Lab 8 Total Harmonic Distortion Measurement
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Fourier analysis

111l 2365 $osniiiluwda J.B.J Fourier lairueismaiesoudilamndiamans lnserdonisuias
o d . . 3 = . 4 o
HasgunnTamunar (Time Domain) suiluTamuanud (Frequency Domain) iifenifiaeulu
Ay v o I
Tawuanud lanaunsoulasiouuduTamuna1d
. v ' ) A g ' £ = v A ¢
Fourier 1dianonilsndulaniiilusiennlugrsamisainsadioummudionasmvesnauglao
o & Sl 4 & aa S o P A o < o
anudyaguuazaauglneintinnudgainlasiisnnudiduswoumndueyioumduvennud
A s = d? dy = 3 ' J a . o 1 = '
yagu aaugleainiaudgeiuiiisisendun 1 ersueiing (Harmonic) msuilasdsanioni
Fourier Transform

Discrete Fourier Transform
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Spectrum Plot
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DFT in progress, please wait...

Frequency

0.000000000
50.00000000
100.0000000
150.0000000
200.0000000
250.0000000
300.0000000
350.0000000
400.0000000
450.0000000
500.0000000
550.0000000
600.0000000
650.0000000
700.0000000
750.0000000
800.0000000
850.0000000
900.0000000
950.0000000
1000.000000
1050.000000
1100.000000
1150.000000
1200.000000
1250.000000
1300.000000
1350.000000
1400.000000
1450.000000
1500.000000
1550.000000
1600.000000
1650.000000
1700.000000
1750.000000
1800.000000
1850.000000
1900.000000
1950.000000
2000.000000

Amplitude
0.7586077835
8.632140618
0.0380132679
0.0919255457
0.0160103954
0.0793711546
0.0146480310
0.0931878932
0.0134319412
0.0929860549
0.0069165682
0.1054964801
0.0051842853
0.0245343778
0.0131038091
0.0010611972
0.0050458750
0.0129662391
0.0086086091
0.0014097140
0.0036837376
0.0097976019
0.0145007886
0.0090619252
0.0053845250
0.0175768774
0.0089334314
0.0092237010
0.0067927804
0.0079944149
0.0097615178
0.0088722287
0.0036122786
0.0033403945
0.0140652008
0.0103323300
0.0073783334
0.0029082180
0.0024216615
0.0049072983
0.0100676607



2050.000000
2100.000000
2150.000000
2200.000000
2250.000000
2300.000000
2350.000000
2400.000000
2450.000000
2500.000000
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0.0047438817
0.0095029917
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0.0136098118
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DFT in progress, please wait...

Frequency

0.000000000
50.00000000
100.0000000
150.0000000
200.0000000
250.0000000
300.0000000
350.0000000
400.0000000
450.0000000
500.0000000
550.0000000
600.0000000
650.0000000
700.0000000
750.0000000

Amplitude
0.0000004913
9.000002168
0.0000009627
0.0000007425
0.0000002437
0.0000000519
0.0000001841
0.0000001046
0.0000003243
0.0000002267
0.0000001609
0.0000002139
0.0000005773
0.0000003221
0.0000001989
0.0000002101



800.0000000
850.0000000
900.0000000
950.0000000
1000.000000
1050.000000
1100.000000
1150.000000
1200.000000
1250.000000
1300.000000
1350.000000
1400.000000
1450.000000
1500.000000
1550.000000
1600.000000
1650.000000

0.0000005874
0.0000003930
0.0000007799
0.0000004356
0.0000002035
0.0000002195
0.0000002450
0.0000006692
0.0000001705
0.0000002694
0.0000007085
0.0000011868
0.0000018819
0.0000005629
0.0000010234
0.0000011945
0.0000003415
0.0000003281

1700.000000
1750.000000
1800.000000
1850.000000
1900.000000
1950.000000
2000.000000
2050.000000
2100.000000
2150.000000
2200.000000
2250.000000
2300.000000
2350.000000
2400.000000
2450.000000
2500.000000

0.0000004248
0.0000007336
0.0000004470
0.0000000292
0.0000019600
0.0000004581
0.0000002765
0.0000005360
0.0000016986
0.0000005452
0.0000007959
0.0000008545
0.0000007371
0.0000098923
0.0000052906
0.0000024328
0.0000011133
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Voltage Distortion Limits

Individual Voltage Total Voltage
Bus Voltage at PCC Distortion (%) Distortion THD (%)
69kV and below 3.0 50
69.001kV through
161KV 1.5 2.5
161.001kV and above 1.0 1.5
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Lab 8 Total Harmonic Distortion Measurement

