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Toém tat - Khéi dong den 1a quy trinh khéi phuc lai ngudn dién béng
cach st dung cac nha may phat dién trong trwdong hop hé théng
truyén tai dién quoc gia bi méat dién hoan toan hodc mot phan Trong
bai bao nay, gidi phap khéi dong den va van hanh & ché do éc dao
dwoc dé xuét cho nha may thay dién Dakrorsa tai tinh Kontum. Trwéc
hét, mé hinh toan hoc ctia nha may thiy dién Dakrosa dwoc xay dung
dé lam co s& cho viéc phan tich va thiét ké giai phap. Dya trén md
hinh toan hoc nay, cac thuéat toan diéu khién PID va diéu khién mo
duwoc dé xuat dé khai déng den nha may va van hanh & ché d6 éc
dao cép dién cho mét phu tai xac dinh. D& kiém chirng sw kha thi va
hiéu qua clia cac thuat toan d& xuét, cac mé phéng dwoc thwe hién
trén phan mém Matlab- Simulink. Cac két qua md phdng cho thay dap
ng cong suat huy dong va 4n dinh tan s6 tét hon trong trwong hop
c6 st dung logic m& két hop voi thuat toan PID truyén thdng.

Tir khéa - Khéi dong den; nha may thay dién; hé théng didu téc;
mo hinh toan hoc; mé hinh héa; logic mé:.

1. Pit van dé

Mit dién trén dién rong hodc su cb rd ludi dién 1a cac
trudng hop ti té nhat c6 thé xay ra trong hé thong dién. R&
lu6i dién 1a sy cb mat lién két gitta cac nha may dién, tram
dién dan dén mét dién mot phﬁn hay toan bo hé théng dién
mién hodc hé théng dién quéc gia. Khi sy b ra lugi dién xay
ra s€ anh huong dén céc thiét bi dién quan trong, cac khu vuc
quan trong khi bi mét dién c6 kha ning anh huong dén an
ninh quc gia, gay 6 nhidm méi truong nghiém trong, de doa
tinh mang con nguoi, gy thiét hai 16n vé kinh té. Tai Viét
Nam, gan day su cd rd ludi dién gay mit dién toan Mién
Nam d3 xay ra chiéu ngay 22/05/2013 [1]. Khi sy cb ré ludi
dién xay ra, trung tim diéu d6 c6 thé ra 1énh van hanh dé yéu
cau cac ngudn phat dién thyc hién khoi dong den (black
start) va cung cap dién doc 1ap cho cac khu vuc quan trong
trong mot thoi gian dé cho hé théng dién dugc khoéi phuc.
Khoi dong den 1a qua trinh khoi phuc lai toan bd (hodc mét
ph?m) hé théng dién tir trang thai mat dién toan b (hodc mot
phén) bang cach sir dung cc t6 may phét dién co kha ning
khoi @ong den. Trong thoi gian do, cac thao tac dugc thuc
hién theo trinh tw nhat dinh nham dua cac thiét bi cua hé
théng dién vao van hanh tr¢ lai sau su ¢b ra ludi. Dé thuc
hién viéc ndy, cac ngudn phat dién tham gia vao khéi dong
den phai dugc trang bi giai phap khoi dong den va cap dién
ddc 1ap cho mot khu vuc phu tai quan trong. Bén canh do,
cac khu vue quan trong ciing phai dugc trang bi hé thong
chuyen d6i ngudn dién nhan tir ludi dién qudc gia sang nhan
tir nguon dién du phong theo quy dinh cta phap luat, dam
béo cac thiét bi dién quan trong lam vi¢c binh thuong hoac
khong bi hu hong trong truong hop mét dién ludi dién qudc

Abstract - Black Start is the procedure of restoring power by using
generators in the event of a total or partial shutdown of the national
electricity transmission system. In this paper, the solution to black
start and island operation is proposed for the Dakrosa hydroelectric
power plant in Kontum province. Firstly, the mathematical model of
Pakrosa hydropower plant is developed as the basis for the
analysis and design of the solution. Secondly,based on this
mathematical model, PID and fuzzy control algorithms are
proposed to black start and operate in island mode to supply a
specified load. Thirdly, to verify the feasibility and the effectiveness
of the proposed algorithms, simulations have been carried out on
Matlab-Simulink software. The results have shown better
mobilization power and frequency stability in case of using fuzzy
logic combined with traditional PID algorithm.
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gia. Lién quan dén van dé nay, Bo cong thuong da ban hanh
thong tu s6 22/2017/TT-BCT quy dinh khoi dong den va
khéi phuc hé théng dién qudc gia [2].

