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TOM TAT

Bai bao trinh bay mo hinh héa co hé “vi
khi — xa thd” khi ban. Ap dung phuong trinh
Lagrange Il dé thiét Iap hé phuwong tinh vi
phan mé ta chuyén dong khéng gian ctia co
hé. Tién hanh gidi hé phuong trinh bdng
phuong phép sé trén phan mém Matlab. So
sanh két qua tinh toén va thuc nghiém dé

danh gia phwong phap nghién ctru. Péy la
co s& dé tién hanh nghién ctu céc anh
hudéng cta tham sé két cau ciing nhw énh
huéng cua yéu tb co sinh dén én dinh cua
stng khi bdn. Két qua lam co sé cho thiét ké
méi va cai tién cac loai vi khi tw dong cadm
tay.

Ter khéa: vi khi, dao déng, mé hinh, sdng tw ddng, co sinh

1. MO PAU

Bai toan phan tich dong lyc hoc cta cac co
ciu may tu dong cua vii khi tyr ddng cAm tay khi
ké dén chuyén dong thuc ctia né trong khong gian
Ia bai toan tong quat cia viéc nghién ciru dong
luc hoc cua sing tu dong cAm tay. Do dac diém
lam viéc cua sing tw dong 1a tai trong ciia phat
ban tac dung 18n vii khi thay dbi theo thoi gian
v6i chu ky nhét dinh cho nén chuyén dong thuc
Clia cAc co cAu cua sung tu dong trong khong gian
déu 1a dao dong. Dao dong cia sung tu dong khi
ban loat 12 mot van dé hét st quan trong can
dugc quan tim dung murc khi thiét ké moi, cai
tién va khai thac sir dung. D4 c6 nhiéu tac gia
nghién ciru van dé ndy, tuy nhién & m&i mé hinh
¢6 nhimg han ché nhat dinh. Vi vay can c¢6 nhiing
danh gia dbi v6i cac mod hinh dé tir d6 dwa ra mé
hinh phi hop, sét thyc té.
1.1. M6 hinh nghién ciru ngoai nuéc

Khi nghién ctru dong luc hoc may tu dong

cua vii khi tw dong khi ban, cac nha khoa hoc
Oplép va Anpheldp d4 gia thiét rang khi ban dudi
ap luc khi thude 1am cho cac bo phan cua sing bi
bién dang trong gi¢i han dan hdi va dao dong voi
nhimg tan sb nhéat dinh. Vi vy khi tinh toan gia
cua vii khi tu ddng duge xem nhu mét khau dan
hdi ¢6 d6 cimg Cy ¢6 khéi lwong my. CAc tac gia
d4 dua ra mo hinh vat 1y dé tinh toan sing ty dong
nhu hinh 1.

b 02 1 "

Hinh 1. M6 hinh ciia Oplép va Anphelép

Trong do6: mo, Mi, Mp, My lan luot 1a khéi
lugng cta khoa nong, khau lam viée, hdp sung,
gia sung; X, Xi, Xk, Xy lan luot 1a phwong dich

Page 68



TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K8- 2015

chuyén cta khoa nong, khau lam viéc, hop sung,
gi& sung; Co, Ck, Cy la d0 cling ciia 10 so diy vé,
giam giat va gia sung.

Tir mé hinh ndy céc tac gia da thiét 1ap duoc
hé phuong trinh vi phan biéu dién chuyén dong
cua vii khi tw dong khi ¢6 giam chin chi tinh dén
chuyén dong tinh tién cta vii khi [4].

1.2. M6 hinh nghién ciru trong nuérc

Khi xay dung mé hinh, trén co s& phéan tich
nhitng dac diém cia hé xa thu-sing ty dong cam
tay. Tac gia da dwa ra mo hinh tinh toan nhu trén
hinh 2. G mé hinh nay cé nhimg diém khac véi
m& hinh trudce d6 1a:

- Tac dung cua xa tha 1én vii khi dugc thay
thé bang lién két dan nhét, thay thé tac dung cua
vai xa thu bang 10 xo c6 d6 ctrng Ck va giam chén
c6 hé s6 can nhét by, con tac dung cia tay trai xa
thit duoc thay thé bang cac cac 10 xo ¢ do cing
Crx, Crv, Crz VA cAc giam chén c6 hé sb can nhét
brx, bry, brz theo cac phuong X, Y, Z twong tng.

