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NGHIEN C(U XAY DUNG HE BAM DIEN THUY LUC KENH HUONG
CHO PHAO TAU AK-176M NG DUNG DIEU KHIEN THiCH NGHI
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FOR AK-176M SHIP CANNON APPLYING ADAPTIVE CONTROL
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TOM TAT

Bai bao nay trinh bay két qua nghién ctiu va thiét ké hé bam dién thy luc cho
phdo AK-176M c6 xét dén tinh phi tuyén, nhiéu. Noi dung chi tiét bai bao thé hién
qud trinh nghién ciiu va xay dung b diéu khién thich nghi cho hé théng bam dién
thay luc phdo AK-176M trén tau Hai quan, bao gom ca cac yéu t6 nhu do chinh xac
clia hé théng, tuong téc giita cac thanh phén. Thuat todn tong hop dugc ki€m
chting md phdng trén Matlab-Simulink.

Tir khéa: Hé thong dién - thiy luc, kénh hudng, phdo AK-176M, hé
théng thich nghi, bd diéu khién modal.

ABSTRACT

The paper presents the research results on the electro-hydraulic tracking system
of the AK176M naval gun, considering nonlinearity and noise. It focuses on
constructing a mathematical model of the electro-hydraulic tracking system and
designing an adaptive controller for it with component interactions to enhance
stability and accuracy. The algorithm is tested on Matlab-Simulink software.

Keywords: Electro-hydraulic tracking system, direction channel, AK-176M
naval gun, adaptive control system, modal controller.
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1.PAT VAN BE

Phao AK-176M dugc trang bi cho cac tau chién hién dai
cla quan ching Hai quan dung dé tiéu diét cdc muc tiéu
trén khong, trén bién va trén bd. Viéc diéu khién phao téi
muc tiéu dugc thuc hién nho rada diéu khién ban hodc bang
tay thdng qua kinh ngdm quang hoc. So dé nguyén ly chung
dugc trinh bay trén hinh 1.

T6 hop phao AK-176M c6 hai ché d6 lam viéc chinh [1]:

- Ché& d6 ban tu xa tir hé thdng may diéu khién ban (ché
d6 chinh);
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- Ché d6 du phong ban bang kinh ngdm quang hoc.

Rada do cac théong sé clia muc tiéu: Cu li D, goc ta € va
géc phuong vi q. Cac théng s6 nay dugc dua vao dau vao
clla may tinh (MYC). May tinh c6 nhiém vu tim ra toa do cla
diém bén dudi dang cac sai léch vé tdm Ag va sai léch vé
hudng Aq. Khi rada diéu khién phao bi hdng, thuc hién diéu
khién ban phéo & ché dd du phong. G ché dé nay qua trinh
diéu khién phao do tric tha truc ti€p ngdm va diéu khién
kinh ngdm hudng vé phia muc tiéu. Cac tin hiéu vé thong s6
sai l1éch tdam A va hudng Aq do phdo tha truc ti€p diéu
khién & ban diéu khién tai bé phao (MIY).

Thiét bi Ban dicu
. khién
do gbéc
MITY
v \4
> r 3
Rada » May tinh Hé théng tu
» (IIYO) dong bam [—>

Hinh 1. So d6 nguyén Iy chung cla hé bam phao AK-176M
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Qy
XX-P XX-T 2 3

[ |

Hinh 2. So 6 khi cau tric cta hé truyén dong bdm phao AK-176M

XX-P. Thiét bi phat; XX-T. Thiét bi thu; 2. Thiét bi khuéch dai va bién d6i dién
t; 3. Co cau dién tlr; 4. Khuéch dai thiy luc; 5, 6. Thiét bi chap hanh (bom va dong
¢o thiy luc); 7. Hop dai toc; 8. Déi tuong diéu khién; 9. Dong co lai; 10. Thiét bi bi;
11.Tin hiéu phan héi; 12. Thiét bi thu; ay. Goc diéu khién; az. Géc quay cla phéo.

