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Tém tit

Bai bao nay nghién ciru xdy dung moé hinh dong
luc hoc va phan tich dao dong cia can truc 5ng
lé‘ng trong qua trinh vdn hanh, thuc hién dich
chuyén tdi trong trong khéng gian. Pau tién, mé
hinh dao dong cua can truc da dwoc dwa ra, su
khdc biét véi cdc cong trinh dd cong bé triede ddy
la, cdc thanh phan cua thiét bi diwgc mé hinh héa
béi cac vét rdan thwc hién chuyén dong trong
khéng gian. Tir mé hinh dao dong dé xudt, phwong
trinh dong lyc hoc cua hé da duoc thiét lap. Viéc
phan tich dao dong cua hé dua trén phuong trinh
déng lwe hoc dwoc thue hién bang phirong phdp
tinh todn sé. Két qud tinh todn cho ta thdy dwoc
cde dap vimg dao dong dong ciia can truc ong long
khi thie hién mét sé ché do van hanh tir don gidn
dén phirc tap nhw sau: Chi quay toi ndng tdi
trong; két hop quay dé mang can va quay toi
ndng; két hop quay dé, ddy dot can long va quay
101 ndng; két hop quay dé, ndng can co so, ddy dot
can long va quay toi ndng.

Tur khéa: Déng luc ﬁpc, glao dong, phuong trinh
Lagrange, can truc ong long.

Abstract

This article studies the construction of a
dynamical model and investigates the vibration
characteristics of a telescopic boom crane during
spatial payload transfer operations. Firstly, a
vibration model of the crane is proposed. Unlike
previously — published  studies, the crane
components are modeled as rigid bodies
undergoing motion in three-dimensional space.
From the proposed vibration model, The dynamic
equations of the system have been formulated.
The analysis of system vibrations based on
dynamic equations is performed by numerical

calculation method. The calculation results show

the dynamic oscillation responses of the telescopic
crane when performing some operating modes
from simple to complex as follows: Hoisting winch
rotation only, combined slewing of the platform
and hoisting winch rotation; combined slewing of
the platform, extension of the telescopic boom,
and hoisting winch rotation; Combined slewing of
the platform, luffing of the main boom, extension
of the telescopic boom, and hoisting winch
rotation.

Keywords: Dynamics, vibration, lagrange’s
equations, telescopic boom crane.

1. Mé dau

Can truc 6ng léng la mét dang thiét bi nang ha, véi
cac doan can c6 kha nang truot 10ng vao nhau nho co
céu thay luc, cho phép chidu dai 1am viéc thay d6i mot
cach linh hoat, diéu nay giup cho can truc 6ng 1ong
dugc ung dung rong rdi trong cac linh vuc xay dung,
nang ha cong nghiép, dic biét trong moi truong han ché
khong gian hodc yéu cau tam véi thay doi linh hoat.

Tuy nhién, do tai trong dé dao dong, didc biét 1 khi
van hanh nhanh va dich chuyén trong khong gian, loai
thiét bi nay tiém an nhimg rui ro vé mit 6n dinh, dao
dong tai khong kiém soat, diéu nay 1am suy giam tudi tho
két cdu ciing nhu giam hiéu suat hoat dong ciia can tryc.

Dé giai quyét cac van dé vé tang hiéu suit hoat
dong, df‘)ng thoi van bao dam sy 6n dinh cua tai trong,
viéc tim ra mot ché d6 van hanh hop 1y 1a rat can thiét,
mubn vay, can phai c6 c6 m ta toan hoc dé mo phong
moi trang thai hoat dong cua can truc. Vi muc dich
nay, mot mo hinh dong lyc hoc mo ta sy hoat dong
clia can truc can phai dugc xay dung. M6 hinh nay 1a
nén tang cho nghién ciru cac anh huong cia cac ché
dd van hanh dén sy 6n dinh cua tai trong. Viéc xay
dung mo6 hinh dong luc hoc va nghién ctru cac dap ung
ctia dao dong tai trong ddi véi cac ché do van hanh
khac nhau cta can truc éng 10ng da dugc dé cap trong
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nhidu céng bd [2 - 7], trong [2] nhém tac gia dua ra
mo hinh dao dong cé tinh dén su dan hdi cua cén,
trong [3] céc tac gia chwa ké dén dan hdi ctia cap nang
tai. Trong cac tai liéu [4 - 6] can truc dugc md ta nhu
mot chudi khop quay va trugt don gian, khong xét dén
day treo tai trong. Hau hét cac cong trinh da cong b,
mai chi xét dén cac mé hinh phing, con it cong trinh
dé cap dén moé hinh dich chuyén trong khong gian.

