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celebrating over 20 years as the world standard for real time digital power system simulation  

ȴɐɅɒ ɔɕɊɌɊɒɗɅɛɍɍ 

 

ȧɇɊɉɊɒɍɊ 

ȷɊɓɕɊɗɍɜɊɖɏɍɊ ɓɖɒɓɇɠ 

ȥɔɔɅɕɅɗɒɅɤ ɜɅɖɗɡ RTDS 

ȴɕɓɈɕɅɑɑɒɅɤ ɜɅɖɗɡ RTDS 

ȴɕɍɑɊɒɊɒɍɊ RTDS 

ȳɗɇɊɗɠ ɒɅ ɇɓɔɕɓɖɠ 
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ȭɖɗɓɕɍɤ RTDS Technologies 

ÅȷɊɚɒɍɜɊɖɏɍɎ ȯɓɒɖɘɐɡɗɅɗɍɇɒɠɎ ɖɓɇɊɗ (ɖɔɓɒɖɓɕɠ) 

ÅȳɖɒɓɇɒɓɊ əɍɒɅɒɖɍɕɓɇɅɒɍɊ ɓɗ Manitoba Hydro  

ÅȩɅɐɡɒɊɎɝɊɊ ɕɅɌɇɍɗɍɊ ɍ ɖɓɇɊɕɝɊɒɖɗɇɓɇɅɒɍɊ ɉɓ ɏɓɑɑɊɕɜɊɖɏɓɈɓ ɔɕɓɉɘɏɗɅ 

1986 

ȶɗɅɕɗ ɕɅɆɓɗɠ 

ɒɅɉ RTDS 

1989 

ȴɊɕɇɠɎ ɇ ɑɍɕɊ 

ɖɍɑɘɐɤɗɓɕ HVDC 

1993 

ȴɊɕɇɅɤ ɏɓɑɑɊɕɜɊɖɏɅɤ 

ɔɓɖɗɅɇɏɅ 

1994 

ȳɖɒɓɇɅɒɅ ɏɓɑɔɅɒɍɤ 

RTDS Technologies Inc.  
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ȯɓɑɔɅɒɍɤ ɖɊɈɓɉɒɤ 

ÅȴɊɕɇɠɎ ɇ ɑɍɕɊ ɛɍəɕɓɇɓɎ ɖɍɑɘɐɤɗɓɕ ɕɊɅɐɡɒɓɈɓ ɇɕɊɑɊɒɍ 

ÅȰɍɛɊɒɌɍɓɒɒɓɊ ɖɓɈɐɅɝɊɒɍɊ ɒɅ ɍɖɔɓɐɡɌɓɇɅɒɍɊ ɗɊɚɒɓɐɓɈɍɍ ɖ Manitoba Hydro  

ÅɂɏɖɏɐɣɌɍɇɒɠɊ ɔɕɅɇɅ ɒɅ ɗɊɚɒɓɐɓɈɍɣ ɇɓ ɇɖɊɑ ɑɍɕɊ 

Åȳɏɓɐɓ 60 ɖɓɗɕɘɉɒɍɏɓɇ  
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ȴɓɗɕɊɆɍɗɊɐɍ ɍɌ 37 ɖɗɕɅɒ 

ÅȦɓɐɊɊ 300 ɔɓɗɕɊɆɍɗɊɐɊɎ 

Å60% ɍɌ ɒɍɚ ɔɓɖɗɓɤɒɒɠɊ ɏɐɍɊɒɗɠ 

ÅȦɓɐɊɊ 1100 ɔɓɖɗɅɇɐɊɒɒɠɚ ɏɅɖɖɊɗ 

 ȲɅɝɍɑɍ ɏɐɍɊɒɗɅɑɍ ɤɇɐɤɣɗɖɤ 

ɇɊɉɘɞɍɊ ... 

ÅɢɐɊɏɗɕɓɢɒɊɕɈɊɗɍɜɊɖɏɍɊ ɏɓɑɔɅɒɍɍ 

ÅɔɕɓɍɌɇɓɉɍɗɊɐɍ 

ɢɐɊɏɗɕɓɓɆɓɕɘɉɓɇɅɒɍɊ 

ÅɒɅɘɜɒɓ-ɍɖɖɐɊɉɓɇɅɗɊɐɡɖɏɍɊ ɍ 

ɘɜɊɆɒɠɊ ɌɅɇɊɉɊɒɍɤ 
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ȲɅɖ ɇɠɆɕɅɐɍ ɔɕɓɍɌɇɓɉɍɗɊɐɍ 

ȲɊɏɓɗɓɕɠɊ ɍɌ ɔɕɓɍɌɇɓɉɖɗɇɊɒɒɠɚ ɏɓɑɔɅɒɍɎ, ɏɓɗɓɕɠɊ ɒɅɑ ɉɓɇɊɕɤɣɗ 
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ȲɅɖ ɇɠɆɕɅɐɍ ɍɖɖɐɊɉɓɇɅɗɊɐɍ 

ȲɊɏɓɗɓɕɠɊ ɍɌ ɒɅɘɜɒɓ-ɍɖɖɐɊɉɓɇɅɗɊɐɡɖɏɍɚ ɍɒɖɗɍɗɘɗɓɇ , ɏɓɗɓɕɠɊ ɒɅɑ ɉɓɇɊɕɤɣɗ 
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ȲɅɑ ɉɓɇɊɕɤɣɗ ɢɒɊɕɈɓɏɓɑɔɅɒɍɍ 
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ȱɍɕɓɇɅɤ ɕɊɔɘɗɅɛɍɤ ɍ ɓɔɠɗ 

Ç Florida 

State 

Univers

ity 

(CAPS) 

- USA 
òFor all 

these 

projects, 

RTDS 

Technolo

gies has 

supporte

d our 

efforts 

with 

prompt 

repair or 

replacem

ent for 

the few 

compone

nt 

failures 

that we 

have 

experienc

ed, with 

extensive 

software 

support 

for 

existing 

models, 

and with 

the 

develop

ment of 

new 

models 

or 

requeste

d 

features.ó 

(ȧɊɐɍɏɓɆɕɍɗɅɒɍɤ) 

òȱɠ ɓɜɊɒɡ ɉɓɇɓɐɡɒɠ ɕɅɆɓɗɓɎ ɒɅɝɊɈɓ ɖɍɑɘɐɤɗɓɕɅ RTDS, Ʌ ɗɅɏɋɊ ɘɖɐɘɈɅɑɍ ɔɓ ɗɊɚɒɍɜɊɖɏɓɑɘ 

ɓɆɖɐɘɋɍɇɅɒɍɣ ɍ ɔɓɉɉɊɕɋɏɊ, ɔɕɊɉɓɖɗɅɇɐɤɊɑɓɎ RTDS ɗɊɚɒɓɐɓɈɍɎ " 

(ȨɊɕɑɅɒɍɤ) 

èȧɔɊɜɅɗɐɊɒɠ ɍ ɇɓɓɉɘɝɊɇɐɊɒɠ ɔɓɌɍɗɍɇɒɠɑɍ ɕɊɌɘɐɡɗɅɗɅɑɍ, ɝɍɕɓɏɍɑ ɖɔɊɏɗɕɓɑ ɔɕɍɑɊɒɊɒɍɤ ɍ 

ɓɗɐɍɜɒɓɎ ɔɓɉɉɊɕɋɏɓɎ... ȲɅɝ ɓɖɒɓɇɒɓɎ ɍɒɖɗɕɘɑɊɒɗ ɔɕɊɉɇɅɕɍɗɊɐɡɒɓɎ ɔɕɓɇɊɕɏɍ ɒɓɇɠɚ ɏɓɒɛɊɔɛɍɎ 

ɖɍɖɗɊɑ ɘɔɕɅɇɐɊɒɍɤ ɍ ɌɅɞɍɗɠ ɍ ɉɐɤ ɇɒɊ ɔɓɐɍɈɓɒɒɠɚ əɘɒɏɛɍɓɒɅɐɡɒɠɚ ɍɖɔɠɗɅɒɍɎ ɍɚ ɢəəɊɏɗɍɇɒɓɖɗɍ... 

