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0.0034458 -6.Y331e-(181 0.0092929 -2.N29%e-0781
0.00044817 + 4.383e40181 0.0038356 -0.8854e-101 .. . . . i
-0.0018651 -1.545857020i  -0.0024218 +6.0447e4020i S it Ji-’L‘“ Lol J‘M"Ld“ Lalses O e ool
-0.0036266 + 3.332p-0191  -0.0082288 +1.237%ep0181
-0.0051409 +1.023§e-0171 -0.012379 +9.9275p-0181 . .. | .
~0.006453 +9.3899g-0181  -0.014152 +2.751pep 0174 Ao b L8 s el Sl L“C"”li LAY
-0.0071993 -9.9935q-0181 ~0.013511 -1.8296e40171
~0.0068376 ~7.3011eq0181 -0.010963 -2.0Q32e-§171 |
-0.0050706 +4.4621e-§181  -0.0072288 +1.7497e-0§01
-0.0021452 +2,3571e-0481  =-0.0029377 +1.p535e-01y1
0.0011886 —2.63636—0 91 0.0014679 - 2.544e-015i
0.0040296 -5.0655e-0181 0.0056317 -1.5466e-0171
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1038 sk Ay, Y
0 Jt s

0.5
x,(m) o
05

“1F

x,(m) o

0 0.5 1 1.5 2 25 3 3.5 4 45 5
time [sec]

e b aib 55 03le s3T5, ey o
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5T byl el glad s oS > SVsles

oY s B, Y

44‘) Gl 0L 4.'2.&‘34 - st BE) QT \:ASJD- Y les ASM u‘j" O‘f@ﬁu’dm‘y J-lv\-«j U’LJJL
:.JJJT Cond

133 8 o dlie 3 Dy g w4 aS Sl S @U oY s Fo=L(f) [y S

[ Fo=L{ )= J-:e‘“f(t)dt ] (40)

Sl st sl L f) = LT(F ) oY RS iS5 oY s

L[qfl(t) +bf2(t)] IQE(S) +bF

2(s)
‘ 41
L™ ok, +bFy 1=0f o) +5S ) )

e o.LATﬂ‘) dj.l:- BE & c\}: L5>-f w}kf}/ J.;..LJ
51
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ST ol — Il sl s oS = oVl

oY fds S, -

LS’LAJ 6\«4‘3 02 f(;) CU S LSL"‘Q"’ 02 u*“j:’y Ji‘)"".’. Es) CU
Q & (s >0)
S
|
0(1” O(IZI' (S>0) , n= C?ha.w&
S
Be® B (s >q)
S —Q
B sin(o) 230‘ (s >0)
s 4o
Bs
B cos(art) i, 2 (5>0)
s°+o
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51 gl = glab js oS > OY¥slas >

oY b B, -

Sl sl s f) &b Sl s (PN LS K b
fo sEo =S o
f“(t) S2F<s> =5/ 0) _f(0>
‘ 1
Iofmdr ;F(s)
e“f Fii )
tf Fo
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-

Sl syl —adl gl s oS > OV¥sles |-
ehY fds A, Y

133 5 o dsls 5 g w0 (V) daly 3 sl3T sl =l (glas doles LY LS

L

aD: q(z):Aq(t) :>[L(q([))=L(Aq(t))] (42)

rls mA\jﬁ- (YY) ada, J= L

(42) = sQy -4, =AQ, = [(SI —A)Q, = q(o)] (43)

oS o (ST=A) L 1) (F7) alaly o b asils

x(s T-A)™!

(43) = [Q(s) =(sI- A)_lq(OJ (44)

T s 0 iy b Sl e S5 Y LS e gSae (FF) a3 b 51 S

xL7!

(44) = [qm =L" [(sl —A)‘l]q(o)] (45)
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5T byl el glad s oS > SVsles
Y s ra, Y

33 8 o ;é.ijxjﬁjc))yg‘}i.uclj&);dwjj L;ﬁ:c;)jﬁp@;)\j:do Iy (Y0) abaf,

A, =Tl
T, =L"[(s1-A)"] | (40)

ol 0 se0 dalwe |y JWESH s Sle il ol rjy oy I slad js Ol 05 5 1y 6l opl Lo

spd ab S WY b e sSas O jolie olad 3l e 5035 s sl (s T—A) 7 L sk

1S ol 0L Ol o0 (V) adaily 4 a5 L

[T(t) =L (sT-A)"] =eA1 (47)
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-

5T alel el gl s oS - SVl o
Py hds B, Y

A5 syl ab s 35T 3l Rl el el ) 5 s SO Sl glad dlslae —F Jlie
LA I R D 4B R e S (G B e

Al e LY

: 0 1 1
99715 H |90 - Yo={1 14, » o= )
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—

3T ple,l m e sl s oS - Vsl o
DY s A, Y

% e ey

O R

~

e 1)
N (SI—A)_]:S 2 s s+2
1

S i (s +2) 1)

EOM in state space form Il slas Hs oS > oY¥sleU

-

5T alel el gl s oS - SVl o
P oY hds B, Y

—# e ey

1 0.5(1—e™
[T(t) = |:0 e—zze )}]

58




EOM 1n state space form I glad js oS > Nl

—

ST el el glas s oS = Vsles

PN s Ao, Y
5 Jles gy

2.9
2.8}
27t
26}

y @) 25}
241
23¢
22t

21

0 1 2 3 4 5
time [sec]

S 3558 s sI51 sl -
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6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL &:ASF QyJL&O ‘.}}-

(Time Domain Method) L) gl s b, -l

Dl e Alh g p Cyge T oaked s JKL A s (V) Al

{ ey =04, +bug, J (48)

1Sl el @7 e Wl dady b b s

xe ™t

48) = [e“”qm —e "aq, :e“"bum] (49)

ronl by el @) e i (FR) dlaly o e

d —oT —oT
49) = E(e dqy) =€ bug, (50)
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ol il — il slad s oS = oVslee

(Time Domain Method) L) gl s g, -l

ISl el s cnl 03 pled SIS ¢ o3l 5 (00) ey b 5l S

J-(; t d t
50) = J.O(E(e(”q(r))jdtzj‘oembu(r)d"c

:[e"”qm =, +J‘Oe_°”bu(r)d’c] (51)

1l el e WL e b b s b

51 = [q(r) =e”q, +e J.;e_atbu(r)dTJ (52)

— T~

~

3T el 5l 26 $2505 S5 3l AU sl N
EOM in state space form Il olas jy oS Nl

6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASF QyJL&A ‘.}}-

(Time Domain Method) L) gl s b, -l

Dyd g Ay 3 Do 4 Tabked 55 (gl Gl s (V) dslas J-

{ d.) =Aq, +BU, J (53)

ils ealyt @M s WL kel b s b

xe AT

(53) = [eAtq(r) _e_ATAq(t) :eATBU(rJ (54)

(54) :[;—T(eAtq(T)):eATBU(T)] (55)
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LS)L‘}\ LJ'NL*S)‘ —&:JL?- 6\.«&9 )J k:»SJ?- CJVDL&O J?-

(Time Domain Method) L) gl s g, -l

rols m_aljﬁ- oo ol o mL«J SISt B o3l 51 (00) aa, b b sl S|

.[(; t d t
(55) = jo(ﬁe‘“qm)]dr: Joe " BU

= [eAtqm :q(0)+JoeATBU(r)dT] (56)

ol el e s VLl b b s L

At

(56) = [q(t) =e™q,, +j;eA(’T)BU(T)dt] (57)
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6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASJ?' QyJL&A ‘.}}-

(Time Domain Method) L) gl s b, -l

125 8 4 Ol o (TO) el

@time=(t—1)
t-v) —

(35): T, =e™=Ye“¥' = |T —eA“—”:\PeA“—“lP—l] (58)

(35)&(58) > (57) = [q@ =We ¥ q, + ‘I’e““)‘I”BUm] (59)

(35)&(58) = [q(t) =T, q + jo T(H)BU(T)dt] (60)
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ol il — il slad s oS = oVslee

(Time Domain Method) L) gl s g, -l

2 Sy lsme iy 4y absse e el ol sal 5 3 e G Sl (gl alslas -V Jl
U, =20e" sin(—]Ot) - U, =1 -l ol 4wl 2D I s

1y 2 2 A
1
Yo :{1 l}q(t) > Qo = {2}
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6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL &:ASF QyJL&O ‘.}}-

(Time Domain Method) L) gl s b, -l

-V e ey
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d)L}\ LJ'NL*S)‘ —&L.H?- 6\.«&9 )J k:»SJ?- CJYJL&O J?-
(Time Domain Method) L) gl s g, -l

-V e ey

EOM in state space form Il slas Hs oS > oY¥sleU

6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASJ?' let}u\ ‘.}}-

(Time Domain Method) L) gl s b, -l

A {e’ O} 1=V dee

_1 _05 e—t 0 _2 _1 26—1 _e—zz e—t _e—2t
= — = T(t) = -2 - -2 -
1 1 0 e?||2 2 2 —2e 2 —e”!

[-1 —os)fe ™ 0 ]2 -1
IR 0 el 2 2

B 26—(t—r) _e—2(t—t) e—(t—'c) _6—2(t—’c)
t—t)

26—2(1—T) _26—(1—t) 26—2(l—r) _e—(t—r)

:>T(
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_ ) _
e —e™ e —

ol il — il slad s oS = oVslee

(Time Domain Method) L) gl s g, -l

-V e ey

-2t 1 ; 26—(f—’t) _,20) -t—) _ ,2(t—) 0
e +J- 2 e e 2 e (l)d”c
—e! 2 0 2¢~ (t-t) _28—(t—r) e~ (t-1) —e_(t_T) 1

q(l) - 26—2t _2e—t 26—2t
L3 2o
q, =132 2
S —3e”
1 5
— 43 e 5 5, 1
={1 1}:2 2 = Po=5¢ *3
S5e =3¢
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6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL &:ASF QyJL&O ‘.}}-

(Time Domain Method) L) gl s b, -l

25F

Y

1.5F

-V e ey

0.5 1 1.5 2 2.5 3
time [sec]

u(,) =1 Js‘ g J‘h‘ 8 f""‘".’.‘"‘ ok u:"wJ‘ C“"‘i
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EOM 1n state space form Sl glad js oS - Nt
bl Gl =l glas s oS > SWslee |
(Time Domain Method) L) gl s g, -l

< -V e muly
t
(60) = qd.) = 1,90 t _[0 T(Z_T)BU(t)d‘c =

ze—t _e—2t e—t _e—2t 1
do) = _ _ _ _
(@) e 2t — 9% t e 2t —e t 2
J_[ Yo V) _ o) =) 220

0 26—2(1—1)_28—0—1) 28—2(t—t)_e—(t—t)

} {?} (20e ™" sin(=10¢ ))dx

2e” —@e_z’ +ie_’ cos(lOt)+£e" sin(10¢)
101 101 101

= ¢ =
e —2e +%e_’ cos(lOt)—ﬂe_’ sin(10¢)
101 101 101
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6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASJ?' QyJL&A ‘.}}-

