[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

Study of Noise Reduction of Switched Reluctance Motor in Traction and
Industrial Applications

0o:00@O),

oooooo:0o0o0ooo,

0000:00123720,

00 000:20230 30 2600,

ooooo:oooo,
oo0:000,0000,000,000,0000,0000,000

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:J 0 123720,

Conferred date:2023/3/26,

Degree Type:Course doctor,

Examiner:,,,,,,

Outline

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

Study of Noise Reduction of Switched
Reluctance Motor in Traction and Industrial

Applications
HEERE B X CEXRAAA v F VY 77

2 v AT — XD EEE K

Department of Electrical and Electronic Engineering

/&L,,b ::/:‘A:: (
I%Bfﬁ'%m% 7N

Candra Adi Wiguna

FY VNI TT4 UA4TF



Study of Noise Reduction of Switched
Reluctance Motor in Traction and Industrial

Applications

A THESIS SUBMITTED TO THE DEPARTMENT OF ELECTRICAL AND
ELECTRONIC ENGINEERING AND THE COMMITTEE OF GRADUATE
STUDIES OF TOKYO INSTITUTE OF TECHNOLOGY IN PARTIAL
FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF
DOCTORAL OF ENGINEERING

Supervisor: Prof. Akira Chiba

By

Candra Adi Wiguna

2023



ACKNOWLEDGMENT

I would like to express my sincere and deepest gratitude to my supervisor
Prof. Akira Chiba for giving me the opportunity to pursue doctoral degree in Chiba-
Kiyota laboratory, Tokyo Institute of Technology. I am very grateful for inspiration,
his kind and encouraging supports not only in technical aspect but also in other
aspects. I am honored to be supervised by very well-known professor in electric

machinery and electric drive.

I would like to thank Associate Prof. Hiroya Sugimoto for his kind support,
discussion, and advice during my doctoral program. Also, I am very indebted to
Associate Prof. Kyohei Kiyota for all discussion and support as well as provision
of equipment and software which is very useful in my daily experiment. I would
like to express my gratitude to Assistant Prof. Yusuke Fujii for always allocating
time for discussions not only about research, but also about wise advice of living. 1
want to give my gratitude to Mrs. Ei Tokioka for her kind support before I came to
laboratory until the moment I graduate. [ would like to express my gratitude to Prof.
Hideaki Fujita, Assoc. Prof. Nozomi Takeuchi, Assoc. Prof. Makoto Hagiwara,

Assistant Prof. Kenichi Kawabe, for their valuable comments in my research.

I would like to give my gratitude to JMAG and ANSYS for providing
academic license to support research in Chiba-Kiyota laboratory. The working
environment in Chiba-Kiyota laboratory could have not been better. All of students
are very enthusiasm in doing research and kindly support each other. I would like
to thank to all graduated, members, and shot-visit students from Chiba-Kiyota
laboratory for their kind support. Not only in Chiba Laboratory, but also in Tokyo
Institute of Technology and my neighborhood, I would like to express my gratitude

to PPI Tokodai, Midori Tokodai, and Miyamae-ku Neighborhood.

This work will be impossible without the support from Ministry of
Education, Culture, Sport, Science, and Technology — Japan for giving a change to
pursue doctoral degree through MEXT scholarship. I would also like to thank Prof.
Pekik Argo Dahono (1962 — 2022) as my supervisor during my bachelor program



in Institut Teknologi Bandung. By his recommendation, I could introduce myself

to Prof. Akira Chiba before getting started in master and doctoral programs.

At last, I want to acknowledge my family, Bapak, Ibu, Mas Anjung, Mas
Bina, and all my families for their endless support during my doctoral program.
Finally, In the name of Allah SWT, Most Gracious, Most Merciful, All Praises only

to Him for all the strength and blessing that I receive for completing this dissertation.

i



ABSTRACT

This thesis discusses two methods to reduce acoustic noise in switched
reluctance motors. These methods are radial force sum flattening for traction 18/12
switched reluctance motor and a novel concept of selective radial force harmonics

reduction for 6/10 switched reluctance motor for industrial application.

In case of radial force sum flattening, this thesis describes the improvement
of the implementation from only low speed to middle speed operation by
considering limited input DC voltage and high back electromotive force into the
calculation process of current derivation. The effectiveness of the method is verified
both in finite element analysis and experiment. The experimental results show a
significant reduction by the improved current in the highest and second-highest
peaks of noise at 5.4 kHz and 1.8 kHz by 11.04 dBA and 17.51 dBA, respectively,
compared with a conventional single pulse current. The other peaks of noise are
also reduced. By flattening radial force sum in middle speed, the overall noise

reduction of 3.64 dBA is achieved.

In case of the second method, a novel method for vibration and acoustic
noise reduction in a three-phase 6/10 switched reluctance motor is presented. The
test machine has major vibration and acoustic noise at the 2", 40, 5t 7% and gt
harmonics. Accordingly, a novel method called “selective radial force harmonic
reduction” is proposed. The proposed method selectively reduces the specific radial
force harmonics at the stator teeth. By reducing the specific radial force harmonics
such as 2nd, 4th 5t 7t and 8% the corresponding vibration and acoustic noise can
be reduced significantly in the test machine. Finite element analysis and
experiments are conducted to verify the effectiveness of the proposed method.
Compared with a conventional square current, the experimental results show that
the overall sound pressure level is reduced by 7.1 dBA using the proposed method
at the rated speed and torque. The dynamic conditions of the test machine using the

proposed method are also presented.
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