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Tém tat - On dinh téc do turbine thdy dién 1a nhiém vu quan trong
cua hé thong didu tbc nha may thay dién. Thue té, hau hét cac hé
théng diéu téc cha thay dién déu dung b didu khién PID. Tuy
nhién, v&i nha may thay dién c6 hd diéu tiét ngay, nhw hd chira
thay dién Srépdk 3 muc nwéc hd thay dbi trong ngay sé lam anh
hwéng thoi gian dap trng, do qua didu chinh téc do trong qua trinh
khoi dong. Diéu nay gay kho khan cho viéc chinh dinh PID, do
thong s Kp, K;, Kp clia bd diéu khién PID cai g|a tri ¢b dinh trong
qua trinh khéi dong. Do vay, gidi phap diéu khién bén virng dé
thich nghi véi sw bién thién cot nwoc la can thiét trong diéu téc
turbine thay Iwc. NOi dung bai bao gdm 3 phan: xay dung mé hinh
hé thong didu tdc ctia nha may thiy dién; xac dinh tham sé b diéu
khién PID theo phwong phap Ziegler — Nichols cho turbine thiy
dién; thiét ké bo diéu khién bén vitng H,, va danh gia két qua mé
phoéng véi bo diéu khién PID.

T khéa - turbine thiy dién; thiy dién; hé théng diéu tbc; diéu

khién bén vitng H,,; bd didu khién PID; didu khién téc dd cho
turbine thay dién.

1. Pit van dé

Hé théng diéu tdc trong nha may thuy dién c6 vai tro
quan trong trong viéc 6n dinh toc do td may & cac ché do:
ché d6 khoi dong; ché do cb dinh cong suét; ché do cb dinh
d6 mo; ché do diéu tan. O bét ky ché d6 nao, tc do to may
luon phai duy tri ¢ gia tri dinh mirc. Tuy nhién, véi pham
vi bai bao nay tac gia chi nghién ctru hé théng diéu téc tham
gia qué trinh khoi dong té may khi muc nudc ho thay ddi
v6i nha may thuy dién Srépdk 3.
Thuong l.:.ru/?
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Hinh 1. So do mé hinh nha may voi dirong ong dp e don
khong dan hoi

Heé théng diéu tdc cua nha may thuy dién Srépdk 3 dang
dung bo didu khién PID, & mdi ché do khac nhau thi cac bd
tham sb Kp, K1, Kp 1 khéc nhau [2]. Bai bao nay chi nghién
clru qua trinh khoi dong cta t6 may thuy dién Srépdk 3 c6
hd diéu tiét ngay voi dai cot nude tir 51+66,6 (m) [2], do
muc nude hd thay doi trong ngay 1a 16n, trong khi gia tri
cOt nude dugce cai dat ¢ qua trinh khdi dong duge ¢ dinh
1a H = 56 (m) [2]. Chinh vi diéu nay khi myc nuéc hd thay

Abstract - Stabilising speed for hydro turbines is an important task
of a governor system. Nowadays, PID controllers have been used
commonly in hydro power governor systems. However, with hydro
power plants having daily regulation lake such as Serepok 3, the
change of water level during the day will have an impact on time
response and also on overshoot of adjusting speed in the starting
process. Due to this impact, the regulation of PID controller is quite
difficult, because values of parameters Kp, K|, Kp have been fixed
in the starting process. Therefore, robust controller solutions are
necessary for hydro power governor systems. This paper includes
3 issues: Modelling governor systems of hydro power plants;
Determining PID controller parameters for hydro turbines by
Ziegler — Nichols method; Designing Robust H,,controller for hydro
turbine governor systems and evaluating simulation results
compared with PID controller.

Key words - hydro turbine; hydro power; governor system; robust
H,controller; PID controller; speed control for hydro turbine.

dbi s& lam cho dép tng tdc d6 cua té may bi anh hudng vé
thoi gian xéc 1ap ciing nhu d6 qua diéu chinh trong qua
trinh khoi dong to may.

M5 hinh nha méy thuy dién Srépdk 3 dang xét dén trong
bai bao 12 nha may thuy dién c6 duong bng ap luc don
khong dan hdi, bo qua stc can thuy lyc thi cong suit ngd
ra cua turbine ty 1€ v6i luu lugng va cdt nuéc nhu Hinh 1.

