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(Bai nhdn ngiiy 28 thdng 01 ndm 2005, hoan chinh sita chita ngay 25 thdng 4 ndm 2005)

TOM TAT: Bai bdo trinh bay mjt chuong trinh tinh todn ty dng dao djng xodn h¢ dong
Iuc tau thity dugc viét bang ngon ngit MATLAB. Trén co sd cdc ddp vng cia h¢ dao déng tai cdc
toa dp suy rong, ta tim dugc ham khuyéch dai va dd thi ham khuyéch dai. Ti nhitng nhdn xét vé
ham khuyéch dai va vj tri c6 thé xdy ra cfng hudng, tdc gid da dé xudt cdc bign phdp gidm dao
déng nhu: vigt qua cong hudng, thay déi tdn s riéng, tdng hé s6 cdn, ldp thém bj gidm chdn
déng luc va mdt sé bién phdp khdc.

1. MG PAU:

Ti&p ndi cdc vin dé di trinh bay trong [15], d€ ting budc dua viéc khdo sdt dao dong cla tau
thily sang phuong thitc tinh todn ty dong, ching t6i da thi€t 1dp phdn mém tinh todn. Cd sd cla chuong
trinh tinh dua trén hé phudng trinh vi phin dao ddng xodn truc nhu sau:

A MGH ~Croix (P _(Pk)+ck.k+l(q)k _{pk+l)+ék'fpk =M, (V) (1)
Véik=1+n

Chwong trinh cho phép xudt ra cdc dif liéu sau:

- Céictan sd riéng cia hé.

- Cédc dang dao dong riéng cia hé.

- Dé thi dao dong cudng bifc clia tirng bic ty do trong hé.

- Ham khuéch dai va d thi ham khu&ch dai

Dit liéu xudt ciia chuong trinh dudc trinh bay & hai dang 12 di liéu s6 (data), do thi.

Trong bai bdo nay, ching toi trinh bay gidi thudt cia chuong trinh va k&t qué tinh dao dong
xoin cho tiu kéo 350 HP, chuong trinh dugc viét bing ngdn nglt MATLAB, va sau dé dé xudt cdc
bién phdp gidm dao dong.

IL. SO PO GIAI THUAT VA CAC BUGC TINH TOAN:
2.1 Sd dd gidi thudt: Pudc trinh by trong hinh 1.
2.2 Cdc budc tinh chinh:

1. Phuong trinh tdng gudt va dit lidu ban ddu:

Dang ma trin cia phudng trinh téng quat cia hé nhiéu bac tu do nhu sau:

M () + Bi(t)+ K x(1) = F(f) )

Trong d6 :

e CichéséM,B,KIacicma trin (nx n) v6i n 12 s6 bic ty do ciia hé,

e x X X 12 cdc ma trin cOt toa dd vA cdc dao ham béc 1, bic 2 cla toa dd suy rong theo

thdi gian. '

° F(t) 12 ma trin cot luc kich thich

Luc kich thich d&i v6i hé truc tau dugc tao bdi hé th6ng dong cd 12 nhitng ham c6 chu ky, vi vdy
dé& khio s4t dao dong, chiing lubn dugc phin tich thinh chudi cdc ham sin, cosin v6i tdn s clia dong
cd va tin s6 bdi ciia tin s& dong co.

2. Xdc dinh tdn 58 riéng va ma trdn dang riéng ciia hé:

Nhu da phén tich ti¥ 1y thuy&t, d6i véi hé nhiéu bic ty do ta phdi tim céc tin s& riéng va céc
dang dao dong riéng ciia hé.
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Winh 1. Sd d4 gidi thuit clia chudng trinh tinh cho hé nhiéu bic ty do

Viéc tinh todn ndy s& tudng ty viéc tim tri riéng va vecto riéng trong thu vién cdc ham todn cla
chuong trinh va ta s& st dung tinh chit nay d€ thyc hién. Ci phdp cla 1énh nay s& dugc tdt nhu sau:

[V, D]=eig(A,B)
Trong d6 A, B 12 ma trdn hé s6 va V, D 14 cdc ma trdn k&t qud: V s& 12 ma trin chifa tri riéng va
D 12 ma trin dudng chéo chifa cdc vecto riéng clia hé sau: AA=B
Tuy nhién k&t qud luu trif trong hai ma trdn V va D chva duge sip x€&p khi biéu dién dang dao
déng riéng clia hg, do vay ta cdn phdi tao ra mdt him riéng trong phin tinh nay. Cdu tric ham d6 sé
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nhu sau:

SJunction [V,w]=eigsort(k,m);
Omeya=sqri(eig(k,m));
[vten,d]=eig(k,m);
[w,isort]=sort(Omega);
il=length(w);

