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This research aims to the enhancement of a parallel-in-space-and-time
finite-element method (PinSTFEM). The main themes include developing a new parallel-in-time method
with better parallel performance, an accurate iron loss evaluation by introducing a hysteresis
modeling method into the PinSTFEM, and improving parallel performance of the preconditioning in the
context of a parallel-in-space method. First, we proposed the novel PinSTFEM by overlapping time
interval in a parallel time-periodic explicit-error-correction (TP-EEC) method for steady-state
analyses of electric machines. Then, we developed a new PinSTFEM combined with the hysteresis
modeling method in which the magnetization histories are updated appropriately. Finally, we
clarified the features of two parallel preconditioning methods in the analysis of a practical
rotating machine. As a result, synthesizing achievements of this research finally leads to the
further high-efficiency of electric machines.



FEM

FEM PinSFEM
PinSTFEM
EEC
PinSFEM TP-EEC

PinNSFEM  PiINTFEM

PinSTFEM
C
N
PinSTFEM
A PinTFEM
TPFEM DDM
EEC
B

PinTFEM

TP-EEC

DDM

FEM parallel-in-space-and-time FEM:

FEM PinTFEM TP-
DDM
PinSTFEM
A  PIinTFEM
B PinSTFEM
PinSFEM
FEM
PinSTFEM
-
2
PinSTFEM
PinSTFEM
PinSFEM TP-
1



PinSTFEM

C PinSFEM
localized LP additive Schwarz ASP
LP ASP
1 PIinTFEM PinSTFEM
PinSTFEM
1 a PinSTFEM Np Np
Nt Np=NpXNt Np Nt 1
Ns nr rk
rr rt = er/nDJ o b = rk
mod np [x] x xmody X y
rk =rp+ rrxnp 1 [to, t,]
It O < It < nr -1 [trTnSlnT’ t(|'T+1)n5/n7]
t=to+iAt At DDM
b
DDM TPFEM PinSTFEM
TPFEM DDM PinSTFEM
DDM TP-EEC PinSTFEM 1b
nP=6 nNnp=2 nr=3 DDM TPFEM PinSTFEM
1l c DDM
TP-EEC PinSTFEM
TPFEM DDM
ILU
Np
2 a IPMSM FEM
Laurel 2 1
Intel Xeon Broadwell (2.1 GHz, 18 cores) x 2 10 360
2 b TPFEM

i) Perform transient analyses independently in each process
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(c) PiINSTFEM based on DDM and parallel TP-EEC method.
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(b) PinSTFEM based on DDM and TPFEM.
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(b) Change in the maximum relative error of the magnet eddy-current loss
under PWM excitation obtained by the PinSTFEM using the overlapping
PTP-EEC method with np = 1280, n, = 80, and n; = 16.
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