- Khi bén coi mét phan khéi lwong cua xa
thir tham gia chuyén dong cling véi vii khi trong
khéng gian.

- Khi bin sung duoc quay quanh tim diém
ty vai 0.

M0 hinh co hé xa thu-siing tu dong cAm tay
gom cé: than siing ¢ khéi lwong Mk (khau 1),
khau co so ¢d khéi lugng Ma (khau 2), cac khau
1am viéc cia may tu dong cd khdi lwong m; (khau
3 la khau nhan chuyén dong tir khau cha dong
nhu: than khoa nong, bo phan tiép dan...) va giam
va c6 khéi luong Mg (khau 4) dugc lién két voi
nhau bang cac chi tiét dan hoi hodc dan nhét.

- Xk, Yk, Zx la toa do khi tam cia khau 1.

- Xa, Ya, Za la toa do khéi tdm cia khau 2.

- Xi, Yi, Zi 1a toa d¢ khéi tAm ctia khau 3.

- Xa, Yo, Zg la toa do khéi tam cia khau 4.

- X1, YT, Z7 la toa d6 diém ty tay trai.

- Fx, Fy, Fz 14 lyc tac dung cua khi thuée do
nép thiét bi dau nong.
- Xa, Xk, X, Xi 1 chuyén vi trong dbi
cua cac khau.

- ¢ la gbc quay cua stng quanh truc 0Z.

- B la géc quay cua sting quanh truc 0Y.
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Hinh 2. M& hinh cua tac gia Lé Van Thao

=

Ngoai cac mé hinh & trén con c6 mot sé mod
hinh tinh todn nira nhu mé hinh tinh toan caa
Kirildpva va cac tac gia trudng cao dang k¥ thuat
quan sy Penda, mé hinh tinh toan theo biéu d6
xung luc, mo hinh khéng gian chi tinh dén tac
dung cua tay trai xa thi...

Nhan xét:

- M6 hinh nghién ctru ngoai nu6e dua ra kha
téng quat va da ké dén két cAu thuc cua co ciu
may tu déng cling nhur toan co hé vii khi tu déng.
Céc cbng thirc tinh toan da dua ra hoan toan co
thé tmg dung vao viéc thiét ké vii khi méi. Tuy
nhién & mo hinh nay viéc van dung vao tinh toan
cé4c loai vii khi tu dong c6 kha nang chuyén dong
ca tinh tién va quay trong khong gian thi con han
ché. Pic biét tac déng cua xa thu chi dugc coi
nhu mot phan tir dan hdi va chi xét trong mot mat
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phing ban. Do d6 dan dén két qua sai s6 rat 16n
S0 vé6i két qua thue nghiém.

- M6 hinh cua cac tac gia trong nude [4][5]
d4 giai quyét twong dbi chit ch& cac méi tac dong
giita xa thii va vii khi. D4 ké dén cac lién két 1a
lién két dan nhét, va mbi quan hé gitta cac khau
trong may tu dong. Dic biét cac mo hinh nay da
ké dén chuyén dong cua vii khi trong khéng gian.
Tuy nhién & cac mé hinh déu quy tic dong cua
tay phai xa thi vé diém ty vai 1am cho tinh sat
thuc té bi han ché. Két qua tinh toan so véi thuc
nghiém cta cac thong s6 <10% (vi du sai 6 goc
nay theo phuong ngang la 9%)[6].

Xuét phét tir nhitng nhan xét, danh gia trén
va trén co s& nghién ciru tac dong cuia hé “xa thi
- sing” khi ban cho phép xay dung mot mé hinh
méi tong quat va sat véi thue té hon.

