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TOM TAT

Bai bdo nghién ciru dnh hieong ciia khéi lwong vt ndng dén cdc thong sé dong luc hoc
(PLH) ciia can truc ong long khi ké dén bién dang can. Phwong phdp hé quy chiéu dong hanh
Véi cdc xdp xi Ritz - Galerkin duoc s dung daé xdy dung mé hinh va hé phwong trinh vi phan mo
ta PLH ciia can truc ong long v6i 4 khdu dan hoi. Trong mé hinh dong luc hoc xdy dyng co tinh
dén do dan hoi va giam chan cia cap va xy lanh thiy hyc nang ha can. Trén co so do, bai bao
khdo sdt sw phu thudc ciia cdc théng s6 DLH can truc ong long khi thwe hién nang ha can vdo
khoi lwong vit nang. Két qua khdo sdt dwoc dwa ra la cac thong sé chuyen Vi, vdn toc, gia toc
dao déng dau can va lyc cang cdp treo vat, ddy la co s6 ndng cao chdt lwong van hanh ciing nhu
phuc vu bai todan diéu khién can truc.

Tir kho4: Can truc 6ng léng; M6 hinh cn truc; Dong luc hoc can truc; Diéu khién cén truc.
1. MO PAU

Cén truc thay lyc 6ng 16ng lap trén xe vén tai la thiét bi nang-van chuyén vét ¢6 nhiéu uu
diém vé kich thudc, tai trong va do an toan nén dugc st dung ngay cang pho bién trong cac linh
vuc khac nhau. Nghién coru DLH cua can truc 1a mot van de phuc tap va da co nhiéu cong bd
khoa hoc v& van dé nay [3-5]. Pa c6 mot s6 cong bd nghién ciru vé DLH can tryc thuy luc éng
16ng c6 ké dén bién dang can, tuy nhién, cac nghién ctru ndy chi xét dén vat nang 1a tai ¢b dinh
tai ddu cAn ma chua xét dén qua trinh lam viéc cua can tryc (nang ha va di chuyén vat) [6-8].

Trong bai bao nay, tac gia tién hanh x4y duyng mé hinh BLH cua can truc 6ng 16ng ¢ ké dén
bién dang can trong qud trinh lam viéc, tir d6, nghién ciru anh huong cia khéi lwong vat nang
dén cac thong sb PLH qua trinh 1am viéc ciia can truc.

2. XAY DUNG MO HINH

Céc gid thiét khi xay dwng m hinh: Vat nang duoc coi la mot chat diém c6 khéi lugng la
mp; Bo qua tai trong gio; Day cap c6 do cang quy dan 1a kp, hé sb dap tit dao dong la bp; Xy lanh
thity lyc nang ha can duoc thay thé tuong duong bang 16 xo c6 do cang ki va giam chan vai hé So
dap tit dao dong by; Phin xe co s, cot chan can duoc coi la khdng bién dang; Céac dot’ cua can
truc dugc coi 1a ddng nhat va co tiét dién khong doi trén toan bo chiéu dai cua mdi dét; Ong long
ngoai cling dugc chia lam 2 doan khéc nhau: doan dau 6ng 1ong c6 khop ban 1€ 1a cang tuyét déi,
doan trén 1a bién dang; Lién két giita cac d6t khi xét la dang ngam.

Xay dung mé hinh tinh d9ng luc hoc. M6 hinh BLH can truc 6ng 1ong c6 ké dén bién dang
can dugc thé hién trén hinh 1. M& hinh gom c6 5 khau: Khau 1 1a phan can ctng tuyét ddi, khau
2,3, 4, 5 1a cac can 6ng 16ng bién dang.

Céc hé tryc toa do: Oxy — Hé truc toa d6 ¢b dinh (Oy di qua khép quay can); Oixiyi — Hé truc
toa d¢ dia phuong gan vao cac khau (i = 1+5).

