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Tém tit
Bai bdo nay tinh toén dao dong ctia hé gébm mét can truc dat trén moét vat thé néi (dworc goi la
cén truc nél) trong qua trinh van hanh. Ban dadu mét mé hinh dao déng cta hé da duoc xay
dung, dwa trén mé hinh nay, cac phuong trinh vi phdn mé ta chuyén déng cla hé da duoc
thiét Iap dua trén phuong trinh Lagrange loai Il. Viéc tinh toédn dao déng cia hé sé duoc thuc
hién bang phuwong phép tinh toan sé.
Ttr khéa: Dong luc hoc, dao déng, cén truc néi, phurong trinh Lagrange.
Abstract
This paper calculates the oscillation of a system consisting of a crane put on a pontoon (is the
so called a floating crane) taking system operation into account. The author introduces a
dynamic model of a floating crane in which the differential equations describing the system
were formulated based on Lagrange's equation. Numerical method applied for calculating
system oscillation.
Keywords: Dynamics, oscillation, lloating Cranes, Lagrange.
1. M& dau
Can truc nbi la maot thiét bi gdm mot can truc dét trén
mot vat thé ndi, nham muc dich thi cong I&p d&t cac cong
trinh trén séng, bién hoac truc vot cac vat dwdi nwdce. Trén
Hinh 1 14 hinh anh ctia mot can truc ndi. Khi van hanh, do
tinh dan hdi ctia nwéc lam anh hwéng khong tét dén qua
trinh thi cong I&p dat. Do d6, mét phwong phap diéu khién
hop ly dé giam sy dao déng cua vat thé, trong va sau khi
nang ha 1a rat can thiét. Muén vay, viéc nghién ctru dong
lwe hoc hé can truc phai dwoc nghién ctru trwdece tién.

Hinh 2. Mé hinh dao dong cta cén truc néi

D4 cé nhiéu cong trinh nghién ctru dé cap dén van dénay[2,5,6,7, 8], tuy nhién hau hét trong
do deu nghlen ctru vé dong luc hoc va diéu khién cac can truc gian, mot sd cong trinh c6 dé cap dén
cac can truc ndi [1, 3, 4], tuy nhién & d6 ciing chwa dwa ra dwoc mé hinh dao déng hop ly.

Bai bao nay tap trung xay dwng mé hinh va tinh toan dao doéng can truc ndi. Viéc tinh toan sé
duoc thue hién bang cac phuong phap sd, cac két qua tinh toan sé duwoc mo ta bang cac dd thi.
2. Thiét lap phwong trinh vi phan dao dong cua can truc noi

M6 hinh dao dong cda can truc ndi dugc cho nhw trén Hinh 2. Trong do, Vat thé néi duoc
xem nhuw vat ran chuyén dong song phang co6 khdi lwgng ms, mé men quan tinh doi véi khoi tam G
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cla né la Js, dat trén hai gbi d& dan hdi véi cac do clrng ki, k2 va do can b, bz. Hé thdng tdi dwoc
xem nhw mét tang tréng véi khdi lweng mg, ban kinh Rg¢, mé men quan tinh ddi véi truc quay la Jq
va chiu lwc can véi hé s can by. Vat nang dugc xem nhw moét chat diém co khéi lwong me duwoc
treo vao dau mot day, dau con lai cla day dwoc quan vao toi sau khi vat qua rong roc B. Céac kich
thwéc dwoc cho nhw trén hinh vé.

B4 qua sw dich chuyén theo phwong ngang clia tau, ta thy co hé c6 4 bac tw do, ta chon hé
toa d6 suy rong d0 1a: 01 = ¢, G2 = 6, g3 = Ys, Q4 = @5, trong do, ¢ la géc quay cla toi, 0 la goc lac
cla day cap t&i so voi phwo’ng thdng ding, vs la dich chuyén theo phuo’ng thdng ding cua trong
tam tau so va&i vi tri can béng tinh, ¢s 14 géc lac cla tau so véi phwong ndm ngang, khi d6 dong
nang, thé nang, ham hao tan dwogc xac dinh nhw sau:

Pong nang clia hé:

