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Abstract—This paper presents a novel control algorithm for 

variable speed wind generators (VSWG), designed to provide 
support to grid frequency regulation. The proposed control 
algorithm ensures that VSWG ‘’truly’’ emulates response of a 
conventional generating unit with non-reheat steam turbine 
(GUNRST) in the first several seconds after active power 
unbalance. A systematic method of analysis and synthesis of the 
new control algorithm is described in detail.  
 

Keywords— variable speed wind generator; primary frequency 
control; emulation of inertial response; droop control; model 
reference controller; design methodology 

I.  INTRODUCTION 
UE to the increasing ratio of variable speed wind 
generators (VSWG) penetration in electrical power 
generation there is a need for t heir contribution to grid 

frequency regulation. Since VSWG operates at maximum 
power point tracking (MPPT) and uses AC/DC/AC converter, 
there is no di rect coupling between grid frequency deviation 
and its active power generat ion. A control algorithm for 
VSWG, which will ensure its participation in grid frequency 
regulation, should ensure extr action of additional electric 
power from VSWG during frequency disturbance. 

The steady state of electrical  power system  (EPS) is 
characterized by balance between active power generation and 
active power consumption. Following a sudden active power 
disturbance in EPS, such as l oss of generating unit or sudden 
increase in active power load, the rest of EPS cannot respond 
immediately by increasing n ecessary (missing) turbine 
mechanical power. This is due t o nonzero t ime constants of 
governor and turbine dynamics. As a result the grid frequency 
starts to decrease. Active power  balance is first estab lished 
from electromagnetic energy accum ulated in the system  
immediately after disturbance occurrence. Then, provi ded 
EPS transient stability is maintained, in the so called inertial 
phase of rotating machines frequency response, kinetic energy 
is converted to active power and del ivered to the rest of the 

system to maintain active power balance. The inertial phase 
lasts no more than several seconds. In t his phase the turbine 
also starts to deliver additional power to the generator. 
Provided frequency stability is maintained, this action results 
in decrease and event ual halting of frequency  declining and 
consequently in recovery of rotating machines rotation speed 
and kinetic energy. Finally, after approximately 30 seconds, 
frequency of the system  stabilizes at the new steady state 
value. The permitted interval of the grid frequency change is 
quite short, so the system of turbine m echanical power 
regulation must be fast enough to prevent frequency deviation 
below the limited level in order t o avoid frequency 
disturbance propagation, which can eventually lead to 
frequency instability. 

The main indices describing grid frequency behaviour 
following active power disturbance are: rate of change of 
frequency (ROCOF), minimal value of frequency reached 
(frequency nadir) and steady  state frequency deviation 
(SSFD). The value of ROCOF m ainly depends on the sum of 
moments of inertia of rotating machines. By increasing EPS 
moment of i nertia, ROCOF decreases. Frequency nadir is 
determined by: intensity of power disturbance, kinetic energy 
stored in EPS, number of generat ors contributing primary 
frequency control and dy namic characteristics of generat ors, 
loads, and governors. The SSFD va lue is determined by speed 
governor droop characteristics of generat ing units 
participating in primary frequency control. 

Characteristic responses of mechanical power and t urbine 
speed of t hree conventional generating units: unit with a 
reheat steam turbine (dashed line), generating unit with a non-
reheat steam turbine (GUNRST) (solid line) and hy draulic 
unit (dash dotted line), to a unit step change in active load are 
presented in Fig. 1 and Fi g. 2 [1] . Figures indicate that 
GUNRST has t he fastest response. Hy draulic unit has the 
slowest response, since it has a non-m inimum phase transfer 
function (unstable zero in the transfer function).  
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Fig. 1. Deviation of generating units mechanical power to a unit step increase 
in load demand: generating unit with a non-reheat steam turbine (solid line), 
generating unit with a reheat steam turbine (dashed line), hydraulic unit (dash 
dotted line). 

