Nghién ciru khoa hoc cong nghé

PHUONG PHAP XAC PINH HE SO LENH
TEN LUA PIEU KHIEN MOT KENH

Nguyén Vin Chiic, Nguyén Vin Son, Trin Phu Hoanh®

Tém tit: Trong ndi dung bai bdo nay, tic gia dwa ra dwoc lugn gidi vé nguyén Iy
diéu khién va hé s6 lénh diéu khién cho 1op tén lwa quay quanh truc doc. Bén canh
két qua do, ta con nhdn dwoc: quan hé gidi tich hé so 1énh trong truong hop pha tin
hiéu tuyén tinh héa la boi s6 pha tin hiéu diéu khién. Bai bdo danh gid khodng thay
doi bién do tin hiéu diéu khién so véi bién dé tin hiéu tuyén tinh hoa trong truong
hop n=2..4, dé trong vimg dé hé sé lénh 1y 1é véi tin hiéu diéu khién. Ap dung thudt
toan da xdy dung cho viéc xac dinh hé 56 1énh khi mé phong tén lua diéu khién tam
gan kiéu B72.

Tir khéa: Hé sb 1énh, M6 phong, Dién ap diéu khién.
1. MO PAU

Nguyén 1y lam viéc diéu khién mot kénh (Hé thong diéu khién chi c6 mot co cu
chap hanh) dugc tmg dung trong cac tén lira yéu cau gon nhe nhu tén lira chong
tang, tén ltra phong khong mang vac [ 5,6 ]. Gan day, mot sb cong trinh nghién ciru
trong nuoc [1-4] va ngoai nudc [6,7] vé co so 1y thuyét vé thiét ké, nguyén 1y didu
khién tén lira diéu khién mot kénh (TLDKMK). Trong cac cong trinh [1-4] moi tap
trung trudng hop pha tin hiéu tuyén tinh hoa gip d6i (n=2) pha tin hi¢u diéu khién,
trudng hop n>2 chua duoc nghién ciru du sdu va co nhitng két luan can chinh xéac
hoa. Trong bai bio nay s& dua ra biéu thirc hé s6 1énh theo hai kénh (tAm, hudng)
trong trudng hop co tin hiéu tuyén tinh hoa cho 16p ten lira mot kénh diéu khién tir
xa. Dua ra cong thire dang giai tich h¢ s6 1énh trong truong hop tong quat pha tin
hiéu tuyén tinh hoa 1a boi sé lan pha tin hi¢u dleu khlen Khao sat bang s truong
hop n=2...4 va chinh xac hoa mot s6 két luan vé hé s6 1énh duoc trinh bay trong [1].

2. NGUYEN LY PIEU KHIEN MQT KENH, HE SO LENH

A 7

R, ks

Hinh 1. So do luc, mé men diéu khién tdac dong lén tén lira mot kénh.

Trén hinh 1 biéu dién lyc diéu khién (lyc khi dong R, va trong luc G khong
biéu dién), va m6 men diéu khiénM, trong hé truc toa d6 OX,Y,Z,. Tén lia quay
quanh tryc doc voi van toc goce. HE truc toa do OX.Y.Z. voi duong ngam: dai
diéu khién - myc tiéu OX, - hudng tir dai diéu khién - muc tiéu; OY. vudng goc
v6i OX, huéng 1én trén, nim trong miat phang thang dimg. Truc OZ, nam ngang
tao thanh hé toa thuan.

Hé théng diéu khién mot kénh duoc dic trung boi lyc didu khién duoc tao ra
bo1 mot co cau chap hanh. Trong truong hop nay, may lai lam léch véc to luc day

Tap chi Nghién ciru KH&CN qudén suw, Sé 45, 10 - 2016 3



Tén liva & Thiét bi bay

cia dong co hanh trinh moét goc +A tao thanh phan luc ngang - luc didu khién
R R 4, (6) (gia thiét trong mat phang OX,Z,). Luc diéu khién B, tao mo men diéu
khién #7,, (hmh 1) d6i v6i tam khéi. Mo men diéu khién lam léch truc OX; so véi
véc to van toc, 1am xuét hién goc tan va thanh phan lyc nang khi dong Luc nay
lam ddi hudng véc to van toc. Dé tao hudng co dong theo mong mudn (theo hudng
giam cac sai 1éch) can tong hop 1énh diéu khién Uy, dé tao ra cac luc diéu khién
trung binh R, c6 huéng va do 16n can thiét. Bé dic trung cho do 16n cua luc
diéu khién trung binh theo mot huéng nao d6 trong hé théng diéu khién mot kénh
ding khai niém hé s6 1énh. Hé s6 1énh dugc hiéu 1a ty s6 lyc diéu khién trung binh
sau mot chu ky quay R, ., VOi gia tri 16n nhét c6 thé ctia Ryg,,...[7 ].
k(®©) = Raper/Rrpmass (1)
Trong d6, Rayep (@) - 12 gi tri trung binh lyc diéu khién chiéu 1én phuong hop
voi truc OZ. mot goc ¢ nao do.
Luc diéu khién do co cdu chap hanh tao ra (hinh
2), khong tinh ti d6 tré may l4i c6 thé viét:
Thanh phan lyc ngang 16n nhat chiéu theo
phuong OZe
R = Ry (6).sin (£4)
Ry = tR4. (8).sin(A) =Ry ...6  (2)