T = 262 20,6542 M (68 +Y2) 2306+ + S ma (5 V) M
trong do:
{XD = &, cos(p,) - hy sin(g,) @
Yo =Y +8,sin(e,) +h, cos(g, )
{xp =a, cos(¢, ) —h, sin(p,) +a, cos(e, +a) +1, sin(d) @)
Y =8, sin(g,)+h, cos(p,) +a, sin(ep, + a) -1, cos(8)
Thé nang cla co hé:
I = %kl(ys -y, -ag,) +%k2 (Vs — Ay, +a,0,)" +m,gy, +mygy, +M.gy, (4)
Ham hao tan:
© = 2B, -2, + 20,0, ) 430y ©

Cac Iyc suy rong clia cac lyc hoat dong khong thé:
Q =M1),Q,=0Q,=0Q,=0 (6)

Thay céac biéu thirc ddng nang, thé nang, ham hao tan vao phwong trinh Lagrange loai Il

d[aTj o _ A3 o 1234 @)
dtlog ) oq,  oq ad,
ta dwoc hé 4 phwong trinh vi phan mo ta dao déng cta can truc container dat trén tau co dang:
M(a)6+C(a,q)+G(a) = U(t) ®)

Trong do6:

mll m12 m13 m14 ql Cl gl Md (t)
M(q) — m21 m22 m23 m24 ! q — q2 ! C(q,Q) — C2 , G(q) — 92 , U(t) —

m31 m32 m33 m34 q3 C3 93 O

m41 m42 m43 m44 q4 C4 gA 0
\ogh

m, =Jy +mPRdZ' m, =m, =0, m, =m, =m,R, cosq,, m,, = mp(lzo _qul)z’
m, =m,, =J, +m,R,a, cos(q, —qd,)+m,R;h, sin(q, —q,)+m.R,a, cos(ae—0a, +q,),
my, =my, = mp(lzo _Rdch)squ' my; =M, +M, +m,

