



Referring to IEC 60079-14, it provides sufficient guidelines to carry
out the Ex i method. However, it will be easier to perform the Ex i method if
there is a case study or several case studies to refer to. Since a few case studies
will be carried out throughout this report, the study may provide a better
understanding of the guidelines to implement Ex i method, especially in the
compliance of the apparatuses installed in the intrinsic safety circuit system

and the intrinsic safety loop verification.

1.3 Problem Statement
Ex i method is applied in the hazardous area to prevent the explosion. In the
condition that the Ex i method is not carried out properly, the safety of the
hazardous area in the industries cannot be assured. The explosion may be
present due to the improper Ex i implementation. Therefore, the studies on the
Ex i safety loop verification and installation of Ex i circuit are carried out. The
factors leading to failures in implementing the Ex i are due to:

e The non-compliance of the apparatuses installed in the intrinsic safety

circuit system.
e The misconception in the analysis regarding the intrinsic safety loop

verification.

1.4 Aim and Objectives
In this project, the major aim is to verify the validity of Ex i systems in terms
of compliance of each apparatus and intrinsic safety loop verification
according to IEC 60079-14. Specifically, the objectives of this project are as
follows:

e To verify the compliance of the apparatuses installed in intrinsic safety

circuit systems.
e To carry out analysis on the intrinsic safety loop verification and

calculation.

15 Scope and Limitation of the Study
First and foremost, the compliance of the apparatuses including associated

apparatuses, certified field devices and simple apparatuses is one of the scopes



of the study. Apart from that, the emphasis of the study is put on the
verification of the intrinsic safety loop by taking the current, voltage, power,
inductance and capacitance of associated apparatuses and field devices into
consideration. Moreover, the maximum allowable cable length is computed to
comply with the intrinsic safety loop verification.

The limitation of the study is that the practical experiment is not
implemented. Hence, the actual parameter of the electrical apparatus and the
cable cannot be verified. For instance, some parameters such as capacitance
and inductance of the cables may slightly differ from the actual value. Besides
that, the construction of the EX i circuit system and site visit are not carried out.
Therefore, in the analysis of intrinsic safety, the parameters of the electrical

equipment are obtained from the marking label.

1.6 Contribution of the Study

In this project, four Ex i systems have been validated. The ways to verify the
compliances for various kinds of apparatuses installed in Ex i system have
been covered. For instance, the specifications obtained from the IECEX
marking including equipment group, temperature class, equipment protection
level and type of protection are interpreted by showing examples. Furthermore,
the way to verify the specifications based on the environment of the hazardous
area is shown throughout the verification of the Ex i systems.

Besides that, this project has covered the intrinsic safety loop
verification of several Ex i system configurations. To interpret the guidelines
stated in IEC 60079-14 more understandably, the flowcharts and equations to
carry out the intrinsic safety loop verification are provided in this project.

In short, this project provides a clearer and more understandable
guidelines for the execution of Ex i method in accordance with IEC 60079-14.

1.7 Outline of the Report
There are five chapters in this report.

In chapter 1, the background, problem statements, goals, scopes,
limitations and contributions of the study are presented.

Regarding chapter 2, the literature review can be separated into two

parts. Concerning the first part of the literature review, the emphasis is put on



the foundation knowledge of explosion protection. Besides that, intrinsic
safety protection is focused on in the second part.

In chapter 3, the methodology to carry out the case studies is covered.
In addition, the planning for this project is presented. Besides that, the
problems encountered and solutions are covered.

In chapter 4, four Ex i systems are verified in terms of compliance of
each apparatus and intrinsic safety loop verification. Also, the common
mistakes regarding the installation are discussed.

In chapter 5, the conclusions are firstly presented. After that,

recommendations for future work are provided.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this section, the literature review is firstly focused on the foundation
knowledge of explosion protection such as the explosion, hazardous area,
apparatus marking and several types of explosion protection techniques. After
that, the emphasis is put on intrinsic safety protection. For instance, the
configuration of the intrinsic safety circuit system, safety barrier, intrinsic
safety loop calculation, requirement of wiring and earthing are the main topics

that are covered.

2.2 Explosion

In the event of an explosion, an enormous quantity of energy is emitted in a
very short period. The factors leading to the explosion are the same as fire.
Therefore, a study on the fire triangle consisting of three elements is required.
For instance, the three elements are the oxidizer, flammable material and
ignition source. Concerning the avoidance of fire as well as an explosion, the
three elements cannot occur together at the same time. Once they present
together, it results in fire or even leads to an explosion in a worse scenario
(Blazquez and Thorn, 2010).

Besides that, the oxidizer generally refers to oxygen. If the percentage
of oxygen in the air is higher, it can intensify the explosion and make the
condition worse. Moreover, the flammable material is the element being
oxidized acutely during the explosion. The flammable material can be any
state of matter, it can be a solid, liquid or gas. In addition, ignition sources
refer to events or substances having the ability to contribute extra energy to
ignite the explosion. Furthermore, if there is a lack of one of the components,
the explosion is not going to happen (Engel, 2020). For instance, in the
condition that the ignition source is eliminated, only the oxidizer and

flammable material are present, the explosion is not going to occur.



2.3 Explosive Atmosphere and Zone Classification
In certain industries, the atmosphere is usually filled with material that is easy
to be burned and combusted. Furthermore, the concentration of combustible
substances in the air is relatively high. Such an atmosphere is known as an
explosive atmosphere (LCM Systems Ltd., 2020). Generally, in such an
atmosphere, the oxidizer or oxygen always occurs. If there is an element or
event that contributes to the source of ignition, the explosion will happen.
Apart from that, the hazardous zone can be categorized based on the
chances of the occurrence of an explosive atmosphere. Concerning the
atmosphere filled with gas, it is classified as Zone 0, 1 and 2 (Lisi, Milazzo
and Maschio, 2010). Besides that, it is categorized as Zone 20, 21 and 22 for
the atmosphere filled with dust. As shown in Figure 2.1, the digit (‘0’, ‘1’ and
‘2’) indicates the chances for the explosive atmosphere to occur and such
chances are getting less from ‘0’ to ‘2’ (LCM Systems Ltd., 2020).

Zone Classification of Zone Classification
Atmosphere with of Atmosphere with
Gases & Vapours Dusts

Zone:EI Zone 2:3'
Zone|1| Zone 2,1/
Zone, 2! Zone 2 2I
L' 1"
Represent the likelihood for the explosive atmosphere to occur,
‘0" has the highest likelihood; ‘1’ has the second highest
likelihood; ‘2’ has the lowest likelihood.

Figure 2.1: Zone Naming (LCM Systems Ltd., 2020).

In addition, Figure 2.2 illustrates the possibility for the explosive
atmosphere to occur and provides its presence hours on an annual basis. In
Zone 0 and Zone 20, the duration of the presence of the explosive atmosphere
exceeds 1000 hours per year. For Zone 1 and Zone 21, the duration of the
presence of such an atmosphere ranges from 10 to 1000 hours per year.
Furthermore, its presence duration in Zone 2 and Zone 22 is less than 10 hours

per year.



Zone 0, Zone 20 : Larger than 1000 hours per year
Zone 1, Zone 21 : Between 10-1000 hours per year
Zone 2, Zone 22 : Less than 10 hours per year

Gas & Vapours

Figure 2.2: Zone Classification (LCM Systems Ltd., 2020).

In a nutshell, the aim to classify the zone is to assure that the
equipment applied or installed in the hazardous environment fulfils the
protection requirement. For instance, if the equipment which is only certified
for Zone 2 is installed in Zone 1, the equipment will become the factor leading
to the industrial incident. Such a case should not happen since it does not
comply with the safety regulations and guidelines. As a result, zone
classification provides a good guideline for the industry to choose the right
equipment (UK HSE, 2004).

2.4 Electrical Equipment Mark in Hazardous Area

First and foremost, IECEX is a scheme implemented by IEC. It is to deal with
the certification of conformity for the electrical equipment utilized in the
explosive atmosphere (R&M Electrical Group LTD, n.d.).

To perform case studies, the basic knowledge of the IECEx marking of
the electrical equipment utilized in the potentially explosive area is required.
Moreover, such electrical equipment is also known as Ex equipment. The
overview on the marking of Ex equipment is presented in the first subsection.
Furthermore, there are four more subsections which to further discuss the
‘equipment group’, ‘temperature class’, ‘equipment protection level’ and ‘type

of protection’.

241  Overview
Typically, every piece of equipment installed in hazardous areas is certified by
ATEX and IECEx. ATEX is the standard that abides by the law and is mainly



applied in Europe whereas IECEx is used globally (MIBEX, 2020). In this
section, Figure 2.3 which is the example of the Ex apparatus mark will be
taken as a reference to carry out the overview. Referring to the figure, the Ex
equipment mark is reviewed starting from ‘CE-marking’ to ‘equipment

protection level’.

ATEX IECEX
. A v A .

{ \ 7 \
o | a
CE.&N2G|ExdbebliC T4 Gb

CE€. CE-marking and number Ex Explosion protection marking
of the notified (monitoring) body db  Type of protection (flameproof enclosure, level of protection ,db*)

(0158 = DEKRA EXAM GmbH)

(not for equipment category 3)
_ IIC  Equipment group

&  Explosion protection symbol (Electrical equipment group II, subgroup IIC (typical gas:

eb  Type of protection (Increased safety, level of protection ,eb*)

] Equipment group (equipment for hydrogen), intended for use in areas where an explosive
use in hazardous areas, other than gas atmosphere is to be expected, other than mines
mines susceptible to firedamp) susceptible to firedamp)

2 Equipment category (category 2) T4 Temperature class

G  Explosive atmosphere {max. surface temperature 135 °C)

(gas, vapour or mist) Gb Equipment protection level

{EPL Gb; equipment with high protection level)

Figure 2.3: Ex Equipment Mark (Eaton, 2017).

First and foremost, under ATEX, the ‘CE-marking’ is followed by four
digits which represent the code number of the notified body. The duty of the
notified body is to perform the testing for the purpose of quality assurance.
The ATEX ‘explosion protection symbol’ is to indicate the equipment is under
explosion protection. For the ‘equipment group’ under ATEX, ‘I’ is for the
mining industry while ‘II’ is for the other industries. Besides that, for
‘explosive atmosphere’, ‘G’ stands for gas and ‘D’ stands for dust (Eaton,
2017).

Apart from ATEX, the ‘Ex’ under IECEx shows that the explosion
protection is applied. For ‘type of protection', there are several protections
under IECEx. In addition, the ‘equipment group’ is to indicate the type of
atmosphere in which the equipment can be applied. Besides that, ‘temperature
class’ is to show the maximum surface temperature. The ‘equipment
protection level’ is to indicate the protection level. For instance, ‘Ga’ has the

highest protection in an atmosphere with flammable gases (Eaton, 2017).



Table 2.1 provides a clear concept of the relationship among the specifications

of Ex marking.

Table 2.1: Summary of Ex Marking (Eaton, 2017).

Minimum requirements for equipment
Directive 2014/34/EU Standard IEC/EN/CSA 60079-0 :
Substance | Zone : . . — Protection level
Equipment Equipment Equipment protection
Group
group category level EPL
Zone 0 Il 16 Il Ga very high
Gas e I 26 I Gb high
mist, vapour
Zone 2 Il 36 Il Ge enhanced
Zone 20 Il 1D III Da very high
Dust Zone 21 Il 20 I Db high
Zone 22 Il 30 III Dec enhanced
2.4.2  Equipment Group

Table 2.2 shows the classification of gases and the corresponding minimum
ignition energy. For the gas atmosphere, the IIC group requires the least
energy to be self-ignited (Coetzee, 2016). In other words, it can be said that

such a gas group is the most hazardous group.

Table 2.2: Classification of Gases (Coetzee, 2016).

Gas Group | Representative | Minimum Ignition
Gas Energy

1A Propane 180 W and Higher

IIB Ethylene 60 w —180 )

IC Hydrogen 20 W —60

Furthermore, the same concept applies to the dust group. Table 2.3
shows the classification of dust. Regarding the dust group, the 11IC group is

the most hazardous while the 111A group is the group having the least risk.

Table 2.3: Classification of Dusts (Coetzee, 2016).

Dust Group Description
A Combustible flying’s
1B Non-conductive dust

"nc

Conductive dust
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As per IEC 60079-14 Clause 5.5, the guidelines regarding the
permitted equipment group based on different gas and dust groups are
provided. Table 2.4 shows the equipment group that can be applied according
to different groups of gases and dusts. For instance, when the gas group is IIC,
only the apparatus with the equipment group marked as Il or IIC can be
applied (IEC, 2013).

Table 2.4: Permitted Equipment Group (IEC, 2013).

Gas/Dust Group Permitted Equipment Group
A I, 1A, 1IB or lIC
1B I, 11B or lIC
lIc llorliC
A A, 1B or HlIC
B B or IlIC
Ic e

In short, when verifying the compliance of apparatuses installed in the
hazardous area, the equipment group marked on the apparatus has to be

checked according to the surrounding gas or dust groups.

2.4.3  Temperature Class
First and foremost, the temperature class of the Ex apparatus can provide
information regarding the maximum surface temperature (Eaton Electric
Limited, n.d.). The temperature class is utilized to verify whether the
installation of the Ex apparatus is compatible with the auto-ignition
temperature of the surrounding gases.

Furthermore, Table 2.5 shows the temperature class and the maximum

surface temperature of the Ex apparatus.
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Table 2.5: Temperature Class and Maximum Surface Temperature of
Apparatus (Coetzee, 2016).

Temperature Maximum Surface Temperature of
Class Electrical Apparatus (°C)
T1 450
T2 300
T3 200
T4 135
T5 100
T6 85

Referring to Table 2.5, if the temperature class marked on the
apparatus is T2, its maximum surface temperature will be 300 °C. For instance,
the apparatus having a maximum surface temperature of 150 °C is classified
under the temperature class of T3 since its maximum surface temperature is
higher than 135 °C but lower than 200 °C.

As per IEC 60079-14 Clause 5.6.2, the range of the applicable
temperature classes based on the auto-ignition temperature of gases is
provided. Additionally, it is shown in Table 2.6.

Table 2.6: Applicable Temperature Classes Based on the Auto-ignition
Temperature of Gases (IEC, 2013).

Auto-ignition Temperature of Applicable Temperature
Gases (°C) Classes
> 450 T1-T6
>300; <450 T2-T6
>200; <300 T3-T6
>135; <200 T4-T6
>100; €135 T5-T6
>85; <100 T6

According to Table 2.6, if the auto-ignition temperature of gas exceeds
450 °C, the temperature class marked on the Ex equipment can range from T1
to T6. In the condition that the auto-ignition temperature of the gas is larger

than 85 °C but less than 100 °C, only the temperature class of T6 is allowed.
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Furthermore, Figure 2.4 shows the applicable temperature class
depending on the auto-ignition temperature of some gases. For example, in the
surrounding atmosphere filled with diethyl ether which has the auto-ignition
temperature of 175 °C, the equipment marked with temperature class of T3 is
applied. In this case, its surface can reach a temperature up to 200 °C, resulting
in the self-ignition of the carbon disulphide.

700° 0
I1A T1 AMMONIA 630° '
600°

IIC T1 HYDROGEN 560"
11A T1 METHANE 600°

1IA T1 PROPANE 450° 500°
T2 ETHYLENE 425’ € =
IIA T2 BUTANE 372° — 400
IIC T2 ACETYLENE 305°
) — 3000 <Y s
IIA T3 CYCLOHEXANE 244
IIA T3 KEROSENE 210°
; — 200 <) o
T4 DIETHYL ETHER 175
€=
IIC T6 CARBON DISULPHIDE 90° L 100 e €
‘i’ 85"

Figure 2.4: Applicable Temperature Class (Eaton Electric Limited, n.d.).

As a result, the temperature class marked on the apparatus has to be
checked according to the surrounding gas or dust groups. This is to ensure that
the maximum surface temperature does not exceed the auto-ignition

temperature of the surrounding gases.

2.4.4  Equipment Protection Level

As per IEC 60079-14 Clause 5.3, the permitted equipment protection level
based on the zone classification is provided. In addition, it is shown in Table
2.7.
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Table 2.7: Permitted Equipment Protection Level According to Zone
Classification (IEC, 2013).

Zone Equipment protection levels (EPLs)
0 ‘Ga”
1 “Ga” or “Gb”"
2 “Ga”, “Gb” or “Gc”
20 “Da”
21 “Da” or “Db”
22 “Da", “Db” or “Dc”

Referring to Table 2.7, if the hazardous area is classified as Zone O,
only the equipment protection level of ‘Ga’ is applicable. In short, the

equipment protection level is determined based on the zone classification.

2.45  Type of Protection
The applicable type of protection method based on the equipment protection
level is stated as per IEC 60079-14 Clause 5.4. Additionally, it is shown in

Table 2.8.

Table 2.8: Applicable Type of Explosion Protection Method Based on
Equipment Protection Level (IEC, 2013).

