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Trl

Tr5LT

Tr 10 HT
Tr11 HT
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Tr2 HT
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Objective and the details of the equipment

Audit objectives:

Analysis of recorded power quality parameters at Transformers connected under T1 and T2.

Detailed Pie Charting of loading by major feeders.

Identifying sources of harmonics / PQ disturbances.

Analysis of reactive power compensation.

Recommendations for improvement in Power Quality and reactive power compensation to suit latest tariff modifications released by
MSEDCL in connection with billing power factor and incentive.

Details of Equipment Used:

Name of the
equipment SR. No., Model Make Use

Power Analyzer | 1645 (CA 8335) Chauvin Arnoux | Electrical Parameter Measurement
Power Analyzer | 211642 (CA 8335) Chauvin Arnoux | Electrical Parameter Measurement
Power Analyzer | 211642 (CA 8336) Chauvin Arnoux | Electrical Parameter Measurement

Audit team

SAS Powertech Pvt.Ltd : Mr. Narendra Duvedi
Mr. Prasad Paraskar
Mr. Nilesh Randhave

XXXXAAA Tires : Mr. aaaabbb

Mr. ccccddd
Certification:

Report Certified by:

Narendra R. Duvedi.




B.E. Electrical and Certified Energy Auditor Reg No: EA 10859
Chartered engineer

Executive Summary:

1. XXXXAAA Tyre is a tyre manufacturing company. Plant receives 132 kV supply from MSEDCL which is stepped down to 33 KV by main
10MVA transformer. There are two 10MVA transformers and one works as standby. The sub distribution is done with the help of four
33/6.9KV transformer of 5 MVA capacities. 6.9 KV is stepped down to working LT voltage of 600V and 433V using 16 transformers. Total
peak plant load is almost 8 MVA and is fed by single 10MVA transformer. The average load is about 6000KW.

KW KW
T1
1600
30%

As shown above Load on T1 and T2 is 62%. This and almost 50% load on T3 is nonlinear — comprises of DC and AC drives. So almost 75%
plant load is nonlinear. On top of this load on T1 and T2 is fast fluctuating — being Banbury Mixer load.

At present all loads are LT loads and largest loads are 3 x 750KW Dc drives working with Banbury Mixers. The drives are more than 20 years
OLD and are based on 6 pulse rectifiers. These rectifier configurations demand large 5™ and 7™ harmonic current. Other plant equipment

like calendar machine also are equipped with DC / AC drives. The typical load cycles on mixers involve heavy load fluctuations within short
time.




3. Following trend shows load fluctuations on Tr 10 which works under T1.
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As shown the load fluctuates from 300KW to 1600KW every 50 Secs. The peak demand in every load cycle touches maximum transformer

capacity in case of Tr10, 11 and 15.

E

4. Following table shows current and voltage distortion supported by major transformers.

TRID

Vthd %

Ithd%

5th H
Amps
Max

7th H
Amps
Max

TR 10

14.6

140.6

400

75

TR11

5.4

225

260

60

TR 12

26

200

450

TR5

6.9

24.9

600

25

TR 6

14.6

140.6

400

75

TR 8

5.4

225

260

60

TR 15

26

200

450

TR 13

124

32.1

110

23

The voltage distortion is a major matter of concern and is disturbing the power quality throughout the plant. This must be contributing in
increasing distribution loss within plant electrical system. Most of these parameters are recorded with steady state loads. Starting inrush
currents of large DC drives must be worsening the situation. This can cause damage to power electronics in the plant.




There are fixed capacitors and Detuned RTPFC panels installed in plant for Reactive power correction, which at present are not able to
offer fast correction as required by load and most of the time result in over correction, causing resonance and associated voltage
distortion. 5" harmonic current resonance is observed throughout the plant.

Unless this voltage distortion issue is resolved to reasonable level, the issues related to failures can not b resolved.

MSEDCL (Utility company) has since Sept 2018 started monitoring billing power factor with a different formula, which unable them to
penalize consumer if excessive Lag or Lead reactive power is consumed by consumer. This is demanding keeping “KVARh Lag” and “KVARH
Lead” figures to their possible minimum within billing cycle. MSEDCL is also ordered to start KVAH billing from 1* April 2020. In view of
optimizing this and availing full 3.5% incentive, closure look at reactive compensation schemes is required. Present average monthly
Energy charges (MSEDCL bill without all taxes) paid by Good year Aurangabad are INR 32.5 billion. The maximum incentive available on this
is INR 1.13 billion. Even if power factor is maintained close to unity, and “KVARH Lead” > “KVARh Lag” at end of the month, this incentive
will not be available. 1% incentive would mean INR 0.3 Billion. We have studied this situation and have advised some corrections to
achieve this.

Recommended Execution Methodology and sequence:

1.

Run load on TA and TB (Both 10MVA) — preferably with 4 to 5 MW on each transformer — to increase upstream source capacity and
reduction in voltage distortion.

Take estimate for repair / retrofit of existing RTPFAC panels so that they deliver KVAR up to their rated capacity and in intelligent mode -for
all transformers except those which support mixers. Ensure that they are 7% detuned / partially tuned for 5" harmonic filtration. Execute
these modifications.

Take estimate for repair / retrofit of existing RTPFAC panels so that they deliver up to their rated capacity and in intelligent mode -T10, T11
and T15. Ensure they are capable of fast discharging with switching time less than 1 Sec. Execute these modifications.




Order and install additional RTPFC and AHF for all transformers except those which support mixers. Arrange HT feedback — wherever

possible. Ensure that PF is controlled at last mile for all these transformers within expected limits for all loading conditions.

Survey PQ, harmonics levels, PF, Reactive power at all locations wherever this retrofitting is done.

Install AHF — 200A/600V in PF correction mode for Tr 10. Take trials with retrofitted RTPFC in fast discharge and fixed mode. Assess the
results and repeat the procedure for Tr11 and Tr 15.

Take Max KW / KVAR recording at above 16 locations post implementation and update in ETAP SLD to run load flow analysis and decide
about HT (6.9KV) detuned fixed correction required if any to fulfil PF maintenance requirements.

