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Controller Design and Stability Analysis of Affine System with
Dead-Time

o 35}

L o

_c'>_*’ o OH ""J

(Hwang-Woo Byun and Hai-Won Yang)

Abstract : The Nyquist robust stability margin is proposed as a measure of robust stability for systems with Affine
TFM(Transfer Function Matrix) parametric uncertainty. The parametric uncertainty is modeled through a Affine TFM MIMO
(Multi-Input Multi-Output) description with dead-time, and the unstructured uncertainty through a bounded perturbation of Affine
polynomials. Gershgorin’s theorem and concepts of diagonal dominance and GB(Gershgorin Bands) are extended to include
model uncertainty. Multiloop PI/PID controllers can be tuned by using a modified version of the Ziegler-Nichols (ZN)
relations. Consequently, this paper provides sufficient conditions for the robustness of Affine TFM MIMO uncertain systems
with dead-time based on Rosenbrock's DNA. Simulation examples show the -performance and efficiency of the proposed
multiloop design method for Affine uncertain systems with dead-time.
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Table 1. Gain margin & phase margin, phase-crossover frequency
(wy) & gain-crossover frequency ( wy,) for affine TFM
MIMO system with dead-time and affine TFM MIMO
system without dead-time.

Gain Margin part Phase Margin part
Transfer gain phase-crossover | phase gain-crossover
Function | margin | frequency w,; | margin | frequency w,
[dB] [rad/sec] [deg] [rad/sec]
a(s, p)™| 4.2000 0.4845 849109 1.2792
(s, ) | 1.2067 | 0.4845 29.4501 0.5974
2(s, P ”d 6.5704 | 0.3477 104.2069 1.5635
g(s,0) | 1.6230 0.3477 64.3788 0.6208
a5, D% | 31939 0.4736 101.2516 1.2792
a(s,p) 5 | 12016 0.4736 47.0434 0.6585
g(s,p) gg 5.1333 0.3047 120.6962 1.5635
Ce(s, )y | 1.6541 0.3047 85.7847 0.6767




Journal of Control, Automation and Systems Engineering Vol. 11, No. 2, February 2005 99

mgw)

minmum value=0 556
~

o

maximum value=2 778 L)
~

Wit G0.r0 w0, 16168 =060
s0 by

Re{w)

migw)
02

e value: 1071
N
[

o 20 25 30 3y

imgw) w00 136 1080
2 w‘m!r;nrﬂ\
L/
) T

05 %u /"@’ c”

w2044 ¢ Q05a)e 0 127

it

mnimum value=1.091 MW w0 ¢ 13636 ¢ 050
9

] wntears

= At
ait G

(d) &(s, p) % 2) Nyquist 132 0]) w}2 DNA, GB

% 4. B-ZrA)7ho] gl Affine TFM A) 28l o]] T 31 Nyquist A
=2} DNA, GB.
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Fig. 5. Nyquist diagram and GB, DNA for Affine TFM system
with dead-time.

K=0.45-K,, T,=0.83+ P& AM85}t3, TLPl S2o0A
= K;=0.31-K,, T;=2.2- P, #3& A&s1gch

a9 6& 3t 20 Sl AN RM-PIg TL-PIS] A&
ARE-8te] AT-8-Hstep response)& T Brfelnt.

TE 6o BE o g ARo] & =M ARt GM
XS AFSEE RMPL Aoj7} TL g22& ARS-RF TL-PI
Aol Bt} Trackings} QFA&= o fAoM 432 & 4 2l
ok olE 3 3ol & = fURo] AVE T Lol o
St fdedfrel vlag SaAE & & 4 Slok



100

Step Response of Dead-Time Alling TEM System (a(s,1j7%)

- — Solid: RM-P| Control
N~ — DashTL-PI Control

Amplitute
=
N

Time (sec.)

(@) £(s.9) 1] RM-PI Ao} 2 TL-PI #o}e] Ale S5

Sitep Response of Dead-Time Affine TFM Systern (9(s, 015

4 — Salid: BM-P) Control
b -— Dash TL-PI Gontral

Ampliuds

Time (sec )

(b) &(s,9) 12©] RM-PI A|o] B TL-PI Ajo] ] Atk &5

Step Response of Dead-Time Affine TFM System (g(s,p)g‘:)

Amplitude

\ ” — Solid' RM-PI Gontrol
A — Dash:TL-PiCantrol_| - .

Time {s26)

Ampituds

b ~ — Solid: RM-PI Control
—— DashTL-Pl Control i

Time @ec )

(d) &s.0) 2] RM-PLAo] B TL-PI Ao 2] Al 35
1% 6. RM-PI &0} 2 TL-PI Ao 9] Al $-F vl
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Table2. PI coefficient comparison of TL tuning and GM tuning.

Controlled
Variable
Transfer
Torting Function | Ko=) Ter=10 Ko | Po
Method

0.45K,, | 0.83P,,
g(s,p) | 05430 107627 | 12067 | 129671

proposed
RM-PI Tuning g(s,P) 1o 0.7304 14.9998 16230 | 180720

g(s,p) o | 05407 11.0125 12016 | 13.2681

g(s,p) 9 | 07444 17.1143 | 16541 | 206197
0.31K,, | 2.2P,
g(s,p)y | 03741 | 28527 | 1.2067 | 129671
TL-PI Tuning | £(s.0)y, | 05031 397584 | 16230 | 180720
g(s, Py | 03725 | 291897 | 1.2016 | 132681
g(s,0) 5 | 05128 | 453638 | 16541 | 206197

F 3. AQFE RM-PI 529} TL-PI 528}0] oFY & offr H]a
Table3. Comparison of stability margin against TL-PI tuning and

proposed RM-PI tuning.
Controlled Gain Margin part Phase Margin part
Variable - .
gain phase-crossover| phase |gain-crossover
Tuning margin frequency W margin frequency We
Method [dB] [rad/sec] [deg] [rad/sec]
2.0595 0.1485 97.6462 0.5600
TL-PI 2.1035 0.2099 82213 | . 05013
Tuning 21250 0.0953 1077356 06258
2.1503 0.1450 109.7418 0.6527
3.1464 0.0278 118.8%1 05833
proposed-PI 3.1664 0.0375 131.3903 0.6099
(RM- PI)
Tuning 3.1804 0.0202 114.4042 0.6465
3189 0.0215 126.8710 06678

WeD100.ce14.8021, 0416 W0 0075, cx17 4953, 1= 0 5623

(b) Ba3= g(s, 0) 5, 205, 0) » ©] Nyquist 452} GB

% 7. RAHE Affine TFM A28 of] T §}F Nyquist 41 £ ¢} GB.
Fig. 7. Nyquist diagram and GB for compensated affine TFM
system.
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Table4. Performance index for compensated Affine TFM system.

Transfer PID Controller coefficient

Function P.O T, e o w,
a(s, Py 5 4 071 0.99968 1.408
(s, D) 1 5 4 0.69 0.99981 1.449
&(s, ) 5 4 073 09937 1.369
(s, D) p 5 4 075 09999 1333
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