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requirements during HT fault/ HT motor starting due to inaccurate setting 
of the field current limiter (filed forcing mode). It is, therefore, desirable to 
ensure the proper settings of field forcing limiter in AVR for boosting the 
excitation during voltage dip condition upto 10 secs.   

Following Typical settings, as recommended by BHEL, may  be adopted 
to achieve the above:  

 Maximum ceiling value (160%) 
 Ceiling Time (10Sec) 
 Integral I2t (18.7 pu).  

In case of mismatch, the same is to be set right in consultation with 
BHEL 

There have been instances that while resetting the AVR alarms, 
operator has inadvertently pressed the RESET button of the Processor 
Card in side AVR cubicle resulting into AVR tripping.  

 To prevent such human errors, it is recommended to provide clear 
instructions regarding resetting procedure of DAVR alarms on the DAVR 
panel.  

To prevent accidental reset of DAVR modules due to human error from 
the reset button provided on the cards/ modules, suitable printed 
inscription/ sticker should be provided on such critical reset push buttons 

-  

In order to ensure proper dynamic response of AVR / DAVR, It is 
desirable to perform step test (dynamic tests) of the AVR as per the 
instructions / procedure given by the OEM during machine M&I. 

 

In order to facilitate AVR trouble shooting, it is recommended to maintain 
record of AVR test point values   documented at various loads conditions 
e.g. 25%, 50%, 75% & 100% as a ready reference. 

In order to prevent tripping of AVR on AVR PT fuse failure, it is to ensure 

for old type of AVRs.     

Provision of separate emergency channel to take care of excitation 
requirement in case of operation of stage-3 fault  to be firmed up with 
BHEL  EDN  (Refer Schematic Drawing No. 1C.3) 

With the increased installations of Variable Speed Drives & other 
thyristorised devices in our power system, the harmonic contents in the 
power system is significantly increasing which may adversely affect the 

to the tripping of DAVR if the harmonic content increases. It has been 
recommended by BHEL to use harmonic suppression filters in the PT 
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input circuits to take care the harmonics in the power supply. Though no 
such incidence have reported from units, in view of the above as a long-
term reliability measure, ha
in consultation with the OEM. 

PSS function is effective in case of grid connected systems only and is 
used for dampening the power angle fluctuations of individual machines 
during power swing thus helping it to stabilize faster after any transient 
condition. 

neutral side up to switchgear to avoid any possibility of CT insulation 
failure due to heating. 

It is been experienced that a choke of tube light fitting installed in the PT 
/ LA cubicle got burnt and its smoke caused tracking inside the PT 
cubicle which resulted in the flashover in the 11 kV section of the 
generator.  

In order to prevent such trippings of HT sections due to the flashover of 
non-essential equipments e.g. light fittings etc. installed inside the LA / 
PT/ NGR panel / HT cubicles or in the close vicinity, it is recommended 
to remove such equipments from these locations. 

Equipotential wire of the windo
duct are to be examined for its dressing & extra length of the wire needs 
to be cut to avoid possibility of flashover with the adjacent buses of the 
other phases) 

In order to prevent flashover at generator terminal, PT cubicle, bus 
ducts, cable box etc, proper tightness & inspection is necessary during 
every shutdown. Contact Resistance Measurement should be adopted 
to ensure the tightness. Practice of temperature monitoring of bulk load 
circuit breakers, joints etc also to be ensured. 

To instantaneously clear the faults in the generator/generator 
cables/generator circuit breaker/ generation bus and also to minimize 
the consequential damage, it is essential to provide differential 
protection scheme for the complete Generator including Bus Duct ,HT 
cables & generator breaker. The scheme shall have overlapping 
protection zone with the bus differential scheme at switchgear level. 
(Refer Schematic Drawing No. 1C.4) 

In order to prevent spurious tripping of generator on differential 
protection due to CT saturation or any other reason, it is desirable to 
periodically measure the spill current of the differential scheme.  It is, 
therefore, recommended to use numerical relays in the Generator 
protection with 3- phase online monitoring of spill current. 
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In case differential scheme is provided separately for Generator & 
outgoing cables, the HV cable differential protection shall be connected 
to the Unit Master trip Relay (86U). This is to avoid the damage to 
generator by continuously feeding fault in the cable zone for longer 
duration with the residual voltage at FSNL (Full speed no Load). 

 

It is desirable to provide separate back up over current and earth fault 
protections for individual generator breaker to have better coordination. 
The setting of breaker end relay shall be one step lower to the generator 
backup over current & earth fault relay.  (Refer Schematic Drawing No. 
1C.5)                                

There have been instances where generator has tripped on under 
voltage protection on faults in distribution network. The under voltage 
protection is generally provided to safe guard the equipment (Motors/ 
transformers etc) in the distribution system. Distribution networks in our 
refineries are provided with U/V trip scheme right from Primary HT 
distribution bus up to PCC level.  Therefore, units may look into the 
decision of providing under voltage tripping on generators.  

Some of the units (Mathura) are not having U/V trip of generators under 
the recommendation of TCE and have not experienced any trouble 
during system disturbances on this account. 

IEEE Std 242- 1986 also does not include U/V (27) protection in the 
standard list of protection for Medium & Large industrial generators. 
However, IEEE (Cl.11.4.7) recommends that if it is provided as backup-
to-backup protections, a time delay of at least 15-20 sec. should be 
provided to give opportunity to all other relays to operate. ( Refer 
Annexure 1D.1) 

Moreover, the protections provided on the generators/ AVR are 
adequately provided to ensure the generator operation with in its 
capability region and 51V (CDV) protection also takes care of the 
generator in case of sustained under voltages / faults. 

In case, units decide to retain the U/V tripping on generators then the 
voltage and time delay should be judiciously reviewed by units based on 
the under voltage coordination with downstream incomers and maximum 
time allowed for the re-acceleration of motors. 

If units decide not to provide u/v tripping on the generators, the U/V trip 
scheme in the distribution network to be re-strengthened by proper time 
grading. An 80% U/V alarm may be provided on the generator for the 
purpose of monitoring. 

In case of Rotor Earth Fault protection based on the insulation 
resistance measurement method, there have been instances of spurious 
tripping of generator on account of   intermittent leakage currents at 
brush / slip rings due to deposition of carbon / lube oil. To prevent such 
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tripping, it is desirable to provide a 5-10 second delay in the Rotor Earth 
fault protection. 

It is also recommended by the OEM to keep the slip ring area 
pressurized / continuous blowing through air in case of accumulation of 
dust/ oil. 

The control supply to Generator Controls, Relay Panel and Generation 
Bus shall be DC with redundant. Provision shall be made for monitoring 
the health of the control supply to each switchgear panel 

 

Wherever numerical type generator protection relay is installed, in view 
of the reliability & safety of machine, it is recommended to install two 
such relays in parallel mode in order to avoid emergency shutdown 
requirement in case of fault in single numerical relay condition. 
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Chapter-2 

(Primary & Secondary

2A - RECOMMENDATIONS  

 

Following actions are desirable for reliable and healthy HT Distribution 
System. Detailed explanation to these recommendations marked as ( ) 
has been enclosed at Section 2B of this chapter. For better focus and 
clarity the actionable points have been divided into following sub groups: 

 

1. HT Generation / Distribution System Configuration 

2. Control Supplies 

3. Protection Systems 
(a) Relay Coordination 

(b) Differential Protection  

 Bus Differential Protection 

 Cable Differential Protection 

(c) Other Protections 
4. Alarm and Annunciation 

 

2.1.1 Refineries to ensure that rated three phase short circuit fault level 
(KA / MVA) of the HT switchgear is higher than the actual fault 
level for the maximum operating machines configuration.  (Refer 
Schematic Drawing No.  2C.1, 2C.2 & 2C.3)                                          

The system study / relay coordination needs revalidation     
with the new expansions / source augmentation as per IEC 
guidelines. (New Facilities/  Projects)  

2.1.2 It is desirable to have a separate generation bus and 
separate Distribution buses in the Primary Sub Station. The 
generation bus shall be with Double Bus configuration with 
out any bus coupler. In case the bus coupler exists between 
two generation buses, it should be kept off. (New Facilities/  
Projects)(not applicable to G) 

The distribution bus shall comprise of two sections with bus 
coupler. (Refer Schematic Drawing No.  2C.4)  
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2.1.3 It is desirable to have sectionalizing breakers in the generation 
bus between generators. (Refer Schematic Drawing No.  2C.5) 
 (New Facilities/  Projects) 

2.1.4 The sectionalizing breaker, wherever provided in the generation 
bus, shall normally remain in closed condition, unless otherwise 
situation demands. These breakers shall be provided ONLY with 
manual closing feature from Control room through 
synchronization scheme.  

2.1.5 In order to build in reliability in the system, it is desirable that 
primary as well as secondary distribution buses with bus couplers 
shall not be fed from the same generation bus or their adjacent 
sections. (Refer Schematic Drawing No.  2C.5)  

2.1.6 Locations having more than one primary distribution sub station 
in close vicinity may consider a manual emergency tie connection 
in distribution buses of the two sub stations  (of same fault level) 
for increased operational flexibility. (Refer Schematic Drawing 
No.  2C.6).  

2.1.7 It is desirable to convert all outdoor bare / exposed HT electrical 
installations fed directly from the power plant into indoor systems 
except grid facilities.  

2.1.8 Non-hygroscopic phase barriers should be used between 
Phase to Phase and Phase to Earth in the breaker trolley and 
out going box of HV switchgears. Additionally, the exposed 
bus bars in the cable box should also to be provided with HT 
tapes/sleeves.   

2.1.9 It is to be ensured that all power cables are properly 
supported by clamps at the panel entry to avoid tension on 
cable lugs.  

 

 

 

2.2.1 It is desirable that each HT bus section should be provided 
with dual DC control supply. Each bus section should be fed 
from separate DC feeder. The redundant DC control supply 
shall be designed for auto / manual changeover to the 
alternate backup DC supply as per the requirement. (Refer 
Schematic Drawing No.  2C.7 & 2C.8)    

For the new projects, it is recommended to provide Diode 
based dual supply for the each panel as per the scheme 
2C.8.   
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2.2.2 The auxiliary power supply of the numerical relays should be 
drawn separately and not from a common control supply 
switch of the breaker panel.  

2.2.3 Control supply failure alarm shall be available at manned 
locations for prompt remedial action. 

2.2.4 Complete DC distribution system to be reviewed in totality to 
ensure proper fuse coordination between the upstream & 
downstream sections.  

2.2.5 The ratings of each fuse shall be marked on the panel above 
the fuse base. It is desirable to have complete DC system 
distribution diagram showing fuse ratings up to downstream 
end for each DCDB. This diagram should be displayed at a 
suitable location in the switchgear.  

2.2.6 Failure of the DC control supply should not trip any breaker / 
process equipment. The contacts used for providing 
interlocks in the breakers mainly for the tripping logics 
should not be taken from the multiplying contactors / 
auxillary relays.  

 

2.3.1 Each refinery shall have updated relay coordination 
based on the consolidated system study carried out for 
the entire connected electrical system.  

The system study / relay coordination needs revalidation     
with the new expansions / source augmentation as per 
IEEE guidelines.  

2.3.2 The total electrical system 6.6 KV and above in refineries 
must be covered with Differential Protection (or 
Instantaneous Protection) to clear the faults with loss of 
time. It is not desirable at all to leave even a smallest 
length of HT system unprotected from this protection 
and therefore, cross over zones are also to be analysed 
critically.  

2.3.3 Use of ICTs for matching of CT ratios in Bus / cable 
Differential protection is not desirable for reliability of the 
scheme.  

Bus Differential Protection  
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2.3.4 All HT switchgears (11KV, 6.6.KV, or any other High 
voltage) must be provided with the Bus Differential 
Protection.  

2.3.5 It is recommended to check t

to knee point voltage considering the existing maximum 
fault level or the design fault level of the switchgear.  

2.3.6  milar 
characteristics e.g. Vk, secondary resistance, magnetizing 
current etc. to ensure uniform behavior.  (New Facilities/  
Projects) 

2.3.7 
specific protection only. In case the use of separate CT is not 
practicable then it is to be ensured that a dedicated core of 
the same CT is used for Differential/ REF application.  (New 
Projects) 

2.3.8 

the same panel.  

2.3.9 The sectionalizing breakers provided in the Generation Bus 
should be protected  by Bus Differential Protection with 
crossover zones between two adjacent buses.   

2.3.10 The Bus Differential scheme is to be so engineered that 
No portion of the HT switchgear is left out of the 
differential zone including the outgoing breakers. (Refer 
Schematic Drawing No.  2C.9) 

2.3.11 Differential scheme shall have cross over zones with 
bus coupler, Generator, Radial feeders incomers, 
transformer feeders etc. (Refer Schematic Drawing No.  
2C.10)  

2.3.12 Bus Bar Differential protection shall be based on proven & 
reliable high impedance scheme principle.  

2.3.13 It is desirable to use Numerical relays for differential 
protection with the spill current measurement display 
feature or periodic spill current measurement practice to 
be adopted.   

2.3.14 The calculation for stabilizing resistance value shall be 
done properly based on the maximum / designed fault 
current. The suitable resistance shall be used in both 
versions of relays i.e. electromagnetic as well as 
numerical.  

2.3.15 Control supply to the differential relay should be derived 
from a separate source with proper identification (not 
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from the normal panel supply in which the relay is 
mounted).  

2.3.16 It is recommended to trip upstream breaker of the 
primary substation in case of tripping of incomer in 
downstream secondary switchgear on bus differential/ 
REF/ Cable Differential protection. (Refer Schematic 
Drawing No.  2C.12)   

2.3.17 It is recommended to trip each breaker connected to the 
bus on actuation of its Bus Differential Protection.  

CT

Cable Differential Protection 

2.3.19 

 

2.3.20 The feeders for which it is not possible to provided Feeder 
Differential Protection due to long cable lengths and non-
critical feeders must be provided with Instantaneous O/C and 
E/F protection in addition to IDMT protection. 

2.3.21 Cable differential protection shall have zone cross over 
with the upstream/ downstream bus differential 
protection.  

2.3.22 

  

2.3.23 
guidelines provided by relay manufacturer and using the 
refinery fault levels.    

2.3.24 
at both the ends w.r.t. ratio, resistance, knee point voltage, 
polarity for ensuring stability of the scheme.    

2.3.25 The CT secondary connection configuration plays a very vital 
role in the stability of the cable differential scheme. The 
recommended connection configuration of the OEM for both 
ends shall be strictly followed. (Refer Schematic Drawing No. 

 2C.13A & B )  

2.3.26 In view of absence of spill current /voltage monitoring feature 
in the cable differential relay, it is desirable to monitor the 
spill voltage across the relay-operating coil at least once, 
preferably at the time of commissioning the scheme. A 
suggested scheme to achieve above is enclose as Annexure 
-   2D.2, for reference)  
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2.3.28 
protection / metering in the critical HT switchgears. Only 

It 
is to be ensured while procurement that the PD value of 

 

2.3.29 It is recommended not to take any control  / CT wiring 
through the main HT bus chamber. In case it is not 
possible to reroute/ modify the wiring then proper 
dressing & clamping of the wiring is to be ensured.  

2.3.30 It is desirable to have Transformer Differential Protection for 
Transformers having HT voltage in primary and secondary 
side. 

2.3.31 In case of transformers feeding to PCCs, the HT breaker of 
transformer must be provided with Instantaneous (High Set) 
Over current protection. 

2.3.32 In order to achieve complete isolation of fault, master 
relay operation of any downstream breaker should also 
trip the upstream breaker. (Refer Schematic Drawing No. 
 2C.12)  

2.3.33 

 switchgear panels 
with alarm at manned locations. At locations, where 

modified with continuous monitoring type of scheme.  

2.3.34 Numerical relays are normally using interrogation 
voltage feature (24v, 48 v) for interlocks / remote 
tripping. In such cases, it is desirable to use direct 
contact in place of contact through relay for critical 
interlocks. If dedicated contact is not feasible then It is 
recommended to use 220 or 110V  interposing relays 
with energise to trip logic instead of using low voltage 
signals as binary inputs for inter-tripping interlock 
purpose particularly for intertripping of long distance 
breakers. It is also desirable to have shielded cable for 
low voltage applications.  
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2.3.35 It is recommended to replace obsolete electro-
mechanical relays, in phased manner, with latest 
numerical relays in all critical feeders to prevent 
spurious tripping/ relay mal-operation, drift etc. 

2.3.36 Watchdog timer alarm (Numerical relay faulty) to be 
wired up to control room / manned location.  

2.3.37 It is desirable to use Reed Switch type Bucholz Relays in 
place of Mercury Switch type relays in seismic prone 
area.  

2.3.38 It is desirable to provide clean & dedicated earthing for 
the numerical relays in line with OEM recommendations.  

 

2.3.39 It is recommended to develop a standard document/ data 
sheet ( with  enabling / disabling status application wise) as 
ready reference for a particular make & model specific 
numerical relay to prevent any unwanted human errors.  

2.3.40 

 

2.3.41 The breaker service position contact should not be 
included in the tripping logic of breakers.  

2.3.42 Local breaker back-up (LBB) protection for circuit breaker 
failure at generation bus should be provided to prevent 
collapse of the system during non-tripping of any circuit 
breaker in the generation bus on faults. Refineries to review 
the LBB protection scheme / applicability at their end.  

2.3.43 The control fuse ratings of protection schemes like CDV / 
bus bar differential scheme/under voltage scheme etc. to be 
reviewed and correct rating of the fuse to be ensured as per 
design requirement. Control supply failure alarm should be 
available at manned location as per earlier clause 2.2.3.  

2.3.44 In view of the failures experienced in ABB make PQ8 master 
trip relay it is recommended to provide VAJH type of the 
tripping relays.  

2.3.45 The surge arrestors provided in the vacuum circuit breakers 
of Motor Feeders shall be rated for maximum continuous 
operating voltage. The maximum continuous operating 
voltage should be equal to the highest system voltage i.e. 
equal to the line to line voltage plus 10%. 
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2.3.46 The surge arrestor installation in some cases are before the 
CTs that is in the event of surge arrestor failures bus 
differential protection shall trip the entire bus section which is 
not desirable. In new projects, the installation of surge 
arrestors to be done after the CTs so that in the event of 
surge arrestor failure particular motor feeder shall trip only 
without affecting other feeders.  In the existing system 
wherever such type of surge arrester is provided, necessary 
modification after suitable engineering / OEM consultation to 
be carried out.  

2.3.47 Time synchronization of sequence of event recorders (SOE), 
generator relays, distribution relays need to be ensured. This 
is necessary to facilitate fault analysis. 

2.3.48 In order to capture the data of MW, MVAR, Voltage, and 
Frequency during transient conditions of faults/ disturbance 
(which is normally not possible from ECS) it is recommended 
to provide chartless recorders / Numerical disturbance 
recorder (NDR) for each generator and in the generation 
bus. 

2.3.49 For ensuring reliability of generator breakers and for 33KV 
circuit breakers double trip coil to be provided. (New 
Projects) 

2.3.50 HT switchgear at TPS i.e. generation bus and distribution 
bus shall be rated for short circuit current of preferably 3 
second duration for better protection coordination. The short 
circuit current rating of HT cables from TPS to downstream 
sub-station shall also be rated for 1 Second. (New Projects) 

2.3.51 All outgoing HT feeders from TPS are to be provided with 
cable differential protection for instantaneous fault clearance. 
Differential / instantaneous protection requirement shall not 
be compromised.  For long feeders like township etc. where 
such type of provision is not available, back up 
instantaneous over current protection to be provided.  

2.3.52 It is recommended to provide a minimum time gradation of 
about 0.15 to 0.2 sec. between bus coupler and incomer to 
avoid simultaneous tripping of incomer and bus coupler 
under fault conditions. 

2.3.53 In view of the failure experiences of flash over in metal 
enclosed switchgear, it is desirable that all HT switchgears 
shall be of metal clad type. (New Projects) 
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2.3.55 

  

2.4.1 All the critical alarms of power plant sub station (viz, 
Incomer/ Bus Coupler Trip / Critical PCC Status /Control 
Supply Status / UPS Status/ Battery Chargers Status/ 
Status Of Load Shedding etc) should be extended to the 
power plant control room, in addition to Generator 
related alarms. 

2.5.1 Monitoring of the temperature through Infrared IR windows in 
HT switchgear is to be provided in a phase manner according 
to the priority of location like generation bus, incomer 
breakers / outgoing feeders for radial systems having high 
loads etc. 