Configure EMS for getting PF, KWH, KVARH Lag, KVARH Lead and billing PF information on hourly basis at various levels of distribution. If
such information can not be extracted from present EMS, budget and install suitable equipment so that power factor monitoring will be
easy and automatic.




Audit Methodology: -

Record electrical load on Transformer 1, Transformer 2 & their sub-distribution using high end recording type power analysers
to know important parameters like voltage, current, power, harmonic distortion etc.

Analyse power quality parameters using recorded data and recommend modifications for improvement in power quality.
Prepare detailed loading Pie chart using recorded power parameters.
Analyse reactive power compensation based on recorded parameters.

Identifying sources of harmonics and their individual contribution in Total Harmonic Distortion.

Recommend harmonic mitigation solutions and effective reactive power compensation to avail maximum incentive.

Present report based on above analysis.




Details of plant electrical system:
Plant receives three phase supply from MSEDCL with contract demand of 8000 KVA. Maximum demand during last 6 month is 7476
KVA and average plant load is 6000 KW. Plant transformer and APFC/RTPFC details are as shown below.

APFC Details

Transformer

Rating

voltage Ratio

a1

Type

Rating {kwaR)

TR ASB

Lo
12 SMhW A

13233 KW

ST A

33,69 KW

S A

a3z 6.9 KW

ST A

33,/6.9 KW

ST A

33,/6.9 KW

2 P

5.8,/ 0,433 KW

FIXED+
RTRFC

1ZOSKWAR &
ALSW + 525
ES 25N

2 P18

6.6/ 0433 KW

RTRPFC

10D & 525 W

2 TN

5.6,/ 0.9433 KW

RTEFC

1500 & 525

2 P18

6.6/ 0433 KW

RTEPFC

OO & S25 W

FIXED

I & 415

2 P18

6.6/ 0433 KW

RTRPFC

10D & 525 W

2 TN

6.6,/ 0.600 KW

RTEFC

T & TS0

2T

6.6,/ 0600 KW

RTEPFC

TS0 & TS0

SO RO

6.6,/ 0 420 KW

RTEFC

125 & S25 W

TEOEW

6.6,/ 0. 2480 KW

RTRPFC

250 @00

SO RO S

6.6,/ 0. 480 KW

RTRPFC

50 & 600N

2T

6.6,/ 0600 KW

RTEPFC

2000 &= TS0

2T

5.6/ 0433 KW

RTEFC

TS0 & S250W

SO EW S

6.6/ 0433 KW

SO RO S

6.6/ 0. 433 KW

2T

6.6,/ 0433 KW

SO0 @ZS250W

SO RO

5.6/ 0433 KW




Salient Audit Findings and Recommendations

TR10 - Load 750KW Dc drive Bunbury Mixer.
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Load cycle time = 60 Secs. Kvar requirement varies from 250 KVAR to 180 KVAR
requirement generated and correction made available = 40 Secs.
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5" and 7" harmonic currents.
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T 10is 2 MVA 6.9KV/600Volts transformer.




1300 Amp Peak current comprises of —250Amps 5™ Harmonic current and 75 Amps 7™ Harmonic current. Whenever this
current is drawn — voltage drops to 570Volts and voltage distortion is about 10 %.
The peak KVA delivery expected from 2 MVA transformer is 1.732 x 1300 x 600 = 1350 KVA.

|
HT Side voltage
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Present Reactive power correction:




Capacitor | Phase UeiEL Line Total Panel KVAF_{ KVAR
. Parallel | KVAR Eq delta . Capacity .
KVAR in | Voltage R . Voltage Capacity at . Rating at
STAR | Rating | Y™ | 1" | poting | KVAR 909 Volts | 2vallableat | o0y
& STAR & 600Volts

8.33 525 33.32 909.3 99.96 799.68 348.41 544.39

The available correction at present is 348 KVAR in 8 steps. The actual switching takes comparable time compared to load cycle
time and the end result is the actual correction is not sufficient and not applied quickly when the same is needed.
Recommendations:

Long term: The DC drive should be replaced with 12 Pulse drives. (Assumption DC motor is in good working condition and well
maintained). Then correct balance harmonics by AHF.

Short Term:
a) Retrofit 750KVAR / 750V RTPFC panel to give full correction of 348 KVAR and with speed. Use some part from this as

fixed correction / fast acting current.
b) Install 600V / 200Amps active harmonic filter to provide fast Inductive or capacitive correction as required with target PF
as 0.98. Any balance capacity in the filter may be used as harmonic filter.

c) If the drive is replaced with 12 pulse rectifier based drive any time in future, use this 300 KVAR AHF for harmonic
filtration.




TR 11 - Load 750KW Dc drive Bunbury Mixer.

KW & KVAR

I 800

750

700

650
600
550

ﬁ'\ﬂ,u.

.

500

JH,

450
400

W

350

300

250

200

150

100

50.0
0.00

‘\ J::::=::::::::::.:I2:IZJ

8/24/2018
11:31:03.000 AM

18:47.000 (Mmin:s)

3 Mmin/Div

8/24/2018

11:49:50.000 AM

5™ & 7" current harmonic (Amp)

T 260
240
=220
200
180

140
120

l
!

A

v

oLy

‘ L

[ A
[ ™M

LY ey

AN

N

\ A

M

WMk

1\
vl

LAY A" A

M l AN A
ANy T

\

WS

Y

11:34:08.404 AM

13:36. 780 (Min:s)
2 min/Div

8/24/201.8

11:47:45.1.84 AM




Recommendations:

The available correction at present is 348 KVAR in 8 steps. The actual switching takes comparable time compared to load cycle
time and the end result is the actual correction is not sufficient and not applied quickly when the same is needed.
Recommendations:
Long term: The DC drive should be replaced with 12 Pulse drives. (Assumption DC motor is in good working condition and well
maintained).
Short Term:

a) Retrofit 750KVAR / 750V RTPFC panel should be retrofitted to give full correction of 348 KVAR and also for fast correction.

