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TOM TAT
Trong bai bao, mo hinh dong luc hoc cua bé phong ’trén nén dan hoi duoc thiét ldp s dung

phuong trinh Lagrange 1l. Sir dyng mo hinh nay cho cau hinh bé phdng thiét bi bay (TBB), cac
quy ludt dao dong cua cac chuyén dong cua b¢ phong duwoc xdc dinh. Qua do, danh gid duoc dao
dong cua bé phong trén nén dat dan hoi khi thuc hién phat ban, la co so cho tinh toan thiét ké mot
80 cum cua bé phong, toi wu hoa phat ban cho mét [6p cac bé phong cung nguyén ly két cau, cung
nguyén ly phong.
Tir khoa: Bé phong; Goc hudng; Lic ngang; Lic doc; Nén dan hoi.

1. MO PAU

Bé phong TBB duoc thé hién & hinh 1, dugc trién khai trén nén dat dan hoi. Do tinh chét dan
hdi ctia nén, cong thém véi tac dong cua hoat lyc gy boi dong co phong vira tac dong 1én ong
phong, vira tac dong vao TBB diy TBB  bay ra khoi Ong phong cung vdi su thay do6i trong tdm cua
co hé s& lam cho bé phong dao dong. Ong phong duoc lién két véi gia bé bén dudi bang co cu
giam gidt, lam giam hop lyc tac dong 1én gia phong, nhanh chéong dép tat dao dong dua dai didu
khién cuing kinh ngdm b tri trén gia vé vi tri 6n dinh, diéu khién TBB bay dén muc tiéu.

Hinh 1. Md hinh bé phong trén nén dan hoi:
1. Gid ba than; 2. Cym quay huong; 3. Mdng dan; 4.TBB;
5. Ong phéng; 6. Co cau giam gidt; 7. Kinh ngam.

Mo hinh d@ong lyc hoc gia phong TBB trén nen dan hoi da duoc quan tdm va co6 cong trinh nghién
ctru mot cach cu thé. Trong cong trinh [1], tién hanh xdy dung va giai ddng thoi cac phuong trinh
md ta cac qua trinh ly, hod, nhi¢t dong xay ra trong budng dt dong co, phuong trinh dong luc hoc
ctia hé théng phong khi xay ra phat ban. Két qua thu dugc dang chi y 1a céc thong sb vé luc tac
dung 1én dan va 1én dng phong theo thoi gian, day 1a dit liéu quan trong va 1a théng s6 dau vao cho
co h¢ duge xem xét trong bai bao nay. Tuy nhién, cong trinh nay xem xét két cAu ciia bé phong gdm
ong phong duoc lién két cing véi chan gid, chén gia dugc 6 dinh chic chan, chwa ké dén tac dong
ctia nén 1én dao dong ciia toan két cau hé thong phong 1am cho mé hinh toan dwgc dua ra chua thuc
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su phu hgp cho viéc khao sat dao dong va tinh todn thiét ké cac cum két cAu cua bé phong.

~ Trong cong trinh [2], tién hanh xay dung mo hinh hoa bé phong tén lra chéng ting Fagot va
tién hanh khéo sat dao dong cuia bé phong tu 1‘1'10 dong co phong lam viéc dén luc bé phong tat han
dao dong. M6 hinh hod co hé tuong tac voi nén dat dan hoi boi 6 bac tu do. Cac két qua dao dong
cua bé phong va cua ong phong trong qua trinh thyc hién phat ban dugc dua ra. Trong cong trinh
nay xem xét cic cum két cdu cua bé phong 1a dbi ximg trong khi su sai 1éch vi tri trong tam cua
cac vat 1a dang ké d6i vai dao dong cua toan co h¢, chua ké dén ma sat truot gitra mang truot va
mang dan cta bé phdng, chua ké dén luc gy boi thoi ky tac dong sau cung cia khi thuoc 1én bé
phong tén ltra.