 
Nowadays, the most used t ypes of l arge power wind 

generators are VSW G, such as doubl e fed i nduction 
generators (DFIG) and fully rated converter wind turbine 
(FRCWT) [2]. Since DFIG and FRCW T use fast electronic 
converters (AC/DC/AC) and operate at MPPT, there is no (or 
very little) direct coupling betw een grid frequency deviation 
and their active power generation. Operation at MPPT results 
in VSWG having no spinning reserve, which could be used to 
support frequency regulation after disturbance. It is, therefore, 
necessary to modify VSWG control algorithms to support grid 
frequency regulation. DFIG and FRCWT frequency regulation 
capabilities have been in focus of interest of scientific 
community over past years [2]-[11]. As a result, a number of 
papers have been publ ished, dealing with different control 
algorithms for VSWG, designed to provide contribution to 
primary frequency control [12]. These control algorithms can 
be classified into: inertial control, droop control, deloading 
control or their combination [3]-[5], [7] and [10] . All above 
mentioned approaches pertain to VSWG control level. Control 
algorithms for control coordination of the wind farm level or 
EPS as a whole, such as in [8] and [11], are also proposed. 

Inertial control approach enables transformation of the part 
of VSWG kinetic energy into electrical power, which is 
instantaneously delivered to EPS by fast electronic converter. 
Time constant of electronic converter is of milliseconds order.  
Transformation of ki netic energy to electric power causes 
VSWG speed decrease, which must be limited in order to 
prevent speed of turbine reaching its m inimum permitted 
level. In addition, since VSWG traditionally operate at MPPT, 
wind generator speed must be recovered to this optimum value 
as soon as possi ble. Since VSWG have no spinning reserve, 
speed recovery is perform ed by VSWG delivering less active 
power than optimum. This ensures speed of VSW G being 
recovered to its optimum value (for constant wind speed to the 
value before the frequency transient). 

The main challenge in inertial (and droop) control of 
VSWG approaches i s “shaping up” the responses of active 
power delivered to the rest of EPS and the responses of  

 
 
VSWG speed aft er grid frequency disturbance. A number of 
different inertial controllers, droop cont rollers or t heir 
combinations have been proposed, i.e. as presented in [3]-[5], 
[7], [10] and [11] . The m ain idea, presented in these 
approaches, is the following: add a new control signal Cad to 
the existing torque control loop, before or after PI controller, 
which will fo rce VSWG to emulate inertial behaviour or 
inertial behaviour plus droop control of conventional 
generators, following a gri d frequency disturbance. Then, 
such combined signal appears as reference t orque input Tref to 
electronic converter, such as i n [4], or as reference act ive 
power input Pref such as in [7]. Th ese approaches are 
illustrated in Fig. 3. In the referred research for inertia 
emulation the so called washout filter is used for inertial 
signal zeroing at network frequency steady state as well as for 
grid frequency (or frequency deviation) signal filtering. A 
washout filter in fact perform s an ideal derivation or filtered 
derivation of t he grid frequency (or frequency  deviation) 
signal. In some papers additional compensator block is used to 
create phase compensation of signal leaving washout filter [3]. 

If signal Cad is added after PI controller, then torque control 
loop considers this signal as disturbance signal. In this case it 
is not necessary to derivate grid frequency signal since 
integral part of PI controller makes this signal of no effect  at 
steady state, even if steady state value of Δω is different from 
zero. Droop part of additional signal Cad in Fig. 3 i s used to 
emulate droop behaviour of conventional regulator in primary 
frequency control. 

