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KHAO SAT ANH HWONG CUA TOC DO QUAY CHAM DEN CAC
THONG SO PONG HOC KHI BAN TEN LA ON BINH
CANH BAY TREN QUY PAO

EXAMINING THE SLOW SPIN SPEED EFFECT OF THE ROCKET ON
KINETIC PARAMETERS WHEN THE ROCKET STABILIZES WINGS
ON TRAJECTORY

Lé Minh Thai, Nguyén Vin Diing, Hoang Khic Mién
Hoc vién Ky thudt Quén su

TOM TAT

Bai bao trinh bay mé hinh toan hoc mé ta chuyén dong trong khéng gian cua tén lira nhién
liéu ran khong diéu khién tir khi mat lién két co hoc véi ong phéng dén khi cham muc tiéu va khdo
sat anh hwong cia toc do quay chdm dén cdc tham sé dong hoc khi dan bay trén quy dao. Sir dung
mé hinh nay dé khao st doi voi dan phan lyc IM-22Y, do Nha may Z113, Téng cuc Cong nghiép
Quoc phong san xudt. Két qua thu dwoc la co sé khoa hoc dé dwa ra giai phap tang dé on dinh
c'ln(vé}? dong, do chinh xac ban va do chum cho dan tén lita khong diéu khién.

Tir khéa: Tén lira khong diéu khién; Toc do quay; Luc day; Quy dao.
ABSTRACT

This article presents a mathematical model describing the space motion of the zmguided
solid-fuel rocket, from the loss of mechanical link with the launching tube to the target. Farther
more, we examine the spin speed effect of the rocket on kinetic parameters when the missile flys on
the orbit. This model is used to survey the 9M-22Y missile produced by the Z113 Factory/General
Department of Defense Industry. The recieved results are the scientific basises to provide many

solutions for increasing motion stability, firing accuracy and reducing scatter for uncontrol missiles.

Keywords: Unguided rocket; Spin speed, M"Oplll'vae force, Trajectory,
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1. DPAT VAN BE

Do céng nghé ché tao va lién két lap
ghép gitra céc chi tiét, bo phan tao thanh
mot tén Itra hoan chinh 1a khong tuyét doi
chinh xac, 1am anh huéng dén tinh déi xung
va sur df“)ng truc cua céc chi tiét trén dan. Su
mat déi xtmg va su khong dong truc do sé
lam dnh huéng dén quy luat chuyén dong
cua dan trong khéng khi, chinh vi viy ma
cac nha khoa hoc tén ltra da dua ra phuong
an tao chuyén dong quay chiam cho dan
tén Itra 6n dinh canh trén sudt quy dao bay,
nham dam bao cac chi tiét, b phan trén tén
Itra luén dong truc trong qué trinh chuyén
dong khong gian, do do lam tang d¢ 6n dinh
chuyén dong cho dan, tang do chinh xéc bin

(11, [3].

Bai bao khao sat anh huong cua
thong sé van toe goce dén cac tham sé chuyén
dong cua dan théng qua giai hé phuong
trinh vi phan chuyén dong tdng quat mé ta
chuyén dong khong gian ddi véi mot loai
dan tén Itra khong diéu khién cu thé.

2. GIA THIET VA HE TQA PO
Céc gia thiét:

Khi giai bai toan chuyén dong trong
011g phong cua dan tén lua, st dung cac gia
thiét sau: 1) Trai dat phang va khong quay,
gia toc trong truong cd hudng va gia tri
khong doi; 2) Vi tri trong khong gian cua
dan nhu vat thé tu do duoc xéc dinh bing
ba toa d6 xac dinh vi tri khdi tAm va ba goc
xac dinh chuyén dong quay ddi voi cac truc
toa do; 3) Coi vi tri trong tdm va khdi luong
ctia dan la khong doi; 4) Cac gia thiét cua
bai toan thuét phong trong dong co tén lua
nhién liéu ran theo [2].

TAP CHI CO KHI VIET NAM, Sé 8 nam 2018

Cic hé toa d6 va moi quan hé giira chiing:

Pé nghién ctru qué trinh chuyén dong cua
dan tén ltra khong diéu khién chiu sire hat cua trai
dat, sir dung hai nhém hé toa do: Hé toa d6 cb
dinh va hé toa d6 dong, dong thoi xac dinh céc
goc quay lién hé cac hé toa d§ dugc trinh bay cu
thé trong tai lidu [4].

