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1. About the Research Concept

Transformers play a crucial role in the power distribution network. After overhead distribution
lines, transformers are the second largest loss-making equipment in electricity networks.
Distribution Transformer (DT) is one of the critical and high value CAPEX assets for DISCOMs. For
overall DISCOM viability, it is important that each DT must turn into a profit centre. It is estimated
that out of 20%! national average AT&C losses, at least 3-4%? comes from Technical losses in DTs,
and it can be brought down to 0.5% and below. Earlier RAPDRP program envisaged feeder energy
audits however, there was no separate loss estimation for DT alone. Unfortunately, DT technical
losses are not generally measured unless it breaks down and only broken-down DTs are sent for
repair. There is minimum to none pro-active asset management approach to DT, it’s repair and
Oo&M.

DT failure rate is one of the important Key Performance Indicator (KPI) for Indian DISCOMs. The
losses associated with DT failure are relatively higher in the Indian context compared to the global
benchmark. In India, 12-15%3 DTs fail every year and average rate of failure of aluminium wound
DTs is more than copper wound DTs. Overloading is cited as one of the root causes of DT failure
besides various other reasons. DTs are frequently overloaded during seasons than their actual
capacity resulting in deterioration of their operating health and eventually its lifespan. Any failure
of the DT before the expiration of its designed lifespan (25 years by CEA guideline®) results in an
unplanned outage, production loss, unavailability of critical services and in most cases substantial
financial losses to both utilities and customers. Overall, it affects the reliability of the network.

Considering the current financial state of DISCOMs, performance improvement in DT becomes a
crucial factor in protecting DISCOMs from further losses. Currently, due to lack of funds to
procure new DTs, utility operates the DTs beyond their useful life by inefficiently repairing it
several times, resulting in lower efficiency of operation. All these result in reduced efficacy of DTs
and high technical losses in the distribution system. Therefore, DISCOMs need to utilize their
existing old DTs cost-effectively to get the best out of it. There is a need to save the DISCOMs
from the financial burden of investing in the procurement of new DTs to meet the currently
growing energy demand.

Realizing the need to improve reliability of DTs, one opportunity to be explored is by improving
the performance of DTs through better-quality repair practices. The proposed performance
improvement repair practice will give new extended life to the old DTs and enhance their
performance equivalent to Energy Efficiency Levels specified by BIS. In this context, a Proof of
Concept (PoC) was carried out at TANGEDCO on a 100 kVA DT for performance improvement
repair options.

1 UDAY Portal

2 Based on multiple primary interactions with industry experts

3 Presentation made before CEA 28th Feb 2019 based on study conducted by Frost & Sullivan

4 Standard Bidding Document of DDUGVY under Guidelines for Distribution Utilities for development of Distribution Infrastructure, Page 45,
June 2018
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2. About the pilot

A proposal to utility for proof of concept (PoC) is submitted on the pilot focuses on developing a
mass replicable approach to undertake repairs of legacy DTs (old or conventionally-repaired
failed DTs) coming for service and bring down the technical losses and enhance reliability. With
mass replicability objective, the core, if healthy, is decided to be kept unchanged and all
correction to be effected through windings redesign and/or change of material. The core is
restacked tightly to reduce air gaps between laminations.

Under this PoC (confirmed by utility under its MoU dated 215 October 2019 — annexure 1), pre-
repair testing, repair execution & post-repair testing activities were conducted at places
(including the NABL lab) suggested by TANGEDCO under it’s (R&D Dept) direct supervision. The
Repair involved correcting loss levels of the DT & bringing it closer to the ideal values as specified
by Indian Standards for similar type of DTs. After conducting baseline measurement, different
design solutions were worked out, post which Repair was undertaken based on optimum design
that is techno commercially viable.

No Load Losses, Full Load Losses and Temperature Rise Tests were carried out under the
supervision of TANGEDCO representative and ICA experts. Technical loss reduction and post
repair kVA capacity enhancement was further validated by NABL accredited lab tests. Experts &
team recorded data for analysis of No-load loss & Full load loss post repair and some key
conclusions were made as mentioned below:

e Reduces technical losses, thereby saving power costs

e Improves efficiency of transformers, a key component of distribution network stated in the
objective of BEE in PAT-2 cycle

e Improves transformer reliability, thereby reducing downtime

e Increases kVA capacity of the transformer that helps DT sustain overloading condition; thus,
deferring fresh capex investment to meet load growth locally

e Cost-benefit analysis suggests payback period of less than 2-3.5 years based on OPEX model

e Incremental repair cost is lower by 50-60% than its equivalent new DT procurement cost with
similar performance

e Creates an opportunity for the DT OEM or repairer to become a stakeholder in network O&M

e Controls the recurring losses by improved reliability of DTs

Thus, proposed Active Repair concept has the potential for improving the Energy Efficiency and
reliable performance of Distribution Transformer.
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3. Methodology

A step-by-step approach was adopted during the Repair execution to ensure checks & validation at each level (See below methodology)

Design Options &

Post Repair

DT selection Pre Repair testing Finalization Repair Execution Testing Reporting
Requested Loss levels were Multiple design Undertook repair Loss was Test results were
conventionally- measured at options were based on finalized measured at recorded &
repaired DT, empaneled prepared, and design based on empaneled reported to
nominated by repairer and at commercial performance repairer in TANGEDCO
TANGEDCO R&D NABL accredited viability assessed improvement presence of
wing, from lab in presence of Final Design repair options TANGEDCO
authorized Repair TANGEDCO Option was representatives
Centre for PoC representatives reviewed & The results were

approved by further validated
TANGEDCO team by NABL

accredited lab by
conducting loss
and impedance
measurement test
and temperature
rise test
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*Please Refer Annexure- 1 for MoU signed between TANGEDCO and ICAI

4. Timelines
18" Dec 2019
17" Sep 2019 :g‘l"g& 31* Oct 7t Dec 2019 Post repair Feb 2020
_ th i
MOM signed _ . 27" Nov 2019 Post repair testing f:;tligf at NABL Final report
between ICAl and Pre-repair testing Procurement of at empaneled enhanced KVA submission to
TANGEDCO of DT at NABL lab Winding material repairer capacity TANGEDCO
™ ™ - ™ ™ ™
| | = ™~ =

21% Oct 2019 8™ Nov 2019 29t Nov-5t 12*" -13t* Dec 2019 20" Dec 2019

MOU* signed and Repair Design Dec 2019 Post repair testing at Commissioning

location of 100 solution Active repair NABL lab of DT back in

kVA DT identified finalization execution the network



Active Repair for Performance Improvement of DTs for TANGEDCO

5. Repair Execution for performance improvement of 100 KVA old DT

The Active Repair executed envisions to achieve lowest losses and kVA capacity enhancement of
existing repaired DT sample. The focus is on reduction of full load losses (as most of DTs are
reported to be loaded 80% and above) and thereby getting maximum possible efficiency, as well
as the capability to perform under overloading conditions. Design of existing HV has been altered
with use of copper, being mechanically and electrically superior, as winding material while LV
winding material has been kept unchanged (i.e. Aluminium).

5.1.1. ‘Baseline’ measurement

The below table summarizes key baseline parameters, measured at NABL lab, of acquired failed
100kVA DT and its related details:

Parameters Units GTP Values Test Value % Deviation from GTP values
Capacity kVA 100 -
Make KEL -
Year of Mfg. 2010 -

Sr. No. 64428 -
LV winding material Al -
HV winding material Al -
Total Winding Weight kg 46.62 -
Impedance % 5.06 4.40 -
No load loss Watts 260 474.74 82% higher
Full load loss Watts 1760 2067.60 17% higher
Total loss Watts 2020 2542.00 26% higher

Table 1. Key Baseline Parameters of Distribution Transformer-100kVA

*Kerala Electrical and Allied Engg. Co. Ltd

5.1.2. Solution Design

Based upon the baseline measurements, design options for repairs was worked out initially.
Thereafter, in consultation with TANGEDCO R&D team & design experts they were finalized as
below:

Rating = Solution Design Core Designed LV = Designed Estimated Estimated Estimated
unchan | winding HV winding = No load Full load Total Loss
ged (Material, (Material, Loss as per = Lossasper @ as per

ID, OD, ID, OD, design design design
Height) Height) (Watts) (Watts) (Watts)

100 LV Al & HV Cu Yes Al, Copper, 474 (with 1700 2174

kVA (Reduced losses; 122, 163, 183, 243, existing
increased kVA) 408 383 core used)

Table 2. Design Solution finalized for ActiveRepair-100kVA
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5.1.3. Active Repair Execution
5.1.3.1. Pre-repair testing

The execution process was undertaken with pre-repair testing of failed DT (see Annexure-2 for
detailed Pre-repair test report) No-load loss value and full load loss value was measured. The
testing was undertaken in presence of TANGEDCO representative as per IS 2026 at NABL lab.
Some images are shown below:

Figure 3. Pre-repair condition of coil Figure 4. Pre-repair coil sectional view
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Figure 5. NABL Pre-repair Testing with TANGEDCO Figure 6. TANGEDCO representative & team recording the
representatives data

5.1.3.2. Repair Activity

After pre-repair testing, the Active Repair was undertaken as per finalized designs. Sequence of
repair activities which was undertaken reflecting best practice norms is as follows:

e Unstacking of core laminations and restacking them tightly to reduce air gap between
laminations

e Procuring right kind of material for winding

e Providing oil flow duct while preparing winding sections

e Making LV and HV winding as per design specification and assembling

e Assembled transformer was moved for oven drying to remove moisture

e Eventually, oven dried transformer was placed in tank as final assembly

Some images during the process are shown below:

Figure 7. LV winding Figure 8. HV winding
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. : a B
Figure 9. Core and coil asser-n‘bly Figure 10. Final repaired DT ready for post repair testing

5.1.3.3. Post Repair Testing

After repair, post repair testing was undertaken in presence of TANGEDCO representative as per
IS 2026 (see Annexure-3 for detailed Post-repair test report) . Some images are shown below:

Figure 11. Setting up connections for testing Figure 12. Post Repair testing and recording measurements



Active Repair for Performance Improvement of DTs for TANGEDCO

Figure 14. Setting up connections for enhanced capacity testing
at NABL

Figure 17. Testing for enhanced capacity testing at NABL Figure 18. Final repaired DT ready for reconnecting in the
network

10
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After conducting all tests, results were obtained for various parameters in reference to the
baseline measurements. Post-repair enhanced capacity testing was further validated by NABL by
conducting loss, impedance measurement and Heat Run tests. The capacity enhancement of 8
kVA was noted. The transformer losses at enhanced capacity of 108 kVA was also measured and
heat run test was conducted at this enhanced capacity (see annexure 3a post repair enhanced
capacity test report). Following are the results obtained:

Key Design Parameters Unit Specification Baseline Post repair results Post repair results

(As-1s) (measured at NABL) measured at enhance kVA
capacity at NABL

Capacity kVA 100.00 100 100 108

Year of Manufacturing - 2010 -

Flux Density Tesla 1.55 - -

LV Winding Material - DPC Al DPC Al DPC Al

HV Winding Material - DPC Al DPC Cu DPC Cu

No Load Loss Watt 260 474 472 472

Full Load Loss Watt 1760 2067 1559 1833

Total Loss Watt 2020 2542 2035 2306

Impedance % 5.00 4.40 4.54 4.64

Table 3. Comparative Pre and Post repair results

5.1.4. Post Repair reconnection of DT in the network
Post Repair and testing the DT was collected back from NABL lab. It is immediately connected

back in the network at CEDC Chengalpet Electricity Distribution Circle and commissioned. Energy
meter was also connected on LT side along with the DT erected in the pole.

