While an electrical power system is one of the more complexand importantsystems ever builtby
human civilization; the protection system is notless complexity. The situation is aggravated by the
increasing complexity of protection schemes and the use ofdigital relays containing software for the
managementofthe different operating conditions of power systems. Digital relays are aresultof the
application of microprocessortechnologyin the protection industry. These relays are in an extensive use
in modern protection schemes and are also a very active area of research. A particularemphasis has
been given to the developmentof algorithms thatallow obtaining the mostaccurate decisioninthe
fastestway. Besides, the low reliability level of digital relays is regarded as a dark pointthat hovers
aboutthem and considered as major worrystated by many specialists in the field of power system. The
work reported in this thesis has made the following contributions : -An exhausting review which resumes
the main highlightsin protective relay's developments and trends. -An enhanced algorithm based on the
theory of harmonic analysisto discriminate between the internal faultand the inrush currentcreated
during the switching of the power transformer. The simulation results ofthe proposed differential relay
gave very satisfactoryresults in term of discrimination as well as in term of rapidity (operating time). - A
new algorithm for numerical overcurrentprotection of induction motors. The effectiveness of our
developed model was proven by comparing its behaviors versus differentabnormal situations with
various inverse time characteristics normalized bythe IEC standard. - A comprehensive analytical
approach for assessing and im proving the reliability of digital protective relay has been presented. After
identifying the common cause failures; the fault Tree method has been used to analyze and quantify the
failure rate, the reliabilityas well as the lifetime of DR. The results of the proposed methodologyreveal
that the failure rate is reduced by 25 %, the reliabilityis significantlyimproved and the lifetime is

extended by more than 30 %



