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ABSTRACT
The paper describes two-degree of freedom Pl and PID controllers tuning by a modified

multiple dominant pole method(MMDP) for integral plus time delay plants. The
effectiveness of the proposed techniques is shown in the example.
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I.INTRODUCTION

The Pl and PID controllers tuning for integral system(marginally stable system)with time
delay (ISTD)

plants with the transfer function

k1 _
Gp (S) de '\ (1)

belong to demanding problems (k1 — the plant gain, Td — the plant time delay). It is
caused by existence of two integrators in the control loop and thereby by the great
predisposition to large overshoots, eventually to oscillation and stability loss. From other
point of view the use of the controllers with the integral term enables removing the steady-
state error caused in the plant input by the disturbance step change. In case of the plants
with a proportional character, the controllers are often tuned from the point of view of a
servo control so that regulatory control is a trade-off. If plants have

integral character, the trade-off tuning does not guarantee the quality from both points of
view. The use of the two-degree of freedom (2DOF) controllers seems to be suitable in

these cases.
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I1. 2DOF Controllers
The commercial 2DOF PID controller can be described in the complex variable domain by
the relation [2]

1
U(s) =r{bW(s)—-Y(s) +T—[W(S)—Y(S)]
S

+T s[cW (s) =Y (s)]}

)
where U(s) — the transform of the manipulated variable u(t), W(s) — the transform of
the desired variable w(t), Y (s) — the transform of the controlled variable y(t), rO — the
controller gain, TI — the integral time, TD — the derivative time, b — the set-point
weight
of the proportional term, ¢ — the set-point weight of the derivative term. Both set-point

weights can change in the interval from 0 to 1.

The standard PID controller with the transfer function
Gc(S) =r0 (1 +(1/T|S)+ TDS): o +r-1S+ 1S

(4)

'Gp {S) >

Figure 1. Control system with 2DOF controller
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Similarly, for TD = 0 from relation (2) the 2DOF PI controller can be obtained and in
accordance with Figure 1 the corresponding standard PI controller and the input filter can
be obtained too.

It is obvious that for b = ¢ = 1 from relation (2) the standard PID controller (4) and for
TD = 0 the standard PI controller can be obtained. 3. Control of IPTD Plants. The
transfer function of the closed-loop control system with the standard PID controller (4)
without the input filter (3) and for the plant (1) is

given by the relation

Y (s)/W(s)=

k(T T.s°+T,s+ 1)
Tso+kn(TT,s° +Ts+ g™

()
Most of the known PI and PID controllers tuning methods for IPTD plants give practically
acceptable results for the regulatory control but large overshoots for the servo control.
These overshoots are caused by the polynomials in the nominators of the close-loop
transfer functions, i.e. their stable zeros [see e.g.(5)]. By the use of the 2DOF PID controller
(2) for b = ¢ = 0 the close-loop transfer function
Guwy(S) =Y (S)/W(S) =

ker
T8 +kr (T T8 +T,s+ De ™

(6)

can be obtained and similarly, by the use of the 2DOF PI controller [relation (2) for

TD = 0] for b = 0 the corresponding closed-loop transfer function can be obtained too.

It is obvious that by using of the 2DOF PID and PI controllers the polynomials in the
nominators of the closed-loop transfer functions can be fully compensated and so the

undesirable large overshoots can be removed for the servo control, .Full removal of the
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stable zeros from the closed-loop transfer function nominator cases slows down the control
process. If the set-point weights of the 2DOF controller can be continuously changed in
the interval from O to 1, then for their tuning the modified multiple dominant pole (MMDP)

method can be used .

[1l. MMDP Method
The MDP method supposes the existence of the stable real dominant
pole with the multiplicity increased by 1 more than the number of the adjustable
controller
parameters .
For the characteristic quasi polynomial
N(s) = s%% + k1(ris? + ros + r-1)

(7)

of the closed-loop control system with the transfer function
Guys) =Gc(s)Gr (s)/(1 + Ge(s)Gr (s))=

k,(r,s® +r,s+r_)
s® +k,(psS® +rgs+r e

Tds

the multiple dominant pole and the PID controller adjustable parameters can be worked

out of the system of equations

diN(s) .
=% _0,i=0,12,3
ds' ®)

From the system of equations (8) the quadruple dominant pole
S*4=—(3—3)/ Td
(9)

can be obtained and the PID controller adjustable parameters

rey ={(V3 — 1)/k1}e V3,
<o ={(6(2V3 — 3))/ k1Td}e"3,

=y ={(6(7V3 — 12))/ k1T2}e"32
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can be successively obtained too.

