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TOM TAT

Bai béo trinh bay phuong phap xdy dung h¢ phuong trinh mé ta chuyén dong khong gian
cua sing dai lién khi ban nho sir dung ma trén chuyén toa d§. Hé cac phuong trinh vi phan
chuyén déng phi ruyen dugec trinh bay & dang ma trin do dé s& thuan tién dé giai bang phuong
phap s0.

Tir khoa. sung dai lién, déng luc hoc.

1. AT VAN BE

Bai ton x4c dinh chuyén déng ciia vii khi ty dong ndi chung va ciia dai lién ndi riéng 1a bai
toan quan trong nhét khi nghién ciru tinh todn thiét ké ching. Bai toan nay dugc bét dau b{mg
vige xay dyng phuong trinh mé ta chuyen dong. Dai lién 12 loai vii khi tir dong 6 gid, khi bin hé
chuyén ddng khd phirc tap trong khéng gian. Mdy tr dong cua dai lién gom nhicu co cu truyén
dong cho nhau khi chuyén dong Céc khdu lam vigc co thé chuyen dong tinh tién hodc quay,
khau co s& chuyen dong tinh tién. Toan méy tw dong duoc chuyén dong trong than sing. Than
siing dugc dt 1én gid. Khi bin gia chuyén dong trong gian kba phirc tap. Pé xay dung duoc
phuong trinh md ta chuyen dong ctia co hé nay ta co nhiéu phuong phép, trong d6 sir dung ma
trén bién déi toa d§ c6 nhiéu wu dlcm [1,2). Tai Viét nam mot so tac gid ciing dd cha y dén dao
dong cua gia sing dai lién khi bin va da thu duge mét s6 két qua kha quan [3). & nuéc ngoai
trude day khi xay du'ng phuong trinh chuyén dong cho vii khi tir dong nguoi ta thuong gia thiét
gid sung cimg ruyet d6i. Dé tinh dén anh hudng do nén bién dang ngudi ta thém vao hé mét bac
tw do [4, 5]. GAn day mot s8 téc gia da chay dén chuyen dong cha gia khi bin, song do co h¢
phic tap nén cing chi dem thém mat vai béc tu do [6, 7, 8]. Trong bai béo pay, sir dung phuong
phap ma tran bién dm t0a 44, ta c6 thé xay dyng dugc hé phuong trinh chuyén déng cho vii khi
tuy ddng mét cach tong quat. Tir d6 co thé 4p dung cho céc loai vii khi tw dgng khac nhau,

2. XAY DYNG MO HINH TINH TOAN
Pé xay dyng md binh tinh toan ta gia thiéu.
- Céc khéu trong may ty dong 13 rin fuyét ddi, c6 khdi lugng tap trung,
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- Lién két gitra cac khau khéng c6 khe ho.

- Lién két gilta xa thi va sing duge thay bing lién két dan nhét.

- Lién két giira gia sing va nén 12 ién két dan nhot.

- Lién két giira than sing va gid sing 12 1 khop chu.

- Siing truéc khi ban dugc giir cin bing nhd xa thu.

- Khoi lugng phén bb cuia gia sing duoc thay bing khéi lugng thu gon khong d6i tap trung
dat & vj tri khoi tam gid.

- Khéi lugng phin b cia than sung va khf;i luong chuyén déng va khéi lugng chuyén dong
cia mdt phin co thé xa thu duoc thay bang khdi luong thu gon ciia thén sting, dét & (4m thu gon.

Véi nhimg gia thiét & trén ta c6 md hinh co hoc d€ tinh toan nhu tréo hinh 1.

Hinh 1. M6 hinh tinh toan.

trong 46 OXYZ h¢ toa 49 quén tinh cb dinh, Ha toa dd dia phuong O,X,Y, Z; gén vai sung,
my 1a khoi lugng hdp sing, mg m, , ..1a khéi lugng cua cic by phén tuong (ng. Cac ky hiéu sé
dugc giai thich chi tiét duéi dy. Dé xdy dymg cac ma tran bién doi toa db khi quay tryc, ta sir
dyng cac hé¢ toa dé dia phuong.