 
2.5.2 Integrity of the protection system of HT switchgears should 

be ensured annually / with unit shutdown or earliest 
opportunity not exceeding two years by primary injection. The 
check list given in Annexure-I(a), I(b), I(c) for HT feeder / 
transformer / motor testing to be followed during feeder 
testing. 

 
2.5.3 At present for any modification/ changes in protection 

settings & schemes etc. in electrical system approvals are 
obtained within the department without any formal 
Management of Change (MOC). It is recommended that 
structured MOC be carried out for electrical system for 
modifications, changes in relay settings. Some of the critical 
protections and interlocks which are to be given high priority 
are Instantaneous over current & earth fault relay settings, 
differential protection, inter tripping, transformer protections 
etc. Approval shall be as per the existing norms for MOC. 

 
2.5.4 Bypass of interlocks / protections shall not be permitted 

under any circumstances.  Immediate action for checking / 
rectification shall be taken up after taking the necessary 
shutdown.   

 
2.5.5 Services through external agencies / in-house expertise for 

on line partial discharge of HT switchgears to be explored on 
trial basis and based on its effectiveness, suitable 
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procurement of on line PD detection equipment to be 
initiated. 

 
2.5.6 Sample testing of current transformer (CT) healthiness of old 

switchgears (more than 20 Years) to be done w.r.t partial 

pico coloumbs, suitable replacement action to be initiated. 
 

2.5.7 A survey for ensuring integrity of the cable end terminations 
in the HT system to be carried out for ensuring proper end 
termination workmanship as per OEM guidelines. During the 
survey, physical verification for any signs of tracking, cracks, 
heating is to be done. As failures in end termination have 
taken place due to improper workmanship / supervision, it is 
recommended that a second level of random checking of end 
terminations carried out during new projects / maintenance to 
be ensured. 

2.5.8 For ensuring the reliability of circuit breakers / HT switchgear 
panels specially with respect to the circuit breaker 
mechanism, insulation condition, vacuum bottle healthiness, 
insulating barriers integrity etc. it is desirable to get the 
switchgears overhauled through OEM during unit shutdown. 
During PM, motor feeders are to be checked annually (in-
house).  

2.5.9 Proper installation of numerical relays in the HT panels to be 
ensured and all fastening screws to be in position to prevent 
the draw out portion of the relays coming out from its 
operating position during breaker operation / panel door 
operation. 

2.5.10 Flashovers in BHEL metal enclosed switchgears have been 
observed. As a precautionary measure anti tracking paint to 
be applied on the insulating barriers and sufficient clearance 
between the breaker arm insulation and the safety shutter to 
be ensured. 

 
2.5.11 For new Projects, availability of IR(Infra Red) windows in all 

HT switchgears shall be a part of the standard specifications. 
In existing switchgears IR windows for monitoring of panel 
inside temperature to be installed in phases i.e. incomer/ bulk 
current feeders. 

2.5.12 Adequacy of instantaneous fault clearance in HT system with 
regard to primary bus differential, instantaneous over current 
/ earth fault shall be reviewed annually. The updated 
document shall be available in Testing Department and 
surprise audit to be carried out by Senior Officers. 

 
2.5.13 For ensuring proper sealing of panels, neoprene gaskets 

should be replaced every 4 years. 
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2.5.14 Control schemes for incomer, bus coupler, feeder 

incorporating the critical reliability aspects have been 
prepared as a standard scheme / philosophy. The same shall 
be utilized while finalizing engineering drawings, new 
procurements etc.  

 
2.5.15 Earth fault setting:  

 
i. The pick-up setting of the earth fault protection shall be set to 

at least less than 30% of the minimum expected fault 
current.  

ii. The minimum expected fault current shall be calculated 
based on the earth fault limiting current with only one 
grounding source. 

iii. In places where required pick-up setting for the residually 
connected earth fault protection calculated based on the 
above criteria  is working out to less than 10% of the CT 
primary rating (of 5P CT), it is suggested to use CBCT based 
earth fault protection to ensure accuracy. 

iv. For co-ordination purpose the maximum expected earth fault 
current shall be used.  
 

2.5.16 

2.5.17 

 
In order to facilitate full implementation of above recommendations by 
identifying GAPs and preparing action plan, a check list has been developed 
for reference and is given at Section 2E of this chapter.
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( Incomers , Line PTs , Bus PTs) 

Feeder Tag: Unit:

 CHECK POINT DONE / NOT 
DONE REMARKS 

 Common points  
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Feeder Tag: Unit: 

 CHECK POINT DONE / NOT 
DONE REMARKS 

 Common points  
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CHECKLIST FOR BREAKER FED MOTOR FEEDER TESTING 
ELECTRICAL TESTING SECTION

Date:

KW Prot. 
CTR 

Brkr. TYPE Control 
Fuse 

Ratings: 
AMPS E/F CTR Brkr. Amps 

Rating: 
Prot. Relay 

Make & 
Model 

Sl.No. CHECK POINT DONE / NOT 
DONE 

REMARKS 
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Chapter-2 

(Primary & Secondary

 

2B -   EXPLANATION TO RECOMMENDATIONS 

 

Reference Explanation 

This is to take care of the adequacy of the switchgear in sustaining the 
fault current. This may be ensured for all switchgears including 
secondary distribution, which are at generation voltages level. (Refer 
Schematic Drawing No.  2C.1)   

The same to be ensured every time a new machine is added to the 
system. In case the new fault level of exceeds the rated fault level of the 
existing switchgear, adequate fault limiting transformers may be used.  

(Refer Schematic Drawing No.  2C.2)   

For secondary voltage level (6.6KV etc), the fault level of the switchgear 
(i.e. after transformer) is largely governed by the impendence of the 
transformer. However, fault level adequacy of the secondary level 
switchgear to be ensured for sustained parallel operation of incoming 
transformers of both the sections. (Refer Schematic Drawing No.  2C.3)

In the system configurations having single & common Generation cum 
distribution bus systems, (Refer Schematic Drawing No.  2C.4) any 
fault in the bus section shall lead to the outage of complete bus resulting 
into Total Power Failure. 

To achieve higher reliability & operational flexibility in the system, it is 
desirable to have a separate generation bus and separate Distribution 
buses in the Primary Sub Station. Refer Schematic Drawing No.  2C.4)  
This is to ensure continuous supply to distribution network in case of 
outage of any the generation bus on fault. It is will also provide improved 
protection coordination for isolation of fault without effecting running 
generators. 

The philosophy is to have one integral generation Bus with sectionalized 
isolation devices in-between for better fault management and 
operational flexibility. Sectionalizing breakers in the generation bus 
between each generator will minimize the possibility of outage of 
complete generation bus on bus faults. This configuration will also 
facilitate the running maintenance and operational flexibility. (Refer 
Schematic Drawing No.  2C.5)  

This may be adopted if the retrofit in the generation bus is feasible in the 
existing systems. However, it should be followed in new installations. 
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In case the sectionalizing breaker is provided the Auto changeover 
facility, it will lead to very complicated auto changeover logics with more 
than two incomers and two bus couplers and may affect the system 
reliability.  

The distribution buses in the primary sub-station shall be fed from the 
main generation buses. It is to be to ensured that outage of any of the 
generation bus shall not affect the complete distribution system i.e. the 
simultaneous outage of both the distribution bus sections should not 
occur. (Refer Schematic Drawing No.  2C.5) 

This configuration shall provide operational flexibility during non-
availability of an incomer of either of the distribution bus and will still 
ensure power supply   from twin sources. (Refer Schematic Drawing No. 

 2C.6) 

Units may review incorporating the above tie connection based on 
system requirement and desired operational flexibity in the distribution 
network. 

The exposed outdoor HT installations are vulnerable to frequent 
flashover due to monkey / peacock etc. Any fault shall result in sever 
voltage dip in the system and thereby effecting unit operation. 

There have been many instances of flashover resulting into plant 
interruption due to rodent fault in the exposed portion of Breaker trolley/ 
out going cable box. Though all out efforts to be made to prevent entry 
of rodents on the panel, it will additionally help in eliminating Phase to 
phase faults and minimizing the extent of damage in case of ground 
faults due to rodents. 

It has been experienced that flashovers have taken place due to 
continuous tension on the cable lugs or cable sheath/ insulation damage 
from the extruded portions due to improper lying. 

String insulators provide increased protection from surface tracking 
phenomenon due to higher creepage distances and hence are more 
reliable. 

Circuit breaker failure protection at generation bus & distribution bus 
should be provided to prevent collapse of the system during non-tripping 
of any circuit breaker in the generation bus or distribution on faults. 

The DC control supply of Bus sections shall be provided with 
redundancy to meet the exigency of failure of the primary control supply. 

It is recommended to provide either following modes of control supply 
scheme related to redundancy.  

 Standard contactor based control supply scheme changeover 
scheme with through AC supply. (Refer Schematic Drawing No.  
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2C.7) 

 Parallel control supply scheme with proper rating blocking diodes 
where one supply shall remain in service at a time. (Refer Schematic 
Drawing No.  2C.8)                                  

Numerical relays loose his history with the failure of its power supply 
normally drawn from the control supply of the breaker panel.    

This shall help in maintaining reliable control supply without unwarranted 
failure due to wrong fuse coordination. 

Labeling of fuse rating shall help the operator in providing correct fuse 
rating during replacements. 

The use of overall DC diagram with fuse ratings will mainly help in; 

 Source identification 

 Overall fuse coordination for entire DC system in a sub station 

 Verification of fuse rating, in case of doubt by operator. 

 Fuse inventory management. 

This is to ensure that even a momentary interruption in the switchgear 
DC control supply shall not lead to tripping of the circuit breakers, Not 
even from the multiplier contactor mounted in side the breaker. Only 
directly wired hard contacts shall be used in the tripping circuit. 

It is required that entire HT system should be protected enough to the 
faults instantaneously. This may be achieved by a suitable differential 
protection (either by Generator Differential, Bus Differential, Transformer 
Differential or by Cable differential protection). In case of transformers 
feeding to PCCs, the HT breaker of transformer must be provided with 
Instantaneous (High Set) Over current protection. 

Cross-over zones shall be provided to ensure that even the smallest part 
of the switchgear is not left unprotected by differential protection. This 
may result in overdoing the protection, it is very much desirable to have 
such measures for improved system reliability. 

Use of ICTs, to compensate for non-matching CT ratios in Differential 
schemes, may lead to mal operation of scheme on account of spill 
currents generated due to probable mismatch in CT characteristics. 

It is imperative to clear the faults in HT Switchgears in the least possible 
time through a high-speed zone protection system (viz. Bus Differential 
Protection) in view of the following: 

 To minimize damage of electrical equipment at fault location  

 To minimize impact on the operation of process units due to 
sustained voltage dip in the system (even one second time delay 
in clearing the fault may result shutdown of all units operation). 
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In case it is not possible to provide Bus Differential in the HT switchgear 
due to technical constraints, the Incomer breaker of such switchgears 
MUST be provided with instantaneous O/C and E/F protections.  

Interruptions have been experienced due to mal-operation of protection 

desired value during through fault conditions. Due to low knee point 

condition thus the current transformation through CT shall become 
erratic leading to mal-operation of differential scheme. (The sample 
procedure for calculating knee point voltage is attached as Annexure -   
2D.1, for reference) 

Mismatch in CT characteristics may generate spill over currents in the 
circuit particularly during the through fault conditions and may lead to the 
mal-operation of the differential protection. 

Use of dedicated CT for Differential/ Ref protection, will help in 
performing the testing of individual panel with out disturbing the Bus 
differential scheme. 

 In case the use of separate CT is inevitable, it is to be ensured that a 
dedicated core of the CT is used for DIFFERENTIAL/ REF application. 

If same CT core is used for metering and other protection  

 The burden of the CT may increase, if not originally designed for 
such applications 

 Due to series wiring of the current signal from CT, the differential 
wiring will also get involved in the other applications resulting into 
complex wiring network. This may result in mal-operation of 
differential due to its vulnerability of circuit problems. 

 While testing of nay other application, the differential protection may 
mal-operate, if adequate precautions are not taken. 

During the shutdown of the panel, while testing the other protections, the 
person performing the test may easily distinguish between the various 

provided specifically provided for bus differential protection thereby mal-
operation of the scheme by human error may be prevented.  

No other standard protection shall be provided in the sectionalizing 
breakers as these breakers are considered as the part of the bus 
section. Also due to possibility of bi-directional current flow, relay 
coordination shall be very difficult and may lead to spurious tripping. 

Overlapping of protected zones shall be provided to ensure that even 
the smallest part of the switchgear is not left unprotected by differential 
protection. (Refer Schematic Drawing No.  2C.10) 

The Bus Differential Scheme shall be based on standard current balance 
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method between all the feeders of particular switchgear and shall 
basically constitute of dedicated Class PS CT's in each feeder along with 
Stabilizing resistances, Metrosil (Voltage limiting variastor) & 
instantaneous differential relay (87) etc. 

Bus differential schemes based on other principles e.g. reverse 
blocking; interlocking type etc. shall be discouraged.  

 Numerical relay have a feature of online monitoring of spill current 
in all the three phases. Display & alarming of spill current shall 
help in timely remedial action due to saturation, wrong connection 
etc. thereby avoiding spurious operation of the scheme.

. 

However, if desired, initially these numerical type differential relays 
may be installed in series with the existing electromagnetic relays 
for monitoring spill currents and other disturbances without 
connecting to the trip circuit for boosting confidence.  

 In case of availability of High set instantaneous O/C and E/F 
feature in the relays of incomers and bus couplers, contact of 
High set tripping from the relays of Incomer and bus coupler may 
also be provided in series of the 87 Differential relay trip 
command. This will help in further strengthening the reliability of 
the differential protection to operate only on actual bus faults and 
not on CT related problem and through faults. Refer Schematic 
Drawing No.  2C.11 

Proper stabilizing resistance prevents mal-operation of the scheme 
during through fault condition or during CT saturation,  

The sizing of the stabilizing resistance shall be based on the relay 
burden, CT secondary resistance, wiring resistance, and designed fault 
level of the switchboard. Calculations should be based on the rated fault 
level of the board to prevent replacement of resistance at the time of 
adding commissioning of new generator. 

However, Stabilizing Resistance is not required for schemes provided 
with Biased Differential Protection Schemes. 

(The sample procedure for calculating stabilizing resistance is attached 
as Annexure -   2D.1, for reference) 

Normally power supply to differential scheme is derived from the control 
supply of the panel in which the differential relay is mounted.  Care is to 
be taken that the control supply to differential scheme/ relay should 
remain intact when the individual panel supply is switched off while 
giving the shutdown of panel. Otherwise the differential protection shall 
be shall get inadvertently bypassed.  

Refer Schematic Drawing No.  2C.12.  If a fault takes place in the 
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portion between the CT and the breaker, the bus differential scheme 
shall operate to trip the breakers of the switchgear, still the fault shall be 
continued to be fed from the upstream side. The upstream breaker shall 
trip on over current or earth fault protection with a time delay as per the 
setting. The delay in fault clearance may jeopardize the whole system. 
To eliminate such situation, the tripping may be provided from the 
downstream master relay contact to the upstream breaker. This shall 
ensure in complete isolation of the fault under all circumstances, and to 
prevent chances of fault feeding even after the operation of differential 
scheme. 

At some of the locations, tripping of only Incomer & Bus Coupler is done 
on actuation of bus differential protection. It is proposed to trip each 
breaker connected to the switchgear on actuation of differential 
protection. This shall enable fast auto changeover of bus coupler 
scheme at downstream S/S and also possibility of back feeding from the 
downstream s/s can be completely avoided. 

Overlapping of protected zones shall be provided to ensure that even 
the smallest part of the switchgear is not left unprotected by differential 
protection. This may result in overdoing the protection, it is very much 
desirable to have such measures for improved system reliability.  

The OFC pilot cable used in the cable differential scheme is the  

communication link between the differential relays provided at the two 
ends of the cable for matching the sending end as well as the receiving 
end currents. The cable differential protection will not work if the OFC 
pilot cable is unhealthy. 

Therefore, there is a need of continuously supervising the health of OFC 
& relay. 

Interruptions have been experienced due to mal-operation of protection 

desired value during through fault conditions. Due to low knee point 

condition thus the current transformation through CT shall become 
erratic leading to mal-operation of differential scheme. (The sample 
procedure for calculating knee point voltage is attached as Annexure -   
2D.1, for reference) 

It may be possible that the switchgears at Upstream and down stream 
ends of the feeder cable are of different make or not procured together. 
This may result into the mismatch in the CT specification resulting into 
mal-operation of the cable differential protection.  

There have been experience of undesirable operation of HORM-4 relay 
due to inadequate installation process. In case of stability problem in 
Alstom make HORM-4 relay, the recommended orientation of CT 
installation (P1 & P2) and corresponding CT secondary connections are 
to made as per manufacturer commissioning catalogue (Refer 
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Schematic Drawing No.  2C.13A &B). It is recommended to ensure star 
- 

 In case P1 of CT is towards cable side & P2 towards bus side  S1 
terminal of CT shall make star point 

 In case P2 of CT is towards cable side & P1 towards bus side  S2 
terminal of CT shall make star point 

Star point formation is to be seen for both end panels and it is to be 
noted that connections are independent of other end CT connection. 
Star point is to be formed keeping the primary CT connections of that 
particular end into consideration). 

In order to ensure stability of HORM-4 relays, the spill voltage across the 
relay-operating coil is to be monitored with relay in service condition, at 
least during the first charging of the feeder.  

Since it is not possible to measure the voltage directly from the relay, 
alternate arrangements have to be made using a test relay to monitor 
the spill voltage. A scheme suggesting the same is enclosed as 
Annexure -   2D.2, for reference. The test relay can be safely inserted 
one by one in the feeders to measure the spill voltage.  

It is recommended to check the spill voltages in the existing schemes 
once to ensure the stability of the cable differential protection.  

To avoid inter tripping of incomer breakers & upstream breakers due to 
control cable failures, inter tripping is to be provided with Soft link of OFC 
based Cable differential relay using digital inputs. 

There have been instances of power interruptions and TPF on account 
of CT failure in the Generation / distribution systems having BAR Type 
(wound Type) CTS. The heat due to improper connection of CT with the 
Bus bar may lead to failure of CTs. To prevent such failure it is 
recommended to use window type CTs for all critical HT switchgears and 
bus applications.  

In window type CTs, due to absence of power connections / contacts, 

of high current rating can be avoided. 

In case it is not feasible to replace the CTs in all HT switchgears, efforts 
to be made to replace the CTs at least in the Generation system and 
particularly those locations where CT failures due to heating are 
observed. 

This shall help in avoiding flashover in main bus chamber. Adhesive type 
sticking clamps should not be used for this purpose, as the same gets 
detached from the surface after some time and causes short circuits in 
the HT bus chamber. The CT wiring in the CT/ Cable chamber should be 
properly dressed in the trays to avoid any possibility of flashover with the 
main bus bars. 
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Refer Schematic Drawing No.  2C.12.  If a fault takes place in the 
portion between the CT and the breaker, the bus differential scheme 
shall operate to trip the breakers of the switchgear, still the fault shall be 
continued to be fed from the upstream side. The upstream breaker shall 
trip on over current or earth fault protection with a time delay as per the 
setting. The delay in fault clearance may jeopardize the whole system. 
To eliminate such situation, the tripping may be provided from the 
downstream master relay contact to the upstream breaker. This shall 
ensure in complete isolation of the fault under all circumstances, and to 
prevent chances of fault feeding even after the operation of differential 
scheme.    

breaker. It is to be ensured that the longest loop in the trip circuit is taken 
care while finalizing the scheme to ensure correctness of the loop as the 
scheme monitors the healthiness of both coil & trip circuit. 

Due to low voltage of binary signal (24V, 48 V) used in numerical relays, 
spurious operation of numerical relays program for inter-tripping interlock 
protection has been observed due to interference from nearby power 
cables/ capacitive effect. It is, therefore, recommended to use 
interposing relays instead of using low voltage signals as binary inputs.   

Watchdog is a diagnostic feature in numerical relays which monitors the 
healthiness of the relay by generating alarm on the relay panel in case 
the relay becomes faulty. It is not practicable for operator to continuously 
monitor the status on every relay. It is therefore recommended to extend 
this alarm at a suitable manned location, either individually or in the form 
of group alarm. 

It is desirable to use in place of Mercury Switch type relays in seismic 
prone area.  

