e (6.7.3) PI Compensation
1. The TF of PI
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2. The desirable aspect of this compensation is the infinite gain at zero frequency, which reduces

the steady-state errors. This is accomplished at the cost of a phase decrease at frequencies

lower than the breakpoint at w =

3. Thus, Ti, is usually located at a frequency less than the crossover frequency so that the sys-

tem’s PM is not affected significantly.

79



e (6.7.4) Lag Compensation
1. 57 BA]e] e el o2z 9jAt.

Trs +1
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2. 2 AE
. JwTr +1 . V14 w?T? . . 1
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) = 02 a1 [De(jw)| =5 T (jw) I BTy

3. =10 4d]2] Bode A

201og | D.(jw)| = 20 + 201og 4/ 1 + w?T? — 20 log \/1 +100w2T?  /D.(jw) = tan * wTy — tan~ ' 10wT;
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(Example 1) G( ) ey T8 HFL o] —0.33450.580]H,
b2 S7HAZIE 7S A lo}ﬂ}"
(Solution)

2) S8 B Guls) = KAReh = K8 A

BTrs+1 ¢ +,8
b) BA && a4

0 2AAE WHA7IA ForA

—5° < /Go(—0.33 4 j0.58) < 0°
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—5° < tan ' ———— — tan

B =109} T; = 200 % AL5HH, thaa Tt
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—5° < =35°<(°

d) K. =0.95240]t}
e) AAE FHHEA7

s+ 0.05

G.(s) = 0.9524
(5) s+ 0.005
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Gl(S) Gl(s) = KcﬁG(S)
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(Solution)

a) GC(S) = K('Sj—?
S ﬁ
1
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=0 s+ g (s +1)(0.5s + 1)
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b) BE 9ol 47} 400 B2 1055 Hote] 50EE AR Hotd AR o] SuAEnsE
z]—l—q—

/Gy (jw,) = —90° — tan ! w, — tan"! 0.5w, = —130°
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1— 052 s

tan~! wy + tan~! 0.5w, = 40°

c) wy =058 KE & = fw, =0.052 A4, T{BZ T = 20
d) o]5x ZHHJrTOﬂH 371 =00°] 57 9t p 24 HQ

20log |G1(jw,y)| = 201log 5 — 20logw, — 201og 4 /1 + w? — 201og 4 /1 + 0.25w2

=14 — (=6) — (1.9) — (0.5) ~ 17.6[d}] —  —20logB=—176 — B=7.59

e) K.=0.66

f) Ge(s) =0. 665?600826
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7. FF BAT) O oigt FaAtet
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10. (Example 6.19) G(s) = =

(Solution)

a) Gu(s) = K,

Cey 1
S+ BT,

oy Ko =10, PM = 45°5 7K A st BA7]E A5t

) S—l——% 1
szllmkc 1I = 8/8:]-0
=0 s+ g (s + 1)

A= A==
10
Gi(s) = K,BG(s) = o+ T
b) 2% oAl 97t 45 o|B 2 5L E tlote] 505 S 9Atd]
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d) °]=
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WA of| A —:’—71 = 0 o] 7] #It s AH HR
20log |G1(jw,y)| = 201og 10 — 20 logwy — 201og /1 + w2
= 20— (—15) — (4.6) ~ 17[d}] —  —20logfB = — ~  B=T1

e) K.=14
f) GC( ) 1. 4s+0084

5+0.012

12s5+1
83s+1
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Let us reconsider the design result of

Figure 6.64

Frequency response of
lag-compensation
designin Example 6.19
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e (6.7.5) PID Compensation
1. By combining PD and PI controls, we can get the following PID control form:

Di(s) == [(TDS 1) (s i Ti)]

1
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2. This compensation is roughly equivalent to combining lead and lag compensators in the same
design, and so is sometimes referred to as a lead-lag compensator.

3. It can provide simultaneous improvement in transient nd steady-state response.
4. (Example 6.20)
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e Lead-Lag Compensation

1.
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% if 0 < w < wy, then FH HA7] g
*x if w; < w < oo, then 94 HAY| 4t
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(Example 1) G(s) = ;g ¢ = 0.5, wn =5, K, = 800] H=% BA7|E A5}
(Solution)

a) T8 HFT =2 51 = —(w, +w,/1—C=-25+354.33

4

LG(~25+j4.33) = £
(Z25 4 J433) = £ s s 2 1 j433)

=—120°—114°=—-180°—¢ — ¢ =>54°
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. Fop-gEe] 712E F FHA-9A BT AA (a8 =191 )
(Example 2) G(S) = m, Kv = ]_0, PM = 500 O]/b]'—%

(Solution)
a) From K, = 10,

BAshe BA7IE AAskR

20
K, =limsG.(s)G(s) = K.— = 10K, = 10 K.=1
s—0 9
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c) w, = 1.4140] A]
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