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NGHIEN CU'U BAI TOAN DAO DONG NONG SUNG PHAO
CHIU TAC DONG CUA DAU DAN CHUYEN DONG TRONG NONG

STUDY OF THE OSCILLATION OF THE GUN BARREL UNDER THE IMPACT

OF THE WARHEAD MOVING INSIDE THE BARREL
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TOM TAT

Nghién ctiu nay trinh bay tuong tac dong luc hoc giiia mét nong phéo
dugc mo phéng nhu mét dam cdng xon Euler-Bernoulli va mgt dau dan tang
toc trong qua trinh ban. Su tueng tac dugc md hinh héa bang cach st dung
phuong phap phan ti hitu han (FEM) c6 tinh dén luc quan tinh, gia toc va luc
trong truong cla dan. Bai bao danh gia tac dong cia khéi lugng, van tdc, gia
t6c cia dau dan va goc phong khi dan ra khoi miéng nong dén su thay doi dong
luc hoc cBia nong. Bang céch st dung phuong phap FEM chiing ta ¢o thé xac
dinh dugc mot cach gan ding dao ddng ctia nong, cac yéu t6 anh hudng dén
dao ddng cia nong tai thoi diém dan ra khdi nong. K&t qua nghién ciiu gitip
cacnha thiét ké cd thém thdng tin tinh todn dd chinh xac ban cta vi khi dong
thai gitip cho qua trinh th{ nghiém dugc rit ngan.

Tirkhéa: Dao ddng nong; dong luc hoc nong sting phdo; phuong phdp phdn
tr hitu han.

ABSTRACT

This study presents the dynamic interaction between a cannon barrel
simulated as an Euler-Bernoulli cantilever beam and a warhead that
accelerates during firing. The interaction is modeled using a finite element
method (FEM) that takes into account the inertia, acceleration, and gravity
forces of the projectile. The article evaluates the effects of the mass, velocity,
acceleration of the warhead and the launch angle when the bullet exits the
barrel on the dynamic change of the barrel. By using the FEM method, we can
approximate the barrel's oscillation, the factors affecting the barrel's
oscillation at the moment the bullet exits the barrel. Research results help
designers have more information to calculate the accuracy of fire of weapons
and help shorten the testing process.

Keywords: Barrel oscillation; cannon barrel dynamics; finite element method.
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1. GIGI THIEU

Dao déng clia sing phéo khi ban anh hudng rat 16n
dén do chinh xac clia phat ban, chinh vi vay viéc xay dung
va nghién cttu mé hinh déng luc hoc ctia sung, phéao khi
bén la can thiét. Trén thé gidi cac tailiéu vé tinh toan, thiét
ké& v khi la cac tai liéu khong dugc phd bién, con & nudc
ta trong nhirng nam gan day da c6 nhiéu céng trinh
nghién ctiu vé dao déng cuia siing phao [1, 2], tuy nhién
trong cac mo hinh nay déu chua xem xét nghién ctiu dén
dao dong riéng cda nong sting phdo vua chiu tai trong
clia phét ban va chiu céc tdc dong do chuyén déng cda
dau dan tac dung Ién nong.

Nghién ctu nay st dung phuong phap FEM chia
nong thanh cac phan t theo chiéu dai nong, dau dan
dugc mo hinh hoa la mot khéi lugng tap trung tuong tac
Ién ndng vaGi day du cac lyc tai trong cla phat béan va su
tdc dong cua dau dan trong qua trinh chuyén déng
trong long nong. Viéc nghién ciu dao déng riéng cla
nong phuc vu cho viéc khao sat, danh gia mét s6 thong
sO clia dan, nong anh hudng dén goc léch ctia nong tai
thai diém dan ra khéi miéng nong lam co s& cho viéc
danh gia do chinh xac ctia phat ban. Két qua nghién ciu
clia m6 hinh nay c6 thé iing dung trén cac sung bén tia
c6 chiéu dai nong I6n hodc gop phan hoan thién cac mo
hinh déng luc hoc da cé.
2.COSG LY THUYET VA PHUONG PHAP GIAI