Equipment Method of Protection Ex Code
Protection Level
Ga Intrinsic Safety Exia
Explosion-proof Ex db
Gb Increased Safety Ex eb
Intrinsic Safety Ex ib
Intrinsic Safety Ex ic
Ge Increased Safety Ex ec

As per Table 2.8, intrinsic safety has three subdivisions, namely ‘ia’,
‘ib” and ‘ic’. Among the subdivisions of the Ex 1, ‘ia’ is the only method that is
compatible with the equipment protection level of ‘Ga’. In short, the type of

protection method is determined according to the equipment protection level.
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2.5 Explosion Protection Method

In this section, several types of explosion protection (or Ex protection)
techniques are introduced. Generally, they can be classified into two
categories, namely prevention and containment. Figure 2.5 shows the

classification of the explosion protection method.

| COMMON EXPLOSION PROTECTION METHODS |

| PREVENTION | CONTAINMENT

| |

Abscence of Abscence of Segregation of
Ignition Source Explosive Atmosphere Ignition Source
Intrinsic Safety Pressurisation Encapsulation Explosion Proof
Exia, ib, ic Exp Exm Exd
Increased Safety Powder Filling
Exe Exq

Figure 2.5: Explosion Protection (Control and Instrumentation, 2021).

Based on Figure 2.5, apart from explosion proof, the other explosion
methods are implemented on the basis of eliminating flammable materials or
preventing the occurrence of the additional energy leading to an explosion. As
a result, the explosion prevention method is executed through the removal of

any elements in the fire triangle.

2.5.1  Pressurization

Pressurization (Ex p) is a way to prevent the electrical apparatus from being
exposed to combustible materials in a hazardous area. In some events such as
short circuits, the equipment may be the source contributing to the additional
energy. For instance, such energy might lead to an explosion. As a result, Ex p
is utilised to implement the separation between them (SOURCE IEXx, n.d.). In

addition, Figure 2.6 shows a scenario of applying Ex p.
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Outlet

Tube for
protective gas

Control
Box
to flow

Figure 2.6: Pressurization (Pepperl+Fuchs, n.d.).

Based on Figure 2.6, in the condition that an electrical apparatus is
located inside a protective casing, the mixture of inert gas and air is
pressurized and inserted into the protective casing through the tube with a
small cross-sectional area. The concept behind this operation is to make the
pressure inside the protective casing to be larger than the pressure of the
surrounding air filled with combustible gas. As a result, the combustible gas
cannot flow into the protective casing due to the pressure difference. In
addition, the control box is to monitor the decrease or increase of the pressure
inside the protective casing. Through the feedback provided by the control box,
the pressure difference between the surrounding and the space inside the
protective casing can be maintained. As long as the pressure difference is
maintained, the apparatus will not be exposed to combustible materials
(Pepperl+Fuchs, n.d.). Last but not least, the main advantage of Ex p is that it

can come up with a relatively large safe area using a relatively low cost.

2.5.2  Encapsulation

The concept of encapsulation (Ex m) is to implement the usage of a protective
casing for electrical apparatus. Typically, such apparatus encapsulated by the
protective casing may cause ignition leading to an explosion. As a result, such
a protective casing is treated as a barrier in order to implement the segregation
between the apparatus having the chance to cause ignition and the surrounding
environment filled with combustible substances. Following Ex m guidelines,
the material of such protective casing can be thermoplastic, resin or elastomer.
Such protective casing is normally applied for relay and solenoid (SOURCE

IEX, n.d.). In addition, Figure 2.7 illustrates the concept of encapsulation.
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Figure 2.7: Encapsulation (Neleman, 2018).

2.5.3  Powder Filled

The nature of powder filled (Ex q) is to isolate the electrical apparatus from
the combustible gas using filling material within an enclosure. Following
guidelines under Ex g, such filling material can be quartz sand or glass beads.
To avoid the loss of such material, the enclosure has to be designed well.
Furthermore, there must be no pore remains unfilled within the enclosure
(SOURCE IEX, n.d.). In addition, Figure 2.8 illustrates the concept of powder
filled method.

Figure 2.8: Powder Filled (SOURCE IEX, n.d.).

254  Flameproof

Based on the nature of flameproof (Ex p), its main concern is not segregation
or prevention. Its concept is to minimize the damages by restricting the
explosion from spreading when such an event occurs. The main advantage of
Ex d is that it accepts a wide range of electrical equipment including that
equipment can cause sparking effects. In addition, Figure 2.9 shows the
concept of flameproof.
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Hazardous Atmosphere

P

|
= i §_~__ |
=3 "~ Design of flame path

Flameproof enclosure

Figure 2.9: Flameproof (Desuki, 2013).

First and foremost, one of the concerns regarding flameproof is the
flame path. In the condition that the explosion occurs, there will have an
enormous amount of energy being produced inside the enclosure. If there is no
appropriate mechanism to deal with such energy, it may ignite the explosion in
the outbound area of the enclosure. In this case, the explosion may spread.
Typically, such energy is released through the gas. Therefore, the length and
the cross-sectional area of the flame path should be planned properly to reduce
the temperature of the gas to a safe level. (Desuki, 2013).

Apart from the flame path, the other concern is the enclosure.
Undoubtedly, the pressure inside the enclosure is extremely high during an
explosion. As a result, it must have the appropriate mechanical properties to
deal with such conditions. Besides that, in the condition that the explosion
occurs inside the enclosure, its surface temperature must be maintained at a
level that is unable to cause an explosion (Krause, Bewersdorff and Markus,
2017).

255 Increased Safety

The concept of increased safety (Ex e) is to implement the prevention against
explosion. In addition, it provides guidelines for enclosures. Obeying
guidelines under Ex e, the apparatus having the nature of suddenly introducing
an enormous amount of energy is not allowed. For instance, under the concept
of Ex e, the apparatus that can cause a sparking effect is restricted to be

installed or mounted inside the enclosure. Following Ex e guidelines regarding
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enclosures, the ingress protection level is one of the requirements. In addition,

Figure 2.10 illustrates the Ex e concept.

Figure 2.10: Increased Safety (SOURCE IEX, n.d.).

Apart from that, the power emitted from apparatus is also one of the
concerns under Ex e. For instance, such power will increase temperature.
Moreover, such power has to be evaluated in order to assure that the thermal
effect due to such power does not cause ignition. Aside from that, it also
provides guidelines regarding terminals. Concerning the terminals, the in-air
distance, as well as the distance along the surface, are specified under Ex e.
Also, the calculation regarding the maximum number of terminals is covered
under the Ex e concept. In a nutshell, Ex e is a kind of preventive protection
that takes several measurable factors into consideration to achieve the goal of
the elimination of the ignition source (SOURCE IEXx, n.d.).

2.5.6  Intrinsic Safety

The concept of intrinsic safety (Ex i) is to implement the restriction of energy.
By applying the Ex i method, the energy can be bound below the ignition point.
Therefore, it can minimize or eliminate the chances for the events such as a
spark or hot surface temperature to happen. In addition, Figure 2.11 illustrates

the concept of the Ex i method.
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Figure 2.11: Intrinsic Safety (SOURCE IEXx, n.d.).

Typically, Ex i is applied for the industry that utilizes a control and
instrumentation system. Additionally, such a system requires a relatively small
amount of electrical power. For example, sensors or signal converters applied
in such a system usually do not need large power consumption. Generally, in
the execution of the Ex i method, Zener barriers or isolators are used in order
to restrict the power supplied to apparatus in a hazardous area. For instance, in
the condition that the voltage surges occur in the non-hazardous area, it will
result in extremely high voltage and energy. Without the Zener barrier or
isolator, such voltage and energy will directly affect the apparatus in a
hazardous area. As a result, the role of Zener barriers or isolators is to prevent
the additional energy to enter the circuit in a hazardous area (MTL Instruments,
n.d).

One of the outstanding facets of Ex i is that it allows the usage of
simple apparatus in a hazardous area without certification. Besides that, Zone
0 is classified as the most hazardous zone and Ex i is the only method that can
be applied to such zone. Due to the nature of Ex i, it can assure that the energy
maintains at a safe level. In this way, the maintenance or troubleshooting of
the circuit can be executed without the removal of the electrical power
(Sackett, 2018). Therefore, the operation of the industry will not be affected

and the safety of the online maintenance can be assured.

2.6 Overview on Intrinsic Safety
In this section, the overview on intrinsic safety including the subdivision, and

configuration of intrinsic safety system are presented.
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2.6.1  Subdivision of Intrinsic Safety

In accordance with IEC 60079-14 Clause 16.1, intrinsic safety (Ex i) has three
subdivisions, which are ‘ia’, ‘ib’ and ‘ic’. Based on different levels of risk in
hazardous areas, the different subdivisions will be applied (IEC, 2013). Figure
2.12 shows the application of subdivision of Ex i according to different zone
and equipment protection levels (EPL).

Ex ia Ex ib Exic
Zone: 1,2; Zone: 2;
21,22 22
EPL: Gb; Db EPL: Gb; Db

Figure 2.12:  Subdivision of Ex i (Radio Academy, 2022).

Furthermore, Ex ia is the technique with the highest level of protection
among the subdivision of Ex i. Hence, it can be applied to the most hazardous
zone (Zone 0, 20) and the other zones with fewer risks. Besides that, Ex ic can
only be applied for Zone 2 or Zone 22. In addition, ‘Ga’ or ‘Da’ has the
highest protection level. Among the subdivision of Ex i, only Ex ia can

comply with the ‘Ga’ or ‘Da’.

2.6.2  Configuration of Intrinsic Safety System

Figure 2.13 shows the typical intrinsic safety (Ex i) configuration.

Non-hazardous Area
Hazardous Area

. Controller
Field Device Asso.ma'ted Apparatu_s /
(Intrinsic Safety Barrier)
Power Source

Figure 2.13: Ex i Configuration.
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First and foremost, since the Ex i method is mostly applied in control
and instrumentation systems. Therefore, the equipment such as the power
source or controller is installed in a non-hazardous area.

When implementing an Ex i system, associated apparatus is essential in
order to implement the restriction of energy. Furthermore, it is positioned
between the field devices and the power source or controller within the system
(OMEGA Engineering Inc., 2022). In addition, associated apparatuses are
known as Ex i barriers. Typically, such a barrier is positioned in a non-
hazardous area. According to IEC 60079-14 Clause 16.1, if the barrier is
utilized in a hazardous area, the explosion protection technique other than EX i
method has to be adopted for the barrier (IEC, 2013).

Apart from that, except for simple apparatuses, the field devices or
apparatuses utilized in the hazardous area require to be certified prior to the
installation. Regarding the installation of simple apparatuses in a hazardous

area, certification is not required (MTL Instruments, n.d.).

2.7 Apparatuses Installed in Intrinsic Safety System
In this section, the apparatuses including associated apparatuses and field

devices are discussed.

2.7.1  Associated Apparatus (Ex i Barrier)

Referring to IEC 60079-14 Clause 3.5.2, the associated apparatus is regarded
as a barrier between the field apparatus and the equipment such as a power
source or controller (IEC, 2013). Furthermore, field apparatuses in hazardous
areas have to be certified by Ex i. Besides that, the Ex i certification is not
necessary for those controllers or power source devices located in non-
hazardous areas. In addition, associated apparatuses have to be certified
following IEC standards.

Within an Ex i system, an associated apparatus is installed between the
field equipment positioned in a hazardous area and the power source or control
equipment which is positioned in a non-hazardous area. The purpose of the
associated apparatus is to minimize the impact due to the equipment in a non-
hazardous area, especially when the events such as voltage surges and short

circuits occur (Friend, 2021). Therefore, the energy transferred to the
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equipment which is located in the hazardous area can be restricted. Apart from
that, there are two major types of associated apparatus, namely the Zener

barrier and the galvanically isolated barrier.

2.7.1.1 Zener Barrier

Figure 2.14 shows a typical Zener Barrier.

Output I

(Hazardous area) Vo

oO—

=4 )
- Earthing

Figure 2.14:  Zener Barrier (Friend, 2021).

Referring to Figure 2.14, in the condition that the Ex i system is
operating normally, the output voltage, V, is not going to exceed the voltage
across the Zener diode, V. As a result, the major role of the diode in the Zener
Barrier is to execute the restriction on V,. Furthermore, the resistor, R is
utilized for the restriction of the current flowing into the circuit in the
hazardous area. Besides that, the fuse is utilized to prevent the Zener diode
from being destroyed during fault conditions. Apart from that, earthing is
essential to be executed when applying the Zener barrier. Therefore, if the
fault condition occurs, the additional current and voltage will be transferred to
the ground (Friend, 2021). If the number of Zener diodes increases, EX i
system can withstand more countable faults (Mirza, 2015). Table 2.9 shows
the relationship among Ex i subdivision, countable fault and number of Zener
diode.
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Table 2.9: Relationship among Ex i Subdivision, Countable Fault and
Number of Zener Diodes (Mirza, 2015).

Exi Countable | Number of
Subdyvision Fault Zener Diode
Exia 2 3

Exib 1 2

Exic 0 1

2.7.1.2 Galvanically Isolated Barrier (Isolator)

Galvanically isolated barriers are known as isolators. Typically, isolators
consist of a transformer or optocoupler (IEC, 2013). Compared with Zener
barriers, the outstanding facet of isolators is that they can provide electrical
isolation. Therefore, intrinsic safety earthing is not necessary if isolators are

applied. Figure 2.15 shows an isolator.

Electrical Isolation

Figure 2.15: Isolator (Protectionic, 2020).

2.7.1.3 Validation Regarding Safety Parameters of Associated Apparatus

The safety parameters of associated apparatus are shown in Table 2.10.

Table 2.10: Safety Parameters of Associated Apparatus.

Safety Parameters Abbreviation Unit
of Associated Apparatus
Maximum Output Voltage Us A%
Maximum Output Current Iy A
Maximum Output Power Py w
Maximum Allowed Inductance Lo H
Maximum Allowed Capacitance Co F




24

In addition, the safety parameters of the associated apparatus can be
verified using energy curves. As shown in Figure 2.16, they are resistive
energy curve, capacitive energy curve and inductive energy curve. These
energy curves are generated using the experimental equipment known as
‘spark test apparatuses’ (Kuan, 2006).

Referring to Figure 2.16, there are different curves for different
equipment groups (IIA, 11B and IIC). For instance, if the equipment group of
the Ex i barrier is classified as I1C, only the curve of IIC has to be referred to

in the verification.

Resistive Energy Curve Inductive Energy Curve Capacitive Energy Curve
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Figure 2.16: Energy Curves (Kuan, Chew and Chua, 2020).

Using a resistive energy curve, the safety parameters including U, and
lo can be verified. Before utilizing the curve, it is required to multiply lo by a
safety factor. In the case that the Ex ic method is applied, the safety factor is 1.
For Ex ia and Ex ib, it requires a larger safety factor of 1.5. Thus, lo and U,
multiplied with the safety factor can form a point. The point has to be
positioned on the resistive energy curve. If the coordinate point is located
below the curve, it can be assured that the voltage and current supplied by Ex i

barrier will not ignite the combustible substances (Kuan, Chew and Chua,
2020). Moreover, since P, = % Powill be valid as long as both the U, and

loare valid.
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After verifying the Uy and o, it is required to determine whether the L,
has complied with Ex i method. The verification of L, is carried out using an
inductive energy curve. The safety factor is 1 if the Ex ic method is applied
whereas the safety factor is 1.5 for Ex ia and Ex ib. After multiplying I, by a
safety factor, a point formed by Lo and lo multiplied with a safety factor can be
located on the inductive energy curve. If the point is located below or exactly
on the curve, L, is valid (Kuan, Chew and Chua, 2020).

In addition, the C, is verified using a capacitive energy curve. If Ex ic
method is utilized, the safety factor is 1. Besides that, the safety factor is 1.5 if
Ex ia or Ex ib method is applied. After multiplying U, by a safety factor, a
point formed by C, and U, multiplied with a safety factor can be positioned on
the capacitive energy curve. C, is valid in the condition that the point is
located below or exactly on the curve (Kuan, Chew and Chua, 2020).

In short, the safety parameters of Ex i barriers can be verified using the
energy curves. Moreover, the safety factor will be different depending on the

level of protection of the Ex i method.

2.7.2  Field Device
In this section, field devices including certified field devices and simple

apparatuses are discussed.

2.7.2.1 Certified Field Device

In some industries, there is a need to install or apply electrical apparatus in
hazardous areas. For example, the apparatuses such as sensors and signal
converters are installed in the hazardous area to monitor the process (Phoenix
Contact, 2022). Therefore, it is vital to assure such apparatuses will not ignite
an explosion.

Following guidelines under IEC standards, except for simple
apparatuses, the apparatuses installed in the hazardous area have to be certified
(R. STAHL AG, 2020). Such apparatuses certified under Ex i protection are
known as certified field devices. To obtain the certification, such apparatuses
have to be tested by a notified body to assure their conformity (European
Commission, n.d). Furthermore, the compliance of certified field devices can

be validated according to IECEx marking.
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In short, except for simple apparatuses, all the field devices in the
hazardous area are enforced to be certified.

2.7.2.2 Simple Apparatus

As mentioned in section 2.7.2.1, all the devices installed in hazardous areas
have to be certified but simple apparatuses are the exception. In other words,
certifications are not mandatory prior to the installation of simple apparatuses
in hazardous areas.

Referring to IEC 60079-14 Clause 16.4, there are three groups of
simple apparatuses. Firstly, the passive elements including resistors, junction
boxes and so on are simple apparatuses. Secondly, the elements storing energy
such as inductors and capacitors are included under the groups of simple
apparatuses. Thirdly, simple apparatuses include elements producing electrical
power. For instance, they can be photocells or thermocouples. Additionally,
they cannot produce a voltage that is larger than 1.5 V or a current exceeding
0.1 A. Concerning the restriction on power, they cannot produce more than 25
mW (IEC, 2013).

Although simple apparatuses are not required to be certified by Ex i,
their thermal effect still has to be taken into consideration. This is because the
surface temperature may be the ignition source. Equation (2.1) can be applied

to obtain the maximum surface temperature of simple apparatuses (IEC, 2013).