ɒɊɓɗɟɊɑɐɊɑɅɤ ɖɓɖɗɅɇɐɤɣɞɅɤ ɉɐɤ ɍɖɖɐɊɉɓɇɅɒɍɎ ɍ ɍɖɔɠɗɅɒɍɎ ɘɖɗɅɒɓɇɓɏ HVDC ɍ FACTS ɏɓɑɔɅɒɍɍ 

SIEMENSé 

(ȶȽȥ) 

èêRTDS Technologies ɔɓɉɉɊɕɋɅɐɍ ɒɅɖ ɍ ɓɔɊɕɅɗɍɇɒɓ 

ɓɗɕɊɑɓɒɗɍɕɓɇɅɐɍ ɍ ɌɅɑɊɒɍɐɍ ɒɊɖɏɓɐɡɏɍɚ ɓɗɏɅɌɅɇɝɍɚ 

ɏɓɑɔɓɒɊɒɗɓɇ, ɏɓɗɓɕɠɊ ɑɠ ɔɕɓɗɊɖɗɍɕɓɇɅɐɍ, Ʌ ɗɅɏɋɊ ɔɓɑɓɈɐɍ ɖ 

ɕɅɖɝɍɕɊɒɒɓɎ ɔɓɉɉɊɕɋɏɓɎ ɔɕɓɈɕɅɑɑɒɓɈɓ ɓɆɊɖɔɊɜɊɒɍɤ ɉɐɤ 

ɖɘɞɊɖɗɇɘɣɞɍɚ ɑɓɉɊɐɊɎ ɍ ɖ ɖɓɌɉɅɒɍɊɑ ɒɓɇɠɚ ɑɓɉɊɐɊɎ ɍɐɍ 

ɗɕɊɆɘɊɑɠɚ əɘɒɏɛɍɎé 
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ȧɍɉɠ ɛɍəɕɓɇɓɎ ɖɍɑɘɐɤɛɍɍ 

ˤ͙͒ ͙ͫͣͯ͡Ύͼ͙͙ ˽ͦͭͦͦͪ͊ͫ͟-
͔͔͔͙͔ͨͪ͒ͤ͡ 

˨͙͙ͤ͊ͣ;͔ͫ͊͟Ύ 
͚ͯͫͭͦ;͙͍ͦͫͭΈ 

(TSA) 

͔͎͙̏ͭͪͦͣ͊ͤͭͤ͟͡·͔ 
͔͔ͨͪͻͦ͒ͤ·͔ 
ͨͪͦͼ͔ͫͫ· (EMT) 

͙͍͚́ͨͦͦ ΄͎͊ 
ͪ͊ͫ;͔ͭ͊ 

˾͊ͫͫ;͙ͭ·͍͔͊ͭͫΎ  
м ͪ͊͘ 

~ 8 ͣ  ͫ ~ 2 - 50 ͣ ͫ͟ 

ˤ·ͻͦ͒ͤ·͔ ͒͊ͤͤ·͔ ˨͔͚͍ͫͭͯΌ΅͔͔ 
ͤ͊͘;͔͙͔ͤ ͙ ͎ͯͦ͡ 

˨͔͚͍ͫͭͯΌ΅͔͔ 
ͤ͊͘;͔͙͔ͤ ͙ ͎ͯͦ͡ 

˸͎͍͔ͤͦͤͤ·͔ 
ͤ͊͘;͔͙ͤΎ 

˨͙͊ͨ͊ͦͤ͘ ;͊ͫͭͦͭ ˻͍ͫͤͦͤ͊Ύ ;͊ͫͭͦͭ͊ ˻͍ͫͤͦͤ͊Ύ ;͊ͫͭͦͭ͊ ͙ 
͔͔ ͔͙ͦͭͦͤͤ͟͡Ύ 

0 ς 3 ͟ ˥ͼ 
(>15 ͟ ˥ͼ) 

ȹt 
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Ç Florida 

State 

Univers

ity 

(CAPS) 

- USA 
òFor all 

these 

projects, 

RTDS 

Technolo

gies has 

supporte

d our 

efforts 

with 

prompt 

repair or 

replacem

ent for 

the few 

compone

nt 

failures 

that we 

have 

experienc

ed, with 

extensive 

software 

support 

for 

existing 

models, 

and with 

the 

develop

ment of 

new 

models 

or 

requeste

d 

features.ó 

ȥɐɈɓɕɍɗɑ ȩɓɑɑɊɐɤ 

ȴɕɊɓɆɕɅɌɓɇɅɒɍɊ ɉɍəəɊɕɊɒɛɍɅɐɡɒɠɚ ɘɕɅɇɒɊɒɍɎ ɇ ɅɐɈɊɆɕɅɍɜɊɖɏɍɊ 

ɘɕɅɇɒɊɒɍɤ ɍ ɍɒɗɊɈɕɍɕɓɇɅɒɍɊ ɑɊɗɓɉɓɑ ɗɕɅɔɊɛɍɎ 

ȦɅɌɓɇɠɊ ɔɕɍɒɛɍɔɠ ɖɍɑɘɐɤɛɍɍ 
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ȦɅɌɓɇɠɊ ɔɕɍɒɛɍɔɠ ɖɍɑɘɐɤɛɍɍ 

Ç Florida 

State 

Univers

ity 

(CAPS) 

- USA 
òFor all 

these 

projects, 

RTDS 

Technolo

gies has 

supporte

d our 

efforts 

with 

prompt 

repair or 

replacem

ent for 

the few 

compone

nt 

failures 

that we 

have 

experienc

ed, with 

extensive 

software 

support 

for 

existing 

models, 

and with 

the 

develop

ment of 

new 

models 

or 

requeste

d 

features.ó 

Ih: ɢɗɓ ɚɕɓɒɓɐɓɈɍɜɊɖɏɍ ɖɐɓɋɍɇɝɍɎɖɤ ɗɓɏ ɌɅ ɔɕɊɉɠɉɘɞɍɊ ɝɅɈɍ ð v(t-çt) ɍ I(t-çt)  

ȥɐɈɓɕɍɗɑ ȩɓɑɑɊɐɤ 
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Ç Florida 

State 

Univers

ity 

(CAPS) 

- USA 
òFor all 

these 

projects, 

RTDS 

Technolo

gies has 

supporte

d our 

efforts 

with 

prompt 

repair or 

replacem

ent for 

the few 

compone

nt 

failures 

that we 

have 

experienc

ed, with 

extensive 

software 

support 

for 

existing 

models, 

and with 

the 

develop

ment of 

new 

models 

or 

requeste

d 

features.ó 

ȧɖɊ ɏɓɑɔɓɒɊɒɗɠ ɢɐɊɏɗɕɍɜɊɖɏɓɎ ɖɊɗɍ ɔɕɊɉɖɗɅɇɐɊɒɠ ɇ ɇɍɉɊ ɢɏɇɍɇɅɐɊɒɗɒɠɚ ɍɖɗɓɜɒɍɏɓɇ ɗɓɏɅ ɍ 

ɖɓɔɕɓɗɍɇɐɊɒɍɤ 

ȵɅɖɜɊɗ ɗɓɏɅ Ih ɉɐɤ ɖɐɓɋɒɠɚ ɏɓɑɔɓɒɊɒɗɓɇ ɢɒɊɕɈɓɖɍɖɗɊɑɠ ɑɓɋɊɗ ɔɓɗɕɊɆɓɇɅɗɡ ɌɒɅɜɍɗɊɐɡɒɓɈɓ 

ɏɓɐɍɜɊɖɗɇɅ ɇɠɜɍɖɐɊɒɍɎ. 

