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TOM TAT
Trong bai bao, mé hinh dong hyc hoc cua xe bé phong trén nén dan hoi dwoc thiét lgp sir dung

phirong trinh Lagrange II. Sir dung mé hinh nay cho mét cdu hinh xe bé phéng nhdt dinh, céc quy
ludt dao dong ciia cdc chuyén déng ciia xe va cua b¢é phdng duwoc xac dinh. Qua do, budc dau
danh gia dwoc tinh kha thi cua mo hinh két cau ciia xe va bé phong dwoc nghién ciru. M6 hinh
dong luc hoc dwoc xdy dung co thé sit dung cho viéc thiet ké két cau va toi wu phat ban cho mét
16p cdc bé phong cung nguyén Iy két cau.
Tir khoa: Xe bé phong; Lic ngang; Lic doc; Dich chuyén ding; Goc tim; Goc hudng.

1. MO PAU

Bé phong dugce b6 tri trén xe nhu duge thé hién & hinh 1, trong qua trinh thuc hién phat bén
duéi tac dong cua lyc him dé ting so téc dan cing voi su thay ddi trong tim cua co hé s& 1am cho
xe va bé phong dao dong dan dén giam do chinh xéac phat bén. Dé tang d cung viing va on dinh
cho bé phong, xe thuong bb tri thém céac hé thong tang on dinh gom bdn chan chdng thuy luc. Tuy
nhién, vi nén cling c6 tinh dan hoi tuong tac voi phan tir dan hdi cua bé phong 1am xe bé phong it
nhiéu vin dao dong anh huong dén chat luong phat ban. Hé théng thuy luc cua kénh tAm thudng
bd tri thém binh tich ap thuy luc dé bu ap dan dén xi lanh thuy luc co tinh dan hdi.

Hinh 1. M6 hinh xe bé phong trén nén dan hoi:
1. Khoi ong phéng; 2. Xi lanh thuy lc kénh tam; 3. Dé bé; 4. Xe; 5. Chan chong.
Xay dung m6 hinh toan cua co hé xe bé phong trén nén dan hoi 13 can thiét dé thay dugc tac
dong cua nén cling nhu phén tir dan hoi 1én cac chuyén dong cua bé phong, qua d6 bude dau danh
gia duoc su hop 1y trong két cau cua xe b€ phong ¢ giai doan thiét ké so bd.

Mo hinh dong luc hoc xe bé phong dugc quan tdm kha nhiéu hién nay. Cac cong trinh theo
hudéng nghién clru nay tap trung vao xay dung moé hinh toan cta bé phong trén cac phuong tién
khac nhau. Cac cong trinh [1-3] da di xdy dung md hinh dong luc hoc clia dan phong dat trén xe
banh lop str dung phuong trinh Lagrange II dé xay dung mé hinh toan. Qua dé, dao dong cua cac
chuyén dong cta xe va bé phong dugc danh gia cung véi nhitng do dac thyc nghiém dé danh gia
tinh chinh x4c ctia md hinh toan. Tuy nhién, do trong qu4 trinh bin xe khong st dung chan chong
nén tac dong cua nén lén dao dong cua h¢ khong duoc ké dén.
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Céc cong trinh [4-6] nghién ctru dao dong cua cac bé phong tén ltra duoc dit trén cac phuong
tién mang c& nho co tinh co dong cao. Cac chuyén dong ciia xe va bé phong trong mat phang bin
dugc tap trung nghién ctru. Phuong trinh Lagrange II duoc st dung dé xay dung cho mé hinh toan
phiang. O mirc d6 dao dong nho, két qua ctia cac mo hinh nay cho thiy sy tin cdy khi nghién ctru
cac dao dong trong mat phang ban.