T = P,Ren + Tamp (2-1)

where

T= Maximum surface temperature, °C

Po = Maximum output power of Ex i barrier, W
Ry, = Surface Temperature Rise, °C/ W

Tamp = Ambient temperature, °C

Furthermore, the temperature class of simple apparatuses can be

determined as per Table 2.11.
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Table 2.11: Temperature Class of Simple Apparatuses.

Surface Area Maximum Surface Temperature
Temperature Class

Less than 20 mm? Less than 275 °C T4

Between 20 mm?2 Less than 200 °C T4

and 1000 mm?2

Less than 1000 mm?2 Less than 150 °C T5

Aside from the surface area and the calculation regarding maximum
surface temperature, Annex E of IEC 600079-25 has provided another
approach to determine the temperature class of simple apparatuses. For the
simple apparatuses which are temperature sensing devices such as resistance
temperature detectors and thermocouples, the temperature class can be

determined based on the maximum measurable temperature (IEC, 2009).

2.8 Intrinsic Safety Loop Verification
In this section, the parameters, steps and formulas to execute the intrinsic

safety verification in accordance with IEC 60079-14 are presented.

2.8.1  System with a Single Ex i Barrier

The steps to execute intrinsic safety loop verification for the Ex i system
having only one Ex i barrier are stated in IEC 60079-14 Clause 16.2.4.3.
Figure 2.17 shows the Ex i configuration with the safety parameters.

Hazardous Area Non-hazardous Area

Ex i Barrier

Field Device (Associated Apparatus)

Cable Parameters:
L. = Cable Inductance, H
C. = Cable Capacitance, F

Field Device Parameters: Ex i Barrier Parameters:

U, = Maximum input voltage for field device, V Ug = Maximum output voltage of Ex i barrier, V

I; = Maximum input current for field device, A I = Maximum output current of Ex i barrier, A

P; = Maximum input power for field device, W Pg = Maximum output power of Ex i barrier, W

L, = Maximum internal inductance of field device, H L, = Maximum allowed inductance of Ex i barrier, H
C; = Maximum internal capacitance of field device, F C, = Maximum allowed capacitance of Ex i barrier, F

Figure 2.17:  Ex i Configuration with the Safety Parameters.
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First and foremost, the maximum output voltage of the Ex i barrier has
to be less or equal to the maximum input voltage of each of the field devices.
For instance, in the condition that there are two field devices in the Ex i system,
each of the field devices has a distinct value of maximum input voltage, and
each of the maximum input voltage values needs to be larger than or the same
as the maximum output voltage of Ex i barrier. Furthermore, Equation (2.2)

shows the intrinsic safety verification regarding the voltage.

Uy < (2.2)

where
Uo = maximum output voltage of the Ex i barrier, V

Ui = maximum input voltage for field device, V

With regard to the maximum output current of the Ex i barrier, such
value has to be less or the same as the value of the maximum input voltage for
each of the field devices. Additionally, Equation (2.3) shows the intrinsic

safety verification regarding the current.

I, < (2.3)

where
lo = maximum output current of the Ex i barrier, A

li = maximum input current for field device, A

Apart from that, the maximum output power of the Ex i barrier is
required to be less or equal to the value of the maximum input power for each
of the field devices. Furthermore, Equation (2.4) shows the intrinsic safety

verification regarding the power.

P, <P (2.4)

where

Po = maximum output power of the EX i barrier, W
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Pi = maximum input power for field device, W

Besides that, the maximum allowed inductance of Ex i barrier (Lo), the
maximum internal inductance of the field device (Li), and cable inductance (Lc)
are important parameters in the verification. In addition, if there is more than
one field device installed in a hazardous area, the value of Li will be the sum
of the maximum internal inductance for all the field devices.

Aside from inductance, the maximum allowed capacitance of EX i
barrier (Co), the maximum internal capacitance of field devices (Ci), and cable
capacitance (Cc) are required to be considered in the verification. Furthermore,
in the condition that there is more than one field device, the value of L; will be
the sum of the maximum internal capacitance for all the field devices. Figure
2.18 shows the flowchart for the verification regarding the inductance and

capacitance value.

System does not
comply with Ex i

L;>1%of L, Li+L.<L,
& &
G >1%of G, C+C.<C,

Li+L. <051,
&
C+C. <05,

0

System complies
with Exi

Figure 2.18: Flowchart for Verification Regarding Inductance and

Capacitance.

2.8.2  System with Multiple Ex i Barriers
In Annex H of IEC 60079-14, the steps to execute intrinsic safety loop
verification for the Ex i system having only one Ex i barrier are provided. In

the condition that more than one Ex i barrier is utilized within a system, the
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maximum output voltage (Uo) as well as the maximum output current (lo) have
to be determined.
Furthermore, there are several types of connection for Ex i barriers.

Figure 2.19 shows the way to calculate the U, and |, for a series connection.

Hazardous area
Ex i Barriers

Io1

—

¢ Uot

O—

-

Field Device

Io2

—

07

¢ Vo2

M

IEC 2871/13

New maximum system values: U, =Z Uy = Uy + Uy

I, =max. (I)

Figure 2.19:  Series Connection (IEC, 2013).

Besides that, Figure 2.20 provides the guidelines to obtain the U, and I,

in the condition that the EX i barriers are connected in parallel.

Hazardous area

Ex i Barriers

|
|
|
|
|
|
|
: Field Device
|
|
|
|
|
|

o
ez
>— |
IEC 2872/13
New maximum system values: Uy, = max. (Ug)
Iy = Tloi=1Igq+ 1o

Figure 2.20: Parallel Connection (IEC, 2013).
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In addition, the method to compute the U, and I, for the series and
parallel connection is shown in Figure 2.21.

| Hazardous area
Ex i Barriers |
Io1
- |
| tor |
I
I
\ Field Device
\
. \
02
——— ‘
| v ‘
I
|
I
IEC 2873/13
New maximum system values: Upg=Z Uy =Uyq + Ugs Uy =max. (Uy)

or

Io=max. (Ig)ly =X Iy = Igq + 1o

Figure 2.21: Series and Parallel Connections (IEC, 2013).

After the values of U, and |, are obtained, it is required to multiply lo
by a safety factor. If Ex ic method is applied, the safety factor is 1. For Ex ia
and Ex ib, it requires a larger safety factor of 1.5. Therefore, lo and U,
multiplied with the safety factor can form a point. The point has to be
positioned on the resistive energy curve shown in Figure 2.22. If the

coordinate point is located below the curve, it is said to be complied with EX i.
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= 03 \ \ ‘l
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3 §><”F
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!
I - N N
0.03
= =
0.01 I Ll —
10 30 100 200
Voltage (V)

Figure 2.22:  Resistive Energy Curve (IEC, 2012).
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After the U, and |, are verified, it is required to determine the value of
Lo using the inductive energy curve shown in Figure 2.23. The safety factor is
1 if Ex ic method is applied. Additionally, it requires the safety factor of 1.5 if
Ex ia or Ex ib method is used. Referring to the inductive energy curve, the x-
axis is the minimum igniting current. After multiplying |, by a safety factor, a
vertical line, where x = |, x (safety factor) can be formed. Thus, the point of
intersection between the vertical line and the energy curve can be formed.

Based on the coordinate of the point, the value of L, is obtained.

Inductance (H)

- .
F‘ e
'

(11

Minimum Igniting Current (A)

Figure 2.23: Inductive Energy Curve (IEC, 2012).

It has to determine the value of C, after the value of Lo has been
obtained. Moreover, the value of C, is obtained using the capacitive energy
curve shown in Figure 2.24. The safety factor is 1 for the Ex ic method. If Ex
ia or Ex ib method is adopted, the safety factor will be 1.5. According to the
capacitive energy curve, the x-axis is the minimum igniting voltage. A vertical
line, where x = U, x (safety factor) is formed after multiplying U, by a safety
factor. Therefore, based on the coordinate of the point where the vertical line

and the energy curve intersect with each other, the value of C, is obtained.
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Figure 2.24. Capacitive Energy Curve (IEC, 2012).

After the C, is verified, the inductance, as well as the capacitance of
the field device, Ex i barrier and cable, have to be assessed according to the
flowchart shown in Figure 2.18.

Besides that, the maximum output power of Ex i barrier has to be
calculated using Equation (2.5) as shown below:

P, =22 (2.5)
where

Po = maximum output power of Ex i barriers, W

lo = maximum output current of Ex i barriers, A

Uo = maximum output voltage of Ex i barriers, V

After that, Equation (2.2) to Equation (2.4) are used to verify the Uo, lo,
and P,. Figure 2.25 shows the summary of the way to execute EX i verification
in the condition that multiple Ex i barriers are utilized.
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Compute U, and |, of Ex i barriers according to
the types of connection

v
I Verify U, and |, of using resistive energy curve I

l

l Determine L, using inductive energy curve I

I

| Determine C, using capacitive energy curve |

|

Verify the inductance and capacitance of field
devices, Ex i barriers and cables according to
the flowchart shown in Figure 2.18

!

| Compute P, =1, U, /4 ‘

l

| Verify: U, < U; 31, <1;; B, < P, |

Figure 2.25:  Summary of Verification (Multiple Ex i Barriers).

2.9 Intrinsic Safety Installation
In this section, the requirement of cable, wiring and earthing are presented as
per IEC 60079-14.

2.9.1 Requirement of Cable

The requirement of cable is stated in IEC 60079-14 Clause 16.2.2.1 and
16.2.2.2. First and foremost, a cable utilized within Ex i system must not be
damaged in the condition that the voltage of 750 V DC or 500 Vims AC is
applied. Furthermore, the conductor of cable having a diameter that is less than
0.1 mm is strictly forbidden to be utilized in the hazardous area. Additionally,
if the Ex i method is applied, the typical capacitance value of cable is 200

pF/m whereas the inductance value is 1 pH/m (IEC, 2013).

29.2 Wiring

As per IEC 60079-14 Clause 16.2.2.5, a cable that carries an enormous amount
of current may affect the field devices in the hazardous area due to the
magnetic field. In this way, such a cable should be placed far enough from the
field devices to eliminate the effect due to the magnetic field. Furthermore,
cables applied in the Ex i system have to be indicated using light blue (IEC,
2013).
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Besides that, according to IEC 60079-14 Clause 16.5, the clearance
distance between terminals is the other main concern in the wiring if a
terminal box is utilized. The terminal of the Ex i cable must at least keep a
clearance distance of 50 mm from the terminal that is not connected to the Ex i
system. Aside from that, the terminal of the Ex i cable is required to keep at
least a clearance distance of 3 mm from the ground terminal. Regarding the
terminals between two EXx i cables, the minimum clearance distance is 6 mm.
In addition, Figure 2.26 illustrates the clearance distance for different
conditions (IEC, 2013).

Figure 2.26: Clearance Distance of Terminals (R. STAHL AG, 2022).

29.3  Wiring

As per IEC 60079-14 Clause 16.2.3, the earthing of Ex i barriers is the major
concern in the installation of the Ex i system. In a system consisting of a Zener
barrier and field devices, earthing is necessary to be applied. It is stated that
the resistance between the earthing terminal of the Zener barrier and the earth
point of the main power system cannot be larger than 1 Q. Furthermore, the
connection between the terminal of the Zener barrier and the earth point is
implemented using an earthing conductor. For instance, in the condition that a
single earthing conductor is applied, the material of the conductor should be
copper and its cross-sectional area could not be less than 4 mm?. In another
case, for a system consisting of an isolator and field devices, there is no
specific requirement regarding the earthing (IEC, 2013).
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2.10 Summary

In a nutshell, the foundation knowledge regarding explosion protection such as
the explosion, fire triangle, zone classification, apparatus marking and several
types of explosion protection techniques are explored. Apart from that, the
parameters, configuration, apparatus, analysis on safety loop verification and

requirement of installation for an Ex i system are studied.
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CHAPTER 3

METHODOLOGY AND WORK PLAN

3.1 Introduction
First and foremost, the validity of four Ex i systems is verified in this project.
In this section, the methodology to verify the validity of Ex i systems is

presented. Furthermore, the planning for this project is provided.

3.2 Standards

The objectives of this project are to verify the compliance of the apparatuses
installed in Ex i systems and execute the analysis on the intrinsic safety loop
verification.

In order to achieve the first objective which is the verification of the
compliance of the apparatuses, the information of the IECEx marking
specifications including equipment group, temperature class, equipment
protection level and type of protection is required. Furthermore, the
information regarding the IECEx marking specifications is provided in IEC
60079-14, therefore it is taken as the main reference to verify the compliance
of the apparatuses.

Regarding the second objective which is the intrinsic safety loop
verification, IEC 60079-14 is also taken as the major reference. For instance,
IEC 60079-14 provides the steps to execute intrinsic safety loop verification
for the system having one EX i barrier and the system containing multiple EX i
barriers.

Aside from that, the other standards under IEC 60079 series including
IEC 60079-11 and IEC 60079-25 are treated as supplementary references. For
instance, the energy curves are obtained from Annex A of IEC 60079-11.
Besides that, Annex E of IEC 60079-25 provides the approach to determine

the temperature class of resistance temperature detectors and thermocouples.
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3.3 Methodology
According to the flowchart shown in Figure 3.1, the major tasks for carrying

out this project are presented.

Determine the main aim and objectives

Carry out literature review on the foundation
knowledge of explosion protection

Execute literature review on the intrinsic safety
protection

Verify the compliance of the apparatuses
installed in Ex i systems

'

| Carry out the intrinsic safety loop verification ‘
.

| Infer the finding and recommendation ‘

Figure 3.1: Flowchart to Execute the Major Tasks.

In addition, the methodology to verify the compliance of each
apparatus installed in Ex i systems is further discussed in section 3.3.1. Also,
the methodology to carry out the intrinsic safety loop verification is presented

in section 3.3.2.

3.3.1 Methodology to Verify the Compliance of Apparatus
In Ex i systems, the compliances of apparatuses including certified field
devices, simple apparatuses and Ex i barriers are required to be validated.

First and foremost, to verify the compliance of the certified field device,
the specifications including equipment group, temperature class, equipment
protection level and type of protection have to be checked. Referring to Table
3.1, such specifications are required to be verified based on the surrounding
gas group, auto-ignition temperature of the gas and zone classification. Such

specifications can be obtained from the IECEx marking.



Table 3.1: Verification of the Compliance of the Certified Field Device.

Specifications Remarks
(Certified Field Device)
Equipment Group Equipment group has to comply with the

surrounding gas group.

Temperature Class

Temperature class has to be compatible with the
auto-ignition temperature of the gas.

Equipment Protection
Level

Equipment protection level has to abide by the
zone classification.

Type of Protection

Type of protection has to conform to the
equipment protection level.
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Apart from that, to validate the compliance of the Ex i barrier, the

specifications including equipment group, equipment protection level and type

of protection have to be examined. According to Table 3.2, such specifications

are required to be verified based on the surrounding gas group and zone

classification. Same as the certified field device, such specifications are

obtained from the IECEx marking. Besides that, the safety parameters

including U, lo, Po, Lo and Co can be verified using energy curves.

Additionally, the steps to verify the safety parameters of Ex i barriers have

been presented in section 2.7.1.3.

Table 3.2: Verification of the Compliance of the Ex i Barrier.

Specifications
(Ex i Barrier)

Remarks

Equipment Group

Equipment group has to be compatible with the
surrounding gas group.

Equipment Protection
Level

Equipment protection level has to comply with
the zone classification.

Type of Protection

Type of protection has to conform to the
equipment protection level.

Safety Parameters
(Up, Iy, Po, Lo, Co )

Points formed by the safety parameters cannot be
above the energy curves.
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Aside from that, the first step to verify the compliance of the simple
apparatus is to determine whether it fulfils the requirement for being a simple
apparatus as per IEC 60079-14 Clause 16.4. After that, the temperature class
of the simple apparatus has to be determined. For instance, IEC 60079-14
provides two ways to obtain the temperature class, one of the ways is based on
the surface area, and another way is to calculate the maximum surface
temperature. Also, IEC 60079-25 provides a way to determine the temperature
class based on the maximum measurable temperature, but it is only applicable
for resistance temperature detectors and thermocouples. Additionally, the steps
to validate the compliance of the simple apparatus have been discussed in
section 2.7.2.2.

3.3.2  Methodology to Execute the Intrinsic Safety Loop Verification
According to IEC 60079-14, the steps to carry out the intrinsic safety loop
verification for the system having one EX i barrier and the system consisting of
multiple EX i barriers are provided.

The flowchart to execute the intrinsic safety loop verification for the
system with a single Ex i barrier is shown in Figure 3.2. Also, the steps have

been presented in section 2.8.1.

System does not
comply with Exi

L; > 1% of L,
&
C; > 1% of C,

Li+le=<L,

CG+Co=C,

L+, <051,
&
Ci+C.<05C,

Q

System complies
with Ex i

Figure 3.2: Flowchart of the Intrinsic Safety Loop Verification for the System

with a Single Ex i Barrier.
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The flowchart to carry out the intrinsic safety loop verification for the
system with multiple Ex i barriers is shown in Figure 3.3. Furthermore, the
steps have been presented in section 2.8.2.

Compute U, and I, of Ex i barriers according to the
types of connection

!