ȦɅɌɓɇɠɊ ɔɕɍɒɛɍɔɠ ɖɍɑɘɐɤɛɍɍ 

ȥɐɈɓɕɍɗɑ ȩɓɑɑɊɐɤ 
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ȴɕɓɛɊɉɘɕɅ ɕɅɖɜɊɗɅ ɖɊɗɍ 

Ç Florida 

State 

Univers

ity 

(CAPS) 

- USA 
òFor all 

these 

projects, 

RTDS 

Technolo

gies has 

supporte

d our 

efforts 

with 

prompt 

repair or 

replacem

ent for 

the few 

compone

nt 

failures 

that we 

have 

experienc

ed, with 

extensive 

software 

support 

for 

existing 

models, 

and with 

the 

develop

ment of 

new 

models 

or 

requeste

d 

features.ó 

ȴɕɊɓɆɕɅɌɓɇɅɒɍɊ ɌɅɉɅɒɒɠɚ ɔɓɐɡɌɓɇɅɗɊɐɊɑ ɔɅɕɅɑɊɗɕɓɇ ɖɍɖɗɊɑɠ ɇ ɢɏɇɍɇɅɐɊɒɗɒɘɣ ɖɊɗɡ, 

ɖɓɖɗɓɤɞɘɣ ɗɓɐɡɏɓ ɍɌ ɍɖɗɓɜɒɍɏɓɇ ɗɓɏɅ ɍ ɖɓɔɕɓɗɍɇɐɊɒɍɎ. 

ȬɅɔɓɐɒɊɒɍɊ ɑɅɗɕɍɛɠ ɔɕɓɇɓɉɍɑɓɖɗɊɎ ɢɏɇɍɇɅɐɊɒɗɒɓɎ ɖɊɗɍ 

ȧɠɜɍɖɐɊɒɍɊ ɒɓɇɠɊ ɌɒɅɜɊɒɍɎ ɗɓɏɓɇ [I] , ɔɓ ɕɊɌɘɐɡɗɅɗɅɑ ɕɅɖɜɊɗɅ ɒɅ ɔɕɊɉɠɉɘɞɊɑ ɝɅɈɊ (ɉɐɤ 

ɔɊɕɇɓɈɓ ɝɅɈɅ - ɔɓ ɒɅɜɅɐɡɒɠɑ ɘɖɐɓɇɍɤɑ)  

ȵɅɖɜɊɗ ɒɅɔɕɤɋɊɒɍɎ [U] ɔɓ ɕɅɖɖɜɍɗɅɒɒɠɑ ɌɒɅɜɊɒɍɤɑ ɗɓɏɅ [I] 

ȵɅɖɜɊɗ ɗɓɏɓɇ ɇ ɇɊɗɇɤɚ ɔɓ [U] ɍ [I] 
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ȼɗɓ ɗɅɏɓɊ èȵɊɅɐɡɒɓɊ ɇɕɊɑɤé ? 

Ç Florida 

State 

Univers

ity 

(CAPS) 

- USA 
òFor all 

these 

projects, 

RTDS 

Technolo

gies has 

supporte

d our 

efforts 

with 

prompt 

repair or 

replacem

ent for 

the few 

compone

nt 

failures 

that we 

have 

experienc

ed, with 

extensive 

software 

support 

for 

existing 

models, 

and with 

the 

develop

ment of 

new 

models 

or 

requeste

d 

features.ó 

<1 s <10 ms 2 Ȋs ~ 50 Ȋs 

ÅȵɅɖɜɊɗɠ ɇɠɔɓɐɒɤɣɗɖɤ ɜɘɗɡ ɆɠɖɗɕɊɊ ɜɊɑ ɕɊɅɐɡɒɓɊ ɇɕɊɑɤ ɇ ɗɊɜɊɒɍɍ ɝɅɈɅ ɕɅɖɜɊɗɅ (timestep) 

ÅȽɅɈ ɕɅɖɜɊɗɅ ɍɑɊɊɗ ɔɓɖɗɓɤɒɒɠɎ ɔɊɕɍɓɉ ɍ ɇɠɔɓɐɒɤɊɗɖɤ ɖɗɕɓɈɓ ɇ ɕɊɅɐɡɒɓɑ ɑɅɖɝɗɅɆɊ ɇɕɊɑɊɒɍ 

ÅȸɖɗɕɓɎɖɗɇɅ ɇɇɓɉɅ/ɇɠɇɓɉɅ ɓɆɒɓɇɐɤɣɗɖɤ ɖ ɔɓɖɗɓɤɒɒɠɑ ɔɊɕɍɓɉɓɑ ɕɅɇɒɠɑ ɝɅɈɘ ɕɅɖɜɊɗɅ 

ÅȭɖɔɓɐɡɌɘɣɗɖɤ ɔɅɕɅɐɐɊɐɡɒɠɊ ɇɠɜɍɖɐɊɒɍɤ 

ÅȶɍɒɚɕɓɒɍɌɅɛɍɤ ɔɓ ɗɅɏɗɓɇɠɑ ɍɑɔɘɐɡɖɅɑ 

 

15 



celebrating over 20 years as the world standard for real time digital power system simulation  
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ȵɅɖɜɊɗ ɘɌɐɓɇ ȵɅɖɜɊɗ ɘɌɐɓɇ 

ȸɕɓɇɊɒɡ 1 

ȩɅɒɒɠɊ ɆɊɈɘɞɊɎ ɇɓɐɒɠ ɇ Ȱɂȴ 
ȸɕɓɇɊɒɡ 2 
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ȴɕɍɑɊɒɍɑɓɖɗɡ ɉɐɤ Ɇɓɐɡɝɍɚ ɖɊɗɊɎ 
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ȯɓɈɉɅ ɖɊɗɡ ɖɗɅɒɓɇɍɗɖɤ ɖɐɍɝɏɓɑ ɆɓɐɡɝɓɎ ɉɐɤ ɔɕɓɍɌɇɓɉɍɗɊɐɡɒɓɖɗɍ ɔɕɓɛɊɖɖɓɕɅ, ɊɊ ɑɓɋɒɓ 

ɕɅɌɉɊɐɍɗɡ ɒɅ ɔɓɉɖɍɖɗɊɑɠ ɌɅ ɖɜɊɗ ɑɓɉɊɐɍ ɆɊɈɘɞɊɎ ɇɓɐɒɠ ɔɓ ȧȰ ɍ ȯȰ. 

n x n matrix  

0 

0 

17 



celebrating over 20 years as the world standard for real time digital power system simulation  

ù
ù
ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é
é
é

ê

è

³

ù
ù
ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é
é
é

ê

è

=

ù
ù
ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é
é
é

ê

è
-

n

i

nnninn

iniiii

ni

ni

n

i

I

I

I

I

gggg

gggg

gggg

gggg

V

V

V

V

4

4

22

4444

22

4444

22

22

4

4
2

1

1

21

21

222221

111211

2

1

60 ɒɖ ɒɅ 

ɔɊɕɊɉɅɜɘ 

ȴɕɓɛɊɖɖ ɕɅɖɜɊɗɅ ɢɒɊɕɈɓɖɍɖɗɊɑɠ  

ȱɅɏɖɍɑɘɑ 72x72 

ȶ 2015 ɈɓɉɅ 

ɑɅɏɖɍɑɘɑ  90x90 

18 



celebrating over 20 years as the world standard for real time digital power system simulation  

ȴɕɊɍɑɘɞɊɖɗɇɓ ɖɇɓɆɓɉɒɓɎ ɏɓɑɔɓɒɓɇɏɍ 
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ÅȶɔɊɛɍɅɐɍɌɍɕɓɇɅɒɒɠɎ ɔɕɓɛɊɖɖɓɕɒɠɎ ɑɓɉɘɐɡ 

ÅȯɅɖɖɊɗɒɓ-ɑɓɉɘɐɡɒɅɤ ɏɓɒɖɗɕɘɏɛɍɤ 

 

ÅȩɕɘɋɊɖɗɇɊɒɒɠɎ ɍɒɗɊɕəɊɎɖ ɔɕɓɈɕɅɑɑɠ 

ÅȽɍɕɓɏɍɎ ɒɅɆɓɕ ɖɕɊɉɖɗɇ ɇɇɓɉɅ/ɇɠɇɓɉɅ 

 