(Time Domain Method) L) gl s b, -l

< -V e &by

2e™ —@e_” +ie_t cos(lOt)+£e‘t sin(10¢)
101 101 101

©) = vy, =Cq,={l 1} (
ﬁe‘” —2e”" +ge_’ cos(lOt)—ﬂe ~ sin(10¢)
(101 101 101 ]

103 _,, 200

20
=——e "+ ¢ cos(10t) ——e " sin(10¢
Yo =01 101 (10r) 101 (101)
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ol il — il slad s oS = oVslee

(Time Domain Method) L) gl s g, -l

3 T T T T 9_\/‘5&&»@:

y(z) 1r

0 1 2 3 4 5
time [sec]

Uy, =208 SIn(=107) 51 <o 5 350 e 5! A1 el
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6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASJ?' QVJL&A ‘.}}-

(Time Domain Method) L) gl s b, -l

sl e 4 | u, =20e ™" sin(—10¢) «b K oo o sl oals Ol o5l C,QL» A Jke

m, =1.5 (ton)
]
k, =1200 (kN / m) Vo -
m, =2 (ton) {x0}={0 615} (m) {Jéo}:{o'm} (m/s)
] ' '
k. =1800 (kN / m)
 —  I—
£ =0.05

Matlab Code (LO1Example08.m)
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ol il — il slad s oS = oVslee

(Time Domain Method) L) gl s g, -l

A e fuly

> 0 x10*(kg) , k 312 x10° (N /m)
m= R = m
0 15 & _12 12
74294 —1.8981] |
c= x10° (N .sec/ m)
~1.8981 3.9113
0 0 1 0 ] 0
0 0 0 1 0 1 00 0 0
A= . B= . C= . D=
~1500 600 —3.7147 0.94903 -1 0100 0
| 800 800 1.2654 —2.6075 -1
(0.01
_|o.015
9071 0.02
0.04
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6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASJ?' let}u\ ‘.}}-

(Time Domain Method) L) gl s b, -l
A Jle muly

0.0016038 +  0.0320361 0.0016038 - 0.032036i -0.0013778 -  0.0275221  -0.0013778 +  0.0275221
P — |-0.0011392 - 0.022756i  -0.0011392 +  0.022756i  -0.0025862 -  0.0516591  -0.0025862 +  0.051659i
-1.4078 -6.7489e-0171 -1.4078 +6.7489%¢-0171 0.53276 +2.3618e-0171 0.53276 -2.3618e-0171
1 1 1 1
-4.52236-016 - 11.3231 1.3288e-016 + 6.03221 -0.25766 -  0.012899i 0.13727 + 0.00687221
Wl — [-4.516%-016 + 11.3231 1.2292e-016 - 6.03221 -0.25766 +  0.0128991 0.13727 - 0.00687221
4.56556-016 + 4.9878i -1.2235e-016 + 7.02161 0.25766 + 0.012899i 0.36273 + 0.018159i
4.5243e-016 - 4.98781 -1.2631e-016 - 7.02161 0.25766 -  0.012899i 0.36273 -  0.0181591
-2.1944 + 43.8341 0 0 0
0 -2.1944 - 43.8341 0 0
A= 0 0 -0.96668 + 19.309i 0
0 0 0 -0.96668 - 19.3091
-2.1944 + 43.8341 -2.4425e-015 +3.5527e-015i 1.5506e-016 +1.8031e-0151 5.1107e-016 -5.3558e-0151
— -2.44256-015 -3.5527e-0151 -2.1944 - 43.8341i 4.0005e-016 +3.5794e-015i 4.4038e-017 -2.6708e-017i
A = -1.69126-015 +2.2541e-015i 1.46926-015 -2.2541e-015i -0.96668 + 19.3091 4.0523e-015 +8.8818e-0151
1.1361e-015 +3.5863e-015i -1.3582e-015 -3.5863e-015i 4.1633e-015 -1.4211e-0141 -0.96668 - 19.309i
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ol il — il slad s oS = oVslee

(Time Domain Method) , 5L ¢l g iy, -l

A Jbe gy

5,

x, (em) ©
S5+
0 ! 2 3 4 5
time [sec]
4 o Fl o gl bk g5 o3l S5 5L uly
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6)L.>-\ uﬂw)‘ —CA.SLD- LSLA? B C,SF lel&ﬂ ‘.}}-
(Frequency Domain Method) .8 3 gl g Sg, -
(sl 0 o] 3ot abd s JKU Sl s (V) dsles

[ q(z) =0q,) +bu(z) J (61)

Wy el g (F1) aaly b b LY Lot Jlesl L
L
6) = [L(q(z)) :L(aq(t))+L(bu(l))] (62)
Pl g (FY) adad, |> L

q bU
(62) = Qi =g =0Q +bU, = [Qm =Sj°;+s_<a>] (63)

:.bjdo Cd o 3 Sgo w0 Qo) Lldie b a4 S Y o iSae (BY) ol 51 S

63) 5 [q(t):Ll(&jul[%)] (64)
S —a S —o

78




EOM 1n state space form Sl glas s oS - Nl
LS)L‘}\ LJ'NL*S)‘ —&:JL?- 6\.«&9 L k:»SJ?- CJVDL&O J?-
(Frequency Domain Method) . 3 gl g g, -

Wl el (V) ey b b Y R Jlesl L

L

(M: 4, =Aq, +BU,, = [L(q@»=L<Aq(t)>+L(BU(,)>] (65)

Fls al g (PO) bl Jo

(65) = s5Q, —9q,=AQ, +BU,, = [(S I-A)Q,, =49, +BU(S)] (66)

(oS o o (ST=A)T 53 1, (BF) dlal,y b b

(66) . [Q(S):(sI—A)‘lq(0)+(sI—A)‘IBU(SJ (67)
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6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASJ?- QyJL&A ‘.}}-
(Frequency Domain Method) .8 3 gl g Sg, -

(bl al g (V) dlaly b eSY il e sSes Jlesl

(67) L:;[qm:L] (s T=A)")qy +L7'((s I-A)lBUm)] (68)

3 g gn am (PA) alaly 53 (F8) alal, (o 13K L

(46) = (68) = [qm :T(t)q(0)+L1((sI—A)lBU(S))] (69)
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(Frequency Domain Method) . 3 gl g g, -

u(t) :20€_t s1n(—10t)—u u(t) =1-4 J::[Lo.’ W\?w ) A 55 5

. [o 1 0
=5 )0 M e
Pt 0P

1
Yo =1 1jq, q(O):{z}

Matlab Code (LO1Example09.m)
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(Frequency Domain Method) .8 3 gl g Sg, -
-4 Jle o

B 1 s+3 1
_s2+3s+2 -2 s

s+3 1
2 2
N (SI—A)_1= S +3;+2 s +3s+2
— S

s2+3s+2 sP+35+2
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ol il — il slad s oS = oVslee

(Frequency Domain Method) . 3 gl g g, -

A4 ke
s+3 1 oY Sae U STl
(SI—A)_lz s2+3S+2 s2+3s+2 OT LSL“‘%‘)J JJ»J Mw ‘J (SI—A)_IJ%JSL"
-2 s
sP4+3s+2 5743542 o5 il Sl s B “oxe
s —o
:g:,wﬁ\;r.:a\j;'-
o | b |c=b—-q | d=20-b
21 11
]. O 1 1 _1 — (SI—A)_]: S+1 S+2 S+1 S+2
B R I N ) ) o) 2 N 2 1 N 2
S 110 -1 2 s+l s+2  s+1 s+2
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(Frequency Domain Method) .8 3 gl g Sg, -

-9 dl:.a‘_}.>
2 B 1 1 B 1
I s+1 s+2 s+1 s+2
2 2 1 2
-+ +

s+l s+2 _s+1 s+2

_ 2e—z _e—zz e—t _e—zz
Dl 2eT 4207 —e 4207

2 1 11 L1
_| s+l s+2 s+1 s+2 0111 s(s+1) s(s+2)
2 2 1 2 1 2
+ —~ + —~ +
s+l s+2 s+1 s+2 s(s+1) s(s+2)
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ol il — il slad s oS = oVslee

(Frequency Domain Method) . 3 gl g g, -

A4 Jle
1 1 1
2 +D) 2s5+2)
= |s1-4)BU, = ©
11
s+l s+2
LN S I 1
- —t+_ =2t
_ g 2s  (s+1) 2(s+2) N _1((SI—A)_1BU(S))= e 2e
1 B 1 e—t_e—Zt
s+l s+2
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-4 Jke f
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(Frequency Domain Method) . 3 gl g g, -
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25}
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time [sec]
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(Frequency Domain Method) .8 3 gl g Sg, -

-4 Jke J.>

2 1 11
0
(sI—A)_lBU(S): s+l s+2 s+1 s+2 _ 2(2)0
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~ 200 )
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B 200s
((s +1)° +100)(s* +35 +2)

88




EOM 1n state space form I glad js oS > Nl

ol il — il slad s oS = oVslee

(Frequency Domain Method) . 3 gl g g, -

-9 JL:.cJo-
- 200
((s +1)° +100) (s> +3s +2)
L' ((s1-A)'BU,,)=L" s
B 200s
((s +1)* +100) (s> +3s5 +2)
4 200 5, ., 2 . 1)
Tor¢ —2e +ﬁe (cos(107)+10sin(10¢))
= [L7(61-A)"BU,, )=
400 o, . ., 198 20 .
———e " +2 " +——e | cos(10¢t) ——sin(10¢)
S 101 101 99

/

89

EOM in state space form Il slas Hs oS > oY¥sleU
6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASJ?' QyJL&A ‘.}}-

(Frequency Domain Method) .8 3 gl g Sg, -

g.a—‘\ Jls J.>
69) = q,=T,q,+L" (6I1-A)'BU )=

200 _ 2 )
e =2 +—¢e " (cos(10¢)+10sin(10¢
2e—t _e—zt e—t _e—zt }{1} 101 101 ( ( ) ( ))

+
2 400

—t =2t —t =2t
—2e” +2e e +2e e 42 4 @e" (cos(l 0r)— 2—Osin(l Ot )j
101 101 99

103 _, L2 )
———e " 4+2¢ " +——e " (cos(10t)+10sin(10¢
101 101 ( (10¢) ( ))

206, 2 i, ]

= 4 =
—e " =2 +2e" cos(lOt)—Esin(IOt)
101 101 99

90




EOM 1n state space form Sl glas s oS - Nl
LS)L‘}\ LJ'NL*S)‘ —&:JL?- 6\.«&9 L k:»SJ?- CJVDL&O J?-
(Frequency Domain Method) . 3 gl g g, -

