Co hoc — Co khi dong luc

MO HINH BAI TOAN MO TA CHUYEN PONG TRONG ONG
PHONG CUA TEN LUA NHIEN LIEU RAN KHONG PIEU KHIEN

Lé& Minh Thai, Nguyén Vin Diing, Hoang Khic Mién"

Tém tit: Bai bdo trinh bay mé hinh todn hoc mé ta chuyén dong trong ong
phong ciia tén lira nhién li¢u ran khong diéu khién tir khi phat héa dén khi mat lién
két co hoc véi ong phong, co tinh dén khe ho giita dan va ong phéng, chuyén dong
quay cham cua dan... Ap dung mé hinh d@é tinh todn cho dan phan liec 9IM-22Y do
Nha may Z113/Tong Cuc CNOP sdn xudt. Pdy la co s¢ khoa hoc dé nghién civu danh
hiong do dao déng cia truc dan trong thoi ky nay dén qud trinh chuyén dong cia
dan trong khong gian.

Tir khéa: Tén Itra khong diéu khién; Nhién liéu rén; Lyc ddy; Ap suét.
1. PAT VAN PE

D6i voi hé thong vii khi tén lira, giai doan tir khi phat hoa cho dén khi dan mét lién két co
hoc hoan toan v6i dan phong xdy ra rat nhanh. Bai bao dua ra mo hinh bai toan chuyén dong
trong Ong phong cua dan tén lira nhién liéu ran khong di€u khién voi cac gia thiét sat thyc &
hon so v6i cac m6 hinh truge day [1], nham xdc dinh cac déc trung chuyén dong cua dan voi
d6 chinh xac cao, phuc vu cho viéc nghién ctru qué trinh chuyén dong cta dan tén lua trong
khong gian, nghién ctru tan mat ctia dan va danh gid do chum caa dan khi ban.

2. GIA THIET VA HE TQA PQ
2.1. Cc gia thiét

Khi gidi bai toan chuyén dong trong dng phong cua dan tén lira, st dung cac gia thlet
sau: 1. Ong phong cimg tuyét dbi; 2. Khi dai dinh tdm trudc cia tén lira chua roi ong
phong, dan chuyén dong quay va tinh tién doc truc dng phong; 3. Giai doan tir khi dai dinh
tAm truge roi khoi 6ng phong dén khi dai dinh tdm sau thoat khoi miéng ong phong (dan
mat lién két co hoc hoan toan véi ong 'phong), dan khong bi guc, va dap voi 6ng phong va
chi tiép xtic v6i dng phong tai mot diém; 4. Giai doan chuyen dong trong ong phong la rat
ngén, coi khdi luong TL khong d6i, khong c6 su dich chuyén khdi tam, cac hé sb luc can,
lyc néng khong d6i; 5. Cac gia thiét ciia bai toan thuat phong trong dong co tén lira nhién
liéu ran theo [2].

2.2. Cic hé toa dd va moi quan h¢ giira chl'lng

- Hé toa d6 c6 dinh Oyxyz trén mit dat co goc toa 40 Op nam trén truc ong phong 0 thoi
diém trude khi ban; truc Opx 1 giao ctia mit phang ban v6i mét phang nam ngang qua gdc toa
do (truc 6ng phong), theo hudng bin 1a chiéu dwong; truc Ogy vudng goc voi truc Opx va
hudng 1€n trén; truc Oz cung vai Ogx va Ogy tao thanh tam dién thuén.

D%?.C diém chung cua hé toa do dong: géc toa do dat tai khdi tim O cua dan tén laa va
chuyén dong cung voi dan tén la.

- Hé toa d6 gitt hudng Oxyz, 12‘1’ hé toa do chuan vé hudng, cac truc ctia nd ludn song
song v&i cac truc cuia hé toa dd co dinh (Ox // Oyx; Oy // Ogy; Oz // Oyz).