Cong trinh [7] nghién ctru dao dong ciia xe bé phong c6 két cau chan chong tuong dong voi
dbi twong ma trong bai bao nghlen clru. M6 hinh toan dugc xay dung cé ké dén tac dong cua nén
1én cac chuyén dong cua bé. Bién dang dan hdi cua ray phong duoc ké dén. Py 1a céng trinh cong
phu v&i viée khao sat véi mot loat cac thong sd déu vao dé danh gia tac dong ctia chiing dén cac
chuyen dong cua bé phong, qua do danh gia tinh 6 on dinh dong ctia bé phong. Tuy nhién, mo hinh
chua bd sung cac phan tir giam chan va khong ké dén dic tinh dan hdi va giam chin cua hé thong
thuy luc kénh tm.

Nghién ctru tong quan cac cong trinh da dugc dua ra & trén cho thay cdc md hinh dong luc hoc
duoc thiét 1ap cho cac md hinh xe bé phéng chua thyc sy phi hop khi chi nghién ctru chuyén dong
phing hoic khong ké dén tinh dan hoi va giam chin cua hé thong thuy lyc. M6 hinh toan cho mo
hinh xe bé phong cuia bai bao s& duoc thiét 1ap st dung phuong trinh Lagrange II khi ké dén tinh chat
dan hoi cua nén, cua hé thong thuy luc va cac chuyén dong khong gian phtic tap. Cac ndi dung dugc
thuc hién tuan tu nhu sau: & muc 2 dudi day sé di xay dung rang budc dong hoc va thiét 1ap mo hinh
dong lyc hoc ciia mo hinh xe bé phong va & muc 3, cac két qua nghién ctru & myc 2 s€ dugc ap dung
cho mot mé hinh xe bé phéong da thiét ké so b dé thiy duoc cac dao dong cua cac chuyén dong ciia
bé. Qua do, tinh kha thi cua thiét ké nay duoc xac dinh va c6 thé sir dung mé hinh dong luc hoc nay
dé thiét ké két cau va toi wu phat ban cho mot 16p cac bé phong cing nguyén 1y két cau.

2. XAY DUNG MO HINH PONG LUC HOC XE BE PHONG

2.1. M6 hinh dgng hoc ciia xe b€ phéng
Cic gid thiét thiét Iap md hinh toan

Chi xét dén ba dao dong chinh ciia xe 1 lic ngang (lic theo truc doc xe), lic doc (Iic theo truc
vudng goc mat phang doi xtng xe) va dich chuyén ding (dich chuyén theo phuong vudng goc vai
mét dat) vi thuc t€ cho thay cac phuong khac thuong rat nho; san xe, d€ bé, khoi phéng va dan
dugc coi la khoi tuyét doi cung; trude khi phong, dan dugc giir trén khoi ong phong bang bu 16ng
ham; bo qua luc ma sat giira dan va dng phong; Khi da 1y duoc phan tir bin coi dé bé va xe 1a mot
vat; khong tinh dén sy phan b cua cac dng phéng.
Mo hinh co hé

Xe bé phong dugce coi la mot co hé gém 5 toa do suy rong voi mé hinh hinh hoc dugc thé hién
o hmh 2, bao gdm 3 vit ran: vt 1 la dé bé (khi da & goc hu’(mg xéc dinh) va xe cing cac chi tiét
gin cung v6i chung; vat 2 13 khdi dng phong va cac chi tiét gan climg v6i no; vat 3 1a dan va cac
chi tiét gén ctg véi no.
Cac hé toa do

Céc hé toa do duoc thé hién & hinh 2 bao gdm: Hé toa d6 c¢b dinh R® = {0°1°2°3%}; hé toa do
lién két gan lién voi xe R* = {O11213%}; hé toa do lién két gan lién véi dé bé R? = {02122232}; hé
toa do lién két gan lién v6i khoi ong phong R® = {0%1%2%3%}; hé toa do lién két gan lién véi dan R*
= {0*1%2*3%} v&i goc toa dO cua hé toa lién két gan voi khoi tm céc vat.
Toa do suy rong cua co hé

