


Solutions to Problems in Chapter 7


P7.1	Basic square-wave mode:	Vo,1 = 0.9  310 = 279 V

		Optimal square-wave mode:	Vo,1 = 0.828  310 = 257 V (8% reduction). 

		
P7.2	In both modes of the inverter, the output voltage waveform has both the odd and half-wave symmetries. Therefore, Eq. (B.23) can be used, which, in the angle-domain version yields



for k = 1, 3, 5, .... In the basic square-wave mode, αd = 0, and in the optimal square-wave mode, αd = 0.405 rad = 23.3o. The first through seventh harmonics are: 

	Mode:
	Basic square-wave
	Optimal square-wave

	k
	ck
	ck

	1
	1.273
	1.170

	3
	0.424
	0.148

	5
	0.255
	0.112

	7
	0.182
	0.173


		

Note how significantly the third and fifth voltage harmonics in the optimal square-wave mode are reduced in comparison with those in the basic square-wave mode. 


P7.3	VLL,1,p = 2/  620 = 716 V	(peak line-to-line)

		VLL,1 = 716/ = 506 V		(rms line-to-line)

		VLN,1 = 506/ = 292 V		(rms line-to-neutral)


P7.4	5 - 1 - 3 - 2 - 6 - 4 - ...

P7.5	The switching period is



and the modulation index, m, is



as the maximum available peak line-to-line voltage equals the dc supply voltage of the inverter. The reference voltage vector is in sector IV, which extends from 180o to 240o and is framed by stationary vectors  and  (see Figure 7.23). Thus, the in-sector angle, α, of the vector is 240o - 200o = 40o, and the durations of the involved inverter states 3, 1, and Z (0 or 7) are:







Consequently, the required sequence of states is: state 3 for 39 µs, state 1 for 73 µs, state 0 for 13 µs, state 1 for 73 µs, state 3 for 39 µs, and state 7 for 13 µs. The resultant switching pattern is shown below.

[image: ]
The output current in a given phase of an inverter is affected by switchings in all phases. Therefore, the six switchings per cycle resulting from the state sequence employed yield low-ripple output currents, justifying the “high-quality” adjective in the name of the sequence.


P7.6	The states of the inverter and their durations are the same as in Problem 7.6, that is, TX = T3 = 78 µs, TY = T1 = 146 µs, and TZ = 26 µs. However, the state sequence is different. Specifically it is: state 3 for 39 µs, state 1 for 73 µs, state 0 for 26 µs, state 1 for 73 µs, and state 3 for 39 µs. The resultant switching pattern is shown below.

[image: ]
In this case, no switching takes place in phase A, and only four switching per cycle occur in the inverter. Thus, the switching losses are reduced by one-third in comparison with those with in the previous problem. 


P7.7	Switches in phase A of the inverter are not switched. Switch SA is off and switch SA’ is on, making a = 0.


P7.8	Switching variable a changes from 0 to 1 at 0o, 14.80o, 89.07o, 92.07o, 170.52o, 189.48o, 267.93o, 270.93o, and 345.2o. It changes from 1 to 0 at 9.48o, 87.93o, 90.93o, 165.2o, 180o, 194.8o, 269.07o, 272.07o, and 350.52o. The switching pattern is shown below.



P7.9	IL,1,p = (2/π)  200 = 220.5 A

		IL,1 = 220.5/ = 155.9 A

		VLN,1 = 2  155.9 = 311.8 V 	
		
		VLL,1 = 311.8   = 540.1 V.

The load inductance produces voltage spikes only when switches turn on or off, and its contribution to the magnitude of output voltage is negligible.


P7.10	Switching pattern for switch SA is: 2.24o (ON), 5.6o (OFF), 21.26o, 30o, 38.74o, 54.4o, 57.76o, 122.24o, 125.6o, 141.26o, 150o, 158.74o, 174.4o (ON), and 177.76o (OFF). Switching pattern for switch SA' is shifted by 180o, that is, 182.24o (ON), 185.6o (OFF), ..., 357.76o (OFF).