Nha may thuy dién Dikrosa nam trén khu vyc Béc Tay
nguyén, cong suat may phat cé nho (7,5 MW), két ndi ludi
22kV va luéi 110kV dé cung cip dién cho khu vuc Huyén
Dik T6, va Tinh Kon Tum hoa vao luéi dién Quéc gia tai
tram 110kV Dak T6. Viéc nghién ctru giai phap khdi dong
den cho nha may thuy dién Pikrosa dé khi ¢ su cd dot
ngot tir h¢ thong dién c6 thé dua t6 may vao phat dién &
ché d6 doc lap phat dién cho khu vuce s& gop phan quan
trong, nhim déap tmg nhanh cong sudt cho phuy tai lam 6n
dinh H¢ thong dién tai huyén Bak T6 noi riéng, Tinh Kon
Tum néi chung.

Vén dé cap dién doc 1ap, khoi dong den nha may thity
dién d3 duge nhidu nha khoa hoc quan tdm nghién ctru. Cac
cong trinh di trudce da nghién ciru xay dung mo hinh toan
hoc mé ta h¢ théng va dé xudt phuong phap diéu khién
nhim nang cao chét luwong hoat dong cua hé théng diéu
khién van hanh & ché do phat doc 1ap cua nha may thay
dién [3 - 7]. Tuy nhién, cac bai bao nay da so chi dua ra cac
giai phap chung ma chua di sau vao cy the vé thuat toan
didu khién bo diéu téc nha may. Hon nita cdu trac hé théng
thuy lyc cua cac mo hinh toan hoc ma céc cong trinh di
truée khong gidng voi cac nha may thiy dién nho & Viét
Nam, vi vay rat kho ap dung vao thuc tién tai cac nha may
thiy dién ¢ Viét Nam.

Nhitng dong gop chinh cia bai bao nay trong nghién
clru vé giai phap khoi dong den cho cac nha may thiy dién
tai Viét Nam nhu sau: Bai bado xay dung mo hinh toan hoc
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cho cac thanh phan chinh ctia nha may thuy dién Dikrosa
tai tinh Kontum. Duya trén mo6 hinh toan hoc nay, cac thuat
toan diéu khién PID va diéu khién m& duge dé xuit dé khoi
dong den nha may va van hanh & ché d6 ¢ dao cap dién
cho mot phu tai xac dinh. Véi ddc diém céu tric hé thong
thity lyc cia nha may Dakrosa 1a chung mot duong 6ng
thity Iuc chinh va sau d6 r& nhanh vao 3 t6 may (Hinh 1)
thi day 1a nghién cru c6 tinh méi, cac cong trinh nghién
ctru di trude chua thuc hién.

2. M6 hinh toan hoc nha may thiy dién Pikrosa

Nha may thay dién Dikrosa tai KonTum c6 tong cong
suat 7,5MW 14 loai nha may chung duong dng ap luc. Nude
s& chay vao dudng dng ap luc chinh dén 3 dudong 6ng nhanh
di vao 3 tua-bin ctia 3 t6 may phat. So d6 cdu truc cac phan
tir thity lyc ciia nha may duoc thé hién nhu Hinh 1 dudi day.

Hinh 1. So'd6 cdu triic cdc phan tir thity lee nha méy
Theo phuong trinh Becnuli va dinh luat bao toan nang
lugng chdng ta co:

2 2

D1 U1 P2 V2
F+zlg+7=;+zzg+7 (l)
Do:p, =p,vav, = 0,suyravan toc dong chay va luu

luong c6 tinh dén ton thét ¢t nude do ma sat:

= /29(1{ —hy) 2

= Qp = Av,A\J2g9(H — hy) 3)
_Lr 1
= fP—DZgACZ (4)
=  Hp = Hy — fp X Q° (5)
Cac van servo dong mo ti vé€ vai luu luong [6]:
Q1 = G1Qyin = G1A/2g9H,; (6)
_ A% 1
> M= (Glecl) x 2g ™
— 2
o Ho=(%/ 8
' ( G&) ©
Theo dinh luét II Newton ta co:
ov
AP XA, =m— 9
X Ac=m— )
Ma
AP = (Hp — Hp)pg (10)
o
= (Hp —Hp)pg X A, =m— (11)