Equipment
1. Digital Storage Oscilloscope
2. Floppy Disk
3. AC Transformer
4. Microcomputer PC
5. DFT Spectrum Analysis Version 1.0, free software by Paul Noyce, URL:

6.

http://www.time4god.com

o About... HEE
DFT Spectrum Analysis

Version 1.0 RApril 2003

H Freeware Version

DFT Software (e) Copyright Paul Hoyce 2003
Emall: paniswark@hotmail.com

ar
Data Analysis

Issued as Freeware. This program must not be sold, modified or rented in part or whole
unless by express permission by Baul Noyce

Microsoft Excel 2002

Lab 8-1 Compute THD of square wave signal

Generate square wave data with amplitude +/-1V. The number of data for one
period is 128 points. The method is done by entering value +1 from cell 0 to
63 and value -1 from cell 64 to 127.

Copy the 128 points data and paste to new file in Notepad, save it to new file
name as square.txt.

Open DFT program, load the file, squear.txt as the input file.
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4. Our waveform data has 128 points. We will let period of this waveform to be

SN

10.

11.

20ms or frequency of 50Hz. This makes us to enter the correct sampling
frequency. The sampling frequency can be computed by

Sampling Frequency (Hz) = %

Where N is number of sample, T is period.

Click Analyze Button, the DFT output will show in right window.

Click Select and Copy All, it will copy the output to clipboard.

Paste it to a given cell in Excel. Sample below shows column A for Frequency
and column B for Amplitude.

Plot the spectrum for 20 harmonics from fundamental frequency 50Hz to
1000Hz.

To compute THD, we will need to provide power of two of the amplitude for
each frequency. This is done by entering formula, e.g. cell $C1099 will be
=$B1099"2. We can copy the cell having such formula to below cells, thus
producing power of two for each frequency easily.

Then provide sum of 2" harmonic to 50™ harmonic in cell $D1100, as
=SUM($C1100:$C1148).

Now we can compute THD in cell $E1099 by equation
=SQRT($D1100/$C1099)*100.
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1096

1097 | Frequency Amplitude

1093 a 4.91E-07

1099 A0 B.IIIEIEIEIEIEI B1.EIEIEIEI!1_| 0.0001 39

1100 1000 8.63E-07 9.27E-13] 1.56E-10

1101 1500 7. 43E-07 ) 5.51E-13

1102 2000 2 44E-07 594E-14

1103 250 5.19E-08 2.EB9E-15

1104 300 1.84E-07 3.39E-14

1105 350 1.05E-07 1.09E-14

1106 4000 3.24E-07 1.05E-13

1107 450 2 27E-07 514E-14

1103 00 1.B1E-07 259E-14 L
1109 550 214E-07 4.58E-14

1110 BOO| 577E-07 3.33E-13

1111 B0 3.22E-07 1.04E-13

1112 7000 1.99E-07 3.96E-14

1113 7o00 21E-07 4 41E-14

1114 800 587E-07 3.45E-13

1115 800 F93E-07 1.54E-13

1116 8000 Y.8E-07 B.O3E-13 -
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8-2 Compute THD of sine wave signal

Generate sine wave data with peak amplitude +/-310V. The number of data for
one period is 256 points.

Excel has function sin(number) with number shown in Radian Unit.

Generate 256 numbers from 0 to 2I1 with step value equal to 2I1/256. The
example below uses cell $A1 to $A256. Step value is 0.024543692.

Provide column B for computing sin(number) with formula =310*SIN($A1)
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5. Plot graph sine wave using data from column B.

6. Copy the sine wave data from column to clipboard and paste it in new text file,
sinewave.txt.

7. Plot spectrum from fundamental frequency to 25™ harmonic.

8. Compute THD, the method is the same as Lab 8-1 from step 3 to 11.

Lab 8-3 Compute THD of AC voltage

—_—

Insert floppy disk to the digital storage oscilloscope.

Connect probe of channel 1 to the secondary turn of the step down transformer.

Capture the AC voltage to channel 1. You can press AUTOSET, the signal

will be triggered correctly.

4. Select format CSV for data saving. Save file to floppy disk. Transfer floppy
disk to PC.

5. Load such data file to Excel and plot graph using line mode.

bl
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6. Select range of data waveform for one period. Copy the data for one period
and paste it to new text file. We will get text file for DFT program.
7. Compute THD, the method is the same as Lab 8-1 from step 3 to 11.

Report

1. Summary: the method of measuring THD.
2. Six graphs; two for each Lab, time domain and spectrum plot.
3. DFT output and THD for each waveform.

Further Reading:

1. Jos Arrillaga and Neville R. Watson, Power System Harmonic, nd Edition,
John Wiley & Sons, 2003.

2. E Oran Brigham, The Fast Fourier Transform and Its Applications,
Prentice Hall 1988.



