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FOREWORD 

 

 

 

The most serious accidents with 120/240-V appliances are probably those involving electric shock 

and fire. Increasing trend of incidences of fire accidents and electrocutions all over the country is a 

matter of serious concern and require focused attention in achieving electrical safety on Indian 

Railways in low voltage installation. Indian Railway’s installations i.e., Rly. stations, Hospitals, service 

buildings etc., it is the LV electrical installations which have the direct interface with the passengers 

or the user. The efficacy of protection system has a major role in ensuring safety. The correct 

practices of calculation of fault loop impedance, selection of appropriate protective device and correct 

conductor/ protective conductor size at design stage can mitigate the cases of fire due to electrical 

short circuits. 

There are Indian Standards and other regulatory guidelines but unfortunately these provisions have 

very less appreciation and implementations at field levels. It is also observed that there are certain 

mis-conceptions among IR field officials about the protection system in LV installations. 

To break the myths about protective system and devices and to ensure wide dissemination of 

knowledge on correct selection and application LV protective devices in LV installations, CAMTECH, 

Gwalior is in the process of publishing a series of Volume on the subject. This volume-2 on “Selection 

and Application of LV Protective Devices” under the document “Safety in Electrical Low Voltage 

Installations” has been finalised by CAMTECH. 

The object of this booklet is to disseminate the knowledge among the electrical engineers and 

technicians and enhance safety. This will be beneficial to them in ensuring correct selection of 

conductor size and protective devices for low voltage electrical installations to ensure safety and 

reliability of systems and to save precious human lives and property. 

I am sure that this booklet will be useful for electrical design, maintenance engineers and technicians 

for updating their knowledge, improving the reliability and safety of electrical installations as well as 

precious human lives. This will be also helpful in reducing the electrical failures on account of 

electrical faults. 

 

            (Jitendra Singh) 

               Principal Executive Director 
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PREFACE 

There are Indian Standards and regulations on protection system and protective devices which are not 

being referred and also misinterpreted at many places during design and commissioning of low voltage 

electrical installations. Electrical engineers and technicians are ignorant about proper selection and 

application of protective devices according to system earthing and load requirements. Even many of us 

are not aware that MCBs are available in different types and their application is also specific. 

 

Railway Board advised CAMTECH, Gwalior to study the subject and prepare a document addressing the 

common myths about LV protective devices in light of various Indian Standards and other relevant codes 

to disseminate the knowledge among the electrical engineers and technicians about selection and 

application of protective devices in LV installations. 

 

This volume-2 on “Selection and Application of LV Protective Devices” under the document “Safety in 

Electrical Low Voltage Installations” has been prepared by CAMTECH, Gwalior with the objective to 

spread awareness on common myths about protective system and devices and to ensure wide 

dissemination of knowledge on correct selection and application LV protective devices in LV installations. 

 

This booklet comprises the common myths about LV protective devices along with their explanations, 

facts with technical support for easy to understand. This volume also covers the mmeasurement and 

calculation of earth fault loop impedance, earth leakage current and its measurement, overcurrent 

protective devices, their working principle and classifications, sizing of conductors, protective 

conductors (earth wires) & Neutral conductor etc. Special attention given to designing of final circuit 

including design current, rating of MCB, type of MCB, size of conductor, coordination between protective 

devices and conductor along with examples, colorful illustrations which will be easy to understand. 

 

Technological up-gradation & learning is a continuous process. Please feel free to write to us for any 

addition/ modification in this booklet. We shall highly appreciate your contribution in this direction. 

 

 

 

Date: 26.11.2021 (Himanshu Maheshwari)   

Place: CAMTECH/Gwalior  Dy. Director /Electrical 
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OBJECTIVE OF PUBLICATION 

To prepare guidelines which can educate the Indian Railway (IR) engineers and technicians dealing with 

low voltage electrical installations and other IR officials about various provisions given in IS standards 

pertaining to IS 3043-2018, IS 732:2019. 
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CHAPTER 1 

 

 

MYTHS & FACTS ABOUT PROTECTIVE DEVICES 

 

 

The fundamental rule of protection against electric shock is “Hazardous live parts must not be accessible and 

accessible conductive parts must not be hazardous live”, para 4.2 of IS 732:2019. 

There are several myths and misperceptions about protective devices in the minds of personnel dealing with 

low voltage electrical installations, which are either not true or partially true. Some of the commonly noticed 

myths have been enumerated in the following sections along with related facts. The other pertaining points 

have been covered in various other chapters. 

 

1.1 Myth-1: 10A MCB will Trip immediately if Load Current reaches above 10A 

Fact: Not True  

MCB will not trip immediately if load current exceeds to its rated current value. Tripping time of MCB in 

case of overcurrent will be based on the table shown below. 

In case of 10A MCB (B,C,D), when current will go beyond 10 A it will trip in timing as given in example 

Table1: Time-Current Operating Characteristics 

 (Ref: table 7 of IS/IEC 60898-1: 2015) 

S. 

No. 

MCB 

Type 

Test current 

(Where In is 

rated current) 

Limits of 

tripping time 

Example: Tripping current and time for 

MCB Rated Current (In) = 10A 

1. B,C,D 1.13 In Non Tripping Upto 11.3 A(1.13x10) current MCB will 

not trip 

2. B,C,D 1.45 In t<1h(for In ≤ 63 A) 

t < 2 h(for In > 63 A) 

Current ≥ 14.5 A (1.45x10) MCB may 

take upto 1 hour to trip. 

3. B,C,D 2.55 In 1s<t<60s (for In ≤ 32A) 

1s<t<120s(for In > 32 A) 

Current ≥ 25.5 A (2.55x10) MCB may 

take upto 60 sec to trip. 

4. B 

 

5In 

 

t < 0.1 s Type B will trip within 0.1 sec at current 

≥50A (5x10) 

5.  

C 

10 In 

 

t < 0.1 s Type C will trip within 0.1 sec at current 

≥100A (10x10) 

6. D 20 In t < 0.1 s Type D will trip within 0.1 sec at current 

≥ 200A (20x10) 
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Figure 1: Time Current Characteristic of B/C/D Type MCB 

 

Conclusion: It is very clear from above table that MCB will not trip if load current reaches to its rated 

current value. Tripping time of MCB will depend on magnitude of overcurrent &type of MCB. For 

Instantaneous tripping (i.e. t < 0.1 s) of 10 A MCB it will need 50,100,200 Amps for B,C,D types MCB 

respectively. 

 

1.2 Myth-2:  MCB Protects Human against Electric Shock in Case of Earth fault/Earth 

Leakage 

Myth explanation: It is generally believed that MCB provided in the electrical circuit/system, will protect 

from electric shock in case of fault due to any reason. 

Fact: Partially True 

Tripping of MCB within permissible time (within 0.1 sec) in necessary to avoid electric shock. In case 

of earth fault, Tripping of MCB within 0.1 sec will depend on the prospective earth fault current and this 

fault current will in turn depends on earth fault loop impedance and further this impedance will depend 

on type of system earthing. 
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Now in case of earth fault of negligible impedance (direct contact of line wire to earth) in TN (TN-C-S 

or TN-S) system (TN-C-S is the most common system used by electrical Utilities para 4 of IS 

3043:2018) as shown in fig 2 where earth fault current passes through metallic return path which has 

a very low earth fault loop impedance, fault current is very high. If the system is provided with suitably 

selected MCB considering earth fault loop impedance, it will activate and disconnect the supply to the 

circuit/equipment instantaneously (within 0.1 sec) and may protect against electric shock. 

Whereas in case of earth fault of negligible Impedance (direct contact of line wire to earth) in TT system 

as shown in fig 3, where earth fault current passes through soil (no metallic return path) from installation 

earth to source earth which has a high earth fault loop impedance, prospective earth fault current will 

not be sufficient enough to initiate instantaneous tripping of MCB and hence will not protect against 

electric shock. 

 

Figure 2: Earth Fault Loop in TN-S system 

 

 

Figure 3: Earth Fault Loop in TT system 

There is difference between earth fault and earth leakage (explained in Myth 6). Earth leakage can’t be 

detected by MCB both in TT & TN-C-S system due to minor leakage current. 

 

Conclusion: Hence MCB will not ensure 100% protection against electric shock in all systems in case 

of earth faults. Tripping of MCB within permissible time (within 0.1 sec) is necessary to avoid electric 

shock & this will depend on earth fault loop impedance. RCCB of 30 mA will protect against electric 

shock both in case of earth fault as well as earth leakage.  
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1.3 Myth-3:  Selection of MCB is Done Based on Load Current Only 

Myth Explanation: In general, when we buy a MCB for a circuit or an installation we select MCB rating 

as per load current requirement only irrespective of its type. For example, a circuit with a load of 8 A 

we select MCB of 10 A rating and believe that it will save the system against any electrical hazard/fault. 

Fact: Not True   

There are three important criteria for selection of suitably rated MCB for giving protection to an electrical 

circuit/equipment against overload & short circuit within permissible time. 

I. Selection of Current rating of MCB: - For a circuit with a load of 8A we can select MCB of 10 A 

rating. 

II. Type of Load : -Selection of Type of MCB depends upon the type of load 

 B type MCBs are suitable for domestic and small commercial applications where switching 

surges are low or non-existent. 

 C type MCBs are normally suitable for commercial and industrial applications where some 

degree of electrical inrush is expected. 

 D type MCBs have more limited applications in industrial use where higher inrush currents 

may be expected. Examples include large battery charging systems, motors, transformers, X-

ray machines etc. 

 

Primary job of the MCB is to protect the wiring and installation from over current and short circuits 

as well as provide shock protection by automatic disconnection of supply within permissible time. 

The disconnection of MCB will depend upon earth fault/short circuit loop impedance. Earth fault 

loop impedance will further depend upon type of system earthing (TN or TT). On the basis of 

measured earth fault loop impedance, the prospective earth fault current which is required for 

immediate tripping (i.e. ≤0.1 sec) of MCB can be calculated. The maximum permissible earth 

fault loop impedance for type B, C, D MCB is given below and calculation of this is explained in 

chapter 5. 

Table 2: Maximum Permissible Earth Fault/Short circuit Loop Impedance for Type B, C, D MCB 

 

Type of MCB MCB rating in Amps 6 10 16 20 

B / It (5 Times) Zs 5.11 3.07 1.92 1.53 

C / It (10 Times) Zs 2.56 1.53 0.96 0.77 

D / Ib (20 Times) Zs 1.28 0.77 0.48 0.38 

Example:  For the above 8A (load current), the value of earth fault loop impedance for the 

concern circuit is 1.8Ω. What type MCB to be used? 

As per table given above, the value of maximum permissible Earth Fault/Short circuit loop impedance 

for different type 10A rating MCBs are as below:  

Type B:  3.07Ω 

Type C:  1.53Ω 

Type D:  0.77Ω 
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Type B MCB of 10 A rating is suitable for the above circuit since earth fault loop impedance is 1.8Ω 

which is higher than the max value of earth fault loop impedance permitted for type C & Type D 

and lower than max value permitted for type B MCB of 10 A rating. 

   

 

Figure 4: B and C type MCB 

1.4 Myth-4: Higher rated MCB is better than required rated MCB to protect the System 

against Short Circuit 

Myth Explanation: In general higher rated MCB than required is selected assuming present load of 

installation and keeping in mind the future expansion without bothering about the tripping in case of any 

short circuit fault. This is due to the perception that MCB of higher rating will give better protection the 

system unlike suitably rated MCB against short circuit and earth fault conditions (excluding overload 

condition). 

Fact: Not True   

Generally, lot of people have the misconception that higher rating MCB will be better to protect the 

system than required rating MCB but it’s not true. This may be understood by following example: 

Consider a circuit or installation with load current of 30A. Two different capacities 32A & 63A of B type 

MCBs are taken for this illustration. 

 Comparison of tripping characteristic of 32A & 63A Type B MCBs for an installation with 240V supply 

and earth fault loop impedance of 1 Ω are given below. During earth fault condition, the prospective 

fault current will be 

I =
V

 ZS
=

240

1
= 240 A 

  Table 3: Detail of Instantaneous Tripping Current for 32A/63A type B MCB 

 

Condition 
32A Type B  

(3 to 5 times) 

63A Type B  

(3 to 5 times) 
Remarks 

Instantaneous 

tripping current 
160A (5x32) 315A (5x63) 

For Instantaneous tripping within 0.1 sec for 

protection against electric shock, the fault 

current should be 5 times of its rating. 
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In case of short circuit condition, current will raise upto 240 A, during this 32A type B MCB will trip at 

160 A instantaneously (within 0.1 sec) while 63A type B MCB will require 315A for instantaneous 

tripping and hence will take some more time than 0.1 sec. which may be dangerous and can cause 

fire or electrocution 

Hence, current rating of MCB in any circuit or installation shall be nearer to actual load requirement to 

enable tripping of MCB within permissible time. 

1.5 Myth-5: Earth Fault and Earth Leakage are same 

Myth explanation: This is a common myth that earth fault and earth leakage are same types of faults. 

Fact: Not True 

There is a difference between Earth Fault and Earth Leakage. 

As per para 3.62 of IS 732: 2019, “Earth fault current, is a current resulting from a fault of negligible 

impedance between a line conductor and an exposed conductive part or a protective conductor”. 

It means earth fault is a fault condition when a live conductor directly or through a negligible impedance 

touches the earth conductor or exposed conductive part of the equipment, causing a substantial fault 

current. 

As per para 3.65 of IS 732: 2019, “Earth leakage current, is a current which flows to earth, or to 

extraneous conductive parts, in a circuit which is electrically sound”. 

It means earth leakage is a condition when a very low current (in mA) leaks from live conductor to earth, 

or to extraneous conductive parts, in a circuit which is electrically sound.  This may be due to 

deterioration in insulation of circuit/ equipment caused by aging, bad environmental conditions, poor 

quality of material, etc. 

This is important to know that earth fault current can be detected by overcurrent protective devices while 

as earth leakage current can’t be detected by OCPD. 

 

Figure 5: Earth Fault 
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Figure 6: Earth Leakage 

1.6 Myth-6: Earth Leakage Circuit Breaker (ELCB) and Residual Current Circuit Breaker 

(RCCB) are Similar Protective Devices 

Myth Explanation: This is general misconception that ELCB and RCCB have similar function and either 

of them may be provided for protection against earth fault/ earth leakage. 

Fact: Not True 

In general ELCB is obsolete in the system and RCCBs is the most common device being used for 

residual current protection. Still many electrical technicians are not aware of difference between them. 

RCCB: As per para 3.3.1 of IS 12640, “residual current operated circuit-breaker is a mechanical 

switching device designed to make, carry and break currents under normal service conditions and to 

cause the opening of the contacts when the residual current attains a given value under specified 

conditions.” 

ELCB: Earth Leakage Circuit Breaker (ELCB) is a safety device which detects small stray voltages on 

the exposed conductive parts of electrical equipment and interrupts the circuit if the voltage level 

exceeds the 50 volts. 

Major differences between ELCB & RCCB are as below:- 

Table 4: Major Differences between ELCB & RCCB 

 

S.N. ELCB RCCB 

1 Voltage dependant operating device Voltage independent operating device 

2 The prospective touch voltage (stray voltages) 

developed due to earth fault current will be 

sensed by trip coil and it will actuate at its rated 

trip voltage (generally 50 V) to disconnect the 

live conductor. These devices measured the 

potential difference between earth conductor 

and reference earth of the source. 

The same amount of current which flows 

in the live conductor shall return through 

the neutral conductor. Any difference in 

the currents between line and neutral (i.e. 

Δi) will be sensed by the trip coil of RCCB 

and it will actuate at its rated trip current 

to disconnect the live conductor. 

3 This requires low earth fault loop impedance 

(i.e. proper earthing) is required for tripping of 

ELCB as to create sufficient trip voltage, high 

fault current is desired. 

Value of earth fault loop impedance does 

not matter for tripping of RCCB as this 

sense difference of current between line 

and neutral. 
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4 The ELCB is obsolete and not being used for 

earth leakage protection. 

The RCCB is currently being used for 

earth leakage protection. 

 

 

Figure 7: Earth Leakage Circuit Breaker (ELCB) 

 

 

Figure 8: Residual Current Circuit Breaker (RCCB) 

1.7 Myth-7: MCB will also give protection in case of Arc Fault 

 Myth explanation:  It is generally believed that MCB will also protect in the case of the electric arc. 

Fact: Not True 

Arc Fault: Arc faults in electrical wiring permit electricity to jump through the air via an electric arc to an 

unintended path. An arc fault may generate heat in electric wiring upto extreme temperatures which may 

cause melting of insulation/ conductors and may ignite anything combustible nearby and may also 

result in fire accidents. Arc faults can occur from loose connections, damaged insulation, crossed 

wires, or pinched or overheated wires. 
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Some pictures where arc fault may occur, are given below: 

 

Within electrical cords accidently damaged   Through old or cracked wires or cords. 

By furniture resting or pressing upon them. 

 

 

Within walls from nails, screws or            At loose electrical connections or cords     Through wires or cords damaged by 

Staples inadvertently driven into wires      damaged by doors closing on them heat, sunlight or humidity 

Figure 9: Different Reasons of Arc Fault 

 

MCB is designed to work based on overcurrent and hence can’t detect arc. An Arc Fault Detection 

Device (AFDD) may be used to detect arc faults on an early stage, before a fire can occur and 

disconnect the final circuit. 

 

1.8 Myth-8:  Flickering of Lights is assumed to be a short Circuit in the Wiring 

Myth Explanation: The term, short (or short circuit in the electric system) are generally used by public, 

for any electrical abnormality going on, like flickering of light, arcing etc. 

Fact: Partially True 

 A “short or short circuit” is a very specific situation in an electrical system. It means electrical current 

has found an alternate low impedance path around its intended load or circuit i.e. current is passing 

through another low impedance path than desired, usually leaking directly to earth (like a short 

cut).  This may be due to improper design wiring, or damaged cables or faulty equipment. 

This high current flowing in the circuit may cause massive over-heating of the wire and leads to a failure, 

perhaps may convert into a fire. To prevent this, appropriate protective devices (like circuit breaker or 

fuse) are provided in the circuit to detect and open the faulty circuit thus stopping the current. 