2. CHUYEN PONG KHONG GIAN CUA VU
KHI TU PONG CAM TAY KHI BAN

2.1. M6 hinh nghién ctru

Khi ban, xa thii ¢6 nhiéu tu thé ban khac
nhau nhu: ding bin, quy ban, nim ban...Tuy
nhién, & mdi tu thé thi hai tay cia xa thu két hop
Vi ty vai 1am cac diém twa dé giir chic sing.

Hinh 3. Tu thé nim bin

Khi thuc hién phat bén, duéi tic dung cua
ning luong khi thude ddy ddu dan chuyén dong
Vé trudc, dong thoi tic dung vao day nong lam
cho bé khoa nong (khau co s&) chuyén dong. Bé
khéa nong chuyén dong s& 1am chuyén dong cac
bo phan khac nhu khoa nong (khau 1am viéc), dé
rat, hat vo dan va thuc hién nap dan cho phat bin
tiép theo. Do tac dung cua lyc phat ban va chuyén
dong cia cac khau trong may ty dong cia sung
gay ra cac dao dong cho sing.

Tir thuc té qua trinh bin va nhitng nhan xét
& trén cho phép xay dung mé hinh nghién cuu

chuyén dong khong gian cua vii khi tw dong cam
tay nhu trén hinh 4, trong do6:

- Vi tri O, P, T theo tht tu 1an luot 12 vj tri
cua diém ty vai, tay phai va tay trai.

- Mk, Ma, mi, my lan luot 12 khéi luong tap
trung cua than sung (khau 1°), khau co s¢ (khau
2"), khau lam viéc (khau 3°) va mot phan khéi
lwong cia vai xa thu chuyén dong cling véi sing.

Hinh 4. M6 hinh co hé “vii khi — xa thu”

- Xp, Xk, X1, Xry la cac khOél’lg cach tuong
tmg cua cac diém P, M, T va dau nong dén diém
O theo phuong X (1a phwong ctia truc nong stng).

- Ya, Yk, Yi, Yex 1a cac kich thudc tuong
ung theo phuong Y.

V6i mé hinh nay d4 ké dén tac dong cua tay
phai xa thu, tay trai va ty vai. Tai cc vi tri nay
tac dong cuia xa thu dugc thay thé bing cac lién
két dan nhot theo cac phuong trong khong gian,
diéu nay hoan toan phu hop véi thuc té khi bén.
2.2. Hé phwong trinh vi phan chuyén dong

Khi ban toan bo vii khi chuyén dong phirc
tap trong khong gian nhung né quay quanh diém
ty vai O cua xa thu.

Chon hé truc toa d6 OXYZ tai diém ty vai
nhu hinh 4. Véi cac gia tri: X, Yj, Zj la toa do
khéi tam tuong tmg khau 1° (khi j = K), khau 2’
(khi j =A), khau 3’ (khi j = i) dén diém ty vai O.

Xa, Xk, Xi 12 chuyén vi twong dbi cua cac
khau.

¢ la goc quay cia sung quanh truc OZ.

B la goc quay cia sung quanh truc OY.

vy la goc quay caa sung quanh truc OX.
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0i 12 g6c tao boi phuong chuyén dong cua
khéu i so vai hop sung.

Str dung phuong trinh Lagrange 2 dé thiét
lap hé phuong trinh vi phan chuyén dong cua hé.
Phuong trinh Lagrange loai 2 ¢6 dang:

1)

Trong do6:T 1a dong néng cia hé.

I1 12 thé nang ctia hé.
¢ la ham hao tan.

Q; la lyc suy rong.

q; 1a toa d6 suy rong.

V6i mé hinh todn mo ta chuyén dong cua
sung tu déng cam tay & hinh 4 ¢6 5 béac tu do (gs
1a chuyén dong ciia khau 1am viéc 3’ va duoc biéu
dién qua khau co s¢ 2), ta chon toa do suy rong
nhu sau:

0; = Xa30z = Xk 303 = X0, =@;05 = 5,0 =y
2.2.1. Pong nang cua hé.