Jori=1:il
V(:,i)=vtem(:,isort(i));
end

Trén hinh 2 bi€u thi k&t qué tinh tin s& riéng va dang dao ddng riéng cla ba tin s& riéng diu
tién d6i v6i hé truc chinh tau kéo 350 HP, vdi céc thong s& da cho trong [15].
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Hinh 2. Dang dao ddng riéng cla hé 3 bic tu do
3. Gidi hé phuong trinh vi phdn : |
D€ gidi dao dong hé nhiéu bac ty do ta sit dung hAm ODE dé tinh va c6 ci phdp nhu sau:
[x,t]= ODE45(‘function’,[ ],m,b,k.f).
Trong dé:
Function: 12 hAm ma ta cin tim nghiém.
M, B, K, F: 12 cdc thdng s§ ddu vao lién hé d&n thong s6 két ciu cud hé.
x(t): 12 k&t qud nghiém ciia hé tuong @ng trong thdi gian t.
ODE Ia gidi thuit theo phudng phdp Runge_Kutta gidi tim nghi¢m cho phuong trinh vi phin bic
2. by 1a mot gidi thuat dudc viét sdn trong chuong trinh MATLAB. Trong m&i bai todn cu thé thi dai
lugng nhép s& 1a ham luc cudng bifc va cdc didu kién ban diu.
Trong chuong trinh thi haAm Function s& dugc lvu v6i tén 13 “dxtd_mdof” d€ tinh cho mrdng hgp
hé dao dong ty do va function “dxcb_mdof” d€ tinh cho trudng hgp dao dong cudng bic.
Ham function "dxtd_mdof" ¢6 dang nhu sau:

JSunction ddx = dxtd_mdof{t,x,flag,B,C);

% Ham tinh dao dong TU DO cua he nhieu bac
n=length(B);

x_0=zeros(n,1); dx_O=zeros(n,1);

fori=l:nn
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x_0(i) = x(i); dx_0(i)= x(n+i);
end
ddx]= dx_0; ddx2= -B¥dx_0 -C*x_0;
ddx=[ddxl; ddx2];

Trong function “dxtd_mdof” trén, ma trin Iuc cudng bifc s& dugc bd qua do vay viéc tinh todn
d6i v6i trudng hop nay s& khong cAn phdi nhdp céc thong s8 cla Iie cudng biic.

Function “dxcb_mdof” ding d€ tinh cho trudng hgp dao dong cudng bic. Trong trudng hgp nay
ta cdn phai nhip céc thong s8 cui lyc cudng bitc. P& minh hoa, ching t6i da sk dung s6 ligu vé mo
men tic dung 1&€n hé truc chinh cda tau kéo 350 HP. Cdc s6 liéu nay dudc xdc dinh tir thuc nghiém
[15].

function ddx = dxcb_mdof(t,x.flag,B,C,Inv_m,F,Omega,pha);

% Ham tinh dao dong CUONG BUC cua he nhieu bac .
% Luc cuong buc co dang tong quat
% F_t(i) = a_0 + A*sin(Omega_Il*t + alpha) + B*cos(Omega_2*t + beta)
% F: matran he so cua luc cuong buc; O hay Omega: matran ts cua luc cuong buc
n=length(C);
x_0 = zeros(n,1);
dx_0= zeros(n,1);
F_t = zeros(n,1);
J=Inv_m*F;
fori=I:mn
x_0(i) = x(i); -
dx_0(i)= x(n+i);
F_t(i) = fli,1)+ f{i,2)*sin(Omega(i,1)*t + pha(i,1)) + f(i,3)*cos(Omega(i,2)*t + pha(i,2));
end
ddxl= dx_0;
ddx2= -B*dx_0-C*x_0 + F_t;
ddx={[ddxl1; ddx2];

Hinh 3 biéu din c4c d4p dng cudng bifc clia 3 toa o suy rong diu tién :

Bic ty do thi¥ 1 (twdng ¥ng véi xi-lanh 1)

% 10 20 3 m 50 50 70 80 % 100
Bécwy do‘lhd’ 3 (twdng \¥ng vdi xi-lanh 3)

"o 10 20 30 40 50 60 70 80 90 100
Thoi gianTime [s]

Hinh 3. Pédp dng cla hé dao dong tai 3 toa dd suy réng diu tién
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4. Tim ham khuéch dai:
K&t qud tinh todn s& c6 dang nhu sau:
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Né&u hé khdng chiu tdc dung ciia luc gidm chan
thi hé s6 khuyé&ch dai tai cdc tdn s& lam viéc
tring v6i tin s& riéng sé 12 v6 cing. Tuy nhién
nhd sy hién dién cla lyc gidm chin ma hé s6

! khuyé&ch dai gidm xudng.

