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TOM TAT

Déi voi cdc loai vii khi do Viét Nam tu thiét ké ché tao, viéc khdo sdt cac tdi trong lén nong,
lén cdc bo phdn ciia sing khi ban la hét sikc can thiét. Sing 12,7mm NSV Viét Nam ciing vy, can
khdo sdt ty my img sudt va bién dang ciia nong sing véi cdc tai nhiét do, ap sudt khi ban phdat
mét, lién thanh loat ngdn hodc loat dai. Bai bdo ndy vmg dung phan mém chuyén dung ANSYS
WORKBENCHES dé khao sat img sudt va bién dang ciia nong siing khi ban phat mét va lién thanh.
Két qua nay dwoc sw dung dé danh gid do bén va tudi tho cia nong sung khi ban. Khuyéﬁ nghi lya

chon ché dé ban phut hop.
Tir khéa: Siing 12,7mm NSV; Nong; Ung sudt; Bién dang; Nhiét do.
ABSTRACT

The types of weapons designed and manufactured by Vietnam require thorough investigation
of the loads on the barrel and the components of the gun when firing. This article applies specialized
software ANSYS WORKBENCHES to investigate the stress and deformation of the barrel during
single and automatic firing. So that, the load on the barrel wall includes both thermal and pressure
loads. There results are used to assess the strength and lifespan of the gun barrel during firing. The
12.7mm NSV gun in Vietnam is no exception; it is necessary to study the stress and deformation of
the barrel under temperature and pressure loads when firing single shots or automatic shots. This
result is used to assess the strength and lifespan of the gun barrel during firing. Recommendation to

choose the appropriate shooting mode.
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1. TONG QUAN VE SUNG 12,7mm NSV
VIET NAM

Sung may 12,7mm NSV la sung c¢6 hda
lyc manh dung dé tiéu diét cum ctr diém, xe boc
thép hang nhe, may bay 1én thiang hoic may
bay tam thap... Hién nay, sing duoc lip trén
tau chién, trén xe boc thép va trang bi cho cac
don vi lyc quan trong Quan khu, Quan doan dé
bao dam cho huén luyén, san sang chién dau.
Stng cao xa 12,7mm NSV c6 tbc do ban cao, vi
vay nghién ctru trang thai ing suit va bién dang
nong sung ¢ y nghia rat quan trong, tir d6 tim
ra nguyén nhan chinh anh hudng téi tudi tho
cua sung.

Nong sting 1a mdt trong nhitng bo phan
quan trong nhat, n6 c6 anh hudng rat 16n dén
dd chinh xac bin va tudi tho. Nhiing van dé
lién quan dén dong luc hoc nong sung da duoc
nhiéu tac gia nghién ctiru va cong bd két qua.
Nhiéu cong bd vé g suat va bién dang nong
phao 23mm, 37mm, 57mm, hay 85mm tham
chi 122mm hay 130mm ciing da duogc cong bd
trong cac tai li¢u [1], [2], [3].

Pbi voi nong stiing bo binh ¢6 cic cong
bd ddi voi nong sung tiéu lién AKM, PKMS, ...
nhu céc tai liéu [2], trong bai bdo nay tac gia
dung phan mém ANSYS dé lam phuong tién
khao sat ing sudt va bién dang cua nong sing
khi ban két hop véi sir dung phuong phép ning
lwong va tiéu chuan Von Mises.

2. NOI DUNG NGHIEN CUU

2.1. Xay dung mo6 hinh tinh toian nong sing
12,7mm NSV

Céc gia thiét sau dugc s dung dé xay
dung mo hinh tinh toan [4]:

- Nong phao 1a mot 6ng hinh try day,

thanh try tron, khong tinh dén dong nhiét chay
bao.

- Sy nung néng nong chi do khi thude
va ma sat ctia dai dan voi bé mit ranh nong khi
ban.

