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Introduction:  Production of 238Pu requires con-

siderable facilities including a nuclear reactor and re-
processing plants that are very expensive to build and 
operate. The European Space Agency (ESA) has as-
sessed the options for post-launch power generation in 
future European space missions and has made the deci-
sion to pursue the use of 241Am as an alternative iso-
tope to power future European RTGs and RHUs [1]. 
ESA are now following their published roadmap of 
studies to develop flight ready RTGs and RHUs [2]. 

 
Background: An item on the ESA roadmap is the 

design of an Am2O3 fuelled encapsulated pellet for use 
in RTGs or RHUs. As part of a consortium, the Na-
tional Nuclear Laboratory has assessed the feasibility 
and design required for an Am2O3 fuelled pellet that is 
consistent with conventional RTG and RHU configura-
tions. The study was divided into three tasks; Design 
Principles, Preliminary Design, and Detailed Design.  
Based on existing GPHS (Figure 1) and RHU designs, 
a set of design requirements was identified during task 
1, allowing preliminary designs to be developed during 
task 2.  Task 3 expanded on these preliminary designs 
to develop detailed GPHS and RHU design architec-
tures and demonstrate compliance of these designs with 
the previously developed requirements. 

 

 
Figure 1. Existing design GPHS, showing the vari-
ous components. 
 
Requirements: The new architectures are based on 

existing proven designs, scaled as required to provide 
sufficient thermal output.  These new architectures 
have been shown to meet a number of design require-
ments relating to power output, mass, radiation dose 

and thermal/impact performance.  A series of finite 
element (FE) models, for both the GPHS and RHU, 
have been used to demonstrate compliance of the de-
tailed designs with several of the thermal and impact-
related requirements. The requirements selected for 
assessment included those considered to provide the 
most onerous load cases and address possible accident 
scenarios such as launch pad fire/explosion, high/low 
angle re-entry and subsequent earth impact. 

 
Thermal: The thermal profile for normal operation 

of a GPHS type unit powered by 4 x 20Wth 241Am2O3 
pellets is shown in Figure 2. The FE model considers a 
2D cross-section through a single fuel pellet, plus sur-
rounding cladding and graphite layers.  The aeroshell 
surface temperature is set to the proposed design oper-
ating temperature of 1200K. 

 

Figure 2. Thermal profile of a clad 20Wth 
241Am2O3 

pellet within a GPHS geometry in normal operating 
mode. 

 
By contrast a shallow angle re-entry event, where 

the GPHS re-enters the earth atmosphere, provides a 
severe thermal test of the aeroshell with surface tem-
peratures approaching 3500K (Figure 3). Initial studies 
suggest that the pellet and clad are adequately pro-
tected and do not exceed 1600K, well below the melt-
ing point of Am2O3 (~2500K) and the metal carbon 
eutectic of the clad material (~2000K for Pt30Rh; 
2500K for DOP26 Ir alloy). 
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Figure 3. Thermal profile of a clad 20Wth 

241Am2O3 pellet within a GPHS geometry with a 
3500K aeroshell temperature. 

 
Impact: Impact modelling of the clad pellet with 

no aeroshell protection demonstrated that certain de-
sign criteria could not be met by the detailed design. 
For example a side on aluminum flyer plate (200 x 200 
x 3 mm) at 140 m/s was predicted to severely breach 
containment. However some breach was also found in 
the case of 238PuO2 clad pellets under these extreme 
test conditions [3]. By contrast for face on flyer plates 
the 241Am2O3 clad pellet fully penetrated the aluminum 
plate with no significant breach of containment (Figure 
4).  

 

 
Figure 4. Impact model of a 20Wth 241Am2O3 

clad pellet colliding with an aluminum flyer plate 
(150 x 175 x 3.5 mm) at 1000m/s. 

 
 
Radiation: Dose rates were calculated for the new 

architecture GPHS fuel pellet at various clad thick-
nesses. The dose rate for 100We 241Am2O3 RTG sys-
tems, assuming a 1mm iridium clad thickness, are 
within the range of a 285We (4500Wth) 238PuO2 RTG 
(Figure 5). This calculation did not include 16O en-
richment to reduce the neutron dose or any self shield-
ing from the arrangement of the 4 pellets within a 
GPHS block and so the dose rates will be lower within 
an assembled RTG geometry. 
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Conclusion: Once the full study has been com-

pleted, ESA will have a first quantitative assessment of 
the key performance attributes on the proposed Am2O3 
fuelled pellet architecture. If this architecture is chosen 
for further development, modelling results from this 
study should be verified through a comprehensive im-
pact and thermal test programme.  This will likely re-
quire high temperature and high strain-rate materials 
testing of the fuel pellet and clad to allow more accu-
rate models to be developed. 
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