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STUDY ON THE INFLUENCE OF THE BASE ASSEMBLY OF THE 23 mm ZU23-2
ANTI-AIRCRAFT GUN ON THE OPERATION OF THE AUTOMATIC MECHANISM
AND THE GUN’S OPERATIONAL PERFORMANCE
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TOM TAT

Bai bao phan tich dong luc hoc cua phao phong khong 23 mm ZU23-2, tinh todn cac quy
ludt chuyén déng, van toc, luc tdc dung va chu ky phat ban. Trén co sé cdc két qua tinh todn, nghién
cieu xdc dinh quy ludt chuyén déng va phdn bo lc 1én khéu co so, tir d6 dé xudt diéu chinh mét sé
théng s6 ciia khdu co s6 va mdy t ddng. Muc tiéu la ndng cao chat lwong hudn luyén, hé tro khai

théc an toan, t6i wu héa cong tac bao dwéng va tiét kiém trong qud trinh sir dung.
Twr khoa: Khau co so; May tw dong; Phao phong khong 23 mm ZU23-2; Khai thac su dung.
ABSTRACT

This study analyzes the dynamics of the 23 mm ZU23-2 anti-aircraft gun by computing
motion laws, velocities, applied forces, and the firing cycle. Based on these calculations, the motion
patterns and force distribution acting on the base assembly are characterized. Recommendations
are then proposed to modify certain parameters of the base assembly and the automatic mechanism
to improve training quality, support safe operation, optimize maintenance, and reduce operational

costs.

Keywords: Base assembly; Automatic mechanism; 23 mm ZU23-2 anti-aircraft gun;

Operation and exploitation.
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1. PAT VAN PE

Trong bdi canh hién nay, khi cac phuong
tién bay khong nguoi lai (UAV), tén lra hanh
trinh va cac phuong tién chién ddu tim thap
phat trién nhanh ch(')ng, viéc duy tri va khai
thac hiéu qua hé thong phao ‘phong khong tam
thap tro thanh mot yéu cau cap thiét. Mot trong
nhiing vii khi dugc st dung rong rai trong Quan
d6i Nhan dan Viét Nam ciing nhu nhiéu quéc
gia khac 1a phao phong khong 23 mm ZU-23-2.
Loai phéo nay c6 kha ning ban muc tiéu bay &
culy dén 2500 m, do cao dén 1500 m véi toc do
muc tiéu khoang 300 m/s, ddng thoi con c6 thé
su dung dé tiéu diét cac muc tiéu mat dat hodc
mat nude nho do co dong cao va tdc d ban 16m,
1én t61 400 phat/phut.

Tuy nhién, may tu dong ctia phao co
két cau co khi rat phuc tap. Viéc nghlen cuu,
khai théc, sira chita, huén luyen va cai tién may
tu dong cua phéo gip nhiéu kho khan. Vi vay,
nghién ctru khdo sat anh hudng cua khau co
s& phdo phong khong 23 mm ZU-23-2 dén lam
viéc cua may tu dong va qua trinh khai théac sir
dung phao. Nghién ciru nay dic biét ¢ thé tao
diéu kién thuan loi cho cong tac huan luyén,
khai thac vii khi, cai tién k¥ thuat va nang cao
hi€u qua, an toan, tiét kiém trong sir dung phao.

2.CO SO LY THUYET

2.1. Nguyén ly hoat dong ciia may ty dong
phao phong khong 23 mm ZU-23-2

Phao 23 mm ZU-23-2 lam viéc theo
nguyén 1y trich khi thudc, budng khi ho, piston
lui dai. Chu trinh 1am viéc cua may tu dong bao
gém [4]:

1. Mo khoa nong.
2. Rut va hat vo dan.

4. Tiép dan va tong dan.

5. bong khoa nong.

6. Giai phong kim hoa dé phat hoa phat ban
tiép theo.

Co che 1am viéce co the dugc giai thich
nhu sau:

« Khi vién dan dau tién duoc phat hoa,
khi thudce sinh cong day dau dan di trong nong.

« Khi dau dan di qua 15 trich khi, mot
phan khi thudc theo 16 trich khi di vao budng
khi, tdc dong 1én piston.

* Piston chuyén dong ra sau, kéo theo
bé khoa nong, kich hoat chu trinh m¢ khoa, rut
vo dan, tiép dan, téng dan, r6i lai dong khoa
nong va phat hoa.

