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NGHIEN CUU VA XAY DUNG MO HINH TOAN HOC
CHO HE THONG THUY DIEN LIEN KET VUNG
TRONG BAI TOAN ON DINH TOC DO TUABIN

RESEARCH AND DESIGN OF A MATHEMATICAL MODEL FOR AN INTERCONNECTED HYDROPOWER SYSTEM

IN THE STABILIZATION PROBLEM QOF TURBINE SPEED

Nguyén Duy Trung®*, Nguyén Ngoc Khoat!, Hoang Thi Thu Hrong?,

TOM TAT

Trong hé thdng dién hién nay viéc diéu chinh dé 6n dinh tan s6 lwi dién khi
tai thay ddi dam bao chét lugng dién nang ludn la vén d8 rét quan trong. He
thdng dién cd cac nguon phat dién nhu; nhiét dién, dién hat nhan, thdy dién,
dién mat troi, nang luong gid. Thay dién ludn chiém lyong cong suét twong d6i
|6 trén tong cong suét ludi dién. Viéc xay dung md hinh toan hoc hé thong thiy
dién lién két la khau rat quan trong trong viéc thiét ké bo diéu khién tdc do
tuabin thly dién dé diéu khién on dinh tan s lwdi dién khi tai thay doi. Tir viée
khao sat md hinh md phong, ta cd thé ap dung cac chién lugc diéu khién tan s
hiéu qua cho hé thdng thdy dién lién két ving trong thyc té.

Tlr khda: Didu khién tan s6 tai, mo hinh toan hoc hé thong thily dién, tuabin
thiy dién.

ABSTRACT

In the current power system, the adjustment of the frequency of the grid
stability when the load changes to ensure power quality is a highly
important control problem. The power system has several types of primary
sources such as thermal power, nuclear power, hydroelectric, solar power
and wind power. Hydroelectricity always accounts for a relatively large
amount of capacity on the total grid capacity. Building a mathematical model
of the connected hydroelectric system is a very important step in designing
the hydro turbine controller to stabilize the grid frequency when the load
changes. From the investigation of mathematical modeling, it is possible to
apply efficient net frequency control strategies for the interconnected
hydropower system in reality.

Keywords: Control frequency load, mathematical model of hydroelectric
system, hydro turbine.
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1.GIOI THIEU

Hé théng dién néi chung va nha may thdy dién néi
riéng la ngudn nang lwong rat quan trong dé phuc vu phat
trién kinh té va dat nwéc, tuy nhién trong qua trinh van
hanh hé théng dién luén cé sy bién dong lién tuc khdng
ngirng trén lwéi. Chinh vi vay, viéc gitr cho cong sudt va tan
s0 trén lwdi On dinh khi tai thay doi la rat quan trong va can
thiét nham nang cao chét lvgng dién nang. DE diéu khién
cho cac nha may phat dién nham 6n dinh hé théng ta phai
xay dung dwgc md hinh toan hoc cla hé théng. Viéc xay
dyng md hinh toan hoc bat dau tir cdu tao, nguyén ly clia
nha may thly dién. Bén canh do, cac nha may dién lai lién
két voi nhau théng qua cac duong day truyén tai dién
nang; tir d6 dan dén viéc xay dwng mdt mé hinh toan hoc
chinh xac cho cac hé thong nha may thaly dién tré nén khé
khan va phtrc tap. Hién nay cac chuyén gia va nha nghién
clru trén thé gidi cling rat quan tam va da c6 mot s6 cong
trinh dat dwoc két qua nhat dinh trong linh vuc nay.