Trong nghién ctru nay tap trung xay dung mo hinh
dong luc hoc va tinh toan dao dong cho can truc 6ng
16ng, su khéc biét véi cac cong trinh da cong bé trude
day 1a cac thanh phan chuyén dong cua can truc duoc
xem nhu cdc vat rén thuc hién chuyén dong trong
khong gian, dong thoi tinh chat dan hdi cua day céap
toi ciing dugc tinh dén. Cac két qua tinh toan duoc
dung dé phan tich cac dap img dao dong cua hé trong
cac ché d6 van hanh khac nhau ciia thiét bi.

2. M6 hinh dao ddng ciia cin truc éng 1ong

Trén Hinh 1 13 hinh dnh cia mét dang can truc 6ng
16ng, tir hinh anh ta thay, cac thanh phan chinh cta can
truc gém ¢, Xxe mang can truc, dé quay cén, can co SO,
cac dbt can 1dng va toi kéo tai trong. Do cac dét can
10ng thyc hién cac chuyén dong tuong ty nhau, do d6
khong giam tinh tong quat, & day, chi xét trudng hop c6
mot dbt can léng lam vi€éc. Ttr hinh anh nay, mot moé
hinh dao dong ctia can tryc dng 10ng trong qua trinh lam
viéc dugc xay dung nhu Hinh 2, trong d6, than xe mang
can truc trong qua trinh ning ha tai trong dwoc xem 1a
mdt vat rin cb dinh. Phan dé quay dwoc mo minh hoa
boi vat ran khdi lugng m), khdi tm tai Gy, quay quanh
truc thiang dtmg, chiu tac dung ctia ngau lyc M, can co
s& duoc md hinh hoa boi vat ran khdi luong ma, khdi
tam tai G», chuyén dong trong khong gian, xi lanh thiy
luc d can co s& duge mod hinh hoa bai 10 xo do cing
ki, phén tt can hé sb by va luc déy Fi. Dt can léng
duoc mo hinh hoa boi vat rén khoi lugng ms, khdi tim
tai G, c6 thé truot doc can co s& boi xi lanh thay luc,
xi lanh thuy lyc day can dugc mo hinh hoa boi 16 xo do
cling ky, phan tir can hé sb b, va lyc day F». Tai trong
nang dugc coi nhu mat chit diém c6 khéi luong ms
duoc treo vao day kéo dan hdi do cung ks, dau con lai
ctia day kéo dugc cudn vao trong tdi co khdi lugng ma,
béan kinh Ry, chiu tac dung ctia ngéu luc M,.

Céc tham sb kich thude va tham sé dong hoc dugc
cho nhu trén Hinh 2, trong d6, ¢ 1 goc quay cua dé
mang can, ¢, 1a goc quay clia toi nang tai trong, ¢, 1a
gbc nghiéng can co sé so véi phuong ngang, si 1a
luong dich chuyén doc can co s& cua dot can 1dng, o
va f1a goc lic cua day cap toi, 52 1 lugng dich chuyén
doc cép treo cua tai trong.
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Hinh 2. M6 hinh dao dpng ciia cin truc éng long
3. Cac mdi quan hé dong hoc
3.1. Vi tri cia cdc vit rin trong khong gian

Tu Hinh 2 ta théy hé c6 7 bac tu do, ta chon véc to
cac hé toa do suy rong du la:

a=[a,] =[e o @ s @ B s] O

Khi d6 vi tri cta cac vat theo cac toa do suy rong
duoc xac dinh nhu sau: Goir; vaA; (i=1+5) 1an lugt
1a véc to dinh vi khdi tim va ma tran ¢6 sin chi hudng
clia dé quay, can co s, ddt can 1ong, toi nang tai trong
va tai trong, tor Hinh 2 ta xac dinh duogc

rn= [_aoC1 -85 L _ai]T 2
_Cl(Ll _azcs)
r,= _Sl(Ll _azcs) (3)
L. +a,S,
149
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_Cl(Ll - Lscs + asca - q4C3)
;= _Sl(Ll - Lscs + a3C3 - q4C3) (4)
Ls + LsS; - 2,5, + 4,5,

r4:[_|-zC1 LS, Le]T ®)

