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Improvement of simplified primary frequency regulation model for thermal power units and
analytical calculation of power system frequency security constraints
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Abstract: With the increasing penetration of renewable energy and power electronic devices in modern power systems,
frequency security has become one of the bottlenecks affecting safe and stable power system operation. In order to meet
the analytical needs from the grid-side for frequency response in large-scale power systems, the simplified model of
primary frequency regulation (PFR) for thermal power units employed in the existing analytical methods is first improved.
A second-order simplified model is established, which comprehensively considers the characteristics of the load feedback
control, valve position limitation, and the influence of steady-state main steam pressure. Then, to accurately reflect the
real PFR characteristics of units under different operating conditions, an online method for determining PFR model
parameters is proposed based on real-time steady-state operating data. Finally, to enable analytical calculation of system
frequency security constraints, the average system frequency model is treated as an open-loop system. By integrating the
simplified PFR model into the open-loop average system frequency model, an analytical method for calculating the
frequency security constraints is developed. Simulation results indicate that the proposed simplified model and analytical
method for frequency security assessment can effectively evaluate the frequency security characteristics with high
accuracy.
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Table A1 Unit parameters of the five thermal power units

S5 ML 1 M2 M43 M4 HL4Ls
PR % s 10.376 9.844 8.804  9.765  6.576
e ThE/MW 600 600 600 300 300

R A2 KEHA | BT IRSE
Table A2 Operating data of thermal power unit 1 under

different load conditions

S B3 /MW
240 270 300 350 450 550 600
SR
89 89 89 89 89 94
FFFE/%
FK

o 638.43 708.46 791.27 921.08 1202.09 1510.88 1664.74
I E/(t/h)

F A3 NEBHNA 2 MIEIT LR R
Table A3 Operating data of thermal power unit 2 under

different load conditions

Fiai /MW
360 415 490 540 588 600
ST 82 82 83 84 92 91
FRFE/A(h) 95934 1111.03 1327.38 1477.69 1626.56 1659.05

ZH

R A KB 3 BT IAKE
Table A4 Operating data of thermal power unit 3 under

different load conditions

P
BH Ti4a /MW

180 240 300 375 450 540
SRR % 45 49 54 69.5 70.5 80.5

FERIE/(/h)  556.25 715.78 870.74 1063.46 1275.12 1566.08




- 46 - o) R R HiEH
F A5 KEHLE 4 IEIT IR EIE &2k
Table A5 Operating data of thermal power unit 4 / . o
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- HHULIE I RGN ARTEE )] TP E D, 2023,
Z¥ LMW 56(5): 182-192.
180 225 270 300 .
- LI Zhenyao, GAN Deqgiang, LUAN Moude, et al.
ST % 63 75 80 98 . . .
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autonomous-synchronization voltage source interfaced
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