3.XAYDUNG MO HINH BAI TOAN CHUYEN
DPONG TONG QUAT CUA TEN LUA TRONG
KHONG GIAN

3.1. M6 hinh toan hgc giii bai toan thuat phéng
trong dong co' tén lia nhién li¢u rin khong
diéu khién

Thanh 1ap hé phuong trinh vi phin thuat
phong trong cua dong co tén ltra nhién lidu rin
xac dinh quy luat thay doi ap suit theo thoi gian,
tir d6 xac dinh quy luat thay d6i luc day cua dong
co. Hé phuong trinh vi phan thuédt phong trong va
cong thirc xdc dinh lyc day cua dong co [2] va [7]:

dyf“, _Sup,

dt @,

‘_"é _ ab “’ﬂ ( 1 )
dt (1 + by’rp ): dt

dp 1 1 d .
$=_V[[¢1Ku(k)17m\fz.:ﬁ] +8u~J 7_%][)_5“1”]‘“[7;}

Trong do: v, - Luong thudc phong chay
twong ddi; S - Dién tlch bé mit chay; u - Téc do
chay cta thude phong p, - Mét do thuoc phong,
o, - Khbi luong thude phong; ¢, - Hé s6 ton that
lLru lucmg K (k) - Ham chi s6 mii doan nhlet p
- Ap sudt khi thudc trong budng dét; - He so ton
thit nhiét trong buong dét; a, b - Cac hé so thure
nghiém; V - Thé tich tu do cua khi tai mdi thoi
diém: F - Dién tich tiét dién t&i han cua loa phut;
f - Luc thude phong dang ap;
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Luc day cta dong co tén lira:

R{p = Cp F;Ir p (2)
3.2. M6 hinh to4n hgc gidi bai toin chuyén
dong trong khéng gian ciia dan phan luc
khong diéu khién

Xuat phat tir dinh 1y déng luong va
dinh 1y m6 men dong luong két hop véi cac
phép bién ddi, thu duoc hé phuong trinh vi
phan (3) mé ta chuyén déng cia dan tén lira
trong khong gian, nhu sau:

1

Y =;(JD” + X.‘ it F;xruj:l'_\ +Qr_. * E‘l‘l; )

f=- —(P,+X, +F,, +0 +F, )

my

n=—

mvcos@ (P * X* + Furr + Q:! 25 Jz':_’,:3 )

o 2My =)

J

x

ril)(z)

@ =

Wy, :JL{ZM ), @ }
L
J,

(XM, +(1,-1)o,0,) (3)

S=w, siny+w: cosy

1 .
W= w(m‘ COSy — @, smy)
cosg ! -

y=w, - .'gf(cu‘,: cosy —w, sin ;V)
x=vcosfcosn

y=vsinf

z=—vcosfsinny

Khi chuyén dong trong khéng gian,
hé théng luc tac dung 1én dan tén lwra [, 3],

bao gébm: Luc day cua dong co tén lira P :

Trong luc § ; Lure khi dong X Luc quan tinh
Coriolis do sy phut khi; Lyc quén tinh Coriolit
do trai dt quay F va luc Magnus Fum g
Chung duoc xac dmh trong hé toa do quy dao
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Ox,yz.. Tuy nhién, vdi dan tén lira thi cac luc
quan tinh Coriolis va lyc Magnus c¢ gi trj rat
nho, nén trong tinh todn cé thé bo qua.

M, M, M, la tong hinh chiéu cua
cdc md men ngoai Iuc va luc khi dong tac dung
Ién dan trén hé truc toa do lién két Ox Y2

JJ,,J, la cic md men quan tinh
chinh trung tdm cua dan tén lira 1y véi céc
truc ctia hé toa do lién két Oxyz,

o ,0,,0,_, a) a) a) la hinh chiéu
van toc goc va gla the goc chuyen dong tuyét
doi cua tén lira trén hé toa do lién két Oxyz,.