m,, =m,, =m,(l,, —R,q,)[&; sin(g, +q, + &) +h, cos(q, +a,) +a, sin(q, +a,)],

m,, =m,, =m,[(a, cosq, —h, sing,) +(a; cos(q, + &) +a, cosq, —h, sing,)] ,

m,, =J, +J, +m,(hZ +a2)+m, (a2 +aZ +hi)+2m,a,(a, cosa +h, sina),
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C = bdql - ‘]d (q4 + ql) - Rdqump - qusmp €osq, - Rda5q4mp COS(a -0, - q4)
+R,a,42m, sin(q, —q,) - R,a,4;m, sin(« -q, +9,) - R,d,4,m, sing,
- qu4h4mp Sin(qz —C]4) + qu2q4h4mp COS(q2 _q4)_ RdanZquP Sin(qz _q4)
+R,a,d,4,m; sin(z —q, +4,) - R,42h,m, cos(d,—-q,) - R,a,d,m, cos(d, —q,)
C, = =M, (17, + Galyo SING, +R3G,0; — a5yl SIN(ar — 0, +0,) +dzh, | SiN(a, —a,) - 2R{d,d,0,
+a,92l,, cos(a —q, +9,) + R,q,d, sing, —q,4,!,, cosq, - R,d,q, sing, —d,h,l,, cos(q, —q,)
+ a2q4|20 Sin(qz - q4) + 2qu10’|2I20 - Zquzlzoql + azqilzo COS(C]Z - q4) - q2q4h4|20 Sin(qz - q4)
- Rd aijql COS(C]Z - q4) - Rd a5q1q4 Sin(a —Q;+ q4) - asq2q4|20 COS(a -0+ q4)
+R,a,4,09; sin(e - d, +d,) - Ryd;h,q, sin(d, - d,) - Rya,d,0, cos(a -, +9,)
+R,0,0,0, €0sd, —R,d,4,h, cos(d, —a,) + R,a,d,d, sin(d, —d,) + Ryd,h,0, cos(d, —a,)
- azdzd4|20 COS(Qz - q4) - Rda2q4q1 Sin(Qz - q4) + Rdazq2q4q1 cos(qz _q4)
+R,d.4,h,a, sin(a, —a,) + Rya54,d,0, cos(a —d, +d,))
¢, = (b, +b,)q;, —(m, +m, +m,)q, —abd, +a,b,q, —a;,q,m, cos(z +q,)—R,q,m, cosdq,
-a,q,m, cosq, —a,gq,m, cosq, +d,h,m, sing, +d,h,m, sinq, —d,l,,m, sing,
-a,g;m, sin(a +q,) —q42h,m, cosq, —q2h,m, cosq, +d>l,,m, cosq, —a,g:m, sing,
_aqumd sing, _quZZqul cosdq, —Zqulqsz sing, + quzmpql sing,
C, = (azbz _a1b1)q3 _(‘]d +‘]s)q4 _‘]dql +a'12b1 .4 +a22b2q4 _a22q4mp _a§q4mp _a§q4md _q4hfmp
-d,h?m, —a,g,m, cos(a +q,) —a,d,m, cosd, —a,g,m, cosq, +d,h,m, sing, +d,h,m, sing,
+ C.]2h4|20mF> cos(q2 - q4) - azqzlzomp Sin(qz - q4) - RdasqlmP cos(a - q, + q4) - a3q3q4md Sinq4
+8,G31,0M, €0S(q, —0,) +850;1,M, Sin(e —a, +0,) +d3h,l,,m; sin(g, —q,) - 2a,4,h,m; sina
~25G,G,m, sin(a +0,) —28,8,4,M, CoS & +a5G31,,M, coS(a —q, +0,) —d,d,h,m, cosq,
- Rdaqump COS(q2 - Q4) - Rdd1h4mp Sin(qz _q4) _q3Q4h3md cosq, _azq3Q4mP Sinq4
- Rdasqzzmpql COS(a -0+ q4) + 2qu1q2h4mP cos(qz - q4) - qu1q4h4mp COS(C]Z - qz)
- 2Rda2q1q2mp Sin(qz - q4) + Rda2q1q4mp Sin(qz - q4) - qu2h4mpq1 cos(qz _q4)
- a2q2q4|20mp COS(C]Z - q4) + Rdazqzmpal Sin(qz - q4) - RdasqlquP Sin(a -0+ q4)
-d,4,h,l,,m, sin(g, -q,) -R, a,4:m,.q, cos(q, —q,) + 2R,a,d,d,m, sin(a« -, +4,)
—8,0,0,l,0M; cos(a — 4, —d,) —4 a04,M,a, sin(a —d, +4,) - R, 4;h,m,q, sin(q, - q,)
+R,a,d,d,m;0, cos(a —d, +9,) + R,a,d,d,m;0, cos(d, —a,) + R,d,d,h,m;q, sin(a, - a,)
g, =mygR, cosq,, g, = mpg(lzo _qul)Sian! g; = kl(q3 _a1q4)+kz(Q3 +azQ4)
g, = m,g(a; cos(q, + @) +a, cosq, —h, sing,)+m,g(a, cosqg, —h, sinqg,)
—ak,(g; - A, —aa,)+ak, (@, A, +a,q,)
3. Cac két qua mé phéng
Dé tinh toan sé, gia tri cac tham sb ctia hé dwoc cho nhw sau: g = 9,81 (m/s?); a1 = 53 (m);
a2=57 (m); az =2 (m); as = 130 (m); h1 = 7,5 (m); h2 =3 (M); h3 =4 (m); ha = 18 (m); Rq= 0,15 (m);
a = m3; l20= 80 (m); ms=18149.10% (kg); mg= 100.103 (kg); mp = 300.102 (kg); Js = 1,83.10%° (kg.m?);

Ja=11250 (kg.m?); k1 = k2= 57.107 (N/m); b1 =b2= 200 (Ns/m), th&i gian kh&i dong khi nang vat la
ta = 4 (S).

V&i cac sb liéu cho nhuw trén sau khi tinh toan, ta dwoc mot sd két qua méd phdng cho trén cac
hinh 3, 4, 5, 6. Tlr cac két qua tinh toan ta thay, khi két thuc qua trinh van chuyén, t&i da dung,
nhwng do qua trinh dirng t&i khéng hop Iy, dan dén tai trong mat 6n dinh va bt dau dao doéng, diéu
nay lam anh hwéng dén tau va ciing lam cho tau vira l&c vira dao dong lén xudng, diéu nay tac dong
nguoc tré lai tai trong, dan dén dao dong l&c ctia day cap toi va cac dao ddng cla tau cang ngay
cang tang lén.
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4. Két luan

Trong bai bdo nay, da tap trung tinh toan dao déng cla can truc ndi trong qué trinh lam viéc.
T cac két qua tinh toan, ta thay, khi viéc dirng tai trong mot cach dot ngét khi vat dén vi tri mong
mudn sé& lam cho toan bd hé théng mét 6n dinh, didu nay cé thé dan dén hé théng bi hw hdng va
nguy hiém dén ngudi van hanh. Do d6 viéc thiét ké mot quy luat diéu khién hop ly dé hé khong méat
4n dinh trong qua trinh van hanh 13 viéc hét strc can thiét.
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