Nghién ciru khoa hoc cong nghé

PHUONG PHAP HIEU CHINH QUY PAO
DPAN PHAO PHAN LUC KIEU 9M22Y CAI TIEN

Nguyén Van Khéi, Trin Ngoc Quy ', Nguyén S§ Long, Nguyén Trong Yén

Tém tit: Bai bdo trinh bdy mét phwong phdp xdy dung mé hinh todn mé ta
chuyén dong cua dan phao phan luc kieu 9M22Y cadi tien bang cach gan thém
khoang diéu khién lén phan dau, tir do xay dung ludt diéu khién canh lai nham hiéu
chinh quy dao bay va nang cao do chinh xdc phat ban cho dan.

Tir khéa: Pan phéo phan luc, dan 9M22Y, khoang didu khién, hiéu chinh quy dao, nng cao d6 chinh xac.
1. PAT VAN PE

Mot trong nhitng hudng cai tién ting d6 chinh xac cho dan phéo phan luc dugc thé gisi
quan tim 13 gan thém khoang diéu khién ché tao méi 1én than dan cii. Phuong phap trén
hau nhu khong thay doi két cau qua dan cii, nhung van c6 thé diéu khién dan thong qua co
cau chip hanh trén khoang diéu khién (KPK).

Bai bao trinh bay mot phuong phap néng cao do chinh xac cho dan phao phan lyc kiéu
9M22Y bang cach ghép ddng truc KDK ché tao méi 1én phan dau dan cii thong qua hé
thong khung ghép ndi va vong bi, gitip cho KPK c6 thé chuyén dong quanh truc doc doc
1ap so v6i phan dan (hinh 1).

Phin ghépndi  Dankiéu OM22Y

Hinh 1. Phuong én ghép néi KPK. Hinh 2. M6 hinh dan kiéu 9M22Y cdi tién.

Mo hinh chuyén dong cua hé vat ghép dong truc da duoc Mark F. Costello va Allen A.
Peterson nghién ctru va cong bd [1]. M6 hinh duoc xdy dung dua trén co so tach thanh
chuyén dong cua ting phan va sau d6 dua vao mdi lién két giita chung dé xay dung hé
phuong trinh vi phan mé ta chuyén dong ctia timg phan. Tuy nhién, md hinh chua tinh dén
chuyén dong cua dan trong ong phong. Chinh vi vay, nhom tac gia su dung ly thuyét vé
dong luc hoc hé nhidu vat [3] dé xay dyng md hinh toan chuyén dong cua dan kiéu
9M22Y cii tién tir khi dan bat dau chuyén dong trong ng phong. Hé phuong trinh mo6 ta
chuyén dong dan cai tién dugc xdy dung xut _phat tur chuyén dong chung cua hé vat, sau
d6 dya vao dic diém lién két dé xac dinh chuyén dong cta timg thanh phan.

Dé nang cao do chinh xac tiéu diét muc tiéu cho dan cai tién, cac tac gia H. Nobahari
va M. Arab Kermani trong nghién ctru [2] da dé xuat diéu khién bang phuong phap tiém
can ti 1&. Ngoai ra, c¢6 thé nang cao do chinh xac cho dan phan Iyc kiéu 9IM22Y cai tién
bang phuong phéap hiéu chinh theo quy dao dan dao chuén.

2. MO HINH TOAN HQC PAN KIEU 9M22Y CAI TIEN TRONG ONG PHONG
‘Bé xay dung mé hinh toan mé ta chuyén dong cua dan phan luc cai tién kiéu 9M22Y
(gom than dan va KPK), st dung cac hé toa do sau:

- Hé toa do mat dat OgX,yZ,, sa0 cho gbc toa do dit tai vi tri phong, mit phang OgXgY,
tring v&i mat phang ban, truc Ogy, thang dung hudng 1én trén, truc Ogx, huéng té1 muc
tiéu, truc O,z, tao thanh tam dién thuén.
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- Céc hé toa do lién két Cxcycze véi dan cai tién, Oxyz vo6i dan va O;x,y;z; c6 dinh
huéng cac truc nhu trong hinh 3 & thoi diém dau. Trong d6, C, O va O lan luot 1a vi tri
tam khéi ciia dan cai tién, dan cii va KDK.

