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Abstract. Hybrid Active Power Filter (HAPF) has highly effective in improving the power quality of power
system. In this paper, a stable analysis of HAPF considering the time delay was made. The mathematical
model of HAPF with time delay has been established. Based on that, the stable domain of the HAPF
parameters was determined based on the Routh’s stability standard. Simulation results based on Matlab
software have shown that: time delay has a marked impact on the stability of the HAPF system. This
research has practical significance in the design and control of HAPF in real system.
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1 INTRODUCTION

Nowadays, the power electronic devices are very popular, such as motor drives, converters in renewable,
electric arc furnace, uninterruptible Power Supply, etc. All of these devices are nonlinear loads. The
nonlinear loads are the sources of the harmonic distortion; it affect directly to grid and reduces power quality
of the power system. There are many ways to solve this problem such as using a passive power filter (PPF),
active power filter (APF) and hybrid active power filter (HAPF). The passive power filters are simple, low
cost, ability to compensate reactive power and harmonic filter [1-3]. However, they are many disadvantages
such as resonance with supply system, no flexibility in harmonic filtering also reactive power
compensation, instability in power system.

A new harmonic filter method based on power electronic devices is an active power filter (APF). The APF
is connected parallel with nonlinear loads and harmonic elimination more flexibility than PPF. However,
APF is limited by high cost, small capacity, less life of power electronic devices and difficult connection
with high voltage network [4-5]. To solve these problems, hybrid active power filter is studied. HAPF is a
topology that is combined by passive power filter (PPF) and active power filter (APF). Hence the HAPF
inherits the advantages of both passive power filter (PPF) and active power filter (APF). Hybrid active
power filter (HAPF) flexibly eliminated harmonic, greatly reduced power rating of APF, avoided resonance
with the supply system, connected with high voltage network [6-10]. Therefore, studying about the hybrid
active power filter is a necessary role to contribute energy saving, especially save energy at business, office,
school, factory, etc. Also improve power quality in power system.

Determination of the exact parameters of the hybrid active power filter will decide its performance. So far
these parameters of hybrid active power filter are most determined based on experience but not considering
stable system. Moreover, researches [11-16] are not considering time delay. In HAPF system, from
harmonic current signal of load to compensation of current into the grid must through many elements such
as capacitors, coils, transformer, output filter, voltage source inverter, controller, etc. All these elements
created time delay at output. The time delay affected the efficiency and stability of HAPF. In this paper,
the mathematical model of HAPF is established with considering time delay of system. Since then, an
analysis of the stability of the HAPF system is established to find a stable domain for parameters of HAPF.
This has practical significance for improving work efficiency of HAPF in the real system conditions.

2 TOPOLOGY AND OPERTING PRINCIPLE OF HAPF

The topology of HAPF is shown in Figure 1.

In Figure 1, Us and Z; are supply voltage and equivalent impedance of the grid. Cg, C1, L1, Cp, Lp, Lo, Co
are the injection capacitor, fundamental resonance capacitor, fundamental resonance inductor, the capacitor
and inductor of the passive power filters, the capacitor and inductor of the output filter. A branch with Cg-
C:- L1 is injected to reduce capacity of APF. C; and L resonate at the fundamental frequency and connect
in series with additional branch Cr. Nonlinear loads are considered as sources of harmonics. Most high
order harmonics will be reduced by the passive filter PPF. In this paper, the passive filters eliminate the 11™
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and 13" order harmonics. Moreover, the APF also rejects some remaining low order harmonics. Thus the
capacity of PPF is reduced significantly.
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Figure 1: Topology of HAPF.
The single phase equivalent circuit of HAPF is shown in Figure 2.
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Figure 2: Single phase equivalent circuit of HAPF.
Where:

The impedance of resonance at fundamental frequency branch 2., =Z., +Z,
The impedance of additional branch Z, =Z
The impedance of the PPFs is Zs. Where R11 — C11 — L11 branch and Riz — Ci3 — Lis branch are inner
resistance of inductor, capacitor and inductor that tuned at the 11" and 13" harmonics. In each passive
filter branch, the impedance is
le = ZR11 + ZC11 + Z'—11
Lig=Lg +Zc +Z
The single phase equivalent circuit with the effect of harmonic source is shown in Figure 3 with output
current of APF iS iapf .
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Figure 3: Single phase equivalent circuit with the effect of harmonic source.
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According to Figure 3, if we control to achieve the purpose 15, =—1,,, then we will obtain Is, = 0.
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With control strategy lapr = Klvn is output current of APF. According to Figure 3, equations are
established:

Lo = lin + e

Iy = Lot + lcrn

len = lon + Icr 1)
IswZsn + lpnZs =Ug,

leenZs + 1 Zcys = lens
From (1), ls is calculated as

I, = (Zy+ Zoys = KZcy1)Zsl 1y @)

S

(Zy + Zey )2+ Zgy) + Z4Z,

The equation (2) showed that if K is large enough, the harmonic current source components will gain a
value of zero. K is the coefficient control and depends on many elements such as control strategy,
parameters, topology...
If only considering the response of the voltage source inverter, Us=0, i.=0. The single phase equivalent
circuit is shown in Figure 4.
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Figure 4: Single phase equivalent circuit when only considering VSI.

Where:
Z,=R +Lgs
? 1
1), Cel s
Z,=2,ClInZey=| R+ Ls+— [/l — === 1
Cs) Css n 1
—+R +Ls+— (3)
Cys Cs
2oL
Ces
Z,=Ry+Lgs
According Figure 4, equations are established:
Iy =l + 15
lo=1+1;
lenZs = 1523 (4)

2
1,Z, +1on"Z 5 =nU;,,

2 _
lenZs + 1,2, + 1 on°Z g =nU;,,

With Ign is compensation harmonic current that is controlled by VSI, VSI as a controlled voltage source.
From (4), I can be calculated as (5)

nU,,,.Z,.Zs

) nZZLo[Zs(Zl + Zz)"‘ Zs(Zl +Z,+ Zs)]"‘ Z\(Z,Zs+ 2,25+ Z,Z,)

()

e
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The transfer function of compensation harmonic current Ig, along the controlled voltage source Uiy, is
Gout(s)

Gout(s): len _ i nZ,.Z, (6)
Uiy N ZLO[ZS(Zl +2,)+Z(Z,+Z,+ 23)]+ Z\(Z,Z,+ 2,25+ 25Z,)
There are two control strategies for Ui, based on load harmonic current detection and source harmonic
current detection. In this paper, the control strategy is based on load harmonic current detection. Here the
load harmonic current detection is calculated based on iy-iy harmonic detection method ! [,
From the above analysis, we can see that the HAPF system has not time delay. With time delay is constituted
by processes of the HAPF system, control block diagram of HAPF is shown in Figure 5. Where G¢(s) and
Ginv(s) are transfer functions of the conventional PI controller and the VSI.

Uinv +

Ly —1 @ G, (5) Gine (9) Gou (8)

1 K

Figure 5: Control block diagram of HAPF.

Y
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The transfer function of the conventional Pl controller:

1
G.(s)=K,|1+=— 7
o(s) { mJ ™
Where K is the proportional gain constant and T; is the integral time.

The transfer function of VSl is expressed:

K

G,y (5)=—"1 8
|nv( ) TinVS +1 ( )

Where Kiyy is amplification factor of the VSI and Tiny is time delay of the VSI.

