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𝐷1 

𝑠𝐷2

𝑠 + 𝜔𝐷

 

𝐷𝜔𝑚 

𝐷𝜔𝑚𝑎𝑥 

𝐷𝜔𝑚𝑖𝑛 

+ 

Algebra to Get 𝐼𝑝𝑚𝑖𝑛𝐺𝐹𝐿 , 𝐼𝑝𝑚𝑎𝑥𝐺𝐹𝐿 , 𝐼𝑞𝑚𝑖𝑛𝐺𝐹𝐿 and 𝐼𝑞𝑚𝑎𝑥𝐺𝐹𝐿 

𝑷𝑸𝒇𝒍𝒂𝒈 <> 𝟎  
𝐼𝑝𝑚𝑎𝑥𝐺𝐹𝐿 = +𝐾𝐹𝐼𝑚𝑎𝑥  
If 𝐼𝑝𝑐𝑚𝑑𝐺𝐹𝐿

2 > 𝐼𝑚𝑎𝑥
2  Then 

    𝐼𝑞𝑚𝑎𝑥𝐺𝐹𝐿 = 0 
Else  

    𝐼𝑞𝑚𝑎𝑥𝐺𝐹𝐿 = ට𝐼𝑚𝑎𝑥
2 − 𝐼𝑝𝑐𝑚𝑑𝐺𝐹𝐿

2   

𝐼𝑝𝑚𝑖𝑛𝐺𝐹𝐿 = −𝐼𝑝𝑚𝑎𝑥𝐺𝐹𝐿  
𝐼𝑞𝑚𝑖𝑛𝐺𝐹𝐿 = −𝐼𝑞𝑚𝑎𝑥𝐺𝐹𝐿  

𝑷𝑸𝒇𝒍𝒂𝒈 = 𝟎  
𝐼𝑞𝑚𝑎𝑥𝐺𝐹𝐿 = +𝐾𝐹𝐼𝑚𝑎𝑥  
If 𝐼𝑞𝑐𝑚𝑑𝐺𝐹𝐿

2 > 𝐼𝑚𝑎𝑥
2  Then 

    𝐼𝑝𝑚𝑎𝑥𝐺𝐹𝐿 = 0 
Else 

    𝐼𝑝𝑚𝑎𝑥𝐺𝐹𝐿 = ට𝐼max
2 − 𝐼𝑞𝑐𝑚𝑑𝐺𝐹𝐿

2   

𝐼𝑝𝑚𝑖𝑛𝐺𝐹𝐿 = −𝐼𝑝𝑚𝑎𝑥𝐺𝐹𝐿  
𝐼𝑞𝑚𝑖𝑛𝐺𝐹𝐿 = −𝐼𝑞𝑚𝑎𝑥𝐺𝐹𝐿  

 

𝑉𝑖𝑛𝑣 
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𝛿𝑉𝑆𝑀 
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1 + 𝑠𝑇𝑉𝑟
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2𝜋𝑓𝑜
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𝛿𝑉𝑆𝑀 reported as generator 
Rotor Angle No Shift 

𝐷𝑎𝑚𝑝 

𝐼𝑛𝑡𝐸 

  
+ 

+ 
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  

= 0 
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𝐹𝐹𝑙𝑎𝑔 
0.0 

𝑉𝑟𝑒𝑓 

  
1

1 + 𝑠𝑇𝑉𝑆𝑀
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+ 
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1 + 𝑠𝑇𝑤𝑚

 

1

1 + 𝑠𝑇𝑤𝑟
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𝐷𝑃𝐺𝐹𝑀𝑚𝑎𝑥  

𝐷𝑃𝐺𝐹𝑀𝑚𝑖𝑛  

 

1

𝑚𝑝

   

𝜔𝑚 

𝑃𝑟𝑒𝑓𝐺𝐹𝑀 = 0.0  

 

+ 
+ 𝑃𝑐𝑚𝑑𝐺𝐹𝑀  

𝐼𝑟𝐺𝐹𝐿 + 𝑗𝐼𝑖𝐺𝐹𝐿 
 

10 

𝑉𝑖𝑛𝑣 
  

dbVL1 
  

𝑉𝑟𝑒𝑓0 

𝐾𝑞𝑣 

𝑄𝑐𝑚𝑑_𝐺𝐹𝐿  

 

𝑄𝑐𝑚𝑑𝐺𝐹𝐿𝑚𝑎𝑥  

𝑄𝑐𝑚𝑑𝐺𝐹𝐿𝑚𝑖𝑛 

𝑃𝑐𝑚𝑑_𝐺𝐹𝐿 

 

𝑃𝑐𝑚𝑑𝐺𝐹𝐿𝑚𝑎𝑥 

𝑃𝑐𝑚𝑑𝐺𝐹𝐿𝑚𝑖𝑛  

 ÷ 

 ÷ 

𝑉𝑚𝑖𝑛 

  

