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TOM TAT

Bai bdo trinh bay phuong phdp tong hop so do cdu triic vong on dinh géc va xdc dinh cdc
tham s6 bé loc hiéu chinh trén thiét bi bay (TBB) hai kénh trén am. Trén co so cac tham s6 ddc
trung vé hinh hoc, khéi lwong, qudn tinh va khi dong cia TBB hai kénh trén am, nhom tac gia
tién hanh tuyén tinh héa va xdc dinh cau tric vong on dinh géc, tir do, trén co so phuong phap
Solodovnikov (Corodosnuxos) xdc dinh cac tham $6 cuia b loc hiéu chinh theo cdc chi tiéu chat
lwong cho truoc. Két qua mé phong trén co so hé thong da xdy dung umg voi cdc dang co dong
dién hinh ciia muc tiéu khang dinh tinh ding ddn ciia phirong phdp dé xuat.

Tir khoa: Vong 6n dinh goc; B loc hiéu chinh; Phuong phéap Solodovnikov.
1. MO PAU

Tong hop vong 6n dinh goc theo phuong phap Solodovnikov 1a bai toan tong hop ciu tric
vong on dinh va xac dinh cac tham s6 cta bg loc hiéu chinh trong mlen tan sO theo cdc chi tiéu
chat luong cho trudce (thoi gian qua do, do qua diéu chinh, d6 dy trit 6n dinh vé bién do va pha).
Uu diém cta phuong phéap nay 1a ¢ thé xac dinh tryc tiép cdu tric va cac tham s6 cua bo loc
hiéu chinh va kha ning hién thuc hoa vé& mit k¥ thuat dap tmg yéu cau thoi gian thyc. Do do,
phwong phap nay duoc sir dung nhiéu trong k§ thuat thiét ké vong 6n dinh goc trén TBB c6 tdc
d6 trén 4m cua Lién X0 va Lién bang Nga. Tuy nhién, do tinh chat bao mat nén cac két qua
nghién ctru khong dugce cong b, chi ¢b cai tai lidu chuyén khao trinh bay cach xac dinh chung
céc tham sb cuia bo loc hidu chinh [1, 2].

TBB trén 4m trong trang bi ciia quan doi ta phan 16n dwgc chuyén giao tir Lién X6 va Lién
bang Nga. Do do, viéc phéan tich, boc tich thiét ké 1am co s& cho nhiém vy 1am chu, cai tién nang
cao dic tinh chién — k¥ thuat cua vii khi trang bi trong bién ché 1a nhiém vu can thiét. Tuy nhién,
hién chwa c6 cong bd trong nudc nghién ctru phuong phap Solodovnikov téng hop vong 6n dinh
cho TBB bay trén am.

Véi d6i tuong diéu khién 1a TBB hai kénh trén am, bai bao tap trung lam rd phuong phap
tong hop cau trac va xac dinh cac tham s6 cua céc thanh phan trong vong diéu khlen theo
Solodovnikov. Ddng thoi, trén co s& cau trac va tham sb vong didu khién thu duoc, tién hanh mo
phong mé hinh chuyén dong sau bac tu do dan TBB hai kénh trén 4m theo cic dang co dong dién
hinh ctia myc tiéu trong ving phong dé kiém ching két qua tinh toan cac tham sé vong 6n dinh
goc trén TBB hai kénh trén am.

2. NOI DUNG CAN GIAI QUYET
2.1. So d6 céu tric vong 6n dinh

Heé théng 6n dinh goc trén TBB trén 4m thong thuong gom khdi tu dong 1ai, may 1ai va TBB
tao thanh vong phan hoi kin. Khdi tu dong 1ai bao gdm khau khuéch dai, khau hiéu chinh va con
quay phan hdi chuyén dong quay cua TBB quanh tim khoi.

Déi tugng 1a TBB diéu khién hai kénh (kénh chuc ngoc va kénh goc hudng), trén TBB b6 tri
céc canh rolleron sau canh nang dé ham chuyén dong kénh goc xoan. Do vong on dinh goc trén
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hai kénh diéu khién 1a twong dong, do d6, bai bao chi trinh bay phuong phép tong hop vong on
dinh cho kénh chtc ngoc, kénh con lai tuong tu.

