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KHAO SAT DAI CHIEU DAI RAY TRUOT PHONG VAT BAY
TREN XE

INVESTIGATING THE LENGTH OF THE GUIDE TO LAUNCH
FLYING OBJECTS ON A VEHICLE

TS. Vo Anh Hiéu

Vién Khoa hoc va Cong ngh¢ Quan sy
TOM TAT

Bai bdo trinh bay phiong phdp tinh todn chiéu dai ray truot dé dam bdo so toc roi bé cho
vdt bay. Bcing viéc khao sat dong luc hoc cua co hé thu dwoc hé phwong trinh vi phdan mo ta chuyén
ddéng cia vit bay trén ray truot. Thong qua viéc gidi hé phwong trinh bang phwong phdp s6, bai
bdo tién hanh khdo sdt danh huéng cia chiéu dai ray truot dén so toc roi bé ciia vit bay. Két qua
tinh todn trong nghién civu ndy la co sé cho viéc tinh todn, thiét ké bé phéng dé phéng vit bay mang

theo chudi khoi lwong co ich dat trén xe.
Tir khéa: Vit bay; Chiéu dai dwong truot; So toc roi bé.
ABSTRACT

This paper presents a method to calculate the length of the guide to ensure the launcher
leaving speed for the flying object. By investigating the dynamics of the launcher, the differential
equations obtained describe the motion of the flying body on the guide. By solving the system of
equations by numerical method, the article investigates the influence of the guide length on the
departure speed of the flying object. The results in this article are the basis for the calculation and
design of the launcher to launch the flying object with the useful mass chain placed on the tracked

vehicle.

Keywords: Flying object; Length of the guide; Launcher leaving speed.
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1. PAT VAN PE

M0 hinh bé phong dat trén phuong tién
mang dang rat dugc quan tim hién nay [1] boi
vi tinh co dong cao va giup gidi phong stic
mang vac cho con ngudi. Ngoai ra, khi dat trén
xe, chung ta co thé ting dang ké khdi luong co
ich. Khi b tri b¢ phong trén xe, dbi véi moi
mot loai vat bay can xac dinh dugc khoang
chiéu dai ray trugt dé bé tri phu hop véi két ciu
cua phuong ti¢n mang.

Khi tang khéi luong cta vt bay, dé
dam bao van tdc ban dau du lon ¢ thoi diém vat
bay roi khoi dudng truot, can nghién ciru khao
sat chiéu dai ray truot ctia bé phong [2].

Trong cac cong trinh [3] va [4], khi
nghién ctru vé vat bay kéo theo chudi khoi
lwong c6 ich, cac tac gia da tién hanh tinh toan
vé cac thanh phan cuta t6 hop vat bay kéo theo
chudi khéi lugng ¢ ich. Tuy nhién, trong cac
nghién ctru d6 da khong tinh dén sy thay doi
khéi lugng cua vat bay khi né chuyén dong trén
ray trugt. Cach tinh toan nay c6 wu diém I don
gian hoda cac phép tinh, tuy vay nd sé lam giam
dd chinh xéac khi xac dinh vén toc roi ray truot
cling nhu chiéu dai ray truot.

Dé giai quyét van dé nay, trong bai bao
nay, tac gia da bd sung phuong trinh do hut
khdi cua vét bay vao mé hinh toan sy chuyén
dong cua vat bay trén ray truot. Thong qua viéc
giai mo hinh toan d6, bai bao di tién hanh khao
sat anh hudng cua chiéu dai ray trugt dén so toc
1o bé ctia vat bay. Két qua nay 1a co so cho viée
thiét ké bé phong cho phdi bo vét bay kéo theo
chudi khdi luong c6 ich.

2. XAY DUNG MO HINH TOAN
2.1. Cac gia thiét ban dau

Hé “Bé phong - vat bay” 1a mot ddi
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twong nghién ctru dong hoc trong d6 ¢ nhiéu
chi tiét dan hoi, co bac tu do 16n, chiu tic dung
ctia nhiéu loai tai trong. Vi su phan bd cia hé
ludn thay d6i nén viéc biéu thi toan bd qua trinh
dao dong cua bé va gidi phuong trinh 1a mot
viéc 1am hét strc phtec tap. Do vay, chung ta can
phai dua ra cac gia thiét thich hop va dya vao
do6 viéc gidi phuong trinh s€ tién loi hon [2].

