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TOM TAT

Bai bdo nay trinh bay nghién ciru xdc dinh tan sé riéng va cdc dang dao déng riéng ciia ong
phong THPB-6000 bang phirong phdp phan tir hitu han (PT HH) Trong qud trinh vin chuyén trén
dat lién, khi ¢ trén bién, khi nap bom va trong qud trinh bdn, éng phéng chiu tac ddng ciia nhiéu
tdi trong khdc nhau (rung xéc khi van chuyén bang cdc phirong tién, dong co tau, séng bién, luong
phut va phan lyc tir bom phan luc), nhitng tai trong nay tao ra cac kich thich dong luc hoc phuec tap.
Viéc xdc dinh chinh xdc cdc déc trung dong lirc hoc ban than ciia ong phéng la yéu cau bdt budc dé
ddnh gid phan g ciia két cau truée cdc kich thich cua tdi trong, tir 36 giam nguy co cong huéng
¢6 hai, dam bdo tuéi tho ong phong va sw chinh xdc ciia phat ban. Khdc véi cdc phwong phép gidi
tich truyén thong thuwong don gian héa két cau thanh bai todn dam 1D hodc 2D, nghién ciru ndy xdy
dung mé hinh 3D ciia 6ng phéng va tién hanh phdn tich trén mo dun Modal cua phd‘n mém ANSYS
Mechanical. Ket qua cua nghién ciru khong nhitng cung cap thong tin quan trong ve dong luc hoc
cho cdc ky s vé thiét ké hién tai ma con lam co sé cung cdp dir liéu dau vao bdt budc cho cdc bai
todn t6i wu héa va phén tich déng lwc hoc thodng qua (transient) tiép theo.

Tir khoa: Tan sé riéng, Dao dong tw do; Phan tir hitu han; M6 hinh 3D.

ABSTRACT

This paper presents a study on determining the natural frequencies and corresponding
mode shapes of the THPB-6000 launch tube using the Finite Element Method (FEM). During
land transportation, maritime operation, bomb loading, and firing processes, the launch tube
is subjected to various types of loads, including transportation-induced vibrations and shocks,
ship engine excitations, sea-wave effects, exhaust jet flow, and the reaction forces generated by
rocket-assisted bombs. These loads produce complex dynamic excitations acting on the structure.
Therefore, the accurate determination of the launch tube’s inherent dynamic characteristics is an
essential prerequisite for evaluating its structural response to external excitations, reducing the
risk of harmful resonance, ensuring structural durability, and maintaining firing accuracy. Unlike
conventional analytical approaches, which often simplify the structure into one-dimensional or
two-dimensional beam models, this study develops a detailed three-dimensional (3D) model of the
launch tube and performs modal analysis using the ANSYS Mechanical software package. The results
provide valuable dynamic characteristics for current engineering design and serve as mandatory
input data for subsequent structural optimization studies and transient dynamic analyses.

Keywords: Natural frequency; Free vibration; Finite element; 3D Model.
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1. PAT VAN PE

Cac hé thong phan lyc phong loat dong
vai tro hoa lyc ché ap quan trong trong tac chlen
hién dai. Trong do, ong phong 1a chi tiét cot
16i, vira dong vai tro dan huéng tinh vira phai
chiu céc tai trong dong luc hoc cuc 16n trong
khoang thoi gian rat ngin khi dan hoat dong.
Su tuong tac phirc tap giita ap suat khi thudc,
ma sat, nhiét do ludng phut va phan luc day
lam cho 6ng phong dao dong manh. Néu tan
sO kich thich ctia qua trinh nay tring hodc nam
gan voi cac tan s6 ty nhién ctia 6ng phong, hién
tuong cong huong s& xdy ra. Diéu nay khong
chi gy ra sai 1éch 16n vé goc tam va goc hudng
& thoi diém dan ra khoi ong phong (Iam giam
d6 chum) ma con c6 thé gay pha huy moi hoic
bién dang vinh vién két cdu. Do d6, bai toan
phan tich dao dong riéng nhim tim ra tan sb
tu nhién va hinh dang dao dong 1a budc kiém
nghiém bt budc trong quy trinh thiét ké.