= (Hp —Ho)pg X A, = LpAcA oL (12)
Phan tich thanh 3 duong dng

L 10Q, 0Q, 00Q;
Hp—Hy)=—|—F+—+— 1
(Hp = Ho) gA. L at LFTIRAFT (13)

Tuong tu phép bién ddi cho timg dudng dng nhanh:

Ly [00Q,
(o — ) = | 5] (14)
L, L 00, (15)
Hp —H,) = [ —
o =H) = | L‘g(Aé) ot
+ [_ 9@,
g(zlc) aat
L2
g(A)l at
Viét lai phuong trinh (15) du6i dang sau:
AH, = KlQl + K[Qz + Q3] (16)
Sau d6 thyc hién l4y tich phan ta co:
AH
— =K@ +K(Q: + Q) (17)
Thuc hién chia Hio va QloZ
— [AH; _ Hy
=|—x + (18)
e s HO o @+ 0
Khi xét d@én ton hao ta co:
— — 1 —
Q1 = (Hp —Hy — hgy) — + M(Q; + Q3) (19)
sT,,

Bén canh d6, mo6 hinh toan hoc ctia van servo nhu sau:
Qin =G = u
Qout Tss +1
Cong suat co tac dung én tua-bin duoc biéu dién bai
phuong trinh:
m =pg(Q — Qn)HNr (21)
P = (Q - QNL)H (22)
Y nghia cac tham s6 va bién qua trinh trong céc phuong
trinh trén duoc thé hién ¢ Bang 1.
Bing 1. Y nghia cia cac bién qud trinh va tham sé

(20)

Cac bién qud trinh

z Cao d6 tinh tir ha luu dén vi tri duoc xét

p Ap luc tac dung 1én dong nude

AP | Ap lyc trén mot don vi dién tich

Hin | Cot nuwdc diu vao

H H = z; — z, la cot nu6e tinh toan

Ho | Cotnudc ap lwe khi xét dén tdn that

fms | Hé sé sirc can ma sat

_h — L Vz_ 2
- f_fmsxgxz_foQ
Tén that cot nuée do ma sat

ht

Qne | Luu lugng khéng tai

Q; Luu luong lam viéc nhéanh i

Qin Luu lwgng vao van servo
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Qout | Luu lugng ra khoi van servo

u Tin hi¢u mong mudn d3t vao van servo
G, Gi | P6 mé cua van, van nhanh i
Le, Li | Chiéu dai duong 6ng chinh, nhanh i
D, Li | Pudng kinh dwong éng chinh, nhanh i
Ac, Ai | Tiét dién caa duong dng chinh, nhanh i

L
K | K= [m]
« | =[]
' g(Al) g (Ac)
p Trong luong riéng cua nudc

khéi lugng nuéc

g Gia tbc trong trudng

nr | Hiéu suat turbine
fp = £ X @ X 1

D" 29 A2

Ts Thoi gian tré ciia van servo

Tong két lai cac phuong trinh va thyuc hién biéu dién
md hinh toan hoc hé théng thay luc cua 3 té méay nha may
thity dién dudi dang so do khdi, két qua duoc thé hién ¢
Hinh 2.

2@ e R

Hinh 2. Biéu dién so dé khéi md hinh todn hoc hé thong
thuy lyc nha may thuy dién Pakrosa

3. Pé xuét b didu khién khéi dong den va cip dién doc
1p cho nha may thiiy dién Pikrosa

Thuec trang hién tai ciia nha méy chi sir dung cac bo diéu
khién PID truyén thong dé didu khién hé thong diéu toc
hoat dong ¢ 4 ché dd van hanh tuong ung voi 4 giai doan
hoat dong: Diéu khién tdc d6 khoi dong khong tai (Speed
control Noload); Piéu khién d6 mé canh hudéng & khoi
dong khong tai (Opening control); Didu khién toc do dé
diéu khién tin s6 (Speed control) va Diéu khién cong sut
(Power control). Thyc trang ctia nha may chua co6 giai phap
khoi dong den ciing nhu diéu khién cap dién doc lap cho
mot phu tai xac dinh.