Khi dan cai tién chuyén dong trong vl ve! _ w!
dng phong, bo qua sy dan nd cia Ong SR
phong, chuyén dong cta no trong dng _ ‘
phg’)ng chiu tdc dung cua cac thanh |D — — |'.| - =
phan lyc chinh sau (hinh 4): , o

Dan nguyén ban Ong ndi —

- Luc diy dong co phan luc, P(t); A 4

- Lyc tac dung cua chét dinh huong
ctia dan véi rinh xodn ciia 6ng phong,
N();

- Lyc ma st do tiép xtic ctia dai va chdt dinh huéng véi dng phong Fu(t);

Hinh 3. Cac hé truc toa do trén dan.

- Trong luc G(t).

Hinh 4. So dé luc tac du’ng lén dan khi chuyén Hinh 5. So dé xdac dinh méi lién hé
dong trong ong phong. gitta toa do dai va toa do goc.
Phuong trinh vi phén mo6 ta chuyén dong tam khdi ctia dan cai tién doc theo dng phong
khi d6 dugc viét dudi dang sau:
dv .
M= PO = N(@)sin(ey) ~ F,, (1) = G(0)sin() (1)
Trong dQ, M — khdi luong dan cai tién; oy — goc ranh x0dn so véi truc doc; 9 — goc
phong ban dau; P =J;-g/t vdi J; — xung don vi dong co; T — thoi gian lam viéc cua dong co.
Ma sat F, do dai va chdt dinh hudng sinh ra xac dinh theo cong thirc:
F, ()= f+(G(1)-cos(8) + N(#)-cos(«)) )
Trong d6, f — hé s6 ma sat truot.

Khi dan cai tién chuyén dong trong 6ng phong, do KBK khong tiép xtc voi dng phong,
phuong trinh vi phén mo ta chuyén dong quay cua dan cai tién Ox, dan o va khoang diéu
khién o, quanh truc doc lic nay dwoc xac dinh lan luot theo cac biéu thirc sau:

0]
J, —= =N(t)cos(a,)—‘”—M, 3)
o dt
do,
J, e N(t)cos(al)——M 4
2,09y 5)
x1 dt - masat

4 N. V. Khéi, ..., N. T. Yén, “Phwong phdp hiéu chinh quy dao ... kiéu IM22Y cdi tién.”



Nghién ciru khoa hoc cong nghé

Trong d6, d — duong kinh 16n nhét cia dan, dy; — dudng kinh trong rénh xoén;

M6 men do ma sat M, ciia dai va chdt dinh huéng véi dng phong xic dinh theo
cong thic:

M, =f-(N(t)sin(al)%”+G~cos(90)-sin(a])-gj (6)

M6 men ma sat Mg, do vong bi chén sinh ra dugc xac dinh theo cong thuc chung:
M = cDishq)rsMrr + Msl + Mdrag (7)

masat

Trong d6, M, =G, (vn)*™® - md men ma sat 1an, Nmm;

Trong d6, G, 1a tham sb phu thudc vao dang vong bi, duong kinh trung binh va cac
luc doc truc va luc xuyén tim tac dung 1én vong bi. Pdi v6i vong bi chin, G, duoc xac
dinh theo cong thic:

G =Rd"“W¥Fo
T MY m a

Trong d6, R, =1,03-10"° dbi voi vong bi chan; d,=(d+D)/2 - duong kinh trung
binh cta vong bi; Fa — luc doc truc tac dung 1én vong bi.

M, =G, u, - md men ma sat trugt, N-mm.

Trong d6, u, =0,04 -hé sb6 ma sat truot d6i v6i cac loai ddu m& té)ng hop; G, 1a tham
s6 phu thudc vao dang vong bi, duong kinh trung binh va cac luc doc truc va luc xuyén
tam tac dung Ién vong bi. Do1 voi vong bi chin, G, dugce xac dinh theo cong thirc:

G _Sd0,05F4/3

sl T F1%m a
Trong d6, S, =1,6-10 dbi v6i vong bi chan.

