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TOM TAT

Bai bdo trinh bay mé hinh tinh todn va gidi bai todn phdn tich trang thai tmg sudt bién dang
cia ong chuyén dung khi tinh dén tac dung dong thoi Ciia tdi trong ap sudt déng va nhiét khong
dirng. M hinh nay cia éng pht hop khi khdo sét hoat déng ciia cac nong sung phéo khi ban o
ché dg lién thanh. Két qua bai todn thudt phéng trong va bdi todn truyén nhiét trong thanh ong
la théng s6 ddu vao cho mé hinh tinh toan. Qud trinh khao sdt dira trén co s phwong phap phan
tr hitu han va dwoc thyc hién boi phan mém Ansys Mechanical. Két qua khao sat nhdn dwoc lan
leot la cdc 1ing sudt, bién dang cia ong khi xét dén riéng tdi trong dp sudt tinh, dp sudt dong,
riéng tai trong nhiét do khong ding va tai trong dong thoi dp sudt va nhiét do. Day la can cir de
ddanh gid anh hwong cia cac yéu t6 tdi trong ap sudt va nhiét dj t6i viéc tinh bén cho cac ong
chuyén dung, déc biét la khi danh gia phan miéng nong sing phdo va diwea ra nhirng khuyén cdo
trong qud trinh tinh todn, thiét ké va khai thdc sir dung cac trang bj vii khi trong thuec té.

Tir khéa: Ung suét; Bién dang; Nhiét d9; Thuat phong trong; Ong chuyén dung.
1. PAT VAN PE

M@t trong cac bo phan quan trong trong cac trang bi vii khi, quyét dinh dén d6 chinh xé4c cia
phat bin va tudi tho cia sing phéo la nong phao. Nong phao la cac dang o ong chuyén dung dugc
gia cong ché tao dic biét, c6 do bén cao, do cung can thiét, d6 mon nho nhat va kha ning chiu
nhiét d6 cao. Viéc nghién ciru trang thai g suat, bién dang cua cac dang dng chuyén dung 1a mot
van d& cap thiét, c6 y nghia thuc tién trong viée thiét k&, khai théc str dung céc trang bi vii khi ciia
Quan doi. O trong nude, nhitng van dé lién quan den qua trinh xung nhi¢t cta nong stung phao,
tudi tho nong va nghién ciru trudng nhiét do, tmg suét, bién dang cua ndng siing phdo dugc nhiéu
tac gia quan tam nghién ctru [1, 2]. Tuy nhién, cac nghién clru nay tap trung chi y€u vao cac loai
vil khi ¢6 ¢& nong nho nhu phdo phong khoéng 37 mm [3]. Céc nghién ctru dbi voi phéo co ¢
nong 16n va tdc do bin cao chua duge nhiéu tac gia quan tdm. Trén thé gidi, cac cong bd lién
quan dén linh vuc vii khi dugc cong bd kha han ché. Trong cong trinh [4], tac gia dd st dung
phuong phap nang luong va ti€u chuén Von Mises dé dua ra 16i giai giai tich don gian cho bai
toan tng suat va bién dang cua nong sung truong ban tia M24. Két qua giai bang giai tich dugc so
sanh v61 phuong phap s6 dé danh gia dg chinh xéac. Trong bai bao [5], cdc tic gid da nghién clru
bai toan truyen nhiét khong 6n dinh dé tinh toan su phan bd nhiét do ciia ndng sung may. H¢ s6
truyén nhiét dbi luu theo thoi gian duoc tinh toan bai Iy thuyét thuat phong trong. Nghiém sb cia
phuong trinh vi phan dugc thyc hién bang phuong phap sai phan hiru han. Tuy nhién, bai toan chi
di sdu nghién ctru trang thai Gng suat bién dang ctia nong sung dudi tac dung cta nhiét do.

Dau nong stiing phao 12 vi tri anh huong rat 16n dén chat lugng cua phat ban, dong thoi tai day
chiu su tac dong phuc tap cua cac yéu td dic thu riéng so véi cac vi tri khac trén nong nhu su
thay ddi dot ngot cia md men x04n, su va dap do mAt can br:ing dong ctia dau dan cling nhu chiu
sy tac dong ctia khi thude & thoi ky tac dung sau ciing ctia khi thudc gay bién dang cuc bd nong.
Ngoai ra, do bé day thanh nong tai vi tri miéng nong 1a nho nhét nén c6 nhitng thay déi vé trang
thai ing suét bién dang 16n khi xem xét anh hudng cta nhiét do. Viéc nghién ciru trang thai img
sudt ciia nong sung phio dudi tic dung cla tai trong phirc tap dugc nghién ctru bang nhiéu
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phuong phép khéc nhau. Hién nay, v6i sy phat trién ctia khoa hoc k¥ thudt, bai toan da dugc mo
hinh héa, giai quyét mot cach don gian hon théng qua cac cong cu lap trinh va phan mém tinh toan
CAE ma van dam bao d6 chinh xac cao [6-8].