Nghién ctru téqg quan cac mo hinh dong luc hoc di duge phat trién cho thay ching can dugc
phét trién thém r}hém phuc vu cho nghién ctru tinh tqén ddng luc hoc bé phong khi thuc hién phat
ban trgng thuc té. Trong bai bao nay, nhém tac gia tién hanh mé hinh toan mé hinh b¢ phong TBB
trén nén dan hoi dugc xay dung sir dung phuong trinh Lagrange II. M6 hinh hoa co hé tuong tac
v6i nén dat dan hoéi boi 6 bac ty do, bd sung luc ma sat Cu-l6ng gitra mang dan va mang truot,
chinh xac hon lam viéc cua co cAu giam giat voi ket céu 2 16 xo tac dong lyc giam giat khac nhau
theo 2 chleu’len ong phong, cac cum chi tiét két céu lén gia phong va TBB dugc la}( theo kich
thude va khoi luong thyuc t€. Giai quyét bai toan dong luc hoc bé phong TBB trén nén dan hoi
dugce thuc hién qua cac ndi dung: myc 2 tién hanh m6 hinh toan va xay dung mé hinh dong luc
hoc bé phong, trong muc 3 tién hanh khao sat va dua ra cac théng sb dao dong ciia bé phong véi
goc tam thay doi trong sudt qua trinh thuc hién phat ban dén khi bé phong ngung dao dong. Cac
két qua nhqn duoc ve dag dong cua bé phong nham danh gia tinh on dinh cga bp, bao dam thl.l”C
hién phat ban dua TBB dép muc ti€u cling nhu lam co s& phuc vu bai toan thiét ké cac cum chi tiét
cua cac bé phong cé két cau va nguyén ly phong tuong ty.

2. XAY DUNG MO HiNH PONG LUC HQC BE PHONG
2.1. M6 hinh dong hoc ctia bé phéng
Cdc gia thiét thiét Iip mé hinh todn

Coi cég vat 1a cac vat the cang tuyét doi; coi luc day cia dong co va lyc ap suat khi thudc tac
dung I€n ong phong la doc truc tuyét doi theo phuong cua ong phong; khong ke den sy thay doi
cua khéi luong dong co phong trong qua trinh thyc hién phét ban; bo qua luc ma sat giira TBB va
dng phéng; gia thiét cac goc quay dao dong cua bé phéng 1a nho.

Mo hinh co hé

Bé phong TBB dugc coi 1a mét co hé gdém 8 toa d¢ suy rong v6i mo hinh hinh hoc dugc thé
hién & hinh 2, bao gdm: v4t 1: Khi than (bao gdm gia ba chén, cum quay hudéng, cum quay tam,
hop dleu khlen mang dan va kinh ngam) va cac chi tlet gan cimg voi no; vat 2: Ong phong va cac
chi tiét gin ctmg véi no; vat 3: TBB va céc chi tiét gin cimg voi no.

Cac hé toa do

Cac he toa do duogc thé hién & hinh 2 bao gém: Hé toa d6 ¢ dinh R® = {0°1°2°3%; hé toa do
lién két gén lién v6i khoi tam ciia gia ba chén, cum quay, huéng, cum quay tam va hop dleu khién
véi Rt = {OM112131Y; hé toa do lién két gin llen v6i khéi tim cua mang dan va kinh ngam R2 =
{0?12223%}; hé toa d¢ lién két gan lién voi khdi dng phong R® = {0%13233%}; hé toa d¢ lién két gin
lién v6i TBB R* = {0%14243*} véi gdc toa do ciia hé toa lién két gan voi khdi tim cac vat.

Toa do suy rong cua co hé

Co hé ¢ 8 toa dd suy rong: q = [ xcyczcw 8 ¢ £0 17, trong d6: Xc - 1a dich chuyén doc theo
phuong 0°1°; yc - 1a dich chuyén doc theo phuong 0°2°; z¢ - 1a dich chuyén doc theo phuong 0°3;
w - goc quay xung quanh truc O%1% @ - géc quay xung quanh truc O°2%; ¢ - géc quay xung quanh
truc 0°3Y; £ - lwong dich chuyén ctia dng phong; 0 - lugng dich chuyén cua TBB trong dng phong.
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Hinh 2. M6 hinh co hé cua bé phdng va hé toa do.
Xdac dinh ma trdn cosin chi huéng