DPong ning T ciia hé bang tong dong ning
cta cac khau thanh phan, nén:

1 . .
T=5MA(q12+2q1qz+q§)
1 . 1 .
+E(MK +my )qg +E‘]02q42

1 2 1 .2
+—=J +—=J
5 oY Us 5 “ox Us 2
nm . . oo
+2 2 03 +d5 + 20,05 cos 0y )
i=
Khai trién cac thanh phan trong phuong
trinh 2 va thay cac giatri J.y ,Jey Jez.my lacac
thanh phian moé men quan tinh cia sing voi cac
truc quay OX, OY, OZ va mot phan khéi luong
cua xa thu cling chuyén dong véi sung dugc quy
vé diém ty vai ta c6:
n
T =1MAX,§+1(MA+MK +my, + Y mXE
2 2 n=1
12 2 A ..
+E Mm% 4+ 2% X, COS o )+ M pX p X
n=1

.2
+%{ch M A (X g =Xy =X )%+ M (X =X )2

n
+Zmi[(Xi—XiCOSai—xK)2+(Yi+xisinai)2]}
n=1
L M , (X 24 M (X 2
+E{‘]CY+ AXA =Xa =X )+ M (X =X )

+ i m; (X; — % cos a; —xy )2 }32
n=1
1 n . . 3)
+E{JCX + Zlmi(Yi +x sing; )
n=
2.2.2. Ham hao tan (céng ciia lwc can nhor):

Cong cua lyc can nhét trong co hé nay la cong
do giam chin ctia co bip tai diém ty vai va hai tay
cua xa thu.

# =505 + [ory (X —xc )

+bpy (Xp =X )19 ()
+ [orz (X7 =X )+bpz (Xp =X Y187}
Trong do:

b =brx +bpx +by

¢ laham hao tan.

by 12 hé s can nhét tai diém ty vai.

brx, bex 1a hé sb can nhoét tai diém tya tay
trai, phai theo phuwong X.

bry, bey 1a hé s6 can nhét tai diém tya tay
trai, phai theo phuwong Y.

brz, bez & hé sb can nhét tai diém tya tay
trai, phai theo phuwong Z.
2.2.3. Thé niing ciia hé

Thé ning ctia hé bang tong thé ning cua cac
khau dan hdi ttc 1a thé nang cua 10 xo day vé, sur
dan hoi cua vai, tay xa thu.

Coi g6c quay quanh O 14 nho thé niang nay
duogc tinh theo cong thire:

1 1
HzECA( fa+Xa )2 +ECV( fy +Xx¢ )2

1 1
+ECTX( fry + Xk )2 +ECTY [fry +(Xg =X )§0]2
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1 1
+ECTZ [Frz +( X7 —x )[3]2 +ECPX( fox +Xk )2
1 2
+ECPY [fey +(Xp —X¢ )]

1
+ECPZ [fpz +(Xp =Xk )ﬁ]2

()
Trong do:
IT: 12 thé ning cua hé.
Ca : 12 d6 cimg cua 10 xo day vé.
Cv : 1a d0 cling cua vai xa tha.

Crx, Crv, C1z: 1a d6 climg cua tay trai xa
tha theo phuong X, Y, Z.

Crx , Cpy, Cpz: 1a d0 cing cua tay phai
Xa thu theo phuong X, Y, Z.

fa, fv, frx, fry, frz, fox, fov, fez1a d6 dai

nén ban dau cua céac 10 X0 tuong tmg.
2.2.4. Lyc suy rong

Pé tinh dugc luc suy rong ching ta can tinh
dugc tac dung cia luc phat ban tir bai toan thuat
phong trong [3]. O bai bao nay tac gia sir dung
két qua da dugc tinh toan trong [6] va nhan dugc
két qua cua Fa, Fk, Py, Pp, Py.