de = Rmax(‘s:]

Hinh 2. Luc diéu khién do
co cau chdp hanh tao ra.

Trong d6: + R, .- Luc diéu khién 16n nhat;
+ R, - Luc day dong co hanh trinh;
+ &8 =sign(U,,) = +1.
Luc diéu khién chiéu 1én phuong batky ¢ :
R,., =R, _..0.cos(y— @) 3)
Trong d6: v = wt.
Luc diéu khién trén truc OY., OZ
Ry Ve = —Rpg,- 0.5 (¥) 4)
R .z, =—R,,..0.cos (y) (5)

Luc diéu khién trén phuong ¢ + =
de {Q:J + g) = Rmﬂx' §.cos (]"r —P— g) = Rmﬂx' g.sin (}'r - ‘pj (6)
Sau déy, chung ta s& xac dinh hé s6 1énh trong mot sé trudng hop cu thé.
3. HE SO LENH VOI CAC LENH PIEU KHIEN KHAC NHAU
3.1. Lénh diéu khién c6 dang U, = U,.sin(wt — @)

4 N. V. Chiic, N. V. Son, T. P. Hoanh, “Phwong phdp xdc dinh... diéu khién mét kénh.”
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Ham & = sign(U,,) c6 dang nhu hinh v& duéi day, va dbi dau tai hai diém la
nghiém cta phuong trinh luong giac: sin(wt —¢@) =0; ¥y = @ + km; ¥, = @ (V6i
k=2);y, =m+ ¢ (voi k=2).

Luc diéu khién trung binh trong chu ky 0 < ¥ =2m dugc xac dinh

1 2 . , . )
Rauxre-v, = o g " —R,qx - Sign(U, sin(y — ¢)) . siny. dy;

2 V0

=— R:’"—;“[f;" —siny.dy + f:j“ siny.dy + ffT —siny.dyl;

— Rmu::[ &
2
(cosyy —cos(0)) = (cosy; — cosy) + (cos2m—cosy));
T r =
IRpmax £ - —

=—m22). (cosy, — cosy,)=— T2 cosg (7) — 2

-1 —_

sign(Udk)

Tuong tu, ta xac dinh dugc:

-
‘R."I"I.IJJ."

Raywre—z, = ”:‘“ (—siny, + siny,) = — sing  (8)

T

Hinh 3. Ham & = sign{Ug.).

WRnax
Rokra(osd = 25X 0,6369R g (9)

Thay vao (1) ta nhan dugc hé s 1énh tuong tng:

K}.E = —cosyp 4 KJ;
K, = —sing(10) }
Blesly =1 \

Tir (10) co thé két luan bang cach > Kze
thay d6i goc pha ta co thé thay ddi 7
huéng cia Iyc diéu khién trung binh.

Gia tri trung binh trong mot chu ky cuc 5 .
dai c6 thé 1a 2 | gia tri luc diéu khién do D W

g g Hinh 4. Lyc diéu khién trung binh

may lai tao ra. R

dkTE|:|p+'§}'

3.2. Hé s6 1énh khi tin hiéu diéu khién c6 tin hiéu tuyén tinh héa
Véi tin higu diéu khién dang co thé thay d6i hudng luc diéu khién trung binh
nhung ludn véi gid tri cuc dai theo phuong @ + = Diéu nay tao dao dong lam giam
d6 chinh xac dan. Pé khic phuc nhuogc dién} ne‘;y ngudi ta dua vao tin hiéu tuyén
tinh. Truong hop tong quat, tin hiéu diéu khién dudi dang:
Uge = U, sin(wt — @) + U,,.sinn. (wt — @); (10)
Trong do, Uy- Bién do dién ap diéu khién thay ddi theo sai léch;
Utt- Bién d¢ tin hi¢u tuyén tinh hoa khong doi;
n- SO nguyén duong boi s pha tin hi¢u diéu khién ( wt — @).
Pé tim hé s0 1énh trong truong hop nay, ta ap dung da thire Chebyshev [8] bang
cach dat bien méi ¥y* = wt — @ va x = cosy™; x € [—1,1]. Viét lai (10):