Figure 20. Removing existing DT for replacing it with Active
Repaired DT

Figure 19. Collecting Active Repaired DT from NABL lab

11
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Figure 21. Connecting Active Repaired DT back into the DT at Figure 22. APFC Panel and Energy Meter connected at pole
Chengalpet Electricity Distribution Circle

5.1.5. Cost-Benefit Analysis
5.1.5.1. Top Results

Summary of Cost Benefit Analysis (CBA) is indicated below. The detailed CBA and assumptions
are attached separately (Please refer Annexure-4).

Total Normal Repair cost (with Al winding) A Rs. 22,946
Labour and transportation cost Rs. 2,700
Material cost (Rs. 304/kg for DPC Al/kg) Rs. 20,246

Total Active Repair cost (HV-Cu, LV-Al) B Rs. 68,930
Labour and transportation cost Rs. 2,700
Material cost (Rs. 304 for DPC Al/kg + Rs.635 for DPC Cu/kg) Rs. 66,230

Incremental cost for To-Be Active Repair over and above Normal C=B-A Rs. 45,983

Repair

Yearly units saved over baseline kWh/year 2,198

Money saved in 10 years Rs. 2,04,933

Payback period years 3.20

Some key assumptions made for payback calculations:

1. DT loading — 70% (for urban area as per the TOC formula recommended by CEA)

Average Cost of Supply (ACoS)of 5.85 Rs. /kWh?®

10% CAGR assumed for Average Cost of Supply®

Normal As-Is repair cost for 100 kVA Al DT is INR 22,946 (as per base price of Discom)

Incremental repair cost over and above normal repair is used for payback calculation. (The labour
rates for repair remain similar to that of Normal repair)

ik wnN

5 TNERC Tariff Order 2017-18, Page no. 292

® This trend has been seen across Discoms from states (like Maharashtra, MP) and hence a normalized value of 10% is assumed

12
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6. 70% term loan assumed with 9.93% rate of interest’

5.1.5.2. Scenario Analysis

A sensitivity analysis determines how different values of an independent variable affect a
particular dependent variable under a given set of assumptions. In other words, sensitivity
analysis study shows how various sources of uncertainty in a business economy model contribute
to the model's overall uncertainty. For example, we have calculated the sensitivity of CAGR of
Avg. Cost of Supply to payback period by changing the values of %CAGR while keeping all other
values same.

Sensitivity to CAGR of Avg. Cost of Supply

Payback period (years)
Solution For 0% CAGR For 5% CAGR For 10% CAGR
3.58 3.37 3.20

Sensitivity to DTR Loading
As case for increasing DTR load, payback period will further reduce

Payback period (years)
Solution 70% DTR Load 80% DTR Load 90% DTR Load 100% DTR Load
3.20 2.53 2.06 1.72

Sensitivity to DTR Loading

n 3.2
: \
3 206—0_
5] 1.72
a.
-
O
©
o)
>
©
a
70% 80% 90% 100%

DTR Loading (%)

Sensitivity to increased kVA capacity
If an additional benefit of increased kVA capacity (108 kVA from 100 kVA) is considered, then
payback will reduce further.

Payback period (years)

Solution Increase in kVA capacity not considered Considering Increase in kVA capacity
3.20 2.19

7 power Utilities operate with a debt equity ratio of 70:30 as per national tariff policy. Hence the 70% loan is considered.

13
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Sensitivity to Salvage value of Cu at the end of service Life
The salvage value of Cu does not impact the payback but improves the Project IRR (Internal

Rate of Return). Please refer Annexure-5 for detailed analysis of IRR
Project IRR (%) without Cu Salvage value @ Project IRR (%) with Cu Salvage value
@ACoS 5.85 Rs./kWh
100kVA 44.42 45.81

6. Key Observations

Following are some key observations drawn from tests and cost benefit analysis:
1. Old DT has high technical losses with large deviation from spec values as seen from pre-repair testing:

No Load Loss +82%
Full Load Loss +17%
Total Loss +26%

2. Repair does help in technical loss reduction (compared to baseline values). Total loss was reduced by
26% from the baseline.

3. Actual Repair results were close to the design estimations and even better than expected

Assumed Designed values Actual observed (at NABL)
For 100 kVA
Total Loss (W) 2,174 2,035

4. Cost Benefit Analysis is as follows (Please refer Annexure-4)

Payback Period (Yrs.)
Without kVA Enhancement 3.20
With kVA Enhancement 2.19

4.1. In additional sensitivity analysis carried out shows possible 1.72-2.19 years’ payback period with
capacity enhancement (as seen in section 5.1.5.2) for real life assumptions, indicating high
potential opportunity.

5. It is evident from the Post repair test results that, in addition to the increased efficiency the
continuous loading ability/capacity of 100kVA Transformers is increased to 108kVA without affecting
the Temperature Rise limits & Impedance Parameters as per IS 2026.

6. The design values and actual post-repair loss are fairly close and lower than the design. At 108 kVA
the temperature rise values are lowered but the test value was marginally above the IS limits. Hence
it can be inferred that DTs can have a baseline for technical losses at on-site. Thus, the close estimation
of ‘To-Be’ loss levels and associated CBA can be undertaken. Further, business as usual repair practices
do not address the issue of higher losses thus causing further deterioration in efficiency level post
repair.

14
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7. Upgradation of old DTs: Active Repair enhances the performance of the old DT to a level closer to
Energy Efficiency Level-1 loss stipulated as per IS 1180 at 100% loading. The post active repair full load
losses have been compared with full load loss computed at 100% loading (with reference to no-load
loss computation done by PGVCL (Gujarat Discom)). (Please refer Annexure-6 IS 1180 relevant

efficiency page)

7.

1.

Efficiency Level-1 Efficiency Level-2 Pre-Repair Post Active Repair

Key Recommendations

Modify existing in-house or contracted DT repair process: DTs being repaired in-house should go
through a process change to improve the repair practices. Some suggested changes are:

a.

o oo T

@

Pre-repair testing of DTs to be done to check the loss levels. This may not be feasible in failed DT
except for no load loss assessment. It is recommended to carry out no load test at rated voltage
with healthy LV/dummy LV turns to ensure that the no load losses do not exceed 1.5 times the
original no load losses measured as per IS 2026 (Part 1). In case, if no load losses exceed 1.5 times
the original no load losses, the transformer should be redesigned or transformer core to be
scrapped. It is also recommended to measure the resistance of any one Healthy LV & HV Coil &
calculation for estimation of approximate Full load Loss can be done thereof.

DTs to be opened to check for core/ winding damage

Design improvement option to be explored to enhance capacity and reliability of the DT

Winding replacement to be done by using standard material (preferably copper)

Provide adequate ducts in the windings, to ensure effective cooling and reduced temperature rise.
Post repair testing to be conducted to measure losses and at times temperature rise test to be
conducted on sample active repaired DT to check capacity enhancement

On a sample basis, repaired DTs to be tested at NABL accredited lab

Internal painting should be mandatorily done to reduce the stray losses through tank

Introduce performance-tied repair contract: DTs being repaired by the vendors (outsourced) must
be tied with its performance. A performance-tied repair contract needs to be drafted forimprovement
in the loss levels/kVA capacity of the DT. Under this contract, repairer will have to improve the DT

15



Active Repair for Performance Improvement of DTs for TANGEDCO

w

E

4

o

=

N

w

e

“n

%

%

%

performance (i.e. losses) by certain percentage, which on achievement will gain incentives to repairer
whereas underachievement will be liable to penalty.

Strengthen Repair Standard Operating Procedure (SOP) for repair: A standardized repair practice
must be followed for efficient repair of DTs. Strengthening the SOP shall benefit the DISCOM in
acquiring good quality repaired DTs, thereby increasing its operational life in the network. In addition,
these repaired DTs shall perform equivalent to new procured DTs and help DISCOM in reducing
procurement costs.

Proactive preventive maintenance: Continue implementation of periodic condition monitoring of
DTs. This effort definitely helps Discom monitor the health of DTs for effective asset management.

Monitor and control DT loading through remote metering of DTs and selective APFC installation for
mitigating re-active load on the DTs. Supervision with monitoring DTs’ health on a continuous basis
including periodic checks on the loads and load pattern will enhance their life and ensure continuous
performance near to designed parameters.

Applicability to broader TANGEDCO Utility

TANGEDCO is the large power distribution company in India, catering State of Tamil Nadu, with total
DTs count of 2,93,301. The AT&C losses is around 13.64% as per UDAY portal.

The above concept has been explored for sample DT only. However, depending on the condition of
old DTs, some of them may have to be scrapped while some of them can be repaired under this
concept.

Also, the concept involves costing which may be different for different manufacturers depending on
the design specifications.

There can be other business models like incentivizing vendors to reduce NL and FL losses below ideal
values, etc. with payback period ranging from 1-2.3 years.

Based on the estimation of loss deviations (based on the assumptions that legacy DTs at TANGEDCO
currently have No-load loss deviation of 15% and full load loss deviation of 30%) of Discom data and
representing at TANGEDCO level, it is observed that DTs contribute ~5.22% of technical losses at
overall utility level, resulting into 2,257 Cr. loss (assuming avg. cost of power supply as 5.85 kWh/unit).
(Please refer Annexure-7)

Scenario 2 Scenario 3 Scenario 4
(if DTs are at (if losses are high (if DTs are Active
acceptable loss deviated from Repaired with
levels) spec) reduced losses)

Scenario 1
(if DTs perform as
per specs)

Estimated total losses

(MUs/year)

3,391 3,730 3,859 2,696

16
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% Total losses with respect to

. 4.58% 5.04% 5.22% 3.65%
energy input
Total DT technical losses (Cr.) 1,983 2,182 2,257 1,577
Assumptions
Total Transformers # 2,93,301
Avg. Loading % 70%
Avg. Cost of power supply kWh/unit 5.85
Total revenue of TANGEDCO (as per ARR) Cr. 43,686
Energy Input (as per ARR 2017-18) MU/year 73,761

6. If 5.22% technical loss can be brought down to 3.6% (based on best performing utility’s standard)
through effective & DT repair & maintenance, it can save nearly INR 680 Cr. per year (approx. 1.5% of
Avg. revenue)

6.1. Even if only 100 kVA DTs (assuming 1,10,000 DTs i.e. ~37% of the MVA capacity) are Active

Repaired it can save nearly ~200 Cr./year

» 0Old conventionally-repaired DTs have potentially higher technical losses than being
thought (i.e. ~5.22%) causing loss of INR 2,257 Cr. annually.