- Hé toa do lién két Oxy;z; (hé toa d0 than dan), gén chat véi dan tén ltra trong qua
trinh chuyén dong, c6 cac tryc trung voi truc quan tinh chinh tdm cua vién dan. Trong do:
truc Ox; trung vdi truc hinh hoc (truc dbi xung) cua tén lira va hudng vé phia miii dan; Oy,
vudng goc v6i Ox;, hudng phap tuyén voi bé mat tén Itra 1én phia trén, thudc mit phang
dbi xting; Oz; cung véi Ox; va Oy, tao thanh tam di¢n thuan.

- Hé toa do van tdc (hé toa do duong dan) Ox;,yyz,: chtra lyc khi dong, trong do: Ox,
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trung véi vée to van téc cua khoi tim; Oy, vudng goc voi Ox, va theo hudng luc ning,
nam trong mit phing déi xtng; Oz, cung v6i Ox; va Oy, tao thanh tam dién thuan.

- H¢ toa do quy dao Ox;yszs: nham xéac dinh vén toc tuong ddi cua dan so véi hé toa do
co dinh. Trong d6: truc Ox; trung voi véc to van toc cua dan TL doi vdi trai dat; Oy;
vudng goc véi Ox; va huong 1én trén, thudc mat phang thang ding; Oz; cung voi Ox; va
Oy; tao thanh tam dién thuén.

Céac hé toa do lién két v6i nhau thong qua cac hinh 1, 2, 3.

g Y

Hinh 3. Hé toa do vin téc, hé toa do quy dao va hé toa do gitr huong.
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Ky hiéu cac goc trong cac hinh 1, 2, 3 nhu sau:

- Goc truong dong & 1a goc gitta hinh chiéu cua truc Ox;, 1én mit phang Ox;y; va truc
doc cia dan Ox;.

- Goc trugt [ 1a goc giira truc Ox; va mit phang dung (do c6 khe ho giita than dan véi
6ng phong).
- Goc dao y la goc gitra hinh chiéu truc Ox; trén mit phang ngang va truc Ox;

- Goc chong chanh & 1a goc giira truc Ox; va miat phang ngang.
- Goc nghiéng y 1a goc gitra truc Oz va Oxz; khi goc dao 7 =0.
- Goc tiép tuyén € 1a goc giita Ox; va mit phang ngang;
- Goc nghiéng vén toc 7, la goc gifra truc Oz, va Oz khi y, = 0;
- Goc dao van toe v, 1a goc gitta hinh chiéu ctia Ox;trén mat phing ngang va truc Ox;
- Goc lac van tbe &, 1a goc gitra truc Ox, va mat phing ngang;
- Goc léchz 1a goc gitta truc Ox va hinh chiéu cta truc Ox; trén mit phang ngang;
- Goc nghiéng 7, 1a goc gitra truc Oz; va Oz khi 5 =0.
3. XAY DUNG MO HiNH BAI TOAN CHUYEN PONG
CUA TEN LUA TRONG ONG PHONG

3.1. M6 hinh toan hoc giai bai toan thuit phong trong dong co tén lira nhién liéu rin
khong diéu khién

Thanh 1ap hé phuong trinh vi phan thuat phong trong ciia dong co tén lira nhién liéu rén
xac dinh quy luat thay doi ap sut theo thoi gian, tir d6 xac dinh quy luat thay dbi lyc day
ctia dong co. Hé phuong trinh vi phan thut phong trong va cong thic xac dinh lyc day
cua dong co [2] va [7]:

dy, _ Su pr
dt on
dZn ab dl//tp

dt :(1+bl//t,,)2 dt M)

d 1 1 d
d_]Z:_VlI%KO(k)EMM"fO+Su_V}(_%Jp S”anopT:I

n

Trong do: v, - Luong thudc phong chay twong dbi; S - Dién tich bé mat chay; u - Toc
do chay cua thudc phong; pr - Mat do thuoc phong; w~ Khéi luong thude phong; ¢~ Hé
s6 ton thét luu lu’o‘ng, Ky(k) - Ham chi s6 mii doan nhiét; p - Ap suét khi thudc trong budng

dot; x,- Hé sb ton that nhiét trong buong ddt; a, b - Céc hé s6 thuc nghiém; V - Thé tich tu
do cua khi tai mdi thoi diém; F,,- Dién tich tiét dién téi han cua loa phut; fo- Luc thudc
phong dang ap;