Vé mit tong quan, bai toan dao dong
nong phéo va éng phong da thu hat nhiéu sy
quan tam cua gidi nghién ctru khoa hoc quan
su. Cac nghién ciru truyén thong thudng tiép
can Ong phéng dudi dang mé hinh dim Euler-
Bernoulli hodc Timoshenko chiu tai trong di
dong (moving load) [4]. Tuy nhién, cach tiép
can giai tich boc 1 nhiéu han ché khi két cdu
thuc té c6 hinh dang phirc tap (c6 ranh xoén, do
day thanh 6ng thay doi, hodc cac diém ngam
kep khong ddi xung,...).

Dé khic phuc, phuong phap phan tir
hiru han (FEM) da duogc ap dung rong rai. Tai
Viét Nam, nhiéu cong trinh nghién ctru da ting
dung FEM d¢é tinh toan dong luc hoc co cau
phéng. Mic du vy, nhiéu nghién ciru van dang
gi6i han ¢ viéc moé phong 2D don gian hoa
hodc gan cac diéu kién bién 1y tudong. Viéc bo
qua cac chi tiét hinh hoc 3D hozc khong xét dén
dac thu ngam kep thuc té cta 6ng phong dan
dén sai s6 16n so voi thuc nghiém.

Nham giai quyét khoang tréng nay, bai
bao tap trung vao viéc md phong toan dién
két cdu ong phong dang 3D. Sir dung mo dun
Modal/ANSYS Mechanical, nghién ciru tién
hanh giai bai toan tri riéng dé xac dinh chinh
xé4c pho tan sb ty nhién va cac dang dao dong
dac trung. Phuong phap tiép can 3D cho phép
danh gia chi tiét bién dang cuc b tai cac vj tri
ngam kep, diéu ma mo hinh 1D hay 2D khéng
thé hién duoc, qua do tao co so viing chic cho
viéc cai tién thiét ké va cac phan tich dong luc
hoc tiép theo.

2. TAN SO RIENG VA DAO PONG RIENG
CUA ONG PHONG

2.1. Co s& ly thuyét ciia bai toan dao dong
riéng

Pé danh gia chinh x4c cic dic trung
dong luc hoc cua két cau ong phong co hinh
dang thuc té phuc tap, phuong phap phan tu
hitu han mo hinh héa 3D duogc &4p dung. Phuong
trinh vi phan chuyén dong tong quat cia mot
hé co hoc nhiéu bac tu do duoc biéu dién qua
phuong trinh ma tran sau:

[M{i} +[Cl{0} +[K]{u} = F(t) M

Trong do:

[M], [C], [K] lan luot 1a ma tran khdi
luong, ma tran giam chin va ma tran do cung
tong thé cua hé.

{ii}, {u}, {u} lan luot 1a véc-to gia toc,
van toc va chuyen vi nlt trong khong glan 3D,
v6i mdi niit bao gdm cac thanh phan chuyén vi
tinh tién (ux, uy, uz).

{F(t)} 1a véc-to tai trong kich thich theo
thoi gian.

Muc ti€u cua phan tich Modal 1a tim ra
cac tan so tu nhién va hinh dang dao dong két
cau. Do do, bai toan dugc xét trong diéu kién
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dao dong tu do khong chiu tdc dung cua ngoai
luc ({F(t)\} = 0) va bo qua anh hudng cua giam
chan ([C] = 0). Do luc can trong cac két cau
thép hop kim c6 gia tri rat nho va khong lam
thay d6i dang ké gia tri tan s6 ty nhién, viéc bo
qua ma tran giam chan 13 hop 1y va tiéu chuin
trong phan tich tri riéng. Khi d6, phuong trinh
vi phan chuyén dong rit gon thanh:

[M]{u} +[K]{uj =0 (2)

Gia su nghiém cua hé phuong trinh
tuyén tinh nay la mot dao dong dieu hoa co
dang:

{u} = {0} - sin(wt + 0) (3)