-4 Jke Jo-

(103 _, )
—-———e " +

101
206 _, 198

2e™ +%e_t (cos(10¢) +10sin(10¢))
©® = y,=Cq,={l 1

20 .
e =2 +—e"' cos(lOt)——Osm(lOt)
101 101 99 ]
103 ,, 200 _ 20 _, .
=——e ' +——e " cos(10t) ———e " sin(10¢
Yo =101 101 (10r) 101 (1)
91
EOM in state space form Sl slas s oS Nl d
6)L.>-\ uﬂw)‘ —CA.SLD- LSL&Q DL CASJ?' QyJL&A ‘.}}-
(Frequency Domain Method) .8 3 gl g Sg, -
, -4 Jke J=
2.5
Al
1.5F
> 1
0.5}
ol
0.5
0 : 2 3 4 5
time [sec]
U, =20e ™ Sin(=10¢) 1 <o 5 2550 g s3bor! S Gy

Matlab Code (LO1Example09b.m) 92




EOM 1n state space form I glad js oS > Nl

MATLAB B —&LJL>- &Lﬁﬁ DL Cas‘)?- bew J?-

aends ol s (93555 Fl o |y et S Sl &b Sl axsw U MATLAB »lsim | g
W\ijf)‘bf Lf.y dLo.AJ)I.wJ LJ‘i\ fﬁj" .l.Sde o)Lw

[ q,, =Aq,, +BU, ]

[ Yo =Cq, +DU, ]

sys =ss(A,B,C,D)
Yo = Isim(sys, Ug,st, q(O))

93




Il lad s oS > Aol |-
MATLAB S le SKoS 4

PR
Q‘JA& 03; cw.)&.@.a oA ES)s 4C)L“«.«JJ5 aK.«il.'z\J a)'l.w )L:.i'.J‘J
https://prof.uok.ac.ir/Ka.Karami

‘;ﬂ.oj Lo g w?—g&”

RV [PRCRE U P N PP W&Jf&us aslre
mi +cx + kx = —-m/X, M)

ol o3l (Sealis glagal il o mXR Sl b s 5 ol o S Sl oS5 4k 5 € om Ol 53 &
Al cld Jlcod ojle il sl ol QLS AXT sl L X 5 X X glajb p bcg g Ol e pluls
‘\JQ‘}:‘_;J‘)(\)A.IGJ‘)w‘e)uduff-)bLﬂ)uwjgu‘)\bj n><1 Jb‘bg‘)\bjbj.;dé)ljs 1)(1 JL!J‘L’Xg

g e

X=X
()

X=-m 'kx—m lex— éig

il 3 5 Sose a4 (1) daly oo 5o £

{X} _ |: On><n In><n i| {X} + {Onxl} X (Y’)
. - _ -1 _ -1 . _ 21x1
X 2nx1 m 'k m ¢ 2nX2n X 2nx1 ¢ 2nx1 8

2ol ci A bl e a5 o sla S C S T 5 O gla e 5L YL dal) s

o I o X
T e A I B ®
-m'k -m-c 2nx2n —£ 2nx1 X 2nx1

Wby 3 Do aly OS  OVslae Ol 8 e



1=Aq+BxX
q Cq “C g (O)
y=Cq+Dx,

Glas e Sla Sy 5l (S bl o Tat gy Jlos b 53 5 Il (slad 3 g S o Wsles 15 (0) Wsles
b el Wslas S [ () alail) ol l s b Keal ps e st ol s ables oS ol 0T S
25 3303 ob pt s le 20200 sl b Ap 5l XS o LS © adal)) ol al o b (Keal sl 450
Xl sl b cs s 4 Dy C B la g 5l frizmen ol ol 5 e dhez Sl ot S8 Shy Jelo
Lodas o QLS 1) s (s 2 mX] slal Ly D13l I glas sy LSS (sla e sl mXT 3 mX2n

1228 o JSE5 5 Sose 4 D 5 C Gl Sl s s S p S 0 xS

it ‘ S A ‘ sl (o~
C= [— Cim'k - Csm’lc] C= [Omxn Cs] C= [Cs Omxn] *)
D=-Cg/ D=0, D=0,

S oslinal L 05 o 1 (0) dolbas ¢ &S > doles S o asiie |y s K o oo mX71 3lasf L G s 5l
Syb e as S b ys 5 Jle jske pl gl 5,8 J= MATLAB ke ;5> ‘DynamicResponseAg.m’ sl

Olaztler ol 55l ool (V) Ut 5 OF (glojlee Sluasiie oS tdas o OLES 1) 4id Ol b G (1) ST il

el 0 ojw‘w}€y¢d}‘d)w&l>u\>4¢.bffél.&f}ﬁ dﬂgo)‘x\é‘fﬁwéﬂw)

! State Space
2 Continues Time Domain



Sensor
ms

D y3(1) = x5(1)

ks| s
m
: V dgur
k4 Cy
P b == Ol b glola (sla el ;b
: D y,(1)=x;(1) St. Mass Stiffness
k G No (ton) (kN/m)
NV om, 1 12 22000
2 12 20000
i =) 3 12 17800
SV 4 11 16000
D »()=x0) 5 10 14300
k|5
! E=5%
=
Xg (1)
«—>

il 3 35lse Jels lad 5505 15 O Ll )8 a8 asl ol slasnsss

o\
o\

0000 o
k) 5

o\

)
550

o\

0000 0000
k) k)

o\

) o
550 5

- o0
o\
o\
- o0

000000000000000
0000000000000 70
1

ElCentro.xls', 'Accelerograph', B3:B1562") ;

o\
- oe
- oe

Xg=xlsread
out="'acc';
m=diag([12 12 12 11 10])*1le3;

k0=[22e3 20e3 17.8e3 1l6e3 14.3e3]*1le3;
xi=0.05;

xlsread | yies b 5 5 ol 0l uliie £29.807 mVs? - Y game 45 AL o El-Centro 4 3)5 ol Xg of 3 «
ddis” 3l Ol e aS das e 0L (e TGS Out .5 34 s ol = ‘ElCentro.xls” Ol e o Excel LG
Sk o el m S eslial g LS e bl Gla s 2 les Gl 55w Tacd S vel!
s 2l g o Xi Ll Dlib 2w 1 2 KO 338 o LSiS (g ks oy p wdiag s 3l eslinal L &S ol
SAop b S sS Gl o8 Sl ealpn STl eslinal 355 ol ols Sl pEL L St0 S e pasiie |
OLES 1 ab s e 33T Dl ys 55 (b K o oo ) a s = O Ll p Y 33 8 o a8t o 55 1S o3lizu

'M:Lf
3 oo dewle i Hstws Sleslaad bosin Olab slaas st oleg s o T 43l oley ke

T=(length(Xg)-1) *sto0;
t=0:8t:T;
n=length (m);

ol s llg 55 S e e st Sl r@;ﬁjb d; ol yan S ol! L0, XG GU&QSM.JU')):M:);

sl 0S5 35 2=9.807 my/s?



xg(1l: ((T/st)+1))=0;
for i=1:1length (xg)

xg (1) =XG(Xg,st0, (i-1)*st)*9.807;
end

Seh e WSS ol 5 e o e S 5 5 4 DampingMatrix s StiffnessMatrix slarl el L

k=StiffnessMatrix (kO0) ;
c=DampingMatrix(m ,k,xi);

:MJL;G J:g.:.; J‘.’.) ALJ‘) Lf“Lw‘ » b L;'lz.w L)'Mi.};b StiffnessMatrix ct;

K@U=h+kﬁl i#n,
K=k i=n, (v)
K=y [i=J=1
Kijy=0 ji-jl>1

CU R (\ll w db:w kl W J.SJLL;G ‘_gbnw J'J“JSLA 4.3‘\)3 Lﬁ-’“)"(l’]) oAy dl.«;.s K(l,l) QT L Y

s e 1S5 s akaly bl s 1 sl e Sl 5 DampingMatrix

M=0"mo ")
o' =260M = c=2£(0") oMo

e e [ Sisout o gpuas LD C (B, (A, sla . sl StateSpaceAg &b

[Ac,Bc,C,D] =StateSpaceAg (m, k,c,mv,out) ;

das e LSS Gles atu gy lad s 5 Sl (glad 3 1) SYSC atew SS ) sres

sysc=ss (Ac,Bc, C,D) ;
S Sosb

Ac=sysc.a
Be=sysc.b
C=sysc.c
D=sysc.d

S o e L i (Gl ad sl e 5 sl bl ol &S ad sl I s ) adsl Ll p 5 s 5 s



g0(l:2*n,1)=0;

135 8 o sl Il (gliad )3 s &S - SWslas 5 gres Sl eslinad L

[yl=1lsim(sysc,xg,t,qo0);

gl s .ﬁ&a}b%o‘ﬂ:é.}j)j&;\mbvlar'w&iu.iyti:éwl.; slos ams U Isim  gias

w‘ij)})\JfliyukAA)ij

;;;ﬁ&ﬁ)ﬁj)ﬁwmm\pmp@@l}. @_—jﬁ‘\sgju—)“ju@g

if strcmp(out, 'dis')==1
LB=min (min (y*100)) ;
UB=max (max (y*100) )
for i=1:length (mv)
subplot (length (mv) ,1,1) ,plot(t,y(:,length(mv)-i+1)*100, 'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
end
ylabel ('dis[cm] ', 'FontSize', 8)
axis ([0 T LB UB])
end
end

1

:)J;dﬁrﬂjﬁj)ﬂﬂJj‘aﬁm‘l{Ml{wﬂ @_—jﬁ‘\sgju—)“ju@g

if strcmp(out, 'vel')==1
LB=min (min (y*100)) ;
UB=max (max (y*100) )
for i=1:length (mv)
subplot (length(mv),1,1),plot(t,y(:,length(mv)-i+1)*100, 'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec] ', 'FontSize',8)
end
ylabel ('vel [cm/s] ', 'FontSize', 8)
axis ([0 T LB UB])
end
end

’

:;;ﬁ@ﬁ)ﬂj”@;jlnu@\l{up ol @_—jﬁ‘\sgju—)“ju@g

if strcmp(out, 'acc')==
LB=min (min(y/9.807)) ;
UB=max (max (y/9.807)) ;
for i=1:1length (mv)
subplot (length(mv) ,1,i),plot(t,y(:,length(mv)-i+1)/9.807, 'k', 'linewidth',1.5)
if i==length (mv)

xlabel ('time [sec]', 'FontSize',8)
end
ylabel ('acc[g] ', 'FontSize', 8)
axis ([0 T LB UB])
end
end

AL e ) Do s el Glagaly



dis[cm]

3
Z
M| ’
S 0 WA
© -5} i
0 5 10 15 20 25 30
time [sec]

El-Centro 31 31 Comi aih iy o5 53 ooy 5 e oJsl Slib o alole iy o i U Y IS

7 50
5 0
T>; -50
-100
0
% 50
S %
5 -
~ -100 :
0 5 10 15 20 25 30
7 sof ; ; ; ; ; —
‘E 0 _.,M._ A VA M
T>; =50 E
-100 L L L L L L
0

5 10 15 20 25 30
time [sec]

:El-Centro d)j}l;;ﬁa_@b@gbsm)(y Jsl ol s cepw Foly sles e Y s

acc[g]

acc[g]

acc[g]
o
,%_ ]
]
§

0 5 10 15 20 25 30

time [sec]

El-Centro a5 | Cod adb oy o3l 53 02y 5 o ! clab s ol Gl Sl azi )l ANCS

rﬁfwﬁ)w;))l‘YL%“SbMatlab f}ﬁ&b&d&& Qsja.': oﬂ.&.éd\ﬁ



54 ol Export Setup 4 S File (¢ g )

File | Edit View Insert Tools Desktop Window Help k]
New ' DEA-Z|IE D
Open... Ctrl+O
| Close Ctrl+W T T
Save Ctrl+5 7
i Save As..

