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Abstract 

Recently, power system engineers have faced numerous difficulties in adding new power stations and 

transmission lines to face the continuous need of electrical power. In the future, superconducting 

generators (SCGs) are expected to be the most suitable solution for the previous problem. This paper 

presents the design and implementation of Posicast Input Command Shaping(PICS) which is combined 

with  phase advance controller in the governor control loop for a SCG against infinite bus system. This 

is  to improve the system performance, enhance its stability and  reduce the exhibiting oscillations. To 

achieve a high degree of accuracy, a detailed non-linear system model is considered including SCG, 

governor, turbine,  controllers, transmission lines and non-linear constrains.  The performance  of the 

SCG equipped with the phase advance controller has been studied and the results were obtained in a 

comparative form with others obtained when PICS is used under different faults (3-phase short circuit 

for 120ms and 10% step increase in the mechanical input) and over a wide range of operating 

conditions. 

انًخضايذ عهً انطاقت  انيا يىاخه يهُذسى َظى انقىي انكهشبيت يشاكم عذيذة لاظافت يحطاث حىنيذ وخطىغ َقم خذيذة نًىاخهت انطهبح 

هً انحم انًُاسب نخهك انًشكهت َظشا نًًيضاحها انعذيذة. هزا انبحث فً انًسخقبم يخىقع أٌ حكىٌ انًىنذاث فائقت انخىصيم نزنك انكهشبيت. 

( هى دائشة لاعادة حشكيم اشاسة انذخم  ويعاف POSICAST)وحطبيق حاكى نخقهيم الاهخضاصاث انًخىقعت. وانحاكى انًقخشح يقذو حصًيى

فائقت نت الأ( فً دائشة يُظى انبخاس حيث أَه يعخبش انًساس انىحيذ نهخحكى فً PHASE ADVANCEيع دائشة انخحكى انًىخىدة)

خائح حى اسخخذاو ًَىرج غيش خطً حفصيهً نكم أخضاء انُظاو) انًىنذ و انحاكى و خطىغ انُقم ونهحصىل عهً دقت عانيت فً انُانخىصيم. 

وبذوَه ححج ظشوف انخشغيم انًخخهفت وعُذيا يخعشض انُظاو نبعط  حى دساست أداء انُظاو فً وخىد انحاكى انًقخشحوانخىسبيُت(. 

دة فً انذخم انًيكاَيكً. وانُخائح حشيش انً أٌ انحاكى انًقخشح يحسٍ الاظطشاباث يثم قصش ثلاثً الأوخه عهً أحذ خطىغ انُقم أو صيا

  يٍ أداء انُظاو فً ظشوف انخشغيم انًخخهفت يٍ حيث صيادة انخًذ وسشعت عىدة يخغيشاث انُظاو انً قيًها الأونيت.

1. Introduction 

Over the years, there has been a continuous need for 

increasing generation of electrical power to cater the 

ever growing of power demand. The continuous 

progress in up-rating the generators with different 

machine parameters reduces the stability margin and 

adversely affects the system performance. SCGs are 

possible alternative to overcome the foregoing 

problems. This is due to the several advantages of 

SCGs over conventional synchronous machines such 

as higher efficiency, possibility of generating at 

transmission line voltages, smaller size and weight 

in addition to its contribution to stability 

improvement of power systems[1].  

At the same time, these machines are adversely 

characterized by their low inertia and low inherent 

damping. So, special attention and consideration 

must be taken when dealing with SCGs. Problems 

associated with the stability and control of SCGs 

have been under extensive investigations since the 

late of 70's. The main problem is that SCGs have 

almost zero resistance of field winding which leads 

 

very long field time constant[2]. So, excitation 

control, which is very effective in conventional 

generators, becomes ineffective in improving the 

dynamic performance of SCGs. So, the governor 

control loop is considered as the only available loop 

for improving the machine performance. However, 

the governor control loop in nature provides 

relatively lower positive damping. Therefore, 

additional signals need to be used to provide extra 

damping for the SCGs. Considerable attention has 

been directed to the application of  controller to 

improve the performance of SCGs[3-5]. 

The most common power system controllers are 

conventional, modern and artificial intelligent 

control techniques. Various conventional 
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controllers have been employed to control the SCG 

such as phase advance, flexible controller and 

proportional- integral and derivative(PID)[6-9]. 

The design of these controllers was based on linear 

control theory, to obtain models which describe the 

system dynamics about an equilibrium operating 

point.  SCGs are highly nonlinear systems and non 

linear control is not will established. Therefore, 

controllers  with fixed parameters which insure 

good performance under a certain operating 

condition may be not suitable for other 

conditions[6-9]. Fuzzy logic controller(FLC) and 

artificial neural network(ANN) have been applied 

for SCG to improve the performance of the low 

inherent damping and maintain better performance 

under a wide range of operating conditions [10-

14].  