A lack of analytical methods for analysis and synthesis of 
VSWG inertial and/or droop cont rol are evi dent, i.e. in [2], 
[3], [4], [7] and [11] . Accordingly, in these references the 
parameters of inertial and droop cont rollers were m ainly 
determined by “trial and e rror method”. In addition, the 
following question: ”What should a “desirable” response of 
active power injected by VSW G into the EPS after an  active 
power disturbance look like?” has not  been answered y et. 
VSWG’s rotational speed after supporting grid frequency  
 

Fig. 2. Speed deviation of generating units to unit step increase in active 
load demand: generating unit with a non reheat steam turbine (solid line), 
generating unit with a reheat steam turbine (dashed lin e), hydraulic unit 
(dash dotted line).
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must recover to the optimal, pre-disturbance value. Hence the 
same amount of VSW G kinetic energy that was delivered to 
the EPS aft er active power di sturbance must be supplied to 
VSWG in the process of recoveri ng its speed. Consequently, 
if VSWG delivered kinetic energy is to o large in inertial 
phase, than VSWG delivers much less power than before the 
disturbance during VSWG speed recovery phase. This will be 
regarded by EPS as t he new active power disturbance before 
reaching the new grid frequency steady state. Thus response 
of VSWG delivered active power duri ng entire frequency 
transient is very important. Some authors suggest that process 
of VSWG speed recovery  should be performed smoothly by 
using “smooth” control algorithm, whereas ot hers propose 
performing switching off VSW G frequency support at 
different time [4], [7] and [8]. A novel  VSWG control 
algorithm designed to support frequency regulation is 
proposed in this paper. B lock diagram of proposed cont rol 
algorithm is p resented in Fig.4. Main characteristics of the 
proposed control algorithm (controller) are the following: 
- Analytical design method of VSW G controller supporting 

grid frequency regulation, following active power 
disturbance, has been present ed. By using the new control 
algorithm, VSWG “truly” emulates reference GUNRST 
model in several seconds af ter frequency disturbance. 
Reference generating unit can be any  existing GUNRST or 
a hypothetical GUNRST with values of nominal power and 
inertia constant equal (or cl ose) to those of the controlled 
wind turbine. 

- Since MPPT control loop uses PI cont roller which cancels 
nonzero stationary value of signal Cad, in the new control 
algorithm frequency (deviation) derivation is not used. 
Instead, a lead com pensator is used i n the new control 
algorithm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

II.  MODELS OF GENERATING UNITS USED IN FREQUENCY 
STABILITY STUDIES 

A simplified generic block diagram of conventional 
generating unit is presented in Fig. 5. By variation of its 
parameters, from this block diagram, it is possible to simulate 
dynamic response of any conventional generating unit 
(including GUNRST) participa ting in prim ary frequency 
control [1]. In Fig. 5 gG is governor transfer function, tdcG is 
transfer function of t ransient droop compensation block - 
which exists only in hydraulic generating unit, tG  is tu rbine 
transfer function, H is inertia constant of rot ating parts of 
generating unit, R is droop constant, and D models variation 
of load with grid frequency variation. Inertia constants of 
conventional generators are in 2-9 s range [13]. Typical inertia 
constants of wind generators are in 2-6 s range [14]. A typical 
frequency response to a step of load increase ΔPe at time t = 1 
s is presented in Fig. 6. Neglecting the effect of load variation 
(D = 0) from Fig. 5 it can be seen that  
                                 ame PPP Δ−Δ=Δ ,  (1) 
 
 

Fig. 3. Control loops for  wind unit active power  with iner tia and droop 
emulation. Pmeas – measured active power of wind unit, ω - grid frequency , 
Δω - grid frequency deviation, Cpi–control signal fr om PI controler, Cad –
aditional control signal for inertia and droop emulation. 
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where ePΔ  is electrical power of generat ing unit, 

ωΔ−=Δ tgm GG
R

P 1  is turbine mechanical power, and 

ωΔ=Δ HsPa 2  is accelerating (inertial) power. Accordingly, 
ΔPe can be expressed as                          

                   ωω Δ−Δ−=Δ tge GG
R

HsP 12 .  (2) 

