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TOM TAT

Bai bao trinh bay phwong phap giai bai toan dong lwc hoc may tw dong sung mdy phong
khong 14,5mm c6 tinh dén anh hwéng ciia luc can ddy bang nham xdc dinh quy ludt chuyén dong
cac khau cua may tw dong. Trén co sé nguyén Iy nong lii ngdn, co cdu gia toc khong gian va tiép
dan bang bang mdt kin, bai bdo thiét lip hé phwong trinh vi phdn chuyen dong bang phwong phap
Lagrange loqi II. Két qud khdo sdt cho thdy khi tang khéi lirong mdt bang hodc sé lwong dan treo
trong thung, lyc can ddy bang lam tang thoi gian hoat dong mdy cua tir dong. Tuy nhién, muc
dé anh huong khéng ding ké ngay cd trong trieong hop ddc biét véi sé lwong dan 30 vién_ o mat
nghiéng va treo trong thing dan thi thoi gian chu ky chi ting thém khodang 2ms, diéu nay van dam
bao téc dé bén thiee té ciia sing. Cdc két qua thu dwoc la co s6 khoa hoc dé danh gza do tin cay cua
hé thong trong cdc diéu kién nap dan khédc nhau cing nhu trong qua trinh thzet ké cai tién thing
dan, co cau nap dan nham ndng cao khd ndng tac chién va duy tri nhip ban én dinh cho sing mdy
phong khong 14, 5mm.

Tw khoa: Sung may phong khong 14,5mm; Luc can ddy bang; May tu dong.

ABSTRACT

This paper presents a method for solving the dynamic problem of the automatic mechanism of
a 14.5 mm anti-aircraft machine gun while considering the influence of ammunition-belt resistance in
order to determine the motion laws of the automatic operating components. Based on the short-recoil
operating principle, a spatial accelerator mechanism, and a closed-link belt-feeding system, a system
of differential equations describing the motion of the automatic mechanism is established using the
second-order Lagrange method. The investigation results indicate that increasing either the belt-link
mass or the number of cartridges suspended in the ammunition box increases the ammunition-belt
resistance force, thereby prolonging the automatic cycle time. However, the magnitude of this influence
is negligible. Even under the most unfavorable loading condition, when 30 cartridges are suspended
in the ammunition box and must slide along the feed ramp before reaching the ready-to-feed position,
the cycle time increases by only approximately 2 ms. Such a small variation has an insignificant effect
on the practical rate of fire of the weapon. The obtained results provide a scientific basis for evaluating
the reliability of the system under various ammunition-feeding conditions. Furthermore, they can
be applied to the design and optimization of ammunition boxes and feeding mechanisms to enhance
combat effectiveness and maintain a stable firing rate of the 14.5 mm anti-aircraft machine gun.
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1. PAT VAN PE

Nang cao téc do ban thyc té va duy tri
on dinh cua loat dan 13 mot trong nhiing yéu
cau dat ra d6i voi vii khi phong khong hién nay.
Trong d6, co ciu tiép dan anh huong khong nho
dén nhip ban va sy lam viéc ciia may ty dong.
Sung may 14,5mm sir dung nguyén ly nong lui
ngan va hé thong tiép dan bang bang mat kin,
trong d6 mot phan ning luong 10i dugc sit dung
dé kéo bang.

Véi muc dich xem xét viéc nang $6
luong vién dan trong hop dan dé tang téc do
ban thyc té, bai bao trung nghién ctru su thay
dbi cua luc can day bang theo sd luong vién
dan trong hop. Thong qua viéc xay dung mod
hinh toan hoc khao sat anh hudng cua no dén
quy ludt chuyén dong cua cac khau. Két qua
nghién ctru 13 co sé quan trong dé danh gia kha
nang lam viéc tin c@y cia sung trong diéu kién
s0 lugng dan khac nhau, ddng thoi hd tro trong
viéc thiét ké, cai tién cac bo phén nap dan cho
cac dong vii khi tu dong co tdc d6 ban 16n.

