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Tém tat: Bai bdo trinh bay qud trinh mé ) phong hoat dong cua bo diéu toc trong h¢ thong dzeu
khién phat dién chay bang nang heong thiy triéu nham phan tich déc tinh diéu khién tan sé va on
dinh céng sudt phat khi phu tdi thay déi. M6 hinh dwoc thie hién trén nén tang Matlab/Simulink,
qua do khdo sat nam ché dé lam viéc ciia bg diéu toc: chay khong tai, co tai nhung chua c6 phan
hoi cong Suat 6 phan hoi cong sudt, c¢é dat gid tri cong sudt phdt, va ché do .tong hop co ca phan
hoi cong suat va gid tri dat. Cac nghién ciru tim hiéu vé cdc phwong phap diéu khién cho nha may
dién thuy triéu nhu dé trinh bay trong bai bdo ¢6 thé dwoc sir dung dé tham khao cho viéc tinh todn
va quyét dinh chon logi tua bin thuy liec, mdy phat, phirong dn diéu khién.

T khoa: B¢ diéu toc, nha may dién thiy triéu, mé phong Matlab/Simulink, diéu khién tan
50, cong sudt phat, on dinh hé théng.

SIMULATION OF GOVERNOR OPERATING MODELS IN A TIDAL POWER
GENERATION CONTROL SYSTEM USING MATLAB/SIMULINK

Abstract: Tidal power generation systems require precise frequency and power control to
ensure stable operation under dynamic load conditions. This study presents a simulation-based
analysis of the governor operation within a tidal power generation control system. The main
objective is to investigate the frequency regulation characteristics and power stability
performance of the system when subjected to load variations. The simulation model was developed
on the Matlab/Simulink platform, allowing detailed examination of five operating modes of the
governor: (i) no-load operation, (ii) loaded operation without power feedback, (iii) operation with
power feedback, (iv) operation with set-point power control, and (v) a combined mode
incorporating both power feedback and set-point control. The results provide insights into the
dynamic behavior of the governor under different control configurations and demonstrate the
importance of coordinated feedback and set-point regulation for maintaining power stability. The
findings of this study can serve as a useful reference for the design and selection of hydraulic
turbines, generators, and control strategies in tidal power plants.

Keywords: Governor; tidal power plant; Matlab/Simulink simulation; frequency control;
power stability.

I. DAT VAN DE

Trong bdi canh nhu cau sir dung ning luong ngay cang gia tang cung voi sy can ki€t cua cac
ngudn ning luong hoa thach, viéc nghién ciru va phat trién cac nguon nang luong tai tao dang tro
thanh xu hudng tat yéu trén toan cau. Trong s6 d6, ning luong thiy triéu duoc danh gia 1a ngudn
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ning luong sach, 6n dinh va co tiém ning lon nho déc tinh chu ky tu nhién va kha nang dy doan cao.
Vi€c khai thac hiéu qua nang lugng thuy trleu doi hoi hé thong phat dién c6 kha nang didu khién
chinh xac, dam bao 6n dinh tan s va cong suat phat khi phu tai thay doi.

Trong cac nha may dién thuy tridu, b diéu toc (governor) dong vai tro then chét trong viéc
duy tri téc do quay dinh mirc ctia tuabin, diéu chinh cong suét phat va én dinh tin sb hé thong. Bo
diéu toc chiu anh huong ciia nhidu yéu t6 nhu dic tinh tai, quan tinh tuabin, tham s diéu khién va
céc tin hiéu phan hdi. Viéc phén tich, mo phong va danh gia hoat dong ciia bo diéu tdc trong cac
diéu kién 1am viéc khéac nhau 13 co s quan trong dé t6i wu hoa hiéu nang cua hé théng diéu khién
phat dién.

