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Model REGFM_A1 

Grid Forming Inverter Droop-Controlled  
States: 

1 – DeltaDroop 

2 – IntEdroop 

3 – Pmeas 

4 – Qmeas 

5 – Vmeas  

6 – PIPmax 

7 – PIPmin 

8 – PIQmax 

9 – PIQmin 

  
𝑃𝑔𝑒𝑛 

1

1 + 𝑠𝑇𝑃𝑓

 
𝑅𝑒 + 𝑗𝑋𝑒 

  

𝑒+𝑗𝛿𝑑𝑟𝑜𝑜𝑝 
+ 

-- 

Vterminal 

Parameter 𝐼𝑚𝑎𝑥 is used in algebraic 
network equations to enforce maximum 
current. See next page for details on 
network equations. When 𝐼𝑚𝑎𝑥 is 
enforced, values of 𝐸𝑛𝑒𝑡 and 𝛿𝑛𝑒𝑡 are 
reported as other fields.  

  

+ 

_ 

𝑄𝑔𝑒𝑛 
1

1 + 𝑠𝑇𝑄𝑓

 

𝑃𝑟𝑒𝑓 

  

+ 
+ 

𝑚𝑝 
 

𝑚𝑞 
 

𝑉𝑟𝑒𝑓 

𝑉𝑡𝑒𝑟𝑚 

  

  _ 
+ 

+ 
+ 

𝐾𝑖𝑝𝑚𝑎𝑥/𝑠 

𝐾𝑝𝑝𝑚𝑎𝑥 

𝐾𝑝𝑝𝑚𝑎𝑥 

𝐾𝑖𝑝𝑚𝑎𝑥/𝑠 

  

  

  

  

  

0 

0 

0 

0 

𝑃𝑚𝑎𝑥 

𝑃𝑚𝑖𝑛 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

_ 

_ 

𝐾𝑖𝑞𝑚𝑎𝑥/𝑠 

𝐾𝑝𝑞𝑚𝑎𝑥  

𝐾𝑝𝑞𝑚𝑎𝑥  

𝐾𝑖𝑞𝑚𝑎𝑥/𝑠 

  

  

  

  

  

0 

0 

0 

0 

𝑄𝑚𝑎𝑥 

𝑄𝑚𝑖𝑛 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

_ 

_ 

+ 

𝐾𝑖𝑣/𝑠 

𝐾𝑝𝑣   

+ 
+ 

𝐸𝑚𝑎𝑥 

𝐸𝑚𝑖𝑛 

2𝜋𝑓0 

𝑓0 = 𝑆𝑦𝑠𝑡𝑒𝑚 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦  
 

  

1

𝑠
 

∆𝜔𝑝𝑢 

1.0 

𝜔𝑝𝑢 
 

𝐸𝑑𝑟𝑜𝑜𝑝 

𝛿𝑑𝑟𝑜𝑜𝑝 

1

1 + 𝑠𝑇𝑉𝑓

 

1 

2 

5 

6 

7 

8 

9 

4 

3 

𝐸𝑚𝑖𝑛  

𝐸𝑚𝑎𝑥  

𝑉𝑐𝑚𝑑  

+ 

+ 
 

0 

<> 0 

Vflag 

𝛿𝑑𝑟𝑜𝑜𝑝 reported as generator  

Rotor Angle No Shift 
𝜔𝑝𝑢 reported as generator Speed 

  
+ 

_ 
𝑄𝑟𝑒𝑓 

<> 0 

= 0 
QVflag 

𝑄𝑉𝑟𝑒𝑓 

𝑄𝑉𝑓𝑙𝑎𝑔 <> 0 : Plant controller changes 𝑉𝑟𝑒𝑓  

and the initialization sets 𝑄𝑟𝑒𝑓 = 0  

𝑄𝑉𝑓𝑙𝑎𝑔 = 0 : Plant controller changes 𝑄𝑟𝑒𝑓  

and the initialization sets 𝑄𝑟𝑒𝑓 = 𝑄𝑖𝑛𝑣  

 



Network Boundary Equations Explanation 

 
When the current limit is not active, the Norton current on the network reference frame (𝐼𝑟 + 𝑗𝐼𝑖) is calculated as follows. 

𝐼𝑟 + 𝑗𝐼𝑖 = 𝐸𝑑𝑟𝑜𝑜𝑝𝑒𝑗𝛿𝑑𝑟𝑜𝑜𝑝(𝐺 + 𝑗𝐵) = [𝐸𝑑𝑟𝑜𝑜𝑝 cos(𝛿𝑑𝑟𝑜𝑜𝑝) + 𝑗𝐸𝑑𝑟𝑜𝑜𝑝 sin(𝛿𝑑𝑟𝑜𝑜𝑝)](𝐺 + 𝑗𝐵)  

= [𝐺𝐸𝑑𝑟𝑜𝑜𝑝 cos(𝛿𝑑𝑟𝑜𝑜𝑝) − 𝐵𝐸𝑑𝑟𝑜𝑜𝑝 sin(𝛿𝑑𝑟𝑜𝑜𝑝)] + 𝑗[𝐵𝐸𝑑𝑟𝑜𝑜𝑝 cos(𝛿𝑑𝑟𝑜𝑜𝑝) + 𝐺𝐸𝑑𝑟𝑜𝑜𝑝 sin(𝛿𝑑𝑟𝑜𝑜𝑝)]  