Trong bai bao nay, tac gid su dung céac
gia thiét nhu sau:

- B6 qua anh huong cua moi truong
khong khi;

- Khong xét dao dong cia b¢ phong. B¢
phong duge xem 14 cing tuyét doi;

- Lyc day cta dong co trén vat bay tac
dung theo phuong trung voi truc doc cua vat bay;

- Bo qua lyc kéo cap vi ¢ giai doan trugt
trén ray cap chua du cing dé kéo chudi khoi
luong c6 ich;

- Xét chuyén dong cua vat bay trong
mit phang ban.

2.2. H¢ quy chiéu ciia co hé

Vi céc gia thiét néu trén, co hé sé la
mo hinh vat bay chuyén dong doc truc voi mot
bac tu do. HE quy chiéu duoc sir dung 1a h¢
quy chiéu quéan tinh Oxz, ¢6 gbc toa dd O gin
v6i mot diém cb dinh trén ray truot, c6 phuong
Ox song song véi ray truogt va co chiéu theo

chuyén dong cua vat bay (hinh 1).
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Hinh 1. M6 hinh vat bay trén ray truot
1 - Ray truot; 2 - Vat bay, 3 - Xe mang

2.3. Cac ngoai luc tac dung Ién vat bay

Khi chuyén dong trén dudng trugt, vat
bay chiu tdc dung cua cac lyc sau (hinh 1):

- Lyc day cta dong co trén vat bay F .
dugc xéac dinh tr tinh toan dong lyc ctia dong
co dé dam bao tdm xa cua vat bay. Viéc tinh
toan dong luc nay dua vao cac mau dong co
clia cac vat bay kéo theo chudi nd co ich thé
hé trude va két qua tinh toan trong cong trinh
[5]. Piac tuyén lyc day dong co theo thoi gian
¢6 quy lut nhu trén hinh 2. N§i suy tuyén tinh
tung doan theo thoi gian dudi dang:
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Hinh 2. Lyc day déng co theo thoi gian

- Luc trong trudng cua vat bay P: Trong
luc P tac dung 1én vat bay dugc chia lam hai
thanh phan gém thanh phan theo tryc Ox va Oz,
gié tri cta chiing dugc thé hién & cac cong thirc
dudi day.

P =mgsina (2)

P =mgcosa 3)

Trong d6: m - Khéi luong cua vat bay;
g - Gia toc trong truong; o - Goc ban.

- Phan lyc cua ray truot 1én cac vau
truot trén vat bay N, N.:

Gia tri cac phan luc nay can thoa min
hai phuong trinh can bang theo luc va m6 men.
Phuong trinh can bang lyc theo phuong Oz:

N, +N, =mgcosa @)

Phuong trinh can bang mo6 men tai khoi
tam O cua dong co:

(F,+F

msl msz)h_Nlll +N,l, =0 (5)

Trong d6: h 1a khoang cach tir bé mat
trugt cua ray trugt dén khoi tdm cia vat bay; 1,
1, 1an luot la khoang céach tir khoi tdm cua vat
bay dén cac vau truot sau va trude.

- Lyc ma sat giita vau truot va dudng
truotF_ ,F__:Luc ma sat tdc dung l€n cac vau
cua vat bay 1a lyc ma sat trugt can Culong, c6
chiéu nguoc voi chiéu truc Ox.

F,q =N, 6)

F,o=mN,
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Trong phuong trinh (6), M, vau, la he
s6 ma sat truot gitra bé mit ray va bé mit vau
truot.

Thay cac luc ma sat (6) vao phuong
trinh (5) thu duogc:

(/"1N1+:U2N2)h_N111 +N,,, =0 (7)

T cac phuong trinh (4) va (7) nhan
dugc cac bicu thirc phan lye N, N_:

= L+ h mg cosa
l1+lz+h(ﬂ2_ﬂ1)
I~ uh 8)
, = L mg cosa

ll"'lz"'h(,uz_M)

2.4. Thiét 1ap hé phwong trinh vi phan

Str dung dinh luat IT Newton dé thiét lap
phuong trinh chuyén dong theo phuong Ox, ta
duoc:

mx=F, —F

ms1

Fmsl - Px (9)

Thay cac luc duoc xac dinh tir (1) dén
(8) vao phuong trinh (9), ta duoc:

) Lu+1 :
mit— e cosa s mgsing - £, (1)=0 (10)

11+lz+h(/12_:u1)

Khéi lugng vat bay ciing s& thay doi
trong qua trinh vat bay chuyén dong, do d6 néu
coi thuc phong chay 1a dinh dién thi phuong
trinh d6 hut khdi duogc tinh gan ding theo cong
thire [6]:

m
. (11)
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Trong do: m,_ - Khoi luong ban dau cua
thudc phong; t - Thoi gian chay hét cua thudc
phong.

