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Normalising Distribution

Distribution is the most important link
in the entire power sector value chain. As
the most important interface between utili-
ties and consumers, it is the cash register
for the entire sector. Presently primary
responsibility for distribution and supply
of power to rural and urban consumers
rests with the States and Sate Discoms.
Government of India provides assistance
to states through various Central Sector /
centrally sponsored schemes for
improving the distribution sector. RGGVY,
R-APDRP, Integrated Power Development
Scheme (IPDS), DDUGY & 24 X 7 power
to all, are some of the approved Schemes
of Government of India. Based on the
guide lines and targets put forwarded, the
GOl is providing financial assistances
through grant and soft loan for the
implementation of the distribution
strengthening works.

Even though the central sponsored
schemes are effectively garnered and
formulated by many of the power utilities
in other part of the country, KSEBL always
engineer a different path. In most of the
times even without caring the central
sponsored schemes, we formulate our own
schemes and are being implemented
through internal accruals. The infrastruc-
ture building is a continuous process and
GOl is systematically introducing schemes
thereon with adequate funding mecha-
nism. For quite sometime the distribution

strengthening works in Kerala are high-
lighted as targeted schemes of the ruling
governments. With the effective formula-
tion of projects based on the central aids,
the distribution infrastructure can be built
economically with the minimum cost to
the utilities.

With the inception of the new government
in our state, Project Management Units
were introduced in distribution wing for
the infrastructure build up with much
fanfare and was touted as a panacea for
the ills facing Distribution. Now almost
two years down the line, Association feel
that Distribution has changed from
normal to bad and hence the PMU
formation needs a rethinking. The
rebuilding of the distribution
infrastructure and its modernization is
very essential, but the economics behind
it also is to be properly addressed. When
PMUs were launched, Engineers’
Association had half-heartedly agreed to
the proposal and had suggested some
additions/modifications in the structured
proposal. While agreeing to a change, we
pointed out that shifting an Executive
Engineer from Circle and Assistant
Executive Engineer from Division will
severely affect the functioning of the
Circles and Divisions. This comment has
become prophetic and Deputy Chief
Engineer without a backing of an
Executive Engineer is now a severeﬁlfg



handicapped official and is struggling to
move things out there, especially in
metropolitan cities and in industrial areas.
With the shifting of the Executive
Engineers from the Electrical Circles, the
material procurement and distribution of
materials are in total disarray. In the
absence of the Deputy Chief Engineers
from the Office, the next highest
authority in Electrical Circles is Assistant
Engineer/ Assistant Executive Engineer.
Similar is the situation in most of the
Electrical Divisions.

On the contrary PMUs with one
Executive Engineer and Assistant
Executive Engineers are mostly having
leisure time with very low work. Many of
the brilliant Engineers in PMUs are sitting
idle and are wasting their talent without
any serious work to attend to. And most
of them have no responsibilities assigned
making them non-performing human
resources. Despite several indications from
field regarding the non-efficacy of PMUs,
why the structure is being continued is a
dilemma to all. It is rumored that the
reluctance to admit the failure due to the
egos is the primary problem in properly
addressing the issue. The think tanks who
introduced the PMUs without any study
or thought is to be blamed in this regard.

We had suggested earlier that distribution
networks are to be constructed and
maintained with relevant technical
standards and since it is a highly
technical job, it must be entrusted to a
separate team. For this separating an
existing structure was not at all a solution.

Network Study and Design - Mapping
network and updating the same is a
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continuous and dynamic process and
needs a standard /quality software and
GIS package. Association had suggested
that software packages like “CYMDIST”
shall be used in Distribution network study
and design. This aspect is still not taken
care of and it is high time that such
quality and design be introduced in
Distribution sector. These tools and
learnings will be very effective in
countering competition which will be
introduced sooner or later in Distribution
sector. Similarly quality GIS packages
(eg. ArcGIS) and a sound business
process shall be introduced for GIS
updation and maintenance. A stopgap
arrangement like PMU without any
direction looks like a failure in addressing
the concerns.

The maintenance of network is another
highly neglected area which needs a shift
in strategy. Online filtering of
Transformers, timely life cycle
management of the assets, changing/
upgradation/ of conductors/ bridgings/
insulators, maintenance of AB switches
etc. which are currently not being done
effectively are to be systematically
addressed and records kept.

Creating a long term plan for Distribution
in a dynamically changing network is not
at all a prudent strategy. Moreover, for
such a plan, if at all to be made, to rely on
mere inputs from field is not viable. This
is rightly so because an 11 kV line or
Transformer which seems very much need
for this year will be totally irrelevant in a
different scenario two years late. Hence
merely following a plan in toto is not
practical and such thinking will create
assets which will not be useful in the logg
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run and will become unnecessary
wastage of money. Works anticipating
Overload or underload two years later, is
a farce, in the current long term plan and
such studies are a waste of money and
effort.

Creating works/ plan based on limited
funds is not at all a fruitful way to plan.
Identifying works according to needs and
then scouting for funds is the correct way
of addressing problems. We suggested that
team for distribution strengthening should
be formed without disturbing the existing
structures in Distribution sector and in
tune with the schemes being
introduced by Ministry of power, GOL

Post PMU formation data collected from
field indicates that quantum of works have
suffered, no proper reviews are being con-
ducted at Circle or Division levels and to-
tal control over Distribution is in disarray
due to multiple controls from PMU, Soura,
Kfone, Safety etc and mainly due to the
lack of time due to the extra burden on
Circle and Division Heads.

Association urges the management to
seriously rethink about PMU formation
and to restore the administrative structure
at Circle and Division offices immediately
so that Distribution sector is saved from
the current lethargy.

*
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Draft Regulation - KSERC
(Renewable Energy and Net Metering)
Regulations 2019 - Comments Submitted by KSEBEA

Comments on Renewable Energy & Net-metering Regulation 2019

2. Definitions
® Need clarity between captive consumer & prosumer

® (be) Hydro irrespective of the capacity need to be included in RES
(as per Gol notification dated: 8/3/2019

® (bj) Solar meter: may be defined as in CEA metering regulation. It is being stated
as integral part. However, in CEA metering regulation same is not included in
any meeting requirements.

® (aj) & (cc): Net meter & Renewable energy meter definitions are confusing with
different meaning with respect to CEA (2y) of metering regulation Amendment
2013.

® (bf) Seller Licensee: Such a term is irrelevant, and every licensee is empowered as
a trader and can sell electricity to another licensee.