Point formed by U,
and [; is below the
resistive energy curve

‘ Determine L, using inductive energy curve ‘

l

‘ Determine C, using capacitive energy curve ‘

No

lYes <0G

L; > 1% of L, No Li+L, <L,
& — &
C; = 1% of Cy G+C. < ¢,

Li+L.<051L,
&
Ci+C. <05C,

| O
1

‘ Compute P, =1, U, /4

System does not
comply with Ex i

l Yes

System complies
with Exi

Figure 3.3: Flowchart of the Intrinsic Safety Loop Verification for the System
with Multiple Ex i Barriers.
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Work Plan

The work plan for carrying out these three case studies is shown in Table 3.3.

Table 3.3: Work Plan.

Week Work Plan
Week 1- Week 2 | Verify the validity of the first Ex i system :
(13/6/2022 * Validate the compliances of the temperature sensor and Ex i barrier
- (MTL 5541)
25/6/2022) * Perform the intrinsic safety verification

Week 3- Week 4
(26/6/2022

9/7/2022)

Examine the validity of the second Ex i system :
= Verify the compliance of Ex i barrier (Z728)
* Execute the intrinsic safety verification

Week 5- Week 7
(10/7/2022

30/7/2022)

Validate the validity of the third Ex i system :

* Check the compliances of temperature transmitter, loop indicator,
resistance temperature detector, thermocouple and Ex i barrier
(MACX MCR-EX-SL-RPSSI-I)

* Carry out the intrinsic safety verification

Week 8- Week 10

Ensure the validity of the fourth Ex i system :

(31/7/2022 * Examine the compliances of solenoid valve and Ex i barrier (MTL
- 5511)
20/8/2022) * TImplement the intrinsic safety verification
Week 11 * Carry out discussion on the common mistakes in the
(21/8/2022 implementation of Ex i system
27/8/2022)

Week 12 —Weekl13
(28/8/2022

10/9/2022)

Prepare report, poster and presentation slide.

Furthermore, the planning for material and cost is not covered since the

experiment and the construction of the prototype are not carried out

throughout the project.

3.5

Problems Encountered and Solutions

The first problem faced is that it is difficult to understand the IEC 60079-14

standard. This is because there are a lot of technical terms. To solve the first

problem, it is required to obtain some foundation knowledge regarding the

explosion protection such as fire triangle, electrical equipment marking, zone
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classification and so on. With the foundation knowledge, it will be easier to
understand the IEC 60079-14.

Besides that, the energy curves including resistive, inductive and
capacitive are not provided in the IEC 60079-14. In addition, the energy
curves are important to verify the compliance of Ex i barrier and perform the
intrinsic safety loop verification. In order to curb the problem, online resources
such as datasheets of the company that sells or manufactures Ex equipment
can be utilised. Also, the other standards under IEC 60079 series can be
referred to. Finally, the energy curves are obtained from Annex A of IEC
60079-11.

Apart from that, IEC 60079-14 provides two approaches to obtain the
temperature class of the simple apparatus. One of the approaches is based on
the surface area. Another approach is to calculate the maximum surface
temperature and it requires the value of Ry, (surface temperature rise, °C/ W).
However, in the datasheet of resistance temperature detectors and
thermocouples, both the surface area and surface temperature rise are not
provided. Therefore, one of the ways to solve the problem is to find another
approach by referring to other resources. Finally, it is found that Annex E of
IEC 60079-25 provides the approach to obtain the temperature class of
resistance temperature detectors and thermocouples, which is based on the
maximum measurable temperature.

Furthermore, in the intrinsic safety loop verification regarding the
capacitance and inductance, IEC 60079-14 Clause 16.2.4.3 states that the Lo
and C, values have to be halved in the calculation of the cable length if the
total inductance and capacitance values of the field devices are larger than 1%
of Lo and 1% of C, respectively. However, it cannot be confirmed whether the
term, ‘total inductance and capacitance’ is referred to the equivalent
inductance and capacitance or the sum of the inductance and capacitance. To
solve this problem, the standards under IEC 60079 series are utilized to clarify
the term. Finally, it is clarified that the ‘total inductance and capacitance’ is
referred to the sum of the inductance and capacitance of the field devices
according to IEC 60079-25 Annex A.
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In this section, four Ex i systems shown in Figure 4.1 are verified to ensure

their conformity. Furthermore, the validity of the Ex i systems is examined in

terms of compliance of each apparatus and intrinsic safety loop verification
according to IEC 60079-14.

Hazardous Area | Safe Area
Zone 0

First Ex 1 System

Second Ex i System

Hazardous Area | Safe Area
Zone 0

Solenoid Valve
(PISCIS 12LV)
Ex ia IIC T6 Ga

Temperature Sensor Ex i Barrier Pourer Supply T pEIE S Ex i Barrier Power Supply
(Ca!cx ExTemp) (MTL 5541) (Calex ExTemp) (Z728)
Ex iaIIC T4 Ga [Ex ia Ga] 1IC ExiaIIC T4 Ga [Ex ia Ga] 1IC
Third Ex i System
Hazardous Area : : : Safe Area
Zone 0 | Zone 1 | Zone2 |
| . . | G 4.20mA |
| ﬁ I
B e -
I I 1 e
I » » I I
I < | - |
| I I PLC
| 4.20mA L | |
t i ¥ = = +4vVDC
— I | |
< ; | s | |
Temperature Transducer | Digital Display 1 Ex i Barrier |
(FA MCR(-EX)-HT-TS-I-OLP)| (FA MCR-EX-FDS-I-I-OLP) | (MACX MCR-EX-SL-RPSSI-I(-SP)}
Exia IIC T4 Ga ! Ex ib IIC T6 Gb ! Ex ec [ia Ga]lIC T4 Ge !
Fourth Ex i System
Hazardous Area | Safe Area *Two MTL 5511 are in series
Zone 0 connection

Ex i Barrier
(MTL 5511)
[Ex ia Ga] IIC

Figure 4.1: Diagram Consisting of All of the Four Ex i Systems.

Apart from that, Table 4.1 shows the apparatuses applied for each Ex i

system and the corresponding datasheets.



Table 4.1: Apparatuses and the Corresponding Datasheets.
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No. Apparatuses Model Ex i System | Appendix

1 Temperature Sensor Calex ExTemp Firstand | Appendix A
Second

Ex i System

2 Ex i Barrier 1 MTL 5541 FirstExi | Appendix B
System

3 Ex i Barrier 2 7728 Second Ex i | Appendix C
System

4 Digital Display FA MCR-EX-FDS-I-I-OLP Appendix D

5 Temperature transducer | FA MCR(-EX)-HT-TS-I-OLP Appendix E

6 Resistance temperature | RS PRO PT1000 Third Appendix F

detector Exi
7 Thermocouple T-type PVC Mini 10ft System | Appendix G
8 Ex i Barrier 3 MACX MCR-EX-SL- Appendix H
RPSSI-I(-SP)

9 Solenoid Valve PISCIS 12LV Appendix I

10 Ex i Barrier 4 MTL 5511 Fourth Ex i | Appendix J
System

According to Table 4.2, the Ex i systems can be classified into three

groups based on the configuration. The first and second EX i systems are the

system having a single field device and a single Ex i barrier. The third EX i

system is the system containing multiple field devices and a single Ex i barrier.

Furthermore, the fourth Ex i system is the system consisting of a single field

device and multiple Ex i barriers.

Table 4.2: Classification of the Ex i Systems Based on the Configuration.

Configuration

Ex i System

One field device and a single Ex i barrier

First Ex i System

Second Ex 1 System

Multiple field devices and a single Ex i barrier

Third Ex i System

One field device and multiple Ex i barriers

Fourth Ex i System
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4.2 System with a Field Device and a Ex i Barrier

In this section, the validity of the first and second Ex i system is verified. For
the first and second Ex i system, the field device is the same, which is the
Calex Extemp temperature sensor. The difference between the systems is that
the galvanically isolated barrier is utilized in the first Ex i system whereas the
Zener barrier is applied in the second Ex i system.

4.2.1  First Ex i System
Figure 4.2 shows the first Ex i system. The temperature sensor is installed in
the hazardous area while the Ex i barrier is positioned in the safe area.

Hazardous Area | Safe Area
Zone 0

I
|
I
@
I e
I - n Aace. X 2
Temperature Sensor | Ex i Barrier Power Supply
(Calex ExTemp) I (MTL 5541)
Ex ia IIC T4 Ga [Ex ia Ga] IIC
Ui =28V I Uo=28V
li =93mA | Io =93 mA
Pi =650 mW | Po = 650 mW
Ci =8nF Co=283nF
Li=0H | Lo=4.2mH

Figure 4.2: First Ex i System.

Referring to Figure 4.2, the parameters including U, Ii, Pi, Ci and L are
the safety parameters of the temperature sensor whereas the parameters such
as Uo, lo, Po, Co and Lo are the safety parameters of the Ex i barrier.
Furthermore, the safety parameters are utilized in the intrinsic safety loop
verification.

Regarding the operational parameters, the temperature sensor requires
a voltage ranging from 12 V to 24 V. Hence, the EX i barrier can provide a
maximum voltage of 28 V at 93 mA, which is adequate to let the temperature
sensor function.

Apart from that, the hazardous area is classified as Zone 0. The
surrounding gas is assumed to be the I1C gas group consisting of hydrogen and

acetylene.
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4.2.1.1 Verification of the Compliance of Field Device for the First Ex i
System
The temperature sensor is a certified field device. Hence, its compliance is
validated based on the IECEx marking. For instance, its IECEx marking is
labelled as ‘Ex ia IIC T4 Ga’. Firstly, it has the equipment group of ‘IIC’,
which is compatible with the surrounding atmosphere classified as the 11C gas
group. Due to the temperature class of ‘T4’, its surface can reach a
temperature of up to 135 °C. Furthermore, the auto-ignition temperatures of
hydrogen and acetylene are 560 °C and 305 °C respectively (Eaton Electric
Limited, n.d.). Thus, the surface temperature of 135 °C will not ignite the
surrounding gas. Besides that, the equipment protection level of ‘Ga’ allows it
to be installed in Zone 0. As per the equipment protection level of ‘Ga’, Ex ‘ia’
is applied among the subdivision groups of the Ex i method. As a result, the
compliance of the temperature sensor is proved according to the IECEX

marking.

4.2.1.2 Verification of the Compliance of Ex i Barrier for the First Ex i
System

Same as the temperature sensor, the Ex i barrier is required to be examined as
per the IECEx marking. For instance, the IECEx marking of the Ex i barrier is
‘[Ex 1a Ga] IIC’. Firstly, it has the equipment group of ‘IIC’ which complies
with the surrounding gas group. Due to the installation of the temperature
sensor in Zone 0, the equipment protection level of ‘Ga’ is mandatory. Also,
Ex ‘ia’ is applied as per the equipment protection level. In short, the
conformity of the Ex i barrier is validated as per the IECEx marking.

Aside from the IECEX marking, the safety parameters of the EX i
barrier are verified using the energy curves. Since the Ex ‘ia’ method is
utilized, the safety factor is 1.5.

For the verification of U, and lo, the resistive energy curve is utilized.
Firstly, it is required to form a point, P (U, lo x safety factor), where the value
of the x-coordinate is U, and the value of the y-coordinate is I, multiplied by
the safety factor. The value of U, is 28 V while I, is 93 mA. By multiplying I,
with the safety factor, where I, % safety factor = 0.093 A x1.5 = 0.1395 A, the
point, P (28 V, 0.1395 A) is formed and positioned on the resistive energy
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curve. According to the resistive energy curve shown in Figure 4.3, there are
multiple curves for different equipment groups including I, 1A, 11B and IIC.
Based on the equipment group of the Ex i barrier, the curve for IIC is referred
to. The same concept applies to the inductive energy curve and capacitive

energy curve. Furthermore, the point is below the curve. Thus, the U, and I,

. . IoU . .
are valid. Moreover, since P, = %, Pois valid.
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Figure 4.3: Verification of U, and I, for the First Ex i System (IEC, 2012).

To verify Lo, the inductive energy curve is used and the point, P (lo %
safety factor, Lo) has to be formed. The value of Lo is 4.2 mH while I, is 93
mA. Through the multiplication of I, with the safety factor, where |, x safety
factor = 0.093 A x 1.5 = 0.1395 A, the point, P (0.1395 A, 0.0042 H) is
formed. The point is then positioned on the inductive energy curve as shown in
Figure 4.4. The point is below the curve for the equipment group of IIC.

Hence, the L is valid.
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Figure 4.4: Verification of L, for the First Ex i System (IEC, 2012).

Besides that, the capacitive energy curve is applied in the verification
of C,. Furthermore, the point, P (U, x safety factor, Co) is formed. The value
of Co is 83 nF while U, is 28 V. Through the multiplication of U, with the
safety factor, where U, x safety factor = 28 V x 1.5 =42 V, the point, P (42 V,
0.083 uF) is formed. The point is then positioned on the capacitive energy
curve as shown in Figure 4.5. For this case, it is hard to determine whether the
point is exactly positioned on the curve or above the curve. If the point is
exactly positioned on the curve, the C, is valid. However, if the point is above
the curve, the Co, is not valid. To solve this problem, Table A.2 of IEC 60079-
11 is applied and it is shown in Appendix K. Table A.2 and the capacitive
energy curve shown in IEC 60079-11 represent the same physical quantity,
which is the capacitive ignition energy for different equipment groups (IEC,
2012). From Appendix K, the Co, is 0.083 pF when the U, is 28 V and the
safety factor is 1.5. As a result, the point is exactly positioned on the curve for
the equipment group of IIC and the C, is valid. In short, all the safety
parameters of the Ex i barrier are valid.
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Figure 4.5: Verification of C, for the First Ex i System (IEC, 2012).

The main role of the Ex i barrier is to restrict the energy transferring to
the hazardous area. With the help of the Zener diode inside the Ex i barrier, the
voltage can be limited to a maximum value of Uo. The current is restricted to a
maximum value of I, due to the current-limiting resistor inside the Ex i barrier
(Rockwell Automation, 2016). As long as the point formed by U, and I, is
below the energy curve and the intrinsic safety loop is valid, it can be ensured
that the energy does not exceed the ignition point. Therefore, the ignition of
gas in a hazardous area can be prevented.

Unlike the U, and lo, both the L, and C, are not defined by the design
of the Ex i barrier (Friend, 2020). The L, and C, are treated as the guidelines
to determine the maximum allowed capacitance and inductance of the field
devices and cables in the hazardous area. If the condition, where L, is valid
and Li + L¢ < Lo is fulfilled, the inductive energy stored in the field devices
will not cause the ignition. The same concept applies to capacitive energy. If
Coisvalid and Cj + C. < C, is fulfilled, the inductive energy stored in the field
devices will be bound below the ignition point. In short, the L, and C, values

of the Ex i barrier provide the guidelines to limit the energy stored in the field
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devices. In the following section, the conditions including Li+ L. < Lo and C;
+ Cc < C, are further discussed.

4.2.1.3 Intrinsic Safety Loop Verification for the First Ex i System
All the safety parameters utilized in the intrinsic safety loop verification are
shown in Figure 4.2. The intrinsic safety loop verification for voltage, current

and power is as follows:

Given that: U, = 28 V,U; = 28V
28 <28
Uo < Ui

Given that: [, = 93 mA,[; = 93 mA
93 x 1073 <93 x 1073

Io < Ii

Given that: P, = 650 mW, P, = 650 mW
650 x 1073 <650 x 1073
Po < Pi

Therefore, based on the verification shown above, the intrinsic safety loop is
valid in terms of voltage, current and power.

In the intrinsic safety loop verification for inductance and capacitance,
the first step is to determine whether L; < L, and C; < C, and it is shown

below:

Given that: L; = 0 H,L, = 4.2 mH
0<42 x1073
o Li < LO

Given that: C; = 8 nF,C, = 83 nF
8 x107° <83 x107°
Ci < CO
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Since L; < L, and C; < C,, the next step is to check whether L; >
0.01L, and C; > 0.01C, . Only when L; > 0.01L, and C; > 0.01C, , the
equations L; + L¢ < 0.5L, and C; + C¢ < 0.5C, will be applied. For other
conditions, the equations L; + L < L, and C; + C¢ < C,will be used. The

computation is as follows:

Given that: L; = 0 H,0.01L, = 0.042 mH
0 <0.042 x 1073
~ L; < 0.01L,

Given that: C; = 8 nF,0.01C, = 0.83 nF
8 x1072>0.83 x107°
~ C; > 0.01C,

Based on the computation above, since L; < 0.01L, and C; > 0.01C,,
the equations L; + Lc < Ly and C; + C¢ < C, are used to obtain the maximum
cable length. Furthermore, the cable is connected between the Ex i barrier and
the temperature sensor. The typical cable capacitance value of 200 pF/m and
the inductance value of 1 pH/m is used (IEC, 2013). The calculation of the

maximum cable length is as follows:

Inductance of cable per meter = 1 uH/m (IEC, 2013)
Capacitance of cable per meter = 200 pF/m (IEC, 2013)

With regard to inductance,
Li + L. <L,
Le <L, — L
Le <42x1073 -0
L. <42x1073

~ Maximum cable inductance is 4.2 X 1073 H

_ _ 42 %1073
= As per inductance, maximum cable length = Tx106 — 4200 m
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With regard to capacitance,
Ci+C. =C,
C. <C,—Ci
C. <83 x1072-8 x107°
C. <7.5x1078

~» Maximum cable capacitance is 7.5 X 1078 F

“ A it i ble length = 75x107° 375
o sper capac1 ance, maximum cable eng = 200 X 10_12 - m

As per the calculation shown above, the maximum cable length has to
be taken based on the maximum cable capacitance. Hence, the maximum cable
length is 375 m. By taking the cable length of 375 m, the L. and C. are

calculated as shown below:

L. = Inductance of cable per meter X Maximum Cable Length
=1x107°x 375
= 0.375 mH

C. = Capacitance of cable per meter X Maximum Cable Length
=200 x 10712 x 375
= 75nF

The summary of the intrinsic safety loop verification for the first EX i
system is shown in Table 4.3.