2. Xdy dung md hinh cac phén tir trong so' do

Vi 50 dd nhu ¢ Hinh 2 ¢6 so d khdi cia hé théng diu
toc turbine thuy dién gom: b dieu khién (C); hé thong thiy
luc (HS); turbine thuy lyc (HT); tdi may phat (MD); AH,
nhiéu cot nudc; AP, nhiéu tai.

Wrer

Hinh 2. So do khoi hé thong diéu toc turbine
Trong so d6 Hinh 2, tdc d6 ra (w:) phan hdi vé va so
sanh v6i toc do dat (wrer) dé dua tin hiéu sai 1éch (e) vao bd
diéu khién (C). Pay 1a vong diéu khién kin.

2.1. H¢ théng thiiy lwc (HS)

u(®) 5= 4 K

b G
a j’ f 5
_ 1+T,s

Hinh 3. So do ham truyén khdu thity luc
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Ghs(s)= ZL (1)
Tys™+s+K,+1
Khau thity lyrc nhan tin hiéu didu khién tir bo diéu khién
dé thay d6i d6 m& (G), va c6 ham truyén dat nhu biéu thirc
(1). Trong d6: K, 12 h¢ sb thuy Iyc, T, hing s6 thoi gian cua
servo. Theo [4] chon K.=3,33 (s), Ta=0,07(s).

2.2. Turbine thuy luc (HT)
Theo [3], [6] m hinh turbine thity lyc dugc biéu dién
thong qua ham truyén dat sau:
APy
AG

1-T,s
1+0,57;,s

Gyr(s)= ()

Trong do: Tw la hing S(A’)’ thoi gian cta nudc di tir dau
dudng ong dén cudi duong Ong ap luc. Theo [2] tinh dugc
Ty=4,1425 (s).

2.3. Tdai may phdt (MD)

Mo hinh tai may phat dugc biéu dién nhu Hinh 4 (theo

(31, [6]).

P, 1 @,
(2Hs + D)

PLoad

Hinh 4. So do ham truyén khdu tdi mdy phat

_Ham truyén dat ciia mé hinh tai may phat dugc biéu
dién nhu sau:
Grip () = — 1 3)
MD == — =
Pmec — Pload (2Hs+ D)

Trong d6: H 1a hang s6 quan tinh; D 14 hé s6 can. Chon
D=1,5 va theo [2] H=4,8791 (kWs/kVA).

Ttr viée xdy dung mé hinh dbi tugng qdiéu khién tién
hanh tong hop mé hinh, thong qua cac biéu thirc (1), (2),
(3) ta c6 so d6 khoi Hinh 5.

AH, AP,

P m w'r

Gup —|9

+ e u AG

Gys Gyr

Wref

Hinh 5. So d6 khéi tong hop mé hinh

So d6 khdi Hinh 5 duogc rat gon lai nhu sau:

+ e
-
wref -

Hinh 6. So' d6 khéi rit gon ciia mé hinh

G >

Véiham truyén G(s) 1a ham truyén téng hop duoc tinh
tur cac biéu thuc (1), (2), (3). Khi d6 ta c6 G(s) la:

G(s)=Gyg (5)-Ghr (5)-Gpp(s) “4)

Tir cac thong s6 tinh dwoc. Ta c6 ham truyén tong hop
ctia mo hinh doi tuong:
—9,76s +2,356

G(s)= : : 5
st 414,925 +71,075% + 40,465 + 4,594 )

3. Xdc dinh théng s6 b diéu khién PID theo phuwong
phap Ziegler-Nichols

V6i md hinh hé théng diéu téc nhu Hinh 6, xét voi cot
nuée (H) thay doi tir 51+66,6 (m) [2], gia tri cot nude duge
cai dat & qua trinh khoi dong 1a 56 (m) [2]. Gia tri tham sb
dang cai dat tai nha may Srépdk 3 nhu Bang 1.

