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Tab.1 Convergence for the first 10 eigenvalues of operator with an upwind flux
N=3 N=5
h hi2 hi4 h hi2 hi4
(1,1) 2.9e-06 1.1e-08 4.2e-11 8.0 8.2e-11 2.1e-14 5.8e-14 5.2
(1,2) 3.0e-04 1.2e-06 4.9e-09 7.9 9.4e-08 2.4e-14 5.8e-14 10.8
(1,3) 5.3e-03 3.2e-05 1.4e-07 7.6 9.8e-06 3.2e-09 8.3e-14 11.8
(1,4) 3.2e-02 3.5e-04 1.6e-06 7.1 9.8e-06 3.2e-09 8.3e-14 11.3
(2,1) 3.0e-04 1.2e-06 1.6e-06 7.9 9.8e-06 3.2e-09 8.3e-14 10.1
(2,2) 1.4e-04 4.6e-06 1.8e-08 6.4 5.9e-06 3.2e-09 8.3e-14 9.6
(2,3) 6.3e-03 4.4e-05 1.8e-08 7.5 5.9e-06 3.2e-09 8.3e-14 11.6
(3,1) 5.9e-03 3.2e-05 1.4e-07 7.7 1.0e-05 3.2e-09 8.6e—14 11.7
(3,2) 6.3e-03 4.4e-05 1.9¢-07 7.5 1.1e-05 4.6e-09 1.3e-12 11.5
4,1) 3.2e-02 3.5e-05 1.6e-07 7.1 2.0e-04 1.1e-07 1.3e-12 11.2
2 10
Tab.2 Convergence for the first 10 eigenvalues of operator with upwind flux and locally divergence—free basis
N=3 N=5
h hi2 hi4 h hi2 hi4
(1,1) 3.5e-06 1.5e-08 6.2e-011 7.9 9.9e-11 1.6e-13 4.9e-12 22
(1,2) 3.0e-04 1.2e-06 4.6e-09 8.0 9.5e-08 2.2e-11 2.6e-13 9.2
(1,3) 5.5¢-03 2.8e-05 9.5e-08 7.9 1.1e-05 3.2e-09 4.2e-12 10.7
(1,4) 5.0e-02 4.0e-04 1.2e-06 7.7 3.6e-04 1.4e-07 1.6e-11 12.2
(2,1) 3.0e-04 1.2e-06 4.6e-09 8.0 9.5e-08 2.3e-11 1.7e-12 7.9
(2,2) 7.4e-05 5.5e-06 2.6e-08 5.8 7.1e-08 1.7e-10 5.5e-12 6.8
(2,3) 6.6e-03 4.9¢-05 2.3e-07 7.4 1.3e-05 5.5e-09 5.1e-12 10.6
(3,1) 7.3e-03 3.3e-05 1.0e-07 8.0 1.3e-05 3.5e-09 3.0e-11 9.4
(3,2) 6.6e-03 4.9¢-05 2.3e-07 7.4 1.3e-05 5.5e-09 2.0e-11 9.7
(4,1) 5.0e-02 4.0e-04 1.2e-06 7.7 3.6e-04 1.4e-07 3.3e-11 11.7
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Tab.3 Convergence for the first 10 eigenvalues of operator with a penalty flux
N=3 N=5
h hi2 hi4 h hi2 hi4
(1,1) 2.5e-05 5.7e-07 1.1e-08 5.6 9.3e-10 1.6e-12 3.3e-14 7.4
(1,2) 8.5e-04 1.7e-05 3.8e-07 5.6 3.8e-07 4.5e-10 7.1e-13 9.5
(1,3) 9.2e-03 1.3e-04 2.9e-06 5.8 1.7e-05 1.7e-08 2.5e-11 9.7