Generate Code...

Import Data... L L L L =
Save Workspace As... o 18 20 ® 0
Preferences... ' ' j ' "]
Export Setup...
Print Previe... WWM‘«W“"WMIV‘WWVW‘
Print... Ctrl+P . ) . ) .
0 5 10 15 20 25 30
| 1 | """" Uncontrolled Controlled |>

acclg]
o

30

4\ Export Setup: Figure 1
pol p: Figure 1

Li"9es 200

5 03,5 KIS 1, Apply to Figure o rﬁs@ (...k.u 600 5, 1, Resolution (dpi) 5 os il Rendering o

T-gﬁdocjlﬁ-oﬁc%jOK«é:Q;;l{

T

~Properties
(| ;.SiZE Colorspace: {:RGB color V]
Fonts Custom color: |w i
I Lines ] Custom renderer: i. (vector format) Vi
Resolution (dpi): @ Vi
Keep axis limits
I Show uicontrols
Export Styles
Load settings for: iDocuments - ] Load
Save as style named: idefault | ’ Save ]
i Delete a style: Il & ‘i Delete

Apply to Figure

Restore Figure

Export...

Cancel

Help

—

54 ol Save 4 S File (s s



7 - - == = i »
B Figure 1 -e - & {‘:' Elg

A A -
Edit View Insert Tools Desktop Window Help A
New 'PREA- S DB D
Open.. Ctrl+0
Close Ctrle W ; ; ;
Save Ctrl+5 7
| sovess..
Generate Code...
Import Data... L L L L L
10 18 20 25 30
| Save Workspace As...
| Preferences... ' j j ' j i I
Export Setup...
{ i A A A A AR A AL A A
Print Preview... YUY LAAblaahinat i) Lids
Print... Ctrl+P ) . . ) 4
0 5 10 18 20 25 30
1t | ------- Uncontrolled Controlled |-
= "
g U_WWW
-1t ! ! L L ! L 4
0 5 10 15 20 25 30
time [sec]

Aoled SIS 1, Save 4sSs 5 53,5 bl Enhanced metafile (*.emf) & b Save as type Cd >

nFlgurel . - = [E] B ding 2 Title

B save As ——— —— . ===

- - - - -
O\ J[ 1 Matlab » - [ 43 ||| Search Matlar )
.

Organize +  New folder = @

2 Favorites 4 Name Date modified Type

. Fig 11/25/20051:25 PM  File folder
i Libraries

78 Computer
£, Local Disk (C)
a Local Disk (D:)
a Local Disk (E)
a Local Disk (F:)
& Autodesk 360

m

€ Network = ||<Rl LI e

File name: Figurel.emf

Save astype: | Enhanced metafile (*.emf) v]

Gl 3 gm0 Slo) S lab 55 (0) dsles

q(i+1) = Aq(i) +BX, (i)
y(@) = Cq(@) + DX, (i)

@)



):LSJJJJQKAMJJ‘L‘)WW}:LAV';};MBJA LSLAw;uMJ&QL;J‘)JLA)rthLA.&leu‘

> A A
=> (===

()

=0
A Att+1
B= j Actrgr B,
22( l+lﬂ

25 J>MATLAB L ;5 ‘DynamicResponseAgd.m’ 4sl » 3l eslizal b 0l oo 15 () Wsles o 5 4y &S 1> dslas
Js syse Slag i s 4852 3l s €24 5es Sl eslizad b aslsl 3ol ‘DynamicResponseAg.m’ 4l » alis

O dlaly) 555 e sysd gbjmuyﬁwg

sysd=c2d(sysc, st) ;
S sk w

A=sysd.a;
B=sysd.b;

Sy iy Dyge d 2y 5 Al sl

g(l:2*n,1l:length(xg))=
y(l:length(mv),1l:1length(xg))=

dsles o r@fsélj OY alaly) anse Sloy ads= 53 5 Cll= gl 3 oS > OVslas 5 s Sl eslanal b

A{Kuﬁgwbu{;m?uéuéfgje¢i

for i=1:1length(xg)
if i<length (xg)
g(:,i+1)=A*g(:,1i)+B*xg (1) ;
end
y(:,1)=C*q(:,1)+D*xg (1) ;

y=y'i

Sy ey 35 o e Sk U8 o S 8 e e s balie ok 4



Il lad s oS > Aol |-
MATLAB S le SKoS 4

PR
Q‘JA& 03; cw.l.l.é.c oA ES)s “')k.wJJs aK.«il.'z\J a)'l.w )l:,i..ll:
https://prof.uok.ac.ir/Ka.Karami

ua'\.oj Lo g M?—J‘

RV P RCRE U P N W W&Jf&ba asles
mX +cx + kx = -m/X, + B u, ()

J.Al.w a)L.n ‘éﬁl.d“; L;Lacwl.: Mb@ nxn JM\LW}@‘J&A ' L;UAJ»J“JSLA g,\.;SJJM k ¢ am QT).)A’S
4.“:@' ul.&l:j\@}de)b el ol oals OLES mXx1 J\z.:‘LvX E) X 4X6Lh)‘bfbp~gjjduuw}wﬂ 4&@\9-
J5S o meman ol ojlo 6LAD;.-): el il 306 Sl mXL sl b 4 s 5,8 e )3 I sl b X,
350 Lol 53 Jm8 glas o &S @olsl Wl s Jome X7 sl b By s 5l 352 o Jlasl o3l & 50 X1 slal L g

Q».J:yﬂ) s

-1 1 0 0
.. 0 -1 1
X=X
.. -1 -1 .- . -1 r'=|0 0 -1 -- 0 (Y)
X=—m kx-m ¢x-/X,+m I'B,u, . . .o .
0 0 O -1

ln 55 2 Dose 4 (V) aaly o 5o e

X _ On><n In><n X On><1 On><r jig
.. = Iy 3 . + ’ -Irg \p)
X oma L~M M€ on X o - m u 12 ;x(r+1) Ue (r+D)x1



25 Sl i bl e dls e G Sl S S G T 5 O gl e S VL dal, o

0, L., 0, O, X X
A, {_mflk o } B, { L wrB } q={.} u ={ug} ()
¢ 2nx2n U_12px(r+1) X 2nx1 ¢J (r+x1

s Do a |y S SWsles Ul e

q=A.q+B.u ©)
y=Cq+Du

Gl o sla Sy 5 (S bl o Tat gy Slos 4 53 5 Il (slad 3 e S o Wsles 15 (0) Wsles
bt el Wslas S [ () alail) ol l s b Keal ps e st ol iss ables oS ol 0T S
s 42003 pb ot s Sle 20X210 Sl b Ap e Sle S e LS (© alal) bl b o Saal ol a5 e
2nx(r+1) sl cs 54D 5 C (B L;Lawj;uw.w\&\ﬂj&wijéugﬁﬁjtyu
O 1) s (s 2 mXL ol Ly Jla o b gl sdkias |05 e Sle mX(r+1) 5 mXx2n

2385 o0 S5 5 Cose 4 D5 € sla i Sl e 25 5 5w ar s bdas

Sl s~ ‘ L T ‘ sl o~
C= [— Cem'k - Csm_lc] C= [Omxn Cs] C= [Cs Omxn] *)
D= [— Csf CSm_eru] Dzomx(rﬂ) D:Omx(rﬂ)

S oslinal L 05 e 1) (0) dolas p b S 1 lan S o et [y s S ol s X7 slaf L G s 5l
b e as S ks 5 Jle sk pl gl 3,8 J= MATLAB Lke=s ;5 ‘DynamicResponseAgUc.m’ 4l ,;

! State Space
2 Continues Time Domain



Olaxstle cpl 3 ol odal (V) Jsdr 3 O (glosle luasiine 4 caas o OLES | aids e olele (1) S e

53 o ol oA o3l oy 5 p g (sl Dlib ool 4 by e sla a2 S o3Il gl S sus a
Ol o 03 oo s Cld b ol Slid 53 J S 55,8 23 8 o Jesl o3l &0 J 8 Glas s oty 5 o2 Slid

u, ¢ m Sensor
Oy (0= x50
ks | s
my
k4 Cy
1y
D 1y, (1) =x;(0)
k|G
w0y bV m
k| <
m
D »®)=x1()
k|
==
Xg (1)

V dguer

b == Olextlu (glo sl (sla 2l

St. Mass Stiffness
No (ton) (kN/m)

1 12 22000
2 12 20000
3 12 17800
4 11 16000
5 10 14300
E=5%

el an b

il 3 35lse els lad 5505 15 O Ll )8 a8 aal ol slacsnsss

='acc';

m=diag([12 12 12 11 10])*1le3;
k0=[22e3 20e3 17.8e3 16e3 14.3e3]*1e3;
x1=0.05;

st0=0.02;

:B1562") ;

xlsread g o 5 5 sl ol wlie 8=9.807 m/s? = 5 Y game oS AL s El-Centro o315 ol Xg RIYR

(dis” 31Ol e a5 das e OL 1) 0t s 2 g3 OUt 555 e olil = ‘ElCentro.xls” Ol sie o5 Excel 6 5

olb e seslem s S eJL&;ﬂ\W sy Ce gl s s 2 b gl oS 5 4 face”  vel

Mﬂ&\ﬁ.&v{.ﬁxlW\Qw@‘hﬂ)\)fko)J;@Jﬁx;L;Jwg:))y‘udlag)ﬁﬂ})‘a}w‘béw‘
LSJ’.‘{)J"L.'.J'&'?_}S L};LA) f@)‘ @Ab’k’;‘ ol ealail S)40 C,.J:lf; uLL.Z L};LA) ¢l§L,\jstO 'J"S‘j‘u"’“;"“)
uésj)j Q&)(hﬁ&%ﬁ)&f}f O&A)‘Jﬁ g,\.:'SJS oIV g mv .Jb;daomzjst bjécbkﬁm‘

.Msdool.:..'.b«laﬁﬁdslﬂole-):):(df.;?éudjﬂj Jles! |>e)



55 o dpalee 5 gt Sleslinad boson Olib slaas 5t Obeg Hls o T a3 Oley e

T=(length(Xg)-1) *sto0;

t=0:8t:T;

n=length (m);

ol e llg 55 S e e st Sl r@;ﬁjs d ol yan S ol! L0, XG GU&QSM.JU')):M:);
sl oS 5 35 2=9.807 my/s?

xg (1l: ((T/st)+1))=0;

for i=1:length (xg)

xg (1) =XG(Xg,st0, (i-1) *st)*9.807;
end

Spdh e JKE5 Gl 5 Bew Sl Sl S 5 4 DampingMatrix  StiffnessMatrix L;ucu sleslaal b

k=StiffnessMatrix (kO) ;
c=DampingMatrix (m ,k,xi);

s o |25 s akaly bl sy e e SLe StiffnessMatrix &b

ol oli b e ke pees il e Gl als el (1)) sdas 0L K O L &S

s o 185 s akaly bl p 1 ol e e Sle 53 DampingMatrix

M=0"mo
; ()
O c®=2oM = c=2§(<1>T) oMo ™!