Cac théng s6 vé sai léch tam va hudng dugc dua tai dau
vao thiét bi do ludng clia hé truyén dong bam (hinh 2). Cac
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théng s nay dugc dua t6i khuéch dai va bién déi dién ti (2),
tai day n6 dugc két hgp vai cac tin hiéu phan hoéi (11), (12)
dé hiéu chinh géc diéu khién, sau dé né dugc bién déi thanh
tin hiéu dién va dugc khuéch dai lén du 16n & khéi khuéch
dai dién tl. Tin hiéu sau khi da duoc khuéch dai sé dua téi
cudn day nam cham dién thudc bd phan diéu khién (bod
khuéch dai thay luc (4)), duéi tdc ddng clia nam cham lam
b6 phan phai thiy luc dich chuyén. Tin hiéu dua vao cudn
day nam cham dién la tin hiéu moét chiéu gia tri phu thudc
vao goc sai léch, con cuc tinh phu thudc vao chiéu ctia géc
sailéch. Khivan phan phéi hoat dong cap dau dén xilanh luc,
cén cla piston nam trong xilanh luc dich chuyén (dugc gan
chat véi dia nghiéng) nén no lam léch gia lac ciia bom thay
luc (5). Bom thay luc dugc néi vai ddng co dién M bén ngoai,
khi dong co dién quay lam bom thay luc quay va cap dau
cao ap dén mo to thay luc (6), lam mé ta thay luc quay,
théng qua hdp déi téc (7) lam phdo (8) quay vé vi tri gidm
goc sai léch. T6c d6 quay va chiéu quay ctia mé ta thuy luc
phu thudc vao gia tri va chiéu clia tin hiéu sai léch.

Sau thai gian lam viéc, hé truyén déng bam dién thay luc
phao AK-176M sé xuat hién khe hé gilia cac banh rang
truyén déng (hop ddi téc); tén hao luu lugng trong hé théng
thay luc; su gidn nd ctia cac dudng 6ng dan dau va thay déi
ap suat ctia dau do anh hudng ctia nhiét do,... Dan dén anh
hudng sai léch trong qua trinh hoat dong. Nguyén ly hoat
dong cla hé truyén déng bam dién thuay luc phdo AK-176M
G kénh tam va kénh hudng co ban la giéng nhau nén khi ta
nghién ctru kénh huéng thi dé dang hiéu dugc kénh tam. Dé
dam béo va nang cao chat lugng diéu khién cla hé théng
khi c6 su xudt hién clia cac yéu t6 bat dinh hoac bién ddi
khong biét trudc giadi phap clia bai bao dua ra la xay dung bé
diéu khién thich nghi cho hé truyén déng bam dién thay luc
kénh hudng phao AK-176M.

2. MO HINH HE DAN PONG KENH HUGNG VGI €O CAU
CHAP HANH THUY LUC

Hinh 3. So d6 cdu tric cGia hé truyén dong bam phao AK-176M

1. G6c diéu khién; 2. Khi diéu khién; 3. Khdi khuéch dai voi phun - ban chdn
(VP-BC); 4. Khdi xi lanh diéu khién; 5. Bom thiy luc; 6. Dong co lai; 7. Hop van; 8.
Ma to thiy luc; 9. Hop di toc; 10. Phan ti chap hanh (B& phdo); 11. Cam bién dich
chuyén tuyén tinh; 12. CGdm bién dp sudt; 13. Cdm bién tdc do Mo to thiy luc; 14.
Tin hiéu phan héi vi tri; 15. Cdm bién toc do goc quay bé phao.

Hé truyén déng bam dién thay luc phao AK-176M la hé
théng diéu khién vong kin. Bai toan diéu khién bé phao dat
ra la géc quay clia bé phao bam sat theo gia tri goc diéu
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khién. TU s d6 nguyén ly (hinh 1), so d6 chiic niang (hinh 2)
va yéu cau cla bai toan ta mé hinh héa dugc sa d6 cau truc
cla hé truyén dong dién thay luc phao AK-176M nhu hinh 3.

So d6 céu trac (hinh 3) trén thé hién rd qua trinh diéu
khién hé théng thiy luc clia bé phéo, st dung cac tin hiéu
phan héi lay tir cac cdm bién. C6 5 tin hiéu phan hoi dugc st
dung trong qua trinh diéu khién: Vong 1: Tin hiéu phan hoi
vi tri cQia piston trong xilanh diéu khién (11); Vong 2: Tin hiéu
phan hoi tin hiéu do chénh ap suat vao ra déng co thay luc (12);
Vong 3: Tin hiéu phan héi toc d6 quay mé ta thay luc (13);
Vong 4: Tin hiéu phan héi téc d6 goc quay bé phao (14);
Vong 5: Tin hiéu phan héi géc quay bé phao (15).

