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BIEN DANG DAN HOI

DYNAMIC MODEL OF TELESCOPIC BOOM CRANE CONSIDERING ELASTIC
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TOM TAT

Bai bdo xdy dung mé hinh dong lwc hoc (PLH) can truc thiy luc éng long cé ké dén bién
dang can. Phwong phdp hé quy chiéu dong hanh véi cdc xdp xi Ritz - Galerkin dwoe sir dung dé xdy
dung mo hinh va hé phwong trinh vi phan mé ta DLH cua co hé. Trén co so mo hinh da xay dung,
tién hanh khdo sat mot s6 thong 56 dong luc hoc cua can truc thuy luc 5ng l&ng khi chi ¢6 co cdu
ndng lam viéc.

Tir khéa: Can truc thuy lyc 5ng lo”hg; Bién dang can; Dong luc hoc can truc.
ABSTRACT

The paper constructs a dynamic model (DM) of a telescopic hydraulic boom crane that takes
into account the deformation of the boom. The co-rotational projection method with Ritz-Galerkin
approximations is used to construct the model and the system of differential equations describing
the DM of the system. Based on the constructed model, some dynamic parameters of the telescopic

hydraulic boom crane are investigated when only the lifting mechanism is working.

Keywords: Telescopic hydraulic crane; Displacements of the boom; Dynamic of the cranes.

1. PAT VAN PE

Can truc thuy luc 6ng l@)ng 1a thiét bi
nang-van chuyén vat c6 nhiéu wu diém vé kich
thudc, tai trong va do an toan nén dugc su dung
ngay cang phd bién trong cac linh vuc khac
nhau. Nghién ctru DLH cua cin tryc 1a mot van
dé phirc tap va di c6 nhiéu cong bd khoa hoc vé
van dé nay [1-3]. Pa c6 mot sé cong bd nghién
ctru vé DLH can truc thuy luc éng 10ng c6 ké

dén bién dang can, tuy nhién, cac nghién ctru
nay chi xét dén vat nang 1a tai ¢ dinh tai dau
can ma chua xét dén qua trinh 1am viéc cua can
truc (nang ha va di chuyén vat) [4-6].

Trong bai bao nay, tac gia tién hanh xay
dung moé hinh PLH cta can truc dng 1ong c6
ké dén bién dang can trong qué trinh 1am viéc
(nang ha can va ning ha vat).
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2. XAY DUNG MO HINH
Céc gia thiét khi xay dung mo hinh:

bé xdy dyng mo6 hinh dong luc hoc can
truc thuy luc ong long c6 ké dén bién dang dan
hoéi cta can, mot sd gia thiét sau duge chap
nhan: Vat ning dugc coi 1a mot chit diém c6
khéi luong 1a m ; Bo qua sy thay d6i chiéu dai
doan day cap tu dau can dén tang do anh huong
clia goc quay can va bién dang cua can; Bo qua
tai trong gio; Day cap ¢6 do cung quy dan la
k , h¢ s6 dap tat dao dong 1a b ; Xy lanh thuy
lu:c nang ha cin duogc thay the twong duong
bang 10 x0 ¢6 do cling k, va giam chan véi hé s6
dap tit dao dong b; Vat nang da dugc nang lén
khoi bé mat (khong tinh dén do trung cap nang
vat); Phan xe co s0, lop xe, chan tya, nén can
tryc dtmg, cot chan can duoc coi 1a khong bién
dang; Céac dbt cua can truc dugc coi 1a dong
nhét va c6 tiét dién khong doi trén toan bo chidu
dai cta d6t; D6t can co so (6ng 1ong ngoai ciing)
duoc chia 1am 2 doan khac nhau: Poan dau 6ng
16ng c6 khdp ban 1¢ 1a clmg tuyét doi (chicu dai
L)), doan can tren 1a bién dang (chleu dai L));
C01 cac ddt cua can 1a doc 1ap (phan trung nhau
ctia 2 dot lién tlep duoc coi la rat nhd); Lién két
giita cac dot khi xét 1a dang ngam.

Xdy dung mé hinh tinh dong luc hoc:

Tir cac gia thiét néu trén ta xay dung
dugc mo hinh PLH can truc ong long c¢6 ké dén
bién dang can dugc thé hién trén hinh 1.

Mo hinh can 6ng 16ng gém c6 5 khau:
Khau 1 1a phan can cung tuyét doi, khau 2,3,4,5
la cac can Ong 16ng bién dang.

Céc hé truc toa do: Oxy — H¢ truc toa do
¢ dinh, Ox trung voi nén dit xe co so, Oy di
qua khop ndi chan can; Ox.y, — HE truc toa dia
phuong gin vao cac khau (i = 1+5).