54

Table 4.3: Summary of the Intrinsic Safety Loop Verification for the First Ex

I System.
Ex i Barrier Field Device/ Cable Result
Voltage U,=28V U;=28V U, < U, Valid
Current I,=93 mA =93 mA I, <1, Valid
Power P, =650 mW P, =650 mW P, <P, Valid
L;=0H
Inductance | L, ,=4.2mH L. - 0375 mH L,+L.<L, Valid
(Cable Length =375m)
C,=8nF
; = C,+C.<C,, Valid
Capacitance C,=83nF C.=75nF
(Cable Length =375m)

Based on Table 4.3, the intrinsic safety loop of the first Ex i system is

valid. During a fault condition, if the voltage, current and power supplied by

the Ex i barrier are larger than the maximum input voltage, current and power

of the field device, the electrical spark may occur and lead to the explosion.

Since U, < U;, I, <[; and P, < P, the energy transferring to the hazardous

area is limited. Regarding the capacitance and inductance, since L; + L. < L,

and C; + C. < C,, the energy stored in the field device and cable is bound

below the ignition point.

4.2.2

Second Ex i System

The second Ex i system is shown in Figure 4.6.

Hazardous Area

Zone 0

Temperature Sensor
(Calex ExTemp)
Ex ia IIC T4 Ga

Ui =28V
i =93mA

Pi =650 mW

Ci =8nF
Li =0H

|Safc Area

Ex i Barrier
(Z2728)

[Ex ia Ga] IIC
Uo=28V

Io =93 mA
Po = 650 mW
Co=83nF
Lo =3.05 mH

Power Supply

Figure 4.6: Second Ex i System.
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The Zener barrier is applied in the second EX i system whereas the
galvanically isolated barrier is utilized in the first Ex i system. Besides that,
the second Ex i system has the same field device as the first Ex i system,
which is the temperature sensor. Hence, in the later section, the verification
regarding the compliance of the temperature sensor as per IECEx marking is
not covered.

Referring to Figure 4.6, all the safety parameters are shown.
Additionally, the safety parameters are applied in the intrinsic safety loop
verification. For the operational parameters, the working voltage of the
temperature sensor ranges from 12 V to 24 V. The Ex i barrier can provide the
maximum voltage of 28 V at 93 mA, which is enough for the temperature
sensor to function.

Furthermore, the hazardous area is classified as Zone 0. The
surrounding gas is assumed to be the 1IC gas group including hydrogen and

acetylene.

4.2.2.1 Verification of the compliance of Ex i Barrier for the Second Ex i
System

The EX i barrier has to be examined referring to the IECEx marking. Moreover,
the IECEx marking of the Ex 1 barrier is ‘[Ex ia Ga] IIC’. It has the equipment
group of ‘IIC’ which is compatible to the surrounding gas group. The
equipment protection level of ‘Ga’ is required because of the installation of the
temperature sensor in Zone 0. According to the equipment protection level of
‘Ga’, Ex ‘1a’ is applied.

According to IEC 60079-14 Clause 16.2.3, the dedicated earthing is
enforced to be implemented if the Zener barrier is utilized. Also, only the TN-
S system, which is the grounding system having the separated neutral and
earth conductor, is applicable (Panchal and Patel, 2020; IEC, 2013). The
resistance between the earthing terminal of the Zener barrier and the earth
point of the main power system cannot exceed 1 Q. Furthermore, the
connection between the earthing terminal of the Zener barrier and the earth
point is implemented using an earth conductor. Hence, the resistance between

the earthing terminal and the earth point is determined by the earth conductor.
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For instance, if a single earth conductor is applied, its material has to be
copper and the cross-sectional area could not be less than 4 mm2. Using

Equation (3.1), the length of the earth conductor is computed (Heaney, 2003).
R=2 (3.1)

where

R = resistance of conductor, Q

p = resistivity of conductor material, Qm
[ =length of conductor, m

A = cross-sectional area of conductor, m

Given that:
R =1Q;
p =17.241 x 107° Qm (Materion Brush Inc., 2017);

A=4mm?=4x10"°m?

pl
R =2
A
A
l|=R-—
p
_— 4%x10°°
=M 17.241 x 1079
~1=232m

Hence, the length of the copper earth conductor having a cross-
sectional area of 4 mm? cannot exceed 233 m to ensure that the resistance
between the earthing terminal of the Ex i barrier and the earth point does not
exceed 1 Q.

Regarding the safety parameters of the Ex i barrier, they are verified
using the energy curves. The safety factor is 1.5 is applied as the Ex ‘ia’
method is used.

For the verification of U, and o, the resistive energy curve is utilized.

The point, P (Uo, lo % safety factor) has to be formed. The value of U is 28 V
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while lp is 93 mA. Through the multiplication of I, with the safety factor,
where 1o % safety factor = 0.093 A x 1.5 = 0.1395 A, the point, P (28 V,
0.1395 A) is formed and positioned on the resistive energy curve. According
to the resistive energy curve shown in Figure 4.7, the point is below the curve
for the equipment group of IIC. Thus, the Uoand I, are valid. Furthermore, Po

. IoU
is valid because P, = 04 °,
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Figure 4.7: Verification of Uy and I, for the Second Ex i System (IEC, 2012).

Apart from that, the inductive energy curve is used to verify Lo. The
point, P (lo x Safety factor, Lo) has to be formed. The value of L, is 3.05 mH
while I, is 93 mA. Through the multiplication of I, with the safety factor,
where |, x safety factor = 0.093 A x1.5 = 0.1395 A, the point, P (0.1395 A,
0.00305 H) is formed. The point is then positioned on the inductive energy
curve as shown in Figure 4.8. As a result, the point is below the curve for the

equipment group of 11C and the Lo is valid.
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Figure 4.8: Verification of L, for the Second Ex i System (IEC, 2012).

In addition, the capacitive energy curve is applied to verify the Co. The
point, P (U, x safety factor, Co) has to be formed. The value of C, is 83 nF
while U, is 28 V. Through the multiplication of U, with the safety factor,
where U, x safety factor =28 V x 1.5 =42V, the point, P (42 V, 0.083 uF) is
formed. It is positioned on the capacitive energy curve as shown in Figure 4.9.
Using only the capacitive energy curve, it is hard to determine whether the
point is exactly positioned on the curve or above the curve. With the help of
Appendix K, it is ensured that the point is exactly positioned on the curve for
the equipment group of IIC. Therefore, the Co is valid. In short, all the safety
parameters of the Ex i barrier are valid.
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Figure 4.9: Verification of C, for the Second Ex i System (IEC, 2012).

Therefore, since the Uo, lo and P, are valid, it can be assured that the
energy supplied by the Ex i is limited below the ignition point. Furthermore, as
the Lo and C, are valid, they can provide the correct guidelines to determine
the permitted inductance and capacitance of the field device and cable.
However, the validity of the Ex i barrier safety parameters is not enough to
prove the conformity Ex i system is valid. The safety parameters of the EX i
barrier have to be compared with the safety parameters of the field device and

cable through the intrinsic safety loop verification in the following section.

4.2.2.2 Intrinsic Safety Loop Verification for the Second Ex i System
All the safety parameters used in the intrinsic safety loop verification are

shown in Figure 4.6. The intrinsic safety loop verification for voltage, current
and power is as follows:

Given that: U, = 28V, U; = 28V
28 X103 <28x 1073
Uo < Ui



Given that: [, = 93 mA,[; = 93 mA
93 x 1073 <93x 1073

Io < Ii

P, = 650 mW, P, = 650 mW
650 X 1073 <650 x 1073
PO < Pi

Hence, according to the verification shown above, the intrinsic safety
loop is valid in terms of voltage, current and power.

The intrinsic safety loop verification regarding inductance and
capacitance is as follows:

Regarding inductance,

Given that: L; = 0 H,L, = 3.05 mH, 0.01L, = 0.0305 mH

0 <3.05 x1073
oo Li < LO

0 < 0.0305 x 1073
~ L < 0.01L,

Regarding capacitance,

Given that: C; = 8 nF,C, = 83 nF,0.01C, = 0.83 nF

8 x107° <83 x107°
Ci < CO

8 x107°>0.83 x 10~°
- C; > 0.01C,

60
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As per the computation above, since L; < 0.01L, and C; > 0.01C,, the
equations L; + Lc < L, and C; + Cc < C, are used to obtain the maximum

cable length. The calculation of the maximum cable length is as follows:

Inductance of cable per meter = 1 uH/m (IEC, 2013)
Capacitance of cable per meter = 200 pF/m (IEC, 2013)

With regard to inductance,
Li + L. <L,
Le <L, —L
L. <3.05 X103 -0
L. <3.05 x1073

. Maximum cable inductance is 3.05 x 1073 H

» A induct i ble length = 3.05 X 1077 = 3050
< AS per iauctance, maximum caple leng = 1x10-6 = m
With regard to capacitance,
C+C. <G,
C. <C,—Ci

C. <83 x107°-8 x107°
C. <7.5x1078

~ Maximum cable capacitance is 7.5 X 108 F

7.5x 1078

s A it i ble length = ——————
S per Ccapacitance, maximum cable leng 200 x 10-12

= 375m

By taking the cable length of 375 m, the L. and C, are calculated as
shown below:

L. = Inductance of cable per meter X Maximum Cable Length

=1x107°x 375
= 0.375 mH
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C. = Capacitance of cable per meter X Maximum Cable Length
=200 x 10712 x 375
= 75 nF

The summary of the intrinsic safety loop verification for the second Ex

i system is shown in Table 4.4.

Table 4.4: Summary of the Intrinsic Safety Loop Verification for the Second

Ex i System.
Ex i Barrier Field Device/ Cable Result
Voltage U,=28V U, =28V U, <U;, Valid
Current I,=93 mA =93 mA I, <T, Valid
Power P, =650 mW P, =650 mW P, <P,, Valid
L,=0H
Inductance | L,=3.05 mH T.=0375 mi L;+L.<L,, Valid
(Cable Length =375m)
C,=8nF
Capacitance | C,=83nF C.=75nF Ci+C =G, Valid

(Cable Length =375m)

According to Table 4.4, the conformity regarding the intrinsic safety
loop of the second Ex i system is proved. When a fault condition occurs, the
voltage, current and power provided by the Ex i barrier cannot be larger than
the maximum input voltage, current and power of the field device. This may
introduce the extra energy in terms of electrical spark or thermal effect, thus
leading to ignition of the surrounding gases. Since U, < U;, I, < I;and P, <
P, the energy transferring to the hazardous area will not exceed the ignition
point. Regarding the capacitance and inductance, as L; + L. < L, and C; +
C. < C,, the energy stored in the field device and cable is bound below the

ignition point.
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423 Summary

In a nutshell, the validity of the first and second Ex i system is proved in terms
of compliance of apparatuses and intrinsic safety loop verification. In the first
Ex i system, the galvanically isolated barrier is applied and there is no specific
requirement for the earthing. For the second Ex i system, since the Zener
barrier is applied, the resistance of the earth conductor has to be less than 1 Q.

4.3 Third Ex i System
Figure 4.10 shows the third Ex i system. It is a system having multiple field
devices and a single Ex i barrier.

1 I I
Hazardous Area | I I Safe Area
Zone 0 | Zone 1 | Zone2 |
"’ | » » I iy 4.20mA |
| |
O ! — 2350 l q |
i | X | ; | ©
Resistance Temperature 2 | » » | i ! |
Detector (PT1000) I ¢ ¢ I T | . .
| | | PLC
| d0eh I I 24V DC
' ' +
Thermocouple i i |
(T-type) — | | |
Temperature Transducer | Digital Display | Ex i Barrier |
(FAMCR(-EX)-HT-TS-I-OLP)| (FA MCR-EX-FDS-I-I-OLP) | (MACX MCR-EX-SL-RPSSI-I(-SP))|
Ex ia [IC T4 Ga : Ex ib IIC T6 Gb : Ex ec [ia Ga]lIC T4 Ge :
Uu=30V | Ue=30V | Uo=252V |
I =130 mA | Tz =200 mA [To =93 mA |
Pi =800 mW | P2 =900 mW | Po =587 mW I
Ca=0F | Ca=0F | Co= 107 nF |
La=0H | Lz =0.0351 mH |Lo=3mH |

Figure 4.10: Third Ex i System.

Referring to Figure 4.10, the Uo, lo, Po, Co and Lo are the safety
parameters of the Ex i barrier. The safety parameters of the temperature
transducer are denoted as Uiy, li1, Pi1, Ciz and Lii. For the digital display, the
safety parameters are denoted as Uiz, li2, Pi2, Ci2 and Li2. Furthermore, both
temperature transducer and digital display are certified field devices. The
sensors including the resistance temperature detector and thermocouple are not
certified by IECExX. They are connected to the terminals of the temperature
transducer for sensing purposes. Also, it has to be examined whether they are
valid to be the simple apparatus.

With regard to the operational parameters, the voltage drop across the
temperature transducer is at least 11 V. The digital display requires a voltage

of 3.9 V with display lighting. Therefore, the Ex i barrier can provide a
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nominal voltage of 24 V, which is adequate for both certified field devices to
function.

Apart from that, the temperature transducer, digital display and EX i
barrier are installed in the Zone 0, 1 and 2 accordingly. The surrounding gas is

assumed to be hydrogen which is classified as the 11C gas group.

4.3.1  Verification of the Compliance of the Certified Field Devices for
the Third Ex i System

The temperature transducer and digital display are certified field devices.

Hence, the compliance is validated based on the IECEx marking.

For the temperature transducer, its IECEx marking is labelled as ‘Ex ia
IIC T4 Ga’. It has the equipment group of ‘IIC’, which is compatible with the
surrounding gas classified as the 11C gas group. Based on the temperature class
of ‘T4’, its maximum surface temperature is 135 °C. In addition, the auto-
ignition temperature of hydrogen is 560 °C (Eaton Electric Limited, n.d.).
Hence, the surface temperature of 135 °C will not ignite the hydrogen. Besides
that, the equipment protection level of ‘Ga’ enables it to be installed in Zone 0.
According to the equipment protection level of ‘Ga’, Ex ‘ia’ is applied. Thus,
the conformity of the temperature transducer is proved as per the IECEX
marking.

Besides that, the digital display has the [IECEx marking labelled as ‘Ex
ib IIC T6 Gb’. The equipment group of ‘IIC’ allows it to be installed in the
atmosphere filled with hydrogen which is classified as the 1IC gas group.
Based on the temperature class of ‘T6’, it has a maximum surface temperature
of 85 °C which is lower than the auto-ignition temperature of hydrogen of
560 °C (Eaton Electric Limited, n.d.). Aside from that, the equipment
protection level of ‘Gb’ enables it to be installed in Zone 1. As per the
equipment protection level of ‘Gb’, Ex ‘ib’ is applied. Therefore, the
compliance of the digital display is validated according to the IECEx marking.

4.3.2  Verification of the Compliance of the Simple Apparatuses for the
Third Ex i System
Apart from the certified field devices, the resistance temperature detector and

thermocouple are required to be verified based on the concept of simple
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apparatus stated in IEC 60079-14. As per IEC 60079-14 Clause 16.4, there are
three groups of simple apparatuses as shown below:
e Passive elements such as resistors and junction boxes
e Elements storing inductive or capacitive energy with well-
marked parameters
e Elements such as thermocouple that produces electrical power
not exceeding 1.5V, 0.1 A or 25 mW

For a resistance temperature detector, the working principle is to sense
the temperature through the varying resistance value. Therefore, it can be
classified as passive elements under the concept of simple apparatus as per
IEC 60079-14 Clause 16.4. Furthermore, according to Annex A of IEC 60079-
25, resistance temperature detectors are also treated as simple apparatuses.
Hence, it is proved that the resistance temperature detector is simple apparatus.
Apart from that, it is required to determine its temperature class based on the
maximum measurable temperature. Referring to Appendix F, its maximum
measurable temperature is 100 °C. Hence, its temperature class is T5, which is
compatible with the auto-ignition temperature of the hydrogen. As a result, the
compliance of the resistance temperature detector is validated.

According to IEC 60079-14 Clause 16.4, it is clearly stated that the
thermocouple is simple apparatus. Furthermore, it is classified as elements
producing electrical power that does not exceed 1.5 V, 0.1 A or 25 mW.
Moreover, thermocouples operate on the basis of generating voltage depending
on the temperature (Root, Bechtold and Pham, 2020). Therefore, it is required
to verify whether the thermocouple generates less than 1.5 V.

According to Appendix G, the thermocouple can sense the temperature
ranging from -250 °C to 105 °C. Based on Appendix L, if the maximum
temperature of 105 °C is sensed, the voltage generated by the thermocouple is
4.513 mV given that the temperature of the reference junction is 0 °C. Hence,
the voltage of 4.513 mV is less than 1.5 V.