Xuét phat tir thyc té trén, bai bao nay trinh bay mé hinh mé phong hoat dong ciia bd diéu tbc
trong hé thong diéu khién phat dién sir dung ning luong thuy tridu trén nén tang Matlab/Simulink.
Nghién ctru tap trung phan tich nim ché do lam viéc dic trung cua bo diéu tbc, bao gom: chay
khong tai, c6 tai nhung chwa c6 phan hoi cong suat ¢6 phan hoi cong suat, co dat gia tri cong suét
phat, va ché d6 tong hop c6 ca phan hdi cong suat va gia tri dat. Két qua mo phong nham lam rd
vai tro cua tung khau phan hdi trong viéc duy tri 6n dinh tan s6 va cong suat phat cua t6 may, gop
phan h trg thiét ké va van hanh hiéu qua cac hé thong nang luong thily tridu trong thuc té.

Hién nay, cong cu Matlab/Simulink duoc st dung rong rai trong linh vuc tu dong hoa va ky
thuét dién nho kha nang mo phéng manh mé, tryc quan va cho phép biéu dién cac hé théng dong
phuc tap dudi dang so d6 khéi. Ung dung Matlab/Simulink trong mé phong bd diéu tdc cho phép
khao sat chi tiét cac ché d6 van hanh, danh gia phan tng cta hé thdng trudc cac bién dong tai va
tham s6 diéu khién, tir 46 dua ra giai phap nang cao tinh 6n dinh va do tin cdy cua hé théng phat
dién thuy triéu.

II. NOI DUNG

2.1. Giéi thi¢u vé MATLAB/Simulink

Matlab 12 mot chwong trinh phin mém 16n cta linh vyc tinh toan sd. Matlab chinh 1a chi
viét tit tir MATrix LABoratory, thé hién dinh huéng chinh ctia chuong trinh bao gdm mét sé ham
toan cac chirc nang nhap/xuét ciing nhu cac kha nang 1ap trinh v6i ¢t phap thong dung ma nho d6
ta co thé dyng nén cac Scripts.

2.1.1. Matlab

Matlab (Matrix Laboratory) 1a mét phan mém khoa hoc duogc thiét ké dé cung cip viéc tinh
toan sd va hién thi d6 hoa bang ngdn ngir lap trinh cip cao. Matlab cung cip cac tinh ning twong
tac tuyét voi cho phép ngudi sir dung thao tac dit liéu linh hoat dudi dang mang ma tran dé tinh
toan va quan sat. Cac dir liéu vao cua Matlab co thé duoc nhdp tr "Command line" hoac tur
"mfiles", trong do6 tap 1énh dugc cho trudc boi Matlab.

Matlab cung cp cho ngudi ding cac Toolbox tiéu chuan tiy chon. Nguoi ding ciing co thé
tao ra cac hop cong cu riéng ciia minh gdm céc "mfiles" duoc viét cho cac tmg dung cu thé. Cac
mg dung co ban ciia Matlab bao goém:

- Lam céc phép todn;

- Phat trién thuét toan;

- Thu thap dir liéu;

- M6 hinh héa, mé phéng va tao mau;

- Phan tich dit lidu, khai thdc va hién thi; d6 hoa;

- Céc phat trién ing dung.

Toan hoc trong Matlab bao gdm mét tap 16n cac giai thuat tinh todn bao ham tir cac ham co
s, cac tinh toan cho sb phirc tdi cac ham phirc tap hon nhu dao ma tran, bién ddi Fourier...Ngoai
ra, Matlab con cung cip mét s6 khéi chuyén dung dic biét khac dé giai cac bai toan chuyén sau
duogc phat trién trong Blockset. Giao dién Matlab sau khi khoi dong Matlab:
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Hinh 2.1. Cira s6 1am viéc ciia Matlab sau khi khéi dong

2.1.2. Simulink

Simulink 1a mot cong cu trong Matlab diing dé mé hinh, mé phong va phan tich cac hé thong
dong véi moi truong giao dién st dung bang do hoa. Viéc xay dung mé hinh duoc don gian hoa
béang cac hoat dong nhip chudt va kéo tha. Simulink bao gdm mot bo thu vién khdi véi cac hop
cong cu toan dién cho ca viéc phén tich tuyén tinh va phi tuyén. Simulink 1 mot phan quan trong
ctia Matlab va c6 thé dé dang chuyén ddi qua lai trong qua trinh phan tich, va vi vy nguoi dung

c6 thé tan dung duoc uu thé cua ca hai méi truong. Ctra s6 giao dién thu vién Simulink.
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2.2. Nghién ctru by diéu toc tua bin thiy triéu

