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 عهى يبذًل رباعً الأرجم ثلاثً انطىرانسٍطرة انتُبؤٌت 

لاخ تسثة انحاظح نًثذَل ًٚكُّ ٚؼرثش انًثذًل ستاػٙ الاسظم رٔ يصذس انفٕنرٛح ًَٕرظاً يطٕساً نهًثذَل شلانصٙ الأسظم انرمهٛذ٘. نمذ ذى اسرحذاز ْزا انُٕع يٍ انًثذَ 

ْزِ الاطشٔحح دساسح انرحهٛم انشٚاضٙ ٔيثذأ ػًم  انرؼايم يغ ٔيؼانعح الاحًال غٛش انًرًاشهح ٔانغٛش خطَٛح ٔانرٙ ذظٓش فٙ انؼذٚذ يٍ انرطثٛماخ انصُاػٛح.ذى فٙ

ْزا انرًصٛم اػرًذ تشكم  Matlab/Simulinkنرشغٛم انًثذَل ػٍ طشٚك انرًصٛم انشٚاضٙ تأسرخذاو تشَايط SVPWMانًثذل ستاػٙ الأسظم. ذى أسرخذاو ذمُٛح 

نرحًٛم نهًثذَل )حًم غٛش يرًاشم ٔحًم غٛش خطَٙ( ٔرنك نهحصٕل ػهٗ َرائط أساسٙ ػهٗ ًَٕرض الاشاسج انًٕسغ نهًثذَل.ذى الاخز تُظش الاػرثاس أسٕء ظشٔف ا

  . THDخ نفٕنرٛح الأخشاض انرًصٛم انشٚاضٙ نهًثذَل. َرائط انفحص نٓزا انًثذَل أشثرد فؼانٛرّ فٙ اَراض فٕنرٛح أخشاض راخ يحرٕٖ ٔاطٗء يٍ يؼايم ذشِٕ انرٕافمٛا

نرمهٛم انًفالٛذ فٙ يفاذٛح انًثذَل. إٌ يثذأ  ٔانرٙ ٚؼًم تٓا انًثذَل SVPWMانرمهٛذٚح ٔذٕظٛفٓا نهؼًم يغ ذمُٛحانسٛطشج PRDCLذى فٙ ْزِ الأطشٔحح أسرخذاو دائشج 

ٛح ْٕ تانرضايٍ يغ انفرشاخ انرٙ ٚكٌٕ فٛٓا يرعّ انفٕنر(ZVC)ػًم انذائشج انًمرشحح ٚرهخص فٙ ذٕفٛش فرشاخ لصٛشج ذكٌٕ فٛٓا انفٕنرٛح ػثش انًثذَل يسأٚح نهصفش 

ٚمهم يٍ  اهصفش ػثش انًثذَل يًانًرعّ انصفش٘ )غٛش انفؼَال(, َرٛعح نزنك ذرضايٍ ػًهٛح اَرمال يفاذٛح انًثذَل يٍ حانح انفرح انٗ انغهك ٔتانؼكس يغ فٕنرٛح يسأٚح ن

لاخشاض, لاٚرأشش تؼًم انذائشج َرٛعحً نرضايٍ ػًهٓا يغ انفرشاخ نفٕنرٛح اTHDانًفالٛذ تشكم يهحٕظ. ذٕفش ْزِ انرمُٛح يٛضج أضافٛح فٙ أٌ يؼايم ذشِٕ انرٕافمٛاخ انكهٙ 

شٚاضٙ. تالأضافح نًا ذمذو فمذ ذى انرٙ ٚكٌٕ فٛٓا يرعّ انفٕنرٛح ْٕ انًرعّ انصفش٘ غٛش انفؼَال. كزنك ذى أسرخذاو احًال يرًاشهح ٔغٛش يرًاشهح نرأكٛذ َرائط انرًصٛم ان

حٛس أكذخ انُرائط فؼانٛح انرمُٛح انًمرشحح فٙ ذمهٛم , SVPWM يغ تماء ذمُٛح انسٛطشج ػهٗ انًثذَل PRDCLائشج اظشاء يماسَح تٍٛ ػًم انًثذَل يغ ٔتذٌٔ د

 انًفالٛذ.