Trén co s6 phan tich ing suét bién dang cua nong va dau nong dudi tai trong phuec tap, dong
thoi phan tich cac yéu t6 khac anh huong dén dau nong, tir d6, c6 thé dua ra cac khuyén cio, giai
phap khi tinh toan, thiét ké, gia cong ché tao va khai thac sir dung nong phéo néi riéng va hé
thdng phao néi chung.

2. MO HINH TINH TOAN

M6 hinh tinh todn dugc lua chon la nong phdo tau AK-176, chiu tac dung boi ap suét khi
thudc va nhiét do cao khi ban. Khi khao sat trang thai ing suat ciia nong phao, ta sir dung cac gia
thuyét sau:

- Nong phao c6 két cau nong don 1a mét dng tru day, long nong tron;

- Nong phao néng 1én chi do tac dong cia nhiét do khi thudc va ma sat cia dai dan dau dan
1én b& mat trong cia nong va nhiét do phan bo doi xing véi truc nong;

- M6 dun dan hoi va hé sd gian nd tuyén tinh cua vat liéu nong la hﬁng s6. Hé sb toa nhiét bén
trong nong bang khong tir thoi diém ket thuc qua trinh phut khi cho dén thoi diem vién dan cia
phat ban ti€p theo bat dau chuyén dong;

- Dong nhiét theo chiéu day nong phao coi la dimg, tirc 13 ta chi xét qua trinh truyén nhiét
theo phuong hudng kinh va bé qua bién dang chi€u day thanh nong do mai mon khi ban.

M5 hinh doan dau nong phdo duogc chia thanh nhiéu doan nho, mdi doan s& chiu mot thong sb
tai trong khac nhau vé gia tri va thoi gian. M6 hinh 3D va m6 hinh phan tir hitu han cua doan dau
nong phao dugc the hién trén hinh 1.

a) b)
Hinh 1. M6 hinh nong phao AK-176.
a - Mo hinh 3D; b - M6 hinh phan tir hitu han doan dau nong.

Céc thong sd vat liéu nong phao dugc str dung dé khao sat: khéi luong riéng p = 7850 kg/ md;
hé s6 dan nhiét 4 = 50 W/kgK; nhiét dung riéng ¢ = 502,42 J/kgK; m6 dun dan hoi cua vat liéu: E
= 3.10" Pa.

3. PHUONG PHAP TiNH TOAN BIEN DANG PAU NONG PHAO

Dé khao sat trang thai ing suit cua nong phao dudi tic dung d(‘}ng thoi cua tai trong nhiét do
va ap suat khi ban bang phuong phap phan tir hiru han, trude hét can phai xac dinh dugc ap suat
khi thu6e tac dung 1€n nong phdo va giai bai toan truyén nhiét ciia nong phao. Qua trinh khao sat
dugc thyc hién trén mo hinh véi viée Grng dung phan mém phén tich Ansys Mechanical.
3.1. Gidi bai toan thuit phong trong cia phao

H¢ phuong trinh vi phéan thuat phong trong cia phéo c6 dang sau [9]:
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Trong d6: v - Van tc chuyén dong cua dan trong 1ong nong; p - Ap suét khi thudc trong 1ong
nong; S - Dién tich tiét dién long nong; f - Luc thudc phong; m - Khéi lugng dau dan; | - Chiéu
dai quing dudng dan chuyén dong trong long nong; w - Thé tich twong dbi da chay cua thudc
phong; Ik - Xung lugng toan phan cia khi thudc; T - Nhiét do khi thudc trong 1ong nong; Ty -
Nhiét do trung binh ciia khi thudc tai thoi diém tao thanh khi chay thudc phong; 6 - Chi s6 da
bién ctia san phdm khi; o - Trong lugng cua thude phdng; x, 4, u - Cac dic trung hinh dang cia
thudc phong.

St dung phuong phap tich phan s6 voi thuét toan Runge- -Kutta va sy tro gitip ctia phin mém
Matlab véi cac tham s6 dau vao 1 thong sb thuat phong, thong s6 ciu tao cla phao AK-176 va

dan, gla{ bai toan thuat phong trong va nhén dugc dd thi bién thién ap suét, van tdc va nhiét do
theo chiéu dai nong (hinh 2, hinh 3).
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Quang dudng chuyén dong cua dan [m] Quing duong chuyén déng cia dan [m]
Hinh 2. D6 thi bién thién dp suat va vin toc Hinh 3. Do thi bién thién nhiét do khi
cua dau dan trong long nong. thuoc trong long nong.