Yéu ciu dat ra la cAn xac dinh ciu trac va cdc tham s cua cac thanh phﬁn dé hé théng on
dinh goc TBB dat dugc cac chi tiéu chét luong cho trudc nhu thoi gian qua d9, dé qua diéu chinh
va do dy trit 6n dinh cta hé théng vé bién d6 va pha.

Dbi v6i TBB trén am, bo loc hiéu chinh trén vong phan hoi it phu thudc vao céc thanh phan
cua hé théng on dinh gbc va tac dong nhiéu do bd loc hiéu chinh lac nay con dong vai tro 1a bd
loc tan sb thap [3]. Do dé, céu triic vong 6n dinh duge x4c dinh theo hinh 1, trong do:

Ham truyén TBB sau khi tuyén tinh hoa ( W,"), ham truyén bo khuéch dai tin hiéu (W), ham
truyén ctia may 1ai (W, ), ham truyén cam bién vén toc goc (W,, ) dugc md td nhu sau [4]:

AS K(Ms+1 K
wie =22 K@y & W,y () - @
Ay p(T?s*+2£Ts+1) des+1
K K
W, (s) = m @) W (s) = o
I Tos® +28,Tys+1 «(8)= Tas’ +2£, T s+1 “)
Tro?g dé;éml - Hé s0 giérgl Ché{% K‘m] Trong do: icq, —0,6’- 0,7 - Hé sb giam
- .Hc 80 kl}l_lech dai; Ty - Hang so thoi chén; K¢, - Hé s0 khuéch dai; Teq - Héng
gian may lai. s0 thoi gian con quay.

Nhu véy, vong 6n dinh TBB gém hai phan: Phan khong d6i bao gom toan bd cac thanh phan
céu thanh hé théng on dinh trir bo loc hiéu chinh, phan hiéu chinh 1a bd loc hidu chinh mach
phan hoi (OK) véi thanh phan va ciu tric can duoc xac dinh trong qué trinh tong hop dé dat
dugc cac ddc trung mong mudn cua hé théng 6n dinh goc (hinh 2).

T .
Un K, | U K, 5 K(Is+1) 4
Ls+l [ ] T 428, T s+1 | | Ts*+2ETs+1 Y
k¥ T e T S s +Acis+ Wh(s) >
u, K,
W s
T+ Wos) I;(’S +2§mTrrfS+l 1+Woi(s) |«
Hinh 1. So do cau triic vong on dinh. Hinh 2. So' dé cau triic vong on

dinh rut gon.

2.2. Tong hop vong 6n dinh géc
2.2.1. Dir liéu dau vao

- Cac tham so dong luyc hoc TBB hai kénh trén am ki€u R-60 ¢ giai doan bay hanh trinh nhu
sau: M =1,87; P =287 N; gS = 1495 kgm/sz; m = 32,68 kg; | = 13,894 kgmz; C;’z 27,96 rad™;
C, =2,72rad"; m? =-343rad™; my=13,22 rad™; my: = -2472,8.

Qua trinh quéa do cua tén ltra theo tin hidu diéu khién lic nay dugc tinh theo biéu thic sau:

AS K(T;s+1) 0.3795s +0.816

AS, T2 +2£Ts+1  0.00225° +0.01295 +1 ®)

- Tham sérkhéu may }al: Tm = 0,012s; &y = 0,65. Tham s6 khau con quay: T¢q = 0,0058; &cq =
0,65. Tham s6 khau khuéch dai: Tyq = 0,0005s.

