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Minimum inertia and primary frequency capacity assessment for a new energy high
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Abstract: With the gradual increase of new energy permeability, a system’s frequency stability problem under high power
disturbance is increasingly serious. This limits the absorption capacity of the system's new energy. In order to reasonably
plan the access capacity of new energy, it is necessary to evaluate the minimum inertia and primary frequency capacity of
the system. Therefore, the interaction between inertia response and primary frequency response under high power
disturbance is studied. First, based on the traditional stand-alone model, the expression of the frequency response process
considering the frequency dead band is derived. Then, taking the minimum frequency limit after disturbance as the
dynamic frequency stability constraint, minimum inertia and primary frequency capacity evaluation models are
established, and the minimum power/frequency characteristic and inertia time constant of the system are estimated, and
the power curves of inertia and primary frequency responses are calculated and plotted. Finally, the IEEE 10-machine
39-bus model is built in the simulation software of the DIgSILENT PowerFactory. The accuracy and research value of the
method of minimum inertia and primary frequency capacity evaluation are verified.
This work is supported by the National Natural Science Foundation of China (No. 51977128).
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Fig. 1 Frequency response curve of power system
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Table 1 Generator rated parameters

RIS S/MVA PIMW Hils
GO01 10 000 1000 5.000
G02 700 567 4.329
G03 800 650 4.475
G04 800 632 3.575
GO05 300 508 4.333
G06 800 650 4.350
GO07 700 560 3.771
G08 700 540 3.471
G09 1000 830 3.450
G10 1000 250 4.200
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Table 2 Minimum power/frequency characteristic estimation

AR/p.u. Kemin/(MW Hz?) tmax/S
-0.15 19.762 2.71
-0.17 23.310 2.44
-0.20 27.933 2.16
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Fig. 4 Frequency response curve under minimum
power/frequency characteristic
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Fig. 5 Minimum primary frequency capacity curve

KT HAS I SR Z MBS RS R iF
BRI ZE (B AR R ZE R PPN B T SR 45 SR K
KN

Af, . — Af

g =—sm —ima 4 100% (15)
Af

e Afg, AT BB ST ZZ B Af,,
NARGLIF I BRI A ZE1H -

R 3 AT, EARDIRPEFM T, mEM
XN B, AR &N — R AL T
EHABAEAT S T KA.

* 3 )RR IR E

Table 3 Error analysis of minimum primary frequency

capacity assessment

AR/p.u. Af/Hz 7 %
-0.15 -0.775 -3.1
-0.17 -0.788 -1.55
-0.20 -0.821 2.58
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Table 4 Minimum inertia time constant estimation

AP/p.u. Hmin/s tmax/s
-0.15 4.325 2.59
-0.17 8.949 4.29
-0.20 19.472 7.33
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Fig. 6 Frequency response curve under minimum
inertia time constant
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Table 5 Error analysis of minimum inertia response assessment

AP /p.u. Af,.[Hz RZE el%
-0.15 -0.790 -1.31
-0.17 -0.792 -1.01
-0.20 -0.787 -1.578
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