Khi t6 may chua hoa vao ludi (tirc chwa tham gia vao qua trinh phat dién), thi viéc diéu chinh
tan s6 dugc thuc hién thong qua didu chinh tdc d6 quay cia tua bin, khi t6 may hoa vao hé thong
ludi dién thi luc nay van dé diéu chinh tin sé khong con 1a nhiém vu cua riéng mot to may nita,
ma la van dé chung cua toan hé théng dién. Vi vay, viéc diéu chinh tan sb sé& két hop véi diéu chinh
luong cong suat phat vao hé théng dé can bang véi cong suit phu tai (ludn ludn bién doi). BE hicu
r0 dugc cac chuc nang ctua bd diéu tbc, cach thuc hoat dong, ta nghién cuu bd diéu tbc thuy luc
ctia hang Powebase - Canada san xuét [1].

2.2.1. So' d6 khoi b diéu khién toc dd [1,2]

So d6 khoi (hinh 2.3) md ta cac kh01 chirc nang cua bo diédu toc dién thuy lue, tai mdi khbi
nho duge thé hién bang mot ham truyen Cac thong s6 didu chinh n, P img véi toc d6 n va cong
sudt P duge hinh thanh nho cac bd bién d6i tée do Al va cong suat B1. Tin hiéu dt tin sb fo thong
qua khau A c6 vai tro giéng mot khau tich phéan, ¢6 nhiém vu nhé gié tri tan sé va duy tri khong
doi trong mét khoang thoi gian du dai. Piura A la gia tri dat tan so, gia tri dat nay dugc so sanh
v6i gia tri thuc phan hoi tir A2 cua té may tua bin, hiéu sai 1éch tin s6 dat va tan sb thuc cia tua
bin dugc cho qua khéu tich phan tan s C, tin hiéu ra khau C dwa dén diéu khién tc d6 quay tua
bin. Tai thoi diém hoa ludi dong thoi dat cong suat phat Po théng qua khau B ¢6 vai tro gidng mot
khau tich phan, nhiém vu la nh¢ gia tri dat cong suat phat va duy tri khong dbi trong mot khoang
thoi gian du dai. Khi diéu tdc & vi tri can bang (6n dinh), tin hiéu dau ra bang khong (j =0). Néu
mot trong cac tin hi¢u dau vao bt ky n, P, fo, Po thay dbi s& lam cho tin hiéu (j) bi thay dbi tuong
mg. Tin hiéu j d6 s& lam cho xy lanh thuy luc dich chuyén twong tng.
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Hinh 2.3. So d6 khoi chirc ning b diéu tdc tua bin thiy triéu théng thuwong

2.2.2. So' dd biéu dién dwéi dang Simulink don giin héa

Tir so d6 khéi (hinh 2.3) dugce chuyén sang mé phong bang Simulink [1] nhw hinh 2.4. Véi
ham truyén cua tung khdi da cho, trong Simulink cling twong ty nhu vay, voi bo diéu toc didu
khién theo nguyén Iy PI. Bé don gian héa cho qué trinh mé phong, ta chi thiét 1ap cac khau chinh
va bo qua cac chure nang bao v¢, tu dong diéu khién khoi dong, dung...
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File Edit View Simulation Format Tools Help
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Ready 100% odeds Al
Hinh 2.4. So' d6 bd diéu toc biéu dién dwéi dang Simulink don gian héa

Lua chon cac théng s6 dé mo phong [1] (liy theo bo thong sé cua bd diéu tde thuy luc do
hang Powebase — Canada):

- Ty: Thoi gian tich phén (0,01 + 500)s

- Bp: D6 dbc cua dic tinh tde do, (0 — 10)% twong tng (1 - 10)

- Bt: Hg 50 roi tc tam thoi (1 - 100% twong tmg 0 - 100)

- Td: Hang so vi phén (0 - 20)

- Ts: Hang s6 thoi gian ciia xy lanh thuy Iyc (0,01 + 0,05s)

- K: Hé s6 khuéch dai tuabin (0-500)

- Tt: Hang s thoi gian tuabin (15s)

- Tp: Hang sb thoi gian cong sudt (0 - 50s)