» Performance Based Repair has the potential to reduce the technical losses and
upgrade the DTs performance equivalent to Energy Efficiency levels as specified by IS
2026. It can save nearly INR 680 Cr. per year (approx. 1.5% of Avg. revenue)

17
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Annexures
Annexure-1: MoU signed between TANGEDCO and ICAI

affeTg TAMILNADU BY 872565
IWTERWaTioNs)- CopPER AESOCIATEN é;*k;é::m

VYA

WEBOGRDCur 2 iy war
L. No: 2,/ CGL/2010
eSSk whip Cpnl

carry out study in improving energy efficiency, reliability and life cycle management of
Dis‘MAonTransfmiers(DTs).

'lCAIMssharedonewoposalfmundumtgapmolofcmoeprlo
denfonstrate effectiveness and viability of active repair of legacy DTs. The scope of
thefmdynsendosedheremh

This MOU entrust both organizations to engage in knowledge in OT life cycle
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o5 \o\ .
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037:3\.\461
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Proposal for Technical Loss Reduction & Reliability Improvement in Distrib ition
Transformers via Active Repairs

Proof of Concept (PoC) study for TANGEDCO
Background
Power Distribution in India is facing multiple challenges - increasing power demands,
increasing energy costs, higher operating costs, higher losses and rising consumer Tariffs
Loss reductions (both Technical and Commerdial) become one critical intervention for course
correction. Commercial loss reduction has taken utility’s greater attention, particularly in
respect of legacy assets in the system - one critical of them being Distribution Transfoymers.

Proof of Concept (PoC) Introduction:

with this background, Intemnational Copper Association India (ICAT) has developed a
concept to reduce Technical Losses & Improve Reliability in Distribution Transformers via
Active Repair approach. It intends to establish this new Business Model with a Raof of
Concept (PoC) for TANGEDCO, and hence this proposal is evolved.

M/s ICAI has proposed a study on Reliability Improvement and Technical loss
Reduction via active repair experiment. The process of active repair involves the replacement
of HV-Aluminium winding available in the 100kVA Distribution Transformer by a copper
winding optimally designed for the same core. If needed, the LV winding would also be
repiaced with an optimally designed Aluminium winding to increase the capacity of the
Transformer.

Objective of the PoC

= Validation of Technical loss performance of DT in two stages - pre and post Active Repair

= Calculation of savings generated in units of electricity due to reduction in technical losses
vs. active repair solution and costs

* Calculation of possible enhancement in the capacity of the Transformer by extrapotation
of results and then validating the enhancement by additional test result.

DTs Selection for PoC
* Location: One DT from Chenglepet circle of TANGEDCO is considered for active re pair.
« Identification of DT: It shall be carried on 1 number DT of 11kV/433V, [00kVA
capadity (Make: KEL; Sl No: 64428; Year of Manufacturing: 2010).

PoC Roles & Responsibilities
« The suggested roles for the various agencies involved in this PoC implementation are
enclosed in the Annexure.

Terms and Conditions

* Funding - This PoC phase shall be fully funded by ICAL There will be no Fiencial

commitment for TANGEDCO.

* Repair Warranty - The DTs shall be covered with repair warranty terms and conditions
for one year by ICAL ICAI agrees to replace the copper HV winding with 3 Alyminium
winding and bear the cost of repair, if the active repaired Transformer fails within the
above warranty period.

Time for repairs - Total repair time is estimated around 6-8 weeks.

* Co-operation - TANGEDCO Technical / Operations team will extend the vequired
coordination for timely start and close of the PoC.

* Selection of Repair vendor - Active repair work on the identified Transformer shall be
carried out by M/s ICAI at M/s. Sakthi Transformers, Plot No 10-11, Sharma Nagar,
Kundrathur, Thiruneermalai Main Road, Chennai-69 at the cost of ICAL

* Pre and Post Repair testing - The active repaired Transformer will be pre and post
tested for No Load Loss, Load Loss @ 50%, 70% and 100%, Heat run at the NABL facility
- M/s Shree Abirami Enggineering Works, Pillaipakkam, at the cost of ICAL

* Released Aluminium Winding - During active repair, M/s ICAl shall handoyer the
released windings of HV and LV (if replaced) of the Transformer to TANGEDCO.

A AN PP ASSOATEN A

%\/;d

For TANGEDCO For I
By: Manas Kundu

2
N A“'\
Chief Engineer/IC,RED
Designation: Director (Energy Solutions;

}" Date: 24 =t Ocl ' 1S
Engineer/R&D

< &k‘a won—"

Date:j-l'*'ltl
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No
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12
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14
15
16
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ANNEXURE - ACTIVITIES INVOLVED IN THE PoC STUDY
Activity Work done by Expenditure
, . to be met by
Transporting the Transformer to ICAT ICAI
 the repair factory
Confirming the healthiness of the  Repair factory Icar
Transformer at the repair factory
by relevant tests
Shifting the Transformer to a ICAI ICAI
. NABL Testing facility
Conducting the No Load Loss, NABL Facility ICAI
Load Loss at 50%, 70%, 100%
- and Heat run test | |
Witnessing the Test at NABL ICAI, TANGEDCO -
 Facility (CEDC,R&D)
Shifting the Tranformer back to ICAI ICAl
Repair Factory
Opening the Transformer and Repair Factory ICAT
completing the active repair !
Confirming the healthiness of the Repair Factory ICAI
_ Transformer at the repair factory
Shifting the Transformer to a ICAT IcAl
. NABL Testing facility
Conducting the No Load Loss, NABL Facility ICAT
Load Loss at 50%, 70%, 100%
_and Heat run test |
Witnessing the Test at NABL ICAI, TANGEDCO
_ Facility (CEDC,R&D)
Ensuring the enhanced capacity ICAL TANGEDCO
of the Transformer by extra (CEDC,R&D)
| pulation based on the test result
Confirming the enhanced NABL Facility ICAT
capacity by doing heat run test
. again. ! :
Witnessing the Test at NABL ICAI, TANGEDCO
 Facility (CEDC,R&D)
Shifting the Tranformer back to ICAI ICAT
. Chenglepet EDC and re-erection |
Preparing the study report ICAI, TANGEDCO ICAI
(CEDC,R&D)
{
3\\ &;; 3 INTERAATIONAL COFPER ASSCZTION INDRA
.fo {‘)-T % Z e
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Annexure 2: Snapshot of Pre-Repair Test Report conducted at NABL

IMPULSE TEST LAB

R L S

Survey Mo 2271 & 222, Sriperumbudur A Village,
Aodambakham - Sriperumbudus Migh Road Sh 113
Near TVH Svaya Apantments, Snpevumbodyr 600 105

Pane Ne DM T7ITEL0E

(AT ted by e Net mma | Aot w ot e Suard fue Teniong sowd (alman e Latmrstenie Lo of PR

—al JAXat pgma ! v

REPORT MO SAEW VTL/ 2008 20/ b 0% DATE: 01-11-2019
-~ R -
TEST REPORT
Name & Addrews of the Customer: Report No. © Lacation of Testing:
Copper A nda SAEWATL/ 2018 20/N-006 Impudee Test Lot
302, Npha, Date. :01-11-2008 |
Heanandae Buuness Park, Customer Ref No with date:  Date of Sample Recegt:
Fowal $
Mumibal - 400076 i 25302018
Conditiom of the samgle 3t Dateds) of Testing:
time of seceipt: !
Good S0& 3102015
Make: KEL ITL Sample Na : SAEWATL201920/N 005

Power Rating : 100M/A
Voltags Rating : 11000/ 437V
Currest Rating : 5744 / 133104
Detalled Descrigtion: in Sheet No. 2

Manulacturer Sarisl No - 64428
Make ; KEL

Year Of Manufacture - 2010
Enciosed Orawing

Numbers © NIl

Test Details: \n Shoot No. 3
Test Results: Sheet No. 410 Sheet No. 10

- Sample Technical Specification: In Sheet No. 2

Endosure: Mogr:ph:ol_tu(_umun-snpa_noums&cim 12
Remanks. Detais of the Witnessing Officer
LS
PREPARID AY CHECKED BY APPROVED BY
(K CHANDRASEXAN |

T T VS A S Y W U S —— s L ————,

1. % et savnst e

-

1 Padniammn of 190 /W MEATEL 1 GF pRrTTR . W tag bam (T
4 ey e terts setedt e ey S atavwer hiwr bet taat sl

L0 iam ey BEe Vet iUty wh b We e ATLEGTES & LT 36 LS INE & mhed The faid Las 8 aE
o

Caatu T ot for e

1%L by v gt T Lo N it

o " gty
e MRy o W T e by (%

TECHNICAL SPECIFICATION OF TEST OBJECT ASSIGNED BY CUSTOMER
1 | Name Of the Manufacturer Kerala Electrical and Allied Enge. Co. Ltd
2 | Serial Number 64428
3 | Power Rating(kVA) 100
4 | Rated Voltage H.V (Volts) 11000
5 | Rated Voltage LV (Volts) 433
6 | Rated Current H.V (Amps) 5.24
7 | Rated Current L.V (Amps) 13333
B | Number Of Phases 3
| 9 | Energy Efficiency Level -
10 | Vector Group Dynll
| 11 | Winding Material Aluminum
12 | Type Of Cooling {ONAN
13 | Fregue Hz 50
14 | Guaranteed Percentage Impedance(3) 5.06
15 | Guaranteed No Load Loss(Watts) -
16 | Guar d Load Loss at 75°C (Watts)
17 | Total Loss at 50% Load (Watts) =
18 | Total Losses at 100% Load (Watts) -
19 | Guaranteed Temperature rise of Oil 45°C
20 | Year of Manufacture 2010
21 | Standard No: |15 2026 / IEC 60076 / CRIP
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Active Repair for Performance Improvement of DTs for TANGEDCO

1.MEASUREMENT OF WINDING RESISTANCE

TEST Equipment Used
2026 {Far 1): 2011 (Clause 10.3) £Q10 Nome with Make Serial Mumber
AEC 60076 1 Edition 3.0} 2011-04) (Cause 11.2) s Trans formey winding mesistance meter Prestige) PE
B Manaa! Pub tio 317/201 38ec 883.1) SABw/EQ 08 Infrared Metrin) 0287373
Topoifc) | 280 | Bottomoifq | 262 |Avemg(Q |272
A) HVWinding
d Values (Q) Rewel))
Tip o W viw w1 Raal0) s c)
NA 24.86 24.38 24.46 24.566 29.233
B) LV Winding
Tap No M d Values (mQ) Rey(mn) Ry dmQ)
NA 2u2n | 22n | 2w2n (75°¢c)
11,89 | 1200 | 12.27 12.053 14343
Tap No d Values (mQ) Rug(mn) Ragdm)
NA 2uv | 2v2w | 2w2u (75°C)
23.65 | 2378 | 2350 23.78 28.298

