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THIET KE BO DIEU KHIEN TRUGT CHO HE TRUYEN DONG
KINH NGAM QUANG HOC TREN TRUC THANG QUAN SU

DESIGN SLIDING MODE CONTROLLER FOR OPTICAL VIEWFINDERS

DRIVE SYSTEM ON MILITARY HELICOPTER

TOM TAT

Bo diéu khién hé truyén dong hai kénh cho kinh ngdm quang hoc trén méy
bay truc thang quan su ¢6 vai trd rdt quan trong trong 6n dinh dudng ngam muc
tiéu, tang xdc sudt tiéu diét myc tiéu, hoan thanh nhiém vu. Bai bao nay trinh
bay két qué xay dung bo diéu khién trugt cho hé truyén dong kinh ngdm quang
hoc. Céc két qua ki€m nghiém béng md phdng trén phan mém Matlab-Simulink
cho thédy bd diéu khién nay dam bao dugc do chinh xac trong diéu khién; on dinh
dugc goc ngdm ngay ca khi chiu téac dong ctia nhiéu loan, rung lac tir cc phuong
tién mang.

Tir khéa: Diéu khién trugt, mdy bay truc thdng, kinh ngdm quang hoc, hé
truyén dong.

ABSTRACT

The dual-channel powertrain controller for the optical viewfinder on
military helicopters plays a very important role in stabilizing the target line of
sight, increasing the probability of target destruction, completing the mission.
This paper presents the results of building a sliding controller for the optical
viewfinder drive system. The test results by simulation on Matlab-Simulink
software show that this controller ensures accuracy in control; stabilizes the
angle of view even under the impact of disturbances and vibrations from the
carrying vehicles.

Keywords: Sliding mode controller, helicopter, optical viewfinders, drive
system.
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1.DAT VAN BE

Hé théng kinh ngdm quang dién t trén may bay truc
thang cho phép tu dong bam bat va theo déi moét cach
chinh xac cac muc tiéu véi ca ché tu dong hodc diéu khién
bang tay, giip nang cao kha ndng chién dau, tiéu diét muc
tiéu. Trong hé théng nay, dudng ngdm can phai dugc diéu
khién nhanh, chinh xac téi muc tiéu ¢é dinh hoac di dong
trong diéu kién chiu anh huéng cla cac nhiéu loan gay ra
do rung lac ti cac phuong tién mang [1, 2]. Hién nay, viéc
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tinh todn bu khd nhitng anh hudng cdia méi trudng lam
viéc cho cho hé truyén dong bam cuda thiét bj nay con chua
gidi quyét triét dé yéu ciu bai toan dat ra, dan dén hiéu qua
va chat lugng st dung chién dau clia hé thong chua cao [2].
Dé& khéc phuc van dé nay, nhém tac giad dé xuat sir dung bo
diéu khién trugt. Day la bo diéu khién c6 tinh bén viing cao,
cdu trac don gian, dam bao dé chinh xac khi hé théng cé
tham s6 bat dinh va nhiéu bén ngoai [3]. Qua khao sat cho
thdy bo diéu khién trugt téng hgp dugc cho két qua tét;
loai bd, bu khi cic nhiéu loan va bat dinh sinh ra bdi
chuyén déng vat mang, mat can bang...

Hinh 1. Hé kinh ngdm quang hoc trén méy bay truc thang
2. MO HINH HE TRUYEN PONG KiNH NGAM QUANG HOC

Man hinh
diéu khién

Sailéch
goc

Goc muc 4
tiéu %{‘

Tin hiéu hinh
anh muc tiéu

Hinh 2. Hé truyén dong hai kénh kinh ngam quang hoc
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M6 hinh todn hoc ctia hé khi xét dén cac thanh phan bat
dinh ctia hé théng [2].

Lel

X0
Hinh 3. M6 hinh hé truyén ddng hai truc

Trong dé: q,, q,: cac bién khdp; C,, C,: toa do khoi tam;
0,: g6c clia toa do;

0,%,y,2,: diém thau kinh camera; q,,q, : van toc goc tai
cac bién khdp (van téc déng ca).