D& mo hinh hoa su tuong tac gitta nong va dan, ta
dung cg hé nhu Hinh 1 bao gbm moét dau dan cé khéi
lugng m, dudi tac dung cla &p suat khi thuc chuyén
déng vai van toc vin(t), gia tdc am(t). Nong dugc mé phong
nhu mot dam cong xon Euler-Bernoulli tao véi phuong
ngang mot goc 0. Trong mé hinh nay, dau dan di chuyén
trong nong tu trdi qua phai. Hé truc toa dé dia phuong
gén véi nong Oxz, hé truc tdng thé OXz nhu hinh 1.
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Nong véi cac théng s6 vé chiéu dai, khéi luong, vat liéu
dac trung nhu khéi lugng riéng, mé dun dan héi. Ban
dugc quy vé khéi lugng tap trung tai trong tam cla dau
dan, véi cac thong s6 bao gom khéi lugng m,, van téc
Vm(t), gia toc am(t).

Vi mé hinh nay sé tap trung nghién ctu vé sy dich
chuyén cla ndong (dam) theo hai phuong truc nong va
vudng goc truc ndng trong mat phang bén théng qua su
dich chuyén cuia cac nut gira cac phan td. Téng cac dich
chuyén cac nut sé cho ta dich chuyén (hay dao dong) clia
toan bo nong tinh dén thai diém dan ra khéi nong.

‘ 1(x), A(), L(x), E. I(x) ‘

Hinh 1. Mo hinh vat Iy ndng sting, phéo va dan

Dich chuyén theo phuong x va z trong hé toa dé dia
phuaong lan lugt 1a ux va u, va trong hé toa do téng thé la
Ug Va uy

Mé&i quan hé giira cac chuyén vi trén hé toa dé cuc bd
va téng thé clia nong dugc xac dinh nhu sau:

Uy =u, cos—u,sinb,

U; =u, sin@+u, cosO (1)

Ug | | cos® —sinb |[u,
u, [ |sin@ cosB ||u,
Phuong trinh dao déng ctia dam Euler Bernoulli & géc

0 = 0° chiu mét khéi lugng chuyén déng tang téc véi diém
ti€p xtc phu thudc thai gian x, theo [5] dugc tinh nhu sau:

2 2
@ {EJ(X) d WEX)}— wm(x)w(x)
dx dx

d*w(x,t)
=p[ (x—(x,, 1) [-m, (x —xp){&]

dt?

Trong dé, E la mo-dun dan héi; J la mé men quan tinh
clia mat cat ngang ctia dam; m(x) la khéi lugng mét don
vi chiéu dai ciia dam, x 1a toa dé trong tam cla phan tu
dam trong hé toa dé dia phuong so véi hé truc toa do
téng thé; t 1a thai gian, w(x,,t) 1a d6 léch ctia hé trong mat
phang OXZ; w la tan s& dao déng cla dam; m, 1a khai
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lugng cha vat duy chuyén; p(xt) 1a luc cta vat chuyén
déng tac dung Ién mét don vi chiéu dai dam; d?w(xp,t)/dt?
la gia t6c clia dam d6i véi truc z trén hé toa do téng thé.

Piéu kién ban dau cta hé la:

W(X,tZO)ZMZO,
ot
w(x:O,t):O;M:O, (3)
OX
2 _ 3 _
o“w(x=L,t) _ O,(? w(x=L,t) 0
ox? ox3

Dai v6i phuong trinh chuyén déng (2), cé thé thu duoc
mot nghiém gan ding bang cach don gian hoéa vai viéc
bo qua anh hudng cua luc quan tinh va dao déng clia ban
than vat chuyén dong.

