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Audit objectives:

Objective and the details of the equipment

Analysis of recorded power quality parameters.
Detailed Pie Charting of loading by major feeders.
Identifying sources of harmonics and their individual contribution in Total Harmonic

Distortion.

Analysis of reactive power compensation.

Details of Equipment Used:
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Executive Summary:

1) XXXXAAA Industrial textiles is a large textile setup manufacturing industrial textile
products. The running electrical plant load is around 8 to 9IMW.

2) The last mile loads mainly include lot of machines involving motors with large to
medium capacity AC/DC drives. The load is largely divided into process machinery
and utility. Such loads demand large harmonic currents.

It appears that Reactive power compensation and Harmonic mitigation has not
received it’s due attention in plant design. Apart from increasing distribution loss
within the plant, these two can contribute in reducing life of electrical installation
due to overheating and extra stress on insulation. Although VFDs offer lot of
flexibility over process in terms of product quality and optimizing energy
consumption, they demand lot of harmonic currents, and if not mitigated properly,
can generate it’s ill effects.

We have identified following feeders where an immediate attention and correction
is recommended.

VTHD% |ITHD% | KW
Max Max | Max
Main Incomers

11 KV Feeder1 5.8 20 4390
11 KV Feeder 2 6.4 18.2 | 6070
10460

Sr. No. Feeder Name

11KV Feeder 1/ TRAFO 1
Spinning 2 11.1 24.4 | 1226
Utility Compressor 10.5 25 1235
Weaving 1 14.7 36.5 |861.9
Weaving 3 9.9 19.2 | 1291

11KV Feeder 2 / TRAFO 2
8 Utility Chiller 12.1 30 1096
9 [Weaving2 14.1 35 1496
10 ([Spinning1l 11.1 29.4 | 1169
8375
Above load is 80% of total load and the same is nonlinear demanding harmonic

currents. The voltage distortion is also too high as above. All loads on these
transformers are LT loads and the correction may be offered on LT side. Nature of
correction would be detuned filters plus active harmonic filters.

Audit Methodology: -




. Record for 24hrs, electrical load on both Transformers 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.

. Prepare detailed load Pie chart using recorded power parameters.

. Analyse reactive power compensation based on recorded parameters.

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

. Present report based on above analysis.




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).Other 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.
5. 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 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.
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Audit Observations:
1. TRAFO 1 is loaded up to 4MW while TRAFO 2 loading is 6MW. In case of both the
transformers, voltage distortion at 11KV is more than 5%.
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6 Voltage distortion.
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% Voltage distortion
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TRAFO1 trend shows reactive power requirement to be 500KVAR whereas the same for
TRAFO 2 is 1100KVAR. The voltage distortion is beyond acceptable limits and will definitely
increase on secondary side of all stepdown transformer. Such increased distortion can affect
working of VFDs, Other automation systems, alignment between load and motors, Such
distortion can also cause premature failure of motors.

TRAFO1 — current distortion
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TRAFO2 — current distortion
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Both transformers are supporting more than 15% Current harmonic distortion. At 11KV level
this is on higher side and suggest requirement of correction downstream.




3 Distribution Loss — Transformer Loss

Table showing losses in transformers if all existing PF correction is removed as per ETAP
Load flow analysis.

kW kvar Amp % PF % kW
(1)

Sri b Type Rating 1 Rating 2 Flow | Flow | Flow Loading [Losses

T1 [Transf.2W | 66/11KkV | 10000 kVA | 5737.1| 2307.5] 54.09| 92.78 61.8| 31.97
T2 | Transf.2W [ 66/11KV | 10000 KVA | 4845.9| 2254.9| 46.76| 90.67 534| 2233
T3 [ Transf.2W [11/0.433 kV | 1600 kVA 683.7] 1825 38.21| 96.62 44.2 3.16
T4 | Transf.2W |11/0.433 kV | 2250 kVA 285| 31.12 15.48| 9941 12.7] 0411
T5 [ Transf.2W [11/0.433 kV | 2500 KVA | 1212.4| 420.3] 69.29| 94.48 51.3 7.47
T6 | Transf. 2W [11/0.433 kV | 1500 kVA 174.1] 4457| 9.703| 96.87 12] 0.183
T7 [ Transf.2W [11/0.433 kV | 2000 KVA | 1221.3| 422.6] 69.79 94.5 64.6 9.08
T8 | Transf.2W |11/0.433kV | 1600 kVA 852.1| 3335 49.41| 93.12 57.2 5.15
T9 [ Transf.2W [11/0.433 kV | 2500 KVA | 1276.5| 457.3| 73.22| 94.14 54.2 8.1
T10 | Transf. 2W |11/0.433kV | 1600 kVA 522.9 343 33.69| 83.62 39.1 2.4
T11 | Transf.2W |11/0.433 kV | 2000 kVA 578.9] 2249 33.45| 93.22 31.1 1.97
T12 | Transf.2W [11/0.433kV | 2000 kVA | 1084.8] 378.1| 61.88| 94.43 57.4 7.14
T13 | Transf.2W [11/0.433 kV | 2500 kVA 1480| 598.9| 85.99 92.7 63.9| 10.59
T14 | Transf. 2W [11/0.433kV | 2000 kVA | 1156.9] 419.7]| 66.29| 94.01 61.5 8.21
Total| 118.16

le showing losses in transformers with PF corrected as per ETAP Load flow analysis.
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kW kvar| Amp % kW
% PF .
Flow| Flow| Flow Loading| Losses

