IFAF 5l oF oyled FO ul> (o) o g O‘,o.: WA A g

BPF &ilgi 5l ooliul b Jlad (0 y2r 51 ya0 &1 320 sloojlu Jlnd J yiis

Y

® .. \ .
03lj )l (s g H99 pige sl

o5 LIS )y cmoikige 008l ) cwiige 0| ol IS gometils |
o5 olKSlS ol o wiigee caSasls Lol

ouS>

Gy 1] oy brojls o1 5o swlul sloaais 5l olsen sads sloal); Hemed saeb sbrosyy il o baojle oS 5 (o]

wibin Jb S ol 31 (S b oz STy el 485 5 Slotas axs 8,90 Jlab 5 JUsb ans JUsb b S50 4 ol 58
2 S S by b jShes Ko o5 Sglis ol b rlie o it oy e b Jlb b JS s ailon s (ol )5 ol
ol osle saisdge® 5 o el oo @ hiliis 5 ISl Bloe o o wien lotay @lsi BPF wlgs 05 oo adlal Jlab 1o s
355 sa o0 Jlas ool 85 il a5 oyl ooles iy ya5 el BPF algi slaca o 51 6,050 40 b allie (l 53 e (3L ) (slacajo (1l
o e b s ool 3 ooliiad b JS lls st Jsnsd 5l o el ot @) (o ol JUsb oz e &0 seeme sl Jsb S
Sl Lo wies o] 5l Sl mls el ot alie LQR U, 5l Jols b U BPF wlgs 5 ciie soloiiiny Ly, s il Ve ojlu

15 o5k 5l clibbre LUlg YU )55k b 45 ol atapas
Gl o aS Sley Iy Wiy 5l (A6 el s ) e
3ol anile wijls eakS e i glojle 040 wiz o3l
mojbe ol zrhe 5l cnl &8 @l b S e 5,5 00
a5k b S oo ooliiul i (pl 5l a5 gaieigr slo
oibe 4 Jlosl sl 1) o3¥ (IS slag s ok 6551 ge S
b 5 s S oy ol ly S polite &
e Gl o L oS 09 g0 (b g0 (s Ysene
JWb U5 s 55 08 Gl 1) o5l aliee wojbu 5o
Sy S S Siaen b plite jsb 4y S e g b S S
Ol 2 0)ls 7B Sy g ojle ,1d, L S 5le HelS s
Gl Olime bl S e sla )l Al alyr Clus 4
) IS Glogys gl eetd b S Lawgi a5 (5395
@iz Sk )0 ojle a9 ady gl auly (2alS sl
V] oS oo Jles!
Liwd 93 4 45 W)l S99 53k S slapi ;5N
s oaisS it wile el S5 sl 55
3 LQG (s> pwsS ouiS b LQR g0 4> o
658 asle aioiign slaei Xl 4 Clipped control

VEPNY opdy AT/AUTA il o

SSlse JIoye5 Y 8o 5l golgiiny by, (Slewls aje

BPF &g «sloj ) gely (Jlad ooy STpme (Jlad 55 rgaadS” (35519

oo -
GOk ) (B S lS iy slasls (b 5o
2 3 8 Gk axg 5550 ol laalily wile o
& e by 5l (S olyie 4 bl S8 o sle Lo
38bes 39t b 5 A3l 5 (26 5 i g gl sl
aS ol U"‘ L{bo)‘L..u J).‘.S LSL‘O‘ PYTE-PY el 00l C]Ja"’ o)‘Lu
8955 )Jl 3o o)'l.».: > é)ls ;_J‘))‘ O}L..: (5“l> u’d..?(..n u..;bﬁ‘ Ll
ojlu J S as wlools las Slu o0 0g ool yuals aly)y
ol Sl Dl g ojlu 5l cdadlos gl oYL Jesly
aw B o bojle JiuS Cone bl Do alidy by g0
aib b JypuS g Jlb aes i8S (Jad f JpS i,
5 el ooles sl S glyls b e S L0ed oo
sy asla Iy )l S Olpess ol o S5 655
O i o gy 5 S8 aeiis lp G 2 55
3 J aes S e b ST 008 e oolanul
oS byl mSlas bl 5 b 31 cpl Bl iz 1o 45 5

