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|. GFM Definition & Compliance in Time-Domain

= GFM IBRS are expected to exhibit “voltage Assessing VSBI characteristics in the time- = Y,4/Ys, > Reactive/Active power response to ad: ==——=CEBE
source behind impedance (VSBI)” charac- domain has some major drawbacks: a voltage magnitude/phase perturbation. 3 o e zzwvameas ) |
teristics in the (sub)-transient time frame. » Dependent on testing setup (e.g. SCR, X /R). I(s) Vauls) Yao(s)] [Vils) H ‘E}]J
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= ISOs: Assess active/reactive powerresponse = Dependent on measurement device’s char- — | o 4 ! E <N
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to voltage magnitude (MJ) & phase (PJ) jump. acteristics, as requirements are at few-ms. { vEm———— AN /
= Test Setup: GFM connected to the Thevenin = Can not quantify or compare VSBI strength. = Jacobianterms P-0/Q-V analogoustoYy,/Y,y 7" N N B o 1 “ \V\
grld equivalent with SCR=3, X/R ratio = 6. 0.2} Avg. Window = 0.0 ms |:P<S)i| %)— ;‘/1 Yaa(s) —Qo — gi Yiq(s) {V (S)} - ’ Frequency (Hz) o o
. Avg. Window = 5.0 ms — n . ) .
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IS0 PeakValue  RiseTime  DecayTime = VSABRASHRERR] . _ Drawbacks with the current approach:
O - s GFM VSBI expectation [ESIG]: e L . i}
AEMO/MISO P >02pu/l°P) < 15ms .= No quantification of "nearly constant”.
ERCOT P>02pu/l0°P)  <166ms AP >0Vt <50ms 0.05 = Nearly constant and > 0.5 p.u./p.u. magni- - Amin. P-0/Q-V mag. at low frequencies may
@ 2 0.03p.u./3%MJ AQ 2 0Vi < 100ms o} tude of P-0/Q-V spectra between 4 - 40 Hz. ' e
ENTSO-E  Ip=50-T0%pws < 10MS  fdecay = 0.016'S £33% exclude GFMs with good VSBI strength.

195 5 505 51 515 52 » Phase of P-0/Q-V spectra between 4 - 40 Hz

should within -=60° of +180°. = Can not quantify or compare VSBI strength.

Figure 1: Effect of measurement filter averaging time window on reactive power response to a voltage jump at POl of GFM.

V. Case Studies

= Voltage Stiffness > Speed and Magnitude of = JVSM - Voltage Magnitude (JV Sy ): JVSM & SCR for Ideal Voltage Source (IDVS): GFM with varying voltage control BW:
P (or Q) response to 8 (or V) perturbation. = |DVS - varying only response magnitude. = GFM - varying response magnitude & speed.
= P-0/Q-V spectra for IDVS & SM: w,, = w; =50 / QL) log,(f) df e 15| i UG B U
/ 60 Hz. Thus, the same speed of response. JvSity = Jime V] 3w s i Tal e o
= SCR as a metric > Measure of magnitude. fmas E 2 Ep )
= A GFM can have a slower response. /fm_ l0g1,(f) df S ol “ 5% 3 ) 05
= How to quantify both magnitude & speed ~ ) | AN , | | ) % . | | | |
of response in one metric? " Lfmin, fmaz] =[5, 100]_ az _ _ o poqeney (1 C " e 015 Y obeqeny i e T
" fmin = €nd of transient time & ignores slower O G g S
\/JVSM@2 + JVSM? dynamics like droop. o  JVSM captures the variation in magnitude: ~ * JVSM captures both magnitude & speed:
JVSM = ; = f..c = ignores faster dynamics like network o Table 2 Efect of changing vltage conral loop bancdth on JVSH of FH
. JVSM-Voltaae Ph SAL): dynamics / current control loop. _ ol Deviee {Sg;jant;;S:(?;-)lo} VSN o fp.o)
- Voltage Phase (/15 Mo): = log,,(f) = Emphasizes response at higher fre- = GFM {kivs Ko} = {11.60, 5.20) 9.799
/fmax PGs)| S quencies, thus captures speed of response. ‘gz I s ey oot
TV G, — 0(s) 910 - ‘% / ’% - captures magnitude of re- o = JVSM is an indicator of small-signal grid
a Jmax sponse, in p.u. rather than Bode Gain (dB). L Cen o » strength & GFM compliance (JVSM,;, =
/f log(f) df Fiure 5 1/511vs S foran VS with X 10 5.6; equivalent to IDVS - SCR = 3, X/R =10).
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