@

ID Type Rating 1| Rating 2

T1|Transf. 2W| 66/11 kV[0000 kVA| 5801 247.5| 50.79] 99.91 58.1| 28.18
T2|Transf. 2W| 66 /11 kV 0000 kVA| 4900.9] 110.3| 42.88| 99.97 49| 18.78
T3| Transf. 2W[1/0.433 kV[1600 kVA|  691.2] 11.07| 36.49| 99.99 43.2 2.88
T4|Transf. 2W[1/0.433 kV[2250 kVA|  287.6 1.7| 15.18] 100 128] 0.395
T5| Transf. 2W[1/0.433 kV[2500 kVA| 1227.1] 28.32] 64.78] 99.97 49.1 6.53
T6| Transf. 2W[1/0.433 kV[1500 kVA|  175.7] -4.47] 9.278 -100 11.7]  0.167
77| Transf. 2W[1/0.433 kV[2000 kVA| 1236.6] 55.47| 65.33] 99.9 61.9 7.96
78| Transf. 2W[1/0.433 kV[1600 kVA|  862.4] 39.77| 45.57] 99.89 54 4.38
T9| Transf. 2W|1/0.433 kV[2500 kVA| 1292.1| 45.98| 68.24| 99.94 51.7 7.04
T10| Transf. 2W[1/0.433 kV[1600 kVA| 529.2] 12.63| 27.88[ 99.97 33.1 1.64
T11|Transf. 2W[1/0.433 kV[2000 kVA|  585.1 8.4| 30.83| 99.99 29.3 1.68
T12|Transf. 2W[1/0.433 kV[2000 kVA| 1097.9] 33.99| 57.87| 99.95 54.9 6.25
T13| Transf. 2W[1/0.433 kV[2500 kVA| 1498.8] 57.77| 79.02| 99.93 60 8.94
T14|Transf. 2W[1/0.433 kV[2000 kVA| 1171.2] 51.11] 61.76] 99.9 58.6 7.12
| Total 101.942

If Power factor is controlled at secondary of each transformer to a value close to unity, the

1
2
3
4
5
6
7
8
9

transformer losses can be reduced by almost 16KW. If this correction is done using Detuned
filters, the voltage distortion will also reduce. Reduction in overall distribution loss will
follow as a end result.

This will also contribute in improving quality of available power and electronic / electrical
failures experienced if any, would reduce to a large extent.




Distribution Losses with cable loss.

ID

From Bus

To Bus

Type

Rating 1

Rating 2

%
Loading

kW
Losses

Cablel

Bus2

11KV Feeder 1

Cable

30m

- 3/C 300

46.4

0.518

Cable2

11KV Feeder 1

Bus13

Cable

350m

- 3/C 240

12.5

0.214

Cable3

11KV Feeder 1

Bus24

Cable

300 m

- 3/C 240

5.2

0.0318

Cable4

11KV Feeder 1

Bus18

Cable

350m

- 3/C 240

22.2

0.676

Cable5

11KV Feeder 1

Bus25

Cable

250 m

- 3/C 240

3.2

0.0099

Cable6

11KV Feeder 1

Bus16

Cable

350 m

- 3/C 240

22.3

0.688

Cable7

11KV Feeder 1

Bus15

Cable

350m

- 3/C 240

15.6

0.334

Cable8

11KV Feeder 1

Bus14

Cable

250 m

- 3/C 240

23.3

0.536

Cable9

Bus26

Bus28

Cable

40m

- 3/C 240

9.5

0.0143

Cable10

Bus26

Bus29

Cable

300 m

- 3/C 240

10.5

0.131

Cablell

Bus26

Bus30

Cable

300 m

- 3/C 240

19.8

0.463

Cablel2

Bus26

Bus31

Cable

250m

- 3/C 240

27

0.719

Cable13

Bus26

Bus32

Cable

300 m

- 3/C 240

21.1

0.527

Cablel4

11KV Feeder 2

Bus26

Cable

30m
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- 3/C 300

39.2

0.369

T1

Busl

Bus2

Transf.

66 /11kV

10000 kVA

58.1

28.2

T2

Busl

11KV Feeder 2

Transf.

66 /11 kV

10000 kVA

49

18.79

T3

Bus13

Bus3

Transf.

11/0.433 kV

1600 kVA

43.2

2.88

T4

Bus24

Bus4

Transf.

11/0.433 kV

2250 kVA

12.8

0.395

15

Bus18

Bus5

Transf.

11/0.433 kV

2500 kVA

49.1

6.53

T6

Bus25

Busll

Transf.

11/0.433 kV

1500 kVA

117

0.167

7

Bus16

Bus7

Transf.

11/0.433 kV

2000 kVA

61.9

7.96

T8

Bus15

Bus8

Transf.

11/0.433 kV

1600 kVA

54

4.38

T9

Bus14

Bus9

Transf.

11/0.433 kV

2500 kVA

517

7.04

Bus28

Bus20

Transf.

11/0.433 kV

1600 kVA

33.1

1.64

Bus29

Bus21

Transf.

11/0.433 kV

2000 kVA

29.3

1.68

Bus30

Bus22

Transf.

11/0.433 kV

2000 kVA

54.9

6.25

Bus3l

Bus27

Transf.

11/0.433 kV

2500 kVA

60

8.95

Bus32

Bus23

Transf.

11/0.433 kV

2000 kVA

58.6

7.13

107.223




4 Recorded Harmonic Currents on LT transformer feeders at maximum load are as
under —

Harmonics at Max Current in Amp
ahs | ahz Ah11 Ah13
11 KV Feeder 1/ TRAFO 1
Dipping 75 30 30 15
Poly UPS 30 10 35 25
Spinning 2 a0 A0 35
Utility 2 18 - 11 18
uUtility Compressor 20 55 150
Weaving 1 30 A5
Wieaving 3 (=10} 35

Sr. No. Feeder Mame

SRR R

Harmonics at Max Current im Amp
ahs | anhz Ah11 Ah13
11 KW Feeder 2/TRAFO 2

Coal Fire Boiler S0 50 35 10
Poly TR 150 S0 25 18
Utility Chiller 150 150
Weaving 2
Spinning 1 7O &0

Feeder Mame

It can be seen that predominant current harmonics are of 5" and 7™ order. Other harmonics

will reduce substantially if voltage harmonic distortion can be reduced substantially.
th

It is observed that there is resonance at 5" harmonic frequency — indicated by highest 5

harmonic current.
Detuned filters with selective detuning may be used to avoid this resonance, while
correcting the power factor.

