FUEETE : ARERE

TH E—

UMEERE ORT 1 U REH

TH E— (UBEARFE ORT 1 7 RFEHR WiBEE : ARERE



BEDRN

O £t —LDOBHNEW
o E—LD—RETEFDEDKRIA
o BAORIEDIELL
e HUBLWDARADEE

©Q t—LDENEW
o E—LD—RITEHEF
o EEITRILF—
e TV TV a1MEEARER

Q@ 0
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E— LAD—RITFHHNEF

P P(L
P(0) (x) (L)

BAAREE

u(x)
R ——
f

P P(L
P(0) (x) (L)

BN
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E— LAD—RITFHHNEF

L E—bLDRX
) EimHSEEREx DR

(x) BmP(Xx)ICBIFTBVTV U=
) HEP(x)ICHTBEEE

u(x) =P(x) DZEAL

I3
E—LDEW : B u(x) (0<x<L)
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E— ALAD—RITHNEF

u(x)
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E— L D—RITEHIZET
EHP0): ERECEE
B D(L): A %R

E—LDER 2RI WO AER
d du

u(0)=0

E(L)A(L)%(L) = f

=7 L

E 5 ERIRE (boundary value problem)

W7oy 9 %EE BB HEROMNRIEREDREE
BREREICIE TR E

TH E— (IHEARFE ORT 1 7 %R BIEEE - BRERE
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BIRERE

BIRERE (finite element method; FEM)
HEREZ < FE
Q@ RAMEME L FMLRMORE=ES<
Q@ RNBEHZEUL, MAOKRBAREDEHTRY
@ BoXREFZZ/ME (KAL) T2EH =KD S

TH E— (IHEARFE ORT 1 7 %R BUEEE - BRERE 7 /63



RoRR

WHRT v ILIRILE— U :

L
U:i/ EA(du) dx,
0 dX

ADFICEBHEEW:

W = f u(L)
BANZOESIRE :
minimize [ =U—- W
subject to u(0) =0

BIEEE - BRERE
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RAIBEE DL
XE[0, L] = 6 BD/NKEICED
BINXBEDIE : h=L/6

Pi Pj
L 1 1 II Ij 1 ]
I I I I I I 1 X
0 Xj  Xj L
Bim (nodal point)
X=0,x=hxx=2h,---  x6=1L

g EDER u; 2 u(x)

EE%DF'%%Z U(X) H 71@0)2@( Up, Uy, Up, - -+, Ug —CdEEé ns

BUEEE - BRERE
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R FIRAEL D E U
IR [, 5] 128 1 BRI u(x) DRSS
u(x) = ui Nij(x) + u; Nii(x), (i < x < x;)

uj, uj . ﬁ,ﬁ,.ﬁ\\ Xj, Xj ‘:BH’%E{Q
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ANFNBEEL DT

u(x) =

9

REBEE : u(x) (0<x <L)

.
X 53 #R A2 #E fE]

([ up No1(x) 4+ u1 Nig(x) (x0 < x < x)

up Nio(x) + ta Npa(x) (1 < x < x2)
(7)) N2,3(X) + U3 N3’2(X) (X2 <x< X3)

[ Us Ns6(x) + ts Nos(x) (x5 < x < xg)

B u(x) Z TEDE uy, ty, -+, ug TR

TH E— (IHEARFE ORT 1 7 %R BIEEE - BRERE 11 / 63



AL DL

u(x)

0 h 2h 3h 4h 5h L
Po P1 P2 P3 P4 Ps Pg
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AL DL

u(x)

LU

: §U2 §U4
w1 s

0 h 2h 3h 4h 5h L
Po P1 P2 P3 P4 Ps5 Pg
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AL DL

lJ\IZFEﬂ [Xi7 XJ] :

X;i — X X — X
Nij(x) = 5=, M) = —

-1 1
Nij(x) = Nii(x) = -

u(x) = u; N j(x) + uj Nji(x)