Bdng 1. Gia tri tham $6 PID va c6t nwée hién tai dwoc cdi tai

nha méy Srépok 3 [2]

STT Tén bién Gia tri Pon vi
1 PID NId K, 2,75 NA
2 PID Nld K 0,25 1/s
3 PID Nld Kp 0,15 s
4 RP_HeadSet 56 m

Céc gia tri trén dugc dung cho md hinh thyc dugc can
chinh tai hién trudng. Trong pham vi bai bao, chi xay dung
mod hinh ddi tuong tuyén tinh gan ding, nén khong dung
b6 tham sé PID trén, ma can phai xac dinh tham s6 bo diéu
khién PID v6i mé hinh ddi tuong dang xdy dung bang
phuong phéap Ziegler-Nichols.

Tir ham truyén d6i tuong nhu biéu thic (5), véi phuong
phap Ziegler-Nichols ta dugc két qua nhu sau: HE s0 tdi
han: Ky~3,85; Hé so ty 1&: Kp=2,31; HE sb tich phan:
Ki=0,329; Hé 56 vi phan: Kp~4,056.

Tir d6 ham truyén cua bo diéu khién PID:

Gpp(s) = 2,31(1+ +1,756sj (6)

7,025s

FID (set) ||
— =~

FID fset] B
- T T wiset

o
3
Fe—————T———LC——————I-——=—=T

Hinh 7. Pap img téc dj khi khéi dong véi PID
(Ziegler-Nichols)

Vé6i dap tmg téc d6 nhu Hinh 7, ta thiy do qua diéu
chinh kha 16n (=10%) va thoi gian xac lap cham (> 60s)
g voi gia tri H=56 (m). Bén canh phuong phap xac dinh
tham s6 b diéu khién PID bang phuong phip Ziegler-
Nichols ta con co thé dung chic nang Tuning cua phan
mém Matlab-Simulink dé xac dinh tham s6 b diéu khién
PID két qua ta c6 nhu sau: H¢ sb ty 1&: Kp=0,44; HE s tich
phan: K~0,117; Hé s vi phan: Kp=0.

Két qua mo6 phong dugc thé hién ¢ Hinh 8.
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Hinh 8. Ddp img t6c dé khi khoi dong véi bé PID
(dung tuning)

Tir két qua o Hinh 8 duong dap tmg duoc cai thién vé
thot gian xac 1p va bién do dao dong. Tuy nhién d6 qua
diéu chinh (=10%) va thoi gian xac 1ap (=70s) khong dugc
cai thién nhiéu.

Két qua bo dicu khién PID van con nhiing han ché trén.
Do do trong phan tiép theo, tac gia s& trinh bay giai phap
bd diéu khién bén viing Ho.

4. Thiét ké b diéu khién bén ving H.,

D¢ tién hanh thiét ké bo diéu khién bén ving H., ta dé
ra ti€u chi cua b dieu khi€én mdi nhu sau: Sai so xac lap
€<1%; Thoi gian xac lap < 60 (s); DO qua diéu chinh
<10%.

4.1. Xy dung va tong hop mé hinh doi twong

Theo [1] b diéu khién bén vimg H., duoc thiét ké sao
cho dam béo tinh 6n dlnh Vg‘l chﬁ‘lt lugng di€u khién khi cac
thanh phan khong chac chan nam trong mot tap hop cho
truge. Trong d6 co6 cac thanh phan khong chac chan nhu
sai s6 md hinh héa, nhiéu loan,...

 Van theo [1] tat ca cée mo hinh ding trong thict ke hé
thong di€u khién déu chira dung trong do6 cac yeéu to khong
chic chan khong cau trac dé bao ham dac tinh dong hoc,
khong mo hinh héa, dic biét 1a ¢ mién tan sd cao.

Tir d6: D6 tugng dang xét dé thiét ké bo didu khién bén
viing Ho chiu sy anh hudng ctia ¢t nuwdc Ho. Tuy nhién mo
hinh ¢4t nuée Ho khong xay dung duge. Do do, chon md
hinh d6i tuong dé xdy dung bo diéu khién 12 mo hinh khong
chic chian khong cau trac. Anh huong cla cot nude tac
dong dau vao cua turbine 1am cho hiéu suit cua turbine bi
thay d6i khi Ho thay d6i. Ta chon mé hinh khong chéc chin
khong céu trac voi nhidu tac dong 1a nhidu cong nhu Hinh
9 (theo [1]).

