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�
�	�	���� ������
 ��
�
, ����	���� ����
 ����� ����� ���
��	� �����
�
 	 
	�����	� �	��
�	�
 �
 �
�
����	��	��	 ���	
 �������	� ����
, �������, �
�� �� 
���������	 ��	���� �����	�
�
 ���
�
�
 �������	� ����
 �
 ������� �
���� � 
�	�� �	���� �
�� ���	�
�	�
�	��. ��	���� ���
�
�� ������
 �� �������	���	 ������ 
���	�	�
� – 
�
�	�	��	 ������ ���	 �� ��
�	 � ������, ����	�
�� ������
 �
� 
����	�
 �
 �������� 	�!�������� ��
�
, 	 ������	���
��	 ��� ���	 ����
 �
 
������	 	���
����� 	 �
����� ��������	�� � �����	�	 ����	�
�
 �����
 
��
�	�� 	 
����� �������	���� ����
�
�
 	�	 �������
 	���
��� ������. 
 
Behaviour diagnostics of drive units on the bucket wheel excavator represents sublimation of 
analytical state estimation, numerical model based on finite elements method and measured values 
of the vibrations at the drive units typical locations. Namely, methodological approach in the 
behaviour determination process for bucket wheel excavators drive units is presented, for the 
purpose of its further revitalization. Problem resolving approach is conceptually strictly defined – 
analytical segment for initial insight of the problem, problem modeling as the line for establishing 
the engineering position and finally experimental part designated for confirming the accuracy and 
precision of the methodology with the purpose of locating the causes of anomaly and preventive 
remediation, or making the right decision. 
 

1. ���� 
�������� ����� �
 ������� �
���� �� ������	 ������	 
������
 ������� ����
 	 ����� �	� �� ����"��� ��
 
��
���
����
 	 �����
 ����
�
 ���
 �� � ��
���� �����	-
�	 ����
�	�
�
 ���	������. #�
��� �������� ����� �
 
������� �
���� ��: ����� �
���� ����
, ����� �����	 
���� ��
������
, ����� �����
 �
���
, ����� �	�
�
 	 
�����
�
 ������ �
���� ����
 	 ����� ��
��	� ��
��-
������
 �
 �
����. $�
�, �
��
!�	�	 ����� 	 ������ ��-
��� ���	 � ���
�	 	 �
�
����	�� ������	 �
��� �� ����� 
�
���� ����
. %
�� �� � ��� �
�� ��� 	 �
� �
���"	 ��
-
�
�, 	 ������ �	�
	��� ���
�
�� 	 ��	���� ���	�
�	-
�
�	��	 ������	
 ��� �� ������
�	�	 �
� ����� 
���
�	 �����	
 �
 �
����. 
 
2. ��
��������� �������	
��� ������� 

�����	��� ����� �� ��
����� ������ 
�������"	 ������ �������	��� ������� ��	��	� 	��
�� 
���� �
�
, ���	 �� ����	
�	�
 
�
�	�	���� ������
 ��
�
, 
����	���� ����
 ����� ����� ���
��	� �����
�
 	 
	�����	� in situ �	��
�	�
 �
 �
�
����	��	��	 ���	
 
�������	� ����
, ���	�	�
� �� ���������	 ��	���� 
�����	�
�
 ���
�
�
 �������	� ����
 �
 ������� �
��-
��. &� �� �
�	����� ��� ��	�
� ���	 �
�� ��
�	��� 
 
  
 

1. Introduction 
Drive units on bucket wheel excavator are main elements of 
torque transfer. They enable every translator and rotary 
motions for the purpose of production. Main drive units on 
the bucket wheel excavator are: bucket wheel’s drive, 
transport drive, superstructure swing drive, drive for 
lifting/lowering of beam and belt conveyors drives. However, 
most important drive and the drive that characterises the 
bucket wheel excavator is the bucket wheel’s drive. For this 
reason, it is emphasised in this paper and its dynamic 
behaviour and revitalization processes approach can be 
presented as an model or example for all other drives. 
 