Tu phén tich thyc trang ciia nha may va trén co s¢ mo
hinh toan hoc da xdy dung trong Phan 2, nhém tac gia dé
xuét thudt toan diéu khién cho hé thong diéu toc nha may
thity dién Dakrosa str dung b diéu khién PID két hop logic
mo dé diéu khién t6 may va c6 4 ché d¢ van hanh, mdi ché
d6 van hanh s& ¢6 cac bo PID khac nhau. So d6 nguyén 1y
cac thudt toan diéu khién nay nhu Hinh 3.

Spead sotpaint
Speed Control NOLOAD
Spead feechack Noload (PID)
Gate setpoint
Gate foodback Opening Control
Froquency selpoint
Speed Control
Froquency fessback (PID) —
Power setpaint =

Power Control
Powe fescback (PID)

HE THONG
DIEU TOC

Frequency setpoint
Black-Start Control
(PID)

- Fuzzy Control

Hinh 3. So d6 nguyén Iy bé’dié‘u khién hé théng diéu toc sau khi
cdi tiéen cua nha mady

Heé thdng diéu khién ma bai bao d¢ xuét cai tién so voi
thyc trang & nha may dugc thém vao mét bo diéu “Black-
Start Control” thuc chit la bd PID duoc hiéu chinh phu hop
két hop véi bo diéu khién mo “Fuzzy Control” dé phuc vu
cho qua trinh khoi dong den va van hanh doc 1ap & ché do
dc dao. Cac thong sb PID & cac ché do duoc tinh toan va
do tim trong qua trinh mé phong va thé hién trong Bang 2.

Bing 2. Théng s6 cdc bg PID

Ché dp Noload OnLoad | Freq Black-Start
Kp 2.7 2.95 3.15 47
Ki 0.7 0.72 0.63 0,9
Kd 0.5 0.45 0.5 15

B6 diéu khién mo dugc thiét ké véi cac thanh phan nhu sau:
3.1. Céu triic b diéu khién mo

B6 diéu khién mo c6 hai bién trang thai dau vao va mot
bién dau ra. Mai bién nay dugc chia thanh nhiéu gia tri tép
mo. SO gia tri mo trén moi bién dugce chon dé phu hét cac
kha nang can thi€t sao cho kha nang dic¢u khién 1a 16n nhat
trong khi chi can mét so toi thiéu cac ludt dicu khién mo.
O day ta chon hai bién trang thai vao la: Sai léch gifta tan
s0 dat va tan s6 phan hoi “E”, toc d bién thién cta tin hi¢u
sai léch tan s6 “dE” va bién ngén ngl ra “U” 1a dai lugng
bl vao tin hiéu diéu khién d6 md canh hudng.

3.2. Dinh nghia tidp mo

Dinh nghia cac bién ngdn ngit vao ra:

- Bién ngdn ngit vao 14 tin hidu diéu khién cta bo didu
khién mo cu thé 1a lugng sai Iéch tan s6 “E” va toc d0 bién
thién cua tin hiéu sai 1éch tan so “dE”;

- Bién ngon ngir ra “U” la dai lugng bu vao tin hi¢u
dicu khién d¢ mé canh hudng;

Xac dinh mién gié tri vat 1y cua cac bién ngdn ngit vao
ra: Mien gia tri vat ly phai bao ham hét cac kha nang gia tri
ma bién ngdn ngir vao ra c6 thé nhan dugc, ta chon:
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= E=[-0.04;0.15];

= dE=[-0.03; 0.14];

= U=[-0.035; 0.872].
Chon s6 luong tap mo 1a cac gia tri sau:

= E={ZE PM PB},

= dE={GN ZE PM PB};

= U={ZE PS PM PB};
Trong do: A
tAm;
: Khong;

e GN
. ZE

e PS :Duongit;
. PM : Duong vura,
° PB : Duong 16n;

Céc ham thudc dugc chon cho bién ngon ngir vao ra
nhu Hinh 4, Hinh 5 va Hinh 6.