L3 ol ple S Jes wilgge ol e o] sl

J’:«M LRCOWIPSE S



ol Jlsd J s

A 2be AFAF ol (F o)l FO wls (Cann ) dxo g (ol poe (pwdiieo 4y 305 [ AA

Syp0 AMD & jpme dib Ve iy OB Sy g5leJas

@ L Gyl 3l Jel @l e 9S00 S8 oz

JUd (o0 S ye =Y

(TMD) ot ooy (a2 STre o JUud o0y 5150
IS il sl o5 aBlge Jld e J5uS el 5o
s TMD oS ¢S s e 0,L5] S olsie 4 il oo Jlod
90 ojle Jsl 390 a5 Ceul Fe ojle uly a5 s Sl
ool & AMD ol g aswgs ol o)l wl o 00 s
b sladl sl 5o ojbe (sloj) galy plgy 45 Casl 009y JJo
4 e gojle 45 09, e il ols alS |, it uils )3
@ e o)l a4 Comd A3y Blie )5 e 9,Shee AMD
S bl gl il bl 0sd et o> ,Sloee
248 b e TMD Jlé ,8 oz STy b Jd ooy
o sy AMD a5 cnl ol wgd co samline (V) S
JAS s 9 Shoe gt s S yoma ) adlgo 'S e
5w e 0o TMD @ jazme adgl ojle &
@ Cumd 45 59k 4 00 0%y (golatdl o S AMD
il (55 SzsS o 4 5l Jd S8 slolnl Koo
Sy @ iped 5 o) 5l S SRS sleg
e @l o Slee al 59 29290 Syme 55 (B Cue
500 0 a5 el o o onl S e Jleel T 50 dsze
ojle 4 pefitae pobo 4 1) 9y S 20 (Jlib 1S sla)l]
S oo Jlas!

BPF &lgi -Y
Sl slapinen gilwans 5 Julos sl BPF &l
3 eolaiwl as” ols las Y490 Jls jo Riad .asloass aislis

L LJ).HS GL‘EW » Walsh é.s‘y s @ BPF @‘y
[T sl ol o Eloloms alisdo L5 zals

xg ()

Actuator

kg [—’ / kq

N T e o o i i oxo;

"‘_, m nt

Xg (1)

I—’ k e k ¢

7z 7

AMD TMD

ool il g Jled 0y (G S o - S

1- Actuator

(ANFIS) (536 cwae 5 (GFLC) (o565 (FLC)
s JW8 5 el Gus gl e Gt
syl plp yo ol Fab el lp ae S 6o
Bl e (Sl

oyl b 9,8 g slp [Y] o) 5en 5 Pourzeynali
v s 5 5 b oipd s ez e ciliis
Syt 4o B wiles S solal (GFLC) (656 slare ¢ ST
Choi 353 ol al3l; 25 il o ole Gl L2als (sl
Sheslil b 1y 556 Jlose Jlb J 28 by, [¥] oliSen
Uiy pln o ojle ol elS sln (Sdgiaee oS e
lose gl o o3l S S adllas ol 4o 3,5 1))
e (nl el oad (b p3Y ST g9 Wy sl
2 Bl s 1y Jloge 5 658 J S o580l (bl plos
$39,9 Lo psite QLU oS (pl 4 az g b oad Sleiiay o)
Sledbsl ples 28,85 a5 o b g3 Jous o eolawl slp
3wl S Jled 536 J S 0 Sl sloasie 4 bgye
03,5 5 o b L b el oot oolinasl Jloge ds, Lols>
b o yize JS 4 bgye oMbl wjle Jsl 95e wiz
f] Dyke 5 Spencer .o ¢ e ol sl gl tals
S b ane) ;0 ouds Jol> (glacd iy o)l ()15 [0
u‘)Li.o.‘b 9 NIShImUI’a .J.S‘od; Ajl)‘ JL?.? e ;l).uo 9 Jl.\ﬁ
Syge 4 1y Sl o2l 55 [V] Chang 5 Soong 5 [7]
axllas [A] SOONG pizman isls 8 anlllas )90 o
s plsl Slioe cal sl ) O3 e Gl oies @ 0129

o olidss b olee 4 BPF ol 3 Jlo Yoo o
w35 18 adlhas 9,90 0,5 Sldly, sbaoje 5l (S
5 BPF sl a5 sl ools plad clidss ol pled ol
“Jseb s ly bl s (el 5 (JISl bl
e bl oo palie g dg, bl lyle ol ssl o
Jol glis s 5 ko x> alS 4 4255 b oy
093 n 330 v slaghs, dll sl YL Jeily