èȶɕɊɉɒɍɎé 

ɝɏɅə 

ȱɓɉɘɐɡ GTWIF 

ȯɅɖɖɊɗɅ 

4 ɑɓɉɘɐɤ PB5 
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ȨɍɆɏɅɤ ɏɓɒəɍɈɘɕɅɛɍɤ ɓɆɓɕɘɉɓɇɅɒɍɤ 
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ȶɔɊɛɍɅɐɍɌɍɕɓɇɅɒɒɠɊ ɑɓɉɘɐɍ 
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ÅȶɇɤɌɡ ɖ ɘɔɕɅɇɐɤɣɞɍɑ ȴȯ ɔɓ ɓɆɠɜɒɓɎ Ethernet ɖɊɗɍ 

GTWIF: ȱɓɉɘɐɡ ɍɒɗɊɕəɊɎɖɅ ɕɅɆɓɜɊɎ ɖɗɅɒɛɍɍ  

ÅȳɆɊɖɔɊɜɍɇɅɊɗ ɍɒɗɊɕəɊɎɖ ɉɐɤ ɌɅɈɕɘɌɏɍ ɑɓɉɊɐɍ ɍ Ɋɥ ɖɍɑɘɐɤɛɍɣ 

ÅȳɆɊɖɔɊɜɍɇɅɊɗ ɍɒɗɊɕɅɏɗɍɇɒɓɊ ɇɌɅɍɑɓɉɊɎɖɗɇɍɊ ɔɓɐɡɌɓɇɅɗɊɐɤ ɖ 

ɑɓɉɊɐɡɣ 

ÅȳɆɊɖɔɊɜɍɇɅɊɗ ɓɆɑɊɒ ɉɅɒɒɠɑɍ, ɍɚ ɏɓɓɕɉɍɒɅɛɍɣ ɍ ɌɅɔɍɖɡ 

ÅȳɔɗɓɇɓɐɓɏɓɒɒɅɤ ɏɓɑɑɘɒɍɏɅɛɍɤ ɖ ɉɕɘɈɍɑɍ ɏɅɖɖɊɗɅɑɍ (ɉɓ 6 

ɏɅɖɖɊɗ) 
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ÅȲɓɇɊɎɝɍɊ ɗɊɚɒɓɐɓɈɍɍ ɇɠɜɍɖɐɊɒɍɎ  

ÅȸɇɊɐɍɜɊɒɅ ɑɓɞɒɓɖɗɡ ɌɅ ɖɜɊɗ ɉɇɘɚ Power PC RISC ɔɕɓɛɊɖɖɓɕɓɇ 

ɖ ɗɅɏɗɓɇɓɎ ɜɅɖɗɓɗɓɎ 1.7 GHz 

ÅȩɓɔɓɐɒɍɗɊɐɡɒɠɊ ɏɓɑɑɘɒɍɏɅɛɍɓɒɒɠɊ ɔɓɕɗɠ ɉɐɤ ɔɕɤɑɓɈɓ 

ɓɆɑɊɒɅ ɉɅɒɒɠɑɍ ɑɊɋɉɘ ɔɕɓɛɊɖɖɓɕɅɑɍ. 

ÅȸɇɊɐɍɜɍɐɖɤ ɕɅɌɑɊɕ ɑɓɉɊɐɍɕɘɊɑɓɎ ɖɊɗɍ ɍ ɖɐɓɋɒɓɖɗɡ 

ɏɓɑɔɓɒɊɒɗɓɇ 

ÅȴɕɓɈɕɅɑɑɒɓ-ɒɅɌɒɅɜɅɊɑɠɊ əɘɒɏɛɍɍ 

PB5: ȴɕɓɛɊɖɖɓɕɒɠɎ ɑɓɉɘɐɡ 

ȶɔɊɛɍɅɐɍɌɍɕɓɇɅɒɒɠɊ ɑɓɉɘɐɍ 
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ȨɍɆɏɍɊ ɍ ɕɅɖɝɍɕɤɊɑɠɊ ɅɒɅɐɓɈɓɇɠɊ ɇɚɓɉɠ/ɇɠɚɓɉɠ 

GTAI GTAO 

ȶɔɊɛɍɅɐɍɌɍɕɓɇɅɒɒɠɊ ɑɓɉɘɐɍ 

12-ɏɅɒɅɐɡɒɍɊ ɑɓɉɘɐɍ 16-Ɇɍɗɒɠɚ  ȥȻȴ ɍ Ȼȥȴ ɖ ɈɅɐɡɇɅɒɍɜɊɖɏɓɎ ɍɌɓɐɤɛɍɊɎ.  

ȴɓɖɐɊɉɓɇɅɗɊɐɡɒɓɊ ɔɓɉɏɐɣɜɊɒɍɊ ɑɓɉɘɐɊɎ ɇ èɈɍɕɐɤɒɉɘé ɏ ɓɉɒɓɑɘ ɔɓɕɗɘ PB5 
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64-ɏɅɒɅɐɡɒɍɊ ɑɓɉɘɐɍ ɇɇɓɉɅ ɍ ɇɠɇɓɉɅ ɉɍɖɏɕɊɗɒɠɚ ɖɍɈɒɅɐɓɇ ɖ ɈɅɐɡɇɅɒɍɜɊɖɏɓɎ 

ɍɌɓɐɤɛɍɊɎ. ȴɓɖɐɊɉɓɇɅɗɊɐɡɒɓɊ ɔɓɉɏɐɣɜɊɒɍɊ ɑɓɉɘɐɊɎ ɇ èɈɍɕɐɤɒɉɘé ɏ ɓɉɒɓɑɘ ɔɓɕɗɘ 

PB5 

GTDI GTDO 

ȨɍɆɏɍɊ ɍ ɕɅɖɝɍɕɤɊɑɠɊ ɉɍɖɏɕɊɗɒɠɊ ɇɚɓɉɠ/ɇɠɚɓɉɠ 

ȶɔɊɛɍɅɐɍɌɍɕɓɇɅɒɒɠɊ ɑɓɉɘɐɍ 
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ÅȧɗɓɕɓɊ ɔɓɏɓɐɊɒɍɊ ɑɓɉɘɐɤ GTNET 

GTNETx2: ɑɓɉɘɐɡ ɖɊɗɊɇɠɚ ɍɒɗɊɕəɊɎɖɓɇ 

ÅȳɆɊɖɔɊɜɍɇɅɊɗ ɖɇɤɌɡ ɖ ɇɒɊɝɒɍɑɍ ɘɖɗɕɓɎɖɗɇɅɑɍ ɔɓ ɖɊɗɍ Ethernet 

ÅȭɌɒɅɜɅɐɡɒɓ ɕɅɌɕɅɆɓɗɅɒ ɉɐɤ ɔɓɉɉɊɕɋɏɍ ɔɕɓɗɓɏɓɐɓɇ ȱɂȯ 61850 

Åȴɓ ɔɕɓɖɡɆɅɑ ɏɐɍɊɒɗɓɇ ɕɅɌɕɅɆɓɗɅɒɅ ɔɓɉɉɊɕɋɏɅ ɉɕɘɈɍɚ 

ɏɓɑɑɘɒɍɏɅɛɍɓɒɒɠɚ ɔɕɓɗɓɏɓɐɓɇ 

Åȱɓɉɘɐɡ ɍɑɊɊɗ 2 ɒɊɌɅɇɍɖɍɑɓ ɕɅɆɓɗɅɣɞɍɊ ɜɅɖɗɍ, ɏɅɋɉɅɤ ɍɌ 

ɏɓɗɓɕɠɚ ɔɓɉɉɊɕɋɍɇɅɊɗ ɕɅɆɓɗɘ ɔɓ ɖɇɓɊɑɘ ɔɕɓɗɓɏɓɐɘ 

ȶɔɊɛɍɅɐɍɌɍɕɓɇɅɒɒɠɊ ɑɓɉɘɐɍ 
25 
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ȴɕɓɗɓɏɓɐɠ GTNETx2 