Céc thong sé cia mo hinh: m; - Khéi lwong khau thtr i; Li - Chiéu dai khau tht i; J; - M6
men quén tinh cia khau 1; J» - M& men quan tinh cua co ciu nang quy dan vé tang cudn cap; M
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- M0 men tang cuon cap; i - Ty s truyén cua hop giam toc co cau nang; Ry - Ban kinh tang cuon
cap; Fi - Luc cua xy lanh thuy luc nang ha can; a - Boi suit paling cap nang vat; gai - GOc tao boi
tlep tuyén tai diém cudi khau thir (i-1) so véi truc Oixi (i=2-5); wi - Chuyén vi udn ngang twong
ddi cua khau thtr i trong hé quy chiéu dong hanh Oixiyi (i=2-5); F - Lyc cang nhanh cap cuon I1én
tang; ho — Khoang cach tir khép quay can dén truc Ox.

Mé tor HGT

(o]

Hinh 1. M6 hinh BLH can truc 6ng long c6 ké dén bién dang can.
CAc toa dd suy rong: y - GOc nang can; ¢ - Goc quay tang cudn cap; 6 - Goc lic vat nang; s -
Chiéu dai cap treo vat; gei - Toa d6 suy rong dan hoi khau i (i = 2+5).
Dong nang ciia co hé:
T=T+T,+T,+T,+T + T + Thoist (D)

Trong do: Ty 1a dong nang cua khau 1; Thoist 1a d9ng ndng cua tang cubn cap; Tioad 12 dong
nang cua vat nang; Tila dong nang ctia cac khau dan hoi thir i (i = 2+5).

1. . 1. .
Tl = E JlWZ;Thoist = E‘]h¢2 ;Tload 2

Trong do6: V, 1a van tdc cia vat nang; pi la khdi luong riéng cua vat liéu ché tao khau dan hoi
tha i; Ai la dién tich mat cat ngang cta khau dan hoi thr i; vpi 1a van toc tai diém bat P; trén khau
dan hoi thir i;

Xac dinh vi tri, van toc va gia téc cac diém:

Vj tri gdc toa do cua cac hé truc toa do dia phuong, (i = 2+5):

1 2. 1 1 2
=-mVAT, :EpiAjvpidx &)
0

0 L, cosy
o= [irg =ro +| .
N
For [cos®, —sing, L,
=r, +
%% Tlsing cosd || wi(L,t) @
Vi tri diém P; bat ky trén khau i (i = 2+5):
- +_c036?i —siné, X
A9 sing cos@ || w(xt) ®)
QZHI l+qal’H:l//’qa2:0 (6)

Trong do: roi 1a véc to toa do diém goc toa do dia phuong; Gai la goc tao boi tiép tuyén tai
diém cudi khau thir (i-1) so véi truc Oixi; wi(x.t) 1a Chuyen Vi udn ngang twong ddi cua khau thi i
trong hé quy chiéu ddng hanh Oixiyi; X 1a toa do diém P; trén khau thi i trong hé quy chiéu dong
hanh Oixiyi.
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Oai =Wi,—l(Li—1’t)’(i :ﬁ) (7)
Vi tri vat nang duoc xac dinh bai biéu thic:
S J{ ssing } @®
¢ | —scosd
DPao ham cac biéu thic (3), (4), (5), (8) dé xac dinh van téc cua cac diém.
fo =m;foz “iy {_L?'”s'"'”} ©
0 Ly cosy
(b {0039 —sin@}{ 0 }{—sin@i —c?sa}{ L }0.. (10
9 sing cosd || Wi (L,t)| | cosd  —sing, || wi(L,t)|"
" J{C(_)sei —sin&}{ 0 }{—sin&i —c?sa}[ X }9 )
L% |sing cos@ || W (xt)]| | cosd  —sing || w(xt)]"

Van téc cua vat nang duoc xac dinh bai biéu thuc:

o $sin@ + 0scos o
o =To, | | — (12)
* | —Scosé+0ssind
Vo =Xp +YaiVe =Xp +Yp (13)
Thé (13) vao (2) xac dinh dugc dong ning cua khau dan hoi thir i va cua vat nang:
A U 1
T =2 AA [ (56 + V2 )dx T =—my (% +57) (14)
0

Thé ning ciia co hé: Thé ning cua co hé bang téng thé nang dan hoi (/7s) va thé ning trong
luc (ITy):
=11, +IIg =11, + 1, + I, + TI, + 11, + 11 + 11, + 1T, (15)
Trong do, ITh, 11, 14 thé ning do trong luc cua khau 1 va vét nang:
I :mlgl siny; I, =m, gy, (16)

Trong do: g la gia tc trong truong; lcy 1a khOang céch tir trong tim khau 1 dén khép néi chan
can; y, la chiéu cao cua vat nang (xac dinh theo cong thuc 8).