5 e s Jsb oz Fse siloie lic ol 5o
ey 9 bojle xS s wls ol sandse s BPF
5 b glad layall anulre ol Juod ool
Sl 5] s 995 se @) BPF alss 51 oolinal b 0,0 o ils
b looslo JUsb S 5o s, 28 ol soleiinn s,



o Jled J s

A 2lo ATAF 5ol F o)l FO wlo () duxo g ol joe (oo 4 306 [ A

ol Bl oxis golazel LB aljl; ply o bojls geuly ials
alge ol ol yo Slusle gz 5 005 uole; Lo,
b S e i) oolial Slulre anja GalS lp
5 bl ade Hlew Wil oo BPF aiiis wilgs 51 oolaral
pr> 52 sl BPF alss gandse b 5l ool (29,
el 00l 48 5 0 40 Slewlore

Jelosi sl &5 285 S 0 canlios oo 1) £S5
5 839)9 b olaw o8 (b 2 b (s S5 slaptans
S, wied pate loy 4 Ced bog Wb (25
ol g wmd oo Cows 5l ) 093 8 5 LIS S pg e
e sansa® cnl o 0,8 oolisul S8 (g slacs 95
b o giall eans gl BPF alys 5l oolial s
e gy dpho Wil o Al

oile lp &S Wslee (JuS wi )l S Ak S
il oo (F) aolre &yg0 4 AMD L ons S

[M LX)} + [CHX(1)} + [KI{x(t)}
= [y Hu(®)}+{5}Xq

*)
5 B oz sl s 4 [Cl 5 [KLIM] o jo a8
5 Sl (e yess nxl oy {X(0} axdlie ol ol
J ey Sl jo a5l (S glag s oy {U()}
Casdge Nx1 G ple [1]cul sae SO aSl cus Jlop
“eo ooy Kg Aty ol cuys nxl sy {0} 5 Sl
el o5l Sl slaws Foblei N il
ol olad ¥sles IS5 4 1 doles ol oy oo
Bl las

{Z3=[A{{Z}+ B, Hu} +{B, }%q Y

Qi )°“5 [A]‘[Bu]j [Br] u«u).’l.n el w)_)l_,q S A

o aidlbioe o)) (e r’b My 9 %99

{x®}
Z = .
o {{X(t)}}

N+1 g aoleo N a5 54 oo cadlice SYolao 45 axgi b

Cwd 4 gz p3Y SYolee obml sl o)l 992 Joeore

Gy i Oy 4 (1) Sloy o3k o 3 BPF &b S
D9 s
<t Sﬂ

1 L
o) = m m Q)
0 otherwise

el S dae S5 Mg i=012..m-1 o o &S
[N] el BPF &b sl § <@ yaimon
&5 ol pte ol BPF gl b ity olisl pslione o
28 &lg ol ya Sl eoliinl b 0355 oo S8 () 0590
I, BPF milgs j0sr awsgul o)ls5 co el oals &3l ) (V) alolas
wl Hlad 5y Sy @
pi(t)e;(t) = {¢i(§t) : ; j )
oslinul b a5 wil oo byl walss BPF sl 8o copols
g oo lo (1) asles

1
.fo‘”i (t)p; ()dt = h; )

il h=1/m 5" S S sls &li Sy o] o o8

&b o Glp oy ol e B ceels
el Bl BB (F) alolas & 90 4y f € L2([02))

[ rros=X foln0r ®

sl dliee J5 (0) aoles 51 T, T s a8

1 ¢l
fo=—1 f()p (t)dt A
=] fOa0 o
©Oiny 09, - F
“eipsS g S glag e e doosles J5uS 50
Soo slabs, 5 LQG LQR b, oomed ilise slo
&ly U logys s Jelod slaghs, 005 o0 D50

1- Kronecker delta



ol JUsd J s

A 2be AFAF o0l F o)l FO als cCann ) daxo g oyl poe (pwidiien 4y 305 [ Qs

9oyl Syge ol Fcalys G yile

-1RpT
FZB B”RATB“} oY)

il Wolae Jo 51 P e o ile a5 cnl ol
Aoles Sjso 4 2nx2n JESl o ple SO w0gis dnwlxe

5 o iy 25 (VF)

QAY)

w(T,t):[Wll(T’t) le(T,t)}

wa(T,t) wyu(T,t)