000+ )
-1 1
= uiT + sz
Ty + yj
h

BIEEE - BRERE
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MR T Y Y v LT RILF—DIEE

BHMERT Y v IILTRILE—
— TEOEH u, u, -, ug TKRT
ERINRYT ML

]
n

uy = us

Ug

Bo %z
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MR T Y Y v LT RILF—DIEE
YUK E N—EERE

1 du [T —Uuj + uj 2
[ n() oo [ ()

1 Xj

57 (—ui + Uj)z/ A dx
1
2

[
N
)

Xj
v,-,,-:/ Adx

— MR [x, x] THY IS N 2D EE
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BMRT Y v LT RILF—DEE

V0,1 - V0,1 Up

.

I
c\
~
N -
rrl
>
VR
— Q-|Q~
X | =
N———
N

o,

x

1 ET

Slw o wlpl v v || *
%[m uz}%—&z _K1252+
e w3 ][]
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MR T

1
U= EUNTKUN
AIMETTI K =
[ Voa - Vo1
— Vo1 Voi1+ Vip — Vio
E - Vio Vio+ Vos —Vo3
h? —Vo3 '

BIEEE - BRERE

Vv LI RILF—DIEL
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MR T

BItEATH K =
[ Voa — Vo
- Vou Voi+ Vip
E — Vi
2

— Vio
Vio+ Vo3

Va3

—Va3
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MR T

BItEATH K =
[ Voa — Vo
- Vou Voi+ Vio
E - Vio
2

— Vio
Vio+ Vo3

Va3

—Va3

BIEEE - BRERE
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MR T

BItEATH K =
[ Voa — Vo
- Vou Voi+ Vio
E - Vio
2

— Vio
Vio+ Vo3

Va3

—Va3

BIEEE - BRERE

Vv LI RILF—DIEL
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BMRT Y v LT RILF—DEE

RIS AN —EDBE Vi = Ah

1 -1
~1 2 -1

-1 2 -1
K=—" -1 2 -1

h -1 2 -1
-1 2 -1

BIEEE - BRERE 18 / 63




MR T

Vv I IRILF—

RIS AN —EDBE Vi = Ah

1 -1
-1 1+1 -1
-1 1+1 -1
-1 1+1
-1

BIEEE - BRERE

DAL

-1
1+1 -1
-1 1+1

-1
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MR T

Vv I IRILF—

RIS AN —EDBE Vi = Ah

1 -1
-1 1+1 -1
-1 1+1 -1
-1 1+1
-1

BIEEE - BRERE

DAL

-1
141 —1
—1 1+1

-1
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t=

RAFICEBHEEW = fu(l) = f ug
W = fluy

=1L

....
I
~“oooooo
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Ik

BAHEHI u(0) =y =0

aTuN =0

=7 L

Q
I
cCoocoococow

BIEEE - BRERE
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BoRRE=BREOLHR TR

minimize [ =U—-W
subject to  u(0) =0

4

1
minimize [(ux) = 5 uy K uy — fluy

subjectto a'uy =0

TH E— (ISEAE ORT 17 2%EH) BIEEE - BRERE 22 /63



BaRBEm/IME (KAL) T 228 %

H# M & &/IMERERE

1
minimize [(ux) = 3 uy K ux — fluy,

subject to a'uy =0
I S5V J10RERBEEA
H# 7% L x/IVMEREE

minimize J(ux, ) = I(ux) — A\a' ux
1

= — ug Kuy—fluy — Ma uy

2

BIEEE - BRERE
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BaRBEm/IME (RAL) T2EHZETE

