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TOM T A T 

Bai bao trinh bay phuong phap xay dung he phuong trinh md ta chuydn ddng khdng gian 
ciia Sling dai lien khi ban nhd sii dung ma tian ehuydn toa dd. He cac phuong tiinh vi phan 
ehuyen ddng phi tuygn dugc trinh bay d dang ma tian do dd se thuan tien de giai b ^ g phuong 
phap sd. 

Tir khoa: siing dai lidn, ddng luc hgc. 

1. DAT VAN DE 

Bai toan xac dinh chuydn ddng cua vu khi tir ddng ndi ehung va ciia dai lien ndi ridng la bai 
toan quan tigng nhat khi nghien euu tinh toan thidt kd ehung. Bai toan nay dugc bat dau bang 
viec xay dung phuong trinh md ta ehuyen ddng. Dai lien la loai vu khi tu ddng cd gia, khi ban he 
chuyen ddng kha phuc tap tiong khdng gian. May tu ddng cua dai lidn gdm nhidu co eau truygn 
ddng cho nhau khi chuygn done. Cac khau lam viec cd the chuyen ddng tinh tign hoac quay, 
khau eo sd ehuygn ddng tinh tidn. Toan may tu ddng dugc chuyen ddng tiong than siing. Than 
sung dugc dat ldn gia. Khi ban gia ehuygn ddng tiong ^an kha phirc tap. Dd xay dung dugc 
phuong trinh md ta chuygn dgng ciia co he nay ta ed nhieu phucmg phap, tiong dd su dung ma 
tian bidn ddi toa do ed nhieu uu didm [1, 2]. Tai Viet nam mdt sd tae gia cung da ehii y den dao 
dgng cua gia siing dai lidn khi bSn va da thu duge mgt sd ket qua kha quan [3]. 0 nude ngoai 
trude day khi xay dung phuong trinh chuydn ddng eho vu khi tu ddng ngudi ta thudng gia thidt 
gia sung ciing tuyet ddi. Dg tinh den anh hudng do ngn bien dang ngudi ta them vao he mdt bae 
tu do [4, 5]. Gan day mdt sd tae gia da ehu y ddn chuyen ddng eiia gia khi ban, song do eo he 
phuc tap nen ciing ehi dem them mdt vai bac tu do [6, 7, 8]. Trong bai bao nay, sii dung phuong 
phap ma tian bign ddi toa do, ta ed the xay dung duge he phuang trinh chuyen ddng eho vii khi 
tu ddng mdt each tdng quat, Tir do cd the ap dung cho eae loai vu khi tu ddng khac nhau. 

2. XAV DylVG MO HINH TINH TOAN 

Dd xay dung md hinh tinh toan ta gia thidt: 

- Cae khau tiong may tu ddng la ran tuyet ddi, cd khdi lugng tap tnmg. 
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- Lidn ket giiia eae khau khdng ed khe hd. 

- Lign kdt giira xa thii va siing dugc thay b ^ g lign kgt dan nhdt. 

- Lign kdt gma gia sung va ndn la lien kdt dan nhdt. 

- Lign ket giiia than siing va gia siing la 1 khdp cau. 

- Sling trude khi b^n dugc giii ean bang nhd xa thii. 

- Khdi lugng phan bd cua gia siing dugc thay bSng khdi lugng thu ggn khdng ddi tap tiling 
dat d vi tri khdi tam gia. 

- Khdi lugng phan bd cua than siing va khdi lugng ehuyen ddng va khdi lugng ehuydn ddng 
ciia mdt phSn eo thd xa thu dugc tiiay bang khdi lugng tiiu ggn ciia than sung, dat d tam thu ggn. 

Vdi nhiing gia thidt d tign ta ed md hinh eo hgc dd tinh toan nhu tidn hinh I. 

Hinh 1. Mo hinh tinh toan. 

tiong dd OXYZ he tga do quan tinh ed dinh, He toa do dia phuang OiXiYi Z\ gan vdi siing, 
mA la khdi lugng hop siing, mg, trie, ...la khdi lugng eua cae bg phan tuong litig. Cae ky hieu se 
duge giai thieh ehi tidt dudi day. De xay dung cac ma tran bidn ddi tga do khi quay true, ta sir 
dung eae he tga do dia phuang. 