 
 
2. Methodology of Bucket Wheel Excavator Drive 

Units Behaviour Diagnostic 
Following the strictly subjectively defined principles of this 
paper, which are representing sublimation of analytical 
condition estimation, numerical model based on finite 
elements method and measured values of the vibrations at the 
drive unit’s characteristic locations, the methodological 
approach to identifying (establishing) the behaviour of drive 
units on the bucket wheel excavator was defined. That  
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�	�� ��	 ��
��� ��
��, ��	 ���
���� �����	, �
�� ��� 
���!
�
�
 �� ��
�� �
�� 	 ��� ������
��	� ���	�
�	�
-
�	��	� ������
 �
 ���
���	 
�	�

, ������� �
 
������	 �
���	
. 
'�
�
� ��	���� ����"
�
 �����	�
�� ���
���� ���
-
�
�
 �����
, �����
�� �������� ��
���
�
 	���� � ���-
���
�
�	�	, ���	�
�� �
�
��
�
 	����
 	 �����
, 
�����	�
�� �����
 ����� ���
�
�
 	�	 ������
�
, 
������� ������
�
�	���� ���
 	 ���� �����
��� �
�
 
�������� �����. '�� ��������	�� �������� �� ��
�� 
�������	� ����
, ��	 ��� �� ��	�� �
 ���� ���
�
��, 
������� �
 ����� ��� ���
�
�
, 
 �� �
 ������	��. *
 
������ ��������� ���
�
�
 �������� �� ������
�
 ���-
���"
 	 ����� �
��	 ���, ������� �
 �	 �
� ������ 	
 
	 �
�� ���������
��, ��
!��� �
��� ����������. 
 
3. ������
��	�� ������ � ��������� 

�������� 

+����	�
�� 	 �	�
	��	 ����
��� �� 	������ �
 
������ �
���� ����
 �
���
 SRs470.17/1.5, SRs1300.26/5 
(���
 ����	�
 �����
 �
���� ����
). +����	 �� ��
���	 
�	�	���	, �����	���	 	 �
���	���	 ���
��	 
������	
, ������� �����
��	 �
���� KOMIPS. 
+���� 	 �	�
	��	 ����
��� �����
 �
���� ����
 
�
���
 SRs470.17/1.5, �
 ���
 ���	�	 ��
��
 ���	�
 
���	���
�
, �
�	 �� �
 ��	�	 1. 
 

 
 

���� ��	�
� ����� ������	�	 – f01 = 15.3 Hz 
First main form of vibration – f01 = 15.3 Hz 

 

 

 
 

Third main form of vibration – f03 = 28.6 Hz 
 

certainly represents a new approach, adding quality to the 
final decision, regarding the maintenance as well as possible 
revitalization processes of the mining machines, namely 
bucket wheel excavators. 
This approach enables determination of the real behaviour of 
unit, reliable prognosis of its reaction during exploitation, 
obtaining the choice and decision parameters, determination 
of the improper behaviour or failing causes, estimation of the 
exploitation duration and drive unit reliable operation time 
determination. This methodology is used for identifying the 
drive unit’s condition, thus influencing on improper 
behaviour, namely cause of that behaviour, not its 
consequence. According to identified behaviour, remaining 
strength and its operating lifetime is determined, or more 
precisely - weather that element still has its designed, 
required operating capability. 
 
3. Computer Models and Dynamic Calculation 

Modelling and dynamic calculations are performed for 
bucket wheel drive units on the excavators SRs470.17/1.5, 
SRs1300.26/5 (new version of the bucket wheel’s drive). 
Models are based on linear, aerial and volumetric finite 
elements, using KOMIPS software package.  
Model and the dynamical calculation for the bucket wheel’s 
drive on the SRs470.17/1.5 excavator along with first four 
main forms of vibration, are presented in Fig. 1. 
 