3. XAY DUNG PHUONG TRINH CHUYEN PONG CUA VU KHi
Dé xdy dyng phuong trinh chuyén dong ciia bé khi bin ta c6 thé s dung cdc ma tran bién

d6i toa d6. Trén hinh 2 d3 biéu dién hai hé truc toa d6 léch mdt gbc B. Ma tran bién ddi toa 4o
cho hé nay c6 dang sau [2].
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Xay ding phuong trinh chuyén déng cua sung dai lién khi bén

cosff -sinf 0
[T]IZ =|sinf cosf 0
0 0 1

Hinh 2 Céc h¢ toa 46 img vai gdc quay.

&)

Khi xay dyng cac ma trgn bién ddi toa do, ta chon cac hé toa dd dja phucmg (hinh 3). Hé toa
doe, dn)ng dé xdc dinh vj of cia bé khéa cé khéi lugng m,, abi véi hop stng. Hé e, ding dé xdc
dinh chuyen vi cua than sung khi né quay quanh tryc tai mang trong mat phang bin. Hé toa dje;
dung dé x4c dinh chuyén vi quay cua than sing khi né quay quanh try dimg trong mat phang
nam ngang. Hé toa db e, dé xac dinh céc chuyén v go6c cua gid sing va hé toa do es A€ xac dmh
cdc chuyén vi dai cta gia sing. Ki hiéu y la gée léch cia mét phéng bén so voi mat phéng déi
ximg cua gid (goc hudng), gée ¢ 1a géc ban, cac goc B, xac dinh vi tri trong tam clia khau chn xét

50 vai truc nong. Tir hinh 3 ta x4c dinh dugc céc ma trin bién dé1 toa dd khi xoay truc.

cosfB -sinff 0
[T,]lz= sinf cosf, 0

0 0 1

0 0 1

[T]',: smf  cosf O
—-cosf sinf 0

(¢]

(©)
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Hinh 3. Cac hé toa d§ dia phuong.

0 0 1
[T}, =| sin@+8) costp+f) ©
—cos(p+B,) sin(p+B) 0

4
~sinysin(p+ f) -sinycos(p+ ) cosy
[T]; =| cosysin(@+B) cosycos(p+B) siny
—cos(p+ ) sin(p+ 5, 0 )
—siny'sing -sinycosp cosy
[T],=| coswsing cospcosp siny
—Ccos @ sing 0 ©
cosy -siny 0
[T]i: sing  cosy 0
0 0 1
(@)

Do tinh chat ciia ma tran bién déi toa dé nén ta co:

(th =l [rR=lr .



Xy ding phuong trinh chuyén dong cua sung dai lién khi bén

bé xdy dung phuong trinh vi phan chuyén dong cho mét khé1 lwong nao do, ta sir dung
phuong phap tinh dong [2]. Cac phuong trinh nay dugc xay dung theo clng mét phuong phép.
O day ta ldy 1ap phuong trinh chuyén djng cta khu co s& doc tryc 1y, ¢6 thé viet dudi dang:

”’,4{“’,1]|).={PA}|, (8)

w . . .
trong d6: { A]"' la hinh chieu cia gid tn tuyét di cua khiu co s& c6 khdi lugng m, lén
{Pd

" Ia hinh chiéu véc to ngoai luc tic dung 1én khau m,, trén phuong 1.

{w.)

phuong 1,

Sir dung ma trin bién déi toa dd dé xac dinh ' va thé vao (8) ta dugc phuong trinh sau:

w1 (B Y +[co )i +[ o i) = - 3o,
=2 =R ©

trong d6: j Ja chi 56 chi khau 1am vige thir j ¢ khéi luong 1a m,; n la tdng s khau lam viéc; Kj,n
14 1i 56 truyén va hi¢u sudt ruyén déng tir khau j vé khau co 6, N, 12 phan lyc lién két cia khau j
tic dung 1én khéu co s&. N6 duge xdc dinh nhd viét phuong trinh chuyén dong cho khau 1am
viée thaj [1].
B;, C, D, :

Céac ma tran [ "], [ "] ,[ "':[xa'\c dinh vj tri cia kbau co s ciing nhu tga dd cic goc
toa do dia phuong trong hé quy chiéu quan tinh.