M

5.2 N r 3 7 A ~ e
irag = VK d,,” - m6 men ma sit can do 16p dau md sinh ra;

Trong do, V,, - hé s6 phu thudc mirc tra ddu m& va dugc xac dinh theo hinh; hing s6
Kball dugc xac dinh theo cong thuc:

K, (d+D
Ky = —ZD( * )-10712

1

[OJIES - hé s6 giam do su néng 1én ctia ddu ma;
sh — ¥ 3
141,84-107 (n-d,) v ’

_ d—duong kinh mét trong vong bi, mm; D — duong kinh mét ngoai vong bi, mm; n —
tan s0 quay, vong/phut;
1 L £ Ao
O = - hé s6 giam thi€u hut hao dau mo.

rs K
K, v-n(d+D) Z
i 2(D-d)

e
v - d6 nhdt dong hoc cta dau m& & nhiét do 1am viéc, mm2/s; K =3 10°% - héng )
hao hut do ddu m& bi bin ra khoi vong bi; K, =3,8- hﬁng ) phu thude vao dang vong bi.
Nhu vay, néu biét luc doc truc F, tic dung 1én vong bi va tbe do quay cua no thi co thé
xac dinh M5, theo cOng thirc (7).

Khi dan chu}:én dong trong dng phong, gitra goc cren y va toa do dai x c6 mdi lién hé
xac dinh theo bicu thirc (hinh 5):
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tg;l‘j) ¥ (8)

Trong do, yo — toa dd goc ban dau cua chét dinh hudng.

y=7+2

Vi phén hai 1an phuong trinh (8) thu dugc:
do, _2tg(al)d_V

X

dt d, dt

Thay (1), (2), (4) va (6) vao (9), sau khi rat gon ta thu dugc biéu thic xac dinh lyc tac
dung cta chdt dinh huéng 1én ranh dng phong theo biéu thirc sau.

N@W)y=k,-P(t)—ky-Ocp+ky M,
4.J -tg(a)
m-d;, -(cos(a,) — f-sin(a,))+4-J_ -tg(a,)-(sin(e,) + f - cos(a,))
-m- f-d-dy -cos(9) sin(e,)+4-J_ -tg(a,) (sin(F,) + f - cos(F,)-cos(e,))
m-d;, -(cos(a,) — f-sin(a,))+4-J_ -tg(a,)- (sin(a,) + f -cos(a,))
2-M-d,
m-d;, -(cos(a,) — f-sin(a,))+4-J, -tg(a,)-(sin(a,) + f -cos(a,))

Céc hé s6 ky, k, va ks 1a co so dé xac dinh lyc va md men tac dung 1én dan cai tién khi
chuyén dong trong ong phong, va tir 6 xac dinh cac tham s6 chuyén ddng cua tirng thanh
phan.

3. MO HINH TOAN HQC PAN KIEU 9M22Y CAI TIEN NGOAI ONG PHONG

©

voi cac hé sb ky, ky va k; x4c dinh nhu sau:

1 =

k, =

3 =

Chuyén dong tam khdi ctia dan cai tién xac dinh theo biéu thirc [4]:

0 -o 1) 14 F /M

Yo Zc Ye Xc
ve |T 7| @ 0 0. | Vyc + ch /M (10)
I/.vz _a),Vc wxc O I/ZC F;C /M

Trong d6, M — khoi lugng dan cai tién; V_ V V , @, @ , o - hinh chi€u cua
Xc Xc Ye Zc

véc to van toc tdm khoi va van toc goc 1én cac truc cla he; toa do lién két Cxcycze.
Ngoai lyc tac dung lén dan cai tién xac dinh theo biéu thuc:

F;C P+ X, dek 1 0 0
Fo1=Y +4, ¢ K|, vai Ay e =10 cos(ye =) sin(ye—y) | (11)
F Z. Zldk 0 —sin(y.—7) cos(yc—7)

Trong d6, X¢, Yc, Zc — thanh phﬁn luc khi dong tac dung lén dan cai tién trong h¢ toa
d6 Cxcycze; X, Y™, Z* - thanh phan lyc diéu khién trong hé toa do lién két O,x,y,z;;
Yo, Y1 — goc cren hé toa d0 Cxcycze va O1x1y12;.

Van toc tdm khoi dan cai tién trong hé toa d6 mat dét OgX,Yez, x4c dinh theo cong thirc:

[V Ve Ve T=Ag_bc-[ch Ve V. ]T (12)

Trong do, A, »c — ma tran c6 sin chi phuong tir hé toa do mat dat sang h¢ toa dd lién két
CxcyeZe.

