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Introduction: In situ elemental analysis is an im-
portant requirement for a variety of scientific and en-
gineering goals in lunar exploration, including the 
characterization of the stratigraphy of lunar regolith 
and the identification of minerals relevant to in situ 
resource utilization. Subsurface analysis is typically 
performed through sample acquisition by a coring 
drill, a sample scoop or excavator, followed by sample 
preparation which can involve crushing, comminuting 
and sieving of the sample, depending on the instru-
ment requirements.  

An alternative approach which consists in bringing 
a miniaturized version of the instrument to the sample 
has received considerable attention and is being ex-
plored for downhole elemental analysis. 

Our approach consists in using a downhole laser-
induced breakdown spectroscopy (LIBS) system, inte-
grated into a 1m-class drill. The drill allows subsurface 
access, while the LIBS sensor provides information on 
the elemental analysis as a function of depth. 

 

Figure 1 shows a schematic of the DIHeDRAL  
sensor (Downhole regolith Interrogation with Helium-
assisted DRill And LIBS), which is currently being 
developed at Honeybee Robotics.  

The LIBS sensor head is integrated in the drill 
string and the optical components of the sensor are 
located on the lander and are connected to the sensor 
head through fiber coupling. 

A triangulation sensor located in the sensor head 
determines the distance of the sensor from the bore-
hole wall and an actuator modifies the position of the 
sensor accordingly. 

DiHeDRAL allows profiling the borehole by ad-
justing the position of the sensor with a vertical stage; 
a second actuator at the top of the drill string allows to 
scan the borehole in the azimuth direction. 

 
 

 

 
Figure 1: Dihedral: Down hole regolith interrogation with helium assisted drill and LIBS. 
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Figure 2. Analysis of iron in NU-LHT-2M using the method of standard addition. 

 
LIBS:  LIBS (Laser Induced Breakdown Spectroscopy) 
is a non-contact analytical method. Samples are probed 
by focusing a high power laser on the surface and ana-
lyzing the spectral content of the laser induced 
plasma[1]. Sample composition can be determined 
from the intensity of the atomic emission lines. 

Analysis of iron and titanium in lunar simulant with 
LIBS was performed in air using the method of stan-
dard addition. The results for lunar simulant NU-LHT-
2M are displayed in Figure 2 and show a value for the 
concentration of iron ranging between 2.29% and 
3.05% depending on the atomic line selected. The ac-
cepted value for the sample analyzed is 2.83%, show-
ing the capability for the system in development to 
provide qualititative and semi-qantitative analysis in 
real-time. 

Drilling Technology: On Earth, one of the con-
ventional methods of cuttings removal is to flush them 
out with compressed air [3]. A number of tests in 
pneumatic transfer of granular material in vacuum (2-3 
Torr) and reduced gravity (1/6th G) showed that with 
1g of gas over 5000g of rock powder can be lifted out 
at high speed [4]. Even assuming a very modest effi-
ciency of 1g gas for each 100g of rock powder, the 
required mass of gas to lift all the cuttings from a 1 
inch diameter and 3m deep hole is only ~40g.  

All propulsion systems use helium as a pressuring 
gas for the propulsion system. The high pressure he-
lium (>1000 psi) is contained in a separate tank; dur-
ing the burn, it is allowed to flow into a propulsion 

tank to keep the propellant pressurized (this is espe-
cially important in a low gravity environment). After 
the touchdown, residual high pressure helium is left in 
the tank and can be used for other applications. Thus, 
for the proposed drill system, a helium flushing system 
will come essentially at no cost to the payload. 

The use of flushing gas as opposed to an auger for 
cuttings removal also means that it is not necessary for 
the entire drill string to rotate. This naturally lends 
itself to the incorporation of downhole instruments, as 
the routing of electrical harnesses and, more impor-
tantly, optical fibers becomes much simpler for a non-
rotating drill string. The use of optical sliprings be-
comes unnecessary, greatly increasing optical signal 
transfer efficiency.  
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