Qua trinh phat sinh mé men ctia déng co thuy luc: So do
thay lyc cda déng cao thay luc dugc trinh bay trong hinh 3
gém: Bam thay luc véi luu lugng dugc diéu chinh bai gia lac
(GL), cung cép luu lugng dau cho dong co thay lyc. Phéan
khuéch dai tin hiéu dién diéu khién cho hé théng théng qua
o cdu dién ti va khuéch dai thay luc kiéu dang voi phun -
ban chén, theo tin hiéu dién diéu khién cdp dén cudn day
lam cho thay d6i géc nghiéng phan (ing cla co ciu dién tu,
viéc thay d8i goc nghiéng nay lam léch canh chin dan téi
chénh léch ap suat trong bo khuéch dai lam con trugt trong
o cdu van 4 ctia dich chuyén, m& van dé dau thay luc vao
khoang xi lanh diéu khién. Khi ¢6 dau thay lyc vao khoang,
xdy ra chénh léch &p suat lam can cda piston nam trong
xilanh diéu khién dich chuyén (dugc gan chat vdi gia lac cla
bom thay luc) lam léch gia lac cia bam thay luc, bom thay
luc quay va cap dau cao ap dén mo to thay luc, lam mé to
thay luc quay, théng qua hop déi téc lam phao quay theo ti
[é v&i md to thay luc.

Nhu vay dong hoc clia co cau chap hanh dugc xay dung
mo6 t& mdi quan hé gilra dién ap diéu khién u, mé men lam
quay phan Ung cla cg cdu dién tir 6, do dich chuyén cla
piston xilanh diéu khién y va su chénh léch 4p suét vao - ra
mo to thay luc.

c .
e ie
4>>

ib

— [~
‘d‘ Aes
Ps Y ]
Tk

[ 5
Hinh 4. M6 hinh hé chdp hanh thay luc

* Phuang trinh cdn bang momen trén phan tng [2, 51:
0=J"uK K —J'£,0-J"(K; —K,)0 (1)

Trong dé: 6 - Géc quay cla co cau dién ti; J - M6 men
quan tinh cda phan quay; u - dién ap diéu khién cip vao
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cudn day; K- Hé s6 dong dién; Ke - Hé s6 gdc quay phan ting;
fo - Hé s6 gidm chan; Kz = 1/R (R - Dién tré clia co cau dién tu);
Kr: MOmen can thay luc.

- Xilanh diéu khién:

Phuong trinh mé ta dé dich chuyén cla piston trong
xilanh diéu khién nhu sau [3, 51:

y=ToKaO-Toy (2)
Trong d6:y - D6 dich chuyén cla piston trong xilanh diéu

khién; Ty, - Hé s& thai gian clia khuéch dai van trugt; K - Hé
s6 khuéch dai. Ty, Ka dugc xac dinh:
A? A dP
ook Do DRy AR d,
PTUPTK, dQy, K, dx

Trong dé: A, - Dién tich piston xilanh diéu khién; K, - Hé

(3)

s6 co hoc clia van trugt; d, z% :Dudng kinh canh chan dan
hoi.

* Phuong trinh ctia bom thay lyc:

- Phuong trinh can bang ap suat [2, 6]:

VvV, . .

4Bt AP, =—k,,@ —C,AP, + Q(t) + Q, 4)

Trong dé: V, - Thé tich thiing chua; B. - Hé s6 dan héi clia
dau thay luc; APs - DO chénh léch ap suat dau vao - ra clia
bom thay luc; Q - Tén hao luu lugng; Qg - Luu lugng clia bom;
kv - Hé s6 thé tich clia dong ca; C. - Hé s6 ro.

- Phuong trinh tinh luu luong [3, 51:

2
"’f 2,.0.10°D.tan(a) (5)

Qs =A, -hz,.w.10° =

Trong d6: z,: - S6 piston; D - Budng kinh cla réto trén cé
dat cac xilanh; w - T8¢ d6 quay ctia dong ca lai; h - Hanh trinh
t6i da cua piston trong xilanh.