M6 hinh toan hoc clia hé thdng tuabin thiy dién dwoc
xay dung va duoc trinh bay trong [1] trén co s& do ta di xay
dwng mé hinh toan hoc clia hé thdng don vung cla thay
dién. Trong [2], viéc xay dung va két ndi cac ving thay dién
voi nhau duoc dua ra dé nghién ctru va ban luan, trong do
mo hinh toan hoc cuia tuabin thiy dién dwoc xay dung va thé
hién qua cac ham truyén mo hinh ctia hé théng. M6 hinh
diéu khién ti dong cac ngudn thay dién lién két dugc xay
dwng trong [3], bén canh d6 hai hé théng dién duoc lién két
véi nhau théng qua hé théng chuyén déi AC/DC trong [7], dé
két ndi cac nha may v6i nhau ta dung hé théng duong day
truyén tai dé két ndi nhu trong [5] da xay dwng dwoc mo hinh
toan hoc gitra hai dwong day lién lac cho hai nha may. Trong
mo hinh toan hoc cla hé théng tuabin thdy dién duoc xay
dung cac khdi chiic nang nhu trong [1] duoc thé hién bang
cac ham truyén hé thdng cla cac khau, nhu diéu tdc, tuabin,
may phat, dvong day. Trong [6] diéu khién mé hinh dy bao
cho hé thdng thly dién nham 6n dinh tan s6 tai. Véi viéc
nghién cru xay dung md hinh dong luc hoc clia hé théng da
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mang lai cho cac nghién clru diéu khién dwoc tot nhat
trong[1] viéc md hinh hoa duoc thé hién bang cac vi du va
mo phoéng két qua clia cac dudng dac tinh clia hé théng
tuabin may phat thdy dién, trong cac mo hinh lién két thi
xudt phat tr so d6 mé hinh don viung va xay dwng mé hinh
lién két ving bang hé théng duong day truyén tai dé nham
trao doi cong sudt trén dwang day [2]. Diéu khién 6n dinh tan
s6 dung phuong phéap t6i wu bay dan trong [4]. Viéc xay
dung dwgc cac mo hinh toan hoc cuia hé théng la co sé cho
viéc thiét ké céac bo diéu khién théng minh dé ap dung diéu
khién tuabin trong nha may thay dién lién két ving nham 6n
dinh tan so lwoi dién khi tai thay déi. D6 ciing chinh la muc
tiéu clia bai bao nay.

Trong bai b4o nay, cac tac gia trinh bay vé mo hinh toan
hoc clia hé théng tuabin thiy dién don vang va lién két 2
vung. Trong d6, viéc nghién ctu va diéu khién téc do
tuabin thuy dién la rat quan trong va can thiét khi phu tai
hé théng thay d6i. Do vay can clt vao mé hinh toan hoc clia
hé thong ta c6 thé thiét ké bd diéu khién toc do tuabin
thay dién lién két ving nham &n dinh tan s6 va céng suat
trao déi trén cac duong day khi tai thay doi. Cac két qua
khao sét, xay dwng md hinh toan hoc clia hé théng, bao
gbm tinh kha thi va sv chinh xac, s& dwoc kiém ching qua
cac két qua mé phong cho ca hai truong hop: khi chua cé
b6 diéu khién va khi cé bo diéu khién tich phan. Bap tng
cla hé théng la phu hop véi dac tinh hé thong thuc.

2. MO HINH TOAN HOC CUA HE THONG THUY PIEN LIEN
KET VUNG
2.1. M6 hinh cac khéi co ban trong nha may thay dién

Xét mé hinh mét nha may thiy dién don gidn nhw hinh
1, so dd khéi twong (ng nhw hinh 2. M&i hé théng thay dién
don viing bao gom céac thanh phan co ban nhu: may phat
dién, tuabin thdy lvc va bo diéu toc. D€ diéu khién lwu
lwvong nwéc cap lam quay tuabin thay lvc qua dé 6n dinh
tdc do va tan sb clia may phéat, nguoi ta tién hanh diéu
khién géc mé van canh hwang (hinh 2).

Hé chira nwéc

May phat dién

DPuong 6ng ap lwc

Tuabin

Van canh hwéng

1
Hinh 1. M& hinh nha may thay dién

Néing lugng nude

Tin higu G4t H théng

89 dibu > B dibu Van cénh Tuabin My phét ity

khién te hutng

Tinh todn tin
higu diéu khidn P

Hinh 2. M6 hinh khdi clia hé thong thly dién don viing
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Theo [2] md hinh toan hoc ctia mot hé thong thay dién
don vung duoc xay dung dwa trén cac butc sau day:
Buéc 1: Xay dwng md hinh duwdng dng ap luc
Néu coi chigu dai duong 6ng ddi ngan, nudc va éng
khong chiu nén, m6i quan hé gitra chiéu cao cot ap va luu
lwvong nuéce trong duong éng ap lwc ¢ thé viét don gian
nhu sau:
Ahi(s)
Au,(s)

—Tyw () 1)

trong do, T, _Ltu la thoi gian bat dau nuwoc khdéng
g r

d6i & tai dinh mic, (giay).