Co hé ¢o 5 toa d6 suy rong: q = [zc ¢ 0 a &". Trong d6: zc — Dich chuyén dung cua xe; - Léc
ngang cua xe; @- Léc doc cia xe; o - GOc giita truc khdi éng phong véi mat phing 021222 ctia hé
toa 40 R% &- Lugng dich chuyén ctia dan trong dng phong.
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Hinh 2. M6 hinh co hé ciia xe bé phong va hé toa do.
Xac dinh ma trdn cosin chi huong

[ cosg sin@sing sin@cosg 1 0 @
Ry=| O Cos @ —sing |~ 0 1 —-¢f;
| —sin@ cos@sing cos@cose -0 ¢ 1
Ry =RpRuiR3 =RxR5R0 =Ry, (1)
[cosy —siny 0 cosa 0 sina
R, =[siny cosy O|;R,=| O 1 0
| O 0 1 —-sina 0 cosa

Xdc dinh toa do khéi tam cia cdc vit trong hé quy chiéu ¢é dinh

- Toa do khdi tam ciia xe trong hé toa ¢ ¢4 dinh: r,, =[0,0,z. ]’

- Toa d¢ cua khdi tim dé bé trong hé toa do R™: Iy, =T, + R,U,. Trong do, r,, =[1,,0,~H, ]
va u, =[-1,,0,0] .

- Toa do ctia khéi tam dé b¢ trong hé toa do R%: 1,y =1,y + Rr,,.

- Toa d¢ khdi thm ctia xe va dé bé 1a: r, = (m.r,, +m,r,,)/ m,, . Trong d6, m 1a khéi lugng caa
xe, mg 1a khdi lwong cua dé bé.

- Toa @6 ciia khéi tam khdi éng phong trong hé toa do R% Iy, =r,, +Ry,u,. Trong do,

T N T

ry, =[—5.0—H,] va u,=[l,,0,—-H,] .

- Toa do khdi tm khdi dng phong trong hé toa do R% r,y =1, + R, I, -

- Toa do khéi tim dan trong hé toa do R 1,y =t + Ryr,, . Trong do, r,, =[£,0,0] .

Xac dinh van toc dai cua tam khoi cac vat
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Van toc cua cac Vat 1a: v, =, Vy, =Ty VA v, =Ty,
Xdc dinh van téc goc cua cac vdt
- Toan tir s6ng cua véce to van téc goc cia xe va dé be; ciia khéi ng phong trong RY:
O, = RIORIO; d)op = RsoR;o (2)
- Khi dé, van téc goc cua xe va dé bé; cua khbi dng phong trong R®:
0 =[ 323,83, 13).8,12) | 0, =] ~@,(2.3),3,13),@,L2) | 3)

- Van téc goc cua dan trong trong hé toa do R® nhu sau: ®y = 0,

2.2. M6 hinh dgng lwc hoc ciia xe bé phong

Str dung phuong trinh Lagrange II dé th’iét lap h¢ phuong trinh vi phan mo ta chuyén dong cua
co h¢, theo [8] phuong trinh Lagrange IT d6i v&i mot co hé dugc viét dudi dang:

T T
d(or or ; )
E(EJ _(EJ - G(Q)+Q,(@)+Q, @) +Q, (4,1 +Q, “)

Trong do: T - Bong nang cua co h¢; G(q) - Luc suy rong cua trong luc; Qq(q) - Luc suy rong
cua lyc dan hdi nén; Q, (q)- Luc suy rong cia luc can nhot nén; Q,,(q.q) - Luc suy rong cua luc

dan hoi va lyc can nhét xi lanh kénh tam; Qs - Luc suy rong cua luc day dong co.
Theo [9], v6i dang ma tran méi caa phuong trinh Lagrange 11, vé trai (4) dua vé dang sau:

T T
d(er or
dfery (ery _ . . .
dt[ aqj [ 6qj M(q)q + C(q,9)q (5)