Nghién cttu nay st dung mét phuong phap mo hinh
hoéa khéi lugng gia téc nhu mét phan ti hitu han chuyén
dong. St dung phuong phap nay, c6 thé xac dinh dugc
dao déng ngang va dao déng doc cla nong trén mat
phang toa dé dia phuang va tdng thé ma khéng can phai
bo qua quén tinh, Coriolis...

2.1. M6 hinh héa tuong tac cia dau dan gia téc va
nong sting bang cach st dung mét phan ti khéi luong
tuong duong

Hinh 3. Md hinh phan ti thi k tai thdi diém dan bén trong phén ti do tai
thoi diém t
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M6 hinh FEM ctia nong c6 dau dan gia t6c trong long
dugc thé hién trong hinh 2 va 3.

Mai phan ti ¢o chiéu dail, lién két véi nhau tai cac nut.
Nut dau tién tai géc hé toa dé dia phuong va c6 s6 bac tu
do bang khoéng, cac nat con lai méi nut c6 ba bac tu do
gom hai bac tu do tinh tién theo truc nong, vudng goc véi
truc ndng va bac tu do quay trong mat phang Oxz.

Mé hinh nay dugc stit dung dé xéac dinh cac ma tran
khéi lugng, ma tran can va ma tran dé cing ctia phan ti
nong ciing nhu dau dan.

Phan ti tha k, tuong tac véi dan, c6 ba luc nat va
chuyén vi tuong ducng tai moi diém nat. Vi tri phu thudc
vao thai gian cda vi tri dan trong nong dugc biéu thi bang
Xp(t), cOn vi tri cuc bd clia dau dan vai phan tir k 1a xm(t).

Nong c6 n phan td va (n+1) diém nat. Khi nong dao
dong, thanh phan lyc theo phuong z gitta dau dan va
nong, gay ra bédi su rung dong va d6 cong léch huéng clia
nong [6] la:

d’w, (x,,t)
f,x,t)=| m, -my———— 8(x—x,) (4)
dt
Trong do6:
a_t?

X, =Xg +Vot+ “; ,

dx,,

?:VO "ramt, (5)
dzxID _

> "

Trong phuong trinh nay f.(x,t) 1a luc tiép xuc (theo
phuong vudng géc véi truc nong) gilta nong va vién dan
dugc gia toc tai diém x; t 1a thai gian; 8(x-x,) va g tuang
ing la ham Dirac-delta va gia téc trong trudng; X, va Vo
lan luot la vi tri ban dau va t6c d6 ban dau cta dan tai thoi
diém t = 0; am la gia téc cha dau dan khi dang chuyén
déng trong nong tai thai diém t. Trong trudng hgp tinh
dén tac dung quan tinh cla dan thi gia toc d?w,(x,,t)/dt?
dugc tinh tir téng vi phan bac hai ctia ham w,(x,,t) d8i véi
thai gian t, vé6i diém ti€p xuc thay déi x, [51:

dw, (6,8 _ 8w, (x,1) 5 0w, (x,t) &,
dt® ot? oxot  dt )
w,(x,0[ 4%, Y aw, (x,1) &,
+ +
o | dt x  dt?

T (5) va (6) ta co:
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d’w,(x,, 1) 8%w,(x,1)

2
= +2(v, +amt)M

dt? ot? oxot 7)
2 0°w, (x,1) ow, (x,t)
+(vo +apt) ——+a,
OX OX

Hay (7) c6 thé viét dudi dang:
d2WZ (xID ,t)

e =W, (x, 1) +2(vy +a, t)w)(x,1)

(8)

+ (Vo +ant)’ Wi (x,t) +a,wi(x,t)

Trong d6:“ " la dao ham theo thai gian, “ " 1a dao ham
theo dich chuyén.

