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Data-driven Equivalent Modeling of Diesel Generators in DC Microgrids
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Abstract: The modeling of distributed power sources in DC microgrids serves as the foundation for large-scale
power system simulations. However, the difficulty in obtaining electromagnetic parameters of diesel generators
hampers the accuracy of their electrical characteristic modeling. To address this issue, a data-driven equivalent
modeling method for diesel generators in DC microgrids was proposed. The method utilizes the voltage and current
outputs after rectifier supply conversion, along with the engine's output speed as inputs, and the root mean square
values of the phase voltage and phase current as outputs, based on the long short-term memory (LSTM) neural
network , voltage and current prediction models for the diesel generator were constructed. The temporal logic and
nonlinear mapping capabilities of the LSTM network were leveraged to describe the electrical characteristics of the
diesel generator. Furthermore, a reduced-order fuel consumption model was developed using polynomial fitting
based on the engine load characteristics of the diesel generator. Comparisons with actual operational data from DC
microgrid diesel generators validated the proposed modeling method's reasonableness and accuracy, demonstrating
its practical application value.
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Fig.2  Structure diagram of diesel generator
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Fig.4 Simulation results of output power variation
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Tab.3 Experimental data on load characteristics of diesel generators
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Tab.4  Prediction results for different learning rates
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Tab.5 Prediction results for different hidden sizes
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Tab.6  Predicted results for different batch sizes
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Tab.7  Prediction results of different training window sizes

A MRE MAE MRSE

KE A UV I/A UV 1A U

10 0.1241 0.0083 2.5676 4.04913 49317 6.3272

20 0.113 0.0075 22307 39027 34703 5.8497
30 0.146 0.0068 28707 3.3068 3915 43161
50  0.1237 0.0067 24182 3.2219 3434 42075
60  0.1395 0.0069 2.7185 3.4007 3.752 4.3006

*8 BLSERE

Tab.8 Hyperparameter settings
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Fig.11  Test set generator A-phase current prediction results
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Tab.9 Evaluation of the model’s predictive ability on a test set

B PR bR PEARE
RUSE AFHHL I 25306 A
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VAR ARHHLI 0.646 6 A
AFHHL 1.0210V

54 EEGZHEIEIE

R T VEAR i BEAR R AE R AN A IR 1) S K
HAILAILAL A %) F0I 6 7, RO 32 Ak, AR HF
TR 6 6 KRB AL ) S83h & LB 1T
BE A AT IR ST o K AR A s [ 5 R
0s—5 000 s, a5 1 4990 & AL s FE M 1 2%
AR 3 0] 2% FE ML FR 3R R R R AR B

K13 K 14 J8 75 T 0 s—5 000 s i [a] B Py
ST & HUBLA A FH F A A5 T A R A AR

{H B 2% A T 25 2R 5 52 bR as AT B B X B . A
U RMSE Fl MAE 5 25 /R TR 109,
VA FIT $E AR TR S8 A H AL BB X A A H
AL AT EE, H ) TR0 6y, LT th 2% an i 15 B s
250,
200}
150}
<100 WA ST A
~ V' U“J |11 (nl
50t 2500 "( 000 3500
0
=300 1000 2000 3000 4000 5000

t/s
13 A HIHLA A H i T 25

Fig.13  Generator A-phase current prediction results
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Tab.10  Model generalization capability assessment
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Tab.11  Comparison of prediction results of various methods

: MAE RMSE
Tk
1A U 1A U
BP 60791 106392 112602 145709
RNN 28596  3.9314 73120 65901
GRU 28815 37223 71752 6.8302
LSTM 24293 37057 64987  6.4987
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Tab.12  Comparison of simulation running speed results
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