2.2.2. Xdc dinh ddc trung bién tan mong muon

W (p) =

Dé xac dinh dic trung mong mudn cta hé théng, st dung phuong phap theo dé Xudt cla tic
gia Solodovnikov[1]. Khi do, dé dam bao qua do diéu chinh ¢ = 30%, do du trit 6n dinh va thoi
gian quéa do6 can thoa mén cac diéu kién sau (hinh 3):

30 N. V. Khéi, ..., B. V. Thu, “Téng hop vong on dinh géc trén thiét bi bay hai kénh trén am.”



Nghién ctru khoa hoc cong nghé

- DO duy trit 6n dinh vé bién do: L>16dB; oz j;r
. s A . @ o
- Thoi gian qua trinh qué d¢: tye= (4,7-1) 04 (S). ¥ k\\ AN B >
K. A 7’ 1 A A r Nt 'u' 1
Poi tuong nghién cuu 1a TBB trén am c6 thoi A 6 =
gian bay nho nhat tuong Ung voi ban cau truée b \H.___wp 20|t
va tam ban nho nhat (600 m) la khoang 2 s, tirc 1a 10 £
tmin = 2 s. D€ dam bdo d¢ chinh xac qua trinh dan = o 0 12 13 1 P

TBB, thoi gian qua do cua hé thong din can dam
bao tgan K tmin, cON thdi gian qua do cua h¢ thong
on dinh can dam bédo ty nho hon nhiéu so vé&i
thoi gian qua d cua hé thong dan.

Chon tgan = 0,2tmin; tge = 0,3tgan thu duge:

Hinh 3. D6 thi phu thudc @ d trik on dinh
va thoi gian qua dé vao do qua chinh.

ta = 0,125; @, =~ ~123,05(rad /) . ©)
qd
Tén s6 cit w, dugc xac dinh tr biéu thirc:
@, = (0,6+0,9)a)qd =(73.83+110,74)[s ] )

Pé dam bao do du trir 6n dinh theo bién d6 va pha mong muén, theo phwong phap
Solodovnikov dic trung bién tan mong mudn dugc xdy dung theo trinh tu sau (hinh 4):

- Péu tién, dung hai dudng song song vdi truc
hoanh ¢ phia trén va dudi sao cho khoang céach cta
chung so voéi truc hoanh béng do dy trit 6n dinh
theo bién d6 L1 = L2 = L; Pudng phia dudi cit
dudng dic trung bién tan phan khong ddi & diém D.

- Qua giao diém D, dung dudng thing sang trai
v6i goc léch +20 dB/dec. Pudng nay cit duong
song song phia trén ¢ diém C. o

Bién dg, dB

Tan sb, Hz

- Tir diém C, dung dudng thing sang trai voi goc
léch tir +40 dB/dec tro 1én. Duong ndy cat dudng
dac trung bién tan phan khong doi ¢ diém B.

Tir d6 thi hinh 4 thu dugc biéu thirc dic trung
bién tan mong muon:

Hinh 4. Bdc trung bién tan mong mudn theo
phuong phdp Solodovnikov.

W, (5) =W, () - W, () - W, (5) W, (5) -W (s) (8)
Trong do:
Ts+1 T.s+1 K 1 1
W, (s) == ; W, (s) === s W, (s) =—=—; W,(s) = W, (S) =
() T,s+1 :(9) T.s+1 (%) T,s+1 ) T,s+1 () T.s+1 ©)

Ttr cac dd thi hinh 5 va 6 nhan thay:

- Hé mong mudn theo déc trung qua do dap img yéu cau vé d6 qua diéu chinh (30%), thoi
gian qua do (0,102 s) va sai so xac lap (1%).

- H¢ mong muén theo dic trung bién tin dap g yéu ciu vé do du trit 6n dinh pha (45°), do
du trlr On dinh ve bién d6 (10,1 dB).

Khi thiét ké hé thong tw dong diéu khién, gi tri do duy trit 6n dinh theo bién do dugc lua chon
sao cho AL > 6 dB (sai 1éch cho phép cuia h¢ s6 khuéch dai ham truyén dang ho 16n gép hai lan),
d6 du trit 6n dinh theo pha Ag > 30°, va trong truong hop c6 thé: Ap > 45° [3]. Do d6, hé mong
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muon thdéa man yéu cau.

Biéu d6 Bode Dép tmg qua do

Bién d9, dB

Pha, do

I s s
103 104 10° ] 0.05 01 L
Thoi gian, s

I I
107 10° 10" Lz
Tan so, Hz

Hinh 5. Biéu do Bode.
2.2.3. Téng hop bo loc hiéu chinh vong on dinh goc

0z

025

Hinh 6. D6 thi qud dg hé kin mong muén.