Phan co hé dugc mo ta trén hinh 3, chuyén déng tam va
huéng dat 16ng vao nhau. Phucng trinh dong luc hoc
chuyén dong hai truc dugc xady dung theo quan diém co
hoc hé nhiéu vat, v6i cach tiép can theo phuong phap
Euler-Lagrang nhu sau:

M(@)§+C(a,a)q +D(t) =K, i )

Trong d6: q=[q, a,] .i=[i, i,]: Cac thanh phan

ma tran hé sé:

M(.):{m” m12:|;c(_):|:c11 C12:|,D:|:d1:|;Ki:|:ki° O:|
My My, G Cn d, 0 ki

Doéng hoc clia déng co chap hanh:

i=-Ri-K_,q+Bu (2)

VGi cac hé s6 dién trg phan ung, dién cdm phan ng, hé
s6 phan suc dién dong:

R K
Za Zma 1 0
Lu Lu LC\ uﬂ
R= Koms = ;B= u=
0 Ri 0 Kﬂ 0 — Us
LS Le LS

Dét cac véc to bién trang thai:

X =0%=8%=bu=[u, u

Khi tinh dén cac thanh phan nhiéu va bat dinh:

M(X;) = M, (%,) + AM(X,); C(x;,%;) = Co (X, X,) + AC(X,,X,)

Ta nhan dugc:
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X=X,
X, =My (%) [Kix; — Co (X, X,)X, +F()] 3)
XS = Rls +Kemf¥2 +BU

Trong do6, thanh phan bat dinh vé tham s6 va nhiéu:
F() = _Ac(évlz )52 - AM(£1 )52 -D
3. THIET KE BO PIEU KHIEN TRUOT

St dung phuong phép téng hap cudn chiéu két hgp véi
bu thanh phan bat dinh va nhiéu dé ddm bao sai s6 bam
sat 8n dinh tai diém can bang.

Budc 1: Xdy dung vong phan héi vi tri

Xét sai s6 bam sat: e, = X, — X,4. Vi phan sai sé:
€ =X, —Xgy, d& ddm biao e —0 chon
X,q = —k.&, + X,y +a(e,), véi ma tran hang s6 k, > 0,
trong d6 a(e,) la thanh phan dugc thiét ké bé sung dé€ bao
dam tang téc d6 hoi tu clia e, — 0. Sai s6 gilfa gia tri lua
chon va gid tri thuc x, la e,, va:

€, =X, +k1e1 - X1d —a(e,) 4)

Nhu vay ta nhan dugc:

e, =—k,e +a(e)+e, (5)

Trong (5) néu e, = 0 thi &, =—k,e,+a(e,) hoituvé 0
theo dang ham da dugc thiét ké trudc. Chon:

a(e,) = —k, |e1|% sgn(e,), diag(k,,)>0 (6)
Khi d6, thay (6) vao (5) ta dugc:

1
e, =—ke, —k,le|>sgn(e,) +e, 7)

Budc 2: Xdy dung vong phan hoi téc do

Thanh phan e, trong (4) dugc xem la sai s6 t6c d6. Muc
tiéu cla budc nay la ddm bao e, — 0 nhanh nhat c6 thé.
Xét vi phan cla e,

. . . d
&, =x, +ké —X, —aa(q) (8)

Thé phuong trinh thi 2 cda hé (3) vao (8) ta nhan
dugc:

é, = M‘; (x, )71 [x3 —C‘; (%15 %, )%, —G‘; (x, )+F(.)J o

. d
+k,(-k,e, +a(e))+e,) =X, —aa(q)

Lua chon bién diéu khién 4o, véi danh gia bat dinh F(.)
c6dang:
X, = Cf‘ (X%, )%, +G(x’1 (x1)—I3(.)
. g (10)
"'Mx1 (X1)(X1d +aa(e1)_kze2 +€; +az(e2))
VGi e, la sai khac clia x,4 (Iua chon) va x; thuc t€, ma tran hé

21 . Khi dé ta nhan dugc:

s6 duong k, :\ K
22
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e, =—kle,—(k, —k e, +a,(e,)+F(t) +e, (11)

Trong do: F(t) =F()—F(t);a(e,) = —k,, e2|% sgn(e,)

Lua chon cac hé s6 k., phu hgp dé bado dam e, — 0 sau
khodng thai gian hiu han.

Buidc 3: Xdy dung vong phan héi dong dién

Trén co sG (11) mong mudén e, — 0.