Do géc ldc cia bom thay luc a ¢6 gia tri nhd, nén ta c6 thé
xap xi nhu sau:

tan(a)za;yde.a:m:L (6)

B
Trong d6: dg la ban kinh ctia dia nghiéng bom thuay luc.
Tu (4) - (6) ta co:

AR, = 4B,
V,

t

45e C.AP, + 4

t

Be + 4B.
v dy' Ky + v

t t

ku®— Q1) (7)

2

Trong do: K, =%zptw.1O3D

*Thanh phan mé men chinh phat sinh do hoat déng cua
mo to thay luc [2, 51:

T, =k, AP, =)+ (8)

Trong do: ky - H& s6 md men phu thudc két cau clia co cdu
chdp hanh; AP, =P, -P, - Hiéu ap sudt trén cac dau vao va dau
ra cla mé to thay luc; J; - Tai quan tinh; fi - Hé s6 ro ri dong co
thay luc; @ - Goc quay cia mo ta thuy luc.
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T (8) ta cé phuang trinh vi phan:
=17K,.AP, — ) 'f (©)

TU cac phuong trinh dugc xay dung & trén, ta c6 hé cac
phuang trinh vi phan nhu sau:

=1k, AP, ~ I

s _ 4B, . 4B 4B, 4B
AP, = £k, @ ——=CAP, +—=.d; K;.y +—=Q(t
B Vt M(p Vt t B Vt B B y Vt Q( ) (10)

y:Tt?dee_Tt;y
B=J"uK.K, —Jf,0- (K, —K,)8
Hé thong bam mo ta bsi hé phuang trinh (10) 1a hé phi
tuyén. D€ dan gian héa ching ta c6 thé bd qua tén hao luu

45e Q(t), ta c6 hé phuaong trinh sau:

t

lugng trong hé théng

=17k, AP, ~J'f¢

-4B,, . 4B, 48,
vV kM(P_TCtAPE+ vV

t t t
y= Tt;dee - Tt;y
B=J"uKK, —Jf,6 - (K, —K,)8

AP, = d K.y

Dat  x,=6;x, =6;x,=y;x, =AP,;x, =}, ta
phuong trinh vi phan nhu sau:

c6 hé

X, =-J"fx, +J7'k, .,
_4Be 4Be
2= Y, kMX1 _TCtXZ +

t t

4B,
V,

t

dy' Ky X,

X; =—To'%; + T Ky X,
X, =Xs
X5 ==J"(K; —Kg)x, = 'foxs + K Ku

Dé& thuan tién cho viéc tinh toan ta dat:

-4 4
a,=—J'fia,=1k 2, =TBekM:a4 == \[/3

t v/
t
4
as = Se ' Kgra, =T, 53, =T;de;a8 ==K —Ky);

tp/

G

t

t

(13)

t
a, =—J'f;;b=0"KK,
Khi d6 hé phuong trinh trang thai mé ta hé théng nhu
sau:
X, =a;X, +a,X,
X, =a;X, +a,X, +aX,
X3 =agX; +a,X,

. (14)
X, =X

X; =agX, +a,X; +bu

y =X,

Mbé ta todn hoc hé bam dién thay luc kénh huéng phao
AK-176M & dang phuong trinh trang thai nhu sau:
{)’( =Ax+Bu

y =Cx (15)
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a, a, 0 0 O

a, a, a, 0 O
V6i:A=| 0 0 a, a, O |;

0 0 0 0 1

0 0 0 a a,

B=[0 0 0 0 b]';C=[c 0 0 0 b]
3. THIET KE BO PIEU KHIEN

1 X, =A%, +Bu '7

(16)

DCTH

a
‘ | By PKTN
DCTS

Hinh 5. So d6 cu tric diéu chinh thich nghi theo md hinh mau vdi diéu chinh
tham s6 (DCTS) va diéu chinh tin hiéu (DCTH)

* Xdy dung mé hinh méu

Md hinh mau la mé hinh cé cac dac tinh thdéa man cac yéu
cau mong muon cta hé théng. M6 hinh mau cho hé bam dién
thay lyc kénh huéng phao AK-176M dugc xay dung tr mé hinh
tuyén tinh héa ctia hé théng nguyén ban két hgp véi bo diéu
khién phan héi trang thai.

Phuong trinh diéu khién thich nghi theo mé hinh mau
dang:

{XM =A%, +B,U,

(17)
Yu =Xy,

Trong d6: Ay, Bw 1a cadc ma tran diéu khién; Ay 1a ma tran
dang Hurwizt.