In case that model of generating unit is known, it is possible to 
determine (approximate) active power di sturbance by using   
(2) and by measuring ωΔ . In (2), however, an ideal derivation 
of frequency deviation is performed. An ideal derivation of 
signal cannot be achieved. The te rm in (2) should be replaced 
by filtered derivation of frequency deviation. According to 
this, the expression for approximation of electrical power is  

               
ωωωω

ω

ωω
τ

Δ−Δ−=Δ−Δ
+

−=

Δ−Δ
+

−=Δ

mitg

B

tg
B

e

GGGG
Rs

Hs

GG
Rs

HsP

1

1

2

1
1

2

     (3) 

where Bτ  is time constant of the first order time lag (low pass 

filter) 
1

1
+sBτ

, and BB τω 1=  is its b andwidth. The 

bandwidth ωB should be l arge enough t o preserve useful  
information in signal ωΔ . At th e same time, the bandwidth 
must be lim ited from above to filter noise present in ωΔ . 
Considering frequency spectrum of si gnal from Fig. 6 i t can 
be concluded that an upper bound of ωΔ  frequency spectrum 

could be chosen as ( )πω 25.215 ⋅≈=
s

rad
B  or even lower. 

This value can be changed dependi ng on charact eristics of 
considered EPS. B y performing frequency measurement and 
using (3) i t is possible to determinate (approximate) active 
power disturbance as presented in Fig. 7.  It is clear from Fig. 
7 that quite good active power disturbance (unit step of active 
load demand at time t = 1 s) approximation is achieved. The 
increase of Bω is followed by the increase of approximation 
accuracy. The same figure shows that inertial power time  

 
constant is much lower than mechanical power time constant. 
Accordingly, in the first moments after frequency disturbance, 
the missing active power in EPS is almost completely 
generated due t o decreasing kinetic energy of rotating 
machines.  

III.  A NOVEL APPROACH OF VSWG CONTROL FOR 
FREQUENCY REGULATION 

A novel approach to control VSWG electrical power in order 
to support grid frequency regulation during transient process 
after a sudden active power disturbance is presented in this 
paper. The basic idea is to force VSW G to behave as close as 
possible to reference GUNRST wi thin few seconds (0 ÷5 
seconds) after frequency disturbance. This approach ensures 
that during the initial phase of frequency transients EPS with 
VSWG behaves exact ly as EPS wi th GUNRST connected at 
same point as VSW G. For t he purpose of anal ysis and 
synthesis simplification, this paper assumes that reference 
GUNRST has the same inertia constant and nom inal active 
power as VSWG. 
 Since VSWG that operates at MPPT have no spinning 
reserve, it is n ot possible to exactly realize the control law 
given by (3). The first term in (3) (inertial power) converge to 
zero as tim e goes to infinity since it in cludes s in its 
numerator. The second t erm in (3) converges to  

( )[ ]ssgGGdcgainR ωΔ1  as time goes to infinity, where ssωΔ is 
steady state frequency deviation. If ( ) 1=GGdcgain g  then 
steady state of the second term in (3) converges to RssωΔ . To 
solve this problem a term that has the same static gain as term 

ωΔtgGG
R
1  is added to the right hand side of (3). This term  

should not significantly change behaviour of (3) in frequency  
transient process but it must force right hand side of (3) to 
converge to zero with a desirable tim e constant τ as tim e 
increases to infinity. The following additional term  is 
proposed in this paper 

                            ( ) tgGG
s

RGad
1

1

+
=
τ

. (4) 

Accordingly, the new control law becomes                      

Fig. 7. Inertial power (dashed line), mechanical power (dash dotted line) 
and electrical power (solid line). 

