PHAN TiCH DAO PONG HE TRUC CHINH TAU THUY
BANG PHUONG PHAP PHAN TU HUU HAN *
VIBRATION ANALYSIS OF PROPULSION SYSTEM OF SHIP BY
FINITE ELEMENT METHOD

Tran Van Tao', Lé Dinh Tuén, Lé Hoang Chan

Khoa Ky thudt Giao thong, Pai hoc Bach khoa Tp.HCM, Viét Nam

TOM TAT

Bai bao lién quan dén viéc nghién ctru vé dao dong ciia hé thong dong luc tau thuy, bao gdm dao dong
xoan, dao dong doc va dao dong ngang, trong d6 dao dong xoan thuong duoc quan tim. Viée tinh toan
dao dong h¢ dong luc tau thuy dugc thuc hién nho vao cdc mo hinh qui doi tir hé dong luc thyc sang
hé twong duong. O day, phuong phap phan tir hitu han 13 phuong phap tinh xuyén sudt dugc ap dung
cho tét ca cac bai toan dé cap trén. Két qua tinh dugc trinh bay théng qua viéc tinh dao dong cho hé
théng dong luc tau kéo cong suat 350HP.

Tur khoa: dao dong hé dong luc tau thiy, rung dong tau

ABSTRACT

This paper involves to analyzing the vibration of propulsion system of ship. It includes three type of
vibration as longitudinal vibration, tranversal vibration and torsional vibration. Among of them,
torsional vibration is considered most important. Analyzing vibration of propulsion system often carry
out in the modeling system. The numerical method is used to solve in this paper is finite element
method. The result of this paper verifies this method with the ship of 350HP.

Keywords: vibration of propulsion system of ship, ship vibration
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L.TONG QUAN VE HE TRUC CHINH
TAU THUY

H¢ truc tau thuy c6 nhiém vu truyén momen
X0&n tir dong co dén chan vit tau thuy va nhan
luc déy tr chan vit tmyén lai cho vé tau lam
cho tau tién hodc lui. Hé truc tau thuy gém
nhiéu doan truc ndi lién nhau va dugc dit trén
mot duong thing. Tuy thudc vao cong dung va
tinh ning cua ting loai tau ma tau c6 thé co
mot hodc nhiéu duodng truc.

H¢ tryc lam viéc trong diéu kién rat phuc tap,
mot dau hé truc nbi véi may chinh, chiu tac
dong truc tiép ctia momen xodn tir may chinh,
dau kia mang chan vit, chiu tic dong truc tiép
momen can cua chan vit trong nudc. Ngoai ra
hé truc con chiu tdc dong boi luc déy cua chan

vit, chiu tic dung cua trong lugng ban than
truc...Vi vdy viéc xac dinh ché do lam viéc
cua truc la viéc lam quan trong va can thiét.
Sau day la so dd hé truc mot duong truc:

Hé Pong co
truc Hé truc Diesel
all
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Hinh 1: H¢ truc tau thay



2. DAO PONG HE TRUC TAU THUY

Céc dang dao dong chinh cta h¢ truc tau thuy:
dao dong doc, dao dong ngang va dao dong
xoan. Ta lan luot xét dén timg trudng hop dao
dong va anh hudng cia nd dén hé truc tau
thuy.

2.1.Dao dong doc

Chan vit tau quay trong nudc tao ra luc diy
giup tau hoat dong, luc déy do chan vit tao ra
tac dung 1én truc 1am cho hé truc mét 6n dinh
doc. Khi lyc doc truc vugt qua gidi han cho
phép (dat trang thai t¢i han) s€ lam cho truc bi
cong, do do khi thiét ké hé truc tau thuy nguoi
ta phai chu ¥ dén van d& nay. Trong thuc té
van dé hu hong hé truc do luc doc truc rat it
khi xay ra.