Conclusion: If lights are flickering/arcing/arcing sound, there may be possibility of a loose connection 

in the circuit. 

 

1.9 Myth-9:   Single Pole with Neutral (SPN) and Double Pole (DP) MCBs are same and 

either may be used 

 

Fact: Not True  

MCB is an overcurrent protective device which provides protection against over load, short circuit 

currents and also works as a switching device. The brief description of SPN and DP MCBs are as under: 
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Table 5: Brief Description of SPN and DP MCBs 

 

S.N. Number of 

Pole 

Short 

Name 

Description Wiring 

Diagram 

Pictures 

1.  Single Pole 

and Neutral 

SPN Protection (overload 

& Short circuit) is 

affected in phase 

only. Neutral is part 

of the MCB as a 

separate pole but 

without any 

protection. 

 

 

 

2.  Double 

Pole  

DP Switching & 

protection (overload 

& Short circuit) is 

affected in both 

phase and neutral. 

 

 

Conclusion: Neutral is not protected in case of SPN type MCB, only switching facility for Neutral is 

available. DP type MCB has both switching and protection facility for both phase and Neutral. 

 

1.10 Myth-10: Protective Device will protect both wiring and equipment 

Fact: Partially True 

As per para 4.4.1 of IS 732; 2019 “Protective devices shall be provided to disconnect any overcurrent 

in the circuit conductors before such a current could cause danger due to thermal or mechanical 

effects detrimental to insulation, joints, terminations or material surrounding the conductors.” 

Conclusion: From above para it is very clear that provision of protective devices is primarily meant for 

protection of wiring i.e. insulation, joints, terminations or material surrounding the conductors. 

However, equipment/load may also be protected due to isolation of faulty circuit from source by 

protective device. In general, electrical equipment are provided in built protection by the manufacturers 

as per their standard requirements.  
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1.11 Myth-11:  MCCB is better choice in compare to MCB 

Fact: Partially True 

MCCB & MCB both are over current protective devices for 

protection against overload & short circuit. MCBs are 

available in rated current upto 125Amp, breaking current 

capacity upto 10 KA and tripping characteristic of MCBs are 

fixed i.e. they cannot be set for other values than rated. 

While as MCCBs are available with rated current upto 

1600Amp, short circuit current breaking capacity (KA) is 

higher along with adjustable trip settings for over load and 

short circuit currents. 

 

Figure 10: Adjustable Moulded Case Circuit Breaker (MCCB) 

 

For Domestic applications, generally low current rating along with low breaking capacity are required. 

Adjustment of tripping characteristic i.e. overload & short circuit current settings are not required for 

these installations. Accordingly, MCBs are better choice compare to MCCBs in small commercial and 

domestic installations which are cheaper also. 

For commercial and industrial use MCCB is better than MCB due to availability of fine Adjustment of 

Tripping characteristic, which is required for better control and protection of costly equipment. 

 

1.12 Myth-12: In case of unwanted tripping by RCCB, it is assumed that RCCB is faulty 

Myth explanation: Whenever there is an unwanted tripping of RCCB, user assume that RCCB is faulty 

and they bypass the RCCB connections. 

Fact: Not true 

Since the tripping current of RCCB is 30 mA (Difference of current 

between line and neutral) which is very low, so if there is any leakage 

current due to any of the following reasons the RCCB may trip:  

Standing leakage currents: these are usually either due to low insulation 

levels or to the presence of filters or capacitance between line and 

earth. Such standing leakage current can either be of rated frequency 

(50/60 Hz) or harmonics. Electronics load such as electronic ballasts, 

frequency inverters, etc. are also have standing leakage currents. 

Surge currents due to lightning or switching/ EMF interference. 

  

Figure 11: RCCB 

 Conclusion: In a circuit, leakage current may be due to many reasons which are need to be addressed 

accordingly to avoid unwanted tripping of RCCB. Bypassing the connections of RCCB is dangerous 

and an open invitation to electrical hazards.                               
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1.13 Myth-13: C Type MCB should be preferred over B Type MCB for all load types 

Myth explanation: C type MCB should be preferred over B type MCB, if earth fault loop impedance 

requirements are satisfied in both the cases for all kind of loads such as lighting, motor loads, etc. 

Fact: Partially true 

The classification of B, C or D types MCBs is based on the fault current rating at which instantaneous 

tripping occurs (typically within less than 0.1 s) to protect against short-circuits. It is important that 

equipment having high inrush currents should not cause the MCB to trip unnecessarily, and yet the 

device should trip in the event of a short-circuit current that could damage the circuit cables. 

Typically, high inrush currents are associated with Inductive loads such as motors, induction heaters 

etc. 

 B type MCBs are suitable for domestic and small commercial applications where switching 

surges are low or non-existent. 

 C type MCBs are normally suitable for commercial and industrial applications where some degree 

of electrical inrush is expected. 

 D type MCBs have more limited applications in industrial use where higher inrush currents may 

be expected. Examples include large battery charging systems, motors, transformers, X-ray 

machines etc. 

For example, for a 8 A lighting circuit with earth fault loop impedance of 1Ω, B-type 10A MCB has 

instantaneous tripping current at 50 A, while C-type 10A MCB instantaneously tripping current is 100 

A in this case both B & C can be used as both will provide protection against short circuit but B should 

be preferred over C due to low cost and less tripping range of 50A. For higher loads the MCB rating 

will be higher, for example 32A type B & C MCB instantaneous tripping current will be 160 A and 320 

A respectively, with earth fault loop impedance of 1Ω  the prospective fault current will be 230A and 

C type MCB will not be able to trip instantaneously. 

While in case of a motor (Full load current of 10 A) the starting current of motor on load is 5 to 6 

times of normal full load current, i.e. in this case this current may be 50 to 60 A during starting and 

10A B-type MCB is not suitable as this will trip instantaneous at 50 A. Hence in this case, we should 

use C type 10 A MCB as instantaneously tripping current is 100 A, allowing starting current without 

tripping. 

 

1.14 Myth-14: In a Final Lighting Circuit there is no limitation of number of Points including 

sockets 

Fact: Not True 

As per para 3.87 of IS 732:2019 “Final Circuit is a circuit connected directly to current using 

equipment, or to socket outlets or other outlet points for the connection of such equipment.” 

As per para 5.8.2 of NEC: 2011, the final circuit is the circuit which is connected to single-way of 

switch board/sub-switch board or fuse/MCB distribution board for supplying current to one or more 

load point. 

As per Para 5.1.1.2 of NEC 2011: Each Final circuit shall not have more than a total of ten points of 

light, fans and 6Asocket outlets. The load of such circuit shall be restricted to 800 W. If a separate fan 

circuit is provided, the number of fans in the circuit shall not exceed ten. 

For load calculation of final circuit diversity should not be considered and it should be calculated based 

on actual connected load on each circuit. 
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1.15 Myth-15: In a Final Power Circuits there is no limitation of number of power Points 

Fact: Not True 

As per para 5.8.2 of NEC: 2011: Power Final circuit shall be designed according to the load but in no 

case shall there be more than two 16A outlets on each final circuit.  

As per para 6.4.3 of Draft NEC Part-1, also for every A.C. and Water-heater there shall be provision of 

independent circuit. 

Load on any single power circuit shall not exceed 3kW and number of 16A power outlets on a circuit 

shall not be more than two. 

This means if it is likely that an equipment having load 3kW, for example, instant hot water geyser, is 

going to be connected on a power outlet, there shall not be second power outlet on the same power 

circuit. 

 

1.16 Myth-16: Selection of RCCB should be done based on leakage current only 

Myth Explanation: While selecting a RCCB, we generally ask for rated current and leakage current. 

Fact: Not True 

Selection of RCCB also depends on type of load or electrical equipment as shown in table given below: 

 
Figure 12: Type of RCCB 

For example, loads working on sinusoidal AC without any electronic components, such as Immersion 

heater, Oven/Hob with resistive heating elements, Tungsten & halogen lighting etc., AC type RCCB 

should be used. 

Loads working on Pulsating DC with electronic components, such as Single phase invertors, IT & 

Multimedia equipment, Induction hobs, lighting controls such as a dimmer switch and home and 

building electronic systems LED drivers etc. A type RCCB should be used. 

Loads working on Smooth DC, such as UPS, Solar (Photo voltaic) Power Electronic Converter 

Systems etc. Type B is also suitable for Type AC, Type A applications. 
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CHAPTER 2 

 

 

PROTECTION IN LOW VOLTAGE INSTALLATIONS 

 
 

2.1 Definition of Different Type of Voltage System are as below: 

(Ref: Para 3.3.37 to 3.3.40 of Part 1 – Section 2 of NEC 2011) 

Table 6: Different Type of Voltage System 

 

Low Voltage  The voltage which does not normally exceed 250 V  

Medium Voltage  The voltage which normally exceeds 250 V but does not exceed 650 V  

High Voltage  The voltage which normally exceeds 650 V (but less than 33 kV) 

Extra High Voltage  The voltage exceeding 33 kV under normal conditions. 

 

2.2 Standard Values of Voltages in LV Installations 

For medium and low voltage of distribution system, the recommended standard values of nominal 

voltages are 240 V single-phase and 415 V three-phase with a tolerance of ± 6 percent (IS 12360:1988 

R2010). 

 

2.3 LV Protection System& Its Requirement 

(Ref: Para 4 of IS 732:2019)  

System that is essential to safeguard persons, property and electrical equipment against ill effects of 

electricity is called Electrical Protection system. The LV protection required for different faults are 

protection against Electric shock, Protection against thermal effects, Protection against over current, 

Protection against fault currents, etc. 

2.4 Reasons for Electrical Faults 

There is a number of reasons for the occurrence of a fault in the Electrical system. Some of the possible 

reasons of faults are as below:  

 

2.4.1 Overload 

(Ref: Para 2.15 NEC 2011) 

Operating conditions in an electrically undamaged circuit, 

which causes an over current. It is mainly caused when 

one tries to use a equipment beyond its rated capacity, or 

there is a fault within equipment. 

Figure 13: Overload 

2.4.2 Short-circuit 

(Ref: Para 3.1.17 NEC 2011) 

The intentional or accidental connection of two points of a 

circuit through a negligible impedance. Examples Insulation 

Failures, Shorting of the Phase to Phase or Phase and 

Neutral Wires. 

 

Figure 14:  Short Circuit 

http://electricalarticle.com/overview-power-system/
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2.4.2.1 Difference between over load &short circuit 

Table 7: Difference between Overload & Short Circuit 

 

Basis For 

Comparison 

Short Circuit Overload 

Meaning In short circuit is defined as a connection 

between two nodes that forces them to be at 

the same voltage. In an 'ideal' short circuit, this 

means there is no resistance and thus no 

voltage drop across the connection. 

The overload means the load 

greater than the desired value, 

which have been imposed on the 

system. 

Voltage Zero The voltage becomes low, but 

cannot be zero. 

Current High Low as compared to short circuit. 

Occur It occurs when the neutral and phase or phase 

to phase come in contact with each other. 

It occurs when operating current 

increases beyond permissible 

value. 

2.4.3 Earth fault 

Accidental connection/contact of a live conductor to earth (exposed conductive parts/earth conductor) 

with negligible impedance is called an earth faults. Ex- Short circuit between Phase and Earth 

Conductor. 

2.4.4 Earth leakage 

Electric current that finds its way to earth via an unintended path due to poor/bad insulation then it is 

called Earth Leakage current. 

 

2.5 Earth Fault Loop Impedance 

2.6 Definition 

(Ref: Para 3.64 of IS 732:2019) 

Impedance/resistance encountered by earth fault current under earth fault condition is called “earth fault 

loop impedance”. This is the most important parameter to be known/measured to decide the 

effectiveness of the protection system. 

The impedance of the earth fault loop starting from the point of earth fault and ending at the point earth 

of fault. This impedance is denoted by the symbol ZS.  

The earth fault loop comprises the following, starting at the point of earth fault 

1. The circuit protective conductor (earth conductor); 

2. The consumer’s earthing terminal and earthing conductor,  

3. In TN systems, the metallic return path; i.e. PEN/ PE conductor and for TT systems, the earth return 

path through soil; 

4. The path through the earth neutral point of the transformer; 

5. The transformer winding; and 

6. The line conductor from the transformer to the point of fault. 
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The short circuit loop impedance (phase to neutral or phase to phase) comprises the following, starting 

at the point of short 

1. The Neutral conductor up to main distribution board; 

2. The PEN conductor (For TN-C-S) and Neutral conductor for TN-S/ TT system 

3. The path through the earthed neutral point of the transformer; 

4. The transformer winding; and 

5. The line conductor from the transformer to the point of short. 
 

2.7 Earth Fault Loop Paths in Different Earthing System 

Different Earthing systems has different earth fault path as shown below. (Type of system Earthing 

already discussed in the Para 6 of CAMTECH Book: “Safety in Electrical Low Voltage Installation” Vol-

1 Basic of LV Earthing system). 

2.7.1 TN system 

2.7.1.1 TN-C-S system (Most common system used by Electrical Utilities) 

 

Figure 15: Earth Loop Path due to Earth Fault (P-E/N-E) in TN-C-S system 

2.7.1.2 TN-S system 

 

Figure 16: Earth Loop Path due to Earth Fault (P-E/ N-E) in TN-S System 
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2.7.2 TT system 

 

Figure 17: Earth Loop Path due to Earth Fault (P-E) in TT system 

 

2.8 Measurement of Fault Loop Impedance 

Most common practice of Measurement of fault loop impedance is by Fault loop impedance meter, 

however it can be calculated by Voltage drop method (Given in annexure-1) and also based on 

calculation of impedance of the circuit during design stage shown in para 2.8.2. 

 

2.8.1 Measurement of fault loop impedance using fault loop impedance tester (Practically Used) 

Fault Loop impedance testers are used to measure earth fault loop impedance between Phase to earth 

and short circuit loop impedance (phase to neutral). This equipment also gives prospective earth fault 

current/ short circuit current to decide suitable protective device for the system. 

 

Figure 18: Measurement of Fault loop Impedance using Fault Loop Impedance Tester 
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2.8.1.1 The fault loop impedance test sequence 
 

Table 8: Test Sequence for Measurement of Earth Fault/short circuit Loop Impedance by Fault 

Loop Impedance Tester 
 

Step 1  Locate the point on the circuit to be tested 

Step 2 With the appropriate Fault Loop impedance Tester, connect the test leads to the Line, 

Neutral and Earth terminals.   

Step 3  Check instrument for safety and set on ZL-N/ZL-E for measurement of loop Impedance 

between Line to Neutral (Short Circuit case) and Line to Earth (Earth fault case) 

respectively.  

Step 4  Press the TEST button. The Meter will measure loop impedance in Ω and prospective 

fault current.  

Step 5 Write down the test results for record.  

NOTE: If the circuit is RCD protected than you will have to select the “No trip” function of the 

Megger to avoid nuisance tripping of the RCD. If your tester does not have this option then you 

will have to Bypass the RCD for testing.  

 

2.8.2 Estimation of Earth Fault/short circuit Loop Impedance for Design purpose 

The Approximate value of Earth Fault/short circuit Loop Impedance can also be calculated theoretically 

during design stage only based on the method given below and technical design data.  

All data (capacity of transformer/MCB/MCCB/ACB and type and size of cable/wire) is assumed for 

explanation purpose and should not be treated as reference, Illustration of single line diagram for 

Measurement of Earth Fault/short circuit Loop Impedance as below:-   

 

Table 9: Illustration of Single line diagram for Measurement of Earth Fault/short circuit Loop Impedance  

 

1.  Suppose a 11KV/0.4 KV, 2 x 500 KVA sub-station exist.  

2.  In which each transformer is feeding to incoming ACB of Main LT panel with 8 Nos. single 

core 300 sq.mm LT XLPE aluminium conductor unarmoured cable (2 Nos. in each phase& 

Neutral) and length 30 Meter each. 

3.  One No. MCCB from Main LT Panel is feeding to incoming MCCB of MDB (Main distribution 

board) with 1 No. Four core 95 sq.mm LT XLPE aluminium conductor armoured cable and 

150 Meter length 

4.  One No. MCB from MDB is feeding to incoming MCB of SDB(Sub distribution board)  with 

Four core 10 sq.mm LT XLPE aluminium conductor armoured cable and 25 Meter Length  

5.  One No. MCB from SDB is feeding a 15A Socket through 4 sq.mm PVC insulated multi-

stranded copper wire and 7 Meter Length 

6.  One No. protective conductor from socket to MDB has been laid for TNCS system 
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Figure 19: Single Line Diagram for Measurement of Earth Fault/short circuit Loop Impedance 



SAFETY IN ELECTRICAL LOW VOLTAGE INSTALLATIONS 

20 VOLUME 2: SELECTION AND APPLICATION OF LV PROTECTIVE DEVICES 

2.8.2.1 Assumption Made 

Following assumptions have been made for this circuit 

 Transformer is connected to infinite bus 

 Tap changes of Transformer are assumed to be in main position 

 Transformer is a Delta/Star with solid neutral earthing 

2.8.2.2 DATA available 

Following Data are available for the calculation of Earth Fault/short circuit Loop Impedance at fault 

Point:  

Table 10: Available Data for the Calculation of Earth Fault/short circuit Loop Impedance 

 

Line Voltage 400 Volt= 0.4KV 

Transformer Capacity 500KVA 

%Z (Percentage impedance of transformer) 4.5 

Cable Resistance Per KM per phase for single core 300 

Sq.mm LT XLPE aluminium conductor cable   

0.100x2 Ω/KM =0.0002Ω/Meter 

Cable Resistance Per KM per phase for Four core 95 

Sq.mm LT XLPE aluminium conductor cable   

0.320 Ω/KM 

 =0.00032 Ω/Meter 

Cable Resistance Per KM per phase for Four core 10 

Sq.mm LT XLPE aluminium conductor cable   

3.08Ω/KM  

=0.00308Ω/Meter 

Wire Resistance Per KM per phase for 1core 4 Sq.mm 

LT PVC insulated multi-stranded wire 

4.61Ω/KM 

 =0.00461Ω/Meter 

The earth return path (Earth Resistance (ZEarth1)) in TT 

system 

6Ω 

The earth return path (Earth Resistance (ZPE)) in TN-C-

S system 

Resistance of protective conductor 

from socket to MDB is 0.05 Ω. 

