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Abstract 

Methodologies are presented in this thesis to study the coordination among the protective 

devices and voltage drops at different points of a radial distribution system. Maximum 

and Minimum values of currents due to different types of faults occurring at various 

points of the distribution system are calculated. The inverse time relays and fuses are 

modeled by nonlinear time current relations. The definite time relays are modeled by 

constraint conditions. Impedance model for the radial distribution system is considered to 

find the fault currents. The effectiveness of the protection scheme is studied using 

different sets of minimum and maximum values of fault currents for all concerned fuses 

and relays acting as primary and backup protective devices. In the case of any 

miscoordination or improper coordination the CT plug multiplier setting and relay time 

dial setting are proposed to adjust. The optimal coordination of the radial distribution 

system is calTied out using two- phase technique. In phase I, the constraints for protecting 

the lines and equipment of the distribution system for primary and back up protection is 

tested for feasibility of the constraint conditions for protection. In this phase the relay and 

fuse time-current characteristic curves arc superimposed to visualize and ensure 

coordination graphically. Phase II endeavors to find out the optimal settings of relays to 

ensure minimum power interruption. Voltage drops under specified loading at different 

points are calculated to have an idea about the condition of power at different distribution 

points of the feeder. As case study, the radial distribution feeders of the Topshidanga 

33/11 KV S/S and the Baganchra 33/11 KV S/S, under Jessore PBS-I, a project of Rural 

Electrification Board is considered for study on sectionalizing and coordination of 

protective devices and voltage drop compensation. The proposed methodology is tested in 

a Pentium III PC-based digital computer environment. 
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CI IA I'l'ER-1 

I ntr od uction 

1.1 General Background 

Rural cicctric supply systems are generally radial distribution type. This is due to the 

Population density distribution within the area under consideration. The distribution 

system, iii many cases, has multiple branch lines and resembles a ''trcc" stnicture. The 

major loads are domestic and the load per kilometer of the distribution feeder is much 

lower than that exists in urban area. The power suppliers' concern is to provide a long 

distribution system with relatively lowcr cost. And in general, the l)rotcctive  schemes are 

designed with OCRs and fuses. The rural (liStflblltion System has another important 

feature that they are subjected to easy gi.owid fault environment due to near by trees. In 

Bangladesh the rural electrification authorities purchase electricity from the Power 

Development Board, which has its own protection system. 

The protection scheme of a niral distribution system is subjected to problems of 

niiscoordination of the devices. This is due to large number of protective devices in a very 

long distribution feeder, lack of adjustment due to extension of feeders in different times 

due to load growth and use of (lifferent types of relays and fuses in a system. Sometimes 

lack of coordination between selling and l)urchasing companies causes miscoordination. 

Normally, the power security is not considered with great care, which results in 

miscoordination of protective devices. This causes improper operation of circuit breakers 

and some loads may be disconnected from the system without appreciable reason. Since 

rapid and continuous maintenance in rural distribution system is not always possible, the 

system itself must be sound and promptly coordinated to avoid any unwanted 

in terru j)t On. 
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1. 1.2 Brief Literature Survey 

The distribution portion IS 1 vital palt For l)r0PC functioning of the power system. 

Specially the rural power distribution systoni is subjected to common faults due to 

proximity of earth objccts to (lie distribution lines. Sometimes the distribution hues arc 

extended and load is increased to thcni without proper technical justification of the 

system protection scheme. All the three parts of the power system should function as 

integrated units and proper coordination of protective relays and other protecti'e devices 

is essential to ensure (lie reliability of any power system. The obiective of selecting (lie 

relay settings is to achieve the minimum possible operating times while maintaining 

coordination among the relays. For proper coordination between relays c0u1uiCCtC(l in 

series on a radial feeder, TMS of the farthest relay from the source should be set at a 

nlinilmlm value so that it operates at a minimum possible time. The TMS of the 

succeeding relays towards the souu-ce should he increased for selective operatioui. Proper 

coordination of primary and sccouidary protective devices is a problem associated with 

relay setting calculations [I ,2]. Coordination problems are generally solved in digital 

environuilent. Generally topological techniques [3] and linear programming techniques [4] 

are applied to solve coordination prOl)1e1ii5 of transmission and distribution system. A 

complete survey of the techniques is presented in the IEEE committee report [5]. 

Transient effect on the coordination o f pu-o(cctivc devices of a powcr system is reported in 

[6]. The study considers the effect of changes in network topology in the case of a 

protecting device operating \vithout selectivity. Successive linear programming technique 

is described in [7]. Simplex two-phase optimization technique is described in [8]. A 

niathcniatical model oui DSP is reported to work properly for this technique. 

En [9] an approach for simulation of,  interactive protectioii system is provided. It uses an 

electromagnetic transient program to si mul ate electrical transients. A mathematical model 

of relay is developed to remove the de offset. A report oii relay performance testing is 

pro'idcl by a power system relaying coninililee in[ 10]. The 1),Iper describes analog and 

digital si ni u lati on methods of relay tn pp 11g. 

The voltage that is available to the lines of a power systeni will vary from time to time 

because of the voltage drop due to load, the voltage rise caused by capacitors or a voltage 

change (rise or fall) made by voltage regulators. The voltagc served to customers of (lie 
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distribution system is considered 10 be acceptable when it is dcquate for the l)FOI)CF 

operation of ConneCte(l lights, appliances, and equ i pnicnt. 

A voltage drop distribution system model has been given in [Ii]. The study considers the 

effect of cascaded on-load tap changers on the stability of a radial distribution feeder. A 

transfer function model of the system is considered for analysis. Optinum operation of 

distribution networks is proposed in [12] to minimize voltage drops and powcr loss. They 

propose tic lines in proper places to improve reliability indices. An improved design for 

urban power distribution is given in [13]. The paper has intro(Iuced indices for 

serviceability and proposed heuristic rules for proper functioning of open 1001) 

(listflbutiOil network. Standard load models, specially for electrical motors are given in 

[14]. 1 lere R-L net\vork equivalent to motor loads for dynamic 1)crfornlailce analysis of 

distribution system is considered. Classification of faults and their role on distribution 

system is discussed in [15]. 'l'hey also suggest paradigm for fault pi-evention. It has been 

reported that voltage that is too high shortens the life of lights and equipment and also 

voltage that is too low i-esults in dim lights, improper operatioil of appliaiices, and motor 

failure due to overheating. Good service voltage benehts the utility through increased 

revenue, customer satisfaction and increased usage. As a result increased efficiency of 

distribution equipment and decreased investment / KVA supplied [18] is attained. Effect 

of non-linear loads on voltage distortion of distribution feeder is given in [16]. Equivalent 

hannonic voltage components due to non-linear loads are considei-cd in it as the source of 

voltage distortion of a distribution network. I inpc(lance models for a distribution network 

is described to calculate loss in distribution system in [17]. The study gives an inherent to 

the reduction of system loss of distribution systems. 

1.3 Objectives of the Present \Vork 

The main objective of the present study is to analyze the coordination of protective 

devices in radial distribution system. At first a methodology to calculate fault current in a 

radial distribution system with impedance model is 1)rOvided. Also the nominal load 

currents of different sections of distribution system arc calculated by the same program 

supplied with load data. The relay and Ilises are modeled with their time current 

characteristics. The protective devices are normally coordinated in pair. The objective of 

selecting the iclay setti rig is to achieve the mini mum possible operating ti nics whi lc 

maintaining coordination among all relays. For optiiiml coordination, simplex two-phase 

1. 
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technique of linear progi-amniing is apl)lIC(l in a graphical environment. in the first phase 

feasibility ol the scheme is ensured and optimal solution is CflSurCd by final a(ljUStmCflt of 

the relay settings. The two-phase simplex method is applied to find feasible and optimal 

solution. The methodology presented endeavors to bridge the gap bctwecn the topological 

and mathematical approaches of protective device coordination. 

The methodology is applicd to study the effectiveness of- coordination scheme of existing 

Jessore PBS- I , a project of Bangladesh Rural Electrification Board. The miscoordinating 

components arc detected and suggestions are given for coordinating them. 

The study also considers voltage (irol) calculation of radial distribution system. The 

lae uder 'iill load conditions. The niagniliide of the voltage at the load ends is calcu n  

load poiiits Subjec.te(i to under voltages are detected and suggestions are given to improve 

the voltage levels for those points. 

1.4 Contents of the Thesis in Brief 

The thesis consists of seven chapters. An over view of the contents of each chapter are 

indicated belov 

Chapter-I gives the brief description of the problem of rui-al (listribution system. It also 

contains a brief review of literature available on protection scheme coordination and 

voltage drop calculation. It endeavors to discuss on the selection of the topic as a subject 

matter (or research study. 

Chapter-Il gives a brief description of power system and common types of faults 

associated with it. The methodology for calculating fault cuncnt and a brief idea about 

the protective devices is also given in this chapter. 

A brief description on voltage levels is provided in chapter-I II. It also contains the 

methodology and procedure for calculating voltage drops of distribution system. The 

steps of voltage drop calculation are also described. 

Chapter IV gives a brief description about the protection of radial distribution m syste. It 

endeavors to discuss on the procedure of coordination and selection of protective devices. 

It also contains OCR-OCR & OCR-Fuse coordination charts and coordination principal. 

A. 
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Description about the tcchniquc of selection of fuses in lateral lines and coordination of 

two fuses in series are given in It. 

A procedure to coordinate 33KV over current protective devices is given in chapter-V. It 

shows a method to coordinate the PDB and PBS protection schemes. 

In Cllal)tCr VI the fault currents and voltage drops at di I krcnt nOdeS of two existing radial 

distribution systems (Topshidanga 33/11 1KV S/S and Baganchra 33/11 KV S/S) of Rural 

- Electrification Board are calculated based on the I)leselil system data. Proposal for 

coordination scheme and voltage drop improvement along with justification are given in 

this chapter. 

Finally, some conclusions are given in chapter-Vu. It also includes suggestions for 

extended research in this field. 

-1 
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CHAPTER-Il 

Fault Current Calculation & Protection of Distribution System 

2.1 introduction 

Fault Currents flowing through different protective devices arc calculated on the basis of 

fault levcl of source, line impedance, distance of the fault from source and nature of fault. 

Thc optimal coordination of the radial distribution system is carried out using two-phase 

technique of linear programnhilig. In phase I, thc constraints for protecting the lines and 

equipments of the distribution system for prinlary and back up protection are tested for 

feasibility of the constraint conditions for protection. For feasibility study of the 

protective devices fault current calculation is required. All protective devices should have 

minimum tripping capacity, continuous current carrying capacity and maximum 

intcrru)ting capacity. So, an OCR selected for a particular position will be feasible only 

when its mininium tripping capacity is equal to or higher than the minimum fault cut-rent, 

continuous current carrying capacity is equal to or liighcr than the section load current and 

maxiniuni interrupting capacity is equal to or higher than the maximum fault current. The 

minimum and maximum fault currents are utilized for checking coordination of protective 

devices. Relay Plug setting multiplier (PSM) and time multiplier setting (TMS) arc used 

for coordinating a relay with oilier relays and fuses maintaining a suitable coordination 

interval. 

2.1.1 Present Status of Power Development Board 

An electric power system consists of three major parts: Generation, Transmission and 

Distribution. Electric power is generated in hydroelectric, thermal and nuclear plants. In 

Bangladesh l)oVcr generation by nuclear l)lant is not in practice. 'ftc major power stations 

of our country arc situate(l at Kaptai. Rawjan, Shiddirganj, Shahajibazar, Ashuganj, 

Ghorashal, l3aghabari , 13hera11 Iara, KIm I na and I arisal - Also there arc some small plants 

in some other places of the country. 

Transmission lines arc the connecting links between the gencrating stations and the 

distribution systems and lead to other power systctis over interconnectiotiS. Modern 

electrical power systetiis arc large interConneCted AC networks. The total network is 

4 
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divided into a few regional zones. Each zone controls its own load, frequency and 

generation. All the zones are interconnected to form a National Grid. 

For example: Power map of Bangladesh is covered by the following regional zones. 

• Ccntral zone 

• Eastern zone 

• Western zone 

• Northern zone 

In an interconnected network the National Load control centre determines the exchange 

between Regional zone. Regional load control centres control generation in the respective 

zone to match the prevailing load so as to maintain the regional frequency within target 

limits (50.5 to 49.5). During (lie low frequency high load; the region imports power from 

adjacent surplus legion. During low load/high frequency the region exports power. 

Advantages of Intercotinections 

• Lower spinning reserves 

• Econoniic generation 

• A justified minimum installed capacity 

• Minimum operational costs, maximum efficiency 

• Better use of energy reserves 

• Better service to consumers 

The main task of an interconnecting transmission system is to transfer adequate power 

from one system to other system during normal and emergency condi (ions and to 

maintain system security. In Bangladesh I 32KV AC lines have been used for 

interconnection excepting a small section from Ghorashal to Ishwardi via Ashuganj and 

Tongi which is 230KV. 

A distribution system connects all the individual loads to the transmission lines at 

substations, which peiIoriii voltage trans loni'tatioii, switching and related protective 

in net ions. 
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2.1.2 Feeders of Distribution Systems 

The feeders of distribution system may be of three types. They are 

Radial feeders 

Parallel feeders and 

Ring mains 

The radial feeders of distribution system is used If power system is small. This system is 

adopted only from economic point of view and it is understood that continuity of supply 

is not of paramount importance. REB uses radial feeders. In this system some time one 

radial feeder of a s/s is intcrcoflhlectC(l to the another radial feeder of other sub-station. 

The point of interconnection between two sub-stations is normally kept open and function 

during emergency conditions. The single line diagram of a typical radial feeder system is 

illustrated in Figure 2.  1. 

4 

(• 
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Figure 2.1 :A typical radial feeder. 
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2.2 Faults in I'ower System 

A fault proof power system is neither practicil nor economically feasible. Modem power 

systems are constructed with as high an insulation level as l)ract1c1l have sufficient 

flex ibi lily SO that Oiie OF more COR11)OflefltS may he out ol service with miuiintiiii 

interruption of service. In addition to insulation flu lure, faults may result ftom electrical, 

mechanical and therinal lid lure or any coinbi nation o I flhcsc. 



2.2.1 Major Types and Causes of Failure 

III 

Causes 

Design defects or errors. 

I Hi I)fOPCF Hi anti actil ring 

Improper Installation 

Aging of insulation 

Contamination 

Lightning surges 

Switching surges 

Dynamic over voltages 

Coolant failure 

Over current 

Over voltage 

Ambient temperatures 

Over current forces 

Earthquake 

Foreign object impact 

Snow or ice 

Type 

Insulation 

Electrical 

Thermal 

Mechanical 

Earthed object 

Living beings 

'frees 

Birds 

Bats 

Snakes 

1-Lunian beings 

2.2.2 Basic Type of FaLilts 

Basically, faults are of four types. These are: 

Three phase (a-b-c, a-b-c-g) 

Line to line (a-b, b-c, c-a) 

Single line to ground (a-g, b-g, c-g) 

Double line to ground (a-b-g, b-c-g, c-a-g) 

here, a,b,c are the three phases and g is the ground. 

Ir 



2.2.3 Syniinetrical Components 
•1.. 

The method of symmetrical components is the foundation for obtaining and 

undcrstanding fault data on three-phase power systems. Formulated by Dr. C.L. Foriescue 

in a classic AIEE paper in 1918. 

Basic Concepts 

The method of symmetrical components consists of reducing any unbalanced three-phase 

of phasors into three balanccd or symmetrical systems of phasors. The balanced sets of 

components are: 

Positive-sequence components consisting of three phasors equal in magnitude, 

displaced from each other by 1200 in phase, and having the same phase sequence as 

the original l)11a5015. 

Negative-sequence components consisting of three phasors equal in magnitude, 

displaced from each other by 120° in phase and having the phase sequence opposite to 

that of the original phasors. 

Zero-sequence components consisting of three phasors equal in magnitude and with 

zero phase displacement from each other. 

VcI Val 

\'b I 

Positive-sequence 
Corn 1)011 en is 

Va2 

VcO 
Vb2  

Vb() 

Vc2 VaO 

Negative-sequence Zero-sequence 
components Components 

Ii glue 2.2: Seq tici we corn polictits ol voltages 

The subscript I identi lies (lie positive sequence coiiiponciit, the subscript 2 the negative 

sequence component and the subscript 0 tile /CF() sequence COI11I)011Cllt. All phiisems rotate 

in counter clockwise direction. 



2.2.4 Operators 

Because of the phase displacement of the symmetrical components of the voltage and 

currents in a three-phase system, it is coiivenicnt to have a shorthand method of indicating 

the rotation of a phasor through 1 20°. 

The letter a is commonly used to designate the operator that cause a rotation of 1200 in the 

counter clockwise direction. Such all operator is a complex number of unit magnitude 

with an angle of! 200  and is delined by 

a=1L 1200 =-0.5+j0.866 

If the operator 'a' is applied to a phasor twice in successioli, the phasor is rotated through 

240° . Three successive applications of a i-otate the phasor through 360°. 

Illils, 

a 2=1Z 240° =-.0.5-j0.866 

and a =i Z 360°= IZO° = I 

a -a2  

4 

-11 

-I, -a I ,a3  

a2 -a 

Figure 2.3: Phasor diagram of the various powers of operator a. 
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2.2.5 The Symmetrical Components of Unsymmetrical Phasors 

The original phasors expressed in terms of their components are 

V3 V3 +V32 +V30 (2.1) 

VI, = V -I- V1,2  -i-V1,,, (2.2) 

Vc  = Vci  + Vc2  +V (2.3) 

The number of unknown quantities can be rcduced by expressing each component of Vb  

and V as the product of some function of the operator 'a' and a component of V3. Fig. 2.2 

venues the following relations 

Vb, = a2  Vai  

V1,2  

VhO = V30  

= "ci dt 

V1 = 

V = V,, 

(2.4) 

(2.5) 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

Repeating equation 2.1 and substituting equations 2.4 in Equations 2.2 and 2.3 yield 

V3 = 'al + V.,2  +V.,0  

= a2  V3  + aV3, +Vao  

V aV,1  + a2  V,, +V,0  

Or in Matrix form 

[v01 [iii lrvaol 
Iv=1a2 a Vai  
Li [1aa 2jLVa2] 

111 111 

Let A = 1 a 2  a ilieii 
4_i =— 1 a 

(2 

(1 

I,  - 
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Multiplying 1)0th SidCS Of equatiol 2.8 by A' yields 

1 1 1 f/ 
(10 (1 

k = 1 a a 2  I, . (2.10) 

I a 2  a 

Siniilarly 

10 111 1f7o 100 Ill 

I,, = I a 2  a I, And =! I a a 2 1,,  

1 a a 2 'o2 'a1 1(1 a V,  

In the three phase system the sum of the line currents is equal to the current I 

Thus 1, 1-  I, + I = or I = 31a) (2.12) 

2.3 Per Unit Quantities 

The per unit value of any quantity is defined as the ratio of a quantity to its base value 

expressed as a decimal. The ratio in percent is 100 times the value in per unit. Both the 

percent and per unit methods of calculation arc simpler than the use of actual amperes, 

ohms and volts. The per unit method has an advantage over the percent method because 

the product of two quantities expressed in per unit is expressed in per unit itself, l)Iit the 

product of two quantities expressed in percent must be divided by 100 to obtain the result 

in l)crcei)t. Vol (age, current, KVA and iiul)e(lailce are SO rclatcd that selection of' base 

values for any two of them determines the base values oIthc remaining two. If we specify 

the base values of current and voltage, base impedance and base KVA can be determined. 

The base impedance is that impedance which will have a voltage drop across it equal to 

the base voltage when the current following in the impedance is equal to the base value of 

the current. The base KVA in single-phase system is the product of base voltage in 1KV 

and base current in amperes. Usually (he base KVA and base voltage in 1KV are the 

quantities selected to specify (he base. 

-4 
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2.3.1 Base Values for Single-phase System 

For a single-phase system or three-phase system where the term culTent refers to line 

currcnt, where the term voltage refers to voltage to neutral and vhre the term KVA refers 

to KVA per phase, the following formulas rclatc the various quantities: 

Base culTent in amperes = Base KVA, /Base voltage, KVIN  

Base impedance = Base voltage, KVIN/  Base current, A 

= (Base voltage KVIN)2  x 1000 /Base KVA 

= (Base voltage 1KV1 N)  /Base MVA (2.13) 

Base power, KW = Base KVA,,  

Base power, MW1+ = Base MVAI+  

Per il/li! u1I/)c(lance ?f (1 circuit c'lc'ineiit 1 

13ase iiiipedaiice, Q 

(/1 dual impedance) x (Base KVA) 

(Base impedance , K V ) 2 x1 000 
(2.14) 

2.3.2 Base Values for Three-phase System 

For three phase if we interpret base KVA and base voltage in KV to mean base KVA for 

the total of the lii rec phase and base voltage from line to Ii lie, WC ii nd 

BaseKVA 30  
Base / 

= f 3 x Base voltage, KVLL  

(2.15) 

(Base voltage, KV11 /I3)2 x 1000 
Base iml)edance = (2.16) 

Base KVA 30/3 

(Base voltage, KV11 )! x 1000 
= ----------------------------------- 

BaseKVA 30  

- 

(Base voltage,K V11 )2  
-------------------------- 

Base MVA,1, 
(2.17) 
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To changc froni PCI -uiiit impedance on a given base to per-unit impedance on a new base, 

the following equation applies 

2 
BaseKVge I_

IJGSCKVA,1 , 
(2.18) Perunil Z,,eij, = I'erunil Zgivc?i[ 

BiSeK'1 13 (iSL'K V/i 
J 

ivn 

I 
/ien' give!i 

2.4 FauLt Dctecton 

Most of the faults on power lines can be detected by applying over current relays. The 

fault currents are normally higher than the load current. 

Radial circuits can be protected by non-directional over current relays. Figure 2.4 shows 

several sections of a typical radial circuit. 13ccausc of the circuit is radial, each section 

requires only one circuit breaker at the source end. To clear a fault at (I) and other faults 

to the right then, only the breaker at R needs to be tripped. To clear fault at (2) and (3) and 

in the area between them, the breaker at II must be tripped. Likewise, to clear faults at (4) 

and (5) and between them, the breaker at G must be tripped. 

- 

Z 11 
(4) 

- 

(3 (2)  

Load Load Load 

Figure 2.4: A typical radial circuit. 

1-lowever, none of the relays at the breaker locations can distinguish whether the remote 

fault is on the protected line, the remote bus, or an adjacent line. To solve this jrobleni 

time delay technique is to be applied. 
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2.4.1 i'inie-Delay Relaying 

Time relaying delays the operation of the relay for a remote fault, allowing relays and 

breakers closer to thc fault to clear it, if possible. In the example shown in Fig. 2.4, relays 

at H will delay for faults at (I) or (2). If the fault is at (1), this delay will allow the R 

relays and breaker to operate before H. Thus, although I-I would not open for a fault at (I) 

(unless the R relay or associated breaker failed), it would operate br a fault at (2). 

2.5 Fault Current Calculation 

The type of fault that may occur (lcpends upon the distribution system and the 

circumstances. Line-to-ground, line-to-I itie and double line-to-grouii(l faults are common 

to single, two and three 1)hasc systems. The three-phase fault, naturally, is a characteristic 

only of the three-phase system. 

For proper selection of the protective devices, short circuit studies are to be carried out. In 

most of short circuit studies, only three-phase and single line-to-ground fault currents are 

calculated. The reason for this is that a three-phase fault normally produces the maximum 

fault current on lines, and the single line-to-ground fault is a common type of fault. 

Equations for calculating short circuit curren(s: 

i) Maximum three phase symmetrical fault levels in MVA and in Amperes on the 

Base MI/A 
secondary terininal of a sub-station : Fault MVA = (2.19) 

z1  

z1  is the summation of the per unit value of the impedance of the source system and the 

power x-bornier. 

i.e. z1  = + 7
112 (2.20) 

z I  = Per unit value of the source impedance. 

= Per unit value of the x - toiiiier iiiipedaiice. 

Base MVA30  x 1000 
(2.21) Thrcc Pllse fault current = (130 ) 

x Base KV11  x 
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A. 
ii) Maxiiiiuni single line-Eo-groun(l fault level in amperes on the secondary terminals of 

power transformcrs 

Maximum single Ii ne-to-ground 1111.11t level in Ail11)CFCS: 

- ./xBaseMVAx 1000 
'(L-G)rnax BaseKV(z 1  + z2  -F z0  + 3z,) 

(2.22) 

-ç 

z 1  = Positive sequence impedance of the system source in per unit plus the positive 

sequence impedance of the x-fornier in Pe1  unit. 

z2  = Negative sequence impedance of the system source in per unit plus the negative 

sequence impedance of the x-former in per unit. 

4 z0  = Zero sequence impedance of the system source in per unit PIUS  the Zero sequence 

impedance of the x-former in per unit. 

Zf  = Fault impedance = 0 (for maxinium single line-to-ground fault calculation). 

iii) Maximum three-phase symnictrical fault levels in amperes on lines 

Maximum three-phase syrn metrical fati It levels in 

BaseMVA x 1 000 
Amperes on lines =

30)max 
I 

= x BaseK V x LL 
(2.23) 

= Positive sequence impedance of the source in per unit plus the positive sequence 

impedance of the x-fonncr in per unit plus the positive sequence impedance of the line per 

unit. 

* iv) Maximum single line-to-ground fault levels in Amperes on the lines: 

Max imum  single Ii nc-to-ground fault level in Amperes on Ii iics is given by 

x /3ase jJj/f x 1000 
/( L—G) max = 

/3aseKJ(z1 + 22 +zo -F 37) 
(2.24) 
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= Positive sequence impcdance of the SourCC line per unit pluS the pOsitiVC sequence 

impedance of the x-former per unit plus the positive SC(IUCflCC impcdancc of the line per 

unit. 

z2  = Accumulative per unit negative SequenCC itiipedanccs of source line, x-formcr and 

line. 

z0  = Accumulative I)Cr unit zero sequence impedances of source line, x-formcr and line. 

Zr  = Fault impedance = 0 (for maximum line-to-ground fault current calculation). 

The above equations are sufficient to calculate the fault current at any point of the 

transmission and distribution circuit. To calculate the fault current on the 33KV side of a 

33-11KV step down transformer, the above equations can be used. But our most frequent 

activity will be to calculate fault current on I I KV side of the x-former and at various 

locations along the 11KV distribution circuit. When we want to calculate the limit current 

at different nodes on the distribution circuit, instead of using the above equations it would 

be much easier to calculate the fault current by sinipli fying the circuit and considering the 

3311 1KV substation as part of the source system. The impedance of the source is to be 

calculated and the,, the following equations can be applied: 

- 

V 
Three-phase fault = 130  

- (z1  +z1) 
(2.25) 

a- 3 
Single line -to-ground fault = J( L-G) = 

(z1  +±z 2  +Z0  +3z1) 
(2.26) 

Where, I = the R.M.S value of the steady state symmetrical AC phase current following in 

to the fault. 

\/ = The R.M.S value of the steady state AC voltage to ground at the fault prior to the 

occurrence of the limit. 

z, z21  z0  are total positive, negative and zcio sequence impedance of the system viewed 

from the fault and z1  is the lult impedance associated with a given type of fault. 
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2.6 Over CLI FFCII I Pro(eclioii E(1 LI IJ)n)cll I 

Commonly used over current protection cquipmcnts are circuit breakers, oil circuit 

reclosers and fuses. A brief description about theiii are given below: 

2.6.1 Circuit Breakers 

Substation circuit breakers are heavy-duty pieCeS of equipment, which are mounted on the 

ground, require auxiliary cquipmcnt to operate and are used primarily in sub-stations. 

'ftc actual opening of the breaker is usually done by a heavy coil spring, which was 

compressed during the previous closi iig. 

The actual closing of the breaker is done by a heavy duty closing mechanism, which may 

be operated by various different methods; for example, an electrical motor, an electrical 

solenoid, a tank olcompressed air, etc. 

The most common types of auxiliai-y equipment used with substation CBs are the 

followings: 

(a) Current transformers (b) tripping relays (c) closing relays (d) a source of AC i)o1ei 

(e) a source of DC power. 

Current 1'ransformers 

Ir Current transformers, also known as CTs, are of the external wound type, which are 

mounted external to the CB and the bushing CTs, which are mounted inside the CB and 

are an integral part of it. Many CTs are of multi-ratio and provide several ratios of the 

primary and secondary currents such as 100/5. 200/5, 400/5, 600/5 etc. 

To determine the line amperes, which will trip an OCB, the current tap or pick up value of 

the relay is multiplied by the CT ratio. 

Iripping relays 

The tripping relays used for fuse coordination include the following types: Phase time-

delay relays, phase instantaneous relays, ground time-delay relays and ground 

instantaneous relays. 

4 
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All phase relay will see all types of faults, whilc ground relays will see only faults 

involving ground. Most tinic delay relays are induction disc-type relays which operate in 

the same maimer as a watt-hour meter excel)t in the following cases : (I) the disc does not 

begin to turn until the current through the relay exceeds a value equal to the current tap 

for which the relay is set; (2) the disc only makes a part of one revolution until it operates 

its contacts (cither opening of-  closing); (3) the time-dial number is a measure of the 

angular distance the disc turns in going from rest to the operation of the contacts. 

Closing relay 

The closing relay (more commonly called reclosing relay) automatically energizes the 

closing mechanism of the breaker at pre-deterniined time intervals after an automatic 

tripping of the OCB. If the OCB trips again the rcclosing relay may close the OCB again. 

In any case, after a pre-determiried number of reclosings and trips, the reclosing relay will 

(Ic-energize itself and the 0C13 will open. This is known as lockout. If the 0C13 does not 

trip again when reclosed, then afler a predeterniined time interval the reclosing relay will 

automatically restore ilscl ito its original condition and the OCB will be closed. This is 

known as i-eset. 

One other function of the reclosing relay is that after the initial ti-ip, it operates a contact, 

which prevents operation of the instantaneous relays fron'i tripping the OCB. The 

instantaneous relays are cut back into service when the reclosing relay resets. 

Source of AC power 

The source of AC power may be the sub-station service ti-ansformers of,  potential 

transfoi-mcrs, which are connected to the bus of the substation ahead of Cli 

Source of DC )oWer 

The source of DC power will be the station batteries if available. 

2.6.2 Oil Circuit Reclosers 

Oil circuit reclosers are defined as self contained devices for automatically iniciTupting 

and reclosing an alternating current cit-cuit. OCRs are gener-ally, but not always, lighter 

duty than OCBs and arc pole mounted iii distribution lines at locations relatively remote 

fi-oni the substations. Within the PBS systems they aic used in the substations in the place 

of OCBS. 
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OCR Operational Specifications 

The requiremcnts of the OCR's operation will dcterniinc its specifications. The size is 

detcrmincd by the current, which the rccloscr can carry continuously without any 

overheating. The minimum trip currcnt is the minimum current at which the solenoid will 

operate its plunger to Open the recloser and is generally, but not always, twice the 

continuous current rating. The maximum interrupting capability of a recloser is the 

niaxiniuni RIVIS syninictrical currcn[ which the recloser must intciTup[ under the 

operating duty spcci lied. 

OCR Operation 

in operation, the reclosers use a series-trip coil to each phase which must be insulated for 

the full line voltage and must withstand the (hI I fault current. In some heavy-duty 

reclosers, the ground current from the CTs may be used to trip the OCR. In aklition 

energy is taken from the current and stored in a spring until (lie fault has been cleared, and 

then the spring recloses the OCR. 

During the first and second trips of an OCR, there is no intentional time delay in opening, 

but by means of hydraulic, mechanical or electronic liming devices an intentional time 

delay is introduced in the (hi rd and Fourth trips. 

2.6.3 Fuses 

Fuses are weak links in an electrical circuit, which are designed to melt if their 

teniperaturc exceeds a given value. The temperature is determined priiiiarily by the 

construction of the fuse, the current flowing through the fuse, and the length of time the 

current is flowing. Thus by changing the material and the shape of a fuse, it can be made 

into an accurate tiiiiiilg device for over current protection. 

Speed ratios for Fuses 

Fuses may have fast slow and extra slow characteristics dcpcnding on the speed ratio of 

the Fuses. Speed ratio of a fuse is defined as the ratio of the current at the intersection of 

the niininiuni niclliiig curve and (he 0. 1 second I inc to the current at the intersection of the 

in iiii mum melting curve and (he 300 second Ii tie (or fuses 6 through 100 amperes. The 

600-second line is used for fuses over 100 Amps. 
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Types of Fuses 

There are mainly two types of fuses, the K and T. The K or fts1 fuse has a speed ratio of 6 

to 8. The T or slo\v fuse has a speed ratio of 10 to 13. The Kearney type KS fuse has a 

speed ratio of 17 1022. 

2.6.4 Sectionalizers 

Sectionalizers are mechanical devices kr automatically isolating faults on distribution 

systcms. It should not be confused with a line fuse because a sectionalizcr does not 

interrul)t fault current and does not automatically reclose after tripping. Sectionalizer 

counts the surges of current through it and, after a pre-set number of surges, it opens 

while (he l)ackup recloser has dc-energized Ihe circuit and thus isolates the liuult. The 

reclosing of the backup recloscr energizes the line up to the sectionalizcr. 

2.7 l'iotection Scheme 

41 

Introduction: Earliest protective system was evolved from the idea of protection against 

excessive current. From this basic principle the graded current system i.e a discriminative 

fault protection has been evolved. 

2.7.1 Overload protection 

It is that protection in which relay operates in a time related in some degree to the thermal 

capacity of the plant to be Protcctc(l. 

2.7.2 Over current protection 

This protection is devoted entirely to the clearance of faults although with this setting 

usually adopted some measure of overload protection is obtained. 

The operating time of all over current relays tends to become asymptotic to a definite 

minimum value with increase in current. This is inherent in electromechanical relays due 

to saturation of the magnetic circuit. So by varying the point of saturation different 

characteristic are obtained. 

4 
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These arc 

Definite time. 

Inverse definite minimum time (I DMT). 

Inverse 

Very inverse. 

Extrcmcly inverse. 

These characteristics obtained by induction dISC or induction cup relays arc shown 

below: 

Multiples of Pickup 

Figure 2.51'imc current characteristic curve shape coii'tpaiison 

The torque of these relays is pi-oportional to 4, sin 0, where and 2  arc the two fluxes 

cutting the disc or cup and 0 is the angle between them. Ii both fluxes arc proIticcl by the 

same quantity current or voltage operated relays, then below saturation the torque is 

proportional to 12,  (lie coil current i.e 1' Kl. lithe core is made to saturate at very early 

stage with the result that by increasing I, K decreases so that the time of operation 

remains the same over the working range. This type of characteristic is shown by curve 

(I) and is known as definite time. 

.4 
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If the core is made to saturate at a later stage, the characteristic assumes the shape of 

curve (2), known as IDMT. FIie lime current characteristic is inverse over some rangc and 

then afler saturation assumcs (he definite tune lorin. At low values of operating current 

the shape of the curve is determined by effect of the restraining flrce of the control 

sparing, while at high values, the effect of saturation predominates. 

Different time setting multipliers (TSM) are obtained by varying the travel of the disc 

igher the TSM, the grcater will be the spring required to close the contracts. The h  

restraining force. As the disc moves in (he tripping dit-ection, winding up the spring, more 

and more conducting metal of [lie disc coiiies into play in active air gap of the 

electromagnet to increase the electric torque, thus compensating the increasing spring 

torque. 