Q=m.g
Hinh 1. M6 hinh PLH can truc ong long cé ké dén
bién dang can

Céc théng s6 ctia mo hinh: m, - Khoi
luong khau thtr i; L, - Chiéu dai khau tht i; J |
- M6 men quan tlnh cua khau 1; J, - M6 men
quan tinh cta co cdu nang quy dan vé tang
cuon cap, M, - M6 men tang cuon cap; i - Ty
5O truyen cua hop giam téc co cau nang; R, -
Ban kinh tang cuon cap; F, - Luc cua xy lanh
thity lyc nang ha can; a - B01 suét palang cap
nang vat; g, - Goc tao bai tiép tuyén tai diém
cuoi khau thu (i-1) so voi truc x, (i=2-5); w
Chuyén vi uén ngang tuong d6i ciia khau thu 1
trong hé quy chiéu dong hanh Oxy,(i=2-5).

Céc toa do suy rong: v - Goc ning can;
¢ - Goc quay tang cubn cap; 0 - Goc lic cua vat
nang; s - Chiéu dai cap treo vat; q, - Toa do suy
rong dan hdi cua khau i (i=2-5).

Pdng nang cua co h¢:

F=L+L+ LA L+ 1+ T+ Ty (D)

’ Trong do: T, la dong nang cua khaurl
(ran tuyét doi); T, . 1a dong nang cua tang cudn
cap, T, ,la dong nang cua vat nang; T,1a dong
nang cua cac khau dan hoi thu i (i=2- 5)

1 1
T = E ll// otst - J ¢ oad 2 mpv12’
1
_ 2
T = 2piAiIvR_dx, )
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’ Voi: v, 12 van tdc cua V’élt nang; p, la
khoi lugng riéng cua vat liéu ché tao khau dan
hdi thl"I i; A la di¢n tich rr}ét cat ngang 91"1a khau
dan hoi thl’I‘ i \ 1a vén toc tai di€ém bat P. trén
khau dan hoi thi i;

Xdc dinh vi tri, vdn toc va gia toc cac diém:

Vi tri géc toa d0 cua cac hé truc toa do
dia phuong:

%] {Ll cosy/} _{Ll cosy } 3)
r,, = =1, +| . = _
Yo, L siny hy+ L, siny

X0, cosf, —sind, L
r, = =r, + ,
O yOHl O, Sin 0] COS 91 VVI (Ll ,t)

i(z’ :E) 4)

Vi tri diém P, bat ky trén khau i (i =
2+5) x4c dinh boi biéu thuc:

Xp cos@ —sin6, 5
T, = =r, +
. Vn % |sin® cosé, (x 1) )

0.=0.,+49,:0=v:;4q,=0 (6)

Trong do: r, 1a véc to toa do diém goc
toa do dia pthO’ng, q 1a goc tao boi tiép tuyén
tai diém cubi khau thu (i-1) so véi truc x;
w(x,t) 1a chuyén vi uén ngang tuong d6i ciia
khau thur 1 trong hé quy chiéu dong hanh Oxy;
x 12 toa d6 diém P. trén khau thir i trong he quy
chiéu dong hanh O XY

4q.i :W;—1(Lz 15 ) ( =3 5) (7

Vi tri vat nang dugc xéc dinh boi biéu thuc:

Xp s-sin@
r,= =T, + (8)
Vp —s-cos@

Xac dinh van tdc cac diém: Pao ham
cac biéu thie (3),(4),(5), (8) dé xac dinh van
tdc cua cac diém.

i =[O

o) J"o, 0 ’
X —Lysin —Lysin

= =fol+{ i "’H i '”}(9)
Yo, Ly cosy Ly cosy

Van toc cua goc toa do O, va cac di€ém
P, trén cén, 1 (i = 2+5):

: Xo.| . [cos6, -sing 0 -sing, —cosb, L
LM I e R ) + ;
" Do, | T |sing, cos, W (Lyt)| | cos§  —sing, || w(

(10)
(8 I S il OO & ] I 4T

Van toc cua vat nang dugc xac dinh boi
biéu thirc:

- 8r )fp “i + s-sm¢9+9s.-co.s0 (12)
o Vp * | —$-cos@+0s-sinf

2 -2 .2 2 -2 .2
Vp =Xp +Vp, Vp=Xpt+ V) (13)

Khi d6, thay biéu thic (13) vao biéu
thure (2), ta xac dinh dugc dong nang cua khau
dan hoi thir i va clia vét nang:

| PP
T = Z'OA (xB +y3)dx,
0

de:gmp(xm;)

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 304, thang 6 nim 2023 BEEY
cokhivietnam.vn / tapchicokhi.com.vn

(14) F



NGHIEN CUU - TRAO DOI

Thé ning cta co hé: Thé ning cua co
h¢ bang tong thé nang dan hoi (I1) va thé nang
trong luc (Hg):

=00, + 1 =11 + 10, + 11, + 10 + 11, + 10 + 1T +11,(15)
Trong do: 11, I 1a thé nang do trong

luc cta khau 1 va vat nang:

I, =mgy. = m1g(ho +1e, Sinl//),

I, =mpgy, (16)
Véi: g 1a gia toc trong truong; Yo, la

chiéu cao cta trong tdm khau 1; 1., 1a khoang

cach tur trong tam khau 1 dén khO’p noi chan

can; Y, 1a chiéu cao cuia vat nang (xac dinh theo
cong thirc 8).