The time delay of the entire system of HAPF is t and can be represented as e™ function. To facilitate the

analysis, may be simplified as follow

_ 1 1
R ©
1+zs+%

According to control block diagram of HAPF in Figure 5, the control transfer function with load current
input signal I » and source current output signal Is» of HAPF system with time delay e™ is calculated
G(s)= 12t = - _ (10
I 1+Ge(8) Gy (5) Goue(s) €
3 STABILITY ANALYSIS OF HAPF IN CONSIDERING TIME DELAY
There are many criteria used to assess the stability of a system of such: Routh criterion, Hurwitz
criterion, the root locus, Bode plots, Nyquist plots, etc. In this paper, Routh criterion used stability analysis

of HAPF. To consider the stability of the system according to Routh criterion, first establishing Routh table
follows rules. The elements in row i column j of Routh table (i > 3) are calculated:

Cij =Ci2js1 —%-Ciyjn (11)

C.
Where o = 2%
Ci11
From (10), the characteristic equation of the control transfer function of HAPF system is determined
D(s)=a,s"' +as®+a,s’ +as’ +a,5" +as’ +as’ +as’ ras’ rast ras +as’  (12)
Where the coefficients ao...a1: are coefficients of the characteristic equation (12) with the 11" degree, that
is the highest degree of the equation. The coefficients are calculated:
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8 =T’A; a=Ti(2A +7°A); 8, =T,2A +204 +7°A) ;8 =T,2A, + 27A +7°A)) ;
a, =T.(2A + 277, + T° A, + 20K CB)) ; a; =T, (2A, +27A + °A, + 2nK.CB,) ;

ag =T.(2A + 207, + 7°A, + 2nK C:B,) ; @, =T, (2A, +27A, + 7°A, + 2nK,CB,) ;

ag =T.(2A, +2tA, + 72 A+ 2nK .C.B,) ; 8, =T, (2A, + 27A, + 7> + 2nK C.B;) ;
a,=2T,(Ay+7+7°+nK.C:B,); a, =2T,(1+nK.Cp)

Where:
K. = K x K ; nis the transfer ratio of the transformer and the expressions from A; to Aq and B: to By

are determined by the Appendix.
From the coefficients of the characteristic equation (12) can be established Routh table to survey of stability
of HAPF system. To determine the HAPF is stable, then the all of elements at first column are positive.
Thus the stable domain of parameters of the HAPF system is determined as (13)
€, >0
C,, >0
C3;, >0
Cy; >0
Cs; >0
Cs >0
61 (13)
c,,>0
Cg >0

Cy; >0

Ci01>0
C11>0

Cip1>0
Where the coefficients from ci1to c121 are calculated in Appendix
4  SIMULATION RESULTS AND DISCUSSION
To demonstrate the influence of time delay on the stability of the system HAPF, simulation results are
implemented on a system HAPF 10kV-50Hz with parameters as in [5] and are listed as in Table 1. Nonlinear
loads contain order harmonics such as such as 5", 7%, 11% and 13". The dc-side voltage is 600V.
Table 1: Parameters of system simulation.

Parameters R (Q) L (mH) C (uF)
11 turned filter 0.0157 1.77 49.75
13™ turned filter 0.086 1.37 44.76
Fundamental resonance circuit 0.0168 14.75 690
Injection circuit - - 29.65
Output filter - 0.2 -

When 1=1078s, Tin=0.01ms, Kin=1, Ti=10®s, K;=100 the elements in first column of Routh table c11, Ca1,
Cs1, Ca1, Cs1, Ce1, C71, Cs1, Co1, C101, C111 @nd Ci21 are determined in Table 2. All elements at first column are
positive, that HAPF system is stable operation.

Now, we change time delay of the HAPF system: 1=0.0095s, Tin=0.01ms, Kin=1, Ti=10%s, K.=100.
Calculate the parameters of the Routh table we can see that the elements cs; and ci11 at first column Table
3 change sign. According to Routh criterion, the HAPF system with these parameters won’t be stabilize
when it operate.

To demonstrate the above analysis, the simulation results done in MATLAB software, the HAPF system
with the parameters in the stable domain is shown in Figure 6. The HAPF system will be stabilize after the
transitional period 0.01s.
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The grid current harmonic spectrum with the parameters in the stable domain is shown Figure 7. The total
harmonic distortion THD of supply current in this case is 3.38%, satisfaction of IEEE Std 1547™ and IEEE
519-2014 Standard [17-18].