 

2.8.2.3 Detail of Impedance due to various equipment/assets in the above circuit diagram  

 

Table 11: Detail of Impedance due To various Equipment/Assets 

 

S.N Location 

 

Devices Formula Calculation Fault Loop 

Impedance 

1 Transformer Impedance due to 

Transformer (ZTr) 

% 𝑍 × 10 × 𝑘𝑉2

𝑘𝑉𝐴
 

4.5x10x 

(0.4x0.4)/ 

500 

=7.2/500 

0.014Ω 

2 Point No.1 to 2 

(due to single 

core 300 

Sq.mm cable) 

Impedance due to 

phase of cable 

(single core 300 

𝑍𝑐𝑎𝑏𝑙𝑒1 × 𝐿𝑒𝑛𝑔𝑡ℎ1 0.0002x30 0.006Ω 
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Sq.mm cable) 

(one side) ( Zcable1) 

3 Point No. 2 to 3 

(due to Four 

core 95 Sq.mm 

cable) 

Impedance due to 

per phase of cable 

(Four core 95 

Sq.mm cable) 

(one side) (Zcable2) 

𝑍𝑐𝑎𝑏𝑙𝑒2 × 𝐿𝑒𝑛𝑔𝑡ℎ2 0.00032 x150 0.048Ω 

4 Point No.3 to 4 

(due to Four 

core 10 Sq.mm 

cable) 

Impedance due to 

per phase of cable 

(Four core 10 

Sq.mm cable) 

(one side) (Zcable3) 

𝑍𝑐𝑎𝑏𝑙𝑒3 × 𝐿𝑒𝑛𝑔𝑡ℎ3 0.00308x25 0.077Ω 

5 Point No.4 to 5 

(due to Single 

core 4 Sq.mm 

wire) 

Impedance due to 

per  phase of cable  

(Single core 4 

Sq.mm wire) (one 

side) (Zwire) 

𝑍𝑤𝑖𝑟𝑒 × 𝐿𝑒𝑛𝑔𝑡ℎ4 0.00461x25 0.1153 Ω 

 

2.8.2.4 Short Circuit Loop Impedance in case of short circuit Faults (P-N/ P-P) in TT/TNCS system 

Short circuit Loop impedance due to short circuit fault (P-N/ P-P) shall be 

Table 12: Short circuit Loop Impedance in case of Short Circuit Faults (P-N/ P-P) in TT/ TN-C-S 

system 

 
 

S.N Description TT/TNCS System 

1 Formula ZTr   + Zcable1 x (Length 1) x 2+Zcable2 x (Length 2) x 2 

+ Zcable3 x (Length 3) x 2+Zwire x (Length 4) x 2 

2 As per table x of Para 4.3.3.3 ZTr = 0.014 Ω 

Zcable1 x (Length 1)=0.006Ω 

Zcable2 x (Length 2)=0.048 Ω 

Zcable3 x (Length 3)=0.077 Ω 

Zwire x (Length 4)= 0.1153 Ω 

3 By putting above data 2  in above 

Formula (1) 

0.014+0.006 x 2+0.048 x 2+0.077 x 2+ 0.1153  x 

2=0.014+0.012+0.096+0.154+0.2306 

4 Total short circuit Loop impedance 

due to short circuit fault(P-N/P-P) 

0.5066Ω 
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2.8.2.5 Earth Fault Loop Impedance in case in case of Earth Fault (P-E/ N-E) 

Earth Fault Loop impedance due to Earth Fault (P-E/ N-E) in different earthing system (TT/ TN-C-S) 

shall be as below: - 
  

Table 13: Earth Fault Loop Impedance in case of Earth Fault in TT/ TN-C-S system 

 

S.N Description TT System TN-C-S System 

1 Formula ZTr   + Zcable1 x (Length 1)  

+Zcable2 x (Length 2) 

+ Zcable3 x (Length 3)+Zwire x 

(Length 4)+ ZEarth1 

ZTr + Zcable1 x (Length 1) 

x2+Zcable2 x (Length 2) x 2 

+ Zcable3 x (Length 3)+Zwire 

x (Length 4)+ ZPE 

2 As per table x of Para 

4.3.3.2 

ZEarth1= 6 Ω 

 

ZPE= 0.05 Ω 

 

3 As per table x of Para 

4.3.3.3 

ZTr = 0.014 Ω 

Zcable1 x (Length 1)=0.006Ω 

Zcable2 x (Length 2)=0.048 Ω 

Zcable3 x (Length 3)=0.077 Ω 

Zwire x (Length 4)= 0.1153 Ω 

4 By putting above data 2 & 

3 in above Formula (1) 

0.014+0.006+0.048+ 

0.077+0.1153Ω+6 

=6.1969Ω 

0.014+0.006 x 2+0.048 x 2 

+0.077+ 0.1153 + 0.05 

=0.552Ω 

 Total Earth Fault Loop 

impedance due to Earth 

Fault (P-E/ N-E) 

6.2603Ω 0.3643Ω 

 

2.9 Measurement of Earth Leakage Current 

Whenever the current leaks in an installation from Conductor/equipment due to insulation rupturing, 

weak insulation, etc. is known as earth leakage/current leakage (detail already given in Para 1.6). 

Leakage Currents are usually very small values. 

An earth leakage clamp is generally a lightweight pocket size clamp meter designed to measure a.c. 

earth leakage currents. They enable earth leakage faults to be detected and located without having to 

isolate and disconnect circuit wiring. 

In addition, most of these clamps are capable of performing a.c. current tests like any normal clamp 

meter. The measurement of earth leakage can be conducted as per following system 

 

2.10 Leakage Current in single phase / two wire circuits 

Test single-phase circuits by clamping the phase and neutral conductor. 

The measured value will be any current flowing to ground (leakage 

current). If there are no leakage then the phase and neutral currents 

should ideally cancel each other out, showing zero leakage 

 

 

 

 

Figure 20: Leakage Current Measurement in Single Phase Circuit 
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2.11 Leakage Current in Three Phase, Three Wire/ Four Wire circuits 

 

 

 

 

Figure 21: Leakage Current Measurement in Three Phase Circuit 

 

Test three-phase circuits by clamping around all three-phase conductors. If a neutral is present, it 

should be clamped along with the phase conductors. The measured value will be any leakage current. 

 

2.12 Leakage Current in Earth Conductors 

 

Figure 22: Leakage Current Measurement in Earth Conductor 

 

The diagram above illustrates earth leakage measurement by utilising the earth conductor only. It should 

be mentioned that this method will only measure the leakage current in the earth conductor, not the total 

leakage on the system. 
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CHAPTER 3 

 
 

PROTECTIVE DEVICES FOR LV INSTALLATIONS 

 

 

 

 

 

 

3.1 MCB (Miniature Circuit Breaker) 

MCB stands for Miniature Circuit Breaker. MCB are widely used in electrical distribution system for 

switching ON/OFF Electrical supply and for protection against over current and short circuit currents.  

 

3.1.1 Working principle of MCB 

There are essentially two different mechanisms inside the MCB that provides overload/Short Circuit 

protection: 

1. Bimetallic Strip for overload: Whenever continuous over current flows through MCB, the bimetallic 

strip is heated and deflects by bending. This deflection of bi-metallic strip releases a mechanical 

latch. As this mechanical latch is attached with the operating mechanism, it causes to open the 

miniature circuit breaker contacts, and the MCB turns off thereby stopping the current to flow in 

the circuit 

Overcurrent Protective Devices

Miniature Circuit Breaker (MCB)

Molded case circuit breakers (MCCB)

Air Circuit Breaker (ACB)

Other Protective Devices

Residual Current Breaker with Over Current (RCBO)

Arc Fault Detection Device (AFDD)

Residual Current Devices

Residual Current Circuit Breaker (RCCB)

Core Based Current Transformer with ELR (CBCT)
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Figure 23: Working of MCB during Overload Condition  

2. Magnetic Trip Coil for short circuit: This mechanism comes in force in case of a short circuit event. 

A short circuit event is associated with the large fault current energizes the solenoid and the 

magnetic field of the solenoid attracts the plunger which in turn strikes the trip lever and hence the 

immediate release of the latch mechanism.  

The arc is produced during the separation of the contacts at overload as well as short circuit 

conditions. This arc is moved into the arc-cute stack under the influence of a magnetic field. So, 

the arc broken down into partial arcs in arc chutes and they no longer exist due to the voltage drop 

of the arcs. 

 

Figure 24: Working of MCB during Short Circuit Condition 
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3.1.2 Classification of MCB 

 

3.1.2.1 On the basis of rated current/ Rated short-circuit capacity/ Rated Voltage AC 

 

Table 14: Classification of MCB on the basis of Rated Current/Short-circuit capacity/Voltage AC 
 

S.N Rated Types 

 1 Rated Current 0.5A,1A,2A,3A,4A,6A,10A,16A,20A,25A,32A,40A, 

50A, 63A, 80A,100A,125A 

2 Rated short-circuit capacity (Icn) 1.5KA,3KA,4.5KA,6KA & 10KA 

3 Rated Voltage AC (Ue) Three phases: 400V/ 415V 

Single phase:  230V or 240V 

 

3.1.2.2 On the basis of number of poles 
 

Table 15: Classification of MCB on the basis of Number of pole 
 

S.N. Number of 

Pole 

Short 

Name 

Description Wiring Diagram 

1.  Single Pole  SP Switching & protection (overload & 

Short circuit) is affected in only one 

phase. 

 
2.  Single Pole 

and Neutral 

SPN Protection (overload & Short 

circuit) is affected in phases. 

Neutral is part of the MCB as a 

separate pole but without any 

protective given in the neutral pole 

 
3.  Double Pole  DP Switching & protection (overload & 

Short circuit) is affected in phases 

and the neutral. 

 
4.  Triple Pole  TP Switching & protection (overload & 

Short circuit) is affected in only 

three phases and the neutral is not 

part. 
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5.  Triple Pole 

and Neutral 

TPN Protection (overload & Short 

circuit) is affected in only three 

phases. Neutral is part of the MCB 

as a separate pole but without any 

protective given in the neutral pole 

 
6.  Four Pole FP Switching & protection (overload & 

Short circuit) is affected in three 

phases and the neutral. 

 

3.1.2.3 On the basis of tripping current v/s time characteristics 

MCB is categorized in the three categories (Type B/C/D) based on instantaneous tripping currents.  

  

Table 16: Classification of MCB on the basis of tripping current v/s Time characteristics 

 

Type of MCCB Operating Current Operating Time 

Type B 3 times rated current (In) ≥ 0.1 second 

5 times rated current (In) ≤ 0.1 second 

Type C 5 times rated current (In) ≥ 0.1 second 

10 times rated current (In) ≤ 0.1 second 

Type D 10 times rated current (In) ≥ 0.1 second 

20 times rated current (In) ≤ 0.1 second 

 

3.1.2.4 On the basis of Energy Limiting Class 

An energy limiting class number denotes the maximum I
2

t let-through by a circuit breaker under short 

circuit or earth fault conditions. 

 

Table 17: Permissible I
2

t (let-through energy) for Circuit Breaker with rated current up to and including 

16A 

 

Rated short-

circuit capacity 

A 

Energy Limiting Class 

Class 1 Class 2 Class 3 

Type B & Type C Type B Type C Type B Type C 

3 000 No Limit Specified 31000 37000 15000 18000 

4 000 60000 75000 25000 30000 

6 000 100000 120000 35000 42000 

10 000 240000 290000 70000 84000 
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Table 18: Permissible I
2

t (let-through energy) for Circuit Breaker with rated current exceeding 16A 

up to and including 32A (*) 
 

Rated short-

circuit 

capacity A 

Energy Limiting Class 

Class 1 Class 2 Class 3 

Type B & Type C Type B Type C Type B Type C 

3 000 No Limit 

Specified 

40000 50000 18000 22000 

4 000 80000 100000 32000 39000 

6 000 130000 160000 45000 55000 

10 000 310000 370000 90000 110000 

(*) For circuit breaker 40A, I
2

t maximum value 120% those indicated in the table are and they 

may be marked with the symbol of the corresponding limiting class 

 

The maximum let through energy values are given in the tables above. The manufacturer may publish 

data giving actual let-through energy values which may be lower than the maximum values. Let-

through energy characteristics for all other circuit-breakers including Type D and Class 1 are available 

from the manufacturer. 

 

3.1.3 Effect of Temperature & Grouping on rating of MCB  

 

Appropriate MCB selection requires consideration of operating conditions that can affect their 

electrical characteristics. The following factors need to be considered.  

 

3.1.3.1 Temperature de-rating 
 

 

The rated value of the current of the B & C type MCB refers to a reference ambient temperature of 

30°C. MCB can be used at temperatures ranging from -30°C to 60°C/70°C.The range of temperature 

is specified by the manufacture. 

 

Installation/ operation at higher ambient temperature requires progressively less rated current of 

MCB. The de-rating factor due to change in ambient temperature are different for each manufacturer, 

which may be considered before installation. 

 

3.1.3.2 Grouping Factor  

 

When a number of MCB or combined RCD/MCB's are mounted side by side in a small enclosure, the 

temperature rise inside the enclosure may cause a reduction in the rated current. The reduction can 

be calculated by multiplying the rated current by a 'grouping factor'. The grouping factor is depend 

on manufacture. 
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3.1.4 Details Printed on MCB 

 

 

Figure 25:  Details printed on MCB 

 

3.2 MCCB (Molded case circuit breakers) 

Molded case circuit breakers (MCCB’s) are the most widely-used type of circuit breaker for 

applications under 1,000 volts. MCCB’s have all of the operating parts contained within a case that is 

fabricated of a non-conducting material which is usually a thermoset plastic and which is “molded.” 

It provides overload and short circuit protection. MCCB are available in market as thermal magnetic 

and microprocessor based. 

 

3.2.1 Basic Terminology of MCCB 

Table 19: Basic Terminology of MCCB 

 
 

S.N. Content Definition 

1.  Rated Insulation 

Voltage (Ui) 

This value indicates the maximum voltage which the MCCB can 

resist in lab conditions. The Rated voltage of MCCB is typically lower 

than this value to provide a safety margin. 

2.  Rated Working 

Voltage (Ue) 

This value is the Rated voltage for the continuous operation of 

MCCB. It is normally the same as or close to the system voltage. 

3.  Rated Impulse 

Withstand Voltage 

(Uimp) 

This value is the transient peak voltage the circuit breaker can 

withstand from switching surges or lightning strikes. This value 

determines the ability of the MCCB to withstand transient over-

voltages.  



SAFETY IN ELECTRICAL LOW VOLTAGE INSTALLATIONS 

30 VOLUME 2: SELECTION AND APPLICATION OF LV PROTECTIVE DEVICES 

4.  Ultimate Short Circuit 

Breaking Capacity (Icu) 

The maximum short circuit current that a MCCB can interrupt 

without damaging itself. It can be considered as the upper limit for 

the short circuit current that it can safely handle. If the fault current 

exceeds this value, the MCCB will be unable to trip. This value 

measures the maximum fault level tolerable before the breaker is 

damaged and rendered unusable. 

5.  Service Short Circuit 

Breaking Capacity (Ics) 

The maximum short circuit current the circuit breaker can safely 

break at least three times and still resume its normal operation. This 

current can be equal to less than or equal to the ultimate short circuit 

breaking capacity of the circuit breaker. This is the highest fault 

current that the MCCB can handle without being permanently 

damaged. The higher the Ics, the more reliable the circuit breaker. Ics 

is expressed as a percentage of Icu, viz: 25, 50, 75, 100% for 

MCCB/ACB. 

6.  Rated short-circuit 

making capacity (Icm) 

 

The highest instantaneous value of current that the circuit-breaker 

can establish at rated voltage in specified conditions. In AC systems 

this instantaneous peak value is related to Icu (i.e. to the rated 

breaking current) by the factor k, which depends on the power factor 

(cos φ) of the short-circuit current loop. 

Icu cosφ Icm = kIcu 

6 kA <Icu ≤ 10 kA 0.5 1.7 x Icu 

10 kA <Icu ≤ 20 kA 0.3 2 x Icu 

20 kA <Icu ≤ 50 kA 0.25 2.1 x Icu 

50 kA ≤ Icu 0.2 2.2 x Icu 

 

7.  Rated short-time 

withstand current (Icw) 

Icw is the maximum current that the B category circuit breaker can 

withstand, thermally and electro-dynamically, without sustaining 

damage for a given time period. For a.c., the value of this current is 

the r.m.s. value of the prospective short-circuit current, assumed 

constant during the short-time delay. The short-time delay 

associated with the rated short-time withstand current shall be at 

least 0.05s, preferred values being as follows: 

0.05 s – 0.1 s – 0.25 s – 0.5 s – 1 s 

8.  Utilization Category According to IS 60947-2, Utilization category of a circuit breaker 

shall be stated with reference to whether or not it is specifically 

intended for selectivity by means of an intentional time delay with 

respect to other circuit breakers in series on the load side under 

short-circuits conditions. Utilization categories are defined in Table 

20. 
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Table 20: Type of Utilization Category 

Utilization 

Category 

Application with respect to selectivity Circuit 

Breaker 

A Circuit breakers tripping under short-circuit conditions with respect to other 

circuit breaker in series on the load side is not controlled with an intentional 

short-time delay provided for selectivity of operation under short-circuit 

conditions. 

MCCB 

B Circuit breakers tripping under short-circuit conditions with respect to other 

circuit breaker in series on the load side is controlled with an intentional 

short-time delay provided for selectivity of operation under short-circuit 

conditions. 

ACB 

*MCCB with Icw Feature are also available for use in B category.  

3.2.2 Working Principle 

The MCCB uses a temperature sensitive device (the thermal element) with a current sensitive 

electromagnetic device (the magnetic element) to provide the trip mechanism for protection and 

isolation purposes. In Microprocessor type tripping mechanism sensing, release and tripping is 

executed by a Microprocessor through a use of CT or current sensing resistor. 