3. Hydro generation, irrespective of capacity may be considered for meeting the
Solar and Non-Solar RPO

4. RPO Distribution Licensee
® Please introduce hydro RPO and consider Hydro generation to meet Solar and
Non-Solar RPO requirement.
5. RPO Captive Consumer: How to enforce the RPO for a captive consumer unless

he maintains a metering system and the data monitored appropriately by
appropriate authority? Hence an enforcement mechanism need to be considered.
7. Preferential Purchase of RE from within the state
® This is discriminatory and not in tune with the policy. Kerala is importing more
than 70% of energy from outside state and open access is allowed for the
consumer irrespective of the availability of internal energy. This also discourages
economical usage of resources. RE energy within the state is generally costlier
than that out-side state.
® Gol policy of bundled procurement of RES is in contradiction with this clause.
® Procurement of REC for RPO itself is in contradiction with preferential
purchase from the state.
8. Procurement of REC for RPO: REC and Preferential purchase of RE from state
may not go hand in hand
9. State agency: for accreditation and recommending renewable energy Projects. A
procedure for the same may be considered. s
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11. RPO: permission to carry forward the short fall may be considered on genuine
reason and with a reasonable penalty and under non availability of REC.

GI RES of Capacity of and below 1MW installed by prosumer.
Issue of feasibility for allowing RES connectivity.

Feasibility need to be considered based on real time load and demand in the appro-
priate infrastructure. Allowing 100% RES against transformer capacity shall end up
at safety issues and grid security issues. Average loading of a distribution transformers
during the day is normally less than 60% without RES injection. Allowing 100% RES
capacity may lead to the creation of local islands even when the feeder supply fails
and can lead to safety issues. Moreover, the distribution transformers are not designed
for import/export operation and can affect its useful life if used for
exporting energy to the grid. As such, there shall be issues when generation exceeds
load under a Distribution transformer at any point of time.

And we are not insisting a real time monitoring mechanism by installing appropri-
ate metering infrastructure or other monitoring mechanism to ensure correct interven-
tion at right time.

As such, the safety and grid security are compromised by the blind folded operation
of the distribution grid with so many distributed generating sources without real time
view and control.

12. Scope & Application

® (1) the term net metering facility may be replaced with RE metering facility as
in CEA metering regulation.

13. General conditions

® (1) Installation of meter and Metering need to be in tune with EA & CEA
metering regulations.

® (2) a. 1kW to 1000kW but limited to connected load/contract demand.
® (3) Need to use the same service line
® (4) Capacity permissible as per the provisions of SC-2014

Allowing RES up to the connected load/contract demand without network studies shall com-
plicate distribution grid and compromise grid security and safety. Moreover, it can make the
grid ~ management  difficult with so  many  unpredictable load /
generation components and at the same time without real time data for viewing or control.

We suggest introduction of appropriate SCADA mechanism to view the real time
demand/load data of the network at feeder level and transformer level before
introducing such drastic changes which may risk the grid security, safety and reduce the
reliability and useful life of the distribution equipments.

14. Net metering need to be replaced with RE meter as CEA specify metering
system in tune with normal generator for connectivity above 440V LT.
The metering system need to comply the CEA metering regulation. »
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15. Compliance with CEA standards and metering regulations need to be ensured.
16. (3) & (4) The provision of the testing fee needs to be clarified.
17. Wheeling of excess energy to another premise.

® (5): Need to bear the wheeling charge and distribution loss as approved. Since
the prosumer is using the transmission & distribution system for injection and
withdrawal, appropriate charges need to be collected and the amount need to
be accounted appropriately to reduce the transmission/ distribution
investment cost of the system in appropriate tariff.

18. Feasibility for RES
e Already commented
19. Grant of connectivity:

e Within 30 days of intimation of feasibility, register the RES scheme with
appropriate doc

e Distribution licensee scrutinise within 7 days intimate defects and registration
fee required.

e Register and valid for 1 year. And extent another 6 moths if no application is
pending for feasibility: The period may be limited to 6months plus 6 months %
Feasibility criterion need clarity and need to be evaluated based on system
condition and infrastructure as remarked earlier.

e Sanction of EI is relevant for capacities above 10kW as per CEA safety & GO,
Hence, need to be modified accordingly.

o (7): Testing of installation can never be the responsibility of the Licensee and it
is the responsibility of the owner of the premise or prosumer/consumer. May be
done through a third party. The licensee need not maintain such an expertise
with investments. If at all done, same can be done only at a cost based on open
quotation or tender.

¢ (8): connection agreement and connecting the RES to the distribution system
within 7 days of agreement.

20. Banking facility:

e Period: Billing period

e 95% of the energy for banking and 5% as grid support charge
Grid Support Charge:

As per para 6.10.6 of National Electricity Plan 2018 Volume-I (Generation); the
Integration of variable RES involves two types of costs namely Grid Infrastructure
Cost and System Operation Cost.

Grid infrastructure costs include grid connection and grid upgrading costs.
1. Grid Infrastructure Cost

a. Grid connection Cost: include the cost of a new transmission line from t
variable RES plant to the existing grid, which would be higher than those for'a

16
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coal-based plant, due to lower CUF. This cost depends basically on the distance
between the 3plant and the grid, the voltage level of the connection line, and the
availability of standard equipment.

i. For Solar, the grid connection cost is estimated to be up to 5% of the project
investment cost for Solar;

ii. For onshore wind farms, it ranges between 11% and 14% of the total capital cost

b. Grid upgradation Cost: include the cost of additional network equipment needed
to strengthen the grid in order to integrate renewable power into the existing
grids. They depend mostly on the amount of renewable capacity, the location of
the power plants and the structure of the existing grid. This cost for a system with
20% to 30% Renewable energy share is estimated as Rs. 40/- to Rs.240 /- per
MWh

2. System Operation Cost: Refer to extra costs incurred in the conventional part of
the power system to accommodate the integration of RES in the grid.

a.Profile Cost: is a broad concept that captures all three impacts of the temporal
mismatch between VRE generation and load profile: 1) capacity costs
(adequacy costs) due to a low VRE capacity credit; 2) reduced average utiliza-
tion of thermal power plants; and 3) curtailed VRE generation to maintain grid
security when power supply exceeds demand.

i. For 30%-40% wind/solar penetration the cost is estimated in the range of Rs.
1200-2000/ MWh Short-term system balancing costs: Due to the variability and
uncertainty properties of VRE generators, the reserve capacity needed for up-and
down-regulation increases as compared to the case where the same energy is
delivered by conventional generation. The increased requirements for reserve
power lead to the extra costs for the conventional part of the power system. These
extra costs originate from the measures taken to ascertain increased reserve power,
for example, by the operation of conventional plants at partial load, the start-up
costs and contribution of conventional power plants with higher operating costs
in the power system, increased wear-and-tear and maintenance costs of plants.
Kindly note that a flexibility of 30% is allowed in scheduling of solar & wind in
the prevailing ABT regime and at least that much reserve is required in the system
to ensure grid security and stability.