4
ﬂ:KuN—f—)\azo
8uN

aJ .
a——a UN—O
U

Ny MLER

TH E— (ISEAE ORT 17 2%EH) BUEEE - BRERE 24 / 63



BaRBEm/IME (RAL) T2EHZETE

4
ﬂ:/‘(UN—f-—/\é?:O
8uN

0J .
a——a UN—O
\

Ny MLER

TH E— (ISEAE ORT 17 2%EH) BUEEE - BRERE 24 / 63



BaRBEm/IME (RAL) T2EHZETE

\
ﬂ:/‘(UN—f-—/\{:?:O
8uN

ol 4
ﬁ——a UN—O
3

Ny MLER

SEsie s

REUTINIEER — EXZBVTun & \NDEERD S

BUEEE - BRERE
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%> )L 704 S L beam static.m

h E—LOBHNER (MEE—E)

L =10; A = 2;
n=6; h=>L/n;
E = 200;
fext = 5;

e0 = 2%ones(n+1,1);

e0(1) =1; e0(n+l) = 1;

el = (-1)*ones(n+1,1);

K = (ExA/h)*spdiags([el e0 el], -1:1, n+1, n+l); % =EXNAIT
el

fprintf ("HIMEFTF) K\n");

full (K)
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%> )L 704 S L beam static.m

f = zeros(n+1,1);
f(n+1) = fext;

fprintf ("2 ML f\n");
f

a = zeros(n+1,1);

a(l) = 1;
fprintf ("N ML a\n");
a
mat = [ K, -a;
-a’, 01;
vec = [ f; 01;
sol = mat \ vec;

un = sol(1:n+1);
lambda = sol(n+2);

BIEEE - BRERE 26 / 63



%> )L 704 S L beam static.m

>> beam_static

BT K

ans =
240 -240 0 0 0 0 0
-240 480 -240 0 0 0 0
0 -240 480 -240 0 0 0
0 0 -240 480 -240 0 0
0 0 0 -240 480 -240 0
0 0 0 0 -240 480 -240
0 0 0 0 0 -240 240
N ML £
f =
0
0
0
0
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%> )L 704 S L beam static.m

SRR

un =

.0208
.0417
.0625
.0833
.1042
.1250

O O O O O O
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%> )7 0% 5 L beam _static.m

I}

.0208
.0208
.0208
.0208
.0208
.0208

O O O O O Ol

TH E— (UBEARFE ORT 1 7 RFEHR WiBEE : ARERE



H > 7))L 7 0% In beam static_irregular.m

% E—LDBENER BEEHN—ETAEL)

L = 10;

A =0 (2- (1/10).%x); % MmEiEs R EAK

V = 0(xi,xj) (2*x(xj-xi) - (1/20)*(xj."2-xi."2)); % /NXMETH]
YEY SN BB DFTE

n=6; h=>L/n;

E = 200;

fext = 5;

xi = h*[0:n-1]";
xj = h*[1:n]’;

Vij = V(xi,xj);

BIEEE - BRERE 30 / 63



H > 7))L 7 0% In beam static_irregular.m

e0 = [Vij;0] + [0;Vij];
em = (-1)*[Vij;0];
ep = (-1)*[0;Vijl;

K = (E/(h~2))*spdiags([em e0 ep], -1:1, n+1, n+1); % =EXH
175

fprintf ("HIMEFTF) K\n");

full (K)

f = zeros(n+1,1);
f(n+1) = fext;

fprintf ("2 ML £f\n");
f

a = zeros(n+1,1);
a(l) = 1;

fprintf ("4 )L a\n");
T P (LRIEAS DR 1 2 AEH) RiBEE : BRBERA 31/63




H > 7))L 7 0% In beam static_irregular.m

>> beam_static_irregular

BT K

ans =
230.0000 -230.0000 0 0 0 0

-230.0000 440.0000 -210.0000 0 0 0
0 -210.0000 400.0000 -190.0000 0 0
0 0 -190.0000 360.0000 -170.0000 0
0 0 0 -170.0000 320.0000 -150.0000
0 0 0 0 -150.0000 280.0000 -
0 0 0 0 0 -130.0000

N ML £

f =

0
0
0
0
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H > 7L 7 0% F L beam static_irregular.m