Fig. 6. Frequency response to a unit step of active power 
disturbance. 
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Equation (5) indicates that second term Gmm of the proposed 
control law also converges to zero since it has s in its 
numerator. The second term Gmm in (5) differs from the second 
term Gm in (3) in the dipole 

                                     
1+

=
s

sGd τ
τ .             (6) 

This dipole has the pole τ1−=ps . If τ  is chosen as 
sufficiently large positive number then the pole of dipole (6) is 
very close to its zero 0=zs . Multiplication of a transfer 
function with a dipole slightly  changes the response of the 
transfer function in transient pr ocess. At the sam e time, the 
behaviour of a transfer func tion at steady state can be 
substantially changed. The responses of Gm and Gmm to a unit 
step signal are presented in Fig. 8. 
The transfer functions of governor and turbine are chosen as  

                        ( ) ( )1
1,

1
1

+
=

+
=

s
G

s
G

t
t

g
g ττ

.  (7) 

The simulation is perform ed with tim e constant of 
governor 2.0=gτ , turbine time constant 3.0=tτ , and droop 
constant R = 0.04 [1] . As expected duration of overall 
transient process in EPS is a bout 30 seconds it follows that 
appropriate value of the tim e constant τ is 

5.293030 =−−=−−= tgtg τττττ . Fig. 8 shows that there 
is little difference between responses Gm and Gmm within first 
several seconds. This was the ultimate goal of the second term 
modification in control law (3).  

A published block diagram of DFIG that operates at MPPT 
is shown in Fig. 10 [6], [15], [16], and [17]. A similar control 
structure is used for FRCWT [18]. This model today is known 
as generic model of VSWG active power control [17] . Block 
diagram in Fig. 9 is nonlinear which complicates its analysis 
and synthesis. A method for linearization of the block diagram 
shown in the Fig. 9 is presented below. 
 A typical value of time constant Tcon is 0.02 seconds (such 

as in [6]). In com parison to tim e duration of frequency  
transient process this time constant can be neglected. In order 
to get linear model corresponding limiter is neglected as well. 
A typical value of tim e constant Tf is 60 seconds (such as in 
[17]). This is the reason that for purposes of sy nthesis of 
controller (not in the sim ulation) reference rotational speed of 
VSWG - ωref can be  kept constant during entire frequency  
transient process. Considering all above m entioned, a 
simplified block diagram of VSWG control system, presented 
in Fig. 9, is shown in Fig.10. In Fig. 10 0refω  represents the 
optimal VSWG rotational speed before frequency disturbance. 
This block diagram  is still non linear, due to existence of 
signal multiplication and divisi on. VSWG operate at the 
MPPT, thus at pre-disturbance steady state VSWG speed is 
optimal. At the vicinity of  the optim al VSWG speed, 
characteristic tip speed ratio (λ) - captured mechanical power 
(Pm) is somewhat flat in com parison to other regions of this 
characteristic. Since frequency tr ansient process is relatively 
short, it is expected that wind speed will not considerably 
change during this process. C onsequently, captured 
mechanical power of VSW G can be regarded as constant 
during frequency transient proce ss. If too large variation of 
VSWG speed is not expected, th en, for analysis and synthesis 
purposes, VSWG speed signal entering block of multiplication 
and division can be regarded as constant that is 

constrefw == 0ωω . If instead of signals their variations 
around equilibrium point are considered then linear m odel of 
the system, presented in Fig. 11, could be developed. A new 
control signal is added after m ultiplication of the signal 
leaving PI controller by  actual wind speed. The block with 
transfer function G1 in Fig. 11 represents the novel control 
algorithm. The input in this bl ock is grid frequency  deviation 
Δω. In order to sim plify further analysis it is assumed 
that HH w = . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.  Step response of mG (dashed line) and mmG (solid line)  
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Fig. 11 shows that electrical power being injected by VSW G 
to EPS after frequency disturbance is given by        
                                       ae PP Δ−=Δ .                                   (8) 
Transfer function G1 from Fig. 11 should be chosen in the way 
that injected electrical power ΔPe conforms to control law (5).  
In Fig. 11 symbol Δω  represents deviation of grid frequency.                      
Transfer function from Δω  to ΔPe is defined as 