Trong d6, M(q) 1a ma tran khéi luong suy rong duoc xac dinh theo cong thic sau:
M(q) = Z(m JTlJTt + JRIIEO)JRI') (6)

Jri - Matran Jacobian tinh tién c4c vat; Jri - Ma tran Jacobian quay cua cac vat; m; - Khéi luong
cha Cac vat; ISO) - Ma tran quan tinh khéi lugng trong R® dwoc xéac dinh theo cong thuc:
IEO) = RiOIiRiTO (7)

C(q,4) 12 ma tran ly tam va Coriolis dugc xac dinh theo c6ng thic:

T
M(q) 1( oM(q)
C(q,q)= E,®q)-—| ———=(q®E 8
(@) =5~ (B @)~ 2| — —(4OE,) ®)
Xac dinh lyc suy réng la cic thanh phdn bén vé phai ciia phiong trinh (6)

Xac dinh lyc suy rong dya trén co s¢ cdng 4o cua cac ngoai luc bao gom: trong lrc cac vat, luc
dan hoi, lyc can nhét, lyc day cua dong co.

: o1, \' ,
- Luc suy rong cua trong lyc dugce xac dinh theo biéu thuc: G(q) =—[ 5 = j . Trong do, the
q

3
ndng cua co h¢ la: 1, = —z mg'r, Vvéi g la gia tc trong truong, g = [0,0, g]T .

i=1
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A 5 \ A A al_‘[d ' ’ A - 5 \ A 5
- Luc suy rong cua luc dan hoi nén: Q,(q) =- . Trong d6, thé nang cta dan hoi cua

aq

4

nenla I1, = Z;%Kd (AOJ. + 4 )2 véi Kq - B cirng cua nén; Agj - Luong bién dang caa nén khi hé &
-

trang thai can bang tai vi tri thir j; 4 - Luong bién dang twong ddi ciia nén tai vi tri thir j

A= +lo+,0;4, =2+l o104, =2, -\ p-1,6;4, =2, - p+1,6.

oR,

T
- Luc suy rong cua luc can nhét nén: Q, (q)= _(8_j . Trong d6, ham hao tan Ry ctia giam
q

4 A N 4 1 : . N ~ X -, X \ A
channénla R, = Zicdﬂf vé6i Cq la hé so giam chan cta nén.
j=1

- Lyc suy rong cua lyc dan hdi va luc can nhét xi lanh kénh tam.
Theo [8], cdng 40 caa lwc dan hoi va luc can nhét xi lanh kénh tam la:
oW, =—f.0l 9)

Trong dé: fs - Luc dan hdi va luc can nhét xi lanh kén tam, f, =K (I, =1)=C,I ; Io - Chiu dai
xi lanh kénh tdm ¢ trang thai khong chiu tai; | — Chiéu dai xi lanh kénh tim & thoi diém chiu tai t,

| = \/sf +82 — 258,008« ; s1, Sz - CAc kich thudc hinh hoc dwoc thé hién ¢ hinh 2; Ky - D6 cung
cua xi lanh kénh tim; Cy - Hé sb giam chan cua xi lanh kénh tam.

.
Bién ddi (9), ta dugc: oW, =—f, a 59 , hay Qx,(q,q)=—ﬁ,ﬁ.
oq " oq

.
. or, .
- Lwc suy rong cua luc ddy dong co 1a Q¢ = (ij Fy . Trong dé: Fy - Luc ddy dong co trong

oq
R, F,=R,[F, 0 0.
Fa.[NI

Fio

0 t [s]

Hinh 3. Mé hinh lyec ddy dong co.

M0 hinh luc day dong co ¢ giai doan’thiét ké so by duoc mo ta don gian dudi dang hinh thang
nhu ¢ hinh 3. Luc day dong co tang tuyén tinh den gia tri Fqo thi gitr on dinh. Do thoi gian dan di
chuyén trén b¢ 14 nho hon nhiéu do vai thoi gian chdy cua dong co nén ¢ day khong mo ta hét dac
tuyén luc day dong co trong ca thoi gian chay.