Following table shows current harmonics in present situation

Sr Feeder % Current distortion
Cap OFF | Normal condition

TRAFO 1
Dipping 5% 10%
Poly UPS 11%
Spinning 2 22%
Utility 2 16%
Utility Compressor 24%
Weaving 1. 29%
Weaving 3 19.5%
TRAFO 2
Coal Fired Boiler 18%
Poly TR 23%
Utility Chiller 30%
Weaving 2 31%
Spinning 1 27%
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Details of plant electrical system:

XXXXAAA Industrial Textile is Industrial Textile mill, largely involved in Polymer Thread and
Polymer Cloth manufacturing for Tyre and Conveyor production use.

EHV Incoming 66KV From DGWCL

EHV Transformer SMVASLONMYA, ONANSONAF, V.ratio=66/11KV, 02nos.
Contract Demand |10750KVA

Maximum Demand |10060KWVA

KWH Consumption |Average 64Lac per month.

DG Sets Rating F50ENVA =04nos.

e Billed PF for the month of October 2018 was 0.983.
e Transformer details and APFC/Capacitors arrangement is as given below.

Transformer Details
Transformer Rating TYPE Voltage Ratio Z %
SRWASLO | OMARNS
TR 1 I8 OMNAF 66,/ 11K 8.73, 10.90%
SRAWALSLO | OMARNS
TR 2 I8 OMNAF 66,/ 11K\ 5.15, 10.19%
Spinning 1 2000 KN A OMNLAN 11/0. 433K 5.26%
Poly TR 2000 E A OMLAN 11/0.AZIKN \91%%
Poly UPS 2250KN A DIMLAN 11,0 415K A6%%
Weawing 1 1O KN A OMLAMN 110433 KW . 25%5
Utility Compressor | 2000k WA DMLAMN 131/ 0. AZIEN .25%0
Utility Chiller 2000 KN A OMNLAN 110 433K .25%5
Weawving 3 250 EN A DMLAN 131/ 0. AZIEN
Weawving 2 2500 KN 5 OMNLAN 11/0. 433K
Utility 2 LSOO R A OMLAN 11/0.AZIKN
Spinning 2 2500 KN A DIMLAN 11/0. 433K
Coal Fire Boiler LR A LA 11/0.AFI KW
Dipping LR A DMLAN 110 433K
Weawing 1 1O KN A OMLAMN 110433 KW

L=
Hommumm&wm

ulnlulo s loa|a|ala o |

Transformer Reactive Power Compensation Type
TRAFO 2 750Kvar 11KV Fixed HT
Spinning 1 S0Kvar 440V Fixed
Utility Chiller 75Kvar 440V Fixed
75Kvar 440V Fixed
250Kvar 525V Cont. Detuned APFC
75Kvar 440V Fixed
200Kwvar 523V Cont. APFC
Weaving 2 150Kwvar 440V Fixed
Weaving 3 75Kvar 440V Fixed
Utility 2 S0Kvar 440V Fixed
Dipping AB0Kvar 525V Thy. Detuned APFC

Utility Compressor

Weaving 1




Recorded Power Quality Parameters: -

Voltage L-N | Voltage L-L |Voltage THD% | Current Current THD% | KW KVAR
Ave | Max | Avg | Max Max | Avg | Max| Avg | Max | Avg | Max | Avg | Max
Main Incomers
66KV Main Incomer | ses70fs60| 14 | 22 |862|%2| 164 9530 | 10320| 2390
11KV Feader] | 1138|1168} 43 (58 |31|2s2| 12 | 30| 4398 | 52t
11KV Feeder? 11480/ 11800, 58 ||64 | 26| 30 | 153 5560 | 6070 | 1050
11KV Feeder1 | TRAFO1
11KV Feeder 1/ TRAFO1 | 11380, 11680, 58 |234] 22| 12 30| 50| 51
Digping 51| an| e a8 ||58 [ |om| o1 | 15| 66| 60| %
Poly UPS 55 | 4 | a1 | 5. s612| 590 | 1 | 123 |Ms7foses|
Spinning 2 | 52 | 4305|4355 1| 1510 17e8 | 206 | 244 |00 | 16| 30
Uslity 2 3 (484|438 | 67 [[71 [2a| 20| 164 | 175 1684|179/ 3%
flity Compressor | 51| &5 | 85 ||w05 1861k 88| B | %0|1ws| M
) |Weaving1 104|808 7| 106 | 1310| B2 | %65 |8105/8609| 2%
Wearing3 | M3 | 46| 4| 94 |99 |1812) 1917|183 | 192 | 131|129 3 |[u6 | 056 | 056
Feeder 2 TRAFO2
11 KV Feeder 2fTRAFO? | 11480 11800 58 ||64 | 26 | 30| 153 5560 | 6070 | 1050 963 07
CoalFireBolr | M7 | %1 | @8 | 438 | 53 [[55 |65 |um| u % | 529 | 194 |[34 | 085 | 03t
Poly TR 28 | 51| &n | a5 63 (|67 || ewr| w2 By su || s 9| 0%

Sr.No.|  FeederName

Utility Chiller | 258 | 2605 | 4457|4536 | 1107 |12 6| 1526| 237 3 | 1096‘ 36 | |34 0.5
Weaving2 | M7 | B3 | 48 | 437 | 126 20| B3| 35 |1364] 149 | 450 54| 055
Spinning 1 My | M| 4849 104 1568 | 1728 | 259 | 294 | 1048 | 1169 | 3483 | }775| 05 | 055

A A 4

Voltage distortion is Reactive power requirement PF is not

higher than is not compensated properly. maintained at
unity.

permissible limit.

Feeders 7, 9, 11 contribute 85% of total load on Trafo 1 and also draw distorted
current. Maximum Viyp % is 11.1% and Current harmonic distortion is 25%.