Dé xé4c dinh cdu trac va thanh phan b loc hiéu chinh trén mach phan hdi W(s), du tién can

tong hop cdu trac va thanh phan b loc hiéu chinh trén mach chinh Wy(s).

Un U, Und Ky [Ug K, 5 K(Ts+1)
Woi(s) " or 1 2.2 e " 12 p >
kS 15 +28, 1,5 +1 I"s™+25Ts5 +1
U, K

oq

Ts*+28, T s +1

cq cq

Hinh 7. So' d6 cdu triic hé théng én dinh véi bé loc hiéu chinh néi tié}).
Tir so d6 céu trac hé thdng 6n dinh thu duge ham truyén & trang thai ho sau:
W, (s) =W, (s) -W,, (s)
= Ly (9)=L,() - Ly ()
T (11) thu duoc biéu thirc ham truyén cua bd loc hiéu chinh c6 dang sau:
Wi (8) =W (S)W, ()W (S)W,/(S)
T.s+1. Ts+1 T,5+1

Trong do, W.(s) = -3 2w (s) = S H Ly (g) = JmSF2.
g a0, W,(s) T.s+1 (%) T.s+1 (%) T s+1

Tes+1
Tys+1

W4 (S) =

(10)
(11)

(12)

(13)

Gia st khi dat bo loc hi¢u chinh trén mach phan hdi thu duge dic trung bién d6 mong mudn

W, (s). Khi d6, d& dang nhan thay:

W EZEOWE =T owee T O T Iw oW
Tirdé ta c6, W, (s) W, (5) = o)
ur do taco, Wy(s) ok(S)_W

Ham truyén cua bo loc hiéu chinh trén mach phan hdi duoc x4c dinh theo biéu thuc sau.

1-W,, (s) W, (s)
W, (s) W, (s)

W, (s)=

(14)

(15)

(16)

bit bo loc hiéu chinh vao mach phan hdi cua vong 6n dinh gbc va tién hanh khéao sat hé théng
on dinh gbéc. Két qua thu duoc dac trung tan s6 (hinh 8) va d6 thi qué trinh qua do (hinh 9) cua

hé thdng 6n dinh goc vé6i cau triac bd loc hidu chinh trén mach phan hoi.
- D6 duy trit 6n dinh vé bién d6: L = 9,6 dB;
- Do du trit 6n dinh vé pha: y = 45%
- P9 qua didu chinh o = 29,8%;
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- Thoi gian xéc lap tx| =0,103s.

100 T —  Bjéu dd Bode Pap tmg qua do

Bién d9, dB

-30g

-180

Pha, 40
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10" iz
Tén 50, Hz

10°
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Hinh 8. Pdc trung tan sé ciia hé thong on dinh

Bién do

T —_—
° ] ‘2 \
100 |- 8 i —
200 - 8

08 /

Thoi gian, s

02

025

Hinh 9. Do thi qud dé hé thong on dinh géc

voi b loc mach phan hoi. voi bg loc mach phdn hoi.

3. MO PHONG, THAO LUAN
3.1. Kich bian mé phéng véi TBB hai kénh trén am c6 ciu tric vong 6n dinh di xdy dung
THI1: Bén muc tiéu chuyén dong déu trong mat phing ngang vdi vén toc 16n (V = 550 m/s);
TH2: Ban muc tiéu co dong trong mdt mat phang véi van te 16n (V = 550 m/s) va qua tai 16n
(Nym: = 8 Q);
TH3: Bén muc tiéu co dong kiéu “rin bd” véi qua tai 16n nym = 8 g va chu ky co dong Teg =3 S;
TH4: Ban muyc tiéu co dong kiéu “xoin oc khong gian” v6i qua tai 16n (nyme = 8 @; Ny = 8 Q)
va chu ky co dong T.q = 3 S;
3.2. Phuong phap, cong cu mo phéng
St dung phan mém Matlab/Simulink 2022b dé xiy dung chwong trinh md phong chuyén

dong sau bac tu do ciia TBB hai kénh trén am, ba bac ty do clia myc tiéu, bd toa d§ muc tiéu,
khoi 1ap 1€nh di€u khién va khoi ty dong lai (hinh 10).