Thay céac biéu thic cua {u} va {i} vao
phuong trinh (2), ta nhan dugc phuong trinh
dac trung (bai toan tri riéng):

(K]-0*[M]){¢} =0 (4)

Dé phuong trinh trén c6 nghiém khong
tam thuong ({¢} # 0), dinh thirc ciia ma tran h¢
sO phai bang khong:

det([K]-0’[M])=0 )

Giai phuong trinh dinh thirc bac n (5) (n
1a s bac tu do cua hé théng), ta dugc n nghiém
2 r \ ’ A A J [N 5
®; , trong do , 1a cac tan s6 goc tu nhién cua

ong phong (rad/s).

Tan s6 tu nhién theo don vi Hertz (Hz)
duoc xac dinh bang biéu thuc:

f, =— (6)

Vé6i mbi gia tri tan s6 o, thay vao bai
toan tri riéng, ta xac dinh dugc mdt véc-to dac
trung ¢, twong ung. Véc-to nay mo ta dang dao

dong riéng, thé hién hinh dang bién dang khong
gian 3D cua két cau ong phong tai tan so f.

2.2. Pac trung hinh hoc va vit li¢u

Khac véi mo hinh dam 1D, két cau ong
phong THPB-6000 dugc xdy dung hoan chinh
trong moi truong CAD 3D 1a mot dng tru co
thanh mong ¢6 chiéu dai L = 1830mm, dudng
kinh trong D = 213mm, chiéu day thanh ong
phan méng nhat 13 4mm (Hinh 1).

Hinh 1. Mé hinh 3D 6ng phéng bom phan lyc.

Vit liéu ché tao dng phong 14 thép 40X
I'OCT 4543-16 c6 co ly tinh dugc cho trong
bang 1. Bé dam bao tinh chinh x4c cua bai toan
phan tich Modal, vat liéu duoc gia thiét 1a dan
hdi tuyén tinh, dang hudng va dong nhét.

Bang 1. Co Iy tinh thép 40X TOCT 4543-16.

Co ly tinh
‘o Mo-
Mac Gi6i ey A dun A X
. han | Mat do, \ Heé so
thép A dan .
chay, kg/m? Xe Poisson
MPa hoi,
Mpa
40X 785 7820 2*%10" 0,3

2.3. Thiét 1dp mé hinh Phén tir hiru han va
Piéu kién bién

Chia lu6i (Meshing): Ta thiét 1ap Body

Sizing voi kich thudc phan tir Smm, véi phan &
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tr yéu cau 1a Quadratic v6i 819202 nit va
441561 phan tir (Hinh 2). Chét luong ludi duoc
kiém tra bang chat luong phan tir. Vi muc 1
14 t6t nhat va 0 1a kém nhat. Doi voi bai toan
Modal yéu cau chét luong thip nhit 1a 0.05.
Dbi voi mo hinh cia chiing ta, chit lwong thip
nhét 14 0,104. Chét luong ludi nhu vay 1a dam
bao (Hinh 3).

Je.

=

Hinh 2. Chia luoi moé hinh

k.

Hinh 3. Chdt heong phan tir luci

Pé dam bao do tin cay cua bai bao, mot
khao sat hdi tu ludi (Mesh Convergence Study)
duoc thuc hién. Tan sd tu nhién & Mode 1 duoc
theo ddi khi tang dan s lugng phan tir. Két qua
cho thay khi s6 lugng phan tir vuot qua ngudng
700.000 phan tir, su thay dbi cta tan sé Mode 1
nho hon 1%, khéng dinh nghiém ludi da hoi tu
va khong con phu thudc vao kich thude roi rac
hoa.

Thiét 1ap diéu kién bién: Cac dic trung
dao dong phu thudc rat 16n vao cach thirc ngam
kep. Ong phéong thuc té dugc lién két bang vong
d& dng phong. Trong md hinh phan tir hiru han,

ta cai dat rang bugc Fixed supports nhu hinh 4.