2.2.Dao dfng ngang

H¢ tryc tau thuy co thé xem 1a mot dam lién
tuc c¢6 nhiéu gbi dd, véi s6 vong quay nhat
dinh nao d6 trén truc xuét hién hién tuong
nhay khong 6n dinh. Nguyén nhan cia hién
tuong trén la do truc di dong trong pham vi
khe hé cua géi truc, va do trong tdm cua truc
khong trung véi tdm quay. Véan hanh tryc trong
tinh hinh d6 s€ lam cho truc bi hu héng som,
gbi truc bi mon va gy ra rung dong cho vo
tau. Vong quay lam cho truc bi hién tugng trén
goi la vong quay tdi han.

2.3.Dao ddng xoin

Dao dong xoan 1 dang dao dong dugc chu y
nhat. Trong qua trinh khai thac, hién tugng giy
truc tau thuy do dao dong xoan khong phai la
it, dao dong xodn lam cho truc chiu mot ngoai
luc rat 1on c6 tinh chu ky din dén hién tuong
moi cda vat liéu va truc bi pha hoai.

Momen gy nén dao dong x0dn cua hé truc
chan vit tau thuy gom cac thanh phan sau:
momen do ap suit khi chay trong dong co,
momen do lyc quan tinh tinh tién cta co cdu
pittong-thanh truyén va momen do chan vit tao
ra.

Do tim quan trong cua dao dong xodn duogc
dac biét quan tdm nén bai bao s€ tap trung
phan nhiéu vao van dé nay.

bé tinh dao dong xodn hé truc ta phai tién
hanh theo cic budc: Xac dinh chiéu dai va

khéi luong twong dwong, xac dinh lyc cudng
birc, xac dinh lyc can, giai bai toan dao dong
xoan.

3. MO HINH HOA HE TRUC TAU THUY
3.1.Dao ddng xoin

Dé tinh duge dao dong xoan, hé truc thuc phai
dugc thay thé thanh hé dan hoi don _gian gom
mdt truc hinh try va nhiéu dia tron gin 1én truc
nay. H¢ qui dan nay phai dam bao cic diéu
kién sau:

Ung voi bat ky tin s6 nao goc xodn cua truc
thuc phai tring v6i gbc xodn cia truc tuong
duong.

Momen quén tinh cta khdi lugng twong dwong
phai bing momen quéan tinh ctia khdi lugng
thue.

Viy hé truc thuc qui d6i 12 mot hé théng gém
tryc dan hoi 1y tudng khong trong luong nhung
c6 d6 cung twong duong truc that va cac khoi
luong dit tai cac vi tri nhat dinh (Hinh 2).
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Hinh 2: Hé truc thyc tau thuy va hé qui d6i
cho viéc tinh dao dong xoan

3.1.1. Xac dinh chiéu dai twong dwong

Khi tinh chiéu dai twong duong dé thay thé cac
doan truc thuc, phai dam bao cin bang vé thé
nang cua truc khi chiu cung mot moment X04n.
Diéu d6 c6 nghia 1a do cimg chong xodn cla
cac doan truc twong dwong phai bang do cimg
chéng x0én cua truc thuc.

Theo 1y thuyét strc bén vat liéu, goc bién dang
X04n cua truc ti 18 nghich véi hé s6 dan hdi cua
vat li€u va moment quén tinh ctia tiét dién truc
ti 1& thuan véi chidu dai cua truc va moment
xoan. Nhu thé nghia 1a:

= Ml [rad] D
v= GJ



Tir (1) ta c6 do clng xodn cua truc:

GJ
_M_ 1 2 [MN m/rad] )
@

Trong do:

M - moment xoin, [MNm]

G - h¢ sb dan hoi cua vat liéu

1 - chiéu dai truc, [m]

j - goc xodn, [rad]

¢ - d6 cling chéng x0dn cla truc,

J, - moment quan tinh doc cuc, [m*]

Tir (2) nhan thdy rang: d6 cimg chdng xoin
dung vé tri s6 ma noi la moment xoén tac dung
khién truc bién dang mét goc bang 1 rad.

c

3.1.2. Tinh khoi lwong twong dwong

Dé c6 thé tinh dwoc khdi lugng twong duong
can phai biét cac khdi luong thyc va moment
quan tinh cta ching. Cac khéi lugng thuc
dugc thay bang nhiing dia tron cé cung
moment quan tinh va dat cac dia tron nay 1én
nhitng vi tri nhat dinh trén tryc tuong dwong.
Vi vay, viéc tinh khdi luwong twong duong thuc
ra la tinh moment quan tinh cua cac dia tuong
duong.