I —singpcos singsin ]
cosg@cosé v . W. 4 V/
+cospsin@siny  +cos@sin@dcosy 1 9
. -
COS @ COS —CoSsy sin
Ry, =| singcosé _¢ _W . . W_ 4 lgp 1 -y
+singsindsiny  +singsin@cosy 0 1
—sind cosdsiny cos@cosy v
1)
R =RyRy

cosa 0 sina
Raoszo;Rzao:Rzo;Rn: 0 1 0
—sina 0 cosa
Trong d6, a la goc giita truc khdi dng phong voi mat phang 012! cua hé toa do R,
Xdc dinh toa do khéi tém cia cdce vit trong hé toa do 6 dinh
- Toa do khéi tdm cua than bé (trong hé toa do ¢é dinh:
.
Mo = [Xc Ye Zc]
- Toa d6 cua khdi thm mang dan trong hé toa do R:

=0, + Ry,
, T \ T
trong do, r,, :[quX lyoy quz:l va u, :[IXM Y HM]
- Toa d6 khdi tam cua khéi than (vat 1) trong hé toa do R®:
rcg = (rn'(cg r.10 + m2r21) / (rntcg + mz)

Trong do: Mg - Khdi lugng cua gia ba chan, cum quay huéng, cum quay tim va hop diéu khién;
m; - Khoi lugng cua mang dan va kinh ngam.

- Toa d¢ khdi tam khéi dng phdng (vat 2) trong hé toa do R®:
Fo =T + Ryl

, T
trong do, r32=[IX32+§ L,z H32] :
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- Toa do khéi tam TBB (vat 3) trong hé toa do R®:

=Tyt Rao-r43
, T
trong d6, I, =[l;+6 0 0] .
Xdc dinh van toc dai ciia khéi tam cdc vit
Van toc cua cac vat la: v, =i ; v, =F, va Vy =1
Xdc dinh van téc goc cua cac vdt
- Van téc goc cua cac vat trong R duoc xac dinh boi cong thic:

- - - T - - - T
Oy = @ (2.3), @y (1.3). 0 (1.2) | 100, =[ — @ (2.3), @y (1,3). 2, (1.2) | 2)
trong d6, toan tir séng véc to van tdc gc cua cac vat trong R duoc xéac dinh:
By = chRIg; @p = Ry,RY, 3

- Van téc goc cua TBB trong trong hé toa d6 R nhu sau: Oy = Oy
2.2. M6 hinh dgng lwc hoc ciia bé phéng
Theo [5], phuwong trinh Lagrange II d6i véi mot co hé dugc viét dudi dang:
M(@)d +C(a,4)q =G(a) + Q4 (a) + Q,(A) + Qe (0, &) + Qe () + Q. +Q (4)
Trong d6, M(q) 1a ma tran khdi lwong suy rong:

M(@ = > (M 3y, + 35103, ©)

Trong d6: Jri — Ma tran Jacobian tinh tién cac vat; Jri— Ma tran Jacobian quay cua cac vat; m;
— Khdi lugng cua céc vat; 1” — Ma tran quan tinh khéi lugng trong R® dugc xac dinh theo cong
thac: 1 =R,,I,Rl,; C(q,q) - Ma tran ly tam va Coriolis:

;
.. OM . 1{oM .
cq.q) - MY E o -1 MD ek, ©)
aq 2\ 09

Xac dinh lyc suy réng la cdc thanh phan bén vé phdi ciia phwong trinh

Xac dinh lyc suy rong dya trén co s& cOng a0 cua cac ngoai luc bao gém: trong luc cac vat, luc
dan hoi cia nén, luc can nhét cia nen, luc dan hoi va can nhét cua co cau giam giat, luc ma sat
Culong trén co cau giam giat, lyc day dong co, luc tAc dung vao ong phong theo phuong doc truc.

. oI,
G(qg)— Luc suy rong cua trong luc dugc xac dinh theo biéu thuc: G(q) = —( 5 g J . Trong
q

4
do, the nang ctia co h¢ IaTl, =—> mg'r, véi g la gia toc trong truong, g = [0,0, g]T .

i=1

or7, '
oq )

Q, (@)— Luc suy rong cia lyc dan hoi nén dugc xac dinh theo biéu thuc: Q,(q) = —(

. . . . |
Vi thé nang dan hoi cua nén xac dinh bang cong thic: 77, = ZEKd (4; +4;)" . Trong dé: K la
=L
ma tran do ciing ctia nén, Ao — Luong bién dang cua nén khi hé & trang thai can bang tai vi tri thi
J» 4j—Lugng bién dang cta nén bo sung ¢ thoi diém t tai vi tri cac chan A, B, D cua chan bé phong:
A =Ar0; 2, =Ar; 4, = Ard.
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;
Q, (g) - Luc suy rong cua huc can nhét nén xac dinh bang cong thac: Q, (q) =—(a(;"j .