Ugie (¥") = Up,-siny*. (ag + =2 5 (11)

siny”
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ginny Eininerccosx)

Trong (11) biéu thirc: T A U,_,(x) la da thucChebyshev

loai 2, duoc xéac dinh: a, = ;’r—"; U, (x) = 0;U,(x) = 1, va c¢6 cong thic tong quat:
Et
U, q(x)=2x. U, (x)— U,_,(x).
Trién khai thém ba bac tiép theo ta c6 [8]:
Uy(x) = 2x; Ug(x) = 4x?  1; Uy(x) = 8x3  4x.
Tin hiéu diéu khién trong truong hop tong quat (11) c6 dang :
Uy (x)=U,.~N1—x%(a, + U, (x)); (12)
Nhiém vu téng hop tin hi¢u diéu khién tuyén tinh hoa la:

- Can phai chon a, = :":—" dé da thirc a, + U, (x) c6 n-1 nghiém thyc phan
Lt
biét trong khoang x € [-1,1] & dam bao tin hiéu diéu khién d6i ddu 2n lan
trong mot chu ky;
- H¢ s0 1énh can phy thudc tuyén tinh vao ay.

Theo tinh chit cta da thirc Chebyshev ludn ton tai ag dé ap | U,(x) = 0 c6 n-1
nghi¢m phan bi¢t trong khoang [-1 1]. Gia sir x4,%;,%5,...x,_4 1a nghi€ém theo thu
tu ting dan cua da thue ay + U, (x)=0; Haim U_, d6i dau n lan trong khoang 0+ m
voi cac goc: y; = 0;¥, = arccos(x,_4) .. ¥, = arccos(x,);n diém con lai 1a cac
gbc bu 27 voi cac goc ¥a,¥s,.. Vi -

Hé s6 1énh duoc tinh theo phuong phap phan doan tich phan da ap dung & trén,
de dang tim dugc:

1o 1

K}'E ZEZ?:DI CDST’:&+1_;E?:1‘3°5?’25 (13)
1 . 1op—1 .

K. = ;E?:ismhe _EE?:nl SN Y241 (14)

Trong do: v, =v." + @ (1=1..2n).

Duoi day, chung ta khao sat K, trong mot sO truong hop thuong 4p dung trong
thuc té:

Véin=2,U, (x) =U,.V1—x=% [a[, + U, [x]), U, (x) = 0 c6 moOt nghiém x,

= —ay/2; tuong ung VOl cac g0c
¥, = @ ¥, = arccos(x,) + @;v; =7+ @5y, = 2w — arccos(x,) + @.

Theo (13), ta co: ) HE SO LENH-TY LE DIEN AP
K, = %[cosrl —cosy, +cosy, — cosy,] = x_cos @ (15)

p . 0.8 L

V& db thi Ky 13 phu thudc vio a,trén hinh 5. ,, el
ff}. —ty 1€ tuyén tinh v&éi a,, ty 1€ voi U'}_(Vi¥> . j‘/
U,, = const) trong khoang a, = 0 = 2 . //

Véin=3,

O

0.5 Ta 1.5 2
(4

Uy () = U, N1—x2(ay +4x>—1); dé dang
ching minh dugc vo1 -3=a, =0, da thic Hinh5. K, = K (a,) véin =2.
a, + 4x* — 1 c6 hai nghiém phan biét:

6 N. V. Chiic, N. V. Son, T. P. Hoanh, “Phwong phdp xdc dinh... diéu khién mét kénh.”
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U, c6 6 diém cat trong mot chu ky :
Y1 = @ ¥, = arccos(x,) + @;¥; = arccos(x,) + @iy, =T+ @iy = 2m —
arccos(x;) + @; ¥, = 2m — arccos(x,) + ¢
K,= —% [cosy, — cosy, + cosyy; —cosy, + cosy; —cosy,] = —(14+x, —
x,).cos (@) (16)
v6i @ = 0 quan hé K, = K,(|ay|) duoc biu dién theo hinh v& 6:

HE SO LENH-TY LE DIEN AP

1.4
Quan h¢ gan nhu la tuyén tinh voi 12
sai léch 0,7%. Sai léch so voi dac tinh 1 f
tuyén tinh héa dugc tinh theo cong - »6""“
thire: < .
A= [Pz EyEye) (17) i
A m—1 o02bm

Trong do, K yee- ddc tinh K, Xap xi
duong thing; m - sd diém ldy mau
danh gia. Hinh 6. K,, = K, (ay) véin = 3.