Dé tim ma tran Ay, By ta xét phuong trinh tuyén tinh sau:
x =(A+BK)x+Bu, (18)
TU (17) va (18) ta c6 ma tran Ay, Bu & dang:
{AM =A+BK

B, =B
* Xay dung ludt diéu khién thich nghi véi hiéu chinh tham

N

(19

Thuc chat cha viéc ap dung diéu khién thich nghi cho
mot hé théng la thiét ké bo diéu khién sao cho dic tinh cla
hé théng bam theo cac dac tinh cia mé hinh mau.

Bai toan diéu khién thich nghi trong khuén khé cau truc
hé thich nghi theo mé hinh mau, phuong trinh dugc biéu
dién 6 dang [7]:

{x =[A(t)+a(x)]x +[B(t) + b(x)]uy +f

y =Cx (20)

Trong dé: A(t), B(t) - Ma tran khong c6 dinh, xac dinh
thanh phan tuyén tinh cta cac tham s d6i tuong diéu khién
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(c6 kich thudc tuang Ung la n x n va n x m); a(x), b(x) - Thanh
phan phi tuyén cla déi tuong diéu khién; C - Ma tran dau ra
¢6 dinh; us - Vector tin hiéu diéu khién (kich thudc m). Trong
phan tiép theo ta gia thiét rang tat ca cac bién trang thai déu
do dugc, tic lay = Cx (C - Ma tran dudng chéo don vi). O day
y - Vector dau ra cta d6i tugng.

Ta phan vé phai ctia phucng trinh (20) ra phan tuyén tinh
ding, phan phi tuyén va mé ta dudi dang sau [4, 7]:

{X=A0x+Bouz+o+(p o1

y=X
Trong do:

{o:(A—AO)XJr(B—BO)uZ

¢ =a(x)x +b(x)u+f (22)

Ao, By - Cac ma tran hang s6 dac trung cho thanh phan
tuyén tinh diing c6 kich thudc tuong Ung (n x n), (n x m);
o - Thanh phan tham s6 sai khac; @ - Thanh phan phi tuyén
cUa doi tugng.

Muc tiéu diéu khién sé la:

lime=lim(x-x,,) —0 (23)

t—owo tow

Trong d6: e =x—x,, la vector sai léch gilia dau ra mé hinh
mau va déi tugng diéu khién.

Tin hiéu diéu khién c6 dang nhu sau:

Uy =K, X +Kg(u, +u, +u,) (24)

Trong d6: Ka, Kg 1a cac ma tran tham sé hiéu chinh c6 kich
thudc (n x n, n x m); u, - Tin hiéu diéu khién thich nghi; u;- tin
hiéu ti bd diéu khién Modal.

Thay phuaong trinh (24), (22) vao phuong trinh (21) ta cé
phuong trinh sau:

x=A,x+B,u, +[(A+BK, —A,,)x

+(BK; =By, )(u, +u,)+BK,u, + @] (25)

DPé phuong trinh (25) trung véi hé phuong trinh mé hinh
mau thi biéu thuc trong ngodc vudng & (25) phai bang 0, hay
ta c6 [8, 91:

lim(A+BK,)=A,,

t>o

Itim(BKB) =B,
BKgu, =—¢

(26)

Dé hé théng bam thich nghi kip theo mé hinh mau thi
e(t) — 0, tic la phai ton tai gia tri limK,, =K} ,limK, =K thoa
t—owo t—o0o
man:

BKS =A, —A,BK’ =B,, (27)

K _KO
Pt Oy =Ky KOA - Sailéch tham s6 hiéu chinh so véi gia
63 =K; —Kg
tri t6i uu.

6=[8, &] - Vector t8ng quét cla sai léch hiéu chinh
5o VGi gia tri téi uu.
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W=[x (u,+u,)] - Vector t6ng quét cla tin hiéu diéu
khién.
Phuang trinh (25) dugc viét lai nhu sau:

x=A,x+B,u, +B,,6W+B,u, +¢ (28)
TU phuong trinh sai s6 (23): = é=x—X,, (29)
Thay (18) va (28) vao (29) ta dugc:
e=A,e+B,6W+B,u, +¢ (30)
Xét ham Lyapunov xac dinh duong [9]:

Vie,8) :%[eTPe+(6TF”6)J >0 31)
P=P'",P>0;T =diag(y,),y, >0 (32)