W (T.1) 5 war(T,t) (M) apna(T) o1 5 o
mabhi g0 Gy s 0w NXN gl b
Pt)=04 Z(0) =2, !

ool (V1) obee 28,5 5 0 L,

2] [z()
"’”'t){P(oHP(T)} an

A5 o PT)=0 sy JiS balyd s Lol sln 5]

g O0gh a8 S
Pt)=—y, T,y (T,t)Z(t) (\0)

Sl slom slo s lis ol yo BPF &gy (olss Jlac!
(\?) aJolzs )‘ M‘j—’s" 0y u..\..\);Lo uo)5—| Cawd A 6‘)4

G(t)= D Gite; (1) 0%)

i=1
BPF w‘)‘a u‘ygn }.u (\V) aoles Sy )‘ oolazul l;

359 G 4y 1y Jlasl e jile

m
o =ZA'F¢7i (t) Ov)
i=0

ol o as

. s ) . da | - . 1
u}:L‘) 09“"5“ oQLD...M:‘ BY e u}:l_‘) )| uyi&z‘c 'QLAJ Ub)ﬁ‘

35 Ol (A) dole &y90 4 Wl o j95uy
{UM®}ra = 1Cluan{Z O)}2na M)

Jw.:l;u’do 0 J0 u..u))l./a [G] t)" L as
B Llos g0 4 () dolee oogils ol 5 onlil L
Onlsd iy S s S (b sl g walss >
ol RIS s Gl &5 S5 Gan Celia Sy
Ly sbloo jeS 5SS g9ym b Sy 655 Span b slojls
SIS o kel gy St ax p alS anle (el
Jolss (Gl 5290 90 (nl G nl plu g Salys ok
o dgyee B a yekie uay 0Sles a3l sl 55
A e Sodasein a5 Wb oo dige Sloj J i pieenw
L Blas o Slee asls jlade a5 Wgh oLl glags
o3 o (s amte S8 Wl 38,5 a5 o bl iSlas
Sy oib G o 0 Sles ol pies Gy Slog

Aol o (3) dolrs O jgo 4y Sgaze

-2 [[ @ O3OIZO T Ol @

RPN o P
loads M;JJ@)Q)_,) Oygo &

Q=[l ]2n><2n' r :10_12“ ]n><n

dolee ©ygo 4 dige JAS o5 o9 dlas ol o
D] ssiie ol 0)

G(t) = r'B] P(t) O+

A5 e Loyl (0)) doles P(1) e o jile a5
Z() =F(Z(t)J o
P®)) (PO

1- Feedback




e ojn Jled J s

A 2le IFAF ol (F o)l (FO wlo (o) dxo g ] poe (pwdieo 4 306 [ Q)

ojlw Sidw g oy =) Jeur

S () ez aib

(e 32 (g obeS)

N2 \Ved )
VFooos 0 ¢
VEeeee 9. -y
YYeooo /\a \-

R

AMD &5 o aiabs Vs 03ke =Y S

CASOls ¥ S g b e e sl
4 atid bgys BESOLS ol b OBl o)) e
Jsoz 55 0l sl T5s 45 Ly Legl 5 @98 crsS slaalsls
loads oo)s—l )

ol wad Sl gy b Gliee 5 e e Sl
~al) sl s oS pl iy diib e s Sloj )b
D35 eo R Sl suge el 48518 euld (Byee o
i Sley Az B mal cud i a4 (0) 5 (F) o(F) sl IS
oMJrJSOMJ)J;kaS‘f‘ALMMQlSA
iy gy Aoy 4 Loy Loyl 5 5,98 usS W3l ol
O yrs iSlas Jlie gl asms o olai |, LOR iy g
U"’ﬁ) )‘ oolazw! l; R J)‘“‘S 9 \lidd )J‘)J oD J)A.AS
i A S iy Bl cos ol LQR (3 5 soleiiny
sga> LOQR igy g aopo Y dg0m 1) o5l ol (solgriny
Sl 0l ralS s o OY

-1
r:[| _H On)

A:F[I+—F} %)

=ol ISl 5 (V) 9 (VA (V) &¥olas 5 ooliiwl L
olas 5l oolazwl b1y o0 o le Glgs oo (V) dolee yo o

G(t)=r "By (T )y (T,1) (¥

dolee 3l oolazul b {Z (1)} 009 Cawsd 40 O jguo 4 Azl Hd

@1yl J5S G plen o5 (Sl S plgioe (M)