As such, the 5% grid support cost envisaged is not at all comparable with the
actuals and hence need to be revised appropriately.

e (2)Electricity generated from RES accounted as RPO? Normally, Th energy in
jected to the grid only shall be considered for RPO.
21. Net metering, Energy accounting, banking and settlement.
e Above 20kW: Time block wise RE generation & consumption
> 80% of the energy allowed for peak and full in other time blocks

17
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> Excess energy can be carried forward to next billing cycle aler 5%banking
charge: may be renamed as system operation charge or grid support charge as
specified in NEP

* 20kW & below: Total generation & consumption
> Full energy allowed in other time blocks
> Excess energy carried over to other billing cycle aler 5% banking charge

> If banking charge is paid during billing period, then there shall not be any
banking charge for carry forward.

> SeJlement @ Average power purchase cost (APPC) and need to pay
interest in case of delay beyond 30 days.

» The RE generated by prosumer is qualified for RPO
Settlement of Energy injected into the grid:

As the cost of energy is frequency dependent and time dependent, it is proposed that
the energy injected into the system may be settled in cost basis rather than energy
basis.

In case of RES at 20kW & below, the energy may settle based on its cost on time zone
basis, that is peak zone, off peak zone and day zone. 4In case of RES above 20kW, the
energy may be settled based on its market cost for the 96 time blocks (15 minutes) in
the day of injection. Appropriate metering infrastructure may be specified for the same.

Chapter VI : Prosumers having Capacity more than IMW

Need to limit is specified above IMW. Kindly limit the capacity to SMW maximum.
Prosumers having capacity more than IMW may submit 15 minutes time block
injection schedule to appropriate authority and make deviation settlement applicable
to them. They need to comply the relevant CEA connectivity regulation based on their
connectivity level.

The prosumers with connectivity at of and below 33 kV need to comply CEA
connectivity regulation 2013 for distributed generation

And those prosumers above 33kV level shall not be considered as distributed
generation and need to comply CEA connectivity generation 2007

22. Scope:
* Captive consumer @ a different location but within the area of licensee
* RE generator as an independent power producer- for third party sale.
23. Connectivity.
e Penal action against licensee if delays connectivity.
24. Metering system.
e Special Energy Meters (SEM) as specified in CEA metering regulation
25. Open Access
e As per relevant regulations: Conflict between regulations need to be addressed
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26. General Conditions for Prosumer with RE plant more than IMW in his premise.
e 5% grid support charge: Already remarked

o If the 95% energy is consumed during the same time block (need clarity as it
should be actual) then no transmission/wheeling/ loss charges

e Consumption during different time block
> 80% during the peak & full in other ;me block:
e Excess energy is allowed to carry forward with 5% banking charge
e Final settlement based on Average pooled power purchase cost.
» This should be based on block wise cost.
e Allowed towards RPO of the licensee.
Remark: Settlement based on 15-minute time block wise market cost is requested.
27. Captive RES at different location within the area of licensee.
e Need to pay transmission charges, wheeling charges, T&D loss etc. as approved
by the Commission
e Net energy after loss is allowed in the same time block.
e For different time block
> 5% grid support charge

> 80% of the net during peak Mme: It is not encouraging grid discipline and
shall burden normal consumers

> 100% of the net during other blocks..
e Carry forward allowed for excess energy
> 95% of the net.
> If 5% grid support charge is paid, then no further charge
e Final settlement based on Average pooled power purchase cost.
Remark: Settlement based on 15-minute time block wise market cost is requested.
e RPO allowed for captive consumer and balance for licensee.
e This type of accounting shall be valid till deviation settlement mechanisms.
28. Independent RE generator / OA consumer.

e Need to pay transmission charges, wheeling charges, cross-subsidy surcharges,
T&D lossetc

e Need to comply OA regulations.
e No time block adjustment and banking facilities.

29. Accounting and settlement for producers (Reg 26 & 27)
e Billing information and sharing

» Time block wise electricity consumpMon, RE generated and injected, net energy
banked from previous period, net energy billed with calculation details, excess
energy etc.

Remark: Settlement based on 15-minute time block wise market cost is requested.
&
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Dr. APJ Abdul Kalam Energy Quiz 2019
State Finals

Dr. APJ] Abdul Kalam Energy Quiz -2019 (4" edition) state finals were conducted on
7" November 2019 at Jawaharlal College of Engineering and Technology Mangalam,
Palakkad.

The program was inaugurated by Dr.Sukumaran Nair.V.P, Principal, JCET. The chief
guests of the function were Er. James .M. David, Chief Engineer Distribution Central
and  Er. Tenson.M.A, Chief Engineer Distribution North, KSEBL. Er. N.T.Job, State
President of KSEBEA presided over the function and Er. E.K.Radhakrishnan, Chair-
man, KSEBEA, Palakkad unit delivered the welcome address. Prof. Dr. K. Umesha,
Vice Principal &HOD,EEE, and Prof. C. Venugopal, HOD, ECE,, and retired scien-
tist ISRO of JCET felicitated the function and Er. Sunil.K, General Secretary, KSEBEA
tendered the vote of thanks.

23 teams from all the districts our State participated in the competition. Six teams viz.
Rajith R and Manikandan S of Younus College of Engineering & Technology, Kollam,
Roshan k & Anjana Maniyote of LBS College of Engineering, , Kasaragod, Sambhu
Nair.V.S and Sidhardh Sreekumar of Amal Jyothi College of Engineering,
Kanjirappally, Kottayam), Jerin C Chacko and Sooraj.S.Das of Saintgits College of
Engineering, Kottayam, Hari Bhaskar.]J of National Institute of Technology Calicut,
Vineeth.V.NAIR and Sanju.P.P of NSS College Of Engineering, Palakkad qualified
to the final round after the preliminary round.

The finals was a tightly fought completion in which Sambhu Nair.V.S and Sidhardh
Sreekumar, 7" semester Mechanical engineering students of Amal Jyothi College of
Engineering, Kanjirappally, Kottayam bagged the top spot. Hari Bhaskar.J 7" se-
mester Electrical & Electronics student of National Institute of Technology Calicut
stood at second place after a tie breaking round of questions. Rajith.R and
Manikandan.S, 7" semester Electrical & Electronics students of Younus College of
Engineering & Technology, Kollam were at the 3™ place.