If the saturation occurs at a still later stage, the characteristic becomes very inverse, 

shown in curve (3). The curve (4) shows the extremely inverse characteristic. 

2.7.3 Instantaneous Over Current Relay 

In this type of relay no intentional time delay is provided for [lie operation. The time of 

operation of such relay is approximately 0.01 sec. This characteristic is achieved by 

hiiiged attracted armature relay. The instantaneous relay is more effective when the 

impedance z between the source and the relay is small compared with inipedance z1  of (lie 

section be protected. With so fast is operation it is likely that the relay may operate as 

transients beyond the normal range of setting. 

2.7.4 Standard II)MT Over current Relay 

IDMT relays with different operating characteristics are available to suit different 

requirements. The standard IDMT relay characteristic is shown in fig. 2.6. The relay has 

two controls, plug setting and time setting multiplier (TSM ). The plug setting is a device 

used to provide a range of current setting at which the relay starts to operate. The setting 

ranges from 50% to 200% in the steps of 25% of the relay rated current. ilie TSM varies 

the time at which (lie relay closes its contract for given values of fault current. TSM 

ranges rrolli  0 to I in steps of 0.05. The characteristic curve moves horizontally with the 

variation of plug setting and moves vertically with (lie variation of iSM - 

-4 
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A 

To Obtain the actual operating time of a rclay with TSM other than 1, the characteristic 
operating time obtained from curve (fig. 2.6) is mu Riplicd by the TSM of the relay. 

Multiples of Pickup 

Figure 2.6: Standard 1DM'!' curve 

The characteristic curve of this relay is modeled mathematically by 

- 0.0718 e °°° (Exponeiitial form) 

-v - -0.0207 ln( I ) +0.1804 (Logan thmic form) 

Where, 

= Operating time in Second. 

= Fault current in Ampere 
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2.7.5 Over current Crotitici Relay 

\- 
Ground overcurrent relays arc for faults 

involving zeio Sequence quantities, primarily 

si nglc_phasc_to_grou1](J fan Its and somet I nics two-phasc_1ogI-oLi,(l faults. WI iii a few 
signilicant (liffCrences, thc gcncral aj)pliCatioti rules for phase rclays also can be applied 
to ground relays. 

Ground relays usually can be set and coordinated independently of phase relays, even 

though the faulted phase current does flow through the one or more phase i
-clays for a 

single_phasc_to_gt. )u1i(j fault. The primary reason for this iridepciidciice is that ground 
relays are set at one-li fth to one-tenth of the sensitivity of phase relays. 

pr 11 
R -k 

(4) 
(2) 

(1) 

I 
/ 

Reversed Load 

Relay Forward Load 

Figure 2.7:Criterja for a directional unit requirement at relay breaker "A" 

A circuit may be protected with a single, llon-directionaj over current ground relay, as 

shown in figure 2.7 Positive and negative sequence currents are balanced out at the 

current transformer neutral, so only 3 L cnn-cuts pass through the ground relay. Since 

under normal balanced conditions, 31,, is at or approaches 0, a very low pickup current is 

g oil istrb
used, typically 0.5 to I.0 A. Al(hougi f tion  Circuits at-c 
generally higher at the substation than i)lase liult currents, they (leer-ease at a much 
greater rate with the distance from the sub-slation, because X. is  considerably larger than 
X, for the feeder circuits. 

.4 
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Voltage Drop Calculation 

3.1 Introduction 

Rural distribution systems in Bangladesh are designed so that aeccptablc standards of 
service are maintained in operation of the systcm. This section is a guide to making 

voltagc drop calculations on distribution primary lincs of standard Rural Flectri fiCation 
designs. LXan1pleS of voltage drop calculations have bCen included to facilitate a more 
complete understanding of the procedures and methods given in this chapter. 

3.2 Voltage Levels 

The voltage that is prcsent on thc hues of a power system will vary from time to time 

because of the voltage drop due to load, the voltage rise caused by capacitors or a voltage 

change (rise or fall) made by voltage regulators. The voltage served to customers of the 

system is considered to be acceptable when it is adequate for the proper operation 
of 

connected lights, appliances, and equipment. 

Voltage that is too high will shorten the life of lights and equipment, voltage that is too 

low Will result in dim lights, improper operation of appliances, and motor failure due to 

overheating. Good service voltage benefits the utility through increased revenue, 

customer satisfaction, increased usage because of
,  satisfaction, increased efficiency of 

distribution equipment and decreased I nvestment/KVA distributed [1 8]. 

-4 

Allowable vail at ion 

I\laxirnuni (I 05'4) 

Normal (100%) 

Minimum (96.5%) 

PhcJo±4cu (ral 

241.5 Volts 

230.0 Volts 

221.9 Volts 

Ph ase to p iase ftJ)_ 

418.3 Volts 

400.0 Volts 

386.0 Volts 



The total System Voltage drop permitted on 
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the distnbut lou systcui is determined as the 
(llifefCflce Ifl Voltage between the JuaN Imuin SCrVICC voltagc (lclivcl-ccl at the CLISEOIulCr nearest the I I K V power Supply substation and the iii ifuimum ServiCe Voltage deliVered to 
the customer located furthest away from the substation. The niaxinlum voltage drop on a 

230-Volt base is 19.6 Volts (241.5-221.9). The distribution of this voltage drop among the 
various components olthe system is shown bclow: 

TABLE-3.I: Allowable Voltage drops-inaxitiutuin load 
Conditions 1181 

41.5 Max. voliagç on a 230 volt base 

SI.No. Description olthe system 
Max. Volts Drop % Volt Drop 

Primary line 
6.9 3.0 

Distrjbutioii Transformer 3.5 1 .5 
Sccondaiy Main 

4.6 2.0 
Sccondaiy Branch/Service 4.6 2.0 

5 Total Voltage drop at Customer's 19.6 8.5% 
Scrvice entrance 

3.3 Basis for Voltage Drop Calculation 

As a basis for the preparation of voltage drop calculations, the followi 
relat ng inforniatioui 

ive to the system or portion of the system should be on han(l: 

i) A Circuit Diagram showing all areas and loads which are to he served by the system 
for which the voltage drop calciulatiojus are being made. Although a circuit (liagrani 

may serve the (lual purpose of voltage drop calculations and sectionazing studies, a 

separate circuit (liagrani (br the voltage drop calculatioui is Iecolnmell(le(l 

The number of consumers for each section of each circuit of a balanced design. 

The nu in 
her of consu mers for each phase of each section of each ci rcu it of an 

tin balanced design. 
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Basis of Calculation 

Individual line voltage drop calculation should be based upon relative load levels, which 

arc consistent with the overall system design lcvel. Voltage drop calculations arc referred 

to a 230-volt base. 

Actual VoltageDrop 
(230) (3.1) Voltage Drop (230 volt base) 

= SystemNominal Voltage 

For example: 

Nominal system voltage = 11 KV GRD.Y 

Actual voltage drop = 360 Volts/phase 

Voltage Drop (230 volt base) = 
360x 230

= 13.04i'o/is/phasc 
6350 

In these calculations all lines arc assumed to be operated at 95% lagging power factor. 

The lines on the circuit diagram arc divided into sections with the ends of the sections at 

the following Points: 

Substations 

Major taps and at the end of such taps, (A major tap is (lelined as a tap having a load 

which is esti niated to be equal to 20 PCrcC11t oil inc load at that point). 

Phase changes 

Conductor size changes 

Concentrated loads- (A concen(rated load is (lehiled as a load, which is estiiiated to 

be more than 25 1KW). 

Balanced circuit calculation 

The following assumptions arc made for completing the voltage drop work sheet whn e 

calculating voltage drop on balanced circuits. A balanced circuit is delineci as a multi-

phase line loaded such that the estimated load of any phase is not less than 80 percent or 

not greater than 120 percent of the average per phase load. 

U, 
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A 

On unbalanced circuits the voltage drop is calculate(l for each phase separately for the 
loads on that particular phase. An unbalanced  circuit is defined as a niulti-phase line 
loaded such that the estimated load of any phase is less than 80 percent of

-  greater than 
120 percent of the average per phase load. On unbalance(l circuits the voltage drop Iictor 
for "V" phase lines is the single-phase voltage drop factor and on three-phase lines it is 
three times the voltage drop factor for three-phase balanced circuits. 

3.4 Voltage Drop Calculation Method 

Voltage drop for known Source end and lagging power ltctor conditions may be 
calculated from the following equation: 

Voltage drop = I (R cos 0 + X sin 0) 
(3.2) Where, I = Line current in amperes 

0 Phase angle between voltage and current 

R = Resistance of line in ohms 

X Reactance of line in ohms 

It can be seen from the Vector diagram that this approximate 
equation is sufficiently accurate for the magnitude 

and phase angle of the vectors resulting from normal system 
(lesigns. 

Figure 3.1 : Vector d iagrani 



Line current may be expressed  Ifl terms of kilowatts and voltage as follows: 
31 

MV I= Amps. 
(3.3) (KV)(coso)(p) 

Where, KW = Circuit load in kilowatts 

KY Sysicin nominal phase to ground voltage in kilovolts 
P - Number of phase 

Voltage drop(VD) referred to a 230-volt base is expressed as follows: 

Actual Voltage Drop( 230) VD = 
-_-__ Volts Sct c/n No in iii ul VOlIaj'(' (3.4) 

Using the above equations for line cwTent and voltage drop refelTed to on a 230-volt base, the equation for voltage drop (VD) becomes: 

VD (KW)(Rc05o + XSint9)(230) 
Volts 

(3.5) (Ky2 )(CO)(P)(J 000) 

The equation for (VD) expressc(l in per KM units wriflen as follows: 

0 -i- vS/n 0)(S)( 230 ) 
(Ki'J' )(,. .  

(KV 2 
Cos 0)( P)( 1000 ) 

Volts (3.6)  

Where, r Resistance in ohms per phase per KM of line 

7. 
x Reactance in ohms per phase J)Cr KM of line 
S = Line distance in KM 

Letting the following factor be (lCSignatcd the voltage drop factor (VDF) 

VDF= (rCo,r0 + .vSinc9)(230) 
(K J/2 

)(('ost')(P) 

The equation for VD becomes: 

VD = 
(KI'V)(S)(J//)p) 

Volts 
1000 

4 

(3.7) 

(3.8) 
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A 
complete procedure for the calculalioiis of voltage drop in a radial feeder shoul(l Consist 

of the following: 

1. Basic Data 

Tabular summary of all-consuniers by c!assi flcations. 

Tabular summary of the number of conccn(rjtecl loads (such as large In(Iustrial, 

Tea Gardens, etc.) with their 1KW dcniands. 

Design KWh/montJi/coiisiiiie,. for all consumers except for those included in (b) 
above. 

Demands are based on the fo I lowi rig torm u laf I 81: 
Demand =C[ l0.4C+0.4 V(c2+40)]xo 

005925(K W li/CUSTOM ER /MONTI-J)°885  
Where C =Number of Customer and <140() 

Demand =Cx0.005925x(KwJi/c[jsToMpJ /MONTlf) ° 
for C ~!l400 

Generally for PBS distributioj system, 20 KWH/CUSTOMER /MONTJ-E for domestic 

consumers and 30 KWI f/CUS'1'OMlR /MONTJ I br COflU11crcjiI COflSUmCIS arc 
assumed. Higher values may be taken (or any PBS if it is justi lied by the Statistics. 

2. Completed voltage drop circuit diagranis 

Ir 
3. Vol(age drop work sheets. 

4. Explanatory colnmen (S 

Basis for design kwh/mo/coiist,iicr for the system. 

Basis for design kwh/mo/coiistmiier for the substations and fee(lers. 

Basis for calculating contributing demand of such loads as large industrial loads, 
teagardens, etc. 

The basic data should be developed and presented in such it manner as to show the 

number and sizes of all loads considered and as to liuci litate future voltage analysis 
req u i red d tic to u n lbrcsceii changes in load i rig 
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The per phase per KM resistance and reactance of distribution lines, the voltage drop 
factor (V DF) for calculating voltage drop of distribution lines and the voltagc drop Iiictor 
(VDF) for calculating voltage drop of distribution lines constructed in accordance with 
REI3 standard can easily be obtained Ironi tal)lc- 3.2,3.3 and 3.4 respectively [18]. 

PER KM RESISTANCE AND REACTANCE OF 6.35/11 (GRD.Y ) KV 

DISTRIBUTION LINE 

TABLE -3.2 

I 01,111s per circuit-KM of line 

Conductor Size Single-Phase "V"-Phasc Three-Phase 

r x r X r x 
#4/0 AWG ACSR - "PENGUIN" 0.4737 0.6631 0.4737 0.6631 0.3522 0.4001 
#1/0 AWG ACSR - "RAvEN" 0.7982 0.7625 0.7982 0.7625 0.6709 0.4392 
//3 AWG ACSR"SWALLOV" 1.3946 0.7650 1.3946 0.7650 1.2673 ft4417 
336.4 MCM- "MERLIN" 

0.1900 0.3389 
30(2.59)17(2.59) - "WOLF" 

0.2069 0.3353 
6(4.72)17(1.57) - "DOG" 

0.3386 0.3875 
6(3.35)11(3.35) - "RAI3U II" 

0.6206 0.4102 
6(2.36)11(2.36) - "GOPhER" 

1.2306 0.4275 
477 MCM-26(3.44)I7(2.67) - 

0.1342 0.3218 
"Ii A \VK" 

- • xn., 
_1O.UjflhjJ 

Note: i) Resistances are A.0 values @50Hz and 50°C 

ii)Reactanccs arc )50I-1z and standard REI3 spacing 

4. 

.4. 
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PER KM VOLTAGE DROP FACTORS OF 6.35/11 GRD. Y: KV[I81 

DISTRIBUTION LINE (230 VOLT BASE) 

Vi) = 

(KW)(RCosG+ XSin0)(230) for Cos 0 = 0.95 

(Ky 2  )(CosO)(P)(1 000) 

TABLE -3.3 

Conductor size/ Copper Equivalent Single-Phase "V"-Phase Three-Phase 

114/0 AWG ACSR - "PENGUIN" - 3.9452 1.9726 0.9197 

/11/C) AWG ACSR - "RAVEN" 5.9825 2.9912 1.5501 

//3 AWG ACSR - "SWALLOW" 9.3890 4.6945 2.6856 

DOG - 

- 0.8860 

RAIJRil - 

- 1.4363 

GOPHER - 

- 2.6069 

PER KM DROI' RESISTANCE AND REACI'ANCE OF 33 KV LINES[18] 

AND VOL1'AGF FACTOR AT PF = 0.95 

TABLE -3.4 

- Conductor Size Three Phase Three Phase 

x 

Voltage Drop Factor 

(33KV) 

MERlIN 0.1900 0.3484 0.0643 

WOLF 0.2069 0.3449 0.0677 

477 MCM, HAWK 0.1342 0.3314 0.0514 

4/0, PENGUIN 0.3522 0.4096 0.1028 

Equivalent spacing = I 720.5 mm 

4. 
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3.6 SAMPLE VOLTAGE DROP CALCULATION 

A sample voltage drop calculation for the system whose single line diagram is shown in the figure below and voltage drop calculation chart is also shown below. 

0 A-7 500KW 

6mi1es 1/0 ACSR A 

A-6 5 miles #3ACSA A-S 5miles 110 ACSR ABC-4 3mi1es 4/0 ABC-3 AC-2 

No. of consumer Section No. of consumer Section 
ABC-i to ABC-2 1000 ABC-2 to ABC-3 600 
ABC-3 to ABC-4 500 ABC-4 to ABC-5 1000 
A-S to A-6 1000 A-6 to A-? 2000 750 KW 

Figure 3.2: Single line diagram for sample voltage drop 

Table-3.5 . alcitlsticin 

2mi1es 410 ACSR 3mi1es4/OACSR 

Design kwhjMonthJConsume20 

Rural Eiectnticaton Board I Name of .\rea :X Substation :Y System Design 20 K\VFLMONTI-LCUST 
Voltage Drop Work Sheet System Eng. CAl Circuits ABC I DateMarch. 2002  

Section  Load  Line  

Load 
Consumers 

_______ 
Concentrated 

Total Wire Phase KV Volt Line KW 
Volt Drop 

At Source Within Past this Equiv. KWH KW this KW this KW Equiv. This 
End End this Sect, this Motif Sect. Sect, past this KW This KW Size Drop Miles Miles Sect. Total Point 

Sect. Sect. Cust Sect. Sect. 7-10 Factor this I 1x16 !.E 
Sect, is® 

2 3 4 5 1 6 1 7 S 9 10 11 12 13 I-I IS 1 16 17 18 19 20 
A-S A-? 2000 - 1000 20 84.6 - - - 34.6 11!0cs 1 6.35 10.7199 S 676.5 7.26 40.0 A-7 

ABC-4 A-5 1000 3000 3500 20 294 - - - 294 1/0ACS 1 6.35 10.7199 5 1470 15.76 32.74 A-5 
It  

ABC-3 ABC-4 500 4000 4250 20 357 750 - 375 732 40,cs 3 6.35 1.6711 3 2196 3.67 16.98 ABC-4 
It

__ __ _______ 
 

ABC-2 - ABC-3 600 4500 4300 20 - 403 500 750 1000 s 3 
________ 

6.35 1.6711 2 2806 4.69 13.31 
___ ____ ____ ____ 

 
___ ____ __ ____ __ 

 

ABC-2 1000 5100 5600 20 
____ 

470 - 1250 1250 
___

AEC-1 8.62 
 

140L34

, 

 

172 s 3 6.35 1.6711 3 5160 
____ 

8.62 
___ _ 
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3.7 Column Explaliation I*or \'oltage l)rop Worksheet 

Columns 1 & Starting at the lhrthcst ends of (lie circuit from the substation, designate 

2 - the section being considered by letters corresponding to the points 

i end f previously marked on the circuit diagram to ind  he  

sections. For cxaml)le.  "i\13C-5 to A-7" designates the single-phase liiic 

COifl1)OSCd of phase A between points 5 and 7. 

Column 3 - The column shows the number of consumers (corresponding to the 

system design) in the section. (Concentrated loads arc not included) 

Column 4 - This column shows the number of consumers who are supplied power, 

which must flow all (lie way through the section being considered. 

These figures are obtained by adding the figures in column 3, which 

pertain to sections beyond (lie section being considered. 

Column 5 - This column shows the equivalent of consumers that arc supplied 

through the section being considered. 11iesc figures arc obtained by 

adding one-half (lie consumers shown in column 3 to the number of 

consumers showing in column 4. 

Column 6 - This column shows the average kilowatt hour consumption per 

consu iiicr per I nonlh used for he circuit. 

Column 7 - The peak kilowatt demand for the number of consumers shown in 

column 5 is entered in this column. Peak kilowatt demand is read 

directly from the appropriate demand table. 

Column 8 - The contributing peak load of the concentrated loads within the section 

being considered is to be entered. Concentrated loads arc considered to 

be those customers with a 1KW demand greater than 25 1KW. 

Column 9 - the contributing peak load at the cud and beyond the section being 

considered is to be entered. 

Column 10 - The total equivalent contributing peak load of the concentrated loads, 

column 9 pltis one-half of column S is to be entered. 

Column ii - The total equivalent load for (lie section, column 10 1)ll.lS column 7 is to 

be entered. 

Column 1 2 - The conductor size used in the section is to be entered. 

Column 13 - The number of phases in the section being considered is to be indicated. 
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Column 14 - The linc-ground k i lovoils oF the line is to be indicated. 

Column 15 - These values are takcn from Tablc-2, this scction. Voltage drop factors, 

for thc conductor size, number of phascs and voltage gi veil in columns 

12, 13 and 14. 

Column 16 - The total length in ki lometcrs, of the section being considered is to be 

ShoWc(l. 

Column 17 - The kilowatt-kilometers, which are the pi-oduct of the ligures in 

CO Itt lUllS I 1 and 10 are to be ShOWC(l. 

Column 18 - The voltage drop in the section is to be entered. These values are 

obtained applying the equation. 

Voltage Drop (230 volt Base) 

= 
(ToialKJ'V) (Kilometers) (Voltage /)rop Factor) 

1 000 

- 

(Column 17)(Column 15) 

1000 

Column 19 - This column shows the voltage drop at the load end of each section. 

The values are found by starting with the section nearest to the source 

and summing UI)  the voltage drops in all the sections between the 

source and the section being considered, includiiig the voltage drop in 

this section. The voltage drop thus calculated applies at the load end of 

each section being considered. 

Column 20 - This column shows the point at which the calculated voltage drop 

applies. The letters designate the load end of the respective sections, 

same as column 2. 

3.8 Voltage Level Improvement 
To improve system voltage conditions, voltage regulators or shunt capacitors may be 

used, often both are necessary to have a well-balanced system operating at maximum 

effIciency. In general, it can be said that the voltage regulators should be used to maintain 

accurate control of ti-ic voltage throughout the load cycle and shunt capacitors should be 

used to correct low pOvCr factors, which rob the capacity of system and decrease voltage 

levels, improvement of power !ictor will raise the overall system voltage level. Voltage 

level of a distribution system can also be improved by changing lower size conductors by 

higher ones. 

-k 



W. 

CIIAI'i'ER-l\' 

Over Current Protection Coordination 

4.1 Introduction 

Proper coordination of protcctivc relays and oilier protcctivc dcvicCS is essential to ensure 

the reliability of any power systcm. The ohjcctive of sciccting the relay setting is to active 

the mininium possible operating times vlii Ic maiiitai tung coordination among all relays. 

For proper coordination between relays, connected in series on a radial feeder TMS of the 

farthest relay from the source should be set at a minimum value so that it operates at a 

minimum possible time. The TMS of the succeeding relays towards the source should be 

increased for selective operation 

4.2 Protection of Radial Distribution System 

Radial circuits can be protected by non-directional over current relays. Figure 4.1 shows a 

typical feeder circuit using a circuit hi-cakcr, rccloscr, sect ionahivers, and Rises. The three 

reclosers of breaker G should be time-delayed to allow clearing of faults beyond recloser 

II. The Ii rst recloser can be instantaneous, however, if the instantaneous trip units of the 

relays can be short of 1-1, and the reclosing relay can lock out subsequent instantaneous 

trip operations after the flrst recloser.lhe recloser at H can be set for either one or two 

instantaneous reclosers; the other two or three should be lime-delayed. 

Substatio 

jRccl
T

ecti
oscr 

uizerJ 

II 

Load I Single Load 

G=Circuit Breaker U=Circuit Recloser C'.D & F=Fuscs .1 & F=Scctionalizers 

Figure 4.1 Typical distribution Icder protection. 

-4. 
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4.3 AlgOrith in for opt iinal Relay (oouIiii at ion 

For dcicrmining coordinated relay setting the sniiplex two-phase method is used. Phase-I 

determines whether the selected operating conditions between primary and back up relays 

are feasible and phase-I I finds the optiniuni relay settings. The operating conditions that 

id arc excluded at the beginning of phase-Il. are detected in phase-I to be "not val  

For a network consisting of in relays, the operating times of the primary relays for near 

end faults call be expressed as:[8] 

z 
= 

ij 

Where, t ii  is the operating time of the primary relay at i for near-end fault at i. 

The operating times of the back-up relays imist be more than the sum of the operating 

times of the 

primary relays and the coordination margin. This can be expressed as 

'bi.i 'Li + Al, Joi I = I to in, 

Where, t is the operating time of the primary relay for near-end fault, 

bjj is the operating time of the backup relay for same near-end fault and 

At is the coordination time interval (C'l'I). 

In the application reported in this thesis, overcurrent relays conformed to the following 

lEC characteristic [8]. 

- 
Ic x T1i'IS 
1 

" 
"'U 

Where, k is a constant, 

11 is a characteristic index, 

lMpu is the multiple of pick-ui) current and 

TM S is the time mu I tipl icr setti 11g. 

Since the pickup currents of the relays are prc-dctcriiiined from the system requirements, 

Equation 4.3 becomes 

I = a x Ti'vIS 

Where,
I' 

 a = 

I "—I 
'U')" 

(4.4) 

it 

(4.1) 

(4.2) 

(4.3) 
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A By making this substitution in Equation 4. 1 , the objective function becomes 

(1, TIvIS  i i 

in this equation all a.s are known ; values of TMSj  are determined by minimizing z and 

satisfying the coordination bctween the primary and backup relays. This equation is 

optini ized using simplex two-phase iiethod [20] subjected to condition that the operation 

of the backup relays remains properly coordinated. 

4.4 Coordination 

In a coordinated protective system the load side deV1CC iiitcrrupts the fault before the 

source SidC device. The first coordination occurs on the temporary fault. With this 

temporary fault the OCB or OCR should clear the fault so that, even if the fault is beyond 

a lateral fuse, the fuses will not even being to melt. The second coordination occurs when 

the fast trip has been disabled, on the second or third trip, then it is wanted that the OCB 

or OCR to have enough time delay before tripping so that, if the fault is beyond a fise 

then the fuse will totally clear the fault before the OCB or OCR will trip. In the example 

shown in fig. 4.1, relays at H will delay fbr faults at (I) or (2). If the fault is at (I), this 

delay will allow the R relays and breaker to operate before Fl. 'I'hus, although H would not 

open for a fault at (I) (unless the R relays or associated breaker failed),it would operate 

for a fault at (2). Relays are coordinated in pairs. If, in figure 4.1, breaker I-I relay tripping 

characteristics have already been coordinated with whatever protective devices exist at R 

and beyond, the breaker at G must then be coordinated with those at H. 

The following data are required for coordination setting for relays at breaker "G" (iig.4. 1) 

of the three critical fault points (5), (3) and (2). 

Fault at (5). Maximum and minimum fault currents. 

Fault at (3). Maximum fault current, which determines the required coordination 

between breakers G and 11. 

Fault at (2). Minimum ltult current, which determines when the (i relays must operate 

to provide backup protection for faults on line HR not cleared by the breaker at II. 

'4 



Relays arc coordinated in pairs. If, in fig. 4. 1 , breaker II relay tripping characteristics have 

already been coordinated with whatever protective dcvices exist at R and beyond, the 

breaker at Ci III usi then be coordinated \V i lii those at II 

Relays within a system can be coordinated using graphs or tables, although graphs arc 

gcnerally more uscful for ra(lial systems. Semi-log (log abscissa for current and linear 

ordinate for timc) or log-log paper call be used. Log-log is preferred when a number of 

di ffcrcnt types of devices, including fuses, arc being coordinated in one graph. The 

currcnt scale can be in primary ampercS or per unit. Any difference in current transformer 

ratios must be taken into consideration when determining actual relay currents at different 

Locations. The relay curves can be moved either along X (current) axis and Y (time) axis. 

The relay curves can be related to CT ratio or change in plug setting multiplier (PSM) (X-

axis shifting) or they can be related to change in Time Multiplier Setting (TMS) (Y-axis 

shi fling). A coordinating time interval (CTI) of 0.25 sec. is to be COilSi(lCrCd. 

4.4.1 Coordinating Time Interval (CT!) 

The coordinating time interval is the mi iiimuiu interval that permits the remote (upstream) 

relay and breaker to clear a fault in its opet-ating zone. Factors in Ilueneing the CT! arc as 

follows: 

1. Breaker fault interruption time 

.11 
2. Relay-impulse-tinic over travel of the induction disk or solid-state relay after the fault 

current has been interrupted 

3. Safety margin to compensate for possible deviations in calculated fault currents, relay 

tap selection, relay operating time and current transformer ratio errors 

For coordinating at above approximately three limes minimum trip CuiTeilt (at least two 

+ times the setting value), the CT! should be in the range of 0.2 to 0.5 sec. [21]. 
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4. 4.4.2 Coordination Procedure 

The coordination procedure is conducted as follows: 

First, the desired relay type is assumed and current transformer ratio is to be determined. 

Then the following steps are to be performed. 

I . 
The circuit fault locations and fault current values are dcleniiincd. 

Thcsc variables arc plotic(l on the time current graph, drawing vertical lines at the 

various values. 

The setting of the most downstream relay for the maximum and minimum fault 

currents is determined. The relay is set as sensitive and fast as possible if there is no 

other device downstream that has to be coordinated with. If there is some other 

device, such as a power fuse, to the right of this relay, then this relay should be 

coordinated with power fuse first. If there is no oilier device to coordmatc with down 

stream, the over current relay is to be set equal to or greater than 2 times maximum 

load. 

The operating time of relay R (figure 4. I ) is to be plotted on the time current graph, 

shown as XR and YR points in Figure 4.2, respectively. 

A one step coordinating time interval (CTl) is added to points XR and YR. This step 

gives two set points for the characteristic curve of the relay at H (Figure 4.1). 

A tap for relay H is selected to operate for fault (I) minimum and, for a phase relay, 

not to operate on maximum load. The fault ( I ) minimum should operate the relay on 

at least twice pickup, although coiiiprOiiiises may be necessary. For phase relays, 

setting must always be above the maximum load. 

A tin-ic lever is selected such that the iclay II time-curi-ent curve passes through or 

above one or both of set points XR and YR and provides theiiu  mliii ni operating time 

for maximum and minimum fault. 

The above steps are to be repeated for each time section "up-stream". For example, a 

one step CTI is added to Xli and Yl I in Figure 4.2 for relay H, respectively, then a tal) 

and time lever for relay I-I is to be selected. 

-.4 



lvi ax imum F au1t 

Miithnutn 

(2) 
lvi aitnhiui 

Ivi.i.timium 

M5i.tnum 

- lvi ITI lit 1.ifli Relay"U 
() Set.Pot Maxitum 

Relay"H'  

C Ti 

Yli 

C urtent 

B ackup Zone Prim aiy Protection Prim aiy Protection 

for Relay "H" Zone for Relay "H " Zone for Relay "G" 

ackup Zone for Relay "U" 

Minimum F aults 

(1)1(2) 
IvIitiiinum 

aximum 

'U 

H 

I,Iaxitniim 

Current. 

B ackup Zone Prim aiy Protection Fiitn aiy Piotection 
Lot Relay "H" Zone for Rel.y "ii Zone for Relay" Cy" 

I Backup Zone for Relay "U 

43 

'U 
-'1 

H 

Figure 4.2: Coordination Setting Procedure for Relays at Brcakcr "G" of figure 4.1 
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4.5 Iault Calculations 

The knowledge of fault currents is necessary For selecting the circuit breakers of adequate 

rating, designing the sub-station equipment, determining the relay settings, etc. The fault 

calculations provide the information about the fault currents and the voltages at various 

points of the power system tinder different fault conditions. 

The Per unit system is normally used f or linilt calculations. The symmetrical faults such 

as three phase faults are analyzed on per phase baSIS, For calculations on unsymmetrical 

faults; the method of symmetrical components is adopted. The network analyzer and 

digital computers are used for fault calculations of large systems. 

4.5.1 Approaches to Short Circuit Calculations 

(a) Drawing a Circuit Diagram 

The points (nodes) are labeled on the diagram where fault currents arc to be 

calculated. 

The different types of wires or cables used are idcntilicd. 

For each line section on the diagram, the circuit type and its length in meter are 

shown. 

(b) Calculation of the Source Impedances 

Using the 132 KV Transmissioil system three phase symmetrical fault level as 900 MVA 

and knowing the 132/33KV transformer KVA and % impedance, the length and size 

conductor of the 33KV feeder, and the distribution substation 33/I I KV transformer KVA 

and % impedance, the distribution substation 1 11KV bus three phase and line-to-ground 

fault currents are calculated. 

(c) Determination of the Line Section Impedances by Type of Line in Ohms per Km. 

* For each identified type of linc, the attached wire tal)le is used to find the positive and 

zei•o sequence impcdanccs oil OhillS per 1Km. 

(d) Detcrnination of I sine Section Impedances in Ohms 

For each line section shown on the Diagram, the section length in Kiii. are multiplied by 

the positive and zero sequence values From Step 3 In ohms per Km. 
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(c) Selection of Fault Impedance 

In general, the fault impedance of a three-phase fault is considered to be zero (0), 

likewise, faults in substation or undci-ground Cable sections would be calculated with fault 

impedance of zero (0). Line-to-ground faults in an overhead line section would be 

calculated with Fault impedance of 40-ohm. 

(0 Calculatioii of Total Impedance at Node of Fault 

Add the positive sequence impedances ftorn step 4 of all the line sections connecting the 

node of the fault to the SOUFCC including the positive sequence source impedance 

developed in step 2. The negative sequence impedances are equal to the positive sequence 

impedances. The procedure is repeated for the zero sequence impedances. 

(g) Recording the Fault Currents on the Diagram 

The maximum and minimum Fault currents are shown on the circuit diagram at each node 

where the fault currents have been calculated. 

The following is an example of Fault current calculations for typical rural line: 

4.5.2 Simplified Short Circuit Calculations 

ra (a) Determination of the three phase and line-to-ground short circuit currents available on 

the 11 KV bus at the 33/11KV distribution substation. 

132 1KV BUS 
Fault level 
900 MVA-three phase symmetrical 

11) 

Conductor: Wolf ACSR,0. 1 5 square inch 
copper equivalent 
r = 0.3302 olim/iiiilc at SOC 

rfl 

x =0.5477 olini/ni i Ic at 501 lz and 60 
equivalent A spacing. 

111KV Bus (Node(l) 

132-33 1KV 
50 MVA 
%Z= 11.8 

33-Il 1KV 
SMVA A 
%Z=6.0 

Figure: 4.3 Single line diagram of a po\'cr system 
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Using 100 MVA as the base MVA, thc per unit impedance valucs on the sourcc side of 

the distribution substation 1 I K\ bus is calculated. 

iVA , 
7(132 KV s.tcin )= .1— = 

100 
.10.1111 pit 

MVA 900 

, 
(132/33KV X - former) = I 

% Z 
— x 

114 I'A II.8 100  
= J x = J0.2360jm 

100 MVil
- 111(1 

100 50 

Note: The resistance of the 132KV transmission grid and the 132/33KV transformer are 

so small in comparison with their reactance that they are neglected and (lie impedance of 

the system is taken as being equal to reactance. 

z1  (33KV Line) = 22 (0.3302±J 0.5477)=7,2644 + .112.0494 ohms 

ZpII 

z1ohins 

= ZOh InS 

K V13 2  = 33 x 33 
= 10.89 ohms 

KVA 100 

7.2644 + 1 12.0494 
z1 (33KV Line) = = 0.6671 + I 1.1065pu 

10.89 

6.0 100 
z (33/11KV X — Jbriner)= Jx =11.2000pu 

100 5 

Keeping in mind that the 33/11KV translormer is connected and the zeio sequence 

impedance cannot he reflected through a delta wye (A)- ) connected winding, the 

source iiiipedances of (lie system on a per unit basis viewed from Figure 4.2: 

Coordination Setting Procedure for Relays at Breaker ''G" of lgure 4. I the distributioii 

substation 11KV bus are summarized as follows: 

LI  — /) Z0  

132KV system 0 I -.J 0.1111 - 

132/33KV transfonner 0+.1 0.2360 - 

33KV line 0.6671 U 1.1065 - 

33/I 1 KV translbrmer 0+J 1.200 0 li 1.2000 

0.6671 .1 2.6536 01.1 1.2000 

Since all the following calculations are at the 111KV level, (lie source impedance per unit 

values may be changed to ohms on the 1 I KV base. 
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llxll 
LB = =  

100 
1 .2l ohms 

11KV bus z = z1  pu x z = 1.21 (0.6671 ii  2.6536) 

ZI = 0.8072+ J 3.2109 ohms 

ZI = 3.3108 ohms 

= I .2 1 (0+.1 1.2000) = 0+J 1.4520 ohms 

When the impedance values are given in ohms, the three phases and line-to-ground fault 

If 
currents are calculated by using the lollowing formulas: 

'3Ø-Sjni = 

3V1.. 
'(L-G)Mnx = 

zI  + z 2  + 

3V,. 
& '(I.-G}itIin = 

+ z2  + z0  + 
I 

V1; = Line-to-ground volts at fault 

z 1 
Total positive, negative and zero sequence impedances of the system viewed from the fault. 

zo  j 
z1 = Fault impedance 

All the 11KV bus 

11000 1 
x = 1918Amps 

- Ji 3.3108 

3x11000 __________________________ 
'(L-G),ifax = X 

 2(0.8072 + 13.2109) + (0 + JI.4520) 

x 11000 
I 
A C 1G ) ,1!i,2 

 - 2(0.8072 + 13.2 109) + (0 + .11.4520) + 3x 40 

- 

-.Jx11000 1xl100() 
- - 

- 2370Ainps 
1.6144 + 17.8738 8.0376 

- 

'Jx1l00O Jxl1000 
- = I56iliiips 

121.6144+17.8738 - 121.8690 

-r 
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Proceeding as instructed in 3, 4. 5 and 6. (he fault currents at the various nodes in the 

circuit are calculatcd. The following shows the calcu lal ions br determining the fault 

currents at node (2). 