Dy g ph Lope a5 J RS Slag s el e

T T T Tttt NI ST TLLTLLTLNSS
uc(l:length(rv),1l:1length(xg))=0;
for i=1:1length(rv)
uc (i, :)=m(xrv(i),rv(i)) *xg;
end



[Ac,Bc,C,D] =StateSpaceAgUc (m, k, c,rv,mv,out) ;
M)@W&lﬁ) 4.2.«:).:[ LSL.A?J).}}C,.“? LSLA&)J ‘)SySC WSS )‘}:.w.}

sysc=ss (Ac,Bc,C,D) ;

S Sk w

Ac=sysc.a
Be=sysc.b
C=sysc.c
D=sysc.d

:ﬁyw\,w(w\@j\wﬂjqjl$@b&u6«¢Jﬁl¢JL>)\>ﬁ)4.:Jj\ Lol o 3
g0(l:2*n,1)=0;

::;ﬁy@@ddeAJJM&FQYJM s u G b s Sleslaad b

u(l, :)=xg;

u(2:length(rv)+1, :)=uc;

[yl=1lsim(sysc,u,t,g0);
u.l\j-jjp-JS@@)L»M@‘F)&J))}&}\&L&J\)&}M&iéﬂ@.;cﬁﬂlﬂdu)%)ulslm)PJ
Jﬂb)b b e)L.u thg' Ju“l; oo JJS.So)LwL»e.LJ JJJ.S@)L« wL?u LS‘J" &:M‘Mf}f‘)‘gf L.’.y UMJJ:.VJJ

35 e 55 Y0 (RS sk SI) ol Lo J 25 (0 oS

u(2:length(rv)+1, :)=0;
[yOl=1lsim(sysc,u,t,qo);



if strcmp(out, 'dis')=
LB=min (min (y0*100
UB=max (max (y0*100

for

end
end

if strcmp (out, 'vel')=
LB=min (min (y0*100
UB=max (max (y0*100

for

:;;ﬁ&ﬁ)ﬁ)’)wzjlnm\l{xi\{&l;qb— @)J}ASJ:JB-);UL»'CUJL?

=1
)) i
))
i=1:1length (mv)
subplot (length
hold on
plot(t,y(:,length(mv)-i+1)*100, 'k', 'linewidth',1.5)
if i==length (mv)

xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled!', 'Controlled', 'orientation', 'horizontal!')

(mv),1,i),plot(t,y0(:,length(mv)-i+1)*100,':k")

end
ylabel('dis[cm] ', 'FontSize', 8)
axis ([0 T LB UBI])

:nﬁwrﬂ)ﬁj)p:j\o:mll{m@wﬂﬁ}ﬁasu.ﬁb-)so)'lm'c.ubf

=1
)) i
))
i=1:length (mv)
subplot (length
hold on

plot (t,y(:,length(mv)-i+1) *100, 'k', 'linewidth',1.5)
if i==length (mv)

xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal')

(mv),1,1i),plot(t,y0(:,length(mv)-i+1)*100,"':k")

end
ylabel ('vel [cm/s] ', 'FontSize', 8)
axis ([0 T LB UB])
end
end
:JJ;@rﬂ)ﬂj)_}Lij‘aéu.LAH{Ml{ ol @)J}ASJ:JB-);UL»@L?
if strcmp(out, 'acc')==1
LB=min (min (y0/9.807)) ;

UB=max (max (y0/9.807)) ;
for i=1:1length (mv)

subplot (length (mv) ,1,1),plot(t,y0(:,length(mv)-i+1)/9.807,"':k")
hold on
plot(t,y(:,length(mv)-i+1)/9.807,'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal')
end
ylabel ('acc[g] ', 'FontSize', 8)
axis ([0 T LB UBJ)

end

end
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Y

File | Edit View Insert Tools Desktop Window Help
New 'BE -2 0E D
Open... Ctrl+0
| Close Crl+W | ; ;
Save Ctrl+5 7
| Save As..

Generate Code...

Import Data... L L L L 1
Save Workspace As... i e & Z il
Preferences... j j j j "]
Export Setup...
Print Preview... WMM“MW“WVW
Print... Ctrl+P ‘ ) ) ) |-
0 & 10 15 20 25 30
1r | ------- Uncantrolied Controlled |-

5 03,5 SIS 1, Apply to Figure o r*“su" (,,Jau 600 5, » I, Resolution (dpi) 5 s bl Rendering e

r
4\ Export Setup: Figure 1

A LT B KJ

r—:j...::@ C)l’- °J">"'"i )‘ OK 4.5s QJ)Lv

-

Load settings for:
Save as style named:

i Delete a style:

~Properties

Colorspace: | RGB color Sl
Eants Custom color: |w
i Lines [] Custom renderer: | painters (vector format) |
Resolution (dpi): m -
Keep axis limits
Ii Show uicontrols
~Export Styles

| Documents -

|default

Save

| Delete

Apply to Figure
Restore Figure

Export... I

Cancel

Help

24 ol Save 4 S File (g s



7 - - == = i »
B Figure 1 -e - & {‘:' Elg

A A -
Edit View Insert Tools Desktop Window Help A
New 'PREA- S DB D
Open.. Ctrl+0
Close Ctrle W ; ; ;
Save Ctrl+5 7
| sovess..
Generate Code...
Import Data... L L L L L
10 18 20 25 30
| Save Workspace As...
| Preferences... ' j j ' j i I
Export Setup...
{ i A A A A AR A AL A A
Print Preview... YUY LAAblaahinat i) Lids
Print... Ctrl+P ) . . ) 4
0 5 10 18 20 25 30
1t | ------- Uncontrolled Controlled |-
= "
g U_WWW
-1t ! ! L L ! L 4
0 5 10 15 20 25 30
time [sec]

Aoled SIS 1, Save 4sSs 5 53,5 bl Enhanced metafile (*.emf) & b Save as type Cd >

nFlgurel . - = [E] B ding 2 Title

B save As ——— —— . ===

- - - - -
O\ J[ 1 Matlab » - [ 43 ||| Search Matlar )
.

Organize +  New folder = @

2 Favorites 4 Name Date modified Type

. Fig 11/25/20051:25 PM  File folder
i Libraries

78 Computer
£, Local Disk (C)
a Local Disk (D:)
a Local Disk (E)
a Local Disk (F:)
& Autodesk 360

m

€ Network = ||<Rl LI e

File name: Figurel.emf

Save astype: | Enhanced metafile (*.emf) v]

Gl 3 gm0 Slo) S lab 55 (0) dsles

q( +1) = Aq(i) +Bu() CY)
y() = Cq() + Du(?)



)J LS"J)} QKA WJ;.LA}WWJSLA g_,._n;}:m B E) A LSLQU,M_:JSLA MJ@ g_)l...:«.? \) JLA‘) r@ b)l.a.\::lw_b‘

Al e Al ol b L ol 5 ol Sles o8 AL YL dal o
J>= MATLAB L ,> ‘DynamicResponseAgUcd.m’ asli s 3l eslizal b 015 o 15 (1) aslas o 4 IS > ol

Sl A gn 4 > e €2d s 3l eslizal b aslsl 5 .l ‘DynamicResponseAgUc.m’ asb ,» alis sl

(Ve ) 55 o sysd Sl atenS ab 5> 53 gl 40 oS SYSC

sysd=c2d(sysc, st) ;
S sk

A=sysd.a;
B=gysd.b;

Sgh o A Soe s s S s sl

g(l:2*n,1l:length(xg))=0;
y(l:length(mv),1l:1length(xg))=0;

dloes Sl r@ﬁé‘ﬂ VY daly) atwsy Sy ad s 5o 5 S glad 55 S > SWslas 5 s 5leslanal b

.J%ﬁbf4@wbmarkﬁmtﬁué?ﬂi}0¢J

for i=1:1length (xg)
if i<length (xg)
g(:,i+1)=A*g(:,1)+B*u(:,1);
end
y(:,1)=C*qg(:,1i)+D*u(:,1i);

y=y';



S 8 A 53 el oy Al said IS eile bsdd IS e5le aglie 51y o3 Sl b alie 5 bl 5o

38 e 550 (IS Ok SI) ol i J 28

u(2:length(rv)+1, :)=0;
g0 (1:2*n,1:1length(xg))=0;
y0(l:length(mv),1:1length(xg))=0;
for i=1:1ength (xg)
if i<length (xg)
g0 (:,i+1)=A*q0(:,1i)+B*u(:,1i);

end
Y0(3,i)=c*q0(3,i)+D*U(3,i)i
end
y0=y0";

Bged o) 35 1 e ozl Ul 0 s S e S L abie sk 4



Il lad s oS > Aol |-
MATLAB S le SKoS 4

PR

Q‘JA& 03; cw.l.l.é.c oA ES)s “')k.wJJs aK.«il.'z\J a)'l.w )l:,i..ll:
https://prof.uok.ac.ir/Ka.Karami

ua'\.oj Lo g M?—J‘

RV PRGNSR U P N W W&Jf&ba asles
mX + cx + kx = —-m/X, + B u, ()
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{X} =|: Oni;l Il1><:11 :| {X} +{On><l} ig +|: _l()nxn _?nxn :HX} (O)
Xopa LM k -m-c 2mx2n X 21 —¢ 2nx1 m I'B,Gy m TB,G|(x 2nx1
w_}JoJLwﬁJUJﬂM(O)@bQ‘)JwW)J
X (0] I
{X} — |: . nxn » nxn :| {X} + {Onxl} ig (9)
Xopa L7M (k-T'B,Gy) -m (c-IB,G,) 2nx2n X 201 —¢ 2nx1
2yl ca s b
(0] I (0] X
Ac — |: » nxn » nxn :| Bc — { nxl} q= { . } (V)
-m (k-T'B,Gy) —m (c-I'B,G.) 2nx2n —¢ 2nx1 X) onxi

Wby 3 Do aly OS  OVslae Ol 8 e
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y=Cq+DX,
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‘ CE TS ‘

Sl s sl A
c=[cm'(k-TB,G,) -Cqm'(c-TB,G,)) c=[0,,, Gl c=[cs o,,] @
DZ—CSf l)z()mxl D:Omxl

S oslinal L 05 o 1 (A) dolbas o &S > dolas S o asiie | s K o oo mX71 slasf L Gy s il
Db e as S ks 5 Jle jske ol gl 3 S J= MATLAB Lkye=s > ‘DynamicResponseAgUcG.m’ 4l

Olaztler ol 55l ool (V) Jsdr 5 OF (glojlee Sluasiie oS tdas oo OLES | 4id & Ol b G (1) s il