Hinh 4. Thiét lap diéu kién bién ciia mé hinh
3. KET QUA VA THAO LUAN

Muori tan sd riéng va dang dao dong dau
tién cua ong phong va ti 1¢ khdi luong hiéu dung
cta két cdu tham gia vao dao dong tuong ng
theo cac phuong duoc trich xuét trong bang 2:

Bdng 2. Két qud tan so tw nhién va khoi liong hiéu
dung theo cac phwong x, y, z ciia ong phong ¢ 10

mode dau.
Tin | Phuong Phwong | Phwong
so tw | X (Doc Y %
Mode o *" | (Huwéng | (Hudéng
nhién truc) , ,
(Hz) (%) kinh) kinh)
(%) (%)
1 245.0 0.00 0.12 27.73
2 2453 0.00 27.78 0.12
3 3273 0.00 0.00 0.00
4 328.1 0.00 0.00 0.00
5 481.8 0.00 0.00 0.05
6 484.2 0.00 0.18 0.00
7 554.6 0.00 0.00 0.00
8 557.3 0.00 0.00 0.00
9 625.0 0.00 0.00 24.30
10 626.2 0.00 24.20 0.00
Tong 0.00 | 5228 | 5221
cong
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Dé phan tich rd hon tng xtr ciia két cdu
trudce kich thich, ta xét cac ché do dai dién cho
cac cap lap (Hinh 5, 6, 7, 8, 9).

Hinh 5. Bién dang ciia ong phong & ché do 1 img
V0i tan so riéng 1.

2 vim [ /k 2
e

Hinh 6. Bién dang ciia ong phong ¢ ché dg 3 img
VOi tan so riéng 3.

Hinh 7. Bien dang cua ong phong o ché do 5 urng
VOi tan so riéng 5.

- A

Hinh 8. Bién dang ciia ong phong & ché d 7 img
VOi tan so riéng 7.

Hinh 9. Bién dang ciia ong phéng ¢ ché dé 9 img

Véi tan s6 riéng 9.
* Nhan xét:

- Cac tan sd ty nhién ctia dng phong 1a
kha cao, thép nhét f1 = 245,03 Hz, nim cach
biét rat xa dai tan s6 kich thich nguy hiém mang
nang luong 16n cua dong co dan bom phan luc
(thuong < 50 Hz) qua d6 giap loai trr dugc
nguy co xay ra hién tuong cong hudng téng
the.

- Xuét hién hién tuong 1ap ché d6 (Mode
1 va 2, Mode 3 va 4, Mode 5 va 6, Mode 7 va
8, Mode 9 va 10). Piéu ndy phan anh tinh dbi
xtng tryc (truc X) cua 6ng phong. Tuy nhién,
gitta cac cap Mode 1dp nay co su khac biét do
mot s6 16, cat lam mat tinh d6i x(mg toan phan.

- Khéi lwong tham gia tinh tién chi yéu
tap trung vao cac mode dao dong udn. Cu thé,
cap dao dong udn bac 1 (Mode 1 va 2) ¢ khdi
luong hiéu dung xap xi 28% tong khdi lugng
hiéu dung cho mdi phuong (Y va Z). Tuong
tu, cap dao dong udn bac 2 (Mode 9 va 10) huy
dong khoang 24% khdi lugng. Tong cong, chi
v6i 4 mode nay, hon 52% khdi lugng hé thong
dd tham gia vao dao dong huéng kinh. Piéu
nay ching minh két cau rat nhay cam voi cac
luc kich thich theo phuong ngang (chang han
nhu lyc va dap cua dan vao thanh nong do sai
s6 ché tao, hoic luc can gio ngang).

- Tai cac Mode tir 3 dén 8 (thudc dai tan &
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327 Hz dén 557 Hz), ty 1¢ khdi luong tham gia
theo ca 3 phuong X, Y, Z déu xap xi 0.00%. Két
qua nay hoan toan phu hop véi Iy thuyét dan hoi:
bPay la cac dang dao dong mop méo cuc bo trén
thanh 6ng (bién dang tiét dién, nép gip). Tai cac
mode nay, sy phinh ra & mét phia cua thanh éng
duoc triét ti€u hoan toan bdi sy xgp vao ¢ phia
dbi dién, dan dén trong tam cua toan by cum 6ng
phong khong bi dich chuyén tinh tién.