11 KV bus (node (1)) 
z1  = z2  oliiiis 

0.8072 + 13.2109 

z0  ohms 

0+ J 1.4520 

Section (1) to (2) 

2(0.5670±J 0.6440) 

2(1.1601+J 1.9297) 

1.1340+ J 1.2880 
Total Impedance at node (2) 

1.9412 + 14.4989 

2.3202 + 13.8594 

2.3202 + 15.3114 

11000 1 
At node (2) 130-Sym = 1.9412+ 14.4989 

- 

1 
10 

0 0 
x =1296Amps 

- 4.8998 

3x11000  
1(1  ()Slav = X 

JJ 2(1.9412+ 14.4989)+(2.3202+ 15.3114) 

3 x 11000 1 
- 

3 x 11000 
= x - 

6.2026+114.3092 Jx15.5957 

3 x 11000 I  

= x 2(1.94I2+J4A989)±(23202+J5.31 14)±3(40+JO) 

Using the work sheet as shown by the attached example to tabulate and record the various 

impedances and short circuit values at the circuit nodes organize the work and 

calculations necessary for the fault current study. 

The fault currents that are found from this study will later be used to coordinate line over-

current protective devices. 



(10) L8I 
1118 I 1O&N 

No.3 

N-No. 3 
30-No. i/O 

430 (6) 
318 
117 

/ 
N/A_J 
215 I 

1918 I 
237J 
156 1= Z 

.'I 

 
[296J 

1222 
iø 

i 

F  
9691 

I- 815 
144 

 

771 I 

138 
ri 

'' 
[4() 

487 
132 

0 

rN/A 
415 

(14) [126 

rj 

N/A (12) 4 mile I 320 
114 No.3 
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A b) Determination of the three phase and line-to-ground short circuit currents availablc on 

the 11KV bus and different nodes of distribution hues. 

Fault level 
900 M \I  A-three phase symnctrical 

132-33 Ky 

50 MVA 
11.8 

'1 
33-11 KV 
5MVA 

%Z-6.0 = 

Conductor: Wolf ACSR,0.15 square inch 

COf equivalent 
Ej r = 0.3302 ohm/mile at 50°C 
'il 
11 r) 

x =0.547 7 ohm/mile at 501-Iz and 60 

equivalent A spacing. 

I 1KV Bus (Node (I)) 

(9) ~29 
log 

 

4 mile 
N-No. 3 r 59  i 
30-No. 1/0 

132 N/A 
368I 4 mile 

1O&N 
 

No.3  

N/A 
4 mile 320 
1O&N (13) L114 I No.3  

1 3<)  -SYM 
- r'VIAX. 
- r'1ir'. 

('ode wotd ACSR size 
Swallow 3 
Raven  
Vengtun 4/0 

Figure 4.4 Single line diagram of a radial distribution system showing fan It currents 

* 



50 

'I'ABLE-4.1 IAtJI;I' CLlRI{IN'I' (iI CL (LA I'ION W'ORk SHEET 

1.1 I 12 l:.iti l, (.urrcn( 

Section R ; R, x 1=x, 12 R0  olinis x, OhfliS 7 1 4 1.1  1,11,-I 10,3Z 1  

or Node ohms ohms ohms (i0) (z=40) ohms Amps Amps Amps 

I 1kv Bus 0.8072 3.2109 3.3108 0 1.4520 3.3108 8.0376 1918 2370 156 

I - 2 1.1340 1.2880 2.3202 3.8594 121.8690 

Total 2 1.9412 4.4989 4.8998 2.3202 5.3114 4.8998 15.5957 1296 1222 15)) 

3 -4 1.1340 1.2880 2.3202 3.8594 127.0112 

Total 3 3.0752 5.7869 6.5532 4.6404 9.1708 6.5532 23.3833 969 815 144 

3-4 1.1340 1.2880 2.3202 3.8594 132.4257 

Total (i), 4 4.2092 7.0749 8.2323 6.9606 13.0302 8.2323 31.2292 771 610 138 

4-5 1.1340 1.2880 2.3202 3.8594 138.0805 

Total ça 5 5.3432 8.3629 9.9241 9.2808 16.8896 9.9241 390984 640 487 132 

5 -6 4.3200 2.8280 6.7800 9.0728 143.9473 

Total @ 6 9.6632 11  14.785 16.0608 25.9624 14.785 59.9117 430 318 117 

6-7 - - 6 - - 6 162.7340 

Total @ 7 9.6632 1110  16.0608 25.9624 88.7062 N/A 215 99 

2-8 4.3200 2.8280 6.781(1) 9.0728 192.9431 

Total (i 8 6.2612 7.3269 9.6377 9.1002 14.3842 9.6377 36.2042 659 526 132 

8-9 - - - - 144.5689 

Total @? 9 6.2612 7.3269 9.1002 14.3842 65.4060 N/A 291 109 

3- 10 - - - 
- 174.1628 

Total @ 10 3.0752 5.7869 4.6404 9708 51.8198 N/A 368 118 

Total II Same as of Node 161.6799 

4-12 1() 

Total (1 12 4.2092 7.0749 6.9606 13.0302 59.5917 N/A 320 114 

Total @ 13 Same as of Node - - 67.6527 

5-14 - - 12 

Total 14 5.3432 8.3629 9.2808 16.8896 45.8803 N/A 415 126 

IS 1.3719 
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.4 TABLE-4.2 Impedance of ACSR conductor in oh IllS per kilometer 

Three-phase Gconictric Line-to-neutral 

Mcan spacing : 58:371 inches spacing : 48 inches 

Earth resistively: 100 meter- conductor temperaturc :50°C 

ohms 

IIiasc(onduclor l'ositive & Negative Zero sequence impedance 

\VIIC SIZC Neutral sequence Impedance components for four wire multi- 

A\VG Code Name wire size Components grouncle(I neutral circuits 

(British Code Name)  

1,1 -r, x1 -x z 1 =z, R,, o s (code void) (code word) 

114/0 AWG //1/0 AWG 0.3522 0. 0.5330 0.7207 1.1988 1.3987 

(Penguin) (Raven)  40() I _______________ 

It I/O AWG #3 AWG 0.6709 0.4392 0.8019 1.0530 1.4090 1.7590 

(Raven) 
(Swallow) 

___________ 

ff3 AWG #3 AWG 1.2673 0.4417 1.3421 1.6493 1.4115 2.1709 

(Swa11oy) (Swallow) 
___________ ___________ _____________ ______________  

0.15 CU EQIV(WolD* - 0.2069 0.3353 0.394 0.355 1.5507 1.5909 

0.10 CU EQIV. 0.05CUEquiv 0.3386 0.3875 0.5146 0.7086 1.1456 1.3471 

(Dog) 
(Rabbit)  

_________________________________ 

0.05
_ 

CU EQIV. 0.025CUEqiv 0.6206 0.4102 0.7439 1.0095 1.3671 1.6995 

(Rabbit) . (Gopher)  

0.025 CU EQIV. 0.025CUEqiv 0.1342 0.3218 0.3487 0.2906 0.8298 0.8792 

(Gopher) . (Gopher)  ______________ 

*Zcro Sequence Impedance components for three \vire circuits grounded at the source. 

TABLE-4.3 Per Kilometer Resistance and Reactance Of 6.35/11kv Grounded "Y" 

Distribution Line 

Conductor size 

0Il1vlS PER ('IRCUIT-rvllLE OF l.INE 

Single phase 'V-phase 'Ihrcc phase 

x r x r x 

114/0 AWG ACSR (PENGUIN) 0.4737 0.6631 0.4737 0.6631 0.3522 0.4001 

#1/0 AWG ACSR (RAVEN) 0.7982 0.7625 0.7982 0.7625 0.6709 0.4392 

113 AWG ACSR (SWALLOW) 1.3946 0.7650 1.3946 .7650 1.2673 0.4417 

477 MCM(I!A\VK) 0.1342 0.3218 

336.4 MCM (MERLIN) 0.1900 0.3389 

0.15 CU EQIV. (WOLF)* 0.2069 0.3353 

0.10 CU EQIV. (l)OG) 0.3386 0.3875 

0.05 CU EQIV. (RAU131'l') 0.6206 0.4102 

0.025 CU EQIV. (GOPHER) 1.2306 0.4275 

Note: 1) Resistances arc AC values ()50 I lz and 50°C 

ii)Rcactances are @50 I-hz and standard RL13 spacing (1482.ôiiini) 

Al 
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A. 4.6 Selection of OCR 

For proper selection of an OCR the following factors must be taken in consideration 

U Maxirnuni fliult current available at the location where rccloser is to be installed. 

U Maxiinuni load current 

U Coordination with ollicr protective devices on both source and load sides of the 

recloser. 

The maximum fault current will be known or can be calculated. 

The maximum calculated fault current, three-phase or single phasc-to-ground at the OCR 

installation point shall not exceed the interrupting capacity of the OCR. It must be less 

than the interrupting rating of the OCR. 

At the farthest point out on the circuit for which the OCR must protect for permanent 

faults, the maximum calculated fault current shoukl be at least 2 times the minimum 

tripping current of the OCR. 

The maximum continuous current rating of the recloser should be selected to be equal to 

or greater than the anticipated circuit load. 

Coordination with other protective devices (both source-side & load-side) is very 

importani. Proper selection of lime delays and operating sequences is vital to insure that 

any momentary intcrruptioii or long time outage due to faults are restricted to the smallest 

possible section of the system. Generally, the time-current characteristics and operating 

sequence of a rccloscr is selected to coordinatc with source-side devices. After a speciIc 

recloser size and sequence is determined, protective equipnieflt further down the I inc is 

then selected to co-ordinate with it. 

4.7 Coordination l'rinciple 

Proper application of OCR on a distribution system is assured if the following basic co- 

ordination principles are observed: 

The load-side device must clear a permanent or temporary fault before the source-side 

device Interrupts the circuit i fit is fuse link or operates to lookout ilit is OCR. 

Outages caused by permanent ftiuhls must be restricted to the smallest section of the 

system. 

These principles primarily influence the selection of operating curves and sequences of 

the source-side and load-side devices and location of these devices on the distribution 

system 

WL 
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A 4.8 Data Required for Relay Selling Study 

The following data are required for relay settin(T study. 

Fype and rating of the protective deviccs and CTS. 

The impedances of power (ransfoi-nier, rotating machines and feeder circuits. 

Maximum and minimum values of fault currents of the system that are expected to 

flow through each protective dcvicc. 

Starting current of motors and the starting and stalling time of in(Iuction motors. 
441 

e) Maximum peak load currents through protective devices. 

0 Rate of decay of fault current supplied by the generators. 

g) Performance curves of the CTS. 

4.9 OCR-Fuse Coordination 

Coordination between an OCR and fuse can be attained by using methods based on time-

current curves adjusted by a multiplying factor. 

Coordination of source-side fuses will basically determine what curve or curves can be 

considered. Load-side fuse links must then be selected to coordinate with these curves. 

The source- side Fuse is selected fur protection of the transformer. The OCR must then be 

sized and curves selected to coordinate with this. Load-side fuses are then selected to 

coordinate with the OCR. 

VAI 

4.10 Source-side Fuse Links 

Fuse links on the source-side (33KV) of a recloser generally protect the system from an 

internal transformer fault or protect the transfbrmer from a fault at the secondary bus. 

The OCR at I I KV incoming hus or the ledcr OCR at substation iiiiist be selected to co-

ordinate with the source-side fuse link SO that the Fuse does not interrupt the circuit for 

any fault current on the load-side of the OCR. 

Time- current curves can be used to co-ordinate the secondary side OCR with the source-

side Fuse link if the method is based on tli is rule: 

For maximum calculated fault current at the OCR location, the niinimuni melting time of 

the fuse link on tlic transformer's sowce side iiiust be greater than the average clearing 

time of the re-closer's delayed curve, by a speci lic factor. These multiplying fuctors for 

Vk 
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various reclosing intervals and operating sequcnces are listed in chart - C. The curve must 

be shi fled on the current axis to allow for the transformer ratio. That is, the curves for fuse 

and OCR are to be plotted or layed for fault curtcnt on (he same voltage level (33KV) of 

transformer on the current axis. 

4.11 Load-side Fuse Links 

Maximum coordination between reclosers and fuse links is generally obtained by setting 

the recloscr for two fast and two delayed ol)ei'atiOilS. The first recloser opening allows 

about 801)/()  of the temporary fault to clear. 'l'hc second opening permits approximately 

another 10% to clear. Before the third opening, the fuse link melts, interrupting persistetit 

or permanent faults. 

Coordination is achieved to a lesser degree when one fast operation and three delayed 

operations are used. 

Selective fuse sectionalizing of (lie faulted section of line beyond a rccloser is not possible 
If 

when the all fast sequence or all delayed sequence is used. All fast sequence does not 

include time for fuse to clear; all - delayed sequence will result in fuse operation on the 

first overcurrent. 

Two selection rules govern the use of fuse links as protecting devices on the load-side of 

reclosers: 

For all values of fault current possible on the section protected by the fuse link, the 

niinimum melting time of the fuse must be greater lhaii the product of (he clearing 

time of the recloser's fast operating curve and the multiplying factor. 

For all values of fault current possible on the section protected by the fuse link, the 

maximum clearing time of the Rise should be no greater than the delayed clearing 

time of the OCR, provid1ed1 the recloser sequence is set for two or more delayed 

operations. 

Coordination range between the recloser and fuse link is lxed by two selection rules. 

The max i in um coord I nail tig current. 

The minitnhlili coordinating current. 

The maximum coordinating current is the point of intersection of (he minimum melting 

curve of the fuse with the reference curve obtained from the product of the rccloser's fast 

clean ng time curve and the in ii It ip I yi rig Iuictor. 

VFL 
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The minimum coordinating current is the po it of intersection of the maximum cicaring 

curve of the fuse link with the delayed cerve of the OCR. If the fuse maximum clearing 

curve does not intersect and lies below he rccloser's curve, the minimum coordination 

l)oint is (lie nliflinlUlll trip current of lii' OUR. 

4.12 OCR- OCR Coordination 

OCR - OCR coordination is achie :ed primarily by selection of different series trip coil 

rating in hydraulic recloser or different minimum trip current values in electronic 

reclosers. Selection of these a' determined alter a study of the reclosers time-current 

characteristics. When coord uating hydraulically controlled reclosers in series, the 

minimum time required bet vccn time-current curves differs depending on which recloser 

types are involved. On sr ialler single and three phase recloscrs, movement of the series 

trip coil plunger (when ccelcratcd by over current flowing through the series coil) opens 

the recloser contact ami loads the closing springs. McGraw Edison reclosers of this type 

It of construction are naicd as H, 314, 411, V411, 611, VÔH, L, E, & 4E. 

When two OCRs of this type are in series, time - current curve 5C1)aratiOfl of less than 2 

cycles will always result in simultaneous operation. Separation of 2 to 12 cycles may 

result in simultatieous operation. When curves are more than 12 cycles (about 0.25 

second) apart '1a11eoU5 operation will not occur. Iwo OCRs in series should follow 

the same operati:i sequence (preferably 2A 2C). So for proper coordination of two OCRs 

in series the time separation between the lock-out curves should be at least 0.25 sec. 

4.13 Selection of Fuses for I atcral I sines 

In selecting fuses for iateral, the following l)Oints are to be considered: 

• The fuse must bc large enough to carry the load current. To do this at a value of 

current 2 to 2.5 times the load current, the mininluni melting curve of the (usc should 

cross the 300 sec. line in the lime-current characteristic curves of the fuses. 

• The minimum melting curve of the Rise should be above the Rist operating curve of 

the OCR for currents equal to or less than the maximum phase-to-ground fault current 

at the point of installation of (lie fuse. 

The sinai lest size fuse vli ich will iiicct the above two 11111 its should be scicctcd. 

VK 
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4.14 CoordinatiOn of Two Fuses iii Series 

Two fuses in serieS will be properly coordinated , if the total cicaring curve of thc smaller 

size fuse (protecting fuse) lies below a curve which is 75% (on the lime axis) of the 

minimum melting curve of the larger size fuse (protective fuse). 

Fuse link coordination can be achieved by the use of time-current curves, coordination 

tables Of 
by convenient industry established rules of thumb. Use of coordination table is 

ction and coordinatioll. Coodination tables 4. 1, 4.2 and 
the quick method for proper sele  

4.3 are shown below: 

TABLE 4.1 OCR-OCR COORDINATION 

O('.R TYPE MAX. FAUL'L' CURRENT (AMPS) OCR TYPE 

100-RX 

100-OYT 

1350 

1550 

l4 ---------

i000l --------- 

2000 

2000 

1400 

1000 

[ 70-4111 

L50-4111 

41fj 

T70-411  
50-411 

35-411 

25-411 

ES - 

),i 

900 

— 
100 — 

--------- 
----------  L2 5 _4'1'1 

.4

50-411 
ZIZIIZ---j 

E::-15:41 --------- ---------- Li1 



-' 
TABLE 4.2 OCR-FUSE (TYPE-T) COOR1)INATION 

OCR TYPE MAX. FAULT FUSE RATING 

CURRENT (AMPS) 

0 
FOORX, 

1900 --------- ---------- r50 

Ir '770-
411

oo  

--------- ---------- 20 

o E)0) 42 --------- 
---------- L—ij 

Ir 

500 

---------- 
IIE] 

LIIII

40) 

350 --------- 

LIJ 
275 

6 (
~

O 

45ol 

 

---------- 

10 

57 
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rfB1F 4.3  COORD11A'F10N TABI E FOR FUSE 

Protect ivc Fuse l.ink 1 Protecting 

Ftise link 101' 1 2T I ST 20T 25T 30T 40T LT 6Sf 80T 

MAXIMUM FAULT CURRENT (AMPS) 

6T 350 68() 920 1200 1500 2000 2540 3200 4100 5000 

8T 375 800 I 200 1 500 2000 2540 3200 4100 500() 

530 1100 1500 2(X)() 2540 3200 4100 5000 
101' 

680 1280 2000 2540 3200 4100 5000 
12T 

730 170() 2500 3200 4100 5000 
15T 

990 2100 3200 4100 5000 
20T 

1400 2600 4100 5000 
25T 

1500 3100 5000 
30T 

1700 3800 
40T 

1750 
50T 

65T 

TABLE 4.4 RECLOSER RA'I'INGS 

[IecIoser Type, q) Coil Ratings M ininiuni 1'rip 1ntCiTU)tii1g Ratings 

Continuous Rating ntinuous Amps 

F(- 

Ratings (Amps) (rms sym. amps) 

@14.4KV 
an(I lntcrruptiilg 

Medium 

pc-41i 15 30 600 

100 Amps Max. 25 50 1000 

Oil interruption 35 70 1400 

50 100 2000 

70  
140 2000 

TypcRX 
400 Amps Max. 100 200 6000 

Oil interruption 
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4.15 Factors for Load-side and Son rcc-side Fuse Links 

Load-side Fuse Links 

For Load-side fuse coordination, the "K" factors are used to multiply the time values of 

the rccloscr fast curve. The intersection of this reference curve with the fuse minimum 

melting curve determines the maximum coordinating currcnt. Hgurcs un(ler (he "average" 

column apply when the fast CurVeS are plotted to avcrage values. Figures under the 

"Maximum" column apply when (tic fast curves are plotted to maximum values. 

TABLE 4.5 

Reclosing One Fast Operation 

Ti me in cycles Average M ax imuni 

25-30 1.3 1.2 

60 1.3 1.2 

90 1.3 1.2 

120 1.3 1.2 

Source-side Fuse Links 

For source -side fuse coordination, the "K" factor listed is used to multiply the time 

values of the delayed curve. 'l'hc intersection of this reference curve with the fuse 

minimum melting  time curve deterni ines the maximum coordinating current. Note that 

either the fuse or recloser curves must be shifted so that both are plotted to the same 

voltage reference. 

TABLE 4.6 

Reclosiug lime in 

cycles 

Iwo Fast- 

Two Delayed sequence 

Onc Fast - 

lhiee Delayed sequence 

Font- 

Delayed sequence 

- 25 2.7 3.2 3.7 

30 2.6 3.1 3.5 

60 2.1 2.5 2.7 

90 1.85 2.1 2.2 

120 1.7 1.8 1.9 

240 1.4 1.4 1.45 

600 1.35 1.35 1.35 

Two Fast Operations 

Average Maximum 

2.() 1.8 

1.5 1.35 

1.5 1.35 

1.5 1.35 
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4.16 Steps in Sectionalizilig 

Complete data is obtained on the power systcni and on the proposed devices before 

starting a study. 

A study of the lines, both on the map and in the held and a tentative decision as to (he 

location of the sectionalizing devices are made. 

uf h ioultcurets ont da e 
Maximum and minimm teacena n  

cud of thc lines, line-to-ground, and three phase faults arc Calculated. 

The devices for the substation to give complete and adequate protection to the 

substation transformers from fault currents on the distribution lines are selected. 

The sectionalizing devices from the substation out, or from the ends back to the 

substation are coordinated. The tentative locations of devices are revised if necessary. 

1'hc selected devices for current carrying, maxinium i ntelTUpting and minimum trip 

ratings arc checked. 

g) Written instructions and a circuit diagrams for the operating personnel are prepared. 

If 

'V 

'4 
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Cl JAP1'ER-V 

A 33 I(V Over current Protection Coot (lination 

5.1 Introduction 

Rural electrification system has some 33/11 1KV Sub-Station and its 33 1KV source line. 

Power Transformer and 33KV source lines are protected by Power Fuses, OCRs and Oil 

.4 
Circuit Brcal:cr of I3PDB. It is essential to niaintain coordination among (lie piotectivc 

devices. Thc purpose is to determine what the present coordination is, if it is 1)r0PCrlY 

coordinated, and if not, what should be done to improve the coordination. 

5.2 Procedure 

A single-line diagram of the feeder is prepared to the selected PBS substation which 

shows, the P1)13 grid-station system that feeds the 33KV to the PBS substation. The 

single-line diagrani shows the transmission I 321KV, the PDB Grid-station transformer 

which fl.cds the 33KV Icdcr, the circuit breaker at the Grid-station, the 33KV line, any 

tee-off, the PBS substation fuse, the line through the PBS substation- including the 11 1KV 

OCR in the substation. 

All points will be numbered at which fault currents will be determined, such as 

protective devices, branch points, ends of' lines, (lie PBS 33KV fuse and the PBS 

sul)S(atic)n 111KV bus. 

The conductor size, spacing and distances between all numbered points are to be 

determined. From the PDB the name, type and setting of all relays controlling the 

circuit breakers in the 33KV line are to be collected. 

Using in fot-mation obtained in step 3, the I inc impedance will be determined and 3 

phase or 2 phase and single phase fault currents at all numbered points are to be 

calculated. At the I 11KV bus of the P1)13 substation, the current that would appear on 

the 33KV system from a fault on the 11KV bus, both three l)lllsc and single phase are 

to be determined. 

4 
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This method of fliult cunent calculation is based on symmetrical components and the 

inll)cdailccs arc in per unit on a 100 M Vi\ base. 

Positive, negative and zero sequence impedance must be determined iii Per unit on a 

100 MA base. For REB's purposes, the positive and negative sequence impedances 

are aSSLi111C(l to be the same. Ihe positive sequence iil11)Cdui1Ce is the actual line 

inipcdance per phase in ohms. This must be converted to per unit on it 100 MVA base. 

I The line zero-sequence impedance is based on all  effectively groul)(led system with an 

earth resistivity of 100 meter-ohms. If the PDB transformer is not effectively 

grounded, then the method of ground must be taken into consideration. 

If a transformer bank consists of single-phase transformers and the bank is wye-wye, 

then the bank's Z1  Z2  and 4  arc all equal to the new impedance and is accumulative. 

If the bank is delta-wye, then bank's Z1  and Z are accumulative. 4 ceases to exist 

between the bank and its supply, and it begins to accumulate at the bank and 

accumulates from there onward. If the bank is delta-dclta, 4 and Z, are equal to the 

banks new inipcdance, and 4, does not exist for fault current calculations. For 3 phase 

core-type transformers Z0  is 85 percent of the 4{ 191. 

All existing protective devices are to be checked and will be determined if they are 

operating within their interrupting capacity, within their continuous duty rating, and 

how far out on the line they will reach. Load current at all protective devices will also 

be determined. This must not exceed devices rating. Devices maximum interrupting 

capacity will be found and care should be taken that maximum available fault at the 

device does not exceed interrupting capacity. 

The fault current profile arc to be drawn using separate profllcs for 3 phase and single 

Phase tiiu II CLI rrcnls Oil log- lot' l)aPer. 

On the same log-log paper used in step 6, the substation transformer safe loading 

curves, the operating curve of the substation piolecti\'c equipment, i.e. fuse, the 

ground-instantaneous relay, the ground time delay relay and phase time delay relay 

are to be drawii. If a rccloscr is used instead of an OCR, it's fast, slow and lockout 

curves are to be drawn. 
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The illinimum tripping current is determined by Ii tiding the current transformer ratio 

and transformcr tat) in use. The curve is (trawl) llolll the mititiiuiii 1)iCk-1.11) current to, 

but not beyond, the maximuni available phase-to-ground fiiult current. The ground 

time-delay-relay curve is determine(l by the particular typc of relay and its "lime dial" 

setting. Again, its minimum pick-up current is determined by the CT. ratio and tap 

setting. This curve is drawn from its minimum pick-up to, but not beyond, the 

maximwii available phase-to-ground fault current. Neither this relay, nor the ground 

instantaneous-relay will see any uiiult other than a I inc-to-ground fault. 

The phase-time-delay relay is the same as the ground-time-delay-relay, except that its 

curve is drawn to, t)ut not beyond, the maximum value of fault current available to it. 

8. The minimum-melting-time and maximum-clearing-time curves of the first and 

second stage fuses as called for in protection scheme are to be drawn. These curves 

at-c determi tied if they do coordinate, and to what extent. If they (10 not coordinate 

wi thin the (lest red It mits, it will be deternut ned what relay setting and what fuses will 

coordinate properly, and then the previously drawn curves will have to replace with 

these new curves. Fuse curves should be drawn froull the template of coot-dinating- fuse 

curves. 

In general, the pick-up value of the phase-time-delay i-clay should be set at twice the 

normal ampere rating of the citeuit. The time of the phasc-tirnc-dciay relay is selected 

so as to be above the total clearing curve of tIle largest 1atcta1 fuse by at least 0.25 

seconds at all values of current. Tile Pick-ut) value of the ground-time-delay relay is to 

be set as low as possible and still be above the total clearing curve of the largest 

lateral fuse. The time of the ground-titlle-deiay relay is selected so as to be above the 

total clearing curve of tile largest latci-al fuse by at least 0.25 secotlds at all values of 

cui-renl. 

flue pick-up value of the ground-instantaneous uclay is generally set at V2 ampere 

ii ighcr than the grotttld-t i inc-delay sell i hg [I 1- 

At the farthest point out on tile citcuit for which the 0C'13 must clear perniatletlt faults, 

the maxinlunl calculated fault cUrt-ctlt should be twice tile pick-up value of tile relay 

and should trip the relay In less than 5 seconds or bcfot-e damage to the cartlling 

transiot-nier. At the farthest point out on the ci t-cuit for which the 003 must clear 
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temporary laults, the maxmlum calculated pllasc-tO-grOufl(l fault current should be I 

& 12  limes  the pick-up value of (he ground instantaneouS relay. 

Fuses whose cut-yes extend below (he ground-instantaneous relay curve will not 

coordinate with the relay. These fuses will blow on temporary faults and result in 

outages, due to the lailure of the OCB to operate. 

9. All protective installations and changes desired will be drawn on the sketch. 

1 
5.3 Sample Problem, Grid sub-station to 33KV sub-station. 

132 KV FAULT LlVEl. 1416 MVA 
6195 

1) 

 
4768 

T 
40 MVA3A 40 MVA 

9.87 9.92 % 
% 

] 

33KV 

(2) R05__I 
l0632J 

> 

0 11)  
Id 

i/O ACSR 
4.12 KM 

71 
(4) p094 
125A 
2x5 MVA I 
6.2 % Z 
6.2 %Z 

L 8590 
9450 

—0--- 
(3) 

- 11KV 
(5) 

F28 

Figure 5.1 Single line diagrani of a power system 

In the example shown above it is required first to place all components on a 100 MVA 

base. 

1 . 
The 132 1KV line 1iul( lcvcl is first converted to (lie transmiSSioll line impe(lance at 

100 MVA. 

Z,(132KVSystem)=J_MVA
8 100 =Jo.0706pu 

Fault MVA 1416 

.4 
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2. The 2x40 MVA PDI3 transformer must also have its impedance expressed on a 100 

MVA base. 

%Z MVA8  
Z1 (1 32-33KV X - former) 

= 

J — x---- - 

100 MVAX1OI1C, 

7 
100 40 

Z1(T2)=J 
9.87 100 =J0.2468pU 
100 40 

(0.248 x 0.2468) 
= JO.1237pu Z(T 1+T 2) J  

(0.248 + 0.2468) 

It should be kept in mind that the resistance of the 132 1KV transmissiOn grid and 132-33 

1KV transformer are so small in compreSSiOn with their reactance that they arc neglected 

and the impedance of the system is taken as being equal to reactance. 

3. Impedance of 33 KV line will he expressed on a 100 MVA base. 

Z1 (33KV line Wolf) = 0.3(0.2069+J0.3361) = (0.06207+JO.10083) ohms 18] 

Z1ohms 

- Zohrns 

KV 33 X 33 l O89ohms  
ZB_ 

- 

KVA 100 

0.06207 +JO.10083 
Z 1  (33KV line wolf) = 

= 0.0057 + JO.0093pu 
10.89 

Z 1  (33KV line 1/0) = 4.12(0.6709FJO.44) = (2.7641 i-i 1.8128) ohms 

Z1  (33KV line 1/0) = 
(2.7641 + J1.8128) 

= 0.2538 + JO.1664pu 
10.89 

4. The 2x5 MVA PBS substation translorniers must have their impedance expressed as a 

3 phase unit on a 100 MVA base. 

.4 
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Then to a 100 M VA basc: 

z1 (33 --1 1KVX - former) = JL = J1 .24pu 

The two x-formers are in parallel, so impedance 

Z1(33kVX - former.) = 
J(1 .24x1 .24)

pu  = JO.62pu 
(1.24+1.24) 

As 33/11 KV transformer is A'sñ_  connected and the zero sequence impedance cannot be 

i-cflectcd through a delta conncctcd winding, total source impcdancc of the system in per 

unit basis viewed from the I I KV bus are summarized as FbI lows 

Z, =Z, ZO  

132 KV system 0+j0.0706 - 

132-33 KV Transformer 0+j0.1237 - 

331KV line 0.2595 Ijft 1757 - 

33-1 1 KV transformer 010.62 0+jO.62 

0.2595I10.99 O+j0.62 

Since all the following calculations are at the II KV level, the source impedance per unit 

values may be changed to ohms on the 11 K'! base. 

llxll 
Z 

100 
=1.2lohms 

11 K'! bus Z = Z pu x Z1= 1 .21(0.25951J0.99)=0.3 I 3995+JI .1979 ohms 

= = 1 .23837 ohms 

Z0 = 1.21(0+J0.62) = 0+J0.7502 ohms 

All the ii KV bus 

V, 11000 
1 3ph -  SYM  = 

- x 51 28Amps 
Z1 .j 1.23837 

Ir 

I(L -G).Mix = z 1 + Z0  = 

L 
2(0.313995 +J1.1979 )+(0+J0.7502 

= 

Jx11000 _1.732x11000 
=5939An7ps 

0.62799 +J3.146 3.208 
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1' 

.7,  

3V r 3x11000 1 

+ 4-=  z, Z0  + 3Z F  = 

X 
2(0.313995 + J1.1979 ) i (0 + JO.7502 ) + 3x40 

ihxll000 
- 

1.732x11000 
=158Amps 

= 0.62799 + J3.146 + 120 120.669 

Fault impedance Z is C0I1SidCI'Cd as 40 ohm. 

The fault current at different nodes are calculated and shown on the attached calculation 

sheet. 

Fault Calculation Worksheet 

Sub-Station: Jessore Grid Feeder: Topshidanga Date: 20.01,02 Engineer: S.K.Das 

Sec. I)cscription Km. Pu ZI/kni Sec I') I 1. Acutiul I pti t0.Km. Sec t0  Accum Z 7., I ,,, 1 1(1  

R'X RI.I\ RUN R0 '.IN,, I(0 L1X 0  R 1iN., R,I.IN, 

l'l)I3 132 0)j0.0706 0 Fj)) 0706 0 4j. 0706 6105 

K\' Ilass 

j 80Mva 0 'JO. 1237 04jO. 1943 0lj0. 1051 0 jO. 1051 0+j0.4937 9005 10632 

S/S 

2-3 Wolf 0.3 0.20691 0.0057+ 0. 0057' 0. 355' 0. 0098+ ().()()984 0. 0212+ 8590 9450 

0.3361 jO.0093 j0.2030 I .5507 JO. 0427 JO. 1478 J0.555 

3-4 - / 1) 4.12 0,67091 (I 75351 (). 2505 1,053 1  0. 3081 0 4082 0 ''272 I- 3871  

0 44 jo. I (,6-1 JO 37 j J0.5531 0.680') j 1.4209 

4-5 IOMva 0)- jO 62 0.2505' 01jO.62 0)jo.62 0519' 5128 5939 

S/S 0.9') j2.6 

- II K)' /11/S FAULTREFLEC'TEI) ,fT33 K) 1709 1143 

5. After calculating the maximum available fault levels at all important locations, a fault 

1)I'oflle is prepared. 

Using log- log paper a fault pro file is drawn as shown in figure 5.2 A Ii iic is begun at 

the maximum available single-phase fault current at the first location and extended to 

the left to the lower maximum available single-phase fault current at the left. A mark 

is l)laCC(l at the max 1011111) avai lill)le single-phase liti It current at all pOints calculalctl. 

This is the Single- phase fault pro ii Ic. 

.4 
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Ihe SiluiC 1)rOCCduIC IS kl lovcd br the uix I mum avai lablc tlii'ec-phasc 1111.11t current. 

