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ABSTRACT

Recently, an electricity sensor system has been installed and operated to prevent failures and accidents by
identifying whether a transformer is normal in advance of failure. This electricity sensor system is able to both
measure and monitor the transformer's power and voltage remotely and send information to a manager when
unusual operation is discovered. However, a battery is required to operate power detection devices, and battery
systems need ongoing management such as regular replacement. In addition, at a maintenance cost, occasional
human resources and worker safety problems arise. Accordingly, we apply a linear electromagnetic generator
using vibration energy from a transformer for an electric sensor system's drive in this research and we conduct
optimal design to maximize the linear electromagnetic generator's power. We consider design variables using the
provided design method from Process Integration, Automation, and Optimization (PIAnO), which is common tool
from process integration and design optimization (PIDO). In addition, we analyze the experiment point from the
design of the experiments using "MAXWELL," which is a common electromagnet analysis program. We then
create an approximate model and conduct accuracy verification. Finally, we determine the optimal model that
generates the maximum power using the proven approximate kriging model and evolutionary optimization
algorithm, which we then confirm via simulation.
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Table 1 Axial-symmetric view linear generator Spec.(in

MAXWELL)
.. Specification
Indication Name
[mm]
A Height of Core 10
B Height of Magnet 20
C Thickness of Core 10
D Height of Coil 40
E Thickness of Coil 10
F Air-gap 5

Table 2 Properties of Linear Generator

Name Properties
Magnet NdFe 35
Core Steel 1010

Number of turns 1860
Resistance({2) 54.81

Coil Copper
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Fig. 5 2-D design parameters of linear generator

Table 4 Table of orthogonal arrays

Design variable Response
%] hy(mm) [ dy(mm) [ c(mm) | Power(w)
1 5 5 5 0.007394
2 5 11.25 18.75 0.003929
3 5 17.5 32.5 0.001847
4 5 23.75 46.25 0.000893
5 5 30 60 0.000474
6 10 5 18.75 0.017896
7 10 11.25 32.5 0.017513
8 10 17.5 60 0.00422
9 10 23.75 5 0.471424
10 10 30 46.25 0.029131
11 15 5 32.5 0.018377
12 15 11.25 60 0.01051
13 15 17.5 46.25 0.05434
14 15 23.75 18.75 0.718559
15 15 30 5 2.192924
16 20 5 46.25 0.015471
17 20 11.25 5 0.670064
18 20 17.5 18.75 0.810089
19 20 23.75 60 0.109859
20 20 30 32.5 1.319651
21 25 5 60 0.011143
22 25 11.25 46.25 0.134893
23 25 17.5 5 2.006655
24 25 23.75 32.5 1.312033
25 25 30 18.75 4482131
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Table 3 Initial, lower limit and upper limit of
design variables

Design Lower . Upper
. Initial

variable Bound Bound
h,, 5 20 25
dy 5 10 30
o 5 40 60
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