- Tn: Hang s thoi gian (0 - 1,5s)

2.3. M phéng cic ché dd 1am viéc ciia b diéu tdc

Dé thiy rd cac qua trinh hoat dong cia bd diéu tc, nhu chay khong tai, co tai, chay ddc lap,
song song, cac phan hoi can phai co..., ta phai mé phong ¢ timg ché d6 va kiém tra cac dap tng dac
tinh ciia chung, dé thay 16 cac chire nang can co nham dam bao hé thong lam viéc chinh x4c va 6n
dinh. Mt khac, ta xem xét sy 6n dinh cong sut phat khi phu tai thay ddi. [3]

2.3.1. Ché @ ciia b diéu téc khi té may phat dién chay khong tai

Cho bd diéu toc chay ¢ ché do chua c6 tai (khi t0 méay chwa hoa lu6i) tirc 1a chua ndi méay
phat voi hé thong dién, t6 may chua _phat cong suat hitu cong, khi d6 hé thong chwa c6 vong phan
hoi cong suat chi c6 vong phan héi tan s6 (toc d9). Do do, nhiém vy cta bo diéu toc lac nay la didu
chinh toc do quay (tan so) cla tua bin dé dat tbc do dinh muc dwa vao sai léch téc do phan hdi, so
dd m6 phong hinh 2.5.
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Hinh 2.6. Pap img tin s6 ciia hé thong diéu khién

_ Ta thy, ddc tinh toc do (hinh 2.6) khi t6 méay khéi dong khong tai, viéc ting tan so tir 0 1én
bang voi gia tri dat 50Hz (dinh mirc) chi mét khoang 7s va khong c6 qua hiéu chinh va sai 1éch
tinh bang 0, néu khéng c6 tai thi to6 may lam viéc gilt nguyén & S0Hz.
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B b cong suat phu tai
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Hinh 2.8. Pip tng tan so cia bd diéu toc

Ta thay, dap tmg ctia bo diéu khién (hinh 2.8) khi cho phu téi tac dong tan s bi giam xudng
gay sai léch tan s6 ¢d 48 + 50 =2 hz. Sau 7s tan s0 trd lai vi tri ban dau véi sai [¢ch tinh bang 0, ¢

day ta da thiy rd, vai tro cua hai tang khuéch dai trong viéc b do giam tdc cta bo diéu khién.

2.3.3. Ché @9 ciia b diéu tdc khi c6 phu tii, c6 vong phan hdi cong suit cung tic dong

nhung khong co gia tri dat cﬁng suit phat

File Edit View Simulation Format Tools Help
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"~ Hinh 2.9. So dd mb ﬁéng ché dd ciia bd diéu toc

Xét trudng hop bo diéu tde chi c6 khau phan hdi canh hudng, phan hoi cong sué‘t phat cung
luc, nhung khéng c6 phan hoi gia tri dat cong suat phat (hinh 2.9). Véi cac thong so6 dau vao nhu

& muc 2.3.2, phu tai P =15 va thoi gian xét tai thoi diém t = 15s.
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Hinh 2.10. P4p tng tin s ciia hé thong diéu khién

So d6 dap tmg ciia bd diéu khién (hinh 2.10), khi cho phy tai tac dong tan sb bi giam xudng
(giam tdc xuat hién) va giit 6n dinh & mot gia tri méi nhé hon gia tri ban dau, toc d6 bi suy giam 1a
do khau phan hdi cong suét lam cho qua trinh tang d6 mo cénh huéng bi giéi han.

2.3.4. Ché d9 ciia bd diéu tdc khi cho phu tai tac dong, dat gia tri cong sudt phat cung

tac dong mot luc, nhlrng khéng c6 vong phian hoi cong suat

Xét trudng hop bo diéu te khi cho phu tai tac dong, dat gia tri cong sudt phat cung tac dong
mot lic, nhung khong c¢6 vong phan hoi cong suét (hinh 2.11). Vi cac thong sé dau vao nhu & muyc
2.3.2, phu tai P = 20 va thoi gian xét tai thoi diém t = 15s.
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bap Gng dac tinh tin sb nhu hinh 2.12. Ban dau tan sb bi giam do tac dong cua phu tai, sau
mot thoi gian tan s6 tang 1én nho khau dit cong suat phat. Do khong c6 khau phan hdi cong suit nén
tan sb s& gitr nguyén & gia tri moi.
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Hinh 2.12. P4p tng tin s ciia hé thong diéu khién

