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Abstract — Single machine infinite bus is a non linear dynamic system. To design the controller of non lincar dynamic
system is not easy. Usually, we linearize the system and after that design the controller as linear dynamic system. In this
paper, we studied the controller design of single machine infinite bus (SMIB) by using a direct feedback linearization
(DFL). This method is different with linearization method by Taylor series approximation. Here, we did simulation by
Matlab program. From this simulation, we know that DFL method can be applied to design the controller of SMIB.

Keywords—SMIB, DFL, design controller

1. Introduction

N
Controller design is a method to determined of
feedback gain such that the system become closed
loop system and has the desired pole. Usually, the N et
controller design is done to make the system stable or o e ”
place the pole in the left half plane. Design controller, [
usually is applied in the lincar dynamic system, so
that for non linear dynamic system, we must linearize
before we design the controller. Figure 1. SMIB power system
In this paper. we design the contraller of power
system with single machine infinite bus (SMIB) by Mathematical model of this system, consist of
using direct feedback linearization (DFL). The DFL mechanic equation, power electric equation and
method consist of two steps: the first one is electrical equation. The mathematical model [1] are:
compensator linearization of non linear state Mechanical equation is
feedback vanable DFL (output) which change the
non linear system hccpmc l_incar system wi_th new 8= e o B )
input, and the second is optimal control design non »
linear [1]. Before we applied the DFL method, we o, D
derive the mathematical model of power system with @ = B =—=a=F 2)
SMIB. 2H ,
Electric power dynamic
2. Dynamic Madel of SMIB e 1 [r E ]
Single machine infinite bus 15 a simple model of “g = T_ “y =L 3
power system [2]. This system consist of single . -
power which connect with two line parallel I'-‘“"'"‘J“‘l equation
transmission  respect to  large networking and Fq = F,'r! +(x, —_\r'r_,)fti (4)
approximate by infinite bus. This system is showed in
Figure 1. E_f =ku ()
EV
P =—""8ins (6)
X,
_E, -V, Cosd _E,-V, Cosd
d == 0 (?}
X Xae
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I = I— Sind (8)
"‘n‘x
‘Prf I ..i I £
Q=——-20Cos8f -—= (9)
xdk xr!u

Equation (1) (8) are SMIB mathematical model.
Where & is rotor angel, @ is a rotor velocity. @,
reference velocity, p,.p, . is mechanical power
input and active power dl:li\'ur}" rl::spcuti\'cl_\f. D is
a damping power coefficient. L,]F £, E is internal
transient power, x;.xd is a transient reactance and
synchronize transient. f‘,.z’qis stator current in
direction d and q, kr L is excitation amplifier from

gain and control input. F .1 is a infinite voltage
and power terminal voltage. (J is a reactive power
delivery .

The DFL. method is beginning by differentiate
the active power delivery P, Eq. (6) respect to time,

we get
. d EYed
P =—=-8ind —FE + * L Sind

Xis dt X dt
or
TN T L
P, =—=8ind E,+ —— Cos6 &

Xk Xz

(10)

Substitute Eq. (3, 8.9) into Eq. (10), the equation

(10) become

" : :
P = T#[k,u B, =l ~ir]

0

+ [Q + I."- ]ﬂm
Iu'r(

We arrange Eq. (11), and we get

M A .
P=-alE + T—.’[k{u -(x, =X,

(11

do a0
- I 2

- _fj#[l;) + :—‘]Am
T X dee

P=- L E, smo“—'. +
Xz Ty

1 | T :
._-{T:_#Iq[kr” . (xd' . “d’)]n‘]

;
!dtl 0

; 2
- Zm[Q - +}ﬁ.m}
xsfr:
And finally we have

2 1 1 1T, .
B =-——(P,~P)t =121 [ku—(x,~ %,
g vl 7;,0{1;,,,\ ==

e (c_) + L-]\w o 1 }
'\.rfﬂ

Define
Ab=6-8, Aw=0—-a, AP =P -P,

from Eq. (1),(2) and (12) we have the lincar dynamic

(12)

system of SMIB with input v,

AS = Ao
ﬁﬁ}=_—!)aﬁl—'&&!i (13)
2H 20
ﬁ-!‘:i - ___IAR +,L.vlr
, T
o e
Where

v, = !q[k{_u —(x, - x;,}!.,]

22

+ 'f;;[,[(_) o ]z_‘m) -P

ol

Equation (13} can be wrilten as stale space syslem

As| |0 1 o fas] |o

Aa |=|0 35 sp[Ae|+| 0 ["_.r ]
: i i

Ab | o 0 L|aAr] |-

(14)
MNow, the problem is design a controller such that
system ( 14) stable asymptotical.