2.2.5. Hé phwong trinh chuyén dong

Lay dao ham cho cac phuong trinh: dong
ning T, ham hao tan @, thé nang I1, theo cAc toa
do suy rong tir cac phuong trinh (3), (4), (5) thay
vao phuong trinh Lagrange Il, ta s& dugc hé
phuong trinh vi phan miéu ta chuyén dong khong
gian cua sung tu dong cam tay:

MK + M, X +M X3 + 1,007 + 1 0 B2
+|WAW2 =Fa

M, %p + M X5 + MicK + 1 (97 + B°) = F¢
Joz¢_ |A¢¢XA - IK¢¢XK = P(p

Jovﬁ_ IAﬂB'XA_ IKﬂB'XK = Pﬂ

Jox¥/ — IA://I/./').(A = Pl,/ (6)

O day cac gia tri:
: K? o : K o )
My=M,+—2m M, =M, +—2m cos¢

i =1 =
K. n dK. n
Mzz_'zmi E My:MA+ZmiKiCOSO{i
n; IZ&K dXA i=1
MG=ZmiT‘cosai; M, =M, +m, +MK+im
i=1 A i=1
K n
I¢A=T§mi[(xi_)(i COS ¢ — X, )COS ¢,

—(Y, +xsing; )sing; 1+ M (X, =X, — X )

K, o . .
Lpa = I(/)A+n—'_721mi(\(i +¥; Sing, )sing;

K n . .
A =_Tl>zlmi(Yi + ¥ Sing; )sing;

Loy = MACX 4 = X0 =X¢ )+i:Z:1miKi [sine, (Y,
+X; Sing; )—cose; ( X; — X cosa; — X, )]
|K¢ =M (X=X =X )+ M (X =X )
—imi(xi — X, COSQ; — X, )
i=1
Lag = MA(Xn =% =%c )
+imiKi cosa;( X, — % Cosa; — X )
i=1
Ik s =M (X, =Xy =X )+ M (X =X )

—_imi(xi —X COSa; — X )

n
I, = 2 MK;sineg (Y, +x; sino; )

n=1
Lk = MA(X = X3 =X )+ M (X =X )
+imi(xi—xi003ai—xK)
i=1
Trong d6: Ki, mi lan luot 14 ty s6 truyén va

hiéu sudt truyén dong giita khau co s& va khau
lam viéc thr i.
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Phuong trinh 6 ¢6 thé viét dudi dang:

MyxA+MKxK =F

Jozﬂg =F;
JovB=F4 (7
Jox‘ﬁ = I:5

Trong do:

F = FA_MZX/ZA_ I¢A¢2 - IﬂABZ - |V/Al/72
F, = F¢ 7Mo').(17 IAK(¢.2 7Lﬁ.z)

F3 = P¢ + IA¢¢').(A+ IK¢¢XK

F4 = Pﬂ + IAﬂB'XA+ IKﬂﬁXK

Fs =P, + 15,y Xa

2.3. Phwong phap giai va két qua tinh toan

Tién hanh tinh toan véi b s6 liu dau vao la
stng tiéu lién AKM duoc trang bi trong quan doi
do Lién X6 cii san xuat. Chuong trinh tinh bang
phin mém Matlab R2008a. Pé giam bot khoi
lugng tinh toan ma Vin dam bao duoc do chinh
xac cho mot bai toan k¥ thuat st dung thuit toan
Runge-Kutta loai 4 khi giai hé cac phuong trinh
vi phén phuc tap nay.

Chay chuong trinh dwgc két qua chuyén
dong cua khau co so (khoa ndng) cia sung tiéu
lién AKM nhu sau:

[rars] Chuyen dong khau co 5o sung tieu lien AKM [rm]
T T 0.18

H 1: %an toc [mfs]

2: Dich chuyen [m]

5 | i i :
u] 0oz 004 0.06 - 0.08 0.1
Thai gian [=]

Hinh 5. D6 thi chuyén dong cua khau co sé

Khi chay chuong trinh bén loat lién thanh 3
vién cho két qua dao dong cta sing nhu sau:

[rad] Goc quay quanh truc Oz
i T T T !