SRR

un =

.0217
.0455
.0719
.1013
.1346
.1731

O O O O O O
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H > 7L 7 0% F L beam static_irregular.m

I}

.0217
.0238
.0263
.0294
.0333
.0385

O O O O O Ol

T3 l— (IR OR7 1 7 A%H) WIBEE : BIRERE



MITERD—E THWES

7 )
V,-J:/ A(x) dx

i

ERiERD TEHE
MATLAB I8 W TERES

S:/abf(x)dx

Die=BIEFE

S = integral(f, a, b);

BIEEE - BRERE
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PrEEN—E TRWEE

BIEFE A(x) = a — 2bx (a, b IFEEDEHTA(L) >0 Z#77)
E =2; rho = 1.0;

L=10; a=4; b=20.1;

area = 0(x) a - 2xbx*x;

n=24; h=1L/n;
nodal = h*[0:n];

for i=1:n
Vs(i) = integral(area, nodal(i), nodal(i+1));
end
V = zeros(n+1,n+1);
for i=1:n
V(@i:i+1,i:i+1) = V(i:i+1,i:i+1) + Vs(i)*[1,-1;-1,1];
end

K = E/h/h*V;
T E— (IBEEASE ORT 1 2 23R WIEHE : ARBRE 36/ 63




MITERD—E THWES

>> irregular_beam

K =
3.0000 -3.0000 0 0 0
-3.0000 5.6000 -2.6000 0 0
0 -2.6000 4.8000 -2.2000 0
0 0 -2.2000 4.0000 -1.8000
0 0 0 -1.8000 1.8000
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E— ALD—RTENETF

P(0)

P(0)

TH E— (ISEAE ORT 17 2%EH) BIEEE - BRERE 38 /63



BEEIT R T —DEL

E—LDEHTRILF—

T:iAL%pA<%%>2dx:iAL%pAfch
E—LDEHTRIVF—% TED/INFTA—F vy, ug, -+, ug TKRT
INEE [ x;, x; ] IS8T BB u(x, t) DR DIRTEAER -

ulx, t) = ui(t) Nij(x) + ui(8) Nii(x),  (xi < x < x5)
B B

a(x; t) = ai(t) Nij(x) + ;) Nji(x), (6 < x < x)
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EBE)T R T —DIELL

1o 1 [ . .
[ phidx =5 [ oA Li(e) Mgt + ix(0) M)}
=L )| M misi || G
25 T mugiy miigi ] |4
T

% X
mi,j:uz/ pA(N;j)? dx, m,-,,-;j,,-:/ pA(N;,;)? dx

i i

Xj
Mijiji = Mjjij = / pA NN ; dx
X

i
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EBE)T R T —DIELL

1 L
T:—/ pAGPdx
2 Jo

3 L iy )| mowor Moo | | do )
2 [ Mo;01 Moo | | U1
1 [ m m 1] o]
. 12,12 Mi221 U
- [ 0y o } o+
2 | M21:12 Mai21 | | U2 |
1 [ m m 1] ]
L 2,323 M23;32 Uz
— |: ur us j| ¥ + o +
2 | M32;23 M32;32 | | U3 |
1 [ Us i } Ms6:56 Ms6:65 Us
2 | Me5:56 Mes5:65 | | Us |
1. .
:EUNTMUN

BIEEE - BRERE 41 /63



EBE)T R T —DIELL

BT M =
Mo 1;0,1 Mo 1;1,0
mio;01 Mio;10+ Mi212 Mi221

moa;12 . My5; 5.4
Ms4.45 Msas54+ Mse56 Ms5665
Me 5. 5.6 Me,5.6,5 |
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(ol

MEEACBE p N —EDZA

/ (Nj)? dX:/ (N;.i)? dx =3
/ N,'J/Vjﬂ' dX = / /ij,'N,"j dX = 6
& 4751 ] ]
2 1
1 41
1 41
Ah
/\/l:pT 1 4 1
1 41
1 41
- 1 2_
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(ol