2. CO SO LY THUYET VA MO HINH
TINH TOAN

Nang lugng hoat dong cua co cau tu
dong la sir dung nang luong lui ctia nong cung
cép cho cac co ciu ty dong. Mo hinh dong luc
hoc nay cling duogc ap dung chung cho céc loai
vii khi hoat dong trén nguyén 1y nong lui ngan,
c6 nghia rang dya vao mé hinh nay, ta lap duoc
phuong trinh vi phan chuyén dong ctia may tu
dong va giai ra duoc cac thong sd can thiét cho
hé vii khi c6 nong i ngén.

1KHOANONG 2 HOP KHOA NONG 2 MONG SIS

Hinh 1. M6 hinh don gian hoa hé khoa nong — hop
khoéa nong - nong

Dé don gian hoa bai toan ma van dam
bao d6 chinh xac can thiét, ta dua vao mot sd
gia thiét sau: coi cac khau 1a vat cimg tuyét di,
trir 10 xo 1 khau dan hoi, cac khép dong khong
¢6 khe ho. Trong mo hinh nay gia duoc gin
clmg va sir dung bd phan giam giat mot chiéu.
Dung phuong phap thay thé khbi luong twong
duong thay cho khdi luong phan bd dé lap so
dd tinh toan va dung khai niém hi¢u suét dé xét
lién két thue.

Trong pham vi bai bao, sing 14,5 mm
dugc md hinh héa cu thé boi 3 vat, do la:

+ Vit 1: Khoa nong. Gom c6: dau khoa
nong, b¢ khoa nong, truc con lan, kim hda, 16
x0 khéa nong. Vat 1 ¢6 khoi lugng m, .

+ Vat 2: Hop sung. Gom c¢6: hop sung
va céc chi tiét gan véi hop sung. Vat 2 c6 khoi
luong m, .

+ Vat 3: Nong sung. Gom c6: nong
sung, loa che lua, bao nong. Vat 3 co khoi
luong m .

Phuong trinh vi phan chuyén dong duoc
thiét 1ap thong qua phuong trinh Lagrange loai
IT trong hé toa d6 suy rong [1]:

d|oT | oT 81'[
—| = =0, (=1.2,3) €]
dt\ 0q, ﬁqj 8qj

T, IT twong tng la dong nang, thé niang
ctia hé thong; q;» q 1a toa d9, tbc do suy rong
cua h¢; Q la luc suy rong; t 1a thoi gian; j 1a chi
s6 bac tu do tuong Gng cua h¢, trong trudng

hop nay lay:

X =q,- Toa do xac dinh vi tri ciia khau
co so dbi voi hop sang; X, = q, - Toa dg vi tri
ctia hop sung ddi vai gia sing; X,=q,-Toa do
xac dinh vi tri gia sing.
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Dong ning cua hé vaoi n 14 s6 khau lam
viéc [2, 3]:
1 2 1 2, 1 Rl 2
T=—m,-V+—m Vit—m V:+> —m -V} (2)
2 27T H2
Biéu thurc téc do tuyét dbi qua toc do
suy rong:

V=X+x)V, =XV, ZXy

Pao ham dong nang, thé nang cua hé
duoc viét lai thanh:

d(eT) N\ .d e )
E[§)=[mg+ZK:m:)X+XE[mo+;Kimi)+

A i A
[m +?‘K cosa; X +X{ d [mo+?‘Ki.cosai |
J d = J

der) ) . dff & ) .
= §.=‘ma+m_{+ZKi.mi II-X+ED m_,+ZKi.mi./!-X
& X 8 8 h
—=——m+ Km+XX—m+ Km.cosa, |

Thé nang cua h¢:

_ l(kvxz vk, (X, -x,) +kij) 3)

Trong d6: k,1a do cung 16 X0 day vé cua
nong, k la do cimg 10 X0 clia co cAu giam giat,
ky la dc_) cing cua gia.