6 N. V. Khéi, ..., N. T. Yén, “Phwong phdp hiéu chinh quy dao ... kiéu IM22Y cdi tién.”
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Mo hinh chuyén dong quay cta dan cai tién trong hé toa do lién két Cxcy.z. xac dinh tir
bicu thuc [4]:

J 5 0 0 a‘)XC 0 -0, o, J . 0 0 o, >M .
0 J,. 0 |- a')yc + o, 0 -0, | 0 J,. 0 [ o, |=|ZM, (13)
0 0o J . a')zf -0, O 0 0 0o J e M .

M6 men ngoai lyc tac dung 1é€n dan cai tién x4c dinh theo biéu thuc:

EMX(: Mx + Mxl Mjlk
M, |=| M, + Ay e Mj,f (14)
ZMZC MZC Mzdk

Trong do, My, My, — thanh phﬁn md men cren tac dung 1én KPK va phﬁn dan; delk ,
M * M zdk - thanh phan mé men diéu khién trong hé toa d6 lién két O;x,y,z,.

Cac goc Euler cua hé toa d Cxcyczc so vo1 hé toa do mat dit OgX.y.z, & dang ma tran
dugc viét nhu sau [4]:

: 0 siny,. COS ¥/
l9C . Xc
. COS Y siny,.
=0 — e , 15
l/'/c cos 9. cos 9. e (15)
Ve

1 —tg8. -cosy. tg9. -siny, e

Giai h¢ phuong trinh (10) — (15) ta thu duge cac tham s6 chuyén dong tam khéi C cua
dan cai tién va cac tham sb chuyén dong quay cua hé toa do Cxcyczc so voi hé toa do mat
dat OgXgY,z,. Tlr ddy, co thé x4c dinh chuyén dong quay cac thanh phan ctia KDK.

Do truc Cxc va Oyx; trung nhau nén cac goc chuc ngdce va goc hudng cua cac hé toa do
trén giong nhau, tic la:

{.91 =9. =9 (16)
Vi=We=y
Téc d goc quanh truc doc khoang diéu khién xac dinh theo biéu thirc:
b = Mx, +M, a7
Y —Jx,
Goc cren khoang diéu khién xéac dinh tir giai phuong trinh vi phan [4]:
n=o, —tgd [a)y1 cosy, — @, sin }/1] (18)

Céc goc quay oy va o, duoc x4c dinh khi chiéu véc to van tdc goc 1én cac truc Oy,
va O,z, cua h¢ toa do lién ket véi KDK [4], c6 tinh dén biéu thirc (16) va (17):

o, =8.siny, +y.cosJ.cosy,

(19)

@, =3.co8y, —cosY.siny,

Céc tham sb dinh vi va dinh huéng khoang diéu khién trong khong gian 13 co s xac
dinh tin hiéu di€u khién kénh tam 6, kénh huéng 6,19 va kénh cren 8,;o. Tur 406, tin hiéu
g6c¢ I¢éch canh lai tir quy dinh v€ dau theo hinh 6 xac dinh theo biéu thirc:
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1 siny, cosy, |
4 2 2
S 1 cosy, siny,
Sl a2 2 ||, 20)
o, 1 siny, cos ¥, o
s | |4 2 2
1 cosy, siny,
4 2 2

Hinh 6. So do goc léch canh ldi servo. Hinh 7. So do e dléu khién tac dung trong
mat phang canh ldi.

Tt hinh 7 suy ra, lyc va m6é men diéu khién do céanh 14i tao ra trong h¢ toa do lién két
véi dau dan O,x,y,z; xac dinh theo cac biéu thic:

X=X (8,+6,+8,+8)=X] 5,

Y =F+F =Y (-5,+5,)=Y-5, 2D
Z¥=R+F=Z2(8-8)=2]5,

M =M -(5+6,+8,+8) =M -5,

ME =7, ZF ==A,-Z} (6, - 8) ==M -(6, = 8,) =—M - 5. (22)
ME =AY =AY (=8,+8) =M (-5, +5,) =M -5,

Trong d6, Aq — khoang cach tir trong tim dan cai tién dén canh lai.

Tom lai, hé phuong trinh (10) — (22) cho phép xay dung mé hinh toan mé ta chuyén
dong cua dan kicu IM22Y cii tién theo phuong phap dan cho trude.

4. PHUONG PHAP DAN PAN CAI TIEN
4.1. Hiéu chinh theo quy dao dan dao chuén

Phuong phép hiéu chinh theo quy dao chuin st dung bd PID truyén théng dé hiéu
chinh sai léch kénh drng va kénh ngang theo khoang cach bay cia dan.