E
—0¢ khi 0<t<y,
Fy=1 1 (10)

F,, khi >
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Thay tat ca cac thanh luc suy rong duge xac dinh ¢ trén vao phuong trinh (6) ta duoc hé phuong
trinh vi phadn md ta chuyén dong ctia co hé xe bé phdng gom 5 phuong trinh vi phan véi 5 bién

doc lap zc, ¢, 6, ava &

3. AP DUNG MO HINH VA THAO LUAN

3.1. Thong s6 dau vao

Bing 1. Cdc théng s6 cho mé phéng chuyén déng ciia xe bé phong.

TT Tén thong sb Ky hiéu Gia tri Pon vi
1 | Khéi lugng cia xe My 17500 kg
2 | Khéi luong cua dé bé Mg 2700 kg
3 | Khdi luong ctia khdi dng phong Mop 5160 kg
4 | Khéi lwong ciia mdi dan My 425 kg

o . | oo by, I | 11,71.10% 4,71.10% 5,30.10° | kgm?
5 tclﬁﬁ ;ﬁﬁ#}h phan mo men quin |7, 5 T 01 10% 1,11.10% 1,37.10° | kgm?
lix, lay, luz 4258,02; 406,12; 406,12 kgm?
Luc day dong co 16n nhat Feo 52038 N
Thoi gian tang Fyq t1 0,2 S
Luc cat cia bu 16ng ham Fc 5000 N
re; la; Ha: 0; 2,67; 0,70;
9 | Cac kich thudc hinh hoc ::;t;lsr;t ;| r';* ff;; . 1%’;3;;0;’;021,;82’;5%5 o m
$1; S2; o 1,70;0,96; 0
10 | Chiéu dai ong phong Lop 45 m
11 | Do ctng xi lanh Kx 4,106 N/m
12 | Hé s6 giam chin xi lanh Cxi 5.10* Ns/m
13 | o cing nén K 4.10° N/m

Mo hinh dong luc hoc dugc xay dung ¢ muc 2 dugc ap dung dé khao sat dao ddng ctia mot cAu
hinh bé phong dang duoc nghién ciru ¢ giai doan thiét ké so bo 1a mot bé phong gom 8 dng phong
dugc ga trén xe KAMAZ 6560, cac thong sb cho mo phong nay duge dua ra & bang 1. Cac thong
s6 két cau & bang nay duoc dua trén co so thiét ké 3D md hinh xe bé phong béng phém mém
Inventor 2020. Qua trinh mo6 phéng dao dong cua xe b€ phong dugc thyuc hién tir khi dong co bét
dau chay sinh lyc day dén khi cac chuyen dong cua xe bé phong khong con dao dong. Qua trinh
duoc chia thanh 3 giai doan lién tlep nhau goém:

- Giai doan 1: Dong co bat dau hoat dong luc day tang dan dén khi bu 1ong hﬁm bi cat Fq < Fc
+ mﬂgsmao v6i 0 <t < tc. O giai doan nay dan khong chuyen dong doc theo 6ng phong (£ = 0).
Dleuklendauchoglal doan nay la: t=0,z. =0,2. =0,¢=0, ¢ 0,0=0,0=0,a = a,,a =0, thoi

diém két thuc giai doan nay 1 t. =t,F. / F,,.
- Giai doan 2: Tir khi dan bat dau di chuyén trong éng phong dén khi di chuyén hét chiéu dai
6ng phéng. Diéu kién dau cho giai doan nay 1a z.,2.,4,4,0, é,a,d‘mc ,&=0, thoi diém két thic

cho giai doan nay la t = ty (thoi diém dan di chuyén hét chiéu dai 6ng phong).
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- Giai doan 3: Tir khi dan roi bé dén khi cac chuyén dong cuia xe bé phong khong con dao dong.
Diéu kién dau cho giai doan nay la zc,zc,¢,¢3, 0, é,a,d‘H , giai doan nay khong xét dén chuyén

