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Tém tat - Pong co tua bin khi véi khéi lwong va kich thwéc nhd
gon so vé&i cac loai déng co cuing cong suét khac, c6 tinh co dong
cao, céng suét I&n hién dang dwoc (ng dung réng réi trong cac
tram phat dién tinh va trén cac phwong tién giao thong van tai.
Bong co tua bin khi da khang dinh dwoc tinh wu viét cda minh
va |4 loai dong co khong thé thay thé trong nganh hang khéng va
trong linh vuc tau thiy. Dac diém co ban cla tua bin khi la ciu
tao don gian, it hong héc va tudi tho Ién. Nhwoc diém cla chung
la dac tinh diéu khién phrc tap, do phi tuyén cao va kho bién dbi
théng sb tryc tiép. Chinh vi vay viéc nghién ctru didu khién tua
bin khi hién van con nhiéu khd nang mé& dé cac nha khoa hoc
tham gia nghién cu phat trién (rng dung. Tir d6 tac gid da chon
hwéng nghién ctu thiét ké bo diéu khién cho td hop tua bin khi
véi muc dich xay dwng cAu trdc khéng qua phirc tap, nhwng dam
bao dwoc tinh dap (rng nhanh, kha nang khang nhiéu tét va thay
ddi tham sb hé thdng.

T khéa - Tua bin khi; m6 hinh HDGT; bo didu khién PID; bo diéu
khién mo; chu trinh Brayton

1. Gi6i thiéu

Hién nay céc nghién ctru vé tua bin khi tré' nén phd bién.
Thong dung nhat 1a st dung bd diéu khién PID hoic két
hop v6i cac phuong phap khac nhu dung mang noron,
mo... Trong [5], dd xay dung bo diéu khién tdc do cho tua
bin khi bang bo diéu khién PID boi phuong phap Nichols
Ziegler va thuét toan di truyén. Ngoai ra céc tac gia ciing
cho thdy, by diéu khién logic mo thay thé b¢ dicu khién
PID kinh dién mang lai ket qua t6t hon. Trong (6], [7], da
xdy dung bd diéu khién téc @6 cho tua bin khi bang viéc
két hop gitra PID va Fuzzy dé 6n dinh dugc téc do quay
cua tua bin phi hop v&i nhidu. Trong cac nghién ciru nay
cac tac gia st dung mo hinh tua bin khi dugc x8y dung bai
Rowen [2]. Nhitng nghién ciru nay thuc hién trén mo6 hinh
nhiéu bé do sir dung mé hinh PID gian tiép.
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Abstract - Gas turbine engines with compact size and light weight
compared to other types of engines with the same power are highly
mobile with great output capacity and currently being widely used
in static power stations and means of transportation. Gas turbine
engines have proved their superiority as engines that cannot be
replaced in aviation and the ship industry. The gas turbines are
mainly characterized by their simple structures, few breakdowns
and long life. Their disadvantages are complex controllability, high
non-linearity and difficulty in directly changing parameters.
Therefore, research into gas turbine control is still open for
scientists to participate in doing research and developing
applications. In line with this, the authors of this article have
decided to study and design a controller for gas turbine engines for
the purpose of building a structure which is not too complicated,
but ensures fast response, good resistance to interference and
convenience for changing system parameters.

Key words - Gas turbine; HDGT model;
controller; Brayton cycle

PID controller; fuzzy

Nguyén Iy hoat dong tua bin khi: nhu Hinh 1 va 2 khéng
khi sach (thuat ngir chuyén mon goi la khi khoé — dry air)
theo duong 1 vao may nén, dugc may nén tang ap va theo
duodng 2 dé di vao budng ddt, tai day nhién liéu dugc phun
vao va d6t chay khi tao 4p suét cao, sau d6 nho hé thong
nén dé day khi cao ap di vao duong dng 3 dé dén dugc tua
bin, lam quay tua bin. Khi xa duoc dua ra dudng ong 4.
Tua bin quay s& quay truc tiép hodc qua hop giam tdc dé
nbi véi tai phia sau. Chu trinh hoat dong cua tua bin khi 1a
chu trinh Brayton nhu Hinh 2.