The previous mentioned control systems were 

designed based  on specific  techniques with the 

aid of turbo generator  linear zed models. The 

designed controllers are then implemented without 

any quantitative measure to precisely control the 

turbo generator output. Alternatively, this paper 

introduces a new technique to improve the turbo 

generator performance via a control parameters 

obtained by reshaping the input signal to obtain the 

required damping characteristics of the turbo 

generator output. This technique represents a new 

trend to power system controller design based on 

tailoring the required control signals for achieving 

the required damping characteristics. The Direct 

search method technique represent an important 

step in reshaping a system performance to fit an 

experimental data and may be used to tailor the 

required input control signal. This method, 

however, requires complex computation and 

convergence may not be guaranteed[15,16].  

Posicast Input Command Shaping technique was 

successful in reshaping the control signal to damp 

mechanical oscillations. Posicast control originally 

introduced in the late 1950s and further studied in 

the early 1960s. The main idea of this method is to 

split control input into direct and delayed signals. 

When such control signal is applied to the process, 

the direct and delayed signals counteracts and 

attenuate oscillations at the process output and 

consequently the desired damping characteristics 

can be obtained. Also, this technique can be 

implemented in both time-domain and frequency 

domain analysis [17-19]. 

The objectives of this paper is to use the PICS 

technique  to reshape the transient response of the 

superconducting generating unit for obtaining the 

required damping characteristics. The technique 

proposed in this paper is based on using the phase 

advance network to design control for the governor 

loop of the SCG and then using PICS to reshape 

the input control signal. The performance of the 

studied power system with phase advance has been 

studied and the results are obtained in comparative 

form with others obtained when PICS is added.  

 

2. System Representation 

 

The studied power system is consisted of SCG 

connected to an infinite bus via a transformer and 

a double-circuit transmission line, as shown in 

Fig. (1). The SCG is driven by a fast response 

turbine with fast valving routine. The turbine 

governor model represents a 3-stage reheat 

turbine with fast acting electro-hydraulic 

governor fitted to both the main and interceptor 

valves. The non-linear differential equations for 

the studied system are as follows[7,9,11]: 

 

     (    
  

   
      )   (1)                                                                                                                

       (           )                              (2)                                                                                  

       (           )                               (3)                                                                                          

                  (4)                                                                                                 

                                                            (5)                                                                                                                             

                 (6)                                                                                            

                                                            (7)                                                                                                                     

 

 

 

 

 

 

 

Mechanical Equations: 
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Transformer and transmission line 

 

The transmission system can be approximated by 

a series lumped resistance and reactance. The d-q 

equations relating the machine terminals to the 

grid are: 

 

                                                 (11)                                                                                              

                                                  (12) 

                                                                                           

Where Xe=XT+XL and Re= RT +RL 

 

Turbine and governor system: 

 

Various models that represent the turbine dynamics 

are given in the IEEE technical committee 

report[20]. The turbine system that drives SCGs 

should have fast response with fast valving routine, 

this is due to maintain and improve the stability of 

these low inertia units. The turbine-governor 

model represents a  three-stage steam turbine with 

reheat. The state equations represent this model are 

: 

       (             )                                    (13) 

       (          )                                        (14) 

       (              )                                      (15)                                                                 

       (          )                                            (16)                                                                

                                                    (17) 

   (         )                                  (18)  

    (         )                                     (19) 

                                                   

Where the position and rate limits are,  

                  

 

                           

The parameters of the studied system are given 

in the Appendix. 

 

3. Phase advance  

The phase advance circuit must be designed to 

ensure suitable behavior of  the machine in both 

steady state and large disturbance. The phase 

advance controller is a lead-lag compensator as 

shown in Fig.(2)(without the dashed block). Many 

researchers have designed a phase advance in the 

governor control loop [1,5,7].  The designed phase 

advance controller has the following transfer 

function: 

          
     

     
  

where: T1 and T2 are the time constants of the 

controller and G is the gain. T1= 0.5  and T2= 

0.01 sec. as the recommended time constant ratio 

for SCG is 50. 

 

 

 

 

 

 

 

 

 

 

 

 

4. Philosophy of PICS control: 
 

This section presents the design concept and 

implementation of PICS control. 
 

A) Design concept 

Posicast control is a widely used method in 

reduction of damped oscillatory system 

especially in mechanical fields. The main 

concept of PICS method is to split the input 

signal U(t) into two parts as shown in Fig.(3-a). 

The first part is a scaled step that causes the 

first peak of the oscillatory response to 

precisely meet the desired final value. The 

second part of the reshaped input is scaled and 

time-delayed to precisely cancel the remaining 

oscillatory response, thus causing the system 

output to stay at the desired value[21]. The 

result of using the posicast is shown in Fig.(3-

b). From Fig.(3-c(, it is easy to derive the 

following transfer function between the input 

signal U(t) and the output signal U1(t) 

 

           (    ) 
      

Where: K1 represents the gain and Tdp is the 

time delay which are chosen so as to decrease 

the power system oscillations. 

