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1. 모드해석이란 

Physical  

model 

Mathematical 

model 
Analysis 



※ Magnetic field analysis 

Physical  

model 

Mathematical 

model 
Analysis 

- simplification 

- idealization 
- governing equation 

Maxwell equation 

- analytical method 

- numerical method 



2. 1자유도 시스템의 비감쇠계 자유진동 



<  Free Body Diagram > 

<  Newton’s 2nd law > 

equation of motion 
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3. 1자유도 시스템의 감쇠계 자유진동 
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(A) underdamped system 
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- Variation of        with damping ratio - d

- underdamped solution - 



(B) critically damped system 

(C) overdamped system 
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- Comparison of motions with different types of damping - 



※ Energy dissipated in viscous damping 
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4. 1자유도 시스템의 감쇠계 강제진동 

: 
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(A) Undamped case 
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- Variation of magnification factor with frequency ration - 
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(3) (assume                   )  

- Beating phenomenon - 

Period of beating : 

Frequency of beating : 

000  vx
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(B) Damped case 

In the steady state 

Dynamic magnification factor  

: static displacement 
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Peak magnitude of amplification factor 

1) Case I 

2) Case II 
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5. 다자유도 시스템의 비감쇠계 자유진동 
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For nontrivial solution 
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By superposition principle, the general solution of the system 
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From initial conditions 
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6. 연속계 (continuous system) 

Discrete system Continuous system 

Finite DOF 

Ordinary differential equation 

ODE (t) 

Initial value problem 

Vector space 

(eigenvector) 



- Governing equation 

- boundary conditions  (fixed-fixed conditions) 

 Example : String 

Sol)    
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By separation of variables 
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(14) 

From eq (14) 

For non-trivial solution 
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- Eigenfunctions of string - 



※ 유한요소 해석  

 Example : Beam 

- First mode - Second mode 

- Forth mode - Third mode 



- First mode - Second mode 

- Forth mode - Third mode 

 Example : Disk 



 Example : HDD 

- First mode - Second mode 

- Forth mode - Third mode 



 Example : Dynomometer 

- First mode - Second mode 

- Forth mode - Third mode 



7. 모달테스팅 (modal testing) 

: processes involved in testing components or structures with the objective of 

  obtaining a mathematical description of their dynamic or vibration behavior  

Spatial 

model 

Modal 

model 

Response 

model 

Description of structure 

- mass, spring, damper 

Vibration mode 

- natural frequencies 

- mode shapes 

- modal damping 

Response level 

 - Frequency response function 



(1) Basic measurement system 

(1) Excitation system 

(2) Transduction system 

(3) Amplifier 

(4) Analyzer(Dynamic signal analyzer) 



(A) Shaker test 

Conditioning amp 

conditioning amp 
dynamic signal analyzer 

exciter 

test structure 

force transducer 

accelerometer 

power amplifier function generator 
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(B) Impact test 

dynamic signal analyzer 

Conditioning amp 

conditioning amp 

accelerometer 
impact hammer 

test structure 
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