There have been instances that transformer have tripped on Bucholz 
protection due to mal-operation of mercury switch in the relay during 
earthquakes. 

To improve the operational reliability of the secondary distribution 
system Reed Switch type Bucholz Relays should be used. 

 Mark 10 Bucholz Relay of L&T (P&B) is one of such relay available in 
the market. The catalogue for the relay is enclosed as Annexure - 2D.3, 
for reference 

This is based on the experiences of mal-operation of numerical relays 
and also on vendor recommendation. This can be done by making a 
common and dedicated earthing grid for numerical relays.  

This is essential for numerical relays to disable all unwanted settings as 
it can result in undesired trippings. This shall also ensure uniformity in 
the selection of features & settings. A sample sheet is enclosed as 
Annexure 2D.4 (for Alstom make MICOM relay). The sheet for all other 

Page 647 of 1183 : B568304YEMR150145RFQ : Rev. A



Final Report  
 

Part B    Chapter 2  HT DISTRIBUTION SYSTEM (Primary & Secondary) 

make / model of relays shall be developed by users on similar lines. 

In case of numerical relay applications, all the Trip/ Stop 
commands(including emergency trip from field) are routed through the 
numerical relay. In the event of faulty numerical relay it will not be 
possible to trip the breaker in emergency situations and during faults. 
Therefore, it is recommended to route all the trip/ Stop commands 
(including TNC switch) to directly trip the breaker without using any 
intermediate numerical / auxiliary relay for ensuring reliability and safety. 
 
In case the modification in this regard is cumbersome, an additional 
command to trip breaker directly be incorporated by using spare contact 
of PB / TNC switch. 

It is not desirable to prevent the tripping of any breaker in case of 
emergency in field and fault conditions. There have been instances that 
the motor did not trip during fault or when stopped from field due to 
problem in the Breaker service position limit switch contact or its wiring 
resulting into greater degree of damage either to equipment or to 
process.  

Some of the OEMs/ switchgear supplier say that this situation should be 
taken care by the backup (ie. Upstream breaker) in case of fault in the 
running equipment.  This may not be true for conditions which result in 
partial increase in motor current like over load , bearing failure, rotor 
rubbing due to bearing seizure  or  emergency requirements from field to 
stop the motor. Hence it is desirable  to remove the service contact 
interlock from the tripping logic of all the equipments including motors. 

The phase CTs are generally connected in residual mode for deriving 
the earth fault current or else CBCT is used for earth fault protection. 
In residual connections suitable stabilizing resistance is to be provided in 
the circuit to prevent relay mal-operation during high inrush currents. By 
installation of stabilizing resistance, sensitivity of the relay is affected to 
some extent but spurious operation of earth fault protection can be 
completely eliminated. The current setting of earth fault protection is so 
low that loss of some sensitivity does not make much impact on the 
pickup of the relay. 

Moreover, use of stabilizing resistance is a standard technique which is 
used in all-current balance schemes e.g. differential protection, REF,50N 
etc. Hence use of the same in E/F protection will provide an opportunity 
to further reduce the current setting up to 10%. 

Residual connected earth fault schemes require stabilising resistance for 
stability with some loss of sensitivity. CBCT allow sensitive Earth Fault 
protection  
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Bus Voltage kV
CT Ratio / 1 A
Knee Point Voltage V
Max. CT Resistance Ohms
Bus Differential Relay
Settings available -
Existing Setting
Stabilising Resistor Ohms

A.1

= kA
A.2 The busbar protection  is normally between 

2 % to 10 % of stability level i.e A to A
A.3 C. T. Ratio A
A.4 CT Secondary Lead Length L - M Assumed
A.5 CT Secondary Lead Resistance Legth m

= R L Choosing 2.5 sq.mm
= x Ohm Cu Conductor
= Ohm Ohm/kM

A.6 Relay Setting Voltage Setting
VR = IF ( RCT + RL )

Where

IF - steady state secondary through fault current in A

RL - CT lead loop resistance to relay tapping point , for worst case in Ohms

RCT - Resistance of CT secondary winding in Ohms

= ( + ) RCT Ohm
= Volts given

The required knee point voltage
Vk > 2 x VR

> 2 x
>

Relay Effective PFSC
Primary Fault Setting Current

= ( IR + nIm ) x  CT Ratio
Where,
IR - Relay circuit current setting =
n - number of CTs in parallel =

= ( + 4 x ) x
= A

11
2500

250
12

200

Stability level of busbar protection taking future extenction into 
account  // switchgear rating

39.36

CAG34
0.1 0.4

0.2

10

7.41 0.02
0.1482 7.41

A.7

15.75 12 0.148

192

12
191.2845

A.9

0.1 0.030 2500

4
0.1

550

750

10
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B.1 Setting To Be Selected 10 %
B.2 Relay Burdan at highest Tap

= (VR/IR) - (VA / IR
2) VA - CAG34

2

= Ohms

=
192.00

-
1

0.10 0.10
1820

1
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DISABLED 
BUS NO 21 SETTINGS AS 6.0 ARE TO BE KEPT
PANEL NO 211
FEEDER NAME XYZ
RELAY TYPE MICOM P122 

TRIP t I > YES
TRIP t I e > YES

2 ALL OTHER PROTECTIONS NO
FREQUENCY 50
DATE SETTING DD.MM.YY
TIME SETTING 00.00.00 ALL PROTECTIONS NO

ALL PROTECTIONS NO
DEFAULT DISPLAY (RMS) A
PHASE A TEXT A
PHASE B TEXT B ALL PROTECTIONS NO
PHASE C TEXT C
E/GND TEXT N 8765432

TRIP 0000000
t I > 0101000

LINE CT PRIMARY t I e > 0110000
LINE CT SEC 52 FAIL 1000000
E/GND CT PRIMARY ALL OTHER SETTINGS 0000000
E/GND CT SECONDARY

INPUT 1 TCH
LED-5 t I > INPUT 2 TCH
LED-6 t I e > INPUT 3 TCH
LED-7 N/A INPUT 4 NOT USED
LED-8 TCH INPUT 5 NOT USED

INPUT 6 NOT USED
INPUT 7 NOT USED

SETTING GROUP (1 OR 2) 1 INPUT 8 NOT USED

DISPLAY ONLY
BRKN. COND NO

MODBUS/COURIER/IEC MODBUS
COMMUNICATION YES COLD LOAD PU NO
BAUD RATE 9600
PARITY NONE
DATA BITS 8 CB FAIL NO
STOP BITS 1
RELAY ADDRESS

TC SUPERVISION YES
T TRIP CIRCUIT (msec) 200
CB OPEN SUPERVISION NO

I > (ENABLE / DISABLE) YES CB CLOSE SUPERVISION NO
I > (PLUG SETTING) CB OPEN ALARM NO
DELAY TYPE (DT/IDMT/RI) IDMT
IDMT CHARACTERISTIC IEC_SI 9 RECORD
TMS 9.1 FAULT RECORD DISPLAY ONLY
T RESET 9.2 DISTURB. RECORD

PRE TIME (SEC) 1
I > > NO POST TIME (SEC) 2
I > > > NO DISTURB REC TRIG. ON INST.

9.3 TIME PEAK VALUE (min) 5

Ie> (ENABLE / DISABLE) YES
Ie > (PLUG SETTING)
DELAY TYPE (DT/IDMT/RI) IDMT
IDMT CHARACTERISTIC IEC_SI
TMS
T RESET

Ie > > NO
Ie > > > NO

I 2 > NO

THERM OL NO

I < NO

AUTORECLOSE NO
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6.6 KV SEC-1

      Ammeter

     6.6 KV
    SEC-2

BUS COUPLER

BUS DIFFERENT OF 
SEC-2

CB  B/C

Multifunc
tion 

meter

BUS DIFFERENTIAL 
OF SEC-1

Protection
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Part B     Chapter 3   HT Motor Feeders, Operation & Control of HT Motors 

Chapter-3 

HT motors play a vital role in operation of the process units. The 
reliability related issue in operation of the HT motors are basically in the 
connection of 6.6 KV incomers to correct location in upstream bus, Bus 
Supply change over, operation / starting of HT motors during system 
disturbances, Adequate protection according to size of HT motor, 
secured control supply, selection of right starting device, on line 
monitoring of motor parameters, and more critically the adequacy of 
Auto start scheme for motors. 

 
 

3A  RECOMMENDATIONS
 

Following actions are desirable for safe and reliable operation & control 
of HT motors. Detailed explanation to these recommendations marked 
as ( ) has been enclosed at Section 3B of this chapter.         

For better focus and clarity, the actionable points the reliability related 
issues related to operation & control of HT motors have been have been 
divided into following sub groups: 

1.    HT Motor switch gear configuration 
2.    Protection and control  
3.    Auto start of HT motors  
4.    Under Voltage Trip Scheme 

 

 

3.1.1 Power feeding of critical HT auxiliary motors of the Power 
Plant should be done in such a manner that outage of any 
primary generation or distribution bus shall not affect the 
power plant operation due to the tripping of any of the 
auxiliary drives e.g. CW pumps / BFP / GBC / Fans / 
Compressor etc.  

3.1.2 Emergency Stop Button of HT motors should directly trip 
the breaker without routing the 
or a parallel direct command to be provided in addition to 
the command thru DCS / PLC.  

3.1.3 It is desirable to use Metal Oxide type Surge arresters in 
Vacuum Circuit Breakers for motor feeders in consultation 
with OEMs  (New Facilities/ Projects)  
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3.1.4 The critical single 
for excitation and getting tripped during power system under 
voltages, it is desirable to provide reliable excitation power 
supply to the exciter panels either from dedicated three phases 
or single phase UPS or any other reliable source, as feasible. 
In case scheme is provided through UPS, only proven UPS 
systems to be considered.  

3.1.5 To ensure the proper functioning of space heaters in HT 
motors, it is desirable to have an ammeter in the panel for 
monitoring the space heater current.  

3.2.1 In case Numerical relays are provided for Motor feeders, the 
control supply to protection relays shall be separate from the 
breaker control supply in the switchgear panel to avoid problem 
of data loss.  

3.2.2 Critical contacts used for providing process interlocks 
should be direct hard contacts and these shall not be 
taken from the multiplying contactors / auxiliary relays, if 
feasible.  

3.2.3 Relay setting of the distribution bus incomer shall be done 
suitably considering the maximum current flow due to 
simultaneous re-acceleration of the motors connected on that 
bus during power system voltage dips. The same shall be a 
part of the power system study also.  

3.2.4 In view of the safety of the HT motor, all standard protections 
for HT motors shall be provided.  

3.2.5 The Earth fault protection for motors should have  

also to be used to prevent mal-operation on account of spill 
currents.  

Numerical relays provided with doubling features or having 

3.2.6 Dynamic setting / doubling feature of numerical motor 
protection relay should be avoided.  

3.2.7 All process trip relays should have  self reset Contacts 
and Hand reset Flag or reset facility from control room 
through PLC/ DCS.  

3.2.8 In case of numerical relays, all unwanted protections 
(high-high, very high etc.) to be kept disabled  
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3.2.10 In case of numerical relay applications it is recommended 
to directly trip the breaker without using any intermediate 
numerical / auxiliary relay/ PLC intervention etc. for 
ensuring reliability / integrity of tripping the circuit breaker 
in the event of numerical relay failure.  

3.2.11 The breaker service position contact should not be 
included in the tripping logic of breakers.  

3.3.1 The critical motors of power plants should have a reliable 
auto-changeover / Auto-start scheme. The auto-
changeover shall be activated both by pressure interlock 
as well as contactor/ breaker interlock ( The low-pressure 
signal for auto-changeover is desirable from redundant 
low-pressure switches, based on 1 out of 2 logic or 2 out 
of 3 logic.  

3.3.2 The control supply for auto-change over scheme should be 
provided from a reliable source. 

3.3.3 System should be developed for periodic checking of the 
healthiness of Auto changeover scheme for motors in P&U 
operation. The observations in respect with shortcomings, 
if any, during actual operation of Auto changeover should 
form the part of failure analysis report.   
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3.4.1 All HT motors shall be provided with a Time Graded 
(e.g.0.5,1.0, 2.0, 3.0 Sec etc) under-voltage trip scheme to 
ensure recovery of the system after voltage dips and to 
safe guard the health of motors.  

3.4.2 The setting of under voltage relays should not be less than 
60% for tripping of HT motors.  

3.4.3 The voltage input to under voltage relay shall be derived 
from the Bus PT of the switchgear section from which the 
motors are connected.  

In case conventional relays are installed, voltages of at 
least two phases shall be used for under voltage tripping 
of the motors.  

3.4.4 

 
 

3.4.5 Contact multiplication of under voltage relay, if required, 
for the purpose of tripping of various HT motors, shall be 
provided through self reset type relays / auxiliary relays.  

3.4.6 Under voltage command for trip motors shall be direct to 
breaker and not through the motor feeder Master Trip 
Relay.  

 
3.5.1 Failure analysis of all motor failures i.e. bearings, insulation etc. 

shall be carried out with root cause analysis & reviewed in the 
weekly Planning Meeting. Data bank of the failures with failure 
mode of different range of motors to be compiled for statistical 
analysis. The list of typical failure modes is enclosed as 
Annexure-II.  

 
3.5.2 For effective condition monitoring of critical motors, trending of 

its polarization index to be maintained and a system of quarterly 
review to be ensured. For further analysis, in cases of 
deterioration, offline condition monitoring test like C Tan Delta, 
Partial Discharge etc. to be carried out and accordingly 
corrective actions to be taken. 

 
3.5.3 Surge arrester of adequate rating (based on grounded/ 

ungrounded system) to be provided on motor feeders controlled 
through VCB. The guidelines for selection of surge arrestors for 
ungrounded system is as under : 
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 First, check MCOV rating. It must be equal to HSV. 
 Second, check nominal discharge current. It should be 

minimum 5 KA for motor protection. 
 Third, check the residual voltage at nominal discharge current.  

It must be less than the BIL of the motor (typically it will be 
4U+5). 

 The protection margin must be above 1.2 (Protection margin = 
BIL of motor / residual voltage). 

 
3.5.4 For critical motors having provision of winding / bearing 

temperature measurement is to be routed for alarm & tripping. 
3.5.5 In order to facilitate full implementation of above 

recommendations by identifying GAPs and preparing action plan, 
a check list has been developed for reference and is given at 
Section 3E of this chapter.  
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MOTOR FAILURE MODE & EFFECT ANALYSIS 

Sl. No. Causes of failures 
 Failure initiator 

 Failure contributor 

 Failure underlying cause 
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Chapter-3 

 

2B -   EXPLANATION TO RECOMMENDATIONS 

Reference Explanation 

Feeding of the critical HT motors shall be done from the distribution 
network in such a way that outage of any primary generation or 
distribution source shall not affect the plant operation. 

 

HT motors  provided with EMERGENCY STOP BUTTON (Lockable 
Mushroom type) at the field with direct tripping of breaker (tripping 
should not be taken through PLC / DCS. However, a trip alarm may be 

of recording, if required. 

In order to protect impact of high voltage on HT motors, particularly in 
e to 

provide Metal Oxide Surge Arresters. In case other type of surge 
arresters is working satisfactorily then replacement of arrester is not 
recommended.  

In case of system voltage dips, it has been experienced that the power 
supply to exciter panels of synchronous motors, if provided from the 
system supply, also experience the voltage dip & lead to the tripping of 
these critical synchronous motors. In view of this, it is recommended to 
feed the power supply to these exciter panels through UPS supply. If 
required, the three phase UPS of small rating shall be provided for this 
purpose.    

The availability and proper functioning of space heater in motors is a 
neglected area. There have been cases of lowering of IR value of idle 
motors particularly in the humid environment. This may lead to undesired 
outage of HT motor in case of requirement and uncalled maintenance on 
motors.  

To ensure the healthiness of space heaters of the motor, a dedicated 
ammeter for monitoring the space heater current may be installed in the 
panels.  Modifications in this regard have been successfully incorporated 
at Mathura Refinery and found to be quite useful. 

In case of numerical relays, it is desirable to have a separate control 
supply for the relays from the breaker control supply to protect the loss 

isolate the breaker.  
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Any interruption in the switchgear DC control Supply shall not lead to 
tripping of the circuit breakers. To take care of this the contacts used in 
process interlocks should not be taken from the multiplying contactors/ 
auxiliary relays. (Not even from the multiplier contactor mounted in side 
the breaker) 

It has been experienced that the current flow in bus incomer feeder is 
extremely high after severe under voltage due to simultaneous re-
acceleration of all the connected motors on that bus. In view of above, 
the CT selection & relay setting of the incomer shall be done taking the 
above into consideration to prevent relay operation. 

As a standard configuration, following minimum protections must be 
ensured in a HT motor protection relay: - 

 Thermal over load with thermal history  

 Short Circuit protection 

 Earth Fault Protection 

 Locked rotor or stalling protection 

 Negative Sequence or Voltage Unbalance protection. 

 Too many start Protections 

 

The earth fault protections shall be provided with instantaneous 
protection. The CT are generally connected in residual mode or provided 
with CBCT.  

In residual connections suitable stabilizing resistance is to be provided in 
the circuit to prevent relay maloperation during starting high currents. By 
installation of stabilizing resistance, sensitivity of the relay may be 
affected to some extent but spurious operation of earth fault protection 
can be completely eliminated. The current setting of earth fault 
protection is so low that loosing sensitivity does not make much impact 
on the pickup of the relay.  

Moreover, use of stabilization resistance is standard technique which is 
used in all-current balance schemes e.g. differential protection, REF, 
50N etc. Hence use the same in E/F protection will provide an 
opportunity to further reduce the current setting even up to 10%. 

The above shall be installed for both 
 

It has been experienced that motors provided with dynamic setting / 
doubling feature may lead to spurious tripping during voltage dips if 
toggling of relay setting is done through the push buttons / breaker 
contact. 

During under voltage condition, when motors re-accelerates, the relay 
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settings continue to remain at lower value as the condition of breaker/ 
PB remain unchanged and may result in undesired tripping. Ideally, the 
relay settings should toggle back to higher value, as parameters during 
re-acceleration are quite similar to fresh starting of motor. 

The re-acceleration is as good as a new starting and with the low 
settings; motors may trip due to spurious operation of protections on 
lower values. 

It is, therefore, desirable to adequately engineer the doubling feature to 
ensure sustained motor operation during system disturbances. 

 

3.2.7 In order to facilitate immediate start of motors after tripping on process 
protection, it is desirable to have process trip relays with self reset 
contacts and Hand reset Flag or reset facility from control room through 
PLC / DCS. 

3.2.8 In order to prevent unwanted tripping of motor feeders particularly with 
numerical relays, It is desirable to review the protections settings with 
enable  / disable features and all unwanted settings e.g. high / high  
high instantaneous settings to be kept disabled if only inverse / time 
delay settings are required. 

3.2.9 This is essential for numerical relays to disable all unwanted settings as 
it can result in undesired trippings. This shall also ensure uniformity in 
the selection of features & settings. A sample sheet is enclosed as 
Annexure 3D.1) 

3.2.10 In case of numerical relay applications, all the Tripping/ Stop commands 
(including emergency trip from field) are routed through the numerical 
relay.  In the event of faulty numerical relay it will not be possible to 
isolate the breaker in emergency situations and during faults. Therefore, 
it is recommended to route all the trip/ Stop commands (including TNC 
switch) to directly trip the breaker without using any intermediate 
numerical / auxiliary relay for ensuring reliability and safety.  

In case the modification in this regard is cumbersome, an additional 
command to trip breaker directly be incorporated by using spare contact 
of PB / TNC switch. 

 

3.2.11 It is essential that in case of emergency situation in field or a fault in the 
equipment the concerned breaker must trip. There have been instances 
that the motor did not trip during fault or when stopped from field due to 
problem in the Breaker service position limit switch contact. This 
situation arises for the schemes where the trip circuit of the breaker also 

result 
into greater degree of damage either to equipment or to process.  
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Some of the OEMs/ switchgear suppliers are of the view that it is 
desirable to have limit switch contact in trip circuit  for sake operation of 

 fails to trip due to problem in the 
Service position limit switch such situation should be taken care by the 
backup (ie. Upstream breaker) in case of fault in the running equipment.  

However, for certain conditions which result in partial increase in current 
like motor overloading, bearing failure, rotor rubbing due to bearing 
seizure or  emergency requirements from field to stop the motor the 
back- up protection may also not be able to operate due to inadequate 
fault current seen by its CTS on account of marginal increase in loading 
of upstream feeder. Hence it is desirable  to remove the service contact 
interlock from the tripping logic of all the equipment including motors. 