3.2.2.1 Overload protection 

Overload protection is provided by the MCCB via the temperature sensitive component. This 

component is essentially a bimetallic contact as shown in fig.26 which consists of two metals that 

expand at different rates when exposed to high temperature. During the normal operating 

conditions, the bimetallic contact will allow the electric current to flow through the MCCB Fig.26 

(a). When the current exceeds the trip value, the bimetallic contact will start to heat and bend away 

due to the different thermal rate of heat expansion within the contact Fig. 26(b). Eventually, the 

contact will bend to the point of physically pushing the trip bar and unlatching the contacts, causing 

the circuit to be interrupted. This thermal protection of the MCCB will typically have a time delay to 

allow a short duration of overcurrent which is commonly seen in some device operations, such as 

inrush currents seen when starting motors. This time delay allows the circuit to continue to operate 

in these circumstances without tripping the MCCB. 

     

                    Figure 26: Working of MCCB during Overload condition  
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3.2.2.2 Short circuit protection 

MCCBs provides an instantaneous response to a short circuit fault, based on the principle of 

electromagnetism. The MCCB contains a solenoid coil which generates a small electromagnetic field 

when current passes through the MCCB. During normal operation, the electromagnetic field 

generated by the solenoid coil is negligible. However, when a short circuit fault occurs in the circuit, 

a large current begins to flow through the solenoid and, as a result, a strong electromagnetic field is 

established which attracts the trip bar and opens the contacts. 

 

 

Figure 27: Working of MCCB during short circuit condition 

 

3.2.3 Classification of MCCB 

3.2.3.1 On the basis of Number of Poles 

 

Table 21: Classification of MCCB on the basis of Number of poles 

 

S.N. Number 

of Pole 

Short 

Name 

Description Wiring Diagram 

1.  Two Pole  2P Switching & protection 

(overload & Short circuit) is 

affected in phases and the 

neutral. 
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2.  Triple 

Pole  

3P Switching & protection 

(overload & Short circuit) is 

affected in only three phases 

and the neutral is not part. 

 

3.  Four Pole 4P Switching & protection 

(overload & Short circuit) is 

affected in three phases and 

the neutral. 

 

3.2.3.2 On the basis of Trip Mechanism 

 

Table 22: Classification of MCCB on the basis of Trip Mechanism 

 
 

Description Thermal Magnetic Type 

MCCB 

Microprocessor Type MCCB 

Protection Over Load 

Short Circuit 

Under Voltage 

Over Load 

Short Circuit 

Under Voltage 

Earth Fault 

Neutral protection 

Instantaneous Over-ride 

Earth Leakage 

Current Unbalance 

Overvoltage 

Trip threshold for overloads: Ir 0.6 to 1 In 0.4 to 1 In 

Trip threshold for short 

circuits: Im (magnetic) 

6 to 10 Ir 2 to 10Ir 

Cost Lower Higher 

*Operating characteristics differs from Manufactures to Manufactures. 
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3.2.4 Details printed on MCCB 

Each MCCB shall be marked in a durable manner with the following data: 

 

 

Figure 28: Details Printed on MCCB 

 

3.3 Air Circuit Breaker (ACB) 

 

Air Circuit Breaker (ACB) is an electrical protection device used for short circuit and overcurrent 

protection mainly at Main distribution board. It is used for higher current carrying capacity.  

 

3.3.1 Working principle of Air Circuit breaker  

 

The working principle of Air Circuit breaker is rather different from other types of circuit breaker. The 

main aim of circuit breaker is to prevent reestablishment of arcing after current zero where the contact 

gap will withstand the system recovery voltage. It does it same work, but in a different manner. During 

interruption of arc, it creates an arc voltage instead of supply voltage. Arc voltage is defined as the 

minimum voltage required for maintaining arc. The circuit breaker increases the voltage in three different 

ways: 

https://www.electricaltechnology.org/2020/07/what-is-voltage.html
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 Arc voltage can be increased by cooling arc plasma. As soon as the temperature of arc plasma 

motion of particle in arc plasma is reduced, more voltage gradient will be required to maintain 

the arc. 

 By splitting the arc into a number of series will increases the arc voltage. 

 Arc voltage can be increased by lengthening the arc path. As soon length of arc path is increased 

the resistance path will increase more arc voltage is applied across the arc path hence arc 

voltage is increased. 

 

3.3.2 Classification of ACB 

3.3.2.1 On the basis of number of poles: 

1. Triple Pole  3P 

2. Four Pole  4P 

 

3.3.2.2 On the basis of rated current: 

Table 23: Classification of ACB on the basis of Rated Current 
 

S.N. 1 2 3 4 5 6 7 8 9 10 11 

Rating 400 

A 

630 

A 

800 

A 

1000

A 

1250 

A 

1600

A 

2500

A 

3200

A 

4000

A 

5000

A 

6300

A 

 

3.3.2.3 On the basis of Installation method: 

Table 24: Classification of ACB on the basis of Installation Method 
 

Fixed Type Draw out Type 

The unit is directly connected 

to the panel board and is an 

economical method 

installation. 

It consists of two parts the main body of the breaker and the panel 

board frame. It is directly connected to the panel board and the main 

body of the breaker is mounted on the draw out frame. 

The main body of the breaker can be separated from the panel board 

without change in circuit. Benefits easy checking for its function, 

easy repairing & charging part and maintenance, easy replacement 

of breaker itself. 

 

3.3.2.4 On the basis of Spring Charging: 

Table 25: Classification of MCCB on the basis of Rated Current 
 

Manual Operated Electrically Operated 

Springs are charged manually with the help 

of a lever. 

Springs are charged with the help of inbuilt motor and 

closing coils (the manual charging option is also present 

 

3.3.2.5 On the basis of Trip Mechanism 
 

Table 26: Classification of MCCB on the basis of Rated Current 
 

Description Thermal Magnetic Type ACB Microprocessor Type ACB 

Protection Over Load 

Short Circuit 

Over Load 

Short Circuit 

https://www.electricaltechnology.org/2020/08/resistance-resistivity-specific-resistance.html
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Under Voltage Under Voltage 

Earth Fault 

Neutral protection 

Instantaneous Over-ride 

Earth Leakage 

Current Unbalance 

Overvoltage 

Trip threshold for overloads: Ir 0.6 to 1 In 0.4 to 1 In 

Trip threshold for short 

circuits: Im (magnetic) 

6 to 10 Ir 2 to 10Ir 

Cost Lower Higher 

*Operating characteristics differs from Manufactures to Manufactures. 

 

 

3.3.3 Details printed on ACB 

 

 
Figure 29: Air Circuit Breaker (ACB) 

 

 

3.4 Residual Current Device (RCD) 

Residual Current Device (RCD) (IS 732:2019 para 3.157) — A mechanical switching device or 

association of devices intended to cause the opening of the contacts when the residual current attains 

a given value under specified conditions. RCCB is the most common RCD used in electrical system. 
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3.4.1 Working Principle of RCCB 

 RCCB (Residual Current Circuit Breaker) works on ‘Kirchhoff’s Current Law’ which states that ‘The 

amount of current entering the circuit must be equal to the amount of current leaving the circuit’ i.e. 

the sum of the total (incoming + outgoing) current should be 0. To ensure this, inside RCCB there is 

a CBCT (Core Balance Current Transformer) which senses the magnitude of current entering the circuit 

& leaving the circuit. Whenever a current leakage is sensed, the relay associated with CBCT gets 

energized and trips the RCCB 

 

 
Figure 30: Working principle of RCCB 

Earth leakages, electric shock is major cause of electrical accidents to human beings and life stock, 

leading to serious effects and may be fatality. Under this context RCD is a most important life saving 

device. This device may also be used to provide protection against fire hazards due to persistent earth 

fault current, without operation of over current protective device. These devices are intended to be 

used for household and similar uses. 

 

3.4.2 Types of RCCB 

(Ref: BEAMA Guide for RCD Handbook) 

In general, residual current operated devices can be selected based on different parameters like Type, 

operating current characteristics, time delay characteristics, breaking capacity, number of poles, 

operating load. 

 

3.4.2.1 According to residual currents with D.C. components 

 

Table 27: Classification of RCD on the basis of Residual Currents with D.C. components 
 

Type of 

RCD 

Symbol 
Characteristic Type of Load/Installation 

AC 

 

 

RCD tripping on alternating 

sinusoidal residual current, 

Suddenly applied or smoothly 

increasing. 

Resistive, Capacitive, 

Inductive loads generally 

without any electronic 

components, typically: 

•  Immersion heater 

•  Oven/Hob with resistive 

heating elements 

•  Electric shower 
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•  Tungsten & halogen 

lighting 

A 

 

 

RCD tripping on alternating 

sinusoidal residual current 

and on residual pulsating direct 

current, suddenly applied or 

smoothly increasing. 

 For RCD Type A tripping is achieved 

for residual pulsating direct currents 

superimposed on a smooth direct 

current upto 6 mA. This requirement 

verifies that a smooth direct current 

of up to 6 mA will not 

Desensitise the RCD. 

Single phase with electronic 

components, typically: 

• USB socket outlets (unless 

specifically advised by the 

USB socket outlet 

manufacturer that Type AC 

RCDs are suitable). 

•  Single phase invertors 

•  Class 1 IT and Multimedia 

equipment 

• Power supplies for Class 2 

equipment 

• Appliances such as a 

washing machine that is 

not frequency controlled 

e.g. d.c. or universal motor 

•  Lighting controls such as a 

dimmer switch and home 

and building electronic 

systems LED drivers 

•  Induction hobs 

•  Electric Vehicle charging 

where any smooth DC fault 

current is less than 6 mA 

AC type applications 

F 

 

 

OR 

 

RCD for which tripping is 

achieved as for Type A and in 

addition: for composite residual 

currents, whether suddenly applied 

or slowly 

rising intended for circuit supplied 

between phase and neutral or phase 

and earthed middle conductor; for 

residual pulsating direct currents 

superimposed on smooth direct 

current 

For RCD Type F tripping is achieved 

for residual pulsating direct currents 

superimposed on a smooth direct 

current upto 10 mA. This requirement 

verifies that a smooth direct current 

of up to 10 mA will not 

Desensitise the RCD. 

Frequency controlled 

equipment / appliances, 

typically: 

• Some washing machines, 

dishwashers and driers 

e.g. containing 

synchronous motors* 

• Some air conditioning 

controllers using variable 

frequency speed drives 

Type F is also suitable for 

Type AC and Type A 

applications. 
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B 

 

 

 

 

OR 

 

RCD for which tripping is achieved as 

for Type F and in addition: 

• for residual sinusoidal alternating 

currents up to 1 kHz; 

• for residual alternating currents 

super imposed on a smooth 

direct current; 

• for residual pulsating direct 

currents super imposed on a 

smooth direct current; 

• for residual pulsating rectified 

direct current which results from 

two or more phases; 

•  for residual smooth direct 

currents whether suddenly 

applied or slowly increased 

independent of polarity 

For RCD Type B, tripping is achieved 

for residual pulsating direct currents 

superimposed on a smooth direct 

current upto 10 mA or 4I△n, 

whichever is the greater. 

Three phase electronic 

equipment typically: 

•  Inverters for speed control 

•  UPS 

•  Electric Vehicle charging 

where any smooth DC fault 

current is greater than 

6mA 

•  Photo voltaic 

 Power Electronic 

Converter Systems (PECS) 

typically: 

•  industrial machines 

•  cranes 

Type B is also suitable for 

Type AC, Type A and Type F 

applications. 

 

3.4.2.2 According to Rated Residual Tripping Current / Sensitivity (IΔn) 

             (Ref: - Para 5.3.3 of IS 12640 (Part 1): 2016) 

Table 28: Classification of RCCB on the basis of Rated Residual Tripping current / Sensitivity (IΔn) 
 

High 

sensitivity 

(HS) 

 6 – 10 – 30 mA  These devices give direct shock risk protection to persons who 

may come in contact with live conductors and earth provided 

that the RCD operating times are better than those given in para 

first book.  

Medium 

sensitivity (MS) 

100 – 300 – 500  These devices are intended to give indirect shock risk protection 

to persons in contact with earthed metal. 

 

3.4.2.3 According to time-delay (in presence of a residual current) 

 

Table 29: Classification of RCCB on the basis of time delay 

 

General RCCB without 

time-delay 

Operate ‘instantaneously’, i.e. they do not have an intentional delay 

in operation and thus cannot be guaranteed to ‘discriminate’. This 

means that where there are two or more general RCDs installed in 

series in an installation, more than one device may trip in the event 

of an earth leakage current. This would result in healthy circuits 

also being disconnected even though the initial fault occurred in a 

different part of the installation. 
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Type-S RCCB with 

time-delay 

Time Delayed RCDs provide selectivity in circuits where RCDs are 

connected in series. It is essential to install devices which 

incorporate a time delay upstream of the general device, so that the 

device nearest a fault will trip. RCDs with built in time delays should 

not be used to provide personal protection. 

3.4.2.3.1 Response Time of RCCB 

The response time of a residual current circuit breaker is the time between the appearance of a 

dangerous leakage current and the interruption of the circuit. 

 

Table 30: Response time of RCCB 

 

Fault Current(mA) General Type S Type 

Maximum Response 

Time 

Non-tripping 

time  

Maximum Response 

Time  
  100mA 300mA 

In/2 50 150 No Tripping No Tripping No Tripping 

In 100 300 300ms 130ms 500ms 

2 In 200 600 150ms 60ms 200ms 

5 In 500 1500 40ms 50ms 150ms 

 

3.4.3 Connection of RCD in different Earthing system 

Electrical supply systems are further classified as TN system, TT system based on system earthing. 

Details of earthing system already discussed in the Para 6 of CAMTECH Publication on “Safety in 

Electrical Low Voltage Installation” Vol -1 Basics of earthing system. 

 

3.4.3.1 TN System 

In TN systems, the most commonly used system is TN-C-S system. The OCPD & RCD may be used 

as protective devices for fault protection in TN system. Where an RCD is used in a TN-C-S system, a 

PEN conductor shall not be used on the load side. The connection of the protective conductor to the 

PEN conductor shall be made on the source side of the RCD. 
 

 

Figure 31: RCD & OCPD Connection in TN-C-S System 
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3.4.3.2 TT System 

In TT systems RCD may be used for fault protection in addition to OCPD. Following protective devices 

may be used for fault protection,  

 

Figure 32: RCD & OCPD Connection in TT System 

RCD is used as an mandatory protection against earth fault & leakages in TT system since Earth Fault 

loop impedance is very high and fault current is not sufficient to enable Circuit breaker tripping.  

Points to be noted while selecting and installing RCD 

a. RCD to be provided at the incoming supply of every sub-distribution board having one or more 

outgoing circuits with fixed installation and socket-outlets. Ex. Domestic and similar applications 

b. Mobile equipment ex Portable gen-set, and hand-held equipment. 

c. In addition to giving protection against indirect contact or direct contact RCDs may also give fire 

risk protection, As per IEC 60364-4-422.3.9 & IS 732:2019 (para 4.3.2.3.9) 300 milliamps RCD 

is recommended to prevent fire due to leakage current in the building. 

d. An RCD should be chosen having the lowest suitable operating current. The minimum operating 

current will be above any standing leakage that may be unavoidable on the system.  

 

3.4.4 Limitation of RCCB (RCD) 

Table 31: Limitation of RCCB 

 

S.N Limitation 

1 RCCB does not have overload & short circuit protection. It is now possible to get an MCB and 

RCD in a single unit, called an RCBO Replacing an MCB with an RCBO of the same rating is 

generally safe. 

2 Nuisance tripping of RCCB.  

Employ a proper discrimination. Use of surge protective devices (SPDs) 

3 RCCB does not protect from the overheating/arcing  

AFDD to be used 
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3.4.5 Details printed on RCCB 

Each RCCB shall be marked in a durable manner with all or, for small apparatus, part of the following 

data: 

 

Figure 33: Details Printed on RCCB 

3.5 Core Balance Current Transformer (CBCT) with ELR 

 

3.5.1 Working of Earth Leakage Relay with CORE based current Transformer 

The working principle of this circuit is very simple. In normal conditions, current in all phases and 

neutral are equal or balanced so the Core Balance Current Transformer (CBCT) does not produce any 

current. But when the earth leakage fault occurs an unbalanced current will flow through the phase 

and neutral so the Core Balance Current Transformer (CBCT) will produce a current and sends a signal 

to the earth leakage relay. Once the Earth Leakage Relay (ELR) got the signal from the Core Balance 

Current Transformer (CBCT), it will make its NO contact into NC so the shunt trip coil of the MCCB will 

get the power supply and it will trip the MCCB. 

 

Figure 34: Earth Leakage Relay with Core Based Current Transformer 
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The advantage of this earth leakage relay is we can adjust the current setting and timing setting. The 

adjustment of the current setting provides the facility at which the amount of leakage current the 

MCCB will trip. The adjustment of the timing setting allows us to set the time to trip the MCCB after 

the fault occurs. 

In general RCCB are available in the market with primary (load) current rating upto 100A. For higher 

rating circuits CBCT with ELRs are used which sense the leakage current and give command to 

MCCB trip circuit. It has wide applications like for Frame Leakage protection for L.T. Control Panels 

and switch boards, Earth Leakage protection for Feeders/Motors/Generators/Transformers, etc. 

 

3.5.2 Selection Parameters of CBCT with ELR 

Based on Current Sensitivity range: 

 

Variable: 30-300mA, 50-2000mA, 300-3000mA 1-4Amps, 1-8 Amps, 1-10 A, 4-12A. 

Fixed: 30mA, 100mA, 300mA, 500mA, also user specified ranges (sensitivity) 

Based on Tripping time 

 

Variable: 0.15 – 3 sec 

Fixed: 100 millisec, 500 millisec, 1 sec & 3 sec 

Based on Size cable 

 

CBCT / ZCT-Standard size I.D. Circular: 40mm, 65mm, 100mm, 150mm, 200mm, 250mm, 300mm 

 

 
Figure 35: Core Based Current Transformer (CBCT) 

 

3.6 RCBO (Residual Current Breaker with Over-Current) 

 

It a combination of MCB and RCCB. This will provide protection against overcurrent and residual 

current. 
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3.6.1 Details printed on RCBO 

 

Figure 36: Details Printed on RCBO 

 

3.7 Arc Fault Detection Device (AFDD) 

An Arc Fault device detects series (arcing within one of the conductors), parallel (line to line, line to 

neutral and line to earth) or ground arc fault on an early stage, before a fire can occur and disconnect 

the final circuit with the associated circuit breaker, ground leakage device or break. 

