EES71 - Solutionto HW#19

1. 8) Useal 10 rulesto plot the root locus of GH=K/(s’(s+3)(s+8))
10 rules:1. Starts @ open loop poles @ K=0 which are s=0,0,-3,-8
2. Ends @ open loop zeroes @ K=co Which are s=c0,00,00,00
3. # of branches=nwhichis4
4. R.L. issymmetric WRT g-axisonly
5. O of asymptotes = 180°(odd #)/(n-m) which is 180°(odd #)/(4-0) = 45°,-45°,135°,-135°
6. asymptotes are centered at ¢ = (b-a)/(n-m) = (0-11)/(4-0) = -11/4 =-2.75
7.R.L. existsat apt. on g-axisbetween-3<s<-8
8. To find angle of departure from two poles at s=0: Let 8 be the angle to the point s1 (00. Since this point is on the R.L., the angle
condition must be satisfied. Thus, OGH(s1) = OK/(s(s+3)(S+8)) kst = 0° - (B+6+0°+0°) = 180° x odd number. Therefore, the angle of
departure is 6=90 and -90°.
9. Use Routh array fo find pt. where R.L. crosses je-axis Char. Eqn: 1+#GH = 0 = s*+115*+245+0s+K. Routh Array looks like:

A 1 24 K Therefore root locus crosses at K=0 and roots are s=0,0,-3,-6. So, root locus crosses at s=0 and s=0.
$ |1 0 10. Break-away and bresk-in pts. @ 9K/ds = 0 -> K=-(s*+11s*24s%). Therefore, 9K/gs = 0 =
2 |24 K 45*+335%+485=0. The possible beak-away/break-in points are s=0, -6.36, -1.88. Therefore, the two
sl | -11K/24 breakaway points are s=0 and s=-6.36 since the point s=-1.88 is not on the root locus but is on the
O | K complementary root locus!

(Seeplot below)

1b) Use all 10 rulesto plot the root locus of GH=K (s+1)/(°(s+3)(s+8))
10 rules:1. Starts @ open loop poles @ K=0 which are s=0,0,-3,-8
2. Ends @ open loop zeroes @ K=co which are s=-1,00,00,00
3. # of branches=nwhichis4
4. R.L. issymmetric WRT g-axis only
5. O of asymptotes = 180°(odd #)/(n-m) which is 180°(odd #)/(4-1) = 60°,-60°,180°
6. asymptotes are centered at ¢ = (b-a)/(n-m) = (1-11)/(4-1) = -10/3 =-3.33
7.RL. existsat apt. on g-axisbetween-1< s<-3andfors<-8
8. To find angle of departure from two poles at s=0: Let 8 be the angle to the point s1 00. Since this point is on the R.L., the angle
condition must be satisfied. Thus, (IGH(s1) = 0K (s+1)/(s(s+3)(5+8)) [keer = 0° - (B+8+0°+0°) = 180° x odd number. Therefore, the angle
of departure is =90 and -90°.
9. Use Routh array fo find pt. where R.L. crosses je-axis Char. Eqn: 1+GH = 0 = s*+11s*+245+Ks+K. Routh Array looks like:

A 1 24 K Therefore root locus crosses at K=0, K=143. For K=0, the roots are s=0,0,-3,-6. For K=143, the roots
3 |u K ares=-9.89,j3.61, -j3.61, -1.11. Therefore, the root locus crosses at s=0 and s=+j3.61

£ | 24K11 K 10. Bresk-away and break-in pts. @ 9K/as = 0 -> K=-(s*+115+248)/(s+1). Therefore, 9K/as = 0 =
sl | K-11K/(24-K/11) (45*+335°+48s)(s+1)- (s*+115™+245")= 3sM+265™+575™+485=0. The possible beak-away/break-in points
O |K are s=0, -5.9, -1.38 +j0.90, -1.38 - j0.90. Therefore, only s=0 is on the root locus and is the only

valid breakaway point! (see plots below)

2.a) Useadl 10 rulesto plot the root locus of GH=K (s™+6s+18)/(s(s+1)(s+8)?)

10 rules:1. Starts @ open loop poles @ K=0 which are s=0,-1,-8,-8
2. Ends @ open loop zeroes @ K=co which are s=-3+j3,-3-j3,00,00
3. # of branches=nwhichis4
4. R.L. issymmetric WRT g-axisonly
5. O of asymptotes = 180°(odd #)/(n-m) which is 180°(odd #)/(4-2) = 90°,-90°
6. asymptotes are centered at ¢ = (b-a)/(n-m) = (6-17)/(4-2) = -11/2=-5.5
7.R.L. existsat apt. on g-axisbetween0<s<-1
8. To find angle of departure from two poles at s=-6: Let 8 be the angle to the point s1 (J-6. Since this point is on the R.L., the angle
condition must be satisfied. Thus, OGH(s1) = O K(s*6s+18)/(S(s+1)(s+8)?) s = (0° - (B+6+180°+180°) = 180° x odd number.
Therefore, the angle of departure is =90 and -90°. To find angle of arrival to the zero at s=-3+j3: Let 8 be the angle to the point s1 [J-
3+j3. Since this point is on the R.L., the angle condition must be satisfied. Thus, [IGH(s1) = [ K(s%+6s5+18)/(S(s+1)(5+8)%) e = (8+90°)
- (135°+123.7°+30.96°+30.96°) = 180° x odd number. Therefore, the angle of arrival isis 8=50.63° (By symmetry, the angle of arrival to
the zero at s=-3-j3 is-50.63°)
9. Use Routh array fo find pt. where R.L. crosses jor-axis. Char. Eqn: 1+#GH = 0 = s"+175*+(80+K)s+(64+6K)s+18K. Routh Array looks

like:
4|1 80+K 18K Therefore system is stable for al K > 0 and root locus crosses at K=0. The roots for
3 |17 64+6K K=0 are s=0,-1,-6,-6. Therefore, the root locus intersects the jw axis at s=0 and isin
the LHP for dl other K > 0.
2 | 80+K-(64+6K)/17 18K 10. Bresk-away and bresk-in pts. @ 9K/gs = 0 -> K= -(s+17s*+805°+64s)/
sl | 64+6K-306K/(80+K-(64+6K)/17) (+65+18). Therefore, gK/as = 0 = (4°+515°+160s+64)(+65+18) - (25+6)
O | 18K (s +175+80s%+645)= 25°+355*+2765>+133457+2880s+1152=0. The possible beak-

away/break-in points are s=-2.62 + j5.56, -2.62 - j5.56, -8.0, -3.76, -0.51.



Therefore, out of these, only s=-8 and s=-0.51 are on the root locus and are the only valid breakaway points! (see plots below)
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2b) SKETCH!!! (do not use al 10 rules) the form of the root locus for the following open-loop transfer functions:
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