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PhD POSITION 

 

«OPTIMAL DESIGN OF LOW ENERGY CONSUMPTION ROBOTS» 

 
Scientific field and context 

Global energy consumption has increased by a factor of 26.5 per capita over the past two 

centuries [1]. Therefore, the EU and a number of non-governmental organizations have set 

themselves the goal in the coming years to increase the efficiency of the resources used industry. 

With growing concerns about this excessive consumption, new optimal methods of machine 

design need to be developed. Obviously, more energy-efficient robots will immediately lead to 

significant reductions in industrial energy consumption. In robot design, the reduction of energy 

consumption can be achieved in different ways. However, within the framework of this doctoral 

thesis, the methods of reducing the energy consumption of robots based only on the optimal 

redistribution of the mobile masses and the control of the movement will be considered. In low-

speed operating mode, an effective solution is the balancing of gravitational forces, which leads 

to the minimization of input torques [4]-[9]. However, with the increase in the accelerations of 

the mobile elements of robots, the forces of inertia become important and the compensation of 

the gravitational forces in dynamic mode cannot be optimal. In this context, it would be 

necessary to find such a distribution of the mobile masses or shapes of elements, which makes 

it possible to minimize the input torques in dynamic mode [10]-[18]. It is also important to note 

that the balancing of the robots, which reduces the vibrations on the frame often leads to the 

increase of the moving masses and consequently to the increase of input torques. From this 

point of view, a compromise is possible to find a partial solution allowing these two objectives 

to be achieved simultaneously. 

 

Objectives and scientific problems. The aim of the proposed research project is to develop a 

new technique to reduce the energy consumption of robots. To achieve the goal, a symbiosis of 

different approaches should be used: a) The development of a new robot design or its 

improvement by modifying the initial structure. Therefore, this thesis will address various 

points. First, synthesis of mechanisms will have to be carried out in order to find one or more 

optimal structures, which will make it possible to generate the reduced input torques. Once this 

has been achieved, it will be necessary to express the geometric, kinematic and dynamic models, 

which will be used for the optimal design and control of the system. The optimal design problem 

will then be posed as a multi-criteria optimization problem for which constraints and objectives 

will have to be set, mainly in terms of the dynamic capacity of the system with the simultaneous 

study of the efforts necessary for the cancellation (or reduction) of the reactions on the robot’s 

frame. b) Optimization of the trajectory of the robot's center of gravity in order to reduce its 

potential energy; c) optimal redistribution of moving masses; d) study and optimization of robot 

motion laws. The influence of friction forces and backlashes in the joints on the energy 

consumption of robots can also be included in the problems considered. Numerical simulations 

and experimental tests will illustrate the effectiveness of the proposed solutions. 
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Start date and duration 

The doctoral thesis will begin before 2024 for a period of 36 months. 

 

Remuneration 

26,4 k€ annual gross salary. 

 

Place of work 

The PhD student will carry out his research at the INSA Rennes (building 11, office 133), with 

possible displacements to Nantes. He will benefit from the support of the LS2N and the INSA 

Rennes. 

 

Required skills 

Candidates must have good skills in mechanics of linkages and robots. It is also desirable that 

they will be familiar with the Adams and Catia or SolidWorks software, as well as Matlab. 

 

Deadlines 

The candidate must submit his application on the «Thèse Bretagne Loire» website: 

https://theses.doctorat-bretagneloire.fr/spi.bzh  

before Friday, April 7, 2023 

Applicants must provide a CV, cover letter, master's grades and ranking as well as 

recommendations (if you have them). 
 

Please send a copy of the application file to the address: vigen.arakelyan@insa-rennes.fr 

Ranking of successful applications: May 5, 2023 

The auditions will be organized between May 16 and May 26, 2023 (for foreign candidates, 

these auditions may take place via videoconference). The duration of the interview is 30 min 

(15 min presentation and 15 min questions). 

 

Supervisor 

Vigen ARAKELYAN (100%) 

Full Professor, Researcher in the teams ROMAS (LS2N) and MECAPROCE (INSA Rennes) 

 

If you are interested, please contact: 

Vigen ARAKELYAN, Full Professor 

INSA Rennes / LS2N 

Tel. : +33 (0)2 23 23 84 92 

e -mail: vigen.arakelyan@insa-rennes.fr 
 

https://theses.doctorat-bretagneloire.fr/spi.bzh
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