𝐼𝑝𝑚𝑎𝑥𝐺𝐹𝐿 

𝐼𝑝𝑚𝑖𝑛𝐺𝐹𝐿  

𝐼𝑞𝑚𝑎𝑥𝐺𝐹𝐿  

𝐼𝑞𝑚𝑖𝑛𝐺𝐹𝐿  

𝐼𝑝𝑐𝑚𝑑𝐺𝐹𝐿 

𝐼𝑞𝑐𝑚𝑑𝐺𝐹𝐿 

𝐼𝑚𝑎𝑥  

𝑃𝑄𝑓𝑙𝑎𝑔 

𝑒+𝑗𝜃 

(−𝑗𝐼𝑞𝐺𝐹𝐿 ++𝐼𝑝𝐺𝐹𝐿) 

 PQ 
Priority 
Current 
Limiting 

𝐼𝑟𝐺𝐹𝐿 = 𝐼𝑝𝐺𝐹𝐿 cos(𝜃) + 𝐼𝑞𝐺𝐹𝐿 sin(𝜃)  
𝐼𝑖𝐺𝐹𝐿 = 𝐼𝑝𝐺𝐹𝐿 sin(𝜃) − 𝐼𝑞𝐺𝐹𝐿 cos(𝜃)  

 

𝑉𝑡𝑒𝑟𝑚𝑒𝑗𝜃 

𝐼𝑞𝐺𝐹𝐿 

𝐼𝑝𝐺𝐹𝐿 

Conversion to Network Reference + _ 

 

𝐾𝑓 

𝑓0 = 𝑆𝑦𝑠𝑡𝑒𝑚 
 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 
𝑖𝑛 𝐻𝑧  

  

States: 

1 – DeltaVSM 

2 – EVSM 

3 – Damp 

4 – Dwm 

5 – IntE 

6 – Wmmes 

7 – PinvGFM 

8 – wrefmeas 

9 – Vrefmeas 

10 – Vinv 

11 – IqGFMmeas 

Other Fields: 

1 – IpGFL 

2 – IqGFL 

3 – IpcmdGFL 

4 – IqcmdGFL 

5 – IpmaxGFL 

6 – IqmaxGFL 
7 – PGFM 

8 – IqGFM 

9 – PcmdGFM 

10 – IqcmdGFM  

  

  

6 

+ 
+ 

Complex Conjugate current 
because power S = VI* 

𝐷𝑃𝐷𝑚𝑎𝑥  

𝐷𝑃𝐷𝑚𝑖𝑛  

 

Special Handling is done in 
the network boundary 
equations to enforce the 
Imax limit on the total 
current.  
See next page for details. 

Inputs from 
Hybrid Plant 
Controller 
 
Inputs from 
network 
interface 

= 0 

<> 0 

𝑉𝐹𝑙𝑎𝑔 
0.0 

  
+ 
+ 

𝐼𝑞𝑟𝑒𝑓𝐺𝐹𝑀 = 0.0 

Divide by 
voltage 
signal 

Initial Conditions 
𝜔𝑟𝑒𝑓 = 1.0  

𝑉𝑟𝑒𝑓 = 𝑉𝑡𝑒𝑟𝑚  

 

Initial Conditions 
𝑃𝐺𝐹𝑀 = 0.0  
𝑄𝐺𝐹𝑀 = 0.0  
𝐸𝑉𝑆𝑀 = 𝑉𝑡𝑒𝑟𝑚  
𝛿𝑉𝑆𝑀 = 𝜃   
 

𝑃𝐺𝐹𝑀 =
𝑉𝑡𝑒𝑟𝑚

𝑅𝑒
2+𝑋𝑒

2
ሾ𝑅𝑒𝐸𝑉𝑆𝑀 cos(𝛿𝑉𝑆𝑀 − 𝜃) − 𝑅𝑒𝑉𝑡𝑒𝑟𝑚 + 𝑋𝑒𝐸𝑉𝑆𝑀 sin(𝛿𝑉𝑆𝑀 − 𝜃)ሿ  

𝑄𝐺𝐹𝑀 =
𝑉𝑡𝑒𝑟𝑚

𝑅𝑒
2+𝑋𝑒

2
ሾ𝑋𝑒𝐸𝑉𝑆𝑀 cos(𝛿𝑉𝑆𝑀 − 𝜃) − 𝑋𝑒𝑉𝑡𝑒𝑟𝑚 − 𝑅𝑒𝐸𝑉𝑆𝑀 sin(𝛿𝑉𝑆𝑀 − 𝜃)ሿ  

𝐼𝑞𝑐𝑚𝑑𝐺𝐹𝑀 

dbVH1 

Grid Forming Control 

Grid Following Control 



Network Boundary Equations Explanation 
The network boundary equations for REGFM_C1 a simultaneous combination voltage source such as REGFM_A1 and current source 

such as REGC_A.   

 
When the current limit is not active, the currents from the GFM portion and GFL portion of the network interface are calculated as. 