In the worst condition, where the reference junction is -270 °C and the
maximum temperature of 105 °C is sensed, the largest voltage of the
thermocouple can be obtained. To calculate it, the law of intermediate

temperatures such as given in Equation (3.2) is applied (Moris, 2011).
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Viry, 1) = Virw, o) ViR, T0) (3:2)

where

Viry, T,) = Voltage of thermocouple for the junctions at Ty and T,, mV

Vi, Tg) = Voltage of thermocouple for the junctions at Ty and Tg, mV
Virg, T,) = Voltage of thermocouple for the junctions at Tg and T,, mV
Tm = temperature of the measurement junction, °C
T, = temperature of 0 °C for the reference junction

Tr = temperature of the reference junction, °C

Given that:

Ty = 105°C; Tg = —270°C; T, = 0°C

Viry, o) = Vi1osec, 0°cy = 4.513 mV (Appendix L)
Virg, To) = Vi=270°c , 0°c) = —6.258 mV (Appendix M)

Virm, To) = Virm, o) + Vitg, o)

Viaosec, 0°c) = Viaosoc, —270°c) + V(=270°c, 0°c)
Viaosec, -270°c) = Vaosec, 0°c) = V(-270°c, 0°c)
Viosec, —270°c) = 4.513 — (—6.258)

2 Vaosec, —270°¢) = 10.771 mV

Based on the computation above, the maximum voltage generated by
the thermocouple is 10.771 mV, which is less than 1.5 V. Therefore, it is
proved that the thermocouple is simple apparatus.

Aside from that, the temperature class of the thermocouple has to be
determined. Since the maximum measuring temperature of the thermocouple is
105 °C, the temperature class of T4 is assigned to it. Furthermore, the
temperature class of T4 complies with the auto-ignition temperature of

hydrogen. As a result, the compliance of the thermocouple is validated.



67

4.3.3  Verification of the Compliance of Ex i Barrier for the Third Ex i
System

The EX i barrier has to be validated referring to the IECEx marking. Moreover,
the IECEx marking of the Ex 1 barrier is ‘Ex ec [ia Ga] IIC T4 Gc¢’. As per IEC
60079-14 Clause 16.1, in the condition that the barrier is utilized in a
hazardous area, an explosion protection method other than Ex i is required to
be applied to the barrier (IEC, 2013). In this case, the enclosure certified under
Ex e (increased safety) is applied for the Ex i barrier. Since the Ex i barrier is
installed in Zone 2, the equipment protection level of ‘Ge’ is adopted and
therefore Ex ‘ec’ is applied for the enclosure of the Ex i barrier. Under the
protection of Ex ‘ec’, the ingress protection and impact strength of the
enclosure can be assured (SOURCE IEx, n.d.).

Regarding the Ex i barrier, it has the equipment group of ‘IIC” which is
compatible with the surrounding gas group. The equipment protection level of
‘Ga’ is required for the Ex i barrier because of the installation of the
temperature transducer in Zone 0. As per the equipment protection level of
‘Ga’, Ex “1a’ is applied. Furthermore, it can be found that the temperature class
of ‘T4’ is assigned to the Ex i barrier. However, in the first and second EX i
system, those Ex i barriers are not assigned with the temperature class. This is
because the Ex i barrier for the third Ex i system is installed in Zone 2. The
rise of temperature is one of the main concerns in explosion protection.
Therefore, the Ex 1 barrier has the temperature class of ‘T4’, which is to
indicate the maximum surface temperature of 135 °C, therefore it is
compatible with the auto-ignition temperature of the hydrogen.

Aside from that, the safety parameters of the Ex i barrier are verified
using the energy curves. The safety factor is 1.5 is applied since the Ex ‘ia’
method is applied.

To carry out the verification of U, and lo, the point, P (Uo, lo % safety
factor) has to be computed. The value of Uo is 25.2 V while |, is 93 mA.
Through the multiplication of I with the safety factor, where I, x safety factor
=0.093 A x 1.5 = 0.1395 A, the point, P (25.2 V, 0.1395 A) is formed. It is

positioned on the resistive energy curve. Referring to the resistive energy
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curve shown in Figure 4.11, the point is below the curve for the equipment

group of 1IC. Therefore, the U and I, are valid. Since P, = %, P, is valid.
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Figure 4.11:  Verification of U, and |, for the Third Ex i System (IEC, 2012).

Aside from that, the point, P (lo x safety factor, Lo) has to be formed to
verify Lo. The value of Lo is 3 mH while I, is 93 mA. Through the
multiplication of I, with the safety factor, where I, x safety factor = 0.093 A x
1.5 = 0.1395 A, the point, P (0.1395 A, 0.003 H) is formed. It is then
positioned on the inductive energy curve as shown in Figure 4.12. Thus, the
point is below the curve for the equipment group of 11C and the L, is valid.
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Figure 4.12:  Verification of L, for the Third Ex i System (IEC, 2012).

Besides that, the point, P (U, % safety factor, Co) has to be computed to
verify the Co. The value of C, is 107 nF whereas U, is 25.2 V. By multiplying
Uo with the safety factor, where U, x safety factor = 25.2 V x 1.5 = 37.8 V,
the point, P (37.8 V,0.107 puF) is formed. It is positioned on the capacitive
energy curve as shown in Figure 4.13. Referring to Appendix K, the point is
exactly positioned on the curve for the equipment group of 1IC. Therefore, the

Cois valid. In short, all the safety parameters of the Ex i barrier are valid.
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Figure 4.13:  Verification of C, for the Third Ex i System (IEC, 2012).

In short, the safety parameters of the Ex i barrier including Uy, lo, Po,
Lo and C, are valid. Therefore, the energy transferring to field devices and
energy stored in them can be limited below the ignition point in the condition
that the intrinsic safety loop is validated. In the following section, the intrinsic
safety loop verification is implemented.

4.3.4 Intrinsic Safety Loop Verification for the Third Ex i System
Referring to Figure 4.10, all the safety parameters used in the intrinsic safety
loop verification are shown. As per IEC 60079-14 Clause 16.2.4.3, the U, has
to be less or equal to the U; of each of the field devices. For instance, there are
two certified field devices in the third Ex i system, the maximum input voltage
of the temperature transducer and digital display is denoted as Uiz and Ui
accordingly. The Uir and Uiz need to be larger than or the same as the U,
respectively. The same concept applies to the current and power.

The intrinsic safety loop verification for voltage, current and power is
as follows:
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With regard to the temperature transducer,

Given that: U, = 25.2V,U;; =30V
25.2 <30
Uo < Uil

I, =93 mAl; = 130 mA
93 x 103 < 130 x 1073

iy <y

P, = 587 mW, P;; = 800 mW
587 x 1073 <800 x 1073

l:’o < Pil

With regard to the digital display,

U, =25.2V,U;, =30V
25.2 <30
Uy < U

I, = 93 mA, I, = 200 mA
93 x 1073 < 200 x 1073

Io < Ii2

P, = 587 mW, P, = 900 mW
587 x 1073 <900 x 1073

- Py < Py

Thus, through the verification shown above, the intrinsic safety loop is

valid in terms of voltage, current and power.
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Referring to IEC 60079-14 Clause 16.2.4.3, if the total inductance and
capacitance values of the field devices are larger than 0.01L, and 0.01C,
respectively, the L, and C, values have to be halved in the computation of the
cable length. Thus, it cannot be confirmed whether the term, ‘total inductance
and capacitance’ is referred to the equivalent inductance and capacitance or
the sum of the inductance and capacitance. As per IEC 60079-25 Annex A, it
is clarified that the ‘total inductance and capacitance’ is referred to the sum of
the inductance and capacitance of the field devices. Hence, the calculation of

the sum of the inductance (Li) and the sum of capacitance (Ci) is as follows:

Regarding the sum of the inductance,
Given that: L;; = 0 H; L;; = 0.0351 mH

Li = Li; + Li
L; =0+ (0.0351) x 1073
~ L; = 0.0351 mH

Regarding the sum of the capacitance,
Giventhat: C;; =0F; C;, =0F

Ci =Cj1 + G,
C=0+0
.’.Ci=OF

The intrinsic safety loop verification regarding inductance and

capacitance is as follows:

Regarding inductance,
Given that: L; = 0.0351 mH, L, = 3 mH, 0.01L, = 0.03 mH

0.0351x103<3 x 1073
Li < LO

0.0351x103>0.03x1073
~ L; > 0.01L,
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Regarding capacitance,

Given that: C; = 0 F,C, = 107 nF, 0.01C, = 1.07 nF

0<107 x107°
Ci < CO

0<1.07 x107°
- C; < 0.01C,

Referring to the computation shown above, as L; > 0.01L, and C; <
0.01C,, the equations L; + L¢ < L, and C; + C¢ < C, are used to compute the

maximum cable length. The computation of the maximum cable length is as
follows:

Inductance of cable per meter (Lc/m) = 1 uH/m (IEC, 2013)
Capacitance of cable per meter (Cc/m) = 200 pF/m (IEC, 2013)

With regard to inductance,
Li + L, <L,
Le <L, - L
L. <3 x1073-0.0351x 1073
L. <2.9649 x 1073

~ Maximum cable inductance is 2.9649 x 1073 H

_ _ 2.9649 x 1073
=~ As per inductance, maximum cable length = = 29649 m

1x10°°

With regard to capacitance,
C+C. <G,
C. <C,—Ci
C. <107 x107° -0
C. <107 x 107°

»» Maximum cable capacitance is 107 X 107° F
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+ A it i ble length = 107 x 10~ = 535
* As per capacitance, maximum cable length = —oo——r—7 = m

By taking the cable length of 535 m, the L. and C, are calculated as

shown below:

L. = Inductance of cable per meter X Maximum Cable Length
=1x107°%x%x535
= 0.535 mH

C. = Capacitance of cable per meter X Maximum Cable Length
=200 x 10712 x 535

= 107 nF

The summary of the intrinsic safety loop verification for the third Ex i

system is shown in Table 4.5.

Table 4.5: Summary of the Intrinsic Safety Loop Verification for the Third

Ex i System.
Ex i Barrier Field Device/ Cable Result
U,=30V U, <U;, Valid
Voltage U,=252V )
U,=30V U, <U,, Valid
L, =130 mA I, <I, Valid
Current I,=93 mA )
I,, =200 mA I, <1, Valid
P;, =800 mW P, <P;, Vahd
Power P, =587 mW ]
P, =900 mW P, <P;, Valid
L,=0.0351H
Inductance L,=3mH T.= 0535 mH L, +L. <L, Valid
(Cable Length =535m)
C,=0F
: = C,+C,.<C,, Valid
Capacitance | C_ =107 nF C.= 107 oF
(Cable Length =535m)
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As per Table 4.5, the compliance of the intrinsic safety loop in the third
Ex i system is validated. Since U, < U;, I, <; and P, < P;, the energy
transferring to the hazardous area will not cause ignition. As L; + L. < L, and
C; + C. < C,, the energy reserved in the field devices and cable is limited

within a safe level, thus preventing the ignition.

435 Summary

In the third Ex i system, the compliances of the apparatuses including two
certified field devices, two simple apparatuses and a single Ex i barrier are
validated. Furthermore, the conformity of the intrinsic safety loop is proved.

4.4 Fourth Ex i System
Figure 4.14 shows the fourth Ex i system. It is a system having a field device

and two Ex i barriers.

Hazardous Area Safe Area

Zone 0

*Two MTL 5511 are in series

connection

[ 1 _,£|

|
|
|
|
|
!
!
: !
!
!
!
!
|
!
!
!

Solenoid Valve Ex i Barrier

(PISCIS 12LV) (MTL 5?11) ‘
Ex ia IIC T6 Ga [Ex ia Ga] IIC
Uiis 30 Uo=105V
li =200 mA JTo =14 mA
Pi =900 mW Po =37 mW
Ci =0F Co= 2.41 pF
Li =0H Lo=175 mH

Figure 4.14: Fourth Ex i System.

As per Figure 4.14, the safety parameters of the solenoid valve and the
Ex i barrier are shown. Furthermore, the safety parameters are utilized in the
intrinsic safety loop verification.

Regarding the operational parameters, the solenoid valve requires the
‘turn on’ voltage ranging from 10.8 V to 16 V. A single Ex 1 barrier (MTL
5541) only can provide the maximum voltage of 10.5 V at 14 mA, which is
inadequate for the solenoid valve to function. Therefore, it requires two EX i
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barriers. For instance, two EXx i barriers (MTL 5541) are connected in series,
thus producing a maximum voltage of 21 V at 14 mA.
In addition, the hazardous area is classified as Zone 0. The surrounding

gas is assumed to be acetylene which is classified as the 11C gas group.

4.4.1  Verification of the Compliance of Field Device for the Fourth Ex i
System
The solenoid valve is the certified field device; thus, its compliance is verified
as per the IECEx marking. For instance, its IECEx marking is labelled as ‘Ex
ia IIC T6 Ga’. It has the equipment group of ‘IIC’, which complies with the
acetylene classified as the 11C gas group. Its surface can reach a temperature
up to 85 °C as per the temperature class of ‘T6’. Additionally, the auto-
ignition temperature of acetylene is 305 °C (Eaton Electric Limited, n.d.).
Therefore, the surface temperature of 85 °C will not ignite the surrounding gas.
Since it is installed in Zone 0, the equipment protection level of ‘Ga’ is
required. Following the equipment protection level of ‘Ga’, Ex ‘ia’ is applied.
Hence, the conformity of the solenoid valve is validated as per the IECEx

marking.

4.4.2  Verification of the Compliance of Ex i Barrier for the Fourth Ex i
System

Same as the solenoid valve, the Ex i barrier is required to be examined based
on the IECEx marking. For instance, the IECEx marking of the Ex i barrier is
‘[Ex ia Ga] IIC’. It is the equipment group of ‘IIC’ which is compatible with
the surrounding gas group. The equipment protection level of ‘Ga’ is applied
due to the installation of the solenoid valve in Zone 0. Furthermore, Ex ‘ia’ is
applied based on the equipment protection level. As a result, the validity of the
Ex i barrier is proved according to the IECEx marking.

Besides that, the safety parameters of the Ex i barrier are verified using
the energy curves. Since the Ex ‘ia’ method is applied, the safety factor is 1.5.

For the verification of U, and lo, the point, P (U, lo % safety factor) is
formed. The value of U, is 10.5 V while lo is 14 mA. By multiplying lo with
the safety factor, where |, x safety factor = 0.014 A x 1.5 =0.021 A, the point,
P (10.5 V,0.021 A) is formed. It is positioned on the resistive energy curve



77

shown in Figure 4.15. The point is below the curve for the equipment group of

I1IC. Therefore, the U, and |, are valid. Furthermore, since P, = loUo

7 Po 1S
valid.
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Figure 4.15:  Verification of U, and I, for a Single Ex i Barrier in the Fourth
Ex i System (IEC, 2012).

Aside from that, the point, P (lo % safety factor, Lo) has to be formed to
verify Lo. The value of L, is 175 mH while 1, is 14 mA. Through the
multiplication of I, with the safety factor, where 1, x safety factor = 0.014 A x
1.5 = 0.021, the point, P (0.021 A, 0.175 H) is formed. It is positioned on the
inductive energy curve as shown in Figure 4.16. Thus, the point is below the
curve for the equipment group of 11C and the L, is valid.
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Figure 4.16: Verification of L, for a Single Ex i Barrier in the Fourth Ex i
System (IEC, 2012).

Besides that, the point, P (U, x safety factor, Co) is computed to verify
the Co. The value of Co is 2.41 uF whereas U, is 10.5 V. By multiplying U,
with the safety factor of 1.5, where U, x safety factor =10.5V x 1.5 =15.75V,
the point, P (15.75 V, 2.41 pF) is formed. It is positioned on the capacitive
energy curve as shown in Figure 4.17. Referring to Appendix N, the point is
exactly positioned on the curve for the equipment group of 1IC. Thus, the Cois
valid. In short, all the safety parameters of the Ex i barrier are valid. In short,

all the safety parameters of the Ex i barrier are valid.
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Figure 4.17:  Verification of C, for a Single Ex i Barrier in the Fourth EX i
System (IEC, 2012).

In short, all the safety parameters of a single Ex i barrier are valid. As a
result, the energy supplied from the Ex i barrier and energy stored in the field
device will not cause ignition given that the intrinsic safety loop of the system

is valid. In the subsequent section, the intrinsic safety loop verification is
carried out.

4.4.3 Intrinsic Safety Loop Verification for the Fourth Ex i System
As per Annex H of IEC 60079-14, in the condition that the two EXx i barriers
are connected in series within a Ex i system, the U, and I, have to be
calculated as shown below:
Uop =Ugs + Ug, =10.5+10.5 =21V
I, = max.(I,;) = 14 mA

Regarding the series connection of two Ex i barriers, the U, is 21 V
and lo is 14 mA. To verify the U, and lo, the point, P (U,, lo x safety factor) is
formed. Since Ex ‘ia’ method is applied, the safety factor is 1.5. The safety
factor of 1.5 also applies to the inductive and capacitive energy curve. By

multiplying lo with the safety factor, where |, x safety factor = 0.014 A x 1.5 =
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0.021 A, the point, P (21 V, 0.021 A) is formed. It is positioned on the
resistive energy curve shown in Figure 4.18. The point is below the curve for

the equipment group of I11C. Therefore, the Uoand I, are valid.
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Figure 4.18: Verification of U, and I, of Two Ex i Barriers in Series
Connection for the Fourth Ex i System (IEC, 2012).

