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Tém tit

Bai bdo nghién ciru danh hwéng cia bién dang
dan hoi can dén dao dong vat nang cua can truc
ong long khi ndng ha tai. Pé xdc dinh dwoc cdc
théng sé cia quy dao vdt nang, bai bdo xdy
dung mo hinh dong luc hoc (PLH) cua can truc
ong long khi ndng ha tai. Phwong phdp hé quy
chiéu dong hanh véi cac xdp xi Ritz - Galerkin
dwoc sir dung dé xdy dung hé phwong trinh vi
phdn mé ta PLH ciia can truc ong long khi ké
dén bién dang can. Trén co sé dé, bai bdo so
sanh cdc théng sé PLH mé ta quy dao vit ndng
trong trwong hop can cimg va bién dang dé xem
xét dnh hwong cia bién dang dan hoi can. Két
qud nghién ciru ciia bdi bdo ¢6 thé lam co s¢ dé
xdy dung thudt toan diéu khién doi véi can truc
ong long mét cach chinh xdc hon.

Tir khéa: Can ‘truc 5ng {5ng, 1216 }{inh can truc,
dong luc hoc can truc, diéu khién can truc.
Abstract

The article investigates the influence of boom
deformation on the oscillation of the lifting object
in a telescopic boom crane during the load lifting
and lowering process. To determine the
parameters of the payload trajectory, the article
constructs a dynamic model of the telescopic
boom crane when handling loads. The companion
scaling method with Ritz-Galerkin
approximations is utilized to build a system of
differential equations describing the crane's
dynamic  model  considering the  boom
deformation. Based on this, the article compares
the parameters of the dynamic model describing
the lifting object's trajectory in the cases of  rigid
and deformed booms to examine the impact of
boom elasticity. The research results of the article
can provide a basis for developing more accurate

control algorithms for telescopic boom cranes.

Keywords: Telescopic cranes, crane modeling,
crane dynamics, control of cranes.

1. Mé dau

Can truc thity luc dng 16ng 1a thiét bi nang - van
chuyén vét c6 nhiéu vu diém vé kich thudc, tai trong
va do an toan nén dugc sir dung ngay cang phd bién
trong cac linh vuc khac nhau. Nghién ciru PLH cua
can truc nham giai quyét cac bai toan tinh toan thiét
ké, didu khién,... 1a mot vin d& phirc tap va di co
nhiéu cong bd khoa hoc vé van dé nay [3-5]. Pi c6
mot s6 cong bd nghién ciru vé DPLH cén tryc thiy luc
ong 16ng c6 ké dén bién dang can, tuy nhién cac
nghién ctru nay chi xét dén vat nang 1a tai ¢d dinh tai
dau can ma chua xét dén quy dao chuyén dong cua vt
nang [6-8].

Trong bai bao nay, tac gia tién hanh nghién ciru
anh hudng cia bién dang dan hoi can dén cac thong
s6 quy dao chuyén dong cua vt nang trong qué trinh
lam viéc cua can truc.

2. Xay dung mé6 hinh

Cic gia thiét khi xdy dung mé hinh: Vit nang
duoc coi 1a mot chit diém co khdi luong la m,; Bo qua
tai trong gio; Dy cap c6 do cing quy dan 14 &y, hé s6
dap tit dao dong 1 b,; Xy lanh thay Iuc nang ha can
dugc thay thé twong dwong bang 16 xo ¢6 do cing k
va giam chan véi hé sé dap tat dao dong bs; Phan xe
co s0, cOt chan can duoc coi la khong bién dang; Cac
ddt cua can truc duogc coi la déng nhét va co tiét dién
khong ddi trén toan bo chiéu dai cua mdi dot; Ong
16ng ngoai cung duoc chia 1am 2 doan khac nhau:
Doan dau dng 16ng c6 khdp ban 1¢ 1a cimg tuyét ddi,
doan trén 1a bién dang; Lién két gitta cac dbt khi xét
la dang ngam.