W, = W; (x, t) la @& vong theo phuong thang ding (2)
clia nong tai diém c6 toa do x va thdi gian t khi goc 0 = 0°.
Khi d6 biéu thuc (4) c6 thé viét thanh:

f,(¢,t)=—m, (W, +2W, (v, +a,t)

©)

+w)(vo+ amt)2 +a,W, —g)8(x—x,)
. .. " 2  m g
Trong dé: m W, W} (vo +ap,t)” +a, W', 2w, (v, +a,t)
lan luot la luc quan tinh, luc hudng tam, thanh phan luc
Coriolis ctia dan va myg la luc hap dan cda dan.
Luc tdc dung clia dan vao nong theo phuong Ox dugc
xac dinh nhu sau [8]:
2
d WX(Xp,t)

(10)
p dt2

f (x,t)=m 6(x—xp)

(1)

Duéi tac dung ctia dau dan dang dugc gia toc, luc nat
tuong duang clia phan tir nodng thirk c6 thé dugc biéu thi
nhu sau:

Hay: f, (x,t) =m,w,5(x —x,)

kai = Nimpwx (| = 114)1 (1 2a)
fo =—Nimy (W, +2W, (v, +a,t)

+w} (Vo +amt)2 +a,W,—q) (i=2,3,5,6) (12b)
O day N (i =1,...,6) |a ham dang ctia phan tir dam:
N, =1-€(t),N, =&(t),N; =1-3&(t)* + 2&(t)°,

N, =X, (1-2€(t) + &(1)°),Ng = 3€(t)* —2€(t)°,

Ng =X (=€) +E()); &) =X, (1) /1

Vi | la chiéu dai phan ti nong, xm(t) la khoang cach
cla trong tam dau dan dén dau bén trai ctia phan tnong
dang xét (hinh 3). M&i quan hé gilra ham dang va chuyén
vi theo phuong Ox va Oz dugc xac dinh nhu sau [5]:

(13)

W, (X, 1) =Nju, +Nyuy 4, (14a)

W, (X, 1) =Nyuy; +N3uy 3 +Nguys +NgUyg (14b)
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G day: uq (i = 1,...,6) 1a chuyén vi nGt clia phan ti tha
k dudi tac dung clia gia toc dau dan.

Tu (11), (12a,b) va (14a,b) ta c6 cdng thiic tdng quat vé
dao déng clia nong dudi dang ma tran nhu sau:

[m]{i+[ca} + [Kl{u} = {F} (15)

O day:
NN 0O 0 NN, O O
0 N2 N,N; 0 NN NN,
0 N;N, N2 0 NN, N,N
[m]:mp 3'%2 3 3'Y%5 3'% (16a)
NN, O O N3 0 0
0 NgN, NgN; 0 N2 NgN,
| 0 NN, NgN; 0 NN N |
o 0 0 0 0 O
0 N,N, N,N; O N,Ni N,N;
0 NN, NoNG 0 NGNi NN
[c]=2mv(t) 323 35 376 1 (16b)
P lo o 0 0 0 O
0 NoN, NoN; 0 NoNi NoNj
|0 NgN, NgN3 0 NGN5  NgNj |
[0 0 0 0 0 0 |
0 k22 k23 k25 26
0 ks, kys O ki k
[k] — mp 32 33 35 36 (1 6C)
0 0 0 0 00
0 k52 k53 0 kSS k56
_O k62 k63 0 k65 k66_
Trong d6, k;;dugc xac dinh nhu sau:
X (1) = x4(t) = (k=1).l (16d)

Dé tinh toan cac ma tran phu thudc thai gian, gia tri
tUc thoi clia Xm(t) va phan ti thi k dugc tinh nhu sau:

X, (1) = x4 (1) = (k= 1). (16€)

G day: k = (phan nguyén clia x,(t)/L) + 1;k=1=+n;

Trong trudng hgp cac diém nut ctia mét phan ti nong
can dugc tham chiéu dén mot mat phdng toa dé téng thé
hop véi mat phdng ngang cdia ndong mét géc 6, thi dich
chuyén culia cac diém nut trén hé toa do dia phuang phai
dugc chuyén sang hé toa dé téng thé bang cach sirdung
phép déi truc bdng cac phuang trinh (17) duéi day, trong
dé ui (i = 1,.., 6) la chuyén vi clia cac diém nut ctia phan
t nong trén hé toa do ca, U (i =1,.., 6) 1a cac chuyén vi

trén mat phang toa do téng thé OXz .
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()= {u)
(o} =117 (o)
(o)1 (@)

