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Abstract: - This paper deals with the transitory dynamics of the dragline bucket during the starting or 
stopping short periods within various stages of the regular technological cycle. It has supposed the effects 
of the hoist and drag cables respectively, with bucket unloaded. In addition, it has considered that the bucket 
has no contact with the ground, meaning this component as a pendulum system with double restricted 
linkage. The main goal of this research tries to reveal the overloads induced into the dragline structure, 
especially into the driving and the boom-anchors systems, due to the random dynamics of the bucket 
oscillations. Computational application has been proposed in order to dignify the correlations of some 
theoretical approaches with the real-world equipments behaviour. The concluding remarks present the 
relevant aspects of the transitory tensions inside the drag and the hoist systems with straight influences 
upon the whole machine system dynamics. 
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1. INTRODUCTION 
 

In-depth analysis of technological equipments 
behaviour during their regular working cycle contains 
various aspects regarding some major priorities such 
as technological capability, energy consumption, 
health conditions monitoring and pro-active damage 
detection, environmental protection, etc. Transitory 
dynamics appearing on different stages within the 
main working cycle has an important but negative 
influence into the main characteristics and the 
operational performances of the equipment. 

The hoist-drag cable system has supply, together 
with dumping mechanism, the entire functionality of 
the dragline equipment. Operational capabilities has 
provided by the help of a complex driving system 
based on cable, wire ropes and chains flexible 
elements [11, 16]. It is obviously that this ensemble 
will produce a main component in system dynamics, 
its strong flexibility leading to a complex and various 
movements both of the cables, and of the bucket. 
Hereby, these dynamic effects will be induced both 
into the dragline structure, and into the driving 
system, and randomly supply dangerous overloads. 

The area of the dragline bucket dynamics has well 
covered by different theoretical and experimental 
studies [1-3, 6-12] that propose and validate             
various models intended for the cable system 
analysis. In addition, for bucket schematization, the 

literature contains different types of models         
between the mass concentrated on the centre of 
gravity, and a complex spatial structure providing 
fully geometrical and mechanical properties of the 
real component [4-5, 13-15].  

Regarding the bucket instability, the literature 
contains various approaches based on the pendulum 
model. Among of these, it has briefly mentioned 
following authors: Corke et al. [1] that established an 
algorithm for stabilizing a swinging load, based on 
continuously measurements of the load position, 
Ridley et al. [10] that implemented a method useful 
for the angular acceleration control of the bucket to 
perturbation factors as drag-rope velocity and 
additional drag-rope load, McInnes & Meehan [7] 
that have studied the dynamics of the bucket swing 
motion during dragline house slewing, and Meehan & 
Austin [8] that investigated chaotic instabilities of the 
dragline bucket swing.  

Each type of proposed models supposes a limited 
set of analysis components such as bucket, drag cable, 
hoist cable (with or without concentrated mass of the 
bucket), dumping system, etc., according with the 
initial hypotheses derived from the practical 
computational capabilities and from the available 
experimental dataset for validation. 

Present work starts from the available 
mathematical models and tries to provide a 
comprehensive computational model intended for 
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numerical evaluations, which will be able to simulate 
both the transitory dynamics of the entire set of 
cables, and the interactions between these flexible 
elements and the bucket. Tacking into account the 
real observations, according with, unloaded bucket 
induces higher dynamic effects and the load stages 
supply less dynamic regime comparative with bucket 
movement stages, the authors propose a model 
without physical contact between bucket and ground, 
with null structure movement, and with dynamic 
effects induced by the initial and/or boundary 
conditions within the mathematical model. 
 
2. THEORETICAL APPROACHES 
 

Available schematizations used for behaviour 
analysis of the cables used for drag and hoist systems 
have based on the heavy wires with variable 
anchorage points or continuous thin beams with 
constant elastic, dissipative and geometrical 
characteristics and round section hypotheses 
[9,11,14]. Both approaches provide typical results in 
respect to the model simplifications and the number 
of the functional and behavioral restrictions. 