Luc suy rong cua h¢:

Q=P -II, +7‘KP '}_‘F Y‘KF

1 -1

]Q; =P, —Hogszgnr_{ —Fisign-X, “4)

Q; =1II, signX, + FsignX,

F. - Luc tac dong ma sat tac dong lén
hop sung cua cac khau; F . - Luc ma sat cua
cac khau; P_- Ngoai luc dat 1én cac khau co s&
(luc khi thuoc tac dung Ién piston...); P, - Cac
ngoai luc dit 1én cac khau thanh phan (hrc can
ddy bang...); P, - Ngoai luc tac dong 1én hop
sung (luc khi thuoc tac dung 1én day nong...);

IT - Luc nénban dau cta 10 xo nong; IT,,- Luc
nen ban dau cua 10 xo giam giat.

Céc luc tac dung 1én khau co s¢ bao
gdém: Luc cta ap suat khi thube khi dan chuyén
dong trong nong, khi dan ra khoi nong; Luc 10
x0 nong, 10 xo khda nong, 16 xo giam giat; Luc
ma sat cua nong voi hop sung, lyc ma sat cua
khoa nong va4i hop sung, luc ma sat cia hop
stng véi gia; Luc can cta co cdu tiép dan; Luc
rut vo dan.

Trong do, luc can day bang F, s€ truc
tiép dong gop vao thanh phan lyc suy rong Q.
anh huong dén van toc va gia téc cta bé khoa
nong trong sudt hanh trinh 1ui va tién.

3. XAC PINH LUC CAN DAY BANG

Co cu tiép dan cua 14,5mm hoat dong
nhd ning luong cua khoa nong truyén qua lién
két cam loai 1 véi ban kéo bang trong hanh
trinh 1 va ddy 1én cua khoa nong, xem hinh 2.
Cong thirc tong quat cua luc can ddy bang duoc
xac dinh nhu sau [2, 4]:

F,=K,JKuV, +nug(sinf+ fcos)+n,ug (5)

Trong d6: n, la s6 dan ndm trén mait
nghleng cd goc nghleng (gbc kéo bang) 0;n, l1a
s0 dan treo trong thung dan; f'1a h¢ sO ma sat
K 1a do cing ctua mat bang; p 1a trong luong
mot mat bang co dan; A 1a van tdc ctia bé khoa
ngng, Kb =1.11ahé s6 tmh dén sy khac nhau
vé lyc giita cac mit bang.

Hinh 2. So' do tinh lyc can ddy bing
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Luc nay tac dung vao doan 7: 0,6dm <
X <2,22dm, la hanh trinh kéo dan vao, dua mot
vién dan vao vi tri cho tiép dan va 1a lyc can.

4. PHAN TICH ANH HUONG TRONG
CHU KY TU PONG

Lyc can day bang khong tac dong trong
toan bd chu ky ma tap trung chu yéu vao doan
tr 0,6 dm dén 2,22 dm cua hanh trinh khoa
nong. Pay la giai doan khoa nong thuc hién
ddng thoi viée kéo day bang va téng dan vao
budng dan [5, 6].

Khi khéi lwong mit bang ting 1én hodc
) lugng dan trén mat tiép dan va treo trong
budng dan thay doi s& anh hudng dang ké dén
luc can ddy bang. Diéu nay lam thay ddi chu
trinh 1am viéc ctia may ty dong, truong hop xau
nhit ¢6 thé 1am cho may tu dong khong hoan
thanh hét duge mot chu trinh, bé khéa khong lui
hét vé sau dan dén ket dan. Do d0, ta khao sat
anh huong cta sy thay doi ctia khdi lugng mat
bang p va sb lwong dan nam trong mit nghiéng
va treo trong thung n, va n,.

4.1. Anh thuéng ciia sw thay do6i khoi lwong
mat bang

Ta khao sat anh huong cua sy thay d6i
khdi lugng mét biang véi gia tri tham khao
cua sung may phong khong 14,5mm cé p =
0,002243 kg.

