Control System: Homework 06 for Unit 5A, 5B, 5C: Root Locus

Assigned: Oct 28, 2022
Due: Nov 10, 2022 (23:59)

Please read the following problems and their solutions. Then, choose one of them and
edit your solution for the selected problem. Submit your homework file in PDF format

to the NTU-Cool website.

1. (U5B: Root Locus)

3. For the characteristic equation

K

FerNer

1+

(a) Draw the real-axis segments of the corresponding root locus.
(b) Sketch the asymptotes of the locus for K — oc.

(c¢) Sketch the locus.

(d) Verity your sketch with a Matlab plot.

Solution:

(a) The real axis segment is —1 > o > —5.
(b) a=—6/4=—1.5; ¢; = +45°, +135°

(¢) The plot is shown below.
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2. (U5B: Root Locus)

4. Real poles and zeros.  Sketch the root locus with respect to K for the
equation 14 K L(s) = 0 and the listed choices for L(s). Be sure to give the
asymptotes and the arrival and departure angles at any complex zero or
pole. After completing each hand sketch, verify your results using Matlab.
Turn in your hand sketches and the Matlab results on the same scales.

2
(a) L(s) = s(s+1)(s + 5)(s + 10)
L s+2)
) L) = e 56 1 10)
Solution:

All the root locus plots are displayed at the end of the solution set for this
problem.

(a) = —4; ¢; = +45°, +135°

(b) = —4.67; ¢, = £60°, 180°
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3. (U5B: Timing Property and Root Locus)

13. For the system in Fig. 5.53,

RE_b K(s+1) |_£+81 v
s+ 13 s2(s% + 100)

Fig. 5.53 TFeedback system for Problem 5.13

(a) Find the locus of closed-loop roots with respect to K.

(b) Is there a value of K that will cause all roots to have a damping ratio
greater than 0.57

(c¢) Find the values of K that yield closed-loop poles with the damping
ratio ¢ = 0.707.

(d) Use Matlab to plot the response of the resulting design to a reference
step.

Solution:

(a) The locus is plotted below

(b) There is a K which will make the 'dominant’” poles have damping
0.5 but none that will make the poles from the resonance have that
much damping.

Using rlocfind, the gain is about 35.
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(d) The step response shows the basic form of a well damped response
with the vibration of the response element added.
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HW 06: Root Locus Control Systems, Fall 2022, NTU-EE

Name: 57 B09901029 Date: 11/10, 2022

1. (U5B: Root Locus)

3. For the characteristic equation

1+ & ~0
2(s+1)(s+5)

(a) Draw the real-axis segments of the corresponding root locus.
(b)

(¢) Sketch the locus.

(d) Verify your sketch with a Matlab plot.

Sketch the asymptotes of the locus for K — oc.
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The asymptotes of the locus are shown in (c).
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The blue line are the asymptotes of the locus.
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(3) a=0.5, b=5
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(5) % a £ —AME > a BN BT 02 5heh B — 18 breakaway point &4
BA(ABD)
sstf('s")
sysh=1/(s*s¥(s4+0.5)*%(s+5))
sysL2=z1/(s%e*(s+1)*(s+5))
sysL3=1/(s*s*(s42)*(s43))
rlocus(sysl)
hold on
rlocus(sysL2)
hold on
rlocus(sysL3)
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sysL3=1/(s*s*(s+1)*(s4+6))

rlocus(sysL)

hold on
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hold on

rlocus(sysL3)
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3. For the characteristic equation

1+ K — (
s2(s+1)(s+5) a

a) Draw the real-axis segments of the corresponding root locus.

Sketch the locus.

(a)

(b) Sketch the asymptotes of the locus for K — oc.
(c

(

)
d)

Verify your sketch with a Matlab plot.
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z= b

H W 6 Pefi = Fé&
1&2. (U5B: Root Locus)

Use L(s) =22 =22 to explain the meaning of the real-axis segments of the
a(s) K

corresponding root locus and why the root locus has degree (a(s)) branchs.

Solution:
BEFEa(s)B degree Lbb(s)ZRAUK, EFERFIEDITIRENEIEEELRERAIEIDRE, A0
HERS
y = b(x)
-1
by ="

METTRETRYRE.
BTREE T, AmASEERRIBRINIIEERRINES

1 -1
s(s+1)(s+3)(s+5) K

Let L(s) =

y=x(x+1)(x+3)x+5)
{ -1 Root Locus

Y=R
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W 6 PR = f&

EKICHEFRPEZIK = 0.3~0.48F, Root Locus 38 branch 1¢s = 0f0s = — 17

BESZEIAs = —0.426, MAFEXNELCNAESERENMIBRERI"E
R, BETEMALENNRE A MERERI—EEEEER, & Root Locus
=Bt 2 1@ branch,

BEEK = 0.3~0.4f&ZIRSFK = 0.07~0.0805, Root Locus 239 branch s = —3%0

s = —SIFPREESEIs = —4.256, MASENNFCTIERERTIMLERER
S —ERIMIEER, BiF T~EmALSENEENMEMEIRER, &
Root Locus EgiFF 2 {@& branch,