AMEASUREMENT OF SHORT CIRCUIT IMPEDANCE AND LOAD LOSS

AT S AN AR et Lol
U 1] SO0 R e 10 8 "W Ao i M e ndatlesd
LR LR R T R R ) Lar WFl U gty Pemee Adeter | ] [RICIEII
141 ArwAQa e i et WRANV IR ¥ AAa/IN W AALSIN
ORI ARNASTANAR. A R [Ty ey gy WAR AW 1S v TR RS A
2
L) Jpeit Weovirumptoniviooote] SR
WINDING SHORTED. W
WDiNg SUPRND ..
RATED KVA 100
Top ol(*C) ] ma l Rortom of(*C) l " ] Avernge('0) l IR ]
Rued Voltage HV (kV) 11
Nated Volage LV (kV) 0433
Rated Current MV (A) 5.24
Rated Current LV (A) 135.3%
Tap No 1] s L Total Power (W)
1\9}
NA 523% 484 08 179
CALCULATING PARAMETERS:
Current in Amps Renlstance ut 75°C "RAT75°C (W)
Top Toral IR AT 75°C
No HVYWDG Wvwoa HVWDG | WV WDG HVwWoG LV wbaG w)
NA h.24 133,33 29233 14 a3 1204 T4 923 o8 9
Impedance Corrected At Rated KVA (75°C) MW mpedance
Tep | Voltageiv) Powertw) Stray Lowes (W) | Load Loses (W) a
No
NA ARA wn LU RS 2067 618 440

22

2.MEASURE MENT OF NO LOAD LOSS AND CURRENT

JTEST
152026(Part 1): 2011 {Clna105) Qo Name with Make Serlal Number
JECE0076 1/ Edition 2.0):42011-04) (0.no 118} | qarw/rai2 20) Fower Meter| Yokogawa ) C35H1 20308
€BIP Manual Fub No.317/201 3Sec. 883.3) SAUEW/EQRS | Potential Transformer {Exce! power) | HE13/1K v. 634/18 B - 635/18
R7a | Curent {Xalpa) A 133287/17 13328817 &
107/0% 133289/17
WINDING EXCITED HV
WINDING OPENED Lv
HV RATED VOLTAGE (kV) 11
BASE KVA 100
TAPNO NA
FREQUENCY (Hz) 50Hz
NO LOAD LOSS in W
% VOLTAGE = APPLIED VOLTAGE RMS CURRENT P
(Line) (kV) in Amps Meaamer 1ous Copmct
90 9.873 0.0879 325 325.888
100 11.006 0.1697 475 474.74
110 12.096 0.4548 746 746.246
ATEMPERATURE BISE TEST
LT (1 AT
W0 [ £ e Abahe Cori N
OO e . v — R o i
ﬂ,“:‘_’f ‘: o1l WA UA Potentsd v avmerth wal) MMM Y BA0/IM N d N
ooyt oA A swemnt ) o N ABPOMIA Y R AAL I AR
Bect1uns &) SALWARIA et T hermmetet i evin] . O8N rh
MEW A M oot g1 v Wi g reaston v swter @ retige) PEAMOAS 2000

A Total ko inlection
Total Lows feed » No Load Los + Load Loss = A74.4W & 2067 618W = 2542We2 542kW

- ” 1 bl b mb Average | Top oll | Top oll
Volkage  Current Power Yomp A Tomp 2 Tamp 2 | Temp. Temp, Temp.

Tene ™ A (kw) e e e 120013 () rulse
=) )

re c) ()

1220 A5 20 6370 2. ha 6.1 260 26,0 2607 n 193
1330 | 325 M 5970 2 549 6.1 260 6.3 26.13 89 1227
1420 221 .00 5 N0 2,547 anh 0.7 370 20,7 an.7 2297
15,20 A20.00 n.n2% 2,047 7.4 2716 ana 27.67 N7 2080
1630 nw.i‘n 5.706 2 542 7.0 6.7 ana 2.7 LER} A58
1730 | 3in 7 5753 2.5% 6.8 ) 1 nn 67,2 1997
1030 21660 5,715 2,516 6. 262 217 20,73 6.6 AN
1930 A16.90 7063 2,542 261 261 a5 26,57 715 4492
2030 10 2 5,000 2,543 0.1 264 274 20,00 3.5 a8 9%
2130 A14.0 5.004 2,520 200 0.5 arn 20097 LA A7.00
2330 215 90 5600 2.5 .’ 0N ano £ 2707 747 area

Measurad tamparatures st radistor Top 56.0°C | Bottom 41.2°C

2230 | 2018 5,240 2104 0.7 208 8.0 7.ar r4.7 ar6s
!!4! 20100 5240 2102 ao0.n 200 an.0 7.1 %4 An27
2200 | avo.an | naass | 7146 10.7 265 .0 21.00 %3 | ania
2915 290 8o 5. 2360 2144 08 045 8.0 27,10 MY 4780
2030 [ 29 | sae 2104 20,8 265 280 270 K2 4750

Mussurad I-mp-rlin;r-- " v-dl’-t‘m-‘-"oﬁ: ns.r‘(: N io(!n}vn: 2)1“6




Active Repair for Performance Improvement of DTs for TANGEDCO

IMPULSE TEST LAB

(Shree Abirami Engginecring Warks)
Survey No: 22/1 & 22/2, Sriperumbudur A Village,

Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105.

Phone No; 044-27176120 £-madl: 2400kvitl @gmail.com
(Accredited by the National Accreditation Board for Testing and Caiibration Laboratories, Gowt. of India)
REPORT NO: SAEW /ITL/2019-20/N-005

DATE: 01-11-2019

W

IMPULSE TEST LAB
{Shree Abirami Enggineering Works)
Survey No: 22/1 & 22/2, Sriperumbudur A Village,

Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105.
Phone No: 044-27176120 E-mail: 2400kvitl @gmail.com
{Accredited by the National Accreditation Board for Testing and Calibration Laboratories, Govt. of India)
REPORT NO: SAEW/ITL/2019-20/N-005

DATE: 01-11-2019

TEST STANDARD Used
5 2026 Part 1): 2011 [Caune 10.4) | remewkhsoke | Serial Number
EC 60076 3{Ednion 3.0) 2011-08) {Cause SALWEQ/12 | Digital Aower Meter | Yokogawe | 394120308
114 SAPWEQAS Patential Trons formerfExce) A633/18 ¥ 634/18 B 63538
QP musl PR AN A Cac A SEwEQa Cumwent Yronsformer {Kalpo ) A187208/17, V- 187 703/12. 8
AmpIe 187730/17
SAEWEQRS Infeared ThermometerfMetrix] 979373
WINDING SHORTED v
WINDING SUPPLIED HV
RATED KVA 100
Top oll(*C) | 280 I Bottom od("Q) 262 | Averge(Q 271 |
Rated Voltage HV (kV) 11
Rated Voltage LV (kV) 0.433
Rated Current HV (A) 5.24
Rated Current LV (A) 13333
i Tap No 7Averaga Current (A) 7RAvnge vmlne) Total Power mif)»i‘
)
NA 5.2351 484.08 1769
CALCULATING PARAMETERS:
Current in Amps Resistance at 75°C FRAT7S°C(W)
Tap {mQ) | Total "RAT75°C |
No HVWDG LVWDG A HVWDG | LWWDG HVWDG LVWDG w)
NA 5.24 13333 29233 1434 1204 ‘ 764.921 1968.921
Impedance Corrected At Rated KVA (75°C) %l mpedance
Tap | Voltage(V) Power(W) Stray losses (W) | Load Losses (W) (%2)
No
NA 484 1772 98.697 2067.618 440

23

4.TEMPERATURE RISETEST
Test Sandard Equpment Used
& 2026 fpan 2 £QiD Name with Make Serial Number
2010 SAEW/EQ/12 Digital Power Meter | Yologowa | 3120306
::c::: 011 W06 Patential T £ xcel) AE33/18 v 634/18 8 63518
by, | SAEWEGLIO MR Current Tsnsformer (¥alpa) H.187708/17, ¥- 187708/13, 8- 187710/17
oA SAEW/EQQS Infrared T hermometerpdetis) ey
) r nding meter [Prestige) PE/040/SER) 2018

A) Total Losses injection

Total Loss feed = No Load Loss + Load Loss = 474.4W + 2067.618W = 2542W=2.542kW

Measured lempe;atures at radlator:;'rop: 55.7°C, Botlcw;l:-4>1.2'c

age | Average age | Ambi Ambi bi A Top oil | Top oil
Voltage = Current | Power Temp 1 Temp 2 Temp3 | Temp. Temp. Temp.
T v (A) (kw) ("] (o) ('c) | w293)/3 (b) raise
(a) (b-a)
(ge] (°c) *c)
1230 | 33528 | 6270 | 2.543 261 | 261 26.0 2607 | 28 193
1330 | 325.83 | 5979 | 2.549 26.1 260 26.3 26.13 389 | 1227
(1430 | 32166 | 5890 | 2547 | 265 | 267 | 270 | 2673 | 49.7 | 2297
1530 | 32060 | 5.825 | 2.547 27.3 276 28.1 2767 | 575 | 2983
1630 | 319.7%6 | 579 | 2.542 27.0 26.7 28.1 2727 | 631 | 3583
1730 | 31873 | 5753 | 2.5% 268 268 281 2723 | 672 | 3997
1830 | 316.69 | 5715 | 2.536 26.3 262 27.7 2673 | 696 | 4287
1930 | 31690 | 5.7063 | 2.542 26.1 26.1 275 2657 | 715 | 4493
2030 | 31622 | 5.696 | 2543 26.1 263 274 2660 | 725 | 4590
2130 | 31493 | 5664 | 252 26.6 265 27.8 2697 | 737 | 4763
2230 | 31598 | 5.690 2.538 267 | 265 28.0 27207 | 747 47.63
T Measured temperatures at radiator: Top: 56.8°C, Bottom: 41.2°C
8
2230 | 291.15 | 5.246 | 2.164 26.7 265 28.0 2700 | 747 | 4763
2245 | 291.09 | 5248 | 2.162 26.8 266 28.0 2713 | 754 | 4827
(2300 | 29065 | 5.2355 | 2.146 26.7 265 280 2707 | 752 | 4813
2315 | 2908 | 52360 | 2.144 26.8 265 28.0 2710 | 749 | 47.80
2330 [ 29221 | 5261 | 2.163 26.8 265 28.0 270 | 746 | 4750




Active Repair for Performance Improvement of DTs for TANGEDCO

IMPULSE TEST LAB

(Shree Abirami Enggineering Warks)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,

Kodambakkam- Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105.