Két hop céc phuong trinh va hé phuong
trinh (1), (2), (3), ta duoc hé phuong trinh vi
phan téng quat giai ddng thoi bai toan thudt
phong trong véi bai toan chuyén dong trong
khong glan cua dan tén Itra nhién liéu rin
khéng diéu khlen

Vm didu kién tai thoi diém ban du, dan
roi miéng 6ng phong: 1=t ;y=x(t ); p=p(t B o o
v, —t/ﬂ)(”) v=u(t ); cu‘i= w (t )=[0+60]rad/s;
o, =wylt) o =w,/t) n= n,); 0=0(t ); y=y
) ¢ () y= )’(1‘,,) x=xt,); y=yt); 2=z ),

3.3. Khao sat anh huéng cia tée d¢ quay
dén cac thong s6 dong hoc Kkhi dan tén lira
M21-O® bay trén quy dao

Giai bai toan chuyén dong trong khong
gian cua dan tén Itra M21-O® theo md hinh vua
xay dlmg, véi s6 lidu diu vao va cac théng s6 tai
thoi diém ban dau t = t theo [4, 5, 6] va bang 2.
H¢ phuorng trinh vi phan dugc giai bang phuomg
phap s theo thudt toan Runge-Kutta, bién tich
phan 1a thoi gian. Két qua giai bai toan chuyén
dong trong khong gian ctia dan tén lira M27-Od®
& goc tim 22°, phong don, duge dua ra & cac
bang 1, 3 va d6 thi (Hinh 1,2, 3), nhu sau:
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Hinh 1. P6 thi quy ludt thay doi ap sudt theo thoi gian
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Hinh 2. D6 thi quy ludt thay doi e ddy theo thoi gian

Bang 1. Cac tham s0 co ban ctia bai toan TPT va so sanh vdi gid tri ciia nha san xudt cung cdp doi véi tén hia

9M22Y:
o . . . |Saisd giira gia tri
STT Cic dai lugng Don vi | Gid tri tinh toan | Cla rimhAsAn | n véi nha
: : Xudt cung cap % )
san xuat
| Thoi glaAn lam viéc cua . 1.8794 .88 0.32%
dong co't,
) Thoi gian crhay cua thuoc . 1.8329 1.84 2.4%
phong ¢,
3 Lyc day Ién nhit P kN 45,185 45 0,411%
+ Ap suét lon nhitp MPa 17,688 17 4,047%

Bang 2. Gia tri cdc tham sé dong hoc khi tén hira nzar lién két véi ong phéng théng qua viéc giai

hé phwrong trinh vi phdn mé ta chuye:i dong trong ong phong ciia dan tén lira nhién liéu ran khong
diéu khién, géc tam ¢ = 22°

Tham s t [s] x(t ) [m] y(t ) [m] z(t ) [m] 0(t ) [rad]
Gia tri 0.12987 3.00005 1.130077 0.0013561 0.354857
Tham sd n(t ) [rad] v(t,) [rad] o, (t ) [rad] o)yl(tm) [rad] o, (t ) [rad]
Gia tri -0.000597 49.38106 0+60 -0.13318 -0.11493
Tham s E(t,) [rad] w(t,) [rad] y(t ) [rad] 3(t ) [rad] B(t ) [rad]
Gia tri 0.373610 0.0012640 1.987698 -0.002352 -0.00010028 -
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DO LG MOC Gl DA 1 BOND LUC +OC (I, O L

e g g

OCRal LUC MOC Lk B B

w =0, w = 20; w = 40; w = 6
Hinh 3. Quy ludt thay doi theo thoi gian cua cdac tham so déng hoc: x, y, z, N va w khi thay doi toc do goc
quay quanh truc dan, goc phong: ¢ = 22°

Bang 3. Két qua tinh toan cac tham 50 dong hoc co ban cua dan TL
M-210® bay trong khéng gian khi thay doi toc do goc w_ , goc phong: ¢ = 22"