Buéc 2: Xay dwng mo hinh hé théng servo dién - thay
luc

Pé dong ma van canh hudng, trong thuc té€ nguoi ta
thuong dung hé théng servo dién - thly lwc. M6i quan hé
gitra tin hiéu diéu khién dau vao u(t) va do thay dai vi tri clia
co cdu chdp hanh (servo) Ax,(t) duwoc cho bdi biéu thic sau:

Axe(s) 1
uis)  Ts+1

(2)

trong d6, T, la hang s6 thoi gian quy d6i cho
servomotor va van canh huéng. Ngoai ra, moi quan hé gitra
dau ra co cau chdp hanh va sy thay déi vi tri twong (ng voi
dé thay déi géc mé canh hudng Ia;
_Ag.(s)_ 1

= 3

W (s)=—0"=———
(®) Axe(s) 1+s.T,

Trong d6, T, 1a hang s6 thoi gian servo chinh (gidy).
Hinh 3 m6 t4 dap tng qua do clia ham truyén dat duoc
cho trong (3) khi T, thay d6i & mot vai gia tri.

Step Response

’ 1‘ ? 3‘ time (Sgcondﬁ) ; ° ! °
Hinh 3. M0 phong déc tinh [am viéc ctia b diéu toc khi T, thay déi
Buéc 3: Xay dyng mo hinh tuabin thay luc
Ham truyén dat mo t& méi quan hé gitka su thay d6i cong
sudt dau ra clia tuabin va si thay déi vi tri canh hwdéng dau vao
tuabin thay luc 1a;
B APn(s) _1-T,s
Ag(s) 1+0,5T,s

w,(s) 4)
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Phuong trinh (4) c6 thé dwoc coi la ham truyén dat cla
tuabin thay luc két hgp dudng 6ng ap luc trong truong hop
ly twdng. Ham truyén dat nay rd rang phu thudc va T,. Két
quéa dap (ng qua doé cua do thay déi cong suat co dau ra
tuabin phu thudc vao cac gia tri khac nhau clia T,, la hang
s0 thai gian khdi dong clia nwéc voi tai bat ki dwgc thé hién
trén hinh 4.

Step Response
1 ——
/ - = =Tw=1.0
/ “Tw=0.8
Tw=0.4
05 K ,
of H
5 :
e
e-051
o
/I
1+
1.5
2 . . .
[¢] 05 1 1.5 2 25 3 35 4 45

time (seconds)

Hinh 4. M& phdng déc tinh lam viéc cla tuabin khi T, thay doi
M6 hinh may phatdién
Trong [1] ta c6 md hinh may phat dién déng b6 st dung
déng nang cla tuabin dé chuyén d6i thanh dién nang
(hinh 5) dwoc biéu dién nhu sau:
Aw(s) 1
W, (S)=— — =
P APm(S)—APe(s) Ms+D

()

Trong doé, Ao_o(s): gia tri chuan héa ctia do léch cua téc

d6 méy phét (p.u.), APe : gia tri chuan hoa clia do léch cong
Suét tai (p.u.), D: hang s6 thoi gian tat dan cla phu tai dic
treng cho phu thudc tan sb trong luéi dién, M: momen
quan tinh téng clia may phat (MW). Hinh 6 biéu dién mdi
quan hé gilra dau vao va dau ra clia may phat dién dong bd
da cho béi cong thic (5). Pap 'ng qua dd ctia ham truyén
dat may phat - phu tai véi cac gia tri khac nhau ctia M va D
dwoc thé hién trén hinh 7.

Phwong trinh
dong hoc

APy APy
"D{ Pidu tée H Pong luc

Hinh 5. Mach vong diéu khién tan so

AF,

aR, =, L Al

=
“

Hinh 6. M& hinh méy phét dién
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03|

0.2 Hf

0.1
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Hinh 7. Bap (rng qué dg clia dac tinh may phat - phu tai
2.2. M6 hinh toan hoc nha may thay dién don ving

Tlr phan trén, tong hop lai ba buwdc xay dwng mo hinh
clia nha may thiy dién don viing ta c6 thé xay ding mo
hinh téng quat nhu hinh 8. Ham truyén dat cla tirng khoi
trong md hinh don vung nay da duoc thanh lap & phan
trén. Cac tham s6 moé phéng cho mé hinh dwgc cho trong
phan phu luc ctia bai béo.