Er. Anilkumar .G, Secretary South of KSEBEA was the quiz master of this event.
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In the closing ceremony mementos, cash award and certificates were distributed by
Er. Rajan Joseph Chief Engineer Transmission North, KSEBL, Er. Parameswaran, Chief
Engineer, Retired, KSEBL and the learned faculty of the College. A team of esteemed
engineers of our association from Palakkad, Trissur, Ernakulam District in addition to
the Central Office bearers actively participated in this event.

*

WEBINAR

bl ¢ _ KSEBEA CEEBA is planning to conduct series of
technical talks with the intention to refresh its mem-
bers and Engineers on relevant subjects. The mode
of delivery will be as webinars, recorded classes
and contact classes. First of its kind is in webinar
mode. We are bringing experts in the area as
resource persons. Expecting your whole hearted
support.
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Pre-commissioning checks and tests of high w
voltage current transformers (CTs) dae

Er. Anoop Vijayan

Checks and tests applicable for CTs

Once erection is completed, various
pre-commissioning checks and tests are performed to ensure the healthiness of

Assistant Engineer

| i
L | |-=‘ ‘E 1 I. . _.F: [
the switchyard equipment prior to their energization. This technical article

explains various major electrical tests applicable for current transformers (CTs)

Pre-commissioning checks and tests of high voltage current transformers (CTs)

The name of tests to be performed on CTs along with their brief description is
mentioned in the table below. Later, they will be explained in details.
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Name of test / check point

Purpose of test / check

Polarity test for CT

To ascertain whether the
polarity markings are correct
or not as per drawing.

Magnetization
characteristics of CT

To prove that the turns of CTs
secondary windings are not short
circuited and to check healthiness
of CT cores. The magnetizing
currents at KPV (Knee point
voltage) should be less than the
specified value. The ratio of
secondary and primary voltage
should also be measured.

Ratio test for CT

The ratio errors of the primary to
the secondary currents should

within specified ratio errors.

IR measurement of CT
(Primary & amp;

Secondary windings)

Changes in the normal insulation
resistance (IR) value of CT indicate
abnormal conditions such as
presence of moisture, dirt, dust,
crack in insulator of CT and

degradation of insulation.

DGA test of CT oil

This test should be conducted after
30 days of commissioning. The pur-
pose is to identify evolving faults in
the CT and DGA values should be
comparable with factory values (if

available).
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IMPORTANT NOTES!

All measures and precautions should be undertaken to prevent occurrence of un-
safe acts. All the personnel involved should be thoroughly apprised about the safe
procedures to be adopted while performing various activities including carrying
out tests in the switchyard.

“ Adequate fire-fighting system as per procedures and their healthiness is to be
ensured before charging. Warning signs and safety barriers should be positioned “

1. Polarity Test For CT

A centre zero voltmeter is connected across CT secondary. A 1.5 Volt battery is
touched to primary of CT. The deflection of pointer should be similar in case of
each CT core. At any instant current entering the primary from P1 the current
should leave secondary from the terminal marked S1.

A setup shown in the Figure 1 can show whether the polarity markings are correct
or not.

= ¥,
KEY
W
__1 2V +
*
—+ P1 51

Figure 1 : CT polarity test setup

When the key is pressed, current enters the primary through terminal P1, the
voltmeter connected as shown, should read positive. A general arrangement of
polarity test setup is indicated in Figure 2.
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Figure 2 - General arrangement of polarity test setup
2. Magnetization Characteristics Of CTs

Important Precautions
1. There should be no joints in testing leads / cables.

2. It should be ensured that whole testing equipment along with testing proce
dures are available at testing site. Testing must be carried out in presence of
testing personnel only.

Test Equipment

Voltage source of 5 kV, voltmeter of range 0 to 5 kV, ammeter, of range 0 to 500
Amps, testing leads/cables etc.

Test Procedure

Make connections as per diagram shown below (Figure 3). After making proper
connections, applied voltage is increased from zero to rated Knee Point Voltage in
steps of 25%, 50%, 75% and 100%. Measure the current drawn by the CT
secondary core at respective applied voltages and record the test results.

A

Figure 3 : Connection diagram for measuring magnetization characteristics of CTs
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Knee Point Voltage is normally defined as the voltage at which 10% increase in
the applied voltage causes 30 to 50% increase in secondary current.

The magnetization current at rated Knee Point Voltage should not be more than the
specified/designed value. A curve can be drawn between applied voltage and magnetizing
current.

Typically, the curve drawn should be like the one given below in Figure 4.

L -
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Figure 4 - Typical magnetization curve of current transformer

From the curve it can be implied that up to rated KPV (Knee Point Voltage), the
VI curve should be almost a straight line.

However, if this line is not linear, this indicates that the magnetizing
characteristics are not desirable. If the slop of the curve starts increasing, it
indicates that magnetizing induction becomes low and total primary current is
utilized in exciting the core alone. Consequently, out put of CT secondary
disappears.

3. Ratio Test For Current Transformer

Ratio and polarity tests can be carried out using either primary current injection
or secondary voltage injection. For multiple ratio CT’s, tests should be carried out
on all ratios as marked on the manufacturer’s nameplate. For primary current
injection, a current is applied to the primary side of the CT and corresponding
secondary current measurements are made at each tapping of each core.

The ratio check has to be carried out as indicated in Figure 5 below.
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Figure 5 - Connection scheme for ratio test of current transformer

It is customary to conduct this in conjunction with the primary injection test.
Current is passed through the primary circuit with the secondary winding
circuit to its normal circuit load. The ratio of the primary to the secondary
currents should approximate closely to that stamped under CT identification plate.

Alternatively, ratio test is to be conducted as per the following method as shown
in Figure 6.

Figure 6 — Alternative connection for Ct ratio test

Apply voltage from secondary of the CT and measure voltage in primary winding.
Increase voltage in secondary up to rated KPV/ ISF and by recording Primary
Voltage, compute ratio of V1/ V2. The ratio should match with the specified value.
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4. Insulation Resistance (IR) Measurement Of Current Transformer
Important Precautions

1. There should be no joints in testing cables.

Test leads should not touch any live part.

Megger body should be earthed (if separate terminal is provided).
Surface/terminals should be cleaned.

S

IR measurement should be carried out preferably in dry and sunny
weather.

Never connect the test set to energized equipment.

N o

The ground terminal must be connected first and removed at last.

8. High voltage plugs should be free from moisture during installation and
operation.
9. If oil traces are found on the surface of CT, the same should be cleaned by
Methyl Alcohol only. Petrol or diesel should never be used.
10. It should be ensured that whole testing equipment along with testing proce-
dures are available at testing site. Testing must be carried out in presence of
testing engineer only.