With the eXception of thults within the PBS substation at the 11 KV level. The three-

phasc 11KV fault current within the substation is shown as it would appear to the 33 

KV system. Also, the line-to-ground tault inversely proportional to the 6,35() : 33,000 

volt ratio. Then, the two phase current would be shown on the tlii-ee-phase pro lile, but 

labcllcd as two phase. 

'V.  

- I 

I III J'\I14J 

1.000.000 - - - - - - - - - - - 

X-F RMER  

100.000 --- - DAMAGECUR\J - - ----- -. 

[ 
125E (MAX. - - - 

10000 

\--- 

I
MI) - 

- -- 

I 0/CRELAI - - - - - 

1.000 - - - .- -  

------ _H-- 
I I I I H Hi 

MAX. FAUL1 CURR[N I 38/1A S 
3-P FAUtT AT I-IT SIDE OF X

-11\ 0.010 HJ _____ 

1 10 100 1,000 10,000 

CUNNLNI Il-I AM)' (ON 33 KV BASE) 

FIGURE 5.2 PHASE FAULT AT HT SIDE OF S/S X-FORMER 
EXISTING CO-ORDINATION 
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It iiow becomes UCCeSSaly to use it I iglit table or Ii tihi box. I I templates are available. b 

the light box is used to draw the short circuit damage curve for the 33KV I Inc 

conductor on thc log-log paper. Thus should be label led as curve A. If there are two 

sizes of conductor, they would be curves A & B iCS)CCtiVcly. At present the curvcs 

are drawn in PC based computer CilvirOnl1lCnt. 

tismg the information obtained from the PDB substation relays, the operating curves 

for the PDB ground relay and also the iliisc relay are drawn. The minimum pickup of 

each of these relays will be the curreiit-transfbrmer ratio times the plug setting of each 

relay. The curve is then deternu ned by the tulle-dial setting. During drawing these 

curves, the curve would begin at the lowest ampere pick-up value of the relay and 

would be drawn to, but not beyond, the maximum available fault current for that 

device, as showil on the current profile. It must be renlembercd that the ground relay 

vill only see ground faults; therefore, the point of ending for tile ground-relay curve is 

at its location on the single-phase profile. 

Now it is drawn in the maximuni clearing time and minimum melting curves for the 

substation transformer fuse. These should begin at their lowest value and extend to, 

but not beyond, their posit i Oil On tile pro Ii I es. 

The fast and slow curves fbr the I I KV substation oCR (known as time-current 

curves) are drawn on the log-log paper as they would appear to tile 33KV Cquipnlent. 

It is now possible to view the plotted curves and determine if,  how and where Ofl the 

cuiTeilt profiles they CoOrdinate. 

Now it is required to select relay settings, rccloser settings and/or fuses that will 

coordinate. The installations will be shown on the single line diagram. The selected 

settings will be drawn on the paper, and will have to vritc up the instruction for the 

installation. It must also be explained in writing, why the present settings (10 not 

coordinate and 110w they will coordinate when the reconlmcnded installations are made. 
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A. 5.4 PDB - PBS Over Current Protection (oord in at ion 

The objective of PDB-PBS coordiiiai ion is to prevent the operation, or to limit the 

operation, of the PDB relays, due to faults oilier thaii on the PI)E3 33K\' system. 

Two (list iiet 1)l0l)lenls exist icgaidiiig the coOnhi nation of'  the over curren( l)Iotectioll 

cicviccs between the PDB and the PBS protectivc systems. They are: 

Operation of the PDB Grid-station relays due to faults on the PBS I I KV system. 

Operation of the PDB Grid-station relays duc to faults in PBS substation transformers. 

The solul ions to the problems may differ and the solution of one of the problems may 

help, or hinder, the solution of the other. 

The PDB phase relays will see all faults oti the 33KV system and all faults on the PBS 

11 KV system. The PDB phase relay will operate for all faults on the PBS 11KV system 

where the fault cut-rent, for a phase to ground fault, is equal to, or greater, than the PDB 

phase relay pick-up current is niultiplicd by 5.2 (33KV/6.35KV=5.2), or where the three-

phase 11KV fault current is equal to, or greater, than the PDB phase relay l)ick-up  current 

is multiplied by 3 (33KV/1 I KV=3). 

Since the PDB ground-relay will see 110 faults on the PBS 1 11KV system and since only 

the PDB phase relays are involved, the I I IK\' 1)rotileln should be solved first. 

The first step in the solution of these problems is to prepare a fault profile of the 33KV 

system and Time-Current curves of the existing operation of all devices iiivolved are 

prepared. On the Time-current curves, the operation, and lock-out curves of the PBS 

substation Ii KV feeder Recloser are to be plotted as they would appear on the 33KV 

systein.Only after the preparation of the Time-current curves and fault ptofi1es, can 

serious efforts be made to find solutions. 

The lock-out curve of the I I KV feeder OCR is compared with the operating curve of the 

PDB Phase relay and it is determined if the II KV OCR will lock-out before the PDB 

phase relay operates to lock-out the P1)13 circuit breaker. No P1)13 Grid-station has been 

loLlild to have an operating teclosing iclay. tlicrelore, the I I KV Feeder OCR must lock-

out before the PDB phase relay operates to lock-out the P1)13 circuit Breaker. 
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For Lxample, I the PDB P1U15c relay will pick-lip Oil a 33KV J)11aSc current of 450 

aniperes, it will begin to operate on an I I KV phase to ground fault current of, 

(450x5.2)2,340 amperes. And on a phase-b-phase or three-phase fault current of, 

(4500) = 1,350 ampercs. Since faults on (lie I 1KV grounded system almost always begin 

as a phase-to-ground fault, the phase-to-ground fault should be given first consideration. 

The first effort to solve this probleni is to determine if the PDB can raise the pick-up 

value of the phase relay to a value greater than the maximum available phase to ground, 

or three phase, fault current at the I>I3S I 1KV bus. If they can not raise the pick-Lit) setting 

the only alternative is to Ii iid a means of clearing the 11 KV fault fast enough that the PDB 

phase relay will not operate. It may be necessary to change the operating SCUCflCC of the 

feeder OCR and/or to phase rcclosers on all bi-anch circuits where the fault currents can 

exceed the PDB phase relay pick-ui) current. 

In the cxaniple the PDB phase relay is shown to have a minimum pick-up of 20() amperes. 

Therefore, the relay will begin to operate on any phase-to-ground fault on the PBS 11 KV 

system which exceeds, (200 x 5.2) 1,040 amperes or, a lliiec phase Fault which exceeds, 

(200 x 3) = 60() amperes. Inspecting the available fault currents at the PBS substation we 

can see that it will operate on both the bus phase-to-ground and three-phase faults. 

1-lowever, if the PDB can see the pick-up value of (lie PDB phase relay to 510 amperes it 

would not operate on 11KV phase-to-ground faults. Since most faults begin as a phase-to-

gi-ound fault, this adjustineiit should eliminate practicil ly all of- the operations due to PBS 

11 KV faults. If they can raise the pick-up of the PDB phase relay to 740 amperes all 

operations due to 11 KV faults should be eliminated. If the PE)I3 cannot adjust the pick-lip 

value of the phase relay then some conibiiiation of feeder OCR operations must be found 

that will place the lockout curve of the OCR below the operating curve of the PDB phase 

relay. 

In the tinie-current curves shown in figure 5.2 the time of lock-out curve of (lie OCR, 

curve must be lowered by approxititately, 0.25 seconds. If this is (lone, all (he fuses and 

OCRs on the I I KV feeders must be re-viewed, in size and sequence, to determine if they 

coordinate with the new feeder OCR settings, if' not, further adjustments should be 

attern pted. 
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4- It is possible that if we change the operating sequence of the feeder OCR to two fast "A" 

curves and one dclayed "C" curve the lock-out curvc nught be satisliictory. The following 

time-current curve shows how the curves would appear. No reduction in sequence to less 

than 1, ''A" and 1, ''C" should be made. A further reduction in equcne will destroy any 

possibility of coordinating with branch circuit fusing. 

This plot shows that it is possible that this operation will work, although the lock-out 

curve of the OCR and the PDB relay curve are close at some points it is still possible that 

the scheme will work and the coordination of the rest of the 11 KV system may not have 

to be changed. 

It is clear that the solution to the Pr0blei11  is found by trial and error. 

The solution to (lie second problciii, l'L)B relay operation due to IBS substation 

transformer faults, is much more cli hlicult. But agai ii, trial and error is the process. 

The oIjective is to isolate the transformer when it has a fault without the PDB relay 

olierat lug. 

On the Time-Current papci' the Conductor damage curve, the Transformer safe loading 

curve, the transformer inrush current curve, the 'l'ransformer Fuse curve and the PDB 

Ground-Fau It relay operating curve are drawn - 

The great majority of faults in the power transformer begin as a phase-to-ground fault. 

Consequently it is expected that the PDB ground-fault relay will detect the fault flrst. If 

the PDB ground-fault relay operates (lie entire 33KV feeder will be dc-energized, which 

is not desirable. It is desirable that some oilier device operate first to isolate (lie 

transformer fault before the 33KV feeder is dc-energized. The device can be a fuse, OCR, 

circuit breaker or some other type of device. In the P13S systems fuses are used. 

In the example it might be best to replace the I 2SF very slow fuse with a 10013 very slow 

fuse. The 10013 very slow fuse would allow a continuous load on the transformer of 114 

percent and would allow as iiiuch as 228 percent surge for 5 minutes. It might then be 

found that a I OOF very slow fuse is sat ishiictoiy. We know lioni the time-current curves 

that a I OOE standard speed or fast fuse will burti oii the 5 M Va trans lormcr inrush current 

and therefore cannot be used. 

Ir 
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The present practice is to use a 1 25 L very slow llisc for trans former protection, but it is 

fowid from the time cuncnt curves that by replacing the I 25E very slow fuse with a 10013 

very slow fuse it will be able to obtain better coordination with the PDB. The example 

shows that if the PDB will set the CDG relay OH plug 5 and time dial I (lie 33KV system 

will coordinate better for trans former faults. 

This presents another problem. The PDB phase relay will also see the fault and it has been 

set for plug 2.5 and time dial 0.4, it is now necessary to set the phase relay the same as the 

ground-relay in order to keep (lie phase relay from (Ic-energizing the system on a 

transformer fault. 

IC the PDB relay has an instantaneous (no intentional delay) trip, with no reclosing, it will 

operate the PDB circuit breaker on all faults where the current exceeds (lie pick-up 

current, even the operation of lightning arresters, and it is probable that there can be no 

coordination between the PDB and the PBS substations transformers. 

As a result of the foregoing it might be advisable to try and see what can be doiic with an 

OCR in the 33KV line. 

The REB has Purclilscd a number of 33KV 100 ampere OCRs. It might be possible to use 

these OCRs. 

In reviewing (lie specifications for these OCRs it is found that they have been ordered 

with 4, "C" curves and 4, "2" ground trip curves. Also that the phase pick-up current is 

320 amperes and the ground pick-up current is 87 amperes. 

With a phase trip current of 320 amperes it is very doubtful that the phase trip of the 

33KV recloser will ever operate. 

Plotting the above curves on (lie 33KV Time-Current graphs it is easily seen that neither 

* of these setting will provi(1C(l P1Dtect101i. 

After trying several operating sequences it is found that if the ground trip is changed to 

one or even two 1-2 operations and then lock-out, protection may be provided for many of 

PBS substation trans iormcr Ian Its. 

'V 
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This re-coordination scheme might work br many cases, however, the phase trips of the 

OCR and the substation fuses would very probably never operate. They would probably 

never operate bccausc the Pl)B phase relays would operate lirs(. 

The above re-coordination might be the best solution in this example. However, it must 

be remembered that each and vciy Grid-station and each PBS substation is a different 

case and must be solved as a spccial case. This is true because there are many different 

types of relays in the PDB Grid-stations as well as differing lank levels at the Grid- 

stations and PBS substations. 

w 



75 

(ii IAVI'ER-VI 
A. 

Study of PBS Radial Distribution Systems 

6.1 Introduction 

Rural Electrification Board (REB) is an agency working tinder (lie ministry of Energy and 

Mineral Resources. Govt. of the peoples Republic of Bangladesh. The REB plans to supply 

electricity to each and every village of the country in several phases within shortest possible 

time. It is working on the Area Coverage Rural Flcctri lication (ACRE) concept which allows 

construction of 33KV, 11KV, 6.35KV, 0.4KV and 0.23KV electrical distribution lines and 

33/I 11KV S/S. R El) purchases electrical energy 1rom I3angladcsIi Power I)evelopmeiit Board 

(BPDB), an agency of power generation, transmission and distribution un(ler the same 

ministry. Rural electrification program has been indicated as a prioritized development 

activity and it has drawn sigrmi flcant attention of the Government. But it has beeii experienced 

that there is lack of coordination among the Protective devices in REB and PDB systems that 

occasionally creates unwanted power interruption. Two distinct problems exist regarding the 

coordination of the over current protective devices between the PDB and the "Pally Bidyut 

Samity" (PBS). 

These are: 

Operation of the PDB Grid-station relays due to the faults on the PBS 11KV. System. 

Operation of the PDB Grid-station relays due to faults in the PBS substation transformers. 

The solutions to the above mentioned problems may differ and the solution of one of the 

problems may help, or hinder, the solution of (lie other. The PDB phase relays will see all 

faults on the 33KV system and all faults on the PBS 111KV system. The PDB phase relay Nvili 

operate for alJ fhu Its on the PBS I I KV system. Whet-c the fault current, for a phase to ground 

fault, is equal to, of* greater than the PDB phase relay pick-up current multiplied by 5.2 

(33KV/6.5 K'/= 5.2) of-  where the three phase 111KV fault current is equal to, of,  greater, than 

the PDB phase relay pick-up current multiplied by 3 (331<,V/I I K\' = 3). On the other hand 

excessive voltage drop has become a COfflOfl curse to the REB, PDB, DESA and DESCO 

systems. Which creates inconvenience to the consuiiicrs as well as the Boards. 



76 

6.2 Case Study-I 'Fopshidanga 33/11 KV Sub-Station 

The radial (listnl)ulion leeders (( icu it-A. 13,C& I)) of lopshidanga 33/I I KV S/S under .Jessore 

PBS-I, a project of Bangladesh Rural Flectri fication Board arc considered for the study of 

protcction scheme and voltage drop calculation. The information of 33KV source feeder for this 

SIS, and the information of a I I KV radial feeders along with categorywise connected 

consumcrs, feeder length with conductor size, relays characteristic curves were collected and 

stored in data files. 

[he subststion tCrrnC(1 as Topshidanga 33/1I KV has a total capacity of 10 MVA having two 

three Phase Transfonners of Capacity 5 MVA each with average Pei-centage Impedance 

6.20 as shown in figure6. I under the area coverage of Rural Electrification Program. The 

sub-station protective devices arc two sets of 1 25E rated standard speed fuses on the 33 kv 

source side. There arc 4 (four) out going I I K\ feeders e.g. circuit-A, Circuit-B, Circuit-C and 

Circuit-D having Mc.Graw Edison recloser of type RX for protection of fittilt up to first line 

ACR. All the ACRs are set for 2A+2C operation to lock- out. Current ratings of reclosers are 

in(licated as follows: 

For Circuit - A, B & D -100 Amps 

For Circuit - C - 225 Amps 

6.3 Source for the Sub-Station 

' I'opshidanga 33/I1 KV Sub-station receives power froni Jessore 132 KV Grid Sub-station of 

Power 1)cvclopment Boaid. The Grid has 2 X 40 MVA, 132/33 KV transformers. Percentage 

iiul)edance of each of these translormers is 9.91 % (Avg.) for normal operation. The 33 KV 

outgoin.g sides of the transformers are protected with OCBs. The 33 KV outgoing line to the 

Topshidanga 33/11 KV substation is also protected with OCB operated by JS .172 61-3B/CC, 

SI EM ENS. Static Definite Time Relay. l'hrcc phase and single phase fault levels of .lcssorc 

Grid Sub-station were 1416 MVA and 1090 MVA respectively as of 2002 year base. Based on 

this figure and other data the faii It currents at different points have been calculated. The 

calculation sheets have been enclosed in Sec.6.8. A single line diagram showing the source of 

Grid Sub-station arrangements, RFB sub-station arrangements, thi-ce phase symmetrical fault 

level, single phase line to ground fl v iult leel etc. at every node is enclosed in section 6.4 of the 

report. Relevant data for the distribution systeili are given in the following two Sections. 

91,  
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6.4 Single Line Diagram showing Fault Current From Grid S/S to REB S/S 

SINGLE LINE I)IAGRAM SHOWING FAUI:r CURRENT FROM GRID S/S TO RED S/S. 

K IUI.NA ii IENAI ISA I I 

4 4 Al 'IT vA(2()) 
rt1_ II 6 NIvA 

132 NV BUS JESSORE (;RID S/S I Ills MVA 1769 

L'I 

2111), 

I ~2i33 KV A 

I , 
;1'11 KV 

300'5 4005 
I210A I?))) A ] 

N 01,llls I 'Io11c1I  

I3.1 NV IllS 

008  

0 
475 •1 

)A fsl'.'I) 
lIon), anisur 

coOn, 

TOPSIIIDANG,\ S/S 

1251) 125 III / I 

FAUlt Al 0  
I KV 11110 156  <v in's I 5 116 11901/I  I 

[Eli 

1/sours -,6 1/souls. 11 1/1+1)1-11/ c 1/1/1/01'S -1) I 
Inad (,,n01 = 75 76 Anrpn Load 0nr,,I 9297 AtstrK I rn (non -. 777,1 A,npn aol Cn,,on - so So Anp, 

L— — — — —  — — — —  — — 

SUB-STATION :TOPSHIDANGA 
JESSORE PBS 

Figure 6.1 Single Line Diagram from Jessore Grid to Topshidanga S/S. 



6.5 Information of33 KY Source Feeder for REB Sub-S(ation 
A 

 Name of PBS : Jessore PBS -I 

 Name of REB Sub-Station Topshidanga 

 Name of PDB Grid Sub-Station Jessore ( Chanchara) 

 Capacity of Grid Sub-Station 2 x 40 MVA 

05 Maximum Demand of Grid Sub-Station 70 MVA 

06. Connection Type of Transformer 

07. Operational Connection : Parallel 

08. Percentage Impedence of Grid 
Transformer 
a) T 1 Normal-9.92 % 
a) T 2 Normal-9.87 % 

09. Fault Level of Grid Sub-Station (2002 Base) 
3-Phase Symmetrical 1496 MVA 
1-Phase 1090 MVA 

10. Max. Demand of Source Feeder : 7 MVA 

11. Breaker Information for Source Feeder 
a)Type OCB 
b)Rating 1250 Amp. 

12. Relay Information for Source Feeder 
Type : JS J72 61-3B/CC 

Manufacturer SIEMENS 
Characteristics : Static Definite Time 

13. Relay Settings 

0/C Setting Instantaneous Setting 
TRIP Amps T.D Inst. Amps T.D 

.JJ,(Basic Setinq ) 

J=400(8+ 1+0 + .)= 360 

t=.8+.2+.1 800 0.20 

F/F Setting Instantaneous Setting 
TRIP Amps T.D Inst. Amps T.D 

JJ0(BasicSelting ) 

J400(.84I)+0 .) 320  
t5=.8+.2+.1 640 0.20 

78 

14. C.T Ratio of 33 KV Source Feeder : 400/5 
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6.6 Information of 33/11 KV REB Sub-Station 

Name of REB Sub-Station Topshidanga 

Capacity of Sub-Station : 2 X 5 MVA 

Max. Demand of Sub-station (So far) : 6.732 MW 

Percentage Impedance of Transformer : 6.2% (Avg.) 

33 KV Recloser : Not Exists 

Power Fuse 

Existing Proposed 
Type E E 
Characteristics Standard Speed Standard Speed 
Rating 125E 125E 

Bus Bar ACR : N/A 14 

08. Feeder Outgoing Recloser 

Feeder-A Feeder-B Feeder-C Feeder-D 

Existing Proposed Existing Proposed Existing Proposed Existing Proposed 

Feeder Peak Amp 76 82 77 80 

Type RX SEV RX SEV RX SEV RX SEV 

Manufacturer McGraw W.H. McGraw W.H. McGraw W.H. McGraw W.H. 

Min Phase Trip 200 Amps 280 Amps 200 Amps 280 Amps 450 Amps 280 Amps 200 Amps 280 Amps 

Curve Setting (Phase) 2A+2C 28+2G 2A+2C 20+2G 2A+2C 213-2G 2A+2C 213+2G 
Sensor X1-XG X1-X6 - X1-X6 X1-X6 

Curve Setting (Ground) 2(1-2)+2(2) 2K+2L 2(1-2)1-2(2) 2K+2L 2(1-2)+2(2) 2K+2L 2(1-2)+2(2) 2K+2L 

Mitt. Ground Trip amp 110 Amps 140 Amps 110 Amps 140 Amps 110 Amps 140 Amps 110 Amps 140 Amps 

Calibration Plug No. - 4 4 - 4 

Aux. X-foriner 
Connection 

1-11-1-12 
 - 

H1-I12 H1-H2 1-11-1-12 

09. Conductor Size & Length From Grid S/S To REB S/S : Wolf 0.30 Krn, 1/0 ACSR 4.12 Km. 



Y 11 jk 1 

80 
6.7 Fault Level Calculation from Grid SIS to 33/11 K\/ REB Topshidanga S/S 

FAULTLEVEL ATSOURCE SIDE 

PROJECT : Rural Distribution System DATE: 20/01/2002 
SUBSTATION : Topshidanga 
FEEDER : Feeder I 

GRJD SUBSTATION Jessore 132 KV LEVEL 33 KV LEVEL II KV' EV=L 

BASE MVA : 100 MVA 
FAULT LEVEL : 1416 I PU= 132 KV I PU- =33 KV IPU=li KV 13=lb/ZI 

I PU = 437.4 AMPS I PU = 1749.6 AMPS I PU = 5248.6 AMPS Ig = (3 x Ib)!Zt 
I PU= 174.24 OHMS I PU = 10.890 OHMS I PU= 1.210 OHMS Zt= 2Z1 Zo 

SECTION DESCRIPTION MVA OR PU ZIfKM SECTION PU ZI ACCUMULATED PU ZoiKM SECTION PU ACCUMULATED PU Z: I - 3P I LG 
- 

LENGTH R-iX R-X Zi=R-X Ro-jXo R.-iXo Zc=Ro-jXo Rt-iXt SYM. MAX 

132KVBUS 0j0.0706 0-f 0.0706 0/0 0_jo 0-j0.1412 6195 - 

T-I 40 
1 - 2 132.33 KV S!S 

TRANSFORMER T-2 40 0 +j0.1237 0 j0.1943 0 -j0.1051 0 ±jO.105I 0-j0.4937 9005 10632 

T-3 

2-3 33 KV DL 0.3 KM 
[WOLF 

0.2069 j  0.3361 3.0057 ±j0.0093 0.0057 +j0.2036 0.355j 1.5507 0.0098 -j0.0427 3.0098 -j0.1478 0.0212+j0.555 8590 9450 
3- KV 

3-4 33 KVT/L 4.12 KM 3.6709 +j 0.44 0.2538 -jO.1664 0.2595 +j0.37 1.053±j 1.409 0.3984 -j0.5331 0.4082 +j0.6809 D.9272+jl.4209 3871 3094 

33/1 1 KV S/S T-1 5 
4 ..5 TRANSFORMER 1-2 5 0 ±j0.62 0.2595 -j0.99 0 -jO.62 0 --j0.62 0.519-j2.6 5128 5939 

1-3 

IIKVBUSF.4ULTREFLECTEDAT33KV 1709 1143 



6.8 Voltage Drop, Fault Current and Section Current Calculation Result Sheet SI 

vor,Tr.;p ()ROP. 1.91 )1.1 LEVI!. 8110 SECTIOI) 1118011W 
A 

PROJECT JESSORE PBS-I - 
SYSTEM DES 1611 : 20 KII/C()ST/M01I11I 

SUBSIATION : TOPSDU)ANGA AUThOR : S K I) 

CIRCUIT A DATE 20.01,02 

SECT ION 1.11W. SECT ION FAULT AMPS TOTAl. 1)1ST I. I III 81(1 
Vol.1 PROM AMPS IOl 

S. End - L. End WI RE 111881 LENGTH DIMAIO) VOLT CURRENT I -11 I -LC I -1.6 DROP S IS I .0 1 - III 

SIZE XNs IN KR 1)801 I TIME Max Kin TIMES Lull 

1KV-BUS 9120 5938 ISO 0.00)) (1.00 - 

8115 1 4/0 3 0.02 0.00 11.026 0.00 5089 5856 158 0.026 002 75.16 - 

I 2 3 3 1.36 41.95 1,120 1.41 2320 2129 151 0.346 1.18 614 - 

2 3 1 3 2.48 11.44 9,9411 0.70 11)60 926 139 0.195 1.86 0,18 

2 4 1 3 0.40 4.11) 0.054 0.27 1965 1165 149 0.400 1.18 2,94 - 

4 3 3 0.00 32,99 0.030 1 .92 1490 liii 145 0.438 2.58 1.92 - 

4 6 3 3 0.48 12.61 0 .01C' 0.74 1650 1462 146 0.409 2.26 0.11 - 

1 4/0 1 012 31.24 08.11 lii 3961 3811 156 0.863 0.71 69.6) - 

1 8 3 3 0.04 75.81 0.0114 4.43 3882 3760 156 0.861 0.18 4.4) - 

7 9 4/0 3 0.86 5.1) 0.914 0.3) 3118 1130 155 1.711 1.60 63.02 - 

9 10 1 3 1.20 14.51 0.1)26 0.85 1804 1579 149 1.801 2.80 085 - 

9 11 4/0 3 1.20 12,14 1 .219 0.11 2309 1927 152 3.026 2.80 61.86 

II Il 3 I 1.20 5.11 0.1)38 1.00 N.h 1270 146 3.1)64 4.00 III)) 11 

ii Ii 4/0 3 0,11 0.00 0.175 0.00 2312 1849 152 3.201 2.91 60.3' 
3 1 4 3 1 0.81) 1.06 0.0119 0.41 1752 1395 148 3.2)0 3.11 0.1) 
I) : 1S 4/0 3 0.24 9.62 0.244 0.56 2211 1758 152 3.445 3.2) 69.51 - 

15 16 3 1 0.60 4.12 0,004 0.25 1803 1423 149 3.449 3.01 0.25 - 

IS Ii 4/0 3 0.21 12.05 0.211 0.70 2130 1611 IS) 3.656 3.42 S".11 
ii hO 3 I 0.32 2.85 0.0011 0.50 0.8 1498 ISO 3.662 3.74 (1.50 II 
Ii 19 3 I 0.06 1.38 0.000 0.24 11.8 1637 IS) 3.656 3.48 0.24 
Il 20 4/0 3 0,40 4.12 0.416 11.24 1964 1516 1S0 4132 3.90 58.82 - 

20 21 3 3 0.61 1.32 0.262. 0.41 1613 1241 II? 4.394 4.54 ".55 
21 22 3 3 1.12 6.81 0.012 0.40 120) 943 Ill 4.406 j.66 11,411 - 

21 : 23 3 3 0.15 9.20 0.016 0.S4 1545 1190 146 4.450 4.69 .9.71 

23 24 3 I 0.80 3.35 0.016 0.59 N.h 980 143 4.466 5,40 0.99 1' 
23 25 3 3 2.24 8.44 0.159 11.49 923 733 136 5.209 6.93 1.6) - 

25 26 3 .1 1 .36 17.17 0151 1.01 735 589 130 5.166 8.29 2.95 
26 21 3 1 1,92 15.04 0.1142 9.09 569 461 123 5.408 10.21 (1.89 
26 :28 3 1 1 .02 18.21 0.1)5) 1,1)6 569 461 123 5.4 II 10.2) 1.06 
25 :29 3 3 0.22 8.32 0.039 0.49 081 lOS 135 5.240 7.15 4.)1 - 

29 30 3 1 .28 1.41 0957 17.41 120 518 130 5.305 0.43 1.15 
30 II 3 3 9.96 8.11 (1.1)12 0.48 630 5118 126 5.3)1 9.38 0.48 - 

I1) 32 3 3 0.12 4.22 0.901 0.25 707 568 129 5.306 8.55 0.25 - 

29 33 4/0 3 1.36 0.138 0.050 11,09 807 629 133 5.3116 8.5) 2.52 - 

33 34 .3 3 1.04 0.11 0.01.1 0,48 610 54.1 129 5.3)9 9.5S 11.18 - 

-. - 

jxl pç-4Ut. 
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VOL] AGI: l)Rl)l' 18111,1 i,Ii;. AOl I ;;I:i 1111 cuKRl:HI 

PROJECT : JESSORF. PBS-) 

SUBSTATION : TOPSIHOANGA 

CIRCUIT A 

SYSTEM DESIGN 20 Kll/CUST1H1llII 

AUTHOR S K I) 

DATE : 20.01.02 

I. IHE SECT 1()0 FMJI.T MIPS TOTAl, I) 1ST. I. I HE 911)1 
SECT ION VOLT FROM AMPS FOR 

S End - 1..End WIRE PHASE LENc1II DFAIM)I) VOl.1 CURRENT I -)P I -1.G 1-LG DROP 3f3 1.0 I-PH 

SIZE KIln IN KW PROP I TIIIE Max Hip TIMES lINE 

31 35 3 3 0.09 0.00 0.11)10 

------------------------------------------------------------------------------------------------------------------------------------- 
0.011 195 620 I)) 5.315 8.6)) 2.05 

.15 36 3 3 1.44 1.49 0.016 0.41 645 SID Ill 5.))) 10.04 0.44 - 

35 :n 3 3 oit 11.59 0,1)10 0.68 157 593 III 5.334 11.91 1.61 - 

31 38 3 1 0.80 1.51 0.009 0.44 614 531 128 5.343 9.11 0.84 - 

11 39 3 3 0.64 8.44 0.008 11.49 690 543 129 5.342 9.55 (1.49 - 

20 4)) 4/0 3 1.04 5.95 11.1161) 0.35 1680 1261 148 5.000 4.94 41.93 - 

40 41 3 1 0.88 5.88 0.029 l.n.1 )I.A 1011 144 5.029 5.81 1.0 P 

10 42 4/0 3 088 0.00 0.121 0.01) 1496 110) 141 5.121 5.82 48.68 - 

12 43 1 3 3.00 12.1)9 0,1157 0.75 809 625 I)) 5.184 11.82 9.15 

42 44 4/0 3 0.36 0.00 0.211 0.0)) 1432 1050 146 6.020 6.18 41.91 - 

44 45 3 3 1.68 2.51 0.280 0.15 994 750 138 6.300 7.1)6 4.03 - 

45 :46 3 3 1.92 21.25 0.20) 1.59 722 558 1)0 6.503 9.18 3.41 - 

16 47 3 I 1.36 3.10 1)025 0.54 N.A 471 125 6.518 11.14 0.54 

46 411 3 3 2.24 21.1)8 0.071 1.28 541 428 122 6.514 12.02 1.29 

45 :40 1 3 1.111 8.01 0,0)1 9,47 1119 621 111 6.313 8.06 0.41 - 

44 50 4/)) 1 1.28 29.20 0)4) 1.11 1242 895 1.14 6.96) 7.46 44.10 

50 SI 3 3 0.11 4.22 0.001 0.25 11911 1)66 143 6.964 1.6.1 11.25 

so 52 4'O 3 1.12 10.99 9.1911 0,(d III) 79) 142 1.161 8.58 42,15 

52 5) 3 1 1.12 8.01 0.1149 III 1LA 661 131 1.1110 9.70 1.41 

52 54 4/0 3 2.08 36,QI 1.4)6 2.15 932 654 138 9.117 10.66 II.)) - 

54 55 3 3 1.60 42.11 0.199 2.49 732 529 III 9.211 12.26 2.4 - 

54 56 3 3 0.08 88.89 0.010 5.10 920 641 138 9181 10.74 5.18 

51 51 4/0 3 11.12 0.00 0.063 11,0)) 924 641) 138 9.140 10.11) 31,41 

51 51) 3 3 0.88 11.54 0.019 0.115 806 514 134 9.259 11.66 9.115 

51 59 4/11 1 1.12 31.61 0.55) 1.84 850 591 136 9.191 11.00 30.64 - 

59 60 3 3 0.96 12.18 9.001 0.11 1)42 5118 136 9.198 11.96 0.11 - 

50 61 4/9 3 (.211 121.61 1)521 1,))) 119 540 134 (0.3(8 13.18 28.1)8 

61 1 62 3 3 0.110 11.04 0.811 064 100 492 II)) 10.1)1 (3.98 0.64 

61 :63 4/0 3 2.80 23.66 0.103 1.38 659 452 129 11.221 15.911 20.34 - 

63 64 3 3 0.56 4.47 0.041 0.26 618 428 121 11.268 16.54 1.94 

64 :65 3 3 0.44 0,011 0.019 0,09 5811 410 125 11.281 16.011 0.92 

65 :66 3 3 (.114 15.11 0.1121 11.92 5211 313 121 11.111 (8.02 1.92 

14 :67 3 3 0.56 13.14 0.911 0.11 5111 406 125 11.270 11.10 (1.17 - 

6) 68 3 1 0.88 5.33 0.659 0.31 596 415 126 11.880 16.86 11.92 

611 :69 3 1 0.40 II) 0.041 0.06 511 41)0 124 11.921 11.26 3.88 - 

'V 
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VOLTAUE 01:1)1. FMJI.l .I I. 61)0 IrFl1)H Cl.IRRLOI 

PROJECT .IF,SSORE PUS-I 

SIJOSTATION TOPSIILOANGA 
CIRCUIT : A 

83 
SYSTEM DESIGN 20 KVII/CUST/NONTII 

AITIIOR S K F) 
DATE 20.01.02 

SECTION HE SECTION FAULT AMPS TOTAL 01ST. LINE RIO 
VOLT FROM AMPS FOR 

S.End - LEnd WIRE PHASE LENGTH DEHAHI) VOLT ('URRENT I-3P I-tO I-tO DROP S/S 1.0 I -P11 

SIZE KNa IN KW OROP I TINE Max Mix TINES lINE 

69 71) 3 I 1.36 8.15 0.122 1.43 0.8 355 119 12.013 10.61 2.44 V 

10 11 3 I 0.12 2.85 8,013 0.50 N.h 335 II? 12.056 19.34 0.50 V 

10 12 3 I 0.88 2.93 0.015 0.51 N.h 331 116 12.058 19.50 0.51 V 

69 13 1 3 1,60 23.51 0,055 1.31 406 348 III 11.916 18.86 1.37 - 

68 14 1 1 0.64 10.15 0,401 0.59 557 391 12) 12.281 17.50 14.39 - 

74 15 3 I 1.04 4.73 0.028 0.83 (1.A 151 II') 12.109 18.54 0.93 II 

14 16 3 3 0.12 1,75 0.189 0.45 538 30)) 121 12.470 11.82 13.17 - 

16 11 4/0 3 1.16 20.09 0,16)) 1.11 499 350 114 12.030 19.50 11.31 

71 :78 3 I 0.01) 4.15 (1.1)21 0.1) 0.0 329 Ill 12.851 21)38 0.7) II 

11 79 4/0 3 0.64 11.211 0.119 0.65 486 140 119 12.949 20.22 12.11 - 

19 :80 3 3 0.18 22.22 (1.01)6 lii 418 315 118 12.955 20.40 1.18 - 

19 :11 4/0 3 0.36 18.45 0.051 1.08 419 135 118 13.003 20.58 10.19 - 

81 :82 1 3 0.56 6.90 0.145 0.40 456 321 116 11.148 21.14 6.69 - 

82 83 3 1 2.31 0.72 11.112 1.53 N.A 213 109 13.260 23.46 1 .53  P. 

