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% Magnetic field analysis

= =

- governing equation - analytical method

- simplification
- idealization Maxwell equation - numerical method




2. 1XFRE AJAEO| B4 A S

Initial disturbance

x(0) %(0)



< Free Body Diagram >

TR k()
m

\ mg

< Newton’s 2" law >
SF=mi
—k(x+A)+mg = ma

mxX+ kx =0

L

equation of motion

equation of motion
mX+ kx =0

Initial conditions
x(0)=x,,  X(0)=v,

solution
X(t) = Asin(w, t + @)

2. 2 2
_\/a’nxo + Vo

. 1 WX
sin(w, t + tan™ —=2)

Wy, VO

W, = \/% [rad /s]



Displacement

X(t) :@in(a)nt + )

Velocity

u(t) = d x(t)

d

= w,A cos(o,t + @)

t
:@Sin(wnt + + @)

Acceleration

a(t) = d(;’gt)

= — w2 Asin(w, t + ¢)

- in(a)nt + + 9)



Amplitude Amplitude
F 1 ‘ T
IPeak RMS TAveragr:}/

Peak Time
Peak

Period : T Average value
_2r _ .1
T—; x:TILrg)?jgx(t)dt
Frequency: f Root mean square value (RMS value)

T A
T 2 RMS (x) =,/ lim — t)dt
g (x) \/T;ﬂox()



3. IXR = A|A”S| ZAH RIS

N
mX+ cX + kx =0 (1)
< F-B-D=>
x(0)=%, x(0)=v
F T TF‘T
" x = ae™! (2)
\ mg
(2) 2(1)
> F=ma (MA? +cA +Kk)ae*' =0

mi> +cA+ k=0

—C + 4/c% —4mk

2m

—k(x+A)—c%(x+A)+ mg = mX

S Mo =



@ critical damping
Cor —4mk =0

S Cop = 2/mk (4)

@ damping ratio
é,: C _ C

Cor | 24mKk ()

5) 2> Q)
co Ay ==L gt w471
0<4 <1
¢ =1
¢ >1

Imu

Sy
Il
o

:RE‘

Sy
I
o

Locus of 4, with the variation of
damping ratio



(A) underdamped system
ﬂl,Z :_gwn T ja)n 1_§2
X(t):e_gw“t [alejw” 1-¢2%t +a2e—ja)n 1_42tj

= X e <" sin(wgt + ¢)

Wy = o\ 1-¢%  [rad/s]

e

.- - Variation of @4 with damping ratio -

- underdamped solution -



(B) critically damped system
11,2 = — Wy

ot

x(t)=(a, +a,t) e

(C) overdamped system

Mp=—Ca, t oy ¢? -1
X(t):e—g“a)nt (alea)n,[ 2 -1t i aze—a)n,/é'Z _1'{)



.t”

Undamped (T = ()

Overdamped (C > 1)

Underdamped (€ < 1)
(w, 1s smaller
than w,)

Critically
N~ damped (€ = 1)
~

~

s
-
w,

Critically damped

——
-
-
~

o (X iu)

\
\ g

X" ﬁ—\—-—Overdamped

| \
P 777 >0
\ ]

X s Underdamped




% Energy dissipated in viscous damping

dd—vl/ = force x velocity = F -v

. 2
- Iéz”/“’d)c[d X Sd'tnwdt)J dt

= mCawy X*



mX+ cX + kx = F(t) (6)

x(0)= x5, %(0)=v,

X(t) = %, (t) + %, (t)

F(t) = Fycosax

—k(x+A)—c%(x+A)+mg + F(t) = m¥



(A) Undamped case

(1) o, # @

: Fo/m
x(t)= Asina,t + Bcosa, t + —>——cosat

0, -0
V, . f
= —>-Sin@,t +| X ——5—— |cOs@,t +
@, o, —0
F,/m
X =— >
®w, —®
F
) _0
st k
X 1
K = =




(2) o,=0

: f, . .
x(t)= A sinet + B, cosat + —% tsinamt

20
Vo . fo, .
= —SInawt + X, Ccoswt + —1t sinwt
0] 20

=k

- Variation of magnification factor with frequency ration -



) w, ~ @ (assume X, =V, =0)

x(t) = fo ~(cosat — cosw,t)

Period of beating : =,

2w
D, — @
Frequency of beating : @,

T, =

W, =0, — @

- Beating phenomenon -



(B) Damped case

Xp(t) = X cos(at — 6)

@,

= fy co{a)t - tan‘lﬂ
)2

\/(a)nz —a)z)2 + (2§’a)n @

Where,

f, = o

m

2 2
-

|

In the steady state

¢ Dynamic magnification factor

X X k 1
= N - 2
F./k F \/(l_rz) + (Zé,r)z
F,/k : static displacement
)
r=—
a)n
\ Phase
0 = tan™ 2§r2
1-r



)
Xw*
n

y

Peak magnitude of amplification factor

1) Case | (os;s%j

1
k= 2wh-C at roey =1-24°

r | 2) Case 1l [C >%]

Frequency ratio

k=1 at rpeak =0



Phase (radian)

Frequency ratio

1) Case | (¢=0)
0<r<1)

(r>1)