X4y dung mo hinh tinh déng luec hoc: M6 hinh
DLH cén truc dng 16ng c6 ké dén bién dang can dugc
thé hién trén Hinh 1.

M5 hinh gdm c6 5 khau: Khau 1 1a phan can cing
tuyét d6i, khau 2, 3, 4, 5 1a cac can 6ng 16ng bién dang.

SO 75 (08-2023)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

-JOURNAL OF MARINE SCIENCE AND 'I'ECIINOLOGVJ

o]

P
O

Hinh 1. M hinh PLH cn truc éng long c6 ké dén bién dang cin

Céc hé truc toa do: Oxy - Hé truc toa do cb dinh
(Oy di qua kh6p quay can); Oxy; - Hé truc toa do dia
phuong gén vao cac khau (i = 1+5).

Cic thong s6 ciia mé hinh: m; - Khéi lugng khau
i; L; - Chiéu dai khau i; J; - Md men quén tinh khau 1;
Ji -Mb men quan tinh ciia co cu ndng quy dan vé tang
cubn cap; M, - Mé-men tang cudn cap; i - Ty sb
truyén cua hop giam tdc co cdu nang; R; - Ban kinh
tang cudn cap; F - Luc cia xy lanh thuy lyc nang ha
can; a - Boi suat palang cap nang vat; g.; - Goc tao boi
tiép tuyén tai diém cudi khau (i-1) so véi truc Oix;
(i=2+5); wi - Chuyén vi udn ngang tuong ddi ciia khau
i trong hé quy chiéu ddng hanh Owy; (i=2+5); F - Lyc
cang nhanh cap cudn 1én tang; Ay - khoang cach tir
khdp quay can dén truc Ox).

Cac toa dd suy rong: y - Goc nang can; ¢ - Goc quay
tang cudn cap; 6 - Goc lc vat nang; s - Chiu dai cap
treo vat; g.; - Toa do suy rong dan hoi khau i (i=2+5).

DPong ning cia co hé:

T=T+T,+T,+T, +To + T + Thoist (D)

Trong do: T, 1a dong nang cua khau 1; T la dOng
ning cua tang cudn cap; T 12 dong ning cia vat

nang; 7;1a dong ning ctia cac khau dan hdi thi i (7=2+5).

1. . 1. . 1
Tl = E‘Jll/lz;Thoist = _‘]h¢2;TIoad = Empvg;

2

T—l i 2d
i_EpiA_([VPI X.

Vo6i: v, 1a van tde cua vat nang; p; la khéi luong
riéng cua vat li¢u ché tao khau dan hoi thir i; 4, 1a dién
tich mat cit ngang cua khau dan hdi thir i; vpi 1a van
tdc tai diém bat P; trén khau dan hdi thi i.
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Xac dinh vi tri, van toc va gia toc cac diem:

Vi tri gbc toa d6 dia phuong, (i=2+5):

0] L cosy |
o, _{hj,roz =Ty J{Llsiny/] 3)

o, [cosa —sing, L 4
0. To ¥t sing, cosé, Wi(Li't) @
2+5):

Vi tri diém P; bat ky trén khau i (i =

F oy cosg, —siné, X )
=r, +

R% sing  cosg || wi(xt)

6 =0,+04:6, =0, =0 (6)

Trong d6: ro; 1a véc to toa do diém géc toa do dia
phuong; ¢u 13 goc tao bai tiép tuyén tai diém cudi
khau thi (i-1) so véi truc Ox; wix,2) 1a chuyén vi udn
ngang twong ddi cua khau thi i trong hé quy chiéu
ddng hanh Owxyi; x 13 toa d6 diém P; trén khau thu i
trong hé quy chiéu dong hanh Oxy:.

