Study of Harmonic’s Effects on Performance of Induction Motors 
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Abstract: - With increasing the number of harmonics generating devices in power systems, the problem of their impact on the performance of system components like induction motors needs further consideration. Approximately, 60% of loads in all over the world are motor loads. More than 90% of these loads are consumed by three phase induction motors with a big utility factor between 0/7-0.9 in a day and most of them are used in industrial factories. So, study of their conditions under heavy harmonic polluted networks would be interesting for understanding of that how we should treat with the biggest electric loads of the world. A harmonics measurement of an industrial unit is done to asset the power quality aspects in a typical factory. Then with using a steady state and thermal model we analyzed the influences of different harmonics on motor temperature rise and its derating. The simulation was done with using Visual Basic linked with Excel program. The results of this simulation were compared with experimental results. New values for voltage harmonics are suggested to be considered in manufacturing procedures or in design of filter banks for induction motors. 
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1 Introduction
The application of nonlinear loads as a result of power electronic development is growing very fast. In general view, the shape of network voltage can’t be imagined sinusoidal and motor manufacturers have to consider non-sinusoidal conditions in their designs. The harmonics of network voltage effect on operation of all electrical equipment like relays, that are the guards of power system, measurement equipment, and electric motors, that are the wheels of industries. In fact, all of these equipment have been designed to work in normal conditions, but in real networks the power is non-sinusoidal that reduces the motor efficiency and their lifetime [1]. In this work we measured the harmonic content of an industrial unit (a production unit in IRANKHODRO Co.) that had a heavy harmonic polluted network because of many robots, melting guns and a casting unit in the factory. One claim of robotic and sensitive-precise equipment supervisors was that the accuracy of these equipment has been decreased and quality of their products are very low that are a result of working in a polluted network. We analyzed influences of measured harmonics on a typical induction motor that all of its internal dimensions were known. As far as we know, the general design of induction motors are the same and most of the time the ratio between their dimensions are the same. So, we can express our conclusion as a principle in power quality. Then we compare our results with an experimental result and we noticed that there was close relation between the test and simulation.

2 harmonic content measurements
We measured the harmonic content of a feeder supplying a cooling room motors that were mostly 25 kW and 50 kW three phase induction motors with a OIN7500 data logger. "Fig. 1," shows the measurement done on this feeder
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Fig. 1. Harmonic content of the desired network

As is shown in this figure, the voltage THD (9.244%) is more than IEC519 [2] standard and the current THD is 145.7% that is over the standard value too. According to the measurements in different points (they aren’t presented here), we observed that the most important voltage harmonics are 2nd, 3rd, 5th, 7th harmonics overall. Even harmonics, not only do they cause losses [3], but also produce opposite torques in the motor and may overload motor if their amplitude is very big, but odd harmonics cause more loss and consequently cause more temperature rise in the motor and their torque is in the same direction of first harmonic torque direction [4].
3 Derating and thermal model of induction motors

For determining the effect of harmonics on derating of the motor, we used below model [5].
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Fig. 2. Harmonic model of induction motors

In this figure, r11 is a constant resistor that depicts the stray load loss of the induction motor. x2, r2 are the reactance and resistance of the rotor and for different harmonics are calculated according to curve depicted in Fig. 3,. In this figure, r2 and x2 for different harmonics are shown as per unit of first harmonic. 
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Fig. 3. Dependence of rotor resistance and reactance to the harmonic order

The nonlinearity of the figure is due to skin effect, and it raises as the frequency raises. At very high frequencies (h=13), the most current pass through the edge of the wires and increasing of the current in these area can not be occur, so the curve go to a saturation shape. 

We considered model shown in Fig. 4, for studying of the harmonic impact on the motor temperature rise .