2) Case Il (¢>0)
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WW
k k,

< F-B'-D =
«— > - m,
ki x kz(xz_-"ﬁ) kz(xz_-’ﬁ]
SF=ma

4 A

my % + (K +Ky )% —Ko%, =0

X (O): X10 X2(0)=Xy9
Xy (O): X10 X2 0)= X20

- /




m, O}
M] =
M- o
][l ke
_k2 k2

(0} = {uje’”
©) >®)
o ]+ [<]) uje! = fo}

(8)

(9)



For nontrivial solution

det (- w® [M]+ [K])= 0

det| ~@ Mk -k | _,
—k, —w’m, +k,

o 6012 a)22

@ a?M]+[K])u)- 0}
o, M)+ K], )= (0}

By superposition principle, the general solution of the system

x(t)} = (ae"“’lt +be ot ){u1}+ (c:e"“’zt +de 1! ){uz}

= Asin(at+a J{u 1+ Aysinl@,t+6, )i, |






by

Physical coordinate
(coupled)
=]
Modal Analysis

Modal coordinate
(uncoupled)



ex1)

2 . .
vl
24{me] E[me]

Xy =1[mm], x5, = 0[mm]

o = iy = 0
sol)
o 187 Fw-o

(0} = {uje’”

(10) >(9)
o M]+ [<]) ol = o)

9)
(10)



det (- 2 [M]+[K])
oA 30 3

o, =++2 [rad/s] w, = +2[rad/s]



()= Ausin(art+6 )i f+ Ag sin(@t+¢; ), |

From initial conditions

X, (t)= —sm(ft+ j+23|n(2t+2j

X, (t)= Ssin[ V2t+Z | = Zsin 2+
2 2 2 2



6. A=A (continuous system)

Discrete system Continuous system

Finite DOF

Ordinary differential equation
ODE (t)

Initial value problem

\ector space
(eigenvector)




¢ Example : String

- Governing equation

0 ay(x,t)] o2 y(x,t) ¥ < 10
e SR

- boundary conditions (fixed-fixed conditions)
y(0.t)=y(L,t)=0

Sol)
By separation of variables
y(x,t) =Y (x) F(t) (1)
(11) = (10), p(x). T(x) = constant

1 d [ dy(x)] 1 d2F(t) (12)
pY(X)dX{T d x }_F(t) dt?




A

From eq (14)
Y(x)= Asing x + Bcosf x
Y(0)=B=0
Y(L)= AsingL=0

For non-trivial solution

O<x<L

singL=0

B l=rrx r=12 3,

(13)

(14)



Natural frequency

=
pL’

O =7

Eigenfunction

: X
Y, = Arsmmt

r=12,3,:-

r=12,3,---

¥, (x)

Y, (x)
node

K N

2 PLE
\/L

¥ (Y) node

NN [T
N i

- Eigenfunctions of string -



¥ =75t A ol 4
¢ Example : Beam
- First mode

- Third mode

ANSYS

ANSYS

- Second mode

- Forth mode

ANSYS

ANSYS




¢ Example : Disk
- First mode - Second mode

- Third mode - Forth mode




¢ Example : HDD

- First mode - Second mode

- Third mode - Forth mode




¢ Example : Dynomometer

- First mode - Second mode

- Third mode - Forth mode




7. BEE|A & (modal testing)

. processes involved in testing components or structures with the objective of
obtaining a mathematical description of their dynamic or vibration behavior

) )
< <

Description of structure Vibration mode Response level

- mass, spring, damper - natural frequencies - Frequency response function
- mode shapes

- modal damping




(1) Basic measurement system

(1) Excitation system (3) Amplifier

(2) Transduction system (4) Analyzer(Dynamic signal analyzer)



(A) Shaker test

accelerometer

—‘3— ﬂ test structure
R &= Conditioning amp )

e,
0 *T;’fr:-'ﬂ_
©,

dynamic signal analyzer N
y J y conditioning amp

force transducer

[ 1 3
I
| l
ouoenenee
s
2 4
Oy
28
8D, BEE
wn| nanl
o8l pep Bn

17. : ‘l.’ 4 S
e - * 8,

power almplifie‘zr function generator

exciter


http://images.google.co.kr/imgres?imgurl=www.testequipmentdepot.com/hameg/images/hm8030.jpg&imgrefurl=http://www.testequipmentdepot.com/hameg/hm8000system/picpages/hm8030-5pic.htm&h=177&w=345&sz=23&tbnid=NT74rR5eZIUJ:&tbnh=59&tbnw=115&prev=/images?q=function+generator&start=20&hl=ko&lr=&ie=UTF-8&oe=UTF-8&newwindow=1&sa=N
http://www.bksv.com/default.asp?ID=3101&Type=2721B
http://www.bksv.com/default.asp?ID=3101&Type=2311-1
http://www.bksv.com/default.asp?ID=3101&Type=133-1
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(B) Impact test

—

‘3' = Conditioning amp

f
1

= g
[T
S

EX
:

——

Impact hammer

dynamic signal analyzer ‘E-’ _

conditioning amp test structure

accelerometer



http://www.bksv.com/default.asp?ID=3101&Type=2302-10
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