. Trong hinh 4 thi Q 13 tdn s6 cud luc cudng bitc
] |
I |

S T T iy Yo e V2 ©la tin s8 riéng cla hé. tir d6 ta nhin thiy
ring khi tdn s8 luc cudng bifc bing mdt trong
5 e o nhitng tdn s8 riéng cla hé thi bién d6 dao dong
h 4: Him khuyéch dai tai 3 toa d A g j
s el R i s& ting 1én rdt nhanh, k€t qud ndy hodn todn
phll hdp véi ly thuyét.

4 [
Tan so luc cuona buc
suy rong ddu tién

111 P XUAT CAC BIEN PHAP GIAM DAG DONG:
1. Bién phdp vugt qua cfng hudng:

Qua viéc tinh todn ddi vdi tau 350 HP tai cdc tdn s§ o= 0.87403 rad/s, w,=1.7321 rad/s va
©3=2.2882 rad/s nim trong viing 1am viéc. Ta nhén th4y trong rit nhiéu hé truc chiu xodn cia tau thiy
thi tdn tai cdc tAn s6 riéng thudc cdc phin tif bic thip ndm trong viing tdn s6 1am viéc (s8 vong quay
ciia truc chinh). Do vy trong qué trinh 1am viéc, dic biét 12 khi m& mdy va tdt mdy, vin t8c cla hé c6
thé sé di qua cdc ving cong hudng va lic ndy sé x4y ra hai trudng hdp:

Truong hop thit 1: Khi vin t8c thay d6i chim: trong mdi khodng thdi gian rit ngdn dao dong cia
tau c6 th€ xem 12 8n dinh, lic ndy mic di co hé phdi trdi qua cdc gia doan cdng hudng nhung cic ing
suit trong cdc phdn tl¥ ciia né lai c6 gi4 tri phd hgp véi gid tri tinh todn. '

Truong hop 2: Khi vin tSc thay d8i nhanh: khi di qua cdng hudng bién dd cia hé dao dong s&
dat cuc tri khong cing thoi diém véi thdi diém ma s8 vong quay cla hé 8n dinh dat tin s cong hudng
ma hdi chim hon va sau d6 thi bié€n thién dao ddng c6 dang phdch tdt dan. Trong qud trinh tdt dan
bién dd ti€p tuc dat mot s6 diém cyc tri (hinh 5).

Tir day §a c6 thé thiy ring n&u vén tdc cla hé vugt qua viing cOng hudng thi ch€ d6 1am viéc sé
dn dinh. Tuy nhién viéc ting t3c nhanh d€ vugt qua cdng hudng thi phu thudc vio dv trif cong suit cila
tau, luc cdn va cdc vi tri cong hudng. Vi thé khéng nén lam dung bi¢n phdp vugt qua chng hudng dé
khdc phuc cfng hudng.
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f Hinh 5. Sy bién thién ciia bién do
0070 —1 khi qua mién cong hudng

& 5a) Qud trinh ting tdc:
L] a. Dao dong hé khong 6n dinh
4010 s b. Dao déng hé 8n dinh

5b) Qua trinh gidm tdc:
0005——4, a. Dao d6ng hé khéng 8n dinh

b. Dao ddng hé 6n dinh
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2. Thay ddi tin s6 riéng:

Tt k&t qui ham khu&ch dai ciia dao ddng (3), ta nhn thiy ring khi tin s6 lyc kich thich bing
v6i tin s6 riéng thi hé théng xudt hién cong hudng. O trang thii cong hudng bién d6 dao dong sé rét
16n c6 thé vugt qua kha ning chiu dung cla hé thong. Qua dé ta thd'y ring n€u ta c6 thé€ thay ddi tin
s6 riéng trong lic hé hoat dong sao cho tin s& riéng khong tring v6i tdn s6 lyc kich thich d€ trénh
cdng hudng.

Hinh 6 trinh bay nguyén 1y hoat dong clia bd gidm chén ki€u ly tim. Khi hé ban ddu (a) c6
moment quén tinh J dugc thay thé bing moment quén tinh J’ clia hé (b) thi tdn s6 dao dong riéng s&
dich chuyén ti f, d&€n £, (c), do d6 sé& trdnh dudc hién tugng cong hudng.

Bién db
J
1w | ] J

N
N

J .
C, 1
% % X'e ..‘."..‘v'; ______________________

() () _ (c)
Hinh 6. B gidm chan ki€u li tim

Qué trinh thay d8i tdn s6 dao dong riéng nhu thé phal du’dc thuc hién trong sudt qué trinh hoat
ddng sao cho khi tdn s luc cudng bifc dat gid tri f, thi tAn sd riéng clia hé s& dich chuyén vé £, dé
trdnh x4y ra cong hudng. T y tudng trén ta c6 thé thi€t k& bd gidm chdn ki€u li tAm c6 khd ning thay
d8i moment qudn tinh bing cdch thay d8i kh&i lwgng 18ch tAm b tri d8i xitng so vdi truc quay.