𝐼𝑟𝐺𝐹𝑀 = 𝐺𝐸𝑉𝑆𝑀 cos(𝛿𝑉𝑆𝑀) − 𝐵𝐸𝑉𝑆𝑀 sin(𝛿𝑉𝑆𝑀) − ሾ𝐺𝑉𝑡𝑒𝑟𝑚 cos(𝜃) − 𝐵𝑉𝑡𝑒𝑟𝑚 sin(𝜃)ሿ  
𝐼𝑖𝐺𝐹𝑀 = 𝐵𝐸𝑉𝑆𝑀 cos(𝛿𝑉𝑆𝑀) + 𝐺𝐸𝑉𝑆𝑀 sin(𝛿𝑉𝑆𝑀) − ሾ𝐵𝑉𝑡𝑒𝑟𝑚 cos(𝜃) + 𝐺𝑉𝑡𝑒𝑟𝑚 sin(𝜃)ሿ  
𝐼𝑟𝐺𝐹𝐿 = 𝐼𝑝𝐺𝐹𝐿 cos(𝜃) + 𝐼𝑞𝐺𝐹𝐿 sin(𝜃)  

𝐼𝑖𝐺𝐹𝐿 = 𝐼𝑝𝐺𝐹𝐿 sin(𝜃) − 𝐼𝑞𝐺𝐹𝐿 cos(𝜃)  

𝐼𝑡𝑒𝑟𝑚𝑟 = 𝐼𝑟𝐺𝐹𝑀 + 𝐼𝑟𝐺𝐹𝐿  

𝐼𝑡𝑒𝑟𝑚𝑖 = 𝐼𝑖𝐺𝐹𝑀 + 𝐼𝑖𝐺𝐹𝐿  

During the network algebraic solution, if the terminal current exceeds the maximum current limit (𝐼𝑚𝑎𝑥), then the algebraic network 

equations transitions to current equations that have a total current of 𝐼𝑚𝑎𝑥, but the component currents maintain the same ratio as the 

models desired currents.  By assuming they maintain the same ratio, the assumption is that power factor is maintained.  

If ට𝐼𝑡𝑒𝑟𝑚𝑟
2 + 𝐼𝑡𝑒𝑟𝑚𝑖

2 ≤ 𝐼𝑚𝑎𝑥, then the model terminal currents used are (𝐼𝑢𝑠𝑒𝑑𝑟 + 𝑗𝐼𝑢𝑠𝑒𝑑𝑖) = (𝐼𝑡𝑒𝑟𝑚𝑟 + 𝑗𝐼𝑡𝑒𝑟𝑚𝑖) 

If ට𝐼𝑡𝑒𝑟𝑚𝑟
2 + 𝐼𝑡𝑒𝑟𝑚𝑖

2 > 𝐼𝑚𝑎𝑥, then the model terminal currents used transition to scaled desired currents as follows. 

𝐼𝑢𝑠𝑒𝑑𝑟 = 𝐼𝑡𝑒𝑟𝑚𝑟
𝐼𝑚𝑎𝑥

ට𝐼𝑡𝑒𝑟𝑚𝑟
2 +𝐼𝑡𝑒𝑟𝑚𝑖

2
   

𝐼𝑢𝑠𝑒𝑑𝑖 = 𝐼𝑡𝑒𝑟𝑚𝑖
𝐼𝑚𝑎𝑥

ට𝐼𝑡𝑒𝑟𝑚𝑟
2 +𝐼𝑡𝑒𝑟𝑚𝑖

2
    

When the current limit is being enforced the model injects this current at the network. 

+ 
_ 𝐸𝑉𝑆𝑀𝑒𝑗(𝛿𝑉𝑆𝑀) 

  

  

  

𝑅𝑒 + 𝑗𝑋𝑒 

  

𝑉𝑒𝑗𝜃  

+ 
 
 
 

_ 

𝐺 + 𝑗𝐵 =
1

𝑅𝑒+𝑗𝑋𝑒
  

 𝐺 =
𝑅𝑒

𝑅𝑒
2+𝑋𝑒

2  

 𝐵 =
−𝑋𝑒

𝑅𝑒
2+𝑋𝑒

2  
൫𝐼𝑝𝐺𝐹𝐿 − 𝑗𝐼𝑞𝐺𝐹𝐿൯𝑒𝑗𝜃 

  

Model States: 𝐸𝑉𝑆𝑀, 𝛿𝑉𝑆𝑀, 𝐼𝑝𝐺𝐹𝐿 , 𝐼𝑞𝐺𝐹𝐿 , Model Parameters: 𝑅𝑒, 𝑋𝑒, and 𝐼𝑚𝑎𝑥 . 

  

𝐼𝑡𝑒𝑟𝑚𝑟 + 𝑗𝐼𝑡𝑒𝑟𝑚𝑖 

  
𝐼𝑟𝐺𝐹𝑀 + 𝑗𝐼𝑖𝐺𝐹𝑀 

  