An AFDD utilises electronic technology to analyse the signature (waveform) of an arc to differentiate 

between normal arcing and arcing faults. It constantly monitor and analyse patterns in electrical 

current and voltage waveforms. They monitor for the random, non-predictable yet persistent patterns 

of waveforms that denote a potentially dangerous arc upon detection of an arcing fault, the AFDD 

disconnects the final circuit from the supply. It shall be installed at the origin of the final circuits to be 

protected. 

3.7.1 Classification 

3.7.1.1 According to the number of poles 

a. Two pole 

b. Three pole 

c. Four pole 

 

3.7.1.2 According to Current rating 

Preferred values are 6 – 8 – 10 – 13 – 16 – 20 – 25 – 32– 40 – 50 – 63 A. 
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3.7.2 Tripping time of Arc fault detection devices (AFDDs) 

The trip time of an AFDD is dependent on the arcing current. For increasing levels of arc current the 

trip time decreases. Table 01 of IS 17121 / BS EN 62606 lists the following maximum break (trip) 

times 

Table 32: Tripping Time of AFDDs 

 

Test arc current (r.m.s. values) 2.5A 5A 10A 16A 32A 63A 

Maximum break time 1 Sec 0.5 

Sec 

0.25 

Sec 

0.15 

Sec 

0.12 

Sec 

0.12 

Sec 

3.7.3   Details Printed on AFDD 

 

 

Figure 37: Details Printed on AFDD 
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CHAPTER 4 

 

 

FACTORS AFFECTING SIZE OF CONDUCTOR 

 

 

The current-carrying capacity of a conductor/cable depends upon the different parameters like Size/type of 

core/type of insulation further it also depends upon other factors given below: - 

i. The method of installation of Conductor 

ii. The ambient temperature 

iii. Group containing more than one circuit 

iv. Harmonic disturbances  

v. Voltage drop due to length of conductor 

The nominal cross-sectional area of phase conductors in ac circuits and of live conductors in dc circuits shall 

be not less than the values specified in Table below. 

Table 33: Minimum Nominal Cross-Sectional Area of Conductor 

(Clause 5.2.7.1 of IS 732:2019) 

 

Sr. Types of wiring 

system 

Use of circuit Conductor 

Material Minimum permissible nominal 

cross-sectional area mm
2

 

1 Cables and insulated 

conductors 

Lighting circuits 

Power circuits 

Cu 

CU 

1.5 

2.5 

 

It may be noted that above table gives minimum size of conductor not the maximum size for standard 

circuits. Therefore actual conductor size depends upon max load current on that conductor. 

 

4.1 The Method of Installation of Conductor 

(Ref: Para 4.1.3.6 & 5.2.7 of IS 732:2019) 

Wiring/cabling is done in 73 different installation methods given under Table 10 of annexure-3, these 

methods of installation has been further classified under 10 groups (A1,A2,B1,B2,C,D1,D2,E,F & G) 

given in table-48 of annexure-2 for obtaining current carrying capacity of different installations. 

A1 A2 B1 B2 C D1 D2 

     

  

E F G  

  
 

 

 

 

Figure 38: Type of Installations 
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Based on above methods the current carrying capacity of different size/core/ PVC & XLPE insulation 

type of conductors are given in table21 to table 24, table 29 to table 32 of IS 732:2019. Table-56 of   

annexure-4 is a simplified version of above tables as shown below with reference ambient 

temperatures. 

a)  For insulated conductors and cables in air, irrespective of the method of installation: 30 °C; 

and 

b)  For buried cables, either directly in the soil or in ducts in the ground: 20 °C 

 

4.2 The Ambient Temperature 

(Ref: Para 5.2.5.1 of IS 732:2019) 

The ambient temperature is the temperature of the surrounding medium when the cable(s) or insulated 

conductor(s) under consideration are not loaded. Current carrying capacity of conductor also depends 

on the ambient temperature. 

While selecting the type of insulation of the conductor for a particular location, it should be ensured that 

the ambient temperature in that area under normal operation and fault conditions should not exceed the 

limiting temperature of the insulation, which is given in table-58 of annexure-5 

Where the ambient temperature in the intended location of the insulated conductors or cables differs 

from the reference ambient temperature (30 °C for Air & 20 °C for buried in ground), the appropriate 

correction factor given in Tables 49 and 50 of annexure-3 shall be applied to the values of current-

carrying capacity set out in table-56/57 of annexure-4 

 

 

 

 

4.3 Group containing more than one circuit  

(Ref: Para 5.2.6.5of IS 732:2019) 

The group reduction factors (tables 51 to 55 of annexure-3), are applicable to groups of insulated 

conductors or cables having the same maximum operating temperature i.e. 70°C 

The current-carrying capacities given in table-56/57 of annexure-4 related to single circuits for single 

phase/three phase PVC/XLPE conductor in different installation (A1, A2, B1, B2, C, D1, D2, E & F). 

Where more insulated conductors or cables, other than bare mineral insulated cables not exposed to 

touch, are installed in the same group, the group reduction factors specified in tables 51 to table 53 of 

annexure-3 shall be applied. 

 

Similarly, the current-carrying capacities given in table-56/57 of annexure-4 also related to single 

circuits for single phase/three phase conductor in different installation (E & F). Where more insulated 

conductors or cables are installed in the same group, the group reduction factors specified in tables 54 

to table 55 of annexure-3 shall be applied. 

 

For groups containing cables or insulated conductors having different maximum operating 

temperatures, the current-carrying capacity of all the cables or insulated conductors in the group shall 

be based on the lowest maximum operating temperature of any cable in the group, together with the 

appropriate group reduction factor.  

Ambient temperature for conductor or cables should be taken for particular location of the 

installation not the ambient temperature of the environment. 

If, due to known operating conditions, a cable or insulated conductor is expected to carry a current 

not greater than 30 percent of its grouped current-carrying capacity, it may be ignored for the 

purpose of obtaining the reduction factor for the rest of the group. 
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Perforated cable tray 

systems (vertical spacing 

between cable trays of 

300 mm and at least 20 

mm between cable trays) 

Vertical perforated 

cable tray systems 

(for horizontal 

spacing between 

cable trays of 225 

mm) 

Perforated cable tray 

systems (for vertical 

spacing between cable 

trays of 300 mm and at 

least 20 mm between 

cable trays) 

Vertical perforated 

cable tray systems 

(for horizontal 

spacing between 

cable trays of 225 

mm) 

 
  

 

Cable ladder 

systems, cleats(for 

vertical spacing between 

cable trays of 300 mm 

and at least 20 mm 

between cable trays) 

Multi-core cables Single-core cables 

 

 
 

 

Figure 39: Group containing more than one circuit 

 

4.3.1 Guidelines to Use Tables to Assess Required Current Carrying Capacity 

All above factors (para 4.1 to 4.3) affect the current carrying capacity of wiring system. Permutations 

and combinations of all the above factors are required to estimate the required current carrying 

capacity of the particular cross-section of the conductor. Guideline/method for accessing the current 

carrying capacity of the particular cross-section of the conductor are as below. 

Table 34: Guidelines to use Tables to assess required Current Carrying Capacity 

 

Step Procedure 

1.  Decide type of wiring – surface / flush to the surface / concealed / underground / in air 

Check situation – walls (masonry / wooden,/ insulated), flooring (masonry / raised), 

ceiling, ducts, shafts, voids, ground where wiring is to be installed 

2.  Check table19  of  IS732:2019, under which Reference Method of Installation 

3.  Decide type of Insulation of conductor PVC / XLPE/ EPR / Mineral  

4.  Decide type of Core 

5.  Check Current carrying capacity of conductor for particular size/core/insulation from 

table-56 of annexure-4 

6.  Apply ambient temperature reduction factor from table-49 of  annexure-3 

7.  

 

Apply reduction factor depending on the number of circuits from tables 51 to 55  of 

annexure-3 
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Above procedure can be explain by taking an example as given below: 

Example:  2 core 2.5 Sq.mm PVC insulated copper wires to be laid in B-1 installation (through conduit 

in wall (masonry)). Ambient temperature 40°C is considered. What will be current carrying capacity 

of wire after applying all above factors? 

 

Table 35: Procedure for Deriving Current Carrying Capacity of Wire through an Example 

 

Step Steps  Example Remarks 

1  2 core 2.5 Sq.mm pvc 

insulated copper Wires to be 

laid in B-1 installation  

 

2 Method of Installation B1 Installation  B1 Installation (S.N.59 of table-

19 of IS: 732 2019) is a 

commonly used wiring system 

in which Insulated conductors 

or single-core cables to be laid 

in conduit in masonry of 

building. 

3 Type of Insulation PVC insulated   

4 Type of Core Two core   

5 Checking of Current 

carrying capacity of 

conductor 

23 Amp. As per table-56 of annexure-4, 

Current carrying capacity of 

wire in B-1 installation for two 

core 2.5 Sq.mm PVC insulated 

copper wiring is 23 Amps. 

6 Applying reduction 

factor for Ambient 

temperature 

0.87 = 23x0.87=20.01 

Amp. 

Ambient temperature 40°C to be 

considered. As per table-49 of 

annexure-3, reduction factor 

0.87 will be applicable. 

7 

 

Applying reduction 

factor for grouping 

Reduction Factor= 0.70 

Current carrying capacity 

will be reduced 

20.01x0.70= 14 Amp.    

3 No. circuits with 2 core wire 

are also laid in same conduit. As 

per table-51 of annexure-3, 

reduction factor 0.70 will be 

applicable. 

 

As per above table, it is clear that current carrying capacity of 2 core 2.5 sq.mm PVC insulated copper 

wire (Original current carrying capacity of 23 Amp) in B-1 installation, Ambient temp 40°C, laid with 

additional 2 Nos. same wire in same conduit is reduced to 14Amp.Hence during the installation of 

conductors all the above factor should be considered. 

 

4.4 Harmonic disturbances 

In an Installation due to presence of electronic equipment and AC/ DC conversions the harmonic 

currents are generated in the system. These can be measured by using power quality analyser. The 

equipment likely to cause harmonic current are fluorescent luminaries, LED luminaries, computers, 

VVVF drives, inverter technology based electrical gadgets etc. 
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4.4.1 Reduction factors for harmonic currents in four-core and five-core cables with four cores carrying 

In balanced three-phase circuits, neutral currents due to the line currents, having a harmonic content 

does not get cancelled and under such circumstances, reduction factors shall be applied. If only two 

of the three phases are loaded, the neutral conductor will carry the harmonic currents in addition to 

the unbalanced current. Such a situation can lead to overloading of the neutral conductor 

If harmonic content is significant, that is, more than 15 percent, for example, 9th, 12th, etc. are 

expected then lower reduction factors are applicable. Where there is an unbalance between phases of 

more than 50 percent then lower reduction factors may be applicable 

The tabulated reduction factors, when applied to the current-carrying capacity of a cable with three 

loaded conductors, will give the current-carrying capacity of a cable with four loaded conductors 

where the current in the fourth conductor is due to harmonics. The reduction factors also take the 

heating effect of the harmonic current in the line conductors into account. 

 

Table 36: Reduction factors for Harmonic Currents in Four-Core and Five-Core Cables 

Third Harmonic Content of 

Line Current% 

Reduction Factor 

Size Selection is Based Line 

on Current 

Size Selection is Based 

on Neutral Current 

0-15 1 - 

15–33 0.86 - 

33-45 - 0.86 

45 - 1 

 

NOTES:  

1. The third harmonic content of the line current is the ratio of the third harmonic and the fundamental 

(first harmonic), expressed in percent.  

2. The reduction factors only apply to cables where the neutral conductor is within a four-core or 

five-core cable and is of the same material and cross-sectional area as the line conductors. These 

reduction factors have been calculated based on third harmonic currents. 

 

4.5 Voltage drop due to length of conductor 

Voltage in an installation should be as per the standard supply voltage with permissible tolerance. To 

ensure this, it is important to check that the cumulative voltage drop from the source upto any point in 

the installation does not exceed the tolerance permitted. Due to increase length of wire, If value of 

Voltage drop exceeds the specified value in the wiring system, then cross-section of the conductors 

must be increased. 

 

4.5.1 Permissible Voltage Drop in Consumer’s Installations 

(Ref: Annex Y of IS 732:2019) 

The percentage voltage drop with respect to the value of the nominal voltage from the source up to any 

point in the installation shall not exceed the value given in table 37. 
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Table 37: Voltage Drop 

(Para 5.2.8 of IS 732:2019) 

Type of Installation Lighting % Other Uses % 

1 Low voltage installations supplied directly from a public low 

voltage distribution system 

3 5 

2 Low voltage installation supplied from private LV supply 
1

 6 8 

1

 As far as possible, it is recommended that voltage drop within the final circuits do not exceed 

those indicated in installation type 1. 

When the main wiring systems of the installations are longer than 100 m, these voltage drops may 

be increased by 0.005 percent per metre of wiring system beyond 100 m, without this supplement 

being greater than 0.5 percent. 

Voltage drop is determined from the demand by the current-using equipment, applying diversity 

factors where applicable, or from the values of the design current of the circuits. 

 

NOTES 

1. A higher voltage drop may be acceptable in the following case:- 

– for motor during starting periods, 

– for other equipment with high inrush current, 

It is also ensured that the voltage variations remain within the limits specified in the relevant 

equipment standard. 

2. The following temporary conditions are excluded: 

– voltage transients; 

–voltage variation due to abnormal operation. 

 

4.5.2 Calculation of voltage drop 

(Ref: Para 6.2.3.10 of IS 732:2019) 

 

Resistance will increase due to a change in the length of the wire. Accordingly, the voltage drop will 

also increase. The voltage drop due to a change in the length of the PVC insulated cable can be 

evaluated by using the below diagrams. The figure below is only giving guidance regarding change 

in voltage drop due to increasing/decreasing length of Three-phase PVC insulated copper 

wiring/cabling. The current carrying capacity of wires/cables in the given diagram is an assumed 

value and limited to a value considering voltage drop of 4%. 
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Figure 40: Example of a Diagram Suitable for the Evaluation of the Voltage drop 

 

Example:-The  current carrying capacity of three phase PVC insulated copper cable of 2.5 sq.mm & 

10 sq.mm at different lengths has been checked in the diagram, Accordingly table has been made:- 

 

Table 38: Current Carrying Capacity of 2.5 sq.mm & 10 sq.mm Three Phase PVC insulated Copper 

Cable of at Different Lengths 

 

S.N Size of 

wire 

Assuming 

Current carrying 

capacity (Amp.) 

Length of 

wire (In 

Meter) 

Maximum 

Voltage drop 

Remarks 

1 2.5 

sq.mm 

16 70 4% Current carrying capacity of wire will be 

reduce 6 Amp (16 Amp to 10 Amp) due 

to increased length 40M (70M to 

110M) in order to maintain voltage drop 

of 4%. 

10 110 4% 

2 10 

sq.mm 

63 70 4% Current carrying capacity of wire will be 

reduce 23 Amp (63 Amp to 40 Amp) 

due to increased length 50M (70M to 

120M) in order to maintain voltage drop 

of 4%. 

40 120 4% 

 

In order to maintain voltage, drop of 4% in single phase PVC insulated copper cable the length of the 

wire will be the length of three phase wire divided by 2 & for single phase PVC insulated aluminium 

cable, length of the wire will be the length of three phase wire divided by 1.6.  

Example: -The current carrying capacity of single phase PVC insulated copper cable of 2.5 sq.mm & 

10 sq.mm at different lengths has been checked in the diagram are as below: 
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Table 39: Current Carrying Capacity of 2.5 sq.mm & 10 sq.mm Single Phase PVC insulated Copper 

Cable of at Different Lengths 

 

S.N Size of 

wire 

Assuming 

Current carrying 

capacity (Amp.) 

Length of 

wire (In 

Meter) 

Maximum 

Voltage drop 

Remarks 

1 2.5 

sq.mm 

16 35 4% Current carrying capacity of wire will 

be reduce 6 Amp (16 Amp to 10 Amp) 

due to increased length 20M (35M to 

55M) in order to maintain voltage drop 

of 4%. 

10 55 4% 

2 10 

sq.mm 

63 35 4% Current carrying capacity of wire will 

be reduce 23 Amp (63 Amp to 40 

Amp) due to increased length 25M 

(35M to 60M) in order to maintain 

voltage drop of 4%. 

40 60 4% 

 

Example: -The current carrying capacity of single phase PVC insulated Aluminium cable of 2.5 Sq.mm 

& 10 sq.mm at different lengths has been checked in the diagram are as below: 

Table 40: Current Carrying Capacity of 2.5 sq.mm & 10 sq.mm Single Phase PVC insulated 

Aluminium Cable of at Different Lengths 

 

S.N Size of 

wire 

Assuming 

Current carrying 

capacity (Amp.) 

Length of 

wire (In 

Meter) 

Maximum 

Voltage 

drop 

Remarks 

1 2.5 

sq.mm 

16 43.75 4% Current carrying capacity of wire will be 

reduce 6 Amp (16 Amp to 10 Amp) due to 

increased length 25M (43.75M to 68.75M) 
10 68.75 4% 

2 10 

sq.mm 

63 43.75 4% Current carrying capacity of wire will be 

reduce 23 Amp (63 Amp to 40 Amp) due to 

increased length 31.25M (43.75M to 75M) 

40 75 4% 

 

On the basis of above, it is clear that the voltage drop may be increased with current carrying capacity 

and length of the wire. Voltage drop may be limited in the range of 4% by reducing the current carrying 

capacity or Length of the wire. 

4.6 Cross-sectional Area of Neutral Conductor 

(Ref: Para 5.2.7.2) of IS732:2019) 

1. The cross-sectional area of the neutral conductor shall be at least equal to the cross-sectional area 

of the phase conductors in following condition: 

a) Single-phase circuits with two conductors, whatever be the cross-sectional area of 

conductors; 

b) Multi-phase circuits where the cross-sectional area of the line conductors is less than or equal 

to 16 sq.mm copper or 25 sq.mm aluminium; 
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c) Three-phase circuits likely to carry third harmonic currents and odd multiples of third harmonic 

currents and the total harmonic distortion is between 15 percent and 33 percent. 