 costاسرخشاض انمًٛح الأيصم نًؼادنح  ٔانرٙ ذؼرًذ ػهٗ FCS-MPCأخٛشاَ, ذى فٙ ْزِ الأطشٔحح أسرخذاو ذمُٛح انسٛطشج انرُثؤٚح ػهٗ ذٛاس انًثذَل ستاػٙ الأسظم 

function   انًصًًح  يغ اسرخذاو يحذداخ نرٛاساخ انًثذَل ستاػٙ الأسظم كأسهٕب ٔذٕظّ ظذٚذ نهسٛطشج ػهٗ ذٛاساخ الأخشاض نٓزا انًثذَل, حٛس ذمٕو انخٕاسصيٛح

ٍ انرٛاساخ انرُثؤٚح, ٔيٍ شى ذسهٛط اٚؼاصاخ انسٛطشج نٓزِ انرمُٛح تأَرخاب حالاخ انرشغٛم الأيصم نهًثذَل ٔانرٙ ذٕفش الم فشق تٍٛ لٛى انرٛاساخ انًشظؼٛح ٔيصٛلاذٓا ي

, حٛس ٔنُفس ظشٔف انرحًٛم SVPWMانًرؼهمح تحالاخ انرشغٛم اػلاِ ػهٗ يفاذٛح انًثذَل. ذى اظشاء يماسَح تٍٛ ذمُٛح انسٛطشج انرُثؤٚح انًمرشحح ٔتٍٛ ذمُٛح 

نفٕنرٛح الاخشاض.كزنك ذى الأخز تُظش الأػرثاس ظشٔف ذحًٛم يخرهفح نرأكٛذ THDٕافمٛاخ انكهٙ يؼايم ذشِٕ انرأظٓشخ انُرائط ذفٕق انرمُٛح انعذٚذج يٍ خلال ذمهٛم 

ٌ ذٛاس انحًم ٚرثغ ٔتشكم ٔشٕلٛح ٔفؼانٛح انرمُٛح انعذٚذج, حٛس كاَد َرائط انرًصٛم انشٚاضٙ ٔفٙ كم ظشٔف انرحًٛم تًا فٛٓا انرغٛٛش انًفاظٗء نهحًم ذشٛش انٗ ا

 نؼائذ نّ ٔتذٌٔ ا٘ اَحشاف.دلٛك انرٛاس انًشظؼٙ ا

 

 

     

 
Predictive Control of Four-leg Three-phase Inverter 

Four-leg voltage source inverter represents an appropriate development for the traditional three-leg inverter. This type of 

inverters is presented by the need to deal with the unbalanced and non-linear loads, where these loads appear in many 

industrial fields. Theoretical analysis and operation principles for the inverter are presented first. A Matlab/Simulink model is 

presented using Space Vector Pulse Width Modulation SVPWM technique, this structure is based on the large signal model of 

the inverter. The simulation results for the worst load conditions scenario (unbalanced linear and non-linear) are obtained. 

Observation of the continuity of the fundamental inverter output voltages vector in stationary coordinates is detected for better 

inverter performance. The testing of the proposed inverter model proves its effectiveness to produce output voltages under 

various load conditions with lower total harmonic distortion THD.   

In this work, a traditional Parallel Resonant DC Link (PRDCL) circuit is employed to produce soft switching for the SVPWM 

four-leg Voltage Source Inverter (VSI). The presented circuit provides a short period of zero voltage across the inverter 

during the zero-vector occurrence. The transition between the zero and the active vectors is accomplished at Zero Voltage 

Condition (ZVC), the circuit action reduces the switching loss significantly. Moreover, the inverter output voltage THD is not 

affected by the circuit operation. This is due to the simultaneous occurrence of the zero voltage periods and the zero-vector 

(non-active) periods. To confirm the simulation results, balanced and unbalanced loads are considered.  In addition, the 

SVPWM with symmetrically aligned technique is used to compare the hard and the soft switching inverters, the results prove 

the validity of the presented technique with observed reduction in switching loss. Finally, a Matlab/Simulink model for the 

Finite Control Set Model Predictive current Control FCS-MPC based on cost function optimization, with current limit 

constraints for four-leg VSI is presented in the thesis, as a new control algorithm. The algorithm selects the switching states 

that produce minimum error between the reference currents and the predicted currents via optimization process, and apply the 

corresponding switching control signals to the inverter switches. Comparison is made between the SVPWM and the FCS-

MPC control strategies for the same load conditions, the results show the superiority of the new control strategy with 

observed reduction in inverter output voltage THD. Different load conditions are considered to demonstrate the robustness 

and effectiveness of the presented model of the predictive control algorithm. The simulation results in all load conditions even 

with sudden change in load, show that the load current track and match its reference without deviations or overshoots.     

 

 