Thuc té, khi lam vi€c, do ma sat nhiét truyen nhi¢t qua
véach ngan duong dng... nén s& c6 ton that ap suat tir dau
dén cudi qua trinh. Do d6, chu trinh Brayton thuyc té s& khac
mot chit so vdi chu trinh 1y tuong.

Trén Hinh 3 mé ta ciu triic toan hoc cia mot hé HDGT
(Heavy Duty Gas Turbine) do tac gia Rowen dé xuat
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Hinh 3. M6 hinh HDGT ciia Rowen

Dura vao chu trinh Brayton [2] thuc té & Hinh 2, ta c6
hiéu suat cta cac budc trong qua trinh;
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Hiéu suét cia may nén: neomp = % % (1)
1 2711
Hiéu suét ctia tua bin  : numn = :3_:4 = % )
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. : Ty s gia nhiét budng dbt.
. : Ty s gia nhiét qua trinh nén tua bin.
Str dung cong thire (1) va (3), nhiét d¢ ra ctia budng dot
duogc tinh bang cong thirc:

T,=T (xc L + 1) (5)

Vavdi cong thuce (2) va (4), nhiét d6 ra cta tua bin dugc

tinh nhu sau:
T4=T3(1—(1—i)qc) (6)

Mot qua trinh khac anh huéng dén hoat dong cua
HDGT la qua trinh dién ra trong budng dét, tirc 12 giai doan
2-3 trong Hinh 2. Khi d6, &p suit trong budng dot khong
d6i s& cho ta cac biéu thirc sau:

Con- (Ts — Ty) (7)

Trong d6 m (kg/s) 1a ty 1& ludng khi vao. Nhiét dugc
tao thanh bang cach chiét suat nang luong tir nhién liéu nhu
Sau:

GH =ne,.me H (8)

O day gH (kJ/s) ty 1& hap thu nhiét trong 10 d6t, 1, 1a
hi¢u suét ciia budng dét, m ; (kgls) ty ¢ ludng nhién ligu
va H (kJ/kg) 1a lugng calorific thap hay 14 luong nhiét thap
ctia nhién liéu khi str dyng. Hiéu suat cia buong aét la
lwong nhién li¢u dugec bom vao buong ddt va bi dbt chay
hoan toan. Pbi voi cac thiét ké hién dai, hiéu suit cua
budng d6t rat cao va gin nhu 13 100%. Str dung cong thirc
(7) va (8) su gia tang nhiét do trong budng d6t c6 thé duoc
tinh nhu sau:

GH=m.

T:=T, + rjc%%:THATO% 9)

O day AT, 1a ky hiéu cua su gia ting nhiét. Trén thuc
té, nhiét do va ty 1€ ap sult bén trong ciing nhu phan ung
téng thé ctia qua trinh HDGT thay doi theo toc d6 cua tua
bin. Qua trinh nay 1a phi tuyén nén lam phrc tap thém cho
mo hinh. Tuy nhién, theo m6 hinh cua Rowen, cac qué trinh
nay duoc gia thiét ddi véi toc do bang cach ap dung gidi
han toc d6 95% dén 107% tbc d6 dinh mirc xem & Bang 1.
Luc nay cong suat dau ra ciia tua bin sé l1a:

P =m . [Cop- (T3 — Ts) = Cpe. (T, — T1)] (10)
Phuong trinh trén (10) dugc viét dudi dang khi:
Pgpy = A + B.1i fpy, 6 toe d0 dinh muc
i T 1 Xc—1
A = e PGnl {Cph-r]t ( 1- E) - [Cpc -
1
Con-me(1 = )1 (11)
_ Dcne-Hmgy 1
B = (1- ) (12)

O téc d6 dinh mirc, nhiét do khi xa dwoc tinh bang cach

thay thé cong thirc (5) va (6) vao trong cong thirc (9), Vi
the:
T, =Tz — D.(1 — 1 s, & toe 46 dinh muc

2 [1- (1-2)n)

