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s kA TR (B Aw = 2.3 x 107 rad/m).
F1 VAR 2R RE S

Table 1 Initial parameters of the drum and pulleys

drum fixed pulley movable pulley
component and number
-1 -2 2 4 6 8 10 1 3 5 7 9 11
diameter d /mm 1 300 710 800 710 710 710 710 800
direction of rotation (0,0,-1) (0,0,1) (0,0,1) (0,0,1)
X /mm -1 380 0 0
center
Y /mm 0 =600 500

coordinates

Z/mm 2000 -2000 450 200 0 -200 -450 520 260 90 -90 -260 -520
T AR AE R R HAH
6.1 6 SEBRBEEREETHR N
K11 20 6 5 T8 1Y A i B R T i FE A2 At 48 il Tz de 0 T 22 88 i 52 03 S0k
], Ap UL AR RN JFE M ERTE T 17.4 m 007 ) & 2R T U o b — AN i i sh
6] A RRAE | 233 W REAS 73 SO 22 88 07 1 RN AE AL 18] 12 s ) i 4 B 6 58 15
Fe1m R BRSO R K T R GRS L.

5 05 ; ; - - ‘ 5.30x10°F
2 X:17.4m
& T ¥:0.006327m .
%D ,g OF oo T W 4 5.25x10*F
i z
5T 05 > 5.20x10%
— 53
23 &
58 -10f . 5.15x10°F
&
=l
<
15 . . . . . 5.10x10*L -
0 5 10 15 20 25 30 5 10 15 20 25 30
hoisting height 72/ m hoisting height 72 /m
16 SENEMBE B 12 BREIRHL I R TR AL
Fig.11  Angular speed of fixed pulley 6 Fig.12  Tensions at both ends of the drum

vs. hoisting height
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Fig.13  Deflection of load trajectory in the Fig.14 Deflection of load trajectory in the
left-and-right direction fore-and-aft direction
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Fig.15 Rope speed at both ends of the drum Fig.16  Rope speed at both ends of

each movable pulley
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Deflection Analysis of Load Trajectories for
General Hoisting Mechanisms

QI Zhao-hui, SONG Hui-tao
(State Key Laboratory of Structural Analysis for Industrial Equipment;
Faculty of Vehicle Engineering and Mechawics ,Dalian University of Technology,
Dalian, Liaoning 116024, P.R.China)

Abstract: A systematic method for analyzing load trajectory deflections of general hoisting
mechanisms was presented. In this method, the first order differential equations for generalized
degrees of freedom and wire rope tensions were established based on the governing equations of
equilibrium and compatibility conditions. Properties and formulations of the variables involved
in these equations were studied in detail, in which the displacements and velocities of tangent
points between pulleys and the tension directions of ropes as well as the change rates of tension
directions were derived. The compatibility condition for drum parameters, as well as for rope
lengths in the system was provided. A method to solve the angular speeds of spatial pulleys was
proposed. In the process of solving the differential equations, the pulley’ s angular speed which
determined the relation of tensions at both ends of the pulley, was derived at each step. The
systematic method is applicable to hoisting mechanisms with single reeving branches, and
solves the difficult problem of determining the rotating directions of pulleys. To a large extent
the proposed method is universal and makes a reference for designing and analyzing general

hoisting mechanisms.

Key words: hoisting mechanism; load trajectory; common tangent between pulleys; angular
speed of pulley
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