Solutions to Problems in Chapter 4


P4.1





P4.2	The output voltage of the rectifier varies between VLN,p and VLN,p/2 (see Figure 4.3), that is, between 187.8 V and 93.9 V. With E = 180 V, the conduction is discontinuous.


P4.3	The output voltage of the rectifier varies between VLL,p and VLL,p/2, that is, between 650.5 V and 563.4 V. Therefore, with E = 480 V, the conduction is continuous.


P4.4	ε = 480/(460) = 0.74

          	φ = tan-1(377  0.05/2.1) = 83.6o.

For these values, the diagram in Figure 4.10 indicates continuous conduction. Thus,

	Vo = (3/π)  460 = 621 V

           Io = (621 – 480)/2.1 = 67 A.


P4.5	ε = 600/(460) = 0.922

		αc = sin-1(0.922) - π/3 = 7.2o

		αe = 60o - 7.2o = 52.8o

		β = 52.8o - 7.2o = 45.6o.


P4.8	As seen from the diagram in Figure 4.21, it is the firing angle of 30o that is always feasible. This is because the SCRs are fired at the instant when the corresponding line-to-line voltage is peaking.


P4.10	ε = 260/(  230) = 0.8
		φ = tan-1(377  0.0007/0.15) = 60.4o	

According to Figure 4.21 the firing angle of 25o is feasible, and according to Figure 4.22 conduction is continuous with this angle. Thus,

		Vo = (3/π)    230  cos(25o) = 281.5 V

and

		Io = (281.5 - 260)/0.15 = 143.4 A.


P4.11	ε = 260/(  230) = 0.8

		φ = tan-1(377  0.0007/0.15) = 60.4o	

According to Figure 4.21 the firing angle of 45o is feasible, and according to Figure 4.22 conduction is discontinuous with this angle. Thus, the extinction angle must be found from the current waveform given by Eq. (4.46). Substituting the data, yields

.

Computing the current waveform allows to pinpoint the extinction angle, αe, at which the current reaches zero. It occurs at ωt of about 82.5o, which gives the conduction angle, β, as

		β = 82.5o - 45o = 37.5o

The average voltage, Vo,dc, can now be found from Eq. (4.47) as Vo,dc = 263 V. The average current, Io,dc, is

		Io,dc = (263 - 260)/0.15 = 20 A.	


P4.12	VLL,p =   230 = 325 V

	φ = tan-1(377  0.0007/0.15) = 60.4o

Substituting  and αf in condition (4.45) gives ε < -0.52 (this value can also be read from the diagram in Figure 4.22). Consequently, E < -0.52  325 V, that is, E < -169 V.


P4.13	From Eq. (4.49), 

		PF = (3/π)  cos(60o) = 0.477.
P4.14	VLL,p =   460  = 650.5 V

With an ideal ac source, Vo = (3/π)  650.5  cos(40o) = 476 V.

With a source with inductance, Vo = 0.9  476 = 428.4 V, that is, the dc voltage is reduced by ΔVo,dc = 47.6 V.

From Eq. (4.64), XsIo,dc = (π/3)  ΔVo,dc = (π/3)  47.6 = 49.8 V. This, when substituted in Eq. (4.63), yields




P4.15	αf1 = 60o, αf2 = 120o




At ωt = 15o,		

		vo,1 = vCB = 460cos(15o + 30o) = 460 V

		vo,2 = vCA = -460 sin(15o) = -168.4 V	

		Δvo = 460 - 168.4 = 291.6 V.


P.4.16	vBC = - vAB - vCA = - vAB + vAC = -249.2 + 305.7 = 56.5 V

		vCA = - vAC = -305.7 V

		iB = - iA - iC = -144.9 + 106.1 = -38.8 A 

	                           

where, adapting Eqs. (4.74) and (4.73) to this problem,


              
and


Thus, 

                      
                   
    


P4.17		Tsw = 1/5000 = 200 µs		

For sector IV, X = 4, Y = 5, Z = 7 (see Figure 4.46), and the location of the reference current vector in the middle of the sector implies that α = 30o. Thus,







And the state sequence in the switching cycle is: 4 for 32.5 µs, 5 for 32.5 µs, 7 for 35 µs, 5 for 32.5 µs, 4 for 32.5 µs, and 7 for 35 µs. The states of the rectifiers are so defined that in state 4, b = a’ = 1, in state 5, c = a’ =1, and in state 7, a = a’ = 1. The resultant diagram of switching variables is shown below.     



P4.18	Eqs. (4.101) and (4.102) provide solution to this problem. Eq. (4.101) employs line-to-neutral voltages, not specified in P4.16, but the phasor diagram in Figure 4.7 can easily be expanded by adding phasors and . It can be seen that their sum equals 3 Thus, 


and, analogously,


 


Substituting data from P4.16 yields vAN = 185 V, vBN = -64.2 V, vCN = -120.7 V. Then,



and

.


P4.19 	VLL,pk(max) = 1200/1.4 = 857 V

		VLL(max) = 857 = 606 V

		Vo(max) = (3/π)  857 = 818 V

		Io(max) = 100/1.2 = 83 A

		Rmin = 818/83 = 9.9 Ω.


P4.20
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