3.2.12 Residual connected earth fault schemes require stabilising resistance for 
stability with some loss of sensitivity. CBCT allow sensitive Earth Fault 
protection. 

3.2.13 Direct contact will ensure the tripping of breaker in the case of failure of 
protection relay.  

Digital input to numerical relay will provide stamping of the respective 
tripping command. 

3.2.14 Auxiliary contacts shall not be used auto change over, tripping, 
feedback, closing and process interlocks as failure of auxiliary 
contactor/relay shall defeat the scheme. In the absence of sufficient hard 
contacts, latched contactors/ relays are to be used for contact 
multiplication. 

3.2.15 Failure of single UPS control supply should not affect the operation of 
the multiple air compressors. 

3.3.1 In order to prevent maloperation of Auto start scheme of critical motors, 
it is desirable to implemented the scheme based on 1 out of 2 or 2 out of 
3 principal from interlock device e.g. pressure switch etc. 

Additional interlock may be provided from the breaker contacts / master 
relay contacts to avoid time delay 

3.4.1 

 

 

In order to unload the power system during sustain under voltage 
conditions, a under voltage trip scheme shall be provided for all HT & LT 
motors in the plant. Only extremely critical motors related to the 
operation of process units shall be excluded from the scheme. 

It is essential to time grade the under voltage scheme based on the 
criticality of the motor otherwise the recovery time of system becomes 
very high after under voltage condition due to simultaneous re-
acceleration of all running motors. The sustained under voltage may 
even cause instability of the power system i.e. total collapse 

The motors shall trip at different time intervals depending upon the 
criticality of process units to which an individual motor is feeding. The 
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criticality of the motor may be kept in line with the criticality of the 
process units considered for load shedding scheme and accordingly 
time gradation may be done. 

All non-critical units shall trip with a time delay of 0.5 seconds. In order to 
safe guard the TPS & Water Block operation, it is recommended to trip 
the critical motors of process units in the order of priority with time 
gradation up to a maximum delay of around 3.0 sec. However critical 
motors of  TPS & Water Block should be selected to trip in the last stage.  

3.4.2 Different units adopt different U/V trip settings. It is desirable that the 
setting of U/V relay should not be less than 60% in case of HT motors. 
This is in view of system stability and problems associated with re-
acceleration of HT motors in under voltage conditions. 

Locations, which are having U/V settings above 60%, may retain their 
settings. 

3.4.3 To achieve reliability in the scheme and to prevent maloperation, under 
voltage tripping relay of at least two phases shall be used for tripping. In 
case of numerical relays "AND" mode is to be selected, if applicable, or 
contacts derived from two phase shall be used as the single numerical 
relay is used for all the three phases 

3.4.4 In case of PT fuse failure condition, the under voltage tripping scheme 
shall be blocked by Fuse failure relays or PT MCB's with auxiliary 

shutdowns that the PT MCB auxilary contact is functioning properly as 
incidents regarding mechanically strucking up of contacts during MCB 
tripping have been observed. 

3.4.5 In order to achieve faster restoration of the system, under voltage 
tripping relay contact multiplication, if required, shall be provided through 
self reset relays. 

3.4.6 In order to facilitate immediate start of motors after under voltage 
tripping, under voltage relay shall not activate master relay of individual 
motor feeder. 
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SNO.

1 180 220 460

2 21.1 26.4 52.5

3 111.63 158.4 315

4 23 sec. 37 sec. 1.8 sec

5 39 sec 60 sec 30 sec

6 50 sec 90 sec 45 sec

7 6600 6600 6600

8 STAR STAR STAR

9 BHEL BHEL NGEF

1 125 / 5 / 5 A 150 / 5 / 5 A 300 / 5 / 5A

2 5P10 , 1 5P10 , 1 5P10 , 1

3 15VA /15VA 15VA /15VA 15VA /15VA

4 2 2 2

1 SPAM150C SPAM150C SPAM150C

2 ABB ABB ABB

3 220 VDC 220 VDC 220 VDC

4 SPCJ 4D34 SPCJ 4D34 SPCJ 4D34

5 1 / 5 AMPS 1 / 5 AMPS 1 / 5 AMPS

1 0.88 / In 0.92 / In 0.86 / In

2 40 sec. 60 sec. 6 sec.

3 50% 50% 50%

4 95% 95% 95%

5 57% 40% 70%

6 4 tc 4 tc 4 tc

7 4.22 In 5.30 In 5.25In

8 25,3 sec. 42.5 sec. 8.8 sec.

9 6.32 In 8.0 In 7.86 In

10 0.05 sec. 0.05 sec. 0.05 sec.

11 20% 20% 20%

12 0.55 sec. 0.55 sec. 0.55 sec.

13 25% 17% 17%

14 60 sec. 50 sec. 30 sec.

15 disabled disabled disabled

16 2.0 sec. 2.0 sec. 2.0 sec.

17 10 sec. 5 sec. 5 sec.

19 113- 113- 113-

20 0- 0- 0- 

21 129- 129- 129-

22 126- 126- 126-

18 3 sec / h

Countdown rate of the start time counter in 

seconds per hours  = ts 2 sec / h 2 sec / h

RATED KW

CTR

CLASS

BURDEN

CORE

CONNECTION

MAKE

RATED AMPS

STARTING AMPS

STARTING TIME

WTH STAND TIME - HOT

WTH STAND TIME - COLD

VOLTAGE

TYPE

MAKE

AUX. VOLTS

MODEL NO 

RATING

Restart inhibit level for th. O/L cond. = 

Cooling reduction factor = Kc

Motor start current setting  = Is

Thermal unit  = I

Max. safe stall time =  t6x

Weighting factor for thermal unit curve = P

SGF

SGB

SGR

Earth fault operating time = to

Unbalance protection 

Unbalance prot,operating time T

High set operating time = t>>

Earth fault unit             = Io

Prior alarm for thermal over load = 

Under current unit         = I<

Motor start time setting    = ts

High set over current unit = I>>

SGR 1

Under current operating time = t<

Time base start inhibit cont.in sec. = tsi
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1 SGF - 1 1 1

5 SGF - 5 1 16
6 SGF - 6 1 32

8 SGF - 8 0 128

6 SGB - 6 0 32

7

2 SGF - 2

SGF - 7

SGF - 33

SGF - 44 8

Stall protection base on thermal 
stress supervision

Selected multiple of motor full load 
current 0

641

1 0 1

Incorrect phase sequence prot..

High set over current

Phase unbalance protection

Under current protection

2
Earth fault trip inhibited on over 
current higher than  0 4

High set over current stage double 
during a motor startup 0

3 0

Restart of the motor inhibited by 
external commandSGB - 22 0 2

SGB - 1

4

SGB - 4

The phase unbalanced unit is 
blocked by the input signalSGB - 3

Stall information to relay from speed 
switch

8 SGB - 8 0 128
Latching of any output relay for any 
tripping ,independent of the case

SGB - 5 05
External relay reset command

16

Latching of output relay for short ckt 
E/F , unbalanced trip

External trip command carried out to 
output relay

8

SGB - 77 0 64

4 0
The earth fault unit is blocked by the 
input signal
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1 SGR -1/ 1 1 1
2 SGR -1/ 2 0 2

*************

**************
128

The  signal for under current          
linked to SS 3

7 SGR -2/ 7
The signal for earth fault           linked 
to SS 3

8 SGR -2/ 8 0

1 64

16

32

The signal from stall protection linked 
to SS 3

6 SGR -2/ 6 1
The signal  current unbalanced 
linked to SS 3

5 SGR -2/ 5 1

8

3 SGR -2/ 3

4 SGR -2/ 4
The thermal trip signal             linked 
to SS 3 1

The starting of the high-set over 
current linked to SS 1 1

1

2

4

2 SGR -2/ 2
The motor startup in for   output 
linked to SS 1 1

1 SGR -2/ 1
The thermal prior alarm            linked 
to SS 1 0

5 0
The signal for earth fault              
linked to SS2

7 SGR -1/ 7 0 64

0 32SGR -1/ 66

SGR -1/ 5 16
The signal for current unbalance 
linked to SS2

0 4

84 SGR -1/ 4
The signal for high set over current 
linked to SS2 0

3 SGR -1/ 3

The thermal prior alarm link to SS2
The thermal trip signal link to SS2
The signal from stall protection linked 
to SS2

The earth fault unit                        
trip link to SS 2

The signal for under current            
linked to SS 2 

SGR -1/ 88 1 128
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Chapter-4 

LT distribution systems (PCCs, PMCCs, MCCs, ASBs) being major 
contributor to the process operation have to be given the similar order of 
attention as in case of maintaining the HT system. Though the skill 
requirement for these systems may be not so intense as in case of HT 
systems but the maintainability and reliable operation of the equipment 
associated with LT system, at the time of need, are the back bone for 
the process unit to operate at its full capacity. Since there are numerous 
small equipment connected to LT systems, the need is to build up such 
a high degree of reliability to the system that outage of any equipment 
should not disturb the process operation. This can only be achieved by 
ensuring that the faulty Power feeding section / equipment is immediacy 
taken over by a healthy system to ensure uninterrupted process 
operation. 

 
4A    RECOMMENDATIONS

 
Following actions are desirable for reliable and healthy LT Distribution 
System. Detailed explanation to these recommendations marked as ( ) 
has been enclosed at Section 4B of this chapter.         

For better focus and clarity, the actionable points the reliability related 
issues related to LT system have been have been divided into following 
sub groups: 

 

1 PCC / MCC Configuration  

2 Protection and Control Supplies. 

3 Re -acceleration of LT Motors 

4 Auto change over of LT motors 

 

4.1.1 Each PCC should be fed by two identical incomers and a 
bus coupler. Supply to transformer incomers should be 
sourced from different HT sections from the upstream. 
Care to be taken that the HT supply to PCC incomers 
should not be fed from the same generation bus or their 
adjacent sections. (Refer Schematic Drawing No.  4C.1)  
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For three-incomers scheme suitable feeding arrangement 
to be implemented. 

 
4.1.2 Bus coupler with Auto - Manual bus transfer facility shall 

be in line with as discussed in Chapter 5.  
 

4.1.3 Both transformers should be of identical ratings and PCC bus 
suitable for continuous parallel operation with both 
transformers in service, unless there are limitations of bus fault 
level. (New Facilities / Projects) 

 
4.1.4 Due to limitations of fault level, momentary paralleling of 

incomers exists in certain existing setup. Issues related to 
reliable operation of bus transfer actions for momentary 
paralleling schemes are same as discussed in Chapter 5 
Section 2 which  may be referred and followed.  

 
4.1.5 The control supply to PCCs may either be DC supply or AC 

control supply. In case of AC it should be derived from before 
the incomer breakers through control transformer forming a 
control bus.  

 
There should be a suitable control supply change over scheme 
available in all PCCs. 

 
4.1.6 All the critical alarms in unmanned sub stations ( viz. 

tripping of incomers, bus coupler change over,  control 
supply status, UPS trouble, charger trouble,  critical VSD 
trouble and tripping of any other very  critical equipment)  
shall  be extended to nearest manned substation / location 
for initiating quick action by electrical personnel.  

 

 

  

4.2.1 All the transformer feeders for PCC shall be provided with 
Instantaneous (high set) over current,  three phase IDMT Over 
Current, and  Earth Fault protection.  The Earth fault protection 
shall be provided by CT connections in residual mode.  

4.2.2 All PCC Transformer should have REF protection (New 
Facilities / Projects) 

4.2.3 All the transformer auxiliary protections (Bucholz, Oil temp. / 
Winding temp / Minimum oil gauge) shall be provided with  
alarms / tripping. It is desirable to use Reed Switch type 
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Bucholz Relays in place of Mercury Switch type relays in 
seismic prone areas.  

4.2.4 In order to achieve complete isolation of fault, it is 
desirable that master relay operation of any downstream 
PCC incomer breaker should also trip the upstream HT 
breaker.  

4.2.5 In order to prevent spurious tripping / relay mal-operation, 
It is recommended to replace critical obsolete / defective 
relays with latest relays in phased manner. 

4.2.6 In order to prevent problems pertaining to the earthing of 
numerical relays, it is recommended to provide clean & 
dedicated earthing for the numerical relays.  

4.2.7 The breaker service position contact should not be 
included in the tripping logic of breakers.  

 

 

4.2.8 For the LT motors having rating of 37 kW and above or fuse 
rating 160 Amp and above, it is desirable to provide an earth 
fault protection in addition to fuses to facilitate coordination with 
the upstream breakers. (New Facilities / Projects) 

4.2.9 All process trip relays shall be self reset type contacts with 
hand reset flags or reset facility from PLC / DCS. 

4.2.10 All unwanted protections and high set protection features 
provided in numerical relays should to be kept disabled.  

4.2.11 Issues related to earth fault protection and need of 
stabilizing resistance have been discussed in Chapter 3 
Clause 3.2.5. 

4.2.12 Issues related to prevent spurious tripping of motors 
during re-acceleration on account of doubling feature in 
numerical relays have been discussed in Chapter 3 Clause 
3.2.6. 

 

The Under Voltage trip scheme for LT systems is discussed 
in detail in Chapter 5 may accordingly be adhered for 
implementation. 
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4.2.13 The control supply to protection relays shall be separate 
from the breaker control supply in the switchgear feeders 
where Numerical relays are used.  

4.2.14 It is recommended to mark individual control fuse rating in 
the panels/ module doors to eliminate chances of improper 
fuse selection by operation  at the time of replacement.  

4.2.15 The control supply to MCCs shall only be AC. In view of 
the reliability of the plant it is desirable to have control 
supply derived from the individual modules in MCC.  

4.2.16 For the situations, where MCC control supply is through a 
control transformers forming a common control, the 
control supply to the critical equipment (affecting plant 
operation) may be modified to individual module based 
control supply scheme, if feasible.  Rating of the each 
control fuse must be mentioned on every module. 

For the new projects, individual feeder based scheme with 
a dedicated transformer in each feeder shall be provided. 
(New Facilities / Projects) 

4.3.1 Re-acceleration scheme shall be provided for the selected 
extremely critical motors in the refinery. The updated list 
must be available with each unit in this regard.  
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4.3.2 The control supply to re- acceleration scheme should 
preferably be DC / UPS.  

In case UPS / DC control supply is not used, re-
acceleration scheme shall be provided with stay put / 
latched contact from a timer / PLC / DCS. In such case, it is 
to be ensured that the contact gets de-energized in case 
motor field stop / trip command is generated. 

It is recommended to provide only PLC / DCS based re-
acceleration schemes in new projects in view of ease of 
implementation. (New Facilities / Projects) 

4.3.3 It is recommended to check the healthiness of the scheme for 
individual motor during shutdown. 

4.4.1 The critical AC drives should have a reliable auto-
changeover scheme in addition to the re-acceleration 
scheme. The auto-changeover shall be activated both by 
pressure interlock (Process Interlock) as well as contactor/ 
breaker interlock. The low-pressure signal for auto-
changeover shall be taken from a system of redundant 
low-pressure switches  

4.4.2 To the extent possible, the control supply for auto-change over 
scheme should be either DC or UPS. 

4.4.3 System should be developed for periodic checking of the 
healthiness of Auto changeover scheme. The observations 
in respect with shortcomings, if any, during actual 
operation of Auto changeover should form the part of 
failure analysis report.  

Specific Requirements
 

4.5.1 During retrofitting of switchgear, engineering calculation for 
circuit breaker sizing, bus bar sizing, heat generation and 
dissipation etc. with necessary de-rating factors should be 
carried out for ensuring reliability. 

4.5.2 All MCC modules shall be designed for type 2 co-ordination. 
The degree of enclosure for LT switchgear shall be preferably 
IP54 (New Projects). 

4.5.4 Power supply to auxiliary services board where single phase / 
lighting loads are connected shall be through lighting / isolation 
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transformer only. (New Projects / New Schemes by ES / Sub-
station Revamp) 

4.5.5 MCC modules i.e. motor, starter / contactor with holding coil 
type shall have its control voltage derived from individual 
module phase and neutral. Individual module isolation 
transformer may be used for limiting fault current value.(New 
projects) 

4.5.6 All LT motor feeders of motor rated above 55KW shall be fed 
from air circuit breaker with motor protection relay (New 
Projects).  

 
 

In order to facilitate full implementation of above recommendations by 
identifying GAPs and preparing action plan, a check list has been developed 
for reference and is given at Section 4E of this chapter.  
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Chapter-4 

4B-  Explanation to Recommendations 
 

The distribution buses in the primary sub-station shall be fed from 
the main generation buses. It is to be to ensured that outage of any 
of the generation bus shall not affect the complete distribution 
system i.e. the simultaneous outage of both the distribution bus 
sections should not occur. (Refer Schematic Drawing No.  4C.1)  

Bus coupler with Auto- Manual transfer system shall be provided 
between two adjacent distribution buses. In case of manual transfer, 
the closing of bus coupler breaker should be though 

The check-synchronizing relay should come into circuit only in case 
of Manual Closing of the bus coupler. This is to doubly ensure that 
the two adjacent live buses are in synchronism. This has more 
relevance with the increased complexity in the electrical system due 
to expansions and multiple primary generation / distribution sub 
stations.  

In auto mode (when one incomer trips the bus coupler closing is 
similar to the dead bus closing condition. Hence check 
synchronization is not required) 

Unintended operation takes place during manual bus transfer 
operation due to wrong selection and giving tripping command to 
bus coupler instead of giving closing command to incomer breaker. 
Issues related to reliable operation of bus transfer actions for 
momentary paralleling schemes are same as discussed in Chapter 
5 Section 2 and may be referred to and followed. 

It is desirable to use in place of Mercury Switch type relays in 
seismic prone area.  

There have been instances that transformer have tripped on 
Bucholz protection due to mal-operation of mercury switch in the 
relay during earthquakes. 

To improve the operational reliability of the secondary distribution 
system Reed Switch type Bucholz Relays should be used. 
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 Mark 10 Bucholz Relay of L&T (P&B) is one of such relay 
available in the market. 

Normally, there is provision available to trip the up stream HT 
breaker in case of operation of REF protection.  

Referring to Schematic Drawing No.  4C.2, in the event of fault in 
the portion between the CT and the breaker (as shown in the 
drawing) the fault will not be cleared by REF protection being a fault 
out side the REF zone. The fault will be cleared by the 51/ 51 N 
relays by tripping the PCC incomer trough master relay.  The fault 
shall continue to be fed from the upstream side till the breaker trip 
on over current or earth fault protection with a considerable time 
delay as per the setting. It is therefore recommended to trip the 
upstream HT breaker  immediately with the  of LT breaker on fault. 

To eliminate such situation, the tripping may be provided from the 
downstream master relay contact to the upstream breaker. This 
shall ensure in complete isolation of the fault under such conditions.   

It is not desirable to prevent the tripping of any breaker in case of 
emergency in field and fault conditions. There have been instances 
that the motor did not trip during fault or when stopped from field 
due to problem in the Breaker service position limit switch contact or 
its wiring resulting into greater degree of damage either to 
equipment or to process.  

Some of the OEMs/ switchgear supplier say that this situation 
should be taken care by the backup (ie. Upstream breaker) in case 
of fault in the running equipment.  This may not be true for 
conditions which result in partial increase in motor current like over 
load , bearing failure, rotor rubbing due to bearing seizure  or  
emergency requirements from field to stop the motor. Hence it is 
desirable  to remove the service contact interlock from the tripping 
logic of all the equipments including motors. 

It becomes very difficult to coordinate the PCC / MCC relay settings 
with fuse ratings higher than 160 Amp hence provision of earth 
leakage relays may be done at such locations. 

The earth fault current in the motors having long length cables is 
comparatively low. This phenomenon leads to tripping of incomer 
breaker of MCC on earth fault protection rather than blowing of fuse 
of individual motor. Therefore, it is desirable to protect all such 
motors with earth fault protection.  

The numerical relay normally comes with many inbuilt features such 
as advanced tripping options, high set tripping for E/F and other 
undesirable protections.  It is very essential that proper review of all 
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the protection features available in numerical relays is made and 
other those protection features are to be enabled which are part of 

sample sheet showing such features for particular make of relay is 
enclosed as Annexure 4D.1 for reference. 

It is also desirable to keep a data sheet of relay setting of different 
feeders for all models / make of relays being used in the system. 