82 04 3 1 2.72 81.54 0.11' 4.16 361 266 108 1 1 .467 23.86 4,16 - 

01 85 4/0 3 0.64 41.65 0.014 2.43 461 326 Ill 13.011 21.22 2.43 

41 
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VOI,TAGF. DROP, FAUlT LEVEl. AND SECTION CURRENT 

PROJECT : JESSCRIT PBS-I 

SUBSTATION TOPSIIIDAIIIIA 
CIRCUIT : B 

SYSTEM lIES IGN : 2)) KII/CUSTIUOIITII 
AUIIIOR : S K U 

DATE : 20.01.02 

A 

----------------------------

SECTION II 

SEnd - LEnd WIRE PUA 
SI7E 

I I KY-BUS 

---------------------------- 

1165 I DOG 

2 3 
1 3 1)06 3 

3 3 
5 

1 
1 

i 3 
3 7 1)36 3 

7 0 3 

1 9 DOG 3 

9 ID 4/0 

10 Ii 3 
10 

Ii 
12 

Ii 

4/0 
3 

II 

ii 
14 

is 

1 

IS 16 3 
14 Il I 
12 18 

8 19 3 

lB 20 3 

20 21 

IS 22 

23 22 

22 24 'I/O 

24 25 

.25 26 I 

26 :27 3 

26 20 3 

25 29 I 
29 :10 3 

29 

.31 

:31 

32 

3 

1 

32 3) 3 

32 34 3 

SECT1ON 

- ------------------------ - ----- -- -------------------------------------------------- - ------------------- 

FAULT AMPS TOTAl. 1)181. lINE ROB 
Vol.1 FROM AMPS FOR 

ilT LENGTII I)EHANI) SuIT CURRENT 1-IP 11.6 1-1,6 DROP S/S 1.0 I -I'll 

KHs IN KW 1)801' I TINE Nan Hi n 1' IHES I. 181. 

5128 5938 158 0.000 0.00 - 

1.20 11.20 1.567 11.65 3512 3226 156 1.567 1.10 82.97 - 

0.23 11.31 0.014 1.98 11.A 2802 154 1.581 1.43 1.98 8 

0.56 12.12 0.71 0.14 1049 2646 155 2.286 1.76 82.32 - 

1.36 17.76 0,119 1.04 1157 1463 118 2.405 3.11 4.13 - 

9.80 8.09 0.010 0.47 1316 1142 144 2.415 1.92 0.41 - 

0.21 15.00 8.016 2.62 11.A 1364 141 2.421 3.33 2.62 0 

0,48 16.53 0.591 0.4 2136 2291 154 1.817 2.24 80.07 - 

0.32 9.20 0.1116 1.61 LA 1902 152 2.891 2.56 1.61 

3.60 21.76 4.336 1.27 IS36 1136 141 1.211 5.84 77.49 - 

2.00 3.45 2.183 0.20 1123 011 14) 9.696 1.81 16.23 - 

0.13 7.09 0.005 1.24 H.A 850 141 9.101 7.1 1.21 V 

1.52 Iii 1.813 0.06 11)59 150 III 11.569 9.36 14.10 - 

0.72 9.20 11.810 0.51 9)2 669 137 11.579 10.08 0.54 - 

0.48 2.87 0.11)5 0.11 911 695 118 11.591 '1,84 1.20 

0.32 10.41) 0,1.110 0.61 419 661 137 1 1.604 10,16 0.92 

I 0.80 5.33 0.096 0.31 008 590 III 11.610 10.96 0.31 - 

0.24 1.99 0.001 0.11 932 669 III 11.595 10.08 OIl - 

1.12 12.92 1.141 0.75 963 617 139 11.911 10.48 72.98 - 

0.00 3,61 0.005 0.21 816 604 1)5 12.916 11.18 0.21 - 

I 0.64 1.22 11.008 0.25 868 617 1)6 12.919 11.12 0.10 - 

I 9.64 2,59 0,003 0.15 307 566 III 12.922 11.76 0.15 - 

I 0.72 1.11 0.05) 096 910 631 I)? 1 3.762 11.20 71.62 - 

I 1)12 5.66 0.806 0.33 815 510 III 13.168 11,92 0.31 - 

I 0.40 5.11 0.4r9 0.31 083 (117 131 14.231 11.69 11.22 

I 1.52 1.15 0.585 8.18 109 509 III) 14.816 13.12 9.89 - 

3 0.16 4.56 9.001 0,21 694 499 1)0 14.823 13.28 1.12 

1 0.12 6.90 0.008 0.41 63) 461 127 14.031 14.00 0.11 - 

3 0.88 1.44 8,010 0,45 621 453 126 14.831 14.16 0.15 - 

I 1.20 0,0)) 0.426 0.)))) 604 412 125 15.242 14.40 8.58 - 

1 1.52 9,7)1 0.1123 1I.S7 511 101 120 15.165 15,91 0.57 - 

1 0,11 3.45 0.052 0.2)) 592 434 125 15.294 14.57 8.02 - 

3 0.56 7.06 0,024 0.41 596 418 123 15.318 15.13 1.41 - 

3 0.72 6.95 0.000 0.41 515 381 120 15.326 15.05 0.41 - 

3 1.44 4.63 0,1)11 0.21 419 359 118 15.335 16.51 0.65 

-s 

-q 



VIILIACE I)RI', otIl.r i.ivt:. Aol si ion ('IJOREliT 

4 PROJECT : JESSORE PBS-! 
SUI1SIATION : TOPSIIIDANGA 

CIRCUIT B 

85 
SYSTEM DES ION : 2)) KH/CUS1/HONTII 
AUTHOR S K 0 

DATE 20.01.02 

SECTION I,INE SECTION 

------------------------------------------------------------------------------------------------------------------------------------ 

FA)I[,T AMPS TOTAL 0151. I,INE RYB 
- - - VOLT FROM AMPS FOR 

SEnd - LEnd WIRE PHASE LENGTH DEMAND VOLT CIIRREST I -IP I -LO I -LO DROP S/S 3.0 I-Fl! 

SuE KMs III Kw DROP I TIME Man Hip TIMES huE 

34 .3.9 3 I 0.64 2,16 0.009 0,38 ILA 310 115 15.144 17,21 0.38 R. 

II 36 3 3 0.48 4.56 0.119 0.27 560 113 123 15.413 15.05 6.35 - 

.16 37 3 3 0.80 5.61 0,044 0.3.1 515 383 120 15.457 15.85 1.94 - 

31 38 3 3 0.50 1,61 0.038 0.56 439 366 HO 35.415 16.15 1.61 - 

38 39 3 I 0.30 2.93 0.005 0.51 11,0 351 117 15.480 16.65 0.51 P 

3.9 40 3 I 0.32 5 .19 0.011 1 .09 8.4 356 Iii 15.486 16.67 lOS II 

36 42 3 3 1.44 4,72 0.25) 0.28 183 362 118 15.666 16.49 4.68 - 

42 43 3 3 1.96 9.02 0,011 0.5.1 441 334 335 35.757 17.45 1.01 

43 44 1 3 0.88 7.49 0.011 0.44 401 332 Ill 15.768 18.13 0.44 - 

43 45 3 3 0.40 5.90 0.021 0.34 426 323 II) 15.780 31.85 2.05 - 

45 46 3 I 0.80 4.97 0.023 0.87 11,0 304 II) 35.803 18.65 0.81 V 

45 47 1 3 0.80 1.81 0.027 0.22 398 104 III 35.801 18.65 1.10 - 

47 48 1 I 0.80 1.20 0.101 1.11 8.0 217 109 35.838 19.45 1.26 F 

47 49 1 3 0.56 1.19 0,001 0.22 181 292 109 15.810 19.21 0.22 - 

42 50 3 3 1.84 34.9) 0.083 0,81 409 332 112 35.750 38.33 1.40 - 

50 53 3 3 3.20 4.79 0.009 ' 0.28 312 206 108 15.759 19.53 0.28 - 

50 52 3 3 0.08 4.22 0.000 0.25 406 130 Ill 35.150 18.41 0.15 - 

24 5) 1/11 1 0.40 5.10 0.433 0.11 858 598 136 14.641 12.00 62.28 - 

51 54 3 3 0.16 6.56 0,0116 0.30 8.18 585 335 14.648 11.16 3.83 

54 55 3 I 0,11 1.21 0.011 0.51 8.0 535 132 34.662 12.88 0.51 I! 

54 :56 3 I 3.84 8.29 0.087 1.15 8.0 410 320 11,135 14.00 3.45 Y 

5) 57 4/0 3 1.04 4.79 3.016 0,28 198 551 131 15.683 13.04 68.33 - 

57 58 3 3 1.12 33.75 0.105 0.69 544 396 12.2 15,793 16.16 1.10 - 

511 59 3 I 3.04 3.0) 0.011) 0.51 8.0 163 118 15.812 11.20 (.5) P 

58 60 3 3 0.16 3.18 0001 0,19 515 390 Ill 1 5.794 16.32 0.44 - 

60 :61 3 I 0.04 1.46 0.000 0.26 8.0 389 311 15.794 16.16 026 8 

51 :62 4/0 3 0,08 10.70 11.011) 0.63 794 554 314 15,161 11.12 58.18 - 

61 63 3 .1 0.64 2,08 11,818 0.12 728 510 lii 15.105 33.16 0.69 - 

63 :64 3 3 3.44 4.79 0.011 0.28 608 436 326 15.196 35.20 0.28 - 

63 :65 .3 3 0.33 4.97 0.001 0.29 135 503 111 15.706 13.89 0.29 - 

62 :66 4/0 1 1.04 3.30 1.081 0.30 743 51) 332 36.178 14,16 51.61 

66 67 1/0 3 3.84 7.54 0.007 11.44 666 451 129 1(i.778 36.00 0.44 

66 : 68 4/0 3 1.20 14.54 I. II') 0.09 691 415 330 I 7.909 15.36 57.04 - 

63 69 3 I 0.80 0.00 11.1100 001) ILA 438 327 ll.qO9 16,16 0.00 II 

60 70 .1 3 0.96 7.13 0.151 0.46 611 4)) 327 33.362 16.32 6.60 - 

-4- 
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VOLTAGE DROP, FAW.I ITNH, AHO SI;ilOH CUERE1l 

86 

PROJECT JESSORE PBS- I SYSTEM DES ION 20 Uu/CIIST/MONTII 

SUBSTATION : TOPSII IDANGA AUTHOR : S K I) 

CIRCUIT B DATE : 20.01.02 

SF,CIION I,INE SECTION FAULT AMPS TOTAl. 01ST. lINE P111) 
VOLT FROM AMPS FOR 

S End - L. End WIRE PIISE lENGTH DEMAND VOLT ('I'RRE3IT I -3P I -1.0 I -1.0 DROP S/S 3 .0 1 -P11 

SIZE K ms IN U DROP I TIME Max HiR TIMES lINE 

10 ii 3 3 0.64 4,98 0.005 0.29 515 405 Ill 10.161 16.96 0.29 - 

10 12 3 3 1,20 13.01 0.024 0.81 541 385 122 18.106 11.52 0.81 - 

10 1) 3 1 0.12 10.18 0.131 0.63 570 402 124 18.299 11.04 5.04 - 

11 :14 3 3 3.36 11.68 0.390 0.80 496 351 119 18.409 18.40 4.02 - 

74 15 3 3 0.40 12.41 0.050 0.11 474 343 Ml 18.539 38.0.9 3.22 - 

15 16 3 3 11.80 9.10 0.011 0.54 438 320 III 18.551 1q.7fi 0.54 - 

15 77 3 3 0.96 6.41 0.054 0.31 435 318 114 18.593 19.84 1,116 - 

17 10 3 3 3.32 12.97 0.011 0.16 196 291 111 10.614 20.96 0.16 

11 19 3 I 0.64 4.12 0.011 0.83 N.A 301 Ill 18.610 20.48 0.83 II 

73 80 3 3 0.89 6.02 0.0011 0.40 520 112 Ill 18.308 11.92 0.40 - 

68 RI 4/0 3 1.52 10.65 1.211 0.62 6.85 435 128 19.180 16.88 50.42 

Al :82 3 3 0.96 6,75 0.010 0.39 512 397 124 19.190 17.84 0.39 - 

RI 83 4/0 3 0.48 III 0.16 0.116 639 423 1 27 39.516 11.36 49.43 - 

83 :84 3 3 0.30 8M 11.182 0.47 568 393 124 19.158 18.16 5,90 - 

84 85 1 I 0.00 4.80 1)1111 11,81 N.A 361 121 19.180 0,06 0.94 P. 

84 86 3 3 1.04 14.63 0.193 0.85 512 360 120 39.951 39.20 5.43 - 

36 81 3 3 3.74 6.110 0.1)511 3.06 N.A 314 114 20.030 20.94 3.06 

86 88 3 3 0.91 11,31) 0.1)55 3.911 )I.A 134 II? 20.006 20.11 1.99 11 

86 09 3 1 3.28 7.611 0,112 0.45 455 325 116 20.01)3 20.40 2.50 - 

89 90 3 3 2.12 14.61 0.0.1)1 0,05 365 269 108 21.351 21.20 0.85 - 

119 :91 3 3 0.80 21.96 0,025 3.28 425 306 II) 20,333 21.28 3.28 - 

81 1)2 4/0 3 3.04 6,90 0,7113 0.40 588 400 125 2f.)39 38.40 44.37 - 

91 93 3 3 1.34 11.21 0057 3,24 490 34) 139 20.396 20.24 1.24 - 

92 94 4/0 1 0,12 13.11 0,506 0.711 568 .186 114 20,1145 19.12 42.73 

94 95 3 3 3.52 11.12 0,0116 11 ,65 4911 343 319 20,941 20.64 1.65 - 

95 :96 3 3 1.51 32.92 0.029 0.15 423 3114 114 20.970 22.16 0.15 - 

95 :97 1 3 1.11') 4.22 11,001 0.25 415 334 1 15 20.1)47 23.73 0.25 - 

94 1)0 4/0 3 0.48 6,92 0,111 0,40 555 371 324 23.364 19.60 40.31 - 

90 99 3 .1 3.52 34.04 0.390 3,99 431 334 118 23.162 21.12 5.11 - 

99 : loo .1 1 0.00 12.05 0.053 2.11 N.A 334 116 21.113 23.92 2.11 

103 3 3 0.30 12.0 0.015 0.15 418 314 116 23.311 23.92 0.75 - 

09 102 3 3 0.64 5.48 8.11)15 0.12 454 318 336 21.367 11.16 11.12 - 

93 03 4/0 3 1.04 30.01) 0.611 1,05 529 .159 121 21.171 20.64 36.05 - 

103 : 04 3 3 8.96 11.25 0.110 0.66 4114 333 119 22.081 11.60 9,19 - 

304 lOS 3 3 0.311 32.63 0.1)1 0,11 452 334 116 22.204 22.40 1.41 - 



voL'IAt;F; 14011. FOIII.i I.IVI11. AI S'.'11011 ('(JRElIi 

SYSTEM DESIGN : 20 K8Il/CUSTIMIl 

PROJECT : JESSORE P05-I 81111100 S K 0  
SIIRSTATION TOPOHIDANGA DATE 20.01.02  

CIRLIJIT II 

SECTION FAULT AMPS TOTAL 0151. LINE RO ll 

SECTION lINE VOLT FROM AMPS FOR 

S End - LEnd W IRE PHASE LENGTH DEMAND VOLT CURRENT I -IP I -LO 1-10 
Nix 

DROP S/S 1.0 
TIMES 

I -P11 
LINE 

ShE KMs Ill U 11001' I TIME Max 

5.33 0.051 Oil 431 392 111 22.261 22.96 2.25 - 

105 106 3 3 0.56 
1.52 25.04 0.064 1.69 303 213 109 12,325 14.48 1.69 - 

106 101 3 3 
3 0.11 4,22 0,001 0.25 421 299 114 22.262 21.07 0.25 - 

106 108 3 
1 0.12 1.56 0.01)8 0.44 426 298 114 22.212 23.12 0.44 - 

05 109 3 

3 3 0.64 19.65 9.077 1.15 458 310 116 22.164 22.24 5.11 - 

104 110 
3 I 1.11 11.11 0.101 2.59 N.A 254 113 22.265 23.16 2.9q 0 

110 

110 

III 
Ill 1 3 0.09 16.61 0.001 011 455 316 116 

120 

22.166 

22.513 

22.33 
22.12 

0.91 

26.60 

- 

- 

10) II) 4/0 3 1.68 18.18 

2019 

0.136 

0.115 

2.23 

1.22 

493 

445 

333 

306 115 12.958 23.52 8.51 - 

111 114 3 3 1,20 
1.44 21.84 0.046 1.21 391 211 III 23.001 24.96 1.21 - 

Ill ItS 3 3 
1 1 1.01 22.61 0.310 1,12 385 270 110 23.336 25.36 5.05 - 

114 116 
3 0.32 8.1)9 0,084 0,11 316 265 109 21.340 25.68 0.41 - 

116 III 3 
3 2.32 10.13 9.125 11.59 328 2)6 103 23.661 27.68 1.25  - 

116 110 3 
3 1.04 19.99 0.051 III 21)3 214 99 23.114 29,52 1.17  - 

118 119 3 
3 3 2.08 25.66 0.017 1.51) 208 III 58 23.138 29.76 .51) - 

118 120 
3 0.01 11.54 0,1)01 1.02 443 305 115 22.959 21.55 1.02 - 

114 Ill 3 
461 311 Ill 22.556 24.00 15.00 - 

II) 122 4/0 1 1.68 

0.48 

19.10 

43.81 
9.111 
0.192 

III 
2.56 14? 11)1 116 23.148 24.48 9.11 

122 21 3 . 

3 0.12 11.11 11,()14 0.78 418 21)1 113 23.162 25.20 0.78 - 

123 124 
125 

3 
3 1 0.12 0.00 0(117 0.01) 139 298 115 23.185 24.60 6.31) 

12) 
3 3.28 11.84 0,314 1.31 345 243 105 23.529 21.88 4.11 - 

125 126 3 
0.32 4.17 0.010 0.26 120 292 114 23.215 24.92 2.08 

125 127 
128 

3 3 
3 3 0.40 2.22 0.015 0.13 414 21)4 lii 23.230 25.12 0.02 

27 
129 3 3 0.00 11.78 Vol.', 0.69 388 269 110 21.245 26.20 0.69 

28 
3 1.60 11.1) 11.040 37 q 264 109 23.255 26.52 1.0 

127 130 

III 

1 
4/0 1 0,88 1.60 0.012 0.44 445 300 116 21.028 24.88 4.91 

21 
3 1 1.60 14.29 0.035 0.81 31)4 211 III 23.063 26.48 0.83 

131 
ill 

Ill 
III 4/0 3 0.18 1.11 1),0.1) 0.06 

2.21 
138 
366 

295 
254 

115 
108 

23.059 
23.240 

25.36 
27.16 

3,70 

2.69 
II) 134 i 3 

3 3 
2.40 
0.80 

97,99 
1,01 

0.181 
0.009 0.11 341 242 106 23.249 28.56 0 .4 1 

1)4 1)5 
3 0.24 1.11 9,000 0.96 .160 250 107 13.240 28.00 0.06 

114 
113 

116 
131 

3 
4/0 3 0.96 16.10 (1.009 0.94 423 284 ItO 23.068 26.32 0,91 



VOI,TAOE DROP, PAIJIJ LEVEl. AND SECTION CURRENT 88 

PROJECT :.'ESSORE P118 - SYSTEM DES ICH 20 Kli/CU8T/M011iiI 

5j3[)STAT 1011 TOPSII I I)AMGA AUTHOR : S K U 

CIRCUIT C DATE 20,01,02 

SECTION LINE SECTION 

---------------------------------------------------------------------------------------------------------------------------------- 

FAULT AMPS TOTAL 01ST. lINE RYE) 
VOLT FROM AMPS FOB 

S End - LEnd RIPE PHASE LEN(;Th DEMANI) VOLT CURRENT I -IF I -Ll I -CO DROP 815 1.0 i-Pit 

SIZE Us III U DROP I TIME Nan Kin TIMES i.iHE 

11KV-BUS 5128 5938 158 0.000 0.0)) - 

BUS I 4/0 3 0.21 0.00 0.16)) 0.00 4741 5171 151 0.260 0.21 11.20 - 

2 3 I 0.07 4.30 0.002 0.15 NA 4858 151 0.262 0.28 0.15 

I 3 3 I 0.31 2.57 0.006 0.45 N.A 3764 155 0.266 0.58 0.45 H 

4 4/0 3 0.52 8,00 0.639 0.47 3980 3009 156 0.899 0.11 16.75 - 

O 5 3 I 0.32 4.12 0.007 0.12 0.6 3109 155 0.906 1,03 0.12 

4 6 3 I 0.88 8.24 0.040 1.44 0.6 2231 152 0.939 1.61 1,44 II 

4 1 4/0 3 0.23 8.51 0.303 0.50 3609 3469 156 1.202 0.98 14.84 - 

1 8 DOG 3 0.96 11.82 0.006 0.75 2891 2411 154 1.208 1.94 [1.15 - 

1 9 006 3 0.01 4.90 0.046 0.29 3648 3412 156 1.218 1.02 13.60 - 

9 ID 3 3 0.36 10.10 0.058 0.63 3032 2123 154 1.306 1.38 5.61 - 

I)) Ii 3 I 0,6) 3.96 0.112 0.69 11.6 1900 151 1.418 1.99 3.12 1' 

ii Il 3 I 0.30 10.76 0.017 1.88 11.6 1738 149 1.435 2.29 1.88 

II II 3 1 0.36 6.54 0.11)3 1.14 11.6 1696 149 1.431 2.35 1.14 

10 14 3 3 0.5) 9.62 0.0)2 11,56 2)61 21156 151 1.348 1.91 3.44 

14 15 .1 I 1.26 12.46 0.00) 2.18 11.6 1270 145 1.431 3.17 2.18 11 

14 16 3 3 0.23 12.05 0.01)4 0.10 1142 1851 15)) 1.352 2.14 0.70 - 

9 ii 1)00 3 1.55 9.2)) I .660 0.54 2535 2015 15) 2.917 2.51 11.11 - 

Ii 18 3 3 0.31 10.10 0.015 0.62 2246 1825 151 2.992 2.88 6.10 - 

10 19 3 I 0.88 6.52 0.012 1.14 0.6 I 331 141 3.024 3.16 III I) 

18 29 3 3 0.90 14.16 8.101 4.14 1603 1296 146 3.096 3.06 1.34 

Il 21 DOG 3 2.23 .9.26 2.106 040 1746 1310 149 5.123 4,02 64.78 - 

II 22 3 I 0.1.3 2.16 1)0(12 0.40 11.6 1270 1411 5125 4.95 0.48 0 

21 23 1)00 3 0,12 3.45 0.101 020 I.J87 1119 148 .5.824 5,54 64.29 - 

23 24 3 1 0.33 5.95 0.003 0.35 1456 1087 146 5.821 5.87 0.35 - 

23 23 DOG 3 0.46 2.57 0.441 0.15 1499 1105 141 6.268 6.00 63.73 - 

25 26 3 I 0.5) 5.24 0.016 0.93 N.A 918 144 6.284 6.53 0,03 II 

25 27 DOG 3 1)15 6.11 0,230 ((.36 1456 1069 146 6.501 6.25 62.67 

27 28 3 3 0.45 5.60 0,001 Oil 1301 966 144 6.511 6.70 0.33 - 

27 29 3 3 0.53 7.67 0.006 0.45 1283 950 144 6.513 6.18 0.45 - 

21 30 101, 3 0.61 2.76 (1.574 0.16 1359 909 145 1.001 6.86 61.5) 

30 31 3 I 1.81 10.36 0.10? 1.81 N.A 699 137 1.183 8.70 1.01 8 

30 306 006 3 1.20 3.45 1.113 0.20 1202 862 143 0.196 8.06 61.37 - 

306 :12 4/9 1 2.08 48.82 1.1150 2.05 994 101 139 10.134 10.14 61.17 - 

32 :33 3 3 0.14 11.I q 11)12. 1.00 819 628 136 10.206 10.88 5.22 - 

'V 

-1 



voI,1A3E I)KOP. 'AOl: I.IViI, (11111 SEI'TIOII (ORREU'l 

89 

PROJECT JESSORE PBS-I SYSTEM DESIGN : 20 KII/CUST/I101ITlI 

SURSTATION TOPSHII)ANGA 
AUTHOR 
WE 

: S K I) 
28.01.02 

CIRCUIT C 

SECT ION LI NE SECI1IIN FAUlT AMPS TOTAl. 0181. LI NE ROIl 

VOLT FROM AMPS FOR 

S End - I,.End WIRE PhASE LENGTh DEMAND VOLT CURRENT I -1P 1-LO I -1.0 DROP S/S 1.0 I-PU 

SI7E KMs IN U DROP I TIME Max Kin TIMES TINE 

33 34 3 I 0.41 4.55 0.011 0.80 N.A 593 114 10,291 11.19 0.00 B 

33 35 3 3 1.44 13.05 0.100 0.16 709 519 110 10.466 12.12 4.22 - 

35 36 3 I 0.96 13.23 0.067 2.31 0,0 465 126 10.533 13.28 2.31 V 

35 :31 3 3 0.08 8.78 0.005 0.51 701 514 1)1) 10.471 12.40 2.40 - 

37 18 3 I 1,18 1.17 0.050 1.25 ILA 415 125 10.521 13.60 1.25 0 

37 39 3 3 0,48 10.83 8.000 0.63 658 486 128 10.419 2.88 0,63 - 

32 40 4/0 3 0.12 8.10 0.1(11 0.51 985 69) I 10.255 10.26 53.37 - 

40 41 3 3 0.88 8.34 0.1111 0.19 852 610 135 10.266 11.14 0.49 - 

II) 42 4/0 3 0.00 6 .4 4 0,661 (1.88 924 641 130 10.916 11.06 52.37 - 

42 43 3 3 0.28 8.44 0.016 0.49 883 622 136 10.932 11.34 2.49 - 

43 44 3 1 0.96 11.39 0.050 1.09 N.A 548 132 10.990 12.30 1.99 

43 45 3 I 0.19 5.20 0.006 0.91 11,A 606 116 10.938 11.53 0.91 II 

42 46 4/0 3 040 0.00 0.2 (I5 0.0)) 896 626 lii 11.211 11.46 44.14 - 

42 41 3 3 III 4.62 0.110 11,27 110 556 II) 11.094 12.10 6.62 - 

47 48 3 I 0.80 11.11 3.015 IM HA 504 130 11.139 2.98 1.04 

47 49 3 3 0.25 0.00 0.811 0.00 751 519 132 11.125 12.43 6.36 - 

49 :50 3 I 1.28 10.09 0.126 III M.A 464 121 11.451 13.11 5.56 

50 :51 3 I 0.96 8.41 0.044 1.41 0.A 420 123 11.495 14.61 1.41 II 

50 52 3 I 0.64 12.46 11.0,12 2.18 N.A 434 124 11.493 14.35 2.18 8 

.19 53 3 3 3.20 13.68 0.065 8.80 511) 38) 120 1 1.190 15.63 0.80 - 

46 54 4/0 3 1.12 16.49 11,018 0,96 827 514 135 12.029 12.58 44.14 - 

54 55 3 1 1.12 18.57 0862 1 .85 ILA 502 1311 12.091 13.10 lOS I. 

54 :56 4/0 1 1.12 8.10 1.217 0.51 739 509 lii 13.246 11.30 43,00 - 

56 51 3 3 0.54 13.15 1)05 1  0.10 689 480 130 13.305 14.84 3.84 

51 :58 3 I 0.40 1)52 0,011 2.31 NA 456 118 13.3)9 1532 2.31 

51 :59 3 3 0.16 7.61 0.001 0.45 616 412 129 13.312 15.08 2.12 - 

59 :60 3 I 0.64 0.11 0,1)28 1.41 N.A 441 121 1)340 15.64 1.4) P 

59 :61 3 3 0.10 4.22 0.0111 (1.25 661 467 129 13.31) 15.10 0.15 - 

56 :62 4/0 3 1.20 5.56 0.781 0.32 688 412 130 11.033 15.50 41.02 - 

62 63 3 1 0.64 9.02 0.009 0.53 07 402 128 11.042 16.14 0.53 - 

62 :64 4/0 3 2.00 39.00 1.108 2,28 614 419 Ill 15.3)3 11.58 40.17 - 

61 :65 3 3 1.08 9.81 0.196 0.51 518 180 123 15.529 10.66 5.62 - 

65 :66 3 3 0.13 12.47 13.018 0.13 541 316 112 15.547 1 8.19 4.71 

66 :61 i 0.1) 1.12 0,1110 0.11 534 312 122 15.551 10.92 1,95 - 

61 68 3 3 0.88 11.11 0.015 0.60 190 346 119 15.572 19.00 0.68 - 

1' 



*11 

If 

voI,iAF; 'Rol I'/i.,) LEVI"!- All)) SECi lull c''KRI:uT 

PROJECT JESSORE PBS-I SYSTEM DES IGH 20 K!H/CUS'r/
on 

 MOIITII 

SUBSTATION : TOPSIIIDANOA AUTHOR S K D 

CIRCUIT : C DATE : 20.0102 

SECT ION I. INE SECT ION P001,1 AMPS TOTAl. 1)151 I. 11W ROIl 
VOLT FROM AMPS FOR 

S End - I,.End !IRE PHASE LENGTH OCKAHI) VOLT CURRENT I -II' I -1,0 I -hO DROP S/S I .0 1 -P11 

SIRE KUs IN K! UROP I TIME Max Mn lIMES lINE 

61 69 1 3 0,07 14.23 0.001 0.01 510 170 Ill l5.558 18,99 0.83 - 

66 10 3 I 11,13 III? 0.000 2.06 N.A 372 122 15.5.55 10.92 2.06 

63 11 3 3 0.48 3,46 0.004 0.32 521 365 Ill lS.533 19.14 0.32 - 

60 72 4/0 3 0.56 8.26 0,211 0.48 597 401 126 15.630 18.14 31.31 - 

72 73 3 3 0.80 12.11. 0.181 0.12 549 319 123 16.111 10.94 )4,00 

73 14 3 3 1.12 15.40 9.6.12 0.90 493 346 PlO 16.143 20.06 13.18 - 

74 75 3 3 1.04 6.84 0.S6 0.40 449 310 I 1S 17.299 21.10 12.30 - 

15 :16 3 3 1.24 41.11 0.662 2.44 115 213 109 11.961 21.34 8.00 - 

16 71 3 3 1 .04 1.49 0.2)0 0.44 348 256 106 10.199 24.38 6,43 - 

77 18 3 I 0.00 5.57 0.025 0.97 11.0 244 104 18.224 25,18 0.11 

77 :79 3 3 1.16 16.48 0.251 0.96 II? 236 102 18.450 25.14 5.30 - 

79 i 80 3 3 1.60 6.31 9.I0 5 0.31 286 215 98 18.635 21.42 3.18 - 

80 81 3 I 1.28 10.72 0.011 1.88 )l.A 202 95 18.700 28.10 1,08 

80 :82 3 3 0.24 14.65 0,1111 0.85 202 212 91 18,648 21.66 3.01 - 

82 83 3 I 1.52 12.31 11,019 2.16 11.0 III 94 10.747 29.18 1.16 8 

19 84 1 3 0.10 16.48 0.004 0.96 314 233 102 18.454 25.92 0.96 - 

15 86 3 3 2.24 25.21 0.119 1.47 313 273 109 11.618 23.34 5.26 - 

86 81 3 I 0.80 3.10 0.011 0.65 11.0 259 106 11.635 24.14 0.65 V. 

86 88 3 3 0.80 9.36 0.071) 0.55 353 259 106 11.680 24.14 3.14 - 

88 8 q 3 I 1,20 8.65 0.051 1.51 N.A 241 103 11.745 25.34 1.51 K 

88 90 3 3 2.00 18.60 0.054 1.08 309 231 101 11.142 26.14 1 .00 - 

12 :92 4/0 3 0.12 2.15 0.215 0.16 576 392 125 15.845 18.06 20.54 - 

92 93 3 3 0.64 8.5) 0.219 0.50 540 311 122 16.124 19.58 13.56 

93 94 3 I 0.80 4.78 0.020 0,17 N.A 118 120 16.144 20.10 0.11 V 

93 95 1 3 0.80 6.69 0...5 0.39 500 348 120 16.449 20.30 13.116 - 

95 :96 3 I 0.80 12.66 0.051 2.22 N.A 321 Ill 16.502 21.10 2.22 II 

95 97 3 3 0.32 17.1111 1)109 1.0) 485 339 118 16.558 24.62 10.16 

91 :98 3 I 2.08 2.53 0,1.18 2.19 N.A 291 Ill 16.696 22.10 2.1) 

91 :99 1 .1 0.80 20.43 0.2)4 1.11 449 II? 116 16.782 21.50 1.47 

99 100 3 I 0.80 0.05 8.010 1 .53 N.h 299 113 16.820 22.30 1.55 P. 

99 101 3 3 0.40 14.70 0.011 0.86 434 308 114 16.056 21.90 8.24 

ID) : 102 1 I 0.80 12.44 0.051 2.18 HA 291 Ill 16.909 22.70 2.18 K 

101 103 3 1 0.56 10.0) 0.0 0.38 414 296 112 16.921 22.46 1.30 - 

03 101 3 I 0.24 3.43 0.001 0,60 11.0 291 Ill 17.003 22.70 6.6I It 

104 lOS 3 I 0.24 4.56 0.069 0.80 N.A 286 III 11.012 22.94 5.70 II 
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PROJECT JESSORE P05-I 

SUBSTAT ION TOPSIIIDA1I(;A 
CIRCUIT : C 

SYSTEM DES ION 20 K0/CUST/N(l11II 

MJTIIOR : S K 9 

DATE : 211.01.02 

SECTION I.INE SEETIOII FAUlT AWl'S TOTAL 91ST. LINE ROIl 

VOLT FROM AMI'S fOR 

SEnd - LEnd WIRE PHASE LENGTH DEKAPH) VOLT CURRENT I-)P I-tO I - LU DROP S/S 1.0 I-PH 

SI1.F. KKs IN KW DROP I TIME Max Win TINES LINE 

11)5 106 3 I 0,32 0.00 0.06) 0.00 LA 280 III) 11.135 21.26 1.54 11 

106 ID? 3 1 1 .60 11.15 0,11) 3.00 N.A 25) 105 11.278 24.86 3.011 Il 

106 ION 3 I 0,24 3.10 0.001 0,54 LA 216 109 17.139 23.50 0.54 8 

lOS 109 3 I 1.12 1.14 0.041 1.35 11,A 266 108 17.119 24.06 1.15 0 

104 ItO 1 I 0.08 1.7(' 0,8111 0.11 11.0 290 III 17.004 22.78 11.11 II 

ID) III 3 3 0.00 3.27 0.1100 0.19 412 294 112 16.922 22.54 11.19 - 

92 112 4/0 3 1.28 13.10 0.16) 0.16 543 168 12) 16.008 20.14 9.4 - 

112 III 3 1 1.60 11.41 0.101 0,61 468 125 lii 16.115 21.14 2.14 - 

II) 114 3 I 1.04 8.25 0.041 1.14 11.0 301 114 16.162 22.18 1.44 

lii 115 1 1 0.40 10.18 0.806 0.63 452 316 116 16.121 22.14 0.63 - 

12 116 4/0 1 0.12 14.26 0.061' 0.83 525 156 Ill 16.068 20.86 5.95 - 

116 II? 3 3 0.64 16.12 0.013 0.94 495 139 119 16.141 21.50 3.50 

III 118 3 I 1.20 6.82 0.040 1.19 11.0 108 115 16.189 22.18 1.19 0 

II? 119 3 3 0.11 11.12 11.006 0.82 490 336 119 16.141 21.61 1.97 - 

119 120 1 I 1.20 .1.01 0,022 0.51 0.0 308 115 16.169 22.81 0.53 

119 121 1 3 1.84 10,111 0.1111 0.62 148 311 116 16. 164 22.65 0.62 - 

116 122 4/0 3 0.16 0.00 0.004 0.01) 522 354 Ill 16.072 21.02 1.54 - 

122 12) 1 3 1.20 8.14 0.015 0.49 468 121 Iii 16.081 22.22 0.49 - 

22 121 4/0 1 2.04 18.08 0.019 1.05 419 121 119 16.091 23.06 1.05 - 
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A. 

