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specifically for the current drill handle. Later the response of the new handle will be compared to this
reference design to show the improvement that is possible.

The measurement set-up is shown in Figure 4.7 and Figure 4.8. The drill is a percussive tool with the
z-direction the axis of operation. The x-direction is vertical and the y-direction horizontal. Three Brtiel
& Kjrer type 4393 charge accelerometers were used to measure the operational vibration of the handle.
The accelerometers were mounted on mechanical filters with a cut-off frequency of 3000 Hz in
accordance with the standard's guideline for percussive tools. The handle did not have any additional
isolation material (Figure 4.2a) and is usually used with a work glove that offers negligible isolation.
The pressure was also measured to establish the relationship between excitation frequency and supply
pressure. It was additionally found that the pressure measurement could be used to calculate the
excitation frequency. Such an approach could be much cheaper than using a piezoelectric
accelerometer.

 
 
 



The test started with a collaring operation shown in Figure 4.9. The collaring establishes a starting
hole for the drilling operation. After collaring the second operator lets go of the drill steel and the
drilling commences. The memory of the Siglab 20-42 FFT analyser allowed for 32 seconds of data to
be sampled at 5120 Hz on 4 channels. The specified frequency range of 5-1500 Hz is easily covered.
This corresponded to an almost complete hole of ~ 1.8 m at the maximum pressure tested. At lower
pressure the drill speed is lower. Because the drill performance is different in different types of rock a
standard Norite block is used for all testing. Four drills were measured. Three of these were new and
their operational characteristics will probably vary with time. The fourth was a drill used for
development work and consequently well run in.

As would be expected the acceleration in the z-direction was the largest, but in the other two directions
significant values were measured which could have an impact on the design under the new ISO
standard. A typical measurement is shown in Figure 4.10. The acceleration values have been
integrated to show the handle velocity and displacement. Although 95% of the displacement
amplitudes were less than 2 mm for all operating conditions, the absorber has to be able to cope with
maximum values of up to 8 mm.
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Figure 4.10: Typical measurement in the z-direction

 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



The experimental set-up is shown in Figure 5.2. Here the AVAl was fitted to a Zonic hydraulic
actuator and controller. Four 10 kg weights were incrementally added to the AVAl (recall that the
mass of the AVAl on the isolated side is 7.5 kg). The stepped sine excitation method was used with a
0.2 Hz frequency resolution from 10 to 70 Hz. This method gave good results, with the lowest
correlation measured being 0.98. Acceleration measurements were done with 100 mV/g PCB ICP
accelerometers. The pressure was varied using a manual pressure regulator in increments of ~50 kPa
from 0 to 600 kPa.

A set of transmissibility curves measured in this way is shown in Figure 5.3, where it is compared to
an undamped conventional isolator with a similar natural frequency as reference. Also shown is a
straight-line curve fit through the points off minimum transmissibility at each frequency. These points
do not necessarily coincide with the isolation frequency since the minimum transmissibility is also a
function of pressure. The points were calculated by finding the intercept of the slope of each curve
with the following curve. The envelopes of all the curves are shown in Figure 5.4. As could be
expected, the transmissibility is lower as the isolated mass is increased.

 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
  



 
 
 



 
 
 



 
  



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
  



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
  



 
  



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 