6] day D 1a h¢ s6 khéi nhiét d6 xa va Tr la nhiét d6 xa
dinh muc trong mé hinh HDGT. Bay gi¢ chung ta xac dinh
cac hé sb cua hé théng van nhién li¢u. Trong m6 hinh
HDGT, ty 1¢ luu lugng dong nhién li€u dinh mic tuong
g véi toc d6 cua tua bin va s& c6 mot hang thoi gian s&
xudt hién, d6 1a b trong khéi dinh vi van ciia mé hinh
HDGT. Gia tri thong s6 nhiéu cta vong phan hdi K = 0 Va
thoi gian tré ¢ = 0 trong md hinh dugc chon theo thong s6
ctia nha san xuat. Tuy nhién, van c6 mot hang s thoi gian
tré tir cac 6ng dan nhién liéu dén budng ddt. PO tré nay
dugc tinh bang biéu thirc sau:

Ty = ZOV ap (v) ITo

2. Thiét ké h¢ thong tua bin khi
2.1. Tinh todn cdc théng s6 mé hinh hé thong

mfn

D= I]Cch : (13)

(14)

Trong nghién ctru ndy, tac gia lay thong s cua tua bin
vGi cong sudt 172 MW dé ap dung [2]. Day 1a tua bin don
hé HDGT véi khi sach 1am nhién liéu chinh (ap suit bao
quanh 1 atm, d6 4m twong d6i 60% va nhiét 4o 15°). Can
Iwu ¥ rang cac tinh toan sau ddy, ton that ap suit trong bo
loc khi vao va qua trinh dbt nhién liéu duge bo qua.

Bing 1. Théng sé dinh danh mé hinh hé HDGT [2]

Tham s Ky hiéu Pon vi Gia tri
Cbong suét dinh mirc Pen MW 172,2
Tén s6 danh dinh f Hz 50
Tbc do Tua bin RPM RPM 3000
Khi thai m, kals 537
Nhiét d6 khi thai Tr °C 522
Ty 18 ap suét Pr - 15,4
Bing 2. Théng sé dinh danh mé hinh hé HDGT [2]
Tham s h}i<éyu Pon vi | Gia tri
Cong suét dau ra Ts MW | 146,4
Nhiét d6 dau vao tua bin Ts °C 1100
Nhiét d6 khi thai Ta °C 532
Nhiét do moi trudng xung quanh T1 °C 27,3
Khi thai Mn kals 438,1
Luu lugng nhién liéu iy kg/s 8,34
Nhiét trj thap ciia nhién liéu H kifkg | 43094
Nhiét dung cta khi qué trinh nén Cpn | ki/kgK | 1,1569
Nhiét dung cua khi trong budng @bt | Cpee | kI/kgK | 1,0047
Ty s gia nhiét qué trinh nén Ky - 1,33
Ty sb gia nhiét budng dt K. - 14

Hiéu suat ciia tua bin: Tir cong thirc (4) cung véi dit
liéu trong cic Bang 1 va 2, ta tinh dugc nhiét do ra tua bin
Tss trong qua trinh dang nhiét nhu sau:

Kp-1

Xh(oc)= PR( Kn

) Pg ﬂ(Kh ) (15.4 x 22 1)(731) = 1,87
Mmp

(15)
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T3(oc) _
Xh(oc) 1.87

1100+273

Tasoe) = = 734,22 K = 461,22°C (16)

Hiéu suét tua bin theo cong thic (2) 1a:
(T3=Ty) _ _1100-532 _ 0,89
(T3—Tas(oc))  1100-461.22

ne= a7

Hiéu suét cua may nén va nhiét do ra cia may nén trong
qua trinh dang nhiét dugce tinh tu (3):

Kp -1 Kp -1
Xe(oc) = PR( Kn ) = Py %( Kn )
41
= (15,4 x 2% 1)(—) =2,06 (18)
Tos= Tl (oc) X Xc(oc = (27,3 +273) x 2,06
= 618,62 K =345,62°C (19)

O day nhiét do dau ra cia may nén dugc tinh tir cong

thirc (9): Tae) = T3(0c) Ucombt:r CHh (20)
=1100 — 0,99 x 2% x 2399 _ 397,98°C (21)
438, 1 1,1569

Hiéu su@t dbt chay ciia budng dot gan nhu tuyét dé,i.
Vi hiéu suat 0,99 dugc gia dinh cho hé thong budng dot
trong nghién ctru nay.