Céc chi tiét co6 dang phirc tap duoc phan ra
thanh nhiéu phan don gian, tim moment quan
tinh ciia timg phan don gian dy dbi véi truc
quay. Tong moment quan tinh cta ching dugc
tinh theo cong thirc sau:

J = i‘li [m’] (3)

Khéi lugng twong dwong cé thé tinh theo cong
thure:
Mp, = 27 [ke] “

Trong d6 :mg, - khdi luong twong duong dat
cach truc quay mét ban kinh quay R

3.1.3. Xac dinh d9 cirng xoin ciia h¢

bJ cliing X04n cua truc dugc tinh theo cong
thire (2):

3.1.4. Hé phwong trinh dao dong xoin
Jo®; + Zcis'(pi +&0, = M(1)
s=1

Vi=1l+n

®)

3.1.5.

Lurc khi thé tir ddng co M(t)
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Hinh 3: Dang ham lyc cudng buc

3.1.6. Phwong phap tinh

Tinh dao dong xodn bang phuong phap phin
ttr hiru han va cac codes chuong trinh viét trén
nén MATLAB d¢é giai bai toan. Tién hanh theo
cac budc sau:

R&i rac hoa két ciu.

Xac dinh ma tran d ciing, ma tran momen
quén tinh phan tir va lip ghép ma trén cho
két cau.

Giai hé dao dong X04n

(k -k 0 0
—k k+k —k
K= : (6)
0o -k . -k
- 0 te - le le -
Ma tran momen quan tinh:
J 0 0 0
o J, 0 0 (7)
M = .
0 0
0 0 J

n

Noi dung can thyuc hién trong chuong trinh:

Giai bai toan tri riéng va tim vec to riéng.
Tim dap tmg cua hé: ddi v6i bai toan dao
dong h¢ truc trong dé tai, luc cudng birc
(momen xodn truc khuyu) dugc dwa vao
duéi dang roi rac va dugc giai theo phuong
phap Newmark. Trong d6 ma tran giam chan
duoc phan tich dudi dang C = aM +bK voi
a=10",b=10".

Tim dang ham khuéch dai.



3.2.Dao dong doc

m9 m8 m7 mB m5 m4 m3 m2mi

k8 k7 k6 k5 k4 k3 k2 ki Ex

Hinh 4: M6 hinh hé dong lyc tau thuy va moé
hinh tinh dao ddng doc

Dao dong doc truc tau thuy do luc déy chan vit
gdy ra, dé tinh dao dong doc truc ta phai qui
ddi tir hé truc thuc sang mod hinh dong luc hoc
tuong tng.

Hé truc khuyu-thanh truyén lién két véi truc
chan vit qua bich ndi, ta c6 thé md hinh hoa hé
truc thanh hé 10 xo c6 dd cliing twong duong
(ki) va cac khdi luong tap trung (m;) tai cac vi
tri twong tng (Hinh 2).

Do cung tuong duong cac doan truc dugce tinh
nhu sau:

rEd’
k. = ! N/m 8
T aL [ 1 ®
trong do: .
E - Modun dan hoi cua vat liéu [N/m?]
d; - duong kinh [m]
L; - chiéu dai doan tryc twong tng [m]

Do cling tuong dwong doan truc con dugce tinh
nhu sau :

mkd d
k,=——"=[N/m] ©
t 4L
trong do: .
E: Modun dan hoi cia vat liéu [N/m?]

d;: Buong kinh mit nhé cua tryc con  [m]
d>: Buong kinh mut 16n cua tryc con  [m]
L:: Chi€u dai doan truc con [m]

3.3.Dao dong ngang

Dao dong ngang truc chan vit tau thuy giy ra
boi luc quan tinh khong can bang trén dudng
truc, trong tam hé truc khong nam trén duong
tam quay cta hé truc. Pé tinh dao dong ngang
cua dudng truc chan vit, ta mo hinh hoa duong
tryc thanh mot dim bi ngam tai mat bich ndi
truc chan vit v6i may chinh, cac gdi tai cac gbi
dd truc chan vit (hinh 5)
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Hinh 5: Hé truc thyc tau thuy va hé qui d6i cho
viéc tinh dao dong ngang h¢ truc.