Gia str, voi khoang cach bén cho trude, quy dao dan dao chuén xac dinh theo biéu thirc:

x, =X, (?)
Ve = V(D) (23)
z, =0

Roi rac hoa (23) trong mién thoi gian t.. Khi d6 (23) trd thanh:

N. V. Khéi, ..., N. T. Yén, “Phwong phdp hiéu chinh quy dao ... kiéu IM22Y cdi tién.”
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Xy =X, (8)
Yok = Var (tk) (24)
Zy =0

bé xay dung quy dao dan dao chuin, tic 13 tim he‘m} phuﬁ thudc cfla do cao y, theo
khoang cach bay x,, st dung phuong phép binh phuong t61 thi€u, tim gan ding ham dang
N

da thue ™ = f(x,)=> a,-x"", trong d6
i=0

3000

a; — hé so cua da thirc, N — béac cua da thure, sao 2500
cho: 2000|
E
A : - 1500
D (f(x4) = yy) 2 — min
T g 1000

Bac N cua da thic can tim sao cho : '
max‘f(xgk)—ygk‘<g, voi &€ — sai sO cho

500 L L L . " L -
0 2000 4000 6000 8000 10000 12000 14000 16000

Khodng cach, m
Hinh 8 mé ta ket qud ham héa quy dao .y 8 P thi ham hoa quy dao dan

chuan dang da thirc voi cac bac khac nhau voi : 2 o

sai sO cho trudc € < 5m.

trudc.

dao chuan.
Do d6, quy dao chuén lac nay c6 thé viét dudi dang:

N
h N—i
P =) = 2

chuan __
zg =0

(25)

Cong thirc (25) chira sy phu thudc cua kénh dimg va kénh ngang quy dao dan dao
chuan vao khodng céach bay x,. Khi c6 sai 1éch ctia quy dao thuc so v6i quy dao dan dao

chuan chuan

chuan theo kénh ding Ay, =y,—y, " vangang Az, =z, —z,"" theo khoang cach bay

X, thi tin hiéu diéu khién gidm céc sai 1éch trén xac dinh theo biéu thirc:

d
8,, =k, Ay, +k, [ Ay dt +k, Ay

b g

J (26)
8., =k, Az, +k [Az,dt+k, A

219 4

]:)é dam bao d@ chiqh xac dan, can 6n dinh tdc do goc quan}l truc doc khoang diéu
khién. Tin hiéu diéu khién theo kénh cren luc nay xac dinh theo bi€u thirc:
0, =k (o )4k [0 di k2 (o) )
4.2. Din theo phwong phap tiém can ti 18
Diéu khién dan cai tién 9M22Y theo phuong phép tiém can ti 18, tire 12 thyc hién thuat
toan dan theo cong thirc:
a6 _ dp, d¥ do.

4. e (28)
dt dt dt dt

Trong do, 6, ¥ — goc nghiéng quy dao so v6i mat phang ngang va mit phing ban; N —

hé sb ti 1¢; @y, ®, — goc dudng ngam “dan — muc ti€u” theo phuong ding va ngang.
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Theo [5], qua tai theo kénh dig va ngang xac dinh theo biéu thirc:
vV deo 14 d¥y

n, =——+cosf; n, =——cosf@— 29)
210 g dt 10 g dt
Tir (28) va (29) thu duge biéu thirc qua tai theo toe do goc duong ngim:
d
n. =NLP coso n =NV coso @2 (30)
Y10 g dt 10 g dt
Do @0, tin hiéu canh 14i theo kénh dimg va ngang xéc dinh theo biéu thirc:
v d
5, (N— P tcos0): 8. =—k.-N-L.coso- 2= 31)
10 dt “10 g dt

Trong d6, k,, k. —hé sd ti 1¢.
Tir (31), dé dan dan céi tién theo phuong phap tiém can ti 1¢, can xac dinh tdc do thay
d6i goc duong ngam “dan — muc tiéu” do,/dt va de_/dt. Ta co, vi tri va van tbe

tuong ddi ctia muc tiéu so voi dan trong hé toa do mat dat duge xac dinh theo cong thirc
(hinh 9):

Ye

Hinh 9. So do chuyén dong twong doi “dan — muc tiéu”.