In case the control supply to numerical relay is same as breaker 
control supply, in case of isolation while switching off control supply 
the supply to numerical relay is list and the history of the relay gets 
erased. 
In order to maintain proper fuse coordination in the distribution 
system & to avoid complete control supply interruption, it is 
recommended to mark individual control fuse rating in the panels/ 
module doors to eliminate chances of improper fuse selection, 
normally the ratings are marked in the control schemes and not 
readily available in the switchgear rooms. 

Direct contact will ensure the tripping of breaker in the case of 
failure of protection relay.  

Digital input to numerical relay will provide stamping of the 
respective tripping command. 

Auxiliary contacts shall not be used auto change over, tripping, 
feedback, closing and process interlocks as failure of auxiliary 
contactor/relay shall defeat the scheme. In the absence of sufficient 
hard contacts, latched contactors/ relays are to be used for contact 
multiplication. 

To avoid failure due to breaking of neutral at one single point, 
neutral connection shall be made at least 4 points. This will ensure 
the continuity of the control supply of the PMCC/MCC feeders in the 
event of breaking of any neutral connection.
In order to ensure re-acceleration (automatically restart) of contactor 
controlled LT motors, after a severe voltage dip in the system, a re-
acceleration scheme shall be provided for the selected extremely 
critical motors in the refinery.  
All auxiliary drives of the critical equipments (Turbines / 
Compressors / BFP etc.) shall also be provided with re- acceleration 
scheme. 
For the feeders provided with re-acceleration scheme, the control 
supply scheme shall be provided with DC / UPS system so that the 
scheme remains unaffected during the voltage dips.             

Page 712 of 1183 : B568304YEMR150145RFQ : Rev. A



G
- 

B
U

S
-1

C
 

D
-B

U
S

- 
3A

 

 

D
-B

U
S

- 
3B

 
D

-B
U

S
- 

3C
 

 

D
-B

U
S

- 
3D

 

 

T
R

-0
1 

T
R

-0
2 

P
C

C
-1

 
P

C
C

-2
 

G
- 

B
U

S
-1

A
 

G
- 

B
U

S
-1

B
 

G
- 

B
U

S
-2

C
 

G
- 

B
U

S
-2

A
 

G
- 

B
U

S
-2

B
 T
R

-0
1 

T
R

-0
2 

P
C

C
-3

 
P

C
C

-4
 

T
Y

P
IC

A
L

 P
C

C
 F

E
E

D
IN

G
 A

R
R

A
N

G
M

E
N

T
 

G
E

N
-1

 

D
R
G
.N

O
.4
C
.1

G
E

N
E

R
A

T
IO

N
 

B
U

S
E

S

D
IS

T
R

IB
U

T
IO

N
 

B
U

S
E

S
 

G
E

N
-2

 
G

E
N

-3
 

1
26

Page 713 of 1183 : B568304YEMR150145RFQ : Rev. A



IN
T

E
R

 T
R

IP
P

IN
G

 S
C

H
E

M
E

 F
O

R
 D

IS
T

R
IB

U
T

IO
N

 T
R

A
N

SF
O

R
M

E
R

D
R
G
.N

O
.4
C
.2

D
. B

U
S

- 
1A

 

 

D
. B

U
S

- 
1B

 

FA
U

LT
 

F
au

lt
 a

t s
ho

w
n 

lo
ca

ti
on

 s
ha

ll 
be

 f
ir

st
 d

et
ec

te
d 

by
 th

e 
O

/C
 

&
 E

/F
 p

ro
te

ct
io

n 
(O

ut
si

de
 

th
e 

R
E

F
 Z

on
e)

 o
n 

LT
 s

id
e 

re
la

y 
an

d 
it

 w
il

l t
ri

p 
th

e 
LT

 
br

ea
ke

r o
nl

y 
&

 s
ti

ll
 th

e 
fa

ul
t 

sh
al

l b
e 

fe
d 

as
 th

e 
tr

an
sf

or
m

er
 s

ha
ll

 r
em

ai
ne

d 
ch

ar
ge

d 
fr

om
 H

T
 s

id
e.

 I
n 

or
de

r t
o 

pr
ev

en
t t

he
 d

el
ay

 in
 

tr
ip

pi
ng

, i
nt

er
tr

ip
pi

ng
  o

f 
up

st
re

am
 b

re
ak

er
 f

ro
m

 th
e 

M
as

te
r 

R
el

ay
 c

on
ta

ct
 o

f 
th

e 
D

ow
ns

tr
ea

m
 b

re
ak

er
 s

ha
ll

 b
e 

pr
ov

id
ed

  P
C

C
-2

 
P

C
C

-1
 

R
E

F
 P

R
O

T
E

C
T

IO
N

 

51
 &

 5
1N

1
27

Page 714 of 1183 : B568304YEMR150145RFQ : Rev. A



1 180 220 460

2 21.1 26.4 52.5

3 111.63 158.4 315

4 23 sec. 37 sec. 1.8 sec

5 39 sec 60 sec 30 sec

6 50 sec 90 sec 45 sec

7 6600 6600 6600

8 STAR STAR STAR

9 BHEL BHEL NGEF

1 125 / 5 / 5 A 150 / 5 / 5 A 300 / 5 / 5A

2 5P10 , 1 5P10 , 1 5P10 , 1

3 15VA /15VA 15VA /15VA 15VA /15VA

4 2 2 2

1 SPAM150C SPAM150C SPAM150C

2 ABB ABB ABB

3 220 VDC 220 VDC 220 VDC

4 SPCJ 4D34 SPCJ 4D34 SPCJ 4D34

5 1 / 5 AMPS 1 / 5 AMPS 1 / 5 AMPS

1 0.88 / In 0.92 / In 0.86 / In

2 40 sec. 60 sec. 6 sec.

3 50% 50% 50%

4 95% 95% 95%

5 57% 40% 70%

6 4 tc 4 tc 4 tc

7 4.22 In 5.30 In 5.25In

8 25,3 sec. 42.5 sec. 8.8 sec.

9 6.32 In 8.0 In 7.86 In

10 0.05 sec. 0.05 sec. 0.05 sec.

11 20% 20% 20%

12 0.55 sec. 0.55 sec. 0.55 sec.

13 25% 17% 17%

14 60 sec. 50 sec. 30 sec.

15 disabled disabled disabled

16 2.0 sec. 2.0 sec. 2.0 sec.

17 10 sec. 5 sec. 5 sec.

19 113- 113- 113-

20 0- 0- 0- 

21 129- 129- 129-

22 126- 126- 126-

Under current unit         = I<

Motor start time setting    = ts

High set over current unit = I>>

SGR 1

Under current operating time = t<

Time base start inhibit cont.in sec. = tsi

SGF

SGB

SGR

Earth fault operating time = to

Unbalance protection 

Unbalance prot,operating time T

High set operating time = t>>

Earth fault unit             = Io

Prior alarm for thermal over load = 

RATING

Restart inhibit level for th. O/L cond. = 

Cooling reduction factor = Kc

Motor start current setting  = Is

Thermal unit  = I

Max. safe stall time =  t6x

Weighting factor for thermal unit curve = P

CONNECTION

MAKE

TYPE

MAKE

AUX. VOLTS

MODEL NO 

RATED AMPS

STARTING AMPS

STARTING TIME

WTH STAND TIME - HOT

WTH STAND TIME - COLD

VOLTAGE

RATED KW

CTR

CLASS

BURDEN

CORE

2 sec / h2 sec / h18 3 sec / h

Countdown rate of the start time counter in 

seconds per hours  = ts

128
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1 SGF - 1 1 1

5 SGF - 5 1 16
6 SGF - 6 1 32

8 SGF - 8 0 128

6 SGB - 6 0 32

8 SGB - 8 0 128
Latching of any output relay for any 
tripping ,independent of the case

SGB - 7

5

The earth fault unit is blocked by the 
input signal

External relay reset command
16

Latching of output relay for short ckt 
E/F , unbalanced trip

External trip command carried out to 
output relay

8SGB - 4

The phase unbalanced unit is 
blocked by the input signalSGB - 3

7 0 64

SGB - 5 0

4 0

4

High set over current stage double 
during a motor startup 0

3 0

Restart of the motor inhibited by 
external commandSGB - 22 0 2

1 0 1

Incorrect phase sequence prot..

High set over current

Phase unbalance protection
8

Stall protection base on thermal 
stress supervision

Selected multiple of motor full load 
current 0

641

2
Earth fault trip inhibited on over 
current higher than  0

Under current protection

SGF - 44

SGB - 1

2 SGF - 2

SGF - 7

SGF - 33

7

Stall information to relay from speed 
switch

4

129
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1 SGR -1/ 1 1 1
2 SGR -1/ 2 0 2

*************

**************

The earth fault unit                        
trip link to SS 2

The thermal prior alarm            linked 
to SS 1 0

1

The signal for under current            
linked to SS 2 

SGR -1/ 88 1 128

The thermal prior alarm link to SS2
The thermal trip signal link to SS2
The signal from stall protection linked 
to SS2

4 SGR -1/ 4
The signal for high set over current 
linked to SS2 0

3 SGR -1/ 3

16
The signal for current unbalance 
linked to SS2

0 4

8

The signal for earth fault              
linked to SS2

7 SGR -1/ 7 0 64

0 32SGR -1/ 66

5 0SGR -1/ 5

1

2

4

2 SGR -2/ 2
The motor startup in for   output 
linked to SS 1 1

1 SGR -2/ 1

SGR -2/ 5 1

8

3 SGR -2/ 3

4 SGR -2/ 4
The thermal trip signal             linked 
to SS 3 1

The starting of the high-set over 
current linked to SS 1

1 64

16

32

The signal from stall protection linked 
to SS 3

6 SGR -2/ 6 1
The signal  current unbalanced 
linked to SS 3

5

128
The  signal for under current          
linked to SS 3

7 SGR -2/ 7
The signal for earth fault           linked 
to SS 3

8 SGR -2/ 8 0

130
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Part B     Chapter 5   Under Voltage Management and Bus Transfer Schemes. 

Chapter-5 

RECOMMENDATIONS
 
Following actions are desirable for reliable and healthy Under 
Voltage Management and Bus Transfer Schemes.. Detailed 
explanation to these recommendations marked as ( ) has been 
enclosed at Section 5B of this chapter.         
 

5.1 Under Voltage Management  
 

5.1.1 All Bus incomer breakers up to the PCC level shall be 
 

5.1.2 Upstream (primary side) feeders for Transformer  & PCC 
outgoing breaker to MCC shall not be provided with U/V 
tripping.  

5.1.3 The complete under voltage tripping scheme provided 
for the distribution system at various voltage levels 
should be time graded.   

Under voltage protection co-ordination of power 
distribution shall preferably be such that the time delay 
at the highest voltage level is minimum and the time 
delay at subsequent lower voltage levels is suitably 
increased in steps. 

5.1.4 Under Voltage tripping of the incomer breakers shall not 
be given through the master relay.  

5.1.5 The under voltage tripping shall be initiated from the line 
side PT of the incomer breaker and should not be from 
bus PT. 

5.1.6 To achieve reliability in the scheme and to prevent its 
mal-operation, under voltage condition of at least two 
phases shall be used for tripping to the extent possible.  

 In case numerical relays are in use, either "AND" mode 
is to be selected (If the feature is available) otherwise 
contacts derived from two phases shall be used. as the 
same numerical relay is used for all the three phases.  
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5.1.7 Under voltage scheme is to be so engineered that; 
 The incomer breaker should not trip in case the other 

incomer is also experiencing under voltage 
simultaneously.  

 The incomer breaker should also not trip in case the 
other incomer breaker is OFF  

5.1.8 

 

5.1.9 In order to achieve faster restoration of the system after 
total power failure, under voltage tripping relay contact 
multiplication (if required) should be provided through 
self reset relays. 

5.1.10 Under voltage tripping of motors and their reacceleration 
shall be based on studies with regard to adequacy of voltage 
recovery subsequent to fault conditions. This is necessary for 
ensuring quick voltage recovery after fault clearance in HT 
system.  The adequacy to be ensured by Testing 
Department during system study. 

 
5.1.11 The under voltage schemes in HT systems to be examined 

for ensuring that the line under voltage & bus under voltage 
work on the same voltage base i.e. both shall sense either 
Ph-N or Ph-Ph voltage at the same time to prevent mal-
operation during earth faults.  The same shall be ensured by 
Testing Department from the drawings and verify physically 
during the scheduled protection testing. 
 

 
 
5.2 Bus Transfer Schemes. 

 

5.2.1 All the HT incoming / distribution bus section (Primary 
and secondary) and PCCs with two incoming sources 
should be provided with a bus coupler with Auto- 
Manual  changeover scheme in order to maintain the 
reliability of the plant.  

5.2.2 In case of manual transfer in Bus Coupler, the closing of 
bus coupler breaker should be though check 
synchronization relay wherever there are chances of 
paralleling of two unsynchronized sources.   

In the new projects, all Bus Couplers shall be provided 
through check synchronization facility in manual 
closing. (New Projects) 
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5.2.3 To the extent possible, the control supply for auto-
changeover scheme should be taken from reliable 
source e.g. DC, UPS etc.  

                  
5.2.4 Master relay (86) contacts of both the incomers to be 

provided in the common path of the bus coupler closing 

scheme.  
 

5.2.5 It is desirable to block the closing command to bus 
coupler breaker (i.e. to de-activate the auto change over 
scheme) after a suitable time gap on tripping of any of 
the incomer breaker, wherever feasible. Blocking may be 
provided through a timer activated from the dead bus 
condition of the unhealthy bus.  (New projects) 

 
5.2.6 It is recommended to provide inter-tripping from 

upstream breaker contact between upstream & 
downstream breaker.  

 
Provision of Inter tripping shall be provided mainly in the 
following breakers: -  

 Incomer breakers at Generation & distribution buses  

 HT & LT breakers of transformers  

 Upstream & Downstream breakers of the radial feeder 
 

5.2.7 The bus coupler change over scheme shall have 
separate relays for monitoring the bus healthy and Un -
healthy condition. It is preferable to have healthy bus 
relay setting at 80% and unhealthy Bus relay setting at 
40% (or less). 

 
The change over schemes having separate monitoring 
with above settings can be provided with instantaneous 
changeovers.  

 
5.2.8 Locations having 60 % U/V relays for bus healthy 

condition should replace the relays with 80% relays. If it 
is not feasible to replace that relays, a suitable tome 

time is allowed to build up the voltage upto at least 80% 
on the affected bus  

 
5.2.9 Schemes provided with single U/V relay in a Bus section 

for detecting both healthy and unhealthy bus conditions 
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should be modified to have separate U/v relays for 
monitoring bus healthy and unhealthy condition.  

  
5.2.10 In order to achieve reliability of the auto transfer 

scheme, it is recommended to review the scheme that 
only critical interlocks are taken into circuit.  

 
5.2.11 It is desirable to have breaker at both the upstream & 

downstream ends of a distribution section. In the 
distribution configurations where cable is directly 
connected to the bus section or through adopters, it is 
desirable to provide breakers in such panels to ensure 
operational reliability and effective bus transfer during 
upstream faults (faults out side the bus zone). (Refer 
Schematic Drawing No.  5C.1)     

 
5.2.12 It is to be ensured that downstream Bus coupler 

changeover scheme should not get blocked on 
operation of cable differential protection. Cable 
differential protection should operate master trip relay of 
upstream breaker. The downstream breaker shall either 
be directly tripped or through a dedicated master relay 
for cable differential protection. 

 
5.2.13 In case of transformer protection, the trip command from 

REF protection should not actuate the master trip relay 
of the LT breaker to enable auto changeover of the bus 
coupler.  

 
5.2.14 It is desirable to provide alarm in control room / manned 

location for the manual mode selection of the Bus 
Transfer Scheme.  

                
5.2.15 Momentary Paralleling Scheme For Bus Sections: 

Following points to be ensured in operating the 
momentary bus paralleling option (manual bus transfer 
mode) of the bus transfer schemes. The actions below 
mainly focus on the inadvertent tripping of wrong 
incomer/ bus coupler.  

   
 While giving shutdown/ normalization, the action to be 

initiated only by giving closing command to the desired 
breaker and not by giving tripping command to the 
breaker which is intended to be opened. 

 
scheme, manual open command to the breaker should 
be defeated. 
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 It is also desirable to incorporate suitable time delay (5 
to 10 sec) in the monetary paralleling mode of the 
scheme such that the tripping command to the 
intended breaker is initiated only after successful 
transfer operation. 

 
5.2.16 In order to ensure the healthiness of Bus coupler auto 

changeover scheme, it is desirable to incorporate Bus 

couplers utilizing the concept of trip circuit supervision 
scheme. (Refer Schematic Drawing No.  5C.2 -A/B/C)  
(New projects).   
 

 
In order to facilitate full implementation of above recommendations by 
identifying GAPs and preparing action plan, a check list has been 
developed for reference and is given at Section 5E of this chapter.  
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Chapter-5 

5B-  Explanation to Recommendations 

To facilitate 
disturbances / plant emergencies, 

HT side of transformer is not required to trip on U/V unless there is 
fault condition, which will automatically be taken care by other 
protections provided for fault management and have been 
discussed separately at relevant section.  

The purpose of U/V isolation of PCC incomer is to facilitate fast Bus 
Transfer operation of the Bus coupler when the power to PCC 
incomer is lost.  

Since MCCs are not provided with Bus transfer schemes and there 
may be many motors feeders provided with re-acceleration scheme, 
it is not desirable to trip MCC incomer breaker on U/V for quick 
process restoration. 

Normally, the philosophy  of  time gradation in  under voltage 
protection  co-ordination  adopted is such that 
 

 There is minimum time delay at the highest voltage of the 
system  and subsequent graded increase at lower voltage 
levels. (TOP Down approach) OR 

 The time delay at the highest voltage level is maximum 
and subsequent graded decrease  at lower voltage levels 
(Bottom up approach). 

 
The first option is preferable as the system reliability is enhanced 
during under voltage conditions as the number of auto change over 
taking place in the distribution system shall be minimum.  Further 
the efforts required for normalization of the system is also less.  
 

With TOP Down approach the PCC breaker will have the highest 
time setting (2-3 sec.). There may be fear that the change over will 
take place at PCC level after the designated  time delay, but in case 
of U/V in single PCC incomer due to fault in its transformer or cable, 
the HT breaker will trip and will instantaneously trip the 
DOWNSTREAM breaker through inter-tripping (as recommended in 
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Chapter 2 point no 2.3.30 and Chapter 4 point no 4.2.4 of this 
document) 

A typical U/V coordination diagram, with Top- Down approach, is 
attached as Annexure 5D.1 for reference Refineries to   review the 
under voltage co-ordination accordingly. 

In order to prevent blocking of auto transfer of bus coupler, Under 
Voltage tripping of the incomer breakers shall not be given through 
the master relay.  

Under voltage tripping scheme of a particular incomer shall also 
monitor the healthiness of other bus section before initiating a under 
voltage trip command. Scheme shall be blocked if the other bus 
section is also experiencing under voltage. The healthiness of other 
section shall be derived from U/V relay connected to the bus PT ( 2 
phases) to avoid incomer tripping when other bus in under 
shutdown or charged through bus coupler.  

This is to be ensured in all buses up to PCC level. 

In order to prevent mal-operation of the scheme due to incomer PT 
fuse failure condition, fuse failure monitoring relays shall be 
provided to monitor the healthiness of PT fuses. The under voltage 
tripping scheme shall be blocked in case of operation of PT fuse 
failure relay. MCB's with auxiliary contacts used for blocking shall 
not be used as the contacts got mechanically struck up during MCB 
tripping leading to mal-operation of the scheme. 

It is not desirable that any of the main distribution panel whether HT 
or LT should suffer the loss of power on account of outage of its 
incoming supply. The bus coupler change over should be through 
automatic closing of breaker without any loss of time.  

The check-synchronizing relay should come into circuit only in case 
of Manual Closing of the bus coupler. This is to doubly ensure that 
the two adjacent live buses are in synchronism. This has more 
relevance with the increased complexity in the electrical system due 
to expansions and multiple primary generation / distribution sub 
stations.  

In auto mode (when one incomer trips the bus coupler closing is 
similar to the dead bus closing condition. Hence check 
synchronization is not required) 

The control supply to Bus coupler changeover scheme should be 
reliable and free from system disturbances. It is therefore 
recommended to have either DC or UPS based control supply for 
such scheme
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For system reliability, it is not desirable that bus coupler should 
close in the fault condition (either on Bus faults 
faults). Therefore, Closing operation of Bus coupler shall be blocked 
in any mode (Auto / Manual / Paralleling) if the master relay of any 
of the incomer has actuated. 