Table 2: The elements of the Routh table with t=10%s

git Cu1= C12= C13= C14= Ci5= Ci6=
6.9612E-55 1.4061E-38 6.71E-28 2.88E-20 2.85E-13 1.63E-07
§10 C21= C22= C23= Co4= Cos5= Co6=
1.40E-46 1.3941E-32 6.52E-22 1.81E-14 1.22E-07 1.19E-02
&9 Ca1= C32= C33= Cas= Cas=
1.40E-38 6.68E-28 2.87E-20 2.84E-13 1.63E-07
o8 Ca= Ca2= Caz= Caq= Cas=
1.39E-32 6.52E-22 1.81E-14 1.22E-07 1.19E-02
g7 Cs1= Cs2= Cs3= Cs4=
1.32E-29 1.05E-20 1.61E-13 1.51E-07
<6 Ce1= Ce2= Ce3= Ce4=
6.41E-22 1.79E-14 1.22E-07 1.19E-02
& Cn= C72= C73=
1.01E-20 1.59E-13 1.51E-07
g Cg1= Cg2= Cg3=
7.87E-15 1.13E-07 1.19E-02
3 Co1= Co2=
1.38E-14 1.36E-07
g2 C101= C102=
3.52E-08 1.19E-02
ol Cinn=
1.31E-07
&0 Ci1=
1.19E-02
Table 3: The elements of the Routh table with t=0.0095s.
ol Cu= C12= C13= C14= C15= C16=
6.28252E-35 2.4509E-27 2.75E-20 1.23E-13 3.17E-08 2.12E-03
§10 C21= C22= C23= Co4= Cos= C26=
1.62E-31 3.0786E-24 3.57E-17 1.19E-10 1.30E-05 2.00E-01
&9 C31= C32= C33= C34= C35=
1.26E-27 1.37E-20 7.68E-14 2.66E-08 2.04E-03
o8 Ca= Ca2= Ca3= Cas= Ca5=
1.31E-24 2.58E-17 1.15E-10 1.28E-05 2.00E-01
§ Cs1= Cs2= Cs3= Cs4=
-1.11E-20 -3.38E-14 1.43E-08 1.85E-03
<6 Ce1= Ce2= Ce3= Cea=
2.18E-17 1.17E-10 1.30E-05 2.00E-01
& C71= C72= C73=
2.56E-14 2.09E-08 1.95E-03
g Cg1= Cg2= Cg3=
9.91E-11 1.13E-05 2.00E-01
g3 Co1= Co2=
1.80E-08 1.90E-03
g2 Ci01= C102=
9.06E-07 2.00E-01
gl C111=
-2.08E-03
&0 C121=
2.00E-01

Simulation results of the HAPF system with the parameter t changed is shown Figure 8. These parameters
of HAPF are set outside of stable domain with time delay T = 0.0095s, Tiny = 0.01ms, Kinv=1, Ti= 0.1s, K¢
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= 100. The HAPF system will be destabilized from 0.0095s to 0.2s. The supply current increases to 1600A
and the current error is 1500A.

The supply current harmonic spectrum with the parameters outside of stable domain is shown Figure 9. The
total harmonic distortion THD of supply current in this case is 379.21%. The individual harmonic
components almost increase higher than in case the parameters of in the stable domain, not satisfying power

quality standards in power system [17-18].
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Figure 6: Response of HAPF with the parameters in the stable domain.
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Figure 7: The supply current harmonic spectrum with the parameters in the stable domain.
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Figure 8: Response of HAPF with the parameters outside of stable domain.
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Fundamental (50Hz) = 231.9 , THD= 379.21%
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Figure 9: Grid current harmonic spectrum with the parameters outside of stable domain.