Syl s

ous Jlo -0
Gk 2ol sl solerinn (B 3 Shee (o jslaie @
@ e akb Vo ojle S @il gl S 40 o5l gl
oy 58 o3l gl @l 05 o0 18 b3l 9550 AMD
alie 305 LQR iy, 5 Jolr b b csoleiy (s,
S (1) S5 wibe il Ve ojle SIS ol sl 09 s
aS al Jow el JBgd dil 0 AMD S 4 e
RGO PN 00)31 (\) Jj».\? Be D)Lu k;.’?v.w 9 P Slastie
P93 9 Jol slasge (iS85 S5 0 b 5 lpe le
a0y 0 ply AMD g > ol LSas Ll o, 5l eolanwl b
LAMD ¢ l5 5 5 55bise 43,5 i 55 ol S o7
izmad 05 s weli ol sl 050 LuilS B VY e

Dgbse 2R Slu 2l ao)0 0l Slie ol

mq 0 0
0 m2 0 :
M =] : 0 0 V)
0 M1o 0
0 0 my
k1+k2 —k2 0 0

(AAD)



e ojn Jled J S

A 2le ITYAF ol F o)l FO wlo cCan ) duxo g ol o (oo 4 206 [ AY

Lol olud b S5 -F Joua

PGD(cm) PGV/(cm/s) PGA (9) (foslS) aluls o] a3l
9/ YV/$ AR \fdhe Kakpgawa 45
Y/A Y¥/0 - 105Y Yv/a OBRO090 Y
8,A0 YA Niary V514 WAHO090 L Ly

Active control with BPFs
"é"‘ 1[] T T T T T I I
= Uncontrolled
= S5f----rrr g Controlled
E
€
o
=
=% H
w :
& :
5 5
&€ _4g | | | | | I I
5 10 15 20 25 30 35 40
time(sec)
Active control with LQR
"é"‘ 10 T T T T T I I
= Uncontrolled
= S5f----rrr g Controlled i
E
€
o
=
= 1
w '
& :
5 E
&€ _4g | | | | | I I
5 10 15 20 25 30 35 40
time({sec)

ouuis JyiiS g ol J S <l 50 (PGA=/YFAQ) eSS al iy 51 cxd 0jlw pb K0 juuds Gowly -V JSCS

Active control with BPFs

—_ 15 T T T T T T T
E 10 Uncontralled ||
= Controlled
a
= H
a ]
o
B ,
j=5 ]
w il
= :
‘-05 ]
e H
e 5 | | | | | | |

0 5 10 15 20 25 30 35 40

time(sec)
Active control with LQR

— 15 T T T T T I I
£ Uncontrolled
T [ e e e e R T RRREEEEEEE H
— Controlled
S
= ;
a ]
(&
o .
[=5 ]
o :
[ ;
P '
= H
e 15 | | | | | | |

0 5 10 15 20 25 30 35 40

time(sec)

oulis J yiS g ouls J S o j0 (PGA=L/BPYQ) go yye i) fl i ojlw pb (Ko i gewly —F S0



A 2le ATAF ol (F o)l FO wlo ccann ) dxo g ol poe (w4 306 [ AY

ol e J s

Active control with BPFs

Uncontrolled
Controlled

P N

A
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
= =
=

A0

{wa) wawasedsiq jooy

25

20

15

10

time(sec)
Active control with LQR

Uncontrolled
Controlled

(Wwa) uawaoe|dsiq jooy

time(sec)

I¥YAQ) Loy Logd 3l 51 e o5l ply S0 il Fly -0 JS

—pY

oduid J yiiS g ol J S > o (PGA

ouls JyiS mll o lawslie iges sl () S5 40

29 Saillas 5l Gl 8 g lej 05 50 (B, 90 o 5l el

9 ol o9 50wy Ay Glp by 90 o 3l Jel

VLIV S KPP

ol el o alosl LS 3

o lio

el &5 was e i

Controlled{BPFs) H
------- Controlled{LQR)

¥ P

L.

T s

PR P P

(o) aweoe|dsiq jooy

35 40

30

25

0

2
Time(sec

5

1

0

1

)

Controlled(BPFs)

10

100

apny|duiy

frequency(hz)

)8 A5 Sl b3 g ploj ejg> o o J 68 el dunlio -7 S0



ol JUsd J s

A 2le AFAF ol (F o)l FO uls (Can ) duxo g ()l poe (owdiieo 4 30 [ AF

1: Active Mass Driver System, and Part 2:
Active  Tendon  System", Earthquake
Engineering & Structural Dynamics, 1998, 27
(11), 1127-1147.

