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TOM TAT

Bai bdo da trinh bay mét phicong phdp tinh todn nghiém bén than vé déng co tén lira bang
phirong phdp phan tir hitu han trén phan mém Siemens NX. DPady la phan mém chuyén dung trong
tinh todn, thiét ké vii khi. Péng co phong ciia tén lira c6 diéu khién IM14M da dwoc sir dung dé xdy
dung mo hinh va tinh toan nghiém bén than vé cia dong co dwoi tai trong cua phat ban. Két qud mo
phong cho thdy vé dong co dam bao bén khi ban. Két qud thu dwoc tir nghién civu ndy ¢ thé duwoc
su dung de phan tich, danh gia lva chon cac thong $6 két cau t6i uu cing nhw vat liéu ché tao dong

co tén lira nhién liéu ran.
Tir kKhéa: Pong co tén hira; Phan mém Siemens NX; Phwong phap phdn tir hitu han.
ABSTRACT

The article presents a method for calculating the structural integrity of a rocket engine
casing using finite element method on Siemens NX software. This software is specialized for the
calculation and design of weaponry. The propulsion motor of the IM14M guided missile was used to
construct the model and calculate the casing's structural integrity under the firing load conditions.
The simulation results indicate that the motor casing is ensured durability during firing. The
findings obtained from this research can be used to analyze, evaluate, and select optimal structural

parameters as well as manufacturing materials for solid-propellant rocket engines.
Keywords: Rocket engine; Siemens NX software; Finite element method.
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1. PAT VAN PE

Ngay nay, tén Itra da tr¢ thanh mdt loai
vil khi khong thé thiéu trong trang bi quan doi
ctia bit ky mot qudc gia ndo. Vi su phat trién
manh mé cua khoa hoc va ky thuat, dac biét 1a
nganh cong ngh¢ thong tin, da cho phép giai
quyét nhiéu bai toan phirc tap cua tén hira. Cong
dung cua tén Itra ngay cang tro nén da dang, doi
hoi k¥ thuat tén Itra phai phat trién, hoan thién
theo cac chi tiéu va yéu cau chién-ky thuat da
dugc dat ra. Pdi v6i cac loai tén lira co nhiéu
dong co thi dong co phong 1a mot trong nhitng
thanh phan quan trong, luén duoc uu tién quan
tam hang dau. Viéc thiét ké, ché tao dong co
phong co lién quan dén mot sd linh vuc khoa
hoc, k¥ thuat va cong ngh¢, dac bi¢t 1a linh vuc
co khi va ché tao may.

O Viét Nam, nganh cong nghiép tén lira
dang tirng budc duoc ndi dia hoa. Vi muc dich
hién dai hoa quan doi, ty chu trong viéc thiét
ké, ché tao vii khi thi viéc nghién ctu, thiét
ké ché tao tén lira d3 va dang dugc cac Vién
nghién ctru, cac Hoc vién, nha truong tich cuc
trién khai va da dat dugc mot s6 thanh tuu nhat
dinh. Tuy nhién, trong qué trinh thiét ké tén
Itra, vi€c tinh toan nghiém bén than vo dong co
thuong méi chi dimg lai bang phuong phéap giai
tich. Phuong phép nay thuong str dung nhiéu
gia thiét khi tinh todn nén d¢ tin cdy chwa cao
va dé dam bao cho dong co du bén khi lam viée
chung ta thuong dua hé sb an toan kha 16n khi
thiét ké, ché tao. Chinh diéu nay 1a mot trong
nhitng nguyén nhan din dén vo dong co duoc
thiét ké ché tao co do day va khdi lwong réat 1on.
Song van dé nay c6 thé dugc giai quyét bang
cach xay dung mo hinh va chuong trinh tinh
thong qua phin mém Siemens NX. Day 1a phan
mém chuyén dung dugc trang bi cho Phong thi
nghiém Thiét ké hé théng vii khi cua Hoc vién
K¥ thuat quan sy. Trong pham vi nghién ctru
ctia bai bdo, nhom tac gia da tién hanh xay dung

mo hinh va chuong trinh tinh nghiém bén cho
dong co phong cua dan tén Itra chong ting co
diéu khién 9M14M bang phan mém Siemens
NX. Tur két qua mo phong thu dugc, ching ta
c6 thé phan tich, danh gid lua chon cac thong s6
két cau t6i wu cho dong co phong.