Qua trinh nay dién ra lién tuc, nho d6
phéo dat toc do ban cao.
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Hinh 1. So do nguyén ly hoat dong cua may tw
dong phao 23 mm ZU-23-2

2.2. Gia thiét va so' dd nguyén ly

Nhu di phan tich ¢ phan co so 1y thuyét,
may tu dong phao 23 mm dugc coi 1a mot hé
co hoc phtic tap gdm nhiéu khau chuyén dong
song phang, chiu tac dong cta cac lyc trong
thoi gian rat ngan. Dé don gian hoa viéc tinh
toan, cac gia thiét chinh duoc dua ra gom:

» Cac khau (b¢ khoa, piston, can téng
dan, can gia toc...) dugc coi l1a vat ran tuyét

3. Giuong bua. don;
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* Lo xo0 khoa nong, 10 X0 glam giat coi
nhu dan hoi tuyén tinh v6i hé s6 dan hoi k;

« Khoi lugng phan bd thay bang khoi
lugng thu gon;

» Cac va cham co hoc dugc mo hinh hoa
bang lyc trc thot ¢o gia tri cuc dai.

Trén co s6 do, so do nguyén 1y hoat
dong ctia may ty dong duoc xay dung.

i

Hinh 2. So' d6 nguyén 1y may tw dong phdo 23 mm
2.3. H¢ phuong trinh thuit phong trong [2]

Pé mo ta qua trinh chay thuc phong
trong nong sung, st dung hé phuong trinh thuat
phong trong [2]. Mdt dang rut gon ctia phuong
trinh c6 thé viét:

_{p'E'N
PV x
Trong do:

p: Ap suat khi thudc trong nong;

o: Hé s6 tang nang;

g: Khéi luong thude phong;

N: Puong lugng cong cua nhig¢t;

V: Thé tich budng chay;

v: Hé s6 dic trung hinh hoc thudc phong;
x: Quang dudng chuyén dong ctia dau dan.

2.4. H¢ phwong trinh trich khi

Khi dan di qua 16 trich khi, mot phﬁn
khi thubc dugc dua vao budng khi. Ap suét
trong budng khi p, tdc dong truc tiép 1én piston
va bé khoa. Phuong trinh nhiét dong luc hoc
trong buéng khi [5]:

d
%z%{(}b- R-T,-G, R-Ty)

Trong do:

V,: Thé tich budng khi;

G,: Luu lugng khi qua 16 trich;

G,: Luu lugng khi ro qua khe ho piston;

T, T,: Nhi¢t do khi trong nong va
budng kh1

R: Hang s6 khi.

2.5. Hé phwong trinh chuyén ddng ciia bé khéa

Ap dung phuong trinh Lagrange loai 11,
hé phuong trinh chuyén dong cua bé khoa va
cac khau lién két c6 dang tong quat:

M-%+C-x+K-x=P(t)

Trong do:

M: Ma tran khéi luong (khéi luong thu gon);

C: Ma tran ma sat va giam chén;

K: Ma tran d¢ cting (do 16 x0);

x: Vector toa do suy rong;

P(t) Vector luc ngoai (ap suat khi thude,
luc can tiép dan, luc tong dan...).

3. KET QUA VA THAO LUAN

Bfmg lap trinh Matlab, thu dugc mot
loat két qua quan trong vé quy luat chuyén
dong, van toc, luc tac dung va chu ky phat ban
cua may tu dong phdo phong khong 23 mm
ZU23-2.

3.1. Quy luit chuyén dong ciia khiu co sé
(B€é khéa nong)
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Két qua khao sat 12 quy dao dich chuyén
ctia bé khéa trong mot chu ky phét ban.

Hinh 3. D6 thi quy ludt chuyén dong ciia bé khoa
*Nhan xét:

D6 thi thé hién quy luat chuyén dong
cac co cAu cua phao khi nong 1ui xac dinh duoc
chu ky cua mot phat ban t = 0,105 s. Két qua
khao sat thuan loi cho viéc thay ddi cac tham
s0 cua phao, gop phan nang cao toc do ban va
nghién ctru cac yéu té anh huong dén mot phat
bén cua phao 23 mm ZU23-2.

3.2. Quy luat lye tac dung 1én khau co s&

3.2.1. Luc tic dung lén lién két bé khéa - hip
khoa nong

Hinh 4 thé hién duéi tac dung cua ap
sudt khi thubc, bé khoa nong truot trong hop
khoa nong. Khi va cham xay ra, lyc tac dung
1én hop khoda nong tang vot dén gia tri cuc dai.

Y nghia: Phéan tich nay gitp xac dinh
kha nang chiu lyc cua hdp khodéa nong, tir do
danh gia do bén va dé xuat cai tién vat liéu hoic
két cau khi can.

Hinh 4. Do thi liec lién két gitka bé khéa nong va
hop khoa nong

3.2.2. Luc tac dung lén lién két b¢ khéa —
khoa nong

Khi bé khoa Iui, mat nghiéng ctia no tac
dong 1am khoa nong chuyén dong di 1én, dong
thoi nén 16 xo bua. Khi khéa nong gan vi tri
trén cung, lyc dot ngot ting do va cham va gidi
phong bua.

