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Abstract-This paper presents an analytical multi-physic 

modeling tool for the design optimization of a new kind of 
naval propulsion system. This innovative technology consists 
in an electrical permanent magnet motor that is integrated 
into a duct and surrounds a propeller. Compared with more 
conventional systems such as pods, the electrical machine and 
the propeller have the same diameter. Thus, their geometries, 
in addition to speed and torque, are closely related and a 
multidisciplinary design approach is relevant. Two disciplines 
are considered in this analytical model: electromagnetism and 
hydrodynamics. An example of systematic design for a typical 
application (a rim-driven thruster for a patrol boat) is then 
presented for a set of different design objectives (efficiency, 
mass, etc). The effects of each model are commented.  

 

I. INTRODUCTION 

The rim-driven permanent magnet (PM) propulsion 
system is a novel and emerging technology for the vessels 
propulsion. It consists in a synchronous PM machine that 
surrounds a propeller and is integrated into a duct. The 
permanent magnets are stuck on a soft magnetic material 
ring surrounding directly the blades. This assembly 
constitutes the rotor of the propulsion PM motor. The stator 
of this motor is inserted into the duct of the propeller. With 
this configuration, the gap between the rotor and the stator 
can be immerged in the sea water. In this case, active parts 
(windings, magnets, magnetic cores) are insulated from the 
sea water thanks to an epoxy resin. Compared with more 

traditional electrical propulsion system, it presents some 
interests such as a better hydrodynamic efficiency, the 
blades protection, a smaller electrical motor and the 
possibility to increase its rated power above the limits of 
the traditional pod thrusters [1]. This kind of solution is 

now technologically mature and experimental studies, from 
industrial or academic laboratories, have already been 
performed in the last decade [2], [3]. It can also be used in 
marine current energy harnessing [4] as shown in fig.1. 
However, few multi-physic models for the design of those 
specific systems have been presented for the moment. 

With this particular technology, the propeller and the 
electrical machine have the same diameter, torque and 
speed. For this reason, a coupled multi-physic design model 
is proposed in order to avoid a sequential approach that 
would be less relevant and imply time consuming calculus. 
To be inserted in a systematic design process, it seems 
necessary to develop a multi physic model which is 
accurate and simple enough to minimize the calculation 
time. In addition, the results given by the model must be 
insensitive to any mesh variation (due to a geometrical 
variation, as in numerical models). This is the reason why 
an analytical approach has been chosen for this work. This 
kind of model allows a fast and good convergence of such 
systematic design process. In this paper, a separate 
description of two models is given. The first one is an 
analytical first order electromagnetic (EM) model that is 
particularly relevant for this specific structure of electrical 
machine (section II). The second one is a model of 
propeller that is well known in the field of propeller design 
(section III). It is based on a set of typical ducted propeller 
data obtained from tests in ship model basins. The accuracy 
of each model is evaluated and both models are coupled 
(section III). Finally, a systematic design using the coupled 
model is achieved for a patrol boat propeller (section IV). 
The influence of each sub-system on the choice of the 
overall characteristics is discussed  

  

II. ELECTROMAGNETIC AND THERMAL MODEL  
III. CONCLUSION 

In this paper, a multi-physic model for the design of an 
integrated rim driven propeller is presented. The rim-driven 
thruster is made of two main sub-systems (the propeller and 
the electrical machine) that are closely related. As a 
consequence, a coupled multi-physic model for the design 
of this machine seems essential. This paper gives a 
description of two hydrodynamics and electromagnetic / 
thermal models as well as the way to couple them. The 

 
Fig. 1 Schematic view of a rim-driven system  



simplicity and the accuracy of the proposed analytical 
coupled model allow an easy insertion in a systematic 
design process. An example of systematic design is 
proposed where the efficiency and the rotor mass of the 
system are optimized. It is shown, on this particular 
example, how to select appropriately the characteristics of 
the propeller. This example highlights the interest of a 
coupled model on the design of a rim propulsion system. 

Some future improvements on the model should include 
the development of a more exhaustive propeller model, 
adapted to a more accurate optimisation process.   
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