4. TINH DAO PONG XOAN CHO TAU
KHACH:

4.1. Théong s6 ban dau

Kich thudc co ban:
Chiéu dai: 32.5 [m];
Chiéu rong tau: 6.6 [m];
Chiéu cao tau: 2.8 [m];
Moén nuéce: 2.1 [m];
Luong chiém nudc: 280 [t];
Van tdc khai thac: 15 [hl/h];
Thong s6 may chinh:
May chinh : Volvo TAMDI122A;
Cong suit Ne: 380 [HP];
S6 vong quay n: 2100 [v/ph];
Puong kinh xylanh dy; : 130.2 [mm];
Puong kinh ¢6 truc khuyu d.: 146 [mm];
Chiéu dai chdt khuyu dg: 165 [mm]
Hanbh trinh piston s: 150 [mm]
Ty s6 truyén hop sb i: 3.605
buong kinh truc chan vit d.,: 130 [mm]
Chiéu dai tryc I: 5.45 [m]
Puong kinh chén vit D: 1.2 [m]
Trong lugng chan vit G: 280 [kg]

4.2.M0 hinh hoéa hé thuc

Hé qui d6i cta hé truc chan vit tau thuy CN120
cho viéc tinh dao dong xoan nhu sau:

C C C

® I 1@ 1@

....TC.

J@‘ (X X J l o 1
Hinh 6: Hé qui dbi tinh cho dao dong xoin
Puong kinh truc chudn: da = 0.139 [m]

Momen quéan tinh tuong duong :
Ji=0L=J=01=1J5=1Js=0.32 [kgxm’]



J;=11.79 [kgxm’] 4.3.2. Dap ung cia dao dong tu do

Js =205 [kgxm’]

J9 =276 [kgxmz] DAPD%EJU DO THU 1 60 o, = 045 1195e-007i 2D}{AEDuNG TUDO THU 2 00 w, = 8.3851
Do clmg twong duong: '
Ci=C,=C3=C=Cs5= 608[MNm/rad] 2
Cs = 24.4 [MNm/rad]
C;=17.6 [MNm/rad] ] |
Cs=0.42 [MNm/rad] i iy Py 500 2 20 iy 600
Chiéu dai tuong duong: [;Afwlﬂus TUDOTHUS co oy = 173 3571 2Af1%NG TU DO THU £ co o, = 233.0309
11 = 12 = 13 = 14: 15 =0.15 [Il'l]
ls=0.126 [m]

1, =0.175 [m]

Is=12.5 [m]

4.3.Dao dong xoin hé truc

A
4.3.1. Modes dao dong
Dang dao dong rieng thu 1 co o, = 0+5.1195e-0071  Dany dao dong rieng thu 2 co o, = 33961
Or— T T T T 01
om 0.05
002
0
003 : : ' ' 4 H | 5 H H
005+ - - R o 200 400 600 o 200 400 600
DAE %\K} TUDOTHU Y co o, = 1270.2359 DAE %\K} TUDO THU B co ag = 14671383

008 i ; : : 01 : . - : 2 2
a 2 4 5 8 10 1} 2 4 [ 8 10 T T T T
Dang dan dong rieng thu 4 co o, = 239.0309 Dang dan dong rieng thu 5 co o, = 516.4998 i : i :
Dang dao dong rieng thu 3 ca o, = 173.3671 Dang dan dong rieng thu 4 co o, = 2390303
0a T T 1 T T T
— : : ~ : : :
0B}

P I ‘ LN “o 200 100 B0 D 200 00 B0
- ‘ DAP LINS TU DO THU 9 e o = 1780 5650
1

of--d

02 H | H | |
o U.ED

Dang dao dong rieng thu 5 co g = B618.4999 Dang dao dong rieng thu 6 co g = 9736318