This study takes into account some basic 
hypotheses as follows 
 Cables mass characteristics must be included into 

the model because of their considerable geometric 
parameters (80...100 m length and 100...160 mm 
diameter); 
 Flexural rigidity can affect the global dynamics of 

the system especially for shorted cable lengths (e.g. 
when the bucket position is closeness with one of 
the cable linkage point) thus that the thin beam 
model must be taken into consideration; 
 For transitory dynamics analysis it has considered 

only the technological phases when bucket rigging 
ensemble does not provide any relative movement, 
thus that it can be included into the model as a 
concentrated mass anchored with hoist and drag 
cables respectively. 
The authors start from the general ensemble 

schematization of the dragline equipment, and isolate 
the bucket ensemble and the cable systems involved 
in transitory dynamics in respect to the main goal of 
this research. It had results the simplified diagram 
depicted in Figure 1. 

Obviously the fixed points of the drag and hoist 
cables respectively were established by taking into 
account that their transversal and longitudinal 
displacements has exclusively induced by the wave 
effects in a single dimension schematization of an 
elastic medium. It means that driving systems 
supposed to be on stand-by working regime without 
supplying any additional dynamic tensions into the 
cables.  

The general model derived from the diagram 
depicted in Figure 1 contains three main components 
as follows: the drag cable, the bucket ensemble and 
the hoist cable, as it can see in Figure 2. The point A 
denotes the output of the drag driving system, the C 
point simulates the upper point of the dragline boom, 
and the B point indicates the centre of gravity of the 
bucket-rigging ensemble having global mass M. The 
points A and C denote fixed supports of the two cables 
into an inertial coordinate system (XYZ). Each cable 
system has supplied by a local coordinate system 
uiviwi, with i = {AB, BC}, following the base line of 
each cable respectively. 

 

 
Figure 1. Dragline equipment underlining the simplified 

model intended for bucket dynamics analysis 
 
 

 
Figure 2. General model for analysis of the drag cable – 

bucket rigging – hoist cable dynamic interactions 
 
The investigations of transitory dynamics related 

to the bucket ensemble small oscillations have firstly 
developed by separating the involved flexible 
systems [17-19]. Thus, the model of the hoist cable 
system has depicted in Figure 3, with details of forces 
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equilibrium on infinitesimal cable segment ds, 
positioned at initial angle  and final angle 

 dss   of vertical direction. Each end of ds 

cable segment has followed by tensions  and 
 dss   respectively.  

According with main hypotheses of the study, the 
cable has supplied with vertical distributed load due 
to the cable mass gravity per unit length Ag, where 
 denotes the mass density, A means the cross-
sectional area of the cable, and g is the gravity 
constant. 
 

 
Figure 3. The model of hoist cable – bucket system with 
details of forces acting on infinitesimal element ds [16] 

 
First approaching supposes null angle 1 between 

vertical axis and BC base line of the hoist cable. In 
such conditions, summing the forces in horizontal 
direction acting on ds cable element gives 
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where u(x,t) denotes the longitudinal displacement of 
the cable with respect to the local coordinate system 
uvw and right-hand-side (rhs) term in Eq.(1) means 
the inertial force. 

Using the trigonometric identity of the sine 
function of two angles, and supposing the small 
angular displacements  yields 
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Taking into account the following approximations 
based on the hypotheses of small slopes of u(x,t) for 
all values of x and t, and discarding the term 
containing high-order differentials 
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and using the simplified differential notations as 
follows 
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results the next expression for partial differential 
equation governing forced transversal vibration of the 
cable 
 

  uAu ttzz   ,                     (7) 
 
where  is a function of independent coordinate z. 

 
In respect to the hypothesis of heavy wire model 

and assumes the consistent value of the force due to 
the bucket ensemble, the expression of tension  can 
be formulate as follows 
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Replacing Eq. (8) into the cable differential Eq. (7) 

and rearrange the terms yields 
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with initial conditions 
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Eq. (9) denotes the partial differential equation of 
transversal vibration of a heavy string supported on 
the upper end, and loaded by a concentrated mass on 
its free end. Giving up the initial assumption of null 
angle 1 actually maintain the validity of Eq. (9), but 
within a local coordinates system (uBCvBCwBC in 
Figure 3). In this case, the analysis performed 
according to the global coordinates system has to 
contain the rotational transition procedure with 1 
radians. 

Any of the initial velocity function hu(z) in Eq. 
(10,11) and the movement path function of the bucket 
centre of gravity uB(t) in Eq. (12,13) may have null 
values – but not simultaneously, or can be previously 
gained by global dynamics analysis of the entire 
equipment. It will be seen later in this paper that the 
movement function uB(t) becomes the linkage term 
between the hoist and the drag cables motions during 
the analysis of transitory dynamic behaviour of the 
bucket rigging ensemble. 