 
 

����� ��	�
� ����� ������	�	 – f02 = 18.7 Hz 
Second main form of vibration – f02 = 18.7 Hz 

 

 
 

 
 

Fourth main form of vibration – f04 = 34 Hz 

��. 1.  ����� � ���	 ������ ��	�
	 �����	 ������	�	 �������� ��������	 �	�
�� ����	 – SRs470.17/1.5 
Fig. 1.  Model and first four main forms of vibration of gear-box loading structure – SRs470.17/1.5 

 
*
 ������ ��	�
�
��� �	�
	���� ����
���
 �!� �� 
�����
���
�	 ���
 ��������� �	�
	��� ���
�
�� 
����"� ���������	�� �
�� ��������
 �
�� 	 ���� ����"� 
��������� �������� ����� �
���� ����
 �
���
 
SRs470.17/1.5 (�����
 �����
 	 ���
� ��������-
���
). 
+���� 	 �	�
	��	 ����
��� ���� �
�	�
��� �����
 
�
���� ����
 �
���
 SRs1300.26/5, �
 	��
!��	 
���	�	
 ���	���
�
, �
�	 �� �
 ��	�	 2. 

Above presented dynamic calculation shows very 
unfavourable dynamical behaviour of the gear-reduction 
loading structure and whole loading structure of the bucket 
wheel’s drive unit on the SRs470.17/1.5 excavator (torque 
lever and electric motor support). 
 
Model and dynamical calculations for the new bucket 
wheel’s drive on the SRs1300.26/5 excavator, along with 
expressed forms of vibration, are presented in Fig. 2. 
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���	� �	��
�
 �
 ��
��� ��
�	�� �
 ��
�� 	 ���� �
�	-
�
��� �
 ��	������ �
��	�� � ���	���	 ��������	
 
� ���	�� ���� �
�	�
���. '�
�
� ��	���� �� ������ 	 
������
 �	�
	���� ����
 	 ����
���
. 
 
 
 

signals at the input shaft for old and new variant, with the 
obvious difference in the values benefiting the new variant. 
Old input shaft has greater acceleration in the time domain 
than the new one-0.6 m/s2 as opposed to 0.4 m/s2. This 
approach represents confirmation of the dynamic model and 
calculations. 

  
 

��. 4.  ������
� ����	� ��
	�	 ����	�	 �  ������
�
�� ����
� ��	�
�� ��	���	 ��������	 �	�
�� ����	 �	���	 
SRs2000.28/3, �	 
��� � �	�� �	���	
�� 

Fig. 4.  Acceleration signal comparison of the bucket wheel’s reduction input shaft on the SRs2000.28/3, in the frequency 
domain, new and old variant 

 
���	 ������ ����"��
 ��!
�
 ����������� ��
� ���	 
��
�� ���	�����	���
�� ��������	�� �	��
�	�
 �
��
�� 
„�����	 (����	) ��!
�
“ 	�	 �	��
�	, 	 �	���� 
�
���	��. �����
� ���	 ��!
���	 ���	����� �����, 
�
���	�� 
�� �� ����"��	 ���� ���
!�, ����
-
�	�
�
, 	�	 ��	�	�� ���	������. *
 ��	�	 5 �
�	 �� 
�
���	�	 �	��
�
 ���	�� � ���������� ����� 
��!
�
 22332 �
 ��
�	�� III ��������
 �����
 �
���� 
����
 �
���
 SRs470.17/1.5, ��� �� 	 �
��
�
 �
��	�� 
�
�
�	�
 ��� 	���� ��!
�
. ?	��
� �� �
��
�	 �
 17.3 Hz 
(5.3 mm/s), ����	 �
���	� 34.6 Hz (1 mm/s) 	 ���"	 
�
���	� 52 Hz (0.6 mm/s). ?	��
� �� 	��
!�� � 
����	�
��� (
��	�
���) ��
���. 

First degree of the bearing’s defect induces signal that 
reveals unsynchronized vibration frequencies called “tones 
(noise) of the bearing” or signals, and their harmonics. 
Sometimes new bearings produce noises, especially if they 
have been damaged in the process of assembling, relocation 
or production.  Fig. 5 presents velocity signal harmonics in 
the frequency domain of the 22332 bearing on the shaft III of 
the wheel’s gear-reduction drive on the SRs470.17/1.5 
excavator, which later failed. Signal is most pronounced at 
the frequency of 17.3 Hz (5.3 mm/s), second harmonic 34.6 
Hz (1 mm/s) and third harmonic 52 Hz (0.6 mm/s). Signal is 
pronounced in vertical (axial) direction. 
 