PICS 

control

ler 

            Fig.(2) The governor control loop with phase advance and PICS 
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 The overshoot in the response can be described 

by two parameters. First, the time to the first 

peak is one half the period of under damped 

response (Td). Second, the peak value is 

described by 1+δ where δ is the normalized 

overshoot which ranges from zero to one. These 

PICS parameters can be calculated from the 

amplitude   and time difference between the 

peaks as follows: 

    
 

   
                    

    
  
 

 

 

 

 

 

 

 
Fig.(3-a) Shaping step pulse to Posicast pulse 

 

  

 

 

 

 

 

 
Fig.(3-b)  A System output with Posicast 

(Dashed   without Posicast) 

Fig.(3-c) PICS block diagram 

 

B) Implementation of PICS control 

The block digram of PICS for SCG equipped with 

phase advance is shown in Fig.(2)( with the dashed 

block) as proposed in this work. A simulation 

program using a non-linear system model has been 

carried out to investigate the effectiveness of the 

designed Posicast Input Command Shaping(PICS) 

for SCG which is equipped with phase advance 

controller in the governor control loop of SCG 

under different disturbances ( 3-phase short circuit 

at the transformer high voltage side for 120 ms and 

10% step increase in mechanical input) under 

different operating conditions. 

 

 

5. Simulation results 

A Matlab Simulink program using a fairly 

detailed non-linear system model has been 

carried out to investigate the effectiveness of the 

proposed controller(combined PICS and phase 

advance)under 120ms three phase short circuit at 

the transformer high voltage side and  10% step 

increase in mechanical input at different 

operating conditions.  Figs(4) and (5) show the 

simulation results in a comparative form when 

phase advance is applied with or without PICS 

for 0.8 lag and lead P.f. respectively. The 

simulation results illustrate that, PICS control 

produces significant improvement in the system 

behavior over phase advance network where the 

system returns to its initial operating conditions 

smoothly and quickly. A high damping to system 

oscillations and a fast recovery of system 

variables. Also, the designed PICS increases the 

stability reserve indicated by the reduction in the 

rotor angle first swing and a fast recovery of 

speed deviation and valve position. The 

simulation results verified the effectiveness of the 

proposed technique as it can increase damping of 

power system oscillations and provide  better 

dynamic and transient performance. Also, highly 

improved system performance was obtained in all 

cases(three phase short circuit at the transformer 

high voltage side and  10% step increase in 

mechanical input over a wide range of operating 

conditions) with PICS in spite of its simple 

control structure. So in conclusion, it is clear that 

substantial improvements in both system 

damping and stability can be achieved by 

incorporating PICS in the governor control loop 

of the SCG.  

 

6. Conclusions 

This paper presents the design and 

implementation of combined PICS and phase 

advance controller in the governor control loop of 

the SCG. The performance of SCG with the 

designed controller is investigated using non 

linear time domain simulations. The simulation 

results verified that the proposed controller 

improves the power system performance in terms 

of minimizing the system overshoot, rise time , 

the settling time and system variables fast return 

to their nominal values . Also, that controller 

provides positive damping to the system 

oscillation and improves the steady state 

performance under different disturbances and 

 

 

K1 

(𝟏 𝑲𝟏)𝒆
 𝑺𝑻𝒅𝒑 

 

U1(t) + 

- 

U(t) 
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over a wide range of operating conditions. So, the 

proposed technique is capable of guaranteeing 

the stability and performance of the studied 

power system. Finally, proposed technique may 

apply as an efficient method for practical 

systems.  
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           Appendix : 

The following data in p.u. of a superconducting 

turbo-generator are chosen for digital simulation : 

SCG parameters : 

2000 MVA, 1700 MW, 3000 r.p.m  

Xd= Xq=0.0453 p.u., Xf= 0.541 p.u. , 

XKD1=XKQ1=0.2567p.u., XfKD2=0.3398p.u. 

Xaf=XfKD1=XaD1=XaD2=XKD1KD2=0.237p.u., 

XaQ1=XaQ2=XKQ1KQ2=0.237p.u. 

RKD1=RKQ1=0.01008p.u.,Ra=0.003 p.u., 

RKD2=RKQ2=0.00134p.u. ,H=3.0 

KWS/KVA 
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Transmission System Parameters : 

XT=0.15 p.u. , RT=0.003p.u., XL=0.05p.u., 

RL=0.005p.u. 

Parameters of Governor and Turbine : 

THP=0.1 sec , FHP=0.26 , TIP=0.3 sec , FIP=0.42 , 

TLP=0.3sec ,FLP=0.32 , TRH=10 sec , TGM=TGI=0.1 

sec , Po=1.2 P.U 
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                                                                                                  Fig.(5)  Response  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     a) 0.8 lag p.f.                                                     b) 0.8 lead p.f. 

                  Fig.(4) Response of the studied system to a 3-phase short circuit for 120-ms 
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(a) 0.8 lag p.f.                                                                         (b) 0.8 lead p.f. 

Fig.(5) Response of  the studied power system to a 10% step increase in mechanical input 