EKIEERTIE, b(s)EF—RHE—ESHEHIMERS Root Locus ERMBENE
branch, b(s)REXEFER, RESHZER—EEEGIE branch, Thatis
why the root locus has degree (a(s)) branchs.
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Problem 3 (X7 %{E280)

+ ~ s°+ 5
R K(.a+l) § oY
5+ 3

h

(a) Find the locus of closed-loop roots with respect to K.

(b) Is there a value of K that will cause all roots to have a damping ratio
greater than 0.57

(¢) Find the values of K that yield closed-loop poles with the damping
ratio { = 0.15 .

(d) Use Matlab to plot the response of the resulting design to a reference
step.
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(b)
#| A matlab ¥ &) sgrid 2t > 7T A FBABALYF & 218 A 44 s-domain E#y

damping ratio £ & natural frequency -

Root Locus

05 038 024 012

0.76: 064

0.97..

0. 97

Imaginary Axis {second5'1]

-G -5 - -3 -2 -1 0 1
Real Axis {secnnds'1}
st % #64 damping & K4 & 0.194 > 2 A #JE ¢y K {4 481 damping ratio & %]
0.5 - F B & 4 &, 42 F% damping ratio & K &9 B AZ 2 & 5] -

System: sys

Gain: 6.05

Pole: -0.597 - 3.02i
Damping: 0.194
Overshoot (%): 53.7
| Frequency (rad/s): 3.08
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Problem 3

We have a simple damped spring-mass system that follows the equation of motion
X +x+x = F(t). However, we want its unit step response to having a settling time of
fewer than 5 seconds and an overshoot smaller than 5%. In order to meet these
requirements, we try to use P control and PD control to modify the roots. From these
requirements, we obtain the restrictions for roots: ¢ < 0.9; ¢ < 0.7.

Rt | Gis Y ‘

. GE) = Tgus+ |

]
0 Fcoot{‘TbQ/ H(q:k = |+ K sES+| B

6-:.9,"
; N .
1 1] qilde to vasch our

‘-\\_‘ = TQZ)U:FE:W@WC .

-5

S

St _
. ED can’flfb.ﬂ,i H(g): lc(s—{-f) = )+ I‘;g‘f:‘ 0
6=29

dle MH( o’

In addition, we can use the MATLAB to plot the root loci of different p’s varying

from -2 ~ 2 to observe how it influence the system.
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Prob. 3

Now we can have the root locus plot looks like :

A
Xs, = 105
54 =9

Asymptotic: s = —6

nx

—13 sp=—1

D
©
]

)Ss ——9)‘

S )

5. = —10j

+ Rule 4 :
For departure angles :

2¢, = (=90° + 0° + 90°) — (=90° + 90° + 0°) — 180° — 360° = ¢, = 90°

¢p = (90°+90° + tan~1 10) — (90° + 909+ tan‘lg) —180° = —179.2°

10

$e = (—90° — 90° — 9 tan~* 10) — (—9o° —9p° — tan_lﬁ) — 180° = —180.8°

s = 0: repeated pole with multiplicity 2 — 2 departure angle

phi_a /T repeated pole J-90 E4rEAfE
g H2 T 55— -90

phi_b /)& repeated pole 45/ 90 & -

GE © ¥7Y poles HyE(Sy > 90x2 + 90 + atan(10/13)
phi_c : EZ &R phi_b %1 |

[
BRI Ry SR HH IR HY 5 P B B B T s R B AR B p R e 22 SRR K
Bl s=10j AURRBLHERZ & bif T 204 — R [ 2] s=9) YZEL »
MAELL B -179.2 ERET/KFHER s=10j -



SERERFR
3. (tIRENEIERBA B MAVR K 8)

Prob. 2

® The locus can have multiple roots at points on the locus
and the branches will approach a point of g roots at angles
separated by 180 — 360°(1 — 1)
q
® And will depart at angles with same separation.

B 0,1 9 sporked, by W= |of 204
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—l—a ZLO\ ’ : 2 Tivginny

2K s(s+1)(s+5)(s+10) i {EL B A E s B RUE

FEEKEEE R _ L BRI -

IEfREZ LRI continuation locus HYEZE »

Kt s(s+1)(s+5)(s+10) AifE H%4E (0, -1) 1 (-5, -10) &REIRYIREAES -
R B Ay —2E s 25N 34245 2+655+25 AR -

AUEK = REUR 2L TE A A BE R B H EASE T E
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