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based on deep reinforcement learning
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Abstract: Combined heat and power (CHP) units are affected by the output fluctuation of large-scale operating
conditions, resulting in poor overall control quality of power generation load-extraction steam flow-throttle pressure
in the turbine-boiler coordinated control system. To solve this problem, a multi-condition adaptive control method
based on multi-agent deep deterministic policy gradient (MA-DDPG) is proposed. Firstly, according to the nonlinear
dynamic mechanism of the unit, multiple operating condition sub-models considering the changes of state
parameters are established, and the optimal operating condition sub-model is obtained by the integral function
switching mechanism. For the multi-loop complex control requirements of the coordinated control system, a multi-
agent synchronous operation mechanism is proposed, and the reward function is designed with the coordinated
control objectives of rapid response, stable heating and safe operation. Finally, by training the agent to interact with
the environment, the multi-loop gains are continuously adjusted online to achieve multi-condition adaptive control.
Simulation results show that, compared with the conventional control method, the proposed method can effectively
improve the load response rate under wide range operating conditions, and ensure the stability of heating.
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30 78.867 93.213 1.042 4004  —101.990 0 -0.230 1.030
100 252.763 269.412 1.271 0 -9.426 -0.004 0.151 0.335
) 75 289.261 312.323 1.003 0 -8.189 0.000 0.945 28.398
fEg i
50 308.340 345.261 1.540 0 -18.435 0.006 0.751 27.795
30 345.262 388.460 1.492 0 -15.551 0.014 1.163 20.033
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Fig.6 Continuous disturbance error response curves of CHP
unit under low load conditions
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Tab.6 The continuous disturbance response indexes of CHP unit under low load conditions
-~ gg%y@] EFREEs R Afs e R /% A RzE
Uitk Ry APe AP Apt AP Alm Apr APe Alm

(1800 5,+16 MW) 64.02 162.27 0.285 1099  -16.437 -0.153 0 21.845
(2300 5,-34 MW) 40.06 97.05 -0.877 10.82 91.301 0.132 -0.02 -59.620
(2800 5,+16 MW) 18.15 71.97 0.472 1209  -23.968 -0.007 0.02 —7.286

3 1 4 il (3300 5,-45 MW) 92.61 103.47 -1.784 0 27.993 0.376 -158 —48.954
(3900 5,+33 MW) 27.46 112.76 1.449 1012 -22.736 0.089 -0.34 30.838
(4400 5,+20 MW) 8151 142.30 1.604 6.858 -5.092 -0.072 —0.09 52.939
(5000 5,-16 MW) 10.16 72.76 —0.006 45.49 52.334 0.059 -0.01 ~11.543
(1800 s,+16 MW) 271.08 338.74 0.104 0 —27.278 -0.137 0.07 4222
(2 300 5,-34 MW) 175.00 220.57 -0.367 0 97.903 0.317 -0.20 23313
(2800 5,+16 MW) 257.89 318.42 0.513 0 —43.658 -0.188 -0.84 —42.593

(et (3 300 5,-45 MW) 287.44 331.97 -3.256 0 108.170 0.239 -0.43 44.756
(3900 5,+33 MW) 240.16 270.58 1.712 0 —49.824 -0.257 -0.99 —49.296
(4 400 s,+20 MW) 390.21 415.92 1.582 0 —28.424 -0.155 -0.05 6.872
(5000 s,-16 MW) 10.81 280.53 -0.008 0 61.041 0.103 0 25.262
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