(1,4) 3.1e-02 8.7e-04 1.8e-05 5.4 1.4e-04 4.8e-07 5.6e-10 9.0
(2,1) 8.5e-04 1.7e-05 3.8e-07 5.6 3.8e-07 4.5e-010 7.8e-13 9.4
(2,2) 1.2e-03 6.4e-05 1.3e-06 49 5.9e-07 2.7¢-09 3.8e-12 8.6
(2,3) 7.8e-03 2.5e-04 5.5e-06 52 1.6e-05 3.2e-08 4.7e-11 9.2
(3,1) 1.4e-02 2.2e-04 3.9e-06 59 4.6e-05 4.3e-08 4.2e-11 10.0
(3,2) 7.8e-03 2.5e-04 5.5e-06 52 1.6e-05 3.2e-08 4.7e-11 9.2
(4,1) 3.1e-02 8.7e-04 1.8e-05 5.4 1.4e-04 4.8e-07 5.6e-10 9.0
4 10
Tab.4 Convergence for the first 10 eigenvalues of operator with penalty flux and locally divergence—free basis
N=3 N=5
h hi2 hl4 h hi2 hi4
(1,1) 2.4e-05 4.8e-07 8.8e-09 5.7 9.3e-10 5.6e-13 7.2e-12 35
(1,2) 8.8e-04 1.6e-05 3.5e-07 5.6 3.3e-07 3.6e-10 4.9e-12 8.0
(1,3) 1.2e-02 1.1e-04 2.6e—06 6.0 2.7e-05 1.2e-08 1.9e-11 10.2
(1,4) 4.0e-02 8.4e-04 1.6e-05 5.6 2.9e-04 3.7e-07 3.4e-10 9.8
(2,1) 8.8e-04 1.6e-05 3.5e-07 5.6 3.3e-07 3.6e-10 1.5e-12 8.9
(2,2) 1.2e-03 6.2e-05 1.1e-06 5.0 5.9e-07 2.4e-09 1.7e-12 9.2
(2,3) 8.4e-03 2.4e-04 4.5e-06 5.4 1.3e-05 2.7¢-08 1.1e-11 10.0
(3,1) 1.4e-02 2.0e-04 3.4e-06 6.0 3.4e-05 3.6e-08 3.8e-11 9.9
(3,2) 8.4e-03 2.4e-04 4.5e-06 5.4 1.3e-05 2.7e-08 4.7e-11 9.0
(4,1) 4.0e-02 8.4e-04 1.6e-05 5.6 2.9e-04 3.7e-07 3.5e-10 9.8
5 Lax-Friedrichs 10
Tab.5 Convergence for the first 10 eigenvalues of operator with Lax—Friedrichs flux
N=3 N=5
h hi2 hl4 h hi2 hi4
(1,1) 3.3e-06 1.9¢-08 7.5e-11 7.7 1.0e-10 4.9e-14 5.3e-15 7.1
(1,2) 3.1e-04 1.5e-06 7.7e-09 7.6 7.5e-08 2.3e-11 3.7e-14 10.5
(1,3) 5.0e-03 2.9e-05 1.9e-07 7.4 8.0e-06 2.8e-09 l.le-12 11.4
(1,4) 3.3e-02 2.9e-04 2.0e-06 7.0 1.8e—04 9.2e-08 4.0e-11 11.0
(2,1) 3.1e-04 1.5e-06 7.7e-09 7.6 7.5e-08 2.3e-11 2.3e-14 10.8
(2,2) 1.2e-03 7.0e-06 3.8e-08 7.5 2.4e-07 1.9e-10 5.4e-14 11.0
(2,3) 1.1e-02 5.8e-05 3.0e-07 7.6 1.7e-05 3.7e-09 1.6e-12 11.7
(3,1) 6.0e-03 3.2e-05 1.9¢-07 7.5 8.7e-06 2.8e-09 l.le-12 11.5
(3,2) 1.1e-02 5.8e-05 3.0e-07 7.6 1.7e-05 3.7e-09 1.6e-12 11.7