PRoJECT JESSORE PII.S-I 

: 

SYSTEM lIES ((11 20 K 1) I11(USI /MI)111 Ii 

- - 

AUTHOR S 0 
SUI1SIATION TOPSII IDADGA DATE 20.1)1.1)1 
CIRCUIT  

SECTION FAULT AMPS TOTAL 01ST. LIMP. ROIl 
SECTION LINE ---------- -------------- VOLT FROM AMPS FOR 

S End - L.Eiid OIRF, PhASE I,FN(;TII DElIMIt) VI.T ('!IiREhlT I -,I I,  I -1,1; 
Max 

I - LU 
Miii 

DROP 5/S 1.0 
TIMES 

I-I'll 
1.I1I1: 

SIZE KMs IN Ki uRn)' I 111117  

SIlO S9)1) ISV 0.000 0.00 - 

II 00-1)1)5 
0.12 12.12 0.4)6 1.310 4S S 9 4838 131 0.436 0.32 1)0.58 

BUS I 4/0 

3 

3 

3 0.88 5.05 0.034 0.29 2154 2336 15) 0,410 1.10 1.69 - 

2 
3 I 0.80 6.15 0,0121 1.00 N.A 1109 118 0.091 2.00 1.00 

2 3 
3 3 0.40 5.51 0.001 0.32 2200 1969 ISO 0.474 1.61) 0.32 - 

4 

S 110 1 0.56 7.11 0.143 HIS 3801 1626 156 I.ISI 0.88 11.80 - 

I 

S 6 3 3 0.32 19.96 0.009 1.16 3201 2933 154 1.190 1.20 1.16 - 

1 4/0 1 0,48 0.00 ((627 0.00 33)0 2916 1SS 1.800 1.36 16.16 - 

8 3 3 016 2.34 0.002 10.41 11,A 2313 154 1,010 1.32 0.41 1) 

7 

1 9 4/0 3 0.01) 0.00 0.104 0.00 1248 2889 153 1.912 1.44 16.21 - 

I 0.15 1,11 0,1101 0,19 (l.A 2635 134 1913 (.39 DIV 

10 3 

4/0 1 0.10 4.22 1.2.14 IllS 3101 2711 155 2.146 I .12 16.01 
9 ii 

3 I 1.32 I.28 0.114 3.31 fl.A 1620 149 2.260 2.74 3.31 '( 
ii Il 

1 1.20 7.15 0.291) 0.43 1818 1312 148 2.436 2.82 5.40 - 

II 11 3 
3 1.12 10.99 0216 III 1328 1106 143 2.652 1.94 4.61 - 

II II 

15 

1 

3 3 1.20 31.51 11.1)11 1,112 1002 014 138 2.683 5.14 1.02 - 

II 
14 16 3 3 0.36 4,22 0.061 0.1.3 1154 960 140 2.115 4.30 2.48 - 

Il 3 3 1.28 28.26 0.052 3.65 81)5 131 1)5 2.161 5.18 1.63 - 

16 
IV 3 3 0.96 10.00 0.001 0.59 940 183 116 2.129 5.46 0.59 - 

16 

II I 3 3 0.11) 3.77 11.001 0.14 813 1311 110 2.431 2.92 Oil 

II 20 4/0 1 0.11 0,00 0.111 0,011 3019 2612 155 2.211 I,?) 70.13 - 

0.23 131.11 1)011 118 2722 2)12 153 2.320 1.96 1.78 

20 II 1 
4/1) 

3 

3 0.7S 8.44 0.185 4.49 2519 2093 151 1.062 2.41) 62.55 
20 22 

1 I 0.24 3.33 0.001 0.58 31.0 1891) 152 3.066 2.72 0.51) 

22 

22 

21 

24 410 3 0.12 6.44 0,116 11.18 2215 3154 152 1.1)08 3.20 62.06 

24 25 1 3 1.32 .10.44 0.111 1.18 1317 1094 144 4.2)9 4.12 6.59 

26 1 1.12 4.36 0.000 0.21 1036 841 119 4.221 5.84 0.21 
23 

23 27 3 3 1.28 3249 0.060 1.90 1011 819 130 4.279 6.010 1.10 

28 1 1 1.32 43.11 0,100 2.65 91) 182 Ill 4.319 6.24 2.63 
25 

29 4/0 3 0.48 0,00 0.41) 0.010 2031 159) 151 4,219 3.68 55.09 
24 
29 30 3 I 0.03 2.21 0.001 0.19 11.6 1551 131 4,230 3.73 0.39 

4/0 .1 0.56 14.30 0,3)0 0.013 1061 1422 150 4.159 4.21 55.0 1  
29 II 

3 1 0.24 5.13 11.016 0.33 11.11 1114 149 4.115 1.48 1.54 
11 

12 

32 

13 1 .1 1.28 3.48 0.1)12 0.14 1230 955 Ill 4.187 5.16 0.34 

3 1 0.12 15,10 0,016 0.09 1411 1090 113 4.191 3.20 4,1)9 

12 31 
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IROJECT JESORE P315 - I 
SYSIEM DES 1GM : 20 KII/CUSTIMOHTII 

SUBSTATION : IOPSIIIDANGA 
AUTHOR 
DATE 

: S K 0 
: 20.01.01 

CIRCUIT :1) 

SECTION I,INE SECTION FOWl AMPS TOTAL 0351. lIME R011 
voLT FROM AMPS FOR 

S End - L. End WIRE PHASE LE116111 FIEMAHI) VOLT CUPRE3IT I -IP I -1.6 I - LG DROP S/S I .0 I-PIt 

SlOE SMo IN KW DROP I TIME Maz Din TIMES (.31W 

II 35 4/0 .3 (.52 (9.86 I .111 I .16 1501 ((U 341 I'.011 5.76 52.12 

35 36 3 1 0.32 2.20 0.004 0.31) (l.A 1Q12 145 6,081 6.00 0.10 K 

35 31 I/O 3 0.18 0.110 0.154 0,00 1414 1085 347 6.211 5.94 51.18 - 

11 38 3 3 0,48 0.00 0.024 8.00 (.1)2 913 III 6.255 6.42 1.01 

38 19 3 1 0.71 10.61 B011 0.62 (118 839 141 6.266 7.14 O.32 - 

38 40 3 1 0.12 6,90 (1.008 0.40 1118 839 II) 6.26) 1.14 0.40 - 

31 41 4/0 3 0.80 000 0.138 1.00 1330 966 115 6.969 6.312 50.15 - 

II 42 3 I 0.72 8.18 0.032 1.41 N.A 831 141 7.80) 1.54 1.4) 8 

II 43 1 1 0.48 ().00 0.010 0.310 1196 811 143 1.009 1.30 1.11 - 

43 44 3 3 3.36 25.09 0.040 1 .46 911 608 ljfi 1,057 8.66 1.0 - 

4) 45 3 3 0.10 .1.22 0,001 0,25 III) 860 142 1.010 1.40 0.25 - 

41 46 4/31 3 3.04 54. 11) 0.004 3.20 1192 856 143 1.713 7.86 48.44 - 

16 17 1 1 1.12 15.49 1)025 0.90 961 104 138 1,1130 8.90 0.93) - 

46 431 4/0 3 1.04 6.12 8.155 0.16 10311 768 141 0.528 0.90 44.14 

40 49 3 3 1.28 1.11 0.565 0.06 864 629 135 9.093 30.18 10.23 - 

49 :50 3 I 0.61 5.32 0.019 0.90 8.0 515 13) 9.112 10.82 0,90 0 

413 :51 3 3 3.20 9.56 I .115 0.56 560 126 123 10.418 1338 9.45 - 

SI 52 1 1 0,83) 6.41 0.925 0.30 511 391 120 10,443 14.38 1.75 - 

52 53 .3 I 1.1)4 7.84 0.041 1 .11 LA 150 116 10.181 35.22 1.31 

SI 54 3 3 1.04 II.)) 0.6)2 13.18 163 350 116 11.050 (5.22 8.52 

54 55 3 1 0.18 4.41 0.021 0.26 443 34) (15 11.077 15.70 2.21 - 

55 :56 .3 1 0.00 1.69 0.011 1.15 8.0 320 Ill 11.114 (6.50 1.35 11 

SS :57 3 1 0.96 30.17 0015 0.63 101 3131 112 11.092 36.66 0(I) - 

SI SB 3 3 1.12 10.01 0.071 0.59 418 326 II) 11.323 16.14 2.310 - 

SR 59 3 I 1.52 9,19 0,080 1.11 13.8 290 300 11.201 31.06 III 

58 60 3 3 0.64 8.55 0.009 11.511 396 310 III 11.1)0 36.90 0.531 - 

SI 61 1 3 2.14 20,69 (.19) 1.21 311 295 loq 11.441 11.62 4.41 

6) :62 3 3 0.40 0.00 0.31(34 0.00 365 21)1 108 11.445 18.02 0.65 - 

62 6) 1 I 0.64 3.69 0.014 3,65 N.A 215 106 11.159 18.66 0.65 0 

62 64 1 3 0.00 0.00 0.000 0.00 361 2316 308 13.445 18.10 0.00 - 

61 65 3 3 0.88 0.00 0.111 0.00 352 270 101 11.552 18.50 3 .2 2 - 

65 66 3 3 0.16 20.69 0.012 1.11 3431 215 106 11,564 38.66 2.14 

611 61 9 I 1.61) 4,08 31.3115 0.85 (1 .A 218 102 11,609 20.26 0.85 8 

66 60 3 3 0.61 11.60 0.011 0.60 333 263 304 11.515 19,30 0,60 - 

(15 69 1 3 0.1)8 8.2.5 0.001 0.40 150 216 106 11.55) 10.58 0.48 

4 

.4 



Vd.1.9;E 1,1.1:1', I 1'. .r.l,I. ANi siT ('iI l'I!i)l1 

4 

3 

94 
SYSTEM DF.SIGM 20 Kll/CUS1/M0NTIi 

rROJF.Ci : JE000RE PBS-I 
AUTUI)R S K II 

SIJEISTATIOM : TOPSIi1I)AHGA 
DATE 20,01.02 

CiRCUIT I) 

SECT ION I. INE SECT 1011 FAW.1 AMPS TOIAI. 1)191. I. UIE R?l( 
VOLT FROM AMPS FOR 

S End - L-Wi TIRE PIlASE LEHOTH OF,NMII) VOLT CURRENT I -IF I -1.0 1-1.0 DROP S/S 1.0 I -PH 

SIZE KMs IN KW PROF1  I TIME Max Min TIMES LIKE 

48 70 4/0 3 0.10 III 0.221 0.06 1043 119 140 8.752 9.10 33.75 

10 II 3 1 4,40 16.19 0.079 0.94 555. 420 122 0.622 1 7.70 4,70 - 

11 72 3 3 2.24 15,02 0,049 0.80 443 342 115 9.611 15.94 0.08 

11 13 3 3 0.56 0,00 0.016 0.00 522 398 120 9.698 14.26 2.08 - 

73 14 3 9 2.48 11.26 0.119 0.66 4).) 321 Ill 9.071 16.14 1.05 - 

74 15 3 3 0.61 10.3" (.020 1.19 391 305 110 9.891 11.30 19 - 

14 16 3 1 0.06 0.00 (1,000 0.00 III 319 112 9.017 16.80 8.00 - 

73 11 1 3 2.64 11.19 0,869 1.04 407 III 112 9.161 16.90 1,1.14 - 

70 18 4/0 3 0.08 0.00 0.039 0.08 1036 133 140 0.191 9.38 20.11) - 

70 19 1 3 0.64 9.25 0.1)8 0.48 926 664 137 8.909 10.02 5.11 

19 80 I 1).96 14.68 0.050 1 .69 9.0 519 I)) 8.959 10.98 1.h9 V. 

79 81 1 3 0.00 10,18 11.101 1.12 804 585 134 9.016 10.90 7)4 - 

81 82 3 3 0.40 8,31 0.005 0.49 158 555 132 9.021 11.30  

SI 83 3 1 1,21) 26.26 0.045 1,53 678 503 110 9,061 11.10 1.51 

10 84 4/0 1 1.20 12.)) 0.ih 0.11 910 659 138 9.277 10.58 21.66 

84 85 1 2.00 11.04 0031 0.69 691 501 130 9.314 12.50 0,64 - 

84 56 3 3 0.64 76.94 0.871 4.44 517 602 1)5 9.140 11.22 .4,40 - 

04 51 4/9 3 0.40 1,1(1 11.124 0.09 910 631 131 9,401 10.90 11.10 

57 80 DOG 3 0.16 0,00 0.019 0.00 895 629 131 9.449 11.14 17.60 - 

08 09 1 1 0.24 0.00 9.01;2 0.00 9(16 609 136 9.511 11.39 5.48 - 

90 3 3 0.24 0.00 ((.062 11,00 815 589 135 9.513 11.62 5.49 - 

90 91 3 3 1.61 57.92 0.281 3,35 661 484 128 9.860 13.23 5,48 - 

91 92 3 3 0.56 4.91 0.004 0.28 622 455 126 9.964 11.19 0.20 - 

91 93 1 3 1.94 8,61 11,114 1.1.51 538 41)1) Ill 9,994 15.01 1.81 - 

93 94 3 3 0.64 6.2) (1.1106 0.16 583 317 119 10.000 15.11 0.16 -  

93 95 3 3 1.26 16.20 0,010 0.94 413 351 Ill 10.024 16.33 0.94 - 

88 08 POP 1 0.48 4.22 11.098 025 869 6116 116 9.541 11.62 1 1.12 

09 99 3 3 0.56 181.28 1.1.081 5.01 799 564 134 9.628 12.18 5,)) 

98 100 3 3 2.56 103,08 (1.181 6.06 614 441 126 9.928 14.18 6.06 - 

17 

4 

.4 
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6.10 Study of Existing Coordination an(l Propose(l Modification 

Feasibility study of the existing protection scheme is conducted first to ensure the effectiveness of 

the schcnic. In the case of the rat i iig of any protective dcvice falling below the ratings and 

constraining conditions for protection, the scheme is not feasible for coordination. Therefore, new 

device with proper rating is proposed to cnsurc the feasibility in phase-I technique. 

- 6.10.1 Coordination of Topsh idanga Sub-Station with Jessore Grid. 

The PBS sub-station has two sets of I 25E fuses at its incoming and the ii KV outgoing 

feeders A, B and D are protected with I OO-RX ACR and feeder - C is protected with 225-RX 

ACR. The sub-station has backup protection at PDB Jessore Grid sub-station with OCB 

operated by iS .172 61-3B/CC ,SIEM ENS ,Static Definite Time Relay. 

.4 
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6.10.2 Phase Fault at 113' Side of (he X-krmer 

33 KV source line of the Topshidanga Sub-station is protected with a OCR operatcd by a iS J7261- 

313/CC type definite time relay and the 2x5 MVA Transformer are protected with two sets of 125 F 

Rise. From the 1'CC of the existing system Figure 6.3a, it is observed that when a phase fault takes 

place the 125 E fuse melts bcforc tripping of the PDB 0/C relay and Transformer Damage curvc 

remains at the top. Consequently, co-ordination is achieved. 

Possibility of using a 160 VWV 33 KV ACR in series with the 125 E fuse was also been studied. 

From the TCC Figure 6.3b, it is observed that at fault condition the 125 F fuse starts melting before 

the 160 VWV 33 KV ACR goes in to operation. But for clearing the fault both the ACR and the 125 

F fuse hunt together i.e. clear the fault at the same time. For ground trip also even the list curve 

I60VWV ACR (curve 1-2) goes in to operation after the 125 F fuse starts melting Figure 6.4(b), so 

use of 160 VWV 33 KV ACR in series with 125 F fuse do not improve the co-ordination. Therefore, 

* 
it is recommend not to install 33 KV 160 VWV ACR. 1-lowever programmable 33 KV ACR may he 

installed. 

PHASE FAULT AT HI SIDE OF S/S X-FOnMER PHASE FAULT AT HT SIDE OF S'S X-FORMER 
EXISTING CO-ORDINAIION SHOWING CO-ORDINATION WITH I60WN ACR. 

I 000000 

010 I01 

0 Ito 

0019 

I0 OIl) 

I 0)0 

0 10 

COP000IT III ClIP Oil 310000)0) 

Figure 6.3a Existing CoordInation Figure 6.3b Proposed Coordination considering 160VWV ACR 

coflt(IIT II AMP loll 130V0000I 
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6.10.3 Ground Fault at 11.1'. Side Of  Ihe Trauisforiner 

1'r0n1 the TCC of the existing system Figure 6.4a it is observed that when a ground fault takes place 

at the lIT, side of the Transformer the 125 F fuse melts and clears the fauli before tnpping of the 

PD13 F/F relay. So, co-ordination is achieved. For the niiniiuwu ground limIt (41 2 Amp) the Fuse 

also protects the transfoi'ntcr. From Figurc 6.41) it is cleat that installation of 160 \!W\T  33 1KV ACR 

(10 not improveS the situation, beCauSe, the fast curve of the ACR is slower than the 125 F fuse. 

A. 

71 

GROUND FAULT AT FIT SIDE OF S/S X-IORMER 
EXIS rING COORDINAIION 

00/0 ''' -- ...................- ........ 

I 1 00 00.1 10610 

CI 1OCt01 III 1,1.10/1)11 33 11/1  H3SFI 

Figure 6.4(a) Existing Coordination 

GROUND FAULT AT III SIDE OF S/S X-FOP.MER 
SHOWING CO.O$0I)IlIAtON VVi llf 1013 VIM! ACR 

1 0/10 001 

0000 

I0 

00uI '''''''''' ................................ 

I '0 I/'l 1/10 10010 

CI 111111/11111111)0  10tJ 23 0.0 90'CI 

F igi ire 6.4(b) Pioposd COOrCIiIIItiOI1 

Considering 161) V WV ACR 
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6.10.4 Phase Faul( at 1,.T Side of 33111 K' X-Fortiicr 

a) For lccder - A, 8, 1) 

I) The phase relay maintains co-orduiation with 100-RX ACR (lllflhlg its lust & delayed 

operations for maximum or minimum fiult currents at LT side of the transformer (6.5a). 

But maximum line to ground fault cui-rcnl at LI' side of the X-fornicr is very close to the 

interrupting current of the I 00-RX ACR (Figure 6.7 a), SO it is recommend to usc higher 

size ACR. Moreover, feeder current [or all the feeders are above 70%  of the maximum 

continuous current of the ACR (i.e. 70 amp.).Thus it is rccommcndcd to use 280 SIiV 

ACR in all these feeders with 213+2G curve setting for lockout operation. From fig.6.5 (b), 

it is observed that at fault condition 280 S FV ACR picks up the fault before P1)13 0/C 

relay and the fuse 125 F. 'l'hus, co-ordination is achieved. 

U 

z 

Wj 

PHASE FAULT AT 1.1 SIDE OF S/S X.FORMER 
I/xISIIIc3 COORDIlIATION roe rrnre AnsI) 

I Ii) I 

CURREnt III /IMP (OM 13KV I3ASF.) 

Figure 6.5(a) Existing Coordination 

IIASE FAULT AT LT SIDE OF S/S XFORMER 
PROI'OSEIJ Co 011D01A11014 ron All r rror.Rs 

- P - 111111 IlIllilIl I_I, I_I III! I III' 

CURPrIJI IN AMP loti 3lv I/Ad 

Figure 6.5(b) Proposed Coordirition 
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b) For Feeder—C 

1) From Figure 6.6a,it is ObServed that the phaSe iclay maintains co-oi'diiiation with 225-

RX .ACR (luring its last & dclayc(I OpCratlonS (both lbr tiiuxiniiim or miniiiiuiu fliult 

current) for a until at Li side of the transfon'ncr. But 1i1-  a fault current of the 

magnitude I 699 Amps the I 251 Risc melt I)CIOI'C tripping () I the 225-RX ACR. So, it is 

rccommcnded to change the existing 225 RX ACR with 280 S[V ACR lbr this feeder 

also. It would be l)Ctter to use 2B+2G CtIFVC Setting for lockout Operation. 

.4 

PI-JASE FAULf AT LT SIDE OF S/S X-FORMER 
EXISTING CO-ORDINAl ION rON IFEDFR- C 

1 10 lOP 1,000 10.000 

CIIRRPIIT III A&I (033 :13KV I3ASP( 

PHASE FAULT AT LT SIDE OF S/S X-FORME 
PROPOSED CO-ORDIIIAlION FON VEEDER-C 

-77 

'! 

ft 

I II 
•.,A r '.13 1 Pt ('13111 1 1, 1, 
I P rA(ul TAr I 

IIFII I 

0 10 1.10) 10.000 

CURRENT IN AMP ION 3311,V IIASCI 

0 
w 

z 
w 

0 
III 
(0 
z 
w 

Figure 6.6(a) Existing Coordination Figure 6.6(b) PIoposoci CoordiIl1tion 
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Phase fault at LI' side (II KV hues) 

ACR to ACR CoOfdfllatiOfl. ACR to FUSE and FUSE to lUSh (oordinalion arc shown in Figure 6.7a, 67b, 

6.7c, 6.7d. 6.7e & 6.71. 
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CO-ORDINATION BETWEEN 50-4H & 'T- TYPE FUSES 
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Figure 6.7d 50-4H ACR and T Type Fuse coordination 
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CO-ORDINATION BETWEEN 354H & 'T'- TYPE FUSES 
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Figure 6.7e 354H ACR and T-Type Fuse coordination 
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CO-ORDINATION BETWEEN 25-411 & 'T'-TYPE FUSES 
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Figure 6.71 25-4 H ACR and T-Type Fuse coordination 
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6.11 ,Justilica(ioii of 1'101)OSC(l iCRs 

a) Circuit - A of Topsliidanga S/S 

ACR at Sub-Station Oufgoiiig 

Previously installed I 00-RX ACR at the Sub-Station outgoing need to changc. Hccausc 

the maximum interrupting current at (lie sub-slatioii outgoing point is 5938 amps which is 

beyond the capacity of (lie I 00-RX type recloser. So it is rcconinicnd to install 280 SE\ 

recloser in place of I 00-RX type o f,  recloser. The maxiinuni aix! ni iriinium fliuli level of 

the sub-station outgoing is 5938 amps and 158 amps respectively which is within (lie rated 

range of 280 SEV. So, replacement of the existing 100-  RX ACR at (lie sub-station 

Outgoing by 280 S1iV. ACR isjuslifled. 

ACR at Pole No. 62/1 

The length of the tap from pole no.62 is about 5.65 Kin. 'l'hcrc is an ACR of' rating 50-4 II 

at (lie starting of the tap. The maximum limIt ciirrcii( is found at this node is about 1964 

ainl)s. 'l lie ACR is well coordinated vi (Ii (lie piOp0SC(l sub-station ACR and (lie 

interrupting current is within the rated range of the ACR. So it is recommend to keep (lie 

ACR as it is. 

ACR at Pole No. 90/1 

The length of the tap is 5.84 1< iii. At preseIt New is no any A CR for this lciig hy lap. ilie 

tine current of this tap is 103 amps and the iiiaxiniiini but current at this node is 1 132 

amps. So, it is ucconiiiiciidcd to instafl a new ACR of rating 50-411 at f Tk location. At 

maximum limit level thìe, proposed ACR is well coom dinatcd wit Ii the proposed sub -station 

ACR 280 SlV. 'l'lic We current is als) vifliiii the coiitiiiuious mating of the ACR. The 

fault current is within (li e imiteriupling range of the ACR. So rccomnieiidation of installing 

a new ACR olratiiig 50-411 at this tap is jusli lied. 

at Pole No. 112 

Al n'cseiit there exists an ACR of rating 35-411 at pole N10. lie line cuin'c! :! uiode 

through (lie ACR is 48.(8 amps which is bcynTld the coni iiw"iis current carrying "upaci ly 

of the existing 35-411 ACR The location ol A('R is at 512 1< in. away from Be sill) stat ion. 
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So, it is recommeiided to remove (he existiti 35-41 I ACR and to install a 70-L ACR at 

pole No. II 2 i.e. existin 35-411 ACR of this pole is to be replaced with a 70-L ACR and 

to be installed on pole no. I 1 2. Both the maxi mum and niinimiini tiult currents at this 

point is vitliin the interrupting range of the proposed ACR and it is well coordinated with 

Sul)-Station ACR 280 SV. So, insial lat ion @1 a set of 70-I. ACR at this iiodc point is well 

justified. 

ACR at Pole No. 213/RI 

The length of this tap is approximately 3.52 Km. At present there is no ACR for this 

lengthy tap. The I inc current of the tap is only 1 7.02 amps nid the maximum fault current 

at this iiode is 659 amps. So, it is recommended to install an ACR of rating 25-41-1 at this 

location. At maximum fault level the proposed ACR is well coordinated with the ACR 

70-L The line current is also within the continuous rating of the ACR. The fault current 

is within the interrupting range of the ACR. So, reconitnetidation of installing a new ACR 

of rating 25-411 at this tap is justified. 

ACR at Pole No. 214 

The total length of the backbone is about 21.22  Km. REB recommend to install ACR at a 

distance 6 to 8 Km. apart from ACR to ACR. So, to protect rest of the backbone it needs 

to install an ACR bank on pole no. 214 or close to it which is 8.00 Km away from pole 

no. I I 2 where a hank of 70- 1_.. rccloser has been recommended to install. The Ii iic current at 

pole no. 2 14 is only I 3.3 I amps and the maximum limit current at this node is 659 amps. 

Therefore it is recomhllcn(lc(l to install a 25-'I1 I ACR hank, which is well coordinated with 

its back up ACR 70-L, located at pole No. I 12. The line current is also vi1lii n the 

continuous rating of'  the ACR. The limIt current is within the interrupting ra;ie of the 

ACR. So, reconimendation o installing a new ACR of rating 25-41 I at this tap isiustilie(l. 

h) (:iiciiit - B 

ACR at Sn h-Stat ion Outgoing 

Previously installed I 00- RX ACR at the Sub-Station outgoing need to be changed. 1 he 

iuixinitim tuiht cuiicii at the sub- station tiIoiiig point is 5935 amps, liicli is beyond 

the tilaxi mum interrupting capacity of the I 00- R X type recloser. So, it is recoii niiended 
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to install 280 SEV rccloscr in place of I 00- RX type of rccloscr. The maximum and 

flininium tault level of (lie sub-station out oinu are 5938 amps and 158 amps respectively 

winch is within the rated range of 280 S LV. So, rcplaccmeiit of the existing I 00-RX ACR 

at thc sub-station outgoing by 280 SFV ACR is jirsti licd. 

ACR at Pole No. 139/1 and 139/44 

The maximum length of this tap line from pole no. 139 (Node no. 24) is 7.87 km having 

t\vo major sul)-tap lines originating from pole no 139-37 and 139-43. But there is no ACR 

batik for protection of this long tap line. The maximum fault current at this node point is 

883 amps and (he line current is 9.89 amps only. So, apparcntiy installation of a 35-411 

ACR bank for this tap line may be considered well justi lied. But considering the command 

area of this tap and its physical condition it is necessary to install another ACR bank on 

jOIC no I 39-44 or close to it depending on the physical site conditions. This is necessary to 

minimize the number of tripping of the ACR to he installed at the beginning of the tap i.e. 

on pole no 1 39-1 . ACR batik which is recommended to install at pole no. 139-44 will take 

care for the faiths to be occurred beyond pole no 1 191414 i.e. it will have a command area 

for 4.4 1(111. of line and for faults of this vast area ACR bank 70- L recommended to install 

at pole no. I 39/I need not to operate. ACR on pole no. I 39-I will take care noriiial ly hr 

the limIts up to pole no. I 39-44 along with its two major sub-taps originating from pole 

no.139-37 and I 39-I3. For better coordination among these two and with (lie sub-station 

ACR (280 SLy), it is recOnllncn(le(l to install 70-I, ACR bank at pole no. 1 39- I and a 
It 

25-411 i\(i. bank at pole 110. I 39-'14. E3uI Ii li ne citiretits, niinitntlllI and iliaxmnhtilu Ian It 

currents Of these tXV0 iioole points arc wit hill the rated calaCitY of tile two pl0p0Sc(l ACR 

banks. So, it is justi tied. 

ACR at Pole No. 145 

Flic total length of n the backboe (m (' ain KT) is 28.56 Km. So, for tii protcctioti of (he aiii 

circuit it is necessary to install a 70-I ACR bank on pole no 1 45 or close to it depending 

on site conditions. The line current at this pole is only 60.13 amps arid the inaiiiiuiii limIt 

cur rent at this node is 858 amps, which is vitliiii tile rated capacity of I lie ploposc(l ACR 

hank. At Iliaxinliltil fault level the ptopo-;cI i\('R is well CooI(li11a1c(l with the Pl 0I )05C(l 

sub-station ACR. the line current is also N  Ithin the con(inhious ritin ol (lie ACR (70-I). 

So installation of a 70-1- ACR bank at this nodc point is well jusli lied. 
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ACR at Pole No. 185/I 

The length of this tap is 5.60 Km. At present thcrc is no ACR for this lengthy tap. The line 

current of this tap is 6.60 amps and the niaxi mum and mini mum iiult currents at this node 

are 691 amps and 131 amps rcspcclively. So, it IS recoiiiinended to install a new ACR 

bank of rating 25-411 at this location. At iiaxi niunì fault level the proposed ACR is well 

coordinated with the proposed 70-I. ACR at pole no. 1 45. The line current, maximum and 

minimum fault currents all are within the range of ACR. So recommendation of installing 

a new ACR of rating 25-411 at this tap is just i tied. 

ACR at Pole No. 210/1 

The length of the tap is 5.84 Km. At present there is no ACR for this tap. The line current 

of this tap is 5.9() amps and the niaxiniutu and minimum lwlt currents at this node are 619 

amps and 127 amps respectively. So, it is recommended to install a new ACR bank of 

rating 25-411 at this location. At maximum fault level the proposed ACR is well 

coordinated with the proposed back up ACR 704 recommended to install at pole no. 145. 

The line current is within the continuous rating of the ACR. Both maximum and minimum 

fault currents arc also within the interruption range of the ACR. So, recommendation of 

installing a new ACR of rating 25-411 at this tap is justi lied. 

ACR at Pole No. 233 

The total length of thc mai ii circuit is about 28.56 Km. It is recommended to install a 70-1, 

ACR bank at pole no. 1 45 or nearcr to it i.e. about 12 kiit away From the sub-station ACR 

(280 SEV). So for the protection of the tail end of the main ('K]' it is necessary to install 

another set of ACR. As per R II3 practice i.e. about S km ga) is to be inaimitained between 

the ACRs .So it is recommend to install a 50-4 11 ACR bank at pole no. 233 or nearer to it. 
1 

Both line current and maximum and niimiiniumn limit currents at this node arc 36.85 

amiips.555 amps and 124 amps respectively which are wi 1.1 i ii the continuous, imiterrimpli ng 

and minimum tripping rating of 5u-41 I ACR. So, installation of a 50-411 ACR bank at 

this Pole isjtistiumcd. 

-4 
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ACR at Pole No. 266/1 

The length of the tap is approximately 7.44 Km. At present there is no ACR for this 

lengthy tap. [he ]inc current of this lap is 8.57 amps and Ilic niaximuni fault current at this 

node is 493 amps. So, it is recommended to install a new ACR bank of rating 25-41-I at 

this location. At maximum fault lcvcl the proposed ACR is %N,cll coordinated with the 

proposed back tip ACR 50-41 I recommended to install at pole no.233.Fhe line current is 

within the continuous rating of the ACR. The fault current is also within the interrupting 

rating ol' thc ACR. So. rcconimcndation of installing a ncw ACR of rating 25-411 at this 

tap is jUSti bed. 

c) Circuit —C of Topshidanga S/S 

ACR at Stih-S(aioii Ougouug 

Previously installed LOOR X ACR at (lie Sub-Station outgoing iiecd to be changed. 
'p.  

Because the niaxinium fault current at the sub-station outgoing point is 5938 amps, which 

is beyond the maximum interrupting capacity of the 1 00- RX type rccloser. So, it is 

reconuiicnded to install 280 SEV recloser in place of 225-RX type rccloser. The niaximuin 

and ininiiiium fault level of the sub-station outgoing is 5938 and 158 amps rcspccti'cly 

which is within the rated range of 280 SEV. So, replacement of the existing I 00-RX ACR 

at the sub-station outgoing by 280 SEV ACR is justi tied. 

ACR at Pole No. 97/I 

The total length or the main line is about 23.06 Km. RUB recommend to install ACR at a 

distance 6 to 8 Kiii. in main line. So, it is rcconiniciid iiistal Ii iii', a 704. ACR bank on pole 

no.97 i.e. about 8 km apart from the sub-station. Ile line ciii rent at thuis pole is only 6 I . 17 

amps and (lie niaxiniuni and iii iiuimum fault currents at this node point arc 1 202 and 143 

amps respectively. So, it is rccoiniuieiidcd to install an ACR bank or rating 70-L. at this 

location or close to it depending on physical site cuiudit ions. i\t maxinwin fault level the 

proposed ACR is well coordinated vi tlu the jiiopose.l sub-station ACR 28() S UV. The I inc 

current as well as both maxiniuin and inininuniui iinit currents is also within the continuous 

and interrupting rating of (lie ACR respectively. So, icconuinciidiition of'  iiislal Ii ng a new 

ACR ot rating 70..1. at the proposed location isjiislilicd. 

'p.  
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ACR at Pole No. 97/42/I 

The length of the lap is approximately 4. 17 K rn At present there is no ACR for this tap. 

The We cunent of this tap is 6.62 amps and the max imuni fault current at this node is 896 

amps, which is within the rating of thìe 25-41I ACR. Although the length of this lap is not 

so long but due to R.O.W p101)1cm, it is recommended to install a 25-41 [ ACR bank. At 

niaxniiuni fault level the proposed A(R is well coordinated with the proposed back up 

70-L i\CR recommended to install on pole no. 97. So. installation of a 25411 ACR bank 

at this node point is justi [lcd. Regular trimming on 1)0111 sides of the tap lincs is essential to 

reditec the ni;nihers of trips. 