3. Control Design Law DFL
Define an input system [1]:

: V2
u= = v, =Tp| O+ |Aw - F,
k1, X

208




Proceedings of National Seminar on Applied Technology, Science, and Arts (1" APTECS),

Surabaya, 22 Dec. 2009, ISSN 2086-1931

1 :
+—(x, = x,), (15)
.I(l [ ] 4" d

for I, #0 in 0" <5 <180".
In the system Eq(l4) AS Aw .and AP, are

desired converge to.

Suppose
Ad

vi=[f £ f]ae a6
AP,

Where F = Iﬂ.f__f.‘l is feedback gain, then

system ( 14) become

AS 0 | 0 AS
Aé|=| o £ @ | Aw
AP, -Th 4L T(-5)|AF

' an

Therefore, we must determine feedback gain
I =1, 13, ;] such that system (17) asymptotical
stable |3].

Here we use pole assignment method to determine
feedback gain F.

Afier we obtained AS,Aw, AP, then we substitute
those value in Eq. (16) to get new input v, and

then this value is substitute to Eq. (15) to get the real
input # .

4. Simulation Result

To make a simulation, we take the parameter
from [3]:
x,=1.863,x, =0257,x,=0.127,T, =6.9,
H=4,D=5,x,=1712,x, =04853,k, =1,
@, =314.159
For pole placement method, we take some poles and
we abtain the feedback gain by using Matlab function
(place) |3]. Figure 2. Shows system SMIB without
input controller system is unstable.

Figure 2. SMIB without control

Case 1. For case 1, we take pole=|-1:-2:-0.5] and by
Matlab program, we get feedback gain

F=[ -0.1763 -1.3002 20.8373].

For this feedback gain, the performance of SMIB is
stable (Figure 3a), the new mput vy is shown

Figure (3b) and the real input control u in Figure (3¢).

P pep—
"

"o =

) £ Beon =) wooas es

Figure 3a. SMIB with control mnput

Figure 3b. The new input v,

Figure 3c. control input u

Case 2: For case 2, we take pulc—{—S:—lO:—_‘]; and |J}'
Matlab program we get feedback gain F=[-
264402 -15.8313 120.8875]
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In this case the system is stable, the state of system,
new input V. and control input u, are represented in

Figure (4a).(4b)dc).

ml = o e . = ;
B sk

Figure 4a. SMIB with control input

SR B Y

G %000 60 3080 4000 MO0 6000 TDG0 MO0 G000 1000
B o

Figure 4b. The new input v,

]

i

'S 1000 2000 3000 4090 9660 1000 8GO0 0000 30000
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Figure 4¢. Control input u

Case 3. For pole~[(;-1:-2]; and we get F~[0.0000 -
1.0909 17.3875]: The SMIB system is unstable. The
performance, the new input and control input are
represented Figure (5a),(5b), and (5¢)

P e

e
Wk P
e

s .

at

5I
)l
2L
%
sl & T J

o = Ao oo 1 = 000

Figure 5a. SMIB system with control

rared veetor: W

CIET I BE0 TG0 #0000 10000

Figure 5bh. Control input v,

vt bt 1

'] VB G 5008 4080 00D G600 FOSD  BbD  Geod 10000

Figure 5c. Control input u

From those figures, we know that the SMIB system
without control input is unstable. The case 3,
feedback gain F~[0.0000 -1.0909  17.3875] 1s an
example of system with control input u(t), but system
is still unstable. This is happen because control
feedback system Eq.(17) has pole zero.

5. CONCLUDING REMARK
From our analyze and simulation we conclude

that

a.  The DFL method can be applied to design the
controller of SMIB

b. The feedback gain of linear system 15 determined
by function in Matlab

¢. The second case, I'=[-26.4402 -15.8313
120.8875] give a good performance, the state is
stable with smooth performance. without
oscillation.
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