Tham sb
) t [s] x(t) [m] y(t) [m] z(t) [m] | v(t) [m/s] | 6(t) [rad]
Théi diém N
1.83987 | 533.6095 | 1954798 | 2.39133 | 704.6824 | 0353892
w =0 Y e 21.25987 8587.616 1931.913 -50.3696 322.2444 | -9.13E-05
R 47.21987 15687.88 -0.88094 -116.182 278.0059 -0.50306
Voo 1.83987 533.6571 195.3428 -2.8479 704.6827 0.353313
=20 Vo | 1945987 | 8025438 | 1812474 | -51.0853 | 3353543 | -0.000012
X | 4174987 | 14369.88 | -045685 | -94.499 | 290.059 | -0.54598
Vo 1.83987 533.65R81 195.348 -2.38055 704.6823 0.353431
® =40 Yow | 1942987 | 8015.172 | 1813.055 | -43.5566 | 335.5254 | -7.66E-05
X | 4175987 | 1437204 | -1.07386 | -80.1243 | 290.0565 | -0.5488
Vo 1.83987 533.6591 195.353 -1.87016 704.6825 0.353466
=60 Yow | 1941987 | 8011.816 | 1813.128 | -35.0346 | 3355861 | -8.17E-05
B 41.75987 14372.08 -1.03239 -64.4746 290.057 -0.5497
t [s] n(t) [rad] | 8 (t) [rad] | B (t) [rad] | y(t) [rad] | w(t) [rad]
Vs, 1.83987 0.005433 -1.7E-05 0.001324 1.511023 0.006973
w =0 Y i 21.25987 0.006722 | 0.001263 0.025018 1.510872 0.01108
X 4721987 0.013562 -0.00127 0.058699 1.564995 0.03256
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Vo 1.83987 | 0.006308 | -0.00071 | -0.00115 | 35.54847 | 0.006978
® =20 Yo 19.45987 | 0.006657 | -0.01320 | 0.021273 | 247.1485 | 0.00793
X 41.74987 | 0.006797 | -0.02717 | 0.056637 | 372.6083 | 0.012165
v 1.83987 | 0.005403 | 0.001345 | 2.77E-05 | 69.10921 | 0.005972
® =40 v 19.42987 | 0.005508 | -0.00489 | 0.024438 | 491.8455 | 0.006443
X 4175987 | 0.005754 | -0.02834 | 0.056403 | 743.3338 | 0.008568
v 1.83987 | 0.004336 | -0.00075 | 0.001114 | 102.67 | 0.004869
® =60 y 19.41987 | 0.004435 | 0.00422 | 0.024558 | 736.539 | 0.005186
X, 41.75987 | 0.004586 | -0.02611 | 0.057319 | 1114.01 | 0.006608

Theo d6 thi tai cac hinh 1, 2 va bang
1, dua ra nhdn xét: Quy ludt thay d6i theo thoi
gian cua ap suét trong budng dét va luc day
dong co dam bao dung quy luét [2].

Theo céc dd thi tai hinh 3 va bang 3,
thiy ring: Khi bdn dan TL khéng co chuyen
dong quay quanh truc doc, thoi gian va cac
tham s6 dong hoc cua dan dat gia tri lén nhat
so vai khi dan c6 chuyén dong quay, dac biét
la tam bén, d cao quy dao va dg léch hudng
diém cham.

Khi ban dan TL ¢6 chuyen dong quay
cham quanh tryc doc vai vén toc quay tang
1én, thay rang: Van toc dan tai thoi diém thudc
phong chay hét thay déi rét bé; tong thoi gian
bay ctia dan khac nhau mot lwong rat nho; tim
bin, do cao quy dao chénh léch khong nhiéu,
cO vai mét, bién do cua goe dao y va goc léchn
giam dan, goc quay quy dao y ting. Tuy nhién,
d6 1éch hudng diém cham giam mot lugng 16m,
cd vai chyc mét, nhu vy khi ting van tdc quay
chdm cua dan sé ting d6 chum cho phat bit,
phu hop vai khing dinh trong tai li¢u [3], [6].
Tir két qua khao sit, co thé dua ra bién phap
tao chuyén dong quay cham cho tén ltra 6n
dinh canh voi gia tri vin toc quay, phu hop,
nhim tang d6 chum, dé chinh xac ban.

4. KET LUAN

Bai bao da thanh 1ap md hinh toan hoc
va xdy dung chuong trinh tinh toan bai toan
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thuat phong trong dong co tén Itra nhién liéu
rin, dong thoi voi bai toan chuyen dong khong
gian cua dan tén ltra. Str dung mé hinh da xay
dung dé tinh toan va khao sat anh huong cua toc
do quay cham den cac thong sb chuyen dong
khong gian khi bin dan phan luc M-2100.
Két qua bal bao co tinh chat du bao vala co so
khoa hoc dung lam tham khao cho viéc dua ra
phuong an thiét ké, ché tao cing nhu stra chira
tén Itra, bé phong, dic biét phuc vu truc t1ep
cho nhi¢m vy nghlen ctru giai phap tang d on
dinh, d¢ chinh xéc ban va do chum cho dan tén

lira khong diéu khién 6n dinh canh. <
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