Phone No: 044-27176120 E-mail: 2400 kviti @gmail.com

{Accredited by the National Accreditation Board for Testing and Calibration Laboratories, Govt. of iIndlia)
DATE: 01-11-2018

REPORT NO: SAEW/ITL/2015-20/N-005

IMPULSE TEST LAB
(Shree Abirami Enggineering Works)
Survey No: 22/1 & 22/2, Sriperumbudur A Village,
w Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105.
Phone No: 044-27176120 E-mail:2400kvitl @gmail.com
by the National Board for Testing and Calibration Laboratories, Gowt. of India)
REPORT NO: SAEW/ITL/2019-20/N-005 DATE: 01-11-2019

Winding Resistance Test
A) HVSide B) LVSide
Time Resistance in O Time | Resistance in mQ
20 3048 120 2993
Bs 3045 135 2993
150 3042 150 2932
165 3039 165 233
180 3036 180 2987
185 3033 185 2985
210 3030 210 2982
pri] 3027 25 238
20 3025 240 2979
%5 3022 55 2977
70 3019 270 2975
85 3017 25 2972
300 3014 300 237
315 3012 35 2583
130 3008 130 2357
35 3007 315 2983
360 3008 350 2954
375 3002 375 2365
380 3000 30 29563
a5 2993 25 2343
20 2335 20 2952
B85 2933 &5 296
50 2391 &0 2353
%5 2989 65 2958
80 2987 280 29356
#48 7 7 z
as EEESE====S=E=E
_.; +— :
i a 2 - = 3 -
3 BB F—— ¥
! .‘: — S S— ¢ —3 —F 34— —
538 T 1 5 ]
Vo2 3 a5 e & % 10 1 12 13 w1

24

LATIONS
Drop in average oll temp after reducing to rated current

at Steady state with rated loss
Top oil temp rise =4763"'C
Ave oil temprise =Top Ol rise - [Rad Gradient/2]
=39.83°C
at Shut down with rated current
Top oil temp rise =4750°C

Ave oll temp rise =Top Gil rise - [Rad Gradient/2]
=4025°C

Dropin average oil temp after reducing to rated current = 0.42° C

HV Winding Rise

y * 0,00000x - 0.00231x + 3074286

R in ohms
§
'y
o

Corrected HV Winding temp rise with rated load = HV Winding temp rise with rated current + drop
In average oll temp after one hour with rated current

=63.379+0.42
=63.80°C



IMPULSE TEST LAB

Shree Abirami Enggincering Works

Survey No:22/1 & 22

/2, Sriperumbudur A Village,
Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH S\.a',a Apanmwts Snperumbudu 602 10!

Active Repair for Performance Improvement of DTs for TANGEDCO

{Accredited by the National Accreditation Board for Testing and Calibration Laboratories, Gowt. of india)
REPORT NO: SAEW/ITL/2019-20/N-005

DATE: 01-11-2013

IMPULSE TEST LAB

{Shree Abirami Enggineering Works)

Survey No:22/1 & 22/2, Sriperumbudur A Village,

Kodambakkam - Sriperumbudur High Road, SH 113,

Near TVH Svaya Apartments, Sriperumbudur- 602 105,

Phone No: 044-27176120 E-mail: 2400 kvit! @gmail.com

(Accredited by the Nations) Accreditation Board for Testing and Calibration Laboratories, Gowt. of India)
REPORT NO: SAEW/ITL/2019-20/N-005 DATE: 01-11-2019

R in mohms

y * 0.00000%

Time in secs

YOLETx

30.360%5¢

Corrected LV Winding temp rise with rated load = LV Winding temp rise with rated current + drop
In average oil temp after one hour with rated current

=67.64 +0.42
= 68.06°C
Resuit:
Measured Guaranteed
Top Oil Temperature Rise (*C) 47563 4
HV Winding Temperature (*C) 6380
LV Winding Temperature (*C) 68.06

PHOTOGRAPHS

TRANSFORMER

MADE IN IND

SPECIFICATION REF. IS. 2026

KVA

VOLTS AT NO LOAD {’L':,’

AMPERES
PHASE

10" (AL) TYPE OF COOLING
FREQUENCY
IMPEDANCE VOLTAGE AT 75°C
HV| 524 | CONNECTION SYMBOL
w CORE AND WINDING Kg
WEIGHT OF OIL Kg
ol LITRES

¥ T
INSULATION LEVEL  Wv | LIZS AC 28| JO0AN WRehT e

MAKER'S SERIAL No B AL

MAX. TEMP. RISE IN OIL

PURCHASE ORDER No. Dt._10-06-2009

VECTOR DIAGRAM

KERALA ELECTRICAL & ALLIED ENGG.CO

MAMALA P.O., COCHIN-68230S5, IND!.A




Active Repair for Performance Improvement of DTs for TANGEDCO

Annexure 3: Snapshot of Post Repair test report conducted at NABL for 100 kVA DT

IMPULSE TEST LAB

(Shree Abirami L agginceriog Warks)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,
Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105,
Phong No: 043-27176120 E-mail: 2400kvit| @gmail com Certificate No: TC-7608
(Accredited by the Natlonal Accreditation Board for Testing and Calibration Laboratories, Gowt. of india)
ULR NO: TC760819000000016F

AEW

REPORT NO: SAEW/ITL/2019-20/N-010 DATE: 13-12-2019
TEST REPORT

Name & Address of the Customer: Report No. : Location of Testing:
INTERNATIONAL COPPER SAEW/ITL/2019-20/N-010 Impulse Test Lab
ASSOCIATION INDIA Date : 13-12-2019
UNIT 1401-03, WING A, KAILASH Customer Ref No with date: Date of Sample Receipt:
BUSINESS PARK, PARKSITE, VIKHROLI,
MUMBAI-200079 DT/ICAI/TANGEDCO/NABL/ 10-12-2019

19-20 dated 22-10-2019

Condition of the sample at Date(s) of Testing:

time of receipt:

Good 12 & 13-12-2019

Sample Description : Sample Identification:
Make: KEL ITL Sample No : N-010
Power Rating : 100kVA Manufacturer Serial No : 64428
Voltage Rating : 11000V/ 433V Make : KEL
Current Rating : 5.24A/ 133.33A Year Of Manufacture : 2010
Detailed Description: In Sheet No. 2 Enclosed Drawing

Numbers: NIL
Test Details: In Sheet No. 3 Sample Technical Specification: In Sheet No. 2

Test Results: Sheet No. 4 to Sheet No. 10
Enclosure: Photographs of test samples — Sheet No.11 and Sheet No.12

Remarks: Details of the Witnessing Officer . |

) ‘gy'ﬂ

NiL W e 9”/( R\ l&
ErM.Chandran Er.R.Usha Lr. N.Sarathy Er,S.Baskar
EEM&AD 1B N Maintenance ICA!
CHENNAL GALFATTU
ARED IVED BY

_(R DHILIPKUMAR)

NOTE: 3. This report onlly relates to the particular sample received for #LITL, Seaparianbudur, |

2. This report canndt be roproduced in part under any Croumstinggs. .
3. Pubication of this report requees prior permission in wiiting from
4. Only the tests avkod for by the customer have been carried out.
S in case of any dapute, Sriporumbudir will be the eaciutive jursacuon & thall be contructed &3 whore the Cause hat
arised.
Caution: (TL Is not responsible for the auth yol p
mmwtumsMMdm

0 OF roproSuced 1ot reports.
henticty of test reports nsved
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Active Repair for Performance Improvement of DTs for TANGEDCO

IMPULSE TEST LAB

(Nhree Abirami Loggisecring Works)

IMPULSE TEST LAB
W Survey No: 22/1 & 22/2, Stiperumbudur A Village,

(Shree Abirwmi Lnggiscering Warks)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,
W Kodambakkam - Sriperumbudur High Road, SH 113,

Near TVH Svaya Apartments, Sriperumbudur- 602 105.

Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105,
Phone No: 038-27176120 E-mait:2400kvitl @grmall.com

3 Board for Testing

TC Phone No; 044:27176120 £-mad: 2400kvitl Bgmail.com
ULR NO: TC760819000000016F by the Nations! Soard for Testing
REPORT NO: SAEW/ITL/2019-20/N-010 DATE: 13-12-2019 ULR NO: TC760819000000016F
LV Winding Rise REPORT NO: SAEW/ITL/2019-20/N-010
— —— : o = CALCULATIONS
» Drop in average od temp after reducing to rated current
279 ¥ » 0.00000x! - 0.00214x+ 27.93294 at Steady state with rated loss
278 Top ol temp rise =3837°C
4 Ko Ave oll temp rise = Top Of rise = [Rad Gradient/2]
|8 a2 5 5 «3007°C
= (
S e Lar ¥ Sl o
= Mg \ Top oil temp rise =366°C
275 s Ave oil temp rise = Top Ol rise ~ [Rad Gradient/2]
s SV «2885°C
274 Rl ~ 2
bt ks Drop in average oil temp after reducing to rated current = 1.22°C
23 e HWindingRice == =
272 182 ¥~ 0.00000x - 0.00074x + 18.15939
[} 50 100 150 200 250 300 350 400 450 S00 1815~
Time in secs
181 g
£ e 3
| 1805 e 2%
Cold Resistance measured: 1UIV =23.60 ohms (R cold)@29.1°C | § o o
Hot Resistance observed at shut down {from graph) = 27.933 ohms (R hot) | & 18 e T
LV Winding ave temp rise with RATED CURRENT = Rhot x {225 +29.1] - [225 +29.53] € 1795 . .
R cold ok 2 "
179 x
=462 C ; 1785
To correct the winding temperature to rated load condition | 178
‘ 0 30 60 9 120 1% 180 210 240 270 30 30 3O IW 420 40 &
Corrected LV WINDING temp rise = 46.22+ 1.22 = 47.44°C Time in secs
Result: Cold Resistance measured: 1U1V =15.504 ohms (R cold)
Mot Resistance observed at shut down (from graph) = 18.159 ohms (R hot)
Measured Guaranteed HV Winding ave temp rise with RATED CURRENT -fﬁxmsm.u-(usoum
Top Ol T Rise (*C) 38.37 45
HV Winding Temperature (*C) 46.02 55
w T ('Q) 47.44 55 X

To correct the winding temperature to rated load condition

/;“GQ;,E; Corrected HV WINDING temp rise = 44.80 +1.22 =46.02'C
7> ,,"’ GOINE
A ’/‘\/‘é' MA
Q \st rv'l“oo \ S‘\ - .
2| nave )3 »
_ThaX w £4/ ‘W
n‘é’"m"fonb N /. cHEcKeD sy Kk

NJ + channt/ Sheet No. 10 of 12 PREPARED

L4
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Active Repair for Performance Improvement of DTs for TANGEDCO

IMPULSE TEST LAB

(Shree Abirami Daggincering Weorks)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,
W Kodambakkam - Sriperumbudur High Road, SH 113,

Near TVH Svaya Apartments, Stiperumbudur- 602 105.