=Twls+1
05¢Tuls+1

Tuabin thy Iy

1
M-s+D
My phitdién

J— | TR:s+1
Tgstl THstl

Diutic Vancinh huéng/Servo

yout

Hinh 9. Bap (ng c4c khau clia so d0 hé thong thay dién don viing

Trén hinh 9 ta thay, tr 0 dén 10s ta chua kich tin hiéu
cho diéu téc do vay hé théng van 6n dinh, khoang 10s ta
kich tin hiéu tir 0 1én 1 lGc d6 dau ra ctia b diéu toc, van
cach hudng bat dau mé dan AX, dong thoi cong suét trén
truc tuabin AP, cling tang. Thoi gian 10s dén 20s t6c do
tuabin Aw tdng dan theo d6 mé canh huéng. Khi dwgc 20s
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ta dong tai AP, bang 50% Itc d6 téc do tuabin sé& giam. D&
dap (rng dau ra 6n dinh ta cé thé thiét ké bo diéu khién dé
diéu khién lam cho toc d6 luén 6n dinh khi tai thay d6i.
2.3. M6 hinh hé théng thay dién lién két hai vung

Trong thyec té€, cac hé thdng dién thuvong khdng ton tai
rieng 1é, ma chung thuong lién két véi nhau tao nén hé
thong dién Ién. Khi dé sé hinh thanh khai niém vang (thuc
chat la mot nha may phat dién doc lap twong déi, cé trao
déi cong sudat voi cac nha may phat dién khac). Hinh 10 md
ta mot hé théng thdy dién lién két hai viing dién hinh.

Nha may 1 Nha méy 2
Phy tai
3)
Ving diéu khién 1 Viing diéu khién 2
Tie- line
Tai Tai
b)

Hinh 10. Hé thong dién lién két hai khu virc

Trong hinh 10, tie-line la mot duwong truyén tai dién
nang két néi hai khu vuc diéu khién. Trong [2], cOng suét
trao d6i tir khu vuc 1 dén khu vuc 2 duoc tinh nhu sau:

VAV, | .
Ptiel‘z = [ l][ 2]Sm(81 _82) (6)
X12

trong do, 6, va d, la cac goéc cla dién ap cubi lan luot
la [V,] va [V,]. B6i v6i do léch nho, cac gbc va cong suat
duong day cling thay déi véi mot lugng nho. Cong suat
duong day tang dan tir khu viee 1 dén khu vie 2 ¢6 thé duoc
biéu thi bang:

Piero = T12 (A8, —AS,) (@)

Trong dé, T, la hé s6 cbng sudt dong bd hoéa trén

dudng day.
V[ V.
T, = MCOS(& - 82) 8)
12

Tan s6 tang c6 lién quan dén do léch géc pha nhu duoc
bi€u thi bai:

A3, =2 [ ARdt va A3, = 2 [ Af,dt )

Sau d6 phuwong trinh (9) tré thanh:

21T
APtiel‘z (S) 12

[AF —AF,(9)] (10)

Bang cach thuc hién phép bién dai Laplace clia phuong
trinh (10) cong sudt dwdng day duoc thé hién nhu sau:
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tlel i (S) =

Trong [1] m6 hinh toan hoc ctia hé théng thuly dién lién
két hai vung c6 cau trdc trén hinh 11.

[AF (5)—AF(S) | (11)

v
|

1
(B Ri APy
APea LAX,; Aa (s) AP (5) & "
N = M 1
(X & —_»Bo diéu khién ll .S/\’)r o i L. 1+sTw | ‘ 1-sTv | —-\/x)‘» o 14
%) Y | 1+5Ta |1 1+sTw [1 +0.55T%|  \=Y {,‘\/,; +D
b—‘ Piéutoc 1 s“c‘a‘x‘m‘ - Tua bin \h\ phat 1
1 hwéng
=] i — ’nT
J v‘ \VK’I
APee  AXe Da(s) APsn(s)
p ) ‘ \ﬂx ' || ar:
(X *>Bo diéu khién 2 ‘{\*'1" ol L | = Lol | +X 1 R
C N 1+5Tg 1+ YT 1+0.5sT~ = .\I' s+D:
¥ J S e !

sec v/ van
canh
hwdng

I\Iﬁy phat 2
AP

DPiéu toc 2 Tua bin

|

1
R:
]

—{i*-c i\‘ 4

Hinh 11. M6 hinh hé thdng diéu khién tuabin thly dién cd lién két 2 ving

Tt mo hinh todn hoc ta khao sat dac tinh cta cac khoi
chirc ndng clia hé théng thly dién lién két hai vung khi
chua c6 bo diéu khién nhu hinh 12.