                                      
Δ

−=
Δ
Δ 1GPe

ω
,                                    (9) 

whereΔ represents characteristic function of the system and it 
is given by     

 2
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Substituting (10) into (9) gives 
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               (11) 

The poles of transfer function (11) are 

               
iHT
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H
K
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4

22
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4

2

21 −⎟
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⎞

⎜
⎝
⎛±−=Δ .                      (12) 

If request of VSWG control system is that the fastest response 
to a step of Δωref  without overshoot is achieved, then 
parameters  K and Ti of PI controller should be chosen so that 
poles (12) are real, negative e nd equal (the transfer function 
(11) must have double negative pole). 
The pole of the transfer function (11) is double and equals to                                

                                    
H
K

421 −=Δ ,                                   (13) 

if the following equation is valid 
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Due to integral part of PI controller, VSWG speed equals to 
reference speed in steady state. From (11) it follows 
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In addition from Fig. 11    
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From (16) it follows that ther e is an inverse proportionality 
between VSWG speed deviation Δωw and initial wind speed 
ωref0. From (15) it follows that ePΔ in steady state dim inishes 
due to existence of term s2 in the num erator of transfer 
function. In addition, wωΔ  also goes to zero as tim e passes if 
there is no pole of G1 at the origin of s plane (that is there is no 
s in denominator of G1). This is due to existence of s in the 
numerator of expression at the right hand side of (16). This 
way it is ensured that VSW G speed and electrical power of 
VSWG at steady state restore to values before frequency 
disturbance. At the end of tr ansient process, steady state 
frequency deviation becomes ssωΔ . From above 
considerations we can also conc lude that, in order to achieve 
specified goals, the existence of term s (ideal derivation) in 
numerator of G1 is unnecessary. This is qualitatively new fact 
in comparison to published papers , since they present transfer 
function of controller including s in its numerator [4], [5], [7], 
[9] and [11]. 
In order to achieve that VS WG emulates reference-GUNRST 
model it is necessary that expression on the right hand side of 
(15) equals expression on the ri ght hand side of (5). This 
could be achieved only  if G1 includes integrator s1 . In this 
case, however, according to previous considerations, VSWG 
speed will not be restored to the value before frequency 
disturbance. Because of this  it is necessary to m ake 
modification of the reference m odel (5). This can be 
performed by m ultiplying transfer function of the reference 
model with a dipole that includes s in its numerator, without 
affecting reference model (5) during transient process. Then, 
the new reference model is  
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Fig. 11. Linearized control structure of VSW G for frequency control 
support from Fig. 10. 
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changes of the new m odel transient behaviour in comparison 
to the old one. In this paper the chosen value is that of 301 =τ  
s. Responses to the step input of ideal reference model (3) and 
model (17) are shown in Fig. 12. From Fig. 12 we can see that  
there is no substantial difference between the two responses in 
the first few seconds. To m ake the right hand side in (15) 
equal to the right hand side in (17) expression for G1 must be 
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        (18) 

For values H = 5 and K = 1, the first term  on the right hand 
side in (18) has a double zero 05.042/1 −=−= HKz  and 
poles 033.01 11 −=−= τp and 1512 −=−=−= BBp ωτ . The 
zero at -0.05 and the pole at -0 .033 are quite slow (and very  
close to each other) in comparison to the second pole 
For this reason they can be cancelled so the first part of 
transfer function can be simplified to 
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where K1 = K/2. Regarding the position of its zeros and poles, 
transfer function iiG′  represents transfer function of lead 
compensator. The second term  on the right hand side of (18) 
has double zero ( ) 05.042/1 −=−= HKz  and poles 

033.01 11 −=−= τp  and 12 1 pp ≈−= τ . Since poles and 
zeros of the second term  in (18) are very  close; for the 
purposes of transient analysis they can be cancelled as well. 
This way transfer function of th e second term in (18) can be 
simplified to  

                          tgtgmm GGKGG
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G 2
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==′ .                         (20) 

Accordingly, the transfer function G1 becomes  
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Block diagram of the final c ontrol law given by  (21) is 
presented in Fig. 4. 