11. After testing with high voltage, test terminals must be grounded before
being touched by any personnel.

12. Test leads should be properly screened/ shielded.

Connect the Megger as per Figure 7 given below. Connect the HV terminal to the
Primary terminal of CT by using crocodile clip for firm grip

i1 HY
O 1N
Ik Tex K

Figure 7 - Typical Arrangement for insulation resistance (IR) measurement
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Carry out the measurement as per standard procedure given by the kit supplier. A
test voltage as specified is applied as per the above connections and successive
readings are taken. Values of IR should be recorded after 15 seconds, 60
seconds and 600 seconds.

Ambient temperature and weather conditions are to be recorded.
5. DGA Test of CT Oil

Current transformers are vital components in both the transmission and
distribution of electrical power. The early detection of incipient faults in
transformers is extremely cost effective by reducing unplanned outages. The most
sensitive and reliable technique used for evaluating the health of oil filled electrical
equipment is dissolved gas analysis (DGA).

Insulating oils under abnormal electrical or thermal stresses break down to
liberate small quantities of gases.The qualitative composition of the breakdown gases
is dependent upon the type of fault. By means of dissolved gas analysis (DGA), it is
possible to distinguish faults such as partial discharge (corona), overheating (pyrolysis)
and arcing in a great variety of oil-filled equipment.

Information from the analysis of gasses dissolved in insulating oils is valuable in a
preventative maintenance program. A number of samples must be taken over a
period of time for developing trends.

Oil samples to be collected in 300 ml bottles or similar and to be sent for testing.
Test results should be comparable to factory values.

Data from DGA can provide:

1. Advance warning of developing faults
2. A means for conveniently scheduling repairs
3. Monitor the rate of fault development

NOTE - A sudden large release of gas will not dissolve in the oil and this will cause
the Buchholtz relay to activate.

Transformer Oil Sampling - Introduction

As always, safety first. We start our Transformer Oil Sampling series with a
number of highlights on health, environmental and safety considerations when

performing these tasks. Please these are only guidelines and do not replace
adequate competency and skills.

Always follow the relevant company and legislative requirements for your
particular work context.

Refer : https.//www.youtube.com/watch?v=efmUxF dcro
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Transformer Oil Sampling - Bottle Sample

There are some sampling techniques better suited for certain types of oil tests than
others. The techniques described in this video (link mentioned below) should be
sufficient to sample oil when common chemical and physical properties are analysed,
such as Breakdown Voltage, Interfacial Tension, Acidity (or Neutralization Num-
ber), Colour and Visual Inspection.

Refer :_https.//www.youtube.com/watch?v=9XqaWikolks

Transformer Oil Sampling Training - Glass Syringe

A sampling technique proven to produce repeatable results when testing the
Dissolved Gas content or Moisture (Water) Content in the oil is by sampling with a
Glass Syringe.

In this video (link mentioned below) it is shown how to execute this technique
Refer :_https://www.youtube.com/watch?v=aFCAMILOG9Cg
Transformer Oil Sampling Training - The Buchholz Relay

In this video (link mentioned below), the fourth and final of the Oil Sampling
series, you'll learn how to extract a gas and oil sample from a Buchholz gas accu-
mulation relay through a sampling device.

Refer : https://www.youtube.com/watch?v=]IpRPEkFtmo

Source: https://electrical-engineering-portal.com/

*
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UNSELFISH ACTION and SELFLESS ACTION

When we have peace of mind, we feel
happy. When we are unhappy we are
growing old. To keep ourselves happy we
indulge in a plethora of activities. Going
to movies, parties, vacations, visiting holy
places, etc OR immerse ourselves in social
works, become environmentalist, join civil
movement, etc. It is a fact that the primary
motivation behind all the above activities
are to find happiness or self satisfaction.
But the activities mentioned in part 2 above
are for the good of others, so we consider
them as unselfish actions, even though the
motive behind them are self enjoyment.

The most selfish word is "I' and the
most poisonous word is "ego". They
promote acquisitive tendencies which are
responsible for the feelings of desire and
greed. Egoists runs so fast that they find
no time for a pause to be compassionate
towards the marginalized or to see the
neighbors in problems. Happiness is
related to human actions, hence connected
with charity and philanthropy. Charity
means voluntary giving of help to the
needy as a humanitarian act, often
associated with religion. The word
charity comes from the Latin word caritas
meaning "dearness love". Charity tends to
be emotional more close to the religion.
Practising charity in every day life is path
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Maramon
way to happiness. Is charity is only
connected with money?. No prejudices
against others is charity, be grateful to our
family and friends is charity, ignoring
others fault is charity, smiling is charity,
holding and giving way to others is
charity, praying for others is charity. No
act of kindness, no matter how ever it is
small, go waist. If you search for
happiness you will not find it, but when
you give happiness to others it will find its
way back to you. It grows when shared.
Love means willingness to sacrifice for
others. Love that is not displayed, food
that is not eaten, money that is not spend,
all are useless. Share love, food and what
we have to the needy.

Philanthropy comes from the Greek
language that translate to "love for
mankind". Philanthropy is more strategic
attempt to the root cause of the problem.
It is done by people who have insane
amount of wealth. Warren Buffet, Bill
Gates, Michael Bloomberg, Watten family,
George Soros, Mark Zuckerberg are all
consummate philanthropists of the world.
In India we have Shivnadar, Azimpremiji,
Kochaouseph Chittilappally, etc. Their
called
philanthropy. Does business and altruism

philanthropy is corporate



go together?. Corporate philanthropy is
searching for answers with their right
hand, to the problems created by the left
hand. We treat them like saints, but this
millionaire philanthropy is not as it seems,
money is still their's in their own
foundations, but they all become a cause
celebre for their work.

Selfless actions are desire less actions.
They are least concerned about the
rewards of their actions. There are no
thought of self in them. Nothing worries
them. Mother's love towards child is a close
example. Such people have infinite
happiness. To attain this one should
maintain mental equilibrium. Self decipline
begin with control of thoughts. If we
cannot control what we think, then we
cannot control what we do. The more
balanced we are with ourselves, the more
difficult is for others to disturb us. A man
hears what he wanted to hear and
disregards the rest, says Paul Federia
Simmen, a French philosopher. Do not
give ear to rumours, always cherish
friendship. To be simple is a complicated
task. The real freedom comes when you
realize that you have no money in your
pocket. Megasthene was Alexander the
the
Chandragupta Mouria palace in BC 302.
He traveled length and breadth of India.
In his travelogue "Indica" he refers

great's  representative  in

keralaits as simple and honest people who
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do not even lock their houses. What a
disparate in two millenniums. Sri. Budha
found, the reason of our dissatisfaction is
our carvings-desire and selfishness. This is
our ignorance, when we get out it we get
enlightened. Selflessness, is love in its
highest manifestation. It need self
abnegation in the strength of love.
Selflessness requires inordinate courage
and positiveness of mind. All personal
needs are devoted to The God Almighty.
Then you reach of absolute emptiness,
your mind is like a clear sky. No ill will, no
desire, no ego, no competition, no
bondage, you become an ascetic enjoying
endless bliss.