According to the obtained simulation results, in the case of parameters of HAPF outside of stable domains
cannot be stabilized for the filtering as well as the power system network that the filtering is connected. In
this case, the total harmonic distortion and individual harmonic will be raised much more than in the case
of parameters in stable domain. Thus, with time delay highly increases will result in adverse impacts, 10ss
of stability of HAPF. Power quality of the power system will become very poor and unachievable standards
for connecting to the grid.
5 CONCLUSION

The paper has built the mathematical model of HAPF considering the time delay and analyzed the impact
of the time delay on the stability of the system HAPF. When the time delay becomes smaller, the stability
of HAPF is higher, and vice versa. The parameters of filtering outside of stable domain and longer time
delay are unstable with HAPF system as well as power system that the filtering is connected. Thus power
quality will not achieve international standards with requirements becoming more and more stringent. The
results of this study can serve as a basis for choice parameters of HAPF in considering time delay, and also
ensure stability and more efficient operation of HAPF system.

APPENDIX
C =Tit* A5 C, = Ti(2A +27A, + 77 A)) €y =T, (A + 20, +7° A + 2nK,CcBy)
Ca =T, (2A +20A, +7° A, + 2K CB,); s =T, (2A, + 27, + 72A, +2nK C-B;)
Cio = 2T (A +7+7° +nK.C¢B;)
Cpr =Ty (27A +7°Ay);Cyp = Ty (2R + 20 + 7°A,) Cyy =T, (2A, +20A +7°A + 20K C,.By)
Coa =T (2A + 207, +7° Ay + 2nK.CB, ) ; s =T, (2A, + 208 +7° + 20K CBy) 6 = 2T, (1+NK.Cr)
2
Cyy =| T, (2A + 278, +7°A,) —ﬁﬂ (2, + 207 + 12A4)}
Cyy =T, (2A + 277, + 7°A, + 2nK C.B) -
_LT@A4 +27A + 72 A + 2nK CB,)
T.(2A +T2A,) T

Ca3=T;(2A +20As + 7°A, + 2nK CB,) —

T2 A

ity T 2
T +12A2)T' (2A, +27A, +72A, + 2nK CB,)
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Coy =T (2A, + 207, + 72 Ay + 2nK CB;) -

2
WA 1 (2A +20A +72 + 20K C, B)

TA+TA)
Cys = 2T, (Ay + 7+ 77 +nKCCFB7)—LA122Ti(1+ nK.Cr)
T2A+7°A)
Ci=T.(2A, +2tA + T°A,) —
~ T, (27A +T°A,) ‘e,
[Ti (27 +2Ay 4 2R —— TR T op 4 om, +12A4)}
T.(27A +7°A)
Cip =T, (2A, +27A, + 72 A, + 2nK_C.B,) —
~ T,2A +1°A) ‘c,,
[Ti (2A +24A, +7°A,) —LA&ZE (2A, +27A; + 72A4)}
T.(27A +7°A,)
Cis=T.(2A; + 27A, +7°A, + 2nK C.B,) —Ti(ZTAiC—HZAZ)c34
31

Cyp =T; (27 +20Ay + 7% + 20K CBg) -
T,(2A +7°A)

> Css
{Ti (2A + 27, + T2A)) _'I'-(Zz-Zﬁz-zAz)Ti (2A, + 207, +12A4)}

Cy5 = 2T;(1+nK.C);
Csy =T, (2A, +27A, + 72 A, + 20K .C:B)) -

To’A 2 Ca1
P T (A, +27A + 72 A + 20K CpB,) —=Lc
T.(20A +7°A,)) (A2 T A <CrBa) Ca1 *
Cs, =T (2A; + 277 + T2A7 +2nK.C:B;) -
T’ A 2 c
-7 T(2A +27A + +2nK C.B,)—=3L¢
T.(20A +7°A,) (2R 2oy oAy CeB) Car
Css =T, (2A, + 2tAy + 7% Ay + 2nK C B) —