Bing phu*dng phdp thay ddi tdn s6 riéng cla hé, cdc dao dong cong hudng nguy hiém c6 thé
dugc dich chuyén ra bén ngodi ving hoat dong cla hé dong lyc tau thiy. Sy thay d8i c6 thé theo
chiéu ting hoic gidm tin s dao dong riéng. Bién phdp gidm tin s6 riéng o)’ < w; s& t6t hon Vi ring
sau cong hudng bién d6 dao dong thudng nhd hon so véi trudc khi cong hudng.

Trong trudng hgp ndy khi dua mdy chay nhanh qua ving cdng hudng, cdc bién dd cong hudng
chua kip 16n. Thay ddi tin s& riéng c6 thé hoac bing cdch thay ddi cdc thong s6 khdi lugng hodc biing
cdch thay ddi théng s& dan hoi.

3. Ting hé sb can:

Ta biét ring lc cdn c6 tdc dung 1am gidm bién d9 khi cdng hudng mot cdch ddng ké va néu
ting hé s6 cin thi bién do s& gidm di. D& ting hé s6 cdn, ngudi ta thém mot bd gidm chin. Hinh 7
trinh bay ban chit cia viéc gidm chdn bing viéc ting hé s6 cdn.

Trang 43



Science & Technology Development, Vol. 8, No. 5-2005
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Hinh 7. Gidm chan bing ting hé s& cdn

4. Lép thém bj gidm chin djng lyc:

Dao dong xodn cong hudng cla hé truc c6 thé dugc khit di bing cdch trén hé tryc ta 14p thém
mot h¢ thong dao dong dic biét ma hé niy ti€p nhan mdt phin ning lugng ciia lyc cudng bifc cong
hudng va chuyén thanh déng ning. Hé dao dong nay dudc goi 12 bd gidm chin dong luc. Khi hé dao
dong y&u thi bd gidm chdn chiu dao dong manh. C4c théng s6 cla bd gidm chin dong Iuc dude chon
sao cho tdn s8 riéng clia b¢ nay biing tin s§ cla nhiing Ivc cudng bitc khdng cho phép. Bo gidm chin
ki€u nay thudng duge 1dp t1i ddu ty do ciia truc khuju dong cd, ngoai ra dya vao tinh chit nay ngudi
ta cdn ché tao ra by gidm hdn kiéu con quay. Thong thudng cdc gidm chdn kidu niy s& dugc cung
cip bdi cdc hing ché tao ding cd, d&i vdi bd gidm chin kiéu con quay thudng dudc bS tri bén trong
m4 khiyu clia dong cd 46t trong.

Bién dd
JiL,M, Xe

IS W
i 7

0 fin fn = fe fon © Téns6

(a) (b)
Hinh 8. ding b gidm chin déng luc

N6i chung: d6i vi mot hé ddng luc tau thiy do y&u t§ dao dong phitc tap nén thdng thudng ta
phdi k&t hop nhiéu bién phdp gidm chdn mdi dat dugc hiéu qudé mong mudn. Bén canh céc bién phip
dao dong di néu & trén, ngudi ta con si dyng khép ndi mém dé khdc phuc do 1&ch dudng truc qua dé
ta c6 thé sit dung khép néi mém diing cao su d€ ting thém khd ning chéng xofn va céch ly dao dong
cudng bifc truyén ti¥ ddng cd sang hé truc tdu thiy. P8i véi ddng cd dude st dung cho tiu kéo 350 HP -
thi ma khuyu khong dugc trang bi con quay do vdy néu si dung thém thi€t bi gidm chan cho dong co
thi chf c6 thé sit dung thi€t bi gidm dao dong xodn g4n tai ddu ty do clia truc khuyu déng cd. Ngoai ra
d€ trinh dao dong clia hé dong luc truyén qua thin tau giy nén dao ddng chung toin tu thi hién nay
ngudi ta c6 xu hudng st dung cdc chan d€ cao su dit tai chin dong co va bé mdy.

CALCULATING THE TORQUE VIBRATION OF THE SHIP DYNAMICS

Tran Thi Hong
University of Technology — VNU-HCM
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ABSTRACT: The paper presents an automated program written in MATLAB calculating the

torque vibration of the ship dynamics. Based on the responses of the system at the extended coordinates,
we can find amplifying furiction and its plot. From the consideration about the amplifying function and
the points where the resonaice can happen, the author suggests some methods to reduce the vibration
such as: overcome the resonance, change the self-frequency, increase the resistance factor, equip with a
dynamic damper and some other methods.
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