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                                   ʝʳƄʸƃا

�񟿿񟿿񟿿񟿿�ŕǼ ʛʺʱئ�񟿿񟿿񟿿񟿿�ʙʵʱاʛʽżƈ Àا�   ʺƅق اŕॽʱƅق اʙ񟿿񟿿񟿿񟿿񟿿ʸƈÃ دÃŕʻʱʺƅق اŕॽʱƅا �ŕȞॼش�񟿿񟿿񟿿񟿿� ʧʽب řرŕʢƅا ȈƂʻت

.řſƆʱʵƈ ʦॽƈŕʸʱب ʛžʨʱت ƓʱƅاÃ قلʙƂƅا

  Êأ ¿ŕŸſƅا ¬Ã ʜ̄ʺƅا ʛ񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿 ʳƅا ʛʽżƈ ¿Ãŕʻت ʦت ʘʴॼƅا اʚƍ Ɠžقʨʢƅا ȑ¯ŕţ،   Àاʙʵʱائ�񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿� ʦتÃ

ȄʨʢتÃʛ  Ɠʱƅا ʧʽʺ񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿 ʱƅا řॽʻƂتřȄقʨʢƅا řţزاƛا ƑƆŷ ʙʺʱŸوتPhase Shift Modulation�  

  ¶ʛżƅ هŕʳتƙا řॽœŕʻŝ Ţॽتŕſƈ ʧƈ ʖʽƄاʛت ʗƈʙʵʱائ�񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿� .ʧʽƍŕʳتƛا Ɯؗ Ɠž řرŕʢƅا Șžʙت ʦॽʤʻʱƅ

Ã¬ اÃ řƆţʛʺǼ ¿ŕŸſƅاʙţل.  ʜ̄ʺƅا ʛʶʳƅا ʛʽżƈ ¡ŕʻب

      ʗʺت ʙƂƅ  řॽʰʽʳƅا řƅاʙƅا ŕʺƍÃ ʧʽʱ 񟿿̔񟿿񟿿񟿿 �񟿿񟿿񟿿񟿿�ʺʧʽ أئ�񟿿񟿿񟿿񟿿�ŕئ��       sinusoidal¯قائ�񟿿񟿿񟿿񟿿�ř ¯اƓʱƅ ت

Modulation Function   ř񟿿񟿿񟿿񟿿񟿿ॽʲƆʲʺƅا  ř񟿿񟿿񟿿񟿿񟿿ƅاʙ񟿿񟿿񟿿񟿿񟿿ƅاÃ  Triangular Modulation Function 

�񟿿񟿿񟿿񟿿񟿿񟿿�ʨه اŕॽʱƅق ÊŷÃ إض�񟿿񟿿񟿿񟿿񟿿񟿿�Ã ʅॽأ �񟿿񟿿񟿿񟿿񟿿񟿿�ʺʛżƅ řţʛʱƂƈ ʧʽ¶ اʧƈ ʙʴƅ ت ʗ بʙاřƅ اŕ񟿿񟿿񟿿񟿿񟿿񟿿񟿿ʶʴƅد  ŕʺƎʽƅ Ëʛ Éž ¯اřƅ ت

Ɠ񟿿񟿿񟿿񟿿ʶȞŸƅا Back Calculation Modulation Function ،    ¿اÃʙƅا ʥƆأ¯ا¡ ت řƊقŕƂƈ ʗʺتÃ

 ʧƈ قʙر Ƒ񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿 Șʡŕʻƈ ʧƈ Ȉؗ Ɠž اȈʺŸƅ اřƂʢʻƈÃ řॽʢʵƅ اʧʽʺ񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿ʹʱƅ اȋʛſʺƅ بʙƎ¼ تȘʽƂʴ أر

تʺʗ   ،تŕॼ¯¿ اŕʢƅرř بƓʰƊŕŠ ʧʽ اŕॽʱƅق اÃŕʻʱʺƅد Ãاŕॽʱƅق اŶƈ ʛʺʱ񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿ʶʺƅ اʧƈ ʙʴƅ تʨ񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿񟿿ʷه اŕॽʱƅق

