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Fig. 9. Impact of the system of picks on the amplitude of boom vibration excitation elements 
in the range of its first three eigenfrequencies

free vibrations, the maximum amplitude of vibration elements were smallest for the pick system 
in which the number of picks on the principal component of the cutting head NZ is 56. Compared 
to the system with the smallest number of picks (NZ = 44), the maximum amplitude of vibration 
elements were smaller by about two-thirds. In the frequency range corresponding to the 3rd ei-
genfrequency of the boom, the smallest value of the amplitude of maximum vibration elements 
of its external load, was noted for the system with the largest number of picks (NZ = 69). It ac-
counted for nearly half of the maximum amplitude value achieved in the frequency range for the 
system with the smallest number of picks. In the case of the pick system in which 56 picks were 
arranged on the principal component of the cutting head, the maximum amplitude of the boom 
vibration excitation elements was 10% higher than the value noted for NZ = 69.
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load of the corresponding hydraulic cylinders while cutting rock with cutting heads equipped 
with 56 and 57 picks, arranged as described above. The dynamic load amplitude of the boom 
deflection cylinders on a plane perpendicular to the floor (PSP) for NZ = 57 is smaller by 5%, up 
to even 67%, versus the amplitude of the load obtained for NZ = 56. Even a greater reduction of 
vibrations was achieved for the dynamic load on the telescopic mechanism cylinders (PST). In 
this case, the amplitude of this load was decreased by a range of 38%÷80%.

The relationship of the boom’s defined amplitude of vibrations in the point SG (Fig. 1a) in the 
direction of the Y and Z axis for an XYZ system for the two pick systems compared (NZ = 56 and 
57) was within 0.17 to 0.82. In the case of longitudinal vibrations for the boom (coordinate ySG) 
for the pick system in which 57 picks were arranged along the principal cutting head component, 
a reduction of vibration amplitudes from 39% to even 83%, was achieved. The amplitude of 
lateral vibrations on a plane perpendicular to the floor (coordinate zSG) was decreased in a range 
of 18%÷67%. Vibrations in the direction of the axis X were not analysed here. The dynamic 
model used for the studies did not consider the boom deflection mechanism on a plane parallel 
to the floor which, as expected, would significantly influence boom vibrations in this direction.

A reduced speed and acceleration of vibrations was also noted for the pick system in which 
57 picks were arranged on the principal component. The boom vibration speeds of y·SG and z·SG 
were reduced from 19% to nearly 80%. The acceleration values of boom vibrations: y··SG and z··SG 
were smaller by 4 ÷ 74%, compared to the values of such acceleration obtained from a cutting 
head equipped with NZ = 56 picks.

6. Conclusion

The computer simulations performed have pointed out that, by selecting a pick system with 
a cutting head having an appropriate number of picks with the appropriate arrangement, the dy-
namics of a boom, being an important element of a roadheader cutting system, are manageable. 
Vibrations can also be reduced, and dynamic loads minimised, by adapting the system of picks, 
which is responsible, to a high extent, for the form of vibration excitation during the cutting 
process, to the dynamic properties of the system.

The issue of eliminating roadheader boom resonance vibrations in the fashion considered 
in this work is very difficult to implement. This is due to the fact that, it is practically infeasible 
to differentiate the vibration excitation frequencies in this system from its free vibrations. On 
one hand, this is due to the wide spectrum of elements of external boom load vibrations from 
rock cutting, implemented for the various relations between the parameters that characterise it. 
On the other hand – the reasons for this are the variations in the dynamic properties of the boom 
in its functioning positions (deflection, telescopic extension). As a result, the frequencies of free 
vibrations of the boom create certain ranges which may partially coincide.

One way for solving the dilemma presented in this work is to minimise the external boom 
load vibration amplitude, especially in relation to the vibration elements in the resonance zones. 
As the amplification of vibrations in resonance is a result of the value of the amplitude multiplica-
tion factor (depending on the damping value in the system), resonance vibrations can therefore 
be reduced by reducing the excitation amplitude of vibrations. The objective was achieved as 
a result of the comprehensive numerical analysis performed. This stems from the fact that, in the 
context of achieving the anti-resonance criterion, an advantageous system of picks on roadheader 
cutting heads was determined.