In old Jewish temple the coffer
(offering box) had the shape of a bugle. It
was made of brass so that when coins were
dropped, it made delightful sound.
Around the coffer there were seats for the
people to sit and watch. The Messaih was
watching rich men opening their money
bags and pouring coins to the coffer
making continuous music. He saw a poor
woman dropping two little copper coins.
He said "I tell you that this poor woman
put in more than all others. Because
others put from what they can spare out
of their richness, but poor as she has given
all she had to live on". This is selfless
action.

*
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THE COMPASS SYNDROME

'"Muthacha I want a Compass". This
was his demand when Anoop returned
from school that day. I was waiting at
the gate of the flat for school van to pass
by. Asusual duty of grandparents, to take
care of grand children I used to wait at
the gate of our flats complex for receiving
him. "You have a compass in your
instrument box, then why you should need
another one ?" I opened his instrument box
and took out the compass. "This is the
compass, you can draw circles or arcs
with this". "Oh Muthacha this is not the
one, I need another one that can show
direction North etc. Tomarrow we are
going to study dip, declination,
latitude, longitude etc ". "Ok I got it now
you need a mariner’s compass which
shows direction North. You should have
specifically told mariner’s compass'. I was
fortunate that he did not demand a 4G
mobile phone or an Alexa. Moreover I
was happy this compass will give him
clear understanding of Geography. That
evening I took him to lab equipments shop
and brought a mariners compass for him.
He had demanded a binoculars before two
years when his Physics class was
dealing with study of lenses. Now Anoop
knows what is Convex, Concave, focal
length, how is magnification, what is
telescope etc. I gifted him the binoculars
on his birth day and he was very happy.
It was a ultramodern binocular’s with
telescopic features. It can be suspended
from the neck by means of a strap, also it
can be mounted on a tripod and rotated
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through 360 degrees. It was having
wi-fi, google and memory arrangement to
store event observed through it. He used
to mount it on the tripod and put it on
our terrace and view immediately after
coming from school. He will be on the
terrace except during night when he is not
sleeping.

One day he called me up to the
terrace and told me "Muthacha our
binoculars has recorded a horrible scene
from somalia or North India I don’t know.
One tribal man is beaten and killed by some
people for stealing food". He searched the
memory of the binoculars and displayed
the scene. "Oh Anoop this is not Somalia
or North India. This is Wayanad in
Kerala. An Adivasi named Madhu was
beaten and killed by some people. You
have to read news paper daily. First of all
you try to understand things immediately
around you. Then only look far". I
advised him.

Every day when he goes to school he
took the compass with him. He observed
the magic of the needle when always
pointing towards north even if he rotate
the base in any direction either left or right.
I warned him to take care of his steps while

g



walking always looking on the needle
pointing north, other wise he may fall.

Our apartment is in the 12th floor of a
multistoried building. The stair case leads
to the terrace where Anoop used to observe
the world through his tripod mounted
binoculars. From there we can see almost
all the parts of the town near by villages
and distant sea. Anoop needed to spend
many hours there with his binoculars &
Compass and came with different
questions. One day he came with a
question. "Muthacha why is tip of the
needle in the north direction of the
compass coloured red ? Is not red colour
indicating danger ? I have to give an
answer. I managed to tell. "North is
always taken as a reference direction and
it comes on top of map or globe. Hence for
easy identification of North direction the
red colour is used for tip of the needle".

Anoop : I thought it is because this
needle always point towards China where
this compass is made and China is a
Communist Country with red flag".

Anoop used to take me back to my
school lessons by keeping on asking
different questions. Another question was
"Muthacha why is Compass needle
pointing towards North? " answered. "We
study that earth has geomagnetic poles on
North side and South side. Magnetic lines
connects North pole and South pole and
magnet needle of the compass gets
oriented accordingly in the direction due
to attraction". I welcomed all questions of
Anoop which he used to ask out of
curiosity and answered patiently. It gives
me exercise to my school memories and
time pass. Another question was
"Muthacha how is magnets produced
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artificially' I recollected my school
lessons'' Magnets can be produced by
polarising iron bars and needles. The
molecules of bars are awarded in North
or South direction by rubbbing with a
permanent magnet many times.
Polarity can also awarded by passing
electrical current wound on an iron bar.
Once the wrought iron bar is polarised it
become a permanent magnet and take
North South - in KATWA WALAYAR
direction too if supsended by a string.

One evening he called me to terrace
and told me to look through his telescopic
binoculars "Muthacha some dogs are
barking looking towards North. What
happened to them are they also
polarised ? I looked through the
binoculars and focussed the scene. The
dogs are barking looking at a big Banyan
tree. Ifocussed the tree. There was a big
eagle with wide spread wings sitting on
the tree. Some bats hanging from the tree
were afraid and flying here and there.
The dogs were looking at the scene and
barking. I told Anoop " You see a big
bird sitting on the Banyan tree and bats
are flying around. May be the dogs are
such a scene for first time hence they are
barking . They can only bark. Barking
cannot disturb the eagle. It will fly to
new heights.

One day he came from school with
injured legs. I asked him " What
happened to your legs ?

He told me " I was looking on the
compass needle North direction while
walking through the walk way in the
school. Suddenly I slipped on a step and
fell down. Our teacher made first aid
and I am now ok". I reminded " If you
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keep on looking to the north you will
forget your activities and will fall down
you have to take care of yourself. Don't
be addicted to compass syndrome like
polititions. "Muthacha why we are told
that we should not sleep keeping the
head in North direction ? " It is an old
belief. Since our blood contains iron
particles the north - South magnetic lines
of Earth may affect our blood circulation
system since iron is magnetic material.
Still we follow an old custom". "May be
we get polarised as polititions and affect
compass syndrome ? " He asked me
amusingly. I simply smiled.

The compass and tripod mounted
binoculars cum telescope stole all his time
and he did not find enough time to do his
home works. He just managed to do
things to satisfy teachers. Immediately
after coming from school he will rush to
to the terrace and watch through his
telescopic binoculars. His marks on
subjects started decreasing. I warned him
about this. His father and mother used to
blame me for giving too much freedom to
him and for fulfilling all his demands.