03 e el o oslanal r_'>=.._3 EXES 4Jj‘ CJULJQ Lﬁl’r"b- “ -bj-’j" L;ugﬁ;-jf LSJ.‘.§°)U"'\ LS‘)" _)i"‘“" SAe aw )‘

4{6),&)6}}@@): JJ;’SLSLA}J:JM.I;);JA o g.,-.v'f,a Jb;da JL&.&\ c)l.wmujjl.stglﬁjﬂ.owj¢}) ul}.«.la

me\ﬂ)g:))j»ﬂ

{0—0.11(200 0} G[O—CZOO 0}
k= c=
0 0 00 —0.15k]| . 0 0 00 —cs5),,
u. (¢ m Sensor
s, (1) = x5 (0)
ks Cs
my
V dge
k4 Cy
@@OL&:’-L Sl sl zal ;b
ms
D y,(0)=x3(0) St. Mass Stiffness
k, s No (ton) (kN/m)
u,, (1) n, 1 12 22000
2 12 20000
e le 3 12 17800
Vom, 4 11 16000
D »@®)=x/() 5 10 14300
k| ©
! E=5%
==
ENO)

il 335l el las 3505 15 OF Ll )8 a8 aal ol slasnsss

P R R R R PR PR Rt
Xg=xlsread('ElCentro.xls', 'Accelerograph', 'B3:B1562');
1 .

acc';
m=diag([12 12
k0=[22e3 20e3
xi=0.05;
st0=0.02;

12 11 10])*1le3;

17.8e3 1l6e3 14.3e3]*1le3;



xlsread ;siws Lo 5 5 Sl 0l ulio £=9.807 mVs? o » V¥ game 45 3L e El-Centro &35 ol Xg of 53 &S
(dis” 31015 0 a5 dad oo OLE 1) e r g 2 £ 55 OUL 555 0 o kil 2= ‘ElCentro.xls” Ol e 5 Excel JU )
Sb o sl m S elital gt Ol 5 Co (bl Gla s 2 Ll Gl 5w face s el
s g2l e o XT L] ik w5l p k0 55 8 e LSS (g ks D) 5o asdiag i Sl eslial L oS ol
SAop b S S o o8 5 ol STl eslinad 550 2SS it e 68 L S0 LS e jasita |
lagd9,9 Q&;(hﬁw@&»)uﬁjﬁ O Sls v smy 338 e s st hw)_?r::SmLé:M\

.MsdoQL:..'.b«laﬁﬁdslﬂole-):):(JfSLgudjﬁJw\&u)

3 o dalee i et Sleslaal bopin Olab slaas st oley Hls 5 o T 4315 0bey ok

T=(length(Xg)-1) *sto0;
t=0:8t:T;
n=length (m);

ol s blg 5058 o e st Sle rkf,a): dy ok s S rl>,=.3| Lo XG GU&AS@.J.U'JJ:M:);
sl sl o5 35 2=9.807 my/s?

xg(1l: ((T/st)+1))=0;
for i=1:1length(xg)

xg (1) =XG(Xg,st0, (i-1) *st)*9.807;
end

Syap WK ol 5 e o e S S 5 4 DampingMatrix s StiffnessMatrix L;L%u sleslaal b

k=StiffnessMatrix (kO0) ;
c=DampingMatrix(m ,k,xi);

s e JSa5 5 ey bl |y sew e 5L StiffnessMatrix &b

K(i,[) =k; +k;, i#n,

K(i’i)=k,» i=n, (1+)
Ko =Ky [i=J]=1

K., =0 li-j]>1

Gl o fll aib ek emes il e el als udl(D) ekas 0l K ) of 53 oS

s e 1S5 s akaly el p 1 ol e Sle 5 DampingMatrix

w7
M=0"mo | ()
O e =20M = c=2f (mff oMo ™!



Al s 15 01 )8 il 55 Ge 5 Gk slam 5l ol s

5555555555555 5555%555555%5%5555%5%5%5%5%5%5%5%%
Gk=zeros (length(rv) ,n) ;

Gk (1,2)=-0.1*k0(2);

Gk (2,5)=-0.15*k0 (5) ;

Gc=zeros (length (rv) ,n) ;

Ge(1,2)=-1*(-c(1,2));

Gc(2,5)=-1*c(5,5) ;
©00000000000600000606000006600000006000000060000000

das e (Sisout o 2 fpauaeshD o C B, (A, sl . ;L StateSpaceAgUcG ]
[Ac,Bc, C,D] =StateSpaceAgUcG (m, k, c,Gk,Gc, rv, mv,out) ;
MJ&L}?{';;LSJLA) 4...-«‘}:)“ L;Lé_é)éj CJL?' LSLA_;)J bSySC WSS )}l'.w}

sysc=ss (Ac,Bc,C,D);

S sk 4

Ac=sysc.a
Bce=sysc.b
C=sysc.c
D=sysc.d

g0(l:2*n,1)=0;
135 8 o sl Il (gliad 3 ptes &S SWslae 5 gres S eslinal L
[yl=1lsim(sysc,xg,t,q0) ;

Lﬂ‘d”ﬁj" .stdaa)'lmW@‘ﬂbdzj)j&;\wd'\)}}w&éatﬁbéﬂg JL‘J Q@.)Ulsim)j&wb
A 3 L sl el L ot J S o3l b sdd IS o3l glie (8 sl (e 3,5 o LY Oles st
255 e 52 Y0 (28 Os L) ol oo J 28 (5505 S

GkO=zeros (length(rv) ,n) ;
GcO=zeros (length(rv) ,n) ;



[Ac0,Bc0,C0,D0] =StateSpaceAgUcG (m, k,c,Gk0,Gc0, rv,mv,out) ;
syscO=ss (Ac0,Bc0,C0,DO0) ;
[y0l=1lsim(syscO,xg,t,q0) ;

;;;ﬁ&ﬁ)ﬁj)ﬁwmm\pmp@@l}. u;_-jj.&-ash;ﬂl;-);a)'b'cwli

if strcmp(out, 'dis')==
LB=min (min (y0*100)
UB=max (max (y0*100)
for i=1:1length (mv)
subplot (length
hold on
plot(t,y(:,length(mv)-i+1)*100, 'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal!')

1
) i
) i

(mv),1,1i),plot(t,y0(:,length(mv)-i+1)*100,"':k")

end
ylabel('dis[cm] ', 'FontSize', 8)
axis ([0 T LB UBI])

end
end

:)J;dﬁﬁjﬁj)ﬁde\aJmﬂﬂ‘l{Ml{wﬂ u;_-jj.&-ash;ﬂl;-);a)'b'cwli

if strcmp(out, 'vel')==
LB=min (min (y0*100)
UB=max (max (y0*100)
for i=1:1length (mv)
subplot (length
hold on
plot (t,y(:,length(mv)-i+1) *100, 'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal')

1
) i
) i

(mv),1,i),plot(t,y0(:,length(mv)-i+1) *100,':k")

end
ylabel ('vel [cm/s] ', 'FontSize', 8)
axis ([0 T LB UB])
end
end
:;Jﬁ@rﬂ)ﬂj)_,:...«;jlnl.&.u\l{.ual{ ol u;_-jj.&-ash;ﬂl;-);a)'b'cwli
if strcmp (out, 'acc')==1

LB=min (min(y0/9.807)) ;
UB=max (max (y0/9.807)) ;
for i=1:1length (mv)
subplot (length (mv) ,
hold on
plot (t,y(:,length(mv)-i+1)/9.807,'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal')

1,1i),plot(t,y0(:,length(mv)-i+1)/9.807,"':k")

5}



end

end

end
ylabel ('acc[g]', 'FontSize', 8)
axis ([0 T LB UB])
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REGes L / Apply to Figure
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A:eAc.At:Z(AC 'At )
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=0 (v)

At A Atl+l
B= j Achrgr B,
Z( l+1 l'

C

MATLAB Lo ;3 ‘DynamicResponseAgUcGd.m’ asl ;5 3l eslizel b 015 o 15 (V) alslee o 4 IS > dsles
b5 Sl e €2d s Sl eslanal b oaelsl 5y ol ‘DynamicResponseAgUcG.m’ sl » wlie Sl aies 5o

O ddal) 552 0 sysd Sl S 455> 53 g 0 Lo SYSC Sl a5

sysd=c2d(sysc, st) ;



S Gk w

A=sysd.a;
B=sysd.b;

Sy R i Dyge d 2y 5 Sl sl

g(l:2*n,1:1length(xg))=0;
y(l:length(mv),1:length(xg))=0;

dsles o) r@fsélj OY aaly) s Sloy ads 53 5 Cll= gl 3 08 > OVslas 5 s Sl eslanal

A{Kuﬁgwbu{;m?uéuéfgje¢i

for i=1:1length(xg)
if i<length (xg)
g(:,i+1)=A*g(:,1)+B*xg (i) ;
end
y(:,1)=C*q(:,1)+D*xg (1) ;

y=y';

S35 8 A 53 ol oy Al said IS eile bsdd IS e5le aglie sl o3 Sl b alie 5 bl 5o

38 e 550 (IS Ok SI) ol i J 28

GkO=zeros (length(rv) ,n) ;

GcO=zeros (length(rv) ,n) ;

[Ac0,Bc0,C0,D0] =StateSpaceAgUcG(m, k,c,Gk0,Gc0, rv,mv,out) ;
syscO=ss (Ac0,Bc0,C0,DO0) ;

sysdO=c2d (syscO, st) ;

AQO=sysdO.a;

B0=sysd0.b;

g0(1l:2*n,1:1length(xg))=0;
y0(l:length(mv),1:1length(xg))=0;
for i=1:1ength (xg)
if i<length (xg)
gO0(:,1i+1)=A0*q0(:,1)+B0*xg(i) ;

end
y0(:,1)=C*g0(:,1i)+D*xg (i) ;
end
y0=y0";

g3 ey 5 1y e Slagely U185 o0 o7 p s e s L alia sk o
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RV P RCNTRE IV P (N PP W&Jf&ba asles
mX +cx + kx = -m/X, +I'B,u, M

Jol o3l (Sealus slagal Ldl o mXN sl b e 5 2l Gl Sl oS5 4 K 5 €m0l s oS
Aib uuﬁ\@ﬁe)l.ﬂ el 0l 0als OLES nx1 Jbu\lax 9 X 4XL5LA)‘JJ.>L&_A:5J54JUL-J’)&;9)M 4L51L>uk>-
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o Olg e by (V) daly ol Slb js J xS Glay s S, aXn slel U T Sl das e Ol 1) 35 5 e

Q».J:yﬂ) Sy

-1 1 0 0
o 0 -1 1
X=X
. -1 -1 . . -1 r=|0 0 -1 - 0 M
X=—m kx-m ¢x-/X,+m TI'B,u, e .
|10 0 O —1]

Al 53 5 Do 4 (V) daly oo Sl e

X _ On><n In><n X Onxl Onxr jig v
X |-mk -—m7e X i -/ m'TB u ™
2nx1 2nx2n 2nx1 U _12nx(r+1) €J (r+1)x1
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A = |: On><n In><n1 :| B = |:Onx1 Oln><r j| q= {X} u= {Xg} (‘f)
c -1 - ¢ - X
-m kK —m ¢ nx2n - mTB, 20nx(r+1) X) anx e (i