 

 
��. 5.  �	���
��� ��
��	 ��!	�	 22332 
	 ��	���� III ��������	 �	�
�� ����	 �	���	 SRs470.17/1.5 

Fig. 5.  Tone harmonics of the 22332 bearing on the shaft III of the bucket wheel’s gear-reduction drive on the 
SRs470.17/1.5 excavator 

 
���� �
 �����	��� ����	��	��� ���!
�
�� ��!
�
 �� 
����� �	��
 �����
 ��!
�
 ���� �����
 �� �	����� 
������
. �����
� ����"��� ��!
�
 �
������� �� ���
 

��� ������
 �� ��������� ���
�
 � ���
�	��� ��
�-
�� ������, �
�� �
 �
�
 ������	�
 �
����
 �����	���� 
�
 ���
 
�� ��������� �	��
�	�
. 
�������
 ����
 �
���� ����
 �
���
 SRs470.17/1.5, � 
���� ���� ��������, 	
 ���� �	�
	��� ���
�
��, 
��� �� 
�	������
�� ����� ���� ���	�	 ��������� 
��������� 	 �	���	� ���	�
 ���	���
�
. *
 ��	�	 6 
�
�	 �� �	�
��
	 ���	���	� �	��
�
 ���	�� � �������-
��� ����� �
 ���� ��
���� ��
�	�
 ��������
 
�
���� ����
 �
���
 SRs470.17/1.5, �
 ��
 ��	 �
��
 
����
�
. 

Key for the effective predictive maintenance of the bearing 
is the trend of its tone level since beginning of operation. 
Sometimes damage of the bearing progresses from small 
defect to complete failure, in relatively short period. 
Therefore, early detection requires sensibility to very small 
vibration components. 
Bucket wheel’s drive unit on the SRs470.17/1.5 excavator, 
primarily gear-reduction, has poor dynamic behaviour 
manifested through first four own frequencies and their vibration 
forms. Fig. 6 shows diagrams of the speed signals in the 
frequency domain at the bucket wheel’s gear-reduction input 
shaft on the SRs470.17/1.5 excavator, for all three cases. 
 
 

1X 

2X 
3X 



 

  
"�������, ��	���� I – ��� ����
�	, � �	�� "�������, ��	���� I – ���� ����
�	, 
	 ����
�� ���� 

Gear-reduction, shaft I – before repair (at operation) Gear-reduction, shaft I – after overhaul, on the test-table 
 

 
��. 6.  ���
	�� ����	�	 � ������
�
�� ����
� ��	���	 I ��������	 �	�
�� ����	 �	���	 SRs470.17/1.5 

Fig. 6.  Acceleration signals in the frequency domain at the bucket wheel’s gear-reduction shaft I on the SRs470.17/1.5 
excavator 

 
*
 ������ �������
 ����
 �	��
�	�
 ��	 �
�� ����-
����
 �
 �
���� 	 �
��� �����, �
�������� �
 �� �
�-
�	�� ����� �� ����"
�
 �	��
�	�
 �
� �
 ��������	 
12.4 Hz 	 �� �
 ���	�� 4 mm/s. '�� �� �
���	�� ��� �� 
�������� �	�� 	 ��������	�� ������"�� � �
�� �
 �
��-
�� ���� �	 �
 ������ �����, � �
��	�	. 
 