Besides that, it is required to determine the value of L, based on the lo
of 14 mA using the inductive energy curve shown in Figure 4.19. After
multiplying |, by a safety factor, a vertical line, where x = lo x (safety factor)
= 0.014 x 1.5 = 0.021 A, can be formed. Thus, the point of intersection
between the vertical line and the energy curve can be formed. Based on the
coordinate of the point, the value of L, can be obtained. However, using only
the inductive energy curve, the exact value of L, is hard to be determined.
Therefore, Equation (3.3) is applied to calculate Lo, where this equation
represents the energy reserved in inductive elements (Fitzpatrick, 2007). The

computation is as follows:
E =-LI2 (3.3)
where
E = inductive energy, J
L = inductance, H

[ =current, A
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Given that:
E = 40 pJ , ignition energy for 11C equipment group (IEC, 2012)
[=0.021A

1
E =-LI?
2

2E
e

240 x 107°)
~(0.021)2
~L =0181H

Hence, the Lo value is 0.181 H.

0.181H

o
o
@
L1

0,01

Inductance (H)

n
I
I HE (40 pJ)

| -

.
i L]

0.021°A° o
Minimum Igniting Current (A)

0.01 0.3 0.5 1.0

Figure 4.19:  Verification of L, of Two Ex i Barriers in Series Connection
for the Fourth Ex i System (IEC, 2012).

To determine the value of C, based on U, of 21 V, the capacitive
energy curve shown in Figure 4.20 is utilized. A vertical line, where x = Uq X
(safety factor) =21 x 1.5 = 31.5V is formed after multiplying U, by the safety
factor. Based on the coordinate of the point where the vertical line and the
energy curve intersect with each other, the value of C, can be obtained.
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However, using only the energy curve, it is hard to determine the exact value

of Co. Hence, according to Appendix O, the exact value of Cois 0.188 pF.
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Figure 4.20:  Verification of C, of Two Ex i Barriers in Series Connection

for the Fourth Ex i System (IEC, 2012).

Since the Uo, lo, Lo and C, of the two Ex i barriers have been
determined, the intrinsic safe loop can be verified. The intrinsic safety loop
verification regarding inductance and capacitance is as follows:

Regarding inductance,

Given that: L; = 0 H, L, = 181 mH, 0.01L, = 1.81 mH
0<181x 1073

Li < Lo

0<1.81 x1073
« Li < 0.01L,
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Regarding capacitance,
Given that: C; = 0 F,C, = 0.188 uF,0.01C, = 0.00188 pF

0<0.188 x 107
Ci < CO

0 < 0.00188 x 107°
- C; < 0.01C,

According to the computation above, since L; < 0.01L, and C; <
0.01C,, the equations L; + Lc < L, and C; + C¢ < C, are used to obtain the
maximum cable length. The computation of the maximum cable length is as

follows:

Inductance of cable per meter = 1 uH/m (IEC, 2013)
Capacitance of cable per meter = 200 pF/m (IEC, 2013)

With regard to inductance,
Li+L. <L,
Le <L, - L
L. <181 x1073-0
L. <181 x 1073

~ Maximum cable inductance is 181 X 10~3 H

_ _ 181 x 1073
=~ As per inductance, maximum cable length = —————— = 181000 m
1x10°°
With regard to capacitance,
Ci+C. =C,
C. <(C,—Ci

C. <0.188 x 1076 —0
C. <0.188 x 107

~» Maximum cable capacitance is 0.188 x 107 F
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n ) _ e oy = 2188 X10°°
< AS per capacitance, maximum capble length = 200 X 10-12 - m

By taking the cable length of 940 m, the L. and C, are calculated as

shown below:

L. = Inductance of cable per meter X Maximum Cable Length
=1x107°% %940
= 940 uH

C. = Capacitance of cable per meter X Maximum Cable Length
=200 X 10712 x 940
= (0.188 pF

Besides that, the value of Po for the two Ex i barriers in series

connection is computed using Equation (2.5). The computation is as follows:

Given that:
I[,b, =14 mA; U, =21V,

_ToUp
°7 4
b _ (14 x 1073)(21)
© 4
~ P, =73.5mW

The intrinsic safety loop verification for voltage, current and power is
as follows:
U,=21V,U; =30V
21 <30
= Uy < U4
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I, = 14 mA,I; = 200 mA
14 x 1073 < 200 x 1073

Io < Ii
P, = 73.5 mW, P, = 900 mW
73.5x 1073 <900 x 1073

PO < Pi

The summary of the intrinsic safety loop verification for the fourth Ex i
system is shown in Table 4.6.

Table 4.6: Summary of the Intrinsic Safety Loop Verification for the Fourth

Ex i System.
Ex i Barrier Field Device/ Cable Result
Voltage U,=21V U,=30V U, <U, Valid
Current [,=14 mA L, =200 mA I, <1, Valid
Power P,=73.5mW P; =900 mW P, <P;, Valid
L,=0H
Inductance L,=181 mH L.=0.94 mH L,+L.<L, Valid
(Cable Length =940m)
C,=0F
Capacitance | C,=0.188 pF C.=0.188 puF C, +C.<C,, Valid
(Cable Length =940m)

Referring to Table 4.6, the conformity regarding the intrinsic safety
loop of the fourth Ex i system is proved. As U, < U;, [, < I; and P, < P, the
energy supplied from the Ex i barrier will not cause the ignition. For the
capacitance and inductance, since L; + L. < L, and C; + C. < C,, the energy

stored in the field device and cable is inadequate to cause ignition.
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444  Summary
In the fourth Ex i system, the compliances of the solenoid valve and the Ex i
barriers are validated. Moreover, the validity of the intrinsic safety loop is

verified in the condition that two EXx i barriers are connected in series.

4.5 Common Mistakes in Installation of Ex i Systems

Aside from the compliances of the apparatuses and the intrinsic safety loop,
the proper installation measures including segregation of wire, cable gland,
marking of Ex i cables and enclosures containing Ex i cables are also essential
in the implementation of Ex i systems.

One of the common mistakes is that the segregation of different types
of wires is not executed properly. Furthermore, terminal boxes are common
tools to implement the segregation of wires. As per IEC 60079-14 Clause 16.5,
if terminal boxes are applied, the clearance distance between terminals is the
main concern. For instance, the terminal of the Ex i cable must at least
maintain a clearance distance of 50 mm from the terminal that is not connected
to the Ex i system. Apart from that, the terminal of the Ex i cable is required to
keep at least a clearance distance of 3 mm from the ground terminal.
Regarding the terminals between two Ex i cables, the minimum clearance
distance is 6 mm (IEC, 2013).

According to IEC 61439-1, it is stated that the clearance distance is
measured based on the shortest path along the air whereas the creepage
distance is taken as the distance along the surface (Tekpan Electric, 2022).
Furthermore, Figure 4.21 illustrates the clearance and creepage distance. If
there is a mistake in identifying the clearance and creepage distance, the
segregation of wires might not be valid. Thus, the concept regarding clearance
and creepage distance must be clarified to ensure that the segregation of wires
complies with Ex i requirement. In addition, if the space of terminal boxes is
limited, a solid insulated part can be placed between the terminals can be

utilized to increase the clearance distance.
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Figure 4.21: Clearance and Creepage Distance (Tekpan Electric, 2022).

Besides that, the improper implementation of cable glands is one of the
common mistakes in the installation of Ex i systems. The role of cable glands
is to execute the connection between the end of Ex i cables and electrical
apparatuses, thus assuring the ingress protection, impact strength and ability to
withstand the twisting or tension force (CMP Products Limited, 2022). If cable
glands are utilized in a hazardous area, the IECEXx certification is mandatory.
Regarding the selection of cable glands, IEC 60079-14 Clause 10.2 states that
only the cable glands certified by Ex ‘d” and Ex ‘e’ are allowed to be applied
for the Ex i cables. Furthermore, cable glands that do not match the cable
diameter are strictly prohibited to be utilized for Ex i cables. Furthermore, any
approaches for fitting the cable to the cable gland are forbidden, including
using a heat shrink tube or sealing tape (IEC, 2013).

As per IEC 60079-14 Clause 16.2.2.6, Ex i cables have to be indicated
using light blue. However, such an indication is an alternative. Only when the
colour code is applied for identification of wires, it is compulsory to indicate
the Ex i cables using light blue. In the condition that another approach is
utilized to identify the wires, Ex i cables are not required to be indicated using
light blue. Moreover, according to IEC 60079-14 Clause 16.5.1, the marking
to show the presence of Ex i cables has to be implemented for the terminal box
containing Ex i cables (IEC, 2013).



88

CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

51 Conclusions

The nature of the Ex i method is to restrict the energy transferring to field
devices and limit the energy stored in the hazardous area. Unlike other kinds
of protection methods such as Ex d and Ex m which only focus on individual
apparatus, it is required to consider the compliance of each apparatus and the
compatibility of the whole Ex i system. Also, it is inadequate to assure the
conformity of explosion protection by just connecting the EX i barrier between
the field devices and the control equipment or power source. It has to be
ensured that field devices and the Ex i barriers have the equipment group,
temperature class, equipment protection and type of protection which is
compatible with the environment of the hazardous area. To ensure the
compatibility of the whole Ex i system, intrinsic safety loop verification has to
be carried out.

In this project, four Ex i systems have been validated. For the
validation regarding the compliances of the apparatuses, there are various
kinds of certified field devices including temperature sensors, temperature
transducers, digital displays and solenoid valves are verified according to their
IECEx marking. Also, the compliance of each EXx i barrier is examined as per
the IECEx marking and energy curves. Aside from that, the compliances of
simple apparatuses such as resistance temperature detectors and thermocouples
are proven. Furthermore, the way to assign the temperature class for simple
apparatuses is presented. In short, the ways to verify the compliances for
various kinds of apparatuses installed in Ex i system have been demonstrated
throughout this project.

Apart from that, the intrinsic safety loop verifications of several EX i
systems having different configurations have been implemented. For instance,
three types of Ex i system configurations are covered and they are listed below:

e The system consisting of one field device and a single Ex i barrier

e The system containing multiple field devices and a single Ex i barrier
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e The system having a single field device and multiple EX i barriers
In short, the steps to verify the intrinsic safety loop for several Ex i systems
having different configurations have been shown in this project.

In a nutshell, this project has shown the method to implement the
validation regarding the compliances of various apparatuses and intrinsic
safety loop verification of several Ex i system configurations. As a result, this
project provides a better understanding of the implementation of Ex i method
according to IEC 60079-14.

5.2 Recommendations for Future Work
In this project, the emphasis is put on the compliance of each apparatus in the
Ex i system and the intrinsic safety loop verification. The common mistakes in
the installation of the Ex i system are generally discussed. It is recommended
that the site visit can be carried out to further highlight the details regarding
the installation of the Ex i system including the implementation of cable
glands, segregation of wire and mounting method of apparatuses. For instance,
some photos can be taken to illustrate the requirement of installation for the Ex
i system as per IEC 60079-14.

Furthermore, based on the research conducted by Kuan, Chew and
Chua (2020), surge protection devices are applied to Ex i systems to further
increase the robustness of the implementation of the Ex i method. For future
work, the surge protection devices can be introduced in the four Ex i systems
as shown in this project. The introduction of surge protection devices to the Ex
i system can be studied based on the different types of surge protection devices,
lightning protection zones and lightning protection levels (Kuan, Chew and
Chua, 2020). Since the surge protection device is a certified field device, its
compliance can be verified according to the IECEx marking. In addition, due
to the introduction of surge protection devices, the intrinsic safety loop has to

be recomputed.
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Appendix A: Temperature Sensor - Calex ExTemp (Calex Electronics
Limited, 2019).

General Specifications

Temperature range

See table of Model Numbers

Hazardous Area Classific

The ExTemp is ATEX, IECEx, TIIS and UKCA Ex (UKEX) certified.

Maximum Temperature Span 1000°C ATEX Classification Ex Il 1GD
Minimum Temperature Span 100°C I |IECEx Classification (Gas) ExiallC T4 Ga l
Output 410 20mA IECEx Classification (Dust) Ex ia IliC T135°C IP65 Da
Id of le of Model N
EeCOtView see table of Model Numbers ‘Ambient Temperature Rating -20°C<Ta<70°C
Accuracy +1°C or 1%, whichever is greater
Maximum DC Input Voltage Ui=28Vv
Repeatability +0.5°C or 0.5%, whichever is greater
o : Maximum Input Current li=93mA
Emissivity Setting Range 0.20 to0 1.00 (pre-set to 0.95)
o ; : 3 i Pi=
Emissivity Setting Method Configurable via optional adapters AEECRIE G S =650 mw
Response Time 240 ms (90% response) Maximum Internal Capacitance Ci=8nF
Spectral Range 8w 14pum Maximum Internal Inductance Li=0mH
| Supply Voltage 121024V DC £ 5% | ATEX Certificate Number CML 14ATEX2079
Maximum Current Draw 25mA IECEx Certificate Number IECEx CML 14.0032

Maximumn Loop Impedance

See Application Guide
(available separately)

TIIS Certificate Number
UKCA Certificate Number

TC21097
CML 21UKEX2001



Appendix B: Ex i Barrier - MTL 5541 (Baseefa, 2018; RS PRO, 2022a).

The marking of the product shall include the following :

& 11 (1) GD | |[Ex ia Ga] IIC I

[Ex ia Da] HHIC  See Certificate Schedule
®1(M1)  [ExiaMa] I

Input / Output P; ters

on-H: ous Area Terminals 7to 14 (10to 14 4
Ua = 253Vrms.
The circuit connected to non-hazardous area terminals is designed to operate

Hazardous Area Terminals 2 w.r.t. | (Channel 1)

Or
Hazardous Area inals 5 w.r.t. 4 (Channel 2 - MTL5544 Model Only)
U, = 28V G =0
I, = 9mA L =0
P, = 0.65W
GROUP CAPACITANCE INDUCTANCE  JOR L/RRATIO
(1F) (mH) (H/ohm)
Hazardous Area Terminals 2 w.r.t. | or § w.rt. 4
1IC 0.083 4.2 56
;A 003 8 210
1A 215 33.6 444
| 3.76 53.1 668
Hazardous Area Terminals 3 w.r.t. | or 6 w.rtd4
1IC 100 128 2438
1B* 1,000 478 8932
1A 1,000 104.7 18,140
| 1,000 156.2 28,229
Hazardous Area Terminals 2 w.r.t. 3 or § w.r.t6
lIC 0,083 49 59
11B* 0.65 200 m
1A 215 409 469
| 3.76 59.1 710
Attribute Value
Barrier Type Galvanic Barrier
Number of Channels 1
Supply Voltage 20 — 35V dc
Module Type Repeater power supply
Input Signal Type Current
Output Signal Type Current
I Maximum Current 93mA I
Minimum Operating Temperature -20°C
Maximum Operating Temperature +60°C
I Maximum Voltage 28V I
Safety Current Maximum 93mA
Safety Voltage Maximum 28V
Hazardous Area Certification ATEX
Series MTLS500

Operating Temperature Range 20— +60°C
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Appendix C: Ex i Barrier - Z728 (Pepperl+Fuchs, 2022).

Data for application in connection with hazardous areas

EU-type examination BAS 01 ATEX 7005

certificate
Marking I1(1)GD, | (M}) [Ex ia Ga] liC, [Ex ia Da] llIC,
0/1/2]
Type Nominal data Intrinsically safe characteristics for [EEx ia] IC Certification no.
+ve -ve ac. v Q | U, (V)| Bin (63 | 1k(MA) | PraxW) |Crnax (BF) Linax (mH) | L/R Ratio]
Z705 Z805 - 5 10 | 494 | 98 504 | 0.62 100 0.14 57 | BAS 01 ATEX 7005
- - Z905 5 10 | 498 | 98 49 [ o061 100 0.14 57 | BAS 01 ATEX 7005
zZ70 z810 - 10 | 50 [ 956 | 49 195 | 047 3 0.86 73 | BAS 01 ATEX 7005
- - z910 10 | 50 [ 994 | 49 203 | 050 3 0.86 73 | BAS 01 ATEX 7005
zZn3 Z813 - 1575 22 [1575] 218 | 723 | 284 | o048 | o076 125 | BAS 01 ATEX 7005
zZ715 z815 - 15 | 100 [ 147 | 98 150 | os5 | o058 13 64 | BAS 01 ATEX 7005
Z715F | Z815F = 15 | 100 [ 147 | 98 150 | os5 | o062 145 67 | BAS01ATEX 7096
- - z915 15 | 100 [ 150 | 98 153 | 057 | o058 13 64 | BAS 01 ATEX 7005
Z715.1K B - 15 | 1k | 147 | 980 15 006 | 058 144 570 | BAS 01 ATEX 7005
- - z9151K | 15 | 1k | 15 | 980 15 006 | 058 144 570 | BAS 01 ATEX 7005
7722 7822 - 22 | 150 | 22 147 150 | 082 | 0.7 1.45 45 | BAS 01 ATEX 7005
2 e N = i
| 2728 Z828 - 28 [ 300 | 28 | 301 93 065 | 0083 | 305 56 | BAS 01 ATEX 7005 ]
Al - - - B B e R S . A T | RS UTRATEX 7003
Z728F | Z828F - 28 | 300 | 28 | 301 93 065 | 0083 [ 421 55 | BAS 01 ATEX 7096
Z728H.F [ Z828HF - 28 | 240 | 28 | 235 19 | o083 | 0083 | 259 44 | BAS 00 ATEX 7096
2728CL | zB28.0L - 28 | s00 | 28 | 301 93 065 | 0083 | 305 56 | BAS 01 ATEX 7005
- - z928 | 28 | 300 [ 28 | 301 93 065 | 0083 [ 305 56 | BAS 01 ATEX 7005

Appendix D: Digital Display - FA MCR-EX-FDS-I1-1-OLP (Phoenix
Contact, 2022a).