File Edit View

Membership function plots ™' #>™= 181

zE PM FB

FIS Variables.

de

X X X .1 .12 Al
input variable "o

Current Variable Current Membership Function (click on WF to select)

Name e Hame -

Type input sz trimf -
Range L0.040.15] B [-0.04 -0.008089 0.02]

Display Range

[-0.04 0.15] | Help | Close | |

Selected variable “e” |

Hinh 4. Ham lién thudc cho sai léch E

File Edit  View

" i piot points: 181
FIS Variables Membership function plots

@y
e

de

GN zE PM PE

2 2 1 12 1
input variable "de”

3.3. Xdy dung ludt hop thanh
V6i 3 tap m& ciia bién dau vao E va 4 tap mé cua bién
dau vao dE, ta xay dung duoc 3x4 = 12 luat di€u khién. Tur
do, ta co cac ludt mo cua bo diéu khién nhu Bang 3 sau day.
Bing 3. Ludt mo ciia bé diéu khién mo

Sai léch tin sb (E)
ZE PM PB

U

GN PS PM PB
Sai lgch ZE ZE PM PM

tich phan
PM PM PM PB

tin so (dE)
PB PM PB PB

3.4. Chon ludt hop thanh

Ta chon luat hop thanh MAX-MIN, biéu dién duéi
dang Ruler nhu Hinh 7.

e=0.055 de = 0.055

NI

B
L

]
]
]
]
]
]
—]
—]
—
]
]

I

[
[
[
[
[
[
[
[
[
E
i
i
0

[
[
[
[
[
[
[
[
[

-0.04 0.15 -0.03 0.

Input- | [0,055;0.055]

Move: et | right | down| up ‘

Ready | ‘ Help | Close: ‘ ‘

Hinh 7. Biéu dién duéi dang Ruler

” Plot points:  1gq |

3.5. Gidi mo
Két qua giai mo dugce thé hién & Hinh 8.

File Edit View Options

Current Variable Current Membership Function (ciick on MF to select) X (input): - ¥ (input) = | Z (output) u -
Name de Name ZE X grids: 15 ¥ grids: 15
Type input D trimf ~
Ref. Input: Plot peints: 101 Help. Close ‘
- Params [-0.01876 0.002493 0.02328]
ange [-0.02 0.14]

Display Range [-0.02 0.14] | Help Close | |

Ready ‘

Selectes vaniabie “ae" |

Hinh 5. Ham lién thudc cho sai léch dE

Membership function plots =/°f #"=: 181

FIS Variables

E Ps P PB

1 2
output variable "u”

Current Variable Current Membership Function (click en MF to select)

Name u M= zE

Type output T trimt ~
Range L0035 0.672) FEETE [-0.035 -0.035 0.02371]

Display Range

[-0.035 0.872] | Help Close | |

Selected variable "u” |

Hinh 6. Ham lién thudc cho dau ra U

Hinh 8. Giai mo
4. Két qua md phéng
4.1. Két qud mé phéng véi bé diéu khién hién tai ciia nha
may
- Mo phong bd diéu khién hién tai trén Matlab:

Hinh 9. M6 phéng bé diéu khién hién tqi
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- M5 phong toan bo hé thong trén Matlab-Simulink:

] 2 o w2

I = | (B
T |- I B 2]
' : n K3
=y : < | 2Tt
. 2 . - Lt

Hinh 10. M6 phéng toan bg hé thong
Két qua dd thi mo phong hoat dong ciia hé thong diéu
toc vi bo diu khién chi ding thuat ton PID truyén thong
duoc the hién trén Hinh 11. Tur ket qua nay ta thay cac dap
Ung toc do, tan s6 va cong suét tién dén gia tri on dinh mong
mubn sau mot khoang thoi gian nhét dinh. Trong qua trinh
khai dong den va cép dién doc lap, néu tach riéng ra dd thi
dap tng tan s6 c6 két qua duoc biéu dién trén Hinh 12.
KET QUA MF) PHDNIG BLACIK START - THU.AIT TOAN‘PID

e
O

100

——(G-PID
= = CHPID

90
oevns Prmgc-PID

80 -

70

____________________________

60 [

50
4w
0r ;¢

20+

0 ‘5 ‘IIU 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 50
time [s]
Hinh 11. Két qua mé phong hoat dong khéi dong den ciia
cac téo may truong hop chi dung thudt toan PID

MO PHONG DAC TINH TAN SO - BLACK START - THUAT TOAN PID

—1G-PID
50
49
48
o
&
§a7
=
2
5
o 46
&
a
45
a4
43
42
0 5 10 15 20 25 30 35 40 45 50

time [s]
Hinh 12. Két qua dap 1ng tGn s6 ciia cdc 16 may

Tir két qua md phong dap g tan s6 trén Hinh 12 ta

thiy, trong trudng hop c6 su ¢b cac td may dang & trang

thai dung hoat dong phai khoi dong va mang tai 2MW moi

td may thi trong vong 25s cac t6 may dat dugc téc do dinh

mirc tuong g tan sd dién ap phat ra 1a 50Hz+0,2. Tuy
nhién, viéc dap ting trén la khd cham.

