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RTDS Technologies Inc. 

ʇʣʘʥ ʧʨʝʟʝʥʪʘʮʠʠ: 

Ç ɺʚʝʜʝʥʠʝ 

Ç ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

Ç ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ RTDS 

Ç ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ RTDS 

Ç ʇʨʠʤʝʥʝʥʠʝ RTDS 

Ç ʆʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ 
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Ȏȵɉ Ɂȯȭȸ ȷȯȸȫȿȸȮȲȶȸ ȶȸȮȯȵȲȺȸȬȪȷȲȯ 
Ȭ ȺȯȪȵɆȷȸȶ ȬȺȯȶȯȷȲ ? 

Åʇʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

Åɺʦʟʨʘʩʪʘʝʪ ʩʣʦʞʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

Åɺʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ ʚʠʜʳ ʛʝʥʝʨʘʮʠʠ, 

ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ 

Åʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩʪʘʣʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʠʥʞʝʥʝʨʦʚ-ʵʥʝʨʛʝʪʠʢʦʚ 

Åʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʪʘʣʦ, 

ʢʘʢ ʥʠʢʦʛʜʘ, ʜʦʩʪʫʧʥʳʤ. 
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RTDS Technologies Inc. 

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ 

Ç ʇʨʦʝʢʪ ʩʦʟʜʘʥʠʷ RTDS ʥʘʯʘʪ ʚ 1986 

Ç ʆʩʥʦʚʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʦʪ Manitoba Hydro 

Ç ʇʝʨʚʘʷ ʚ ʤʠʨʝ ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ HVDC 

ʩʦʟʜʘʥʘ 1989 ʛ. 

Ç ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʦʪʣʘʜʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 

Ç ʇʝʨʚʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 1993 ʛ. 

Ç RTDS Technologies ʦʩʥʦʚʘʥʘ ʚ 1994 ʛ 
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RTDS Technologies Inc. 

ʂʦʤʧʘʥʠʷ RTDS Technologies  

Ç ʈʘʩʧʦʣʦʞʝʥʘ ʚ ʂʘʥʘʜʝ ʛ.ɺʠʥʥʠʧʝʛ 

Ç ʂʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ~ 45 ʯʝʣ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ 

Ç ʈʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ 

Ç ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Ç ʄʘʨʢʝʪʠʥʛ ʠ ʧʨʦʜʘʞʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

Ç ʆʙʫʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
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RTDS Technologies Inc. 

Çɹʦʣʝʝ 250 ʧʦʩʪʘʚʦʢ ʚ ʄʠʨʝ 

6 ʧʦʩʪʘʚʦʢ ʚ ʈʦʩʩʠʶ 

Çʆʢʦʣʦ 1000 ʝʜʠʥʠʮ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

Ç 36 ʩʪʨʘʥ 

ʂʣʠʝʥʪʳ ʩʨʝʜʠ ʚʝʜʫʱʠʭ:  

Ç ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

Ç ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ  

Ç ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ  

ʢʦʤʧʘʥʠʡ ʠ 

Ç ʋʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ 
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RTDS Technologies Inc. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (EMTP) 

Ç ʆʩʥʦʚʘʥʦ ʥʘ ʘʣʛʦʨʠʪʤʝ ɻ. ɼʦʤʤʝʣʷ (H.Dommel) 

Ç ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʠʡ 

Ç ʈʘʚʥʦʤʝʨʥʳʡ ʰʘʛ ʨʘʩʯʝʪʦʚ 

 

ȹt 
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ȊȵȭȸȺȲȼȶ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ɸʣʛʦʨʠʪʤ ɼʦʤʤʝʣʷ: 

Ç ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ ʪʨʘʧʝʮʠʡ.  
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ɸʣʛʦʨʠʪʤ ɼʦʤʤʝʣʷ: 

Ç Ih ï ʵʪʦ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʡʩʷ ʪʦʢ ʟʘ ʧʨʝʜʳʜʫʱʠʝ ʰʘʛʠ 

ȊȵȭȸȺȲȼȶ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 
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ɸʣʛʦʨʠʪʤ ɼʦʤʤʝʣʷ: 

Ç ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʪʘʢʠʝ ʢʘʢ, ʠʩʪʦʯʥʠʢʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʛʝʥʝʨʘʪʦʨʳ 

ʠ ʧʨ., ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

Ç ʈʘʩʯʝʪ ʪʦʢʘ Ih ʜʣʷ ʩʣʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ. 

