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Since cranes are essentially used throughout industries such as shipyards, steel mills, and ports, there are many studies on

crane control or modeling in various fields, In general, overhead cranes (gantry cranes) are modeled with a 3D pendulum, but

in existing studies, the dynamics modeling of cranes is very complicated, In addition, there are limitations in the part where the

wire length is adjusted, which complicates the equation or does not reflect the length adjustment, Therefore, a robust dynamics

modeling is easier to model than existing methods, In

this study, we modeled the equations of motion using the Discrete

Euler—Lagrange equation, This method reflects the length adjustment of the wire as a constraint, We also proposed a method to

numerically calculate

the moving speed of the crane, given the moving speed of the crane, To verify the proposed method, we

performed simulations based on three cases on a three—dimensional crane model and found that the calculations performed well.
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Fig. 2 Define crane—pendulum model

2l 3xpe ci HEsHo =z Molah = UcKMojallizadeh et al.,
2023). Fig. 20iM Hol= Hiot 20| z,,9,,2, X z,,9,,2, =
3eflolnt HEEe| x| ZEES 2o|sicl 2.2 y, = 2+ S0l
o ol £XE oot B WAl S8l Iaelnt HE

g A

ol XI5 AHrsl| 2s Generalized coordinate (g,

Al
(1)n Zo| FHelsict 3z[ole| =0| = A2 FOX|= 4ol
22 Generalized coordinatedlAM 2|5 FOE‘EP Je|D 0|2 &

4 = |%p (M

2.2 Discrete Euler-Lagrange Equation2 ALt
25 LA Ho|

7|E o7 E0t ClEA SEeIK| oMM & 23 WHAE

Holgt Hert olct & od70iM= DELES Soll 25 WAl

HolstaIAt Bht. s gFyAle| bl HEfo| Z Al (3)zt

2t

M—GkT MVk—hF(qk, Vk)

de [Vk“ =| g(q) (3

Al (30l M2 2 -, G, = HUxA gl dieks olo|

Sk= Constraint Jacobian, e= AZE AT ZSshe

ET
Regularization term, h= FXIEES| AlZEH ZH (time step), A,

JSNAK, Vol, 62, No, 4, August 2025



3AHY 2dfs|= F2|ele| Mol

()

Slet ChEA| 3t 7l 25 g

= Lagrange Multiplier2 HtZ=Z40 2|t &lo| 37|, Aqy. V)
= ALl 283 1, (g, ) = M2f =2 (Constraints) 1
2|1 = Stabilization term22 A|ABIQ| LA HEX|SH= 244
gt O|ChDELES| &% £=X| slAS 25l HES HEsi0] 7KL
7t ofd £ BAACR Foi=Y| w20l Feele] =5 A
Moo= Alof| Hidsh 4= Urk= FET QUCt ESHA] (3)of| Eole

7|&9| Euler-Lagrange SHAIME He0ict o|2E
210| M2tx=ZATHS o|2otH =7| 2ol 20| SEBIX| gt

Al (32 7|tez 25 wWHAS HMolsk| fls| Constraints

(9)2 HelofioF St Alzloll e 2folof Zo| HatE Hefx
7102 MF3I0] 4 (4)2 20| Holeltt. CEoZ 2t Mol |
Ho

0|22 &3l Constraint Jacobian( Gy )= 4! (5)2F 20| Felgict

gK:ld_l(t) (4)

Gy =&, —z,) (y.—9,), (&,—x,) (y,—9.).(3,—2)] (5

2 WHME FEoP| fIsi Constraint(g, )2t Constraint

S Ol A (3)of Chelstod & 2

WHAS RIolth 25 &ol 29 A (6), A (7), 5 & L&
L o

4| (8)zt 20| Falgh = Uck

M —-GJ
4e |= 6)
G I
(z,—z,)
m, 0 0 0 0
ld
(v,—9,)
0 m, 0 0 0
Zd
(z,—x,)
0 0 m, 0 0
lu'
(v,—9,)
0 0 0 m, 0
Zd
(2.—2,)
0 0 0 0 m,
ld
(x,—z,) (v,—v,) (z,—z,) (y,—v) (3,—2) e
l . . l 1 W

Table 1 Abbreviation of equation (6),(7),(8)

ltem Abbreviation
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Table 2 Specification of simulations

ltem Value
Factory length 130 m
Factory width 11 m
Factory Height 15 m
Crane width 12 m
Iy 5.7 m
Zmax +0.1 m/s>
Tay +2.0 m/s
Ymax +£0.01 m/s>
Ymax +0.2 m/s

Table 3 Simulation parameters of equation (10)

ltem Value ltem Value
m, 50 Kg r 1.0
h 0.01 s 5 1e-05
Tx 120 s g 9.81 m/s”
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