HEP?HOQA)‘

H. (’ TRUGNG DAI HOC HOA LU 12



2.3.5. Ché dp ciia bd diéu téc khi cho ddng thoi phu tai, gia tri dit cong suit phat cing

tac dong va c6 phan hoéi cong suat

Xét trudng hop bd diéu tde khi cho ddng thoi phu tai, phan hdi cong suét, va gia tri dit phu tai
cung tac dong (hinh 2.13). Vi cac thong s6 dau vao nhu ¢ myc 2.3.2, phu tai P = 10, gi6i han cong

suét phat P = 10 va thoi gian xét tai thoi diém t = 15s.
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Hinh 2.13. So' @6 mé phéng bd diéu tdc khi cho dong thoi phu tai, phin hdi cong suit, va
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Hinh 2.14. P4p tng tin s ciia hé thong diéu khién

Tap chi

=C(HOA,
H. (’ TRUGNG DAI HOC HOA LU

124



B Dap ung tan so =8B R c)
SEPrr ARE B a5 =

B 0op ung tanso [E=S Eol =
SHE|POerp hiZE| 28w =

Hinh 2.15. Qua trinh qua d cia b diéu toc khi dong phu tai

Tir ddc tinh (hinh 2.14) ta thay, khi co su tham gia cta ca khau dit cong suéit phat va khau
phan hoi cong suat, thi phu tai tac dong 1am cho canh hudng dong bot lai, tan sb bi giam xudng
nhung khong giam nhiéu (khoang 49,5-50=0,5 Hz) do c¢6 khéu dat cong suat phat. Tan s6 dugc tang
1én, do tac dung cua khau phan hoi cong sudt nén tan sb trd vé vi tri ban dau véi sai 1éch tinh bang
0, thiy tan sb xac 1ap lai sau vai gidy.

Tt cac dap mg dac tinh tan s, cong suat (hinh 2.14) thi ta thay 13 vai trd cua diéu khién tin
s6 khi to may chua hoa ludi va diéu khién c4n bang cong suit khi t6 méay hoa ludi.

Nhu véy, khi bo didu tdc co day du cac chte nang thi qua trinh hoat dong la hoan chinh nhit,
dam bao hoat dong tot & cac che d khac nhau, tan s sai khac khong qua tiéu chuan qui dinh (chi
khoang 0,2 gidy). N6 gitip cho tan s6 khong bi giam qua thap hay bi tang qua cao cting nhu rat ngan
thoi gian qua do voi cing luong thay doi phy tai nhu nhau, dé c6 thé thay rd sy dao dong trong giai
doan qua d¢ khi dong tai (hinh 2.15).

1. KET LUAN
Két qua m6 phong cho thay bd diéu toc c6 kha ning dap mg nhanh véi cac bién dbi cia phu
tai, duy tri on dinh tin s6 va cong suét phat. Khi ap dung phan hdi cong suét va gia tri dat, hé thong
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dat hiéu qua diéu khién cao hon, giam thiéu dao dong cong suét va cai thién tinh 6n dinh téng thé.
Bo diéu toc 1am viéc & cac ché d6 khac nhau, khi c6 thém nhidu khau phan hdi (phan hdi cong suét,
phan hdi canh hudng, khau tao tré...) thi ché d6 lam viéc cang 6n dinh hon va dao dong khong 16,
rét ph hop véi sy thay di quan tinh cua t6 may thiy Iuc.

Nghién ctru d3 mo phong thanh cong hoat dong ciia bd diéu tdc trong hé thong phat dién st
dung nang lugng thuy trléu Két qua cho thdy mé hinh Matlab/Simulink la cong cu hiru ich daé phén
tich va toi uu héa hiéu sut diéu khién. Hudng phat trién tlep theo 1a tich hop cac thuat toan didu
khién tién tién nham nang cao hiéu qua va do tin cdy cta hé thong.
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