3.2. Giai bai toan truyén nhiét nong phao

Qua trinh trao d6i nhiét trong 1dng nong cua sung phao khi bin c¢6 dic trung rit phirc tap va
gom co6 trao d6i nhi€t doi luu, dan nhiét va birc xa nhiét. Trong cac yéu to do, su trao doi nhiét
d6i luu c6 y nghia 16n nhat, do d6, cac qua trinh khac nhu sy dan nhiét va bic xa nhiét ctua khi
thuodc thyc t€ ¢6 thé bd qua.

Gi4 tri trung binh ciia hé s6 truyén nhiét thanh nong trong khoang thoi gian tac dung nhiét ctia
phat ban dugc tinh theo cong thirc [1]:

——% Kkhi X 2 Xmin (2)
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Trong dé: x - Vi tri mat cét twong ing so voi mit cit dudi ndng; Xmin - Mit cit dau ranh xodn
trong nong; A, - Hé sb thyc nghiém; (a) - Gid trj trung binh cua tich 4p sudt va véan toc khi
X
thudc tai mat cat X trong khoang thoi gian tac dung nhiét cta phat ban; di - Puong kinh tuong
duong cia long nong.

Gia tri trung binh cua nhiét d6 10ng nong sau khoang thoi gian tac dung nhiét cta phat ban
duoc xac dinh theo cong thirc :
_ 1 - _
Tx = AT _I:Tx,cd Ty cd +Tx,phz-ph] (3)

Ty
Trong do, Tx . la nhiét d6 trung binh ciia khi thudc trong nong tai mat cit x trong khoang
thoi gian dan chuyén dong trong 1ong nong, dugc xac dinh theo biéu thirc:

qomﬁ[v(r)]
2f oy (r)

Tow=— | Tz T(r>=To{1—
0

Tx,cd

(4)

Trong do, TX oh Ia nhiét d trung binh cta khi thudc tai mit cit X trong thoi gian phut khi,

dugce xac dinh theo biéu thirc:
k-1 k-1

_ Tk e
T =T 2 || =P ()
' Pan 9,81.10

O day, To - Nhiét d6 chay ctia thudc phong; Ten - Nhiét do ctia khi thude ¢ thoi diém dan bay ra
khoi nong; 7 - Thoi gian tac dung nhiét cua phat ban 6 tiét dién X; zxed - Thoi gian chuyén dong
ctia dan trong ndng tir tiét dién X toi mat cat miéng nong; tph - Thoi gian phut khi trong giai doan
tac dung sau cung cua khi thude; Py - Ap suit dugc Xac dinh thong qua 4p suat & vi tri miéng nong
phao va vén téc dan khi qua mét cit miéng nong. Hé s6 Ar = 1 d6i voi nong phéo tron.

Giai bai toan nhiét két hop véi giai hé phuong trinh vi phan thuat phong trong clia phao bang
ph?m mém Matlab. Két qua nhan dugc dd thi nhiét do khi thubc, nhiét do long nong va hé )
truyén nhiét thanh nong (hinh 4, hinh 5).
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Quing duong chuyén dong cua dan [m] Quing dwong chuyén dong cua dan [m]
Hinh 4. Do thi nhiét do khi thuoc va Hinh 5. D6 thi nhiét do long nong va hé so
nhiét do long nong. truyén nhiét thanh nong.

Trong két qua nhén dugc, nhiét d§ thanh nong 16n nhét tai phﬁn dau ranh xodn, con tai doan
dau nong thi khoang 1066 - 1064 K. Bang 1 dan ra cac gia tri 4p suat, nhiét do va hé so truyén
nhiét thanh nong tai vi tri dau nong.
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Bdng 1. Cdc gia tri ap sudt, nhiét dé va hé so6 truyén nhiét thanh nong tai vi tri dau nong.