[6] Nishimura, 1., Kobori, T., Sakamoto, M.,
Koshika, N., Sasaki, K., Ohrui, S., "Active
Tuned Mass Damper"”, Smart Materials and
Structures, 1992, 1 (4), 306-311.

[7] Chang, C. H., Soong, T. T., "Structural Control
Using Active Tuned Mass Dampers", Journal of
Engineering Mechanics Division, 1980, 108
(2), 1091-1098.

[8] Soong, T. T., Spencer, B. F., "Supplemental
Energy Dissipation: State-Of-The Art And
State-of-The-Practice"”, Engineering Structures,
2002, 24, 243-259.

[9] Jiang, Z. H., Schaufelberger, W., "Block Pulse
Functions and Their Applications in Control
Systems", Springer-Verlag, Berlin Heidelberg,
1992, pp 169-202.

[10] Riad, R., "Two-Dimensional Block Pulse
Functions Series Solution of A System of First-
Order Partial Differential Equations", Science
Section Computational, 1995, 15, 9-21.

[11] Wang, X. T. "Numerical Solutions of Optimal
Control for Time Delay Systems by Hybrid of
Block-Pulse  Functions  and Legendre
Polynomials”, Journal of Applied Mathematics
and Computation, 2007, 184, 849-856.

[12] Bryson, A. E., Ho, Y. C., "Applied Optimal
Control", John Wiley & Sons, New York, 1975.

[13] MathWorks, Inc., "MATLAB, version 8.0.0.7",
U.S and International Patents, 2012.

S5z -V
ly ojle 4 SaS iy (w5 il Lol S
90,5 Q.il &l J..wl)sa il asle Gi...ctn sl Joss
1 o5k e a5 el ol gl LSal, s s ez Lol iSal,
b Gl S lees b snlee 0538l L oo )ls sla)ly
3 eslitl an jlSal; 095 515 lxe v 5l oo Gy U
o polesel JB adlse ojle JuS Il 5 (g slaptc
&y s Lo slagty, bojle JWd S sln o)
Jlas o lslre gz 20 sl (YL Jeily 51 BPFE
S llie cpl po anilioe oyt JISl g (el i
ojle Jld JyuS sl BPF w5l eslial b (o 3o,
oads &3l g, a8 wisls lis s b &5l AMD a4 jee

sboalyly b cos i ejle el o5 YL Cds )
IS gl qwyp b cd S 18 Cgline (PGA L alises
ovgy bopl ety aslb e sl cald JuS g oad
jl‘}pb@uﬁmiwagwwlLQR5éoM
Jol> @ls 4 S0 s BPF wlg 4l oas 1l g,

S olgse ol g Dlasls 4 495 b g 00 LQR by, |
oalital laojle JyuS slap ;iS50 spglel job 4 o
.o)S

&V

[1] Cheng, F. Y., Jiang, H., Lou, K., "Smart
Structures Innovative Systems for Seismic
Response Control”, Taylor & Francis Group
CRC press, London, 2008, pp 159-233.

[2] Pourzeynali, S., Lavasani, H., Modarayi, A. H.,
"Active Control of High Rise Building
Structures Using Fuzzy Logic and Genetic
Algorithms", Journal of Engineering Structures,
2007, 29, 346-357.

[3] Choi, K. M., Cho, S. W. Kim, D. O. Lee, I. W.,
"Active Control for Seismic Response
Reduction using Modal-fuzzy Approach”,
Journal of Solids and Structures, 2005, 42,
4779-4794.

[4] Dyke, S. J., Spencer, B. F., Quast, P., Sain, M.
K., Kaspari, D. C., Soong, T. T.," Acceleration
Feedback Control of MDOF Structures",
Journal of Engineering Mechanics, 1996, 122
(9), 907-917.