Thé ning bién dang dan hoi ciia khau

dan hoi ctia khau dan hoi thir i(i=2+5) duoc xac
dinh theo cong thuec:

I1, :—E[Ii.f[az
0

2
d 17
2 Gx]x {17

Trong do: E. la mo dun dan hoi cua vat
liéu ché tao can; L la mo men quan tinh mit cét
ngang cua khau dan hoi thi i.

Thé ning bién dang dan hoi cta cap
dugc xac dinh theo cong thuec:

:—kAﬁ_

k(AL +AL) (1)
r2p 2P ps pd

Trong do: Al 1a bién dang dan hoi ctia
cap thép nang vat; Al Al Jla bién dang tinh va
dong cua cap tuong ung

_mg

Al : Alpd:a(s—s0)+Rh(¢—¢0)(19)

ps
akp

Véi: s, 1a chidu dai cap treo vat tai thoi
diem bgn dau; d)‘o la géc quay tang cuodn cap tai
thoi diém ban dau.

Thé ning bién dang dan hoi cta xy lanh
thuy lyc nang ha can:

2
= 5k Al = : Ly (KI(y)-KI(y,)) (20)

Trong do: Al 1a bién dang dan hoi cta
xy lanh; KI(y), KI(y,) 1a chidu dai ctia xy lanh
nang ha can tai thoi diém ban du va tai thoi
diém xét.

Kl(y,)= \/dz +n* =2dncos(y, +7);

= \/a’2 +n’ =2dncos(y +y) (1)
V6i: d,n,y 1a cc thong s6 két cau (hinh 1).
Ham hao tan ctia co hé: Ham hao tan

cua co h¢ bao gdbm ham hao tan cua cap nang
vat va ham hao tan cta xy lanh thay luc:

O=0D +Q, (22)

Ham hao tan cua cap:

1 . 1 . N2
¢5:5@A5:5q4m+Rm) (23)

Ham hao tan cta xy lanh thuy luc nang
ha can:

dnsin(y +y)y
\/dz +n* =2dncos(y +7)

]2 24)

1 Lo e 1
o, :Ek,Alf :Eb,(KI(y/)) :21{

Luc suy rong cua cac luc hoat dong
khong thé:

Ql// = E’Q¢ :Mh’QH = Qs = Qqe2 = Qqu :Qqe4 :Qqe5 = 0(25)

Xac dinh lyc cang trong nhanh cap thép:
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m,g

ar,

F =kl +bAl =k,

+a(s—s0)+Rh(¢—¢U) +bp(a$+Rh¢) (26)
Phuong trinh vi phan chuyén dong:
Chuyén vi uén ngang tuong dbi w(X,t)

trong hé quy chiéu dong hanh Oxy. dugc biéu
dién dudi dang:

w.(x,1) = X,(x)q,(1), i(i :E)

Trong do: X(x) la cac ham thoa mén
diéu kién bién cua khau dan hoi;

27)

Theo phuong phap Ritz — Galerkin
trong truong hop thanh mot dau ngam mot dau
tu do thi X (x) c6 phuong trinh déc trung:

1+cos L coshBL =0 (28)

Giai hé phuong trinh (28), ta nhan duogc
cac tri riéng BL, (i=2+5).

Tur do, ta ¢6 cac ham X (x) 6 dang:

cos L, +cosh B.L,

X,(x) = cos(f.x)—cosh(f.x) + sin AL +sinh L,

(=sin(Bx) +sinh(5,x)) (29)

Thé biéu thirc (27) vao biéu thic (7), ta
nhan duoc:

q,.()=w_, (Lifl’t) =X/, (Lifl)qe(ifl)(t)’
i(i=3.5)

Thé biéu thirc (27) vao biéu thuc (10) ta
nhan duogc, (i=2+5):

(30)

. . cosf, —sind, 0 -sinf, —cosb, L )
Yo, =To | . . + . Q(3 1)
sind, cos, || X,(L)d,(0)] | cos6, ~sinf || X,(L)g, (0

Thé biéu thic (27) vao biéu thic (11) ta
nhan dugc, (i=2+5):

