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Introduction: In search of extraterrestrial life within the
solar system, Jupiter’s moon Europa emerges as a promising
candidate. Previous observations indicate the existence of a
global ocean beneath the moon’s icy shell. To explore the
hidden water reservoir, future missions need to penetrate the
kilometer-thick ice layer [1]. Within the project TRIPLE
(Technologies for Rapid Ice Penetration and subglacial Lake
Exploration), initiated by the German Space Agency at DLR,
technologies for such a mission are under development [2].
Three main components are involved: (i) A fast and retriev-
able electrothermal drill, also referred to as a melting probe,
for penetrating the ice shell and investigating the ice layer. (ii)
A miniaturized autonomous underwater vehicle (nanoAUYV)
for exploring the water reservoir and collecting samples.
(iii) An astrobiological laboratory for in-situ examination of
samples.

This contribution focuses on the development of the
melting probe and its forefield reconnaissance system as
one of the potential instrumentation and scientific payloads
for a future space mission to icy moons. TRIPLE aims to
demonstrate the operational capability of the entire system
in a terrestrial analog scenario in Antarctica. Of particular
interest is the Dome C region, as it is expected that subglacial
lakes in this area lie beneath a several-kilometers-thick ice
shell [3].
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Figure 1. Technical drawing of the TRIPLE-IceCraft
melting probe (Diameter: 20 cm, Length: 4 m).

Figure 2. TRIPLE-IceCraft melting probe during the test
campaign on Ekstrom Ice Shelf, Antartica 2023/24

The TRIPLE-IceCraft Melting Probe: In the first stage
of TRIPLE, a prototype for the technical feasibility of the
melting probe - the TRIPLE-IceCraft - was developed [4]. It
is designed for a drill depth of several hundred meters and a
drilling velocity of 3-5 m/h. For the transport of standardized
scientific payloads through an ice sheet, a modular carrier
system consisting of several watertight pressure vessels, a
winch module and two efficient melting heads of parabolic
shape [5] has been developed (see Fig.2). The melting head at
each end of the probe is equipped with electrothermal heating
cartridges with a total power of about 20 kW, permitting
a refreezing of the melt hole. Furthermore, the probe is
retrievable since the cable is coiled inside the probe using
an electric-motor-powered coil. The cable bears the weight
of the probe and is additionally utilized for communication
and power. To integrate arbitrary scientific payloads, payload
modules with standardized interfaces for voltage supply and
communication are provided.

During the 2023/24 Antarctic summer season, the
TRIPLE-IceCraft melting probe was successfully tested on
the Ekstrom Ice Shelf near the German research station
Neumayer-Station III. A camera and a SONAR module were
integrated as scientific payloads. As part of the test campaign,
all (sub)systems were tested and several boreholes were
drilled, the deepest of which was 52m. During the tests,
the probe demonstrated full capability to return to the surface
solely using its own cable.

The TRIPLE Forefield Reconnaissance System: For
the success of the mission, it is mandatory for the melting
probe to detect obstacles on its trajectory and effectively
navigate to the ice-water interface. To fulfill this requirement,
a forefield reconnaissance system (FRS) consisting of sonar
and radar is being developed and optimized for integration