(4.1) 3.3e-02 2.9e-04 2.0e-06 7.0 1.8e-04 9.2e-08 4.0e-11 11.0
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Tab.6 Convergence for the first 10 eigenvalues of operator with Lax—Friedrichs flux and locally divergence—free basis

N=3 N:5
h hi2 hl4 h hi2 hl4
(1,1) 3.6e-06 1.6e-08 6.3e-11 7.9 1.0e-10 3.5e-14 3.8e-13 4.0
(1,2) 3.6e-04 1.6e-06 6.7e-09 7.9 1.1e-07 3.2e-11 1.8e-12 8.0
(1,3) 5.7e-03 4.6e-05 2.1e-07 7.3 1.0e-05 5.3e-09 4.9e-12 10.5
(1,4) 6.9¢-02 5.1e-04 2.6e-06 7.3 5.3e-04 2.0e-07 3.1e-12 13.7
(2,1) 3.6e-04 1.6e-06 6.7e-09 7.9 1.1e-07 3.3e-11 1.4e-12 8.1
(2,2) 1.3e-03 6.6e-06 2.6e-08 7.8 6.1e-07 1.6e-10 7.7e-13 9.8
(2,3) 1.1e-02 7.0e-05 3.1e-07 7.6 2.0e-05 6.8e-09 3.7e-11 9.5
(3,1) 1.1e-02 4.6e-05 2.1e-07 7.8 2.1e-05 5.4e-09 1.8e-13 13.4
(3,2) 1.1e-02 7.0e-05 3.1e-07 7.6 2.0e-05 6.8e-09 6.5e-12 10.8
(4,1) 6.9e-02 5.1e-04 2.6e-06 7.3 5.3e-04 2.0e-07 6.8e—11 11.5
1~ 6 b b b
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The Spectral Method of Eigenvalue Problem of Maxwell’s Equation

Chen Yafei',Mao Jinjin®

(1. School of Mathematical Science, Huaibei Normal University, Huaibei 235000, China;
2. School of Mathematics, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In the traditional differential equation solution, the multi—region spectral method only constructs the
approximation scheme of the equation independently in the local element, and different elements exchange infor-
mation by penalizing the boundary or the numerical flow function on the boundary, which has good flexibility and
high precision in the selection of the basis function and the generation of the grid. In this paper, the numerical
solution of Maxwell Differential Equation is studied based on multi-region spectral method. In order to further
reduce the computational cost of solving the equation, various difference numerical flux formats are introduced.
By use of the upwind flux, the scale of the hybrid model supported by the format is reduced. The non—physical
eigenvalues cannot be removed and the spectra are clearly separated, which makes it possible to separate the
physical mode from the mixed mode. The algorithm is suitable for arbitrary mesh generation with high precision
and high efficiency, and the effectiveness of the algorithm is verified by numerical examples.

Key words: Maxwell Equation;multi-domain Galerkin spectral method ;convergence order
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Bauschinger Effect of Damping Winding Connector of
Hydro—-Generator Set

Li Jinze, Xie Kefei
(School of Mechanical and Electrical Engineering, Nanchang Institute of Technology, Nanchang 330099, China)

Abstract.The reduction of strain resistance caused by different compression variables and reverse strain of
damping winding coupling material of hydro—generator set is studied, which is called Bauschinger effect, abbre-
viated as BE. The influence of different compression strain variables on damping winding connector BE was dis-
cussed. Through different compression strain compression and tension experiments, the optimal Baussinger ex-
tremum of damping winding copper connector was obtained. The results show that large compression variables
have an effect on BE. With the increase of pre—deformation, the Bauschinger effect value changes. When the
pre—deformation is 3%, the Bauschinger effect value reaches the extreme value. In addition, when the deforma-
tion is increased, the Bauschinger effect value ecreases, and 3% is the optimal shape variable, namely, the fail-
ure limit value of damping winding.

Key words: damping winding; Bauschinger effect; shape variable; limit value



