o 4 HR B D EFE Basics of elastic wave motions
IREBRTHANEL DT Why vibration analysis is required?

OWhat are to be found from the analysis?
1)How does it vibrate? (#xE)E—F Vibration mode)
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WRENG 1% Distribution of vibration stress
2) IR E K ZL Resonance frequencies
) IRENERE - I D DFEXHE Vibration velocity, maximum stress
OFi% Methods
1) BEATEOF % GF HEY, FamL2askvy) Analytic: classical,
2) BUERITF L (FEM, BEM, Z5531E72E)
Numerical: FEM, BEM, differential method

Knowledge in vibration theory is essential even for using commercial package software




FRITD2 DM ER
Two ways for analytic solutions of elastic waves

MR FEER Analytic method
1. —fi&EmBYFE General approach
AADEEDFEX HEFAIEK

Equation for elasticity + Equation of motion

R & Boundary conditons
>HoHIREICET SENFLND,
General solutions for various kinds of waves

2. {ERIEHAIF £ One-by-one approach

MERE)., - AHRE), R CYIRED - - 75 &

Solutions for specific waves such as longitudinal, flexural,
torsional, etc.




o M R B D £Z 4T General form of the wave equation
E{AhDIREN Waves in solid

e . F8=E  Longitudinal waves and transverse waves

Fits 7AStress=-7>*/ JLTensor. FiFiRE particle velocity=/~%)Lvector
B BE=ADT— R FHEE=~INML
B . B =T R ="TL

HEOX+EFAERX > —RINGEXEHFER

General equation of wave motion — A R E A FER
Ry LI
ﬁ; O X FHAEL: A,
b pa\Z/:(;LJrlu)@JrﬂvZV BTV = (u,V, W)
jzt gi’ A_FU, OV dw
W =
— (1 + )=+ VW ox 2y 01
P~ =R u) =+ u

CHICERRZMFANNIELTHNE ! —>T+H?



gE M KD 71521 Mechanics of elastic body 1

f Spring constant S
_________ I e (iﬁamﬂ \________H_EAX
2 2 f = kAx xI y |
L E&
[ IYAX > "
i J AY2 e >4 #Young’s modulus

_ ////// Poisson’s ratio izTXX lit» 77 stress

AX Ay S
T Ty \ X S, UF strain
Syy :_GSXX X T Mxx
S, =-0S



g8 M KD 71522 Mechanics of elastic body 2
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TXX Cll C12 C13 C14 C15 C16
Tyy C21 C22 C23 CZ4 C25 C26
TZZ _ C31 C32 C33 C34 C35 C36
TyZ C41 C42 C43 C44 C45 C46
TZX C51 C52 C53 C54 C55 C56
Txy C61 C62 C63 c:64 C65 C66
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Rl 2= Txy — GSxy
Rigidity B
S, =S

yX

&3

Relations

Elastic constants (stiffness)

D) REA

hips between

stress and strain



BIEADNF (FAHIR)

Mechanics of elastic body (Isotropic medea)

B T 4 A+2u A A 0 0 O
Elastic constants A A+2u A 0 0 O
|2 A A+2u 0 0 O
[Cij]_ 0 0 0 4 0 0
0 0 0 0 u O
0 0 0 0 0 u
ot E
1-20 \1+
Lame constant (1-20)1+0) 2(1+0)
E (1— O')E
== aus b 587 K = ﬂa+2/,l:
(K554 I':'E$ 3(1_ 20) (1— 20)(1 + G)
Compressive factor
: 3K —2u Young's  _ _ 9uK
w7k o= modulus B
Poisson’s ratio 2(3K + 1) 3K+ u



M F DFEMEE 2K

Hl=EHFERLY

Table of elastic constants E G o
YU UE | BIME | R7UUL

il Steel 210 80 0.29
T7ILEZ= ) LAl 70.3 26.1 0.345
227 )LZ>Durarumin 71.5 26.7 0.335
HCu 129.8 48.3 0.343
L) A/ F EiPhosphoric bronze |120 43.6 0.38
LABrDBrass 100.6 37.3 0.350
FAUTI 115.7 43.8 0.321
735 AGlass 71.3 29.2 0.22
B FEFused-silica 73.1 31.2 0.17

B 571 =GPa=10°N/m?
Unit in GPa

REITF O THHEREILET D




#AHE D #ER Longitudinal waves in a thin rod

. . Strain _
u(x) U( +AX) e u(x+AAx) u(x)
—— : X
. : Elastic
: E e > — 5U(X)
F (S  [F(x+ax) #iEOR FK)=-ES=
|X X|+AX - E, YU %, S WEiA
p, BIE
_ WUNMREZE< T
F(X) - F(x+Ax) Y ; oo PSAX BUMBROE B
X X
> 2= 5] —
BMIER A X REERE V() =0
, . oV(x)  p 0%v(X)
Wave equation ‘ _|E
MEORERER C= |

Sound speed



1 RITHEIREN One-dimensional longitudinal waves

— u(x) X
v=w=0 'fiﬁ i A_§u+§v+§w
- : ) =
2 = o = ,LE\ g OX 0y 01
oy 01 BLT-HEE v = (U, v, W)
2 N
pﬁlj:(lhu)@huvzu
ot O X ) 5
52V_(/1+ )@+ vy o Pﬁu:(/“rzﬂ)au
Lo~V 5T H Ot 5 X2
Za\ J A )
=A+u)—+4uvV'w
K EAFE Wave equation

o°u _p Al
2 2
OXT AFpoT A REHERER C=\/
Sound speed

A+2u
Jo,




2 D MDY EN D ELEX Comparison between two waves

1) 1 RITHiER (R ES DI MEIK) One-dimensional longitudinal
u
_ \//1+2u RS I
C, = X
£ Sound speed

2)MEROMER........ B CIEMER H R (P+SVE)

Longitudinal waves in a thinrod - P+SV waves

. \F meomrzze ()
- |E

Sound speed in a 6=1/3E LT C, D575 Cy LV20%61
thin rod

/ R7IUL

(R TIRT v A R BT AR 385, (- 0)E ——vo sz
{ IERRBLE PG T AN c BN T, KRR D, (1-20)1+ o)
- K<7pB L ... Pochhammer-Chreel (it SRR OFE S . 4y Hetk)

BEIT oA (< T BE ) = BB Lo THEE S 72 5)

A+2u=




Drill  Calculate the sound speeds for
longitudinal waves.

ZE kg/m? R EE mis
sACu 7800 Cyi= Co=
F7ILE=9 LAl 2700
25 JLE>Durarumin 2800
$FCu 8900
L) A, #fPh-Bronze 8800
LABrSIBrass 8500
FAUTI 4400
775X Glass 2500

YA Eh A FFused-silica

2200