IEC 61850 

PLAYBACK 

SCADA 

PMU 

GSE: ɉɍɖɏɕɊɗɒɠɊ ɖɓɓɆɞɊɒɍɤ 

 SV: ɑɈɒɓɇɊɒɒɠɊ ɌɒɅɜɊɒɍɤ 

DNP3 ɍ IEC 60870-5-104 

PMU: IEEE C37.118 

SKT 

ȲɓɇɍɒɏɅ GTNETx2 ð ɇɌɅɍɑɓɉɊɎɖɗɇɍɊ 

ɜɊɕɊɌ TCP/UDP ɖɓɏɊɗɠ 

GTNETx2 

PB: ɇɓɖɔɕɓɍɌɇɊɉɊɒɍɊ 

ɔɕɓɉɓɐɋɍɗɊɐɡɒɠɚ əɅɎɐɓɇ ɉɅɒɒɠɚ 
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GTSYNC: ȱɓɉɘɐɡ ɖɍɒɚɕɓɒɍɌɅɛɍɍ ɔɓ ɖɍɈɒɅɐɅɑ ɗɓɜɒɓɈɓ ɇɕɊɑɊɒɍ 

ȶɔɊɛɍɅɐɍɌɍɕɓɇɅɒɒɠɊ ɑɓɉɘɐɍ 

ÅȶɍɒɚɕɓɒɍɌɅɛɍɤ ɝɅɈɅ ɕɅɖɜɊɗɅ RTDS ɔɓ ɇɒɊɝɒɍɑ ɍɑɔɘɐɡɖɅɑ 

(ɒɅɔɕɍɑɊɕ GPS-ɜɅɖɠ) ɍ ɖɍɒɚɕɓɒɍɌɍɕɘɊɗ ɘɖɗɕɓɎɖɗɇɅ ɇɓ ɇɕɊɑɤ 

ɍɖɔɠɗɅɒɍɎ 

ÅȪɋɊɖɊɏɘɒɉɒɠɎ ɖɍɈɒɅɐ (1PPS) ɔɓɉɏɐɣɜɅɊɗɖɤ ɜɊɕɊɌ 

ɏɓɅɏɖɍɅɐɡɒɠɎ ɕɅɌɟɊɑ BNC ɍɐɍ ɓɔɗɍɜɊɖɏɍɎ ɕɅɌɟɊɑ ST 

ÅȶɍɈɒɅɐ IEEE 1588 ɔɓɉɏɐɣɜɅɊɗɖɤ ɜɊɕɊɌ ɕɅɌɟɊɑɠ RJ45 ɍɐɍ ST. 

ÅȶɍɈɒɅɐ IRIG-B ɔɓɉɏɐɣɜɅɊɗɖɤ ɜɊɕɊɌ ɕɅɌɟɊɑɠ BNC 

ÅȶɍɒɚɕɓɒɍɌɅɛɍɤ ɒɊɓɆɚɓɉɍɑɅ ɉɐɤ PMU ɍ IEC 61850-9-2 SV 

ɘɖɗɕɓɎɖɗɇ 
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ȴɕɓɈɕɅɑɑɒɓɊ ɓɆɊɖɔɊɜɊɒɍɊ: RSCAD 

ÅȶɓɉɊɕɋɍɗ ɇɖɊ ɒɊɓɆɚɓɉɍɑɓɊ ɉɐɤ 

ɍɖɖɐɊɉɓɇɅɒɍɤ ɍ ɑɓɉɊɐɍɕɓɇɅɒɍɤ 

ÅȲɊ ɗɕɊɆɘɊɗ ɒɍɏɅɏɍɚ ɉɓɔɓɐɒɍɗɊɐɡɒɠɚ 

ɑɓɉɘɐɊɎ ɕɅɖɝɍɕɊɒɍɤ, ɉɐɤ ɏɅɏɍɚ-ɐɍɆɓ 

ɅɖɔɊɏɗɓɇ ɑɓɉɊɐɍɕɓɇɅɒɍɤ 

ÅȲɊ ɖɓɉɊɕɋɍɗ ɑɓɉɘɐɊɎ ɖɗɓɕɓɒɒɍɚ 

ɕɅɌɕɅɆɓɗɜɍɏɓɇ 

ÅȷɊɚɒɍɜɊɖɏɅɤ ɔɓɉɉɊɕɋɏɅ ɍ ɔɕɊɉɓɖɗɅɇɐɊɒɍɊ 

ɐɍɛɊɒɌɍɍ ɜɊɕɊɌ ɖɅɎɗ 
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ȴɕɓɈɕɅɑɑɒɠɊ ɑɓɉɘɐɍ RSCAD 

"ȨɐɅɇɒɅɤ ɖɗɕɅɒɍɛɅ" RSCAD ɉɐɤ 

ɘɔɕɅɇɐɊɒɍɤ ɔɕɓɊɏɗɅɑɍ ɍ ɍɚ 

ɌɅɔɘɖɏɘ  

ȨɕɅəɍɜɊɖɏɍɎ ɕɊɉɅɏɗɓɕ ɉɐɤ 

ɕɍɖɓɇɅɒɍɤ ɖɚɊɑɠ ɑɓɉɊɐɍ ɍ 

ɇɇɓɉɅ ɔɅɕɅɑɊɗɕɓɇ 

ȬɅɔɘɖɏ ɍ ɘɔɕɅɇɐɊɒɍɊ 

ɖɍɑɘɐɤɛɍɊɎ, ɔɕɓɖɑɓɗɕ 

ɕɊɌɘɐɡɗɅɗɓɇ ɑɓɉɊɐɍɕɓɇɅɒɍɤ. 

ȶɓɌɉɅɇɅɗɡ ɖɓɆɖɗɇɊɒɒɠɚ 

ɏɓɑɔɓɒɊɒɗɓɇ: ɇɒɊɝɒɍɎ ɇɍɉ, 

ɑɊɒɣ ɔɅɕɅɑɊɗɕɓɇ, ɍ ɅɐɈɓɕɍɗɑɅ 
ɕɅɆɓɗɠ ɇ ɕɊɅɐɡɒɓɑ ɇɕɊɑɊɒɍ. 

ȥɒɅɐɍɌ ɔɓɐɘɜɊɒɒɠɚ ɉɅɒɒɠɚ ɍ 

əɓɕɑɍɕɓɇɅɒɍɊ ɇɠɇɓɉɓɇ 

 

ȵɅɖɜɊɗ ɚɅɕɅɏɗɊɕɍɖɗɍɏ ɏɅɆɊɐɡɒɠɚ 

ɐɍɒɍɎ ɔɓ əɍɌɍɏɓ-ɈɊɓɑɊɗɕɍɜɊɖɏɍɑ  

ɉɅɒɒɠɑ ɍɐɍ ɖɓɔɕɓɗɍɇɐɊɒɍɣ 

ɔɓɖɐɊɉɓɇɅɗɊɐɡɒɓɖɗɊɎ. 

ȵɅɖɜɊɗ ɚɅɕɅɏɗɊɕɍɖɗɍɏ ɇɓɌɉɘɝɒɠɚ 

ɐɍɒɍɎ ɔɓ əɍɌɍɏɓ-ɈɊɓɑɊɗɕɍɜɊɖɏɍɑ  

ɉɅɒɒɠɑ ɍɐɍ ɖɓɔɕɓɗɍɇɐɊɒɍɣ 

ɔɓɖɐɊɉɓɇɅɗɊɐɡɒɓɖɗɊɎ. 
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RSCAD. ȹɅɎɐ-ɑɊɒɊɉɋɊɕ 
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RSCAD. ȵɊɉɅɏɗɓɕ ɖɚɊɑ 
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ȶɓɌɉɅɒɍɊ ɖɚɊɑ ɇ ɕɊɉɅɏɗɓɕɊ 

ȴɊɕɊɏɐɣɜɊɒɍɊ ɓɗɓɆɕɅɋɊɒɍɤ ɖɚɊɑɠ ɖ ɗɕɊɚəɅɌɒɓɎ ɒɅ ɓɉɒɓɐɍɒɊɎɒɘɣ ɍ ɓɆɕɅɗɒɓ 
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ȦɍɆɐɍɓɗɊɏɅ ɏɓɑɔɓɒɊɒɗɓɇ ɢɒɊɕɈɓɖɍɖɗɊɑ 
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ȦɍɆɐɍɓɗɊɏɅ ɖɍɖɗɊɑ ɘɔɕɅɇɐɊɒɍɤ 
34 



celebrating over 20 years as the world standard for real time digital power system simulation  