- Trong khoang thoi gian sau phat ban,
b6 qua hé sb toa nhiét vao thanh trong nong.

- Khong ton tai cac dong nhiét bén trong
vat li¢u thanh nong.

-Bo qua bién dang nhiét va sy thay doi
chiéu day thanh nong do mai mon khi bén.

- Vit liéu 1am nong coi nhu dong nhét
va dang hudng.

- Ap suat khi thudc 1én thanh nong la
tinh, phan bd déu sudt chidu dai va ddi xung
qua truc nong.

- Nong trudc va sau bién dang van gt
nguyén hinh dang, trang thai bién dang phang.

- Moi phan t6 ctia nong ludn & trang thai
cin bang.

- Sy phu thudc o’(¢) 1a tuyén tinh tudn
theo dinh Iuat Hucke.

Vi cac gia thiét da néu trén, mé hinh

tinh toan nong sung 12,7mm dugc xay dung la
mo hinh 3D nhu hinh 1 sau day.

Hinh 1. Nong sung 12,7mm NSV

Hinh 2. M6 hinh mdt cat phang 2D
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Mo hinh phing 2D mat cit ndng va mo
hinh PTHH ctia mit cat nong khi thudc phong
chay, toan b phan 10ng nong sau day dan chiu
tac dung cua ap luc khi thudc va nhiét do khi
thudc. Cac gia tri ctia nhiét do va ap suit thay
ddi theo qua trinh chuyén dong cua dau dan
trong long nong va nhan duoc khi giai bai toan
thudt phong trong.

2.2. Tham s6 vit liéu nong siing

Céc tham s vt liéu theo cong bd duoc
sir dung 1am thong s dau vao cho cac bai toan
khao sat truong nhiét do, ung suit va bién dang
trinh bay trong bang 1.

Bdng 1. Tinh chat vit liéu ché tao nong sing 12, 7mm

v Eovaam | SMES T My O e
(°O) dan hoi (Pa) nhiét (1°K) | (W /m.°f() (kg/m?) J/(ke.°K) Poisson
20 2,14E+11 1.01E-05 48 7820 440 0,3
100 2,11 E+11 1.19E-05 46 7800 466 0,3
200... 2,06 E+11 1.25E-05 42.7 7770 508 0,3
700 1,43 E+11 1.46E-05 28.8 7590 634 0,3
800 1,32 E+11 1.49E-05 26 7510 664 0,3

2.3. Tinh toan ap suét trong long nong khi bin

2.3.1. H¢ phwong trinh vi phan thudt phong
trong

Qua trinh thudc phéng chay tao khi, dian
ng diy dau dan di dugc mé ta boi hé phuong
trinh sau theo [5]:

dz/dt=s,.pI,
dy | dt =s1.y.(1+2Az+3uz").dz / dt
‘dv/dt =52.p.S/ (pm)

(1)

dl/dt=v
dT /dt =0T/ foy)((fo!0)(dy | d)~T.(fo! (OTV).(dy / dt)—pmv.(dv/ df)

Céc dai lugng dugc chu thich cling theo
tai licu [5] nay.

2.3.2. Phwong phap gidai hé¢ phwong trinh vi
phan thudt phong trong

H¢ phuong trinh thudt phong trong
duoc giai bang phuong phap Runge-Kutta, sir
dung phan mém MATLAB dé giai. Cac thong
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s6 dau vao bao gdm cac dic trung cu tao cla
nong sung, dan, cac dic trung thudc phong,
diéu kién nhoi tham khao tai licu [5], [6]. Két
qua giai bai todn ap suat va van toc dau dan ta
nhén duge thé hién trén hinh 3 dudi day:

b4 o) & v

Hinh 3. D6 thi dp sudt theo quing dwong chuyén
déng ciia dau dan va theo thoi gian

Tai diém ddc biét: P =314MPa, V__

= 293m/s va tai mi¢ng nong P, = 88,6MPa va
V,=823,45m/s.