C,(LC,-L +4a,S,+q,C,)+LC,S,
r.=| S(LC,-L +a,S,+0q,C;)-LS (6)
L, + LS, -a,C; +q,5;, - LC.C,

Voi:
L=L+q,—Rq, (7
Céc ma tran cosin chi huéng cé dang:
C, 0 §
A =|S 0 -C (®)
0 1 0
[-CS, S, CC,
A, =1-5S, -C SC, )
| C, 0 S,
__ClSZ Sl C1C2
A; =153, -C SGC, (10)
C, 0 S,

__CICZ C152 S1

A, =|-C,S, -SS, -C (11)
| -s, -C, 0
10 0

A,=[0 1 0 (12)
001

Chii y. O day ta sir dung cac ky hiéu C; = cos(g)), S; =
sin(g;).
3.2. Vin toc géc ciia cdc vit rin

Ta goi @; (i = 1 + 5) lan luot 1a véc to van toc goc
cua dé quay mang can, can co sd, dot can long, toi
nang va tai trong, khi doé ta tinh dugc
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o,=[0 0 0] (17)

4. Phwong trinh dong lwc hoc

Dé thiét 1ap phuong trinh vi phan chuyén dong cho
hé can truc 6ng 10ng theo véc to toa do suy rong di q,
ta ap dung phuong trinh Lagrange loai II [1] c6 dang:

d(at) (ot (o) (o) .
xlo) (&) {5 (%) e

Trong d6, T 1a dong nang, IT 1a thé nang va @ la
ham hao tan ctia h¢ dao dong. Cac dai luong nay dugc
xac dinh nhu sau:

Ap dung 1y thuyét vé& dong luc hoc vt rin chuyén
dong khong gian [1], ddng nang cua hé dao dong duogc
xac dinh boi:

i=1

5
T3 Smaa AL o a9)

Trong d6: Cac ma tran jacobi tinh tién J7; va céac
ma tran jacobi quay Jz; dugc xac dinh bdi cong thuc
or, 00,
Jp=—t, Jg =—,i=1=+5 (20)
i aq i aq
L (=1 +5) 1a cdc ma tran cua ten x0 quan tinh
khéi cuia cac vat ran dbi voi hé quy chiéu quéan tinh
chinh cta no, c6 dang

L, 0 0
=0 I, © o2y
0o 0 1,
Ta dua vao ky hiéu:
5
M=> (mJ;J, +I. ALAI,) (22)
i=1
Khi d6 ta co:
1.:.,.
T=EqTMq (23)

Thé nang cua h¢ dugce xac dinh boi:
M=mg(L -a)+m,g(L; +a,S,)
+msg(L5+(L8 +q4'a3)83)+m4g|-6
+m,g(Ls + LS, -a,C; +4,S;) (24)

o,=[0 0 ¢ (13)
' [ 1] —mngSCs(LO+q7—qu2)+k1A2/2
W, = [qssl —0,C, Q1]T (14) +Ky (0 = Uup)? /1 24Ky (0 —r)* 1 2
. Trong do

0; = [qg,sl —0,C, Q1] (15) Aol L 25)

= Lgc ~Laco
. . T
o, =[0,S, —G4,C q] (16) Tir Hinh 3 ta c6:
150
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LBC = \/LZAB + LiC - 2LAB LAC COS(q3 + }/1) (26)

Leco = \/LZAB + Lic —2LgLc cos(dy +7,)  (27)

Voi:

L :\/Lé"'l-i; Lic =L n=atan(L, /L,) (28)

A
L4

Hinh 3. Quan h¢ hinh hoc ciia can co sé véi xi lanh

néng cén
Ham hao tan c6 dang:

®=b,G7 /2+b,q2 /2+bL5. /2

29
+b,q: /2+b,67 /2 @)
Tu (26), ta tinh duoc:
. Liglac « .
Lac :ALB—AC% sin(d; +7,) (30)

8C
Céc lyc suy rong co dang:

Q" =[M,, My, RL;siny,, F,—F_, 0, 0, 0] (31)
Trong dé:

Lac — Lag COS
cos y, = —AC —AB (G +7) (32)

LBC

siny, = \/1-cos? 7, (33)

F1 13 luc cing cla cap nang tai trong, dé x4c dinh
luc cang nay, ta xét riéng toi kéo cap, ap dung dinh ly
bién thién md men dong luong [1], ta co:

J,0, =M, —-R,F_ (34)

Tur d6 ta suy ra:

FL=—-—14 35
LT R, R 02 (3%5)
Thay dong ning T, thé nang IT va ham hao tan ®
vao (18), ta dugc hé phuong trinh vi phan c¢6 dang nhu
sau:

Ky thuat va Cong nghé Hang hai

MG+Bg+C+G=Q" (36)
Trong do:
o(od/aq)
B:(—.q) (37)
o4
T T
c-d4 ﬂ ~Mg - a (38)
dt{ oq aq
T
G =[6—H) (39)
oq

Hé phuong trinh dong luc hoc (36) mé ta chuyén
dong cua hé can truc 6ng 1ong khi thuc hién dich
chuyén tai trong trong khong gian. Hé phuong trinh nay
1a co s¢ dé phan tich dao dong ciia can truc dng 1ong.
5. Két qua tinh toan va phén tich

Dé tim nghiém cta hé phwong trinh vi phan (36),
mot chuong trinh tinh toan da dugc thiét 1ap dua trén
thuat toan tich phan s6 Newmark [1]. Dé tinh toan, gia
tri cac tham sb ctia hé dwoc lay nhur trong Bang 1. Cac
luc tac dung trong (31) duoc ly theo [3], c6 dang nhur
sau:

t
M, +(M,, — M )1-—); t<t
M ) _ 1t 1kd 1t tkd kd (40)
M, =

t
M, = Mdt+(Mdkd_Mdt)(1_g); t <ty 1)
M g ; t21

t
F - Fo+(Fig — Fn)(l_g); t<ty 42)

F ytxty,

t
F, +(Fy —F)l——); t<t
FZ _ 2t ( 2kd Zt)( tkd) kd (43)

F,, b=ty

Trong d6 4 1a thoi gian khoi dong, Fiy, For , My,
My 1a cac lyc tinh va ngﬁu luc tinh, Fika, Fora , Mika,
Muia 14 cac lyc tinh va ngau luc khi khoi dong. Gia tri
cac tham s nay ciling dugc cho trong Bang 1.

Vi cac sb liéu nhu Bang 1, sau khi tinh toan, ta
duoc mot sb két qua cho trong cac Hinh 4 - 7. Hinh 4
1a két qua tinh toan trong truong hop chi quay toi nang
tai trong dén mot vi tri nao do rdi dimg lai, trong
truong hop van hanh nay, chi gy ra dao dong doc cap
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treo cia tai trong, day cap treo lic khong dang ké.
Hinh 5 14 két qua tinh toan trong truong hop vira quay
dé mang can vira quay toi kéo tai trong. Trong truong
hop véan hanh nay, di gy ra dao dong tong hop cho
tai trong, tai trong vira dao dong doc cap treo vira lic
theo day cap. Hinh 6 1a két qua tinh toan trong trudng
hop vira quay dé mang can vira quay toi nang tai trong,
dong thoi ddy dot can 1ong. Hinh 7 1a két qua tinh todn
trong trudng hop quay dé mang can, nang can co s,
trugt dbt can 1ong va quay toi nang tai trong dong thoi.
Trong ca hai trudng hop van hanh cho trong cac Hinh
6 va 7, déu lam xuét hién ddng thoi ca dao dong doc
cap treo va dao dong lic cua day cap treo tai trong,
cac dao dong nay phuc tap va 16n hon so vdi cac
truong hop van hanh cho trong cac Hinh 4 va 5.