In the last examinations he failed in
19 out of 20 subjects. In the weekly tests
he failed in 3 out of 5 subjects. Several
times I warned him about his lapses in
doing home works. However I did not
withdraw the gifts out of sentiments. I
thought it will be alright.

It was a rainy day and Holiday was
declared due to rain. He called me to
terrace " Muthacha Bangladesh is
submerged in water". He asked me to
look at the situation through his telescope.
I viewed the scene through the telescope.
" Oh my grandson. You have put the
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direction of telescope in different angle, it
is not Bangladeh, this is a part of our gods
own country, Kerala. I had told you if you
do not doing your home work and only
watching North needle of compass you
will fail. Our rulers also did not do enough
home work and hence we failed to avoid
floods".

One evening two ladies came all the
way up to the terrace. Anoop and I were
watching land slides some where in the
North through our telescope. One of the
lady told " Sir you have to vacate the flat
in short period. This flat is under the
orders of demolitions from Court". I asked
them " Who are you on what authority
you are telling this ? We are special
envoys from the Govt. for implementing
Court orders'". One of them answered.
" Where is your identity cards how did you
enter into the flat" I asled them.

"Our mission is to implement court
orders on behalf of Govt. We have skills
to enter through back sides". Later I knew
that they they had visited all apartment
in the flat at strange timings. Actually the
flat was built in ESZ (Eco - Sensitive Zone)
and we were not aware of it till then. I
was in confusion and felt sad. When
Anoop came from school in the evening
he asked me. "Muthacha why you are
sad? I did not see you like this any time
before ". I explained him the story.
"Muthacha you had told me to do home
work carefully, otherwise I will fail. Now
I think that Muthacha did not do enough
home work carefully before purchasing
this flat. Now what shall we do ?" After
thinking for a while he told " We can move
to our Tharavad in the village. I can shift
to the school there. Dont worry
Muthacha. Everthing will be all right, I
am with you".
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Transformer Oil Analysis ﬁ

INTRODUCTION =
Transformer oil or insulating oil is a highly refined mineral or b ..I:_

silicone oil that is stable at high temperatures and has excellent electrical
insulating properties. It is used in oil-filled transformers, some types of high
voltage capacitors, fluorescent lamp ballasts, and some types of high voltage
switches and circuit breakers. Its functions are to insulate, suppress corona Er. Dony C.S

and arcing, and to serve as a coolant. Assistant Engineer

The fault free operation of power transformers is a factor of major economic

importance and safety in power supply utilities and industrial consumers of electricity. In the
current economic climate, Industries/Supply Utilites tighten their control on capital spending and
make cutbacks in maintenance, an increased awareness is placed on the reliability of the existing
electric power supply. Down time is at a premium. Often, the loading is increased on present units ,
as this will defer purchasing additional plant capacity. Thus the stress on the transformer increases.
The net total effect of the thermal , electrical and mechanical stress brought on by increased service
needs to be monitored to ensure reliability. Regular sampling and testing of insulation oil taken from
transformers is a valuable technique in a preventative maintenance program. If a proactive
approach is adopted based on the condition of the transformer oil, the life of the transformer can be
extended.

The following are some of the most important analytical tests performed on Transformer oil
samples:

Dissolved Gas Analysis (DGA)Acidity
Electric Strength

Fibre Estimation

Colour

Water Content

Polychlorinated Biphenyl Analysis (PCB’s)
Furfuraldehyde Analysis

Metal in Oil Analysis

Inter Facial Tension

Dielectric Dissipation Factor
Resistivity

A combination of these tests would be chosen dependant upon requirement.
Example:

An11kV transformer may include the following tests:
° DGA and Furfuraldehyde.

° Old transformers i.e. 1970’s may require the additional Polychlorinated Bipheny 1
Analysis (PCB's)
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Dissolved Gas Analysis - DGA

Dissolved Gas Analysis is widely accepted as the most reliable tool for the earliest
detection of incipient faults in transformers and tap selector units. Hydrocarbon
(mineral-based) oils and silicones are used as insulation fluids in transformers because of their high
dielectric strength, heat transfer properties and chemical stability. Under normal operating
conditions very little decomposition of the dielectric fluid occurs. However, when a thermal or
electrical fault develops, dielectric fluid and solid insulation will partially decompose. The low
molecular weight decomposition gases include hydrogen, methane, ethane, ethane, ecetylene,
carbon monoxide and carbon dioxide. These fault gases are soluble in the dielectric fluid. Analysis
of the quantity of each of the fault gases present in the fluid allows identification of fault processes
such as corona, sparking, overheating and arcing.

Acidity

The acidity level of transformer oil is measured to BS2000 Part1:1982 (also IP 1/74 method A). High
acidities accelerate the degradation of the paperinsulation and cause corrosion of the steel tanks. Oil
Analysis Services normally suggests changing the oil when the acidity approaches 0.3mgKOH/ g,
but expresses concern when it reaches 0.1mgKOH/g. It is believed that acidity increases
exponentially with time.

Di-Electric Strength

A measure of the ability of an insulating fluid to withstand electric stress (voltage) without failure.
Fluids with high dielectric strength (usually expressed in volts or kilovolts), are good electrical
insulators.

Fibre Estimation

An estimation of the fibre content in an oil sample is made by passing polarised light through the oil,
clearly showing the fibres and any sediment which is present in the oil. The fibres are classed as
being long(greater than 5mm), medium(2 to 5 mm) or short(less than 2 mm), and the number of fibres
present is classed as few(1 to 5) or many(more than10). Sediment is classed as being either light,
medium or heavy.

The presence of fibres in an oil sample, especially in combination with a high water content, may
result in a poor dielectric strength measurement. This is because wet fibres are drawn into the
electrical field and cause arcing to occur.

Fibres (& moisture) can easily be picked up during sampling and as such, it is
important to ensure that sampling is correctly carried out. By following the sampling technique
recommended by us, the oil sample will be more representative of the bulk oil in the transformer and
test results will be more reliable. We can supply the sampling devices in order to ensure that samples
that are collected are representative.

Colour

In the past, there used to be a British Standard which gave a range of colours from
1-10; 1 being white/ yellow and 10 being dark brown/black heavily oxidised oil. We use a similar
colour range to gauge if there is any sudden deterioration in the oil during the time it is being
analysed for different species. Colour has also been useful in the past as a cross check of the sample
identity. For example, a sudden change from dark to light colour can indicate an oil change or
incorrect sample designation.