U _mt

Bo toa do MT

Khoi dieu khien

U eps

Ukd. b

-

Upk_b

delta

khuech dai

May lai

]
delta :
I o

Euler

Uok

u1

u1

omg_b

——omg_b

Tén Ilra R-60

Bo loc hieu chinh Con quay

D
dDdt

Vg

Hinh 10. So d6 khoi chwong trinh mé phéng.
3.3. Két qua mé phéng va binh luin

Tir cac két qua mo phong nhan thay:

- Sir dung phuong phéap Solodovnikov ¢6 thé tong hop truc tlep cAu triic va tham sb clia vong
6n dinh goc trén TBB theo cdc chi tiéu chat luong cho trude vé dang qué trinh qua do (ty, o) va
d6 du trit On dinh ciia hé thong theo bién do va pha (L, ).

- Quy dao TBB khi khong str dung khau hiéu chinh khong dam bao dan TBB dén muc tiéu
(hinh 11) trong diéu kién muc tiéu co dong manh. Khi dat bo loc da xay dung vao vong on dinh
gbc, hé théng diéu khién trén khoang dam bao din TBB dén muc tiéu v&i d6 chinh xéc cho trudce
(< 5m) trong tat ca cac kich ban mé phong (hinh 12). Cac két qua mé phong nay phi hop vai dic
tinh chién — k¥ thuat caa TBB R-60.

- Céc két qua tinh toan 13 co s& cho nhiém vu phan tich, boc tach thiét ké, tir d6, tién toi lam
chu, cai tién nang cao dic tinh chién — k¥ thuat cta vii khi trang bi trong bién ché.
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TH3  TH4 TH3  TH4

h,m 4 ; h, m - 8000
‘ ‘ 000 / 6000
‘ ] 500 o Yo M . 1000 500 w YoM
Hinh 11. Quy dao ddan TBB dén muc tiéu Hinh 12. Quy dao ddn TBB dén muc tiéu sir
khong s dung bo loc hiéu chinh. dung bé loc hiéu chinh.
4. KET LUAN

Trén co s¢ phuong phap Solodovnikov, nhom tac gia da tién hanh tong hop cau truc va xac
dinh cac tham s6 vong 6n dinh goc trén TBB hai kénh trén am. CAu trac va tham s6 cua bo loc
hiéu chinh da dugc kiém chimg bang chuong trinh mo phong theo céc diéu kién chién — k¥ thuat
cua TBB R-60.

Phuong phap tong hop cau triic vong 6n dinh goc trén duge sir dung nhiéu nhiém vy ky thuat
thiét ke hé thong 6n dinh trén d6i tuong TBB trén am do uu diém c6 thé xac dinh truc tiép cac
tham s6 hé thong tir cac chi tidu chét lugng mong mudn.

Ngay nay, voi su phat trién cua khoa hoc cong ngh¢ cho phép thay d6i linh hoat cac tham s6
cua vong 6n dinh goc theo cac tham s6 dong luc hoc cua TBB. Do do, dé nang cao chat luong
vong 6n dinh, can sir dung bd loc hiéu chinh véi cdu trac va cac tham sb thich nghi theo tham s
mo hinh vong diéu khién. Van dé nay s& dwoc trinh bay trong cac nghién ctru tiép theo.
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ABSTRACT
Synthesis of angular stability loop on two—channel aircraft equipment in supersonic conditions

This paper presents a methodology for synthesizing the angular stability loop structure
and determining the parameters of the fine-tuning filter on two—channel aircraft equipment
in supersonic conditions. Based on distinctive parameters related to the geometry, mass,
inertia, and aerodynamics of two—channel aircraft equipment in supersonic conditions, the
authoring group conducted linearization and identified the structure of the angular
stability loop. Subsequently, based on the Solodovnikov method, the parameters of the
fine-tuning filter are determined according to predefined quality criteria. The simulation
results, based on the constructed stability system, correspond to typical maneuvers of the
target that affirm the accuracy of the proposed method.

Keywords: Angular stability loop; Fine-tuning filter; Solodovnikov method.
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