2. Where the third harmonic and odd multiples of third harmonic currents is higher than 33 percent, 

total harmonic distortion, it may be necessary to increase the cross-sectional area of the neutral 

conductor. These levels of harmonic current are found in circuits dedicated to IT applications. 

Note: Single-core cables armoured with steel wire or tape shall not be used for ac circuits. 

Conductors of ac circuits installed in ferromagnetic enclosure shall be arranged so that the 

conductors of all phases and the neutral conductor (if any) and the appropriate protective conductor 

of each circuit are contained in the same enclosure. 

 

4.7 Selection of Protective Conductor 

(Ref: Para 5.4.3 of IS732:2019) 

 

Protective Conductor — A conductor used for some measures of protection against electric shock 

and intended for connecting together any of the following parts: 

a) Exposed conductive parts, 

b) Extraneous conductive parts, 

c) The main earthing terminal, and 

d) The earthed point of the source, or an artificial neutral. 

Cross sectional area of protective conductor shall not be less than the appropriate value shown in 

table 42. 

 

 

Figure 41:  Equipotential Bonding with all Exposed/ Extraneous Conductive Parts 
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Table 41: Detail of Protective Conductor 

Structural steel (extraneous-conductive-part) 

Metallic water pipe (extraneous-conductive-part) 

Earth electrode (TT and IT system) 

PE  (TN systems) 

1 Circuit protective conductor 

2 Main protective bonding conductor 

3 Earthing conductor 

4 Supplementary protective bonding conductor (if required) 

1,2,3,4 Protective conductors 

 

Table 42: Cross Sectional Area of Protective Conductor 

S.N. Cross-sectional Area 

of Line Conductor, S 

(mm
2

 Cu) 

Minimum Cross Section Area of Protective Conductor mm
2 

If the protective conductor is 

of the same 

material as the line conductor 

If the protective conductor is 

not of the same 

material as the line conductor 

1 S≤16 S (K1/K2)x S 

2 16<S≤35 16
1

 (K1/K2)x16 

3 S>35 S
1

/2 (K1/K2) x (S/2) 

 

Where 

k1 = is the value of k for the line conductor derived from the formula given in Annex A or selected 

from tables given in IEC 60364-4-43, according to the materials of the conductor and 

insulation; 

k2 = is the value of k for the protective conductor, selected from Tables 58 to Table 62 of IS 732: 

2019 as applicable. 

 

1) For a PEN conductor, the reduction of the cross-sectional area is permitted only in 

accordance with the rules for sizing of the neutral conductor 
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CHAPTER 5 

 
 
 

DESIGNING OF PROTECTION SYSTEM FOR FINAL CIRUIT IN LV 

INSTALLATION 

 

 

 

The first step in any installation design is to identify the loads and their characteristics in terms of their physical 

location, kVA demand, power factor, inrush and starting currents etc. Once the loads have been identified the 

preferred location for the incoming supply can be selected, typically at the load centre of the installation i.e. 

close to the larger loads. With the supply position determined, a distribution circuit outline can be prepared.  

 

Once the distribution boards have been identified together with their maximum demands, protective devices 

(overcurrent/Short Circuit/Earth Leakage) and cables (or busbar trunking) can be selected sufficient to carry 

the loads. Selection of correct protection device and wiring in an Electrical installation from SDB (Sub 

Distribution Board) to Final circuit is very important. 

 

 

 

 

 

During the designing of above Installation following points/principle to be considered. 

 

 

Estimation of connected load in KW and deriving the design current for final circuits 

Estimation of earth fault /short circuit loop impedance & prospective short-circuit current 

for final circuit 

Selection of type & capacity of MCB for final circuits 

 

Selection of size of wire for final circuit 

 

Applying diversity factors on all Final circuit & deriving the total maximum demand current 

for SDB 

Selection of type & capacity of MCB for incoming SDB 

 

SDB (Sub Distribution Board) 

 

Final Circuit 
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5.1 Estimation of Operating Load 

(Ref: Para 5.5 of NEC 2011) 

Maximum demand is derived by estimation of the total load connected on that circuit concerned. In 

practical scenario all the connected load doesn’t work simultaneously hence after deriving the maximum 

demand of an installation or parts thereof, diversity may be taken into account.  

Table-58 of annexure-6 gives guidance on diversity, a reasonable estimate can be obtained as to what 

the maximum load is likely to be on that circuit but it must be stressed that each installation must be 

dealt with its own known requirements. The calculation of diversity would have to take into account 

several other factors based on site conditions which would need special knowledge and experience.  

 

5.1.1 Final Circuit 

(Ref: Para 5.8.2 of NEC 2011) 

 

The circuit which is connected to single-way of switch board/sub-switch board or fuse/MCB distribution 

board for supplying current to one or more load point known as ‘final circuit’. 

 

(Ref: Para 6.4.3 of Draft NEC Part-1) 

 

For every A.C. and Water-heater there shall be provision of independent circuit. Load on any single 

power circuit shall not exceed 3kW and number of 16A power outlets on a circuit shall not be more than 

two. This means if it is likely that an equipment having load 3kW, for example, instant hot water geyser, 

is going to be connected on a power outlet, there shall not be second power out let on the same circuit. 

For load calculation of final circuit diversity should not be considered and it should be calculated based 

on actual connected load on each circuit. If sockets provided in an installations and there load is not 

known then below para may be considered for calculation. 

(Ref: Para 5.1.1.7 of NEC 2011) 

For determination of connected load of an installation, actual value of load may be considered. During 

the deriving, the connected load of socket (6A/16A) specified actual values of loads to be considered. 

If loads values are not specified than following ratings may be assumed: 

Items Loads in Watts 

6A socket outlet 100 W 

16A socket outlet 1000 W 
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Example:-Considering a residential quarter in which different type load exist. Total six number final 

circuits are available in this quarter. Estimation of operating Load in case of different final circuits is 

as below: 

Table 43: Estimation of Operating Load in case of Different Final Circuits through an Example 

 

S.N. Final Circuit Equipment Watts Qty. Total 

Watts 

Current (Power 

factor 0.9)= 

(Watts/(240x0.9) 

Required 

MCB 

    Room No.1           

1 Final Circuit 

1(Lighting) 

LED Fitting 20 2 40 0.1852 6A 

2 LED Bulb 10 1 10 0.0463 

3 Ceiling Fan 60 1 60 0.2778 

4 6A Socket 100 2 200 0.9259 

  Total Load of 

Final Circuit 1 

    310.00 1.4352 

5 Final Circuit 

2 (Power) 

16A Socket 1000 1 1000 4.6296 6A 

    Total Load of 

Final Circuit 2  

    1000.00 4.6296   

    Room No.2           

6 Final Circuit 

3 (Lighting) 

LED Fitting 20 2 40 0.1852 6A 

7 LED Bulb 10 1 10 0.0463 

8 Ceiling Fan 60 2 120 0.5556 

9 6A Socket 100 2 200 0.9259 

10 Total Load of 

Final Circuit 3 

    370.00 1.7130 

  Final Circuit 

4 (Power) 

16A Socket 1000 2 2000 9.2593 10A 

  

    Total Load of 

Final Circuit 4 

    2000.00 9.2593 

    Bathroom           

11 Final Circuit 

5 

LED Fitting 20 1 20 0.0926 6A 

12 Exhaust Fan 80 1 80 0.3704 

13 6A Socket 100 5 500 2.3148 

  Total Load of 

Final Circuit 5 

    600.00 2.7778 

14 Final Circuit 

6(Power) 

Geyser 1500 1 1500 6.9444 10A 

    Total Load of 

Final Circuit 6 

    1500.00 6.9444   
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5.2 Estimation of Maximum Fault Loop Impedance & short-circuit current 

 

5.2.1 Estimation of maximum Fault Loop Impedance 

Every Electrical circuit is provided with over current/Short Circuit/Earth Fault protection through 

devices. Tripping of devices (MCB/MCCB) due to short circuit/earth fault depend on the prospective 

earth fault/short circuit current based on earth/short circuit fault loop impedance. 

If the earth fault loop impedance is low enough to cause these devices to operate within the specified 

times, (that is, sufficient current can flow to earth under fault conditions), such devices may be relied 

upon to give the requisite automatic disconnection of supply.  

If the earth fault loop impedance does not permit the protective devices to give automatic 

disconnection of the supply under earth fault conditions, the first option is to reduce that impedance. 

Detail of Earth Fault/short circuit Loop Impedance is given in Para 2.5. 

 

5.2.2 Estimation of maximum short-circuit current 

These values are derived from the supply voltage and the impedance of the earth fault/short circuit 

loop .it is essential to determine short-circuit/earth fault current values at all points in an installation in 

order to select the equipment. 

This starts with estimating this value at the origin of the installation, then at any point using a number 

of methods which are selected according to the size of the installation, the available data, the type of 

verification to be carried out, etc. 

Isc = Vs/Z 

I= short circuit current 

Vs= supply voltage 

Z= Earth fault/Short circuit loop impedance 

5.3 Selection of Type & Capacity of MCB 

There are two important criteria for selection of suitably rated MCB for giving protection to an electrical 

circuit/equipment against faults due to any reason i.e. overload, short circuit, & earth fault within 

permissible time. 

 

5.3.1 Selection of Current rating of MCB 

As already explained in para 5.1 of his booklet, during the selection of MCB for final circuit, no diversity 

will be applicable. After deriving total connected load on that circuit, current to be calculated. The 

rating of MCB shall be nearest & higher to load current  

During the selection of current rating of incoming MCB of SDB, by Calculating maximum demand of 

an installation or parts thereof, diversity may be taken into account & according to this load current to 

be derived. For a circuit with a load of 8A we can select MCB of 10 A rating and believe that it will 

save the system against any electrical hazard/fault. Examples already shown in para 5.1 
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5.3.2 Selection of Type (B/C/D) of MCB 

(Ref: Para MM 6.2.3.6.2 of Annexure-MM of IS 732: 2019) 

The tripping of MCB during short circuit/Earth fault depend on the value of Loop Impedance encountered 

by the fault current. The relation between tripping current (It) of MCB and the maximum earth fault/short 

circuit loop impedance (Zs) of the concern circuit are as below: - 

 

Zs≤
2

3
(

𝑈0

𝐼𝑡
) 

Where   

 

Zs The maximum fault loop impedance in (Ω) of the concern circuit. Its comprising: - 

i. The source, 

ii. The line conductor up to the point of the earth fault/short circuit, and 

iii. The protective conductor between the point of the fault and the source; 

It The current in amperes (Amp.) causing the automatic operation of the disconnecting device 

(MCB) within the time 

U0 The nominal A.C. or D.C. line to earth voltage in volts (V). 

The maximum earth fault/short circuit loop impedance in the above formula is reduced by a faction of 

2/3 because when earth fault/short circuit happens the voltage at that point of fault is reduced to lower 

value than the nominal supply voltage. This reducing factor will ensure that MCB is tripping 

instantaneously even if voltage is further reduced to lower values. 

Accordingly, a table has been derived using above formula for calculation of the maximum earth 

fault/short circuit loop impedance for different current ratings and types of MCB to ensure Tripping 

during short circuit and Earth fault. This table can be used a ready reckoner for selection of MCB for 

different current ratings based on earth fault/short circuit loop impedance of the circuit. 

 

Table 44: Maximum Earth fault/Short circuit Loop Impedance Values for Tripping of MCB’s 

under Earth Fault/Short Circuit 

 

Type 

of 

MCB 

MCB rating in 

Amps 

6 10 16 20 25 32 40 50 63 80 100 125 

B Zs(In Ohms)                       

 =(2/3x (U0/ It)                    

5.11 3.07 1.92 1.53 1.23 0.96 0.77 0.61 0.49 0.38 0.31 0.25 

C Zs(In Ohms)                            

=(2/3x (U0/It) 

2.56 1.53 0.96 0.77 0.61 0.48 0.38 0.31 0.24 0.19 0.15 0.12 

D  Zs(In Ohms)                         

=(2/3x (U0/ It) 

1.28 0.77 0.48 0.38 0.31 0.24 0.19 0.15 0.12 0.10 0.08 0.06 

32 Amp rated Type B MCB will trip instantaneously (i.e., within 0.1sec) at current more than 160 amp 

(i.e. 5 times of its rating) 

 

It   160 Amp 

U0   230 Volt 

2/3x (U0/Ib) (2/3 x 230/160)=153.3/160= 0.96 

Zs≤ 0.96Ω 
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As per above table, Maximum earth fault/short circuit loop impedance (Zs) of the concern circuit should 

not be more than 0.96 Ω to ensure automatic disconnection of supply. If value of earth fault/short circuit 

loop impedance in this circuit is more than 0.96Ω then automatic disconnection of supply will not 

happen instantaneously. On the basis of above table, type of MCB may be decided. 

Example:  Type of MCB for any circuit can be found out with the help of the above table .This can be 

explained by an example as below 

Two number sockets are connected to the final circuit through 10A MCB in the residential quarter. The 

value of earth fault loop impedance at that socket is 2.75 Ohm.  

 

What type of MCB is to be used? 

 

As per Chart given in table 2, required maximum earth fault loop impedance for 10A type (B/C/D) 

MCB are as below: - 

Type B: - 3.07 Ohm 

 Type C: -1.53 Ohm 

 Type D: - 0.77 Ohm 

As per given data type B MCB is suitable for above circuit, as given earth fault loop impedance (2.75 

Ohm) is lower only in type B MCB  

 

5.4 Selection of Conductor/ Cable 

(Ref: Para 4.1.3.6 & 5.2.7 of IS 732:2019) 

After deriving the capacity of MCB the selection of adequate size of the conductor is very important. 

The operating characteristics of a device protecting a cable/wire against overload shall satisfy the two 

following conditions: - 

 

         IB ≤ In ≤ IZ    (Equation 1) 

        I2 ≤ 1.45x IZ   (Equation 2) 

  Where;  

 

IB  The design current for that circuit 

IZ The continuous current-carrying capacity of the cable/wire 

In  The rated current of Protective device                                                                                            

(NOTE: For adjustable protective devices, the rated current In is the current setting selected. 

I2 The current ensuring effective operation in the conventional time of the protective device i.e. 

1.45x IB  

 

 Conventional time: -The conventional time is 1 h for circuit-breakers of rated current up to 

and including 63 A, and 2 h for circuit-breakers of rated current above 63 A. 

 

These equations can be also explain as per given diagram 
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Figure 42: Illustration of equations 1 & 2 for Selection of Cable 

 

5.4.1 Calculation of size of conductor 

Above equations (1 & 2) in para 5.4 can be explain by an example. Consider a circuit/Installation in 

which design current (IB) is 30A. 

Question No.1:  What will be capacity of MCB & required current carrying capacity of wire  

Question No.2: Which size of PVC insulated copper wire is suitable for this installation. 

 

Above questions (1 & 2) can be solved by two steps: 

What will be capacity of MCB & required current carrying capacity of wire  

 

1.  Design current (IB) of a circuit/Installation   30A  

2.  Rated current of Protective device (MCB) (In) shall be        Minimum 32 A 30A MCB is 

not available 

3.  Tripping current (I2) in the conventional time of the 

protective device shall be  

Minimum 

(Inx1.45= 46.4A) 

 

4.  Required Current carrying capacity of wire (IZ) shall be             Minimum 46.4 A  

 

 On the basis of above table 

1  IB ≤ In ≤ IZ   IB= 30A, In= 32A, IZ =46.4     Equation 1 satisfied 

2 I2 ≤ 1.45x IZ I2= 46.4A,  

1.45x IZ=   1.45x46.4 =67.28 

Equation 2 satisfied 

 

Which size of PVC insulated copper wire is suitable for this installation 

After deriving required current capacity of wire i.e. 46.4 A, size of wire can be derived by following 

two methods:- 
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1
st

 METHOD 

In this method, 

a. Firstly selecting a wire from annexure-4, which has a higher current carrying capacity than 

required current. 

b. Applying all applicable reduction factors (due to ambient temperature/laid in a group) by 

multiplying the current-carrying capacity of wire from the reduction factor.  

c. After applying the reduction factor, final current-carrying capacity of wire to be checked, which 

should be more than the required current carrying capacity i.e. 46.4 A.  

d. If the final current carrying capacity (after applying all reduction factors) is less than the required 

current, then the upper size of the wire is taken and all the procedures are repeated. 

 

To understand the process of this case, two sizes of wire (10sq. Mm/16sqmm) has been taken. 

 

Table 45: 1
st

 Method for Deriving the Suitable Size of wire through an Example 
 

Step Procedure Example  Remarks 

1.  Checking the table-56 

of annexure-4 for B-1 

installation in which 

10/16 sq.mm wire, 

current carrying 

capacity 54/73A  

respectively 

10 sq.mm PVC 

insulated copper 

wire: Current 

carrying 

capacity 54A 

16 sq.mm PVC 

insulated 

copper wire:  

Current carrying 

capacity 73A 

 

2.  Apply ambient 

temperature reduction 

factor from table- 49  of 

annexure-3 

0.87 54 x 0.87 

= 46.98A 

0.87  

73 x 0.87 = 

63.51A 

Ambient temperature 

40°C to be considered 

3.  Apply reduction factor 

depending on the 

number of circuits from 

table-51 of annexure-3   

Reduction 

Factor= 0.80 

46.98 x 0.80= 

37.58A 

Reduction 

Factor= 0.80 

63.51 x 0.80= 

50.81A 

2 Nos. 2 core wire laid 

in same conduit 

4.  Suitable size of 

wire/cable 

16 sq.mm Final current carrying 

capacity (after applying 

all reduction factor) of 

2 core 16 sq.mm PVC 

insulated copper wire 

is more than 46.4 A 

current. 
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2
nd

 METHOD 

In this method, apply all reduction factors (ambient temperature/number of circuits) on the required 

current i.e. 46.4A by dividing reduction factors on current-carrying capacity. After deriving the final 

current, the size of the wire to be checked from annexure-4 

Table 46: 2
nd

 Method for Deriving the Suitable Size of wire through an Example 

Step Procedure Example Remarks 

1.  Required current carrying capacity of 

wire/cable (IZ)  

 Minimum 46.4 A  

2.  Apply ambient temperature reduction 

factor from table-49  of annexure-3   

0.87 = 

46.4/0.87=53.33Amp. 