Wby 3 Dol aly OS  OVslae Ol 8 e

q=A.q+B_.u )
y=Cq+Du

L;L@?Wdu;;wj\éi.xu@‘mﬁ Sl as e s s 'S Glad 53t &S > dslas |, (0) doles
b Jeihis slae G0 1 (1 daly) ol ol b oSeal ps a e ot il iy dilas oS ol 0T S
25 80005 pU el 20X20 3l b A s 5lo LS e L5 O alaly) ol ol L oSasl Ul
2nx(r+1) sl s 34D 5 C (B, Lguw;uw.w\&\ﬁ”d:swwj\WLgLa‘;;uyu
OLL 1) s (s 2 mXL Sl by Jla ol b (lad oo LS sl sl mXx(r+1) 5 mX2n

235 0 S5 5 Sose 4 D5 € sla g Sl e 25 5w ar s Ldas

e iotie ‘ S ‘ sl (o~
C= [— Csm_lk - Csm_lc] C= [Omxn Cs] C= [Cs Oan] *)
p=[-cy¢ cgm'rB,] D=0,4) D=0,¢4)

)loau.ulbulj:‘j» b (()) Uhl;urjad.:g:,s)} Jsleo J»S@W\)Lhﬁwwkw mxn Jbu‘L»CS MJJLA
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Dzl ol 3 e ol (1) Jsiir 3 0 (glel a6 s o 0L | aib oy Olaztle 5 (1) U2 s
)JW.@(@M oJLdS.w\r;r,i)ry;J)‘Qw&bub-44Lfféufj?é;e)\x\é\fjiﬂ,;-:,\;wﬂ
Sl e 53 ot s Cld bl Slib 53 J S s 30 S e sl ol a0 J S Glag s ooy 5 pss Sl

el 4zl

m Sensor
e, (0= x5 (0)
ks | s
my
V dgur
k4 Cy
s aab = Olezt b glosle (sla el ,l
Y 1 () =x3(0) St. Mass Stiffness
k, G No (ton) (kN/m)
u, (f) ’ m, 1 12 22000
? 2 12 20000
i, ¢, 3 12 17800
m, 4 11 16000
D »n@)=x0) 5 10 14300
k|G
1 E=5%
=D
Xg (1)
<>

il 3 35lse ols lad 550y 15 O Ll )8 oS aali ol slasnsss

Q

Xg=xlsrea
out="'acc';

m=diag([12 12 12 11 10])*1le3;

k0=[22e3 20e3 17.8e3 16e3 14.3e3]*1le3;
x1=0.05;

st0=0.02;

xlsread yies b 5 5 ol 0l ulie £29.807 mVs? - Y game 45 AL s El-Centro 4335 oles Xg of 3 «
ddis” 5l Ol e aS das e 0L (e TGS Out .5 35 s ol = ‘ElCentro.xls” Ol e o Excel LG
Sk o el m S eslil g LS e bl Gla s 2 les Gl 55w Tacd S vel!
(s 2l g po XI Ll Dlib 2w Sl 2 KO 338 o LSiS (g ks oy p wdiag s 3l eslinal L &S ol
SAop b fSasS Gl o8 Sl alpn STl eslinal 355 ol ols Sl P L S0 XS e asiia )
as3sos O 5 (b S o Jous ) b s & O Jls i 1V s mV 3 8 o (a8t a5 oS 03Linl

s e OLES 1y ab e 33T Sl 55 (J2S slass s Jles! Joe)



55 oo dpalee 5 gt Sleslinad b oson Ol slaas 5t Obeg Hls o T a3 Oley e

T=(length(Xg)-1) *sto0;
t=0:8t:T;
n=length (m);

ol s llg 5 es S e e st Sl r@;ﬁjs d; ol yan S ol L0s,s XG GU&QSM.JU')):M:);
sl 0S5 35 2=9.807 my/s?

xg(1l: ((T/st)+1))=0;
for i=1:1length (xg)

xg (1) =XG(Xg,st0, (i-1) *st)*9.807;
end

Spd e JKE5 Sl 5 Bew Sl Sl S 5 4 DampingMatrix  StiffnessMatrix L;ucu sleslawal b

k=StiffnessMatrix (kO) ;
c=DampingMatrix(m ,k,xi);

s o |25 s akaly bl iy e e SLe StiffnessMatrix &b

K(i,i) =k; +k;, i#n,

Ky = k; i=n, (v)
Kip =Ky [i=J]=1

K ;=0 li-j]>1

fb ol oli b e ke pemes il e el als Gl () sdas 0L K o L &S

s o 185 5 akaly elld s 1 ol e e Sle 53 DampingMatrix

M=0"mo
; ()
O c®=26oM = c=2§(<1>T) oMo ™!

Dy g pd Lope 5 J RS Slag s el e



[Ac,Bc,C,D] =StateSpaceAgUc (m, k,c,rv, mv,out) ;
Ao e JoS5 Sleg ata e slas s 5 CIl glas s | syse (s SS ) gs

sysc=ss (Ac,Bc,C,D);

S Gk w

Ac=sysc.a
Bce=sysc.b
C=sysc.c
D=sysc.d

g0(l:2*n,1)=0;

:”Jga“‘f‘“b“dl"ém)’w&lsf&YJW s u e gl e el b

u(l, :)=xg;

u(2:length(rv)+1, :)=uc;

[yl=1lsim(sysc,u,t,go) ;

gl A S e ol and ol s Lgaj)jgil;\g;adbdla;lwgﬁiéftﬁ; C..QL, sl amse U Isim | g2

A 53 1 sl el il okt J S o3l el JES a5l aglin 8l Sl i 2 1 LY Olas s

35 e 55 Y0 (U5 Ok S Sl o J 58 (65,0 oS

u(2:length(rv)+1, :)=0;
[yOl=1lsim(sysc,u,t,qo);



if strcmp (out, 'dis')=

LB=m

UB=max (max (y0*100

for

end
end

if strcmp (out, 'vel')=
LB=min (min (y0*100
UB=max (max (y0*100

for

133 8 oo et 525 sgmed Slealiad LSl plmlr s 2 oS A o5l muly

=1
in(min(y0*100)) ;
) )
i=1:1length (mv)
subplot (length
hold on
plot (t,y(:,length(mv)-i+1) *100, 'k', 'linewidth',1.5)
if i==length (mv)

xlabel ('time [sec]', 'FontSize', 8)

legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal!')

(mv),1,1i),plot(t,y0(:,length(mv)-i+1)*100,"':k")

end
ylabel ('dis[cm] ', 'FontSize', 8)
axis ([0 T LB UBJ)

:)J;dﬁﬁjﬁj)ﬁd.}j\ﬁﬁmmﬂ‘l{Ml{&:,&ﬂ@'}ﬁé@jb‘);éjbéﬂli

=1
))
)) i
i=1:length (mv)
subplot (length
hold on
plot(t,y(:,length(mv)-i+1)*100, 'k', 'linewidth',1.5)
if i==length (mv)

xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal')

(mv),1,i),plot(t,y0(:,length(mv)-i+1) *100,':k")

end
ylabel ('vel [cm/s] ', 'FontSize', 8)
axis ([0 T LB UB])
end
end
:>:J§¢r~)ﬁj)w3jleswﬂ|l€¢il{ ol uq-jjﬁ-d&ﬂb-):e)'b'cﬂli
if strcmp (out, 'acc')==1

LB=min (min(y0/9.807)) ;
UB=max (max (y0/9.807)) ;
for i=1:1length (mv)

subplot (length (mv) ,1,1i) ,plot(t,y0(:,length(mv)-1i+1)/9.807,"':k")
hold on
plot (t,y(:,length(mv)-i+1)/9.807,'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal')

end
ylabel ('acc[g] ', 'FontSize', 8)
axis ([0 T LB UB])



end

end

dis3[cm] dis5[cm]

dis1[cm]

!
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[=2e)]

:mq&ﬂj;;)ymjuéu@g

time [sec]
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time [sec]
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El-Centro d}jj;.@:ﬁ@@a}‘))m‘)r)ﬂd Jol olalk js o b Sl any b Y s

acc3[g] acc5[g]

acci[g]

time [sec]
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55 ol Export Setup « S File (s e )|

File | Edit View Insert Tools Desktop Window Help

| E
' B
=

New 'BDEA- 2|0 DO
Open... Ctrl+0

| Close Cirl+W T
Save Ctrl+5

| Save As...

Generate Code...

Import Data... L L L L L
Save Workspace As... 1o 18 20 = 0
Preferences.. j ' j ' ' J
Export Setup...
Print Preview... WW«‘MMMM‘W‘WWWVW"
Print.. Ctrl+P ‘ ) ‘ L
0 5 10 15 20 25 30
1 | """" Uncontrolled Controlled |>

acc(g]
o

time [s&c]

5 03,5 SIS 1, Apply to Figure ..o VAS& (,.Jag 600 5, » 1, Resolution (dpi) 5 os il Rendering o

V'"’f“’d“ C)l}. o oy 310K 4S5 035 L

-
4\ Export Setup: Figure 1 ' "TEE B . « 0 ==
[ Properties- ]
Size Colorspace: RGE color -
S L : Apply to Figure
: Custom color: w
Fonts ' Restore Figure
Lines ] Custom renderer: === (vector format) =
Resolution (dpi): m -
Keep axis limits
| |
! Show uicontrols !
'
[ Export Styles
Load settings for: :Documems -
Save as style named: | default Save
I Delete a style: = Delete i
—r =

24 ol Save 4 S File (g 5



7 - - == = i »
B Figure 1 -e - & {‘:' Elg

A A -
Edit View Insert Tools Desktop Window Help A
New 'PREA- S DB D
Open.. Ctrl+0
Close Ctrle W ; ; ;
Save Ctrl+5 7
| sovess..
Generate Code...
Import Data... L L L L L
10 18 20 25 30
| Save Workspace As...
| Preferences... ' j j ' j i I
Export Setup...
{ i A A A A AR A AL A A
Print Preview... YUY LAAblaahinat i) Lids
Print... Ctrl+P ) . . ) 4
0 5 10 18 20 25 30
1t | ------- Uncontrolled Controlled |-
= "
g U_WWW
-1t ! ! L L ! L 4
0 5 10 15 20 25 30
time [sec]

Aoled SIS 1, Save 4sSs 5 53,5 bl Enhanced metafile (*.emf) & b Save as type Cd >

nFlgurel . - = [E] B ding 2 Title

B save As ——— —— . ===

- - - - -
O\ J[ 1 Matlab » - [ 43 ||| Search Matlar )
.