ȧɇɓɉ ɔɅɕɅɑɊɗɕɓɇ ɏɓɑɔɓɒɊɒɗɅ 
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RSCAD. ȧɍɕɗɘɅɐɡɒɠɎ ɖɗɊɒɉ 
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ȧɠɔɓɐɒɊɒɍɊ ɖɍɑɘɐɤɛɍɍ 

ȴɕɓɍɌɇɓɉɍɗɊɐɡɒɓɖɗɡ RTDS ɔɓɌɇɓɐɤɊɗ ɘɔɕɅɇɐɤɗɡ ɑɓɉɊɐɍɕɘɊɑɓɎ ɖɍɖɗɊɑɓɎ  

ɇ ɕɊɅɐɡɒɓɑ ɇɕɊɑɊɒɍ: 

ÅɘɔɕɅɇɐɊɒɍɊ ɖɍɑɘɐɤɛɍɊɎ 

ÅɑɓɒɍɗɓɕɍɒɈ ɌɅ ɖɍɖɗɊɑɓɎ 

ÅɇɠɈɕɘɌɏɅ ɉɅɒɒɠɚ  

ÅɕɘɜɒɓɎ ɍ ɅɇɗɓɑɅɗɍɜɊɖɏɍɎ ɕɊɋɍɑɠ 
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ȥɇɗɓɑɅɗɍɌɅɛɍɍ ɑɓɉɊɐɍɕɓɇɅɒɍɤ 

- C-ɓɆɕɅɌɒɠɎ ɤɌɠɏ ɔɕɓɈɕɅɑɑɍɕɓɇɅɒɍɤ 

- ɅɉɅɔɗɅɛɍɤ ɌɅ ɖɜɊɗ ɓɔɊɕɅɗɓɕɓɇ if , for , while  

- ɔɓɐɡɌɓɇɅɗɊɐɡɖɏɍɊ ɔɓɉɔɕɓɈɕɅɑɑɠ 

- ɔɓɐɡɌɓɇɅɗɊɐɡɖɏɍɎ əɓɕɑɅɗ ɉɐɤ ɓɗɜɊɗɓɇ 

- ɅɇɗɓɑɅɗɍɜɊɖɏɅɤ ɔɊɜɅɗɡ ɈɕɅəɍɏɓɇ 

ȹɅɎɐ ɖɛɊɒɅɕɍɤ - ɢəəɊɏɗɍɇɒɠɎ ɍɒɖɗɕɘɑɊɒɗ 

ɉɐɤ ɅɇɗɓɑɅɗɍɌɅɛɍɍ ɑɓɉɊɐɍɕɓɇɅɒɍɤ 
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RSCAD. ȱɓɉɘɐɡ ȧȰ - TLINE 
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RSCAD: ȱɓɉɘɐɡ ȯȰ - CABLE 
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ȵɊɉɅɏɗɓɕ ɏɓɑɔɓɒɊɒɗɓɇ (CBUILDER) 

Å ȴɓɌɇɓɐɤɊɗ ɔɓɐɡɌɓɇɅɗɊɐɤɑ ɖɓɌɉɅɇɅɗɡ ɖɓɆɖɗɇɊɒɒɠɊ ɑɓɉɊɐɍ ɏɓɑɔɓɒɊɒɗɓɇ 

Å ȴɓɐɡɌɓɇɅɗɊɐɡɖɏɍɊ ɏɓɑɔɓɒɊɒɗɠ ɕɅɆɓɗɅɣɗ ɇ ɕɊɅɐɡɒɓɑ ɇɕɊɑɊɒɍ ɖ ɉɕɘɈɍɑɍ ɆɍɆɐɍɓɗɊɜɒɠɑɍ 

ɏɓɑɔɓɒɊɒɗɅɑɍ 

Å CBuilder ɔɓɉɉɊɕɋɍɇɅɊɗɖɤ ɔɕɓɛɊɖɖɓɕɒɠɑɍ ɑɓɉɘɐɤɑɍ PB5 / GPC 
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ȯɓɒɇɊɕɗɓɕ ɍɌ PSS/e ɇ RSCAD 

ÅȴɕɊɓɆɕɅɌɘɊɗ *.raw , *.dyr  ɍ *.seq 

ɉɅɒɒɠɊ ɇ ɖɚɊɑɘ RSCAD - Draft 

ÅȱɒɓɈɓɐɊɗɒɊɊ ɕɅɌɇɍɗɍɊ ɢɗɓɈɓ 

ɏɓɒɇɊɕɗɓɕɅ 

ÅȧɓɌɑɓɋɒɓ ɔɕɊɓɆɕɅɌɓɇɅɒɍɊ ɔɓ 

əɕɅɈɑɊɒɗɅɑ 
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ȯɓɒɇɊɕɗɓɕ MATLAB/Simulink ɇ RSCAD 

Åȷɓɐɡɏɓ ɉɐɤ ɖɍɖɗɊɑ ɘɔɕɅɇɐɊɒɍɤ 

 

Åȯɓɉ ɒɅ ɤɌɠɏɊ C ɈɊɒɊɕɍɕɘɊɗɖɤ ɇ 

MATLAB/Simulink Embedded Coder 

 

Åȭɑɔɓɕɗ ɓɖɘɞɊɖɗɇɐɤɊɗɖɤ ɜɊɕɊɌ 

CBUILDER 
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ȱɓɉɊɐɍ ɖ ɑɅɐɠɑ ɝɅɈɓɑ ɕɅɖɖɜɊɗɅ 
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ȸɐɡɗɕɅɖɓɇɕɊɑɊɒɒɠɊ ɔɕɍɑɊɒɊɒɍɤ 

͙͙͚̊ͪͦ͟ ͔ͫͨͭͪ͟ 
͍͔ͨͪͦͪΎ͔ͣ·ͻ 
͚͍ͯͫͭͪͦͫͭ ˾˭ ͙ 
͍͙͙͊ͭͦͣ͊ͭ͟ 

˾͔͔͔͊ͫͨͪ͒ͤͤ͊͡Ύ 
͎͔͔ͤͪ͊ͼ͙Ύ ό͍͟͡Ό;͊Ύ  
͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·͔ 
͙ͫͭͦ;͙͙ͤ͟ύ 

̂ͣͤ·͔ ͔͙ͫͭ 
˾͊ͪ͊͋ͦͭ͊͘͟ ͙ 
͙ͫͨ·͙ͭ͊ͤΎ 

˽͍͔ͪͦͪ͊͟ ˾˭ˢ ͫ 
͔͚ͨͦ͒͒ͪ͗ͦ͟ 
ͨͪͦͭͦͦ͊͟͡ 
˸̏˴смурл 

˴ͪͯͨͤͦͣ͊ͫ΄͔ͭ͊͋ͤͦ 
͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͍ 
͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ 

ˮͫͨ·͙ͭ͊ͤΎ ͙͔ͫͫͭͣ 
͍͔͙ͯͨͪ͊ͤ͡Ύ ͨͦ 
ͫͻ͔͔ͣ ζͫ ͚ͦ͋ͪ͊ͭͤͦ 

͍ͫΎ͘ΈΌη 
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ȥɏɗɍɇɒɅɤ ɔɓɌɍɛɍɤ ɇ ɓɗɕɅɖɐɍ 
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ȴɕɊɍɑɘɞɊɖɗɇɅ ɗɊɖɗɍɕɓɇɅɒɍɤ ɒɅ RTDS 