Ambient temperature 

40°C to be considered 

3.  Apply reduction factor depending on 

the number of circuits from table-51 

of annexure-3   

Reduction Factor= 0.80 

53.33/0.80= 66.67A 

2 Nos. 2core wire laid in 

same conduit 

4.  Checking the table-56 of annexure-4 

for B-1 installation in which size of 

wire, current carrying capacity are 

more than 66.67A   

16 sq.mm PVC insulated 

copper wire  

Current carrying 

capacity 76A 

5.5 Selection of Incoming MCB for SDB 

During the selection of capacity of incoming MCB of DB, diversity factors will be applicable on all 

connected load. Diversity factor will be applicable as per table-59 of annexure 6. 

Example: Considering same above quarter, in which six numbers final circuits are provided. For 

selection of incoming MCB of DB, diversity factor on all connected load/concern circuit will be applied. 

After applying diversity, capacity of MCB may be derived. This is shown as below:- 

Table 47: Selection of Rating of MCB for SDB through an Example 
 

S.N. Final 

Circuit 

Equipment Watts Qty. Load in 

Watts 

Load in watts 

after applying 

Diversity factor  

Remarks 

    Room No.1           

1 Final 

Circuit 1 

LED Fitting 20 2 40 26.4 66% diversity on 

Lighting load 
2 LED Bulb 10 1 10 6.6 

3 Ceiling Fan 60 1 60 39.6 

4 6A Socket 100 2 200 132 

  Total Load of Final 

Circuit 1 (in Watts) 

    310 204.6   

5 Final 

Circuit 2 

16A Socket 1000 1 1000 1000 100% of current 

demand of largest 

point  

  Total Load of Final 

Circuit 2 (in Watts) 

    1000 1000   
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    Room No.2           

6 Final 

Circuit 3 

LED Fitting 20 2 40 26.4 66% on Lighting 

load 
7 LED Bulb 10 1 10 6.6 

8 Ceiling Fan 60 2 120 79.2 

9 6A Socket 100 2 200 132 

  Total Load of Final 

Circuit 3 (in Watts) 

    370 244.2   

10 Final 

Circuit 4 

16A Socket 1000 2 2000 2000 100 percent of total 

current demand up 

to 10A 

  Total Load of Final 

Circuit 4 (in Watts) 

    2000 2000   

    Bathroom           

11 Final 

Circuit 5 

LED Fitting 20 1 20 13.2 66% on Lighting 

load 
12 Exhaust Fan 80 1 80 52.8 

13 6A Socket 100 5 500 330 

  Total Load of Final 

Circuit 5 (in Watts) 

    600 396   

14 Final 

Circuit 6 

Geyser/AC 1500 1 1500 1500 100% of current 

demand of largest 

point & 40% of 

current demand of 

every other point 

    Total Load of Final 

Circuit 6 (in Watts) 

    1500 1500   

    Grand Total Load (Final Circuit 1 to 

6) in Watts 

5780.00 5344.80   

    Current (Power 

factor 0.9)= 

(Watts/(240x0.9) 

    26.7593 24.7444   

  Required capacity of MCB 32A  

As per above table, 32A MCB is suitable for incoming MCB of SDB. 
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Annexure 1  

Measurement of the earth fault loop impedance by voltage drop method 

   

In this method a voltmeter will be connected across/parallel to the circuit /load resistance. An ammeter will 

be connected in series of circuit/load resistance. First of all, write down the reading of voltmeter ( U1) without 

connection of the load resistance. After that connect the load/resistance in the circuit. & write down the reading 

of voltmeter (U2) & Ammeter(IR).The earth fault loop impedance may be calculated from the following 

formula (Ref: Method LL2 of Annexure-LL of IS 732: 2019) 

 

 

Figure 43: Measurement of earth Fault Loop Impedance by Voltage Drop 

Z =  
U1 − U2

IR
 

Where 

Z  = The earth fault loop impedance; 

U1  = The voltage measured without connection of the load resistance; 

U2  = The voltage measured with connection of the load resistance; and 

IR  = The current through the load resistance. 

NOTES 

1. The difference between U1 and U2 should be significant 

2. The method proposed in this Annex gives only approximate values of the earth fault loop 

impedance as it does not take into account the vectorial nature of the voltage, that is, of the 

conditions existing at the time of an actual earth fault. The degree of approximation is, however, 

acceptable provided that the reactance of the circuit concerned is negligible. 

3. It is recommended that a continuity test be made between the main earthing terminal and the 

exposed- conductive-parts before carrying out the earth fault loop impedance test. 

4. This method has difficulties in the application and thus not used in practice. 
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Annexure 2  

Detail of different type wire/cable installation method 

 

Table 48: Methods of Installation 

(Ref: Table-19 & Annexure-S of IS 732:2019) 

 

Installation 

Method 

Detail of Installation 

A1 Insulated conductors in conduit in thermally insulated wall*/ in mouldings/ architraves/ 

window frames. 

A2 Multi-core cable in conduit in thermally insulated wall*.  

B1  Insulated conductors in conduit / trunking on wooden wall / on or concealed in masonry 

wall
#

, suspended in trunking/ in building void d) Reference Method B2  

B2 Multi-core cable in conduit/ trunking on wooden wall/ on or concealed in masonry wall
#

/ 

flooring, suspended in trunking/ in building or ceiling void/ duct in void/ in masonry/ open 

or closed cable channel 

C Single-core or multi-core cable on a wooden wall imperforated trey/ on or directly in 

masonry wall/ ceiling. 

D1 Single core cable/ multi-core cable in conduits/ ducts in the ground.  

D2 Multi-core cables designed to be buried directly in the ground with or without added 

mechanical protection, for example, half round RCC pipe. 

E  Reference method E, F, G is for single or multi-core cables in free air/ spaced from 

surface/ on perforated or wire-mesh trey/ ladder/ brackets/ on insulators. 

 

F  

G  

NOTE: 

 

1. For C Installation: - Cable mounted on a wooden wall so that the gap between the cable and the surface 

is less than 0.3 times the cable diameter. Where the cable is fixed to or embedded in a masonry wall the 

current-carrying capacity may be higher. This subject is under consideration. 

 

2. For D1 Installation: - Cables drawn into 100 mm diameter plastic, earthenware or metallic ducts laid 

in direct contact with soil having a thermal resistivity of 2.5 Km/W and a depth of 0.75 m.  

 

3. For D2 Installation: Cables laid in direct contact with soil having thermal resistivity of 2.5 Km/W and a 

depth of 0.75 m.  
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4. For E, F& G Installation: -A cable so supported that the total heat dissipation is not impeded. 

Heating due to solar radiation and other sources shall be taken into account. Care shall be taken 

that natural air convection is not impeded. In practice, a clearance between a cable and any 

adjacent surface of at least 0.3 times the cable external diameter for multi-core cables or 1 time 

the cable diameter for single-core cables is sufficient to permit the use of current-carrying 

capacities appropriate to free air conditions. 

*Wall consisting of outer weatherproof skin, thermal insulation and inner skin of wood or similar 

material having thermal conductance at least 10 W/m
2

. Conduit is fixed so as to be close to inner wall 

but not necessarily touching inner skin. Heat from cables is assumed to escape through the inner skin 

only. The conduit can be metal or PVC 

#

Conduit mounted on a wooden wall so that the gap between the conduit and the surface is less than 0.3 times 

the conduit diameter. The conduit can be metal or plastic. Where the conduit is fixed to a masonry wall the 

current-carrying capacity of the cable or insulated conductors may be higher. This subject is under consideration 
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Annexure 3 

Different Correction Factor to be applied to the Current-Carrying Capacities for Cables  

 

 

 

Table 49: Correction Factor for Ambient Air Temperatures Other Than 30 °C to be applied to the Current-

Carrying Capacities for Cables in the Air 

 

(Ref: Table 33 of IS 732:2019) 

 

 

 

Ambient 

Temperature 

°C 

 

 

Insulation 

 

PVC 

 

XLPE and EPR 

(Mineral1) 

PVC Covered or 

Bare and Exposed 

to Touch 70 °C 

Bare not Exposed 

to Touch 

105 °C 

(1) (2) (3) (4) (5) 

10 1.22 1.15 1.26 1.14 

15 1.17 1.12 1.20 1.11 

20 1.12 1.08 1.14 1.07 

25 1.06 1.04 1.07 1.04 

30 1.00 1.00 1.00 1.00 

35 0.94 0.96 0.93 0.96 

40 0.87 0.91 0.85 0.92 

45 0.79 0.87 0.78 0.88 

50 0.71 0.82 0.67 0.84 

55 0.61 0.76 0.57 0.80 

60 0.50 0.71 0.45 0.75 

65 – 0.65 – 0.70 

70 – 0.58 – 0.65 

75 – 0.50 – 0.60 

80 – 0.41 – 0.54 

85 – – – 0.47 

90 – – – 0.40 

95 – – – 0.32 

1) For higher ambient temperatures, consult the manufacturer 
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Table 50: Correction Factors for Ambient Ground Temperatures Other Than 20 °C to be applied to the 

Current-Carrying Capacities for Cables in Ducts in the Ground 

  

(Ref: Table 34 of IS 732:2019) 

 

Ground 

Temperature 

°C 

Insulati

on 

PVC XLPE and 

EPR 

(1) (2) (3) 

10 1.10 1.07 

15 1.05 1.04 

20 1.00 1.00 

25 0.95 0.96 

30 0.89 0.93 

35 0.84 0.89 

40 0.77 0.85 

45 0.71 0.80 

50 0.63 0.76 

55 0.55 0.71 

60 0.45 0.65 

65 – 0.60 

70 – 0.53 

75 – 0.46 

80 – 0.38 
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Table 51: Reduction Factors for One Circuit or One Multi-core Cable or for a Group of more than One 

Circuit, or more than one multi-core cable 

Below table to be used with Current-Carrying Capacities of table -56 of annexure-4 

(Ref: Table 36 of IS 732:2019) 

 

 

 

Item 

 

Arrangement 

(Cables 

Touching) 

 

Number of Circuits or Multi-core Cables 

To be Used 

with Current- 

Carrying 

Capacities, 

Reference 

1 2 3 4 5 6 7 8 9 12 16 20  

1 Bunched in air, on a 

surface, embedded 

or enclosed 

1.00 0.80 0.70 0.65 0.60 0.57 0.54 0.52 0.50 0.45 0.41 0.38 Tables 21 to 

32 Methods 

A to F 

2 Single layer on 

wall, floor or 

unperforated cable 

tray systems 

1.00 0.85 0.79 0.75 0.73 0.72 0.72 0.71 0.70 
 

 

 

 

No further reduction 

factor for more than 

nine circuits or 

multicore cables 

 

 

Tables 21 

to 26 

Method 

C 3 Single layer 

fixed directly 

under a wooden 

ceiling 

0.95 0.81 0.72 0.68 0.66 0.64 0.63 0.62 0.61 

4 Single layer on a 

perforated 

horizontal or 

vertical cable tray 

systems 

1.00 0.88 0.82 0.77 0.75 0.73 0.73 0.72 0.72 
 

 

Tables 27 to 

32 Methods E 

and F 

5 Single layer on 

cable ladder 

systems or cleats 

etc., 

1.00 0.87 0.82 0.80 0.80 0.79 0.79 0.78 0.78 

NOTES 

1. These factors are applicable to uniform groups of cables, equally loaded. 

2. Where horizontal clearances between adjacent cables exceeds twice their overall diameter, no reduction factor need be 

applied. 

3. The same factors are applied to: 

a. groups of two or three single-core cables; 

b. multi-core cables. 

4. If a system consists of both two- and three-core cables, the total number of cables is taken as the number of circuits, 

and the corresponding factor is applied to the tables for two loaded conductors for the two-core cables, and to the 

tables for three loaded conductors for the three-core cables. 

5. If a group consists of n single-core cables it may either be considered as n/2 circuits of two loaded conductors or n/3 

circuits of three loaded conductors. 

6. The values given have been averaged over the range of conductor sizes and types of installation included in Tables 21 to 

Table 32 the overall accuracy of tabulated values is within 5 percent. 

7. For some installations and for other methods not provided for in the above table, it may be appropriate to use factors 

calculated for specific cases, see for example, Table 39 and Table 40. 
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Table 52: Reduction Factors for More Than One Circuit, Cables Laid Directly in the Ground –Installation   

Method D2 

Below table to be used with Current-Carrying Capacities of table-57 of annexure-4 for Single-

Core or Multi-Core Cables 

(Ref: Table 37 of IS 732:2019) 

 

 

Number of 

Circuits 

Cable to Cable clearance 

Cables (Nil 

Touching) 

One cable Diameter 
 

0.125 m 

 

0.25 m 

 

0.5 m 

2 0.75 0.80 0.85 0.90 0.90 

3 0.65 0.70 0.75 0.80 0.85 

4 0.60 0.60 0.70 0.75 0.80 

5 0.55 0.55 0.65 0.70 0.80 

6 0.50 0.55 0.60 0.70 0.80 

7 0.45 0.51 0.59 0.67 0.76 

8 0.43 0.48 0.57 0.65 0.75 

9 0.41 0.46 0.55 0.63 0.74 

12 0.36 0.42 0.51 0.59 0.71 

16 0.32 0.38 0.47 0.56 0.38 

20 0.29 0.35 0.44 0.53 0.66 

Multi-core cables 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Single core cable 

 

 

 

 

 

 

 

 

 

           

   

NOTES 

1. Values given apply to an installation depth of 0.7 m and a soil thermal resistivity of 2.5 Km/W. They 

are average values for the range of cable sizes and types quoted for Tables 21 to Table 24. The 

process of averaging, together with rounding off, can result in some cases in errors up to 10 %. 

(Where more precise values are required they may be calculated by methods given in IEC 60287-2-

1). 

2. In case of a thermal resistivity lower than 2.5 Km/W the corrections factors can, in general, be 

increased and can be calculated by the methods given in IEC 60287-2-1. 

3. If a circuit consists of m parallel conductors per phase, then for determining the reduction factor, this 

circuit should be considered as m circuits. 
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Table 53: Reduction Factors for More Than One Circuit, Cables Laid in Ducts in the Ground - 

Installation Method D1 

  

Below table to be used with Current-Carrying Capacities of table-57 of annexure-4 for Single-Core or 

Multi-Core Cables   

(Ref: Table 38 of IS 732:2019) 

 

A) Multi-Core Cables in Single-Way Ducts 

Number of Cables Duct to Duct 

clearance 

Nil (Ducts Touching) 
0.25 m 0.5 m 1.0 m 

2 0.85 0.90 0.95 0.95 

3 0.75 0.85 0.90 0.95 

4 0.70 0.80 0.85 0.90 

5 0.65 0.80 0.85 0.90 

6 0.60 0.80 0.80 0.90 

7 0.57 0.76 0.80 0.88 

8 0.54 0.74 0.78 0.88 

9 0.52 0.73 0.77 0.87 

10 0.49 0.72 0.76 0.86 

11 0.47 0.70 0.75 0.86 

12 0.45 0.69 0.74 0.85 

13 0.44 0.68 0.73 0.85 

14 0.42 0.68 0.72 0.84 

15 0.41 0.67 0.72 0.84 

16 0.39 0.66 0.71 0.83 

17 0.38 0.65 0.70 0.83 

18 0.37 0.65 0.70 0.83 

19 0.35 0.64 0.69 0.82 

20 0.34 0.63 0.68 0.82 
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Table 53: (Concluded) 

 

B) Single-core Cables in Non-Magnetic Single-Way Ducts 

Number of Single-

Core Circuits of Two 

or Three Cables 

Duct to Duct Clearance 

Nil (Ducts 

Touching) 

 

0.25 m 

 

0.5 m 

 

1.0 m 

2 0.80 0.90 0.90 0.95 

3 0.70 0.80 0.85 0.90 

4 0.65 0.75 0.80 0.90 

5 0.60 0.70 0.80 0.90 

6 0.60 0.70 0.80 0.90 

7 0.53 0.66 0.76 0.87 

8 0.50 0.63 0.74 0.87 

9 0.47 0.61 0.73 0.86 

10 0.45 0.59 0.72 0.85 

11 0.43 0.57 0.70 0.85 

12 0.41 0.56 0.69 0.84 

13 0.39 0.54 0.68 0.84 

14 0.37 0.53 0.68 0.83 

15 0.35 0.52 0.67 0.83 

16 0.34 0.51 0.66 0.83 

17 0.33 0.50 0.65 0.82 

18 0.31 0.49 0.65 0.82 

19 0.30 0.48 0.64 0.82 

20 0.29 0.47 0.63 0.81 

a     Multi-core cables                                           

 

b Single-core cables 

 

 

NOTES 

1. Values given apply to an installation depth of 0.7 m and a soil thermal resistivity of 2.5 K·m/W. They are 

average values for the range of cable sizes and types quoted for Table 20 to Table 24. The process of 

averaging, together with rounding off, can result in some cases in errors up to 10 percent. Where more 

precise values are required they may be calculated by methods given in the IEC 60287series. 

2. In case of a thermal resistivity lower than 2.5 K·m/W the corrections factors can, in general, be increased 

and can be calculated by the methods given in IEC 60287-2-1. 

