PID

PID
PID
PID
(critical gain) (critical period)
PID
Ziegler-Nichols Ziegler-Nichols (refined
Ziegler-Nichols) PID
(derivative action)
(18]
«(0=* >(0+jr yfis)=1+3, INy N =|° (2-1)
211 Ziegler-Nichols
ku tu
PID (2.1) P1D
(proportional gain) k¢ = 0.6k1
(integral time) Tt = 0.5tu (2.2)

(derivative time) T1=0.125/u



21.2 Ziegler-Nichols

Hang, Astrom Ho [18]

PID Ziegler-Nichols
(undershoot)
Ziegler-Nichols Hang, Astrom Ho
PID
m = KW M )-y(0)+JT - L y,()=1+Jj. JJJIy(s),N =\o (2.3
(5 (yr) ke, T1Td
Ziegler-Nichols P Ziegler-Nichols

(normalized process gain, K )

(normalized dead-time, )

K = kpk1 (2.4)

Qa,Tp,a kp

(unit-step function)

()
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(5 PID K

p= ~n 2.25 <*: <15 0.16 <0<0.57 (2.6)

P=-7("K +)) 15<K <2.25 0.57< <0.96 (2.7)

Hang, Astrom Ho 15<K <2.25
0.57< <0.96 (undershoot)

(load disturbance) Tt /i 7]

T,=0.5/ 1 (2.8)

Hang, Astrom Ho PID

PID Ziegler-Nichols

(nonminimum-phase) (higher order)

PID

PID Ziegler-

Nichols

2.2 PID

— PD +—0O —_—
r=0 ————— y

/—D‘ Process
+ f
| 1)

g —> Relay —O

4
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PID

(describing function)

(time invariant nonlinearity)
(low pass filter)

(odd)

= 2

na
a
asin(cot)r,_____ 4”—dsin(a)t)
r=0
— )—.'| Relay > G(s) J -
+ |
- 4d
N(a)= ;

2.3



PID
PID

Nichols

(hysteresis, £)

Astrom

Ziegler-Nichols

Hagglund [3]
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10

Ziegler-
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PID
PID
PID
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L 6@ =
' 5+1

2 Gysy= 8
' 5+1
3. G3(b) = % (2.11)
. s+1 )

-1.45+1
4. GA4(5) =

c*+1)3
5. G5(5) =

(5+ 1)5
1 1-3

PID
2 3
(pole) 3 -1
2. 2,4 5
PID
2,4 5
2 4
(nonminimum-phase) 5

(pole)
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PID

01

(2.12)
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3639 = ¥

5+1
1.2
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08 1
go.e §o.9
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5 G5(s) =
(5+ 1)5
12
gon gos
o0 50 100 150 200 o'aso 100 120 140 160 180
Time (sec) Time (sec)
() PID
()
210 5
ku tu
PID p.kc,T1
fd PID p, ke, T1
Td ku tu
(polar plot) (phase crossover frequency ) ({ipc
ouli ku
K =t (2.14)
kpe (Gpe
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Ziegler-Nichols

2.1

, 02 = ;1

3G"K T >
-1.45 + 1

4G (s)~ (Hiy

565()= 1,
(5+ 1)5

2.2

1.0, =:;

, 02 = ::1

, 02 = ::1
—1.45+1

4G <M= (H i)’

5Gs(5)= 1 5

(5+ 1)5

1.93

144

1.33

1.32

2.57

PID

2.26

1.52

1.29

153

2.89

PID

3.20
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7.60
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9.20

3.10
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7.68

6.82

8.61

1.16 1.37 0.40
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0.80 2.25 0.95
0.79 2.28 0.97

154 4.60 115

Ziegler-Nichols

1.36 1.55 0.39
0.91 1.84 0.68
0.77 2.20 0.96
0.92 2.32 0.85

1.73 4.30 1.08
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2.3

0, 0,
K k K % %
A tu
2.26 3.10 1.93 3.20 14.22 3.23
1G'( 1 ,
02 = i1 152 5.44 1.44 5.60 5.26 2.94
5.G.()=-n- 1.29 7.68 133 7.60 3.10 1.04
—-145+1 153 6.82 1.32 7.80 13.73 14.37
4G ()= ( )’
2.89 8,61 257 9.20 11.07 6.85
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