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팀명

×3  =
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Magnetic Levitation

Electromagnetic levitation (EMS) Electrodynamic levitation (EDS)
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Electrodynamic suspension

추진 코일 부상∙안내 코일
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모델링 – 부상력, 안내력, 저항력

자기장 계산(COMSOL)

→ 유도기전력 계산(Excel+MATLAB)

→ 유도전류 계산(MATLAB)

→ 로렌츠 힘 계산(MATLAB)
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모델링 – 부상력, 안내력, 저항력
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모델링 – 부상력, 안내력, 저항력
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𝑙

𝜎𝐴

L =
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𝜕𝐼



모델링 – 부상력, 안내력, 저항력

COMSOL

• Parametric sweep

• Force computation

• 한 조건 계산에 30분 소요

• 속도 조건 10개

• 변위 조건 25개

• 최소 소요시간 5일 이상

MATLAB

• F =  𝑖(𝑑𝐿 × 𝐵) ≈ σ 𝑖 ∆𝐿 × 𝐵

• 소요시간 10분 내외
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모델링 – 추진력

• 속도마다 다른 전류 응답

• F =  𝑖(𝑑𝐿 × 𝐵) ≈ σ 𝑖 ∆𝐿 × 𝐵

• MATLAB으로 효율이 가장 좋은
3상 전류 위상 구함(1°단위)
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모델링 – 결과
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모델링 – 결과
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모델링 – 결과
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모델링 – 결과
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모델링 – 결과

• 표로 보여줘SC current: 500kA 128 km/h 256 km/h 512 km/h

저항력 (kN) 55 28 14

부상력 (kN) 2805 2829 2836

부상력 리플 8.4% 8.3% 8.3%

추진력 (kN/kA) 366 355 366

수직 유효 스프링 상수
(MN/m)

27.1 27.4 27.5

수직 유효 감쇠비 25 25 25

수평 유효 스프링 상수
(MN/m)

143 144 144

수평 유효 감쇠비 84 84 84
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※조건: 선로 중앙, 수직변위 3cm, 12량 편성



모델링 – 공기저항

𝑅𝑒 =
𝜌𝑉𝐷

𝜇

=
1.2044∗30∗3

1.814∗10−5

≈ 6 ∗ 105
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모델링 – 공기저항
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모델링 – 공기저항
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모델링 – 공기저항
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모델링 – 공기저항
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모델링 – 공기저항
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모델링 – 공기저항
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모델링 – 공기저항

22



모델링 – 공기저항
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모델링 – 공기저항

24



모델링 – 공기저항

𝐶𝑑 ≈ 1.572
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1/52 모델

• 입력 = 부상력 ripple

• F = 330000/52 ∗ cos 𝑤 ∗ 𝑡

• 𝑤 = 2𝜋 ∗ 𝑓 = 𝑣 ∗
1000

3600
/0.45(rad/sec)

• 차량의 무게(m1) = 270ton/52

• 대차의 무게(m2) = 30ton/52

• k2 = 27000k/52

• b2 = 500000k/52
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Bode plot

k1 = m1*40/52
b1 =2*m1*sqrt(k1/m1)*0/52

k1 = m1*40/52
b1 =2*m1*sqrt(k1/m1)*1/52
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Simulink
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• V = 128

• V = 256

• V = 512

대차:4*e-6m
차체:0.5*e-6m

대차:7.5*e-6m
차체:2.5*e-6m

대차:2*e-6m
차체:0.1*e-6m

29



Complete Design
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Desired velocity
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수직항력
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저항력

33



Velocity
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Error

500km/h
도달
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Q&A
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참고자료

•超電導リニアの原理
• http://linear-chuo-shinkansen.jr-central.co.jp/about/

•超電導磁気浮上式鉄道の地上コイル及びその給電方式
• https://astamuse.com/ja/published/JP/No/1995211545

•リニアモーターカーのコイル装置
• https://astamuse.com/ja/published/JP/No/2000134721

•推進浮上案内兼用地上コイル及びその配線方法
• https://astamuse.com/ja/published/JP/No/2008236936

• PLG方式地上コイルのケーブル配線施工性検証
• https://bunken.rtri.or.jp/PDF/cdroms1/0001/2012/0001003568.pdf
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298a12af2.pdf

• Electrodynamic suspension
• https://en.wikipedia.org/wiki/Electrodynamic_suspension

• Gackenholz L., Ergebnisse neuerer Untersuchungen zum 
Luftwiderstand von Fahrzeugen in Zugverband, Elektrische 
Bachnen, Heft 12/42, 1971.
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