Polychlorinated Biphenyl (PCB) Analysis

In the past, PCB’s were insulating liquids used for their non-flammable properties, mainly in
transformers where a fire would be unacceptable, and as the dielectric fluid

in capacitors. Unfortunately, the mineral oil used in transformers, switchgear etc. has become
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crosscontaminated over the years by PCB fluid being placed in dirty mineral oil tanks, by using oil
conditioning equipment for both mineral and PCB liquids and by

capacitors leaking into mineral oil systems. PCB's are fairly non-biodegradable and toxic and do
tend to collect in food chains and as a result, legislation has been brought in to prevent widespread
contamination. Liquids containing over 50mg/kg(or 50 ppm by weight) must be classed as injuri-
ous substances and disposal must be by high temperature incineration, which is expensive. In fact
oil suppliers have agreed not to supply oil containing more than 10mg/kg and by the same token,
any oil taken away over 10mg/kg is expensive to dispose of even though it may not be as high as 50/
mg/kg. We use capillary column chromatography to determine the PCB concentration in oil. Oil
Analysis Services identifies the three main types of PCBi.e. 1242, 1254 and 1260 and reports the total
PCB content present.

Metal in Oil Analysis

Metal in 0il analysis of transformer oil is used to complement dissolved gas analysis(DGA). When
gas in oil analysis indicates the presence of a possible fault, metal in oil analysis will help determine
the fault type and pinpoint its location.

High energy faults not only degrade the transformer’s insulation(oil, paper, wood etc) but can
generate metal particles that will disperse in the oil. These particles will be distributed throughout
the transformer, mainly due to oil circulation. Certain transformer components produce specific
metal particles. These metal particles will be found alone or in differing combinations and concen-
trations. The type of particles will help to narrow the list of components involved in the fault.

Metals that may be found in transformer oil are: aluminium, copper, iron, lead, silver, tin and zinc.
For example, copper would be found in the windings and also any bronze or brass components.
Lead is found in soldered joints, connectors and other peripheral components. Iron is located in the
transformer core and tank, whereas aluminium can be found in the windings, corona shields and
ceramic bushings. Lugs, bolts, connectors and some peripheral components may also contain tin,
silver and zinc.

Metal in oil analysis can be performed using different methods. Atomic absorption spectroscopy(AA)
and inductive coupled plasma spectrometry(ICP) are two examples of the techniques used to mea-
sure metal concentrations in oil. Typically the metal particles contained in the sample will be
burned at high temperatures to produce free metal atoms. The presence of these atoms in a flame(AA)
or in a plasma(ICP) can be quantified by measuring the absorption(AA) or emission(ICP) of discrete
frequencies in the radiation spectrum by the free metal atoms against a known standard. We use an
inductively Coupled Plasma Emission Spectrometer(ICP) to measure the metal concentrations in oil.

There are no established threshold levels for metal in oil, but as data is being generated and cases
documented, metal in oil analysis is becoming another proven tool used to detect transformer faults
well before they escalate into major problems.

One metal in oil analysis report is not enough to get a true picture of the units health. Subsequent
tests should be performed to trend the results and look for developing
problems. Results are provided in history table form and can be represented graphically.

Furfuraldehyde Analysis (FFA)

Provided the oil inside a transformer has been well maintained and there is no serious defect, the life
of a transformer often depends upon the state of the paper insulation on the windings. It has been
shown that in oil, as the paper degrades and becomes weaker,

furfuraldehyde is one of the many degradation products.

It has also been shown that a linear relationship exists between the logarithm of the mass of furfural-
dehyde produced and the resulting degree of polymerisation(DP)

or strength of the paper. When the DP falls to approximately 250, the paper insulation is very brittle
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and the transformer can be considered to have reached the end of its service life. Therefore by
measuring the furfuraldehyde concentration in the oil, the remaining service life of the transformer
can be estimated.

Water In Oil Content (Moisture content)

The water content of an oil sample is measured using an automatic Mitsubishi moisture meter,
which is based on the Karl Fischer titration and coulometric end-point. All laboratories use these
instruments now to measure dissolved water and probably over 90% use the Mitsubishi model. The
instrument is calibrated electronically but is checked with the aid of standard water in methanol
solutions. The water content is given

inmg/kg(ppm).

For an oil sample originating from a 33kV transformer, the water content is normally considered to
be a little high when it reaches 25mg/lg(ppm) and too high when it reaches 30mg/kg)ppm). These
limits vary depending upon the source of the oil sample.

Moisture, in combination with the fibre in main tanks and selectors and carbon in diverters, dramati-
cally reduces the electric strength of the oil to very unsafe levels which

can result in plant failure.

In tests conducted on a population of 100 primary transformers ranging from 132kV down to 33kV
all with on load tap changers, the loss due to failure of selectors and main tank windings averaged
about one per year. During the following period of 8 years in which moisture was monitored on an
annual basis and controlled, with 30 ppm set as the value at which units were llovaced, the loss was
reduced by approximately 90%, average moisture content being about 18 ppm.

Establishing the importance of moisture did not negate the issue of DGA. DGA was adopted as a
very useful partner to moisture analysis and testing was carried out on an annual basis. This
enabled fault trends to be monitored and remedial action to be taken before fault damage and supply
loss occurred. It also allowed capital replacement programs for the plant to be more accurately
determined.

Resistivity (Ires)

The resistivity of a liquid is a measure of its electrical insulating properties under
conditions comparable to those of the test.

High resistivity reflects low content of free ions and ionforming particles and normally indicates a
low concentration of conductive contaminants.

These characteristics are very sensitive to the presence in the oil of soluble contaminants and ageing
products. Resistivity is normally carried out at ambient

temperature but useful additional information can be obtained if the test is carried out at ambient
and a higher temperature such as 90degrees celcius.

Unsatisfactory results at both temperatures indicate a greater extent of contamination than a poor
value at the lower temperature only, and the oil is therefore less likely to be
restored to a satisfactory level by drying and low temperature filtration.

Inter Facial Tension (IFT) - ASTM D971

A very sensitive method for detecting oil soluble polar contaminants such as acids and sludges
formed from the oxidation of transformer oils. The more the contaminants

in the oil, the lower the IFT. New oil specification is 40 dynes/cm minimum.

Dielectric Dissipation Factor (DDF)

DDF is the tangent of the loss angle. The loss angle is the angle by which the phase
difference between applied voltage and the resulting current deviates from Pi/2 rad when the dielec-
tric of the capacitor consists exclusively of the insulating material. A rising
dissipation factor is an indication of oil ageing or oil contamination. The dissipation factor is strongly
influenced by polar components and is therefore a very sensitive parameter.

*
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Er. George Mathew [Project Manager, Special Task Force, KSEBL) receiving
memerta From Sri. Pinarayi Vijayan (Han'ble Chief Minister of Kerala) ot the
inasgural function of Edamon = Kochd 400kV Power Highway
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