Luc déy cia dong co tén lia: R,=C,F,p (2)
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3.2. Mb hinh toan hoc giai bai toin chuyén dong trong dng phéng ciia dan phén lwc
khong diéu khién

Xuit phat tir dinh 1y dong lwong va dinh Iy md men dong luong két hop véi cac phép
bién ddi, thu dugc hé phuong trinh chuyén dong tong quat cua dan tén lira trong ong
phéng [3], nhu sau:
A (P + X, +F, +F, +0 +F, +F, +R, +N )

msxs

m
6 = r:v (PJ + X, F v F 0 +F, +F, +R +N )
=- 7 (P +X_ +F,. +F. +0 +F, +F_ +R, +N )
mv cos ’ ’ s .
@ = ZMX' +( ! _Jz)a),a)
J. J, nea
o, =J%{Z M, +(J.-J,)o,o.}
®. = JL{Z M, +(J, -J,)e,0,|

E=w, siny+w: cosy

l/) = c01s§ (a)yI cosy — @, sin 7)

j/: o, - tgf(a)yl cosy - o, sin 7/)

: 3)
x=vcosfcospy

y: vsin @

z= —vcosfsing

Khi chuyén dong trong 6ng ph()ng, hé thong luc tac dung 1én dan tén lura [1, 3], bao
gém: Luc day cua dong co tén hraP luc khoa hamR ; luc xiét rdnh xodn F Y (d6i voi
dan tén lra quay cham nho chét dan), cac luc do ong phong cong cuc b, cong toan phﬁn,

do dan mat can bang tinh, mét can bang dong N ”: ; luc ma sétF—ms ; luc do dao ddng cua
bé phong gay raFT,; trong lyuc 5; Iuc khi d@ng?; luc quan tinh Coriolis do su phut

khi; luc quan tinh Coriolit do trai dat quayF va lyc Magnus F,. g 5 ching duoc xéc dinh

trong hé toa do quy dao Ox;y;z;. Tuy nhi€n, voi dan tén lwra thi cac luc quan tinh Coriolis
va lyc Magnus c6 gia tri rit nho, nén trong tinh toan co thé bo qua.

M N M N M . la tong hinh chiéu cua ciac md men ngoai lyc va lyc khi dong tac dung
1én dan trén hé truc toa do lién két Oxyz;.
J»J,,J, - Cac md men quén tinh chinh trung tdm cua dan tén lira lay v6i céc truc clia

hé toa do lién két Oxy,z,.

o.,0,,0,,0,0,,0 la hinh chi€u vén toc goc va gia toc goc chuyén dong tuyét

doi cta tén Ivra trén hé toa do lién ket Ox;y,z;.
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Két hop cac phuong trinh va hé phuong trinh (1), (2), (3), ta dugc hé phuong trinh vi
phan giai dong thoi bai toan thuat phong trong v6i bai toan chuyén dong trong éng phong
cta dan tén ltra nhién liéu ran khong diéu khién.

Vi diéu kién tai thoi diém ban dau: ¢ = t; y=x(t0); p=p(te) =Pmiis Wip =Wp(te); v="(to);
Wy 1= Wx(ty); W= @y1(ty); 1= Wty n=n(ty); 0=0(t),; w=y (t); {=C (ty); y= y(ty),; x=
X(to): y= y(to); z= z(ty);

3.3. Giai bai toan chuyén ddng trong 6ng phéng ciia dan phan luc khong diéu khién
M21-O®

Giai bai toan chuyen dong trong 6ng phong cua dan tén ltra M2/-O® theo m6 hinh vira
xay dung, v6i sb liéu dau vao va cac thong s tai thoi diém ban dau £ = t,= 0 theo [4, 5, 6].
Hé phuong trinh vi phan duoc giai bang phuong phap s6 theo thuat toan Runge-Kutta,
bién tich phan 1a thoi gian. Két qua giai bai toan chuyén dong trong 6ng phong cua dan tén
lra M21-OD & gbc tam 25°, khi phéng don, dugc dua ra ¢ cac bang 1, 2 va do thi (hinh 4,
5, 6, 7), nhu sau:

< 10° Quy luat luc day Ptp=fit) Quy luat ap suat p=f(t)

3
Pip ]| | a

5

i
plPal

t[;] ' : : : : sl
Hinh 4. D6 thi quy ludt thay doi luc day Hinh 5. D6 thi quy ludt thay doi ap sudt
theo thoi gian. theo thoi gian.
Bing 1. Cdc tham sé co ban cia bai todn TPT va so sanh véi gid tri ciia nhd san xudt
cung cap doi voi tén lia IM22Y.

S ’ . Pon | Gié tri G12} tri I\lha S’al sO glualgla tr}
Céc dai lugng . , , san xuat | tinh toan v&i Nha
TT vi | tinh toan z , 1
cung cap san xuat
1 |Thoi gian lam viéc cua dong co ¢. K 1,8794 1,88 0,32%
2 |Thoi gian chay cta thudc phong f, N 1,8329 1,84 2,4%
3 |Luc diy 16n nhit P, kN | 45,185 45 0,411%
4 |Ap suat 16n nhat p,,. MPa| 17,688 17 4,047%

GlAl DOAN TL CD TRONG ONG PHONG GlAl DOAN TL CD TRONG ONG PHONG

Do cao y[m]

Do lech huong z[m] 0 o Thoi gian t[s]

tam ban x[m]

Hinh 6. Quing dwong va vin toc khi dan tén lira chuyén dong trong ong phéng.
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omegax

GIAI DOAN TL CD TRONG ONG PHONG
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Hinh 7. Vin toc géc va quy ludt thay doi géc léch huéng W cua TL.

Bing 2. Gid tri cdc tham s6 dong hoc khi tén liva mdt lién két véi ong phong.

Tham sé tn[5] x(¢,) [ml | »(z,) [m] z(t,) [m] 6(t,, ) [rad)
Gia tri 0.13142 3.000156 1.312537 0.0013285 0.406967
Thamsé | 77(z, ) lrad) | v(t,)[m5s] | o, (t,)[ads] | @, (t,)ads] | @, (t,)[ads]
Gia tri -0.00059 49.84716 32.33797 -0.13782 -0.10711
Thamsd | &(2,)lrad) | w(t,)lrad) | 7(2,)lrad) | &(2,)0ad) | B(t,)0ud]
Gia tri 0.425849 0.0013193 2.036543 -0.002412 0.0008933

Theo két qué tinh toan va so sanh ¢ bang 1, thiy rang: sai léch ctia mot s6 tham s0 co
ban gitra két qua tinh toan bai toan thuat phong trong vdi gia tri cua nha san xuat cung cap
1a nho va chap nhan dugc, khang dinh do tin cdy ctia m6 hinh bai toan thuat phdng trong.

- Theo db thi tai cac hinh 6, 7, thay rang: quing duong dan tén lira chuyén dong trong
6ng phong theo cic phuong ox, oy, 0z; van tde dai v, véan toc quay quanh truc dan @,
goc l1éch hudng y va gbc quay y cuia truc dan tang theo thoi gian, dam bao dung quy luat;
tai miéng Ong phong: v,, = 49.84716 m/s; o, =32.33797 rad/s so v6i gia tri tinh toan cua
Nha san xuét [5, 6]: v, = 47.73 m/s; @, = 36.44256 radls sai léch lan luot 1a 4.436% va

11.263%. Gia tri sai léch tu:ong‘déi nho, nhu vdy md hinh bai toan chuyén dong trong dng
phong cua dan tén Itra khong diéu khién la dang tin cay.

- Tai miéng nong, cac goc: §(tm)= -0.002412 rad, Iy(tm)= -0.00059 rad, chung dat

gia tri Am chung to huéng cia véc to van téc dan ludn guc xudng va léch trai. Piéu nay
giai thich ly do trong tai liéu [5] khang dinh: “Trong moi trudng hop phai sira mot lugng
sua phu vé hudéng ‘Phai’”.