Theo (1), ta ¢6 hiéu suit ciia may nén la:

345,62-273 _ 0,86
397,98-27,3

_ (Tzs(oc)_Tl(oc)) _
(Tz(oc)_Tl(oc))

(22)

Tir cc thong sb cho hoat dong dinh mirc cua tua bin &
Bang 1, ta ¢6 Xn va X dugc tinh nhu sau:

Xn = (15, 4)133 1=1,97

(23)

—~ =218 (24)
Tir cong thire (11) va (12) ¢ thé duoe str dung dé tinh céc
thdng s6 khoi cong suat co cia tua bin trong Hinh 5 nhur sau:

A=STECEND y £92569%089x (1 - —) — 222
172200 1,97 0,86
x [1,0047 — 1,1569 x 0,89 x (1 - L)]} =-0,158 (25)

Trong cong thire (12) luu luvgng nhién liéu dinh muc 1a
can thiét. N6 1a co so dé tao ra cong sudt dinh mirc & toc do
dinh mirc cta tua bin. Do d6, tir cong thie (12)
0,99x 0,89 X 43094 X 1ify

B= 172200 (1 B 197) 01068 1y, (26)
. PGpu-A 1+0,1580
mfpu =GP = m me, = 10,66 kg/S
B=1,1580 (27)

Va luu lugng dinh mite ciing dé xéc dinh nhiét do xa tua
bin. Ttr cdng thirc (14) tham so6 nhiét dd xa D duoc tinh nhu sau:

D=099x 220 x 27211 (1 —L) x0,89 ]
1, 1569 537 1,97
= 413,6°C (28)

O day, ta chon thong s6 khéi momen tua bin khi
C = 0,5 va nhiét do khi thai E = 0,6 x Tr = 313°C. Lugng
nhién liéu ti'éu thﬂu khi tua bin lam viéc kyhc‘)ng tai Vé} luong
nhién li¢u toi thiéu dé duy tri qua trinh dot trong buong dot
dugc cho ¢ Bang 3.

Ty 1& luu lugng nhién liéu dé duy tri budng dbt khi
khdng tai:
=——=0,24

Mepy 10,66

(29)

KNL -

‘Luogng nhién ligu toi thiéu dé duy tri qua trinh dét trong
buong dot:
1,5

Min F = Toss =%

=-0,13 (30)
1-0,24
Bing 3. Lugng nhién liéu i thiéu dé duy tri buong dot va
hoat dong khong tai

Tham sb Ponvi | Gia tri
Luu luong nhién lig¢u khi khong tai kals ~ 2,56
L}ru lgqng ?hlen lidu t6i thiéu dé duy kgls ~15
tri buodng dot

Bdng 4.Dir liéu dé tinh a¢ tré hé théng nhién liéu

Tham sb Ponvi | Giatri
Ap suit nhién liéu atm 21
Nhiét d6 trung binh K 320

Bing 5. Dii liéu dé tinh dg tré cia khdu xa mdy nén

Tham sb Ponvi | Gia tri
Nhiét d6 trung binh K ~1050
Thé tich éng xa m3 ~16

Hé théng nhién lidu: hang sé thai gian tré cua hé thong
nhién liéu c6 thé bang 0 néu diéu kién nhiét dong luc hoc
cuia hé thdng nhién liéu cho mot diém hoat dong dién hinh
duogc biét dén. Khi van hanh véi nhién liéu khi, cac phép
do gan day vé tinh chat nhiét dong hoc metan duoc sir dung
dé tinh cac bién doi mat do do su thay doi &p suat tir cong
thac (14) va Bang 4:

d (1 (027) (i)
—(—) To = ~207/ 01| 390k = 0,78 (31)
0P \v 22-16,5
Va str dung dir liéu trong Bang 4, ta sé co:
_ 2latm 3 kg/m
Tes = Tosekess X 0,17 m3x0,78=—=0,26s (32)

Thoi gian van hanh ciia bo dinh vj van dya vao thong s6
nha san xuat. O day thoi gian dinh vi van nhién liéu b = 10 ms.