Thé ning bién dang dan hoi ciia khau dan hoi thir i (i = 2+5) dugc xac dinh theo cong thirc:

1 4( 2w, Y
[T.==El || —* | dx 17
I 2 1 I‘[‘;L a 2 ] ( )

Trong d6, E; va |; 1a mo6 dun dan hoi cua vat liéu va mé men quén tinh mit cit ngang cua khau
thiri.
Thé ning bién dang dan hoi cua cap:

1 1 2
I, = Zk,Al :Ekp(mpsmlpd) (18)

Trong do: Al 12 bién dang dan hoi cua cap; Alps, Alps 1a bién dang tinh va dong cua cap
twong ung.

Al =a(s=5,)+R, (¢-4) (19)
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Trong d6, So VA ¢o |2 chiéu dai cap treo vat va goc quay tang cudn cap twong tng tai thoi diém
ban dau.
Thé niang bién dang dan hoi ciia xy lanh thay lyc nang ha can:

I, =%k,AI,2 =%k, (KI ()= KI (1,)) (20)

_ Trong do: 41 1a bién dang dan hoi cua xy lanh; KI(y), KI(yo) la chiéu dai cua xy lanh néng ha
can tai thoi diém ban dau va tai thoi diém xét.

Kl (w,)= \/dz +n?—2dncos(y, +7);Kl (y) = \/dz +n?—2dncos(y +7) (21)
v6i d,n,y 1a cac thong sb két cau (hinh 1).

Ham hao tan ciia co hé: Ham hao tan cia co hé bao gom ham hao tan cua cap nang vat (&)
va ham hao tan cua xy lanh thay luc (&):

D=D, +, (22)
1, . 1 . )2
®, =2 b, AL :Ebp(as+ R.%) (23)
2
. dnsi ;
o =Lpar=1p nsin(y +7)v (24)
2 2 \/dz +n* —2dncos(y +7)

Luc suy rong cia cac luc hoat dong khong thé:
Qy/ = FI COSV/’Q¢ = Mh'QH :Qs :Qqez :Qqe3 :Qqe4 :Qqes :O (25)
Xac dinh lyc cang trong nhanh cap thép treo vat:
. m_g ] .
F. =k,Al +b Al =k [i+ a(s—s,)+R, (¢—¢O)J+ b, (as+R.g) (26)
p
Phwong trinh vi phin chuyén déng:
Chuyén vi udn ngang tuong ddi wi(x,t) trong hé quy chiéu dong hanh Oixiyi duoc biéu dién:
w, (x,t) = X, ()0, (1), (i=2,5) (27)
Vo Xi(x) 1a cac ham thoa man diéu kign bién ciia khau dan hoi.
Theo phuong phéap Ritz — Galerkin trong truong hop thanh mot dau ngam mot dau ty do thi
Xi(X) c6 phuong trinh dac trung:

1+cos gL, cosh gL =0 (28)

Theo tai liéu [1], giai hé phuong trinh (28) ta nhan duoc gid tri riéng thir nhit twong wng voi
dang dao dong riéng co ban: giLi = 1,875 (i = 2+5). Tur do, ta co cac ham Xi(x) co6 dang:

cos L +cosh S L,

X, (X) = cos(3x) —cosh( B x)+ Sin AL +sinh AL (—sin(Bx) +sinh(5,x)) (29)
Thé biéu thic (27) vao biéu thirc (7) ta nhan duoc:
O () =Wy (L 1,)= X/ (L )05y (1), (1 =3,5) (30)
Thé biéu thuc (27) vao biéu thirc (10), (i = 2+5):
_ , [cos@i —sina}{ 0 } {—siné’i —cosei}{ L } :
fo =F +| . . + . 0| (31)
2710 sing, cosq, || X,(L)a, ()] | cosq —sing, || X,(L)a, ®)
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Thé biéu thirc (27) vao biéu thac (11), (i = 2+5):

o {cos@i —sin@i}{ 0 } {—sin@i —cos@i[ X }
fp =To +| . N . - |G (32)
' ' oLsing cosd || X;(X)qy (t) cosf,  —sing || X;(x)q, (1)