Use 250KVAR from this as fixed / fast correction.

b) Install 200Amps active harmonic filter to provide fast Inductive or capacitive correction as required with target PF as 0.98.
Any balance capacity in the filter may be used as harmonic filter.

c) If the drive is replaced with 12 pulse rectifier based drive any time in future, use this 300 KVAR AHF for harmonic filtration




TR 12
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Recommendations:

a) Retrofit 125KVAR for fast correction, improve power factor.
b) Install 100 Amps active harmonic filter to reduce harmonic distortion and improve power quality.




TR 15 — Load 750KW Dc drive Bunbury Mixer.
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The available correction at present is 2000 KVAR. The actual switching takes comparable time compared to load cycle time and
the end result is the actual correction is not sufficient and not applied quickly when the same is needed.
Recommendations:

Long term: The DC drive should be replaced with 12 Pulse drives. (Assumption DC motor is in good working condition and well
maintained).
Short Term:
a) Retrofit 2000KVAR / 750V RTPFC panel should be retrofitted to give full and fast correction of 348 KVAR. Use 250KVAR
from this as fixed correction.

b) Install 200Amps active harmonic filter to provide fast Inductive or capacitive correction as required with target PF as 0.98.
Any balance capacity in the filter may be used as harmonic filter.

c) If the drive is replaced with 12 pulse rectifier based drive any time in future, use this 300 KVAR AHF for harmonic
filtration.




Recorded Power Quality Parameters on all transformers:

Rating
MW A

MMax KWVA
delivere
d

Average
KWW

Average
KWAR

Tr B

10

8475

5644

00

Tr 1 HT

5

3321

1e00

-513

Tr 10 LT

2

20570

449

Tr 11 LT

2

18329

Tri12 LT

177

Tr 5 LT

1412

Tr 2HT

Q40T E

Tr & LT

Ta1

Tra LT

1553

Tr 15 LT

2063

Tr 2 HT

2618

7.9

Tr 7

1388

Tr9

1794

1.1

Tr 13

356

Tr 14

203

34

569

Tra4 HT

945

2.5

10

Tr 16

a0

a0

Tr 17

150

Tr 18

145

62

Tr 19

20

35

Tr 20

59

61

1

1

The detailed assessment of power quality parameter shows voltage and current distortion of higher side.

Such voltage distortion may causes severe effect on the performance of major electrical equipment mostly

electrical drive.




Reactive Power Correction Recommendation:

Sr | Transformer

Requirement

Min
KVAR

Max
KVAR

KW

Available
detuned
capacity
KVAR
@600V

Proposed
detuned

Capacity
KVAR

@ 600V

Proposed AHF
Capacity KVAR
(300A AHF used in
PF correction
mode.)

Correction Range
Available KVAR

Mixer Transformers LT 600V

TR 10 300

800

1600

350

200

150 - 550

TR 11 0

600

300

350

200

150 - 550

TR 15 -150

300

250

350

200

150 - 550

Other Transformers LT 433V

Sr | Transformer

Requirement

Max
KVAR

KW

Available
detuned
capacity
KVAR
@415V

Proposed
detuned
Capacity
KVAR

@ 415V

AHF for Harmonic
filtration

Tr5 -2 MVA

615

525

300

RTPFC servicing

Trl4, Trl6, Tr17,Tr18 &
Tr20 were marginally
loaded during audit.

We have not proposed
any modification here.
The same may be
proposed after knowing

prospective / maximum
expected load on these

transformers.

Tr12-0.5
MVA

85

80

100

RTPFC servicing

Tr6 —2 MVA

RTPFC servicing

Tr8-2 MVA

RTPFC servicing

Tr7-2MVA

RTPFC servicing

Tr9-2MVA

RTPFC servicing

Trl3-
0.750MVA

RTPFC servicing




Tr19-2MVA

RTPFC servicing




Type

Voltage Ratio

Rating

Load
on TB
Existing

TB Reactive
Power
compensated

Load on TA+TB,
Reactive power
compensated

Load on TA+TB
HT
Compensated

TRA Transf. 2W 132 /33 kV[ 10000 kVA 2.6 2.6

Trl Transf. 2W 33/6.9kV[ 5000 kVA 7.56 5.93 5.86 5.84

Transformer losses in present situation

and with proposed solution:

Tr2 Transf. 2W 33/6.9kV[ 5000 kVA 5.78 5.24 5.22 5.11

Tr3 Transf. 2W 33/6.9kV[ 5000 kVA 9.29 6.83 6.79 6.6

Tr5 Transf. 2W 6.9/ 0.433kV|[ 2000 kVA 5.59 5.28 5.22 5.2

Tr6 Transf. 2W 6.9/0.433 kV|[ 2000 kVA 0.84 0.773 0.77 0.762

Tr7 Transf. 2W 6.9/0.433 kV[ 2000 kVA 12.65 11.04 11 10.86

Tr8 Transf. 2W 6.9/ 0.433kV|[ 2000 kVA 5.72 5.23 5.21 5.15

Tr9 Transf. 2W 6.9/0.433kV|[ 2000 kVA 4.11 3.15 3.13 3.09

Trl0 Transf. 2W 6.9/0.6 kV[ 2000 kVA 2.37 1.18 1.17 1.16

Trll Transf. 2W 6.9/ 0.6 kV[ 2000 kVA 0.707 0.448 0.443 0.441

Trl2 Transf. 2W 6.9/0.48 kV 500 kVA 0.699 0.403 0.398 0.397

Trl3 Transf. 2W 6.9/0.48 kV 750 kKVA 2.69 1.27 1.26 1.25

Trl4 Transf. 2W 6.9/0.48 kV 500 kVA 2.54 2.43 2.42 2.39

Trl5 Transf. 2W 6.9/0.6 kV| 2000 kVA 0.551 0.536 0.534 0.528

Trl6 Transf. 2W 6.9/0.433kV[ 2000 kVA 0.0349 0.0342 0.034 0.0338

Trl7 Transf. 2W 6.9/ 0.433 kV 500 kVA 0.253 0.247 0.246 0.244

Trl8 Transf. 2W 6.9/ 0.433 kV 500 kVA 0.327 0.32 0.319 0.316

Trl9 Transf. 2W 6.9/0.433 kV[ 2000 kVA 0.122 0.119 0.119 0.118

Tr20 Transf. 2W 6.9/ 0.433 kV 500 kKVA 0.456 0.446 0.444 0.441

10000 MVRA=sc

[11.2 kW,145.1 kvar]
TR A

10 Mva

[2.6 kW,33.7 kvar]

Tr31 Transf. 2W 33/6.9kV| 5000 kVA 0.408 0.399 0.398 0.369

TRB Transf. 2W 132 /33 kV[ 10000 kVA 29.31 24.02 11.5 11.16

Total Loss 92.01 75.33 65.09 64.06

Notes

Column 5 above shows Transformer loss with existing situation and at Average KW consumption.