Bing 1. Gid tri cdc tham sé ciia mé hinh dao dpng

Thz:m Gia tri })o:n Thz:m Gia tri Do.'n
) vi 0 vi
mi 7600 kg Ra 0.4 m
m2 1120 kg ao 0 m
m3 900 kg ai 1.1 m
ms 800 kg a2 4.7 m
ms 1000 kg as 3.8 m
bo 50 Ns/m as 0.4 m
bi 50 Ns/m L 500 kg.m?
ba 20 Ns/m In 400 kg.m?
b3 10 Ns/m In 780 kg.m?
ba 50 Ns/m Lo 8.1¥10° | kg.m?
k 3.4*10% | N/m I 8.1*10% | kg.m?
ka 2.6%107 | N/m I» 0 kg.m?

ks 8.5%10% | N/m Ls 5.2*%10% | kg.m?

L; 1.9 m L 5.2%10% | kg.m?
L 2.4 m L3 0 kg.m?
Ls 2.4 m L 96 kg.m?
Ly 1.2 m L4 96 kg.m?
Ls 33 m L4 50 kg.m?
Ls 34 m Ls 0 kg.m?
L7 3.5 m Ls 0 kg.m?
Ls 9.4 m Ls 0 kg.m?
Lo 1.5 m tkd 2 S
Fu 82534 N Fira 90787 N
Fa 16183 N F2ra 17802 N
M, 0 Nm Mika 43852 Nm
Mar 34335 Nm Mara 4463.6 Nm
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Hinh 4. Két qud tinh todn trong truong hop chi quay toi

ndng tdi trong
Goc quay q, cua ean true Goe quay q, cua deng co toi nang
0.3 A § e
=3 =
E 02 T T T E 6/
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Hinh 5. Két qua tinh todn trong truong hop vin hanh

quay dé mang cin va quay t0i dong thoi

Goc quay q, cuacan truc Goc quay q, cua dong co toi nang
8

£ o T E 6
- A
7 005 il
T 0 2,

0123456780910 0123456780910
t[s] t[s]

Goc lac can q, Luong dich chuyen phan ong long

= 1.08 =3
7
E o6 =4 /—
o
o “ab
1 L04 Iy
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012345678910 012345678910
t[s] t[s
Goc lac ¢ theo truc Y cua tai trong P Goc lac 8 theo truc X cua tai trong P
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B 015 ENE
= =1 ok /\
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- 015 o 015
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012345678910 0]234[5](773910
t tfs
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< 01

0123456780910
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Hinh 6. Két qud tinh todn trong trieong hop quay dé,
ddy dét can long va quay toi dong thoi
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Goc quay q, cua can true
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34567
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34567
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Hinh 7. Két qud tinh todn trong truwong hop quay dé,
néng cin co sé, ddy dét can long va quay toi dong thoi

Tir cac két qua tinh todn cé dugc, ta thy, trong
moi truong hop van hanh, tir don gian dén phuc tap,
néu khong c¢6 mot ché do van hanh hop 1y déu gay ra
cac dao dong khong mong mubn cho tai trong, cac dao
d6ng nay s& lam mt an toan va giam hiéu suat khi van
hanh thiét bi.

6. Két luan

Trong nghién clru nay da tap trung xay dyng mo
hinh déng lyc hoc cho can truc éng 16ng khi thuc hién
dich chuyén tai trong trong khong gian. Tir cac
phuong trinh ¢6 dugc, mot chwong trinh tinh toan sb
da dugc xdy dyung dé tinh toan va phan tich dao dong
ctia hé can truc dng 10ng trong mot s truong hop. Dua
vao két qua tinh toan, ta di phan tich cac dép Gmg dao
dong cua tai trong, thé hién qua goc lic cua day cap
toi va dao dong doc cap cua tai trong. Qua cac phan
tich cho thay, trong moi truong hop van hanh, tir don
gian dén phuc tap, néu khong cé phuong phap van
hanh hop 1y, déu gay ra cac dao dong cho tai trong,
didu nay s& lam mét an toan va giam hiéu suét vén
hanh thiét bi. Do d6, viéc nghién ctru dé tim ra cac
phwong phap van hanh hop 1y, nham khéc phuc cac
van d& néu trén 1a rat can thiét va can tiép tuc duoc
nghién ctru.

Lo1i cdm on

Nghién ctru nay duogc tai trg bdi chuong trinh hoc
bdng dao tao thac si, tién si trong nude cua Quy Doi
moéi  sang tao Vingroup (VINIF), 56
VINIF.2024.7TS.087.

ma

Ky thuat va Cong nghé Hang hai
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