ȊȵȭȸȺȲȼȶ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 
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ȊȵȭȸȺȲȼȶ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ʇʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

1.ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʚ  

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʝʪʴ, ʩʦʩʪʦʷʱʫʶ ʪʦʣʴʢʦ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 

2.ɿʘʧʦʣʥʝʥʠʝ ʤʘʪʨʠʮʳ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʝʪʠ 

 

 

 

3.ɺʳʯʠʩʣʝʥʠʝ ʥʦʚʳʝ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ I , ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ (ʜʣʷ ʧʝʨʚʦʛʦ ʰʘʛʘ - ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ) 

4.ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʡ U ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʦʢʘ I 

5.ʈʘʩʯʝʪ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʧʦ U ʠ I 

6.ʇʦʚʪʦʨʷʪʴ ʩ ʧ.3 
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ȡȼȸ ȼȪȴȸȯ çȚȯȪȵɆȷȸȯ ȬȺȯȶɉè 

çʅʝʨʝʘʣʴʥʦʝ ʚʨʝʤʷè:  
Å ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

Å ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʟʘʜʘʥʥʦʛʦ ʰʘʛʘ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʰʘʛʝ ʨʘʩʯʝʪʘ 50 ʤʢʩ, ʚʳʯʠʩʣʝʥʠʷ ʤʦʛʫʪ ʜʣʠʪʴʩʷ 500 ʤʢʩ ʠ ʙʦʣʝʝ. 

 

çʈʝʘʣʴʥʦʝ ʚʨʝʤʷè: 
Å ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. 

Å ʉʚʷʟʴ ʩ ʪʝʢʫʱʠʤ ʚʨʝʤʝʥʝʤ ʟʘʜʘʝʪʩʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʤ ʪʘʢʪʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. 

Å ʅʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ 1 ʩʝʢʫʥʜʳ ʪʨʝʙʫʝʪʩʷ ʨʦʚʥʦ 1 ʩ. 

Å ɺʩʝ ʨʘʩʯʝʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʨʪʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʟʘʚʝʨʰʘʶʪʩʷ ʩʪʨʦʛʦ ʟʘ ʚʨʝʤʷ ʰʘʛʘ ʨʘʩʯʝʪʘ. 

ʈʘʟʛʦʚʦʨ: <1 ʩ 

ɺʠʜʝʦʠʛʨʳ: <10 ʤʩ 

RTDS: 2 ʤʢʩ ~ 50 ʤʢʩ 

ɺʈɽʄʗ ʈɽɸʂʎʀʀ 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ RTDS 

Ç ʉʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʙʘʟʦʚʳʡ ʧʨʦʮʝʩʩʦʨʥʳʡ ʤʦʜʫʣʴ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ 

Ç ʄʦʜʫʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʙʘʟʝ ʢʘʩʩʝʪ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ: 

Å ʦʪ 1 ʜʦ 6 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʩ RISC ʧʨʦʮʝʩʩʦʨʘʤʠ (PB5 ) ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

Å 1 ʤʦʜʫʣʴ ʠʥʪʝʨʬʝʡʩʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ (GTWIF) 

Å ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʤʦʜʫʣʠ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ (GTNET) 

Ç ʈʘʟʣʠʯʥʳʝ ʤʦʜʫʣʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʜʠʩʢʨʝʪʥʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ: 

GTFPI, GTDI, GTDO, GTAI, GTAO ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

Ç ʋʧʨʘʚʣʝʥʠʝ RTDS ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʫʜʦʙʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 
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șȺȸɀȯȻȻ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 
ʇʘʨʘʣʣʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ 
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ʂʦʤʧʦʥʝʥʪʳ ʩʝʪʠ 
ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 
ʤʦʜʫʣʷʤʠ PB5 
 
ʉʫʤʤʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ 
ʧʨʦʮʝʩʩʦʨʦʚ ʫʩʢʦʨʷʝʪ 
ʨʝʰʝʥʠʝ 
 
ʉʚʷʟʠ ʤʝʞʜʫ 
ʧʨʦʮʝʩʩʦʨʘʤʠ, ʧʦʟʚʦʣʷʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʶ 
ʤʦʱʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʂʘʩʩʝʪʘ 1 ʂʘʩʩʝʪʘ 2 
Ethernet ʩʝʪʴ 
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ȖȯȼȸȮ ȬɅɁȲȻȵȯȷȲȳ RTDS 

ʈʘʟʙʠʝʥʠʝ ʤʦʜʝʣʠ ʥʘ ʧʦʜʩʠʩʪʝʤʳ 

ʏʝʤ ʙʦʣʴʰʝ ʤʦʜʝʣʴ ʩʝʪʠ, ʪʝʤ ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʠʤʝʝʪ ʤʘʪʨʠʮʘ 

ʧʨʦʚʦʜʠʤʦʩʪʝʡ (ʦʜʠʥ ʵʣʝʤʝʥʪ ʤʘʪʨʠʮʳ ʥʘ ʢʘʞʜʳʡ ʫʟʝʣ ʩʝʪʠ). 

