Solutions to Problems in Chapter 5


P5.1	See Figure 5.2 for an example. 


P5.2


Values of the magnitude control ratio, M, for individual firing angles, αf, can now be estimated from Figure 5.3 as approximately equidistant from the characteristics for the purely resistive and purely inductive loads.
 
	 αf
	M
	Vo

	30o
	1.0
	120 V

	90o
	0.8
	96 V

	150o
	0.2
	24 V




P5.3	From Figure 5.3, for  = 0 and M = 0.75, αf = 85o. 	


P5.4	The output voltage is the line-to-neutral voltage, hence Vo = M  460/ V. The magnitude control ratio can be found from Figure 5.12.
	
	 αf
	M
	Vo

	20o
	0.98
	260 V

	90o
	0.55
	146 V

	130o
	0.12
	32 V




P5.5	Vo =   115 = 93 V.


P5.6	tON +  tOFF = 1/(60  20) = 8.33  10-4 s = 833 μs

		tON = 0.7  833 = 583 μs
		
		tOFF = 833 - 583 = 250 μs.
P5.7	Similarly to the input voltage, the output voltage, vo, is the line-to-line voltage.

		Vo =    230 = 145 V

		Vo,1 = 0.4  230 = 92 V.


P5.8	From Eq. (5.38),



		Thus, 



P5.9	Any combination of letters A, B, and C represents a valid state. The simplest way to orderly cover all such combinations is to replace A with 0, B with 1, and C with 2, and build a sequence of trinary numbers starting at 0. Then, 0, 1 and 2, can be replaced back with A, B, and C, respectively. Specifically,

0    000   AAA
1    001   AAB
2    002   AAC
3    010   ABA
4    011   ABB
5    012   ABC
6    020   ACA
7    021   ACB
8    022   ACC
				               9    100   BAA
                                                          10    101   BAB
11   102   BAB
                                               .………………….
				  24    220   CCA
                                                          25    221   CCA
                                                          26    222   CCA


P5.10		The input voltages to the converter must be referenced to the ground, whose location is not specified. Assuming that it is the neutral point of the supply source that is grounded, the peak value of vA equals Thus, 







From Eq. (5.39),



and, from Eq. (5.40),



Hence, 






and






With the 10-Ω/ph load resistance, the output currents are:






and, from Eq. (5.42),



Note that in contrast to the other voltages, va, vb, and vc do not add up to zero.

5.11	As in Example 5.4, mrec is assumed to be 1. In the same Example, minv  equaled 0.577, but here, m is 0.35 instead of 0.5. Therefore minv = 0.35  0.577/0.5 = 0.404. The phase angles of the reference vectors indicate that the current vector is in sector V and the voltage vector in sector I. Thus, XI = N0P, YI = 0NP, XV = PNN, and YV = PPN. The local angles,  and , are 57o and 12o, respectively. Consequently,




and





The switching pattern (see Tables 5.1 and 5.2) can now be specified as follows:

	Switching Subcycle
	Rectifier State
	Inverter State
	


	1
	N0P
	PNN
	0.008

	2
	N0P
	PPN
	0.001

	3
	0NP
	PPN
	0.035

	4
	0NP
	PNN
	0.126

	5
	0Z0 or 00Z
	NNN
	 0.658

	6
	0NP
	PNN
	0.126

	7
	0NP
	PPN
	0.035

	8
	N0P
	PPN
	0.001

	9
	N0P
	PNN
	0.008




The rectifier state in the first switching subcycle is N0P, meaning that line A is connected to line N, line B is unconnected, and line C is connected to line P (see Figure 5.28). Thus, N is associated with A (strictly speaking, N and A have the same potential) and P with C. As a result, the inverter state PNN implies state CAA of the whole matrix converter. This state is produced when line C is connected to line a and line A to both line b and line c, that is, when switches SCa, SAb, and SAc are closed. As Tsw = 1/4000 = 250 µs, then the state in question should last 0.008  250 = 2 µs. Extending this line of reasoning on the remaining eight subcycles, the following results are obtained:



	Switching Subcycle
	State of Matrix Converter
	Activated Switches
	Duration (µs)


	1
	CAA
	SCa, SAb, SAc
	2.00

	2
	CCA
	SCa, SCb, SAc
	0.25

	3
	CCB
	SCa, SCb, SBc
	8.75

	4
	CBB
	SCa, SBb, SBc
	31.50

	5
	BBB
	SBa, SBb, SBc
	164.50

	6
	CBB
	SCa, SBb, SBc
	31.50

	7
	CCB
	SCa, SCb, SBc
	8.75

	8
	CCA
	SCa, SCb, SAc
	0.25

	9
	CAA
	SCa, SAb, SAc
	2.0




State BBB was selected as the zero state in the 5th subcycle, as it requires only one commutation (SBa vs. SCa) with respect to the neighboring subcycles. In practice, states with very short durations, such as CCA, can be skipped, and their duration added to that of the next state. In such a case, state CAA in subcycle 1 would be followed by state CCB lasting 0.25 + 8.75 = 9 µs and state CCB in subcycle 7 by state CAA lasting 2.25 µs. The time diagram of switching signals is left to the Reader (see Figure 5.34 for Example 5.4).

The modulation index of 0.35 indicates that the output line-to-line voltage equals 0.35  230 = 80.5 V. Thus, the output line-to-neutral voltage is 


P5.12 	Vrat  (1 + 0.4)  460 = 911 V

		Io(rat) = 10000/(  460) = 12.6 A 

		Irat /π  (1 + 0.2)  12.6 = 6.8 A.

Note that Io(rat) denotes an rms value of the load current, while Irat is a rated current of the switches, which is an average value. 
	

P5.13	The condition for voltage rating is the same as in P5.12, but that for the current rating is less stringent: Irat  6.8/ = 3.9 A.


P5.14	Identical necessary conditions are assumed for both the main and freewheeling switches:

		Vrat  (1 + 0.4)  120 = 238 V
	
		Io(rat) = 5000/120 = 41.7 A
		Irat /π  (1 + 0.2)  41.7 = 22.5 A 

		tON(min) = 2π/(30  377)  0.04 = 2.22  10-5 s = 22.2 μs

		tOFF(min) = 2π/(30  377)  (1 - 0.96) = 2.22  10-5 s = 22.2 μs.	
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