Do tré thoi gian va do tré xa: Ttp =40 ms

Ngoai ra con c6 mot thoi gian tré & khau xa cia may
nén. St dung céc tinh chat nhiét dong luc hoc va dir liéu

trong Bang 5, tur cong thirc (14) duoc st dung dé wéc luong
hang s6 thoi gian tré ¢ khau xa cua may nén nhu sau:

1 1
o (1| _ G)-()
5(;) To=—=C0ms
Nhiét d6 trung binh 1050° K dugc gia dinh la & day ctua

16i vao tua bin (Bang 5). Nhiét d6 trung binh ¢ khau thai
cua khbi nén khi :

1050K = 0,36 (33)

15,4 atm

3 kg/m
Tep = 537k/x16m x 0,36 =—/—— =0,16s

2.2. B diéu khién toc dp tua bin khl
2.2.1. Xdy dung cdu triic bg diéu khién

(34)

Trong nghlen ctu nay, st dung phuong phap didu
khién mo Vi tinh tuong minh, don gian va dé kiém ‘nghi¢m
két qua. BO diéu khién mo dé chi dinh céc thong sé cua b
diéu khién P1D trong qué trinh hoat dong. Ta xay dung céu
trdc didu khién cta bo diéu khién mo lai PID nay nhu
sau: dau tién ta stir dung bo diéu khién PID dé diéu khién
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& vong trong cho mach vong diéu chinh tbc do hé truyén
dong cua tua bin, sau d6 dung bo didu khién mo & vong
ngoai dé tu dong chinh dinh cac thong sé Ko, K, Kp ctia bd
diéu khién PID véi cac tham sé Kp, K|, Kp duoc lay tir két
qua dya trén md hinh hda va thuét toan Nichols Ziegler.

Nref PID Controller

jovernor

fitert

Tmech 1
17s+1

H
Torque load “ N

Rolor speed

-~ I
i
] =

Random
Number Produc?  SrangferFen Distutbance

Hinh 4. So dé hé théng md phéng diéu khién bang PI1D
Str dung thudt toan Nichols — Ziegler voi bo diéu khién
PID kinh dién, két qua dau ra cua bd diéu khién PID:
Kp=33; K;=0,018; Kp = 44

‘ PID

Hinh 5. Két qua md phong khi sir dung 06 diéu khién PID

Qua }(ét qua mé phong diéu khién trén ta théy, voi bo
dicu khién PID thi thoi gian qua d¢ 1a 22 gidy. V€ chi tiéu
dcf)‘ qua diéu chinh, khi st dung bé dieu thién PID d6 qua
diéu chinh 1én dén 0,05% con so nay rat nho, day la mot
thong s6 tot, 1am cho qua trinh mé may hé thong truyén
dong an toan. Tuy nhién khi tang tham so nhicu 1én thi bd
dicu khién dan mat on dinh. Nhicu trong thyc t€ nhu lyc
can cua gi6 doi voi canh quat dong co tua bin hodc lyc can
cua dong nude doi voi chan vit cua tau thuy...

Sau khi thiét ké bo diéu khién PID, dya vao cac thong
s6 Kp, K, Kp dé€ xay dung bd diéu khién md. Pau vao bo
diéu khién mo nay la sai léch (ki hiéu la e) cia téc do dat
S0 véi toe do thuc té cua hé thong tua bin khi va dao ham
sai 1éch de/dt (ki hiéu la de).

_Plu ra ciia bo diéu khién mo 12 cac hé s6 Kp, Ki, Kp, dé
di€u khién hé thong déng md van nhién li¢u cua budng dot
tua bin khi.