Some of the locations are also having interlock for tripping the 
master relay of bus coupler with master relay of incomer. Such 
provision, though provide additional security, but may also result in 
mal tripper of bus coupler when incomer is under shut down and 
master relay of incomer get operated during testing /simulation 
checks (Primary Injection) on the incomer. Therefore, the same may 
accordingly be reviewed at locations, where such provision exists. 

Ideally, the bus coupler auto change over scheme does not permit 
the BUS Coupler Breaker to close when either of the Incomer 
breaker trips on fault ( 86 relay). In such an event, at a later moment 
if the master relay of the incomer is manually resetted, the bus 
coupler breaker will close automatically. This may result in feeding 
the fault through bus coupler.  

Blocking of scheme is essential in  to built in operational safety and 
to prevent undesired closing of Bus coupler in case of accidental 
resetting of master relay of the incomer. It is, therefore, 
recommended to block the auto changeover logic after a suitable 
time delay (5 sec. or more ) of the incomer tripping.  

Blocking may be provided through a timer activated from the dead 
bus condition of the unhealthy bus. 

It is desirable to trip the downstream breaker of the feeder in case of 
tripping of upstream feeder. This will prevent back feeding as well 

over. The tripping of downstream breaker in such cases should not 

change over at that level, which is not desirable.

As per the standard schemes provided by OEMs, it is desired that 
bus coupler should close only when the healthy bus is above 80% 
voltage level. This to ensure that healthy bus is stable or sufficiently 
recovered to take care re-acceleration of motors. Since, some of the 
locations are having 60% U/V relays for monitoring bus healthy 
condition, it is desirable to build up a suitable time delay (at least 
1sec.) in the bus coupler closing logic to enable building up of 
voltage to around 80% level, for such cases. 
 
Ideally it is recommended to provide bus coupler changeover 
scheme with separate relays for monitoring the bus healthy 
condition with a relay setting of 80% and bus Unhealthy condition 
with a relay setting of 40% to achieve safe & reliable changeover 
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operation. 
Schemes are also available with a single relay installed in each Bus 
section with a single setting of 60 % to meet both the requirements 
of healthy & unhealthy conditions. The relay remains in energized 
state for healthy condition & gets de-energized for unhealthy state. 
Such schemes are not desirable to achieve fast changeovers, as 
the proper monitoring of both healthy & unhealthy condition is not 
properly carried out with a single relay.    
 
In order to make the bus transfer scheme simple and reliable, it 
should use only critical interlocks in the logic. For example, non-
essential interlocks of Fuse failure relay of the buses / incomer is 
not required as dead bus condition is also supplemented by breaker 
open contact. Similarly, the contact of timer provided for the under 
voltage tripping of the incomer breaker shall not come in series into 
circuit for bus coupler auto changeover scheme as it will add up 
undesirable time delay in the scheme. 
 
With reference to (Refer Schematic Drawing No.  5C.1) 
 
Considering a fault in the portion between upstream breaker and the 
CT for the downstream bus, the incomer breaker will trip and the Tie 
at downstream bus will also not close (due to its blocking by the 
master relay of the incomer breaker). If bus coupler operation is 
made permissible in such cases then it will lead to back feeding of 

-breaker. In both the cases, it is an undesirable 
operation, in view of plant safety and reliability. The above 
conditions can also not be met by relocating CTs above breaker. 
 
To take care of such situations, it is desirable to have breaker at the 
downstream as well in place of direct connection / adopter. With the 
implementation of this modification, it will be possible to apply 
standard bus coupler scheme in the downstream bus.  

In order to prevent non-operation of the bus coupler scheme during 
desired situation on account of wrong selection of Auto / Manual 
switch, it is recommended to provide alarm in control room / 
manned location for the manual mode selection of the bus 
changeover scheme. 

Some of the locations are having momentary paralleling scheme 
instead of continuous paralleling due to limitations of switchgear 
fault level. Ideally, for continues paralleling, the fault level of 
switchgear should be higher than the combined fault level of both 
the incomer transformers when operated in parallel. With the 
momentary paralleling scheme, there have been instances of 
tripping of both the sections of the bus while giving shut down of 
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one of the incomer breaker or while normalizing the same.This 
problem is due to inadequate exposure of the operator on handling 
such scheme. The operator inadvertently gives the trip command to 
(Incomer/ Bus coupler) instead of initiating a Close command so 
that the selected breaker trips. Therefore the concern is to build up 
adequate security into the system by providing adequate 
arrangements / interlocks at such locations to prevent wrong 
operation during manual bus transfer actions by operator.  

 

Auto Circuit Supervision Scheme 

The scheme works on the concept that most of the contacts remains 
conditions. The 

scheme continuously monitors the control supply voltage across the 

supervision scheme monitors the healthiness of auto changeover 
circuit 
manned location. The scheme implemented for BHEL/ Siemens/ 
NGEF switchgears is attached for reference. (Refer Schematic 
Drawing No. 5C.2 -A/B/C) 

However a specific scheme is required to be developed for each 
switchgear in the same manner. 

The recommended scheme will involve lesser  number of physical 
contacts like breaker contacts, 86 relay contacts etc. which will 
make the scheme more reliable. Monitoring of Auto change over 
scheme healthiness can be done by checking the status of the 
digital inputs. 

Auto change over takes place after considerably longer time in 
switchboard having high residual voltage.   

With FBT, changeover delay time can be reduced and ACO 
effectiveness will increase. 
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Chapter-6

6 A     RECOMMENDATIONS 
 
 

Following actions are desirable for safe and reliable operation DC Systems. 
Detailed explanation to these recommendations marked as ( ) has been 
enclosed at Section 6B of this chapter.   
 

6.1 It is desirable to have a separate dedicated DC system for each HT sub 
station complex. In the existing system, it may be adopted wherever 
feasible.   

6.2 Each DC System should be provided with a redundant battery 
charger with paralleling operation scheme or auto changeover 
feature for switching to standby battery charger in case of fault in 
main (running) charger or vice  versa. (Refer Schematic Drawing No. 
 6C.1). 

6.3 The two incoming power supply sources of the battery charger 
system shall not fall on the same primary Generation / distribution 
source at 11 kV level. (Refer Schematic Drawing No.  6C.2).  

6.4 The battery charger supply should be taken from the switch fuse 
 

6.5 The battery charger should have a provision to come into service 
automatically after the system is recovered from voltage dips or 
restoration of power supply in the event of plant interruptions.  

6.6 The DC distribution system should have dual DCDB with a coupler 
switch. In the existing system, it may be adopted wherever feasible. 
(Refer Schematic Drawing No.  6C.2)   

6.7 In case single battery charger is feeding to large number of Process 
units, feasibility of installation of an additional battery charger may 
be explored. The loads may be distributed accordingly on two DCDBs 
by giving redundancy in supply to critical loads. 

6.8 For critical DC loads, where failure of DC supply leads to tripping of 
the critical equipment (Fail safe) should be provided with redundant 
DC supply fed from different feeder of DCDB.  
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6.9 It is desirable to provide an emergency interconnection between the 
two DC systems having the same voltages either in the same sub 
station or from nearest sub station. (Refer Schematic Drawing No.  
6C.3)   

6.10 It is recommended to provide a DC ground fault alarm in the control 
room / manned locations. All ground fault alarms to be attended at 
the earliest. 

Scheme shall be provided with a milliamp meter at DCDB / contol 
room or in ECS to monitor the extent of leakage current in the system 
(New project). 

6.11 Complete DC distribution system to be reviewed in totality to ensure 
proper fuse coordination between the upstream & downstream 
sections.  

6.12 The ratings of each fuse shall be marked on the panel above the fuse 
base. It is desirable to have updated DC system distribution diagram 
showing fuse ratings up to downstream end for each DCDB. This 
diagram should be displayed at a suitable location in the switchgear. 
 

6.13 It is recommended that each HT bus section shall be provided with 
redundant DC control supply. Each bus section should be fed from 
separate DC feeder. The redundant DC control supply shall be 
designed for changeover to the alternate backup DC supply in case 
of failure of the main supply. 

6.14 It is recommended to have a boost charging alarm of the chargers at 
the manned location / control room.  

6.15 It is recommended to provide battery charger fail alarms at the 
manned location / control room. If required single summary fault 
contact alarm may be provided. 

6.16 

 

6.17 The battery bank provided with the battery charger should be in 
healthy condition and of adequate capacity to provide sufficient 
backup in case of power failure. It is desirable to develop a system 
for carrying out load test of the battery bank at the every available 
opportunity.  
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6.18 DC systems commonly feeding to both Instrumentation system and 
emergency light should be separated by having separate DC systems 
for each.  (New Projects) 

6.19 Measurement on DC system shall be done with floating signal probe and 
not with grounded shield probe, if oscilloscope is being used. 

6.20 Based on the OEM recommendations on life cycle of critical components 
like capacitors, cards etc. replacement of such components shall be 
carried out.  Normally, the frequency of replacement varies between 8 to 
10 years. 

6.21 Use of VRLA batteries shall be avoided. 

6.22 

 

In order to facilitate full implementation of above recommendations by identifying 
GAPs and preparing action plan, a check list has been developed for reference and 
is given at Section 6E of this chapter.  
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Chapter-6 

6B - EXPLANATION TO RECOMMENDATIONS 

 

Reference EXPLANATION 

The reliability of the incoming power supply sources is to be 
ensured in order to prevent the simultaneous tripping of both the 
sources. The power supply sources shall not fall on the same 
primary Generation / distribution source at 11 kV level. (Refer 
Schematic Drawing No.  6C.2) 

It is recommended to review the chargers control schemes to meet 
the requirement of providing uninterrupted AC supply to battery 
chargers particularly after voltage dips in the power system. The 
power supply sources shall not be provided with contactor based 
modules, only MCB or SFU are to be provided in MCC / PDB.  

 

In case chargers are provided with contactor type arrangement for 
switching with AC control supply, the contactors may drop during 
voltage dips and load will be switched over to battery bank. Hence 
proper measures are required to be taken to automatically restart 
the chargers after voltage dips. To care of this, shorting of start 
push button may be done to pick up the charger immediately after 
voltage dips. The push button shorting may be done through a 
toggle switch to perform planned shutdown of the battery charger. 

In order to ensure the healthiness of battery bank, periodic charging 
& discharging is mandatory as per the recommended practice of the 
OEM. In view of the single battery bank, it becomes very difficult to 
meet the load testing requirements. To provide safe isolation of the 
battery bank for battery discharging, it is proposed to provide an 

same voltages.  

difference between the two DC systems is almost equal; necessary 
voltage adjustment shall be done from the battery charger. 

    

In order to continuously monitor the extent of ground fault in the DC 
supply system and to prevent mal-operation of control circuits due 
to DC leakage, it is recommended to provide a DC ground fault 
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relay with alarming in the control room.  

Also a milliamp meter is to be provided which shall show the 
leakage current flowing in the circuit thus the extent of leakage 
current in the system may be monitored continuously.   

This shall help in maintaining reliable control supply without 
unwarranted failure due to wrong fuse coordination. 

Labeling of fuse rating shall help the operator in providing correct 
fuse rating during replacements. 

The use of overall DC diagram with fuse ratings will mainly help in; 

 Source identification 

 Overall fuse coordination for entire DC system in a sub 
station 

 Verification of fuse rating, in case of doubt by operator. 

 Fuse inventory management. 

In order to protect the damage of battery bank due to inadvertent 
prolong boost charging, it is recommended to provide a boost 
charging alarm of the chargers at the manned location / control 
room 

To ensure reliable operation of the charger and to ensure 
healthiness of the components, it is recommended to periodically 
measure the ripple contents in the charger output supply & output 
and battery AC ripple current component. The ripple content should 
be less than 2% of the rated voltage.  

Faults on the DC emergency lighting system are inevitable due to 
day to day field maintenance. It is not desirable to risk the 
Instrumentation DC system due on account of such voltage dips as 
plant operation is affected by voltage dips in the Instrument control 
supply. It is therefore desirable to have separate DC system for 
Instrumentation and Emergency lighting. 

Copper cables are preferred over aluminium due to lower resistivity 
of copper leading to reduced voltage drop. 

It shall be possible to take shutdown of complete set of Battery 
Charger & Battery Bank through paralleling of both chargers by 
closing DCDB B/C and complete on line load transfer to other 
charger without affecting plant operation for PM/Load testing of 
Battery charger & Battery Bank. 
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Chapter-7 

 
7 A     RECOMMENDATIONS 

 

Following actions are desirable for safe and reliable operation of UPS 
Systems. Detailed explanation to these recommendations marked as ( ) 
has been enclosed at Section 7B of this chapter.   

  

7.1 It is advisable to have a separate dedicated UPS system for each 
process unit (associated units). In the existing system, it may be 
adopted wherever feasible.  (New Facilities/  Projects) 

7.2 All the incoming power supply sources to the UPS system (UPS-
1 / UPS-2 / Bypass) shall not fall on the same primary Generation 
/ distribution source at 11 kV level. It is preferable to provide the 
bypass incoming supply form a different substation/ PCC.  
(Refer drg. no. 7.C1) 

7.3 UPS systems shall be Parallel redundant types with each UPS 
capable of feeding 100% plant load. It is desirable to have UPS 
with Dual ACDB configuration.(Refer drg. no. 7.C2)  (New Facilities/  
Projects) 

7.4 It is desirable to install separate battery banks for each UPS 
section, in order to provide sufficient back up during 
emergencies.  (New Facilities/  Projects) 

The battery bank provided with the UPS should be in healthy 
condition & adequate to provide sufficient backup in case of 
power failure. The schedule and history of record of testing of 
battery should be maintained for each UPS.      

7.5 
not from the contactor controlled modules.  

7.6 It is UPS supply Protection coordination need to be jointly 
examined by identified team of electrical and instrumentation,  
from UPS ACDB level to the downstream distribution level (in the 
instrumentation panels) is to be ensured to avoid complete 
outage of supply due to coordination mismatch.   
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7.7 It is recommended to provide all UPS alarms at the manned 
location / control room. If required single summary (Group) fault 
contact alarm may be provided. 

7.8 Every UPS system is provided with internal cooling fans, it is 
recommended to ensure the healthiness of these fans & 
sufficient inventory to be maintained for timely replacement.  

7.9 It is recommended to place all UPS systems in only dust free air-
conditioned atmosphere.  

7.10 
  

7.11 Each UPS in parallel redundant configuration shall be provided with 
static switch in the output to avoid failure of the UPS in the event of 
fault in one of the UPS. (New Projects). 

7.12 For higher rating UPS, UPS systems selection shall be based on 
standard ratings of reputed makes having proven track record for that 
particular rating & model. Failure of high rating UPS i.e. output 
transformer failure etc. have taken place due to inadequacy of design/ 
heat dissipation etc. (New Projects / ES Schemes). 

7.13 Based on the OEM recommendations of life cycle of critical 
components like capacitors, cooling fans etc. replacement plan shall 
be made to enable initiate timely procurement action.  A typical 
guideline is enclosed at the end of the chapter. 

 

7.14 Use of VRLA batteries shall be avoided. 

 

7.15 
 

 

7.16 
 

 

7.17 
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7.18 

 

 

In order to facilitate full implementation of above recommendations by 
identifying GAPs and preparing action plan, a check list has been developed 
for reference and is given at Section 7E of this chapter.  
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Chapter-7 

 

7B - EXPLANATION TO RECOMMENDATIONS 

Reference EXPLANATION 

The same shall facilitate the individual UPS shutdown along with the 
shutdown of each Process Units. Also in case of UPS interruption, the 
affect shall be limited to a particular process unit.  

The reliability of the incoming power supply sources is to be ensured in 
order to prevent the simultaneous tripping of both the sources. The 
power supply sources shall not fall on the same primary Generation / 
distribution source at 11 kV level. Also it is desired to feed bypass supply 
from different sub station to ensure the availability of UPS in case of 
complete loss of supply to a particular substation. 

The separate battery bank for each section of UPS may be provided with 
the existing systems wherever feasible, in consultation with OEMs. This 
will facilitate the improved reliability and facilitate timely checking of 
battery health with out waiting for plant shutdowns.  

Since remote control operation of UPS main supply is not provided 
therefore technically it is not required to provide incoming supply from 
the contactor type module. Also inherent problems related to contactor 
may be avoided e.g. coil burning, contactor dropping during under 
voltage etc. Hence it is desirable to have MCB / SFU type feeder for 
UPS mains supply. 

Proper coordination is to be achieved in the UPS supply distribution 
network to avoid any maloperation. 

The UPS distribution network is constituted of several type of fault 

etc.hence proper care is to be taken while reviewing the system based 
on the current characteristics of each device.  

It is also to be ensured that the protection coordination is available for 
the entire current range of various type of fault clearing devices i.e. for 
both low and high fault current range. 

UPS systems are provided with fans for venting out the internally 
generated heat. In case any faults in these fans remain unnoticed for 
longer durations, the same may be harmful for the health of the UPS 
components. 
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If the auxiliary equipments are fed from UPS supply, any failure of the 
auxiliary equipment e.g. choke burning / fan burning / short circuit etc. 
may result in the interruption of UPS output supply. 

Copper cables are preferred over aluminium due to lower resistivity of 
copper leading to reduced voltage drop. 

Whenever changeover of contactor will happen,  the UPS supply to 
ACDB/loads shall get momentarily interrupted. 

Failure of any one UPS system or ACDB section shall not initiate tripping 
of process unit or any equipment. It shall be possible to take shutdown & 
carry out preventive maintenance of any one of the UPS at a time or any 
one ACDB section in plant running condition without affecting the 
reliability of the overall UPS system & plant operation. 
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Chapter-8 

unit operation, invariably lead to the tripping of the process unit. There are 
multi-dimensional factors such as ambience, reliability of electronic 

cable, control supply problems which lead to failure of VSDs. In spite of 
various corrective measures undertaken by the refineries to improve upon 
the performance of VSD, the incident of failures of VSD still continues. 
This has been a major concern area in all the refinery units irrespective of 
the make of VSD.  

 

 
8 A     RECOMMENDATIONS 

 
 

Following actions are desirable to overcome the problems in 
 Soft Starters which may affect the process unit operations. Detailed 

explanation to these recommendations marked as ( ) has been enclosed 
at Section 8B of this chapter.   

8.1 In view of reliability getting more concern over the energy 
conservation ( in case when there is single equipment used for a 
particular service and tripping of which may result in tripping of 
process unit) use of VSDs shall be avoided . (New Facilities/  
Projects) 

 

In case it is not possible to do away with VSDs, It is recommended 
to run two motors with VSDs in parallel, at 50% load on each, for 
critical applications. It is to be ensured that suitable damper / 
isolation arrangement exists between the parallel running drives to 
prevent reverse rotation in idle condition. (New Facilities/  Projects) 

 

In case of existing single critical drive operation, the feasibility of 

provided change over delay are within the process tolerances.     

8.2 Distance between the drive and the motor should be minimum 
possible and should be within the recommended distance for a 
particular model by OEM.   
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8.3 It is recommended to install drive panels in the dust free and 
air-conditioned environment with humidity control in order to 
protect the electronic components / P
from dust & heat. 

8.4 The drive enclosure shall have IP-42 class ingress protection for fan 
cooled type enclosure & IP-52 for self ventilated enclosure. 
Additional precautions to be taken to minimize the dust entry if the 
above mentioned class is not provided for the panels. (New 
Facilities/  Projects) 

8.5 It is desirable to provide Drives with PLC based logic in view of the 
inherent problems observed in the relay based scheme due to the 
frequent problems observed with the coils / contacts etc. (New 
Facilities/ Projects) 

8.6 
 

8.7 The auxiliary / Control supply of the drive panel shall be 
provided from reliable source e.g. UPS / DC source depending 
upon the requirement.(wherever control supply is not derived 
internally) 

8.8 Only reputed make of relays with PTR for similar application shall 
be used for process interlock tripping.  

8.9 
is to be ensured & following measures are to be taken: - 

 Both Drive run and Drive fault signal shall be independently 
given to PLC for monitoring the status and better 
diagnostics purpose.  

 In order to prevent spurious tripping due to momentary loss 
of drive run signal (due to loose contact etc), feasibility of 
providing interlocks with the process parameters e.g. 
Furnace draft etc may be explored & implemented. 

 Analog 4-20 mA signals shall be provided through screened 
control cable.  