The calculations above do not cosider effect of harmonics. Actual loss may be 25% more

Cable lossess are not considered abowve as cable lengths are not known at present. They may be 10% of abowe.

Thus actual loss may be around 125KW at present - which translates to around Rs.22500 per day.

Column 6 shows reduction in Loss with reactive power effectively compensated at all last mile transformers.

This diagram shows that if total suggested solution is
implemented, the EHT transformer level — MSEDCL
metering level power factor will be maintained at 0.999
without over correction.

Column 7 shows lossess with Reacive power compensated and load is divided between TA and TB.

Column 8 shows lossess with HT correction added. This does not bring in noticable reduction in loss,

HT correction with fast acting RTPFC at all down stream levels will ensure EHT PF at 100% and will offer 3.5% Incentive

After implementing harmonic mitigation and power factor improvement distribution loss will reduce by 28KW

The projected annual saving in energy cost due to above will be - 28KW x 20 Hrs X 325 days x
Rs.9 = Rs.1638000.00

Addition to incentive without much manual intervention will be 1% of energy charges in your
bill - amounting to Rs. 300000 per month or Rs.3600000




Loading Pie Chart for main MV plant Transformers

Rating Max KWVA Average

WA delivered W I'l
1600
TB 10 8475 5644 3

Tr1 HT 3321 1600
Tr10LT 2070
Tr11 LT 1339
Tr12 LT b 177
Tr & LT 1412

Tr 2 HT 4078
Tra LT
Tr 8 LT
Tr1s LT

Tr 3 HT
Tr 7
Tr9

Tr 13
Tr 14

Last MSEDCL bill has recorded MD as 7446 KVA The MD matches more
or less with Peak consumption of 7926KW

Last MSEDCL KWH are 4111440 ( Running load = 4111440/(24 * 30) =
TraHT 5710KW This matches with AVG KW = 5806

Tr 16
Tr 17
Tr 18
Tr 19
Tr 20




Recorded Data

Recorded Data:
TR-B:
Voltage L-L

T 37.0
36.5
36.0
35.5
35.0
34a.5
34.0
33.5
33.0 |
32.5 [Aifk il
32.0
31.5
31.0
30.5
30.0
29.5
29.0
28.5

23-Aug-18 23:42:35 (h:min:s) 24-Aug-18
9:25:50.000 AM a4 h/Div 9:08:25.000 AM

Current
T 160

150

140

130

23:42:35 (h:min:s)
9:25:50.000 AM 4 h/Div 9:08:25.000 AM




Voltage Harmonic Distortion

24-Aug-18
9:08:25.000 AM

23:42:35 (h:min:s)
4 h/Div

9:25:50.000 AM

23-Aug-18

Current Harmonic Distortion

10.5
10.0

9.50
9.00
8.50
8.00
7.50
7.00 |—Hi-r
6.50f
6.00 I
5.50 Il
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00

THD I%o

-

24-Aug-18
9:08:25.000 AM

23-Aug-18

23:42:35 (h:min:s)

9:25:50.000 AM




KW, KVAR
T

8M

7M

em |i il
5M |

am

3M

2M

h NN 1 H\

A RS AL \‘

23:42:35 (h:min:s) 24-Aug-18
4 h/Div 9:08:25.000 AM

I Ak | e ﬂ”"W"“"WWWM ot 4 Lk \ L k Y

23-Aug-18 23:42:35 (h:min:s) 24-Aug-18
9:25:50.000 AM 4 h/Div 9:08:25.000 AM

27




TR-1:

Voltage Harmonic Distortion

9.00

8.50
8.00

7.50

7.00

6.50

6.00

5.50 ||

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00

Fl '

0.50 It

15-Nov-18
11:52:10.000 AM

21:12:25 (h:min:s)

4 h/Div

16-Nov-18
9:04:35.000 AM

Current Harmonic Distortion

28.0
26.0

24.0

22.0f |

20.0 |

18.0

16.0
14.0 [y

12.0
10.0
8.00
6.00 |1
4.00

2.00 |

11:52:10.000 AM

21:12:25 (h:min:s)
a4 h/Div

9:04:35.000 AM




-18

16-Nov
9:04:35.000 AM

16-Nov-18
10:36:35.000 AM

4 h/Div
16 min/Div

21:12:25 (h:min:s)
1:22:48 (h:min:s)

"
‘ “MM

|

9:13:47.000 AM

16-Nov-18

11:52:10.000 AM

15-Nov-18

Voltage Harmonic Distortion

KW, KVAR




Current Harmonic Distortion

THD I%6

I 65.0
60.
55,
50.
a5,
40.
35.
30.
25.
20.
15.
10.