Ƃॼʶƈ دʨʶʴƈ ƓŸŠʛƈ قŕॽت řŠʨƈ ȈȞاح شʛʱار ʦتÃ řŝƜʲƅا¿ اÃʙƆƅ ȋʛſʺƅا ʧʽʺʹʱƅا řƂʢʻƈ Ɠž Ȉʽżʷʱƅا řقائ¯ Æŕ  

.ƓƂžاʨʱƅه اʨʷʱƅا ȈʽƆƂتÃ řॽʢʵƅا ʦȞʴ ƅɦا řƂʢʻƈ اصʨخ Ŷॽئʨʱƅ ʥƅذÃ ƓʶȞŸƅد اŕʶʴƅا řƅاʙƅ 

% Á45 اʙƅاřƅ اřţʛʱƂʺƅ تȈƈŕŸƈ ¿ʙŸƈ ȈƆƂ اʨ񟿿񟿿񟿿񟿿񟿿ʷʱƅه اŕॽʱƆƅ ƓƆؔƅق بřॼ񟿿񟿿񟿿񟿿񟿿ʶʻ إبœŕʱƊ ʗʻʽج ¯قائ�񟿿񟿿񟿿񟿿�ř اŕƄŕʴʺƅل  

ōǼ řƊقŕƂƈ¡ا¯ Ɠʢʵƅا ʦȞʴʱƅا řƂʢʻƈ Ɠž řॽئ�񟿿�ŕا¿ ا��ئ�񟿿�Ãʙƅج   ،اœŕʱʻƅا �ʛƎʣأ ŕʺؗإ  řƅاʙƆƅ دŕ񟿿񟿿 ʴƅا ½ʛʡ Șʽʰʢت Á

 řॼ񟿿񟿿񟿿񟿿񟿿ʶʻب Ɠʢʵƅا ʦȞʴʱƅا ½ŕʢƊ Ŷئ�񟿿񟿿񟿿񟿿�ʨي ȋʛſʺƅا ʧʽ 񟿿̋񟿿񟿿񟿿񟿿ʹʱƅا řƂʢʻƈ Ɠž řţʛʱƂʺƅ16ا řţʛʱƂʺƅا řƂȄʛʢƅا Àاʙʵʱئ�񟿿񟿿񟿿񟿿�ŕǼ ٪

 ʧƈ Ȉق أرŕॽʱƆƅ ƓƂžاʨ ƅɦه اʨ񟿿񟿿ʷ ƅɦا ƑƂॼي ŕʺʻʽ5ب Ã %8%   Ƒƅا Ȉ񟿿񟿿ʸا¬ تʛقل اخʙƂƅ108 Ã %112  Ɠƅاʨʱƅا ƑƆŷ %

 ȐʨʸƂƅا řॽʢʵƅقل اʙƂƅا ʧƈ.
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Abstract 
Energy exchange between AC grid and a DC source has been 

achieved using various power converter designs. The single-stage, AC-

DC dual active bridge converter is considered in this paper. Phase-shift 

modulation is used to regulate energy flow in both directions. The 

converter is designed with bidirectional switching modules at the AC 

side. 

Two basic modulation functions, the sinusoidal and triangular 

functions, besides a proposed back calculation function for minimum 

current distortion have been presented and compared in both linear and 

overmodulation regions. 

Aiming for maximum power exchange between AC and DC sides 

with minimum current distortion, this study considers operation in 

overmodulation region for the three modulation functions. To 

overmodulate the back calculations modulation function, special off-

line calculated, reference current waveform has been proposed leading 

to linear-like control region and minimize the harmonic distortion in 

overmodulation region. The proposed back calculations strategy is 

compared to the basic sinusoidal and triangular modulation techniques 

by simulation. The results show that the proposed method in linear 

region reduced the average current harmonic distortion by at least 45%. 

In overmodulation region the linear relationship between the reference 

current and transferred power extended by 16.5%. Using the proposed 

method, the current harmonic distortion remains below 5% and 8% for 

magnitude control ratio of 108% and 112% respectively.