C s 311
Trong d6, ham hao tan Rq cua giam chan nén la: Ry = Z—
= 2

j=1
Q,, (@,G) — Luc suy rong cua lye dan hoi va lyc can nhét cua co cau giam giat duoc xac dinh

a]YIx _ aHQC
0

CyA?, Ca— He sb giam chan caa nén.

boi: Qg (q,4) = - ;

dang ban dau 10 xo giam giat ¢ trang thai hé can bang, Ky — Do cting cua 10 xo giam giat, Cix — Hé
s6 giam chan cua 10 xo giam giat.

, VOi 1T, =%K,X(IO +&)?, I, =%C,X§2, trong do, lo — Do bién

. W
Q. (@) — Luc suy rong cua lyc ma sat Cu-long [4] trén co cau giam giat: Q. (q) =— 66(;5 :
trong do, cong ao Ilwc ma sat: W =-F 0%, véi F,=-f Ndsignum[é} ,

N, =(m, +m,)gcose — Phan luc phép tuyén.
.
Q.. — Luc suy rong cua luc day dong co dugc xac dinh boi: Q,, = (%J Fy . trong do: Fqc -

Luc tac dung Ién TBB trong h¢ toa do ¢6 dinh, F,, =R,,[F,, 0 0]T :

Q,,— Luc suy rong cua luc tac dung Ién ong phong theo phuwong doc truc xac dinh boi:

.
Q. =(88%] F,,. trong d6: Fo - Luc tac dung 1én ong phong trong hé toa do cb dinh,

Fp=Ry[F, 0 0].

3. MO PHONG, TiINH TOAN, THAO LUAN
3.1. S0 liéu dau vao
M6 hinh dong lyc hoc dugc xay dung & muc 2 dugc ap dung dé khao sat (}ao,déng cua bé phong
TBB, cac thong s6 cho m6 phong nay dugc duara ¢ bang 1. Cac thong s6 két cau ¢ bang nay dugc
dua trén co s¢ mo hinh 3D thiét ké bé phong. Qua trinh mé phong dao dong cua bé phong duoc
thuc hién tu: khi déng‘co phong bat dau lam viéc dén sau d6 1,2 s. Qua trinh dugc chia thanh 3 giai
doan lién ti€p nhau goém:
Giai dogn 1: Dong co bét dau hoat dong luc ddy tang dan dén khi 13y dai ham b cit Fc > 1000N
véi 0 <t <t;. O giai doan nay TBB khong chuyén dong. Diéu kién dau cho giai doan nay la:
t=0,x. =0,% =0,y. =0,y. =0,2. =0,2. =0, =¢¢,, & =0,
B=0,=0,0=0,6=0,=0,=0,56=0,6=0
Thoi diém két thic giai doan nay 1a Fc > 1000N, tuong dwong khoang 0,001s.
Giai doan 2: Tir khi TBB bit dau di chuyén trong éng phong dén khi di chuyén hét chiéu dai
ong phong. Diéu kién dau cho giai doan nay 1a: X., %, Ve, Ve, 2, 20 a, &, 3, B,0,6,E, &, 5,5"1211 ,

thoi diém két thiic cho giai doan nay la t = t, (thoi diém TBB di chuyén hét chiéu dai ng phong).
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Giai doan 3: T khi TBB roi bé dén khi cac chuyén dong cia bé phong khong con dao dong.
Diéu ki¢n dau cho giai doan nay 1a X, %:, Ve, Ve 2. 2, 2., 3, 8,0,6,£, €., giai doan nay
khong xét dén chuyén dong caa TBB.

Bdng 1. Cac sé liéu dau vao cho md phéng dao déng cua bé phong TBB.