Organize +  New folder = @

2 Favorites 4 Name Date modified Type

. Fig 11/25/20051:25 PM  File folder
i Libraries

78 Computer
£, Local Disk (C)
a Local Disk (D:)
a Local Disk (E)
a Local Disk (F:)
& Autodesk 360

m

€ Network = ||<Rl LI e

File name: Figurel.emf

Save astype: | Enhanced metafile (*.emf) v]

Gl 3 gm0 Slo) S lab 55 (0) dsles

q( +1) = Aq(i) +Bu() CY)
y() = Cq() + Du(?)
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Al e Al ol b L ol 5 ol Sles o8 AL YL dal o
J>= MATLAB L ,> ‘DynamicResponseAgUcd.m’ asli s 3l eslizal b 015 o 15 (1) aslas o 4 IS > ol

Sl A gn 4 > e €2d s 3l eslizal b aslsl 5 .l ‘DynamicResponseAgUc.m’ asb ,» alis sl

(Ve ) 55 o sysd Sl atenS ab 5> 53 gl 40 oS SYSC

sysd=c2d(sysc, st) ;
S sk

A=sysd.a;
B=gysd.b;

Sgh o A Soe s s S s sl

g(l:2*n,1l:length(xg))=0;
y(l:length(mv),1l:1length(xg))=0;

dloes Sl r@ﬁé‘ﬂ VY daly) atwsy Sy ad s 5o 5 S glad 55 S > SWslas 5 s 5leslanal b

.J%ﬁbf4@wbmarkﬁmtﬁué?ﬂi}0¢J

for i=1:1length (xg)
if i<length (xg)
g(:,i+1)=A*g(:,1)+B*u(:,1);
end
y(:,1)=C*qg(:,1i)+D*u(:,1i);

y=y';



S 8 A 53 el oy Al said IS eile bsdd IS e5le aglie 51y o3 Sl b alie 5 bl 5o

38 e 550 (IS Ok SI) ol i J 28

u(2:length(rv)+1, :)=0;
g0 (1:2*n,1:1length(xg))=0;
y0(l:length(mv),1:1length(xg))=0;
for i=1:1ength (xg)
if i<length (xg)
g0 (:,i+1)=A*q0(:,1i)+B*u(:,1i);

end
Y0(3,i)=c*q0(3,i)+D*U(3,i)i
end
y0=y0";

Bged o) 35 1 e ozl Ul 0 s S e S L abie sk 4
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mX + cx + kx = —-m/X, + B u, ()
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X=X
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X (0] I
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Xopa L7M (k-T'B,Gy) -m (c-IB,G,) 2nx2n X 201 —¢ 2nx1
2yl ca s b
(0] I (0] X
Ac — |: » nxn » nxn :| Bc — { nxl} q= { . } (V)
-m (k-T'B,Gy) —m (c-I'B,G.) 2nx2n —¢ 2nx1 X) onxi
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1=A.q+BX
q cq nc g (/\)
y=Cq+DX,
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b Jeihis slae G0 1 (1 daly) ol ol b oKeal ps a e ot il iy dilas oS ol 0T S
25 £015 o6 i 5l 20X200 Sl b Ag 5l S e fodd (A adad) ol ol b o Sasl Ul 45 e
2nxl sl b s 4 Dy € By slagu il pramen ol ol 5 e dler Sl o Shy Jela
Lodas oo QLG 1) s (s 2 XD bl Lyl ol Sl (glad s LS5 sl s Sle mXT 5 mX2n

28 o0 WSS 5 ose D5 C b Sl s (s 2 p 5w A

! Gain Matrix
2 State Space
3 Continues Time Domain



‘ CE TS ‘
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u. (¢ m Sensor
s, (1) = x5 (0)
ks Cs
my
V dge
k4 Cy
@@OL&:’-L Sl sl zal ;b
ms
D y,(0)=x3(0) St. Mass Stiffness
k, s No (ton) (kN/m)
u,, (1) n, 1 12 22000
2 12 20000
e le 3 12 17800
Vom, 4 11 16000
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P R R R R PR PR Rt
Xg=xlsread('ElCentro.xls', 'Accelerograph', 'B3:B1562');
1 .

acc';
m=diag([12 12
k0=[22e3 20e3
xi=0.05;
st0=0.02;

12 11 10])*1le3;

17.8e3 1l6e3 14.3e3]*1le3;
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T=(length(Xg)-1) *sto0;
t=0:8t:T;
n=length (m);

ol s blg 5058 o e st Sle rkf,a): dy ok s S rl>,=.3| Lo XG GU&AS@.J.U'JJ:M:);
sl sl o5 35 2=9.807 my/s?

xg(1l: ((T/st)+1))=0;
for i=1:1length(xg)

xg (1) =XG(Xg,st0, (i-1) *st)*9.807;
end

Syap WK ol 5 e o e S S 5 4 DampingMatrix s StiffnessMatrix L;L%u sleslaal b

k=StiffnessMatrix (kO0) ;
c=DampingMatrix(m ,k,xi);

s e JSa5 5 ey bl |y sew e 5L StiffnessMatrix &b

K(i,[) =k; +k;, i#n,

K(i’i)=k,» i=n, (1+)
Ko =Ky [i=J]=1

K., =0 li-j]>1

Gl o fll aib ek emes il e el als udl(D) ekas 0l K ) of 53 oS

s e 1S5 s akaly el p 1 ol e Sle 5 DampingMatrix
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5555555555555 5555%555555%5%5555%5%5%5%5%5%5%5%%
Gk=zeros (length(rv) ,n) ;

Gk (1,2)=-0.1*k0(2);

Gk (2,5)=-0.15*k0 (5) ;

Gc=zeros (length (rv) ,n) ;

Ge(1,2)=-1*(-c(1,2));

Gc(2,5)=-1*c(5,5) ;
©00000000000600000606000006600000006000000060000000

das e (Sisout o 2 fpauaeshD o C B, (A, sl . ;L StateSpaceAgUcG ]
[Ac,Bc, C,D] =StateSpaceAgUcG (m, k, c,Gk,Gc, rv, mv,out) ;
MJ&L}?{';;LSJLA) 4...-«‘}:)“ L;Lé_é)éj CJL?' LSLA_;)J bSySC WSS )}l'.w}

sysc=ss (Ac,Bc,C,D);

S sk 4

Ac=sysc.a
Bce=sysc.b
C=sysc.c
D=sysc.d

g0(l:2*n,1)=0;
135 8 o sl Il (gliad 3 ptes &S SWslae 5 gres S eslinal L
[yl=1lsim(sysc,xg,t,q0) ;

Lﬂ‘d”ﬁj" .stdaa)'lmW@‘ﬂbdzj)j&;\wd'\)}}w&éatﬁbéﬂg JL‘J Q@.)Ulsim)j&wb
A 3 L sl el L ot J S o3l b sdd IS o3l glie (8 sl (e 3,5 o LY Oles st
255 e 52 Y0 (28 Os L) ol oo J 28 (5505 S

GkO=zeros (length(rv) ,n) ;
GcO=zeros (length(rv) ,n) ;



[Ac0,Bc0,C0,D0] =StateSpaceAgUcG (m, k,c,Gk0,Gc0, rv,mv,out) ;
syscO=ss (Ac0,Bc0,C0,DO0) ;
[y0l=1lsim(syscO,xg,t,q0) ;

;;;ﬁ&ﬁ)ﬁj)ﬁwmm\pmp@@l}. u;_-jj.&-ash;ﬂl;-);a)'b'cwli

if strcmp(out, 'dis')==
LB=min (min (y0*100)
UB=max (max (y0*100)
for i=1:1length (mv)
subplot (length
hold on
plot(t,y(:,length(mv)-i+1)*100, 'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal!')

1
) i
) i

(mv),1,1i),plot(t,y0(:,length(mv)-i+1)*100,"':k")

end
ylabel('dis[cm] ', 'FontSize', 8)
axis ([0 T LB UBI])

end
end

:)J;dﬁﬁjﬁj)ﬁde\aJmﬂﬂ‘l{Ml{wﬂ u;_-jj.&-ash;ﬂl;-);a)'b'cwli

if strcmp(out, 'vel')==
LB=min (min (y0*100)
UB=max (max (y0*100)
for i=1:1length (mv)
subplot (length
hold on
plot (t,y(:,length(mv)-i+1) *100, 'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal')

1
) i
) i

(mv),1,i),plot(t,y0(:,length(mv)-i+1) *100,':k")

end
ylabel ('vel [cm/s] ', 'FontSize', 8)
axis ([0 T LB UB])
end
end
:;Jﬁ@rﬂ)ﬂj)_,:...«;jlnl.&.u\l{.ual{ ol u;_-jj.&-ash;ﬂl;-);a)'b'cwli
if strcmp (out, 'acc')==1

LB=min (min(y0/9.807)) ;
UB=max (max (y0/9.807)) ;
for i=1:1length (mv)
subplot (length (mv) ,
hold on
plot (t,y(:,length(mv)-i+1)/9.807,'k', 'linewidth',1.5)
if i==length (mv)
xlabel ('time [sec]', 'FontSize', 8)
legend ('Uncontrolled', 'Controlled', 'orientation', 'horizontal')

1,1i),plot(t,y0(:,length(mv)-i+1)/9.807,"':k")

5}



end

end

end
ylabel ('acc[g]', 'FontSize', 8)
axis ([0 T LB UB])
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MATLAB Lo ;3 ‘DynamicResponseAgUcGd.m’ asl ;5 3l eslizel b 015 o 15 (V) alslee o 4 IS > dsles
b5 Sl e €2d s Sl eslanal b oaelsl 5y ol ‘DynamicResponseAgUcG.m’ sl » wlie Sl aies 5o

O ddal) 552 0 sysd Sl S 455> 53 g 0 Lo SYSC Sl a5

sysd=c2d(sysc, st) ;



S Gk w

A=sysd.a;
B=sysd.b;

Sy R i Dyge d 2y 5 Sl sl

g(l:2*n,1:1length(xg))=0;
y(l:length(mv),1:length(xg))=0;

dsles o) r@fsélj OY aaly) s Sloy ads 53 5 Cll= gl 3 08 > OVslas 5 s Sl eslanal

A{Kuﬁgwbu{;m?uéuéfgje¢i

for i=1:1length(xg)
if i<length (xg)
g(:,i+1)=A*g(:,1)+B*xg (i) ;
end
y(:,1)=C*q(:,1)+D*xg (1) ;

y=y';

S35 8 A 53 ol oy Al said IS eile bsdd IS e5le aglie sl o3 Sl b alie 5 bl 5o

38 e 550 (IS Ok SI) ol i J 28

GkO=zeros (length(rv) ,n) ;

GcO=zeros (length(rv) ,n) ;

[Ac0,Bc0,C0,D0] =StateSpaceAgUcG(m, k,c,Gk0,Gc0, rv,mv,out) ;
syscO=ss (Ac0,Bc0,C0,DO0) ;

sysdO=c2d (syscO, st) ;

AQO=sysdO.a;

B0=sysd0.b;

g0(1l:2*n,1:1length(xg))=0;
y0(l:length(mv),1:1length(xg))=0;
for i=1:1ength (xg)
if i<length (xg)
gO0(:,1i+1)=A0*q0(:,1)+B0*xg(i) ;

end
y0(:,1)=C*g0(:,1i)+D*xg (i) ;
end
y0=y0";
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