& =M, (x,)[x; =€, (x,%,)%, =G5 (x,) +F()

d (12)
—(Xyq +Ea(e1)fk2e2 +a,(e,))
Xét vi phan clia (12) cé:
.d. ; 0 A
e, =aMo (X1)|:X3 _Cx, (XwXZ)XZ —Gx‘ (x1)+|:(‘)}
(13)

(0 = S G2 () )|

Lo . d
_(de +¥a(e1)_kzez +aaz(ez ))

Thay thé cac phuong trinh c6 lién quan vao (13) dugc:

Cod. A
€= M6 065 =€ (), =68 ) +F0)

d d 7 (4
+M, (Xw)|:R53 KXy +BU=—(C (%,%,)%, =G, (XW)+F(.))}

2

.. d . d
—(%q +Eot(e1)—kze2 +aotz(ez))

Nhu vay hé phuong trinh sai s6 c6 dang:

1
& =-ke —k, ‘e1‘2 sgn(e,) +e,

! ~
&, =—kje, —(k, —k,)e, —k,, e, > sgn(e,) +F(t) +e, (15)
d A
e :aM01(X1)|:X3 7Cg‘ (%1,%;)%, ,Gg‘ (X1)+F(.)J

d

Rx, +K Bu——(C° (x,,

+M61(X1) X3 + KX, +BU dt( X (X1 Xz)xz
-Gy (x,)+F()

—(Xq d—ol(e1)—k2é2 +£a2(e2))

+dt2 dt
Luat diéu khién dugc thiét ké cho (15) dé bao dam
e, —0

Xét cdu trdc mat trugt co badn cho hé con bac 2,
(e,,e,) — 0 nhan dugc tir hai phuong trinh dau cua (15).

{é1 =—ke -k ‘61 ‘1/2 sgn(e,) +e, (16)

&= _k12e1 -k, —k)e, -k, e, ‘1/2 sgn(e,)+ IE(t) +e&,

Lua chon véc to mat truot theo dang trugt dau cudi:

P s 0
51:e1+ﬁeg, 51: 11 ,B: BH
S12 0 B12

Trong d6: B > 0, p, q la cac s6 nguyén duang 1&, va théa

man g > p > 0.Co nghia la O<E<1,vi phan (17) cé:
q

(17)
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1
5, =—ke -k, ‘61 ‘ 2sgn(e;) +e,

(18)
= 1 .
+%Be? |:7k1261 7(k2 7k1)e2 7ke2 ‘ez‘z Sgn(ez)+F(t)+e3}

Két hgp phuang trinh vi phan clia véc to mat trugt (18)
V@i phuang trinh tha 3 trong hé (15), d& c6 hé con thu hai
(s,,€;) —0:

1
é1 = 4(161 - ke1 ‘61 ‘ 2 Sgn(e1 ) +e,
Py 1 -
+2 Be? (7kfe1 7(k2 7k1 )ez 7keZ ‘ez ‘ 2 Sgn(ez ) + F(t) + e;)

. d
e

3 :&M;‘ (X1)[X3 *C: (%%,)%, *Gg‘ (X1)+|§(.):|

M (x,)

Rx, +K, %, +Bu—%(@v (%%,)%, ]

~G, (x)+F0)

Lo . d
7(X1d +¥q(e1)7kze2 +aqz(ez))
(19)
Xay dung mat trugt mai cho (19) véi cau tric:
P B 0
=s. + 3 =7
SZ 51 BZEB BZ |: O BZZ:|

Tuong tu trén, vi phan cla (20), thé cac phuong trinh cé
lién quan vao ta nhan dugc:

(20)

1 P
§2 = 7k1e1 7ke1 ‘e1‘2 sgn(e,) +e, +26e; (7k12e1 7(k2 7k1 )e,

1 ~
7ke2 ‘ez ‘2 sgn(e,)+F(t)+e,)
[d

M 00X =€ (3%, = G () +F0)

d
Jrgﬁze?1 +My' (%) RX3+KEMZ+BU_E(C2' (%)% -
a -G (x,)+F()

i . d
| _(X1d +¥a(e1)_kzez +aqz(ez)) |
Lua chon diéu khién Bu dé bao dam s, —o0, khi do
{S‘ ~9 dan dén {e‘ -0,

e, —0 e, —0

Thanh phan diéu khién tuang duong dugc xac dinh trén
c0sG s, =0:

{gﬁzeﬂ M (B0, =k, +k, e 2 san(e)—e,

Prs’

_a Bef (_k1291 —(k, ke, -

e sante,) +FO)+e,)
[d | .
&M; (X1)|:X3 —C$| (waz)xz _C&O, (X1)+F(-)}

d
Rl(s +Kenf2(2 _a(Q, (vaz)xz_
~G (x)+F()

N +M;1(X|) _kssz

. . d
—(%g +@u(91)—kzez +aoz(ez))
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Thanh phan diéu khién chuyén mach dugc thiét ké bao
dam khang nhiéu va cac yéu t6 bat dinh trong khéng gian
diéu khién.

{ZBzegi M, (%,)BOU,, =K, (D)4/(s,)sign(s,) (23)

4. MO PHONG VA PANH GIA KET QUA
4.1. Tham sé mé phéng

M6 hinh mé phong danh giad chat lugng clia bd diéu
khién bang phan mém Matlab-Simulink nhu hinh 4.