*
 �
���� SRs1300.26/5 �
 �� „����“ �
�	�
 �� 	 �
�� 
��
 �
��	�	�
 �	�
 	 �������	�� ��������
 �����
 �
���� 
����
. ��� ��
�� �
�	�
��� �������� ����� ������	 ������
-
�	 ��������
 �� ���
 ���
��
 ����
 �����
, ��������� 
���� ����� ��
���� ��
�	�
 ��������
, ��
�	�
 �����
 ���-
��������
 	 �
�� �����������
 	 ���	�� ��!	�� ���
 
��������� ��	�� �
 �
������� ������"��
 �
���
 	 ����
 
�
���
 (���� ��	�
�
 ������ ���	�	 � ������ �
 ����!�� 
���). '�
� ������
�
� �� �!� 	�		�	�
�	 �
�� ��� �� 
��� �
�����	� ���
 ��
�� ��		�	�
�	 �
���	, 
�	 	 �
 
���� ���� �������� 	 �
�����
�
��"�. 8�		�	�
�� �
����-
��� ������
��
 �
����
 ����"
�� �������	 �
�����	� ���-
��
�
 �	���
 �
 ���
��. 
��� ���� �
�	�
��� �������� ����� �
���� ����
 �
���
 
SRs1300.26/5, �
 ������ �	�
	���� ����
���
 �	���
 
�
���� ����
, �!� �� �
����	�	 �����"�: ��
 �����
-
�	�
 �
 ��������

 ���
�
 (��� ��
�� �
�	�
��� �� �� 
	��
!���), ��
 �����
 ��
�	�
 �����������
 	 ��
�-
��� ��
�	�
 ��������
 (�
���� �� 	��
!��� ��� ��
�� �
-
�	�
���), � ������ �
�
 �����������
 ������	 ����!��-
�� ���	���
�� ������ ������ 	 ���
�
 ����������-
�
. *
 ��	�	 7 �
�	 �� �������	 �	�
��
	 ����
 �	-
��
�	�
 � ���������� �����, �
 ��
�� ��������� 
(���� �� ��	�� �
 ��������
 ���
�
 �
 �
���� SRs1300 
���	 �
�	 �
 �� „���� �“) 	 ���� ��������� ���	 �� 
���
��� �
 �
���� SRs1300 ���	 �������� �
�	 �
 �� 
„����“. 

Based on the comparison of the vibration measured during 
the gear-reduction operation at the excavator and on the 
testing table, following conclusion was reached: greatest 
increase in the vibrations is at the frequency of 12.4 Hz at 
speed of 4 mm/s. This is understandable because the gear-
reduction is loaded more during its operation at the 
excavator, than on the testing table at the factory. 
 
Two different types and concepts of the gear-reduction bucket 
wheel’s drive have been operating, and still are, at the 
SRs1300.26/5 at Drmno open pit. Main disadvantages of the 
old gear-reduction drive unit implies: very long torque lever, 
insufficiently stiff assembly consisting of the gear-reductions 
input shaft, rotor’s shaft, the electric motor itself and great 
weight unfavourably influencing distribution of the load on tie-
weight and the pillar of the excavator (beam torsion torque is 
large in comparison to longitudinal axis). This disadvantage 
can be minimised if the gaps are eliminated at the mentioned 
locations, whilst keeping connections correct and satisfactory. 
Elimination of this disadvantage implies stiffness increase of 
the mentioned elements of the system. 
 
New variant of the bucket wheel drive unit on the 
SRs1300.26/5 excavator, based on the bucket wheel’s system 
dynamic calculation, following conclusion can be reached: 
there are no correlations with the digging frequencies (present 
at old variant), there are no failures of the shafts (also present 
at old variant), there are unfavourable vibrations of the torque 
lever and the electric motor support within operating scope of 
the electric motor. Fig. 7 shows comparison of the vibration 
measured within frequency domain, at the old gear-reduction 
(SRs1300 operating at Field D open pit) and new one mounted 
on the SRs1300 currently working at Drmno open pit. 
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"�������,  
��	���� I – ���� ����
�	, � �	�� 

Gear-reduction,  
shaft I – after overhaul (at operation) 



 

               ��	�	 �	���	
�	 / Old variant 

  #��	 �	���	
�	 /New variant 
 

��. 7.  ������
� ���	��	�� ����	�	 ����	���	 ������
�$ 
	 ��	�
�� ��	���� ��������	 �	�
�� ����	 �	���	 
SRs1300 – �	�	 � 
��	 �	���	
�	 ����
�� ����� 

Fig. 7.  Comparisons of vibration accelerations, measured at the input shaft of the bucket wheel’s gear-reduction on the 
SRs1300 – old and new variant 