.. |cosh -—sing 0 -sing, —cos6, x .
" +[sine,- c0s0 }{m)qm} { 050, —sin) }{X,(x)qm <r>}9’(32)
Ap dung phuong trinh Lagrange loai I

cho co hé dé viét phuong trinh vi phan chuyén
dong:

df T ) oL AL 0P _ 5 (j-1+8)(33)
di\ 6q, ) éq. 0q, aq,

Thé cac gia tri dong ning, thé ning,
ham hao tan vao phuong trinh (33), nhan dugc
hé phuong trinh vi phan chuyén dong mo ta
dong lyc hoc qua trinh 1am viéc cua can truc
duoc viét duéi dang ma tran nhu sau:

M(q)4+C(q.9)q+Dq+g(q)=Q3%
Toa d6 suy rong:
a=[v 4. 95 9 s 5 0 9]
Ma tran khéi luong suy rong:
M(q)=|m,].G.j=18)
Ma tran quan tinh ly tim va Coriolis:
C(q.9)=|¢; ].G.j=18)
Ma trén can:
D=|d,]..j=18)
Véc to luc c6 thé:

e=[g 2 & & & & & &)
Ma tran luc suy rong:
Q=[0, 0000000,]

Cac gia tri cia ma tran khoi lugng, ma
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tran quan tinh ly tdm va Coriolis, ma tran can,
véc to luc thé dugc xac dinh trong phan mém
tinh toan chuyén dung Maple.

3. KET QUA KHAO SAT

H¢ phuong trinh (34) 1a h¢ phuong trinh
vi phan cdp 2 phi tuyén mé ta PLH qua trinh
lam viéc cua can truc ké dén bién dang can.
Trong bai bao, tac gia khao sat mot s6 thong sb
PLH can truc khi chi ¢6 co ciu nang lam viéc.

Thong s6 dau vao: y=9,2°, m =72 kg;
m =102,671 kg; J =17,032 Nm; J, =15050 Nm;
1.=11/216; R =0,15 m; a=4; kp=30000 N/m;
bp=100 Ns/m; k=220000 N/m; b=500 Ns/m;
E=210 Gpa; p=7860 Kg/m*; A .=0,010662 m?;
A,=0,008861 m*; A,=0,00728 m*; A _=0,005948
m?*; 1,=0,00019768 m*; I,= 0,00014352 m*; 1 =
0,00010322 m* 1.=0,00007512 m*; L =0,66
m; L =2,4843 m; L,=2,2903; L,=2,1303 m;
L.=2,2451 m.

Van tbc ban ddu bang cia cac khiu
bang 0. Véi bd sb liéu néu trén, sau khi tinh
toan trén phan mém Maple va Matlab ta duoc
mot s6 két qua mo phong dugc thé hién ¢ cac
Hinh 2+6.

Ttr hinh 2-6 nhan thiy: Goéc quay tang
cudn cap thay doi tuyén tinh, khong phu thudc
vao bién dang can. Chiéu dai cap treo vat thay
d6i giam dan va dao dong khi thay doi, diéu
nay 1a hop 1y do d6 dan hoi cua cap, xy lanh
thily Iy va can nang. Tir hinh 5 nhan thay rang,
khi cAn dan hoi, diém dau can dao dong véi tan
s6 ~1,25 Hz khi tién hanh nang vat, bién do
dao dong ~1,9 mm. Lyc cang cap trong trudong
hop nay ciing thay d6i phut hop véi quy luat dao
dong ctia diém dau can.

]

i

30

0 1 2 3 1 5 L1 T 5 9 10
t (s)

Hinh 2. Géc quay tang cudn cap

0 0.5 1 L5 2 25 3 3.5 i L3
(=)

Hinh 3. Chiéu dai cdp treo vit

i M i
] 1 2 3 | 7 B ] 10

ti(s)

Hinh 4. Chuyén vi géc ldc vit nang
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(mm)

1520 : H

350

300

200 |

ing Cap (N)

Z 150

L

100

5
t{s)

Hinh 6. Luc cang cap thép
4. KET LUAN

Bai bdo da xay dung dugc mo hinh va
dua ra dugc hé phuong trinh vi phan mo ta
DLH qu4 trinh 1am viéc cua can truc dng 16ng
6 ké dén bién dang can. Trén co s do, bai bao
tién hanh khao sat mot sb thong sb dong luc
hoc ctia can truc khi tién hanh nang ha vat. Két
qua nghién ctru dua ra 1a hoan toan phu hop va
¢6 thé 1am co s6 cho viéc nghién ctru DPLH qua
trinh lam viéc cua can truc cling nhu lam di
liéu dau vao cho bai toan diéu khién can truc. %
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