0O 0O OO0 00 0O

o]

ﬁ%ﬂ

o]

til

o]

16-Nov-18
9:13:47.000 AM

1:22:48 (h:mln.s)

16 min/Div

16-Nov-18
10:36:35.000 AM

KW, KVAR

T
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100

50.0

I“‘li Hgg ofin St e A

,

e T e A I“”'I.-I'If'ﬂ"\

e
MM A
I

W ML
e

|=““I,le l'"rl|r1|"'||l

Pk b T

" rlﬁilll o

ll“"*f'\ FLlI

I l'l'l,l. '||.f""""|l|-.

gl e

!Ill Ill. I\ Jr - J

Ml FLLT

J wnr ek b Tk

W i

S i gk

e
rtierd s, et

J

W

l.f"

Y
L]

o i, .'III
T

) /

Ii--,-..-..r |rv-.u-..|'| ||-|-----|I,r..l‘;|--J

16-Nov-18
9:13:47.000 AM

1:22:48 (h:min:s)
16 min/Div

10:36:35.000 AM




TR-10 HT:
Voltage Harmonic Distortion

9.00

8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50

4.00 L b Ll | 1 TN EREY e
3.50 | - Hi- il { I - K- - -
3.00 - : R 1 ] : JHkR- -
2.50 B ] - {HiktE- ] | g
2.00 B EEEIE 5L L BINIEEEIEIRRL i T} 11 i "I NI EER NN |’
,
|

1.50

1.00 || , . | | Rt i i
0.s0

17-Nov-18 4:52:24 (h:min:s) 17-Nov-18
9:22:51.000 A M 58 min/Div 2:15:15.000 PM

Current Harmonic Distortion
|

650

600

550

500

450

400

350

300

250 |

200

150 l i

M Mo g A MMMM tIJlﬁldln‘LH M Mhlh Wﬂ lm n.lmw H M ‘u i n«mwwwnmuwwumwm

100

31




17-Nov-18
17-Nov-18
2:18:19.000 PM

2:15:15.000 PM

58 min/Div

58 min/Div
4:50:23 (h:min:s)

4:52:24 (h:min:s)

9:27:56.000 AM

17-Nov-18

9:22:51.000 AM

17-Nov-18

KW, KVAR

Voltage Harmonic Distortion

TR-11 HT:




‘_Ml-h_)“ﬂl{hli.iﬂki|ulu1,.,.MnﬂwmjvmmmﬂﬂhmﬂmLim||lrLwmumwumjnwﬂulill#hIIMINI-‘M-MIW

ilJmH»M.mm

A

e | I. P .iul;.ﬂll 'l.fi,u.f‘im:ﬂhh ]wawlm




TR-12 HT:

Voltage Harmonic Distortion

8.00

7.50

7.00

6.50

6.00

5.50

5.00

4.50

4.00 [} f
3.50
3.00
2.50

2.00 HAH I H

1.50

1.00

0.50

17-Nov-18
9:38:31..000 AM

4:35:40 (h:min:s)
55 min/Div

17-Nov-18
2:14:11.000 PM

Current Harmonic Distortion

THD I%o

160

150

140

130

120

110

100

90.0

80.0

70.0

60.0

50.0
40.0
30.0

iy,

20.0

P A

|

fia,

10.0
17-Nov-18
9:38:31.000 AM

4:35:40 (h:min:s)
55 min/Div

17-Nov-18
2:14:11.000 PM




KW, KVAR
[

® o A N O N

140

2 QO Lo
© 0 0 0 5 0 0 0 0 5
0O 0O o o O b o 0o o

© b

firy |

17-Nov-18
9:38:31.000 AM

TR-2 HT:

Voltage Harmonic Distortion
I




wa.

Al

f

it

il

(i

W

il

UL

LN

llu

AN




i L T

WW;, ]lMJ*“r|h"II"Mll1rw|i"l ym

16-Nov-18
9:10:39.000 AM

5:12:21 (h:min:s)
1 h/Div

16-Nov-18
2:23:00.000 PM

TR-6 LT:

16.0
15.0
14.0

5.00
4.00
3.00

Voltage Harmonic Distortion
T

13.0f——
1zof—%—f—
11.0 [——Hlaf!
10.0 [[— |
9.00 [{-(H

7.00 ({101l
6.00 |

8.00 ({45 WAL R D00 AL I

i

9:28:53.000 AM

1:07:06 (h:min:s)
13 min/Div

10:35:59.000 AM

37




Current Harmonic Distortion

THD I2%0

100

95.0

90.0

85.0

80.0
75.0

70.0

65.0

60.0 || |

55.0

50.0 |
45.0 IiF ik

40.0
35.0
30.0
25.0

20.0
15.0

hJ.ﬂir.iliﬁ"“lWhlu::..,

e ..allll.lr .t:‘.ll,

10.0

i, '-‘I'I"Ii

16-Nov-18
9:28:53.000 AM

1:07:06 (h:min:s)

13 min/Div

16-Nov-18
10:35:59.000 AM

KW, KVAR

800

700

600

500

400

300

200

100

0.00

-100

-200

S,
Tt add it

|

ot

fnlln.,ﬁ"‘wlf”'w"' f

Ll
Tyt W '"lf.lrl'lll

g

LT
IFTUN N O WH

Juay n'“’"wﬂlh i

APl "

'y
MU

gl |r|
.a'n)lh " ll-lllll"J"II

\
|

K |

Juotl

K

ey

Wit

[l

'h..-..r--.-F’l

¥

i

|

"".h""-l".,-wa-r- J\.‘.n.wllul'ql l‘-. HA

r‘“lh J‘I\'\Jh LN |II.
Ll )

vl W Waeal

l.ll ul'h‘ L

ﬂ"'lllIll'hll..||llﬂ'.l|]ﬂh'. J

'M-Jh-'\'l.n-i"”rml

S
[

'ik."‘“‘-.\

\ .
inguesal

it Wi iy lil\!l

I
"

16-Nov-18
9:28:53.000 AM

1:07:06 (h:min:s)
13 min/Div

16-Nov-18
10:35:59.000 AM




TR-8LT:

Voltage Harmonic Distortion
T

7.00
6.50
6.00
5.50
5.00
4.50

a.00f

1.50

3sof Wl N
3.00 |-

250 [l gt U

2.00 [

16-Nov-18
12:01:31.000 PM

Current Harmonic Distortion

I
24.0

22.0

20.0

16.0

6.00

4.00

18.0 |

14a.0 i My

izof

10.0 |

8.00 ||

|

11:02:57.000 AM

58:34.000 (min:s)
11 min/Div

12:01:31.000 PM




KW, KVAR

1.3M

] Iy MM Al
1000k WLﬂﬁW“hﬁ@%@% T I|J1“' j T %MWmﬁ%

900k
800k
700k h
600k " ""{.’I ‘\ru . |IIII i'-lhl.lm ity ]" PPETE ,
500k J

400k
300k

200Kk |ty i - o Lo
100k ‘Ir ' hl‘h] b 1 " el "y I ' ..I-..h|’|ufl.,ll.Il.al.}ll..."L.i.Jf'vu----ur ||||"'l"'"‘l'\

1 |

0.00 w5 14| P2 0 L T

-100k L!'L 'lll, HL--.II !I I \If"| "-! 1“ [um[ V|f ”['! ..” ||' " I.llrll-!--.-..q
-200k .