dong cua dan nira.
3.2. Két qua tinh todn

Phuong phap s6 Runge-Kutta dugc sir dung dé giai hé phwong trinh vi phan mé ta chuyén dong
clia co hé. V&i thoi gian mod phong 13 6 s, cac két qua dugc phan tich va danh gia cho 8 phat bin
(tir PB1 dén PB8) v&i 2 trudng hop cua goc ao (ciing twong dwong 14 gbe tim 16n nhat va nho nhét
dugc thiét ké cho bé phong nay) 1a ap = 30° va 75° va goc hudng cho truong hop ban doc xe voi
v =0° ngang xe voi = 0°.

Zc vei Alph0 = 30,75[de] va Psi = O[do] Theta vei Alph0 = 30,75[do] va Psi = 0[do]
0.1 T T T T
o : ! ! ! ? ? s ; s e
[ 0.05 |-
Ok~ Of----
= —PB1 T 005 —PB1
Eoll # ---PB2 I ---PB2
SRRV, ——PB3 g 0.1 : ——PB3
"""" PB4 Alphal= BU[do] PB4
[ T T : ——PB5 -0.15 ‘ : : ‘ ——PB5
sl Alphal= 3'! [do] ---PBS - Alpha0=7{do] : : -~ PB8&
aiphao=7sfo] ——PB7 02t o ——PB7
R R I H s B PB 8 I I s PB 8
0 1 2 3 4 5 <] 0 1 2 3 4 5 <]
Thoi gian,[s] Thei gian,[s]
Hinh 4. Dich chuyén ditng Zc va Lac doc 6 ciia xe voi oo = 30°, 75° va = 0°.
AlphaT voi AlphC = 30[de] va Psi = O[do] AlphaT voi AlphC = 75[de] va Psi = O[do]
T T T T T T T T T
30.1 751 1
J 75
30 b Rsp
g ——PB1 g ——PB1
b 29.9H 54 --—'PB2 15'74'9 --—PB2
s ——PB3 s ——PB3
S B U 2L 2 S B PB4 L 748048 PB4
29.8 ——PB5 ——PB5
--—PB6 --—PB6
297 ——PB7 4.7 ——pBT
"""" PB 8 ~———"PB8
0 1 2 3 4 5 <] 0 1 2 3 4 5 <]
Thoi gian,[s] Thoi gian,[s]

Hinh 5. Géc tam ar ciia bé phéng véi ap = 30°, 75° va = 0°.

- Truong hop 1: Véi ao = 30°% 75° va = 0° thi cac chuyén dong cta xe va bé phong duoc dua
ra & hinh 4 va hinh 5, ¢ day khong dua ra lic ngang ¢ vi voi w= 0° thi @ = 0. Két qua cho thiy
dao dong cua xe hau nhu tit hoan toan sau 3 s, su khac biét gitra cac phat bén & cung goc o la
khong nhiéu, khoang dao dong cang 16n khi ao cang 16n, ddi véi goc ao = 30° thi khoang dich
chuyén dtmg 1a 3,82 mm, lic doc 14 0,16° va vdi goc ao = 75° thi khoang dich chuyén dung 1a 7,84
mm, lic doc 13 0,26°. Dao dong ciia goc tAm ciia bé phong ciing tit sau khoang 3 s; & ap nho, luc
cit bu 16ng him anh huéng dén tin sé dao dong cua goc tam nhiu hon & ao 16n va khoang dao
dong goc tam 16n nhat & ap = 75° 13 0,37°.

