
HEAVY MACHINERY - HM 2011, 33-36  Paper accepted:  30.05.2011 
ISBN 978-86-82631-58-3   

*Corr. Author's Address: Faculty of Mechanical Engineering Kraljevo, Dositejeva 19, Kraljevo, Serbia,brasic.v@mfkv.kg  

The Method for Extracting Region of Absolute Stability-Loop 
- Controlled Time Delay Systems 

 
Vesna Brašić1,* –Ljubiša Dubonjić1  

1 University of Kragujevac, Faculty of Mechanical Engineering Kraljevo 
 
 

This paper presents D-decomposition method in the area of absolute stability,   developed from 
Neimark [10] in order to extract region of absolute stability in two-parameters plane for special class of 
time – delay system.. It means that the open loop transfer function has specific expression with linearly 
connected open loop gain K=1/,where  is one variable parameter and the second one is time delay 
constanτ which is connect with is in non-linear function in open loop transfer function.[4].Now we 
develop the  method for synthesis and analysis of  controlled-loop system with proportional regulator for 
circulating reservoir for mixing liquids and presents and investigates the further expansion of last 
obtained results .With this method  it is  possible to separate the region in three-dimensional space( 
frequency ω  (Hz), gain K=1/ and  time delay constant (τ),  sothat adjustable parameters  guarantee 
absolute stability of synthetized automatic control system.  
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0. INTRODUCTION 
 

This method which Russian scientist 
Neimark [9],[10] was  first started to develop is 
the method for testing stability of time-delay 
systems so-called D-composition method. All 
works about this method was given in [1]. The 
method for  separation the region in the parameter 
plane, which enables  closed- loop system  will 
have pre-settling timewas also particularly 
developed and explained in [4] and this paper will 
continue  extend last mentioned results and their 
application. 

 
1.1Definition the class of loop-controlled time 

delaysystem-mathematical model of 
circulating reservoir for mixing liquids 

 
This part has already been presented in[1], 
[2].The class of closed-loop system with a single 
delay, when the adjustable parameters are non-
linearly related to polynomial coefficients 
ofquasicharacteristic equation [10] is defined by 
following open loop transfer function. 

  (1) 

so that quasicharacteristic equation has the 
following form: 
 

f(s, 𝑒ିఛ௦)=∝D(s)eτs+N(s)= 0                         (2) 
 
where K = 1/α is proportional regulator gain, so α 
is a  regulator parameter linearly related to 
polynomial coefficients of quasicharacteristic 
polynomial. Pure time delay is τ, which in the 
case of circulating reservoir for mixing liquids [4] 
introduced into the control parts of the object, 
through valves and pipes to reservoir, as 
described in the definition of a mathematical 
model of this system [4].  

 
1.2 Separation the region of absolute stability 
 

The system will possess an absolute 
stabil.ity only if all the roots of quasicharacteristic 
equation  are in left part of complex plane. 
The method is  transforming  this part of complex 
plane to parametric plane τ-α:  
 
1.2.1 Decomposition curve 
 

For ω- Im(s) complex variable s  has the 
form: 

, (4)s j

Then N(s) and D(s) become: 
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when (5) puts in (2) it gives: 
 

1 21

1 22

( ) [ ( ) cos ( )sin ] 0 (6)

( ) [ ( )sin ( )cos ] 0 (7)

t t

t t

N D D

N D D

     

     

  

  
 

 
When α from (6) puts in (7) it gives: 
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Conditions  for (8) are: 

2 2
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From (6) we got 
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So we know that: 
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and then substituting (8) in (11) next  
decomposition curves follows: 
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for  , ,k Z    

 
 
Note:The upper sign of (14) correspondents to the 
upper sign of (15) and the lower sign of (14) 
correspondents to the lower sign of (15). 
 
1.2.2 Curve shading 
 

Shading of decomposed curves is determined by 
the sign of Jacobians (as in systems without 
delays).  
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Jacobians of the system as follows: 
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1.2.3. Singular lines 
 
Singular lines, in the case of extracting area of 
pre-settling time is defined for boundary cases  
ω- and ω+, in (2), (14) and (15): 
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Because of nature of expresion (17) it is 
necessary to be sin(τω)=0 i.e. τ=k∏/ω so (17) 
becomes: 
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τ=0    and    τ ⇨    (19) 
 
Expresion (18) and (19) are singular lines 
 

The decomposition curves shows that we are 
getting for every single values k  hatched area 
area between those curves and singular lines  (18) 
and (19). So lets mark hatched area for some 
vakue marked k with sk [4] it is clear that the 
hatched area adequate to left part of complex 
plane is defined with following expression: 

{ (20)}k
k

s s  

Now we can choose in parametric three-
dimensional space parameter  and  from that 
hatched area s (better view in  -  projecting 
plane) 
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2.1 Aplication the method – circulating 
reservoir for mixing liquids 
 
Application of the methods described here will be 
illustrated with the example of circulating 
reservoir for mixing two liquids. A mathematical 
model is developed for  control systems with 
proportional controller which gain is  K = 1 / α 
and  given object [4]  for some nominal parameter 
values, with time delay  identical for both liquid 
flows as . The open loop transfer of feedback 
system is: 
 

𝑊௢௞ = (ଶ,ଷଵ∙ଵ଴షర௦ାଵ,ଷସ∙ଵ଴షళ)∙௘షഓೞ

ఈ∙(௦మశଵ଻,ଷ∙ଵ଴షర∙௦ା଺ଵ,ହ∙ଵ଴షఴ)
      (21)  

 
2.1.1Synthesis of controlled-loop system 
 
According to the methods described  in chapter 1 
equations (14), (15) and (16) become: 
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Singular lines are: =0  τ=0  and and    τ ⇨+ 
 

 
 
Figure 2. Separation the area of absolute stability  

 
 
Figure 3.Area of absolute stability in parametric 
plane 
Line  - - - - - -     for  k=0,-1 
Line  ______      for  k=1,-2 
Line  ______      for  k=2,-3 
 
From the union of this areas we can highlight the 
point =0,3 and =10 000s 
 
Dashed line  represents the boundary of region of 
absolute stability.  
 
B.Dynamic analysis of synthesized system 
 
With chosen parameters from absolute stability 
region and on the basis of  (21) we receive the 
open loop transfer function of the system. 
Simulation of the system   behavior is done with 
MATLAB software with step function.Simulation 
result of step response is shown on Fig 4. 
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Figure 4. Step response 

 
IV.CONCLUSION 
 
This part could be the same like ones in [1].New 
software package MATLAB enables to obtain 
more precocious  method for separation  the field 
of absolute stability in the parametric plane of α-τ 
[4]. The results  presenting here overview  
variation and dependences of parameters in three-
dimensional form(α, τ, ωn) where could be  
possible to choose from the given space curve the 
values for parameters which guarantee much 
better accuracy in methodology than the last 
obtained results [4]. 
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