ACR at Pole No. 97/I 12/I & 97/I I 2/ 1 0/I4/13/28/I 

ilie length of the tap is approximately I I .08 Km. At present there is no ACR for this 

length)' tap. The line current of this tap is 1 4.00 amps and the maximum and noilinium 

fault currents at this node are 597 amps and 126 amps respecti 'cly. So, apparently 

installation of a 25411 ACR bank at this node 1ioitit is well j usti [led. But as the length of 

this tap is 1 1 .08 km excluding its 5.04 km sub-tap, so it is recommended to install a 50-411 

ACR bank at pole no. 97/I1 2/I to minimize the number of tripping of this ACR. 

As per REB standard, it is recommend to install another 25-411 ACR bank on Pole no. 

97/112/10/14/13/28/I (iii between node lbS. 75 and 76). Ibis will have a command on 

5.84 km of line. Line current, iiiax imum. and iiiimiiniutn fault curt-cuts at this node are 

6.43, 375 and 109 amps respectively which is vitliin the rating of the 25-411 ACR. So, 

proposal for installation of an AC R bank on the above mentioned l)ole is well justi lied. 

ACR at Pole No. 97/1 22/1 

The length of titc tap is 6.00 l<iii. Iurthcr, the tap line have a numnl)ers olbra!ich lines. So, 

considering the geographical conditions of the location and 10 iiiiiii Ui/C line tati It (lime to 

R.O. \V piol1eins, which is IllOSt I)' of Ictilporaly ill iiitittc, it is recotuitnctiil to install a 

\(l. batik of capacity 50-411 at pole no. 97/I 22/I (iii hctvccii node tios. 92 & 93). Roth 

titles cun-etit, tiiaxinitiin, and miniiiiuiiii I'aUlt currents ol'node no. 92 are 1 3.56, 576 and 125 

amps, which is well within (he cii1iiitiotis and iuiteritiptilig rating ot the proposctl ACR 

bank. At fiiul{),  coiiditioii the proposed ACR is well cootdinatcd with the proposed back 
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up 70-1- ACR recommended to install at pole no. 97. So, instal latioii of an \CR bank on 

the above mentioned pole is well j usti bed. 

ACR at Pole No. 97/123 

The total length of (he niain line is about 23.06 Km. SO, as per RI 13 guideline it is 

necessary to install aiiotlicr ACR bank down to l)rol)oSed 70 L ACR bank at pole no. 97. It 

is reconimended to install 25-411 ACR batik preFerably on pole no. 97/123 (i.e. in bCt\VCCn 

node nos. 9.2 and I 12). This ACR bank w ill protcct the tail of the line along with its 

numbers of sub-taps or branch hues and will help to minimize tripping of 70-L ACR bank 

(lute to fau Its of this section of 1 inc. Both the We current and fault currents of this node 

point are 9.45; 576 & 125 amps respect k'ely, which is within the continuous and 

inlerrnpting capacity of the 25-411 ACR bank. At faulty condition the proposed 25-411 

ACR properly coordinates with its I)aCk up ACR 704, and sub--s(ation ACR 28() SFV. So, 

it is justi lied to recommend installing a 25411 ACR batik on pole no.97/I 23. 

(1) Circuit - 1) of lopsh i(langa S/S 

ACR at Sub-Station Outgoing 

Previously installed I 00-RX ACR at the Sub-Station out''Oillg need to be changed. The 

maximum interluptitig current at the sub-station outgoing point is 5938 amps, which is 

beyond the capacity of the I 00- RX type recloser. So, it is rccotuiincnd to itistal I 280 SEV 

rccloscr in plcucc of I 00-RX type of rccloscr. Ile niaxiiuuniiu and uuliuuimuni tuii It currents 

of hue sub-station outgoing are 5938 and 158 amps respectively, these are within the rated 

tange of 280 SFV. So. replaccinctit of (lie existing I 00-R X ACR at the sub-stat ion 

outgoing by 280 SFV ACR isjltsti fled. 

iCR at l'olc No. 22/1,I 

The Ienzth of the tap is apptoxinuatcly 'I. 16 Km. At present there is 110 ACR for this tap. 

The line current of this tap is 5.40ainps and the iiaxiniuni tittlt current at this lKulc k 3 102 

amps. So, it is recoinnietided to install it new ACR bank of rating 70-I., at this location. At 

inaxinutim Fault level the proposed AC R is 'cll coordinated with the proposed sub-slat iou 

ACR 280 SIV. Ile line current is also within the coiitiiiiiotis rating 

A 
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of the j\(i'R. The fiuli currents are within the iilterrtil)(i011 range of the ACR. So, 

rcconiiiiendatioii of installing a new ACR olratiiig 70-L is justified. 

ACR at Pole No. 56/1.55/I & 56/155I8() 

Length of this lateral line is 1136  km. with a good numbers of long sub-lateral lines. As 

per REB standard is proposed to install a 50-4 El ACR bank on pole no. 56/L55/ I (in 

between node no.48 and 49) and another 25411 ACR bank on pole no. 56/1-5518() (in 

between node points 54 and 61). ACR bank 50411 proposed to be installed on pOIC no. 

56/i55/ I wi ll We care for the faults or 8.96 km. long line and the 25-411 ACR bank 

proposed to install on pole no. 56/L55/8() will take care of the faults of' 5.04 km long line 

in addition to other sub-tai) lines. Both line current and maximum fault currents at these 

two node points (iii between 48 and 54) are within the continuous and interrupting ratings 

of the proposed 50-411 ACR which properly coordinate with each other and with their 

back up sub-stalioii 2$() S[\' ACR. So, proposals of these two AUR banks are jttstilied. 
63 

ACR at I'ole No. 56/1.56 

The total length of the main line including backbone is about Id. I S Km. As per REt) 

standard, for protection of the inai ii line it is recommend to install a 70-1, ACR on 

backbone pole no.56/L56 i.e. about 8.9 kin, apart from the 280 SEV sub-station ACR. At 

maximum fault level the proposed ACR is vell coordinated with the proposed sub-station 

i\CR 280 SEV. I .me current, niaxininm, and iii iniinuni kiti It currents at this node point arc 

33.75, 1 081 and 141 amps respectively, which is within the continuous and interrupting 

range of the 704. i\CR. 

i\CR at l'ole No. 5611 6OI I 

The length of the tap is approximately 8.0$ Kin. At I)reseilt there is no ACR for this tap. 

The line current or this tap is 4.70ainps and the iiiaxiinuiii limIt current at this node is 1043 

allll)s. So it is i'ecoiititietitl to install a new ,\('R hank of rating 35-41 I at this location. At 

max imnuni limIt level the proposed ACR is well coordinated v i th the proposed iVJ'R 70-L. 

Ihe line current is also within the continuous rating of the A('R. 1 he fault currents are 

vil Iii n I he imermplimi range o III mc ACR . So, rccomnmcll(Iat iou ol i uisial Ii hg a ncw ACR of' 

rating 35-II I at this tap is jnsti tied. 

4 
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+ ACR at Pole No. 5611,83/1 

The length of the tap is approximately 5. 19 Km. Al present there is no ACR for this tap. 

The We current of this tap is 5.48ainps and the maximum fi,ult current at this nodc is 899 

amps. So it is recommended to install a iic ACR hank of rat lug 35-411 at this location. 

At maximum limit lcvcl the proposed ACR is well coordinated with the proposed ACR 

70-L. The line current is also within the continuous rating of the ACR. The fault current 

is within the iniciTuption lange of the ACR. So, rcconiiiicndation of installing a new ACR 

of rating 35-411 at this lap isjtistihcd. 

6.12 i.cconnueiidations hr Feasible (Phase-!) Coordination 

The following recommendations are made for the system studied. 

It is proposed to use 280 - SI V or Microprocessor control ACR instead of I 00-R X 

and 225-RX lbr Sub-station Outgoing Feeders. 

Xl - X6 Sensor connection and "213 1  2G" Operation for 280-SlV ACR is 

recommended. ii microprocessor control ACR is installed line ACR should be set 

at single shot. 

1 25 F fuse is to be installed at sub-sta(ion incoming. 

The existing Plug and Vii) sctlinu of Grid Relay will not to be changed. 

6.13 I(csnlfs for Relay Cli ractetistic Select ion 

A tier satisfying the feasihi I iy conditions all the relays in the substation are coordinated 

graphically with the constraints of mininiuni coordination interval. the relay characteristic 

CUIVCS for optimal coordination of phase fault and gi'oiutid iiui it are shown in Figure 6.3(h), 

Figure 6.4(b), Figure 6.5(h) & Figure 6.6(i). 'I lie Proposed devices and curve settings are 

given in I lie following Fables. 

4 
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3 x 25-411 2Al2C 

3 x  50-111 

3 x 25-41! 

'V 

116 

The Proposed devices and curve seUi ngs 

a Table 6.1 FoCircuit-A of Topshidaiita S/S 

Pole iio. Existing A( R l'ruposc(l A( 'R l&eivarks 

Curve Setting  Size 

100- RX 

Curve Setting 
2,\ 12C  

Size 

Sub-Station 20-SlV 2 U I 2( ; To be replaced 

62/1 3 x 50-411 2AI 2C x So 411 2A-1 2C Remain unchanged 

75-86 3 x 50411 2A 42(' In be ICII1OVC(l 

90/I 3 x 5()-41I 2,\ 1 2C To he newly installed 

112 3 x  70-I. 2A 2C TO be ncwly installed 

213/RI 3 x25_4 II 2AF 2C lu be newly installed 

214 3 x  25-411 2A 2C lu he newly installed 

b) Table 6.2 For Circuit - B of Topsliidaiiga S/S 

Pole no. Existing  ACR Proposed ACR 

Size Ic!iY Setting 
- 

Size [curve ScUing 
Sub-Station I00-11 X 2A 1 2C i 28()-SIV 211 I 2( i 

139/I 3 x 7()j, 21\ I 2(' 

c) 'Fable 6.3 For Cit cull - C of Topshidanga S/S 

kelllarl¼s 

I o he ICl)IaCCd 

In he newly installed 

lu be newly installed 

In he newly installed 

ro he newly installed 

Fo be newly installed 

Fo he newly insta lled 

In he newly insta l led 

'V 

Pole No. lxisi lug ACI{ 
- 

 I'i'oposetlACR Rvniaiks 

Size (wcScUm (wvScttm 
2A I 2( - 

- 

18() SFV 2! 2( 225- RN In he t-placcd 

97/I 3 x70. I. 2A I2(' lo be icv I)' installed 

97/42/I 3 x 25-411 2i\ I 2C TO he newly installed 

9711 1 12/I 3 x 50-11 I ?,\ I 2(' lu be newly installed 

I l2110,1'1 x 25--I11 2A I 2U In be newly installed 
/13/28/I 

97'1 22.1 3 x  50-411 2A I 2( lu he ncv ly installed 

123 -. 

-- 

x 2 S-Il I 2,\ 1 2(' In he nevlv installed 
4 
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(I) i'ablc 6.4 For Cii cuil —1) of lopsli idanga S/S 

Pole No. Kxistitig A( 'l Propuce(l A( 'U Reiiiarks 

Curve Setting  Size Curve Setting Size 

S/S IOU RX 2A 12C 280-Sl\' 211 1 2(i To be replaced 

22/LI 3 X 701, 2A-F 2C To be newly installed 

3 'c' 50-4 I I 2A I  2C JO be rclnoVe(l 

56/1,55/I 3 X 50-41 I 2A I 2C To be newly installed 

56!1 55/80 3 X 25-411 2A 12C To be newl ins(alled 

561,56 3 X 70-I, 2,\ I 2C In be newly installed 

56.4,60!1 3 X 35-411 2A-;. 2C To be newly ins(alled 

56/1,83/I 3 X 35-411 2A 12C To be newly installed 

6.14 Rc'uireincn(s of L)evices for Pro1)ose(l I'roccf ion Scheme 

a) For Circuit - A of Topshid an ga S/S 

Table 6.5) List of ACR 

1 MUjAhuufiou ii Rqitiu.inud 

I 00-R)< I 280-SI V I 280-SIYv' 

70-L-= I x3 I 70.-I, - I x3 

50-411 '2 )< 3 I 50-411 2 X 3 

25-1I1I --'2X3 25-111 2X3 

Siiplis 
J 

I0O-RX = 
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1'able 6.6 List of Fuse for ('ircuit-e of Topshidangn S/S 

I'ole No. Existing Fuse 

type Nos 

Proposed Fuse 

Type Nos.  

Reniarks 

1/1 801 3 

1/17/I 401 3 

I/22/I 401 3 

9/1 801' 3 

32/1 80'I' 3 

47/1 651 1 

49/I 65'I' 3 

62/8/1 301 3 

62/38/I 25'l' 3 

62/38/17/1 15'I' 3 

62/40/1 251' 3 

62/57/1 251' 3 

62/58/1 251 3 

75/I SOT 

86/1 40'!' 3 

90/21/24/1 25'I' 3 

90/2 2 25'!' 3 

120/1 30'I' 

146/L1 30'!' 3 

213/1-I 201' 3 

2I3/1-7/1 12T 3 

213/R1I/I 15T 3 

2 13/RI 1/5/I lOt I 

213/R19/1 151 1 

247/1 I5'I' 3 

247/7/I 10'I' 
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b) For Circuit-B of Topshidauiga S/S 

'Fable 6.7 List of ACR 

Existing (lesice pose(l ACR ]iklitional Requirement Surplus Remarks 

100-RX I 280-SEV = I 280.-SIiV I 100-RX = 

70-I. 2 x  3 70-I. -- 2 x 3 

50-411=1 x3 50-411=1x3 

254I1 -4x3 25-411 -- 4x3  

Table 6.8 List of Fuses 

Pole No. Existing_1)evice Prol)ose(I Fuse Remarks 

Fype Nos lype Nos. 

22/I 80'1' 3 

111/RI 301' 3 

125/1 301' 3 

139/19/I 201' 3 

139/35/1 20'!' 3 

139/37/1 201' 3 

139/43/I 201' 3 

139/62 15'I 3 

139/84/1 121' 3 

144/I 251 3 

156/I 251' 3 

156/39/1 I5'I' 

157/I 25'I' 3 

170/I 25! 3 

I85/R12/L1 121 3 

I 85/R22 I ST 3 

204/1 20'I' 3 

210/23/I 151' 

210/39/I 15F 3 
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For Circuit- Ii ol 'Fopsliidanga S/S 
'I'aNe 6.8 List of' Fuses cou(d. 

Pole No. Existing I)cv ice Proposed luse Rcinai'ks 
Nos.  lype Nos lype 

217,1 201 3 

220/1 201 3 

220/19/1 121' 3 

232/I 201 3 

245/I 201 3 

245/12/I 12'l' 3 

245/20/1 1221 I 

266/I5/I 121' 3 

266/21/1 15T 3 

266/21/28/I 101' 3 

266/32/1 15T 3 

266/38A/I 15T 3 

c) For Circuit —C of Topsliidanga S/S 

Table 6.9 List of ACR 

Existing device ProposedtCR IA(ldi(iollal Requirement Surplus Remarks 

225-RX I 28()-SFV I  280-SNV I 225-RX I  

70-I. = I x  3 70-I. I x  3 

_____________ 
50-411 -2X3 50-411 -2x3  

25-411=3x3 2541I=3x3  

'Fable 6.10 List ot Fuses 

Pole No. 
-- 

Exislmg t)evicc Proposed Fuse 
lype j Nos lype Nos. 

Remarks 

9/R I 801' 

Il/I $01 3 

121 j $01 3  
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For Circuit —C of Iopshidanga S/S 
lable 6.10 List of Fuses Could. 

Pole No. sugjice !1!Fu Rci,iarks 

12/5/I 401 I 

I 2 / 1 0/I 40! 

27/I 65'!' 3 

82/1 401' 1 

97/26/1 25T 3 

97/26/29/I 151' 

97/26/29A/1 15'l' 

97/37/1 25'I' 3 

97/42/16/I 251' 

97/56/1 25'!' I 

97/64/1 251' 3 

97/105/1 20'!' 3 

97/105/12A/1 121' 3 

97/1 12/10!I4/14 151' 3 

97/122/22/1 15'l' 

97/122/45/1 101' 1 

97/138/I 151 3 

97/138/20/I 12'!' 1 

97/147/I 151' 3 

97/147/8/1 10'I' 

97/147/9/1 101' I 

97/149/I 151' 3 

(1) For Circui( - I) ol tOJ)Sh i(Ianga S/S 

!abIe 6.11 I isl of A( 'R 

__I9gvice l)PosC(I  eCR AdlitionalRequireinent Surplus 
- 

Remarks 

100-RX I 280-SlV = I 280-SNV I 100-411 I x 3 
70-I, = 2 x  3 70-I, - 2 X 3 

50-411 - I 3 50-411 I x 

35-411 2 x  3 35-411 2 x 3 

25-411 - I x3 25-411 1 x3 

,, 

If 
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(irciiit - 1) of F01)slI idiigi S/S 

Fable 6.12 List of Fuse 

I'ote No. Existing Device I'i'ipcd Fuse Icinarks 

_Nos _ 

6/I SOT 3 

(i/I I/I 40'!' 

22/RI 801 

221L15114/1 40]' 3 

40,'1 651' 3 

40119/I. I 'lOT 3 

40/19/RI 401' 3 

53A/1 50]' 3 

53A/2/1 30'!' 3 

56/LI8/1 401' 3 

56lI29!1 40T 3 

56!L42/1 30'I' 3 

56/1-55/5611 20'!' 3 

56/1,55/79/RI 15'I' 3 

56/1,55/79/It14/1 lOT 1 

5611,55179/1-1 IS]' 3 

5611,55/II2/1 12'!' 3 

56/L55113311 12'I' 3 

56/L55/133/211 8'!' 

56/1,60/55/I 151' 3 

56/1-60/62/1 IS'!' 3 

56/1-61/I 301' 3 

56/1-6I/20 21r 3 

56/1-76/RI 251' 3 

56/1,89/1-I 201' 3 
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6.15 Calculated Vol(age at the Farthest Fud 

Name Of 
Feeder 

1'olc No rnl)er \'ollage Drop 
From S/S AT II KY 

\ohtage 
(I 0 1:1) 

- 

1)1st once 
From S/S 

0 (:1 Rd.' FE - A S/S 

49 

230  

3.201 226.799 
_____ 

2.97 

75 5  225 4.94  

90  6.02 223.98 

222.239 

6.18  

 7.76 8.58 120 

9.24 220.76 10.78 

178 10.318  219.682  13.18 

213  11.221 218.779 15.9$ 

12.83 233 217.17 105$ 

247 13.003 
- 

216.997 20.58 
- 

247/41  13.467 216.533 23.86 

Name of 
Imler 

role No wher \'ol( age Drop 
From S/S AT II KY 

Volt age 

(1 ( ) I l) 

Distauice 

From S/S 

CIRCUIT - B S/S 0 230 0 

67 7.21 222.79 5.84 

III 11.56 218.44 9.3 

144 14.6.1 215.36 12 

185 17.9 212.1 15.36 

210 19056 210.44 17.36 

232 21.16 208.81 19.6 

266 22.51 207.49 22.32 

266/21 22.95 207.05 24 

266/21/28 23.18 206.82 24.6 

266.2 1/28/4 1 23.52 206.48 27.88 



124 

Calculated Voltage at the Earth est End 

Naiiic ut 

Feeder 

l'ule l'ninlcr -- \ol(age iJi op 

Iioiii S/S ,Vl ,  II lV 

\(llage 

(I 0 I 'F) 

230 

I)i:lnee 

From S/S 

() (IR(t I I F - S/S () 

52 5.12 2'l1.87 4.82 

97 8.196 221804 8.06 

97/26 1 0. I 54 219.816 I 0.11 

97/12 11.211 218.789 I lAo 

97/79 1 .1.033 215.967 I 5.5 

97/105 15.333 214.667 17.58 

97122 15.815 211.155 18.86 

97/122/45 I (p.922 2 I 3.07$ 22.46 

97/122/45/3 17.003 212.997 22.7 

97122/45/3/2 17.07) 212.928 22.94 

97/122/45/3/2 17.135 212.865 23.26 

97122;45/3/2/7/ I Ii'R9 17.27$ 212.722 24.86 

Naitie of 

Feeder 
Pole Number \olt age I )rop 

Fioti, S/S Al II KV 
Volt age 

(1 ( ) LI) 
I)ist a nec 

Fro,ii S/S 

CIRCI I I F - V s/s 0 230 0 

23 2.23 227.77 1.73 

53A 4.759 225.241 4.24 

56/1.16 0.007 223.993 5.76 

56/1-42 7.86 222.14 7.86 

561.60 8.752 221.2'-18 9.3 

56/1.83 915 220.55 11.14 

56/L83/3 9.51 220.19 11.38 

56/1-83/3/1..24 9.86 220.14 13.23 

56.1.83. 1.6.1 10.02.1 219.976 16.33 
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FigLlre6.8 (b) Voltage Drop profile of circuit-B 
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Figure 6.8(d) Voltnge Drop prof;lo of circuit D 
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6. I 7,\ n a lvs is of \'ol ta ge I) iop rro file 

6.1 7. I Basic COfl.s!(Iera (bus 

'I he volta.zc served 10 CtISIOI11CFS of (lie system is couis' crd to he cccptal!lc whui it is 

adequate for the pioper operation of conlR'cic(l liulils, iji:uuucs. ;'iud c11161,11will. Ytme 

1c\'CI study is 111cic1ure, essential in order to iiiain(aiui a stable and standaid voihic. lii 

OI(ICF to j)tO\i(IC a satislactoty ctistoiiici SCT\ICC \' llagr (he smic aUov sufficiclit 

sysleni voltage drop that will permit ccoiwiuupc ftcdeu lcuIti aunt load;n. 1 lie {'ullowiuig 

SCFVICC voltage rangc has been adopted by RIM II J. 

iHo',vab1c variation P11 ase to Nen hal 

Maxiinunu (105%) 241.5 Volts 

Noniinal (100 ,o 0/ 
' ) 230.0 Volts 

1\'linimuni ( 96.5 (Yo ) 221.9 Volts 

6.18 Existing Voltage J)rop at I)iflcjenl Fecders 

Voltage drop at di(Terent nodes as well as Iluuihest ends voltages of different lateral hues 
for Circuit j\ , 13. C and I) of 1opshidana S/S arc calcu.ulalcd. Results are sIuovui in article 
110.6.15. 

Circuit - A 

The unaxinium voltage (Irop of Circuit•i\ of this Sub-Station occurs at pole no.247/4 I and 

the magnitude of the drop is 13.467 volts on 230 volts base. But We allowable drop on 

primary line at 230-volt base is an only (,o)  volts. So, to iiuiprovc The line vol(aee it is 

essential to install a line voltau.c regulator. 

From the enclosed voltage (lrol) piolle of CiucuitA it is ol)scrved that flue couisunicrs of 

this circuit, beyond pole no. 120, sui tier by tinder voltagc. So, further loading of this 

circuit is to be restricted. ()thervis;e it ill cause to increase (lie l ine c ul at. hiclu will 

cause more voltage drop in the line. For reuuicdial iuicasure a line voltage regulator is 10 be 

installed as we have uecouiiuiuendcd. Iluus will iuiplove line voltage and will reduce system 

loss. 

.4 

41 
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Circuit - B 

The maxiniuni voltage drop of Circuit-B of this Sub-Station occurs at pole no. 

266/2 1/28/41 and the magnitudc of the drop is 23.52 volts oil 230 volts base. But the 

allowable drop on primary line at 230-volt base is an only 6.9 volts. So, to improve the 

line voltage it is essential to install a line voltage regulator. 

From the enclosed voltage drop pro fl Ic of Ci rcui t-13 it is observed that the consumers of 

this circuit, beyond pole no. 80, suffer by under voltage. So, further loading of (his circuit 

is to be restricted. Otherwise it will cause to increase the line current, which will cause 

more voltage drop in the line. For remedial measure a line voltage regulator is to be 

installed as we have recommended. This will improve line voltage and will reduce system 

loss. 

Circuit - C 

The maximum voltage drop of Circuit-C of this Sub-Station occurs at pole no. 

97/122/45/3/2/7/I l/R9 and the magnitude of the drop is 17.278 volts on 230 volts base. 

But (lie allowable drop oii primary line at 230-volt base is an only 6.9 volts. So, to 

improve (lie line voltage it is essential to iiistal I a line voltage regulator. 

From the enclosed voltage drop pwflle of Circuit-C it is observed that the constiiiicrs of 

this circuit, beyond pole no. 78, su f1rs by under voltage. So, further loading of this 

circuit is to be restricted. Otherwise it will cause to increase the line current, which will 

cause more voltage drop in the line. For remedial measure a line voltage regulator is to be 

installed (is we have recommended. This will iiiipwve line voltage and will teduce system 

loss. 

Circuit - D 

The maximum voltage drop of Circuit-D of this Sub-Station occurs at pole no. 

56/1.83/3/1,64 and (lie iiiagiiitude of' the drop is 10.024 volts on 230 volts base. I hit (lie 

allowable drop on primary line at 230-volt base is an only 6.9 volts. So, to improve the 

I inc voltage it is essential to install a line voltage regulator. 

From (lie enclosed voltage drop profile of C i rcuit-[) it is observed that (lie consumers of 

this Circuit, beyond pole no. 56/L29, sullen by uiider voltage. So, further loading of this 
.4 
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circuit is to be i-estricled. Otherwise It will cause to increase the line currcnt, which will 

cause more voltage drop iii the line. For rciiiedial measure a line voltage regulator is to be 

installed as we have recommended. This will improve line voltage and will reduce systeni 

loss. 

6.19 Recommendations for I mprovememit of Liiie Voltage 

Circuit - A 

Maximum voltage drop of this circuit occurs at pole no. 247/41, which is 13.467 volts and 

it, crosses allowable limit i.e. 6.9 volts at pole no. 106. It is therefore, recommend to install 

a line voltage regulator, preferably on pole no. 106 or at its close proximity depending on 

physical site conditions, which will raise line voltage to Sub-Station level i.e. 230 volts 

and will reduce system loss. 

S/S 4/0 90 106 120 

Figure 6.9 (a) Proposal of Voltage Regulator for Circuit-A 

C1rcuit-ll 

The voltage drop of Circuit-B crosses its allowable limit i.e. 6.9 volts at pole no. 60. So, 

the consumers beyond this pole su 11cr lromii voltage drop l)rohlcmll causing excessive 

system loss. Maximum voltage drop of this circuit is 23.52volts, which occurs at pole no. 

266/28/41. To overcome this voltage drop problem it is recommended to install a line 

voltage regulator at a close proximity of pole no. 60 depending on it's surrounding 

conditions. This will raise the line voltage to Sub-Station level i.e. 230volts (Base) and 

will reduce system loss. 

'4. 

I Al Ill iii 

S/S 1)0(1 60 67 4/0 

I igtire () (I)) Pmposal of 'voltage Regulator (or Circuit-B 
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Circuit - C 
The voltage drop of Circuit-C crosses its allowable limit i.e. 6.9 volts at pole no. 

85. So, the consumers beyond this pole suffer from voltage drop problem causing 

excessive system loss. Maximum voltage drop of this circuit is 17.278volts, which 

occurs at pole no. 97/122/45/3/2/7/I1 /R9. To overcome this voltage drop problem 

it is recommended to install a line voltage regulator at a close proximity of pole no. 

85 depending on it's surrounding coiiditions. This will raise the line voltage to 

Sub-Station level i.e. 230 volts (Base) and will reduce system loss. 
4 

S/S 4/0 52 85 97 

Figure 6.9(c) Proposal of Voltage Regulator for Circuit-C 

Circuit-I) 

The voltage drop of Circuit-D crosses its allowable limit i.e. 6.9 volts at pole no. 

56/L25. So, the consumers beyond this pole suffer from voltage drop problem 

causing excessive system loss. Maximum voltage drop of this circuit is 10.024 

volts, which occurs at pole no. 56/1.83/L64. To overcome this voltage (11-01) 

problem it is recommended to install a line voltage regulator at a close proximity 

of pole no. 56/1,25 depending on it's surrounding conditions. This will raise the 

line voltage to Sub-Station level i.e. 230 volts (Base) and will reduce system loss. 

S/S 4/0 56/1J6 5/L25 56/L42 

Figure 6.9(d) Proposal of Voltage Regulator for ('ircuit-D 



131 

6.20 Case Study-Il Baganchra 33/11 KV Sub-Station 

Baganchra 33/11 KV, 5  MVA sub-station olJcssore PBS-i has been constructed under the 

area coverage Rural Electrification Program. There are three single phase transformers 

of Capacity 1.667 MVA each with average 5.81 Percentage Impedance. 

The source side protective device of Baganchra 33/11 KV sub-station is a 160 \'WV ACR 

on the incoming 33 KV bus as shown in uigure 6.10. There are two out going 11 KV 

feeders, namely Circuit-A & Circuit-C. McGraw Edison recloser(s) 100-RX (coil rating 

100 amps) are used for protection against fault. All the ACRs are set for 2A+2C opcl-ation 

to lockout. 

6.21 Source for the Sub-Station 

Baganchra 33/11 KV sub-station receives P0\VC  from Jessore 132/33 KV grid sub-station 

of Power Development Board. It is connected with Jessore-Satkhii-a 33 KV feeder. The 

Grid has 2x40 MVA 132/33 KV transformers. Percentage impedances of these two 

transformers are 9.87 and 9.92 respectively. The transformers are connected in parallel. 

The 33 KV outgoing sides of the transformers arc protected with OCBs operated by Static 

Definite Time Relay. The 33 KV incoming feeder of the Baganchra 33/11 KV substation 

is also protected by100 E fuse when 160 VWV 33 KV ACR is bypassed. 

At present 3-1) and 1- fault level of.Jessore Grid Sub-station are 1416 MVA and 1090 

MVA respectively as of 2002 base. Based on this figure and other data the fault currents at 

different poilits have been calculated. The result sheets have been enclosed in article no. 

6.25. A single line diagram sho\ving the source line, Grid Sub-station arrangements, REB 

sub-station arrangements, three phase symmetrical fault level, single phase line to ground 

-41 fault level at every node is shown in ligure 6.10. 
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6.22 Single Line Diagram showing Fault Current From Grid S/S to Baganchra S/S 

SINGLE LINE DIPGRNV1 SHOWING FAULT CURRENT FROM GRID 
SUB-STATION TO REB SUB-STATION (EXISTING) 

KIUJI.NA IIIIN,\II)AIl 

LI LI 3-(1):11I MVA I I-cl' =1090 MVA EH 

10 
1' 

11 11 

132/33 KV(IV\ I )V33 KVf\ 
to MVA Y, II) MVA 
% Z 9.92"/  

I250A j I2'JA 
r9005 

) ) [1063 
Ncrccii;clly( I4(). .lFSSORI 33 KV 1311S 

E) 
[ o; 

. I 
r I 

T 

38 Km 
tiIttIir 

1 116 

11611 ... - 10 

(I 03 Kin 
(/4/0 I 1h) 

( 
Gl() 

& I 
160 VWV 38X 4 ) 125E 

FAULT AT 11 KV BUS fl73 = 5/\ 

FAULT AT 11 Ky BUS UAGANCI IRA 11 KV BUS 

[:  
[14Th. 

100 RX 100 1tx  

(10'
H H1  

- A (i. r . 
Load Current = 35.80 Load Current = 48 44 

An)l)s. 
An ps 

Figure 6.10 Single Line Diagram from Jessore Grid S/S to Baganchra S/S 
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4. 

SINGLE LINE DIAGRAM SHOWIN(; FAULI' CURRENT FROM GRID SUB-STATION 

REt) SUB-SIATION ( PROPOSED) 

KIIIJLNA JIJENAIDAIt  

6195 

U 3_ 1416 M\'A  
FAULT MVA(2002) 

, .IFSSORF 132 KV BUS 1-0= 1090 MVA 

32/33KV 32/33 K' 
40 MVA V 40 M\'A 
%Z=992 

I 251)A [] I 250A 1)_i 
Nouoallv CIosc ,.\ .TFSSURI .33 KV FIIJS  I HO(~312 

4 
:io o= 

[III11 > TO  SATKHIRA 

040 

04 
M 

n2468 

160 VWV38X 
'

2468 FAULT AT II KV  BUS ( <v 1---- 
(33 <V BASE) I rn - - MV - 

667 
FAULT AT ii KV BUS BAGANCHRA 11 KV BUS 

IOU RX 1110 RX 

(KT- A (KI - C 
Load Cu,rcol 35 80 Amps. 

1ad Cuoenl = 3844 AmpS 

Fig. 6.11 Single Line Diagram from Baganchra S/S for proposed arrangement 
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6.23 Information of 33 KV Source Feeder For REB Sub-Station 

01. Name of PBS : Jessore PBS-I 

02. Name of REB Sub-Station : Baganchra 

03. Name of PDB Grid Sub-Station Jessore ( Chanchara) 

04. Capacity of Grid Sub-Station : 2 x 40 MVA 

05. Maximum Demand of Grid S/S : 70 MW 

06. Connection Type of Transformer : Delta-Wye 

07. Operational Connection : Parallel 

08. Percentage Impedance of Grid 
Transformer 
a) Ti : 9.92% 
a) T2 : 9.87% 

09. Fault Level of Grid Sub-Station 
(2002 Base Case) 

3-Phase Symmetrical 1416 MVA 
i-Phase 1090 MVA 

10. Max. Demand of Source Feeder ( So Far) : 9 MW 

ii. Breaker Information for Source Feeder 

Type : OCB 
Rating 1250 AMP. 

12. Relay Information for Source Feeder 
Type JS J72 61-3B/CC 
Manufacturer : SIEMENS 
Characteristics : Static Definite time 

13. Relay Settings 

0/C Setting Instantaneous Setting 
TRIP Amps T.D Inst. Amps T.D 
JJ(BasicSetting ) 

J4O0(.81+O ...... ) 360 

t=.8+.2+.1 

ts=1 .1 

800 0.20 

E/F Setting  Instantaneous Setting 
TRIP Amps T.D Inst. Amps T.D 

JJ(BasicSetting . . . . ) 

J=400(.8+0+0+ . . .)= 320 

t=.8+.2+.1 

.1 

640 0.20 

14. C.T Ratio of 33 KV Source Feeder 400/5 
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6.24 Information of 33/11 KV REB (Baganchra) Sub-Station 

Name of REB Sub-Station : Baganchra 

Capacity of Sub-Station : 3 X 1.667 MVA 

Max. Demand of Sub-station : 2.57 MW 
(So far) 

Percentage Impedance of Transformer : 5.81% (Average) 

33 KV Recloser 

Existing Proposed 

Type 160 VWV 38X 161 VWV 38X 

Manufacturer Coopers Coopers 
Rating 160 Amps. 160 Amps. 
Mm. Phase Trip Ampere 320 320 
Curve Setting (Phase) 2A+2C 1A 
Curve Setting( Ground) 1(1-2) 1(1-2) 
Mm. Ground Trip 110 Amps. 110 Amps. 

Power Fuse 

Existing Proposed 
Type E E 
Characteristics Standard Speed Standard Speed 
Rating 125 100 

Bus Bur ACR : Nil 

Feeder Outgoing Recloser 

Feeder- A Feeder- C 

Existing Proposed Existing Proposed 
Feeder Peak Amp 35.80 48.44 
Type RX RX RX RX 
Manufacturer McGraw McGraw McGraw McGraw 
Rating 100 100 100 100 
Phase Trip Ampere 200 200 200 200 
Curve Setting (Phase) 2A+2C 2A+2C 2A+20 2A+20 
Curve Setting( Ground) 2(1-2)+2(2) 2(1-21)+2(2) 2(1-2)+2(2) 2(1-21)+2(2) 
Mm. Ground Trip amp 63.5 1 63.5 63.5 1 63.5 
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09. Conductor Size & E.ctiglh From Grid S/S To RER S/S : MERLIN 38.00 Km. & 114/0 ACSR 0.03 Km. 
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6.25Fault LevJ Calculation from Grid s/s to 3311 KVBaanchra S/S. 