Trong dé:

{uh=[u vy Uy u, ug Us]T:{G 600U U u6]T

1=
fi =0y @ 0 0, 5 0] (G} =[G 6,6 G, G 6] (8)
|-

{0}2[01 U, Us Uy Us Us]TI{ﬁ [U1 Uz U3 ij4 ij5 UsJT

[cos6 sinB 0 0 0 O]
—sin@ cos® 0 O 0 0
0 0 10 0 0
[T]=m, _ (19)
0 0 0 cos® sinB 0
0 0 0 —sin® cosB 0
0 0 0 0 0 1

Trong biéu thic (18), (19), 6 1a goc gilta ndong va mat
phdng nam ngang, [T] 1a ma tran chuyén gitia hé toa do
téng thé va hé toa do dia phuong.

Tuong ty, cac ma tran vé ngoai luc trong hé truc toa
dé téng thé duoc viét dudi dang:

(= o0

Trong do, {?},{U},{G},{G} la cac gia tri trong hé truc
toa d6 mdi sau khi thuc hién chuyén truc bang ma tran

chuyén [T][T]f1 =[1]. Khi d6 tuong tac gilta dau dan va

phan tl ndng trong hé truc toa dé mai dugc xac dinh bai
cong thuc:

[m]{ul+HCIu} + kU = {f}
Véi:

(21)
m=[T] m[T], c=[T] [T], k=[T] K[T] (22)

2.2. Phuong trinh chuyén déng cta hé thng néng va
dau dan

Phuong trinh chuyén déng clia hé nhiéu bac tu do bao
gbm nong va dan gia téc dugc biéu dién nhu sau:

(M) J{zw}+[ Co]{zo}+[Ko J{zZ0) = Foy - 23)
Trong d6: [M],[E],[K] lan lugt 1a cac ma tran khoi

lugng, ma tran can va ma tran dé cling ctia phan tir nong
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trong hé truc toa do téng thé. [E(t)J la vecto ngoai luc
téng thé clia hé théng nong tai thai diém t. {i},{i},{i}
lan luot 1a véc to gia téc, van téc va do dich chuyén cda
cac diém nut cGia cac phan tir trén hé truc toa dé téng thé.
Mat khac, cac ma tran khéi lugng, ma tran can va ma tran
d6 cing la cac ma tran phu thuéc thai gian khi dau dan
dich chuyén, vi vay cac ma tran téng thé nay dugc goi la
ma tran tuc thai.

2.3. Ma tran khéi lugng va dé ciing cia hé néng va dan
trén mat phing toa do téng thé

Ma tran dé ciing va khéi lugng nguyén té K¢ va Me clia
mbi phan ti cGa ndng ¢ thé thu dugc bang phuong
phap PTHH c6 dién [7]. Sau d6 chuing dugc chuyén dén
toa do cuc bd bang cach s dung ma tran chuyén [T]
trong cong thiic (19) va tap hop chung lai dé dugc ma
tran khéi lugng va dé ciing téng thé [M] va [K]. Khi c6 dau
dan dugc gia téc nam trong phan ti d6 thi ma tran khoi
lugng va d6 cliing ctia dau dan [m] va [k] dugc tinh nhu la
mot thanh phan cla ma tran khéi lugng va do cing [M]
va [K] bang cach tinh dén thanh phan quén tinh va hudng
tam. D3i vai hé toa do téng thé, ma tran bién d6i dugc st
dung la ma tran nghich dao [T]" nhu da cho trong phuong
trinh (17). Do d6, d6i véi toa dé téng thé, ma tran do ciing

tuic thoi va ma tran khéi lugng tuc thai [’\_/‘(t):',[R(t)] cla

toan bo hé théng dugc biéu dién nhu sau:

(Mo ], =[M],,

_ _ (24)
I:K(t):|nxn - [K]nxn
Déi v6i phan ti thu k:
K =K& . +k (i,j=1,..6)

J ki kj j J (25)

M;; =Mg s +my (i,j=1,..6)

Trong trudng hgp nay, n dai dién cho téng bac tu do
cUa cac phan t sau khi ap dat cac diéu kién bién trong
phuong trinh.
2.4. Ma tran can cua nong dudi tac dung cua dau dan
chuyén déng

Ma trdn can dugc xac dinh bang cach st dung ly
thuyét gidm chan, trong d6 ma tran can [C] ty |é véi ma
tran khéi luogng va dé cing.

[€]=a[M]+8[K]
Cac hang s6 can Rayleigh ava B dugc xac dinh theo ty
sO can va tan s6 dao dong riéng két cau [9]:

(26a)
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Z(Eiwi —ijj)wiwj
o
VOI: B - Z(Eiwi _ijj)
g

trong d6, w;, w; 1a cac tan s6 dao déng riéng clia ndong;
&, §laty s6 can tuong ung.

Thong thudng, anh huéng clia cac tan sé cao dén gia
tri cila hang s6 can la khong dang ké, nén dé don gian
trong tinh toan, ngudi ta thudng xem xét téi 2 tan s6 dao
dong riéng dau tién w1, m,, va xem rang ty sé can la hang
s6 §1 = iz = i

Va do d6, cac hang s6 can dugc xac dinh theo cac
biéu thic sau:

2¢ 2¢

W, +Ww, w; +W,

w,w, =Bw,w, (26b)

Téng ma tran can tuc thoi clia hé dudi tac dung cla
dau dan dang tang téc dugc xac dinh:

<], =[<].. (272)
D06i vai phan ti thi k:
Gy =C5;+G; (ij=1,...6) (27b)

2.5. Vecto luc tdng thé cia hé duéi tic dung ctia dau
dan dang chuyén déng
Do su tap trung cta khéi lugng dan tai trong tam, luc
gitta nong va dau dan dugc biéu thi bang P, nhu trong
hinh 4. Trong nghién ciu nay, ma sat gitta dan va nong da
dugc bo qua.
P=iP, +jP,

|

Hinh 4. Trong luc cla ddu dan tac dung Ién phan tl nong thi k
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Trong d0, Py, Py lan lugt la thanh phan luc theo phuang
truc nong va phuang vudng goéc véi truc nong.
Px=-mpg.sinB; Py=-myg.cosO (29)

Phuong trinh (28) thé hién cac luc tuong duang dugc
tac dung bai su tuong tac cla vién dan véi nong, trong
khi phuong trinh (29) cho ta cac thanh phan cta luc hap
dan cda dau dan.

Dé biéu dién luc nay trong phan tich phan ta hitu han,
ma tran luc nut tuong ducng dugc biéu thi nhu sau [7, 8]:

T
(k) }:[ﬂ(k) fz(k) f3(k) fik) fs(k) fé(k)]

£ NP, (i=2,3,5,6)

(30)

31

Trong d6: k la phan tir nong (hodc phan td tha k) tai
thoi diém dau dan dang & vi tri d6 & thai gian t, Ni la ham
dang nhu phuang trinh (13). Véc ta luc la véc to cho trén
hé truc toa d6 dia phuong. D& xac dinh véc to luc trén hé
toa dé téng thé clia chiing ta dung céng thic chuyén truc
nhu sau:

Foo [T (%) 2

(33)

Bi€u thuic (33) nhan dugc bang cach chén ma tran
[T]_1 =[T]T vao phuong trinh {f} =[Tl{f} trong phuong
trinh (20). Trir luc cta hai diém nuat cta phan ti nong tha
k ma tai d6 c6 dau dan, con lai cac luc khac déu bang

khéng. Do d6 véc ta luc téng thé trong cong thuc (23) c6
thé viét dudi dang sau:

_ e T
{F(k)(t)}:[om 00 F k0 £ F 0 E k) fé(k)mo] (34)

G day, ?i(k)(i =1,..,6)1a luc nat tuong duong clta P
trong hé toa do tong thé va dugc tinh nhu trong céng
thuc (33).