P
Dengpdeuitentt f—
—at
Dt |———lomen Tauteoxh gt it
DlndpUt i !
Gochuongx 1)
Véndpl0
Déng 680 X32 f—rt— " 2
s Ding G X }—Mlomen Tu_sphe 222 Goctamaphent2 —
] Goctamxi2)
Dou2pdou ke 12— Eecto ol
[ Lpfevomernes tusps
[
Trackngcontroler
Nechanical grrde
ol e—
L1 oserve
b
1

ol

Obsenverestmate Dstubance

Hinh 4. Md hinh m phdng hé truyén dong kinh ngam quang hoc
4.2. Két qua mé phéng
Kiém tra chat lugng cla bo diéu khién théng qua dap
ing géc ngam cla hé truyén dong trong cac trudng hop
khac nhau.

+ Trudng hop 1: Goc hudng ddt [a ham sin cé bién d6 la
10 do.

Goc quay [dd]
o

——Goéc quay kinh ngam| |

- —-Géc dat

0 1 2 3 4 5 6 7 8 9 10
Thoi gian [giay]

Hinh 5. Dép ting g6c quay hudng véi tin hiéu dat Ia ham sin

Trong trudng hgp nay hé théng bam én dinh vdi sai s6
0,2%.

+ Truong hgp 2: Goc hudng dat 75 do, véi momen tai
ban dau la 3Nm.
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Goc quay [dd]
s
o

Thoi gian [gidy]
Hinh 6. Ddp ting gc quay huéng véi momen taila 3 Nm
Truong hgp c6 momen tai, thoi gian qua dé la 1 giay, sai
s6 xac lap bang 0, hé én dinh
+ Trudng hop 3: Goc tam dat la 25 do, vsi momen tai
ban d4u 1a 3Nm tang Ién 10Nm tai thai diém 5 giay.

T T
251
20 : T
@
Zq5L il
> 25.1
©
= 25
~810’ 24.9 -
o 24.8
2.7
5 il
246
245
48 49 5 51 52 53 54 55
0 il
I I I I I I L L I
0 1 2 3 4 5 6 7 8 9 10

Thoi gian [gidy]
Hinh 7. Ddp ting gdc tam khi tai thay ddi
Véi trudng hap 3, khi momen tai thay ddi, khéng cé
nhiéu, téc d6 dap ung cta hé nhanh, dao déng nhd, sai s6
0,4 d6, hé 6n dinh.
+ Trudng hop 4: Géc dat 1a 25 d6, v6i nhiéu ngdu nhién
trong khodng 2Nm tac dong lén hé théng.

25
20 - \ b
2
=
heA
=15 255 g
)
B3 in Mand
25 i Yy 4
810
o
245
5k il
24
35 4 45 5 55 6
ok il
I I L I I I I L
0 1 2 3 4 5 6 7 8 9 10

Thoi gian [gidy]
Hinh 8. Dap ting toc do cla dong co chdp hanh trutng hgp 6 nhiéu
Trudng hop c6 nhiéu hé dao ddng manh trong qua trinh
qua d6, nhung én dinh sau 1,2 gidy, sai s6 xac lap 0,3 d6.
4.3. Nhan xét két qua

Qua két qua mo phéng ta thady, bo diéu khién truct da
dap Ung t6t yéu cau cta hé théng, dé la tinh tac dong
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nhanh, bam t6t tin hiéu diéu khién, 8n dinh dugc goc dat
trong cac trudng hop khac nhau. Qua trinh diéu khién ém
ai, khong c6 do qua chinh, ddm bao yéu cau chat lugng
ngam, bam cda khi tai quang.

5. KET LUAN

Bai bao da trinh bay két qua xay dung bo diéu khién
trugt cho hé truyén dong kinh ngam quang hoc hai kénh
tam va huéng trang bi trén may bay truc thang. Phan trinh
bay dugc bat dau tu viéc xay dung mé hinh co hé, téng hop
b6 diéu khién, mé phdng bing phin mém Matlab-
Simulink. Cac két qua kiém nghiém cho thay:

- Thit nhat, viéc st dung bo diéu khién trugt lam tang
tinh én dinh ctia hé théng, ddm bao dé chinh xac khi bam,
tang kha nang tiéu diét muc tiéu cta thiét bi bay.

- Thr hai, phuong phap nay da gitp giam t6i da sai s6
va hién tuogng dao dong trong diéu kién hé théng chiu anh
hudng clia cac yéu t6 phi tuyén, nhiéu loan, rung déng vé
tai trong qua trinh bay.
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