{

Hinh 9. So d6 mé hinh khong chdc chén khong cdu tric
nhiéu cong

Trong d6: G la md hinh danh dinh; G = P(s) 1a mo
hinh khong chic chdn; A 1a thanh phan khong chéc chin
khong cau trac thay doi bat ky thoa mén ||A||oo <1, Wnla
ham truyén on dinh; W, 1a ham trong sb chat luong; w, wi,
wa: tin hiéu vao; u, z1, z»: tin hiéu ra; K 1a bd diéu khién
bién vitng H.,.

Tir viée xay dung mo hinh trén, ta c6 biéu dd Bode ctia
mo hinh danh dinh va mé hinh khong chic chan khi thanh
phan nhidu 1a cot nude Hy bi thay déi nhu Hinh 10.

Mg Hinh Danh Dinh &; Mo Hinh Doi tuong That G~ (Me hinh khang chac chan)
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Hinh 10. Biéu d6 Bode ciia “M6 hinh danh dinh” va “Mo hinh
khong chac chan” khi tham so Ho thay doi
4.2. Xdc dinh ham trong s6 We(s) va Wu(s)

Viéc xdy dung ham trong s& We(s) va W, (s) co nhiéu
cach dé xay dung, tuy thudc vao md hinh cua dbi tuong va
trong mot sd trudng hop thuc t& can két hop véi kinh
nghiém dé chon mé hinh phu hop. Théng thudng Wa(s) va
W(s) c6 dang sau [5]:

s
7+Wb

W, (s) = ()
s+w,d

TH ®)
W (s)= uL
n(s) As+wy

V6i: Wi(s) la ham trong sO chat lugng; Wa(s) 1a ham
trong s6 6n dinh; M, My, 1a bién do ham do nhay va bu
nhay; wy 14 dai bang thong; A 1a sai léch tinh nho nhét
(thong thudong A#0, thudng chon A=10[7]). Theo [1] tan
s6 cit bién cuia hé ho xap xi bang théng cua hé kin, chon
wp ~0,06 (rad/s). Bién d6 ham d6 nhay va bu nhay can thoa
man Mp<2 va M<1,5 (theo [5], [7]), ta chon My= Mu=1,5.

Thay cac gia tri trén vao cac biéu thic (7), (8), khi do
ta c6 ham truyén cua Wy(s) va Wiy(s) nhu sau:

0,66667(s +0,09)
5+0,01487

W, (s) ~ ©)
10000(s +0,04)

Wi (5) = 54600

(10)

4.3. Xdc dinh tham sé gamma )

Tham sb Y dugc xem 1a mot gia tri myc tiéu clia vong
lap, va gia tri y dugc chon néu théa man duoc didu kién 6n
dinh bén vimng |||WpS| + [W,, Tl < 1.

Pé tim y ta st dung cdu trac lénh
[K,CL,GAM]=hinfsyn(P) trong Matlab-Simulink, véi (P)
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1 ham chuyén dbi cua cac ham (G, W,, W,,). Két qua tim
duoc la:

y=0,9906

4.4. Xdc dinh b$ diéu khién
Sau qua trinh tim y thoa mén thi dya vao cu tric 1énh
“hinfsyn” s€ tim ra ham truyén bd diéu khién dya vao gia
tri & trén. Néu goi Kinr 1a ham truyén cua bo diéu khién,

khi d6 ham truyén b6 diéu khién bén viing He tim dwoc
nhu sau:

(11)

0,02073s> +12,75s* +187,1s> + 884,952

K =
T 0426,175° +243,65% +912,15° + 814,752 (12)
+503,45+57,15
+5145+0,003084

5. Két qua md phéng
. Dé kiém tra két qué} m@ phéng, ta (:f?ln lgiém tra lai cac
diéu kién trong viéc thiet ké bg diéu khién bén vitng Hu, [1].
Dip tmg toc d6 ngd ra ¢ qué trinh khoi dong khi c6 voi
b diéu khién bén vimg H., (Hinh 11). Véi dép umg nay, do
qua dicu chinh 1a 0%, thoi gian xac 1ap 1a = 60 (s), sai sO
xac 1ap €~0%.
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Hinh 11. Dép iing téc dg khi khéi dong

Biéu d6 Bode ctia ham d6 nhay (S) va ham bu nhay (T)
nhu Hinh 12.