Assuming the changing tension according to the 
Kirchhoff theory [15] and supposing an additional 
term given by the tension increase due to the 
transversal displacement averaged over the cable 
length [12] 
 

  
BCL

z

BC

dzu
L

EA
EA

0

2

2
 ,             (14) 

 
where E denotes the Young’s modulus,   means the 
averaged strain measure, and LBC is the hoist cable 
length, the differential Eq. (9) becomes 
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The integro-differential nonlinear Eq. (15), 

governing the system forced motion in respect to 
local coordinate u, provides accurate information 
about dynamic behaviour of the hoist cable – bucket 
system by taking into account the effects of the large 
transverse displacements. 

A generalization of the hoist cable – bucket system 
dynamic model have to assume the spatial motion 
according with the uvw coordinates. In addition, for 
large displacements, the generalized model has to 
include the local effects of the transversal and 
longitudinal displacements in changing tension. 
Hereby, supposing the approximate nonlinear strain 
measure which induces an additional tension term 
such as 
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and gained the previous Eq. (8) of the tension   as 
follows 
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it can be formulating the system of partial differential 
equations which are able to simulate the dynamic 
regime of the hoist cable interacting with bucket 
ensemble 
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Following initial conditions 
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and boundary constraints 
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have to be used in order to solve the Eq. (18).  
Obviously, the remarks regarding initial 

conditions - Eq. (10,11) and bi-local constraints - Eq. 
(12,13) can be enlarging in respect to additional 
independent coordinates used in Eq. (18). Thus, the 
initial velocities hu, hv, hw fields in Eq. (19) have to be 
known from the previous analyses results. In the same 
time, the movement laws of the point B, denoted in 
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Eq. (20) by uB, vB, and wB respectively, can have null 
or constant values, could be imposed by the 
functional or geometrical restrictions as a time-
dependent functions, or could be assumed as linkage 
terms between drag and hoist cables under the bucket 
induced dynamics. 

Eq. (18) together with initial conditions - Eq. (19) 
and boundary conditions - Eq. (20), supply the first 
approach of computational model intended for the 
bucket dynamics analysis. These equations allow a 
comprehensive analysis of the bucket behaviour 
taking into account widely sources of perturbation 
such as: the rotational movement of the entire 
equipment with loaded or unloaded bucket, the 
variable directional impact between the bucket or 
cables and a certain obstacle, the initial and final 
stages within different technological movements, etc. 
Some computational results, related to dynamic 
effects on bucket stability, will be briefly present on 
the next paragraph of this paper. 

 

 
Figure 4. The model of the drag cable – bucket system 

 
According the initial hypothesis, the analysis was 

developed related with each main part of the bucket-
cables ensemble. Firstly has analyzed the hoist 
system and will follows by the drag part. Taking into 
account the general schematic diagram depicted in 
Figure 2, the model of the drag system, containing the 
drag cable and the bucket ensemble, has presented in 
Figure 4. 

It had to be mentioned that the tensions in cables 
kept the same notation with those in Figure 2, but the 
theoretical approaches had been developed with  
symbol for tensile force within hoist cable (TB,BC in 
Figures 2...4) and T symbol for tensile force within 
drag cable (TB,AB in Figures 2...4). 

Supposing null value of the angle 2 between 
horizontal axis and the base line AB of the drag cable, 
and summing the forces in vertical direction acting on 
ds infinitesimal cable element, results the following 
differential equation governing forced transversal 
vibration of the drag cable 
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where it has assumed equivalent approximations 
related to those presented in Eq. (2...6). It has to be 
mentioned that the initial assumption regarding 2 
respects the same conditions to the 1, previously 
mentioned in this chapter. 

Taking into account the additional effect of the 
transversal displacement on strain measure [15], 
given by equation 
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and assuming that the tensile force in equilibrium 
position T0 acquires additive changing by the tension 
increase due to transversal displacement averaged 
over the cable length, results the expression of the 
differential Eq. (21) as follows 
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One advantage of the differential Eq. (23) derives 

from the analysis of the scenario of a slack cable (with 
no tension in equilibrium state) when the linear 
approach gives zero frequencies which is clearly 
wrong. 

The initial conditions 
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supply the evaluation process of the transversal 
displacement w* of the drag cable based on Eq. (23) 
approach.  