2.6. Phuong phap giai

D6i vGi nghiém clia phuong trinh phu thudc thoi gian
clia chuyén dong cla toan hé théng, ngudi ta c6 thé s
dung mot phuong phap tich phan thich hgp. Trong nghién
clu nay, phuong phap tich hgp truc ti€p Newmark dugc st
dung cling véi budc thai gian At = 1.10° gidy, cac gia tri
B =0,25 va a = 0,5 dé thu dugc nghiém clia phuong trinh
(23), trong d6 B va a la cac tham sé xac dinh d6 chinh xac
va 6n dinh ctia thd tuc Newmark. Khi 3 = 0,25 va o. = 0,5 sé
cho két qua hoi tu vo diéu kién. Gia tri cha At la mét tham
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s6 quan trong xac dinh do6 chinh xac ciia phuong phap, vai
kich thuéc buéc thai gian nhd né lam tang téng thai gian
tinh todn, trong nghién ctiu nay At dugc chon & kich thudc
nho vi hai ly do dé la van toc clia dau dan cao va dé rung
déng cia nong o tan sé 16n.

2.7. Ap dung cu thé

Bang phuong phéap dugc dé xuat & trén tién hanh
phan tich tuong tac dong luc hoc clia nong tron 115mm
trén xe tang T62 trong qua trinh dan dugc gia téc
trong nong. Vi dau dan né pha sat thuong cé khéi lugng
m, = 13kg. Gidi bai todn thudt phéng trong xac dinh dugc
van téc dan dau nong va, = 1057m/s.

Chiéu dai ctia nong L = 5m, khéi lugng va moédun dan
héi clta nong lan lugt la M, = 1280kg va
E=2,11.10""kg/m?. Nong dugc chia thanh 200 phan tur (n)
va 201 diém nat (n + 1). Méi diém nat cé ba bac tu do; do
dé, kich thuéc cia téng ma tran téng
([Mm][Km][C0)]) la 603x603. Cac diéu kién bien
(U1 :O, U; = 0, Us :0).

DE gidm do phc tap clia cac tinh toan lién quan dén
gia t6c phu thudc thoi gian, trong nghién cliu nay gia téc
trung binh dugc st dung cho chuyén déng ctia dan trong

Y by > 2 7, By A ~ .
nong va bang a,, =0,5vy, /L, véi va, 12 van téc dan tai
dau nong.

a) Anh huéng cta vén téc ddu dan khi ra khéi nong
dén dao déng nong

Dé danh gia anh hudng cla van téc dau dan ra khoi
ndng doi véi dao déng clia nong, phuong trinh chuyén
doéng (Phuong trinh 23) dugc tinh toan cho céc van téc
khac nhau (v, = 1000, 1500, 2000, 2500 va 3000 m/s)
trong khi van giir nguyén khoi lugng dan la m, =13kg, géc
0 =0°, budc thai gian la At = 1.10%s. Hinh 5 va 6 la két qua
dao déng dau nong theo phuong vudng goc va phuong
truc ndng trén hé truc toa do téng thé.

C6 thé thay khi van téc dau dan cang tang thi dich
chuyén vi tri ddu ndng cang 1én theo phuong vudng goc
V@i truc nong, hay géc ndy ctia dau nong sé tang lén khi
dan r&i khdi miéng nong. Biéu nay cho ta thay, du so téc
dau dan tang lén la tot cho tam bén, tuy nhién n6 sé bj
giam d0 chinh xac ban so véi vién dan c6 so téc nho hon
va cho vién dan tiép theo néu tai vi tri khi vién dan tha
hai téi dau nong, dich chuyén ctia dau nong chua vé vi
tri ban dau.