Q. =Wi,-1(|-i-1vt)!(i =375) (7
Vi tri vat nang dugc xéac dinh boi biéu thirc:
For s ssin@ ®)
PT% 1 _scos@

Pao ham cac biéu thuc (3), (4), (5), (8) dé xac dinh
van tde cua cac diém:

A LV I —Lysiny
fo, _[O},roz =Ty J{Lly'/cosy/ } C)
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P cosg —sing, 0
%+ Tlsing  cos@, || i (Lt) (10
—sing, —cosé, L .
* . 4
cosd  —sind, || w(L.t)
Pt cosg, —sing, 0
=f, +
RO0% T sing  cos6 || W (xt)
an
—-sing, —cosé, X .
+ ) 6
Losé’i —sm@i}{wi(x,t)}

Van toc cua vat nang dugc xac dinh boi bicu thic:

. $sin@+60scosd

fo=ry, +| . . (12)
* | —Scos@+6ssin @

Vo =X +VaiVa =X + Vs (13)

Thé biéu thirc (13) vao biéu thire (2) x4c dinh duoc
dong nang cua khau dan hoi thtr i va ciia vat nang:

.
T :%pi‘\l(xﬁ. V) BTy :%mp(xs’ +3) (49

Thé ning ciia co hé: Thé ning cua co hé biang
tong thé nang dan hoi (I7s) va thé ning trong luc (I1,):
IM=1I1, +I1 =11, + T, + 11, + 11,

(15)
+I1, +11 +1IT, +11,

Trong d6: IT;, I, 1a thé nang do trong luc ciia khau

1 va vat nang:
1L :mlglq siny; 1, =m,gy, (16)

Véi: g 1a gia tbe trong truong; Ic; 1a khoang cach
tir trong tim khau 1 dén khop ndi chén can; y, 14 chidu
cao cua vat nang (xac dinh theo cong thirc (8)).

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

1 Y4 otw Y
1. ==ElI || — |dx 17
=3 I[axj (17)

Trong do6: E; 1a m6 dun dan héi cta vat liéu; £ 1a mod
men quan tinh mit cit ngang ciia khau dan hoi thi 7.
Thé ning bién dang dan hoi cia cap:
1 , 1 2
HrzgkpAlp:Ekp(AlszrAlpd) (18)
Trong do6: 41, 1 bién dang dan hoi ctia cap; Al
Alyqla bién dang tinh va dong cua cép twong tng.
m
Al =19

ps
akp

Al =a(s—s,)+R, (6—¢) (19
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VGi: sp va ¢gla chidu dai cap treo vt va goc quay tang
cubn cap twong ung tai thoi diém ban dau.

Thé nang bién dang dan hoéi cta xy lanh thuy Iuc
nang ha can:

1 , 1 2
I, =5 kAl :Ek,(KI (w)-Kl(w,)) (20)

Trong d6: Al; 1a bién dang dan hdi cua xy lanh;
KI(y), KI(yy) 1a chiéu dai ciia xy lanh nang 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)
Véi: d,n,y 1a cac thong sb két cau (Hinh 1).
Ham hao tan ciia co hé: Ham hao tan cua co hé
bao gdm ham hao tan cua cap nang vit (&) va ham
hao tan cta xy lanh thuy luc (&)):

21

D=0, +, 22)
1 . 1 X 2
D, =Epr|; :Ebp(as+Rh¢) (23)

1 1 (dnsin(y/+7/)z//2)2
®, ==b Al ==h ——; 24)
2 2 " d*+n’-2dncos(y +7)

Lurc suy rong ciia cic luc hoat dong khong thé:
QV/:M|1Q¢:Mh7Q€:Q5:0' (25)

Theo tai liéu [3], trong trudng hop van hanh cin
truc bang tay, dong co AC truyén cong sudt dén cac
b truyén dong bao gdm mé to ddn dong co cdu nang
vat, xy lanh nang ha can. Gia tri ctia mo-men cac b
truyén dong nay dic trung cho 2 pha lam viéc 1a khoi
dong My, (My) va sau d6 1a pha 6n dinh M, (M), Cac
s6 hang nhat thoi thu dugc tir cac dudng cong dong
biéu dién phan tng gitta mémen va tdc do, duge md
hinh héa theo thoi gian theo cong thire sau:

S

M, :MS+(MmaX—MS)(1—:—Z] 26)

Trong do: ¢ 1a thoi gian khéi dong.

boi vai co cau nang vat:

M

hmax

=14M; M, =14R, (m, /a)g  (27)
Dbi véi co cAu nang can:
Tir phwong trinh can bing mé-men tai khép quay
chan can (O)) x4c dinh dugce Mj, nhu sau:

SO 75 (08-2023)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND 'I'ECIINOLOGVJ

Zm z,+L/2)cosy

M, = g-Fk (28)
+m, (Lcosy +5-sin6)
> m
R IRIRID JRL S e
i=1 an

Véi: k 1a khoang cach tir O; d&én nhanh cap doc
can; 5 1a hiéu suat cua puli dau can.

M, =14M, (30)

Imax

Phuong trinh vi phin chuyén dong:
Chuyén vi uén ngang tuong ddi wi(x,z) trong hé
quy chiéu Opx,y; dugc khai trién & dang riéng thtr nhét:

W, (%) = X, (¥)q, (1) €3]

Trong d6: wi(x,2) 1a chuyén vi uén ngang ctia khau
i(i=2+5); Xi(x) 1a cac ham thoa mén diéu kién bién cua
khéu dan hdi; g.i(2) 14 cac toa d6 suy rong phy thude vao
thoi gian.

Theo phuong phép Ritz-Galerkin trong truong
hop thanh mét dau ngam mot dau tu do thi X(x) c6
phuong trinh ddc trung:

l1+cosgLicoshgL, =0 (32)
Giai hé phuong trinh (32) nhan dugc cac tri riéng
BL:, i(i=2+5). Gia tri nghiém tht nhét [1]: SL:=1,875.
T d6 ta c6 cac ham Xi(x) co dang:
X, (x) = cos(S,x) —cosh(S.x)
cos S,L, +cosh gL, (33)

(—sin(Bx) +sinh(5x))

sin AL +sinh L
Thé biéu thirc (31) vao biéu thic (7):
0 () =W (L 30t) = X[ (L)l y O (1= 35) (34)
Thé biéu thirc (31) vao biéu thirc (10):

. . cos@ —siné, 0
fo =P, +| . .
w7 Ising, cosé || X;(L)4, (1)
. (35)
—-sing, —cosé, L
+ ) 0 (i=25)
cos6,  —sing, || X, (L), (1)
Thé biéu thirc (31) vao biéu thie (11):
o cos@ —siné, 0
fo =Py +| . .
% T sing cos, || X, ()4, (1)
(36)

—sing  —coso, X R —
Lo el
cosé  —sind, || X (x)dy (1)

Ta chon céc toa d¢ suy rong:
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.
qz[ql 0 9 4, 9 95 G q8]

.
= [!// qu qe3 qe4 qe5 S 0 ¢]
Ap dung phuong trinh Lagrange loai II cho co hé

(37

dé viét phurong trinh vi phan chuyén dong [2]:

d( T or oIl oo )
— —-—4—4+—=0. 1=1+8 38
dt[aqij oq,  og o, @ ) )

Thé cac biéu thic dong nang, thé nang, ham hao
tdn vao phuong trinh (38) nhan dugc h¢ phuong trinh
vi phan chuyén dong mé ta PLH qua trinh lam viéc
cta can truc duoc viét dudi dang ma tran nhu sau:

M(q)§+C(g.4)g+d(a.q)+g9(q)=Q (39

Tiép theo, bai bao s& trinh bay chi tiét cac budc
xac dinh cic ma tran khéi lwong suy rong, ma tran
quan tinh ly tdm/Coriolis, véc to can suy rong, véc to
lyc suy rong cia cac luc ¢ thé trong phwong trinh
(39). Tir cac biéu thirec dong ciia khau rén va tang cudn
cép, ta thu dugc ma tran khéi luong ting véi cac khau:

T

1 ., 1. ., 1, .
rigid T +Th0|st =5 Jll/lz += ‘]h¢2 = _qT qu (40)
2 2 2

v6i M, 1a ma trén dudng chéo:
M, =diag([J, 0 0 0 0 0 0 J]) (4D

Tir cc biéu thie dong ning cua khau dan hoi thir
i(i=2+5), ta khai trién van téc ctia cac phan tir dam
qua ma tran Jacobi theo cac toa do suy rong:
1 m, (

1t
T==pA|[Vidx=
i 2p|A‘([ R 2L| .

)dx (42)

V&i m; 1a khéi lugng ciia dam: m, = p, AL, .

Ma tran Jacobi cta P; trén dam:

or,
Jo =— 43
Van tdc cua phén t6 trén dam:

f-P, :‘]Pi (q)q (44)

Thé biéu thue (43), (44) vao (42), dong ning cia
céc khau dan hoi:
L

i%fo( )dng%{i(fp' ) } (45)

-1 q" [M,(@)]g

Véi ma tran khoi lugng cua céc khau dan hoi:
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L
m.
Ma (@) =+ [ (9535 )dx (46)
i 0
Dong nang ctia vat nang:
1 1 ..
Tload = E mpvg = E mprg rp (47)
Van toc cua vat nang:
e =Jp(a)q (48)
Vi ma tran Jacobi ctia vat nang:
or,
J =—r 49
(9= (49)

Thé cac biéu thirc (49), (48) vao (47), dong nang
cua vat nang dugc xac dinh boi biéu thuc:

1 1 . .
Tpog = =M V3 =EmquJLJPq

load P
2 p

(50)
1 .+ .
= E mpq I\/Iload (Q)q
Véi ma tran khéi lugng cua vat nang:
Mload (q) = mp‘]:‘:"]P (51)

Ma tran khdi lwong ciia hé:

Tir cac biéu thirc dong nang va ma tran khdi lugng
(40), (41), (42), (43), (46), (47), (49), (51), ta thu
duogc dong nang cua co hé:

1. .
T= EqTM(q)q (52)
Ma tran khéi luong cua hé:
M(g)=M_ ++M
(q) r load (q) (53)

+Mel(q) + Me3(q) + Mez (q) + Me4 (q)

Ma trin quan tinh ly tim/Coriolis:

Ma tran quan tinh ly tam va Coriolis dugc xac dinh
nh¢ st dung dao ham ma trén khéi luong suy rong
theo toa do suy rong va tich Kronecker:

M(a) (1, ®q)+(—a'\géq) (® |n)]

1] a
C(a.q)=7 M@ :
-| —=(g®I
( g ”ﬂ
(54)
Véc to luc can suy rong:
T
. oD
d(a.g) = (?J (55)
q

Ma tran df cing va thé ning bién dang dan hdi:
Thé ning bién dang dan hdi ciia khau dan hoi cia
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khau dan hoi thir i(i=2+5) dwoc xac dinh theo cong
thirc (17) va khai trién theo dang riéng (31):

1o (w1 [ e ]
Hi =§EIII-([[aTu2)IJ dX:EEiIi |:.(|).(X|(X)) dX:|qei

(56)
Thé ning do bién dang dan hoi:
P, =1L, +II, +II, +1I1,
18 r 57
:_ZEiIi J.(Xi”(x))zdx qezi 7
2 i=2 0
Ky hiéu d6 ctng do dan hoi:
L
K = E1, [(X/(x)) dx (58)

0

Khi d6 thé ning bién dang dan hdi biéu dién qua
ma tran d6 cing:

1
R=>0d'Ka (59)
Vi K 1a ma tran duong chéo:

K=diag([0 K, K, K, K, 0 0 0]) (60)