Feeders 15, 16, 17 contribute 62% of total load on Trafo 2 and also draw distorted
current. Maximum Vyp % is 14.1% and Current harmonic distortion is 35%.




Loading Pie Chart for Trafo 1- SMVA/10MVA Transformer:

TRAFO 1

Utility 2
3%

The percentage mentioned in above PIE Chart is considering total recorded load as 100%.

Loading Pie Chart for Trafo 2- SMVA/10MVA Transformer:

TRAFO 2

The percentage mentioned in above PIE Chart is considering total recorded load as 100%.




Loads demanding large harmonic currents on TRAFO 1 -

Feeder Mame

Current THD%

Avg

Max

%% Loading

11 KV Feeder 1/TRAFO 1

17.2

20

100%

Dipping

9.1

11.5

15.7

Poly UPS

11

12.3

6.6

Spinning 2

21.6

24.4

27.9

Utility 2

16.4

17.5

4.0

Utility Compressor

16.8

25

28.1

Weaving 1

29.1

36.5

19.6

CO =) [ LA | da Lo | b | =

Weaving 3

18.3

19.2

29.4

Loads demanding large harmonic currents on TRAFO 2 -

Feeder Name

Current THD%

Avg

Max

% Loading

11 KV Feeder 2/TRAFO 2

15.3

18.2

100%

Coal Fire Boiler

14

19.2

8.7

Poly TR

21.2

23.7

9.6

Utility Chiller

23.7

30

18.1

Weaving 2

29.8

33

24.6

Spinning 1

25.9

15.3




Recorded Data :-

Sr. No.

INDEX

Description

gekY Main Incomer

11KV Feeder 1

11KV Feeder 2

Dipping

Poly UPS

Spinning 2

Utility 2

Utility Compressor

(e R o I = R L D R R I O

Weaving 1

[
o

Weaving 3

[
[

Coal Fire Boiler

[
[l

Poly TR

[
L

Utility Chiller

[
s

Weaving 2

G

Spinning 1




66KV Main Incomer :
Frequency
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53.0
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Voltage L-L

76.0

74.0

72.0

70.0

68.0

66.0
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62.0

60.0

58.0

56.0

54.0
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Voltage Harmonic Distortion

2.4
2.3
2.2
2.1
2.0
1.9
1.8
1.7
1.6
15
1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6

10-09-2018 23:07:05 (h:min:s) 11-09-2018
11:54:00.000:AM 4 h/Div 11:01:05.000:AM

18



Current

I 120
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0.00
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Current Harmonic Distortion
I
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18.5
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17.5 | |||
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T
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& M‘ Ly

14.0
13.5
13.0
12.5

10-09-2018 23:07:05 (h:min:s) 11-09-2018
11:54:00.000:AM 4 h/Div 11:01:05.000:AM

Individual Current Harmonics

100
80
60
40
20

0}

1 2 3 i 2 3 i 2 3
AhAbs1 AhAbs?2 AhAbs3
10-09-2018 - 05:56:35.000:PM

1 2 3 1 2 3
AhAbs6 AhAbs7 AhAbs8
10-09-2018 - 05:56:35.000:PM

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
AhAbs12 AhAbs13 AhAbs14 AhAbs15 AhAbs16
10-09-2018 - 05:56:35.000:PM




KW, KVAR, KVA
[

11.5
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
3.00

2.50 ad'dﬁ'@ﬁjﬂwi——v hake hescbhcsmndgrbh

2.00

10-09-2018 23:07:05 (h:min:s) 11-09-2018
11:54:00.000:AM 4 h/Div 11:01:05.000:AM

i e L L o A

10-09-2018 23:07:05 (h:min:s) 11-09-2018
11:54:00.000:AM 4 h/Div 11:01:05.000:AM




11KV Feeder 1:
Voltage L-L
[

oty
e .‘/“““1‘& '
o

‘ Wﬁ"‘fﬂ#! =

10-09-2018 23:44:35 (h:min:s) 11-09-2018
11:14:50.000:AM 4 h/Div 10:59:25.000:AM

Voltage Harmonic Distortion
I

| I| If

10-09-2018 23:44:35 (h:min:s) 11-09-2018
11:14:50.000:AM 4 h/Div 10:59:25.000:AM

Current




10-09-2018 23:44:35 (h:min:s)
11:14:50.000:AM 4 h/Div

11-09-2018
10:59:25.000:AM

Current Harmonic Distortion

[ 22.0

215

21.0

20.5

20.0

19.5

19.0

18.5

18.0
17.5
17.0
16.5
16.0 |t
155
15.0

145

14.0

135

13.0

10-09-2018 23:44:35 (h:min:s)
11:14:50.000:AM 4 h/Div

11-09-2018
10:59:25.000:AM

Individual Current Harmonics

250

200

150
100

50
0

1 2 3 1 2 3 1 2 3
AhAbs1 AhAbs?2 AhAbs3
10-09-2018 - 04:07:05.000:PM

12 3 12 3 12 3
AhAbs7 AhAbs8 AhAbs9
10-09-2018 - 04:07:05.000:PM




12 3 12 3 12 3 12 3
AhAbs13 AhAbs14 AhAbs15 AhAbs16
10-09-2018 - 04:07:05.000:PM




KW, KVAR, KVA

b .
7h"!'Iulﬁ'.hﬂ!'di'hﬁuhl;ﬁtl'&‘wﬁm!*'

1 I| |
Wuli'" I:"v!ﬂ.l H!'IllrI " I' m A
TR T g ”Wn.'“ 0 '.ﬁ i ”l

iﬂ. ‘..Wilﬂ' ,i"l.,. )