Pé hé théng 8n dinh tiém can thi dao ham (31):
V(e,8)<0.Ta co:

V(e,d) :%[eT(A}AP +A,P)e+[e"B,PWS +(5'T'8)

(33)
+e'Pe+e'PB,u,11<0

Dé bat dang thuc (33) xay ra thi cac diéu kién sau phai
dam bao:

-Ton tai ma tran Q la ma tran vuéng xac dinh duong, déi
xtng bat ky thoa man: Q = Q" va P la nghiém cta phuong
trinh: AjP+PA, =-Q (34)

- Cac thanh phan trong diu ngodc vudng (33) triét tiéu
nhau tung déi mot:

+ e'B,PWS=—(8'T""8) = &=-TeB/ PW’ (35)
u, =-h.sign(B;,Pe) (36)
. L
Ter {00 =K KO = (.SA_}.(A 37)
8 =K, —K2 |8, =K,
[=[I, T,]-Matran diéu chinh tham sé (DCTS).
Phuang trinh (37) dugc viét lai nhu sau:
¢ _ T T
Ky=-TyeB)Px" %)
Ky =-T;eB,P(u, +u,)

Trong d6: I',,I';, h la cdc ma trén dudng chéo xac dinh
duang diéu chinh tham s6 (BCTS) va vector diéu chinh tin hiéu
(BCTH) (c6 kich thudclan lugtlanxn, mxmvamx1).

Pé tang t6c d6 diéu chinh va gidm dao déng, ngudi ta
dua thém vao thanh phan ty 1& & bén phai biéu thic (38), ta
6 biéu thuc sau:

{ _— _ T T_
}.(A = FAeBTMPx AAIT<A (39)
Ky = —T;eBlP(U, +u,)" — A.K,
Trong do: A,,A; la ma tran xac dinh duong Hurwitz.
Tin hiéu diéu khién thich nghi dugc dua vao cé dang [7, 91:
u, (1) =K, (diag{f, (x,)} x +Kq ()] ug (1) +u, (0]

Trong do: fy(x,) [a ham trdi [4].

(40)

20 | Tap chi Khoa hoc va Cong nghé Trugng Dai hoc Cng nghiép Ha Noi

Ma trén tham s6 hiéu chinh Ka, Kz dugc xac dinh nhu sau:

y T . noT P
KA(t):—yABMPe.d|ag{fqr(x,)}1x -\ K, (), r=1n @)
Ky (1) = —y4BLPe(u, +u,)" — A K, (t)

Trong d6: y,,A;. Vs, Ay 13 hé s6 duang khuéch dai hiéu
chinh tham sé.
diag{f, (x,)}" =diag{f, (x,).f, (x,)..f, (x,).., (x,)}

Trong hé bam dién thay luc phao AK-176M st dung céac
ham sau:

(42)

. s
201, 0], V2 ¢ () o (x0) = O, 3, ()= )

Khi d6 theo phuong trinh (40) luat diéu khién thich nghi
véi hiéu chinh tham s6 sé dugc viét lai:

(43)

u, (t) =K, (t)diag{f(x,),f(x,),f(x, X5)}x 44
+K, ( [ u,(t)]
Trong do:
t)=[ka (1) kp(t) k(8 k) ksy (t)]}  Vector
Kg(t)
hiéu chinh tham s6
x =(X;,X,,X;,X,,Xs) - Vector cac bién trang thai.
Bi€n d&i (44) thanh dang v6 hudng:
u, (t) =k, , (OF(x,)x, +k,, (0F(x,)x, +kg, (DF(x;)x, 45)

kg (DF 0 )X, +Kgp (DF(x5 )X +Kq ()] Ug (1) -+ Uy (1)]

Phuaong trinh vi phan ctia tham s6 hiéu chinh nhu sau
[101:

K, (t) =—y,B\Pediag{f(x,), f(x,),f(x,),f(x,), f(x;)} X" —AK, (1) 46)
Ks(t) =—VBiPell, +1)" MK (1)
Hodc 6 dang v6 hudng:
km(t) —yf(x,)ByPe.x] —A,k,, (t)
K, (8) = =Y, (X, B Pex] — Ky, (t)
Ky, (1) ==y, f(x;)ByPex: — A, k,, (t) 47)
K, (1) ==y, f(x,)B,Pex] — Ak, (t)
kg, () ==y, f(x, By Pex] — Ak, (t)
Kg = —Y;BiPe(u, +u,)" —AK, (1)

Trong dd: v,.,A;, Vg, As 18 hé s6 duong khuéch dai hiéu
chinh tham sé.