1.2

Agl
A xel
s AP, H
ENCR
APoens
08 ap, H
A wl

0.6 =

0.4 N

T

yout area 1

o

0.2

/

-0.6

o 10 20 30 40 50 60 70 80
time (s)

Hinh 12a. Bap (ing clia viing 1khi chira cd bg digu khién

Trén hinh 12a ta thay, tir 0 - 10s khi chua cé tin hiéu diéu
khién cho diéu t6c nén chua xuat hién dao déng. Tuy
nhién, khoang 10s sau ta kich thich tin hiéu diéu khién diéu
toc tr 0 1én 1 IGc d6 dau ra clia bd diéu toc 1a dd mé van
canh huéng AX, bt dau mé dan, dong thoi cong suét truc
tuabin AP,,, ting dan dén céng suat dau ra may phat AP,
va APy, cOng sudt trén dwdng day ciing thay déi lién tuc.
Tiép theo thoi gian tir 10s dén 20s t6c do tuabin Aw, va do
m& canh huéng cling tang dan. Khi duoc 20s ta dong 50%
tai AP, vao lic dé t6c do tuabin sé giam, cong sudt may
phat APg,,,va cong suat trén duong day APy, dao dong rat
manh; tuy nhién do dé mé& canh huéng tang sau thoi gian
khoang 40s thi cong suat va toc do dan én dinh.

Trén hinh 12b ta thay tir 0 - 15s chua c6 tin hiéu diéu
khién cho diéu t6c nén chwa xuét hién dao dong, tuy nhién
khoang 15s sau ta kich thich tin hiéu diéu khién diéu t6c tir
01én 1 lic dé dau ra ctia bd diéu téc la van canh huéng AX,
bat dau mé dan, dong thoi cong suét truc tuabin AP,, tang
dan dan dén cong sudt dau ra may phat AP, va APy,
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cong sudt trén dwdong day ciing thay dai lién tuc, tiép theo
thoi gian tir 15s dén 40s t6c do tuabin Aw, va d6 mé canh
huéng cling tang dan. Khi dwgc 40s ta dong 50% tai AP,
vao lic dé t6c do tuabin sé giam, cong suat may phat
APg.n, Va cong suat trén duwong day AP, dao dong rat
manh, tuy nhién dd mé& canh hwéng tdng sau thoi gian
khoang 60s thi cong suat va toc do dan én dinh.

1.2

A az
A xez

1 APz |-
A Pgenz
A Piic
A w2

0.8 B

0.6

0.2 D

. @7;:&;:‘/
v

-0.2

yout area 2

o 10 20 30 40 50 &80 70 80
time (s)

Hinh 12b. Dap tng cliaviing 2 chira ¢d bo digu khién
2.4. M6 hinh khéng gian trang thai clia hé thdng thly dién
Trong [2] dwa trén m6 hinh ddng cla nha may thady
dién, c6 thé mo ta trang thai clia toan bd mo hinh nha may
twong (’ng vGi hinh 1 nhu sau;

_ _ _ _ T
X =[X, X, X; X, Xs]' =U;Aoo Awe Ag Ap,, Aw} (12)
T4t ca cac trang thai nay co thé duoc do lvong dé dang.

Do do, viéc thiét ké bo diéu khién phan hoi trang thai c6 thé
duoc thuc hién dé dang. Phrong trinh trang thai hé théng:

%= AX +Bu+D.AP, (13)
Trong dé:
0 0 0 0 1
0 S 0 0 __1
T T.R,
A=|0 1 ET 0 :
Tp Tp
o 22,22
T, T, T,0 T,
0 0 0 L —i
L m m
0 o
1 0
T, 0
B=|0 vaD=|0 (14)
0 0
0 1
L m]
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Cac vecto B va D dwoc coi 1a doc 1ap khi gia dinh rang
vecto phu tai thay d6i bi chan|AP,| <P, v6i Pc 1a mot gié tri
chén (la s6 thuc duong cho truéc).

3. PIEU KHIEN ON BINH TOC DO TUABIN NHA MAY
THUY DIEN LIEN KET VUNG 'NG DUNG MO HINH TOAN
HOC DA XAY DUNG

Trong phan nay, dé lam ré hiéu qua cling nhv tinh kha
thi clla mé hinh toan da xay dwng cho bai toan én dinh t6c
dé tuabin thiy luc, ta xét mét tredng hop moé phong dién
hinh cla hé théng dién hai vung lién két khi c6 bd diéu
khién. Muc tiéu cla bai toan diéu khién tan sd hé théng
thly dién lién két ving 1a dap tat dao dong cla tan s6 luoi
cling nhu céng suat trao ddi trén dwong day khi phu tai ctia
céc vung thay doi.