0 0.05 01 015 02 025 03
Thoi gian [g]

Hinh 6. B4 thj gbc ndy than stng trong mét phing
dung

[rad] Goc quay quanh truc Oy
005 T T T

Goc heta

i i
a 005 o1 015 0z 0.25 03
Thai gian [5]

Hinh 7. B4 thj gbc ndy than stng trong mét phing
ngang

[rad] Goc guay quanh truc Ox
004

0.03

i
a 005 01 015 02 0.25 03
Thai gian [s]

Hinh 8. B4 thi gbc quay than sting quanh tryc OX

Nhan xét:

- C4c thong s thuat phong trong va chuyén
ddng cua may ty dong twong ddi chinh xéc so véi
céc s6 liéu cho trong tai liéu thiét ké cua sung (sai
s6 < 3%).

- Véi cac sb liéu dau vao la sung tiéu lién
AKM duoc xac dinh qua céc tai liéu tham khao
va do dac bang phan mém Solidwork trén mo
hinh 3D ta nhan duoc két qua tuong ddi phu hop
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véi két qua do dong luc hoc cta hé khi bén [3],
[4]. Biéu nay cho phép két luan phuong phap xay
dung mo hinh va cach tién hanh giai bai toan la
hoan toan phu hop véi thuce té cua sing khi ban.
3. KET LUAN

Bai bdo da xay dung md hinh nghién ciu
chuyén dong khong gian cua vii khi tw dong cam
tay. Ap dung phwong trinh Lagrange Il thiét 1ap
hé phuong trinh vi phan chuyén dong cua sing
trong khong gian khi ké dén tay phai cua xa thu.
P4 lap duoc chuong trinh dé giai hé phuong trinh
tinh toan hé sing-xa thu bang ngén ngir Matlab.
Tién hanh giai dong thoi hé phwong trinh phi
tuyén thuét phong trong va nhiét dong budng khi
v6i hé phuong trinh chuyén dong cia may tu
dong, phuong trinh dao dong cua hé c6 tinh dén
su bién thién cua ti sé truyén cua cac co ciu khi

may tuy dong lam viéc ciing nhu d& dua cac va
cham vao bai toan dao dong. Tir d6 da ndng cao
duoc d6 chinh xac cua 1oi giai.

Bai bao d4 str dung sb liéu dau vao 1a sing
tiéu liéen AKM dugc trang bi trong Quén doi. Két
qua tinh toan cac thong sb ap suit c6 do chinh xac
cao so vai tai liéu cua stng. B tinh duge cac dao
ddng co ban cua sung khi ban loat ngén 3 vién.

Két qua tinh toan con dung lai & mat ly
thuyét chua danh gia dugc hét cac tac dong cua
xa thu (hé co sinh) nhét 1a cac tic dong cua hai
tay Xa thu khi ban. Tuy nhién vé6i két qua tinh toan
nay lam co s¢ tién dé cho phép c6 nhiing nghién
ctru day du vé co hé “vii khi — xa thu” theo quan
diém co sinh, dé tir d6 c6 nhiing s6 lidu phuc vu
nghién ctru thiét ké méi va cai tién vii khi tu dong
cam tay.
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Research on movement
handheld

automatic
shooting

e Ta Van Phuc
e Uong Sy Quyen
e Vu Xuan Long

In space of
weapons when

Military Technical Academy, 236 Hoang Quoc Viet, Ha Noi, Viet Nam

ABSTRACT

This paper modelizes the “weapon-
gunner” movement system when shots are
fired. The Lagrange Il equation is applied to
establish a system of equations to describe
this movement. The numerical method on
Matlab software is used to solve the system
of equations. The results of calculations and
of experiments are compared to evaluate

research method. This forms the basis of
research on the effects of structural
parameters and biomechanical factors on
the stability of the gun when firing. The
results serve as the basis for the
improvement of existing automatic handheld
weapons, as well as the design of new ones.
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