ʂʘʞʜʘʷ ʧʦʜʩʠʩʪʝʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʪʜʝʣʴʥʦʡ ʢʘʩʩʝʪʝ 

ʊʦʣʴʢʦ  

ʦʩʥʦʚʥʳʝ 

ʜʘʥʥʳʝ 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ RTDS 
Ç ʇʨʦʩʪʦʪʘ ʨʘʩʰʠʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

Ç ʇʨʦʮʝʩʩʦʨʥʳʡ ʤʦʜʫʣʴ 
ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

Ç ʄʦʜʫʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 
ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 
ʫʚʝʣʠʯʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 
ʤʦʱʥʦʩʪʴ ʧʦ ʤʝʨʝ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

Ç ʋʧʨʘʚʣʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ 
ʜʨʫʞʝʣʶʙʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʠʥʪʝʨʬʝʡʩʘ. 

Ç ʋʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʚʚʦʜʘ ʠ 
ʚʳʚʦʜʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 
ʬʠʟʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ. 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ʄʦʜʫʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

Çʇʨʦʩʪʦʪʘ ʨʘʩʰʠʨʝʥʠʷ 

Çʄʘʢʩʠʤʘʣʴʥʘʷ ʛʦʪʦʚʥʦʩʪʴ 

Çʇʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

Çʉʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦʢʦʣʝʥʠʡ 

ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ʄʦʜʫʣʴ ʠʥʪʝʨʬʝʡʩʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ - GTWIF 
 
Ç ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʫʧʨʘʚʣʷʶʱʝʤʫ ʇʂ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʪʘʥʜʘʨʪʥʦʡ Ethernet ʩʝʪʠ 

Ç ʆʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʜʣʷ ʟʘʛʨʫʟʢʠ ʤʦʜʝʣʠ, ʝʸ  

ʧʫʩʢʘ ʠ ʦʩʪʘʥʦʚʢʠ 

Ç ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩ ʤʦʜʝʣʴʶ 

Ç ʆʙʝʩʧʝʯʠʚʘʝʪ ʦʙʤʝʥ ʜʘʥʥʳʤʠ, ʠʭ ʢʦʦʨʜʠʥʘʮʠʶ 

ʠ ʨʝʛʠʩʪʨʘʮʠʶ 

Ç ʂʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʢʘʩʩʝʪʘʤʠ 

Å ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ 

Å ʇʦʜʢʣʶʯʝʥʠʝ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ 

Å ʇʨʷʤʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ 6 ʢʘʩʩʝʪʘʤ. 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ PB5 ï ʇʣʘʪʘ 
ʧʨʦʮʝʩʩʦʨʥʘʷ 

Å ʅʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʳʯʠʩʣʝʥʠʡ  

Å ʋʚʝʣʠʯʝʥʘ ʤʦʱʥʦʩʪʴ ʟʘ ʩʯʝʪ ʜʚʫʭ 
Power PC RISC ʧʨʦʮʝʩʩʦʨʦʚ ʩ 
ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 1.7 GHz 

Å ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 
ʧʦʨʪʳ ʜʣʷ ʧʨʷʤʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 
ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ. 

Å ʋʚʝʣʠʯʠʣʩʷ ʨʘʟʤʝʨ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʝʪʠ 
ʠ ʩʣʦʞʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 

Å ʇʨʦʛʨʘʤʤʥʦ ʥʘʟʥʘʯʘʝʤʳʝ ʬʫʥʢʮʠʠ 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ PB5 ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʤʦʜʫʣʝʤ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ GPC 

ʊʠʧʘ ʤʦʜʫʣʷ PB5 GPC 

ʅʘʯʘʣʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 2011 2005 

ʊʠʧʘ ʧʨʦʮʝʩʩʦʨʘ Freescale 

MC7448 RISC 

IBM 

750GX RISC 

ʊʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ 1.7 ɻɻʎ 1.0 ɻɻʮ 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ 2 2 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʥʘ ʧʨʦʮʝʩʩʦʨ 12 10 

ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʩʝʪʠ 72 x 2 = 144 * 66 

ʆʧʪʠʯʝʩʢʠʭ ʧʦʨʪʦʚ 2 2 

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ 6 2 

ɸʥʘʣʦʛʦʚʳʝ ʚʳʭʦʜʳ  

(12 ʙʠʪʥʳʝ ʎɸʇ) 