3. XAY DU>IG PHlTONG TRINH CHUYEN ©QNG CUA VU KHI 

Dd xay dung phuong trinh chuyen ddng eua he khi ban ta ed thg su dung eae ma tian bign 
ddi tga do. Tren hinh 2 da bidu didn hai he true tga do leeh mdt gdc p. Ma tian bidn ddi tga dd 
cho he nay cd dang sau [2]. 
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Xay du-ng phuxyng trinh ehuyin dgng eua sung dai lien khi bin 

[Tf, 

cos^ - s i n ^ 0 

sin^ eos^ 0 

0 0 1 
(1) 

Hinh 2 Cac he toa do img vdi goc quay. 

Khi xay dung eae ma tran bidn ddi tga do, ta ehgn cac he tga do dia phucmg (hinh 3). He tga 
do Cl dung dd xac djnh vi tri cua be khda cd khdi lugng mA ddi vdi hop siing. He Cj diing de xac 
dinh ehuygn vi cua than sung khi nd quay quanh true tai mang trong mat phang ban. He tga do es 
dimg de xae djnh chuydn vi quay eua than siing khi nd quay quaiih tru diing trong mat phSng 
nam ngang. He tga do 64 &t xae dinh cac chuydn vi gde ciia gia sung va he tga do Cj dg xac dinh 
cac ehuyen vi dai ciia gia siing. Ki hidu i|/ la gdc lech eua mat phang ban so vdi mat phing doi 
xung eua gia (gdc hudng), gdc cp la gdc ban, eae gde pi xae dinh vi tri tigng tam cua khau cin xet 
so vdi true ndng. Tir hinh 3 ta xac dinh dugc eae ma tian bidn ddi tga do khi xoay true. 

H-

eos^, -sin>?; 0 

sin^, cos/?, 0 

0 0 1 

0 0 1 " 

s\nP cosJS 0 

~cos>3 s in^ 0 

(2) 

(3) 
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3X"^1Z~'^3Z, 

Hinh 3. Cac he toa dp dia 

[ 

[Tt = 

iTi= 

H = 

Tl = 

phuoTig. 

0 0 r 
sin(^ + jff,) cos(9J+/i,) 0 

-eos(^+jff,) sin(^ + y9,) 0 

-sin f^sin(^ + ̂ J -sin y/cos(q} + /?,) 

cos (i/^sin(^ + P-) cos t(/'eos(^+/3^) 

-eos(^+/?,) sin(((7 + ̂ 5,) 

-siny/sinip -sin|i/^eos^ 

cos(i/"sin^ eosti'cos^^ 

-cos^J sin^ 

eos^ -sint/f 0 

s in^ cos^ 0 

0 0 1 

eos^i' 

sin|^ 

0 

eosti/" 

s in^ 

0 

Do tinh chat eua ma tian bidn ddi tga do ndn ta ed: 

m 

(5) 

(6) 

(7) 



Xay dyng phwang trinh ehuyin adng ciia sung dai liin ithi bin 

De xay dung phuong trinh vi phan chuyen dong cho mot kh6i luong nao do, ta su dung 
Iihuong phap tinh dong [2]. Cac phuong trinh nay duoc xay dung theo cung mpt phuong phap. 
0 day ta lay lap phuong trinh chuyen dong cua khau ca so doc true lij, co the vigt duoi dang: 

A\ Ah, 1 Al„ ^^^ 

{w^l 
trong do: ^ la hinh chieu cua gia tri tuyet ddi cua khau co so co khoi luong m^ len 

{''..ll 
phuong lij,, ^ la hinh chieu vec to ngoai luc tac dung len khau m^ tren phuang 1,̂ . 

• • • {w.,1 
Su dung ma tran bien doi toa do de xac dinh '" va the vao (8) ta duoc phuang hmh sau: 

'=' =̂' "̂  (9) 

trong _dd:j la ehi sd chi khau Iam vide thir j ed khdi lugng la mj; n la tdng so khau lam vigc; Kj, r| 
la ti sd truyen va hieu suat truydn ddng tu khau j vd khau co sd, Nj la phan lue lidn kdt ciia khau j 
tac dung Idn khau co sd. Nd dugc xac djnh nhd viet phuong trinh chuygn ddng cho khau lam 
viec thuj [1]. 

