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PE071 Power and Energy Track
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ABSTRACT
This paper studies the quantity of harmonics cause from the nonlinear load and its affection to the analog Kilowatt
Hour Meter. This research aims to compare the accuracy of analog Kilowatt-Hour Meter to the Fluke 345. As the
experimental results show that, the analog Kilowatt-Hour Meter measures the energy greater than Fluke 345 and the
accuracy of the measurement is depended on the percent of Total Harmonic Distortion (THD) of the voltage and
current waveform.

At present there are many electrical appliances are the nonlinear load equipped in the residential such as: Television,
Personal Computer (PC), Fluorescent lamp with ballast electronic, Microwave Oven, Amplifier, Air Conditioner,
Power charger, and so on. On another hand, the equipment used to measure electrical energy (analog kilowatt hour
meter) are used the induction motor, the true measurement amount of consumed energy will appear when the voltage
and current waveform are pure sine waveform [1], but nowadays most of all equipment in residential are nonlinear
loads that produce the voltage and current waveform include with harmonic that cause of the distort sinusoidal
waveform, high total harmonic distortion and affect to the accuracy of analog meter [2].

Therefore, this paper proposed the study of the quantities of harmonics cause from the nonlinear load, which is used
in the residential. The experimental methods are observed the accuracy of the analog Kilowatt-Hour Meter (15A
60A and 20A-80A) and Fluke 345. The circuit diagram of the measurements is shown in Figure 1.
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Figure 1. The circuit diagram of installing analog Kilowatt-Hour Meter and Fluke 345

The experiments are measured by the Kilowatt-Hour meter continuously 8 hours and there are 6 difference types of
the linear and non-linear load are observed as following: 11 Units of Incandescent bulb 1100 W, 3 units of 300 W
Electric fan, 12 unit of Fluorescent with maguetic ballast 36W, 12 unit Fluorescent with electronic ballast 36W, 1
unit of Air conditioner 1 phase (12000 BTUihour), and Combine Load: Fluorescent lamp 36W 12 unit + Air
conditioner 1 phase (12000 BTU/hour) + Refrigerator 1 unit (408 liter). The experimental results are shown in the
Table 1.
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Table I: results of %TH D and Power factor

Case
THD, THD,

PF
Power

(%) (%) (W)

I. Incandescent bul b 0.4 0.2 0.998 1100

2. Electric fan 3 uni t 1.1 1.0 0.854 3 18 - 340

3. Fluorescent with magnetic ballast 1.1 4.6 0.54 350- 4 10

4. Fluorescent with electronic ba llast 1.8 78.8 0.69 240 - 275
5. Air conditioner I phase 1.7 2 1.4 0.97 800 - 1200 0

6. Fluorescent e-ballasH Air + refrige rator 1.9 16 0.98 1300 - 1450

Table 2: res ults of kWh meter and Percent of Error

Case Consume Energy (kWh) Percent o f Error (%)

Analog I A nalog2 Digital Analog i Ana log2

I. Incand escent bulb 8.2 8.2 8.2 0 0

2. Electric ran 3 uni t 2.7 2.7 2.69 0.3 0.3
3. Fluores cent wi th magnetic ballast 2.8 2.8 2.82 0.7 0.7

4. Fluores cent with e lectronic ballast 2. 1 2. 1 2.0 5 5

5. Air conditioner I phase 5.0 4.9 4.75 5 3. 15

6. Fluorescent e-ballast+Air + refrigerator I 1.1 11.0 10.8 2.77 1.85

The results of experimental shows that analog Kilowatt-Hour Meter measured the energy greater than Fluke 345 in
case of using the non-linear load and the accuracy of measurement is depended on the percent of Total Harmonic
Distortion of the signal. In this research can conclude that Total Harmonic Distortion of current will affect to an
error of measurement, at the minimum of THDi ~ 16% could make the error to the analog Kilowatt-Hour Meter if
compare to the Fluke 345. The further study should be focused on higher power, use the constant and inconstant
loads, long time observation and also find the solutions to reduce the harmonics.

Keywords: Fluke 345 PQ clamp meter, Harmonic, Kilowatt-hour meter, Non-linear load. Total Harmonic
Distortion.
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