2
LEA 1 (2A + 20 + 17+ 20K CeB) - S,

Ti(2A + TZAQ) I Ca1
T.r° C
G = ZT(Ay + 7+ 22 4K CpBy) - =LA oT (14 nK,Cp )~ Ble,
T,(2A +7°A) Csq
_ A oA Ma oA 41 PO 51~ . A _ 51 .
C1=Csp——Csp; Cop =Cy3——Cs3; Cg3=Csy ——Cs4, Cgy =Cys5; C73 =Cs5p——=Cqy; C7p = C53 ——Cg3;
51 51 51 61 61
Csy . . Co1 . . Co1 . . _
Cr3=Cs4 ——Cgy; Cg1=Cop——Cy5,C5p =Cg3——Cy3; Cg3=Cg4y
61 71 71
_ G . _ Cp . . _ Coy . . A _ Co1 . _
Cg1 =C7p———Cqy; Cgp =Cr3——"Cgg; Cy93=Cgp ——Cgp; Ci9p=Cg3; C11=Cgp ——Cipp; C121="Cip2
1 81 91 01

The expressions from Al to A9 and B1 to B7 are expressed:
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A =To(fi+07L,1,)

Ay =T LC.Cr f3 +Tiny fs + Ty’ Lo fs + f, + %Ly f,

As = TinybiCy fe + Ty RCICr 3+ Ty Ll fCriCisl Ce + TinsN°LoR F7 + T n*LoL g +
+ T N°LoCr fy + LC,Cr fy + f, +n°Ly fy

A =T i Ci Fio + T RCi fs + TinCr f3 + TinuD*LoR, fg + Ty *LoLfyy + Ty N*LoCe i, +
+ LG, fs + RC,Cr f3 + Lyl iCr Cigl Cr + LR, f; + 0L fg + 0L, Ce f,

A =T LG fig + Tin RCy Fig + Ty fs + TN *LoR, 1y + T Lol iy + T N LoCifis +
+L,C, fo+ RC, fg +Cp fy + n°LyR, f +n’LoL f,; + n°L,Ce f,

As =T liCi Fig + Ty RCy fig + Ty Fio + TN *LoR, iy + T n?LiCfy + LG i +
+RC, fio+ fg +N°LoR iy + n*LoLs fi, + n®LCr fis

A =T LiCy + T RCy fig + Ty Fia + T Lo fig + LC, fig + RC fig 4 i+

+n°LyR, f, +n°L,Cr f;

A =Ty Fig + LG+ RC fig + fia+0°Lo fig

A =T, +RC +R(Cly+Cig) + R+ RiCig + CeR,

B, =TiLiC L1 CiCis

B, =TLCCiCi(Rislys + R13L11)+Ti RiCiLybi G iCos + LG L3 L G Crg

B, = T,LCi(RiuRisCiiCrs + LifCis + Ly Ci )+ TIRCICy Coa(Rislyg + Risly )+

+ Tl sCiiCrs + LCCy Cra(Rislus + Rislay)+ RCG L L Cy Cig

B, =T Licl(RMCll + R13C13)+Ti R1C1(R11R13C11C13 +LCpa+ L11011)+
+T,.CiiCra(Rislas + Riglas)+ LGy (RisR1sCriCra + LigCrs + LiiCry )+

+ R1C1C11C13(R11L13 + R13L11)+ Ly1LoCiiCis

Bs =TiLlC +T; R1C1(R11C11 + R13C13)+Ti (R11R13C11C13 +LCs+ L11C11)+

+ LG (RiCis + RiCia)+ RCi(RiRCy s + LiCig + Ly i)+ CiiCra(Rislys + Rislas)
Bs =TRC, +Ti(RiCis + RifCis)+ LG, + RC(RiCiy + RiCia)+

+(RiuRiCrCrs+ LCis + L Cyy)

B, =T, +RCi+(RiCii+RiCys)