MEEA EBE p N —EDZA

[ 2
1

o N
el
el N

N

R
N =
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(ol

MER A CBE p A —EDBA

2 1
1 242 1
1 242 1
Ah
/\/lzpT 1 242

BIEEE - BRERE
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(ol

MER A CBE p A —EDBA

2 1
1 242 1
1 242 1
Ah
szT 1 242
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PrEEN—E TRWEE

BIEFE A(x) = a — 2bx (a, b IFEEDEHTA(L) >0 Z#77)
E =2; rho = 1.0;

L=10; a=4; b=20.1;

area = 0(x) a - 2xbx*x;

n=24; h=1L/n;
nodal = h*[0:n];

N = @(i,j,x) (x-nodal(j))/(nodal(i)-nodal(j));

ANiipNjjp = @(x, i, ip, j, jp) area(x).*N(i,ip,x).*N(j,]jp

M = zeros(n+1,n+1);

for i=1:n
Vsii = integral(@(x) ANiipNjjp(x, i, i+1l, i, i+1),
Vsiip = integral(@(x) ANiipNjjp(x, i, i+1, i+1, i),
Vsipip = integral(@(x) ANiipNjjp(x, i+1, i, i+1, i),

M(i:i+1,i:i+1) = M(i:i+1,i:i+1) + rho*[ Vsii, Vsiip;
TH E— (IHEARFE ORT 1 7 %R BIEEHE - BRERE 46 / 63




MITERD—E THWES

>> irregular_beam

M =
3.2292 1.5625 0 0 0
1.5625 5.8333 1.3542 0 0
0 1.3542 5.0000 1.1458 0
0 0 1.1458 4.1667 0.9375
0 0 0 0.9375 1.7708
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N
\!

22V ITY
Llun,on)=T—-U+ W+ AR
= %UN I\/IuN—%uN Kux + f ux + Ma' uy
ST 1DEEAEN
68‘2 ;tgli——KuN—i-f-l—)\a—MuN—O
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HwIREL

R=a"uy
R=a"uy
R =a'iix

aTUN + 2aaTL'1N + 0623TUN =0

TH E— (UBEARFE ORT 1 7 RFEHR WiBEE : ARERE



BHAARERN

Miiy — \a=—Kux + f

—a'iiy = a' (2aiy + o?uy)

4

M —a ‘./N . —KUN + f
—a’ A || a'(2awy + @uy)
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beam_dynamic_equation_param.m

function dotq = beam_dynamic_equation_param (t,q, n,M,B,K,a,a
% E—LDESHHER

un = q(1:n+1);

vn = q(n+2:2%(n+1));

f = zeros(n+1,1);
f(n+1) = beam_dynamic_external_force(t);

mat = [ M, -a;

-a’, 01;
vec = [ -K¥un-B¥vn+f;

a’*(2*alpha*xvn + (alpha”2)*un) ];
sol = mat \ vec;

dotvn = sol(1:n+1);

dotq = [ vn; dotvn ];

BIEEE - BRERE 51 / 63



beam_dynamic_external_force.m

function f = beam_dynamic_external_force (t)
h E—LICERT 4

% IEBRR

»f = 5 * sin(2%pix*t);

h ATV

f=5% (t <=2);

end

BIEEE - BRERE 52 / 63




Y>> 7T A5 F L beam_dynamic.m
% E—LOEBNER MEE—E)

= 10; A = 2;

=6; h = L/n;

= 200; % MR (v I=xR)

= 10; % FhME=E

rho = 0.5; Y% BRE

alpha = 2000; % HIMZRELE

tf = 20.0; % ¥Ial—¥aryoRiEE

o mB

e0 = (4/6)*ones(n+1,1);
e0(1) = (2/6); e0(n+l) = (2/6);
el = (1/6)*ones(n+1,1);