 
The initial velocity function fw(z) – in Eq. (24,25) 

– and the movement path function of the bucket 
centre of gravity w*B(t) – in Eq. (26,27) – have the 
same sense such as the correspondent parameters in 
Eq. (10...13) respectively. Thus, it can have null 
values – for an estimative first approach analysis, 
meaning an expression known by prior 
theoretical/experimental investigations on system 
behaviour, or can becomes the linkage terms between 
the hoist and the drag systems within the complete 
model of the bucket – cables ensemble (see Figure 2). 
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Assuming the hypotheses of 
 large cable deflections, when additional effects of 

both transversal, and longitudinal displacement u* 
has to be involved within the computational model, 
 the expression of the nonlinear strain measure, 
 the cable that respects the Hooke’s Law, meaning 

linear stretching with respect to the proportionality 
factor EA,  

and based on following expression of additional 
tensile force in drag cable 
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through generalization of the Eq. (21), results the 
differential equations system governing motion of the 
drag cable as follows 
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with following initial and boundary conditions 
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Obviously, the functions appearing in Eq. (30) 

have identical significations as such those in Eq. 
(24...27) respectively. 

For some practical situations, the drag cable can 
acquires very large deflections with significant 
slopes, and the classical approximations of sine and 
cosine functions for very small angles cannot be 
assumed. Hereby, the system of differential equations 
governing the drag cable vibrations has to be 
formulated as follows 
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where w* and u* denote transversal and longitudinal 
components of cable displacement respectively, and 
T is the tension in drag cable.  

Supposing the linear elastic theory applied for 
cable material, the tension T can be evaluated with the 
following expression [12] 
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where T0 denotes the equilibrium state tensile force. 
 
3. COMPUTATIONAL APPROACHES 
 

Taking into account the model in Figure 4 and the 
notations used into previous equations, the linkage 
constraints related to point B – that denotes the centre 
of gravity of the bucket – can be formulated as 
follows 
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According to the general model depicted in Figure 

2 and the schematics in Figure 3 and 4, the Eq. (33) 
must be improved through including additional effect 
induced by the hoist cable on the bucket dynamics. 
Thus, Eq. (33) become 
 

 
 







txuMT

txwMT

Btt

Btt

,*sincos

,*cossin




,      (35) 

 
or 
 

 
 









tudMT

twdMT

Btt

Btt

*

*

sincos

cossin




,         (36) 

 
where the tensile forces  and T have previously 
mentioned practical significations. 

The systems of linkage Eq. (35,36) were 
developed assuming only the displacements of the 
drag cable (see Figure 4). Resuming to the general 
model depicted in Figure 2 and supposing the 
previous approximations regarding small ratio 
between deflections and lengths of each cable, Eq. 
(36) becomes 
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      
      









tudtudMtzuT

twdtwdMtxwT

BttBttBz

BttBttBx

*

*

,

,*




.  (37) 

 
The hypothesis of small cables displacements 

leads to acceptable approximations of output results 
according with the experimental investigations.  

The angles 1 and 2 must have (and, in practice, 
usually have) non-zero values. These cases respect 
the previous hypothesis because those angles are 
constants and become initial values for solvers, the 
movement have performing around these values 
(obviously with low amplitudes). 

 
4. RESULTS AND DISCUSSIONS 
 

The authors had tested the proposed models 
assuming numerical values of involved parameters 
derived from available dragline equipments. In this 
paragraph has briefly presented the results obtained 
for a practical case. The transversal displacements of 
cables were exclusively supposing. The additional 
effect on strain measure due to transversal 
displacement has also considered. Identical cables 
have considered, with 0.1 m diameter and                      
80 m length. The cable model assumes a simple 
equivalent material with 1400 kgm-3 mass density and 
1.6E11 Nm-2 Young’s modulus.  

For convenience, the angles 1 and 2 had null 
values, because this assumption does not affect the 

generality of the results, such as it was mentioned into 
previous chapter of the paper. The initial conditions 
derived from stopping stage of the rotational motion 
of the entire equipment. It was assumed an initial 
velocity of 0.01 ms-1. 

The diagram depicted in Figure 5 contains timed 
evolutions of the horizontal displacement and 
velocity related with the centre of gravity of the 
bucket (the point B in Figure 2...4). In order to 
facilitate the comparison of the natural frequencies 
between the simulated situation and the equivalent 
physical pendulum system, it had depicted the 
dimensionless angular displacement of pendulum, 
suitable scaled with respect to the other plots into the 
graph (dashed line in Figure 5). 