Két qua tinh toan nay phu hop véi cong
b cua tai lidu ky thuat di kém stng.
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2.4. Co s6 bai toan nhiét thanh nong sing

2.4.1. H¢ phwong trinh bai todn truyén nhiét
va phwong phap gidi [4]

Dé giai bai toan truyén nhiét, ta str dung
phuong phap sai phan hitu han. N6i dung co ban
ctia phuong phap nay 1a chia ludi dé tao thanh
nhing phan tir. Sau do, ta sir dung phuong trinh
can bang nang luong dbi véi timg phan tir va
ting budc thoi gian. S6 lwong cac phan tir cang
nhiéu, budc chia thoi gian cang nho thi két qua
ctia phép tinh cang c6 d chinh xac cao. Dé giai
bai toan truyén nhiét thanh nong sung 12,7mm
NSV, ta chia thanh nong thanh 3 ntt.

Hinh 4. M6 hinh chia lwoi cho thanh nong sung
12,7mm NSV

Tién hanh can bang niang lugng lan luot
cho cac nut va giai. Cac dai luong duogc giai
thich theo [4].

Két qua giai bai toan duoc trinh bay
trén hinh 5 (céc truc hoanh c6 don vi lan luot 1a
chiéu dai L 13 [m] - hinh bén trai, va thoi gian t
1a [s] - hinh bén phai, cac truc tung c6 dong thoi
hai don vi khéac nhau, trng v6i duong dut 1a don
vi vén téc V [m/s], duong lién 1a don vi 4p suét
P [Pa], cac thong sb nay va don vi ciia nd duoc
thé hién trén phan cha thich legend ctia db thi).
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Hinh 5. Biéu do nhiét tai cac nit theo céc buéc

thoi gian tai cac mdt cat

Bdng 2. Cac gia tri tai mot §6 mdt cdt

.| Téeap | I | g gian
Ap suat . duong 2
Lo X chuyén 2 chuyén
khi thuoc A . chuyén o .
(MPa) dong cua dong ciia dong cua
. -3
dan (m/s) dan (m) dan (107s)
P =3147| V_=293 |1 =0,078 | t =1.05
P, =103,2 |V =7973|1=0,786 | t =2,1
pP,=88,6 |V,=823,5| 1,=0,89 | t =223

2.5. Phwong phap xac dinh ng suit, bién
dang nong

Pé tinh truong nhiét do, Gmg sut
va bién dang nong sung, sit dung phan mém
ANSYS Workbench véi hai mé dun Transient
Thermal va Transient Structural. Két qua khao
sat duge thuc hién tai 5 mat cit cla nong sung.
Trén bang 3 la cac thong s6 cua mot sd mat
cit tiéu biéu cua nong sing. Theo tinh ning k¥
chién thuat, sung co thé ban loat ngén 3dn5
vién hoic loat dai 20 vién hodc hon nita. Toc d6
ban 1y thuyét ciia sung 1a 700 phat/ phut. Do do,
khi ban lién tuc 5 phat trong thoi gian 13 0.45s,
khi ban 1 phat 1a 0,09s, trong d6 thoi gian dan
chuyén dong trong nong 1a 0 + 0.00223s.
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Bdng 3. Cdc théng so tinh todn tai 5 mdt cdt ciia nong

Vitrimit | Thoigian | Chiéu dai | Van téc ddu | Nhiét @9 TB | Ap suit khi lljlslngl\lI(?n Ié
< 3 s X o A
cat (107s) (m) dan (m/s) | khi thuoc (°K) | thuoc (MPa) (W/m?.2K)
Mt cat BD ; ; ; 1269 - 373580
tha 1
Mit cit BD
i 2 - - - 1269 - 327070
TaiP__ 1.05 0.078 293 1249.5 314.7 35238.46
Tai p, 2.1 0.786 797.3 1100 103.17 33637.45
Tai t, 223 0.89 823.45 1009.53 88.6 31647.97
2.6. Két qua tinh