Phone No: 044-27176120 E-mail 2400kt @gmail.com

IMPULSE TEST LAB

(Shree Abirami Lnggincering Worky)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,
Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105.
Phone No: 08427376120 E-mall:2400kviti @gmail.com

ULR NO: TC760819000000016F — gt foe Testing \
REPORT NO: SAEW/ITL/2019-20/N-010 11312 TC760819000000016F
- . REPORT NO: SAEW/ITL/2019-20/N-010
Winding Resistance Test
A) HY Side(1V-1W) ) LV Side(2v-2w) 4. TEMPERATURE RISE TEST
Resistance in Q| Time _ Resistance inmQ_| | Sout Seondues Tavpment
9 0% 5 200w 2)' no Nome wah Moke Sevial Number
N S 4“"311!’1 108 080 T SawAGAT Dol Power Meter [ Tohopews | 3120908
e — R —— o - v [ vt Tforeeied LY s |
i) - 18 Ponedy/0l | SANAQRMONDN | Curent Tengfomner (ps) LB 7 0 7
I T T — 1 18 T L —
65 18,047 0 nE e SAEWEQ/M | Tranformer wedeg esiivnce metes reivge] | poodasceonm |
330 18038 180 o} SAEW/EQ/Z2 Doto lopper with sensor EITRA00E
195 1803 | R . ;| Bl
20 g0 | | - T— ) A)  Total Losses injection
e ol 22 253
i) 1800 0 1 —
8 17.957 35 nu,.; Total Loss feed = No Load Loss + Load Loss = 472.760W + 1562.217W = 2034.977W=2.035kW
7.9 270 A
4} 17582 e ‘P-“L age age | Average bi b age | Topoil | Topoil
— 7 S L
3 ;;ﬁ 315 142 Voltage | Current | Power | Templ Temp 2 Temp3 | Temp, Temp. | Temp.
) T — 2 . Tme v | W | 6w | o | 9 | (g |G| @) | ke
= — 1 w —— @ ]
37 — sy | 75 13 ra (4] o
|
. = m— 1 o 7300 33255 | 63807 | 2038 | 255 | 5 | 260 | 256 | 26 | 154
) 17918 a0 ___na | ! 00.00 | 32441 | 61773 | 2028 | 254 255 258 2556 | 354 | 984
B 7
& # 5 328 0100 32412 | 61627 | 2031 | 252 253 257 254 a3 | 179
TopOilRise - 0200 | 32180 | 6.1068 | 2.031 263 254 258 2583 | 494 | 2357
03.00 | 31999 | 64960 | 2.029 266 258 261 2616 | 541 | 2793
mm" o 0400 | 31971 | 60294 | 2030 267 258 261 262 576 | 3124
gg 05.00 | 315.23 | 6.0191 | 2.030 267 259 261 2623 | 604 | 3417
:3'38 06.00 | 32096 | 60701 | 2.045 264 257 259 26 619 | 3550 |
§f°° 07.00 | 31861 | 60412 | 2070 | 264 257 259 26 629 | 3690
éﬁ —— 08.00 | 31698 | 59829 | 2039 269 260 263 264 64.0 376
i 09.00 | 31681 | 59889 | 2048 | 274 269 270 271 648 | 377
xg s 1000 | 31517 | 59535 | 2,035 29.1 281 28.7 28.63 666 | 3797
B 1500 = 1100 | 31659 | 59646 | 2045 294 285 292 2903 | 674 | 3837
2 :§§ d atradiator-Top: 56.9°C, Bottom: 40.3°C
g0 1/
e SEFEETEEEEREEREEE 1102 27804 | s.zml 1579 | 294 85 92 | 2908 | 674 | 3837 |
S e POOINE & 1205 | 277.32 | 52438 | 1564 | 300 289 293 2953 | 661 | 366 |
*\e &% = = at radiator-Top: us’cm%}‘ G“N
e o (o5

o

0o 3 .
et )5 7 '*o\
- o b 21 ymoulse® 3
N |~ stLob | S5
'y BY K .\.&\"‘ -
\ < = 8Y

7 Ay

w;‘_/ Sheet No. 8 of 12 PREPARED BY
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Active Repair for Performance Improvement of DTs for TANGEDCO

IMPULSE TEST LAB
(Shree Abivami Enggincering Warks)
Sufvev No 22/1 l. 22/2. Sriperumbudur A Village,
. budur High Road, SH 113,
Near TVH Svaya Apnnmnn. Sriperumbudur- 602 105,

Phone No: 044-27176120 E«mail: 2800k vitl @gmail com Certificate No: TC-7608
v Board for Testing Gowt. of Indin)

ULR NO: TC760819000000016F

REPORT NO: SAEW/ITL/2019-20/N-010 DATE: 13-12-2019

L) e Suipmont Used
5 2026(Pan 1) 3031 (Clowne 3041 Qo Nome mith Mske Serial Number
um::a:m 3.01:2081.08) P gl Powey Weter [ Vokogoes |
3"' SRR SATWAQNS Patentr TramformeriCacel) - nﬂm:.'.m 634718, : :wu .
Besis SATWAQ/S nfrared Thermameter fWeirn] oMn
WINDING SHORTED w
WINDING SUPPLIED HV
RATED KVA 100
Temp-29.1°C
Rated Voltage HV (kV) 1
Rated Voltage LV (kV) 0.433
Rated Current HV (A) 5.24
Rated Current LV (A) 13333
MEASURING PARAMETERS:
Tap No % Current Applied | Average Current Average Total Power
(a) itage(line) (V) w)
NA S50 2.6289 235.97 337.00
NA 70 36788 330.90 661.10
NA 100 5.2449 47244 1351
CALCULATING PARAMETERS:
Current in Amps Resistance at 75°C FRAT75°C (W)
Tap (m0)] Total 'RAT 75°C
No HV WDG LVWDG | HWWDG | LVWDG | HVWDG | LVWDG w)
NA 524 13333 18196 l 14,002 749.435 746.754 1496.189
Impedance Corrected At Rated KVA (75°C) Yimpedance
',:: Voltage(V) |  PowerlW)  [~girotiouses (W) | Load Losses (W) %2)
NA 4994 1348477 66.028 o 1559.045 454
/" \
[/ ¥
i LN o,
-< ) g
’éavl; \ A // BY
w Sheet No. 6 of 12

IMPULSE TEST LAB

(Shrer Abirumi Euggineccing Works)

Survcho 22/1&22/2 Sriperumbudur A Village,
W budur High Road, SH 113,

NeerVHSvm mnmm Sriperumbudur- 602 105.

Phone No; 084-27176120 £-mail:2300kvit! @gmad.com

ULR NO: TC760819000000016F
REPORT NO: SAEW/ITL/2019-20/N-010

29

TEST STANDARD

& XR6iPert 1) 2013 (Oe0 205 Qo
HCE007-1(¥anon 10) (011-04) (Clns 13.5) | SAFWAGAT Power
P Manua! Pud No 317/201 MSec. B0 23] SALW/1 Q08 MWEM

WINDING EXCITED
WINDING OPENED
HV RATED VOLTAGE (kV)
BASE KVA
TAP NO |
FREQUENCY (Hz) |
APPLIED ON HV SIDE
%Voltage 90% 100% 110%
Average Line Voltage 9.9027 11.0053 12.0885
(k)
Average Phase Voitage 57175 6.3541 6.9795
Awamm 0.0948 0.1926 0.5820
(A)
Measured Loss 0330 0473 0.743
4Mm Loss 03299 04727 0.7437
(kw)
Frequency 50.103 49.992 49.956
(HZ)

"G(‘WEé ‘
TS O

bl




Active Repair for Performance Improvement of DTs for TANGEDCO

Annexure 3.a: Snapshot of Post Repair test report conducted at NABL for enhanced kVA
capacity (108 kVA)

IMPULSE TEST LAB

(Shree Alirami Enzzineering Worka)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,
W Kodambakkam - Sriperumbudur High Road, SH 113,

Near TVH Svaya Apartments, Sriperumbudur- 602 105.

Phone No: 044-27176120 E-mail:2400kviti @gmall.com Certificate No: TC-7608

(Accredited by the National Accreditation Board for Testing and Caliteation Laboratories, Gowt. of India)

ULR NO: TC760819000000017F

REPORT NO: SAEW/ITL/2019-20/N-011 DATE: 18-12-2019
TEST REPORT
Name & Address of the Customer: Report No. : Location of Testing:
INTERNATIONAL COPPER SAEW/ITL/2019-20/N-011 Impulse Test Lab
ASSOCIATION INDIA Date :18-12-2019
UNIT 1401-03, WING A, KAILASH Customer Ref No with date: Date of Sample Receipt:
BUSINESS P. P, VIKHR
dated 16-12-2019
Condition of the sample at Date(s) of Testing:
o time of receipt:
Good 17 & 18-12-2019
Sample Description : Sample Identification:
Make: KEL ITLSample No : N-011
Power Rating : 108kVA Manufacturer Serlal No : 63428
Voltage Rating : 11000V/ 433V Make : KEL
Current Rating : 5.66A / 143.99A Year Of Manufacture : 2010
Detailed Description: In Sheet No. 2 Enclosed Drawing
Numbers : NIl
Test Details: In Sheet No. 3 Sample Technical Specification: In Sheet No. 2

Test Results: Sheet No. 4 to Sheet No, 10
Enclosure: Photographs of test samples — Sheet No.11

- Remarks: mauw%_
NIL Hhoud— 2= JO

EXM.Chandean Er.R Usha Er.S.Baskar
EER&D AEE/R&D ICAl
CHENNAI CHENNAL

; x.’% T
‘nﬂu‘ BY

NOTE: 1. This report only relates to the particular sample received for test
2. This roport cannot be reproduced in part under any crcumstand
3. Publication of this report requires prior parmission in writing fro
Lmum“hnummmmu

S. In case of any dispuite, Sriper dur will be the exclusi 5 where the cause has
arised.
Caution: mtmcwhhw_““‘ of ph d -\
bmhmdm of test issued by ITL
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Active Repair for Performance Improvement of DTs for TANGEDCO

IMPUL8£ TEST LAB
Abirami Engginecring Works)
SurvevNo 22/1 & 22/2, Sriperumbudur A Village,
kk budur High Road, SH 113,

= Jriper
Near TVH Svaya Apartments, Sriperumbudur- 602 105.
Phone No: 044.27176120 E-mail:2300kvitl@gmail.com

d by the National
by

Testing

IMPULSE TES'I' LAB

(Shree Abirami

Enggiacering W
Survey No: wxum Sdpemmbudukvmue
High Road, SH 113,
"WTVNSvmmmmms Sriperumbudur- 602 105.
Phone No: 044-27176120 E-mail:2400kwiti @gmailcom

ULR NO: TC760819000000017F
REPORT NO: SAEW/ITL/2019-20/N-011
L.MEASUREMENT OF WINDING RESISTANCE
TEST STANDARD Used
5 2006 (Part 1) 2001 (Oowse 10.2) 0 —lﬂ*... Serial Numder
:‘. __uamw eru"ﬂ 05 Thermometer 02979373
Temp-27.9°C
A) WV )
Measured Values Ragl®) -
Tap No vV WVIW Wi Rugl) 750 -
15432 18196 HV RATED VOLTAGE (kV) Ty
NA 15.450 15433 15.415 L 3
AL Wwindig__ TAP NO A
Tap No Meas: (m0) Raglm) FREQUENCY (Mz) o
NA 2u2n I 2v2n | 2w2n (15°Q)
186 | w79 | 17 118 13.998 APPLIED ON HV SIDE
L L d Volues (mh) Ralml) Average Line Voltage 9.9027 11.0053 2
NA 202v | 22w | 2w (75°Q) (kv) 0885
23.57 23.46 | 2347 235 27877 Average Phase Voltage 57175 63541 6.9795
(kv)
Average Current 0.0948 0.1926 05820
(A)
Measured Loss 0.330 0473 0.743
(kw)
Corrected Loss 03299 04727 07437
{kw)
Frequency 50.103 49.992 29.956
(Hz)
GGINEg,
heas 2 Y
Sands .';'7 X &) & « A /—\ ) o
PREPARED 8Y
Sheet No.40of 11

s -
Sl o¥le0 |21
HESIE
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Active Repair for Performance Improvement of DTs for TANGEDCO

(Shree Abirami Enggioeering Works)
Survey No: 22/1 & 22/2, Sriper

IMPULSE TEST LAB

Kodambakkam - Sriperumbudur High Road, SH 113,

umbudur A Village,

Sharing Screenshot

Near TVH Svaya Apartments, Sriperumbudur- 602 105.