24 24 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʦʤʤʫʪʘʪʦʨ ʪʠʧʘ ñHubò 

GBH 

Å ʇʝʨʝʜʘʝʪ ʝʜʠʥʳʝ ʤʝʪʢʠ ʚʨʝʤʝʥʠ ʜʣʷ ʚʩʝʭ ʢʘʩʩʝʪ 

Å ɺʝʜʫʱʠʡ ʤʦʜʫʣʴ GTWIF ʟʘʜʘʝʪ ʤʝʪʢʠ ʚʨʝʤʝʥʠ ʜʣʷ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

Å ʄʘʢʩʠʤʫʤ 60 ʢʘʩʩʝʪ, ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʦʪ ʝʜʠʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʤʝʪʦʢ ʚʨʝʤʝʥʠ 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ʂʦʤʤʫʪʘʪʦʨ ʪʠʧʘ ñSwitchò IRC  

Å ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʜʦ 60 ʢʘʩʩʝʪ 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

ʄʦʜʫʣʠ ʨʘʩʰʠʨʝʥʠʷ ʧʦʨʪʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

Ç GTAI - 12 ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ 16 ʙʠʪ 

Ç GTAO - 12 ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ ʘʥʘʣʦʛʦʚʳʭ ʚʳʭʦʜʦʚ c 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ 16 ʙʠʪ 

Ç GTDI - 64 ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʥʘʣʘ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ  

Ç GTDO - 64 ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʥʘʣʘ ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʦʚ 

Ç GTFPI ï ʤʦʜʫʣʴ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʜʣʷ ʧʘʥʝʣʝʡ ʜʠʩʢʨʝʪʥʳʭ 

ʩʠʛʥʘʣʦʚ 

ʉʝʤʝʡʩʪʚʦ ʤʦʜʫʣʝʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ GT ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʫʧʨʘʚʣʷʪʴʩʷ ʩ ʦʜʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʨʪʘ ʤʦʜʫʣʷ PB5. 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

GTNET ï ʤʦʜʫʣʴ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ 

ʀʥʜʠʢʘʪʦʨ ʚʠʜʘ 
ʧʨʦʪʦʢʦʣʘ 

ʂʥʦʧʢʘ ʚʳʙʦʨʘ 
ʧʨʦʪʦʢʦʣʘ 

Ç ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʘʩʩʝʪʫ 

Ç GTNET ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʭʘʥʠʟʤ ʜʣʷ ʩʚʷʟʠ ʩ 

ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦ ʩʝʪʠ Ethernet 

Ç ʀʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʦʪʦʢʦʣʦʚ ʄʕʂ 61850 

Ç ʇʦ ʟʘʧʨʦʩʘʤ ʢʣʠʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʦʜʜʝʨʞʢʘ ʜʨʫʛʠʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ 

Ç ɼʦ 4 ʨʘʟʣʠʯʥʳʭ ʦʧʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʘ ʤʦʛʫʪ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʢʘʞʜʳʡ ʤʦʜʫʣʴ 

Ç ʆʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʧʦ 

ʦʜʥʦʤʫ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. 
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PB5

GTNET

Ethernet Switch

External Devices
(IEDs)

ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

GTNET  - ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʧʨʦʪʦʢʦʣʳ  

ʄʕʂ 61850  

Å GTNET ï GSE. ʇʦʜʜʝʨʞʢʘ ʜʠʩʢʨʝʪʥʳʭ 
ʩʦʦʙʱʝʥʠʡ (GOOSE) ʧʦ ʄʕʂ 61850-8-1 

Å GTNET ï SV. ʇʦʜʜʝʨʞʢʘ ʧʦʪʦʢʘ ʠʟʤʝʨʝʥʥʳʭ 
ʟʥʘʯʝʥʠʡ (SV) ʧʦ ʄʕʂ 61850-9-2 

COMTRADE ʧʣʝʡʝʨ  

Å GTNET ï PB. ɼʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʬʘʡʣʦʚ 

Distributed Network Protocol (DNP) 

Å GTNET ï DNP. ʇʦʜʜʝʨʞʢʘ ʧʨʦʪʦʢʦʣʘ DNP ʜʣʷ 
SCADA ʩʠʩʪʝʤ  

Phasor Measurement Unit (PMU) 

Å GTNET ï PMU. ʇʦʜʜʝʨʞʢʘ ʧʦʪʦʢʘ ʠʟʤʝʨʝʥʥʳʭ 
ʟʥʘʯʝʥʠʡ ʧʦ IEEE C37.118 
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ȘȫȸȺȽȮȸȬȪȷȲȯ Ȯȵɉ ȶȸȮȯȵȲȺȸȬȪȷȲɉ 

Ç ʄʦʜʫʣʴ GTSYNC ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ RTDS  ʧʦ ʩʠʛʥʘʣʘʤ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 

ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ ʧʨʠʝʤʥʠʢʘ GPS, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ RTDS. 

