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TOM TAT

Bai bdo nay trinh bay tong hop cdc két qua nghién ciru trong ba thdp ky gan ddy vé mé hinh
dong lyc hoc, on dinh va t6i vu héa quy dao chuyén dong cua cac logi can cau di dong va can cau
ong long. Dua trén phan tich tdm cong trinh tiéu biéu tir Ba Lan, Trung Quéc va Nga, nghién ciru
da tong hop cdc mé hinh todn hoc, phwong phdp mé phéng va tiéu chi én dinh dwoc iing dung trong
linh vuc co gioi nang/ha hién dai. Cac hudng tié}) can bao gém mo hinh dong luc hoc phi tuyén dua
trén phuong trinh Lagrange, mo hinh khi dong hoc cua tai trong dudi tac dong cua gio, va phuwong
phap t6i wu héa quy dao chuyén dong nham giam néing heong va dao dong tdi. Bai viét ciing thdo
ludn cdc xu hiedng nghién civu méi vé diéu khién théng minh, mé phong so, tiéu chudn héa an toan
va mo hinh hoc may trong thiét ké can céau hién dai.

Tir khéa: Can cdu di dong; Can céu 5ng léng; Mo hinh dong luc hoc; On dinh tai trong;
Anh hwéng ciia gioé; Toi wu héa quy dao; Piéu khién théng minh.

ABSTRACT

This paper presents a comprehensive synthesis of research conducted over the past three
decades on the dynamic modeling, stability analysis, and trajectory optimization of mobile and
telescopic cranes. Based on an analysis of eight representative studies from Poland, China, and
Russia, the work integrates mathematical models, simulation methodologies, and stability criteria
that have been applied in the field of modern lifting machinery. The reviewed approaches include
nonlinear dynamic models derived from Lagrange’s equations, aerodynamic models of payloads
under wind excitation, and trajectory optimization methods aimed at minimizing energy consumption
and load oscillations. The paper also discusses emerging research trends in intelligent control,
numerical simulation, safety standardization, and machine learning-based design of modern cranes.

Keywords: Mobile crane; Telescopic crane; Dynamic modeling; Load stability;, Wind
effects; Trajectory optimization; Intelligent control.
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1. MO PAU

Trong cac hé thong co gisi xay dung
va cong nghiép néng, can cau di dong (mobile
crane) va can ciu ong 16ng (telescopic crane)
dong vai tro thiét yéu trong viéc nang/ha va
van chuyén tai trong 16n trong khong gian ba
chiéu. Su phat trién cta can cu hién dai hudng
dén nang cao hi¢u suat, dam béao an toan va
giam ning luong tiéu hao, dong thdi van phai
van hanh 6n dinh trong méi trudng gi6 va dao
dong. Viéc diéu khién chuyén dong cuia can ciu
12 mot bai toan dong luc hoc phi tuyén phirc
tap, trong do6 cac khdi luong chuyén dong, day
cap dan hoi va tai trong dao dong tuwong tac
chit chd. Do d6, nhiéu cong trinh da tap trung
phat trién mo hinh dong hoc, mo hinh lyc gio,
phan tich 6n dinh va téi vu hoa diéu khién dé
nang cao do¢ chinh xac ciia m6 phoéng va tinh
an toan khi van hanh. Bai bao nay tong hop va
phan tich tdm cong trinh nghién ciru tiéu biéu
giai doan 1990-2025 nham lam rd:

1) Mo hinh toan hoc Va phu()’ng phép
moé phong dong lyc hoc cila can cau;

2) Anh huéng cua gié dén chuyén dong
tai trong;

3) Tiéu chi 6n dinh va thuat toan tdi uu
hoa quy dao;

4) Cic cai tién trong phuong phap danh
gia an toan va huong phat trién trong tuong lai.

2.COSOLY THUYET VA MO HINH TOAN
2.1. M6 hinh con Iic tai treo (Pendulum Model)
MB® hinh ¢b dién xem tai nhu mot khoi

chat diém m treo qua day dai I, chuyén dong
theo goc 1éch 0. Phuong trinh chuyén dong:

ml28 + ¢ + mglsin 8 = M4(t)

Trong do6, M (t) 1a moment do chuyén
dong cua can hodc gidé giy ra. Nghién clru
cua Slnghose (1999) va Fujioka (2009) chu'ng
minh rang dao dong tai anh hudng tryc tiép dén
moment chdng 14t va kha ning kiém soat vi tri
tai [Fujioka, ACC 2009].