Tham so6 Pon vi Gia tri
Chiéu dai (Iq) m 0,0762
Thoi gian (t) S 0,0081+ 0,0082
Ap suét thay ddi (p) Mpa 72,123 + 69,005
Nhiét d6 thay doi (T) K 1.0661 + 1.0647
He s6 truyén nhiét thanh nong (&) W/m2K 41.318 + 41.310

3.3. Phén tich trang thai ing suét ciia nong phao b‘:'mg phuong phap phz‘”ln tir hiru han

Dé phan tich trang thai (g suét ciia nong phao dudi tac dung cua tai trong nhiét do va ap suét
tai vi tri diu nong, tac gia s dung phin mém Ansys Mechanical v6i cac md dun Transient
Thermal va Transient Structural. Viéc phan tich dugc thuc hién khi bin phat mot, khi béan loat lién
thanh 4 phét v6i chu ky trung binh 0,37 phat/gidy g véi toc do ban thuc té ciia phiao AK-176.

Dé thiét 1ap cac thong s ban dau cho bai todn, cic tai trong ap suat dugc ldy tir két qua bai
toan thuat phong trong, céc tai trong nhiét do lay tir két qua bai toan truyén nhiét ciia khi thude
trong thanh nong. Céc tai trong ap sudt dong va nhiét d6 khong ding tac dung 1én timg tiét dién
ctia doan dau nong trong mdi phat ban tir thoi diém bat dau tac dung dén thoi diém két thic giai
doan tac dung sau cung cuia khi thude. Ap suét va nhiét 46 mat ngoai nong 1a ap suét va nhiét do
moi truong. Poan dau nong dugc ¢d dinh dich chuyén & mat cat hai dau.

4. KET QUA PHAN TiCH VA THAO LUAN

Phan tich bai toén &p suat tinh, trén hinh 6 va 7 lan luot nhin duoc 1a phan bé tmg suét (hinh
6a), do thi img suat phap theo phuong tiep tuyen (hinh 6b) va phén bo bién dang twong doi (hinh
7a), do thi phan bo bién dang twong doi hudng kinh (hinh 7b).

Ung suét o, [Mpa]
g

0. 25 5. 75 10. 14.15

Chiéu day nong [mm]
a) b)
Hinh 6. Phdn bé vmg sudt phdp theo phwong tiép fuyén theo cﬁiéu day thanh nong:
a) Minh hoa mé phong; b) Poé thi phdn bo.
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a) b)

Hinh 7. Phdn bé bién dang twong d’oz tiép tuyen theo chiéu ddy thanh nong:
a) Minh hoa mé phong; b) Do thi phan bé bién dang tirong doi.
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Phén tich bai toan ap suat dong véi 4 phat ban lién thanh, ta nhén dugc cac két qua 1a phan b
img suét (img suat phép theo phuong tiép tuyén, (mg suit phap theo phwong phap_ tuyén), phan
b bién dang tuong dbi (tiép tuyen huong kinh) theo thoi gian. Trén hinh 8, 9 la d6 thi tng suat
phép 16n nhat theo phuong tiép tuyén va bién dang tuong d6i tiép tuyen 16n nhét theo thoi gian.
Ta thay rang, dudi tac dung cia tai trong 4p suit nong s& chiu tmg suat va bién dang theo nhip d6
phat ban. Tuy nhién, do sy dan hoi cua vat liéu lam nong va tng suét sinh ra ca phan dau nong

phao khi chiu tai van nho hon gi¢i han dan hdi cua vat liéu nén dau nong nhanh chong phuc hoi
2263 1.2335e-3
200. | 1e3
i ; | 7.5e4
- ‘ : S.e4
' [ 25e4

148

g
[mm/mm]

8
Bién dang &,

Ung suit o, [Mpa]
8

Y
o

trd lai nhu ban dau trude khi bi bién dang.
-19736e.7 \ \

0.10078
- 0.75 125 148

0.75 125 148
Thm gian [s Thm gian [s ]

Hinh 8. Ung sudt phép theo phirong Hinh 9. Bién dang twong doi tiép tuyén
tiép tuyén dudi tdi trong dp sudt. dudi tdi trong ap sudt.

Phén tich bai toan trang thai ing suét do tai trong nhiét, két qua nhan duoc 1a cac img suét do
nhi¢t do (img sudt phap theo phuong tiép tuyén, ing suit phap theo phuwong phéap tuyén), bién
dang tuong dbi do nhiét do (tiép tuyen huong kinh) theo thoi gian. Trén hinh 10, 11 1a dd thi
g suat phap 16n nhat theo phuong tiép tuyén va dd thi bién dang tuong ddi tiép tuyén dudi tac
dung cuia nhiét d6 theo thoi gian.
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40
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* Thoi gian [s] Thoi gian [s]

Hinh 10. Ung sudt phép theo phwong tiép tuyén Hinh 11. Bién dang twong doi tiép tuyén duéi
duwdi tdi trong nhiét do. tdi trong nhiét do.