𝐼𝑟 = 𝐺𝐸𝑑𝑟𝑜𝑜𝑝 cos(𝛿𝑑𝑟𝑜𝑜𝑝) − 𝐵𝐸𝑑𝑟𝑜𝑜𝑝 sin(𝛿𝑑𝑟𝑜𝑜𝑝)  

𝐼𝑖 = 𝐵𝐸𝑑𝑟𝑜𝑜𝑝 cos(𝛿𝑑𝑟𝑜𝑜𝑝) + 𝐺𝐸𝑑𝑟𝑜𝑜𝑝 sin(𝛿𝑑𝑟𝑜𝑜𝑝)  

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

equations transition 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. Assuming 

𝐼𝑡𝑒𝑟𝑚 ≤ 𝐼𝑚𝑎𝑥, then terminal currents are the following (subtract off the currents that goes through the Norton admittance). 

𝐼𝑡𝑒𝑟𝑚𝑟 = 𝐺𝐸𝑑𝑟𝑜𝑜𝑝 cos(𝛿𝑑𝑟𝑜𝑜𝑝) − 𝐵𝐸𝑑𝑟𝑜𝑜𝑝 sin(𝛿𝑑𝑟𝑜𝑜𝑝) − [𝐺𝑉 cos(𝜃) − 𝐵𝑉 sin(𝜃)]   

𝐼𝑡𝑒𝑟𝑚𝑖 = 𝐵𝐸𝑑𝑟𝑜𝑜𝑝 cos(𝛿𝑑𝑟𝑜𝑜𝑝) + 𝐺𝐸𝑑𝑟𝑜𝑜𝑝 sin(𝛿𝑑𝑟𝑜𝑜𝑝) − [𝐵𝑉 cos(𝜃) + 𝐺𝑉 sin(𝜃)]  

 

If √𝐼𝑡𝑒𝑟𝑚𝑟
2 + 𝐼𝑡𝑒𝑟𝑚𝑖

2 > 𝐼𝑚𝑎𝑥, then the terminal currents transition to    

𝐼𝑢𝑠𝑒𝑑𝑟 = 𝐼𝑡𝑒𝑟𝑚𝑟
𝐼𝑚𝑎𝑥

√𝐼𝑡𝑒𝑟𝑚𝑟
2 +𝐼𝑡𝑒𝑟𝑚𝑖

2
   

𝐼𝑢𝑠𝑒𝑑𝑖 = 𝐼𝑡𝑒𝑟𝑚𝑖
𝐼𝑚𝑎𝑥

√𝐼𝑡𝑒𝑟𝑚𝑟
2 +𝐼𝑡𝑒𝑟𝑚𝑖

2
    

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

 

Users may report results for Machine Other Fields for 𝐸𝑑𝑟𝑜𝑜𝑝 value in the block diagram and a calculated value of 𝐸𝑛𝑒𝑡 and 𝛿𝑛𝑒𝑡 from 

the following equation.  This is for information only.   

𝐸𝑛𝑒𝑡𝑒𝑗𝛿𝑛𝑒𝑡 = 𝑉𝑡𝑒𝑟𝑚𝑒𝑗𝛿𝑡𝑒𝑟𝑚 + (𝐼𝑢𝑠𝑒𝑑𝑟 + 𝑗𝐼𝑢𝑠𝑒𝑑𝑖)(𝑅𝑒 + 𝑗𝑋𝑒)    
Under normal operation when 𝐼𝑡𝑒𝑟𝑚 ≤ 𝐼𝑚𝑎𝑥, then 𝐸𝑛𝑒𝑡 = 𝐸𝑑𝑟𝑜𝑜𝑝 and 𝛿𝑛𝑒𝑡 = 𝛿𝑑𝑟𝑜𝑜𝑝. 

+ 
_ (𝐸𝑑𝑟𝑜𝑜𝑝)𝑒𝑗(𝛿𝑑𝑟𝑜𝑜𝑝) 

  

  

  

  

𝑅𝑒 + 𝑗𝑋𝑒 

  

𝑉𝑒𝑗𝜃  

+ 
 
 
 

_ 

𝐺 + 𝑗𝐵 =
1

𝑅𝑒+𝑗𝑋𝑒
  

 𝐺 =
𝑅𝑒

𝑅𝑒
2+𝑋𝑒

2  

 𝐵 =
−𝑋𝑒

𝑅𝑒
2+𝑋𝑒

2  

 

 

  
  

  

𝐺 + 𝑗𝐵 

  

𝑉𝑒𝑗𝜃 

  
𝐼𝑟 + 𝑗𝐼𝑖 

  

+ 
  

 _   

𝐼𝑡𝑒𝑟𝑚𝑟 + 𝑗𝐼𝑡𝑒𝑟𝑚𝑖 = (𝐼𝑡𝑒𝑟𝑚𝑑 + 𝑗𝐼𝑡𝑒𝑟𝑚𝑞)𝑒𝑗𝜃 

  

Model States: 𝐸𝑑𝑟𝑜𝑜𝑝, 𝛿𝑑𝑟𝑜𝑜𝑝    Model Parameters: 𝑅𝑒, 𝑋𝑒, and 𝐼𝑚𝑎𝑥 . 