Where:

fy = L1 GGk Ce LGy

f,=LCe L1C1(|-11 + L:I.S)C11C13 +LCCe Ly Ly G Cig + Ce LG L L G Cig
f3=LLCCaR + (R11L13 + R13|-11)C11C13|—s

f, =RCL LG Gl Ce

fs =R.Ce L1C1(|-11 + L13)C11C13 +RCCe Ly Cy Cra+ LC LGy (Ryy + R13)C11013 +
+LCe |—1C1(|-11 + L13)C11C13 +LCCe (R11L13 + R13L11)C11C13 +CeRLiLsCi G +
+CeLCCi CralRuslus + Rigly)

fo = (L11 + L13)C11C13|-s + L, L G Cis +C (R11L13 + R13L11)C11C13Rs +

+Ce (RyRiCyCis+ LyCrs + Ly Cyy L

f; =CeLiCi(Ry; + Ri3)Ci Cis + CeRCi(Luy + Li3)Ci Cis + CiC (Riylys + Risly )G Ci
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fg=C¢ L1C1(C11 + C13)+ Cr R1C1(R11 + R13)C11C13 + (CF + Cl)(Lil + L13)C11C13 +
CCe (R11R13011C13 +LCat+ L11C11)

C
fo = L11L13C11C13(1+ C_lJ + C11C13(R11L13 + R13|-11)R1C1 +

E
+ (R11R13C11C13 +LCis+ L11C11)L1C1

flo= (Lu + L13)611C13Rs + LS(R11+ R13)C11C13 + (R11|-13 + R13L11)C11C13 +

+Ce (RuRCiiCra+ LifCis + LiCio Ry + Ce (R Ciy + RiCi )L
fi1=CeRCy(Cyy +Cyp)+(Cr +C JRy; + Ry C1uCrs +C,Cr (RiCy + R Cg)

C
fl,= C11C13(R11L13 + Rm'—u{l*‘ C_lJ + (R11R13C11C13 +L,Cpp+ L11C11)R1C1 +

F
+ (R11C11 + R13013)|-101

fis=R, (Rll + RlB)CllclS +L (C11 + C13)+ R1R1sCiCrs + LiCis + LGy +
+Ce (R11C11 + R13C13)Rs +CeL

fla= (CF + Cl)(cll + C13)+ CCe

C
f15 = (R11R13C11Cl3 + L13C13 + Lllcll{l_’— C_lj + (Rllcll + R13C13)R1Cl + Llcl

F

fie =R, (L13 + C13)+ R;Ciy +Ri3Crs + CeR,

C
1:17 = (R11C11 + RlSClS{l-l_ C_l} + Rlcl

F
C
f.=C.|1+—%
18 F( CF}

fle=RC +R; (Cn + C13)+ Ri1Ciy + RisCis + CeR;
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PHAN TiCH ANH HUONG CUA THOI GIAN TRE PEN SU ON PINH CUA MACH
LQC TICH CU'C DANG LAI GHEP

Tém tiat. Mach loc tich cuc dang lai ghép (HAPF) co6 hi€u qua cao trong vi¢c cai thién chét luong dién
nang trén hé thong dién. Trong bai bao ndy, mot phan tich 6n dinh ciia HAPF c6 xét dén thoi gian tré da
duoc thuc hién. M6 hinh todn cia HAPF véi thoi gian tré da duoc thanh 1ap. Trén co so do, mién 6n dinh
cua cac thong s6 HAPF d3 duoc xac dinh dua vao tiéu chuin 6n dinh Routh. Cac két qua md phong dua
vao phin mém Matlab da chimg to duoc riang: thoi gian tré c6 anh hudng rd nét dén tinh ning 6n dinh cta
hé théng HAPF. Nghién ciru ndy c6 y nghia thyc té trong thiét ké va diéu khién cia HAPF trong thoi gian
thuc.

Twr khéa: Mach lgc thy dong, mach lgc tich cyc dang lai ghép, phan tich 6n dinh, thoi gian tré.
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