I

f

10-09-2018
11:14:50.000:AM

23:44:35 (h:min:s)
4 h/Div

11-09-2018
10:59:25.000:AM

N Rl N e s A B T

10-09-2018
11:14:50.000:AM

23:44:35 (h:min:s)
4 h/Div

11-09-2018
10:59:25.000:AM




11 KV Feeder 2 :
Voltage L-L
[

10-09-2018 23:07:40 (h:min:s) 11-09-2018
11:52:35.000:AM 4 h/Div 11:00:15.000:AM

Voltage Harmonic Distortion
l 7.0

6.8

6.6

6.4

6.2

6.0

58|

5.6

5.4

52

5.0

4.8

4.6

4.4
10-09-2018 23:07:45 (h:min:s) 11-09-2018
11:52:35.000:AM 4 h/Div 11:00:20.000:AM

Current




10-Sep-18
11:52:35.000 AM

23:07:45 (h:min:s)
4 h/Div

11-Sep-18
11:00:20.000 AM

Current Harmonic Distortion

20.0
19.5
19.0
18.5
18.0
175
17.0
16.5
16.0
155
15.0
145
14.0
135
13.0
125

'] q"" -

IIIII ! IIII II ||I|III IIIIII
-'..'..'.ﬂh.h HIIII"E IILI':J

10-09-2018
11:52:35.000:AM

23:07:45 (h:min:s)
4 h/Div

11-09-2018
11:00:20.000:AM

Individual Current Harmonics

1

2
2

3

2 3
3

11-09-2018 - 10:44:20.000:AM




1 2 3 1 2 3
7 8
11-09-2018 - 10:57:00.000:AM

1 2 3
13 14
11-09-2018 - 10:44:20.000:AM




KW, KVAR,

KVA

S —

—M@uwﬁ

e R e e it

10-09-2018
11:52:35.000:AM

23:07:45 (h

4 h/Div 11:00:20.000:AM

‘min:s) 11-09-2018

10-09-2018
11:52:35.000:AM

23:07:45 (h:min:s) 11-09-2018
4 h/Div 11:00:20.000:AM




Dipping :
Voltage L-L
[

475
470
465
460
455
450
445
440
435
430
425
420
415
410
405
400
395
390
385
380

11-09-2018 1:05:43 (h:min:s) 11-09-2018
04:34:17.000:PM 13 min/Div 05:40:00.000:PM

Voltage Harmonic Distortion
[

6.2

6.0

5.8

5.6

5.4 v Capacitors are OFF
52

5.0

4.8

4.6

4.4

4.2

4.0

3.8

3.6

11-09-2018 1:05:43 (h:min:s) 11-09-2018
04:34:17.000:PM 13 min/Div 05:40:00.000:PM

Current




'*'Hl!”h.”&dlhNFIWU.&'.'IU)JJ.“J ',llqm';Nhi‘lwﬂ‘M‘

hjim'l“m“f'?'(lﬂm,;l.j.luqmwuhg

,rLwﬂh’““-'lm,w]k'lvﬂ”wi

11-09-2018
04:34:17.000:PM

1:05:43 (h:min:s)
13 min/Div

11-09-2018
05:40:00.000:PM

Current Harmonic Distortion

21

20

19

18

17
16

Capacitors are OFF

15
14

13
12

11
10

11-Sep-18
4:34:17.000 PM

1:05:43 (h:min:s)
13 min/Div

11-Sep-18
5:40:00.000 PM

Individual Current Harmonics

1000
800 |
600 |
400
20—

0

1

2
AhAbs1

3 1 2 3
AhAbs?2

11-Sep-18 - 4:50:03.000 PM

1 2

AhAbs3

3

1 2 3 1 2 3
AhAbs7 AhAbs8
11-Sep-18 - 4:50:03.000 PM

AhAbs9

1 2

AhAbs12

1 2 3 1 2 3
AhAbs13 AhAbs 14
11-Sep-18 - 4:50:03.000 PM

1

AhAbs15

2 3




KW, KVAR, KVA
I

750

700
650
600

e N

550
500
450

400
350
300

250
200
150 '"‘I“u-—..,.,.J“"""“"""""""""_l..
100 P ——— TR

11-09-2018 1:05:43 (h:min:s) 11-09-2018
04:34:17.000:PM 13 min/Div 05:40:00.000:PM

Poly UPS :
Voltage L-L

480
475
470
465
460
455
450
445
440
435
430
425
420
415
410
405
400
395
390
385

11-Sep-18 59:43.000 (min:s) 11-Sep-18
12:00:17.000 PM 11 min/Div 1:00:00.000 PM

Voltage Harmonic Distortion
6.6

6.4

6.2

6.0

58 | Ll

| A
v Ii\lmlw fi I' N

5.6 I | ’ \

5. [ LT TV T I Ry

5.2

5.0

4.8

4.6

4.4

11-Sep-18 59:43.000 (min:s) 11-Sep-18
12:00:17.000 PM 11 min/Div 1:00:00.000 PM




Current

700
650

600

550
500

450

400
350

300
250

200

150

100

50.0

11-Sep-18
12:00:17.000 PM

59:43.000 (min
11 min/Div

:s)

11-Sep-18
1:00:00.000 PM

Current Harmonic Distortion

135

13.0

125

12.0

11.0

105

10.0 |~

9.5

9.0

8.5

8.0

11-Sep-18
12:00:17.000 PM

59:43.000 (min:s)

11 min/Div

11-Sep-18
1:00:00.000 PM

Individual Current Harmonics

600

400

200

(0]

2
2

3 4 1 2 3
3

11-Sep-18 - 12:27:12.000 PM

4

1234
6

1

234 1234
7 8

11-Sep-18-12:27:12.000 PM

1234
9




11

2 3
12

4

1

1234 1234
13 14
11-Sep-18 -12:27:12.000 PM

2 3
15

KW, KVAR, KVA

350

A,

bttt

11-Sep-18
12:00:17.000 PM

59:43.000 (min:s)

11 min/Div 1:00:00.000 PM

11-Sep-18

PF
Spinning 2:
Voltage L- L

475

470

465

460

455

450

445

440

435

430
425

420

415

410

405

400

395

390

385
380

11-Sep-18
4:34:19.000 PM

59:41.000 (min:s)

11 min/Div 5:34:00.000 PM

11-Sep-18

Voltage Harmonic Distortion




11-Sep-18
4:34:19.000 PM

59:41.000 (min:s)
11 min/Div

11-Sep-18
5:34:00.000 PM

Current

2.00

1.80

1.60

1.40

1.20

1.00

0.80

0.60

0.40

0.20

11-Sep-18
4:34:19.000 PM

59:41.000 (min:s)
11 min/Div

11-Sep-18
5:34:00.000 PM

Current Harmonic Distortion

I
d

\!'