Déi vai dich chuyén theo phuang truc nong khi thay
déi van téc dau nong clia dan la khdng dang ké.

Tap60-S011(11/2024)
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Hinh 5. Dao ddng ctia ndng theo phuang 07 khi thay dGi gia tri van tdc
dau dan tai vi tri dau nong
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Hinh 6. Dao ddng ctia ndng theo phuong truc nong khi thay déi gia tri van
toc dau dan tai vi tri ddu nong

b) Anh huéng cta khéi luong ddu dan dén dao déng
nong

Dé danh gia khdi lugng dau dan anh huéng dén dao
ddng cua nong theo cac phuong vuong géc va phuong
truc nong tién hanh thay déi khéi lugng dau dan lan lugt
[a mp =13, 16 va 20kg. Budc thai gian tinh gilr nguyén At
= 1.10s. Van t6c dau dan khi rgi nong va, = 1057m/s, gia
téc trung binh am =1,12.10°m/s? va véi 6 = 0°. Hinh 7 va 8
cho thay cac két qua dao dong clia nong.

Cé thé thay khi khéi lugng dau dan cang tang thi dich
chuyén vi tri ddu ndng cang Ién theo phuong vudng goc
V@i truc nong, hay géc ndy ctia dau nong sé tang lén khi
dan r&i khoi miéng nong. Nhu vay khi tang khéi lugng dau
dan nham tang uy luc cta phat bén sé lam giam dé chinh
xac ban so vdi vién dan c6 khéi lugng nhd hon xét trén
g6c doé dao dong dau nong khi dan rai khoi nong.
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Hinh 7. Dao dong ciia nong theo phuong 0z khi thay ddi khéi lugng dau
dan
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Hinh 8. Dao ddng clia ndng theo phuong 0 khi thay doi khéi luong dau
dan

¢) Anh huéng cta géc phong dén dao déng nong
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Hinh 9. Dao ddng ctia ndng theo phuong 07 khi thay déi goc phong O
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Hinh 10. Dao ddng cia ndng theo phuong O khi thay ddi géc phong 6

Dé xéac dinh anh hudng cla su thay déi géc phong 0
dén dao dong clia nong, ti€n hanh thanh déi gia tri goc
0 = 0°, 15°, 30° trong d6 gilr nguyén khoi lugng dau dan
la m,= 13kg, van téc dan tai dau nong la vg, = 1057m/s,
budc tinh At = 1.10°s. Hinh 9 va 10 cho thay cac két qua
dao déng khac nhau khi thay d6i khaéi gia tri goc 0.

C6 thé thdy khi tang goc phdng 0 dich chuyén dau nong
giam, diéu nay la vi khi 0 tang thi thanh phan luc
Py = -mpg.cos® gidam, ngugc lai, v&i thanh phan dich
chuyén theo phuong truc nong Wy sé tiang khi gia tri 0
tang lén.

3.KET LUAN

Nghién cttu nay da thanh lap dugc hé phuong trinh
tuong tac gitta dan va nong trong qua trinh ban, mé hinh
héa va gidi hé phuong trinh vi phan dao déng clia nong
chiu tdc dong clia dau dan. Trong d6 cac yéu té tac dong
cda dan lén ndong gom luc quan tinh, luc coriolis va trong
lugng dau dan.

TU két qué nay cé thé lam co s& dé nghién clru khdo
sat cu thé ting théng s6 ctia dau dan cling nhu thong s6
két cdu cta nong anh hudng dén dao dong dau nong
khi ban.

Tuy nhién, day mai chila bai toan téng quat mé phdng
nong dudi dang 6ng tru-dam céng xén. Nén két qua chi
phu hgp vai nhiing v khi cé két cau nong it hoac khéng
c6 cac khau trén nong dac biét la véi va khi co khoi luong
dau dan I6n, nong tran. Con véi két cau nong co6 nhiéu
khau trén nong hoac khéi lugng dau dan nho thi can co
nhiing tinh toan chi tiét hon.
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