Trong hinh 11 sai léch tan s6 va sai léch cong suat trao
déi duong day duoc két hop tao thanh tin hiéu diéu khién
sai léch viing ACE (Area Control Error). Cac két qud md
phdng theo so d6 nay duoc thé hién trén hinh 13a va 13b.

35

A
3 A o
Axs1
25+ AP
AP,
2r APgons
; 15 AP
i
5 i
§ JATARTAVA
AN
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b)
Hinh 13. Béc tinh clia hé thong thly dién lién két hai viing st dung b diéu
khién tich phén
Quan sat trén hinh 13a ctia vung 1, khi chua st dung bd
diéu khién cho thay tlr 0 dén 20s ta dong 50% tai vao. Sau
dé quan sat trén hinh 13a ta thay, APg,,; va APy, dao déng
rat manh qua trinh qua dd 16n hon 40% va cho dén 40s sau
chdng dan vé khong, tuy nhién hé théng khong on dinh
duwoc sai léch tinh rat 16n khoang 10%, con khi ta st dung
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b6 diéu khién tich phan dé diéu khién cho viing 1 thi dén
40s cac AP, va APy, gidm dan vé khéng cho dén 80s thi
cdng sudt may phat va cong sudt trén duwong day duoc triét
tiéu sai léch tinh va on dinh vé& khéng. Do vay khi ta st
dung bo diéu khién tich phan dé diéu khién tuabin may
phat cho vung 1 két qua cho chét lwgng tét hon rat nhiéu
khi chira str dung bo diéu khién tich phan.

Ta quan sat trén hinh 13b va 12b cho vung 2. Khi chua
slr dung b diéu khién ta thay tir 0 dén 40s ta dong 30% tai
vao sau d6 quan sat trén hinh 13b ta thay APg,,, va APy,
dao dong rat manh qua trinh qua do Ién hon 40% va cho
dén 40s sau chung dan vé khéng. Tuy nhién hé théng
khong on dinh duoc sai léch tinh rat 1én khoang 10%, con
khi ta st dung bo diéu khién tich phan dé diéu khién cho
vung 2 thi dén 40s cac APg,,,, va AP, gidm dan vé khong;
cho dén 80s thi cong sudt may phat va cong sudt trén
duong day dwoc triét tiéu sai léch tinh va 6n dinh vé khong.
Do vay khi ta st dung bo diéu khién tich phan dé diéu
khién tuabin may phat cho viing 2 két qua cho chét lvgng
t6t hon rat nhiéu khi chua st dung bd diéu khién tich phan.
4, KET LUAN

Bai bao nay trinh bay vé mé hinh toan hoc ctia hé théng
diéu khién tuabin thiy dién lién két vung. Tlr cac qué trinh
vat ly cia hé thdng, ta tién hanh khao sat cac khau va xay
duwng cau trdc hé thong; ti€p theo moé phong cac khoi chirc
nang nhv tuabin thiy dién lién két vang, diéu tdc, may
phét cho tlrng vung. Két qua cho ta thay khi chva p dung
b6 diéu khién tich phan cho chat lwvgng kém hon rat nhiéu
khi hé théng duoc st dung bd diéu khién tich phan. Mo
hinh toan hoc dua ra la phti hop cho bai toan diéu khién
tan so thady dién lién két vung, khi st dung bd diéu khién
tich phan sé triét tiéu dwoc sai léch tinh ctia hé théng va rét
on dinh phu hop véi yéu cau dé ra.

Hwéng phét trién ti€p theo clia bao céo la t6i vu héa hé
thong phiic hop va ap dung cac thuat toan diéu khién
thong minh dé 6n dinh tan s6 hé thong da lién két trén
dién réng ctia hé thong.

PHU LUC

1. Théng s6 mé phéng cho mo hinh hé théng thay dién
don vung

Ty =0,25; T,; = 1,05; M, =6,05; D, = 1,0; R, = 5%

2. Théng s6 cho md hinh hé thdng thly dién hai ving
lién két (dong nhét)

Ty =0,25; T,; = 1,05; M, = 6,0, D, = 1,0; R, = 5%

Ty =0,25; T,., = 1,0s; M, =6,0s; D, = 1,0; R, = 5%;

T,,=0,0707
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