4.2. Két qua moé phéng véi bg diéu khién PID + Fuzzy
“ Mo hinh b¢ diéu khién PID + Fuzzy dugc dua vao h¢
théng diéu khién diéu téc nha may Hinh 13.

FID w
Tan so dat ut
Saluratlonzl

Saturationd
WH

PID(s)

PID Black-Start Controller

(Y
dufdt -
/— Fuzzy Logic

Derivative1 Saturation1 Controller

Hinh 13. Bé diéu khién PID+Fuzzy dwoc thém vio
Két qua md phong déc tinh tan s6 & ché do khoi dong
den voi bo dicu khién khi chi st dung PID + Fuzzy nhu
Hinh 14.

MO PHONG DAC TINH TAN SO - BLACK START - THUAT TOAN PID + FUZZY

51
——G-PID+FUZZY
50
49
o
2
c
=
=48
E
a
o]
o
47
46
% | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50

time [s]
Hinh 14. Két qua ddc tinh toc ¢ khi sic dung bj diéu khién PID
ket hop FUZZ
So sanh két qua dap ung tan s voi trudng hop c6 va
khong ¢6 bo diéu khién md nhu Hinh 15.

SO SANH DAC TINH TAN SO

51 T -
——G-PID+uzzy
50 f\ e = = G-PID
:‘a/-. R = fG-Setpoint
!
49 1
]
I
48 '
2 1
I
g 47 1
E’ L}
= '
o 46 v
[i] \
o ' 1
a5k 1
\ 1
v
T
1 i
\ 1
431 4
2 | | | | |
0 5 10 15 20 25 30 35 40 45 50

time [s]

Hinh 15. So sdnh dap tmg tan s6 triede va sau cdi tién
Tir két qua mo phong Hinh 14 va Hinh 15 ta thay, & ché
d6 khoi dong t6 may khi sir dung bo diéu khién PID két
hop FUZZY cho ta két qua tan s6 ctia dién ap bam theo gia
tri mong mudn nhanh chong dat dén gia tri 50Hz, dap tng
t6t hon so véi truong hop chi sir dung thuat toan diéu khién
PID truyén thong.
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Nhu vay, b diéu khién méi cho két qua tdt hon so voi
khi chua céi tién, dong thoi dap tmg nhanh chong cong suat
khi ¢ yéu cau dé dua tan s6 vé gia tri dinh mtrc nham gop
phan tham gia vao viéc 6n dinh cho hé thong dién Quéc gia.

5. Két luan

Bai bao da dé xuat giai phap khoi dong den va van hanh
& ché d6 dc dao cho nha méy thuy dién Pakrosa tai tinh
Kontum tmg dung cac thuat toan diéu khién PID két hop
v6i logic md. Mo hinh toan hoc ciia cac thanh phan chinh
clia nha may thiy dién Pakrosa da duoc xay dung dé 1am
co s& phan tich va dé xuét cac thuat toan diéu khién PID
két hop véi logic mo. Véi cu tric hé thong thuy luc kha
dic biét ciia nha may Piakrosa 1a chung mot duong ng
thity lyc chinh va sau d6 r& nhanh vao 3 t6 may thi day 1a
nghién ctru ¢6 tinh méi va pht hop véi thuc tién cac nha
mady thuy dién nh6 ¢ Viét Nam. Cac mo phong kiém chimng
trén phan mém Matlab-Simulink da ching minh sy kha thi
va hi¢u qua cua cac thuat toan dé xuit. Céac két qua md
phong cho thay, d4p ung cong suat huy dong va on dinh tan
s6 t6t hon trong truong hop co st dung logic mo két hop
v6i thuat toan PID truyén thong. Day 1a két qua nghién ciru
quan trong lam co s¢ khoa hoc dé nha may thuy dién
Dakrosa dé xuat giai phap céi tién hé thong diéu khién, xay
dung giai phap khoi dong den va cép dién doc lap theo yéu
cau cap thiét cua thuc tién.
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