Al

kil
J N\ iy

11-Sep-18
4:34:19.000 PM

59:41.000 (min:s)
11 min/Div

11-Sep-18
5:34:00.000 PM

Individual Current Harmonics




1 2 3 1 2 3 1 2 3
AhAbs1 AhAbs?2 AhAbs3
11-Sep-18 - 4:39:37.000 PM

1 2 3 1 2 3 1 2 3 1 2 3
AhAbs6 AhAbs7 AhAbs8 AhAbs9
11-Sep-18 - 4:39:37.000 PM

1 2 3 1 2 3 1 2 3 1 2 3
AhAbs11 AhAbs13 AhAbs14 AhAbs15
11-Sep-18 - 4:39:37.000 PM

KW, KVAR, KVA

1.4M

1.3M

1.2M

1.1M

900k

800k

700k

600k

500k

400k

A

300k

11-Sep-18 59:41.000 (min:s)
4:34:19.000 PM 11 min/Div

11-Sep-18
5:34:00.000 PM

Utility 2:
Voltage L-L




11-Sep-18 1:41:26 (h:min:s) 11-Sep-18
3:24:57.000 PM 20 min/Div 5:06:23.000 PM

Voltage Harmonic Distortion
7.8 T

7.6

Capacitors are OFF

7.4

7.2

g | e,

6.6

PRl

6.4 |

6.2

6.0

5.8

5.6

54

11-Sep-18 1:41:26 (h:min:s) 11-Sep-18
3:24:57.000 PM 20 min/Div 5:06:23.000 PM

Current

280
260
240 [
220§
200

180

160

140

120

100

80.0

60.0

40.0

> Do | AT T g

11-Sep-18 1:41:25 (h:min:s) 11-Sep-18
3:24:57.000 PM 20 min/Div 5:06:22.000 PM

Current Harmonic Distortion




11-Sep-18 1:41:26 (h:min:s) 11-Sep-18
3:24:57.000 PM 20 min/Div 5:06:23.000 PM

Individual Current Harmonics

300
200
100

(0]

1 2 3 4 1 2 3 4
2 3
11-Sep-18 - 3:56:44.000 PM

1234 1234 1234 1234
6 7 8 9
11-Sep-18 - 3:56:44.000 PM

| B
1234 1234 1234 1234 1234
12 13 14 15 16

11-Sep-18 - 3:56:44.000 PM

KW, KVAR, KVA

200
190
180
170
160
150
140
130
120
110
100
90.0
80.0
70.0
60.0
50.0

400 ot il : : il o il

30.0

11-Sep-18 1:41:26 (h:min:s) 11-Sep-18

3:24:57.000 PM 20 min/Div 5:06:23.000 PM




Utility Compressor:

Voltage

Voltage

L-N

L-L

470

460

450

440

430

420

410

400

390

380

370

11-Sep-18
1:13:54.000 PM

1:00:06 (h:min:s)
12 min/Div

11-Sep-18
2:14:00.000 PM

Voltage

Harmonic

Distortion

115

11.0

APFC is OFF

11-Sep-18
1:13:54.000 PM

1:00:06 (h:min:s)
12 min/Div

11-Sep-18
2:14:00.000 PM

Current

2.00

1.90

1.80

,r

11-Sep-18
1:13:54.000 PM

1:00:06 (h:min:s)
12 min/Div

11-Sep-18
2:14:00.000 PM

Current Harmonic Distortion




APFC is OFF

11-Sep-18 1:00:06 (h:min:s) 11-Sep-18
1:13:54.000 PM 12 min/Div 2:14:00.000 PM

Individual Current Harmonics

1 2 3 i 2 3 1 2 3
AhAbs1 AhAbs?2 AhAbs3
11-Sep-18 - 2:10:47.000 PM

1 2 3 1 2 3
AhAbs7 AhAbs8
11-Sep-18 - 2:10:47.000 PM

1 2 3 1 2 3 1 2 3
AhAbs12 AhAbs13 AhAbs 14
11-Sep-18 - 2:10:47.000 PM

KW, KVAR, KVA

1.4M

1.3M

1.2M

1.1M

1000k

900k

800k

700k

600k

500k

400k

300k

T ey M (e N M s

11-Sep-18 1:00:06 (h:min:s) 11-Sep-18
1:13:54.000 PM 12 min/Div 2:14:00.000 PM

200k




Weaving 1:
Voltage L- L

470

460

450

440

430 |-

420

410

400

390

380

370

11-Sep-18 15:32:15 (h:min:s) 12-Sep-18
7:02:00.000 PM 3 h/Div 10:34:15.000 AM

Voltage Harmonic Distortion

16.0 !
155 APFC is OFF

15.0

145

14.0

13.5

13.0

125

12.0

115

11.0

10.5

11-Sep-18 15:32:15 (h:min:s) 12-Sep-18
7:02:00.000 PM 3 h/Div 10:34:15.000 AM

Current

1.50
1.40
1.30

1.20 o e . i = M” i
" [, Lt
1.10
Vil
1.00 w"‘l.'
0.90

0.80

0.70

0.60

0.50

0.40
0.30
0.20

0.10

11-Sep-18 15:32:15 (h:min:s) 12-Sep-18
7:02:00.000 PM 3 h/Div 10:34:15.000 AM




Current Harmonic Distortion

APFCis OFF

11-Sep-18 15:32:15 (h:min:s) 12-Sep-18
7:02:00.000 PM 3 h/Div 10:34:15.000 AM

Individual Current Harmonics

—
1 2 3 1 2 3 1 2 3
AhAbs1 AhAbs?2 AhAbs3
12-Sep-18 - 10:00:45.000 AM

1 2 3 1 2 3
AhAbs7 AhAbs8
12-Sep-18 - 10:00:45.000 AM

1 2 3 1 2 3 1 2 3
AhAbs11 AhAbs13 AhAbs14
12-Sep-18 - 10:00:45.000 AM

KW, KVAR, KVA
1000
950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200

11-Sep-18 15:32:15 (h:min:s) 12-Sep-18
7:02:00.000 PM 3 h/Div 10:34:15.000 AM




Weaving 3:
Voltage L- L

470
465

460

455

450

445
440

435
430

425
420

415
410

405
400

395
390

385
380

11-Sep-18
3:02:51.000 PM

59:09.000 (min:s)
11 min/Div

11-Sep-18
4:02:00.000 PM

Voltage Harmonic Distortion

Capacitors are OFF

11-Sep-18
3:02:51.000 PM

59:09.000 (min:s)
11 min/Div

11-Sep-18
4:02:00.000 PM

Current

W

A o

ety

s g

A ———— it

| b Y N B i A St fam rnod
N VA PF A VS NN ' U o (T P o Tl WL

P T ———— b

11-Sep-18
3:02:51.000 PM

59:09.000 (min:s)
11 min/Div

11-Sep-18
4:02:00.000 PM

Current Harmonic Distortion




Capacitors are OFF

11-Sep-18
3:02:51.000 PM

59:09.000 (min:s)
11 min/Div

11-Sep-18
4:02:00.000 PM

Individual Current Harmonics

2

1

AhAbs1

2

3 1 2 3 1 2 3
AhAbs?2 AhAbs3
11-Sep-18 - 3:28:40.000 PM

1 2 3 1 2 3 1 2 3
AhAbs7 AhAbs8 AhAbs9
11-Sep-18 - 3:28:40.000 PM

1 2 3 1 2 3
AhAbs13 AhAbs14
11-Sep-18 - 3:28:40.000 PM

KW, KVAR, KVA

1.4M

1.3M

1.2M

1.1M

1000k

var 900k
VA

800k

700k

600k

500k

400k

Ay s a4

11-Sep-18
3:02:51.000 PM

59:09.000 (min:s)
11 min/Div

11-Sep-18
4:02:00.000 PM




Coal Fire Boiler:
Voltage L- L

475
470
465
460
455
450
445
440
435
430
425
420
415
410
405
400
395
390
385
380

11-Sep-18 28:44.000 (min:s) 11-Sep-18
5:31:58.000 PM 5 min/Div 6:00:42.000 PM

Voltage Harmonic Distortion

6.1
6.0
59
5.8
5.7
5.6
55
54
53
52
51
5.0
4.9
4.8
4.7
4.6
4.5

11-Sep-18 28:44.000 (min:s) 11-Sep-18
5:31:58.000 PM 5 min/Div 6:00:42.000 PM

Current
950
900
850
800
750
700
650
600
550
500
400 -

350 w'ﬁ‘?;l \I—
300
250
200
150
100
50.0

11-Sep-18 28:44.000 (min:s) 11-Sep-18
5:31:58.000 PM 5 min/Div 6:00:42.000 PM




Current Harmonic Distortion

21
20

19
18

17

16

15
14

13
12

11

11-Sep-18
5:31:58.000 PM

28:44.000 (min:s)
5 min/Div

11-Sep-18
6:00:42.000 PM

Individual Current Harmonics

800
600
400
200

(0]

3 4 1
1

2 3 4 1 2 3 4
2 3
11-Sep-18 - 5:57:56.000 PM

I
1
I

2

1

il

123 4 1234
5 6

1234 1234
7 8
11-Sep-18 - 5:57:56.000 PM

1234

9

30
20
10

(0]

B

1234
11

1234
12

1234 1234
13 14
11-Sep-18 - 5:57:56.000 PM

KW, KVAR, KVA

650

600

550

500

450

400

350

300

250

200

RV W L mnwl‘

150

11-Sep-18
5:31:58.000 PM

28:44.000 (min:s)
5 min/Div

11-Sep-18
6:00:42.000 PM




Poly TR:
Voltage L-L

475
470
465
460
455
450
445
440
435
430
425
420
415
410
405
400
395
390
385
380

11-Sep-18 1:04:46 (h:min:s) 11-Sep-18
11:40:49.000 AM 12 min/Div 12:45:35.000 PM

Voltage Harmonic Distortion

11-Sep-18 1:04:46 (h:min:s) 11-Sep-18
11:40:49.000 AM 12 min/Div 12:45:35.000 PM

Current

1000
950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100

I— et b Aty e B R BB sy,

11-Sep-18 1:04:46 (h:min:s) 11-Sep-18
11:40:49.000 AM 12 min/Div 12:45:35.000 PM

Current Harmonic Distortion




Capacitors are OFF

M ww"
WMM L N" e Hﬁ

U

11-Sep-18 1:04:46 (h:min:s) 11-Sep-18
11:40:49.000 AM 12 min/Div 12:45:35.000 PM

Individual Current Harmonics

800
600 |-
400 |-
200

0

1 2 3 1 2 3 i1 2 3
AhAbs1 AhAbs?2 AhAbs3
11-Sep-18 - 12:12:02.000 PM

1 2 3 1 2 3
AhAbs7 AhAbs8 AhAbs9
11-Sep-18 -12:12:02.000 PM

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
AhAbs11 AhAbs12 AhAbs13 AhAbs14 AhAbs15
11-Sep-18 -12:12:02.000 PM