Phone No: 044-27176120 E-mail:2

1300kviti@gmail com

v by
ULR NO: TC760819000000017F

Yesting and L

7
Temp-27.9°C
Rated HV (kv) 1
Rated Voltage LV (kV) 0.433
Rated Current HV (A) 5.66
Rated Current LV (A) 14399
MEASURING PARAMETERS;
Tap No % Current Applied | Average Current Average Total Power
(A) w)
NA 50 283N 255.366 3984
NA 70 3.9691 357.641 780.6
NA 100 5.6556 510.109 1577
CALCULATING PARAMETERS:
Current in Amps Resistance at 75°C FRAT 75°C (W)
Tap Total FRAT 75°C
No HV WDG LVWDG | HYWDG | LVWDG | HVWDG | LVWDG w)
NA 5.66 143.99 18196 ] 13.998 874414 870.642 1745.056
impedance Corrected At Rated KVA (75°C) %impedance
": Voltage(V) | PowerlW) "5y iosces (W) | Load Losses (W) %2
NA 510.40 1579.455 88.149 1833.205 464
"
PREPARED k

l_MPUl'er TES‘::‘:'AE A link to your screenshot was copied 1
Survey No: 22/1 & 22/2, Sriperumbudi yourclipboard,
Kodambakkam - Sriperumbudur High Road, SH 113, m
Near TVH Svaya Apartments, Sriperumbudur- 602 105.
Phone No: 064-27176120 E:mait:2400kvit @gmail.com Certificate No: TC-7608
(Accredited by the National Board for Testing and Gowt. of indla)
ULR NO: TC760819000000017F
REPORT NO: SAEW/ITL/2019-20/N-011 DATE: 18-12-2019
4.TEMPERATURE RISE TEST
fgupment Used
206t D Qn Name with Maobe Sl Numder
20 TAWAQ/T Cughal Powes Metee | Vokogows | [
mm 2:3011 ATWAQDE Poteil Tromsformeritace] REIVIE V- & v
Parenpo,  SAIWEQOTA ORI __Curvent Prpngformerfiaga) ____1 W & (3 1]
) e e
[ sawraa Dot ingper with veveor [ eonaoooos |

A)  Total Losses Injection

Total Loss feed = No Load Loss + Load Loss = 472.760W + 1833.205W = 2305.965W=2.036kW

A "

Average | Average | Average | Ambient | Ambient | Ambient | Average | Topoll | Top oll
Voltage | Current | Power | Templ | Temp2 | Temp3 | Temp. Temp. | Temp.
Tme | v | @ | owm | o ) rQ :;wm ) | raise
(b-2)
(a (") Q)
2300 | 35480 | 65375 | 2303 257 256 25.7 25.66 255 -
0000 | 34518 | 65052 | 2303 248 254 254 25.20 35.0 98
0100 | 34144 | 64785 | 2303 26.1 254 258 25.76 425 | 1674
0200 | 34012 | 64562 | 2301 263 255 260 2593 91 | 2317
0300 | 33871 | 6.4102 | 2308 265 256 260 26.03 542 | 2817
04.00 | 33730 | 63719 | 2305 264 25.6 260 26,00 579 | 319
0500 | 33632 | 63479 | 2306 263 254 258 25.80 629 | 3710
0600 | 33561 | 63248 | 2303 26.2 254 258 25.80 629 | 37.10
07.00 | 33393 | 63137 | 2305 263 254 259 25.86 644 | 3854
0800 | 33427 | 63048 | 2308 27.0 260 261 2636 649 | 3854
09,00 | 33364 | 62883 | 2306 281 26.7 276 27.46 65.7 | 3824
1000 | 33172 | 62770 | 2309 300 285 302 2956 680 | 3844
33292 | 62645 | 2306 303 29.1 314 3027 686 | 3833

M d temp at radi Top: 58.3°C, Bottom: 40.9°C
m 303 29.1 314 3027 686 | 3833
1200 | 30062 | 56676 | 1873 306 294 316 3053 627 | 3217

at

d ~Top: 58.1°C, Bottom: 41.0°C

esitoey




Active Repair for Performance Improvement of DTs for TANGEDCO

m’w SE“S;I'M IMPULSE TEST LAB
Survey No: 22/1 & 22/2, Sriperumbudur A Village, (Shree Abirsmi Engginecring Works)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,
Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105.

w Kodambakkam - Sriperumbudur High Road, SH 113,
: Near TVH Svaya Apartments, Sriperumbudur- 602 105.

A ek S i e sspesadoohi g Phone Ho: 0442716120 E-mak 400K @b com
REPORT NO: SAEW/ITL/2019-20/N-011 DATE: 18-12-2019 REPORT NO: SAEW/ITL/201-20/N-011
Winding Resistance Test CALCULATIONS
B) LV Side(2v-2w)
A) HV Side(1V-1W) Drop in average oil temp after reducing to rated current
Time Resistance in Q Time Resistance in mQ at Steady state with rated loss
75 _18.406 75 2806 | Top oil temp rise «3833'C
I T E T ] I | Ave ol temp rise = Top Ol rise ~ [Rad Gradient/2)
205 1828 o8 09 «2963°C
220 18368 w0 | ps |
T R3S 3 B 7 %, ] 2t Shut down with rated current
1% fTs7) % %g—— Top ol temp rise w5217°¢C
I T S— YT e Ave oil temp rise * Top Ol rise - [Rad Gradient/2)
1% TS %
18 TN 71 ) 1%, 258 “n6rc
29 T e iﬁ - Drop in average oll temp after reducing to rated current = 6.01° €
W 1285 L) = 1. ,ﬂ.ﬂh
285 3R 253 127 A ‘
L M- 18265 g ﬁlﬁ "85
mm Mﬂ—h 247 ﬁ % | 1845 - ¥ * 0.00000¢° - 0. O00SHx + 1846769 ‘
s
1) 18220 w | 14 |
45 1822 — O i l
0 FT¥IT 30 12 T 1835 |
in 18206 m_ 0B £ \
W 18298 3% E1E1] L TE Y
3 18189 L] .26
2——4 = — 2
TopOllRise 182
]‘?f;nn.nmnmumnn 1815 d |
o 0 30 60 90 120 150 180 230 240 270 300 30 0 30 420 40 480 |
;"}: | Time in secs J
328 _ o
zg Cold Resistance measured: 1U1V = 15.433 ohms (R cold)@27.9°C
2500 e Hot Resistance observed at shut down (from graph) = 18.468 ohms (R hot)
2280 = HV Winding ave temp rise with RATED CURRENT = R hot x [235 +27.9] - [235 +30.53]
17.80 R cold
8 217
2 ui_g - =49.07"C
v VA
56 To correct the winding temperature 1o rated load condition
° 1 2 3 - £ ] . 7 ° L ] % " =2 N0
Time in Hours

Corrected HV WINDING temp rise =49.07+6.01 = 55.08°C

%E
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Active Repair for Performance Improvement of DTs for TANGEDCO

IMPULSE TEST LAB

(Shrev Abirami Eaggineering Works)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,
W Kodambakkam - Sriperumbudur High Road, SH 113,

Near TVH Svaya Apartments, Sriperumbudur- 602 105,

Phone No: 084-27176120 E-mall:2300kvitl@gmail.com Certificate No: TC-7608

(Accredited by the National Accreditation Board for Testing and Calibration Laboratories, Govt. of India)

ULR NO: TC760819000000017F

REPORT NO: SAEW/ITL/2019-20/N-011

DATE: 18-12-2019

IMPULSE TEST LAB

(Shree Abirami Engginceriog Works)

Survey No: 22/1 & 22/2, Sriperumbudur A Village,
Kodambakkam - Sriperumbudur High Road, SH 113,
Near TVH Svaya Apartments, Sriperumbudur- 602 105
Phone No: 044-27176120 E-mall2400kvitl@gmail com Certificate No: TC-7608
(Accrodited by the National Accreditation 8oard for Testing and Calitration Laboratorkes, Gowt. of india)
ULR NO: TC760819000000017F

v REPORT NO: SAEW/ITL/2019-20/N-011 DATE: 18-12-2019
LV Winding Rise
— PHOTOGRAPHS
284 — p— —
y = 0.00001% - 0.00869x + 28.32989
82
IMPULSE TEST LAS
> (Shree Abirami Engginesring Works)
% 3301 & 4100, IpITtRE & Viesc
s 278 -
§
3 76 308 NO
ITL SAMPLE NO N-O13
e TR INWARD DATE 10-12-2019
AL CAPACITY 108KVA
i VOLTAGE RATING 11kV/433V
SERIAL NO oaa2n
v CUSTOMER 1CAL
‘ " 1w e - - - "0 4% %0 500 TUSRT DATE 17 8 18-12-2029

TERTY OETALLS
Time in secs

Cold Resistance measured: 1U1V * 2346 ohms (R cold) @27.9°C

Hot Resistance observed at shut down (from graph) = 28.330 ohms (R hot)

HV Winding ave temp rise with RATED CURRENT = R hot x [225 +27.9) - (225 +30.53)
R cold

= 49.87°C

To correct the winding temperature to rated load condition

Corrected LV WINDING temp rise =49.87 +6.01 =55.88"C

Result:

Top Oil Temperature Rise ("C) 38.33 I 45
HV Winding Temperature (*C) 55.08 | 55
LV Winding Temperature (*C) | 55.88 | 55

B — o | — —a |
Buode Thy £y i\ q /
{ PREPARED BY /= (A CHECKED BY

| | Bund Ty
| PREPARED BY

CHECKED BY
Sheet No. 11 of 11
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Active Repair for Performance Improvement of DTs for TANGEDCO

Annexure-4: Cost Benefit Analysis

Key Design Parameters Unit GTP Values As-lIs Actual (as per Calculation for | % Change from
(Baseline) NABL) enhanced kVA baseline