8.10 For the latched type start / stop commands of the drives, It is 
desirable that the necessary latching (holding of command) of start 
command shall be done at the drive panel end & only pulse type 
command shall be generated from the PLC / DCS to take care the 
possibility of tripping of drive due to momentary missing of contact 
due to any cable termination / contact looseness problems. To 
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achieve this, an additional holding contactor may be installed in the 
drive panel depending upon the scheme requirement. (instrument 
interface) 

8.11 T
adhered as per OEM recommendations. 

8.12 It is desirable to have insulated bearing installed in VSD 
applications for HT motors. (New Projects) 

8.13 Only screened type signal cables are desirable in VSD 
applications. The cables should be properly laid away from 
power cable to prevent interference.  

8.15 To minimize damage to cards / components from the 
environmental effects, the Conformal coating of cards used in 

 

8.16 For effective troubleshooting, it is desirable to have trending of 
VSD parameters & alarm logging through a dedicated PC/ DCS. 
 

8.17 It is desirable to have separate control cable used for different 
voltage level of control supplies. 

8.18 It is desirable that the critical power supply units (Cards) installed 
inside the drive panel should be redundant.  

8.19 Based on the OEM recommendations of life cycle of critical 
components like capacitors, cooling fans, cards etc. replacement 
plan shall be made to enable initiate timely procurement action and 
replacement. 

8.20 Redundancy of drive run signal to DCS shall be provided for critical 
VFD applications. (New Projects) 

8.21 
 

8.22 
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8.23 
 

8.24 

 

8.25 

 

In order to facilitate full implementation of above recommendations by 
identifying GAPs and preparing action plan, a check list has been developed 
for reference and is given at Section 8E of this chapter.  

 
 
 
 

 

Page 762 of 1183 : B568304YEMR150145RFQ : Rev. A



Final Report                                                
 

Part - B    Chapter 8   Variable Speed Drives   

Chapter-8 

 

8B -   EXPLANATION TO RECOMMENDATIONS 

 

Reference Explanation 

It is advisable not to use VSD in the case when there is single 
equipment used for a particular service and tripping of which may result 
in tripping of process unit. Steam drives may be used for such cases. 

 
parallel, at 50% load on each, for critical applications. Each motor shall 
be driven by a separate drive so that in the event of interruption of one 
drive, other shall take the full load thereby preventing the plant 
interruption. 

In cases where two separate motors have been considered operating on 
50% load, it is to be ensured suitable damper / isolation arrangement 
exists to prevent reverse rotation of the idle unit. Reverse rotation may 
lead to the tripping of motor during starting 

If it is not feasible to use two equipments running in parallel, then the 
single running equipment must be provided with redundant VSDs, both 
kept in service simultaneously as hot standby so that the failure on either 
do not stop the equipment. It is to be ensured that process trip is not 
operated during the changeover period. 

However, in such a case provision is to be made to isolate the defective 
VSD and carry out maintenance without stopping the equipment

Distance between the drive and motor should be as low as possible in 
order to prevent capacitive phenomenon due to long cable. The larger 
lengths of cable may be used by using suitable chokes, but the reliability 
of the system suffers with the use of additional hardware due to 
possibility of component failure. Moreover the problem of excessive 
heating due to installation of choke is another area of concern 

In order to ensure uninterrupted operation of the drives during power 
system voltage dips or bus coupler changeover phenomenon, drives 

drive operation during voltage dips. 

In order to prevent spurious tripping of drives due to maloperation of 
process relays, only reliable relays e.g. Alstom make VAJ relay etc. 
should be used for process interlock tripping.  
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There have been instances of mal operation of VSD due to interference 
signal with the adjacent power cables hence it is desirable to use only 
screened cables to avoid such problems. 

It is recommended to performing trending & alarm logging of the drive 
through a dedicated PC to facilitate failure analysis. Since it is not 
possible to carry out logging of all alarms through DCS / PLC hence in 
case of faults, when the number of alarm generation is very high, if 
dedicated logging is not carried out then effective fault analysis shall not 
be possible. A single PC may be used for the purpose of logging of more 
than one drive. 

Also it is desirable to provide trending of critical drive parameters in DCS 
so that in the event of tripping or plant disturbances, drive parameters 
may be easily compared with the process parameters for 
troubleshooting purpose without facing the problems related to the time 
synchronization etc.   

Power supply units are installed in the drive panels to meet the internal 
power requirement of the drive for various purposes.  It has been 
observed that due to trouble / failure of the power supply unit installed in 
the VSD, complete units gets tripped and leading to the process unit 
interruption.  

configuration) to prevent VSD from tripping in the event of failure of 
single power supply unit. 

IGBT based VFD driven motors and cables are subject to reflected 
waves (due to impedance mismatch between motor and cable) and 
unbalanced voltage which is the common-mode voltage source. 
Common mode voltage gives rise to common mode current. This current 
flows to earth through all the system components leading to heating. 
Joints being a weak link of the cable system are usually the first to fail 
during over-voltage or heating. Hence long cable length and cable joints 
are to be avoided in VFD driven motors. 
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Chapter-9 

(Power And Steam

A sudden loss of generation in captive power plant may lead to collapse 
of the total system if demand is more than the generation and if corrective 
actions are not taken immediately for electrical system / steam 
generation. It may not be practicable to take corrective measures to 
prevent the total collapse with manual intervention and therefore 
automatic load shedding scheme is essential for power system operating 
in islanding mode.  
 

9 A     RECOMMENDATIONS 
 

Following are some of the key aspects for ensuring effectiveness of the 
load shedding scheme. Detailed explanation to these recommendations 
marked as ( ) has been enclosed at Section 9B of this chapter. 

9.1 After actuation of all the steps of load shedding scheme, the     
amount of load available in the system (i.e. remaining plant 
load left out on the system after actuation of complete load 
shedding), shall be less than the smallest capacity machine. 
 

9.2 Load shedding scheme shall be adequate to take care of the 
simultaneous tripping of the largest power and steam 
generation sets.  

9.3 Load shedding scheme shall be designed in such a way that it 
shall automatically take care of climatic impact, any variation in 
machine response from designed values during emergency etc.  

9.4 System Disturbances / transient phenomenon shall not 
cause nuisance tripping of the scheme.  

9.5 The Power Load Shedding Schemes shall actuate 

load shedding 
scheme.  

9.6 Additional provision of Manual load shedding form TPS control 
room may additionally be provided for non-critical load / units as a 
backup for manual intervention.  

9.7 For improved reliability, it is desirable that the logic / ECS 
based schemes should be backed up by under frequency-
based load shedding schemes for units not running in 
parallel with the Grid.  
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9.8 The load-shedding scheme shall have predefined order for 
the various steps to be shed during a particular type of 
emergency. 

9.9 In view of the change in criticality of process units, increase 
in plant load, augmentation of power source, the load 
shedding scheme is required to be upgraded / reviewed after 
any expansion in the refinery. 

9.10 It is desirable that command from two redundant outputs / 
relays shall be used to trip a particular step of load shedding 
scheme.  

9.11 Scheme shall be provided with reliable & redundant control 
supply so that scheme shall remain operational in case of 
failure of one control supply.  

9.12 Critical loads like UPS, battery chargers and critical process 
equipments should not be covered under the load shedding 
scheme to the extent possible.  

 

 

 
 

9.14 It is recommended to install self-reset contact and hand 
reset flag type relays for actuating load shedding to achieve 
faster normalization of the system. 

9.15 All alarm / annunciation/ indications related to healthiness 
and operation of load shedding should be made available in 
the power plant control room or nearly manned sub station.  

9.16 Alarm / Indication for load shedding operation may also be 
provided in the Process control room for immediate 
information.  

 

9.17 Adequacy of steam and power load shedding shall be reviewed 
by multi disciplinary group on annual basis. The approved 
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updated copy of the load shedding priority table to be made 
available in TPS / CGP. 

In order to facilitate full implementation of above recommendations by 
identifying GAPs and preparing action plan, a check list has been 
developed for reference and is given at Section 9E of this chapter.  
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Chapter-9 

 

9B -   EXPLANATION TO RECOMMENDATIONS 

 

Reference Explanation 

The adequacy of load shedding shall be such that in the event of 
cascaded tripping of multiple generating units, at least the smallest 
capacity unit should continuously be available to avoid the total power 
failure and enable quick normalization of the process units.  Hence load 
shedding scheme shall be adequate to take care the single smallest 
running machine always remain operation during system disturbances. 

(System Maximum Load - Total Load considered in Load Shedding 
Scheme) < Capacity of Smallest installed machine 

In the event of simultaneous tripping of the largest power & steam 
generation sets, the load shedding adequacy to ensure stable operation 
of the balance plant with other generating units. 

Load shedding scheme shall be designed in such a way so that it should 
be able to take care any unforeseen condition arising due to deviation in 
machine behavior on account of climatic impact or due to any sudden 
problem in machine components.  

 Phenomenon of variation in machine performance (GT loading etc) 
due to climatic impact i.e. actual permissible loading to be considered 
in the scheme at any instant of time. 

 Sudden problems encountered in the machine behavior during 
emergency conditions causing loading constraints i.e. governor 
response problem, IGV or flow divider response problem, jamming of 
any steam valve etc. shall not lead to mal-operation of the load 
shedding scheme. 

Load shedding should not maloperate at the time of system disturbance. 
Since the load shedding scheme is largely dependant on the relays and 
transducers. These relays / transducers are used for the sensing of 
system power or frequency using voltage input. Any voltage dip shall 
cause hunting in these parameters due to fluctuation in voltage sensed 

through voltage signal shall show erratic values.  

Hence load shedding scheme shall be engineered so that it should not 
maloperate during system disturbances. 
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The power load shedding scheme will be designed / reengineered in 
such a manner that it should actuate automatically whenever required by 
identifying the gap between load demand and generation. 

It is necessary to have an under frequency based load shedding scheme 
in back up of other type of load shedding scheme as any loss of 
generating source or any unforeseen problems related to loading of any 
individual machine during emergency condition is always followed by 
decay in frequency. Normally the logic of ECS or PLC based schemes 
are based on the master relay contacts of the generators therefore the 
scheme will actuate only after the tripping of machine however the 
climatic or machine response related 
taken care only by a frequency based backup scheme whereas logic 
based scheme shall have to be operated manually. 

In order to take care of hardware / wiring problems, scheme shall be 
provided with sufficient redundancy for the actuation of each step. 

In case of under frequency based load shedding schemes, phenomenon 

lead to mal-operation of the scheme. In such schemes, following actions 
are recommended: - 

   
comes into picture only during under voltage conditions say 
V<95%.  

around 50% of the rated VA. Proper rating wire wound variable 
stabilising resistances (Alstom make) are suitable to serve the 
short time requirement. 

 Taking series contact of two relays, one relay installed in HT 
system & other relay installed in LT system. Load shedding shall 
take place on the actuation of both the relays. The voltage input 
for the relay installed in LT system may be taken directly from 
the LT Bus without using any PT with necessary isolations.  

The selection of HT & LT Bus for providing relays should be 
done in such a manner so that both should not fall on the same 
primary / secondary distribution system. 

The frequency signal to the under frequency relay is provided through 
PTs (Voltage signal). In the event of under voltage dips due to system 
faults, there are possibilities of the erratic behavior. It is, therefore, 
recommended to block Frequency Based load shedding during under 
voltage condition (V < 80%) to avoid spurious tripping due to erratic 
transient reading of transducers / associated frequency relays. 
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Part B     Chapter 10    Operational & Maintenance Practices 

 

The reliability of the P&U system, at large, gets addressed by implementing the 
improvement measures as discussed in previous sections, which are mainly 
focused on strengthening the system hardware/ configuring. Apart form above, 
the health and correct operation of the plant and equipment are essential for 
reliability of the system so that failures of the plant and equipment can be 
minimized. Some of the identified failure which result out the inadequate health 
and condition of the equipment / system component are: 

 Flashovers in panels and breakers 
 Failure of end terminations  
 Flashovers in motor terminals 
 Cable failures 

 
All electrical equipment are subject to operating stress and as a result of 
interaction of the stresses with various components in the equipment, there is a 
progressive degradation, weakening and loosening ultimately leading to failure. 
At times external factors (Dust, Humidity, Rodent) also lead to failures. For 
improving the reliability and availability of the equipment, it is therefore 
important to operate the plant and equipment with utmost care as per the 
prescribed procedures, maintain, them in perfect health and monitor their 
health periodically to take proactive corrective measure. All these actions to be 
necessarily backed up by a system of retro inspection by properly analyzing 
the failures and reasons leading to consequential system trouble on account of 
these failures 
 
As an integrated approach for building up reliability in P&U systems (Plants 
and equipment) by addressing all these issues, following area have been 
considered which need to be strengthened. 
 

 Operating practices  

 Analyzing failures and learning from mistakes 

 Availability of Plant related documents, records and drawings. 

 Maintenance and monitoring of system / equipment.
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Operations of power generation and distribution system are critical for 
ensuring reliability of the power & utility system.  Operational checks 
should ensure effective monitoring of performance of equipment by 
identifying critical parameters, monitoring through alarms, physical 
verification and elimination of human errors.  The salient recommended 
operational practices for improving the reliability of P&U system are as 
below: 

(i) System to be developed for periodical review of pre-identified 
critical parameters by deep involvement and concern of plant 
operating personnel in order to bring about the focus on the 
performance of plant.  

(ii) Structured system for review of alarms, which are prevailing for 
more than 24 hrs and review of corrective actions by Plant 
incharge. 

(iii) Structured system for ensuring healthiness of performance of 
critical auxiliaries (their auto changeovers, re-acceleration 
schemes, like auto mode selection) and that of load shedding 
scheme at least weekly basis. 

(iv) Ensuring daily recording of abnormal state of relays and other 
protection related indications flags of critical equipment/ 
feeders and reporting to shift in charge - responsibility to lie 
with Shift-in-charge. 

(v) To ensure writing of log sheet of critical parameters or taking 
print out of the log from DCS/ECS for  review and record. 

(vi) Isolation/ shutdown procedure of each HT switchgear should 
be available in the switchgear room to avoid any inadvertent 
incidents. 

(vii) Prior to giving line clearance of HT systems, it is desirable to 
use HT line tester prior to discharge of equipment. 

(viii) Equipment tagging on the panel to be ensured in the front as 
well as panel rear.  Layout of bus section at bus couplers/tie 
breakers to be ensured for preventing any inadvertent handling 
in charged panel. 

(ix) Availability of instructions on the panel w.r.t. resetting of 
alarms/fault indications and emergency handling in AVR/ 
DAVR/UPS. 

(x) Color-coding of differential CTs in HT system to be done for 
awareness during primary injection testing. 
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Any sub-station, either conventional or automated type shall be 
designed to generate intelligent information to support the performance 
of substation, its connected equipment and diagnosis of the equipment. 
Following are the guidelines for a effective monitoring & alarm system: 

(a) Sufficient information shall be provided either remotely or local to 
the power supply equipment to enable rapid identification of fault 
conditions or confirmation of healthy status. 

(b) Alarms shall be provided to indicate at a manned control point any 
fault condition on a major unit in a power supply system.  This may 
take the form of a common alarm requiring examination of the 
local indication to diagnose a fault condition. 

(c) A structured system shall be in place for communication to the 
concerned person/ department and ensuring that the necessary 
corrective measures are carried out at the earliest. 

(d) Alarms related to status, control, protection shall be available in a 
primary/ secondary sub-station and the alarms shall be suitably 
grouped. For unmanned sub-stations, all critical alarms shall be 
extended to a manned location and common alarm from each 
group shall be made available at the manned location. 

(e) Remote signaling  ( group summary) of alarm conditions shall be 
classified into the categories: 

 Emergency trip
 Urgent alarm
 Information

(f) In an electrical system, the various systems to be covered for 
monitoring & alarm are as under. 

 HT primary distribution system. 
 HT secondary distribution system. 
 LT PCC/ MCC system. 
 UPS 
 DC system. 
 Process related equipment like VFD and Electric 

heater. 
 Large HT motors and its auxiliary system. 
 Generation & distribution transformers.
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(g) Detailed annunciation schedule shall be based on but not limited 
to the following: 

a)     HV Switchgear 
 

 Breaker-wise fault trip alarm 
 Status of Auto-changeover scheme 
 Trip circuit status for breakers 
 Differential relay operation alarm 
 Transformer trouble alarm 
 DC supply failure alarm (Bus wise) 
 PT secondary MCB trip alarm for all line and but PTs.

b)   MV Switchgear 
 

 Incomer/ bus coupler fault trip alarm 
 Status of Auto-changeover scheme 
 Bus-wise group fault trip alarm for outgoing feeder 

breakers 
 D.C. supply failure alarm (Bus-wise) 
 PT secondary MCB trip alarm for all line & bus PTs.

c)     Operating status/ fault conditions for UPS system. 
 

d)     Operating status/ fault conditions for DC supply system. 
 

e)     Operating status/ fault condition for DG sets. 

The present failure analysis practices needs to be re-strengthened for 
more focused analysis of the interruption/ failures based on 
consequential alalysis in addition to analyzing the the root cause backed 
up by a structured monitoring system for implementation of the 
recommendations. The existing failure analysis reports put focus on the 
incident and its prevention but does not bring out, in general, the 

consequence losses from the incident. 

a) The failure analysis should be carried out by a dedicated FA Task 
force involving both Operation & Maintenance  Review and 
monitoring & liquidation of the suggested corrective measures to 
be periodically done by concerned HOD.  

 
b) The focus of the failure analysis shall be on: 

 Failure initiator. 
 Failure contributor. 
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 Identifying the system requirements for taking care the 
consequences of the fault. 

 Underlying causes of the failure i.e. root cause failure.  
 Identifying areas for potential design improvement. 
 System of monitoring of implementation of the 

recommendations in a time bound manner. 

c)  HOD to ensure that the failure analysis of all major incidents (TPF/ 
PPF) should be completed within one week of the incident and 
findings along with action plan (with responsibility and target) to be 
submitted to M&I. 

d) M&I after review of the analysis to circulate the same to other 
units within 15 days and seek for action plan from other units, if 
similar deficiency also persists elsewhere. 

 
e) System should be put in place for sharing the failure within 

working groups of refinery and with other units  learning from 
failures.  

 
 

Some of the suggested improvements in the documentation and 
accessibility of   manuals, procedures and drawings are: 

 

a)   System to be put in place to ensure timely updating of all the 
Operation and maintenance manuals. Designating the standard 
place of availability of these manuals. If possible, these manuals 
should be available on one for ready reference by all the users. 

b)   System should be put in place for maintaining the index ( with 
revision status) and availability of the updated drawings. It is also 
to be ensured that all the as- built drawings of the new units are 
available.  

c)   The preventive maintenance shall also ensure potential causes of 
equipment failure like load changes or additions, circuit alterations, 
improperly set or improperly selected protective devices and 
changing voltage conditions.   

d)   All the modifications / corrections / new schemes should be 
implemented only after adhering to a structured Management of 
Change (MOC).  It is desirable that all such modifications / 
additions should be viewed and okayed by a designated group of 
experts from operation and maintenance, for operational reliability 
and safety before it is approved by HOD for implementaion. 
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e)   
calculations, should be maintained and updated in the light of any 
modification. 

f)   For each plant, a dossier containing all relevant data for 
equipment should be compiled. It is to be updated and readily 

general arrangement drawings, single line and schematic drawings 
and CCE certification when applicable. Furthermore, for each plant 
a record should be maintained of the calculations and settings 
applied to associated protective relay systems.  

g) For each circuit and/ or component part, test and inspection 
programmes, which include procedures outlining the extent and 
frequency, should be prepared. In preparing procedures, account 
should be taken of the guidance given in this document, history 
records, local environment and severity of duty.  

h) 
lied before any work is 

undertaken on electrical equipment. 

i) 
for all equipment / circuits to be regularly tested/ inspected. The 

ing 
details of faults, repairs, modifications and the results of tests and 
inspections carried out.  

j) The scope of the annual electrical audit shall also include audit of 
the preventive & predictive maintenance compliance and 
effectiveness. The objective of the audit shall ensure the following: 

  To monitor the implementation of test and inspection 
programmes and ensure management is advised of any 
departures from the agreed inspection requirements/ 
schedules for the plant. 

  To ensure deficiencies are acted upon and that serious 
problems are notified to management and operating 
authorities.  