V. Example
For the IPTD plant

Gp (s) = %e‘c’s

it is necessary for the 2DOF PI and PID controllers to be tuned by the MDP method (the
time is in seconds).

Solution: In accordance with the relations (11) and (12), (13) and (14) for k1 = 0.05s—1
and Td = 5s can be obtained:

2DOF PI controller (b =" 0.29)

r*o=1.84, T*,=5.828 Td =29.14s
2DOF PID controller (b ="0.42, ¢ =" 0.63)

'o=3.14, T*, =3.732, T¢ " = 18.66s, T*D =" 0.263Td =" 1.32s

l1dg
ru)? _______________ _— ; Jf — x ? S -
b= 1 {(standard PI) ? | " [\ b ¢=1 (standard PID)
/\\ Lo I\ )|
1] — i 77 ? \"
| /\'b'l] i 1 i \/
U | R 150 30
M | fh)
o0 VTN
FiGure 2. Courses of con- F1Gure 3. Courses of con-
trolled variable for different trolled variable for different
values of weight b values of weights b and ¢
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The courses of the controlled variable for the desired variable step at t = Os and for the
disturbance variable step at t = 150s are shown for the different set-point weights in Figure
2 and Figure 3. From both figures it is obvious that by using the 2DOF controllers

a removal of undesirable large overshoot for servo control was done. By applying the set
point weights, which are derived in the paper, the servo responses are without overshoots

and essentially accelerated. The regulatory responses remained without any changes.

V. Conclusions
In this paper 2DOF PI and PID controller tuning by the multiple dominant pole method is
described and the set-point weights are derived. The mentioned approach enables removing
the undesirable overshoot of the controlled variable and simultaneously accelerating the
servo responses in comparison with an ordinary approach when the zero set-point weights

are chosen.

REFERENCES

[1] A. Alenay, O. Abdelrahman and I. Ziedan, Rules of PID controllers for
integrator/dead time processes,ACSE 05 Conference, Cairo, Egypt, pp.6, 2005.

[2] K. J. °Astr'om and T. H"agglund, Advanced PID Control, ISA — The
Instrumentation, Systems, and Automation Society, Research Triangle Park, 2006.
[3] M. Chidambaram and R. P. Sree, A simple method of tuning PID controllers for
integrator/dead-time processes, Computer and Chemical Engineering, vol.27, pp.211-
215, 2003.

[4] H. G orecki, Analysis and Synthesis of Control Systems with Time Delay,
Wydawnictwo Naukowo —Techniczne, Warsaw, 1971 (in Polish).

[5] A. O’Dwyer, Handbook of Pl and PID Controller Tuning Rules, Imperial College
Press, London, 2003.

[6] B. “Sulc and M. V'ite"ckov’a, Theory and Practice of Control System Design,
Vydavatelstv'1"C VUT,Prague, 2004 (in Czech).

[7] M. V'ite'ckov’a and A. V'it"cek, PI and PID controller tuning for integral plus time
delay plants, Proc.

of the XXXII Seminar ASR’2007, Instruments and Control, Ostrava, pp.1-9, 2007.

JETIRCU06117 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 617


http://www.jetir.org/

© 2019 JETIR May 2019, Volume 6, Issue 5 www.jetir.org (ISSN-2349-5162)
[8] Y. Abe, M. Konishi and J. Imai, Neural network based diagnosis system for looper

height controller

of hot strip mills, International Journal of Innovative Computing, Information and
Control, vol.3,n0.4, pp.919-935, 2007.

[9] Y. Wang, and Z. Sun, H-infinite control of networked control system via LMI
approach, International Journal of Innovative Computing, Information and Control, vol.3,
no.2, pp.343-352, 2007.

JETIRCU06117 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 618


http://www.jetir.org/