P7.11	Vi = (3/π)    1.2 = 1.62 kV

		VLL,p = 1.065  1.62 = 1.73 kV

		VLL = 1.73/ = 1.22 kV

		VLN = 1.22/ = 0.7 kV.


P7.12	2010 = 2023    a = 2, b = 0, c = 2






P7.13	As seen in Figure 7.55, the reference voltage vector, , lies between the high-voltage vectors  and  In state 24, abc = 220 and in state 6, abc = 020. Thus, the zero state resulting in the minimum number of switchings is state 26 (abc = 222). 

As




and



then






Solving the equations above yields d24 = 0.139, d6 = 0.613, and d26 = 0.248.


P7.14	See Figure 7.56. Shifting the vAB waveform rightwards by 15o results in the even and half-wave symmetries. Assuming Vi = 1 per unit (pu), 



and the rms value of the line-to-line voltage can be calculated as




The peak value of the fundamental of this voltage is



and the rms value,  Hence, the harmonic content is



and the total harmonic distortion of the line-to-line voltage is 




Similarly, to acquire the even and half-wave symmetries, the waveform of vAN should be shifted leftwards by 15o. Then



and, using the same approach as before, the rms value, VLN, of the line-to-neutral voltage is found to be 0.441 pu (that is, equal  ). The rms value, VLN,1, of the fundamental line-to-neutral voltage is 0.435 pu. Thus,



and the total harmonic distortion of the line-to-neutral voltage is



that is, the same as that of the line-to-line voltage.


P7.15	Since, as shown in Example 7.4, the dc link voltage is given by



then the peak value of this voltage is 200 + 243.8 = 443.8 V, and the inverter switches must be able to withstand at least this voltage (in contrast, if a regular inverter supplied from the same dc voltage of 200 V was considered, the switches would have to withstand only the 200 V).

As a result of the clamping, the voltage gain of the inverter is reduced by 24% (see the conclusion of Example 7.4). To compensate for this drop, the dc input voltage must be inreased by the same 24%, to 248 V. Since voltage pulses are clipped to 1.3 of that voltage, their amplitude is 1.3  248 = 322.4 V. Thus, in comparison with the unclamped dc link, the required voltage rating of the inverter switches can be reduced by 27%.    


P7.16	The peak value of the voltage supplying the diode rectifier constitutes the highest voltage in the system. Thus,

Vrat  1.4   460 = 911 V

The average output voltage of the rectifier is (3/π)   460 = 621 V, and it equals the maximum available value of the peak fundamental line-to-line voltage of the inverter. Therefore, the rms value of this voltage is 621/= 439 V, and this is the rated voltage of the inverter. The rated current of the inverter is 60000/( 439) = 78.9 A. Consequently, the rated current, IS(rat), of the inverter switches must satisfy the condition



while the rated current, ID(rat), of the inverter diodes can be a half of that value, that is, 22 A.   

P7.17	The peak value of the voltage supplying the diode rectifier constitutes the highest voltage appearing in the system. Thus, disregarding the possibility of faulty operation of the inverter,

Vrat 1.4   2400/2 = 2376 V

The average output voltage of the rectifier is (3/π)    2400 = 3241 V and, assuming the square-wave operation, the voltage gain of the inverter is 1.065. Hence, the maximum available value of the peak fundamental line-to-line voltage of the inverter is 1.065  3241 = 3452 V, the rms value of this voltage is 3452/ = 2441 V, and it is the rated voltage of the inverter. The rated current of the inverter is 200000/(  2441) = 47.3 A. Consequently, the rated current, IS(rat), of the inverter switches must satisfy the condition

IS(rat)  (/π)  1.25  47.3 = 27 A

while the rated current, ID(rat), of the inverter diodes can equal a quarter of that value, that is,    
ID(rat)  27/4 = 7 A.
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