KW, KVAR, KVA

650

600

550

500

450

400

350

300

250

200 A ..,.-wl“ .....‘.A..Mm!l‘*

1:04:46 (h:min:s) 11-Sep-18
11:40:49.000 AM 12 min/Div 12:45:35.000 PM




Utility Chiller:
Voltage L- L

490

480

470

460

450

440

430

420

410

400

11-Sep-18 1:00:20 (h:min:s) 11-Sep-18
1:06:40.000 PM 12 min/Div 2:07:00.000 PM

Voltage Harmonic Distortion

13.0

125

12.0

115

11.0 HTHA- - It e

e Hiﬂ

Y Vi
105 N H ijwl,,ll\}wﬁ l’,w,-L “J“H LRV &

10.0

9.5

Capacitors are OFF

9.0

8.5

8.0

11-Sep-18 1:00:20 (h:min:s) 11-Sep-18
1:06:40.000 PM 12 min/Div 2:07:00.000 PM

Current

1.70
1.60
1.50
1.40
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

K el
s eI

11-Sep-18 1:00:20 (h:min:s) 11-Sep-18
1:06:40.000 PM 12 min/Div 2:07:00.000 PM




Current Harmonic Distortion

32

30 |

28

26

24

22

20

18

16

s Capacitors are OFF

12

11-Sep-18 1:00:20 (h:min:s) 11-Sep-18
1:06:40.000 PM 12 min/Div 2:07:00.000 PM

Individual Current Harmonics

2

i1 2 3 1 2 3 1 2 3
AhAbs1 AhAbs?2 AhAbs3
11-Sep-18 - 1:38:21.000 PM

1 2 3 1 2 3 1 2 3
AhAbs7 AhAbs8 AhAbs9
11-Sep-18 - 1:38:21.000 PM

1 2 3 1 2 3 1 2 3
AhAbs13 AhAbs14 AhAbs15
11-Sep-18 - 1:38:21.000 PM

KW, KVAR, KVA

1.2M

1.1M

PPEREEEE E
1000k ‘ R L

| aE.
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300k"ﬂ-ﬁﬂﬂh-ﬂﬁﬂﬂrdnnnnﬂnnnrﬂnvﬂnﬂnﬁ.nl‘ll'l.nﬂ-. o I W | - 4 l
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11-Sep-18 1:00:20 (h:min:s) 11-Sep-18
1:06:40.000 PM 12 min/Div 2:07:00.000 PM




Capacitor OFF
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Weaving 2:
Voltage L- L

480

470

460

450

440

430 WM

420

410

400

390

380

370

11-Sep-18
6:15:00.000 PM

16:29:35 (h:min:s)
3 h/Div

12-Sep-18
10:44:35.000 AM

Voltage Harmonic Distortion

155

15.0

14.5

14.0

13.5

13.0

125

12.0

115

11.0

10.5

10.0

9.5

11-Sep-18
6:15:00.000 PM

16:29:35 (h:min:s)
3 h/Div

12-Sep-18
10:44:35.000 AM

Current

2.40

2.20

2.00

1.80

1.60

1.40

1.20

1.00

0.80

0.60

0.40

0.20

T

0.00
11-Sep-18
6:15:00.000 PM

16:29:35 (h:min:s)
3 h/Div

12-Sep-18
10:44:35.000 AM




Current Harmonic Distortion
40
39
38
37
36
35
34
33
32

. i, | M

29
28 [
27 8
26
25
24

I ‘r"‘-""-ﬂ"l L

11-Sep-18 16:29:35 (h:min:s) 12-Sep-18
6:15:00.000 PM 3 h/Div 10:44:35.000 AM

Individual Current Harmonics

1 2 3 1 2 3 1 2 3
AhAbs1 AhAbs?2 AhAbs3
11-Sep-18 - 6:48:15.000 PM

1 2 3 1 2 3
AhAbs7 AhAbs8
11-Sep-18 - 6:48:15.000 PM

i1 2 3 i1 2 3 i1 2 3
AhAbs12 AhAbs13 AhAbs14
11-Sep-18 - 6:48:15.000 PM

KW, KVAR,




1.7M

1.6M

1.5M

1.4M

1.3M

1.2M
w
var
VA 1000k

900k

1.1M

800k

700k

600k

500k S M —

400k

11-Sep-18 16:29:35 (h:min:s) 12-Sep-18
6:15:00.000 PM 3 h/Div 10:44:35.000 AM

PF
Spinning 1:
Voltage L- L

470
465
460
455
450
445
440
435
430
425
420
415
410
405
400
395
390
385
380
375

11-Sep-18 1:00:23 (h:min:s) 11-Sep-18
11:42:39.000 AM 12 min/Div 12:43:02.000 PM

Voltage Harmonic Distortion

12.0

115

11.0

10.5 lll“lullm‘lx l{l | 1 I|
1} L I i

10.0

9.5

9.0

8.5

8.0
11-Sep-18 1:00:23 (h:min:s) 11-Sep-18
11:42:39.000 AM 12 min/Div 12:43:02.000 PM

Current




1 Sk, TR R TR Y LAY RO

11-Sep-18 1:00:23 (h:min:s)
11:42:39.000 AM 12 min/Div

11-Sep-18
12:43:02.000 PM

Current Harmonic Distortion

32

31

30

29

28

27

26

25

24 |-

23

22

21

11-Sep-18 1:00:23 (h:min:s)
11:42:39.000 AM 12 min/Div

11-Sep-18
12:43:02.000 PM

Individual Current Harmonics

2

1 2 3 1 2 3 1 2 3
AhAbs1 AhAbs?2 AhAbs3
11-Sep-18 - 12:34:38.000 PM

1 2 3 1 2 3
AhAbs7 AhAbs8
11-Sep-18 - 12:34:38.000 PM




1 2 3
AhAbs11

1 2 3
AhAbs12

i1 2 3 i1 2 3
AhAbs13 AhAbs14
11-Sep-18 - 12:34:38.000 PM

KW, KVAR, KVA

var
VA

1.3M

1.2M

1.1M

1000k

900k

800k

700k

600k

500k

400k

300k

_—

. ; Mt

L TN ) S

11-Sep-18
11:42:39.000 AM

1:00:23 (h:min:s)
12 min/Div

11-Sep-18
12:43:02.000 PM