ȸɖɗɕɓɎɖɗɇɓ 

ɔɕɓɇɊɕɏɍ 
ȴɕɓɇɊɕɤɊɑɓɊ 

ɘɖɗɕɓɎɖɗɇɓ 

ȷɕɅɉɍɛɍɓɒɒɅɤ ɖɚɊɑɅ ɔɕɓɇɊɕɏɍ ȵȬȥ 

ȬɅɑɏɒɘɗɅɤ ɖɚɊɑɅ ɔɕɓɇɊɕɏɍ ȵȬȥ 

ɒɅ RTDS 

ȸɖɗɕɓɎɖɗɇɓ 

ɔɕɓɇɊɕɏɍ 

ȴɕɓɇɊɕɤɊɑɓɊ 

ɘɖɗɕɓɎɖɗɇɓ 

˿͙͎ͤ͊͡· ͍͙ͭͦͪ;ͤ·ͻ 
ͼ͔͔͚ͨ 

˨͙͔ͫͪͭͤ͟·͔ ͙ ͔͔ͤͨͪͪ·͍ͤ·͔ ͙͎ͫͤ͊͡· 
͔͚͍͙͒ͫͭΎ ͍·͟͡Ό;͔͔͚͊ͭ͡ ͙ ͨͪΦ 

˿͙͎ͤ͊͡· ͍͙ͭͦͪ;ͤ·ͻ 
ͼ͔͔͚ͨ 
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ȱɊɗɓɉɠ ɔɕɓɇɊɕɏɍ ɕɊɐɊɎɒɓɎ ɌɅɞɍɗɠ 

ȭɑɍɗɅɛɍɓɒɒɠɊ ɍɖɔɠɗɅɒɍɤ 

ÅȲɊ ɍɖɔɓɐɡɌɘɣɗɖɤ ɖɍɈɒɅɐɠ ɕɊɅɐɡɒɠɚ ɢɒɊɕɈɓɖɍɖɗɊɑ 

ÅȭɖɔɓɐɡɌɘɣɗɖɤ ɖɍɒɗɊɌɍɕɓɇɅɒɒɠɊ ɖɍɈɒɅɐɠ ɏɓɗɓɕɠɊ ɓɗɐɍɜɅɣɗɖɤ ɓɗ ɖɍɈɒɅɐɓɇ ɔɕɍ ɕɊɅɐɡɒɠɚ 
ɅɇɅɕɍɤɚ 

ȭɖɔɠɗɅɒɍɤ ɔɓ ɓɖɛɍɐɐɓɈɕɅɑɑɅɑ 

ÅȭɖɔɓɐɡɌɘɊɗɖɤ  ɌɅɔɍɖɍ ɖ ɕɊɈɍɖɗɕɅɗɓɕɓɇ ɅɇɅɕɍɎɒɠɚ ɔɕɓɛɊɖɖɓɇ ɍɐɍ ɖɑɓɉɊɐɍɕɓɇɅɒɒɠɊ ɖɍɈɒɅɐɠ 

ÅȶɍɈɒɅɐɠ ɉɊɎɖɗɇɍɗɊɐɡɒɠ ɗɓɐɡɏɓ ɉɓ ɑɓɑɊɒɗɅ ɖɕɅɆɅɗɠɇɅɒɍɤ ɌɅɞɍɗɠ 

Åȱɓɋɒɓ ɔɕɓɇɊɕɍɗɡ ɗɓɐɡɏɓ ɓɉɒɓ ɕɊɐɊ 

ȭɖɔɠɗɅɒɍɤ ɔɓ ɌɅɑɏɒɘɗɓɎ ɖɚɊɑɊ 

Å ȷɕɊɆɘɊɗɖɤ ɖɍɑɘɐɤɗɓɕ ɕɊɅɐɡɒɓɈɓ ɇɕɊɑɊɒɍ ɉɐɤ əɓɕɑɍɕɓɇɅɒɍɤ ɖɍɈɒɅɐɓɇ ɆɐɍɌɏɍɚ ɏ ɖɍɈɒɅɐɅɑ 
ɢɒɊɕɈɓɖɍɖɗɊɑɠ 

Å ȳɆɕɅɗɒɠɊ ɖɇɤɌɍ ɓɆɊɖɔɊɜɍɇɅɣɗ ɔɓɐɒɓɊ ɇɌɅɍɑɓɉɊɎɖɗɇɍɊ ɔɕɓɇɊɕɤɊɑɓɈɓ ɕɊɐɊ ɖ 
ɑɓɉɊɐɍɕɘɊɑɓɎ ɢɒɊɕɈɓɖɍɖɗɊɑɓɎ 

Å ȴɕɓɇɊɕɤɗɡɖɤ ɓɉɒɓɇɕɊɑɊɒɒɓ ɒɊɖɏɓɐɡɏɓ ɘɖɗɕɓɎɖɗɇ ȵȬȥ ɍ ɍɚ ɖɚɊɑɅ ɇɌɅɍɑɒɠɚ ɖɓɊɉɍɒɊɒɍɎ 
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ȭɒɗɊɕəɊɎɖ ɅɒɅɐɓɈɓɇɠɚ ɖɍɈɒɅɐɓɇ 
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ȭɒɗɊɕəɊɎɖ ɔɓ ɔɕɓɗɓɏɓɐɘ ȱɂȯ 61850  
50 
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ȦɍɆɐɍɓɗɊɏɅ ȵȬ ɍ ȥ 

ȶɍɒəɅɌɒɠɎ 

ɍɌɑɊɕɍɗɊɐɡ ɔɓ 

ɖɗɅɒɉɅɕɗɘ IEEE 

C37.118 

ȱȷȬ 

ȬɅɞɍɗɅ 

ɈɊɒɊɕɅɗɓɕɅ 

èȩɍɖɗɅɒɛɍɓɒɏɅé ȩɍəɌɅɞɍɗɅ ȸɔɕɅɇɐɊɒɍɊ ȵȴȲ 

ȶɍɒɚɕɓɒɒɓɊ 

ɇɏɐɣɜɊɒɍɊ 

ɇɠɏɐɣɜɅɗɊɐɤ 

PMU 

ȸɉɓɇɐɊɗɇɓɕɤɤ ɔɓɗɕɊɆɒɓɖɗɍ ɏɐɍɊɒɗɓɇ ɑɠ ɔɓɖɗɓɤɒɒɓ 

ɓɆɒɓɇɐɤɊɑ ɆɍɆɐɍɓɗɊɏɍ ɏɓɑɔɓɒɊɒɗɓɇ 
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ȶɔɊɛɍɅɐɡɒɠɊ ɑɓɉɊɐɍ ɉɐɤ ɔɕɓɇɊɕɏɍ ȵȬȥ 

Ȱɍɒɍɤ ɉɐɍɒɓɎ Ⱥ% Ȱɍɒɍɤ ɉɐɍɒɓɎ (100-ɚ)% 
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ȶɍɖɗɊɑɠ ɈɐɓɆɅɐɡɒɓɎ ȵȬ ɍ ȥ 

Å ȧɓɌɐɅɈɅɣɗɖɤ ɆɓɐɡɝɍɊ ɒɅɉɊɋɉɠ ɒɅ 

ɈɐɓɆɅɐɡɒɠɊ ɖɍɖɗɊɑɠ ɌɅɞɍɗɠ  

 

Å ȳɖɓɆɓɊ ɇɒɍɑɅɒɍɊ ɘɉɊɐɤɊɗɖɤ ɒɅ 

ɇɌɅɍɑɓɉɊɎɖɗɇɍɤ ɓɗɉɊɐɡɒɠɚ 

ɢɒɊɕɈɓɕɅɎɓɒɓɇ 

 

Å ȯɓɖɐɔɊɏɖ ɕɅɖɔɕɊɉɊɐɊɒɒɠɚ ɖɍɒəɅɌɒɠɚ 

ɍɌɑɊɕɊɒɍɎ ɑɓɋɊɗ ɔɕɊɉɓɖɗɅɇɐɤɗɡ 

ɈɐɓɆɅɐɡɒɘɣ ɍɒəɓɕɑɅɛɍɣ ɉɐɤ ɛɊɒɗɕɅ 

ɘɔɕɅɇɐɊɒɍɤ  
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ȶɍɖɗɊɑɠ ɈɐɓɆɅɐɡɒɓɎ ȵȬ ɍ ȥ 

