Solutions to Problems in Chapter 6


P6.1	(1)	First quadrant (M > 0, see the answer to the next problem)

		(2)	Vo = 0.7  240 = 168 V

		(3)	Io = 168/10 = 16.8 A.


P6.2	No. There is no EMF in the load, which therefore cannot deliver any power.


P6.3	tON + tOFF = 1/1200 = 8.33  10-4 s = 833 μs

		(a)	tON = 0.7  833 = 583 μs

		(b)	 tOFF = 833 - 583 = 250 μs

		(c)	From Eq. (6.20),	fsw(pu) = 0.02/10  1200 = 2.4 pu

			From Eq. (6.18),	Io,ac(pu) = 0.7(1 - 0.7)/(2  2.4) = 0.025 pu

			From Eq. (6.19),	Io,ac = 240/10  0.025 = 0.6 A
	
		(d)	Io = 168/10 = 16.8 A

			RFI = 0.6/16.8 = 0.036.


P6.4	(a)	fsw(pu) = 0.02/10  1200 = 2.4 pu

		(b)	Io,ac(pu) = 0.7(1 - 0.7)/( 2 2.4) = 0.025 pu.



P6.5	(a)	Fourth quadrant (see Table 6.1 or Figure 6.21)

		(b)	Vo = -0.7  150 = -105 V

		(c)	Io = (-105 + 120)/0.5 = 30 A.



P6.6	(a)	The chopper operates in the fourth quadrant (see P6.5). Thus,
			d4 = 1 - 0.7 = 0.3

		(b)	tON + tOFF = 1/900 = 1.11  10-3 s = 1.11 ms

			tON = 0.3  1.11 = 0.33 ms
	
		(c)	tOFF = 1.11 - 0.33 = 0.78 ms

		(d)	 = 1.7  10-3/0.5 = 0.0034 s

			fsw(pu) = 0.0034  900 = 3.06 pu
	
			Io,ac(pu) = 0.7  (1 - 0.7)/( 2 3.06) = 0.0198 pu	

			Io,ac = 0.0198  150/0.5 = 5.94 A.


P6.7	(a)	First quadrant, since Vo > 0, while Vo > E implies Io > 0	

		(b)	 Io = (125 - 100)/0.5 = 50 A

		(c)	M = 125/150 = 0.833

		(d)	d1 = 0.833.


P6.8	Vo = E + RIo	

		(a)	First quadrant, since E > 0 and Io > 0

			d1 = (210 + 0.1  150)/300 = 0.75
	
		(b)	Fourth quadrant, since E < 0 and Io > 0  	

			d4 = (-210 + 0.1  150)/300 + 1 = 0.65.


P6.9	(a)	Vo = 0.5  300 = 150 V

			Io = (150 - 100)/0.1 = 500 A

		(b)	Vo = -0.6  300 = -180 V.

			Io = (-180 + 200)/0.1 = 200 A.


P6.10	From Eq. (6.18), with M = 0.5 (which results in the highest ripple),



		which is satisfied when fsw(pu) > 3.6 
	
		 = 0.0005/0.1 = 0.005 s

		 fsw > 3.6/0.005 = 720 Hz.

 	
P6.11	First quadrant:		E = 240 V	E/Vi = 240/400 = 0.6

			M = 0.6 ... 1		d1 = 0.6 ... 1

		Second quadrant:		E = 240 V	E/Vi = 0.6		

			M = 0 ... 0.6		d2 = 0.4 ... 1

		Third quadrant:		E = -240 V	E/Vi = -0.6		

			M = -1 ... -0.6		d3 = 0.6 ... 1

		Fourth quadrant:		E = -240 V	E/Vi = -0.6		

			M = -0.6 ... 0		d4 = 0.4 ... 1.


P6.12	Vo,p = 12/(1 - 0.9) = 120 V

		tON + tOFF = 1/2000 = 5  10-4 s = 500 μs

		tOFF = (1 - 0.9)  500 = 50 μs.


P6.13	Vrat > 12 V

		Irat > 150/12 = 12.5 A.


P6.14	Vrat > Vi,p =   230 = 325 V

		 Irat > Io,rat = 3000/300 = 10 A.


P6.15	Vrat > Vi,p =   460 = 651 V

		 Irat > Io,rat = 10000/600 = 17 A.


P6.16	Vrat > Vo,p = 6/(1 - 0.9) = 60 V

		 ID(rat) > Io,dc(rat) = 240/6 = 40 A 	

		 IS(rat) > 0.9  40/(1 - 0.9) = 360 A	

To determine the rated average current, Io,dc(rat), of the chopper, the average output voltage of 6 V was used.
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