- Truong hop 2: Véi ao = 30° 75° va = 90° thi cac chuyén dong ciia xe va bé phong duoc
duara 6 hinh 6, 7 va 8. Chuyén dong ciia dan trong 6ng phong cho cac truong hop hau nhu khong
khac nhau, so tdc dat dugc khoang 32 m/s, theo [10] thi so téc nay phu hop véi so tée cua dan
phan lyc. Cac khoang dao dong ctia san xe va b¢ phong nhin chung trong truong hgp nay nhé hon
s0 v6i & trudong hop 1. Dao dong ctia xe trong truong hop nay c6 dii ca 3 thanh phan dich chuyén
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dung, lic doc va lic ngang. Vi goc ao = 75° ¢6 cac khoang dao dong 1a 16n nhét véi dich chuyén
dung 12 6,63 mm, lic doc 1 0,22° va lic ngang 0,12°. Dao ddng ctia goc tam ctia bé phong cd xu
hudng tit sém hon (khoang 2,5 s); & ao nho, luc cit bu 16ng ham anh huéng dén tan sé dao dong
clia goc tam nhiéu hon & oo 16n va khoang dao dong goc tAm 16n nhat & a = 75° 14 0,28°.

Zc voi Alph0 = 30,75[do] va Psi =

90[do]

o] W= 4
, e e - _1 LL
0.05 0.1 015 02 025 0.3 035 04 E
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20 3t |
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Hinh 6. Dich chuyén, vin toc dan va Dich chuyén ditng Zc ciia xe véi ap = 30° 75° va = 90°.

Phi voi Alph0 = 30,75[do] va Psi = 90[do] Theta vei Alph0 = 30,75[do] va Psi = 90[do]
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Hinh 7. Lac ngang ¢ va Lac doc 0 cia xe voi ap = 30° 75° va w = 90°.
AlphaT voi Alph0 = 75[do] va Psi = 80[do] AlphaT voi Alph0 = 75[do] va Psi = 90[do]
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Hinh 8. Gdc tam ar ciia bé phéng véi ap = 30°, 75° va = 0°.,

Véi gidi han cua mot bai bdo, 2 trudng hop dua ra mo phong va phan tich ¢ trén 1 cac truong
hop gi6i han duoc thiét ké xe va bé phong nay. Cac két qua mo phong vé bién do va tan s6 ctia dich
chuyén dung & cac trudong hop 13 phit hop véi két qua do duge trén mot két cdu xe bé phong dién
hinh dugc cong b & tai liéu [3], qua d6 cho thdy mo hinh toan va két qua mo phong 1a tin cay.

4. KET LUAN
. B.';li’ bao da xay dung dugc mo hinh dong lgc hoc cua Xxe bé phong dan phan lyc trén nén dan
hoi, ket qua 1a mot hé phuong trinh vi phan cap 2 voi 5 bién 1a 5 toa do suy rdng cua co hé. Su
dgng mo hinh dong luc hoc nay dé nghién ctru dao dong ctia mot cau hinh xe b¢ phong dugc thiét
ke so bd da cho thay cac dao dong ctia b¢ phong nay phu hop voi két qua do dugce cia mot ket cau
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xe bé phong dién hinh & [3], qua d6 budc dau danh gia cac két ciu xe bé phong 1a phi hop. Trong
qua trinh thi€t k€ hoan thién va thur nghiém ket cau xe va b¢ phong nay, mé hinh dong luc hoc s&
duoc st dung thuong xuyén dé phan tich, danh gia lai cac két qua, tinh toan toi wu cac kich thude,

toi
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ABSTRACT
Investigating the oscillation of the launching vehicle on the elastic background

In this paper, the dynamics model of a launching vehicle on an elastic background is
established using the Lagrange Il approach. Using this model for a given launcher vehicle
configuration, the vibrational laws of the vehicle and launcher motions are determined.
Thereby, the feasibility of the structural model of the vehicle and launch pad was initially
evaluated. The developed dynamic model can be used for structural design and shot
optimization for a class of rocket-launching vehicles with the same structural principles.

Keywords: Launching vehicle; Picth angle; Roll angle; Heave translation; Elevation angle; Azimuth angle.
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