Ç ɽʞʝʩʝʢʫʥʜʥʳʡ ʩʠʛʥʘʣ (1PPS) ʧʦʜʢʣʶʯʘʝʪʩʷ ʯʝʨʝʟ 

ʢʦʘʢʩʠʘʣʴʥʳʡ ʨʘʟʲʝʤ BNC ʠʣʠ ʦʧʪʠʯʝʩʢʠʡ ʨʘʟʲʝʤ ST 

Ç ʉʠʛʥʘʣ ʧʦ ʧʨʦʪʦʢʦʣʫ IEEE 1588 ʧʦʜʢʣʶʯʘʝʪʩʷ ʯʝʨʝʟ 

ʨʘʟʲʝʤʳ RJ45 ʠʣʠ ST. 

Ç ʉʠʛʥʘʣ ʧʦ ʧʨʦʪʦʢʦʣʫ IRIG-B ʧʦʜʢʣʶʯʘʝʪʩʷ ʯʝʨʝʟ ʨʘʟʲʝʤʳ 

BNC 

Ç ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʚʥʝʰʥʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠ ʧʨʦʚʝʨʢʝ ʫʩʪʨʦʡʩʪʚ  PMU ʠ 

ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʚʳʭʦʜʦʤ IEC 61850-9-2 SV 

 

GTSYNC ï ʤʦʜʫʣʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʩʠʛʥʘʣʘʤ 

ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ 
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

ʇʨʦʛʨʘʤʤʘ RTDS 
ɻʨʘʬʠʯʝʩʢʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ 

Ç RSCAD 

ʇʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Ç ɹʠʙʣʠʦʪʝʢʘ ʤʦʜʝʣʝʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʢʦʤʧʠʣʷʪʦʨ 
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

RSCAD ï ʇʆ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ 

ʇʨʦʚʦʜʥʠʢ 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʇʨʠʤʝʨ ʣʠʥʠʠ ʇʨʠʤʝʨ ʢʘʙʝʣʷ 

ʋʧʨʘʚʣʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʈʝʜʘʢʪʦʨ ʤʦʜʝʣʠ 
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

ʈʝʜʘʢʪʦʨ ʩʭʝʤ ʚ RSCAD / DRAFT: 
ʆʪʦʙʨʘʞʝʥʠʝ ʩʭʝʤʳ ʚ ʪʨʝʭʣʠʥʝʡʥʦʤ ʠʣʠ ʦʜʥʦʣʠʥʝʡʥʦʤ ʨʝʞʠʤʘʭ 
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29 

ʊʨʝʭʣʠʥʝʡʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʆʜʥʦʣʠʥʝʡʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 



șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

ʈʝʜʘʢʪʦʨ ʩʭʝʤ ʚ RSCAD / DRAFT: 
 

ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ 
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ RSCAD / RUNTIME 

Ç ʀʩʪʠʥʥʦʝ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʝʪʴʶ. 

Ç ʋʧʨʘʚʣʝʥʠʝ ʤʦʜʝʣʴʶ 

Ç ʄʦʥʠʪʦʨʠʥʛ 

Ç ʉʙʦʨ ʜʘʥʥʳʭ 

Ç ʈʫʯʥʦʡ ʨʝʞʠʤ 

Ç ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

Ç ʌʘʡʣ ʩʮʝʥʘʨʠʷ 

Åʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʷʟʳʢʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʷʟʳʢʫ ʉ 

Åʆʧʝʨʘʪʦʨʳ ʫʩʣʦʚʠʡ: if, for, while 

Åʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʦʜʧʨʦʛʨʘʤʤʳ 

Åʅʘʩʪʨʦʡʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

Åɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʝʯʘʪʴ 

ʛʨʘʬʠʢʦʚ 

Ç ʕʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʘʢʝʪʥʳʡ ʨʝʞʠʤ ʧʨʦʚʝʨʢʠ 
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

ʉʦʚʝʨʰʝʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ɹʠʙʣʠʦʪʝʢʘ ʤʦʜʝʣʝʡ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ  
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

ʇʦʜʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ ʤʘʣʳʡ ʰʘʛ ʨʘʩʯʝʪʘ 
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

ʇʦʜʩʠʩʪʝʤʳ ʩ ʤʘʣʳʤ ʰʘʛʦʤ 
ʨʘʩʯʝʪʘ  
(ʰʘʛ ʨʘʩʯʝʪʘ ʦʪ 1 ʜʦ 4 ʤʢʩ) 
Ç ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʯʝʪʘ ʤʘʪʨʠʮʳ 
ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʜʣʷ ʨʘʩʯʝʪʦʚ ʫʟʣʦʚ 