- Thoi gian dan chuyén dong trong 6ng phong: 7, = 0.13142s, theo [2], #,, = 0.136s sai
1éch 3.37%; két qua trong bang 2 1a cac tham s6 dong hoc ban dau dé giai bai toan chuyén
dong khong gian cia dan tén Itta khdng diéu khién c6 tinh dén dao dong dan phong.

4. KET LUAN

Bai bao da thanh 1dp m6 hinh toan hoc va xdy dung chuong trinh tinh toan bai toan
thuét phong trong dong co tén lira nhién liéu ran dong thoi v6i bai toan chuyén dong trong
bng phong cua dan tén lua. Ap dung mé hinh di xay dyng dé tinh toan cu thé bai toan
chuyén dong trong bng phong cua dan phan lyc M-2/0® do Nha may Z1 13/T6 ong cuc
CNQP san xut. Trén co sd két qua tinh toan ¢ thé dua ra phuong an thiét ké, ché tao
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cling nhu stra chita tén lira, bé phong, dic biét phuc vy truc tiép cho qua trinh giai bai toan
chuyén dong trong khong gian va tinh toan d6 tan mat cua dan tén lira nhién liu rin
khong diéu khién, ciing nhu viéc déanh gid d6 chum ciia dan khi tac chién.

TAI LIEU THAM KHAO

[1]. BO mén Co s& bin Khoa Vii khi Hoc vién Ky thuat Quan su (2003), Gido trinh thudt
phong ngoai, NXB Quan doi nhan dan.

[2]. Pham Thé Phiét (1995), Ly thuyét dong co tén lira, Hoc vién K¥ thuat Quan su.

[3]. Nguyén Xudn Anh (2000), Péng liec hoc bé phéng tén lira, Nha xuit ban Quan doi
nhan dan.

[4]. Pham Hong Sinh (2011), Nghién ciru déng lwc hoc dan phdng ddt trén xe banh lop,
Luén an Tién si ky thuat, Ha Noi.

[5]. Nguyén Duy Phon (2017), Nghién ciru dnh hwéng ciia mét s6 yéu té nhiéu dong ban
dau khi dan tén lira khéong diéu khién roi bé phong dén d¢ chinh xdc bdn, Luan an
Tién s7 ky thuat, Ha Noi.

[6]. M. Khalil*, H. Abdalla* and O. Kamal*, Trajectory Prediction for a Typical Fin
Stabilized Artillery Rocket, Military Technical College, Kobry Elkobbah, Cairo, Egypt.

[7]. B.B. Opnos (1974), I[lpoexmuposrue pakemuwvix u CMEOIbHLIX cucmem, MOCKBa
MaurHOCTpOHHUE.

ABSTRACT

THE MATHEMATICAL MODEL DESCRIBES THE MOTION IN THE LAUNCHING
TUBE OF AN UNCONTROLLED SOLID-FUEL ROCKET

This article presents a mathematical model describing motion in the launch tube
of the unguided solid-fuel rocket, from firing until the mechanical link with the
launching tube disappeared, taking into account the gap between the rocket and the
launching tube, slow rotation of missiles ... The model is calculated for the 9M-22Y
missile produced by the Z113 Factory/General Department of Defense Industry.
This is the scientific basis for studying the effect of the oscillation of the vertical axis
of bullet in this period on the movement of the rockets in space.

Keywords: Unguided rocket; Solid propellant; Mropulsive force; Pressure.

Nhan bai ngay 01 thang 7 nam 2018
. Hoan thi¢n ngay 10 thang 9 nam 2018
Chap nhan dang ngay 20 thang 9 nam 2018

Dia chi: Hoc vién K¥ thudt quan suy.
" Email: anhmien125@gmail.com.

238 L. M. Thdi, N. V. Diing, H. K. Mién, “Mé hinh bai todn mé ti ... khong diéu khién.”