Voltage drop =1V

< 3.9V (with display lighting)

Input impedance ®500

Technical data intrinsic safety
Supply circuit U=<30V,
Terminals 1.1,1.2,1.3,1.4,1.5 I, <200 mA
P, <900 mW
C, = negligible
L =35.1uH
Temperature classes T6=-40 'C...+60 °C

(-40 °F ... +140 °F)

Category Type of protection (ATEX) Type of protection (IEC)
112G ExibIICT6 Gb ExibIICT6 Gb




(Phoenix Contact, 2022Db).

Supply voltage range

11VDC...42V DC (Standard)

11VDC...32VDC (SIL active)

11VDC...30VDC (Ex)
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Appendix E: Temperature transducer - FA MCR(-EX)-HT-TS-I-OLP

Category [Type of pi

fon (ATEX)

TypaatpcalosiondfC)

G

ExiallC T6...T4 Ga

ExiallCT6..T4Ga |

112G

ExialIC T6...T4 Gb

ExiallC T6...T4 Gb

Appendix F:  Temperature

Appendix G: Thermocouple - T-type PVC Mini 10ft (Minnesota

Supply Terminals +, -
v = |<30VDC
|| = <130 mA
P = 800 mW
G Negligible
Li = Negligible
Temperature classes Zone 1 ]Zone 0
with FAMCR-HT-D T6 -40°C ... +55°C
T5 -40°C ...+70°C
T4 -40°C ... +80°C
without FAMCR-HT-D  |T6 -50°C ... +58 °C -50°C ... +46°C
15 |-50°C...+75°C -50°C ... +60 °C
T4 -50°C...+85°C | |50°C...+60°C |
S —

transducer

(Phoenix Contact, 2022b).

Attribute
Sensor Type
Probe Length

Probe Diameter

Minimum Temperature Sensed

Maximum Temperature Sensed

Termination Type

Measurement Instruments LLC., 2022).

Specification:

Thermocouple:
Temperature R

Wire length: approx. 10 ft / 305 cm
Probe Diameter: 0.13 inch (3 mm)
Miniature T-Type connector

FA MCR(-EX)-HT-TS-1-OLP

Value

PT1000

50mm

Smm
-20°C
+100°C

Cable

e ]
ange: Continuous use from -418 to 221 °F or}-250 to 105 °C{(short term up to 284°F or 140 °C)

ANSI color coded PVC insulation, red = -, blue = +, outside blue , AWG24, 0.5 mm diameter
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Appendix H: Ex i Barrier - MACX MCR-EX-SL-RPSSI-1(-SP) (PHOENIX
CONTACT, 2022c).

Supply Repeater power supply operation

Nominal supply voltage 24VDC

IECEx [Exi ia Ga] Ic

IECEx BVS 08.0016X
Ex ec [|a Ga] lIC T4 Ge

Safety data in accordance with ATEX and IECEx

Max. output voltage U, 252V

Max. output current |, 93 mA

Max. output power P, 587 mW

Max. external inductivity L, / Max. external capacitance  |: 40 mH/ 4.8 uF
C, simple circuit

Max. external inductivity L,/ Max. external eapacitance  |IA:26 mH /2.9 pF
C, simple circuit

Max. external inductivity L,/ Max. external capacitance  |IB: 14 mH /820 nF
C, simple circuit

Max. external inductivity L,/ Max. external capacitance  |IIC:3 mH /107 nF
C, simple circuit

Appendix I:  Solenoid Valve - PISCIS 12LV (Emerson, 2021).

e

power ratings op ’af or electrical replacement
refix inrush | holding hot/cold enclosure coil
:puon ~ ~ = raa:ge (T5) safety code protection s I = ty(ge
VA [y | w) | w) © (EN60529) 1
Basic power (BP)
™ 86 | 1,6 [ 74 | 6/76 | -25t0+80 | I2GExdblIB+H2GbT4,I2DExtblICDb | IP66/67,alu. | - | - | 01
Low Power (LP,
CFSC 14 [ 1210 11,2 2510 +60 EN 60730 1P65, moulded - - 03
CFSC 2,17 [ 1,67 | 1,50 - -25t0 +60 EN 60730 1P65, moulded - - 03
CFVT®© - - - 1,15/1,35 2510 +60 EN 60730 1P65, moulded - - 04
CFSCZN - - - 11,2 |-25t0+40/55/60| I13GEXnAIICT6[TS[T4Gc, I3DExtcNICDc | IP65, moulded - - 06
CFSCIS@e) - - - 0,5 -10to +40/60 | N12GExiallCT6[T4Ga, I2DExialiCDa | IP65, moulded - - 07
LISCOX - - 0,5 -40to+65 | 12GExiallCT6Ga, Il 2D ExibIICDb® | IP65, moulded - - 02
Ultra low power (UP
PISC - - 0,007 0to +60 1P65, moulded - - 05
PISCIS" 46V - - - 0,003 -20to +50 112G ExialICT6 Ga 12D ExialliCDa | IP65, moulded - - 05
LpIscisiwgy L - - - 0,022 -20to +50 12D ExialllCDa | IP65, moulded - - 05
r PISCIS12LV 1 - - - 0,012 -20to +50 ‘I 2GExialICT6 Ga, 2D ExialiCDa | IP65, moulded - - 05
PISCIS™ T2V - - - 0,032 -20to +50 > 112D Exia llIC Da IP65, moulded - - 05
PISCIS 241V | - - - 0,046 -20to +50 112G ExialICT6 Ga, 12D ExialllCDa | IP65, moulded - - 05
PISCIS24HV| - - - 0,125 -20to +50 112G Exia ICT6 Ga, 12D ExialllCDa | IP65, moulded - - 05

" Piezotronic standard voI!AE
PISC prefix, 24Vto 70 V IDC peak current max.: 80 mA, holding current max.: 1

PISCIS prefix: 6VDC/3mwW 8VDC[22mW 12LVDC/12mW J12HVDC/32mW 24LVDC/[46 mW 24HVDC/125mW
Turn ON voltage U, 6.9V 7,2..12V 108..16V 10,8..16V 21,6..28V 21,6..28V
Turn OFF voltage U, 3v 32v 33V 33V 5V 5v
Peak current 6mA 10mA 6,8mA 8,1 mA 10mA 14mA
Holding current 0,5mA 2,8mA TmA 2,7mA 1,9mA 5,2mA
Cable + max. barrier resistances (R, + R ) 1200 Q2 max. 300  max. 1200 Q2 max. 470 Q max. 1200 Q max. 470 Q max.
@ Refer to s on pages: 4 to
prefix safety parameters o . urrent "ou mir 6’ g AU (c»?mlke 12 8 V (For use in zone 0
U=(DC) l ] ] P l E l C elnsta lation :oncfl tions 1& tructions,
option ! 1 ! “@ Inlrlnsicaﬂ safe pilots: Check the electrical (hara teristics in !he (onespundlng catalogue
™ [mA W [ ® W) |, E?gms c}r gls LISC] Brecias 362155000 56/650 ilote),
«
Low Power (LP) Vel it N £6D =33 AU, min= 11.9V:U,__ recommended=23V; Yon =33Vl 10mA
CFSCIS [ 28 [300[ 16 0 | 0 dV I’°'m|n with LED = 25 mA; Ujgy min.= 16, V; U recommended = 28 V: U = 5,7 Vi gy = 7 mA
2 © Values }ur LED + protection.
T I T o

PISCIS [ 30 [ 200 09 | 0 - Not available

o

|' Ultra low power (UP] ® 314/LPK: Contact us




Appendix J:

The marking of the product shall include the following :

® 11 (1) GD
x ia Da See Certificate Schedule

@1 (M1)  [ExiaMa]l

Input/OQutput Parameters
Non-Hazardous Area Terminals 7 to 14

Up =253V r.ms.

The circuit connected to non-hazardous area terminals 13 .

Non-hazardous area terminals 7 to 12 are connected to r¢
100VA

Hazardous Area Terminals | w.r.t. 2 /3 (Channel 1

Hazardous Area Terminals 4 w.r.t. 5 /6 (Channel 2)*

U = 105V G =10
Iy = l4mA Li =0
P, = 3mW

Attribute

Barrier Type

Number of Channels
Supply Voltage
Module Type

Input Signal Type

101

Ex i Barrier - MTL 5511 (Baseefa, 2017; RS PRO, 2022b).

GROUP CAPACITANCE INDUCTANCE |OR L/R RATIO
(uF) (mH) (H/ohm)
IiC 241 1 983
11B* 16.8 680 1,333
1A 750 1,000 1,333
| 95.0 1,000 1,333

Value

Galvanic Barrier

20 — 35V dc

Switch/Proximity Detector Interface

NAMUR Sensor, Switch

Output Signal Type Relay
Maximum Current 14mA
Minimum Operating Temperature -20°C
Maximum Operating Temperature +60°C
Maximum Voltage 10.5V
Safety Current Maximum 14mA
Safety Voltage Maximum 10.5V
Hazardous Area Certification ATEX
Operating Temperature Range -20 — +60°C

Series

MTLS5500




Appendix K:
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Table A.2 of IEC 60079-11 for the voltages of 25.2 V and 28 V

(IEC, 2012).

Table A.2 (continued)

Permitted capacitance ufF

Voltage | for Group IIC apparatus for Group lIB for Group lIA for Group | apparatus
apparatus apparatus
¥ with a factor of safety with a factor of safety with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
23.6 0.484 Ay .93 0.97 11.8 3.50 16 54
0.478 0.128 .88 0.96 116 3.46 15.8 5.35
0.472 0.127 2.8 0.95 114 4 15.6 .32
0.466 0.126 2.7 0.94 11.2 .3 15.4 .
0.46 0.125 2.7 0.93 11.0 3 15.2 .25
0.454 0.124 27 0.92 10.8 3.31 15 52
0.448 0.122 2,67 0.91 10.7 3.27 148 517
0.442 0.120 2,63 0.90 10.5 3.23 14.64 5.15
0.436 0.11 2,59 0. 10.3 .20 14.4. 4
0.4 0.11 2,55 0. 10.2 16 14.32 05
0.424 0.11 2,51 0. 10.0 .12 14.16 .02
0.41 0.115 2,49 0.87 9.9 3.08 14 5.0
0.412 0.113 2,44 0.86 .05 13.8 4.95
0.406 0.112 2.4 0.85 0 .64 A4
0.4 0.110 2, 0.84 5 2 .4 4,87
o 0.83 A .93 .3 4.85
2 0.82 .90 A 4,

5 g o ,26 0.82 1 4,75
5.4 0.380 0.105 2.2 0. i 2, 12.8 4,72
5.5 0.375 0.104 2.20 0.80 .0 2 12.64 4.7

256 0.37 0.103 237 0.80 8.9 2.7 12.48 465
57 0.365 0.102 2,14 0.79 8 71 12.32 4
25.8 0. 0.101 11 0.78 L7 67 12,16 4,57
.9 0.355 0.100 .08 0.77 6 .63 1 4,55
.0 0. 0.099 .05 0.77 .5 .60 11.8 4,
26.1 0.345 0.098 2.0. 0.76 4 2.57 11.6 4.45
6.2 0.341 0.097 1.9 0.75 3 2,54 11.4 4.42
6.3 0,337 0.097 1.9 0.74 (2 2.51 11.2 4.4
26.4 0 0.096 1,93 0.74 A A 1 4.35
26. 0. 0.095 1.90 0.7 .0 4 0.8 4,
26, 0. 0.094 1.87 0.7 .0 A 0.64 4.27

k 0.321 0.0¢ 1.84 0.7 9 2,39 10.4 4.25

.8 0.317 0.092 1.82 0.7. r & 2.37 10.3 4,2

.9 0.313 0.0¢ 1.80 0.7 7 2.35 10.1€ 4.15

27.0 0.309 0.090 1.78 0.705 7.6 2.33 10 4.12
271 0.305 0.089 1.76 0.697 75 2.31 9.93 4.1
272 0.301 0.089 1.74 0.690 7.42 2.30 9.86 4.05
27.3 0.297 0.088 1.72 0.683 7.31 2,28 9.8 4.0
27.4 0.293 0.087 1.71 0.677 7.21 2.26 9.74 3.97
27, 0.289 0.0¢ 1.70 0.672 7.10 2.24 9.6 3.95
27.6 0.285 0.0¢ 1.69 0. 7.00 2,22
27. 0.281 0.0 1,68 0. 6.90 2,20 .85
7.8 0.278 0.084 1.67 0. 6.80 2.18 . .82
0.275 1.66 0.654 6.70 2.16 94 38
28.0 0.272 0.083 1.65 0.650 6.60 2,15 9.3 3.76
——— 0.269 Ee=a 1,63 0.645 6.54 2,13 9.2 3.72
28.2 0.266 0.081 1.62 0.641 6.48 2.11 9.2 3.70
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Appendix L: Type T Thermocouple Table to Obtain Voltage at 105 °C
(REOTEMP Instrument Corporation., 2011).

A N § AW

INSTRUMENTS
ITS-90 Table for Type T Thermocouple (Ref Junction 0°C) http://reotemp.com

°c 0 1 2 3 4 5 6 7 8 9 10

Thermoeleciric Voltage in mV

0 0000 0039 0078 0117 0156 0195 0234 0273 0312 0352 0391
10 0391 0431 0470 0510 0549 0589 0629 0669 0709 0749 079
20 079 0830 0870 0911 0951 0992 1033 1074 1114 1155 1.196
30 1196 1238 1279 1320 1362 1403 1445 1486 1528 1570 1612
40 1612 1654 1696 1738 1780 1823 1865 1908 1950 1993 2036

2036 2079 2122 2165 2208 2251 2204 2338 2381 2425 2468
2468 2512 2556 2600 2643 2687 2732 2776 2820 2864 2909
2909 2953 2998 3043 3087 3132 3177 3222 3267 3312 3358
80 3358 3403 3448 3494 3539 3585 3631 3677 3722 3768 3814
90 3814 3860 3907 3953 3999 4046 4002 4138 4185 4232 4279

100 4279 4325 4372 4419 446561 4608 4655 4702 4750
110 4750 4708 4845 4803 4041 4008 5036 5084 5132 5180 5228

3828

Appendix M: Type T Thermocouple Table to Obtain Voltage at -270 °C
(REOTEMP Instrument Corporation., 2011).

AV B "™}

INSTRUMENTS
ITS-90 Table for Type T Thermocouple (Ref Junction 0°C) http://reotemp.com

°C 0 -1 -2 -3 -4 -5 -6 -7 -8 9 10

Thermoelectric Voltage in mV

<260 6232 6236 -6239 6242 6245 6248 -6251 6253 6255 -6.256 -6.258
-250 6180 -6.187 -6.193 6198 -6204 -6209 -6214 -6219 -6223 -6228 -6232

-240 6105 6114 6122 6130 -6.138 -6146 -6.153 -6.160 -6.167 -6.174 -6.180
<230 6007 -6017 -6028 -6038 -6049 -6059 -6068 -6078 -6087 -6006 -6.105
<220 5888 5901 -5914 5926 -5938 5950 -5962 -5973 -5985 -5996 -6.007
210 5753 5767 5782 5795 5809 -5823 5836 -5850 -5863 -5876 -5888
-200 5603 -5619 -5634 5650 -5665 -5680 -5605 .5710 -5724 5739 .5753
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Appendix N: Table A.2 of IEC 60079-11 for the voltage of 10.5 V (IEC,

2012).

Table A.2 — Permitted capacitance corresponding to the voltage
and the Equipment Group

Permitted capacitance uF
Voltage for Group IIC apparatus for Group lIB for Group lIA for Group | apparatus
apparatus apparatus
v with a factor of safety with a factor of safety with a factor of safety | with a factor of safety
of of of of
=1 !m *1,5 x4 =1,5 x1 =1,5 *1 =1,5
5.0
5.1 88
5.2 78
5.3 71
5.4 65
5.5 58
5.6 1 000 54
5.7 260 50
5.8 750 48
5.9 870 43
8.0 600 40 1000
8 535 7 880
8.2 475 4 780
8. 420 1 720
8.4 370 28 50
8.5 325 25 70
8.8 285 22 00
8.7 250 18.6 430
8.8 220 17.9 380
6.9 200 16.8 335
7.0 175 15.7 300
7.1 155 14.8 268
7.2 136 13.5 240
7.3 120 12,7 218
7.4 110 11.8 195
7.5 100 11.1 174
7.6 82 10.4 160
7.7 as 9. 145
7.8 78 8. 130
7.9 74 8. 115
8.0 B8 8.4 100
1 65 8.0 o0
.2 81 7.8 81
3 56 7.2 73
4 54 6.8 88
5 51 6.5 60
8.8 49 8.2 55
8.7 47 5.8 50 1 000
8.8 45 5.5 48 730
8.9 42 5.2 43 580
8.0 40 4.9 1000 40 500
8.1 38 4.6 920 37 448
8.2 6 4.3 850 4 [l
8.3 14 4.1 790 1 34
8.4 2 9 750 20 Dl
8.5 0 7 700 27 25! 1000
8.6 2 8 850 26 21 500
8.7 26 5 800 24 17 320
8.8 24 3 550 23 13! 268
0.9 22 2 500 22 11 180
10.0 20.0 .0 450 0.0 10| 180
10.1 18.7 87 410 0.4 83 180
10.2 17.8 2.75 80 8.7 88 140
0.3 17.1 2.6 50 18.0 8 120
04 16.4 25 25 17.4 7 110
LML‘?—% 0o 16.8 z e
A 15.0 . 280 16.2 72 0
[ 10.7 14.2 | 2.23 260 15.6 68 5
| 10.8 13.5 | 2.4 240 15.0 L] 0