ȶɍɒɚɕɓɒɍɌɅɛɍɤ ɔɓ GPS 

ÅȳɆɞɊɊ ɓɔɓɕɒɓɊ ɇɕɊɑɤ ɉɐɤ ɅɒɅɐɍɌɅ 

ɕɊɌɘɐɡɗɅɗɓɇ 

ÅȴɕɓɇɊɕɏɍ ɖɗɅɗɍɜɊɖɏɓɎ ɍ ɉɍɒɅɑɍɜɊɖɏɓɎ 

ɘɖɗɓɎɜɍɇɓɖɗɍ 

 

ȱɓɉɘɐɡ GTSYNC  

Åȧɇɓɉ ɖɍɈɒɅɐɓɇ 1PPS, IRIG-B ɍ IEEE 1588 

 

ȴɕɓɗɓɏɓɐ IEEE C37.118 

ÅPMU ɔɕɓɗɓɏɓɐ ɉɐɤ GTNET 
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ȶɍɖɗɊɑɠ ɈɐɓɆɅɐɡɒɓɎ ȵȬ ɍ ȥ 

ȴɕɓɊɏɗɠ ɇ ɑɍɕɊ ɖ ɍɖɔɓɐɡɌɓɇɅɒɍɊɑ ɖɍɑɘɐɤɗɓɕɅ RTDS 

DTU - SOSPO project (Secure Operation of 

Sustainable Power Systems ς ͤ ͔͔͊͒͗ͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ 

͙͍ͫ͋͊͊ͤͫͪͦ͊ͤͤ͡·͙ͣ Ή͔͎͙͔͙ͤͪͦͫͫͭͣ͊ͣ) 

 

SCE - C-RAS project (centralized - remedial action 

schemes ɛɊɒɗɕɅɐɍɌɓɇɅɒɒɠɊ ɖɚɊɑɠ ɔɕɓɗɍɇɓɉɊɎɖɗɇɍɤ ) 

PG&E ð ȳɆɓɖɒɓɇɅɒɍɊ ɏɓɒɛɊɔɛɍɍ  

ɖɍɒəɅɌɒɠɚ ɍɌɑɊɕɍɗɊɐɊɎ 
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ÅȴɕɓɊɏɗ C-RAS  

ÅȭɌɘɜɊɒɍɊ PMU  

Å58 ɑɓɉɘɐɊɎ GTNET 

 

ȴɕɍɑɊɒɊɒɍɊ ɇ ɏɓɑɔɅɒɍɍ èSCEé 

ȶɍɖɗɊɑɠ ɈɐɓɆɅɐɡɒɓɎ ȵȬ ɍ ȥ 
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ÅȴɕɓɊɏɗ SOSPO 

ÅȷɊɖɗɓɇɅɤ ɑɓɉɊɐɡ èNordic 32é (60 ɝɍɒ) 

ÅȦɓɐɊɊ 170 ɔɓɗɓɏɓɇ PMU 

ÅȳɛɊɒɏɅ ɇ ɕɊɅɐɡɒɓɑ ɇɕɊɑɊɒɍ 

ɆɊɌɓɔɅɖɒɓɖɗɍ ɍ ɖɗɅɆɍɐɡɒɓɖɗɍ 

ɢɒɊɕɈɓɖɍɖɗɊɑɠ 

 

ȴɕɍɑɊɒɊɒɍɊ ɇ ɏɓɑɔɅɒɍɍ èDTUé 

ȶɍɖɗɊɑɠ ɈɐɓɆɅɐɡɒɓɎ ȵȬ ɍ ȥ 
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ȴɕɓɇɊɕɏɅ ɖɍɖɗɊɑ ɕɊɈɘɐɍɕɓɇɅɒɍɤ 

Åȷɓɐɡɏɓ ɋɊɖɗɏɓɊ ɕɊɅɐɡɒɓɊ ɇɕɊɑɤ ɔɓɌɇɓɐɤɊɗ ɇɌɅɍɑɓɉɊɎɖɗɇɓɇɅɗɡ ɖ ɇɒɊɝɒɍɑ 

ɓɆɓɕɘɉɓɇɅɒɍɊɑ 

ÅȦɓɐɡɝɓɊ ɏɓɐɍɜɊɖɗɇɓ ɇɚɓɉɓɇ/ɇɠɚɓɉɓɇ 

ÅȧɓɌɑɓɋɒɓɖɗɡ ɍɖɖɐɊɉɓɇɅɒɍɤ Ɇɓɐɡɝɍɚ ɖɍɖɗɊɑ 

ɘɔɕɅɇɐɊɒɍɤ 

ÅȧɠɖɓɏɅɤ ɗɓɜɒɓɖɗɡ ɍ ɕɅɌɕɊɝɅɣɞɅɤ 

ɖɔɓɖɓɆɒɓɖɗɡ ɔɓ ɇɕɊɑɊɒɍ 

ÅȶɗɅɆɍɐɡɒɓɖɗɡ ɔɕɍ ɉɐɍɗɊɐɡɒɓɑ ɑɓɉɊɐɍɕɓɇɅɒɍɊ 

ÅȴɓɖɗɓɤɒɒɓɊ ɇɌɅɍɑɓɉɊɎɖɗɇɍɊ ɖ ɔɓɐɡɌɓɇɅɗɊɐɊɑ ɇ ɔɕɓɛɊɖɖɊ ɑɓɉɊɐɍɕɓɇɅɒɍɤ ɍ ɓɆɑɊɒ 

ɉɅɒɒɠɑɍ. 
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ȴɕɍɑɊɕɠ ɖɍɖɗɊɑ ɘɔɕɅɇɐɊɒɍɤ 

HVDC (ȧɠɖɓɏɓɇɓɐɡɗɒɠɊ ɇɖɗɅɇɏɍ ɍ ɐɍɒɍɍ ɔɓɖɗɓɤɒɒɓɈɓ ɗɓɏɅ) 

ÅȷɍɕɍɖɗɓɕɒɠɊ ɖɚɊɑɠ ɖ ɘɐɘɜɝɊɒɒɠɑ ɅɐɈɓɕɍɗɑɓɑ ɖɍɑɘɐɤɛɍɍ ɔɓɉɋɍɈɅ 

ÅȶɚɊɑɠ ɉɇɘɚ, ɗɕɊɚ ɍ ɑɒɓɈɓɘɕɓɇɒɊɇɠɚ (MMC) ɔɕɊɓɆɕɅɌɓɇɅɗɊɐɊɎ ɒɅɔɕɤɋɊɒɍɤ (VSC) ɑɓɉɊɐɍɕɘɣɗɖɤ ɖ 

ɑɅɐɠɑ ɝɅɈɓɑ ɕɅɖɜɊɗɅ 

STATCOM (ȶɗɅɗɍɜɊɖɏɍɊ ɖɍɒɚɕɓɒɒɠɊ ɏɓɑɔɊɒɖɅɗɓɕɠ ) 

ÅȶɚɊɑɠ ɉɇɘɚ-, ɗɕɊɚ- ɍ ɑɒɓɈɓɘɕɓɇɒɊɇɠɚ (MMC) ɔɕɊɓɆɕɅɌɓɇɅɗɊɐɊɎ ɒɅɔɕɤɋɊɒɍɤ (VSC) ɑɓɉɊɐɍɕɘɣɗɖɤ 

ɖ ɑɅɐɠɑ ɝɅɈɓɑ ɕɅɖɜɊɗɅ 

TCSC (Thyristor  Controlled Series Compensation ) 

ȴɓɖɐɊɉɓɇɅɗɊɐɡɒɠɊ ɗɍɕɍɖɗɓɕɒɠɊ ɏɓɑɔɊɒɖɅɗɓɕɠ  

Generator (Exciter, Governor, PSS)  

ȥȵȧ, ȥȵȼȧ ɍ ɖɍɖɗɊɑɅ ɖɗɅɆɍɐɍɌɅɛɍɤ ɖ ɖɊɗɡɣ 

SVC (Static Var Compensator)   

ȶɗɅɗɍɜɊɖɏɍɊ ɏɓɑɔɊɒɖɅɗɓɕɠ ɕɊɅɏɗɍɇɒɓɎ ɑɓɞɒɓɖɗɍ 
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