Ç ʂʣʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʥʝʙʦʣʴʰʠʝ 
ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʚ ʟʘʤʢʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 
ʤʘʣʳʭ ʝʤʢʦʩʪʠ ʚ ʨʘʟʦʤʢʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ 

Ç ʄʘʣʦʝ ʚʨʝʤʷ ʰʘʛʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚʢʣʶʯʝʥʠʡ-
ʦʪʢʣʶʯʝʥʠʡ  

Ç ʄʝʪʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦ 
ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʪʦʧʦʣʦʛʠʠ 

 

L
RL= IL

2L

t

C

RRC=           + RC IC 2C

t

OFF-STATE

ON-STATE

RC 

FORCE RL= RRC 
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șȺȸȭȺȪȶȶȷȸȯ ȸȫȯȻȹȯɁȯȷȲȯ 

ʈʘʟʚʠʪʠʝ ʇʆ ʜʣʷ RTDS ï RSCAD CBuilder 

CBUILDER ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ RTDS 

ʩʠʤʫʣʷʪʦʨʝ 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʦʜʝʣʠ 

ʨʘʙʦʪʘʶʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʜʨʫʛʠʤʠ 

ʤʦʜʝʣʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʤʝʶʱʠʤʠʩʷ ʚ 

ʙʠʙʣʠʦʪʝʢʝ RTDS 

ʄʦʜʝʣʠ CBUILDER ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʤʦʜʫʣʷʤʠ PB5/GPC 
ɺ CBUILDER ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʢʘʢ ʩʠʣʦʚʳʝ 

ʵʣʝʤʝʥʪʳ, ʪʘʢ ʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ 
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șȺȲȶȯȷȯȷȲȯ RTDS  

ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʧʨʦʚʝʨʦʢ ʈɿɸ 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʛʝʥʝʨʘʮʠʷ (ʚʢʣʶʯʘʷ  

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ) 

ʋʤʥʳʝ ʩʝʪʠ 

ʈʘʟʨʘʙʦʪʢʘ ʠ 

ʠʩʧʳʪʘʥʠʷ 

ʇʨʦʚʝʨʢʘ ʈɿɸ ʩ 

ʧʦʜʜʝʨʞʢʦʡ 

ʧʨʦʪʦʢʦʣʘ 

ʄʕʂ61850 

ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʀʩʧʳʪʘʥʠʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ 

ʩʭʝʤʝ çʩ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶè 
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șȺȲȶȯȷȯȷȲȯ RTDS  

ʇʨʦʚʝʨʢʘ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ 
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șȺȸȬȯȺȴȪ Ⱥȯȵȯȳȷȸȳ ȱȪɃȲȼɅ 

Ç ʀʤʠʪʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 
Å ʊʠʧʦʚʳʝ ʚʠʜʳ ʠʩʧʳʪʘʥʠʡ 

Å ʅʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʛʥʘʣʳ ʨʝʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ 

Å ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʠʛʥʘʣʳ ʥʝʨʝʘʣʠʩʪʠʯʥʳ ʠ ʥʝ ʩʦʚʧʘʜʘʶʪ 

ʩ ʩʠʛʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʘʚʘʨʠʷʭ. 

Çʀʩʧʳʪʘʥʠʷ ʧʦ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ 
Å ʀʩʧʦʣʴʟʫʝʪʩʷ  ʟʘʧʠʩʠ ʩ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʘʚʘʨʠʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ 

Å ʉʠʛʥʘʣʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʪʦʣʴʢʦ ʜʦ ʤʦʤʝʥʪʘ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ 

Å ʊʦʣʴʢʦ ʦʜʥʦ ʨʝʣʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʦ 

Ç ʀʩʧʳʪʘʥʠʷ ʩ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ 
Å ʊʨʝʙʫʝʪʩʷ ʩʠʤʫʣʷʪʦʨ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʙʣʠʟʢʠʭ ʢ ʩʠʛʥʘʣʘʤ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

Å ʆʙʨʘʪʥʳʝ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʦʚʝʨʷʝʤʦʛʦ ʨʝʣʝ ʩ ʤʦʜʝʣʠʨʫʝʤʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ 

Å ʇʨʦʚʝʨʷʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʫʩʪʨʦʡʩʪʚ ʈɿɸ, 

ʚʢʣʶʯʝʥʥʳʭ ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʨʝʘʣʴʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ 

 

 

ʄʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ 

ʋʩʪʨʦʡʩʪʚʦ 

ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʇʨʦʚʝʨʷʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʷ ʙʝʟ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ 

ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʷ ʩ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ 

 

Testing Tool 

ʉʠʛʥʘʣʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

(ʫʧʨʘʚʣʝʥʠʝ ʚʳʢʣʶʯʘʪʝʣʝʤ, ɸʇɺ ʠ ʧʨ.) 