M = (rhoxAxh)*spdiags([el e0 el], -1:1, n+l, n+l); % =ENA

1151
fprintf ("EMITS M\n");
full (M)

TH E— (IHEARFE ORT 1 7 %R BIEEE - BRERE
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Y>> 7T A5 F L beam_dynamic.m

e0 = 2xones(n+1,1);

e0(1) = 1; e0(n+l) = 1;

el = (-1)*ones(n+1,1);

K = (ExA/h)*spdiags([el €0 ell, -1:1, n+l, n+l); % =EXNAIT
vl

fprintf ("HIMETTI K\n");

full (K)

B = (c*A/h)*spdiags([el e0 el], -1:1, n+l, n+l); % =ZEXNAEIT
il

fprintf ("F#5M4EITH B\n");

full(B)

a = zeros(n+1,1);
a(l) = 1;
fprintf ("7 ML a\n");
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Y>> 7T A5 F L beam_dynamic.m

beam_dynamic_equation = @(t,q) beam_dynamic_equation_param (t

interval = [0,tf];
ginit = [ zeros(n+1,1); zeros(n+1,1) 1;
[time,q] = ode45(beam_dynamic_equation, interval, qinit);

clf;

plot(time, beam_dynamic_external_force(time));
fprintf ("4 \n");

fprintf ("—BHEIE  AHDF—ZHL T ZI W\ ;

pause;

clf;

hold on;

for k=1:n+1
plot(time,q(:,k));

end
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o) as

>> beam_dynamic

BIE1T50 M

ans =
0.5556
0.2778

O O O O O

BIME4TS K

ans =

240 -240
-240 480
0 -240
0 0

0.2778
1.1111
0.2778

o O O

0
-240
480
-240

TH H— (IHEAZE OAT 1 2 A%H)

0

0
-240
480

0.2778
1.1111
0.2778

0
0
0
-240

0
0
0.2778
1.1111
0.2778
0

o O O O

BIEEE - BRERE

o O O O

7 In beam_dynamic.m

O O O O

0.2778
1.1111
0.2778
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H > 77 A%YF L beam_dynamic.m

023
0.2
0.15
0.1

0.05 \




xEH

BRERE
o IXRIF—DELERIR
o IRIF—AAFREDOEHRTHEM

E—LDER
o RF VY P ILTRILF—EBBHT RILF—DiEH
1

1
U= EUNTKUN, T = EI'JNTMI-JN

o BHHNAEFR — HUAELDHERX
o BMAREK — S5V 1DEHAER
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L F— k (MATLAB Grader)

MATLAB grader TBEREFRZE (—RJT)]
) 20247 H 158 (B#E) 00:10 AM
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XY MNVICEET 2849

X1
X = X2
X3

ANZ—yDXRYT ML x ICET 580

ay
Pyl
oy
5%
9y

0X3

N7 ML

1>

x|

WiBEE - BRERE

EH E— (UBEARFE ORT 1 7 RFER
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NEDH D

by
b = b2
bs

y = bTX = b1X1 + b2X2 + b3X3

Oy Oy dy
8X1 bl ’ 8X2 2 8X3 3

REDM 2

T3 l— (IREAZE OR7 1 7 A%H) WIS : BRBFE

61/ 63



R DD

di1 d12 413
A= di2 dz2 a3
d13 dz3 433

ZRIR
y = %XTAX

1
2 2 2
= 5 {311X1 + adn X5 + as3 X3 + 2312X1X2 + 2313X1X3 + 2323X2X3}

Oy
8X1

= ay1Xxy + aXxe + a13x3

1
=5 {a11 - 2x1 + 2a10% + 2a13x3}

BIEEE - BRERE



R DD

dy
—— = a11X1 + apXe + a13x3
8x1
dy
—— = aaX1 + axnXxe + a»xs
0x2
dy
S = d13X1 + axsXe + aszXxs
8x3

ZIREA DS
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