Ap dung phuong trinh Lagrange loai II cho co hé dé viét hé phuong trinh vi phan chuyén

dong [2]:
d(TY (ot oIl o) _
a[%] (&J (é’q] (m] -Q )

Thé cac gia tri dong nang, thé nang, ham hao tan vao phuong trinh (33), nhén dugc hé phuong
trinh vi phan chuyén dong mé ta qua trinh lam viéc cta can truc dugc viét dudi dang ma tran:

M(q)t4+C(a,9)g+Dg+g(q)=Q (34)

Toa d¢ suy rong: q= [ ] [‘// Oy Uz Ges Ges S O ¢] ,(1=18)
Ma tran khéi lugng suy rong: M(q)=[m; .G, j=18)

Ma tran quan tinh ly tam va Coriolis: C(q,4)=|¢; .(i, j =18)
Ma trén can: C qq [ ”] G,j= 18)
Véc to lye c6 thé: D=[d; |, (i, j=18)

Ma tran lyc suy rong: g = [gi ]T (i=18)

Céc gia tri cia ma tran khdi lwong, ma tran quén tinh ly tam va Coriolis, ma tran can, véc to
luc thé dugc xac dinh trong phan mém tinh toan Maple.

3. KET QUA KHAO SAT

Hé phuong trinh (34) l1a hé phucmg trinh vi phan cap 2 phi tuyen mo ta DLH qua trinh lam
viéc cua can truc ke dén blen dang can. Trong bai bao, tac gla khao sat mot sb thong so PLH can
truc khi chi ¢6 co ciu nang can lam viéc (goc quay tang cudn cap: ¢ = ¢y = 0).

Thoéng sé dau vao. Bai bao tién hanh khao sat dong luc hoc cua can truc lap trén xe van tai
UNIC 344 véi bo thdng sé dau vao nhu sau: my = 102,671 kg; J; = 17,032 Nm; J» = 15050Nm; i
=11/216; R, = 0,15 m; a = 4; k, = 3x10*N/m; b, = 100 Ns/m; k; = 22x10* N/m; b; = 500 Ns/m; E
= 210 Gpa; p = 7860 Kg/m?; A; = 10,662x10° m?; A; = 8,861x10° m?; A, = 7,28x10° m?; As =
5,948x10°m?; I, = 19,768x10° m*; |5 = 14,352x10°m*; 1, = 10,322x10° m*; |5 = 7,512x10° m*;
L;=0,66 m; L, =2,4843 m; L3 =2,2903 m; Ls =2,1303 m; Ls = 2,2451 m; ho = 0.

Van tdc ban dau bang cua cac khau bang 0. Goc nang can ban dau o= 1°% Khdi lugng vat nang
thay ddi m, = 72 kg, 200 kg, 480 kg; Van téc nang can la bang nhau khi thay ddi khdi luong vat nang.
V6i bo s6 lidu néu trén, sir dung phuong phap s tinh toén trén phén mém Maple va Matlab dé
giai phuong trinh (34) nhan duoc két qua mo phong cac thong s6 DLH co h¢. Trong khudn kho
bai bao, nhom tac gia chi xem xét cac gla tri chuyén vi, van téc, gia toc caa diém dau can (diém
E) va lyuc ciang cap. Két qua thu dugc thé hién & céc hinh 25,