The evolution of the hoist cable had presented 
according the four relevant situations as follows 
 the first 2 seconds from the starting simulation with 

0.1 seconds time step – see Figure 6, blue doted 
line; 
 the interval between 20.5...22.5 seconds with 0.1 

seconds time step – see Figure 6, red doted line; 
 the first 120 seconds from the starting simulation 

with snapshot on each 5 seconds time step – see 
Figure 7, blue doted line; 
 the first 120 seconds from the starting simulation 

with snapshot on each period of the equivalent 
physical pendulum – see Figure 7, red solid line. 
 

 

 
 

 
Figure 5. Timed evolutions of bucket: displacement (solid blue line) and velocity (solid red line);  

dimensionless angular displacement of the equivalent physical pendulum (dashed black line)  
were depicted in order to facilitate the natural frequencies comparing 
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Figure 6. Timed evolution of the hoist cable  

during 0...2sec. (blue doted line) and 20.5...22.5 sec.  
(red doted line) with 0.1 sec. step; starting positions  

was marked on diagrams 
 

The diagram in Figure 8 depicts the Poincare map 
of the horizontal motion of the bucket. The analysis 
was performed in respect to the first 120 seconds with 
the 0.1 seconds periodicity. More relevant Poincare 
map had presented in Figure 9, where the blue solid 
box symbols denote the period of the equivalent 
physical pendulum, and the red circle symbol      
means the pseudo-period of the bucket motion. The 
vertical motion of the centre of gravity of the bucket 
presents a nearly periodical evolution – see diagrams 
in Figure 5.  

 

 
Figure 7. Timed evolution of the hoist cable during the 

first 120 sec. from simulation starting point; snapshots at 
each 5 sec. (blue doted line) and with the periodicity of 

the equivalent physical pendulum (red solid line) 
 

 

 
Figure 8. Poincare map of bucket movement  

for the first 120 sec. from simulation starting point  
with snapshots at 0.1 sec. 

 
It is natural that the wave effects within the cables 

imposed the deviation from the regular motion of an 
equivalent pendulum system. The vertical cable 
configurations presented in Figure 6 and 7 denote a 
stable evolution of the system, at least for the first 120 
seconds of the simulation time. The velocity – 
displacement dependence presented in Figure 8 
underlines the concluding remark of a quite stable 
evolution of the proposed system. 

 

 
Figure 9. Poincare map of bucket movement  

during the first 600 sec. from simulation starting point 
with snapshots at the period of the equivalent pendulum 

(blue solid boxes) and at pseudo-period  
of the bucket displacement (red circles) 

 
Poincare map depicted in Figure 9 reveals the 

nearly chaotic deviation about the equivalent physical 
pendulum system with the same geometrical and 
material characteristics. This remark has based on the 
dissipation of the blue dots, which means that the 
bucket parameters do not maintain the same values 
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over the pendulum period. Grouping of the red circles 
on diagram in Figure 9 into a relative small area 
dignifies that the pseudo-period of the bucket motion 
estimated from the displacement evolution signal in 
Figure 5 could be adopted with an acceptable 
tolerance. However, the existence of this area 
(meaning that the circles do not provide a clearly 
superposition) underlines the firstly mentioned 
remark regarding a nearly periodical evolution of the 
bucket. 
 
5. CONCLUSIONS 
 

This study aimed to analyze the bucket – cables 
dynamic interactions and their local influences within 
dragline equipment. The main contributions of our 
paper are as follows: 

a) settlement of parametric performance at 
stopping bucket on moving down task within working 
space;   

b) elastically computational model for bucket 
stability simulation oscillations within working area; 

c) numerical simulation for a case study of 
dragline equipment; 

d) time response dynamic dignifying and phase 
diagram of bucket oscillations. 

Comparative analysis of the bucket motion in 
terms of proposed parameters (see Figures 5...9) 
reveals that using of model related to continuous 
deformable media provides a realistic evolution 
instead of the classical pendulum approaches. The 
insertion of the nonlinear strain measure terms into 
the cable tension evaluation additionally improves the 
model capability related to the transitory dynamics 
investigation of such systems. 

Future studies will be focused on spectral 
investigations and stability analyses of transitory 
dynamics of the bucket-cables ensemble. It will be 
follows both the imminence of the resonance 
phenomenon, and the possible chaotic local 
evolutions, and the results will be discussed in a 
forthcoming works. 
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