X X X X —X V V V V

gDN gMT - g eMT g xgDN xgMT - xg xg
Yeon | =| Veur =Vg |=| 7V, S| Vigow [=| Vigwr =Vig [==| Ve (32)
ZgDN ZgMT - Zg _Zg I/zg DN Vzg MT — Vzg I/zg

Tu do, gbc duong ngam “dan — muc ti€éu” d6 dugc xac dinh theo cong thirc sau:

tgp, = e o Q. = (33)
y
Xoow + Zopy ,/ gDN+Z

Vi phan theo thoi gian ca hai vé cia hai phuong trinh (33), nhan dugc:

Vo R - (ngNV.rgDN + ZgDNVngN) " Vepn
. yg DN Rn
wy = R2 (34)
V
xg DN (35)

XV

_ ""gDN" zg DN

z RZ

n

A _ 2 2 2 . _ 2 2
Trong d6, R = \/ngN + Yeon T Zaow 5 By = Xoon + Zgow -

Biéu thuc (34), (35) 1a co so thuc hién dan theo phuong phap tiém cén ty 1€.

~Zypn

Nhu vay, dé (jiéu khién dan cai tién kiéu 9M22Y theo hai phuong phap dugce xem xét &
trén theo cac biéu thuc (26), (27), (34), (35), can xac dinh cac tham s6 dan duong cla

10 N. V. Khéi, ..., N. T. Yén, “Phwong phdp hiéu chinh quy dao ... kidu IM22Y cii tién.”
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khoang diéu khién (\{i tr~1', van tdc, van tbe goc va goc dinh hudng). Trong khuon khf) bNéi
bdo nay, cac tham s6 dan dudng la khau ly tuong. Thuét toan xdc dinh cac tham s6 dan
duong s€ dugc cong bo trong cac nghién ciru tiép theo.
5.MO PHONG VA KET QUA
Mb hinh m6 phong chuyén dong cua dan kiéu 9M22Y cii tién tir khi dan bat dau
chuyén dong trong ong phong dugc viet trong phan mém MATLAB (hinh 10).

L v

Nin

b

i

e [
o
B

Hinh 10. M6 hinh chuyén dong dan kiéu 9M22Y cdi tién trong Matlab-Simulink.

Céc tham sé ban dau dé mé phong chuyén dong cua dan cai tién duoc trich dan tir tai
liu “Bdng ban phdo phan lwc BM-21” (Binh chung Phao binh), dugc tinh toan va dua ra
trong bang dudi day:

Pac trung Gia tri Pac trung Gia tri

Dan cdi tién M6 men quan tinh doc truc, 0.0284
kg-m’

Khbi luong, kg 76,6 M6 men quén tinh ngang, kg-m” | 4,539
Chiéu dai, m 3,320  |Péng co
Co dan, m 0,122 Xung don vi, kg's 201,9
Toa d6 trong tam, m 1,697 — 1,485| Thoi gian chay, s 1,88
M6 men quéan tinh doc truc, 0,194 - 0.163 Ongphéng
kg-m’
Mo men quan tinh ngang, kg'm® |62,54 —47,30| Chiéu dai, m 3,0
Khoang diéu khién Goéc ranh xodn, do 2,5
Khéi lugng, kg 10,34 |Hé s6 ma sat 1,5
Toa d0 trong tdm, m 0,356

B6 hé sb khi dong xac dinh dya trén két qua tinh toan tir phin mém Missile Datcom.

Két qua mo phong bam theo quy dao dan dao chuan va dan tiém cén ti 1é cho truong
hop goéc phong 30° va sai léch ban dau vé tim va hudng 1a A3=0,5° va Ay =0,5" duoc
chi ra trong trong cac hinh dudi day.

Thoi gian, s

Hinh 11. Géc léch cénh ldi 5; diéu khién Hinh 12. Géc léch canh ldi 5; theo
theo quy dao dan dao chuan. phwong phap tiém can ti Ié.
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Hinh 13. Toc dj goc KDK  Hinh 14. Toc d géc KPK  Hinh 15. Toc d géc KPK
khi khong diéu khién. diéu khién theo quy dao diéu khién theo phuong
dan dao chuan. phap tiém cgn ti I¢.

Hinh 16. Quy dao bay theo kénh dirng. Hinh 17. Quy dao giai doan cuéi.