2.2.2. Tinh todn cdc théng sé ciia bé diéu khién mo PID

a. Mo Héa

- Gia tri dat [0+1] twong duong véi ty 1€ dong md van
nhién li¢u [0+100] (%).

b. Luét hop thanh
V6i 5 tap mo cia mdi dau vao, ta xay dung duoc
5 x 5 = 25 ludt diéu khién.
- Luat hop thanh cho hé sé Kp
Bing 6. Béng ludt hop thanh ciia hé sé Ke
Kp(RAT NHO, NHO, KHONG, LON, RAT LON)

elde RN | N K L RL
RC(RAT CHAM) N N K RL | RL
C(CHAM) N N K RL | RL
K(KHONG) N N K RL | RL
N(NHANH) RN | RN K L L
RN(RAT NHANH) RN | RN K L L

- Luat hop thanh cho hé s6 K,
Bing 7. Béng ludt hop thanh ciia hé 56 Ki
Ki((RAT NHO, NHO, KHONG, LON, RAT LON)

elde RN N K L RL
RC(RAT CHAM) N N K RL | RL
C(CHAM) N N K RL | RL
K(KHONG) N N K RL | RL
N(NHANH) RN | RN K L L
RN(RAT NHANH) RN | RN K L L

- Luat hop thanh cho hé sé Kp
Bing 8. Bang ludt hop thanh ciia hé sé Ke
Ke(RAT NHO, NHO, KHONG, LON, RAT LON)

elde RN | N K L RL
RC(RAT CHAM) RL | RL K K K
C(CHAM) L L K K K
K(KHONG) L L K N K
N(NHANH) K K K N K
RN(RAT NHANH) K K K | RN K

c. Khéi diéu khién mo

st vasati ¥

it vanatsa

utout varlable "R

Hinh 6. Tdp mo ciia CAc bién ra hé s6 diéu khién
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3. M phéng va két qua
3.1. So' do h¢ théng mé phéng bang mé PID
3.1.1. So do hé thong

Set Vake Speed

.

Turbine sysiem

Hinh 7. So do hé thong mé phong diéu khién bang Mo PID

3.2. Két quda mé phong

Theo nghién cttu & trén, khi gébc mo van va nhiéu thay
doi thi toc do cua tua bin ciing thay doi theo va dé 6n dinh
dugc toc d6 quay cua tua bin ta can phai c6 bo dicu khien
thay d6i dugc thong so phu hop v6i sy thay doi cua nhicu.
Tuy nhién khi ta thay doi gia tri dat nhicu cua tua bin
trong qua trinh lam viéc thi b6 diéu khién PID kinh dién
khong dap (mg duoc yéu cau chat lugng cua qua trinh di€u
khién. B¢ khac phyc hién twong do, tac gia dé xuat
phuong an st dung bd di€u khién md PID truc tiép voi
luat nhu Bang 6, 7, 8.
3.2.1. M6 phong véi tham s6 nhiéu bang 0,05

Fuzzy_PID
——-PD

0 10 20 30 40 50 60 70 80 0 100
Time

Hinh 8. Két qud mo phong khi thir nghiém véi nhiéu bang 0,05

Bidng 9. So sanh két qua mé phong véi tham s6 nhiéu bang 0,05

CHI TIEU BO PK PID BO PK MO PID
Thoi gian quéa do (s) 25 19
D6 qué diéu chinh (%) 0,05 0,02
Sai 1éch tinh 0 0

3.2.2. M6 phong véi tham s6 nhiéu bang 0,15

T T T T T
Fuzy PID

— - -PD

Hinh 9. Két qud mo phong khi thir nghiém véi nhiéu bang 0,15
Bing 10. So sanh két qua mé phong véi tham sé nhiéu bang 0,15

CHI TIEU BOPKPID | BO DK MO PID
Thoi gian qua do (s) X 20
Do qua diéu chinh (%) X 0,3
Sai 1éch tinh X 0

4. Két luan

Bai béo da, nghién ciru, tim hiéu vé thiét ké va céc ky
thuét diéu khién hé truyén dong tua bin khi.

Ung dung phuong phép diéu khién mo va diéu khién
PID dé thiét ké bo dieu khién mo lai PID cho hé truyén
dong tua bin khi. M6 hinh héa va md phong toan bo hé
thong thong qua phan mém Matlab Simulink, tir d6 danh
gié' dugc bo dicu khién da thiet ke. B dicu khien duoc
thiet ke dap ung tot hé thong truyen dong.
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