16-Nov-18 58:34.000 (min:s) 16-Nov-18
11:02:57.000 AM 11 min/Div 12:01:31.000 PM

TR-15LT:

Voltage Harmonic Distortion
T

1i8.0
17.0
16.0
15.0
14.0
13.0
12.0
11.0
10.0
9.00
8.00
7.00
6.00
5.00
a.00}
3.00 Wi Hitmt

2.00 il I
1.00 -

“ 5 Ih'l-l 1
y! R

16-Nov-18 1:40:45 (h:min:s) 16-Nov-18
12:26:17.000 PM 20 min/Div 2:07:02.000 PM

40




Current Harmonic Distortion
I 280

260

240

220

200

180

160
THD 126 140

120

100 ' i - - ' il
80.0 5 —IPHC b m,,"",,md
60.0 fd = I A AL ST ™

40.0

20.0

1:41:37 (h:min:s)
12:26:17.000 PM 20 min/Div 2:07:54.000 PM

0.00

KW, KVAR

I 650

600
550
500
450
400
350
300
250
200
150
100
50.0
0.00
-50.0
-100
-150 ) ‘ 1 | H
-200 ‘

1:41:38 (h:min:s)
12:26:17.000 PM 20 min/Div 2:07:55.000 PM




TR-3 HT:

Voltage Harmonic Distortion

THD V%o

I 2.20

2.00

1.80

1.60

140

\H\ HW\

TR
g i

2:27:40.000 PM

18:28:55 (h:min:s)
3 h/Div

8:56:35.000 AM

Current Harmonic Distortion

I 17.0

16.0
15.0
14.0
13.0
12.0
11.0
10.0

8.00
7.00
6.00
5.00
4.00

1.00

THD I%6 9.00 {17

3.00 | f}f]
2.00 [— T+

16-Nov-18
2:27:40.000 PM

18:28:55 (h:min:s)
3 h/Div

17-Nov-18
8:56:35.000 AM




KW, KVAR
T 2.2

Voltage Harmonic Distortion
I

- A Ky, i i \ b ! th .
1-s0 Hm’ lH*t‘Mll hl‘* LAJMFMLMI*IIISU ‘ L»M "Illlﬂ\ IIIIII l’l;r!llflﬂ“#“ ww‘l w PWW W "'I'll'l‘l‘;'r' i

PM




Current Harmonic Distortion

THD 126

T 12.0
11.0
10.0
9.00
8.00
7.00
6.00
5.00
4.00
3.00 |

2.00

16-Nov-18
12:35:55.000 PM

38:29.000 (Min:s)
7 min/Div

16-Nov-18
1:14:24.000 PM

KW, KVAR

[
1000

900
800
700
600
500
400
300
200
100
0.00
-100

-200

hﬂh“;"l‘nh

", J
i, v k""'l--nl |

[

s

'h"‘f'r N 'I"ﬂ"!"’i':

, "
l“l)\['“m.m. I, ,,,_,-'""|‘ul\h-\..--r,'--""'ﬂﬁ'l.. l--ua.unu‘i'*“'\-l\..\l'lnln-'lr l'"""\--.,J
| L

Sy Wik rl'l..r'""'\l
™

e

Pl \'%Irv‘ ’ll'\il.l

W R

A
|
AR

fla YL Y

AN i Vit Vi V)

In'--""'-l-u | U T "ml-uﬂ"lu v
AV VA -

]

sl

16-Nov-18
12:35:55.000 PM

38:29.000 (Mmin:s)

7 min/Div

1:14:24.000 PM

16-Nov-18




TR-OLT:

Voltage Harmonic Distortion
I

4.00

it ,_ ,|. i ﬁﬂ'lf.l,p ”::ﬂ‘:im

16-Nov-18 52:11.000 (Mmin:s) 16-Nov-18
11:10:28.000 AM 10 min/Div 12:02:39.000 PM

Current Harmonic Distortion
T

45.0

40.0

35.0

30.0

25.0

20.0

15.0

|1| 'yl Mhﬂwﬂ '||| lJ‘lA*
5.00 b L I A T I ,,,,,,,,,,,,,,,,,,,,,,,,, “ hﬁmﬂ'mmﬂﬂvﬁ . iy ”.':"WI‘. bl g s f i\' - i‘\"'"“m HMJJKV "M """" m"'ii JI'I l'll' :: i tl

0.00

16-Nov-18 53:15.000 (Mmin:s) 16-Nov-18
11:10:28.000 AM 10 min/Div 12:03:43.000 PM

45




KW, KVAR

U 1.1M

coor I ..mewwm h.,uuwl ™ M st Y fM MMWWWMW WIM,WNMMMMW Jl]l"l,,Mﬂ

Sy N b4y
IJ.M"'“IIMIll'nuh"‘ll’IJ'“L'AI\‘HMP I U'.I lﬂ"‘fI"'ll-.-m‘],f"'\luj,,ﬁ.u’m wfh 'l..F ﬁ-rljé{iljfwlm'\ﬂlﬁ')]‘
Je '

700k

600k

500k

400k
B

300k || H I‘HWJ M#Muu
l ﬁ Jdlnlj -J'l.ﬁui.., JI.I',L..M.h.leL).M rIMI I}'J\*M JM'\}IJJ '“1-4|N!r|vt|‘u|rli -m'-"l.dl jl | lI ﬂ"u’l‘ ol .l."h.lﬂm:!lﬂ.mﬂ‘]\m [.u]
LV e Vit t

200k

100k

0.00
16-Nov-18 53:36.000 (IMmin:s) 16-Nov-18
11:10:28.000 AM 10 min/Div 12:04:04.000 PM

TR-13 LT:

Voltage Harmonic Distortion
I

13.5

13.0

12.5

12.0

11.5

11.0

10.5

10.0 |-

:
osof+—++1—H+BHS

9.00

8.50

8.00

7.50

7.00

6.50
25-Aug-18 23:27.000 (IMmin:s) 25-Aug-18
10:51:03.000 AM 4 min/Div 11:14:30.000 AM

Current Harmonic Distortion




B FIY TSN TRTNT TN LTI AWAPONATROO WYY g o e
VAR me;“w s N G

25-Aug-18 23:27.000 (Min:s) 25-Aug-18
10:51:03.000 AM 4 min/Div 11:14:30.000 AM

KW, KVAR

I 280

270
260

Foatin, g P e DAt s St e ANt i 18 Adw
VAT i LTy Y 0 T

250 hufind! Tl L Yyt e "u-|4..|..-1r\,na.r"‘|,...J;.,

Pue et Wr.r..r.,-.r.-.;...,a--....,__

240
230

220

210

200
190

. i il . Y an
fi, ,I_,l"‘\ﬂv\,,ﬂ"b) Vit A, . oY, Pl W"‘.‘." P b, ! \quu.;..v.\..,,___,.,_lr.n-.l-_ﬁlm P

e

180

s, - iy .
O BN e N e PRPRY, '\L\,..nwu-\‘l,,.-/‘l,,..p-h_‘_‘ ——

1 d‘!\dlll.-'w‘ e 'F‘F'.."W| ’f."\wﬂ' ——
Wi

25-Aug-18 23:27.000 (min:s) 25-Aug-18
10:51:03.000 AM 4 min/Div 11:14:30.000 AM




TR-14 LT:

Voltage Harmonic Distortion
I

11.0
10.5
10.0
9.50
9.00
8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
3.50

26:24.000 (Mmin:s) 25-Aug-18
10:44:50.000 AM 5 min/Div 11:11:14.000 AM

Current Harmonic Distortion
T

37.0
36.5
36.0
35.5
35.0
34.5
34.0
33.5 [l I'W‘

THD 126 ] I mhmll ||""|‘.r4lI
a=.o T T ——— ot
38 wwwwwwmﬂ
31.5 LT T SR L e
31.0
30.5
30.0
29.5
29.0
28.5
28.0

AR O e
ARGy e i AR

25-Aug-18 26:24.000 (Min:s) 25-Aug-18
10:44:50.000 AM 5 min/Div 11:11:14.000 AM




KW, KVAR

210
200

190 [

180
170
160
150
140
130
120
110
100
90.
80.
70.
60.
50.
40.

i,
i T T |

R ¥,

LIRS

.

P Y|

I T el VY U SRR e v

o S A . S S
e I ! 1“-ﬁ- 'y ad e

N

25-Aug-18
10:44:50.000 AM

26:25.000 (IMin:s)
5 min/Div

25-Aug-18
11:11:15.000 AM

TR-4 HT:

Voltage Harmonic Distortion

THD V2o

OO0 PP EPEENNNNNG

Nele}

.80

.60

40

.20

Nele}

.80

i

16-Nov-18
2:17:00.000 PM

18:37:40 (h:min:s)
3 h/Div

17-Nov-18
8:54:40.000 AM




Current Harmonic Distortion

THD I%6

[ | i’

16-Nov-18
2:17:00.000 PM

18:37:40 (h:min:s)
3 h/Div

17-Nov-18
8:54:40.000 AM

KW, KVAR

800

700

600

500

400

300

200

100

O0.00

100

200

300

Il'lllhgn [T
||N !

|Iﬁll|'|l'1

L

!,.ih!I‘ImI!.

"l
; ity

il

riﬂ'dui"l, |'III

\..iil|'|" 'I.imﬁ-

r,,i....- il

[ In,

U isiongypg
Wl

l|lIllIIIIr|[h.f'lvlqulmll.q.n..ll ]"|‘.r"'-"'\ e

.lnllri--.r"l..lll'q JI1|1 fli]'nll.-ll Ml rwlrnl'\lll.hm“‘ J'I.L hl.ll...II Ill...,--n...-.|""1"'|-|"l r"-lllhp-ml ‘Ill....lﬂ}.h.ll hlr.-.......-" ]""I"""'ul ]-Ih.llllutl ------ Fln Jm-'-'“ﬂ“

I|H'Jl'|l"I.|||'[""l'!|!||'|h!'I"||r--.||.1.[|".“'""1---.J-"

T L S T T o
Pt 1.-1|;,k!ii'i',lflf,.lﬂ

16-Nov-18

2:17:00.000 PM

18:37:40 (h:min:s)
3 h/Div

17-Nov-18
8:54:40.000 AM




TR-16 LT:
Voltage Harmonic

Distortion

2.6

2.5

2.4

2.3

2.2

2.1

2.0

1.9

1.8

1.7

1.6

1.5

1.4

1.3 1"

1.1
1.0

!

0.9

25-08-2018
10:09:44.000:AM

15:18.000 (Min:s)
3 min/Div

25-08-2018
10:25:02.000:AM




Current Harmonic

Distortion

I
55

50

45

35

30

25

20

15

40 |-

W
i

PAAD,
Al

h I’"W\(\N‘W

Y ‘WMJ“"(UI)\ I b
e

A

W ity

ol

M i
W\A..‘ﬂ i sy

\. 1Vt

WA

¥/
Mi!

25-08-2018
10:09:44.000:AM

15:18.000 (Mmin:s)
3 min/Div

25-08-2018
10:25:02.000:AM

KW, KVAR

I 80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.00
-10.0
-20.0
-30.0
-40.0 |,

-50.0

N ww\'.v...w../f\n_/\ul"\l\a.w.r‘\ -

I
=Y

g TP

25-08-2018
10:09:44.000:AM

15:18.000 (min:s)
3 min/Div

25-08-2018
10:25:02.000:AM

52




TR-17 LT:

Voltage Harmonic Distortion
T

5.50

5.00

4.50

4a4.00 |~

o ™ s PR P W"M |

3.00 [~

)
2.50 [—H—1|f

VA I

24-Aug-18 18:47:00 (h:min:s) 25-Aug-18
2:40:45.000 PM 3 h/Div 9:27:45.000 AM

Current Harmonic Distortion

170

160

150

140

130

120

110

100

20 | i : rl,

80 Ilwlnﬂ!ll'l*!!l'!' |[

m'llﬂr.ﬂlmjl f WH'MWW

70

, |
60 ' A il LT ] nﬂﬂﬂ','l,,, i “mmkmw'""'w gl -
- L [~ .