2. XAC PINH DPIEU KIEN BIEN CHO BAI
TOAN NGHIEM BEN

2.1. Tim hiéu dong co phéng cia tén lira
chong tang 9IM14M

bong co phong cua tén ltra OM14M la
loai dong co tén Itra nhién li¢u rén co tac dung
déy qua tén Itra ra khoi bé phong voi mot van
tc roi bé can thiét dé dam bao diéu kién khong
guc cua tén ltra. Bong co phong cod cAu tao duogc
thé hién trén hinh 1. Budng dbt dong co co 4
loa phut, nghiéng véi truc dan mét goc 7°. Cac
loa phut dong co I¢éch mot goc 0°50' bao dam
téc do quay ban dau cho dan. Bén trong budng
dét dong co c¢6 bd tri licu phong va chat chay
moi hinh Vong Thudc phong dong co phong
dat trén dé va giir bang day budng dot.
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Hinh 1. Dong co phong cua tén lva IMI14M
1. Liéu thuoc moi; 2. Thuoc phong; 3. Loa phut;
4. Pé chan thuée; 5. Théan vo.
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2.2. Bai toan thuat phéng trong cia dong co
phong

Bai toan thudt phong trong ctia dong
co tén lira nhién liéu ran 1a bai toan xac dinh
quy luat thay doi theo thoi gian t cia ap suét p,
luc day P, luong thudc phong chay twong dbi
y(t). Két qua giai bai toan thuat phong trong
1a co s& dé tinh toan nghiém bén than vo cua
dong co tén ltra. HE phuong trinh vi phan thuat
phong trong cua dong co tén lira nhién liéu rin
dugc thiét lap dua trén co so mbi quan hé vé
mat nhi¢t dong va khi dong, mo ta trang thai
lam viéc ctia mdi chat trong budng ddt va loa
phut, cac dac trung kich thudc va hinh dang cua
thudc phong. Hé phuong trinh vi phan thuat
phong trong cta dong co tén lira dugc thé hién
o cong thuc (1) [1]:

dy _Supr

s

dyn __ab dy

dt _(1.1.5,.,/)3 dt (1)
. 1 dy,
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Cac ky hi¢u trong cong thuc (1) dugc
trinh bay chi tiét trong tai liéu [1].

Pé nghiém bén cho than vo dong co
tén Iira, ching ta xem xét trudng hop thude
phéng chdy ¢ nhiét do moi truong la 50°C,
day 1a truong hop dong co lam viéc & ché do
khic nghiét nhat. Str dung phan mém lap trinh
Matlab va sé liéu dau vao & tai liéu [2], sau khi
giai ta thu duoc d6 thi ap suat cua khi thude
trong budng dét dong co ¢ hinh 2.

T
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Ap suit khi thudc [Pa)

V.2 04 0.3 0.6 0.7
Thén gian [s]

Hinh 2. D6 thi dp sudt khi thuéc p(t) theo thoi gian

Dua vao két qua thu duoc, ap sudt khi
thudc 16n nhat tac dung 1€n thanh vo dong co la

“S0'C — 718 MPa . So voi két qua cong bd cua

nha san xuét 1a 7,0 MPa [2], sai s6: 2,57 %, két
qua tinh todn bai todn thuat phong trong dam
bao do tin cay.

Pé nghiém bén budng dbt, chung ta st
dung gia tri ap suat tinh toan (p,) dugc xac dinh
theo cong thirc sau [3]:

+50°C

ptt = KI'K2 ‘pmax
Trong d6, K, 1a hé s6 tinh t6i du trit bén
va su khong dong nhét cia lidu phong K, =1l
+ 1,2); K, 1a h€ s0 tinh t61 dinh s61 mon khi lieu
phong c6 dang chéy tir cac bé mat bén K,=1,12).

3. NGHIEM BEN THANH VO PONG CO
BANG PHAN MEM SIEMENS NX

3.1. Mt s6 gia thiét khi tinh toan
Pé thuan loi cho qua trinh tinh toan ma

van dam bao duoc cac dic trung co ban, chung
ta su dung mot so gia thiét sau:
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- Vit liéu bién dang tuyén tinh duéi tac
dung cua tai trong phat ban.