 
;�"
 ������� ����� ��������
 �� ���
�
�
 �
�� �	�
	-
��	 ����
���� (��������� ���	���
�� 	��
!��� 
��� ������ ������ 	 ���
�
 ����
), �
�� 	 �����-
�	���
��	 �����. *
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Increased stiffness of the new gear-reduction is confirmed 
by dynamic calculation (unfavourable vibrations at torque 
lever and motor support) as well as experimental measur-
ing. Value of the amplitudes in time domain, taken at 
typical, dominant place of the gear-reduction input shaft, is 
0.15 m/s2, whereas in frequency domain this is 0.025 m/s2 . 
These values are several times greater for old gear-
reduction, with pronounced signals indicating future 
problems. Maximal amplitude in the time domain in this 
case is 0.55 mm/s, and 0.1 mm/s in the frequency domain. 
Obviously, old variant must be revised regarding geometry 
and the new design from the aspect of increasing the 
stiffness level, namely increasing the own frequencies. 
Among other things, this caused the replacement of the old 
bucket wheel’s drive unit on the SRs1300 excavator at the 
Drmno open pit. Considering the fact that electric motor 
has frequency regulation, measured rotation speed i.e. 
speed of actuation at the new drive unit is 1020 min-1. There 
are no pronounced actuation harmonics (2X, 3X etc.), 
therefore the high stiffness of the elements with proper 
distribution of the load can be stated, which was not the case 
for the old drive unit. 
 
4. Conclusion 

Revitalization of the bucket wheel excavator is creative and 
complex engineering process. It involves set of electrical 
and mechanical interventions performed to replace all 
deteriorated and damaged parts and possibly modernize 
them. Revitalization procedures are preceded by 
comprehensive and precise diagnostic examinations. More  
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�	�� 
�
 �	������ �
�	�	 �� ��
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exact criteria for replacement or rehabilitation were 
established for electrical and mechanical equipment at the 
excavator then for steel construction, regardless the fact that 
lifetime of the bucket wheel excavator is directly related on 
lifetime of the steel construction. Since the bucket wheel 
excavator comprises of different strucural units, machinery 
parts and electric equipment representing the target group 
for the revitalization, it is safe to say that the bucket 
wheel’s structure complexity influences complexity of the 
revitalization process. 
Main results defining the global level of drive unit’s 
behaviour, attained through analytical-numerical-
experimental calculation and measuring (representing 
actions towards maintenance), indicate following: 
 

� Bucket wheel’s drive units with great distance 
between supports has poor dynamic behaviour; in 
dynamical calculation input shaft failure appearance 
as first, 2X, 3X or 4X harmonic, as proved by vibr-
diagnostics; older constructions have lower global 
level of stiffness; often the actuation from the 
rotation of the rotor’s shaft or the actuation from 
the gear-reduction input shaft coincide with the 
behaviour frequency of the construction at the 
transition of the stiffness levels; with newer 
constructions, problems are localized and often 
expressed through inadequate input shaft and 
torque lever with the small level of stiffness; 

 
� Input shaft of the gear-reduction or shaft of the 

electric motor rotor, as main indicator for the 
dynamic behaviour of gear-reduction and electric 
motor, must have adequate level of stiffness. They 
also have to be optimized from the aspect of 
dimensioning and geometry (console part towards 
the coupling has to be less than or equal to the 
distance between the bearings of the gear-
reduction); placing the heavier part of the coupling 
at the side of the electric motor rotor’s shaft is 
justified by the higher level of stiffness and higher 
first frequency. 

Based on the dynamical model, bucket wheel’s drive unit on 
the excavator can perform poor behaviour in time, depending 
on above-mentioned mistakes concerning levels of stiffness, 
geometry and supporting. Nevertheless, adequate observation 
of the whole group, namely all of its elements such as electric 
motor pad, elements of power transfer, supports of the drive 
units at the beam, and engineering intuition can lead to 
proper condition and behaviour diagnostic, and detection of 
the cause of the problem with the goal of overcoming it. 
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