Cae ma tran L ' J , L ' J , L ' J xae dinh vi tri cua khau eo sd ciing nhu tga do cac gde 

toa do dia phuong tiong he quy ehigu quan tinh. 

Sir dung phuang phap tuong tu nhu tign, ta cd thd vidt dugc cae phuong trinh sau day: 

- Phuong trinh ehuyen ddng lae cua than siing quanh true tai mang trong mat phSng b3n. 

- Phuang trinh ehuyen ddng quay ciia than siing quanh true eua tru diing trong mat phang 
ngang. 

- Phuong trinh ehuydn ddng quay eua toan siing quanh he true e4. 

- Phuong trinh chuydn ddng tinh tidn cua toan siing dgc he true £4. 

Su dung dinh nghia va cae tinh chat eua ma tran, ta cd the gdp tat ca cac phuong trinh vira 
ke tign thanh mgt phuong tiinh duy nhat bidu didn ehuydn dgng eiia toan he khi ban: 

lM]{f} + lN]{r'}+lQ]r,{r} + lR]{r} + lH][r}=[F} ^^^^ 

Cae ma tran [M], [N\, [Q], [R], [H] la nhiing ma tian vudng cap 9. Nd dugc xay dung tu eae 
thanh ph4n he sd eua eae phuang trinh chuydn dgng cua cae bg phan da dugc xay dung rieng re, 
[r] la ma tran ehuygn vi eiia he. 

{r} = [r| r, ... r^f 

He phuong trinh (10) duge giai bang phuong phap sd. Do he lire tae dung len nd rat phiie 
tap ndn khi giai he (10) ta phai giai ddng thdi bai toan xac dinh luc tac dung len siing (bai toan 
thuat phdng tiong). Sau khi giai he (10) ta ed the xae dinh dugc quy luat chuygn ddng eiia toan 
he.' 

LTng dung phuang phap trinh bay d tidn eho dai lidn HKMC (hinh 4). Su dung phan mgm 
SAP 2000 da giai he phuong trinh (10) cho dai lidn HKMC [3] ta thu dugc kdt qua nhu tren hinh 
5, 6, 7. 
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Hmh 4. Sling dai lien IIKMC. 

Hinh 5. Dich chuyen liii ciia diem ti vai ([dm]). 

Nay dii'ng 04 

0009 

OOOG 

-O003 
' 0 

-

5 ^"^-^i 

_ 

i 
1 015 0 ' _ ^ 3 0 

Hinh 6. Dich chuyen digm dau nong trong mat phang diing ([dm]). 

Hmh 7. Dich chuyen diem dSu nong trong mat phang ngang ([dm]). 



Xay di/ng phuang trinh ehuyin dong cua sdng dai lien khi bin 

Trgn cac hinh 5 - 7 trinh bay do thi ehuydn ddng ciia diem ti vai, ehuydn ddng thang diing 
va ngang eua dau ndng siing, trong trudng hgp ban loat 3 vien dan. Cae kgt qua tinh toan phu 
hgp vdi thuc tg va se dugc dung kgt hgp vdi cac kgt qua thi nghiem tai trudng ban. 

4. KET LUAN 

Sii dung phuong phap ma tran bien ddi tga do, ta cd thg xay dimg dugc he phuang trinh 
ehuygn dgng eho vii khi tu ddng mgt each tdng quat. Tir do ed thg ap dung cho eae loai vii khi tu 
dgng khac nhau. Cac phuang trinh thu dugc la cac phuang tririh vi phan phi tuygn va cd thg giai 
bang eae phuang phap sd hoac eae phan mdm chuygn dung. Kgt qua cua bai bao cd thg tham 
khao tiong qua trinh tinh toan thidt kd chd tao mdi hoac cai tidn nham giam phan lire ban ldn 
ngudi sii 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 m matrix form so it is convenient to be solved by using 
numerical methods. 
Keywords: machine gun, dynamics. 