Str dung phuong phép tuong ty nhu trén, ta cé thé viét duge cac phuong trinh sau day:

- Phuong trinh chuyén déng lac cia than sung quanh tryc tai mang trong mét phing bén.

- Phuong trinh chuyén déng quay cua than sing quanh tryc cta try dtmg trong mét phang
ngang.

- Phuong trinh chuyén dong quay cua 10an sing quanh hé truc e,.

- Phuong trinh chuyén dong tinh tién cha toan sung doc hé truc e,.

Sir dyng dinh nghta va cac tinh chat coa ma Iran, ta ¢6 thé gop tat ca cac phuong trinh vira
ké trén thanh mat phuong trinh duy nhat biéu dien chuyén déng cia toan hé khi ban:

(M )y [W1{2 )+ (017 {7} + (R} + (A1} ={F} (10)

Cac ma tran [M], [M], [Q), [R), [H] 14 nl‘u'mg ma tran vubng c{ip 9. N6 dugc xdy dymg tir cac
thanh ph?m hé 56 cua cac phuong trinh chuyén dgng clia cac bo phan da dugc xdy dung riéng ré,
[r] 1a ma trén chuyén vi cua h¢.

T
{rt=la n - nl

Hé phwong trinh (10) dugc giai bing phuong phap sb. Do hé huc tac dung 1én né rét phirc
tap nén khi giai hé (10) ta phai giai dong thai bai toan xac dinh lyc tac dung Ién siing (bai toan
thuat phong trong). Sau khi giai h¢ (10) ta ¢6 thé xdc dinh duoc quy luat chuyén ddng cua toan
hé.

Ung dung phuong phép trinh bay & trén cho dai lién TIKMC (hinh 4). Sir dung phan mém
SAP 2000 di giai hé phuong trinh (10) cho dai lién TIKMC [3] ta thu duge két qua nhur trén hinh
5,6,7.
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Hinh 4. Sung dai lién NKMC.
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Hinh 5. Dich chuyén 1o cua diém ti vai (([dm)).
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Hinh 6. Dich chuyén diém déu nong trong nojt phéng dimg ([dro]).

Niy ngang 41

Hinh 7. Dich chuyén diém ddu ndng trong mét phing ngang ([dm]).



Xay dung phurong trinh chuyén dong coa sung dai lién khi bén

Trén cac hinh 5 - 7 trinh bay db thi chuyén dong cua diém 6 vai, chuyen déng thing dimg
va ngang cua dau nong sing, n'ong rruqng hcrp ban loat 3 vién dan. Cac két qua tinh todn phu
hop véi thuc té va s& duge ding két hop véi cac két qua thi nghiém tai trudmg ban.

4. KET LUAN

Sir dung phuong phédp ma tran bién déi toa 46, ta co thé xay dyng dugc hé phuong trinh
chuyén déng cho vii khi tir dgng mét cach long qual Tir d6 c6 thé 4 4p dung cho céc loai vii khi tr
dong khéc nhau. Cdc phuong trinh thu duoc 4 céc phuong trinh vi phin phi tuyén va c6 thé gidi
bing cac phuong phip sé hodc cic phan mém chuyén dung. Ke! qué cua bai bdo c6 thé tham
khao trong qua trinh tinh toan thiét ké ché tao méi hodc cai tién nham giam phan fuc bén 1én
ngudi su dung.
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ABSTRACT
SETUP THE SPACE MOTION EQUATIONS OF MACHINE GUNS WHEN SHOOTING
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This paper presents a method to build equations describing the space motion of machine -
gun when fired using coordinate transformation matrices. The system of motion of nonlinear
differential equations is presented in matrix form so it is convenient to be solved by using
numerical methods.
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