Device under test 

i.e.  protective relay 

ʊʝʩʪʦʚʳʝ ʩʠʛʥʘʣʳ  

ʊʝʩʪʦʚʳʝ ʩʠʛʥʘʣʳ  
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șȺȸȬȯȺȴȪ Ⱥȯȵȯȳȷȸȳ ȱȪɃȲȼɅ 

ʀʥʪʝʨʬʝʡʩ ʩ 

ʘʥʘʣʦʛʦʚʳʤʠ 

ʩʠʛʥʘʣʘʤʠ 

ʀʥʪʝʨʬʝʡʩ ʧʦ 

ʧʨʦʪʦʢʦʣʫ  

ʄʕʂ 61850  
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șȺȸȬȯȺȴȪ Ⱥȯȵȯȳȷȸȳ ȱȪɃȲȼɅ 

X (Line Length) (1-X) (Line Length) 

ʉʧʝʮʠʘʣʴʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ 
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ȑȪɃȲȼȪ Ȳ ȪȬȼȸȶȪȼȲȴȪ 

ʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ, ʘʚʪʦʤʘʪʠʢʘ ʠ PMU 
Phasor measurement unit (PMU) ï 

ʫʩʪʨʦʡʩʪʚʦ ʚʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʣʠ 

ʩʠʥʭʨʦʬʘʟʦʨ 

Çʄʦʜʝʣʠ ʨʝʣʝ ʟʘʱʠʪʳ 

Å ɿʘʱʠʪʘ ʣʠʥʠʠ 

Å ɿʘʱʠʪʘ ʛʝʥʝʨʘʪʦʨʘ 

Å ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʟʘʱʠʪʘ 

Å ʊʦʢʦʚʘʷ ʟʘʱʠʪʘ 

Çɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

Å ɸʇɺ ʩ ʢʦʥʪʨʦʣʝʤ ʩʠʥʭʨʦʥʠʟʤʘ 

Å ʈʇʅ 

Çʄʦʜʝʣʠ PMU 

Å ɼʦ 8 PMU ʫʩʪʨʦʡʩʪʚ 

Å ʉʦʦʪʚʝʪʩʪʚʫʝʪ IEEE C37.118 
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ȑȪɃȲȼȪ Ȳ ȪȬȼȸȶȪȼȲȴȪ 

ʇʨʦʚʝʨʢʘ PMUïʠʟʤʝʨʝʥʠʷ ʥʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ 

ʫʧʨʘʚʣʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ 

ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʙʦʣʴʰʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʟʘʱʠʪʘ ʠʤʝʝʪ ʤʥʦʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʵʬʬʝʢʪ 

ʉʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʡ ʥʘ ʙʦʣʴʰʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʥʘ ʙʘʟʝ ʫʩʪʨʦʡʩʪʚ 

PMU ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʝʡ ʛʣʦʙʘʣʴʥʦ ʠʣʠ 

ʤʘʩʪʝʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ. 
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ȑȪɃȲȼȪ Ȳ ȪȬȼȸȶȪȼȲȴȪ 

ʇʨʦʚʝʨʢʘ PMU ʠ ʛʣʦʙʘʣʴʥʦʡ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʘ ʠ ʘʚʪʦʤʘʪʠʢʠ 

Ç ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʩʠʩʪʝʤʘʤ GPS 

Å ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʦʪ ʚʥʝʰʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ 

Å ʆʙʱʝʝ ʦʧʦʨʥʦʝ ʚʨʝʤʷ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

Å ʇʨʦʚʝʨʢʠ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

Ç GTSYNC 

Å ʇʨʠʝʤ ʩʠʛʥʘʣʦʚ: PPS, IRIG-B ʠ 

IEEE 1588 

Ç GTNET-PMU 

Å IEEE C37.118 ʧʨʦʪʦʢʦʣ 
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ȍȵȸȫȪȵɆȷȪɉ ȱȪɃȲȼȪ Ȳ ȪȬȼȸȶȪȼȲȴȪ 

ʀʩʧʳʪʘʥʠʷ ʩʭʝʤʳ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʥʝʧʨʘʚʠʣʴʥʳʝ ʜʝʡʩʪʚʠʷ 
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șȺȸȬȯȺȴȪ ȻȲȻȼȯȶ ȽȹȺȪȬȵȯȷȲɉ 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 
 

Å ʊʦʣʴʢʦ ʠʩʪʠʥʥʦʝ ʞʝʩʪʢʦʝ ʨʝʘʣʴʥʦʝ 

ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

Å ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʦʚ/ʚʳʭʦʜʦʚ 

Å ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ 

Å ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

Å ʅʝʧʨʝʨʳʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

Å ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ 
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șȺȸȬȯȺȴȪ ȻȲȻȼȯȶ ȽȹȺȪȬȵȯȷȲɉ 

ʀʩʧʳʪʘʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ 
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șȺȸȬȯȺȴȪ ȻȲȻȼȯȶ ȽȹȺȪȬȵȯȷȲɉ 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 
Çɺʳʩʦʢʦʚʦʣʴʪʥʳʝ ʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (HVDC)  

Å ʊʠʨʠʩʪʦʨʥʳʝ ʩʭʝʤʳ ʩ ʫʣʫʯʰʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

Å ʉʭʝʤʳ ʜʚʫʭ, ʪʨʝʭ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ (MMC) ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʥʘʧʨʷʞʝʥʠʷ (VSC) ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʩʝʪʠ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʨʘʩʯʝʪʘ 

Çʉʪʘʪʠʯʝʩʢʠʝ ʢʦʤʧʝʥʩʘʪʦʨʳ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (SVC) 

Çʋʧʨʘʚʣʷʝʤʳʝ ʯʝʨʝʟ ʪʠʨʠʩʪʦʨʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʡ 

ʢʦʥʜʝʥʩʘʪʦʨʳ (TCSC) 

Çʉʪʘʪʠʯʝʩʢʠʝ ʩʠʥʭʨʦʥʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʳ (STATCOM) 

Å ʉʭʝʤʳ ʜʚʫʭ, ʪʨʝʭ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ (MMC) ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʥʘʧʨʷʞʝʥʠʷ (VSC) ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʩʝʪʠ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʨʘʩʯʝʪʘ 

Çɻʝʥʝʨʘʪʦʨʳ (ʚʦʟʙʫʜʠʪʝʣʠ, ʨʝʛʫʣʷʪʦʨʳ, ʩʪʘʙʠʣʠʟʘʪʦʨʳ) 
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HVDC 

ʄʦʜʝʣʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ: 
Ç ʉʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ ʩ 2-ʤʷ ʟʥʘʯʝʥʠʷʤʠ  

ʩʦʧʨʦʪʠʚʣʝʥʠʡ: 
Å ʚ ʚʳʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʦʣʴʰʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

Å ʚʦ ʚʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʘʣʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

Ç ʇʨʠ ʢʘʞʜʦʤ ʧʝʨʝʢʣʶʯʝʥʠʝ  

ʧʝʨʝʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ʧʨʦʚʦʜʠʤʦʩʪʝʡ 

Ç ʄʦʜʝʣʠ 6- ʠ 12-ʢʘʥʘʣʴʥʳʭ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ 

ʚʢʣʶʯʘʶʱʠʝ ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʢʦʥʚʝʨʪʦʨ ʠ 

ʨʘʟʣʠʯʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ 

Ç ɻʨʫʧʧʘ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ, ʚʢʣʶʯʘʷ ʚʪʦʨʠʯʥʳʝ ʮʝʧʠ DC 

Ç ʇʦʜʢʣʶʯʝʥʠʝ ʛʨʫʧʧʳ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ ʢʘʢ ʵʣʝʤʝʥʪʦʚ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

Ç ʋʣʫʯʰʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʥʝʧʨʝʨʳʚʥʳʡ ʦʪʢʣʠʢ ʥʘ ʟʘʧʫʩʢʘʶʱʠʝ ʠʤʧʫʣʴʩʳ 
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ȝȶȷɅȯ ȻȯȼȲ Ȳ  

ȺȪȻȹȺȯȮȯȵȯȷȷȪɉ ȭȯȷȯȺȪɀȲɉ 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʛʝʥʝʨʘʮʠʷ (DG) 
ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʣʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ 
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ʆʩʥʦʚʥʳʝ ʊʨʝʙʦʚʘʥʠʷ 
Ç ɺʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʧʨʦʪʦʢʦʣʳ 

Å ʄʕʂ 61850 

Å DNP3 

Å IEEE C37.118 

 

Ç ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ  

ʵʥʝʨʛʠʠ 
Å ɺʝʪʨʦʫʩʪʘʥʦʚʢʠ 

Å ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 

Å ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

Å ʉʠʣʦʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ȝȶȷɅȯ ȻȯȼȲ Ȳ  

ȺȪȻȹȺȯȮȯȵȯȷȷȪɉ ȭȯȷȯȺȪɀȲɉ 
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ȧȵȯȴȼȺȸȼȺȪȷȻȹȸȺȼ Ȳ ȻȸȿȺȪȷȯȷȲȯ 

ɇȷȯȺȭȲȲ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ (EV) ʠ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ (V2G)  
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʠ ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ 
DC/DC ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʙʘʟʝ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 
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