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ABSTRACT 
 

Increasingly, NASA exploration mission objectives include sample acquisition tasks for in-situ analysis or for 
potential sample return to Earth.  To address the requirements for samplers that could be operated at the conditions of the 
various bodies in the solar system, a piezoelectric actuated percussive sampling device was developed that requires low 
preload (as low as 10N) which is important for operation at low gravity. This device can be made as light as 400g, can be 
operated using low average power, and can drill rocks as hard as basalt.  Significant improvement of the penetration rate 
was achieved by augmenting the hammering action by rotation and use of a fluted bit to provide effective cuttings 
removal.  Generally, hammering is effective in fracturing drilled media while rotation of fluted bits is effective in 
cuttings removal.  To benefit from these two actions, a novel configuration of a percussive mechanism was developed to 
produce an augmenter of rotary drills.  The device was called Percussive Augmenter of Rotary Drills (PARoD).  A 
breadboard PARoD was developed with a 6.4 mm (0.25 in) diameter bit and was demonstrated to increase the drilling 
rate of rotation alone by 1.5 to over 10 times. Further, a large PARoD breadboard with 50.8 mm diameter bit was 
developed and its tests are currently underway.  This paper presents the design, analysis and preliminary test results of 
the percussive augmenter. 
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1. INTRODUCTION 
 

Percussion and rotation have long been identified as effective methods of penetrating solid materials and formations 
[Badescu et al., 2007; Bar-Cohen and Zacny, 2009]. Percussion is very effective at fracturing hard, brittle materials like 
concrete, rocks and ceramics, whereas rotation is more effective on soft and/or ductile materials such as wood, plastics, 
and ductile metals.  A key advantage of rotation is the removal of cuttings from the borehole so the end-effector of the 
bit continuously comes in contact with fresh surface on the drilled medium.  Percussion fractures the material, but 
continues to hammer at the loose fragments in the borehole unless they are removed. This excessive hammering wastes 
energy that could be more efficiently used by fracturing the medium. Combining rotation and percussion produces a 
highly effective penetration mechanism.  Existing hammer-drills produce their hammering action mechanically. A novel 
rotary drill augmenter was developed by the JPL’s Advanced Technology Group (under a contract with Placidus LLC) 
by introducing ultrasonic vibrations onto a rotating bit. The device uses a piezoelectric actuator to augment any rotary 
drill with high frequency percussion. There are many advantages to using piezoelectric actuators to create hammering 
[Bar-Cohen and Zacny, 2009; Bao et al., 2003; Bar-Cohen 1999]. They can be operated under low average power using 
duty cycling. They do not require high axial loading to penetrate materials, making them very easy to use particularly in 
planets with low gravity.  They generate minimal vibration back into the mounting fixtures or the user, making their 
operation more convenient and less tiring.  It is important to note that low power and low applied force are desirable 
characteristics for sample acquisition in planetary exploratory missions with very tight power budgets, particularly on 
low gravity planets.  The ease of use and quiet operation (compared to other hammer drills) are traits that interest the 
construction and remodeling industry and the tested augmenter was developed as a prototype for potential 
commercialization. 

Generally, piezoelectric materials generate a charge when under an applied stress. The converse is also true, where 
an applied electric field produces mechanical strain in piezoelectric materials. By driving the piezoelectric material with 
a sinusoidal electric field at ultrasonic frequency vibrations with micron size amplitudes are generated.  A significant 
advantage of using piezoelectric stacks as actuators is the ability to operate them at extreme temperatures.  This would be 
particularly of interest to exploration missions to such planets as Titan and Europa where the temperature is as low as -
180oC and Venus where it is as hot as 460oC [Sherrit et al., 2005].  Constraining a piezoelectric stack between a backing 
and a variable cross-section horn amplifies the vibrations at the horn tip and maintains the PZTs in compression [Sherrit 
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Figure 14: The admittance spectra of the 50.8mm diameter PZT rings transducer. 

 
5. CONCLUSIONS AND FUTURE WORK 

 
This paper reports the development of an augmenter for rotary drills that is driven by a piezoelectric actuator to 

induce vibrations onto a rotary bit.  The augmenter was conceived to support potential future NASA exploration 
missions with the objective of acquiring samples for in-situ analytical instruments.  Significant improvement of the 
penetration rate was achieved by the introduction of the ultrasonic hammering action that is generated on fluted bits by 
the piezoelectric actuator.  This improvement is due to the enhanced capability to fracture the rock and the fluidization of 
the cuttings which aids the removal process.  The development was done in two steps where the first step focused on a 
small scale version with a 6.4 mm (0.25 inch) diameter bit.  The tests of the small scale rotary drill and augmenter over a 
wide range of power combinations with a total power of 160 W drilling in limestone have shown drilling penetration 
rates as good as or better than the commercial rotary-hammer drill. Specifically, it was demonstrated to increase the 
drilling rate by 1.5 to over 10 times over rotary only drilling.  In the second phase that is currently underway, a large 
version was developed using a bit that is 50.8 mm diameter.  Preliminary results of testing the large design version are 
quite encouraging and progress will be reported in future publications.   

The current design of the augmenter device is made as an attachment to a rotary drill.  In future modifications it can 
be designed and fabricated as a single unit where the augmenter is integrated into a single drill.  The integrated 
augmenter can be mounted along a drill shaft behind the rotary motor eliminating the need for an adaptor and thus 
providing a more compact packaging. 
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