L]

Hinh 1. M6 hinh con ldc tdi treo don gidn cia can
cau di dong (Nguon: Fujioka et al., 2009)

2.2. Mo hinh dong lwc hoc da bac tw do
(Multibody Dynamics)

Tu nam 2005, can cau dugc mo ta nhu
hé da vat thé c6 khop quay va can ong long. HE
¢0 ba bac tu do chinh:

* Goc quay 0_ (slewing);
. Géc‘ nang Ql (luf:ﬁng);
¢ Chiéu dai ong long L.
Phuong trinh tong quat:

M(9)q + C(q,9)q + G(q) = Q(t)

voiq=1[0, 0, L]" Kacalak7(2017) xay dung
phuong phap CAD/CAE dé xac dinh vung
on dinh lam viéc va chi s6 DSF (Dynamic
Stability Factor) danh gia nguy co lat [Kacalak,
Transport Problems, 2017].
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Hinh 2. So' d6 dong luc hoc can cau éng long ba
bdc tw do (Nguon: Kacalak et al., 2017)

2.3. M hinh linh hoat va khép dan hoi

Khi chiéu dai can lon hodc tai trong
nang, can dugc xem nhu thanh dan hoi chiu
uon, dao dong c6 dang mode riéng:

A 94w - atw

—+ El— = q(x,t
Chalermpong (2020) &p dung phuong

phap “Floating Frame of Reference Formulation

(FFRF)” két hop “Adaptive Modal Integration”

dé giam bac mo hinh linh hoat [Chalermpong,

MoViC, 2020].

Hinh 3. M6 hinh linh hoat can cau di dong
(Nguon: Chalermpong et al., 2020)

3.ANH HUONG CUA GIO VA DAO PONG
TAI

Gid ngang tao moment 16n tai mbi
quay va gay dao dong cong hudng. Cekus et
al. (2018) sir dung mo6 phong CFD-PIV dé xac
dinh phan bé Iyc gi6 theo chiéu cao can cau.
Nghién ctru cia Urbas & Stadnicki (2022) chi
ra rang ning lugng dao dong tai c¢6 thé ting hon
30 % khi co gi6 ri, lam giam dang ké on dinh
hé théng [Urbas, Materials 2022].
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Hinh 4. Anh huéng gié ngang dén chuyén dong tai
treo (Nguon: Cekus et al., 2018)

4. ON PINH VA AN TOAN KET CAU

Kha nang 1at dugc danh gia thong qua
Moment chong 14t (M) va Moment lat (M)).
Diéu kién an toan:

MS> M1+ Md

Trong d6, M, la moment dong do tai
chuyén dong hodc gi6. Zhou et al. (2022) dé
xuat phuong phap ZMP (Zero Moment Point)
dé tinh 6n dinh chong lat; Jang et al. (2024)
phat trién cam bién do dién tré nén nhim du
b4o nguy co mat 6n dinh chan chdng [Zhou,
DYNA 2022; Jang, Appl. Sci. 2024].
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M GE HSSTWORL OO M

Hinh 5. Sor do phdn bé phan liwc chdn chong va diém
moment bang khéng (Nguon: Zhou et al., 2022)

5. CONG NGHE GIAM SAT VA MO
PHONG HIEN PAI

Cong nghé ToT va cam bién thong minh
cho phép giam sat tai, goc nang, va lin nén theo
thoi gian thuc. Liu et al. (2025) m6 phong hé
rigid—flexible coupling cho can cau turbine gio,
cho thdy phan lyc chan chdng cuc dai 520 kN
khi van hanh gi6 15 m/s. Cong nghé VR/AR
va BIM ciing duoc sir dung trong lap ké hoach
nang/ha nhim dy doan nguy co va cham va
lat d6 [Liu, JERR 2025; Arifin, Automation in
Construction, 2021].

6. TON TAI VA HUONG PHAT TRIEN

1) Chua c6 mé hinh phi tuyén day du
cho hé can — day — nén — gié c6 tuong tac 1an
nhau.

2) Thiéu dir liéu thuc nghiém tai vung
nhiét doi (gi6 ro1 manh, nén yéu).

3) Can tiéu chudn héa quy trinh ddnh
gia on dinh dong (DSF, ZMP) cho diéu kién
Viét Nam.

4) Ung dung Al va hoc mdy trong du
béo dao dong va diéu khién téi wu quy dao
nang/ha.

7. KET LUAN

Trong 30 nim qua, nghién ctru vé can
cau di dong di chuyén tir mé hinh tuyén tinh
don gian sang mo hinh phi tuyén linh hoat da
tuong tac. Sy phat trién cua cac phuong phap
mo phong, cam bién va tri tué nhan tao dang
mé ra huéng méi cho viée diéu khién thong
minh va ddm bdo an toan dong luc hoc. béi voi
Viét Nam, viéc két hop mo phong dong luc hoc
v6i dir liéu thuc té tir cong truong sé 1a hudng
nghién ciru kha thi va can thiét trong thap ky
toi. <
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