Singular Vales
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Frequency (radis)
Hinh 12. Biéu d6 ham dg nhay (S) bit nhay (T)

Dua vao két qua ctia dap tmg ngd ra Hinh 11 va biéu db
Bode ctia ham d6 nhay, ham bu nhay Hinh 12 ta nhan xét:

e  Dap (mg ngd ra thdoa min cac tiéu chi k¥ thuat dé ra.

e Ham dd nhay va ham bu nhay théa man diéu
kién ||W,S|| <1 (xem Hinh 13) va [[W, Tl <1 (xem
Hinh 14).

Bode Diagram

0
iy

- System: WpS
Frequency (rad/s): 0.0712
Magnitude (dB): -0.121

A5}

<

\

\'\

2

al- '\
35F

Magnitude (dB)

45

Hinh 13. Ham dé nhay (S) thoa diéu kién chat luwong danh dinh
Bode Diagram

e
" System: WmT
Frequency (rad/s): 0.686 -
Magnitude (cB): -17.5

AN F

Magnitude (dB)

250 :

Hinh 14. Ham bix nhay (T) théa diéu kién on dinh danh dinh
Kiém tra tinh 6n dinh ctia hé khi c6 bo diéu khién bén
viing H,, mdi ta dya vao biéu do Bode.

1

0
of System: stable

Frequency (radis): 0.139 \
Magnitude (dB): 0.29 AY

; \

Magnitude (¢B)

10" 10 10" 10° 10
Frequency (rads)

Hinh 15. Biéu do danh gia ghdt lrong bén viing
bo dieu khién Heo
Tir biéu dd Bode Hinh 15 ta co:

(13)
Vay bo diéu khién bén vimg H.. thiét ké méi c6 ham

truyén 1a Ky tim dugc cho hé thong vong kin théa mén
diéu kién chat lugng bén viing.

[[w, [ +[w,,7]|_ =0130<1

Tir két qua bo diéu khién bén vimg H,. méi tim duoc ta so
sanh két qua véi bo diéu khién PID dung cong cu Tuning ctia
Matlab-Simulink. V&i thoi gian mo phong 150 (s), gia tri the
do dat 125 (vong/phuat). Két qua mdi trudng hop nhu sau:
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e  Truong hop khoi dong: (s). Véi truong hop co nhiu tai thi tc d6 sau khi bi giam
‘ : toc van tr¢ vé gia tri dat.

140

o ’ : 1 6. Két luin
I : Wwsel N1z N N 5 . A R o
| T rmed-Ba el Bai bao nay trinh bay phuwong phap di€u khién méi cho

100 H 7 : [
13 | — — — Wi [H[t)=E0m
; | —wimim || g théng didu tdc turbine thiy dién trong viéc én dinh tbe
. d6 bang phuong phéap diéu khién bén viing H. khi tham s6
i ¢ot nwdc nam trong gidi han 51+66,6 (m).

Két qua md phong trén Matlab da chimg minh dwoc khi
| tham s ¢ot nue thay ddi tir 51+66,6 (m) thi bo diéu khién
. _ bén vitng H.. c6 chét lugng didu khién t6t hon bo diéu khién
"5 2 700 0 PID. Tuy nhién, ndi dung bai bao chi dung lai xét & qua

Hinh 16. Pap img t6c dé ¢ khi khéi dong trinh khoi dong t0 mdy khi c6 anh hudng cua cot nude. Vi

e Trudng hop khi c6 nhidu: Vi truong hop nay taxét ~ VaY» € tim hicu va thi¢t k¢ day du, trong tuong lai tac gia
sau khi khoi dong cho t6 may dong tii tai 90 (s) véi gia trj  SSnghién clru thém 6 céc che d6 lam vige ctia hé thong dicu
déng tai 1a 5 (MW). toc nhu .c‘he QQ c0 dinh cong sugt, Ch?, do o dinh d6 mo,
ché dg dicu tan d¢ c6 dugce b di€u khién bén virng Ho, day
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ham truyén 13 Kinr ta thiy bo diéu khién bén vitng H.. méi
thoa méan va c6 chét luong diéu khién t6t hon bo diéu khién
PID ¢ qua trinh khéi dong. So véi b diéu khién PID thi do
qué diéu chinh gan nhu khong cé, thoi gian xéac lap 1a = 60
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(BBT nhén bai: 14/10/2016, hodn tdt thii tuc phén bién: 13/12/2016)
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