Y nghia: Xéc dinh gia tri cuc dai cua
luc nay c6 thé giup thiét ké lai hinh hoc mat
nghiéng hodc cai tién 10 xo bua dé giam mai
mon, tang do bén.
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Hinh 5. D6 thi luc lién két giita bé khéa va
khoa nong
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3.3. Khao sat anh huéng ciia khiu co sé dén
lam viéc may tu dong

Két qua khao sat dugc thé hién & bang 1
va hinh 6, 7. Qua két qua nhan thiy rang, khéi
luqng bff: khéam = 0.Q625 kg tuong ing V,('ri ap
suat buong khi 16n nhat 376.48 kg/cm?; Toc do
ban: 882 phat/pht; Van téc bé khoa 16n nhat:
129.379 dm/s.

Bdng 1. Anh huong ciia khéi lwong bé khéa nong
dén hoat dong may tu dong

Khéi luong _ m = m, =
be khoa (k) | ™ 00| 00625 | 0.075
Ap suét
budng khi 16n | 37227 | 376.48 | 379.74
nhit (kg/cm?)
Tbc do ban
(phat/phii) 931 882 823
Van toc bé
khéa 16n nhat | 135.24 | 129.379 | 124.56
(dm/s)
Chuky(s) | 0.0644 | 0.068 0.073

Khi thay d6i khéi luong m = 0.05 kg, ap
suat 1on nhét trong budng khi: 372.27 kg/cm?
(giam 4.21 kg/cm?); Téc do ban: 931 phat/phit
(tang 49 phat/phut); Van toc bé khoa 16n nhat
135.24 dm/s (ting 5.861 dm/s). Khi thay d6i
khéi lwong m = 0.075 kg thi 4p suat 16n nhét
trong budng khi: 379.74 kg/cm? (giam 4.21 kg/
cm?); Tdc d6 ban: 931 phat/phut (ting 49 phat/
phit); Véan téc bé khoa 16n nhat 135.24 dm/s
(tang 5.861 dm/s).

Hinh 6. Do thi vdn toc bé khéa khi thay doi khoi
lwong bé khoa

Hinh 7. Bé thi vdn toc bé khéa khi thay doi khoi
luwong bé khoa

*Nhan xét:

Khi giam khdi luong bé khoa nong thi
toc do ciia bé khoa ting nhanh hon va gia tri 16n
nhét Vi, tang 1€n dong thoi téc do ban ting
1€n, do do chu ky lam viéc cuia may tu dong
nhanh hon.

Khi tang khdi lugng bé khéa nong thi
toc do ctia bé khoa ting cham hon va gia tri 16n
nhat Ve 1AM di ddng thoi toc do ban ciing
giam di, do d6 chu ky lam viéc cia may tu dong
cham hon.

Dé thay khi khdi luong ciia bé khoa
nong cang nho thi trong lugng cua nd cang nhe,
duéi tac dung cua ap suét khi thudc s& day bé
khoéa i véi mot te do nhanh hon. Khi bé khoa
lui cung voi tdc dd nhanh hon thi sau va cham

v6i khau lam viéc, b¢ khoa sé dat gia tri V__ &
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16n hon so v&i khi chua thay ddi khdi luong
cua no. Dé)ng thoi, khi [ui véi te dd nhanh va
16n hon s& nén 16 xo ddy vé manh hon va sinh
ra lyc day 16n day bé khoa trd vé vi tri trén cling
v6i tbe ¢6 nhanh hon va 16n hon. Do d6, chu ky
lam viéc ctia may tu dong sé dién ra nhanh hon
hay voi thoi gian it hon.

3.4. Panh gia két qua

Tir cac két qua trén, c¢6 thé rit ra mot sb
y nghia rng dung quan trong:

* Trong khai thac va bdo dudng: Dix licu
vé luc va van toc hd trg du bao mon, hong cua
cac chi tiét chiu tai 1én (nhu hop khoa nong, bé
khoa, can gia toc). Piéu nay gitip 1én ké hoach
bao dudng hop 1y, ting tudi tho trang bi.

« Trong cai tién k¥ thuat: Mo hinh c¢6
thé dung dé thir nghiém cac phuong an thay doi
thong sb (10 xo, hinh dang cam, khe ho piston,
duong kinh 15 trich khi...) truéc khi ap dung
thuc té, tiét kiém chi phi va thoi gian.

4. KET LUAN
Bai bdo c6 y nghia 1y luan va thyc tién

khi d3 dwa ra co so 1y thuyét, két qua khao sat
anh huong cta khoi lugng bé khéa nong dén

qua trinh lam vi¢c cua may tu dong phdo phong
khong 23 mm. Phuong phap khao sat dam bao
do tin cdy phu hop véi tai li¢u san xuét, ché tao.
Két qua nghién ctru 1a co s¢ dé dé xudt cac giai
phap nang cao chét luong huén luyén, hd tro
khai thac an toan, t6i wu bao dudng va tiét kiém
trong qua trinh sir dung.
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