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Fig. 1 DC voltage dip due to DER inadequacy Fig. 2 constrained operation of inverters supplying V-f dependent load

d Theoretical validation
» Droop equation

J Decentralized and Coordinated control framework

o e e e e e e
- ~,
’

Output Sr S { f= fo,i + Ky (Pinv,i - PinvO,i)
AWl kw4 PI ¢ = /O Iant < 2 m Vi :VO,i +kdV (Qinv,i _Qinvo,l)
AV, g » V-f dependent load
ol Power requlator Ri= PIO,i(p1Vi2 + PV + p3)[1+ Ko (f - fo)] {Ploi = PO +AP
AW » \"",'I,'_‘:::::::::::::::::::::::::::::::::::::::::::::::::::::::::9::::::::::::::::::::::::::::::::::::::::::::::::::: ‘‘‘‘‘‘‘‘ Qi = Qo (V" + 6V, +6;) [1+ K (= fo)] Qor ' =Q +4AQ
- 7 A > Grid power flow
uppile / Output f
m entary ' AW2 €; l CF _Af / Af l 0 fm P| = Pinv,i + Pl,ii = GijVi2 _Gij Zvivj COS Hij - Bij Zvivj COS ‘9ij
_ —— P« maXOAf |> t¢ (O ) i i
Sl g N al S AV ! '% / mad NPU Q =Qu,; +Q; = GijVi2 -G ZViVj cosg; —B; _ _ViVj cos o
L i# ] i#]
< + -
CP cT) 0.025 —
| 8 A OUtpUt V 0,020 J...\ S E;):;lj?g); t;Gfsarcceptablce V-f deviation
AV € I: eV _Avmax / AV ’ \ 0.015 A ... A ©  Load=I05%5r
2_ Bl > ™ m %, . Load=108%St
/ 0 av_ Input 0.010 -————-—30.. %’@;-
0
2, 0.005 -..o.. .’o.. K Y,
~ (0]
. V-f regulator ) S 0.000 .‘o. .’o. L”&q?
____________________________________________________________________________________________________________________ —0.005 ..b. ..... «q?ojf:}
Fig. 4 Diagram of the proposed control framework . ‘-.,. 00 i,
TN T T T T I @ , I
» Power regulator generates control signals based on the error between inverter 0,015 - | o, %,
. . D . . . %, ) |
output and DER capacity, which help limit the output of grid-forming inverters 0020 e
» V-f regulator generates control signals based on voltage and frequency AV / pu

deviations, which reallocates limited generation for acceptable V-f deviations Fig. 5 V-f deviation under bounded generation constraints

d Case study u . ! . TR . ;\ ,
S 1.0 — ;& \ 06 & 2 1.0 —— N . 06 €
. . - l 8 ' I Trigger power ' . ~
» Basic settings < 09- | — P sload |, Triggerpower |»TriggerVef  Loag 2 OF |— |l P Zggfamp > Trigeer Viregulauqro4 2
. A = P2 increase! regulator ' regulator } et preswatot ! ;
a) Before 8 s, G1-G3 are controlled with the 038 ! - | reeulate et 02 oo . v
conventional droop method represented in Fig. 1.  §°%7° ~— | : 04, & — : 04 5
b) At 8 s, load C2 | 2 e N — pE 50 — o N 05
)At8s, loa Increases. N 5,065 s i .’ w g — : If 8
c) At 12 s, the reference capacities of G1-G3 are & — | | | | 02 0.60 ! ! - i .
set as 12MVA, 06MVA, and 12MVA, - . ! : - o | : [ 070
: : ' < : : '
respectively. The power regulator starts working. = 1) = si . : - — k : L 0.65 2
. N o I ] 0.65 - _ _ " 75
d) At 16 s, the V-f regulator starts working. 2 . | | I 2 | . | . 0.60
' . 1 : . 6 8 10 12 14 16 18 20
- 6 8 10 12 14 16 18 20 ti /
J Conclusions fime / | et |
3 | : | S 600 i ! T e,
> The power regulator regulates the output of 5 O | \_ Lo lowerlini 5 | : : -
] _ g 59.75 | | ~ R 85959 _______ b N I_
GFM Invel‘terS, Wh”e the V'f regLIIator % 59,50 I> Load increase :_) ré;%%zioliower :') Trigger V-f regulatqr E E-_)L oad increase !- reggu oD > Trigger Vf regulatqr
: C : = i i S S , , , , 4 .
improves the V-f deviation by leveraging the : -r r >0
= 1.000 | | [ voltage = 1.000 : I : voltage
load response to voltage and frequency. 2 | | LT e 2 | i Lo tover iy
: : : : e gn 0.975 | | | Es 0.975 | | |
» Three-level coordination is achieved within Fhe I e N | IR S T —
proposed control framework, : 1). Generation : . - T T T B 0 : : - A M - A 0
time /s time /s

and load, 2). V regulation and f regulation, and

3). P generation and Q generation. Fig. 6: Scenario 1: Over voltage dip and recovery Fig. 7. Scenario 2: Over frequency dip and recovery