Capacity kVA 100.00 100.00 100.00 108.00 0%

Year of Manufacturing - 2013 - -

Flux Density Tesla - 1.55 - -

LV Winding Material - DPC Al DPC Al DPC Al

HV Winding Material - DPC Al DPC Copper DPC Copper

No Load Loss Watts 260.00 474.00 472.00 473.00 0%

Full Load Loss Watts 1,760.00 2,067.00 1,559.00 1,833.00 -25%

Total Loss @100% loading Watts 2,020.00 2,541.00 2,035.00 2,306.00 1%

LV Winding Weight 24.00 23.08 23.08

HV Winding Weight 42.60 93.25 93.25

Total Winding Weight kg 66.60 116.33 116.33

% No Load Loss Deviation from GTP values % - 82% 82%

% Full Load Loss Deviation from GTP Values % - 26% 1%

% Total Loss Deviation from GTP values % - 26% 1%
Losses and Savings Calculations
5 Unit As-ls Actual (as per Savings (as per

NABL) NABL)
Lost units from Technical Losses kWh/year 13,024.63 10,826.57 2,198.06
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10
1 2 3 4 5 6 7 8 9 10

Units saved kwh 2,198.06 2,198.06 2,198.06 2,198.06 2,198.06 2,198.06 2,198.06 2,198.06 2,198.06 2,198.06
Avg. Cost of Supply INR/KWh 5.85 6.44 7.08 7.79 9.42 10.36 11.40 12.54 13.79
Money saved INR/year 12,858.65 14,144.51 15,558.96 17,114.86 18,826.34 20,708.98 22,779.88 25,057.86 27,563.65 30,320.02
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Estimated Repair Cost
As-Is Repair Costs

Labour and Transpotation Cost for As-Is Repair INR 2,700.00
Material Cost for As-Is Repair INR 20,246.40
Total Cost for As-Is Repair INR 22,946.40
To-Be Repair Costs
Labour Cost for To-Be Repair INR 2,700.00
Material Cost for To-Be Repair (using Copper) INR 66,230.07
Total Cost for To-Be Repair INR 68,930.07
Incremental cost for To-Be Active Repair over and INR 45,983.67
above Normal Repair
Project Payback
0 1 2

Cash inflow - 12,859 14,145

Cumulative cash inflow - 12,859 27,003
Cash Outflow ¥ 45,983.67

Cumulative cash outflow 45,984 45,984 45,984
Payback ratio 0.28 0.59

3

15,559
42,562

45,984
0.93

4

17,115
59,677

45,984
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1.30
1.00
1.00
3.20

18,826
78,503

45,984
1.71
1.00

20,709
99,212

45,984
2.16
1.00

7
22,780
1,21,992

45,984
2.65
1.00

8
25,058
1,47,050

45,984
3.20
1.00

9
27,564
1,74,614

45,984
3.80
1.00

10
84,575
2,59,188

45,984
5.64
1.00
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Annexure-5: Sensitivity to Cu Salvage value at the end of service

Without Cu Salvage Value

Project IRR
YearO Yearl Year2 Year3 Year4 Year5 Year6 Year7 Year8 Year9 Year10

Cash Inflow 28,859 14,145 15,559 17,115 18,826 20,709 22,780 25,058 27,564 30,320
Cash inflow from Salvage
value -
Cash outflow 45,983.67
Net Cash Inflow (45,984) 28,859 14,145 15,559 17,115 18,826 20,709 22,780 25,058 27,564 30,320
Discount factor 10%

100% 91% 83% 75% 68% 62% 56% 51% 47% 42% 39%
NPV of cash inflow (45,983.67) 26,235.13 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68
WACC 9.43%
ProJECTIRR 44.42% 31.29%

With Cu Salvage Value

Project IRR
YearO Yearl Year2 Year3 Year4d Year5 Year6 Year7 Year8 Year9 Year10

Cash Inflow 28,859 14,145 15,559 17,115 18,826 20,709 22,780 25,058 27,564 30,320
Cash inflow from Salvage
value 54,255
Cash outflow 45,983.67
Net Cash Inflow (45,984) 28,859 14,145 15,559 17,115 18,826 20,709 22,780 25,058 27,564 84,575
Discount factor 10%

100% 91% 83% 75% 68% 62% 56% 51% 47% 42% 39%
NPV of cash inflow (45,983.67) 26,235.13 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68 11,689.68 32,607.25
WACC 9.43%
ProJECTIRR 45.81% 32.56%

Note: INR. 28,859 is the sum of net savings (Savings from transformer, Increased kVA Capacity Capex Savings, Interest On Term Loan) and financing costs
(interest to be paid on 70% debt on incremental cost of repair) in year-1
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Annexure-6: Energy Efficiency Level as per IS 1180:2014

Maximum Total Loss (W)

SI No.  Rating Impedance
(kVA) (Percent)
Encrgy Efficiency Energy Efficiency Energy Efficiency
Level | Level 2 Level 3
. s o YIRS i ci N e ™~
1 50 % Load 100 % Load 50 % Load 100 % Load 50 % Load 100 % Load
@) ) ) (5) (6) ) (8) (9)
i) 63 40 53 245 48 225 42 205
i) 10 45 el 270 65 240 38 215
i) 16 45 150 480 135 240 120 400
) 20 a5 175 575 160 525 145 485
v) 25 a5 210 695 190 635 175 595
vi) 40 45 277 914 249 834 224 774
vii) 63 45 380 1250 340 1 140 300 1 050
wii) 100 45 520 1 800 475 1 650 435 1 300
ix) 160 45 770 2200 670 1950 570 1 700
x) 200 45 890 2700 780 2300 670 2100
Maximum allowable losses at PGVCL
LOSSES OF LABELED TRANSFORMERS IN WATTS
Capacity in KVA 5 10 16 25 63 100 200 500
Energy Efficiency Level -1
Maximum No Load 15 45 60 75 150 200 310 550
Losses
Maximum total losses at | 40 72 150 210 380 520 890 1600
50% loading
Maximum *total losses | 115 270 480 695 1250 | | 1800 ||2700 | 4750
at 100% loading
Energy Efficiency Level -2
Maximum No Load 15 40 50 60 125 170 270 545
Losses
Maximum total losses at | 35 65 135 190 340 475 780 1510
50% loading
Maximum *total losses | 95 240 440 635 1140 1650 2300 | 4300
at 100% loading

*Total Losses in watt at 100 % loading = No Load losses in watt + Full Load
losses in watt at 75 Deg. C
EE-1: At 100% loading, Full load loss = Total Loss- No load loss = 1800-200= 1600W
EE-2: At 100% loading, Full load loss = Total Loss- No load loss = 1650-170= 1480W
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Annexure-7: Applicability to broader TANGEDCO Utility

Overall Discom Savings Model

Below model is prep. to icability of ive repair to broader Discom Fields marked in yellow are inputs to the model
Total Transformers 2,93,301 Assumed no-load 10%
deviation
Assumed Acceptable % deviation 10% Assumed full load -30%
permissible limits of losses (NL & FL) deviation
for repaired DTs
Assumed no-load deviation 10%
Assumed full load deviation 15%
Avg. Loading 70%
Avg. Cost of power supply 5.85|kWh/unit
Total revenue of Discom 43,686 |Cr. 71%
Energy Input 73,961 |MU/year Updated data
Capacity (KVA)|Percentage |No. of Total MVA DT |Ideal No load Loss (W) |Ideal Full Load No load loss Full load loss Estimated No load Estimated Full Active Repair No Active Repair
transformers |capacity Loss (W) (w) (W) deviation (W) load deviation load Loss (W) Full load Loss (W)
(w)
Below 25 7% 20000 200 80 470 11,000 88 517 88 541 88 329
25 10% 30000 750 130 660 29% 143 726 143 759 143 462
63 12% 35000 2,205 180 1,230 198 1353 198 1414.5 198 861
100 38% 110000 11,000 260 1760 286 1936 286 2024 286 1,232
200 22% 63000 12,600 500 3000 550 3300 550 3450 550 2,100
Above 200 12% 35000 11,025 580 4200 638 4620 638 4830 638 2,940
100%  2,93,000 37,780 3,14,405 24%
2,20,084 34%
Capacity Ideal Total Annual Total Losses | Total Technical |Acceptable Annual Total Losses |Total i il i Actual i Actual il d Actual il d Actual
Losses (W) for 1 DT (kWh units) |Losses Total Losses (W) [for 1 DT (kWh units) |Losses (kWh) Actual Total  |Annual Total Losses |Total Technical Actual Total  [Annual Total Losses |Total Technical
(kWh/year) Losses (W) for 1 DT (kWh units) |Losses (kWh) Losses (W) for 1 DT (kWh units) |Losses (kWh)
Below 25 310 2718 5,43,64,560 341.33 2990 5,98,01,016 352.85 3091 6,18,18,444 24921 2183 4,36,61,592
25 453 3972 11,91,53,520 498.74 4369 13,10,68,872 514.91 4511  13,53,18,348 369 3236 9,70,73,064
63 782.7 6856 23,99,75,820 860.97 7542 26,39,73,402 891.105 7806 27,32,12,793 620 5430 19,00,58,274
100 1122.4 9832 1,08,15,44,640 1234.64 10815 1,18,96,99,104 1277.76 11193 1,23,12,49,536 890 7794 85,72,95,648
200 1970 17257] 1,08,72,03,600 2167 18983 1,19,59,23,960 2240.5 19627| 1,23,64,87,140 1,579 13832 87,14,18,520
Above 200 2638 23109 80,88,10,800 2901.8 25420| 88,96,91,880 3004.7 26321 92,12,41,020 2,079 18209 63,72,98,760
3,39,10,52,940 3,73,01,58,234 3,85,93,27,281 2,69,68,05,858
Scenario-1 Scenario-2 Scenario-3 Scenario-4
Total technical losses 3,39,10,52,940 [kWh units 3,73,01,58,234 [kWh units 3,85,93,27,281 |kWh units 2,69,68,05,858 [kWh units
3,391.05 (MU 3,730.16 |MU 3,859.33 |MU 2,696.81 |MU
Input Energy (2019-20) 73,961 |MU 73,961 |MU 73,961 |MU 73,961 MU
% DT Technical Annual Losses with 4.58% 5.04% 5.22% 3.65%
respect to energy input
DT technical losses (INR) 19,83,76,59,699 4.58% 21,82,14,25,669 5.04% 22,57,70,64,594 5.22% 15,77,63,14,269 3.65%
12,98,01,55,500 3%
1,983.77 |Cr. 2,182.14 Cr. 2,257.71 |Cr. 1,298.02 |Cr.
Total revenue of Discom 43,686 [Cr. As per ARR 43,686 [Cr. 43,686 |Cr. 43,686 [Cr.
%revenue lost of current revenue 4.54% 5.00% 5.17% 2.97%
Potential Savings from DT loss 680 [Cr. 3.65%
reduction (INR)
960 |Cr. 3%
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