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Fig.1 Model of hydraulic turbine governing system
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Fig.2 PID controller model and hydraulic servo system model
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Fig.3 Models of turbine-conduit, generator and load
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Table 1 Parameters of true model and estimated model
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Table 2 Comparison of model performance evaluation index

Bk RMSE VAF/%
PARSIM-K-PSO 0.005 326 99.987 970
PARSIM-K-1 0.085 393 99.524 835
PARSIM-K-2 0.717 306 79.177 160
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Table 3 Parameters of true model and estimated model
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Table 5 Parameters of true model and estimated model

ﬁ{‘k’ Co Cy du dl ﬁ(f Co Cy do dl
E;&{E{ 0.182 309 1.568 620 0.110 358 -0.128 381 E;&ﬁ 0.182 309 1.568 620 0.110 358 -0.128 381
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PARSIM-K-3 0.219 958 1.880 047 0.183 341 -0.136 677 PARSIM-K-5 0.395 738 3.431 982 0.274 423  -0.257 789
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Fig.7 Convergence curve of objective function
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Table 4 Comparison of model performance evaluation index

Bk RMSE VAF/%
PARSIM-K-PSO 0.005 141 99.997 757
PARSIM-K-3 0.788 003 94.514 335
PARSIM-K-4 1.459 976 78.147 704
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Fig.9 Convergence curve of objective function
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Fig.10 Output frequency curves of true model and estimated model
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Table 6 Comparison of model performance evaluation index

Bk RMSE VAF/%
PARSIM-K-PSO 0.004 846 99.992 777
PARSIM-K-5 0.289 371 98.725 819
PARSIM-K-6 0.146 525 99.525 777
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Parameter identification method for hydropower generator
based on improved closed-loop subspace
TIAN Tian',GUO Qi*,LIU Changyu',LI Wei*, YUAN Yi’,LIU Xiao', YAN Qiurong’
(1. School of Hydropower and Information Engineering, Huazhong University of Science and Technology,
Wuhan 430074, China;?2. State Key Laboratory of HVDC Technology, Electric Power Research Institute
Co. ,Lid. of CSG, Guangzhou 510663, China;3. College of Electrical and Electronic Engineering,
Huazhong University of Science and Technology , Wuhan 430074, China)
Abstract ; The previous open-loop identification methods are only applicable to the model of hydropower generator
connected with large power grid. When the system is connected with isolated grid or small power grid or in no-load
operation , the closed-loop identification methods should be used. The PARSIM-K( PARsimonious Subspace Identifi-
cation Method in predictor form) , having better identification effects , takes full advantage of the Toeplitz structure of
Markov parameter matrix and obtains the model parameters by singular value decomposition order reduction and li-
near projection, while it needs to select suitable time-domain parameters and there is no general method now. There-
fore ,the model of hydraulic turbine governing system with frequency noise is set up and PARSIM-K based on para-
meters optimized by particle swarm optimization algorithm is proposed. The time-domain parameters p and f are opti-
mized by particle swarm optimization algorithm to improve the identification precision. Compared with the traditional
open-loop methods , the proposed method can overcome the influence of noise and it is more convenient, safer and
more practical. Simulative results show that model parameters identified by the proposed method have smaller error
and the model precision is higher compared with the method with non-optimized parameters.
Key words ; hydraulic turbine governing system ; hydraulic turbine governor;closed-loop identification ;subspace algo-

rithm ; particle swarm optimization algorithm ; hydropower units ; modeling of prime mover