TT Tén thong sb K hiéu GiA tri DV‘;“
Khoéi lugng cua gia ba chan, cum quay
1 | huéng, cum quay tam va hop diéu | Mg 18,7 kg
khién
2 | Khéi lugng cia mang dan va kinh ngdm m; 19,4 kg
3 Kh,éi lwong cua ong phong va dong co ms 6.7 kg
phéng
4 | Khoi luong ciia TBB my 9,6 kg
s | Mo men quan tinh khdi luong cua khéi I | | | 506365.10% 989760.10°; | | .
than b Ly, e 1049853.10° g
g | Momen quén tinh khdi luong ctia méng b o | 505870.10°%; 609948.10°; kam?
din 20 Loy (2 259258.10° g
2 | Mo men quén tinh khéi lugng ctia 6ng e 38276.10°%; 709457.10°; Kam?
phéng 30 1oy, 132 709712.10° g
6. 6.
8 | M6 men quan tinh khoi lugng ctia TBB | lay, lay, 14 192962';94553?2810'10 " | kgm?
9 | Luc cit ctia dai ham Fc 1000 N
qulz, 'q?y’ 0,003; 0,01;
- -0,23;
bt b 0,02; 0,06; 0,183
10 | Céc kich thudc hinh hoc Hw; RPN, m
ot Lo -0,1; 0,06;
P e 0,078; 0,129;
Ha; las; 00
&, do '
11 | B9 cung 10 xo giam giat Kixt; Kixz 2288 N/m
12 | Hé s6 ma sat u 0,015

3.2. Két qua mé phéng va binh luin

H¢ phuong trinh vi phén dao dng cua bé phong TBB duoc giai bang phuong phap sO trén phan
mém chuyen dung. Céc két qua dugc thé hién trong 5 truong hop voi goc tam o thay doi -2°, 0°,
59, 10°va 20°, dy lan luot 1a cac gia tri gidi han vé goc tim cua bé phong.

Qua khao sat, cac gia tri vé dich chuyen cua bé khi bé nging dao dong dugc chi ra nhu sau:
dich chuyen doc Xc gan nhu khong thay doi va c6 bién d6 1a 4 mm, dich chuyén ngang yc ting tir
0,47 mm dén 0,95 mm véi bién d6 khoang 1 mm, dich chuyen dang zc cling tang tir 0,5 mm dén
1 mm v&i bién d6 khoang 1 mm. Trong khi goc quay ¢ thay d6i khong dang ké thi goc quay w va
0 c6 su thay d6i 16n hon 1an lugt 12 0,17°dén 0,35° va 0,08° dén 0,16°, voi truong hop goc tam 20°
thi gia tri goc quay y 16n nhét dat dén 0,55° Va goc quay o dat dén 0,27°. Dich chuyén & ciia 6ng
phong khong thay d6i nhiéu khi thay doi goc tarn dat gia tri vé bién d6 16n nhat 1a 24 mm khi géc
tam nho nhat 1a -2°. Nhu vy, khi gia tri goc tam thay d6i nhin chung dao dong cua bé phéong ting
dan khi tang dan goc tam ciing nhu cac quy ludt dao dong clia bé phong trong cac trudng hop 1a
tuong tu nhau.
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Khao sét, danh gia dao dong cua toan bé phong c6 ¥ nghia quan trong, danh gia anh hudng dén
qua trinh thyc hién phat bén, bdi khi thyc hién phat bén can loai bo nhiéu trong khoang thoi gian tur
khi phat hoa dong co phong cho dén luc TBB bay khoang < 0,4 s, tirc la sau thoi gian nay bé phong
phai 6n dinh, it dao dong nhét c6 thé dé kinh ngam trén b¢ phong truyen cac 1énh diéu khién 1én TBB
dang bay. Qua cac db thi, cho thiy dao dong ctia kinh ngam theo gbc tim va goc hu’ong 16n nhét 1an
luot 1a y = 0,55° va 6 = 0,27°, nho hon gia tri gi6i han truong nhin ctia kinh ngdm 1a + 3°, bé dao
d6ng manh trong khoang 3 chu ky dau tién voi tong thoi gian khoang 0,35 s, sau 0,4 s dao dong ciia
bé sau da 14 rat nho va sau 0,5 s thi gan nhu la tat han dao dong. Nhu vay, dao dong cua bé nam trong
khoang gidi han cho phep, dam bao déap tat duoc dao dong khi thuc hién phat ban trudc khoang thoi
gian yéu cau, diéu nay cung cho thay két cdu ctia bé phong 1a hop ly, bao dam thyuc hién phat ban.

