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ABSTRACT 

This paper presents a new generation of mole type 
penetrators driven by an electromagnetic direct drive. 
EMOLE is a low-speed penetrator capable of 
underground mobility within regolith carrying scientific 
instruments (such as sampling tools or thermal sensors) 
in planetary missions, where Mars and the Moon are the 
mostly foreseen destinations. EMOLE combines new 
ideas and earlier achievements, both of which had 
influence on the concept and would demonstrate the 
technology. In consequence, a laboratory model device 
was successively developed. Its principle of operation is 
based on the interaction of the three masses of the 
device between which the energy exchange is 
performed and, as a result, a hammering action is 
achieved. The major novelty of the EMOLE concept is 
twofold – the penetrator’s drive will be much more 
reliable in comparison to the spring driven moles, and 
its new drive system will be fit to have power settings.  
 
CONCEPTION 

Space Research Centre of the Polish Academy of 
Sciences (CBK PAN) has been involved in the 
development of low-speed, hammer-driven penetrators 
since 1996, when the project MUPUS (MUlti PUrpose 
Sensor for surface and subsurface science) [1][2] for the 
European Space Agency’s (ESAs) space mission 
ROSSETTA aimed at investigation of the surface and 
subsurface of the 67P/Churyumov–Gerasimenko comet, 
has begun.  

 
Figure 1. MUPUS insertion hammering device with an 

electromagnetic drive. 
 

The aim of the experiment MUPUS was to measure the 
temperature profile and thermal conductivity of the 
comet core by insertion of the sensors up to depth of 40 
cm. 
For this purpose a unique electromagnetic direct drive 
was developed (Fig. 1). This type of solution has never 
been used before in space missions. Feature of this drive 
is that, electrical energy is accumulated in a special foil 
capacitor and then is discharged by a coil with moving 
iron stem which acts as a hammer of the penetrator.. 
When magnetic circuit closes, the hammer accelerates 
to the speed of the order of 8-9 m/s on 6 mm per hit. 
The MUPUS instrument was dedicated to work in 
unusual environment conditions (space, comet surface, 
temperature up to 130K), so it has to have design 
features such as: ability to work in microgravity 
conditions, low power consumption (2W), low weight 
(0,48kg) as well as comparatively large striking energy 
(0,8J) while maintaining minimum response to impact 
to keep it during work of manipulator connected with 
lander(0-1N). 

 
Figure 2. Principle of operation of the penetrator 

MUPUS (main parts: 1 - counter-mass; 2 - place to 
generate power; 3 & 4 - spring suspension; 5 - hammer; 
6 - manipulator arm (1m) ending lead clamp (0-1N); 7 - 

hammered rod) 
 
Above there is a description of the penetrator’s MUPUS 
principle of operation. The mechanism consists of three 
masses interacting with each other: hammer, counter-
mass, rod, where hammer with counter-mass and 
counter-mass with rod are connected to each other by 
elastic suspension.  
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One cycle of work consists of the following five steps 
(Fig. 2.): 
(I) initial configuration,  
(II) acceleration of the hammer which hits the rod 

and causes its movement,  
(III) simultaneous move of counter-mass in the 

opposite direction,  
(IV) gradual transformation of kinetic energy of 

counter-mass into potential energy of flat 
spring that is placed between rod and counter-
mass (called return spring), 

(V) return of counter-mass to the initial 
configuration and the repeated strike by 
counter-mass. 

Penetrator CHOMIK [3] similar to the MUPUS was 
developed in CBK PAN for Russian mission PHOBOS-
GRUNT as a device to collect surface sample and make 
thermal measurements afterwards.  
In 2006-2011 there were developed two elaborate mole 
type  penetrators called KRET [3] (first prototype 
visible on Fig. 3.), which could entirely imbedded under 
regolith surface.  

 
Figure 3. Mole penetrator “KRET” 

 
It works similarly to MUPUS (cooperation of three 
masses), however thanks to the application of a different 
drive (DC engine and crossed helical gear with special 
grasper), it was possible to fit the whole hammering  
mechanism in a tube. The engine, thanks to a special 
grasper, pulls the spring with attached mass (hammer). 
At some point the grasper is released and the spring 
dispels hammer which at the end of movement hits the 
housing. Thereby, the KRET’s operating range is 
limited by the length of the cable supplying KRET  with 
electrical power and by the hardness of the ground in 
which it is imbedded The developed Polish design 
solution allowed to achieve significantly more energetic 
hits (over 2J) and more effective work (optimization of 
the tip’s shape and weight distribution).  
 
Generally, the main drawbacks of the so far existing 
mole solutions are: 
- no regulation of hit energy, which in many cases is 

deadly for science sensors and sampling 
equipment,  

- large amount of intermediate parts of  mechanism 
type of gears, motor brushes, bearings etc. what 
can cause lower reliability. 

 

According to the conception, the proposed 
electromagnetic direct drive is dedicated for a more 
reliable and secure insertion mechanism of the planetary 
mole penetrator. Correct operation of sensors and safety 
of casing are threatened by the highly energetic hammer 
hitting. Thus, main activities were focused on the 
development of a new direct drive, the most crucial part 
of every mole. 
Newly developed penetrator should have five 
electromagnetic driving sections (similar to MUPUS, 
but downscaled and multiplied). Furthermore, its 
dimensions  should be no larger than 25 mm in diameter 
and 250 mm in length.  
 
PRELIMINARY TESTS [4] 

The concept’s verification test-stand was developed and 
is shown in Fig. 4. A single electromagnetic drive 
section (one coil) is tested on this test-stand. 
Geometrical and mass proportions are retained in 
accordance with the actual full design. The velocity of 
hammer is measured using linear encoder and magnetic 
tape. For the purpose of the tests, the Counter Mass 
remained fixed, so as the result full stroke energy was 
transferred to the Hammer Assembly. 

 
Figure 4. Verification test-stand (with ‘foot’), in the top 

right the actual stand with control electronics. 
 
Goals of the test campaign on this test-stand were 
following: 
- to see how coil material influences efficiency of 

the system, 
- to determine the energy fit of the system (meaning: 

at which stored energy the system achieves highest 
efficiency), 

- to optimize balance between pair of parameters: 
capacitance and voltage on the capacitor to achieve 
the most energetic stroke, 
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