Khi d6 so d6 cau tric diéu khién thich nghi hiéu chinh
tham sé - modal vGi b quan sat trang thai hé bam dién thay
luc kénh hudéng phdo AK-176M c6 dang nhu hinh 6.

Trong d6 bd quan sét trang théi va bd diéu khién modal
dugc xay dung nhu sau:

- Cac tham s6 can phai danh gié la géc quay cla co cau
dién tur, dé dich chuyén cua piston trong xilanh diéu khién
y, d6 chénh léch 4p suat vao - ra cia dong ca thay luc APs.
Dé déanh gia cac tham s6 trén khéng don gian vi chi phi dé
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I3p cdm bién cao hodc vi tri clia cac cdm bién & nhing vi tri
khong thuan Igi nén dan dén sai s6. Do vay chuing ta xay
dung bé quan sat du bac dé c6 6 thé danh gia dugc cac trang
thai trén.

Muc tiéu thiét ké bé quan sat la tim ma tran quan sat L
sao cho tat ca cac nghiém ctia phuong trinh dac trung nam
bén trai mat phdng phuc. Phuong trinh déc trung cla bo

bén trai mat phdng phuc cta da thic dic trung ButterWorth
bac5.

Can bang da thic Ho, Ay v6i da thic ButterWorth bac 5 &
cac bac s tuong Uing ta thu dugc cac hé s6 ctia bd diéu khién
Kva b6 quan sat L.

Mé hinh toan ctia bd quan sat du bac dugc biéu dién nhu
sau:

quan sat c6 dang: X(t) = AX(t) +Bu(t) + LC[x(t) — X(t)] (50)
A, =det(sl-A+LC) (48) y=Cx
P Vone vi tri |2 ® Uz Khuéch % Xilanh % Bom thity é o Dong co m
ong Vi tri dai VP-BC didu khién Ty T op van T?—» thity lye 9 doitoc B2 phiio
L=

Hinh 6. So d6 cdu tric diéu khién thich nghi hiéu chinh tham s6 h& bam dién
thay luc kénh huéng phéo AK-176M

- B6 diéu khién modal dé xac dinh gia tri cac hé sé tin
hiéu phan hoi cho tat ca cac bién trang thai cia déi tugng
dé dadm bdo su phan bé mong muén cla cac diém cuc
trén mat phang phuc can dé da thuc dic trung hé truyén
dong kin theo vector trang thai clia vong téc do da thic
mau mong mudn. Phuong trinh dac trung cla bd diéu
khién c6 dang:

det(sl— A +BK) =H, (49)

Da thiic mau dugc chon trong trudng hop nay la da thic
ButterWorth bac 5. Vi vay ta c6 biéu thic sau:

Ay =H, =5’ +a,w,s" +a,w}s’ +a,wis’ +a,wis +w;

Trong do: w, =(0,5..1,0)uw,,; W, :Tu',,’; a,=3,24; 0, =15,24;
a, =5,24; 0, =3,24 la dai théng mong muén cda hé kin
theo diéu khién modal; s, sy, S3, Sa, S5 18 cac diém cuc phan bé
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(51)
Trong do: x - Vector bién danh gia; L - Ma tran hé sé bo
quan sat; x, ¥ la udc lugng bién trang thai x va dau ra y;
(y—y) la sai s6 quan sat thé hién su khac nhau gitta ngé ra
do dugc thuc té y(t) va ngd ra y = Cx ; thanh phan thém vao
LC[x(t)—)“((t)] cung cap mot sy diéu chinh chi dong ngay
khi sai s6 clia su quan sat la khac 0.
Phuang trinh diéu khién Modal:
u, =Kx =kx, +k,x, +k,x; +k,x, +kx,
Kz[k1 k, k; k, ks]
4. MO PHONG VA DANH GIA KET QUA
4.1. Tham sé mé phéng

Cac théng s6 cta hé thong nhu bang 1.