Hinh 3. D6 thi quing dwong va van toc theo thoi
gian voiu = 0,002243 kg

Thay d6i p véi cac gia tri p = [0,002;
0,003; 0,004], ta dugc do thi quang duong va
van toc theo thoi gian, xem Hinh 4.

Két qua thu duoc khi cho p = [0,002;
0,002243; 0,003; 0,004] kg tong thoi gian thuc
hién moét chu trinh lam viéc cia may tu dong
laT, = [0,08805; 0,08865; 0,08905; 0,08945]
s, khi khoi lugng mat bang tang 1én thi lyc can
tang 1€n, do do6 thoi gian thyc hién mot chu
trinh lam viéc cua may tu dong ciing dai hon.

So manh kit qua thes kivsl lugng mit bing

Hinh 4. P6 thi quing dwong va van toc nong, khéa
nong theo thoi gian

4.2. Anh huéng ciia sy thay doi so vién dan trén
mat nghiéng va so0 vién dan treo trong thung

Vé co ban khi sb lugng dan trén mat
nghiéng va s6 vién dan treo trong thing ting lén
thi hai biéu thirc luc can ¢ cudi phuong trinh (5)
tang lén, do do gid tri lyc can day bang s& tang
1én va lam cham chu trinh cua may tu dong. Vi
sung may phong khong 14,5mm, gia tri tham
khao 1a 10 vién dan trén mat nghiéng va 10 vién
dan treo trong thung. Trudc hét, ta khao sat sy
thay d6i s6 lwong dan trén mat nghiéng va giir
nguyén sd luong dan treo trong thung. Khi do,
6 thi quing duong va van toc theo thoi gian khi
thay d6i n, n, dugc cho trong hinh 5.
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Hinh 5. P6 thi quang dwong va van toc nong, khéa
nong theo thoi gian (n, = 10 vién)

Két qua ¢ Hinh 5 chi ra rang sy anh
hudng ,sé l}rqng da_m’n1 lé} khong dén‘g ké, do do
khi thiét ké chi co cau tiép dan chi can lya chon
kich thude va goc 6 phii hop vai két cdu tong
thé ctia sung.

Tiép theo khi ta gitr nguyén sé luong
dan trén mat nghiéng va khdo sat anh huong
cua sd lwong dan n.. O day, ) luong dan treo
trong thung c6 dai gia tri cao hon khi ta tinh
toan cho 16p dan cudi trong thung chira dan.
Két qua & Hinh 6 chi ra rang thoi gian thuc hién
chu trinh lam viéc cua may tu dong tang 1€n khi
s6 vién dan treo trong thing ting 1én, tuy nhién
anh hudng nay 1a kha nho do d6 tc d6 ban cua
sung van dam bao. Trong trudng hop dic biét
khi n, va n, déu 1a 30 vién thi thoi gian thuc
hién chu trinh 1am vi¢c ciia may tu dong chi
tang 1én khoang 2ms.

58 ydnh Kt qui theo 58 lugng dan trén matnghiéegn2

Hinh 6. D6 thi quing dwong va vin toc nong, khéa
nong theo thoi gian (n, = 10 vién)

5. KET LUAN

Bai bao da xdy dung md hinh dong
luc hoc may tu dong sting méy phong khong
14,5mm c6 tinh dén lyc can day bang. Cac két
qua chi ra rang khi ting sé luong vién dan trong
thing c6 tinh dén su thay doi s6 lugng vién dan
trén mat nghiéng va treo trong thung thi chu ky
lam vi¢c cua may ty dong tang 1én. Tuy nhién,
anh huong nay kha nho va toc do ban van dam
bao. Két qua 1am co s& cho viéc cai tién thung
dan ciing nhu co cau tiép dan sing may phong
khong 14,5mm.

Bai bao la san pham cua d¢ tai cap Hoc
vién ma so 25.2.03. ¢
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