T ket qua thu duoc nhan thiy rang: Chuyén vi dau can YE. (chuyen vi cta diém E) dao dong
v6i tan sb ting khi khéi luong vat nang mp tang. Chuyen vi ddu can do tinh dan hdi cta xylanh
thity lyc nang ha can va tinh dan hoi cua can. Véi khoi luong vat nang 480 kg (khi lugng nang
dinh murc khi goc nang can 1°), ban d4u can bi cong xudng mét doan 16n, sau d6 ting dan va dao
dong 6n dinh. Vi khoi lugng vat nang 72 kg (khéi lugng nho), dao dong dau can 1a rat nho.
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bdi voi van toc va gia tdc dao dong dau can: Tai thoi diém ban dau (khi khoi dong), bién do
clia van toc va gia toc dao dong dau can sé& tang khi khéi lugng vat nang ting. Tuy nhién, khi dén
giai doan binh on, bién dd va tan sb dao dong cua van tdc va gia tdc dao dong dau can lai giam
khi ting khéi lwong vat nang.

Luc cang céap treo vat dao dong xung quay gia tri luc cang cp tinh va c6d bién do dao dong
gidm dan. Tuy nhién, khi khdi lugng vat nang tang thi bién d6 dao dong tang va tan s dao dong
giam. Dac biét, khi kh01 luong vat nang cang nho, bién d dao dong cua lyc cang cap cang nho,
tc lyc cang cap cang gan voi gia tri luc cing cap khi can khong bién dang.

Nhu vay, yéu t6 bién dang cta can ddi véi can truc 6ng long ¢6 anh huong dén cac thong sb
DPLH can truc, dac biét khi khéi luong vat nang cang 1én. Diéu nay co y nghia quan trong khi
tinh toan thiét ké can truc 6ng 16ng ciing nhu bai toan diéu khién can truc.

8000

350 H i i [ — mp=t2

- = —mp=200
————— mp=180

7000 |- 400 2000

250

G000 1 1000

5000

4000 -

yr(mm)

-1000

i
e (mmjs)

3000 -2000

2000 -3000

1000 -4000

0 R N S DU SO S 5000 SR JUUNE JUUNE DTS FUUE DU PO P
I 2.5 3 3.5 4.5 5 0 0.5 1 1.5 2 2.5 3 35 4 4.5 5

Hinh 2. Chuyén vj dau can. Hinh 3. Vén téc dao déng ddu can.

4000

mp=72
- = —mp=200

3000

2000 H-§-14

1000

o

Luc cang Cap (N)

] 0w SN A £ ]

e -2000

-3000 L L ~ L
0

4.5

e
[

t(s)
Hinh 4. Gia toc dao déng dau can. Hinh 5. Luc cang cdp.

4. KET LUAN

Nhu véy, bai bao dé xay dung dugc md hinh DLH va h¢ phuong trinh vi phan mo6 ta qua trinh
lam viéc ciia can truc ong long khi ké den bién ~dang can véi 4 khau dan h01 M0 hinh xay dung
cho phép khao sat cac thong s6 DLH can truc ong 16ng khi két hop ca co cdu nang ha vét va co
ciu nang can lam viéc dong thoi hode timg co cau lam vi€e riéng lé. Ngoai ra, bai bdo tién hanh
khao sat anh hudng cta khdi luong vét nang dén cac théng s6 DLH can truc khi chi co co ciu
nang can 1am viéc. Két qua dat duoc cia bai bao cod thé 1am co s& cho bai toan tinh toan thiét ké
hoic xay dung va thiét ké h¢ thong diéu khién cho can truc 6ng 10ng.
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ABSTRACT

Research on the influence of lifting mass on dynamic responses
of telescopic cranes considering boom deformation

The paper studies the influence of lifting mass on the dynamic responses (DRs) of
telescopic cranes with consideration of boom deformation. The companion coordinate
method with Ritz-Galerkin approximation is used to build the model and the differential
equations describing the DRs of a telescopic crane with four elastic joints. In the
generated dynamic model, the stiffness and damping coefficients of the cable and the
hydraulic cylinder for lifting and lowering the boom are considered. Based on this, the
paper investigates the dependence of the DPs of the telescopic crane when lifting and
lowering the boom on the lifting mass. The investigation results are the system dynamic
responses such as the displacement, velocity, acceleration of the boom oscillation, and the
tension of the cable hanging the payload, which is the basis for improving the operating
quality and serving the control problem of the crane.

Keywords: Telescopic cranes; Crane modeling; Crane dynamics; Control of cranes.
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