Hé phuong trinh vi phan mé ta chuyén
dong ctia vat bay trén ray trugt bao gom céc
phu’ong trinh (10), (11) va cac diéu kién ban
dau dé giai hé phuong trinh vi phan bao gom:

X, =0, x,=0 va m=m,.
3. KET QUA TiNH TOAN, THAO LUAN
3.1. S0 liéu diu vao

Dé khao sat phan tich két qua, bai bao
str dung bo thong sd dau vao dua trén tai liéu
tham khédo trong cong trinh [5] va tinh toan

thiét ké so bd dong luc cho dong co cua vat bay.

Bdng 1. Cdc théng sé dau vao

Théng sb Gia tri

Khéi lwong ban dau vat bay 184 kg
Khéi lugng ban dau cia
thudc phong S6kg
Thoi gian chay hét cia

A r 474 S
thuoc phong
Goc phong 50°

So toc roi ray dan huéng

yéu ciu 24 m/s +~ 28 m/s

H¢ s0 ma sat giira bé mat

ray va mat vau M= 1, =045
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3.2. Phwong phap tinh todn va phan tich két
qua

Str dung phuong phép s6 Runge-Kutta
dé giai hé phuong trinh vi phan thu dugc & muc
2. Viéc tinh toan dugc thuc hién béng ph?m
mém Matlab, két qua tinh toan duoc thé hién
trong cac hinh dudi day.

Trén hinh 3 thé hién d thi van toc cia
vat bay ¢ giai doan trén ray truot. Cac duong
“_” mb ta cac gia tri nho nhat va 16n nhat cia
50 toc 10 ray trugt theo yéu cau (V,,, = 24 m/s,
V., =28 m/s). Theo d6 thi trén hinh 3, twong
{g véi cac dai lugng van toc nay 1a cac gia tri
vé thoi gian ¢, =0,151s, ¢, =0,176 s.

st

M

25

Wi We ]
= - "
= [= =

1]

.08 015

Thidri gian [8]

Hinh 3. Van téc vit bay giai doan trén ray truot

Trén hinh 4 thé hign d6 thi toa do vat
bay trén ray theo thoi gian. Tuong tng vai cac
gia tri gidi han cta van tdc roi bé, cac gia tri cua
chidu dai ray trugt dugc thé hién bang duong
“--”, Nhu vay, dé dat dugc so tée roi bé theo
yéu cau, khoang chiéu dai ray truot 13 1,769 m
+2,418 m.

Két qua tinh toan cho thiy so véi yéu
cau v€ chi€u dai ray trugt cua loai vat bay

mang theo chudi khdi lwong c6 ich & cac thé
hé trude day [3, 4], chiéu dai ray trugt cua vat
bay nghién ctru trong cong trinh nay lén hon
kha nhiéu. Diéu nay cho thay can phai tinh toan
thiét ké lai cum bé phong so v6i cac bé phong
da dugc st dung trudc day.

Két qua nay c6 ¥ nghia thyc tién cao
trong viéc dwa ra goi y vé chiéu dai ray truot
phuc vu cho viéc thiét ké bé phong va lya chon
phuong an két ciu dong luc ctia phdi bo vat bay
mang theo chudi khdi lwong c6 ich.

3

25}

Toa dd,[m]
n

05F

D, L L £ 1
0 0,05 0.1 0.15 02

Thiri gian,[s]
Hinh 4. Toa do vat bay trén ray truot

4. KET LUAN

Duya trén phuong trinh dinh ludt II
Newton va phuong trinh d6 hut khdi ctia dong
co trén vat bay, bai bao da xay dung dugc mo
hinh todn mé phong chuyén dong cia vat bay
& giai doan trén ray truot. Bang viéc giai bai
todn nay, bai bao da khao sat sy phu thudc cua
chiéu dai ray truot v6i dai so tde roi bé theo
yéu cau, két qua nay 13 co s cho viéc thiét ké
bé phong cho phdi bd vat bay mang theo chudi
khéi lwong co ich.
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Két qua nghién cutru cua bai bao co thé

ap dung vao viéc tinh toan thiét ké bé phong
cho céc loai vat bay mang theo chudi khoi
lugng c6 ich khac nhau. <
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