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ABSTRACT: Data-driven modeling has changed the
traditional modeling paradigm of generators, which makes
traditional electromechanical transient time domain simulation
methods fail to be directly applied to power system with new
paradigm. Thus, an integrating data- and physics-driven time
(DPD-TDS)

electromechanical transient simulation is proposed. The state

domain simulation algorithm for
variables and nodal injection currents are calculated through
data-driven model, and network equations are used to calculate
nodal voltages. And a preprocessing matrix calculation method
for convergence of DPD-TDS improvement is proposed. A
central processing unit-neural network processing unit
(CPU-NPU) heterogeneous computing architecture is designed
to speed up simulation. Differential algebraic equations are
solved in CPU and the forward inference of data-driven model
is executed in NPU. In IEEE-39 and Polish-2383 systems,
some or all generators are replaced by data-driven models for
verification. The results show that the convergence, accuracy
and calculation speed of the proposed algorithm are
exceptionally impressive..

KEY WORDS: electromechanical transient; time-domain
simulation; data and physics driven; convergence; central
processing unit-neural network processing unit (CPU-NPU)
heterogeneous computing
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Fig. 1 Data-and physics-driven modeling in power system

1.2 REHNHIERENER
7] 20 FATLAE 9 HL ) & 40 v e o sk 1) oo
—, BAACH KEM TS T A T3 ) 5L
SRR, AR T R G LR TS,
B ZH b AL B 2R S RIS N, I H %
HERAIAFAE 2 2 R B R 45 SRR A R 5 A
PR LR A B R LN R AR oA
RELBEM KW RS SENBRTE T
A%, T SCHR[2173E B T RNN R fi# DAEs ) a] 474,
454 LSTM %t RNN TEAR YA B 2Kk K27 31 T <
BRI IR A, AR SO SE T LSTM 44 ) 45 A 7
X R EMLHEAT BR SR B RS, 38k G T X B LR

Mo B S YT B R TR

i 1 RANL SRR SRA . 15
VEN I TR AE S B, 36 HLO7 B BT
583 P2 P R AR A LI, O 2 L
Xy WAL Uy U ERBIEIN, 45 SEEN BT 2
VHI Ly L, ThARS, HEEE A
2) RN ARSI O T Tt
RS U, WOk LRI A T
FHIN ST Pov O FIREAENBIBEIA, 5 HLIIAL
HRIR BT G LI A ST FER TR S R B
$5 4 S B N\ 4 ] RO 2«

[6,0,1,1,,(h,c)1=NIUU,, R0 (h_,c.)] (7)

1.3 BARESWHENRENNEESHERE

HT T 5 FUATL ) il B Al 7R ik UK T A A
SRIUBE L, VR RS s T 28 B K fi# DAEs
I e 7 R S5 RBOT IR IR A, RS R 5igfT
AR B SR OR AP, TR X T AR B AR5 A,
Z5E 1.2 FTEOSTHUR AL AR, A

Wk 2 Pk RS R R 5187 R B A R

SIS

v

| ssesmign pirs, 0,00 |

T U V) | |1 U)o U0, (hoes |
l L o0l enn, T |
| | A 4 |
| . s - RN | |
! E%HL%XZS%EEX(J)LME’L ! LR AR (b)), 1 !
! x(j)izi,=x(j)r+5{f[x(j>,,v(j),,1(j>f]+: (k)5 = NIU (R, U, (R )
| .M,U.Lj].:ﬂ | |
! S U 0wl e A2, 150 |
Vo b s o) e | |
100 =He G U1, [1 (e 05 = NIV U, (R
| | |
] | 1 } | |
R pampmgy N !
A4
24 7R AR
©) ¥-Nuj, =1,-vU,,

®

| Srehi 2R 5 |

WSl
ax(| U5, Uy, )< £2

| scwmsmammon |

HE: NN, RS SO R R LB KB BRI Po-

B2 H-BRAWNE

Oov hen e, NERGH, REZES off] x TR

SR EEERIZE

Fig.2 Data- and physics-driven transient time-domain simulation algorithm flowchart
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Electromechanical  transient time  domain
simulation(TDS) is one of the most effective methods for
power system stability analysis and it involves the
solution of a large number of differential and algebraic
equations(DAEs), which are constructed based on
modeling of power system network and dynamic
elements, including generators. However, in the actual
system, there are problems on both generators and load
side such as the difficulty in constructing the physical
mechanism model of the components, the limited
accuracy of the structural parameters, or even the
inability to obtain them.

Data-driven method is applied in modeling of power
system elements, and the structure of new modeling
paradigm is shown in Fig. 1. But this has changed the
traditional modeling paradigm of power system, which
makes traditional electromechanical transient time domain
simulation methods fail to be directly applied to power
system with new paradigm. Thus, an integrating data- and
physics-driven time domain simulation (DPD-TDS)
algorithm for electromechanical transient simulation is

proposed in this paper.
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Fig.1 Data- and physics-driven modeling in power system

In this method, the state variables and nodal injection
currents are calculated through data-driven model, and
network equations are used to calculate nodal voltages.
And these two parts are iteratively calculated alternately.
The proposed algorithm flowchart is shown in Fig. 2.

In order to improve the convergence of the DPD-
TDS, based on spectral radius theory, a preprocessing

matrix calculation method shown in (1) for network

time-domain simulation; data-and physics-driven; convergence;
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Fig.2 Data- and physics-driven transient time-domain simulation

algorithm flowchart
equations is proposed.
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For speeding up the simulation, a central processing
(CPU-NPU)

heterogeneous computing architecture is designed to in

unit-neural network processing unit
this paper. Differential algebraic equations for physics-
driven generators are solved in CPU and the forward
inference of data-driven generators is executed in NPU.
Finally, the case study demonstrates in IEEE-39
and Polish-2383 system has shown the effectiveness of
the proposed method. With the preprocessing matrix
calculation proposed in this paper, the convergence of
TDS under hybrid driving paradigm could be obviously
And with the proposed CPU-NPU

heterogeneous computing algorithm, the simulation

improved.

speed can be significantly accelerated.