136 FAULTLEJ7EL ATSOURCE SIDE 
PROJECT : Rural Distribution System 
SUBSTATION : Baganchra 
FEEDER : Feeder 2 

GRID SUBSTATION : Jessore 
BASE MVA : 100 MVA 
FAULT LEVEL : 1416 

DATE: 15/03/2002 

132 KV LEVEL 33 I-tV LE\'EL 

1 PU = 132 KV I PU = 33 KV 
I PU=437.4 AMPS I PU= 1749.6 AMPS 
I PU= 174.24 OHMS I PU= 10.890 OHMS 

1 KV LEVEL 

IPU=II KV 12=Ib!ZI 
I PU = 5248.6 AMPS  
I PU,  =1.2IOOHMS Zt=2Z1-Zo 

SECTION DESCRIPTION M\A OR 
E\TH 

PU ZI!KM 
R+X 

SECTION PU ZI 
RX 

ACCUMULATED PU ZotKM 
Z!R - X Rc-Xo 

SECTION PU Zo ACCUMULATED 
RoiXo Zo=R- jXo 

132 KV BUS 0 +j0.0706 (I- f  0.0706 0 +10 0 -JO 

1-2 132!33 Ky S/S 
TNSFOR\1ER 

T-1 40 

T-2 40 

T-3  

0 +j0.1237 0 +10.1943 0 +jo.I051 0 j0.I05l 

2-3 33 KVT/L 38KM 
MERLTh 33 KV 

0.189j0.33899.6612 +11 .1818 0.6612 j1.3761 0.45+j 1.5 1.5694 +15.2326 1.5694 ±j5.3377 

3-4 33 KV TfL 0.03 KM 0.352+) 0.4009 0.001 j0.01011 0.6622 -1 1.3772  .7207--j 1.198 0.002 +10.0033 1.5714 j5.341 

4-5 
33/11 KV S/S 
TR&NSFORMER 

T-1 5 
T-2 
1-3 

0 +11 .162 0.6622 -j2.5392 0 +11.1 62 0 -j1.l62 

PUZt I-3P I 1_LG 
-. Xt SYM -IMAX 

0- jO.I412 6195 - 

0-10.4937 9005 10632 

2.8918+18.0899 1146 611 

2.8958+j8.0954 1145 610 

1.3244+j6.2404 2000 2468 

I1KJ'BUSFAULTRFLECTEDAT33KV 667 475 
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VOlTAGE DROP. FAuLT .ovoi. hUl) SE':TIOH CURRENT 

PRflJECT IESSORE )[1S- I SYSTER DES ION : 20 XlI/CUST/I4O1!TII 

SURSTAT loll I1AGMlCIIRA AUTHOR S K 0 

CIRCUIT A DATE : 15.01.02 

S ECT ID)) LI lIE SECT ID)) 

----------------------------------------------------------------------------------------------------------------------------------- 

FAULT AMPS TOTAL I) I ST. 1,1 NE lY0 
.............. VOLT FROM AMPS FOR 

S End - LEnd WIRE I'IllSE I.F.11011 IlEDAIlI) VI)L CIIRWIT I IP 146, 1-1(1 1)000 S/S 1.0 I 

5110 KNs I N KO! l'E'') I TIDE Max Uiri TIMES IJlIF 

II gO-lIDS 211,00 2468 156 0.000 0.00 - 

ni's I 4/0 3 1.26 16.10 8,610 0.91 1677 1793 154 0.610 1.26 35,80 - 

2 4/0 1 0.62 4.22 0,200 0.25 1551 1515 15) 0.870 1.08 21.03 - 

2 3 3 3 0.91 14.8) 0.710 4.36 1277 1211 148 1.610 2.19 20.24 - 

3 4 3 3 1.00 16.51 0.065 2./2 1046 956 143 1.615 3.7) 2.12 - 

5 1 1 0.22 0,00 0.111 (1.110 1220 1150 Ill 1.741 3.01 13.11 

5 6 3 3 1.22 105 .4 1 0.467 6.15 10) 615 IN 2,204 6.23 6.15 

1 1 3 2.60 4),q7 0.61 2.45 76q 678 135 2.420 5.61 7.01 

1 8 3 3 1.72 10.18 0.026 063 609 528 128 2.446 7.13 0.63 

7 9 3 3 0.41 0,00 0.011 0.00 124 615 II) 2.49.7 6.02 3,93 - 

0 10 1 1 2.34 17.54 0.051 1.01 5411 466 124 2.550 8.16 1,02 - 

(1 II 3 3 2.90 11.54 0.376 1.02 504 434 122 2.819 9.00 2 0 ) - 

II 12 3 1 1.59 11.20 0.025 LOS 43) 111 116 2.844 10.59 9.65 - 

II 13 3 3 0.11 4.22 0,016 0.25 470 40.1 110 2.855 0,71 1.21 - 

II 14 3 3 1.75 12.61 0.010 0.14 401 31) 114 2.885 11.46 0.74 - 

I) 15 3 3 1.51 4.22 0.1)00 (1.25 400 350 114 2.814 11.24 0.25 - 

2 16 410 3 2.10 0.36 0.0)2 0.55 1162 1025 111 0.882 4.58 11.55 

Ii 4/1/ 3 1.12 0.00 0.226 0.00 1461 1414 152 0.896 2.38 13.83 - 

Ii 1$ 1 3 (1.55 1.15 0.1)1)3 11.1)) 1305 1236 149 0.099 2.9) 0.2(1 - 

Ii 1 1  3 3 11.26 4.21 0.001 0.25 1185 1335 1511 0.097 2.64 0.25 

ii 20 4/0 3 0.59 4,22 0.1)4 11.25 1361 1296 15) 1.011) 2.01 I 1.38 - 

20 21 3 I 0.37 2.16 0.001 0.18 ILA 1181 149 1.0)6 3.34 0.48 

20 22 1/11 3 0.28 5.31 0.052 ILl) 1121 1240 150 1.062 1.25 12.99 

22 21 4/0 3 1.12 0.11 0.113 ()40 1185 1054 148 IllS 1.11 7.22 - 

2) 24 1 1 1.32 16.16 (1,110 11.98 941 RH 141 1.495 5.69 6.02 

24 25 3 3 0,90 13.71 9,11)8 0.40 8)11 696 131 1.513 6.59 0.30 - 

24 26 3 1 0.96 15.26 0.61 0.39 Oil 681 Iii 1.658 6.65 4 .2 4 - 

26 21 1 3 011 29.23 1)03 0  1.111 106 596 ill 1.691 7.62 1.10 - 

26 18 3 1 1.14 28.28 1.046 1.65 690 582 112 1.104 1.10 1.65 - 

21 29 4/0 1 0.62 6,44 0,041 0.39 1118 97.1 141 1.178 4.99 0.71 

29 30 3 I 0.86 1.90 0.0)9 4.31 ll.A 826 Ill 1.18$ 5.85 Ii.).) H 

22 II 4/0 3 010 8.44 0.1)15 0.4) 1201 1014 1411 1.1)7 4,2) 5.45 - 

II 12 1 1 0.84 6.98 0.009 0.4) 1015 902 114 1.146 5.1)7 0.11 

11 31 4/0 3 0.12 2.34 0.010 0.11 1122 978 II? 1.105 4.05 4.55 - 

11 14 .7 1 0.12 1.90 0.000 0.)) 1100 955 146 1.185 5.07 0.1' - 
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PROJECT JESSORE P8S-I SYSIF.)) DES 1011 20 KlI/CUSi/J4OlITH 

SIJRSIATION : RAGANC1IRA AUTHOR : SKD 

CIRCUIT : A DATE : 13.03.02 

SECT 1011 I. IHE SECT 1011 PAULI MIPS TOTAl, 9181 1.11W RYII 
- - - - VOl.1 FROM AMPS FOR 

• nd - 1. End SIRE PHASE I.EIIUTII WI) VOLT IlliPRElIF I -3P I -1.6 I -LU DROP S/S 1.0 I -Fl) 

SIZE KHs Ill KW l)ROP I uHF Han fln TIMES HOE 

.13 
35  3 3 042 568 0001 911 1045 1)01 145 1188 517 033 

31 36 4/0 3 0.81 4.22 0.041 0.25 1045 889 145 1.231 3.16 .1.91 - 

36 37 3 3 0.12 6.0.1 0.001 0.33 993 838 144 1,235 6.08 0.35 - 

36 38 4/0 .1 0.6) 0.00 0.112 0.09 992 829 144 1.264 6.31 .1.38 - 

.311 39 3 3 0.32 4.22 0,002 11.25 944 785 142 1.266 6.71 025 - 

30 411 4/0 3 0.12 0.00 0.031 0 01) 931 110 143 1.298 1.11 313 - 

40 41 3 3 068 5.68 0.006 0.31 848 691 119 1.304 1.79 0.33 - 

40 42 4/11 3 1.65 0.00 0,010 11.00 VII 663 140 1.368 8.76 2.80 - 

42 43 3 3 3.01 11.20 0.049 11.65 570 454 121 1.417 11.85 0.65 - 

42 44 4/0 3 3.21 1.11 0.104 006 680 520 134 1.42 12.00 2.13 - 

44 45 3 3 11,15 8.25 0.009 11.18 626 479 131 1.481 12.75 0.40 - 

44 46 4/0 3 8.36 0.0)) 0.009 0.00 666 501 II) 1.481 12.36 1.611 - 

46 41 3 3 2.28 25.96 0.90) 1.51 325 403 124 1.562 14.64 1.51 - 

46 48 4/0 3 0.90 1.46 9.901 9.()9 635 419 132 1.4112 13.26 0,1)9 - 
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l'E(}JErl JESSORE 188- I S YSTEN DES 1!I 10 Kl) /CUST/NOI)T II 
SUBSIAT loll RAUA1ICI)RA AUTHOR SKo 
CIRCUIT C DATE 15.03.02 

SECTION LINE SECTION 

---------------------------------------------------------------------------------------------------------------------------------- 

FAULT AWlS TOTAl, 0151. LINE RIO 
VOLT PROD AWlS FOR 

S End - I..End FIRE lOOSE LEliflhlI DENADI) VOLT CIIRRENI I -II' i-ir I 'L(; DROP S/S I .0 I Ill 
SI2E KH IN XV I)Rif I 1)81 Wan Kin TINES 1,11111 

II KVI1tIS 2000 2468 156 0.000 0.00 - 

005 I 4/0 3 0,58 4.22 3,131 11.25 1836 2101 155 11,437 0.59 40.44 - 

I 2 3 1 11.20 5.15 0.002 13.30 1719 1886 154 0.4)9 11.01 0.30 - 

3 4/0 3 0.59 I.6 11,1)) 0,0') 1694 1825 154 0.810 ItS 41.89 - 

4 3 3 1.55 25.211 11,1154 1,41 1200 IllS 116 0.924 2.11 1.47 - 

•1 5 4/0 3 0.21 1)00 0.146 0.00 1132 1111 1 53 1 .076 1.41 16.14 - 

5 6 1 3 11.51 8,44 0.1101 0.19 1119 1449 151 1.081 2.01 0,49 
1 4/0 3 0,16 4.22 0.25? 0.25 1560 1581 1S) I .328 1.81 15.84 - 

I Il 3 I o.20 2.16 01101 8.48 11.0 1464 151 1.332 2.11 0.48 K 
1 9 4/0 3 8.29 0.00 8.211 2 1,4)) 1507 1504 152 I .530 2.12 45.11 - 

9 10 3 1 0.27 4.22 0,1102 0.15 1421 139) 1S1 1.532 2.39 015 
8 II 4/0 3 0.31 6.56 1)214 0.18 453 1121 152 1.144 2.4) 14.81 - 

II 12 .1 3 2.12 42.16 0.119 2.46 9213 825 110 1.871 1.75 2.46 
II Ii 4/0 3 0.89 19,11 0.510 1.14 III? 1226 1 511 2.111 1.32 12,1)3 

3 II 3 3 2.15 50,12 0.119 qh 8112 777 138 2.462 5.47 2.96 - 

I) 15 4/0 3 0.23 0.00 0.135 IL0)' 1286 1184 149 2.449 3.55 31.91 - 

15 16 1 3 11.19 0.41 0.008 0.48 1109 8811 145 2.450 4.14 0.49 - 

15 Ii 4/0 1 0.45 0,01) 0.260 001) 1228 11119 149 2.1119 4.00 31.44 - 

Il 18 3 3 2.12 33, 9 8 11.0'" I.°8 85) 712 138 2.008 6.12 1.98 - 

Il 19 1 1 0.13 4.22 4.0)0 1)25 1126 '199 146 2.712 4.48 0.25 - 

Ii 20 4/)) 3 1.06 10.49 0,571 (1.61 1111 965 Ill 3.280 5.06 35.21 - 

20 21 1 1 0.1) 1.22 (1.5(1 11.25 8111 441 III 3 .84 1 5.77 17.55 
21 22 3 1 1.91 77.11 0.201 4.53 112 612 1)4 4.018 1.14 4.5) 
2! 21 3 1 2.08 01.913 0.111 1,18 721 61)1 114 4.015 7.85 12.70 - 

21 :21 3 1 2.13)) 32,14 11.1306 1,91 517 4111 12) 5.101 10.65 13.00 - 

24 25 1 3 2.72 28.30 0.106 1.66 401 334 114 5.8117 13.17 1 .66 - 

24 :26 3 3 1.62 6.88 0.811 0.11 442 361 III 5.117 12.21 Oil - 

21 27 3 3 I .6)) 24.29 0241) (.42 443 368 Ill 5.941 12.25 4.01 - 

21 28 3 7 1.51 5.80 0,1114 11,35 390 324 112 5.855 13,77 0.35 - 

21 29 3 .1 1.20 38.76 13.063 2.26 400 312 III 6,004 11.45 2.26 - 

2)1 30 4/0 3 0.86 10.69 0.222 8.62 1031 013 145 3.502 5.92 17.05 - 

1" ii .1 3 0.11 12.49 13.002 11.11 11110 052 144 3.504 6.05 0.13 - 

19 32 4/0 3 1.09 10.18 8,258 0.63 911 713 143 3.161 7.01 15.68 - 

12 33 3 3 0.37 111.26 11,005 0.61) 094 713 III 3.166 1.38 1)(i1) - 

32 34 4/0 3 2.03 43,93 0.415 2.56 016 641 119 4.116 9.04 14.41 - 

-ç 
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PROEC1 JESSORE PBS-I 
SIJRSTAT ION BMJANCURA 
CIRCUIT : C 

SYSTEN DESIGN 20 KII/CUST/NOtITII 

AUTHOR :SKD 
DATE 15.03.02 

SECTION LINE SECTION FAULT AMPS TOTAL 01ST. LIIIE RYR 
- VOLT FROM AMPS lOP 

S .End - LEnd VIRF PHASE LENGTII DEMAND VOLT c;RRENi I -31' I -LG 1-IG DROP S/S 1.0 I -ru 

S 1E KMs III KW DYOI' I TIME, Max Ni n TiMES I. IPIE 

34 33 3 3 1,92 23.18 0,011 1.64 641 308 111 4.230 10,4 6 1.64 - 

34 36 4/0 3 1.42 61.33 0.191 3.58 144 519 137 4.363 10.46 10.26 - 

36 31 3 3 1.12 21.67 9.233 1.26 652 501 132 4.616 11.58 5.59 - 

37 38 3 3 1.81 30.19 0.123 2.96 533 419 125 4.141 13.40 2.96 - 

37 39 3 3 0.86 23.45 0.1)29 1.31 592 462 123 4.644 12.44 1.31 - 

36 :40 4/0 3 .1.30 18.10 0.1129 I.Qq 618 463 III 1.192 13.16 1.119 

4- 
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6.27 ACR Scheme of Baganchra S/S. 

ACE SCHEME OF BAGANCHEA SUB-STATION 

-4 

33KV INCOMING )j 
IcOflK 

Ir 

1 1 

CKT.A 

I £01 II 

OCR 

.4- 
--O CUORCIT 

Figure 6.12 ACR Scheme of Baganchra Sub-Station 

6.28.1 Study of Existing coordination and proposed modification of Baganchra S/S \\'itli 

.Jessore Grid 

PBS sub-station has 160 VWV ACR and I 25E fuse at its incoming. The fuse is connected 

in parallel with the ACR but normally opened and conies into operation when ACR is by-

passed for maintenance or any other purpose. The 11 KV outgoing feeders A and C are 

pro1cctcd with I 0O-RX ACR. The sub-station has back up protection at PDI3 Jcssorc Grid 

sub-station with OCB operated by iS ii 72 ( I -313/CC. SIEMENS, Static Definite 'I'inic 

Relay. 
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6.28.2 l'liase Fault at 11.1' Side of the X- Former 

From the existing lCC (Figure 6. 13a) i t i s observed that for niaxinium 30 fault at lIT side 

of the transformer, the 160 VWV (setting 2A) goes into operation before tripping Grid 

over current relay hut before going lockout i.e. before operation of 160 VWV (setting 2C) 

1'DB Grid over current relay goes into operation, which is not desired. So, it is proposed to 

Operate 160 VWV ACR by curve IA (single shot). From the TCC of proposed setting 

shown in Figure 6. 13b it is observed that 160 VWV ACR trips before tripping Grid over 

current relay, in case of failure of 160 VWV ACR, PDI3 over current relay will take care 

and protect power transformer. Transformer damage curve remains at the lop. So, 

coordination is achieved. 

From the existing TCC when 160 VWV ACR is by-passed and 125E power fuse is taken 

into consideration (Figure 6.13c) it is seen that for a maximum 30 fault at I-li' side of the 

transformer, the 125E fuse melting and the Grid over current relay tripping OCCUF 

simultaneously, which is not desired. II is also seen from transformer damage curve and 

TCC curve of 125E litse that i I' the fault current is below 300 amps, transformer may 

damage before melting 125F fuse. From the comparative study of TCC of 125F fuse, 

l00E fuse and transformer damage curve it is observed that the TCC of 125E fuse is muh c 

closer to transformer damage curve than that of I (JOE fuse. So, it is proposed to replace 

existing 125E (standard speed) Fuse by l00E (standard speed) fuse. From the TCC of 

proposed setting (Figure 6.13d) it is seen that (luring fault powertransformer will be saved 

by 100E fuse and also by grid over current relay. 

6.28.3 Ground Fault at 11F Side of 3311 1 KV X-Fonner 

From existing and proposed TCC (Figure 6.14a & Figure 6.141)) it is observed that at the 

event of a ground fault condition the 160 VWV ACR goes into operation to isolate the 

fault quickly (the 125 F fuse is by-passed ) l)eforc grid earth fault relay. In case of failure 

of 160 VWV ACR the grid earth fault relay will take care by tripping OCB and saves 

transformer life. 'Ihus the coordination is achieved. 

Again From the existing TCC when 160 VWV ACR is by-passed and 125E power fuse is 

taken into consideration (Figure 6.14c) it is seen that for a ground fault at I II side of the 

transformer, the 125E' fuse melting and the Grid earth fault relay tripping occur 

simultaneously, which is not desired. It is also seen from transformer damage curve and 
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TCC curve of 125E fuse that if the limIt currcnt is below 300 amps, transformer may 

damage belorc niching 1 25 F. Rise. l'roni the comparative study of TCC of I 25 F Rise, 

1 0013 fuse and I ansfurmer damage curve it is observed that the TCC of I 25E fuse is much 

closer to transformer damage curve than that of IOOE fuse. So, it is proposed to rcplace 

existing 125E (standard speed) fuse by I 00E (standard speed) fuse. From the TCC of 

j)rOpOSCd setting (Figure 6. 14d) it is seen that (luring fault power transformcr will be saved 

by 10013 fuse and also by grid earth fault relay. Transformer damage curve remains at the 

top. So, the coordination is achieved. For ground fault the proposed 33 KV ACR is to be 

set for single operation for lock out. 

6.28.4 Phase Fault at 11 KY (L.T.) Side of the X-Formcr 

From the TCC of the existing system (Figure 6.15a & 6. 1 5c) it is observed that for any 

fault on REB 11 KV line i.e. at II KV (LI') side of the 33/I I KV transformer the existing 

100-RX sub-station outgoing ACR (setting 2A+2C) goes into operation before tripping 

160 VWV ACR or before melting of the 125 F fuse and tripping of grid over current relay 

and if the fault is not cleared during three operations the 11 KV ACR will lockout betbre 

tripping 160 VWV ACR or melting of the 125 F fuse and tripping of the grid over 

current relay. But for a fault below 300 amps, transformer may damage before melting 

125E fuse. So, it is proposed to replace existing 125E (standard speed) fuse by IOOE 

(standard speed) fuse. For better coordination it is recommended to operate 160 VWV 

ACR by curve I A (single shot). From the TCC of the proposed arrangement (Figure 6.151) 

& Figure 6.1 Sd) it is observed that for permanent fault condition the 11 KV ACR (1 00-

RX) will lirst take care of the fault and will lock out before the operation of the 

33 KV ACR or 100E fuse and incase of the failure of the 100- RX ACR the 33 KV 

VWV ACR will operate or 100E fuse will melt before operation of the grid over 

current relay. So, coordination between the I 11KV ACR,33 KV ACR, 100 E fuse and 

grid over current relay is achieved. Coordination between sub-station IOORX ACR and 

down stream ACRs is shown in Figure 6.15c where as ACRs-Fuse coordination are shown 

in Figures 6.15f to Figure 6.15i. 
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6.29 Justification of PrOpOSe(l ACR 

Circuit - A 

ACR at Sub-Station Outgoing 

Previously installed 100 RX ACR at the Sub-Station outgoing need no changing. 

Bccausc the maximum and minimum fault currents of the sub-station out going are 2468 

amps and 156 amps respectively and fee(Ier current is 35.80 amps which arc within the 

rated range of the 100 RX ACR. It is therefore, recommended to keel)  the existing 100 

RX ACR at the sub-station out going. 

ACR at Pole No. 20/1 

The length of the tap is 9.98 km. At present there is no ACR for this tap. The line current 

of this tap is 2 1 .03amps and the maximum and minimum fault currents at this node are 

1793 amps and 1 54 amps respectively. So, it is recommended to install a new ACR of 

rating 70-L at pole no.20/1.  At maximum fault current this ACR maintains good 

coordination with the sub-station ACR (I 00 RX). So the proposed 70-L ACR is suitable 

for continuous line current as well as max iiuum and minimum fault curi-ents. 

ACR at Pole  No. 42/1 

The length of the tap is 4.54 km. At present there is no ACR for this tap. The line current 

of this tap is 7 .22amps and the iii ax i Ill LI Ill and 111 i iii iii urn fault currents at this node arc 

1327 amps and 150 amps respectively. So, it is recomiuciidcd to install a new ACR of 

rating 50-411 at pole no. 42/1 At maximum fault current this ACR maintains good 

coordination with the 5U1)-statioll ACR (1 00 RX). So the proposed 50-41-1 ACR is suitable 

for continuous line current as well as maximum and nuinimuin fault currents. 

ACR at Pole No. 86 

The total length of the main line is about 13.26 Km. As per REB standard ACRs are to be 

installed at a distance of 6 to 8 Kim apart in main I inc. So, it is recommended to install a 

35-411 ACR on pole no.$() i.e. about 7.1 I km. apart 11D111 the sub-station. The line current 

at this node is only 2.80 amps and the maximum and minimum fault currents at this node 

are 937amps and I 43amps respectively. At maximum fault current this ACR maintains 

good coordination with the sub-station ACR (100 RX). So the proposed 35-411 ACR is 

suitable for continuous line current as 'cll ZIS maximum and minimum fault currents. 
-1 
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Circuit - C 

ACR at Sub-Station Outgoing 

Previously installed 100 RX ACR at the Sub-Station outgoing need no changing. Because 

the maximum and minimum fault levels of the sub-station out going are 2468 amps and 

156 amps respectively and feeder current is 48.44 amps, which are within the rated range 

of the 100 RX ACR. It is therefore, recommended to keep the existing 100 RX ACR at 

the sub-station out going. 

ACR at Pole No. 70/1 

The length of the tap is 8.39 km. At present there is no ACR for this tap. The line current 

of this tap is 17.55 amps and the maximum and minimum fault currents at this node 

are 1111 amps and 147 amps respectively. So, it is recommend installing a new ACR of 

rating 35-411 at pole no. 70/1 . At maximum fault current this ACR maintains good 

coordination with the sub-station ACR (100 RX). So the proposed 35-41-I ACR is suitable 

for continuous line current as well as maximum and minimum fault currents. 

ACR at Pole No. 91 

The total length of the main line is about 13.76 Km. As per REB standard ACRs arc to be 

installed at a distance of 6 to 8 Kin, apart in main line. So, it is recoin mended 

to iiislal I 35-411 ACR on pole no. 91 i.e. about 7.01 km. apart from the sub-station. The 

line current at this node is only 14.47 amps and the maximum and minimum fault currents 

at this node are 944amps and 143amps respectively. At maximum fault current this ACR 

maintains good coordination with the sub-station ACR (100 RX). So the proposed 35-411 

ACR is suitable (or continuous line current as well as maximum and minillium liwlt 

currents. 

I 
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6.30 Recommendations for Feasible (Phase-I) Coordination 

The following reconiiiiendations are made for the system studicd. 

33 KV ACR. (160 VWV 38X) is to be set lhr 1(A) curve for phase fault at H .T. side 

of the lransIbrmer and for ground fault 1(1-2) curve is to be used. 

For phase fault at the L.T. side of the transformer 11 KV (100 RX) is to be set for 

2A+2C curve for lock out and for ground fault to be set for 2(1-2) ±2(2) curve for 

lock out. 

Existing 125 E (standard speed) fuses are to be replaced byl0O E (standard speed) 

fuses. 

6.31 Results for Relay CLIrVe Setting 

After satisfying the feasi b i Ii ty conditions all the relays in the substation are coordinate(1 

graphically with the constraints of minimum coordination interval. The relay characteristic 

curves for optimal coordination of phase fault and ground fault are shown in Figure 

6.13(b), 6.13(d), 6.14(E)), 6. 14(d),6. 15(b) & 6. 15(d). 

The Prol)osed devices and curve settings are given in the following Table 

For Circuit. - A 

Table 6.13 List of ACR 
Pole iio. Existing ACR 1 Proposed ACR Remarks 

Curve Setting  Size Curve Setting Size 

Stth-Slation 100-RX 2A I 2(' I00-RX 2A i 2C Remain unchanged 

20/1 3 X 70-L 2A+2C To be newly installed 

42/1 3 X 50-411 2A+2C To be newly installed 

86 3 X 35-411 2A 2C To be newly installed 

41 

I 
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b) For Circuit-C 

lahle 6.14 List of ACR 

1'ole no. Existing ACR Proposed ACR Remarks 

I Curve Sctting  Size Curve Scifing Size 

Sub-Station I 00-RX I 00-RX Remain unchanged 

70/1 3 X 35-411 To be newly installed 

91 3 X 35-411 To be neii installed 

6.32 Requirement of Devices for Proposed Coordination Scheme 

List of i\CR & I'rolective l)evices 

a) For Circuit. - A 

lahle 6.15 List of ACR 

Existing device Proposed ACR A(lditional Requirement Surplus Remarks 

I 00-RX - I I 00-RX 

70-L = 1 X 3 70-L = I X 3 

5041-1 = I X 3 50-411 = I X 3 

35-411 --  1 X 3 35-411 1 X 3 

Circuit. -A 

Table 6.16 List of Fuse 

1'ole No. Existing Device Proposed Fuse Remarks 
lype I Nos. Type I Nos.  

20/7/I OA/1.I 301 3 To be newly installed 

20/7/12A/l 30T 3 To be newly installed 

20/7/42/RI 20T 3 To be newly installed 

20/7/46/I 20T 3 To be newly installed 

20/7/85/I I ST 3 To be newly installed 

20/7/93/I 15T 3 To be newly installed 

20/8 40T 3 To be newly installed 

34/RI 401' 3 To be newly installed 
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Circuit. -A 

Table 6.16 Contd. List of Fuse 

Pole No. lxis1ing I)ev ice  Pr posed Fuse  Remarks 
Nos.  1y1c Nos. lyj)e 

34/1.1 40'I' 3 TO be new lv installed 

40/1 40'l' I To be new lv installed 

42/8/18/Li 251' 3 To be newly installed 

42/8/33/1-,I 25T 3 To be newly installed 

42/13/1 30T 3 To be newly installed 

53/1 301' 3 To be newly installed 

61/RI 30T 3 To be newly installed 

61/Li 30T 3 To be newly installed 

70/1 251' 3 TO be newly installed 

77/I 25'1' 3 To be newly installed 

85/1 25'l' 3 To be newly installed 

I 05/I 20T 3 To be newly installed 

146/1 151' 3 To be newly installed 

150/1 I 51' 3 3 To be newly installed 

b) For Circuit - C 

ial)le 6.17 I 'ist of iCR 

Existing (levice I'roposed ACR Additional Requirement Surplus Retiiarks 

100-RX 100-RX 35-411 = 2 X 3 

3 X 35-411 

3 X 35-411 
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Circuit - C of Bagaticlira S/S 

table 6.18 List of Fuse 

Pole No. Existing Device Proposed Fuse Remarks 

Nos.  type Nos. type 

22/I 651 3 To be newly installed 

29/1 50T 3 To be newly installed 

32/1 501' 3 10 be newly installed 

36/1 50'I' I To be newly installed 

38/1 401' 3 To be newly installed 

43/1 40T 3 To be newly installed 

55/1 301' 3 To be newly installed 

57/1 301 3 To be newly installed 

61/RI 301 3 To be newly installed 

6 I/LI 301 3 To be newly installed 

7016/R26/38/R I 15'!' 3 To be newly installed 

70/6/R26/38/L 1 I 5'!' 3 To be newly installed 

70/6/R26/59/1 I 2T 3 To be newly installed 

70/7 201 3 To be newly installed 

79/1 25T 3 To be newly installed 

90/I 25'!' 3 To be newly installed 

Ill/I.. I 20'I 3 To be newly installed 

128/1 201 3 To be newly installed 

128/12/I  12'!' 3 TO be newly installed 
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6.33 Voltages at the Farthest End 

a) For Circuit - A 

Name of 
Feeder 

Pole Number Voltage l)rop From 

S/S. at 230 base 
Voltage 
(1 OLT)  

l)istancc From S/S 

Circuit - A  S/S 0.000 24 I .50() 0.00 

20 0.670 - 240.83 1.26 

42 1.062 240.438 3.25 

61 1.185 240.315 4.95 

77 L264 240.236 6.39 

105 1.268 240.232 
- 

8.76 

146 1.472 240.028 12.00 

160 1.482 240.018 - 13.26 - 

I)) For Circuit - C 

Name of 
Feeder 

Pole Number Voltage E)rop 
From S/S 230 base 

Voltage 
(IOLT) 

Distance 
From S/S 

0.000 24 I .500 Circuit-C S/S 0.00  

22 0.437 241.063 0.59 

38 1.530 239.97 2.12 

55 2.314 239.186 3.32 

70 3.280 238.22 5.06 

90 3.761 237.739 7.01 

128 4.363 237.137 10.46 

13.76 160 4.392 237.108 
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6.34 Voltage Drop Profile 
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6.35 Analysis of Voltage Drop Profile 

Circuit-A 

The maximum voltage drop of Circuit-A of this Sub-Station occurs at pole no. 160 and 

the magnitude of the drop is 1.482 volts on 230 volts base. But the allowable drop on 

pririlary line at 230-volt base is only 6.9 volts [18]. So, further loading in this feeder is 

allowable. 

Circuit-C 

The maximuni voltage drop of Circuit-C of this Sub-Station occurs at pole no. 160 and 

the magnitude of the drop is 4.392 volts on 230 volts base. But the allowable drop on 

primary line at 230volt base is only 6.9 volts [1 8]. So, further loading in this feeder is 

allowable. 

6.36 Conclusion 

Since the Voltage Dro, of different feeders are within the permissible limit and there is 

adequate scope for further loading of the feeders, so installation of line voltage regulator 

for any feeder is not required at this stage. 

-1 
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Cl IAI'TIR-VII 
S 

('on clii S lou 

7.1 Discussion 

Methodologies have been described in this study for sectionalizing and coordination of 

protective devices in two radial distribution systems of .Jcssorc PBS-I . Firstly feasibility 

of existilig coordination schciiies has l)CCI1 carricd out by verifying the constraining 

conditions. In this case a number of proposals have l)CCI1 givcn to replace fuses, OCRs, 

ACRs, etc. by devices with proper ratings in articles 6.13, 6.14, 6.31 & 6.32. Change of 

devices has also been proposed. 

a) After ensuring feasibility of existing devices the protection schemes coordination of 

the devices is done considering optimal performance. In the cases of niiscoordination 

curve settings are changed as shown in article 6.13 & article 6.3 I to ensure possible 

optiniuni operation. 

Voltage drop calculation at far end points of different feeders has been carried out and 

recommendations are provided in article 6.19 and article 6.35. It has been observed that 

the far end voltage drop of lcdcrs A, 13, C & I) under 'l'opshidanga sub-station has 

exceeded permissible limit. Proposal for improving voltage level to an adequate limit has 

also been given in article 6.19 

The study conducted in this thesis is based on sectionalizing the distribution schemes. The 

sectionalizer protects the feeder from branch limits to reduce outages and loss of revenue. 

Sectional izcrs contribute the advantage of case of returning to service. 

7.2 Conclusion 

The main objectives of this study were to propose a methodology for protection schemes 

and voltage drop compensation of radial distribution systems. Two case studies have been 1-1  

considered for the purpose. Based on inipedance model of the distribution systems and 

connected loads the values of fault currents as faults occur at different sections of the 

system, maximum load currents and voltage drop were calculated. Nonlinear time current 
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characteristic curvcs for the relays and fuses were used for coordination study. The main 

featurcs of this study concerns the followings: 

The protective devices in cxisling rural distribution system are not properly 

coordinated. 

A simple methodology to coordinate the protective devices of radial distribution 

system is presented. 

The niodi lication of system pro(ection scheme is done through proper fuses and 

ACRs. 

Non feasible protective devices are detected and replacements are proposed. 

0 Changes in curve settings are done to ensure possible optimum operation. 

o The relay setting and coordination technique described in this thesis can be used to 

obtain proper coordination between the protective devices 1)roVidCd in a distribution 

system 

The voltage drop study technique described in this thesis can be used to iniprove the 

voltage level of the distribution system. 

The technique described in this thesis reduces unwanted interruption, decreases system 

loss, increases consumer's satisfaction, saves equipment and conductors life and over all 

increases the system reliability. 

7.3 Recominendatioti for Further Research 

It has been observed that studies on radial distribution schemes are minimal. 1-lowever, 

this system covers major distribution sector in Bangladesh. Therefore, extended research 

in this field is suggested. The major areas that may be covered by further research are 

listed below: 

Relay 'FCC curves may be modeled by non-linear power series 

Linear Programming software may be used for the whole system for optimization 

The line and transihrmcrs Hilly he Ino(lcicd more accura(ely considering resistance, 

inductance and capacitance cIfi.cts. 

Tie lines for distribution schemes may be used and reliability may be assured. 

c) Loss model of radial systems may be considered to evaluate the system loss of 

distribution systems. 

-1 
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