Quy dao chudn

Diéu khién theo quy dao dan dao

Vg m

Diéu khién theo tiém can ty 1&

Quy dao khong diéu khién
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Hinh 18. Quy dao bay theo kénh ngang.

Nhdn xét: Trong ca hai phuong phap dan, kénh cren duoc didu khién ngay tir giai doan
dau cho nén ca bdn canh 1ai déu tao ra cung mdt goc léch dé dap dao dong kénh cren (hinh
11, 12). O thoi diém bét dau diéu khién theo kénh ding va kénh ngang, do phuong phap
dan theo quy dao dan dao chudn st dung sai s6 theo vi tri dé keo nhanh dan vé quy dao
cho trudc nén cac canh lai léch cuc dai, sau do duy tri & goc 1éch can thiét dé dan bam theo
quy dao trén.

Trong kénh cren, ciing ¢6 sy khac nhau gitta qua dan khong diéu khién (hinh 13), dan
xoay tu do theo luc ma sat ban dau voi phan than cii va duy tri dén hét qua trinh bay. Khi
c6 diéu khién, toc do xoay KPK nhanh chong bi dap cho dén khi ¢ 1énh diéu khién theo
quy dao hodc tiém cén ty 1¢ (hinh 14,15) thi téc d6 xoay KPK bj anh huéng do 1énh didu
khlen kénh dung va kénh ngang (khoang gidy thir 34), sau d6 khi quy dao da 6 6n dinh thi
toc do xoay KDK ciing s& dugc 6n dinh. O md phong hinh 14 va 15 cling thé hién co sy
khéc nhau vé téc do xoay KPK khi bit dau diéu khién theo hai phuong phap dan trén,
trong khoang thoi gian nay toc do goc theo kénh cren khi diéu khién theo quy dao dan dao
(khoang gidy thir 34, hinh 14) bi 1éch 16n hon khéi vi tri cAn bang so voi phuong phap dan
tiém can ti 1¢ (hinh 15).

12 N. V. Khéi, ..., N. T. Yén, “Phwong phdp hiéu chinh quy dao ... kidu IM22Y cii tién.”



Nghién ciru khoa hoc cong nghé

Két qua mo phong qua trinh diéu khién theo kénh ding va ngang bang phwong phap
dan theo quy dao dan dao va tiém can ti 1& dugc chi ra trong hinh 16, 17 va 18. Tir cac két
qué nay cho thay, dan cai tién khi khoang diéu khién khong lam viéc ciing gidng nhur dan
nguyén ban 9M22Y chiu anh hudng rat nhiéu vao diéu kién phéng ban dau va cac nhiéu
dong 1am cho sai s6 ban c6 thé 1én dén vai trim mét (& trudng hop mo phong hinh 17 va
18, voi nhidu goc ban tim va huéng 1a 0,5° d6 léch nay 1a khoang 150m). Khi sir dung
khoang diéu khién, ca hai phuong phap din khong bi anh huéng boi sai s goc phong va
dam bao dan dan chinh xac t&i muc tiéu .

6. KET LUAN

Bai bao di xay dung phuong phap mé ta chuyén dong ciia dan cai tién 9M22Y trong va
ngoai éng phéng dua trén co sé co hoc 1y thuyét vé hé nhidu vat, dong thoi da xay dung
luat diéu khién dan cai tién theo hai phuong phap dan. Két qua mé phong ciing cho thiy
tinh kha thi trong viéc cai tién ting d6 chinh x4c cho dan phan lyc kiéu 9M22Y bang cach
gan thém khoang diéu khién.

Két qua nghién ciru 1 co sé hién thyc hoa bai toan dan dan t&i diém gap voi do chinh
xéac yéu cau thong qua cac thiét bi do trén khoang. Cac két qua nay s& dugc lam sang t6 &
cac cong b tiép theo.
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ABSTRACT

ABOUT A METHOD OF IMPROVING THE ACCURACY OF SHOTS
FOR A MODIFICATION OF ROCKET TYPE 9M22Y
WITH THE GUIDANCE AND CONTROL COMPARTMENT

This paper presents a method of building mathematical model of the motion for a
modification of rocket type IM22Y improved by attaching the guidance and control
compartment, which is roll- isolated from the body, thereby building control law of
rudders to correct flight trajectory, improve the accuracy of shots for rockets.

Keywords: Rocket; Guidance and control compartment; Control law; Correct flight trajectory; Improve the
accuracy.
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