Phén tich két hop cac yeu t6 ap suat dong va nhiét d6 theo thoi gian tac dung 1én thanh nong
ta nhén duoc cac ung suét va bién dang tuong tng. Trén hinh 12, hinh 13 la do thi thay d6i tmg
suét phap lon nhét theo phuong tiép tuyén va bién dang tuong ddi tiép tuyén 16n nhat dudi tai
trong dong thoi ciia ap sudt va nhiét do.

Tir két qua, ta thdy rang Ung suat va bién dang cia dau nong do ap suit va nhiét do gay ra
khéng chi phu thudc vao do 16n cia ap suét, nhiét dd ma con phu thudc vao sb lwong phat bin va
thoi gian tac dung cua 4p suét va nhiét do. Ta thdy rang, nong chiu xung nhiét rit 16n cua khi
thudc khién cho 16p trong cung bi dbt nong rdt nhanh, tao ra su chénh léch nhiét d6 16n so véi
16p bén ngoai 1am xuét hién tmg sut nhiét. Trong qué trinh bén, theo thoi gian nhiét do bé ngoai
ciing tang lam cho bién do ciia su chénh léch nhiét do sau mdi phat bén cung giam. Do do, ta
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thdy rang ing suat va bién dang ciia diu nong sau mdi phét ban sé co lwong gia ting, nhung bién
dd cua sy gia tang thi giam dan. Pinh mdi luén cao hon dinh cii, nhung d¢ 1€ch ctia dinh méi so
v&i dinh cii thi gidm hon so véi chu ky ban trude do.

350 . ; 1 10°
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" Thoi gian [s] " Thoi gian [s]

Hinh 12. Ung sudt phdp theo phirong tiép tuyén Hinh 13. Bién dang tuwong doi tiép tuyén

dudi tac dung dong thoi tai trong dp suat didi tac dung dong thoi tai trong dp sudt
va nhiét do. va nhiét do.

5. KET LUAN

Noi dung bai bao d trinh bay phuong phap va két qua bai toan phén tich trang thai ing suét
clia dau nong phao AK- 176 trén tau Hai quan. Dya vao két qua giai bai toan thuat phong trong
ctia phéo va bai toan truyén nhiét ciia khi thude trong long nong, str dung phan mém phan tich k§
thudt Ansys Mechanical xac dinh dugc cac ung sudt va bién dang phan dau nong phao dudi tac
dung dong thoi cua tai trong ap suat thay d6i va nhiét ¢ khong ding khi ban lién thanh. Két qua
phan tich bai toan truyén nhiét cho ta thdy dugc quy luat bién dbi nhiét trong 10ng nong, 1a co s
cho viéc tinh toan, danh gia do bén nong phao, dic biét 1a khu vuc dau nong va dua ra ché do
khai thac sir dung hop 1y. Két qua phan tich Gmg suét, bién dang diu nong cho phép giai thich
hién twong bién dang tai dau nong nhu thyc té xay ra khi khai thac. Do tac dung cta nhiét do cao
nén kha ning 16p kim loai bé mit tai viing nay bi nong chay cuc bo, dong thoi chiu tac dong cua
dai dan ctia dan nén bj bién dang chay, sy tich lily nay gay ra hién tuong mon cuc b tai vi tri
nay. Ket qua nghién ciru ciing cho phép khao sat, danh gia sb phat ban gl(n han khi ban lién tuc
ma van dam bao do bén cua nong. Nhirng két qua thu duogc 14 co s cho viée tinh toan bén ndng,
nghién ctru bién dang tai ddu nong ciing nhu 13 co s& dé tinh toan ché d6 lam mat nong phéo
bang nudc ddi v6i phao AK-176.
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ABSTRACT

Research of the strains of the specialized tube when calculating the simultaneous
effects of dynamic pressure and non-stop thermal loads

The article presents a computational model and solves the problem of analyzing the
stress state of the specialized tubes when calculating the simultaneous effects of dynamic
pressure and non-stop thermal loads. This model of the tube is suitable for surveying the
operation of the cannon barrels when firing in automatic firing mode. The results of the
internal ballistics task and the heat transfer problem in the tube wall are input parameters
for the computational model. The survey is based on the finite element method and is
performed by Ansys Workbench software. The survey results obtained are the stresses and
strains of specialized tubes when considering static pressure, dynamic pressure, non-stop
temperature load and simultaneous pressure and temperature load. This is the basis for
evaluating the influence of pressure and temperature factors on the durability of
specialized pipes, especially when evaluating the muzzle of the cannon and making
recommendations in the process of calculation, design and use of weapons in practice.

Keywords: Stress; Deformation; Temperature; Internal ballistic; Specialized tube.
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