- Thoi gian 1am viéc cua dong co ngin
(t<0,7s) nén coi bai toan la bai toan phan tich
tinh, tuc 1a vo dong co chiu tdc dung cua tai
trong tinh, c6 gia tri khong doi.

- Lay 4p suat tac dung vao thanh budng
dbt bang ap sudt 16n nhat cia khi thudc xuat
hién trong qua trinh lam viéc cua dong co
phong.

- Céc lién két co hoc dam bao du bén.

3.2. Giai bai toin nghiém bén bing phin
mém Siemens NX

DPé giai bai toan nghiém bén bang
phuong phap phan tir hitu han trén phdn mém
Siemens NX, chtng ta tién hanh theo cac budc
¢ hinh 3 nhu sau:

Xay dymg md hinh hinh hoc 3D
Khai bdo vit liéu
'

Chia lwdi phin nr

Lua chon loan bai todn
:

Dit diéu kién bién va tai trong

Giidl bai toan

Xir Iy ket qua

Hinh 3. Cdc budc tién hanh giai bang phan mém
Siemens NX

Trén co s& ciu tao cu thé cua dong co
phong cua dan tén lra 9M14M, ta tién hanh
xay dung mo hinh vo dong co ¢ dang 3D. Vit
li¢u duoc st dung dé ché tao dong co phong
1a 30XI'CA c6 gioi han bén cho phép 1a o, =
1300 MPa [2]. Sau d0, ta tién hanh chia luéi
cho thanh vo dong co nhu hinh 4 va dat tai ap
suét tinh toan (,) dl{qc ‘Erinh bay ¢ hinh 5. Loai
bai toan phan tich két cau (Simcenter Nastran)
da duoc lya chon dé nghiém bén buéng dét.

Hinh 5. M6 hinh dat tdi dp sudt trong dong co

Két qua giai ta thu dugc truong ung
suat cua thanh vé dong co & mat cat cd ung
suat 16n nhat dugc thé hién trén hinh 6.
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I

Hinh 6. Ung sudt trong thanh vé dong co ¢ mat
cdt co6 ung suat lon nhat

Tu két qua nghién ctru, ching ta c6 mot
s0 nhan xét sau day:

- Anh hudng ciia ap suat khi thudc trong
budng d6t dong co lam ting gid tri cia tng suat
trén thanh vo dong co. Ung suat 16n nhat xuat
hién trong thanh vé dong co theo tinh todn la o,
=569,1 MPa (hinh 6). Ung suét nay bé hon umg
suit bén cho phép cua vat li¢u ché tao vo dong
co nén déng co dam bao diéu kién bén khi lam
viéc. Hé s6 dubén (n ) cua budng d6t dugc tinh
theo biéu thirc c6 dang:

Oy _ 1300

o, 5691

- O trong nghién ctru nay, anh huéng
ctia nhiét d6 khi thudc chua duge dé cap nén
dd chinh xéac ctia phép toan con cé méat han ché
nhit dinh. Trong nghién ctru tiép theo, ching
t6i s& khao sat dong thoi tac dong cua ap suat
va nhiét dd cua khi thudc dén trang thai ung
sudt va bién dang cua thanh vo dong co dé két
qua dugc chinh xac hon.

n, = =2,28

4. KET LUAN

Bai bao nay da trinh bay mot phuong
phap tinh toan nghiém bén thanh vo dong co
tén ltra bang phuong phap phan tir hitu han trén
phan mém Siemens NX. Dong co phong cua
tén lira chdng ting c6 diéu khién IM14M da
dugc lya chon lam dbi twgng nghién ctru cta
bai bao. M hinh 3D di dugc thiét 1ap va giai
bai toan phén tich két cdu theo quy trinh mé
phong trong phan mém Siemens NX. Két qua
mé phong cho thiy vo dong co dam bao bén khi
ban. Két qua thu duoc tir nghién ctru nay c6 thé
duoc st dung dé phan tich, danh gia lya chon
cac thong s6 két cau tdi wu cling nhu vat liéu
ché tao dong co tén Iua nhién li¢u ran. Huong
nghién ctru tiép theo s& phén tich tic dong dong
thoi cia ap suat va nhiét 6 khi thude 1én thanh
vo dong co tén lira dé nang cao do chinh xéc
cho bai toan.
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