Hinh 8: Dao dong xodn tu do cta hé

“o 2 4 a B 10 2 2 4 E a 10
Dang dao dong rieng thu 7 co 0= 1270.2859 Dang dao dong rieng thu 8 co oy = 1467.1983 , , . n - .
A A T 4.3.3. Dap wrng cua dao dong cudng birc
0.04 0.04
0.02 0.02
0 0
-0.02 -0.02
-0.04 -0.04
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4
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Hinh 7: Dang dao dong riéng -0.04
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Hinh 9: Dao dong xo0dn cudng birc ciia hé
4.3.4. Ham khuéch dai

DO THI KHLUECH DAI G DO THI KHIIECH DAL CLL

4 A R 11 § 4 A B 11
Tan <a I anona hie Tan sn e ciona hie

DO THI KHUIECH DAL CLIA DO THI KHIIECH DAL CLIA
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Hinh 10 Dano ham khndeh dai cia cac hae tir do

4.3.5. Nhan xét két qua

Tir phuong trinh dao dong tong quat cua hé
dong luc tau cung voi cac thong s6 dau vao
chuong trinh d3 cho ra cac két qua phén tich
dao dong theo yéu cau ban dau nhu: dang dao
dong riéng, cac dap ung cua hé (tu do, cudng
birc), dd thi ham khuéch dai.

Dang dao dong riéng (Modes) cho ta thiy cac
dang dao dong co thé c6 ctia hé qua dé ta cé
thé du doan duge vi tri can do dao dong X04n
khi st dung cac thiét bj chuyén ding. Dang
dao dong c6 nhiéu diém nut s& lam cho ung
sudt thay ddi doc theo duong truc qua dé cho
thiy dugc voi tan sd riéng cang cao thi hé cang
chiu nhiéu img suat thay doi.

Thong qua d6 thi khuéch dai ta thay duge khi
tan s cua luc cudng buc (moment xoan do
dong co sinh ra) cang gan véi cac tan sb riéng
thi bién d6 dao dong s& tang rat nhanh (hién
tuong cong hudng). Pac biét tai nhitng bac tu
do chiu moment kich thich thi noi d6 s€ co
bién do dao dong rat 16n. Ciing tir két qua trén
nhan thay rang khi tan sb luc kich thich roi vao
ving tir wl dén w4 thi bién do dao dong cua
cac béac ty do tang rat nhanh, day ciing chinh la
khoang lam vi€c ciia may, con ddi vai cac tan
s6 khac thi khong nim trong pham vi hoat
dong nay.

Tom lai qua viéc phan tich mdt truong hop cu
thé ta c6 thé biét dugc cac van dé lién quan
dén phan tich dao dong cho hé¢ dong luc tau
thiy. Két qua nay ctng thich hop voi yéu cau
clia co quan dang kiém khi can kiém tra dao
dong xodn hé truc tau (t?m sb riéng, ham
khuéch dai) ma truée day chi dung cac phuong
phap nhu dung bang Tole hay chuyén hé nhiéu
bac tu do vé dang hé chi c6 mot bac dé tim tan
s riéng qui doi.

5. KET LUAN

Két qua dat dugc cho thiy ring ta co thé giai
quyét dugc hé dao dong xodn co nhiéu béc ty
do.

Chuong trinh duoc xy dung tir co s& 1y thuyét
va thuat téan dung cho chuong trinh may tinh
cling dwoc viét dua trén co so nay do vay khic
phuc duogc cac phép tinh qui doi tir d6 ting do
chinh xac.

Str dung chuong trinh tinh trén s€ gitp ta du
doan duoc cac truong hop nguy hiém qua do
¢6 thé tranh duogc cac trudng hop cong hudng.



Ngoai ra chuong trinh con gitp xac dinh cac vi
tri khi str dung céc thiét bi chuyén dung dé do
dao dong xodn hé dong luc tau thuy.

- Két qua xuat dudi dang dir lidu sb va
dd thi co thé sir dung cho cac budc tinh tiép
theo.

- Két qua phan tich dép tng day du cac
yéu cau dic ra trong dao dong x04n hé truc tau
thuy: tim dap g dao dong cua hé ty do va cé
luc cudng buc, tim dang dao dong riéng, tim
ham khuéch dai cta hé...

- D4 thi khuéch dai cho biét cac hién
tuong nguy hiém do dao dong xoén gay ra.
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