IV.  SIMULATION RESULTS  
   Simulation was performed using Matlab and Sim ulink. A 
simple electrical power system  consisting of two areas, each 
represented by equivalent generating units with a reheat steam 
turbine of nominal active power Pn1 = Pn2 = 400 MW (see Fig. 
13), is used for sim ulation. The areas are connected by a tie 
line with sy nchronizing torque coefficient (transmission line 
constant) T = 4. In the first scenario, a reference-GUNRST of 
nominal active power of Pnr = 200 MW is connected to the bus 
of the upper generating unit in Fig. 13. In the second scenario, 
a VSWG of nominal active power Pnw = 200 MW is connected 
instead of reference-GUNRST. The transfer functions of 
governor and turbine of the generating unit with a reheat 
steam turbine are as follows [1]:                           
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The transfer function of reference-GUNR ST governor is the 
same as transfer function (22). The transfer function of turbine 
of reference-GUNRST is 
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Fig. 12.  Time responses of ΔPe (solid line) and  ΔPe2 (dashed line) to a step 
of Δω. 
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Values of parameters in (22), (23), and (24) are given in the 
Appendix. VSWG mathematical model is identical to that 
presented in Fig. 9 with added new control signal as shown in 
Fig. 11. Saturation of signals is not considered. Frequency  
deviations following a step disturbance of active power ΔPdist 
= 50 MW (5% of EPS nominal active power), applied on the 
bus of the first generating unit, are presented in Fig.14.  
Parameters of VSWG controller used in the simulation are K = 
2, Ti = 8H/K = 20 s, K1 = K/2, and K2 = 32. The value of 
parameter K2 is close to value 1/ R = 25. Fig. 14 indicates that 
the same ROCOF and frequency nadir are achieved by  using 
reference-GUNRST unit and VSW G. Since VSWG that 
operate at MPPT have no spinning reserve, SSFD has larger 
value in case of using VSW G than in the case of using 
reference-GUNRST.   

V.  CONCLUSIONS AND FUTURE WORK  
Due to increased ratio of VS WG penetration in electrical 

energy generation frequency  dynamic response of EPS is 
worsening. In order to reverse this trend VSWG should 
“replace” conventional generati ng units of EPS not only in 
stationary state but VSWG must contribute to prim ary 
frequency control as well. Using the proposed control 
algorithm it is ensured that in th e first seconds after an active 
power disturbance VSWG “behaves” as the conventional 
generating unit with the fastest response (GUNR ST). Further 
research in this area should be directed to application of the 
proposed control algorithm to realistic EPS and com bination 
of the proposed control algor ithm and deloading control. 
Coordination of prim ary frequency control sy stems on wind 
farm and EPS levels should al so be researched. Finally , 
nonlinear analysis and sy nthesis of VSWG control system 
could be interesting area for further research. 

APPENDIX 
Parameters used in simulations. 
Main gate servom otor constant: TG = 0.2 s, reheat tim e 
constant: TRH = 7 s, charging time constant: TCH = 0.3 s, droop 
constant: R = 0.04, fraction – HP turbine power: FHP = 0.3, 
inertia constant: H = H1 = H2 = Hw = 5, load dam ping: D1 =  
D2 = 1, sy nchronizing torque coefficient (transmission line 

constant): T = 4, active power base: Pbase = Pn1 = Pn2 = 400 
MW, nominal grid frequency : ωbase = 50 Hz. Equivalent 
inertia constant of generating unit in the area 1 is calculated as 

H
P
PcHH
base

nr
eq += 1 , where c = 0 in the case that VSWG is 

connected on bus of area 1. In this case Heq = H1 = 5. In the 
case that GUNRST is connected on bus of area 1 then  c = 1 
and Heq = 7.5. 
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