3. Két qua khao sat

H¢ phuong trinh (39) 1a hé phuong trinh vi phan
cép 2 phi tuyén mo ta DLH qué trinh 1am viéc cua can
truc ké dén bién dang can. Hé phuong trinh (39) cho
phép khao sat cac thong s6 PLH qua trinh lam viéc
ctia can truc ca khi can bién dang hoac khi can cung
(b6 cac thong sé bién dang cua can). Trong bai béo,
tac gia khao sat mot sé thong sb quy dao vat nang khi
chi ¢6 co ciu nang lam viéc (gbc nang can cd dinh)
trong hai trudng hop: Can cing va can bién dang dé
danh gia anh huong cua bién dang can dén quy dao
vat nang (Trong truong hop can clng: ge; = 0).

Théng sé dau vaoe. Bai bao tién hanh khao sat dong
luc hoc cta cén truc lép trén xe van tai UNIC 344 v6i bd
thong s6 du vao nhur sau: y=1°, m,=480 kg; m;=102,671
kg; J=17,032 Nm; J;, =15050 Nm; 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/m3; h/=3 m;
A=10,662x10° m?; 45=8,861x10° m?; 4,~7,28%10° m?;
A5=5,948x1073 m?; [=19,768x10° m*; I:=14,352x10° m*%
1~10,322x10°m*; [=7,512x10° m*; 11=0,98; k=0,15 m;
L=0,66 m; L;=2,4843 m; L;=2,2903 m; L~2,1303 m;
L=2,2451 m.

Ché d6 1am viéc cua may: Vat nang da tich khoi
bé mit ding ciia may, thoi gian khoi dong t=2s. Van
téc ban dau cua cac khau bang 0. Vi bo sb liéu néu
trén, sau khi tinh toan trén phan mém Maple va Matlab
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Hinh 4. Chuyén vi vt ning theo phwong Oy

dé giai phuong trinh (39) nhan dwoc két qua mo phong
céc thong s6 quy dao chuyén dong cua vat nang trong
truong hop chi ¢é co cdu nang 1am viéc thé hién trén
cac Hinh 2+6.
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Tir két qua thu dwoc nhén thiy rang: Chuyén vi va
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Hinh 3. Gia toc dao dpng vit ning theo phwong Ox
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Hinh 5. Gia téc dao dpng vt ning theo phuong Oy

gia tc dao dong vat nang theo ca hai phuong khi can
clmg 14 rat nho, nguyén nhén 1a do dao dong vat ning
sinh ra 1a do dan hdi ctia xy lanh thay lyc nang ha can
va cap treo vat. Tuy nhién, trong truong hop can bién
dang, yéu té bién dang cua can 1am cho chuyén vi va
gia tc dao ddng clia vat nang theo ca hai phuong 16n
hon rat nhiéu so vé6i khi can ctng.

Tir d6 thi Hinh 6 nhan thdy rang, ving quy dao ciia
vat nang trong qu4 trinh nang vat khi can bién dang 1a
rong hon so véi khi cAn cimg (gan nhu vat nang di
chuyén thing ding).

4. Két luan

Nhu vay, bai bao da xay dung dugc moé hinh bPLH
va h¢ phuong trinh vi phan mé ta qua trinh lam viéc
clia can truc 6ng 16ng khi ké dén bién dang can véi 4
khau dan hoi. M6 hinh xay dung cho phép khao sat
cac thong s6 DLH can tryc 6ng 16ng khi két hop ca co
céu nang ha vat va co cu nang can lam viéc dong thoi
hoic tirng co ciu lam viéce riéng 16. Ngoai ra, bai bao
tién hanh khao sat anh huéng bién dang can dén cac
thong s6 DLH cén truc khi chi ¢ co ciu nang vat lam
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viée. Két qua dat dugc cua bai bao co thé 1am co s&

cho bai toan tinh toan thiét ké hodc xay dung va thiét

ké hé thng diéu khién cho can truc éng 1dng.
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