3 0.2
-2do
~— 0 do 0
-=-6do |4

~10do 02
20 do

-2 do
——0do
S do
10 do
20 do

7 0 02 04 0.6 0.8 1 12 0 0.2 04 06 08 1 12

Thoi gian,[s] Thoi gian,[s]
Hinh 3. Dich chuyen doc Xc va ngang yc cua bé phong khi o thay doi.
0.2 0.1
.ﬂ -2do -2do
0 I p\ O do | ——0do |
?‘:‘. | -5 do |

2zC,[mm]
Psi,[do]

0 0.2 0.4 06 08 1 12 4] 0.2 0.4 0.6 0.8 1 1.2
Thoi gian,[s] Thoi gian[s]

Hinh 4. DlCh Chuyen d‘u"ng Zc va goc quay y cua bephong khi a thay doi.

0.2

-2 do

—0do 015
-5 do

10do

20 do 01

0.05

0

Theta,[do]
Phi,[do]

-0.05

0.4 |

015

.03 | i i i | 02 I L L L L
0 02 0.4 06 08 1 1.2 0 02 04 0.8 08 1 1.2

Thoi gian,[s] Thoi gian,[s]

Hinh 5. Géc quay 6 va géc quay ¢ cia bé phéng khi a thay doi.
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25 — — o ; . ——
2do -
20 ——0do _o0s8 T
——————— 5do Eoe -
15 L{ 10do = //
| 20do|| Eoaf -
| -
10H 0.2f e
Iw 0 o L '
T 5f 1 0 0.005 0.01 0.015 0.02 0.025
£ .
% 0 \-

| Thoi gian,[s]
| Anan
R A e 80 T T T —

]
Vi, [mis]
n
&

N
N

\

R _ L ' L ol— . y
200 02 0.4 06 08 1 12 (1] 0.005 0.01 0.015 0.02 0.025
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Hinh 6. Dich chuyén ¢ ciia ong phéng khi a thay doi va dich chuyén, vdn téc TBB.
4. KET LUAN

Bai bao da xay dung dugc mo hinh dong lyc hoc cua bé phong trén nén dan hoi, két qua la mét

hé phuong trinh vi phan cip 2 v6i 8 bién 13 8 toa do suy rong cta co hé. Sir dung mé hinh nay dé
nghién ctru dao dong ctia cau hinh bé phong TBB véi cac thong s thiét ké duoc dwa ra. Cac két
quéa dao dong ctia bé thu duoc khi thay doi goc tam tir nhé nhat dén 16n nhét khi thyc hién phat bin
cho thiy cac dich chuyén ciia bé ndm trong gidi han cho phép, bao dam b¢ khong bi dich chuyén
hay rung lic qua manh trong thoi gian yéu cau dé tién hanh phat bin dua TBB dén muc tiéu. Cac
két qua nay cing la cac dir liéu quan trong phuc vu tinh toan thiét ké cac cum két cAu cua gia bé
phong, t&i wu hoa phat ban cho mét 16p cac ddi tuong co ciing nguyén 1y két cau, nguyén 1y phong.

Bii bdo nay di dwoc bao cao tgi Hgi thdo khoa hgc Quéc gia “Ung dung Cong nghé cao vao thuc

tién” niam 2024.
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ABSTRACT
Investigating the dynamic model of the flying object on the elastic background

In the article, the dynamic model of the launcher on elastic ground is established using
the Lagrange Il equation. Using this model for the configuration of the airborne device
launcher, the oscillation laws of the movements of the launch platform are determined. This
allows for the assessment of the launcher’s oscillation on elastic ground during firing,
serving as a basis for the design calculations of several structural components of the
launcher, optimizing the firing for a class of launchers with the same structural principles
and launching mechanisms.

Keywords: Launcher; Azimuth angle; Yaw angle; Picth angle; Roll angle; Elastic ground.
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