24-08-2018 18:31:25 (h:min:s) 25-08-2018
02:56:15:PM 3 h/Div 09:27:40:AM




KW, KVAR
[

120

110

100

90.0

Py, l||l||"""'I

80.0

| "Myt
70.0 [ ‘|

[ Wsurmrenmy

60.0

o, \ L ]"'""\.4--..
I

50.0 |

40.0 : RE

30.0

20.0
|qu|.|.. e o] L. r'““"“‘" g T (™" Einsipond [ i N

10.0 ] | 1|

0.00
24-Aug-18 18:47:00 (h:min:s) 25-Aug-18
2:40:45.000 PM 3 h/Div 9:27:45.000 AM

TR-18 LT:
Voltage Harmonic Distortion




25-Aug-18
9:46:04.000 AM

31:57.000 (min:s)

6 min/Div

25-Aug-18
10:18:01.000 AM

Current Harmonic Distortion

T 160

150

140

130

120

=
R
o

THD I%o

u ":""'huln.--ﬂ"f"l'"“”:-—'#\ PO I

H o d B P

"""W'Mﬂ s

A,

Fralbtapgien,
pratabeie-s-

CoboOOOODOO

o
0
s}

25-Aug-18
9:46:04.000 AM

31:57.000 (IMin:s)

6 min/Div

25-Aug-18
10:18:01.000 AM

KW, KVAR




9:46:04.000 AM

31:57.000 (Min:s)
6 Mmin/Div

10:18:01.000 AM

TR-19LT:

Voltage Harmonic Distortion

THD V%o

12:21:58.000 PM

22:20.000 (Min:s)
4 min/Div

25-Aug-18
12:44:18.000 PM

Current Harmonic Distortion




THD 126

25-Aug-18 22:20.000 (min:s)
12:21:58.000 PM 4 min/Div 12:44:18.000 PM

KW, KVAR

200

- .l"'l-f""l“""j'h"-'i
&

A Mo pd g, et '""‘\N"""\.Jh-r--lun... WtV

150 Arri\ Ay
1y persohdegndini, \odo, M Y

100

50.0

0.00

kw 500

kvar _100

-150

-200

-250

-300 .
"""""" T I

-350

25-Aug-18 22:20.000 (Mmin:s) 25-Aug-18
12:21:58.000 PM 4 min/Div 12:44:18.000 PM




TR-20 LT:

Voltage Harmonic Distortion

T 4.50

/

iy

25-Aug-18
12:54:54.000 PM

1:42:28 (h:min:s)
20 min/Div

25-Aug-18
2:37:22.000 PM

Current Harmonic Distortion
T

160
150
140
130

100
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.00

1zo
110 A P

P R TR P

wlrrww“w I

ﬂll‘!‘lmnlll"'“"'"q;unr pony | lllllln"lllllﬁll\‘n-lll by

25-Aug-18
12:54:54.000 PM

1:42:28 (h:min:s)
20 min/Div

25-Aug-18
2:37:22.000 PM




KW, KVAR
[

Irh.l.!it"""“h
Py llllu}lhul,.lllg\lliiﬁ“!ﬂl.llr i

g N

gl

et

n, -I"""'I I|.||I|I —
T g P

|.r|""'|r---'lr"'"‘l'll. 1Py

25-Aug-18 1:42:28 (h:min:s) 25-Aug-18
12:54:54.000 PM 20 min/Div 2:37:22.000 PM




A note on Power factor, current and voltage harmonic distortion

1. Power factor is characteristics of load and varies from -1 - 0 +1. Resistive loads like bulbs, heaters etc take current at unity power factor
(i.e.1).0Other loads like electric motors, computers, UPS systems, tube lights etc take current at power factors which are less than 1.
Electrical Power = V x | x Cosg(PowerFactor)

One can take 100 watts of electrical power at 100 volts by taking 1 Amp current, if power factor is 1, while if power factor is 0.5, then the
current required will be 2 Amps for delivering same power of 100 watts.

One unit of electricity = 1Kilowatt x 1 Hr. If we use 1 KW for 1 hour then the utility meter advances by 1 unit.

It is clear from above that if power factor is low, utility company (Like MSEDCL) has to supply us more current while delivering same power
but gets same revenue from us.

6. Infrastructure investment done by utility company is more for delivering more current, so for these commercial reasons, they insist on
better power factor and offer incentives.

Non linear loads like computer power supplies, VFDs, UPS systems, electrical arc furnaces, Plating rectifiers, and Battery chargers take non

sinusoidal current while sinusoidal voltage is applied to them. This is shown in waveforms bellow.
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Mathematically it can be proved that these non sinusoidal currents are made up of sinusoidal currents having frequencies which are integral
multiples of fundamental frequency i.e. 50 Hz. These (3" =150Hz, 5™ = 250Hz, 7™ = 350Hz etc) currents cause overheating of transformers, cables,
switchgears etc due to increased losses requiring their derating for normal operation. Excessive current harmonics cause voltage harmonics
distorting the voltage waveform. This can further cause harmonic currents in linear loads. This causes increased losses, vibrations in electrical
motors, malfunctioning of electronic controls due to generated electromagnetic noise, Unwanted erratic tripping of circuit breakers due to
overheating etc.In electrical distribution networks, having presence of harmonic currents, if only capacitors are added to improve system power
factor, there is a possibility of amplification of these harmonics due to resonance created by transformer inductance and these capacitors. This
should be avoided by using detuned L — C filters or harmonic filters in place of capacitors. Utility companies also make it mandatory for consumer
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to control harmonics generated by his load as it improves their revenue potential by avoiding derating. Active filters also could be another solution

to suppress harmonics. These are specially designed power electronic circuits, which take anti phase current from source which is equal and

opposite of non linear component of load current. These filters are very costly and as such are not very popular as yet.