   To ensure recurring deficiencies are highlighted for redesign 
or upgrading considerations.  

k)  A schedule for application of appropriate monitoring techniques 
may be incorporated into the inspection and maintenance activity 
to reduce the requirements for unnecessary shutdown or invasive 
work. Specific methods, which are relevant to the operation of 
electrical equipment, include thermography for identifying the 
condition of critical electrical connections (e.g. bus bar 
connections, end terminations), current signature analysis for 
examining motor stator/ rotor condition, online partial discharge 
test for assessing the healthiness of motor/ switchgear.  
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l)   Unit shutdown manual to include electrical job list along with a 
checklist for each equipment. 

m) Compliance of schedule preventive maintenance of electrical 
equipment to be ensured. It is desirable to have a system of 
generation of MIS reports on compliance considering that 
maintenance of all critical equipment/ systems like protection 
system, earthing, switchgear and bus bar are ensured. 

n)   All testing found during the course of preventive maintenance 
should have their results recorded in such a manner to establish 
trends that can be used in assessing the health of the equipment 
like insulation of motor, predicting battery life etc. 

The existing maintenance system based on the preventive maintenance 
schedule should be strictly followed for ensuring reliability of the 
components of the electrical system. The existing PM are successful to 
a large extent in maintain the good health of equipment and upkeep of 
system.. However, with the increase in the number of electrical 

nsitivity, state-of-the-art technology and 
increased availability requirement of equipment, the existing practices 
needs to be strengthened. The desirable strategy of routine 
maintenance & monitoring shall be about detecting potential 
abnormalities and reducing or eliminating the consequences of failure in 
addition to scheduled maintenance.  
 
In addition to maintaining the health of the equipment efforts are also 
required to be strengthened to counter some of the fault initiators  such 
as by addressing them adequately 
in the maintenance plan Following are some of the measures, which 
need to be undertaken for building up reliable and effective  
maintenance plan  

Temperature even slightly above its designed levels for prolonged 
periods can significantly shorten the electrical life of insulating 
materials and lower mechanical strength. Localized heating can 
sometimes occur but are unnoticed because the overall 
temperature of the surrounding is not raised appreciably. Loose 
bolted connection of a bus bar joint or void spares (dead air) in a 
taped assembly are such examples.  Some critical 
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recommendations to minimize the heating effects in the electrical 
system are as under:  

  

i. Ensuring healthiness of jaw contacts of circuit breakers 
specially for incomer/high rating feeders through visual 
examination for condition of springs, heating marks etc. 
Monitoring of temperature during maximum load condition 
using non-contact thermo-meter and infrared windows. This 
exercise of maximum loading on one incomer can be carried 
out just prior to unit shutdown.  

ii. Measurement of contact resistance using digital micro 
ohmmeter during shutdown after ensuring isolation of the 
complete switchboard. 

iii. Providing non-hygroscopic phase barriers should be used 
between Phase to Phase and Phase to Earth in the breaker 
trolley and out going box of HV switchgears.  Additionally, the 
exposed bus bars in the cable box should also be provided with 
HT paint. In case taping/sleeves are used, it is to be ensured 
that the insulation layer found is homogenous without any air 
gaps.  

iv. During shutdown all bus bar joints of switchboard and bus 
ducts to be torqued as per OEM recommendations in the 
equipment manual including contact resistance measurement.  

v. It is recommended not to take any control/CT wiring through 
the main HT bus chamber.  In case it is not possible to reroute/ 
modify the wiring then proper dressing & clamping of the wiring 
is to be ensured. 

vi. All power cables are properly supported by clamps at the panel 
entry to avoid tension on cable lugs.  This can cause heating 
and subsequent flashover.  This is to be specially ensured in 
HT cables as in most installation glanding is not being done in 
view of heat shrink type end termination.   

vii. Structured half yearly schedule of online temperature 
monitoring using infrared camera/ thermometer through 
infrared windows.  For enabling measurement without opening 
of the rear panel covers modification for providing opening in 
the rear panel covers for installation of infrared windows may 
be required for enabling thermography.   

viii. Use of temperature indicating crayons/markers/labels can be 
explored on experimental basis on joints, terminations etc. for 
monitoring of abnormal heating. This can be utilized during 
routine preventive maintenance where the color of the 
temperature indicating crayon/label can be monitored.   
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Damage caused by electrical distress will normally be evident on 
the surface of insulating members in the form of corona erosion or 
markings or tracking paths. The following are specific areas in 
which electrical distress is more likely to occur and should be 
given special attention: 
 

i. Boundaries between two adjoining insulators 

ii. Boundaries between an insulating member and the grounded 
metal structure. 

iii. Taped or compounded splices or junctions. 

iv. Bridging paths across insulating surfaces, either phase-to-
phase or phase-to-ground. 

v. Hidden surfaces such as the adjacent edges between the 
upper and lower member of split type bus supports or the 
edges or a slot through which a bus bar protrudes. 

vi. Edges of insulation surrounding mounting hardware either 
grounded to the metal structure or floating within the insulating 
member. 

vii. Effectiveness of sub-station pressurization need to be ensured 
for protection against dust, condensation etc. on insulators to 
avoid the phenomena of tracking/ corona. Structured system of 
maintenance of the pressurized system to be in place.  

viii. The air inlet duct of the pressurization system to be suitably 
located to avoid entry of rainwater into the pressurization 
system. 

ix. Cleaning of sub-stations to be done through vacuum cleaners/ 
mopping instead of traditional sweeping method to prevent 
entry of dust in the panels.  In addition, all sub-station windows 
and doors to be properly sealed to prevent entry of dust in the 
sub-station. 

x. Visual examination of CTs/ PTs to be ensured during 
preventive maintenance/ shutdown for symptoms of electrical 
tracking, arching and change in color due to time & 
temperature effect. 

xi. Online detection of partial discharge in switchgears. The 
equipment used is based on the principle of ultrasonic air borne 
detection.  However, the same needs to be established after 
demonstration.    
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i. In addition to the structured rodent control system, application 
or rodent control chemicals in panels during shutdown to be 
done in line with MR. 

ii. Sealing of all openings in panels, panel covers, close 
inspection of gaskets & replacement, if required, to be ensured. 
During shutdown all explosion vents also to be examined for 
existence of gaps.   Annual electrical audit to ensure 
compliance of the same.  During shutdowns and prior to start 
up, proper sealing to be ensured through light test method.  

 

 
From the failure experiences, flashover in motors is attributed to 
failure of end terminations, heating due to loose connection, 
winding insulation failures. Recommended practices for minimizing 
motor failures are as under:  
 

i. Monthly monitoring of body/ terminal box temperatures using a 
non-contact thermometer suitable for hazardous areas. By 
trending the temperatures, pre-mature failures related to high 
temperature can be avoided.   

ii. Proper end termination of cables specially in HT motors by 
ensuring proper grade of kit, proper size of cable end box to 
facilitate heat shrink type end termination, cable termination 
with proper lugs & fasteners, condition of terminal studs etc.  

iii. Monitoring & trend analysis of insulation resistance & dielectric 
discharge test for monitoring the insulation health. Diagnostic 
insulation tester having the above facility can be used.   

iv. Close inspection of motor internal leads during overhauling for 
brittleness especially for old motors accordingly replacement 
action to be initiated.  

v. Practice of monitoring of current in each core of cable in LT 
motors of high rating and having two runs of cables. Un equal 
distribution of current indicates loose contact due to un-equal 
contact resistance. 

vi. Carrying out on line motor current signature analysis through 
external agencies for critical HT/ high rating LT motors on 
yearly basis for detecting rotor problems, vibrations due to 
mechanical/ electrical problems. This activity to be coordinated 
with mechanical condition monitoring group. 

vii. Capital overhauling of motors to be ensured as per OEM 
recommendation. Considering the run length of the units is 
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about 3-4 years, and the shutdown duration being limited, out 
sourcing of overhauling can be examined in line with MR. 

 
Although the numbers of transformer failures are very low/ 
negligible, some of the maintenance practices need to be ensured, 
as they are critical to the electrical system.  

i. Online inspection of distribution transformers w.r.t. temperature, oil 
level, oil leakage etc to be carried out on a regular structured basis 
preferably monthly and the inspection data to be available in a 
checklist form. Monitoring of generator transformers, tie transformers 
to be done on daily basis. Offline testing & inspection to be ensured 
during unit shutdown.  

ii. Special attention is to be given to cable/bus duct termination, 
termination of transformer leads inside the bushing chamber, 
condition of bushing, provision of new gaskets for signs of leakage 
etc. 

iii. Proper sealing of the bushing chamber to be ensured   in addition to 
the terminal box as flash over in the bushing chamber have taken 
place due to moisture entry. 

iv. For seismic prone locations, suitability of bucholz relay w,r,t seismic 
requirement to be ensured. 

v. Annual BDV testing of transformer oil & DGA testing, furan analysis 
preferably after every three years to be carried out and liquidation 
plan as per the test results to be ensured. 

vi. Capital overhauling, core lifting through expert external agency/ OEM 
to be preferably carried out once in 10-15 years based on the loading 
& test results. 

vii. Oil conservator level to be checked & to be ensured for 60% to 70% 
of the tank before onset of peak winter. (To be completed by 1st 
December every year). 

 
Failure due to cables have been observed mainly due to joint/ end 
termination failures and failures due to improper laying. The 
recommended practices for ensuring healthiness of cables are as 
under:

i. Proper grade of end terminations and cable jointing kits to be 
ensured.  For example, in 6.6 KV (UE) systems, 11KV (E) 
Grade cable jointing kit to be used.  Improper grade can result 
in pre-mature failures.  

ii. It is desirable to have a permanent cable trenches in the 
Refinery to avoid mechanical damage and facilitate 
maintenance.  
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iii. Preventive maintenance of cables shall include visual inspection 
and electrical testing. Visual inspection shall include end 
terminations for signs of tracking, cable connections, physical 
damage, excessive tension, corroded cable supports, grounding 
connections etc. The same to be done during PM of motors/ 
feeders & during process unit shutdown maintenance. 

iv. Insulation resistance testing to be carried out annually during 
preventive maintenance of motor/ cable with proper 
documentation for enabling analysis & assessment. 

v. Leakage current monitoring of HT cables based on working 
voltage to be carried out during planned unit shutdown. Based on 
the trend, residual life assessment testing like tan delta, partial 
discharge measurement etc to be carried out through expert 
external agencies like CPRI, ERDA, ABB LENZOHM and 
accordingly corrective actions like joint replacement, cable 
replacement etc to be taken.  

vi. 
earthing at one end only to avoid flow of induced circulating 
current through armour. 

g)  

Failures of the generator excitation system has been mainly 
experienced due to failures due to AVR and rotating diode assembly 
of the brush less excitation system.  Following are the recommended 
practices for ensuring reliability. 

i. Annual performance evaluation test of DVR through OEM. The 
guidelines of M/s BHEL, already circulated by M&I, are enclosed 
for reference. 

ii. AVR/ DVR test points to be checked periodically and measured 
keeping load and power factor constant and a record should be 
kept.  This would help in identifying card/component failure and 
improve operational reliability. 

iii. The following general inspection and schedule may be followed 
for this type of exciters: 

1.   Monitoring of each fuse for any failure using a stroboscope 
daily (preferably once in each shift)  

2.   During minor inspection (approx. after 20, 000 hours of 
operation), checking of IR value of field winding, armature 
winding along with rotor winding (short the diodes), PMG 
winding and quardrature axis coils  

3.   During medium and major inspections (when exciter is 
separated from generator rotor), the following may be 
checked: 
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 Checking of IR value of field winding, armature winding 
(short the diodes), PMG winding and quarrature axis 
coils (QA coils),  

 Checking of ohmic resistance of field winding,  QA coils 
and PMG winding 

 Checking of tightness of all fasteners  
 Checking of journal surfaces 
 Checking of condition of the bearing, babbit surface 
 Checking and ensuring the locking of PMG yoke to the 

exciter yoke to the frame with grub screws.

4.   In order to ensure proper operation of the AVR during the 
running condition, it is recommended to ensure that limiter 
settings are made as per generator capability curves ( as 
provided by OEM) with all the limiters in service. These 
settings should be verified during the on line dynamic 
testing of the machine in line with the recommended 
procedure of the OEM. 

 

5.   There have been instances that DVAR was not able to 
cater to system requirements during HT fault/ HT motor 
starting due to inaccurate setting of the field current limiter 
(filed forcing mode). It is, therefore, desirable to ensure the 
proper settings of field forcing limiter in AVR for boosting 
the excitation during voltage dip condition upto 10 secs.   

6.  To prevent accidental reset of DAVR modules due to human 
error from the reset button provided on the cards/ modules, 
suitable printed inscription/ sticker should be provided on 

- 
 

7.   In order to ensure proper dynamic response of AVR / 
DAVR, it is desirable to perform step test (dynamic tests) of 
the AVR as per the instructions / procedure given by the 
OEM during machine M&I. 

Failure of cards/ power electronic devices has been experienced 
specially in VFDs. The following are some of the critical aspects, 
which need to ensured for minimizing card failures.   

i. Dust free and air conditioned environment to be provided for 

voltage V  
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ii. 
parameters like RPM, 4-20 ma signal, DC voltage, trouble 
alarm and any other critical diagnostic signals may be provided 
in DCS for performance monitoring. Physical monitoring for 
abnormal heating, noise, alarms, current, cooling fan 
abnormalities etc to be done on regular basis i.e. daily for 
critical UPS and weekly for non critical services. The facility of 
monitoring the internal parameters of VFD on a PC are 
available which can be utilized for diagnostics.  

iii. It is desirable to carry out preventive maintenance & 
performance testing through OEM as per the recommendation 
of the OEM during planned unit shutdown.  

iv. Replacement of critical components like cooling fan, cards etc. 
based on the life cycle/ OEM recommendations/ failure 
experiences   to be ensured during planned preventive 
maintenance. 

v. Proper failure analysis of the cards needs to be ensured by 
continuous follow up with the OEM to arrive at the root cause 
and to avoid repetitive failures. 

vi. Inspection & monitoring of ventilation air filters, operation of 
cooling fans, alarms, parameters to be done on regular basis 
preferably weekly. 

vii. Performance evaluation testing & maintenance through OEM 
of UPS shall be carried out during planned unit shutdown 
preferably yearly. Based on OEM recommendations and on the 
life cycle of components like cooling fan, capacitors, cards etc, 
suitable spares shall be procured for replacement during 
planned unit shutdown.  

viii. For battery chargers inspection & monitoring shall be similar to 
UPS. Status of boost charging to be monitored as mal 
operation of auto boost selection can result in continuous boost 
charge and damage of the battery bank. 

ix. Periodic monitoring of ripple content of battery charger to be 
done (shall be within 1%-2% of the output voltage) as high 
ripple content due to filter capacitor failure etc can damage the 
battery bank. 

x. Instructions for critical alarms/ operations/ cautions to be 
available near the equipment for ready reference.  

xi. Battery capacity discharge test to be ensured during planned 
unit shutdown. As per OEM recommendation preferably 
annually. During the test, battery connections to be monitored 
for abnormal heating using thermography.  

Page 796 of 1183 : B568304YEMR150145RFQ : Rev. A



Final Report  
 

210 

Part B     Chapter 10    Operational & Maintenance Practices 

Failures of UPS systems due to battery bank failures have taken 
place specially in VRLA type batteries. Some of the desirable 
maintenance practices for avoiding failures in battery bank are as 
under. 

VRLA type batteries shall not be used in UPS systems, as it is 
prone to open circuit.  Two such failures have occurred at HR, 
which have led to interruption of the process units.

ii. Tests should be performed and results recorded to establish 
trends that can be used in predicting battery life.  In addition to 
the standard measurement of voltage, specific gravity and 
temperature, quarterly battery impedance measurement also to 
be carried out for monitoring the internal condition of the 
battery.  It is desirable to use measuring equipment, which has 
the capability of memory storage and downloading data to a 
computer.   

iii. A capacity test should be performed within the first 2 years of 
installation and every 3 to 5 years thereafter depending on the 
load reliability requirements and environmental conditions of 
the installation. The frequency of battery tests should be 
increased to yearly when the battery reaches 85 per cent of its 
service life or when it shows signs of deterioration.  Once the 
capacity drops by 20 per cent in extended operation, however, 
the cell should be replaced. 

Annual monitoring of harmonics in the power system due to the 
increased numbers of UPS/ VFDs being installed.  The current & 
voltage harmonic distortion limits should be followed as per 
IEEE 519. 

a) A standard shutdown job list for electrical jobs should be 
prepared unit wise and made available to zonal engineers and 
updated periodically. This should also form the part of the Refinery 
shutdown manual. 

 
b) Maintenance checklist for implementation during shutdown to be 

developed for each sub-station and shall be a part of the shutdown 
manual.  Prior to start up, a system of structured verification to be 
ensured. 
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c) Replacement of critical components like cooling fan, cards etc. 
based on the life cycle/ OEM recommendations/ failure 
experiences to be ensured during planned preventive 
maintenance. 

 
d) During refinery turnaround, in view of the large volume of jobs 

and limited availability of manpower, the following activities may be 
outsourced, if required. 

 
 Earth resistance measurement 
 Temporary connection, lightning etc. 
 Battery bank maintenance 
 Relay & panel testing 
 Overhauling of motors
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10.1 A structured system of Temperature measurement of electrical 
equipment Motors & Switchgear panels (fortnightly), Battery bank 
(monthly) by zonal engineers as a walk through inspection to be carried 
out. For hazardous areas, suitable infrared temperature measurement 
meter to be used. A review of the same with regard to abnormalities 
observed to be discussed in the weekly planning meeting. 

 
10.2 Sub-station monitoring based on the enclosed check list (Annexure-V) to 

be carried out on weekly basis to enable detection of potential 
abnormalities and timely corrective action. A review of critical findings to 
be discussed in the weekly planning meeting. 

 
10.3 A structured second level of checking of jobs carried out during 

shutdown to be developed and suitable documentation (checklist) shall 
be made available for verification. 

 
10.4 Skill development: A structured weekly skill development programme for 

executives/ non-executives to be conducted on specific topics of 
electrical testing, protection systems, relays etc. on continuous basis at 
site. The objective is to bring each and every employee to a desired 
level for enhanced confidence. 

 
10.5 Spare gaskets for transformers from OEM to be kept available for ready 

use during maintenance. Cut gaskets are not to be used. 
 
10.6 During maintenance of transformers the radiator valves to be checked 

for correct operation. Periodic temperature measurement of the radiator 
to be carried out for ensuring uniform heat dissipation and detection of 
potential abnormalities. 

 
10.7 Base line data generation (a) for new equipments at the time of 

commissioning and (b) for old equipment where base line testing  data 
not yet generated shall be established based on the last one/two years 
results. 

 
10.8 A structured system of trending of test results for critical systems / 

equipment to be developed for periodic review. 
 
10.9 OEM recommendations for maintenance of critical HT motors to be 

adhered to and assistance from OEM may be sought for supervision 
during major overhaul / repair. Auxiliary equipment like excitation 
system, lube oil motors, cooling water motors etc. also to be checked / 
tested along with the main motor.  
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10.10 Procedure of maintenance / testing activities shall be prepared for each 
critical equipment in line with OEM guidelines. Sample preventive 
maintenance checklist for switchgears is enclosed as Annexure-VIII(a) & 
VIII(b) for reference. Switchgear failure initiating / contributing causes 
are enclosed as Annexure-IX for reference during root cause analysis. 

 
10.11 Relay setting chart, protection co-ordination graph to be made available 

for each sub-station. Testing section shall develop a structured system 
of annual review and the latest revision shall be readily available in the 
respective sub-station (sample format enclosed as Annexure-III(a), 
III(b), III(c). 

 
10.12 Availability of drawings to be ensured in each substation for ready 

reference. 
 
10.13 Further to the recommendations indicated in Chapter-10 of the original 

Reliability report, for ensuring sustenance of system practices etc. 
during maintenance and testing, checklist have been prepared, which 
are enclosed as Annexure-IV.  

 
10.14 An in-house audit of the reliability recommendations shall be carried out 

on annual basis and a cross refinery audit shall be carried out once in 
two years. 

 
10.15 Skill levels for bearing fitment & motor assembling should be 

continuously developed through skill development programs and on the 
job monitoring. 

 
10.16 Replacement of terminal box gaskets shall be carried out once in three 

years during preventive maintenance of the motor. Suitable sealant to 
be applied on the gas kit during regular maintenance to avoid ingress of 
water / moisture. 
 
 

10.19 
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Sub-Station Checklist  

 
Substation No. : Status 

HT Board 
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Substation No. : Status 
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