HaUl Journal of Science and Technology | 21



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

Bang 1. Cac thong s6 clia hé thong

Tham sé Kyhiéu | Donvi | Gidtri
Momen tai quan tinh clia dong co thay luc ! Nms? 0,0096
Hé 56 rd ri dong co thaly luc fi m’/S.Pa | 0,00727
chgfhn‘;g r:nen phu thudc két cdu cla o cdu K 0,01
Hé s6 dan héi clia dau thiy luc Be Pa 1,2.10°
Thé tich thing dau V, m’ 3.10°
Hé 6 thé tich cda dong co ku 0,125.10°
Hé 56 ro bom thay luc G m’/S.Pa | 0,125.10°
Ban kinh ctia dia nghiéng bom thiy luc ds m 0,025
Hé s6 truyén clia bom Ks 0,656.10™"
Hé s6 thoi gian cla khuéch dai van trugt Tre 0,045
Hé s6 khuéch dai Kak 0,47
Md men quan tinh clia phan quay J Nms? 3.10°
Hé s6 gidm chan fa Nms/rad 0,576
Hé 56 goc quay Ko 1,23
Momen can thay luc Kr 3,93
Hé s6 dong dién K; 1,67
Hé 56 dién trd trong cudn day Kz 1/Q 548

4.2. Két qua mé phéng

M6 phong hé théng bam dién thay luc kénh hudng cta
phdo AK-176M vai cac trudng hop sau: hé théng nguyén
ban, hé thong tuyén tinh hoa, m6 hinh mau, hé théng. Minh
chiing hiéu qua cia bd diéu khién thich nghi, so sanh vai hé
théng nguyén ban, ta dit vao hé théng nhiing su thay déi
vé théng s hé théng co thé xay ra trong qua trinh lam viéc.

* Khi o tac dong cua tai MT = 0,4 tai t = 4s, dap Uing dau
ra clia hé théng khi so sanh bo diéu khién PID (a) va bd bo
diéu khién thich nghi (b) (hinh 7).

T T T T T T

12f

08

04}

e Thiét bj chiip hnh ||

02|

Tin hidu dat
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b)
Hinh 7. So sanh ddp ting dau ra khi ¢4 tai MT = 0,4 tai t = 4s
* Pap tng cta hé théng bam dién thay luc kénh hudng
phao AK-176M & ché d6 bam sat khi tac dong dau vao la ham
sine c6 toc d6 quay la 0,9 (rad/s) nhu hinh 8.

Bé phao
wsssennen Tin hidu dat

Hinh 8. Dap ting dau ra khi dau vao 1a ham sine

* Pap tng cla hé théng bam dién thay luc kénh hudng
phao AK-176M & ché d6 bam sat khi tac dong dau vao la ham
ramp cé d6 déc la 2° nhu hinh 9. Ta thay sau 0,7(s) thi dap
Ung dau ra bam sat tac déng dau vao.

20 -

B4 phao
Tin higu dat

Hinh 9. Dap ting dau ra khi dau vao 1a ham ramp

Trong diéu kién chiu anh hudng cla cac yéu t6 nhu: dan
héi, ma sat va mé men quan tinh trén tai hé théng van dam
bdo dugc dd chinh xac trong ca ché dé dong va ché do tinh,
sai sO trong ché do tinh ludn vé 0 trong cac trudng hgp khac
nhau. VGi cac thong s6 nhan dugc trong qua trinh khao sat
ta thay hé théng dat duoc chi tiéu chat lugng dé ra véi do én
dinh cao, tan s6 dao déng it, thdi gian chuyén vé ché dé xac
Iap nhanh.
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5. KET LUAN

Bai bdo da trinh bay két qua xay dung bo diéu khién thich
nghi cho hé théng bam dién thay luc phao AK-176M. Phan
trinh bay dugc bét dau tur viéc xay dung bo diéu khién thich
nghi va xay dung sa dé mé phang trén Simulink.

Hé théng bam dién thay luc clia phdao AK-176M trén tau
la mot hé thong phtc tap, c6 nhiéu yéu té phi tuyén. Bai bao
st dung phuang phép diéu khién thich nghi, théng qua
nhiing két qud mé phdng thé hién hiéu qua cla viéc tng
dung cac phuong phap nay. Trong két qua danh gia chat
lugng lam viéc hé truyén dong bam hudéng phao AK-176M
nhan thay hé théng dat dugc cac théng sé tuong Uing vai
yéu cau da néu trong nhiém vu ky thuat.
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