2.6.1. Truwong nhigt dp, teng sudt, bién dang

ciia nong phdo khi bin mot phdt dau tién

Sau khi chay trén phan mém, ta thu
dugc két qua thé hién trén do thi o hinh 6. Két
qua tinh toan cho thay nhiét d6 phan b trong
budng ddt tuong d6i 1 gidng nhau. Nhiét do 16n
nhat trong cac mat cua buéng ddt dat 828.19 +
859.8 °C. Nhiét do 16n nhat tai cac mat cit long
nong nho hon mit cit budng dét va giam dan
theo thoi gian do sy tda nhiét ctia bé mit nong
ra moi truong.

B i i e g hot
O el T T
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Hinh 6. Sy phdn b6 nhiét @ I6n nhat tai cde mdt cdt
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Hinh 7. Phédn bé nhiét do, wng sudt va bién dang
tai mgt catp, thoidiemt

2.6.2. Trwong nhiét dj, teng sudt va bién dang
ciia nong phdao khi ban 5 phat lién tuc

Su thay d6i nhiét d6 16n nhit theo thoi

gian tai cac mat cit tiéu biéu khi bén lién tuc 5
phat dugc thé hién hinh 8:

L p——

Hinh 8. Phdn bé nhiét do, ung sudt va bién dang

cua 5 mat cat dién hinh.

(?
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* Nhan xét cac két qua thu dwoe

Két qua khao sat vé truong nhi¢t do,
g suat va bién dang cua nong sing khi bin
mot phat va ban nhiéu phat lién tiép co thé rat
ra mot s6 nhan xét sau:

- Nhiét d6 bé mat nong trong buéng dan
16n hon nhi¢t d6 trong phén rénh xodn va nhiét do
trong cac mét cit nong phéo khi ban 1a khac nhau,
vay ¢ su phan bd nhiét do theo chiéu dai nong.

- Sau mdi phat ban, nhiét do 16n nhat
tai cdc mat cat long nong ting lén. D6 1a do
anh hudng cta phat ban trudc, nhiét d6 ban dau
trude khi ban phét tiép theo ciia nong phéo cao
hon ctia phat ban trudc do.

- Khi ban mét phat, tmg sut 1on nhat
tai cac mat cat budng dét dat khoang 1.308e8
Pa, trong khi tai cac mit cit long nong thi ing
suat tai mat cat long nong P laloén nhit va
bang 1.1459¢8 Pa.

Khi ban lién tuc 5 phat trong, ing sut
16n nhat trong buong dot dat khoang 5.5806e8
Pa, tai cac mat cat long nong 1a 5.246e8 Pa.

So v&i cac vat ligu ché tao nong sing
12,7mm (o, = 7,85x108 x 9,00x108 MPa [4],
hé s6 an toan n = 1.52 + 1.74) chung t6 nong
sting du bén.

- Khi ban lién tuc 5 phat, bién dang
trong nong sung tang l1én dang ke.

3. KET LUAN

Thanh cong cta bai bao 1a trinh bay két
qua giai bai toan thuat phong trong va tinh toan
nhi¢t thanh nong cua nong sung va dung dé
khao sat truong nhiét d6, ing suat va bién dang
ctia nong khi ban.

Két qua cho théy su phan bd nhiét do

theo chiéu dai nong va nhiét d6 thanh nong
phao sau mdi phat ban khi ban lién tuc. Diéu
nay dan dén ung suét, bién dang va nhiét do cua
nong sang déu tang va co thé anh huong dén do
chinh xé4c bin va tudi tho nong.

C6 thé thiy nong sting du bén khi ban,
hé s6 an toan ciia nong 13 1.52 dén 1.74 khi ban
lién thanh, nhiét thanh nong ting 1én dang ké do
vay chi nén ban diém xa loat ngan. Trong truong
hop that can thiét méi ban ca loat 20 vién dan.
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