[5] Spencer, B. F., Dyke, S. J., Doeskar, H. S.,
"Benchmark Problem in Structural Control Part



Journal of Civil and Environmental Engineering
Volume 45, Issue 3, Autumn 2015

EXTENDED ABSTRACT

Active Control of Structures Equipped By Active Mass Damper Using
Block Pulse Functions

Amir Younespour, Hosein Ghaffarzadeh *

Faculty of Civil Engineering, University of Tabriz, Tabriz 5166616471, Iran

Received: 18 January 2015; Accepted: 02 June 2015

Keywords:
Active control, Seismic response, Active mass damper, Block pulse functions

1. Introduction

Block pulse functions (BPFs) have been widely studied and used as a rudimentary set of functions for signal
characterizations in controlled systems. The BPFs set proved to be the most fundamental and it enjoyed prolific
popularity in different applications in the area of control systems. The present study aims at proposing an innovative
active control methodology for active mass damper (AMD) that intends to minimize the computational expenses by
using block pulse functions. An analytical approach to calculate feedback gain matrix by BPFs is presented. The
feasibility and effectiveness of the proposed method is investigated by a numerical example. One effective way of
designing a full state feedback is to use the LQR approach. The uncontrolled and controlled responses of structural
system are obtained by proposed method and compared to LQR method.

2. Methodology

2.1. Block pulse function
A set of BPF on a unit time interval [0, 1) is defined as [1]:

i i+1
] —<¢t<—
@;(t) = m m (1)
0  otherwise
where i =0,1,2,..,m—1 with a positive integer value for m. Also, consider 2 =1/m , and @; is the i-th BPF.

BPFs possess disparate properties, the most salient characteristics are disjointness, orthogonality and completeness.

2.2. Block pulse functions formulation of control problem

The equations of motion for structural control purposes can be written in state space form as the follows [2]:
- . 2
(Z} =[AHZ}+[B, {u}+{B,}%, @

where matrix A is called plant matrix of the system; B, and B, are vector location matrix and excitation influence
matrix; and u(¢) is the control force.
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Eq. (2) is not solvable due to the one additional unknown variable related to the control force. Consequently, we
need one more equation to solve the active control problem. This one equation referred as the feedback control law
makes Eq. (2) solvable. In control theory, the additional equation is written based on the feedback law as follow:

{u®}, = _[G]]x2n {Z(t)}an] €)

where G(#) is 1x2(n+1) feedback gain matrix. Based on optimal control theory the control gain matrix is determined
as:

G(t)=r"'B/P(t) “4)
where the n-dimensional adjoint variable P(¢) satisfies the canonical equation:
(o
P(?) P()
To find P(¢), we set the 2n-dimensional transition matrix of (6) as:

w (T,1) V/IZ(Tat):|

(6)
Wy (T,0) v, (T,1)

w(T,1) {

where all the submatrices y,(T,?), y,,(T,t), w,,(T,t) and y,,(T,t) are n-dimensional. Noticing that
Z@) | _| Z(T)

w(T.1) = )
P@)] | P(T)

and P(T) =0, we have:

P(O) =y} (T.0y , (T.0) (®)

The key point is to find gain matrix G(¢) .

In applying block pulse functions in this problem, a suboptimal solution with piecewise constant feedback gains
can be obtained [3]:

G()= 3G/, ©)

Since the block pulse coefficients of the transition matrix y (i =1,2,...,m) can be computed iteratively from this

series:

Vo=, 29,(1) (10)

i=0

and the matrices A and a are:

-1
A:P—EF} a:zP+ﬁF} (a
2 2

b



Amir Younespour and Hosein Ghaffarzadeh / J. Civ. Env. Eng.45 (2015)

3. Results and discussion

A 10-story shear building equipped with an AMD on top floor is considered. Three pairs of earthquake records
related to different earthquakes have been used to evaluate the performance of the proposed analytical method in
reducing the structural responses under earthquake loading. The results of the proposed method are compared with
those of LQR method to verify the feasibility and effectiveness of described new active control scheme. As
illustrated in Fig. 1, this comparison depicted that proposed method, in time and frequency domains, has good
agreement with LQR method.
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Fig. 1. Controlled response of Northridge earthquake in time and frequency domain

4, Conclusions

In this paper, an innovative analytical method based on BPFs for AMD was proposed and successfully verified
through the time-history analyses of a 10-story model structure under various seismic motion records with different
properties. Controlled and uncontrolled top floor displacement responses based on proposed method and LQR
method were compared. Results showed that the proposed method has reasonable effect on dissipating the responses
of the structure as satisfactorily as LQR control algorithm. The results of this investigation indicated the proposed
method had acceptable accuracy with minor computational expenses.
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