- Ty 16 tham gia khdi luong theo phuong
X & ca 10 mode dau tién déu bang 0.00%.
Trong diéu kién 1am viéc thuc té, nguén kich
dong mang ning luong 16n nhét 1a luc day phan
luc cia dong co dan, tic dung hoan toan theo
phuong X. Viéc khéi luong tham gia phuong X
bang 0 & dai tan sb thap (10 tan sd dau) dong
nghia véi viée luc day khong 16 ctia dong co s&
it gy ra dao dong doc truc dng phong.

- Su phan tach doc lap gitra phuong cta
luc kich thich chinh (phuong doc truc X) va
phuong dao dong nhay cam nhat cta két cau
(phwong huéng kinh Y, Z) cho thiy tinh an toan
cua thiét ké. Luc déy doc truc cua dan s€ khong
thé kich hoat truc tiép cac dao dong udn hay
phinh xep tai miéng ong, glup loai trir phan 16n
nguy co cong hudng tong thé trong qua trinh gia
tdc, qua d6 dam bao su 6n dinh cho quy dao dan.

4. KET LUAN

Nghién cuu da thyc hién tinh toan va
phan tich chuyén sau dac trung dong luc hoc
riéng cua két cau 6ng phong THPB-6000 bang
phu’O'ng phap phan tu’ httu han khong gian 3D
trén nén tang phan mém ANSYS Mechanical.

Mot s6 két qua chinh dat duogc cua
nghién curu:

- Vé phuong phép luan: Viéc chuyén
do1 tor mo hinh dam gian luge 1D truyén thong

sang mo hinh khdi khong gian 3D bam sat thuc
té ngam kep dd mang lai d6 chinh xéc cao.
Phuong phéap nay cho phép nhan dién toan dién
khéng chi cac dao dong udn vi mé ma ca cac
dang dao dong vo dac thu (phinh elip tiét dién &
dai tan > 327 Hz, udn nép nhiéu thuy & dai tan
> 481 Hz) v6n anh hudng truc tiép dén khe ho
dong hoc gitra dan va nong.

- V& dic trung dao dong ban than: Két
cAu ¢6 tan sb tu nhién bac thép nhét 13 245,03
Hz. Pic tinh dbi xtng truc hinh hoc cua éng
phong duge phan anh chinh xac thong qua su
xuét hién cta cac cap mode dao dong lap dinh
sat nhau. Bién do bién dang tong tong hop dat
gia tri cuc dai tép trung tai mat miéng dudi 6ng
phong, glam dan va trlet tiéu tai vung dau 6 ong
nhd co cdu vong d& dng phong.

- V& tinh an toan dong luc hoc va do
cing vitng: Phan tich hé sb tham gia khéi
lugng hiéu dung da chirg minh két ciu c6 kha
nang triét tiéu kich dong doc truc tham gia khdi
lwong & ca 10 mode dau. Lyc ddy doc nong cua
dong co dan phan luc khong thé kich hoat cac
mode udn ngang nguy hiém. Két hop véi viée
tan s6 co ban 245,03 Hz nam ngoai dai tan kich
thich nang luong cao cta qua trinh ban, thiét
ké két cau sir dung vat liéu thép hop kim 40X
dat d6 cimg vimng va dam bao do an toan chong
hién tugng cong huong.

Toan b dir liéu vé ma tran do cung,
ma trdn khdi luong va phd tan sb riéng duoc
thiét 1ap trong nghién ctru nay 1a co sé dau vao
bat budc va tin cay dé nghién ctru céc bai toan
dong luc hoc thoang qua (Transient Structural
Analysis). Budc tiép theo co thé tap trung tinh
toan mo phong qua trinh twong tic thuc té
giita lyc ma sat cia bom, ap sudt ludng phut
bién thién theo thoi gian trong thoi gian dan di
chuyén trong 6ng phong nhiam t6i uu héa khoi
luong két cau dng phong va ché do ban. <
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