Resistances in the figure are thermal resistances, but capacitors show the delay in temperature rise and are proportional to thermal rating of materials. DC sources are determined theoretically according to different losses produced in stator and rotor. 
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Fig. 4. Thermal model used for induction motors

By using this model and relation that were available , we calculate the temperature rise of a typical motor that all of its internal dimensions were known. These calculations were performed with using Microsoft Visual Basic linked with Excel and “IMHD” was the software we wrote for this purpose. Hot spot of a typical motor can be found by analyzing the Fig. 4, with Spice software, but iteration ability and flexibility of the model will be lost and handling of a large number of inputs and outputs would be confusing.
4 IMHD

Induction Motor Harmonic Debugger (IMHD) was jointed with Microsoft Excel to read the inputs and put the outputs from/in a database. IMHD gets the inputs like motor specifications and harmonics characteristic (like the order of the harmonics and their amplitude) from an Excel file and then it calculates the derating of the motor and its temperature rise related to each harmonic order. The output is again put in another Excel file for further calculations or reviews. In addition, the temperatures of different points will be shown on a figure similar to Fig. 4, as an output and a new output form in Visual Basic, so that anyone can see the location of hot spot and can suggest a solution for decreasing the hot spot temperature. The result of this suggestion would be revealed with a re-running of the program.   

The result of the running of the program on a typical three phase induction motor has been presented.

Motor specifications

28kW, cosФ= 0.8, Efficiency= 80%, 50Hz, 4pole

Motor derating and temperature rise  

The output of the IMHD for 1st, 3rd and 5th harmonics are presented in table I.

As is shown in the table I, 3rd, and 5th, voltage harmonics cause approximately 8% and 3% of total losses in the motor respectively.  

TABLE I

output of the IMHD for  a typical motor  and with harmonics shown in fig. 1,

	Harmonic order
	1st
	3rd
	5th

	Losses (W)
	5200
	430
	150

	Temperature 
rise (°C)
	52.4
	4.7
	1.9


5 Experimental results

Finally, we settled a test to compare our results with real conditions. We used AD590 sensors that are current sources controlled by temperature, to measure the hot spot temperature they were positioned between the stator phase windings and at the bottom of stator slot. The output of each sensor, a voltage signal, was polled out from the stator by a thin wire. The load of this motor was a DC generator connected to a rheostat. We fed the motor together with a sinusoidal source and AC-DC-AC driver that produced desired harmonic. The temperatures were read after 35 minute to account steady state condition.

Table II shows result of the test for the selected induction motor.

Table II

experimental results of the test (hot spot temprature) 

	Harmonic order
	1st 
	3rd
	5th

	Temperature 
rise (°C)
	50.6
	3.5
	1.3


There are slight differences between our results and the measurement, perhaps the hot spot occurred where we could not place a temperature sensor for measurement purpose.  
6 Conclusion

We study the effect of harmonics on deration (Sec. IV) and temperature rise (Sec. V) of induction motors with using steady state model (Fig. 3) and thermal model (Fig. 4). So, this works should be done as a part of design procedure in induction motors manufacturing factories to increase motor lifetime and its efficiency. In addition, it’s better to say that sinusoidal network power assumption is no longer true and we have a network power that its voltage harmonics are as shown in table III. 

The table III has been inferred from our measurement done in different locations of our case study and we noticed that the values we mentioned here are close enough to measured value. The 5% voltage THD for generating harmonic consumers is acceptable but for designing of electrical equipment, especially induction motors the values of table III should be considered after agreement. 

Table III

nominal harmonics that should be considered as constant harmonics of the network voltage

	Harmonic order
	magnitude as % of first harmonic magnitude

	2nd
	2% (due to voltage unbalances)

	3rd
	7%

	5th
	4%

	7th
	2%

	9th
	1%

	11th
	0.5%


Temperature rise of induction motor due to harmonics is approximately between 4-6 °C, and this impact of harmonics on induction motors must be take into account in selecting the motor insulation class and life assessments. 

Like capacitor banks used for power factor correction of induction motors, filter banks should be considered for eliminating of 2nd, 3rd, 5th, and 7th voltage harmonics unless this harmonics are considered in design procedure. 
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