3. If a circuit consists of n parallel conductors per phase, then for determining the reduction factor this circuit 

shall be considered as n circuits. 
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Table 54: Reduction Factors for Group of More Than One Multi-core in Free Air - Method of Installation E  

Below reduction factor to be applied to reference Current-Carrying Capacity for multi-core cables in table-

56 of Annexure-4 & table 27 to 28 of IS732:2019 
 

(Ref: Table 39 of IS 732:2019) 

 

 

Method of Installation as per Table 19 

of IS 732:2019 

Number of 

Trays or 

Ladders 

Number of Cables Per Tray or Ladder 

1 2 3 4 6 9 

Perforated 

cable tray 

systems 

 

31 

 

 

 

 

1 1.00 0.88 0.82 0.79 0.76 0.73 

 2 1.00 0.87 0.80 0.77 0.73 0.68 

 3 1.00 0.86 0.79 0.76 0.71 0.66 

 6 1.00 0.84 0.77 0.73 0.68 0.64 

         

1 1.00 1.00 0.98 0.95 0.91 – 

2 1.00 0.99 0.96 0.92 0.87 – 

3 1.00 0.98 0.95 0.91 0.85 – 

  
 

       

Vertical 

perforated 

cable tray 

systems 

 

31 

  

1 

2 

 

1.00 

1.00 

 

0.88 

0.88 

 

0.82 

0.81 

 

0.78 

0.76 

 

0.73 

0.71 

 

0.72 

0.70 

  1 1.00 0.91 0.89 0.88 0.87 – 

 2 1.00 0.91 0.88 0.87 0.85 – 

Unperforated 

cable tray 

systems 

31  
1 

2 

0.97 

0.97 

0.84 

0.83 

0.78 

0.76 

0.75 

0.72 

0.71 

0.68 

0.68 

0.63 

3 0.97 0.82 0.75 0.71 0.66 0.61 

6 0.97 0.81 0.73 0.69 0.63 0.58 
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Table 54: (Concluded) 

 

Method of Installation as per Table 19 of IS 732:2019 

Number of 

Trays or 

Ladders 

Number of Cables Per Tray or Ladder 

 
 1 2 3 4 6 9 

 

 

Cable ladder 

systems, 

cleats, etc. 

(Note 3) 

 

 

 

32 

33 

34 

 
 

1 

2 

3 

6 

 

1.00 

1.00 

1.00 

1.00 

 

0.87 

0.86 

0.85 

0.84 

 

0.82 

0.80 

0.79 

0.77 

 

0.80 

0.78 

0.76 

0.73 

 

0.79 

0.76 

0.73 

0.68 

 

0.78 

0.73 

0.70 

0.64 

   
 
 
 
 
 
 
 

 

1 

2 

3 

 

1.00 

1.00 

1.00 

 

1.00 

0.99 

0.98 

 

1.00 

0.98 

0.97 

 

1.00 

0.97 

0.96 

 

1.00 

0.96 

0.93 

 

– 

– 

– 

NOTES 

1. Values given are averages for the cable types and range of conductor sizes considered in Tables 27 to Table 32. The 

spread of values is generally less than 5 percent. 

2. Factors apply to single layer groups of cables as shown above and do not apply when cables are installed in more 

than one layer touching each other. Values for such installations may be significantly lower and has to be determined 

by an appropriate method. 

3. Values are given for vertical spacing between cable trays of 300 mm and at least 20 mm between cable trays and 

wall. For closer spacing the factors should be reduced. 

4. Values are given for horizontal spacing between cable trays of 225 mm with cable trays mounted back to back. For 

closer spacing the factors should be reduced. 
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Table 55: Reduction Factors for Groups of One or More Circuits of Single-core Cables in free Air - 

Method of Installation F 

 

Below reduction factor to be applied to reference Current-Carrying Capacity for One Circuit of Single-Core 

Cables in table-56 of Annexure-4 & table 27 to 28 of IS732:2019 

 

(Ref: Table 40 of IS732:2019) 
 

 

 

Method of Installation as per Table 19 of 

IS732:2019 

 

Number of 

Trays or 

Ladders 

Number of Three-Phase 

Circuits Per Tray or 

Ladder 

Use as a 

Multiplier to 

Current-Carrying 

Capacity 

for 

 

1 

 

2 

 

3 

Perforated 

cable tray 

systems 

(Note 3) 

31 

 

 

 

 

1 

2 

3 

 

 

 

0.98 

0.96 

0.95 

 

 

 

0.91 

0.87 

0.85 

 

 

 

0.87 

0.81 

0.78 

 

 

 

Three cables in 

horizontal 

formation 

Vertical 

perforated 

cable tray 

systems 

(Note 4) 

31 

 

 

1 

2 

 

0.96 

0.95 

 

0.86 

0.84 

 

– 

– 

 

Three cables in 

vertical formation 

Cable ladder 

systems, 

cleats, etc 

(Note 3) 

32 

33 

34 

 

 

1 

2 

3 

 

1.00 

0.98 

0.97 

 

0.97 

0.93 

0.90 

 

0.96 

0.89 

0.86 

 

Three cables in 

horizontal 

formation 
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Table 55: (Concluded) 

 

 

 

Method of Installation in Table 19 

 

Number of 

Trays or 

Ladders 

Number of Three-Phase 

Circuits Per Tray or 

Ladder 

Use as a 

Multiplier to 

Current-

Carrying 

Capacity 

for 

 

1 

 

2 

 

3 

Perforated 

cable tray 

systems 

(Note 3) 

 

 

 

 

31 

 

 

 

1 

2 

3 

 

 

1.00 

0.97 

0.96 

 

 

0.98 

0.93 

0.92 

 

 

0.96 

0.89 

0.86 

 

 

Three cables 

in trefoil 

formation 

Vertical 

perforated 

cable tray 

systems 

(Note 4) 

 

31 

 

 

 

1 

2 

 

 

1.00 

1.00 

 

 

0.91 

0.90 

 

 

0.89 

0.86 

Cable ladder 

systems, 

cleats, etc. 

(Note 3) 

 

32 

33 

34 

 

 

 

 

1 

2 

3 

 

 

 

1.00 

0.97 

0.96 

 

 

 

1.00 

0.95 

0.94 

 

 

 

1.00 

0.93 

0.90 

 

NOTES 

1. Values given are averages for the cable types and range of conductor sizes considered in 

Table 27 to Table 32. The spread of values is generally less than 5 percent. 

2. Factors are given for single layers of cables (or trefoil groups) as shown in the table and 

do not apply when cables are installed in more than one layer touching each other. Values 

for such installations may be significantly lower and should be determined by an 

appropriate method. 

3. Values are given for vertical spacing between cable trays of 300 mm and at least 20 mm 

between cable trays and wall. For closer spacing the factors should be reduced. 

4. Values are given for horizontal spacing between cable trays of 225 mm with cable trays 

mounted back to back. For closer spacing the factors should be reduced. 

5. For circuits having more than one cable in parallel per phase, each three phase set of 

conductors should be considered as a circuit for the purpose of this table. 

6. If a circuit consists of m parallel conductors per phase, then for determining the reduction 

factor this circuit should be considered as m circuits. 
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        Annexure 4 

Simplification of the Tables 21 to 24 & 29 to 32 of IS 732:2019 

 

Table 56: Reduction factor in (A1/A2/B1/B2/C/E/F/G) installation 

(Normative) 

Below table is simplification of the Tables 21 to 24 & 29 to 32 of IS 732:2019 for A1/A2/B1 /B2/ C/E 

/F/G installation 

(Ref: Annex-T of IS 732:2019) 

 

Reference 

methods in 

Table 20 

Number of Loaded Conductors and Types of Insulations 

A1  3PVC 2PVC  3XLPE 2XLPE       

A2 3PVC 2PVC  3XLPE 2XLPE        

B1    3PVC 2PVC  3XLPE  2XLPE    

B2   3PVC 2PVC  3XLPE 2XLPE      

C     3PVC  2PVC 3XLPE  2XLPE   

E      3PVC  2PVC 3XLPE  2XLPE  

F       3PVC  2PVC 3XLPE  2XLPE 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

Size (mm
2
) 

Copper 

            

1.5 13 13.5 14.5 15.5 17 18.5 19.5 22 23 24 26 -- 

2.5 17.5 18 19.5 21 23 25 27 30 31 33 36 -- 

4 23 24 26 28 31 34 36 40 42 45 49 -- 

6 29 31 34 36 40 43 46 51 54 58 63 -- 

10 39 42 46 50 54 60 63 70 75 80 86 -- 

16 52 56 61 68 73 80 85 94 100 107 115 -- 

25 68 73 80 89 95 101 110 119 127 135 149 161 

35 -- -- -- 110 117 126 137 147 158 169 185 200 

50 -- -- -- 134 141 153 167 179 192 207 225 242 

70 -- -- -- 171 179 196 213 229 246 268 289 310 

95 -- -- -- 207 216 238 258 278 298 328 352 377 

120 -- -- -- 239 249 276 299 322 346 382 410 437 

150 -- -- -- -- 285 318 344 371 395 441 473 504 

185 -- -- -- -- 324 362 392 424 450 506 542 575 

240 -- -- -- -- 380 424 461 500 538 599 641 679 

Aluminium             

2.5 13.5 14 15 16.5 18.5 19.5 21 23 24 26 28 -- 

4 17.5 18.5 20 22 25 26 28 31 32 35 38 -- 

6 23 24 26 28 32 33 36 39 42 45 49 -- 

10 31 32 36 39 44 46 49 54 58 62 67 -- 

16 41 43 48 53 58 61 66 73 77 84 91 -- 

25 53 57 63 70 73 78 83 90 97 101 108 121 

35 -- -- -- 86 90 96 103 112 120 126 135 150 

50 -- -- -- 104 110 117 125 136 146 154 164 184 

70 -- -- -- 133 140 150 160 174 187 198 211 237 

95 -- -- -- 161 170 183 195 211 227 241 257 289 

120 -- -- -- 186 197 212 226 245 263 280 300 337 

150 -- -- -- -- 226 245 261 283 304 324 346 389 

185 -- -- -- -- 256 280 298 323 347 371 397 447 

240 -- -- -- -- 300 330 352 382 409 439 470 530 

Note: The appropriate table of current carrying capacity given in Annexure S should be consulted to determine the range of conductor 

sizes for which the above current carrying capacities are applicable, for each installation method. 
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Table 57: Reduction factor in D1/D2 installation 

(Normative) 

Below table is simplification of the tables 21 to 24 of IS 732:2019 for D1/D2 installation 

(Ref: Annex-T of IS 732:2019) 

Installation 

Method 

Size in sq.mm 

 

Number of Loaded Conductors and Type of Insulation 

2 PVC 3 PVC 2 XLPE 3 

XLPE 

D1/D2 Copper 

1.5 22 18 26 22 

2.5 29 24 34 29 

4 38 31 44 37 

6 47 39 56 46 

10 63 52 73 61 

16 81 67 95 79 

25 104 86 121 101 

35 125 103 146 122 

50 148 122 173 144 

70 183 151 213 178 

95 216 179 252 211 

120 246 203 287 240 

150 278 230 324 271 

185 312 258 363 304 

240 361 297 419 351 

300 408 336 474 396 

 

D1/D2 

Aluminium 

2.5 22 18.5 26 22 

4 29 24 34 29 

6 36 30 42 36 

10 48 40 56 47 

16 62 52 73 61 

25 80 66 93 78 

35 

50 

96 

113 

80 

94 

112 

132 

94 

112 

70 140 117 163 138 

95 166 138 193 164 

120 189 157 220 186 

150 213 178 249 210 

185 240 200 279 236 

240 277 230 322 272 

300 313 260 364 308 
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Annexure 5  

Maximum Operating Temperatures for Types of Insulation 

 

Table 58: Maximum Operating Temperatures for Types of Insulation 

 

(Ref: Table 8 of IS 732: 2019) 

 

Types of Insulation Temperature Limit 

°C
1), 4)

 

Thermoplastic (PVC) 

Thermosetting (XLPE or EPR rubber) 

Mineral (thermoplastic (PVC) covered of bare exposed to touch) 

Mineral (bare not exposed to touch and not in contact with combustible 

material) 

70 at the conductor 

90 at the conductor
2)

 

70 at the sheath 

105 at the sheath
2), 3)

 

1)

 The maximum permissible conductor temperatures given in Table on which the tabulated current 

carrying capacities given in Annex. A are based, have been taken from IEC 60502 and IEC 60702 

and are shown on these tables. 

2)

 Where a conductor operates at a temperature exceeding 70°C, it shall be ascertained that the 

equipment connected to the conductor is suitable for the resulting temperature at the connection. 

3)

 For mineral insulated cables, higher operating temperatures may be permissible dependent upon 

the temperature rating of the cable, its terminations, the environmental conditions and other 

external influences. 

4)

 Where certified, conductors or cable may have maximum operating temperature limits in 

accordance with the manufacturer’s specification. 

Notes:  

1. The table does not include all types of cables 

2. This does not apply to busbar trunking systems or power track systems or lighting track 

systems for which the current carrying capacity should be provided by the manufacturer 

according to IS 8623 (Part 2) and power track systems to IEC 61534-1. 

3. For the temperature limit for other types of insulation. Please refer to cable specification or 

manufacturer. 
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Annexure 6 

Typical Allowances for Diversity 

 

Table 59: Typical Allowances for Diversity 

 

(Ref: Table 2 of NEC-2011) 

 

Sr. 

No. 

Purpose of Final 

Circuit Fed from 

Conductors or 

Switchgear to which 

Diversity Applies 

Type of Premises 

Individual house-hold 

installations, including 

individual dwelling of a 

block 

Small shops, store 

offices and business 

premises 

Small hotels, 

boarding houses 

etc. 

(1) (2) (3) (4) (5) 

i. Lighting 66 percent of total 

current demand 

90 percent of total 

current demand 

75 percent of total 

current demand 

ii. Heating and power 

(see also sr.no. (iii) 

and (iv) below 

100 percent of total 

current demand up to 10A 

100 percent of full load 

of largest appliance 

100 percent of 

largest appliance 

+50 percent of any 

current demand in 

excess of 10A. 

+75 percent of 

remaining appliances 

+80 percent of 

second largest 

appliance 

  + 60 percent of 

remaining 

appliances 

iii. Cooking appliances 10A 100 percent of full load 

of largest appliance 

100 percent of full 

load of largest 

appliance 

+30 percent of full load 

of connected cooking 

appliances in excess of 

10A 

+80 percent of full load 

of second largest 

appliance 

+80 percent of full 

load of second 

largest appliance 

+6A if outlet socket is 

incorporated in unit 

+60 percent of full load 

of remaining 

appliances. 

+60 percent of full 

load of remaining 

appliances 

iv. Motors other than lift 

motors which are 

subject to special 

considerations 

 100 percent of full load 

of largest motor 

100 percent of full 

load of largest 

motor 

+80 percent of full load 

of second largest motor 

+50 percent of full 

load of remaining 

motors. 

+60 percent of full load 

of remaining motors. 

 

v. Water heater 

instantaneous 

type(*) 

100 percent of full load 

of largest appliance 

100 percent of full load 

of largest appliance 

100 percent of full 

load of largest 

appliance 

+100 percent of full 

load of second largest 

appliance 

+100 percent of full 

load of second largest 

appliance 

+100 percent of 

full load of second 

largest appliance 
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+25 percent of full load 

of remaining appliance 

+100 percent of full 

load of remaining 

appliance 

+25 percent of full 

load of remaining 

appliance 

vi. Water heater thermo 

statically controlled 

(+) 

No diversity allowable   

vii. Floor warming 

installation (+) 
No diversity allowable   

viii. Water heaters 

thermal storage 

space heating 

installations (+) 

No diversity allowable   

ix. Standard  

arrangements of final  

circuits in 

accordance  

with IS 732  

 

100 percent of current 

demand of largest 

circuit 

100 percent of current 

demand of largest 

circuit 

 

 +40 percent of current 

demand of every other 

circuit 

+50 percent of current 

demand of every other 

circuit 

 

x. Socket outlets other 

than those included in 

Sr. No.(ix) above and 

stationary equipment 

other than those 

listed above 

100 percent of current 

demand of largest point 

100 percent of current 

demand of largest point 

100 percent of 

current demand of 

largest point 

40 percent of current 

demand of every other 

point 

75 percent of current 

demand of every other 

point 

75 percent of 

current demand of 

every point in main 

rooms, etc. 

  40 percent of 

current demand of 

every other point 

1. (*) For the purpose of the table an instantaneous water heater is deemed to be a water heater of any 

loading which heats water only while the tap is turned on and therefore uses. Electricity 

intermittently. 

2. (+) It is important to ensure that the distribution boards are of sufficient rating to take the total load 

connected to them without the application of any diversity. 
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2) IS 732-2019: Code of Practice for Electrical Wiring Installations (Fourth Revision) 

3) IS/IEC60898-1:2015 Electrical Accessories —Circuit-Breakers for Overcurrent Protection for 

Household and Similar Installations Part 1 Circuit-Breakers for a.c. Operation. 

4) IS/IEC60947-2:2016 Low-Voltage Switchgear and Control Gear Part 2 Circuit-Breakers 

5) IS 12640 (Part 1):2019: Residual Current Operated Circuit- Breakers Without Integral Overcurrent 

Protection for Household and Similar Uses (RCCBs) Part 1 General Rules (Second Revision) 

6) National Electrical Code 2011 [ETD 20: (Electrical Installation) 

7) BEAMA guide to the selection and application of residual current devices (RCDs) 

8) Fluke application note on leakage current measurement basic 
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CONTACT US 

 

 

CAMTECH is continuing its efforts in the documentation and up-gradation of information on maintenance 

practices of electrical assets. Over the years a large number of publications on electrical assets have been 

prepared in the form of handbooks, pockets books, pamphlets and video films, etc. These publications have 

been uploaded on the internet as well as rail net. 

 

For downloading these publications please do following: 

 

1. On internet visit: www.rdso.indianrailways.gov.in 

 

Go to Directorates  CAMTECH Other important links Publications for download Electrical 

Engineering 

 

2. On Railnet visit RDSO website at 10.100.2.19 

 

Go to Directorates  CAMTECH Publications for download  Electrical Engineering 

 

For any further information regarding publications please contact: 

 

Dy. Director (Elect.) BSNL : 0751- 2470740 (O) 

Rly.    : 03747202, 9752447030 (CUG) 

SSE/Electrical      : 9755549297 (CUG) 

E-mail    : direlcamtech@gmail.com 

Fax     : 0751- 2470841 

Write at    : Dy. Director (Electrical) 

 

Indian Railways, Centre for Advanced Maintenance Technology 

In front of Hotel Adityaz, Airport Road, Maharajpura, Gwalior, Pin code – 474 005 

  

http://www.rdso.indianrailways.gov.in/


SAFETY IN ELECTRICAL LOW VOLTAGE INSTALLATIONS 

VOLUME 2: SELECTION AND APPLICATION OF LV PROTECTIVE DEVICES 87 

 

Government of India - Ministry of Railways 

 

INDIAN RAILWAYS 

CENTRE FOR ADVANCED MAINTENANCE TECHNOLOGY 
Maharajpura, Gwalior, M.P. 474 005 