05 il 1.5 2 25 3

Véin =4, Uy (x) =U,,.V1—x2(a, + 8x> — 4x). Bang khao sat sb ta tim
dugc voi 0 = K, =1. Pa thic ay + U,(x) c¢6 3 nghiém phan biét x;, x», x3 (hinh7).
Vi cong thue tong quat ta tim dugc h¢ so 1€nh:

K, = (—x; + %, — x3). cose. (18)

Trén co so (17), quan hé Ky va ag dugc thé hién trén hinh 8.

Nghiem Da thuec Un(x)+ka=0 HE SO LENH-TY LE DIEN AP
@ : : H b2 Bacittinhn=4
Sai $0=0.013713
4} He se-ka:- U0/ A=-0.4;Bhc- Dathuc-A=-Brweoremreees O\
g
g jrd ST erberrriesssssssssrnnnnnntes frnnanessrannnnss 0.2
5 Nghm 0.10213 <
T ~. 0.4 Wy
........................ 06
o 022 0‘:4 oie oia 1
-0.5 0 X 0.5 1 . : aO i .
Hinh 7. Nghiém da thirc voi n=4. Hinh 8. K, = K (ay) véin = 4.

Nhu vy, v6i n=4,K, = K, (a,) quan hé gin tuyén tinh véi sai sb 1,67% va
trong dai @, = 0 + 1, hé s6 1énh K,=0+062

Ap glung‘ cong thl'Ip (15) dé xac dinh hé sb 1énh trong tén lira co diéu khién mot
kénh tam gan [5]. D¢ dan tén lira theo quy dao theo hinh 9. HE s6 1énh can tao ra
nhu hinh 10. Trén hinh v€ 10 cling thé hi¢n trong trudng hop n=2 hé s6 1énh Ky va
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Kz c6 gia tri dung véi ty sb UyDimless=Uy/Utt va UzDimless=Uz/Utt , ¢ day, Uy
va Uz 1a dién 4p diéu khién kénh tam va kénh hudng.

QUY DAO TEN LUA B72 & MUC TIEU TRONG MAT PHANG DUNG 08 HE SO LENH KENH TAM
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Hinh 9. Quj dao tén lira trong 2 mdt phang. Hinh 10. Hé sé lénh Ky va Kz.
4. KET LUAN
Bai bao d3 x4y dung biéu thuc hé sb 1énh K, . K._v6i truomg hop tin hiéu diéu
khién c6 dang Uy, = U, sin(wt— @) + U,,.sinn. (wt — @), dd xdy duyng dd thi
phu thudc K,, = K, .(a,) v6i a, = ;—", va rat ra mot sé két luan nhu sau:
nd

1. V6in=2h¢ s Iénh K, = K, (a,) 1a tuyén tinh v6i 0 < a; < 2;
2. V6i n=3 quan h¢ K, = K, (a,) 1a ty 1¢ thuan trong khoang 0 = a, = 3 voi

sai léch dac tinh tuyén tinh 0,7%;
3. V6in=4 quan hé¢ K, = K (a,) la ty 1¢ trong doan 0 = a; = 1 nhung hé¢ 50
1€nh chi trong khoang 0 = Ky = 0,62,

Nhu vdy, vé mit nguyén tic dam bao 1énh diéu khién duqc tu,yér~1 tinh hoa
trong dai U = Ky = 1 c6 thé chon n=2 va n=3. Chon n=3 tang tan so dan tén lura,
do vay, giam bién d¢ chuyén dong xoan [3], tang d6 chinh xac dan, nhung yéu
cau tac dong nhanh cua may lai tang (14t 6 lan trong mot chu ky quay). Thuc te,
chon bdi s6 n phu thugc vao yéu cau dd chinh xadc dan va kha nang dap ung
nhanh cua may lai.

V6i cong thirc (13) va (14) cho phép danh gia h¢ sd 1énh trong cac thuat toan
diéu khién mot kénh bang cach tao 1énh diéu khién khac nhau [6,7]. Két qua ap
dung trong [5] khing dinh tinh dan cta thuat toan néu trén.
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ABSTRACT

THE METHOD OF DETERMINING COMMAND COEFFICIENT
FOR THE ROLLING AIRFLAME MISSILE

The article investigates the control principles and command coefficients of a
rolling airframe missile. The paper also explains the analytical function of the
command coefficients when the phase of the linearized signal is multiple of control
signal phase. The changing range of the amplitude between the control signal and
the linearized signal when n = 2.4 is also estimated so that the command
coefficients is proportional to the control signal. The proposed algorithm can be
applied to calculate the command coefficients when simulating a rolling airframe
missile of B72 type.

Keywords: Commandcoefficient, The control voltage, Simulation.
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