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Abstract: In this research, the stability of Euler-Bernoulli beam system was studied. Firstly, a local fractional order feed-
back controller was designed, and the well-posedness of the closed-loop system was proved by nonlinear operator semigroup
theory. Secondly, by choosing an appropriate multiplier, the stability of exponential and polynomials was achieved, and the

decay rate of the system energy was estimated. Finally, numerical simulations were employed to prove the effectiveness of

the local fractional order feedback controller.

Key words: Euler-Bernoulli beam; fractional order; local feedback control; semigroup theory

i 30 4k, B MRHE R FE S AR, Kbk
AR N FH TS LR L A0 L MLAE . S A e,
T URN T L, TR AR Bes 5 it
TTHF9E , INZSV0 itk RSB 12441 L il %
it RS FaE 5. Euler-Bernoulli 2 4F B —Fp Ak
AR EE R R T ST QA SCHR[ 1% AE 22K Euler-
Bernoulli ZEHEFTHSY, AMUSHT T AR RGN Riesz
SR, T L3 A S SR AR B T RGN
ek EVE ; SCHR[2]7E Lyapunov PREL LRI IERE I
BT T AR AE i Bl ) RO A, TR A T
93] T4 B LA Euler-Bernoulli %% 2 40 10T
VL FRE P 5 SCHR[3 1% A i AR Y Buler-Bernoulli
RRGEHATH RN, E 15  Hr ARE  Lyapunov

KB 2016-04-07; fE€EIHHA: 2016-06-17
ELUH: ERARBEESTMTHE (61573252)

PRI 7 AR B T R S8 AT R 1 5 STk [4] R
FH U 28 0 O 1 B AR A G 4 i SR ms 1) 1 P 45
(ADRC) J7 i A ML Euler-Bernoulli %2
PFHESE, R T REFaEE. Lok, % R
RN X B R G s, AR R G T iR 22 B O
R Q0 SCHER[STR 20 AR S, i A AN b
R3] T2 Rt R IS s R — 17
oy ot HNFRE FUERH T 3k R AR R
BiBRE LS ; SCHR 6] % 241 14 4 v R G5
ST T 09T, A AE e TR A Liv 2574
I SOIETE T, U T i it I 45 2 e 10 2
FEBCE B, B 2SS RS ISR [8-11].

IR SCHERZ R RGE R IR E PR P AT, X

fEERmN: £ F (1982—) , B, WAL A, P, wangleianguo@163.com
HFHARBHE: 2017-01-12; #FHARMILE: http://www.cnki.net/kems/detail/12.1355.N.20170112.1202.008.html



« 74

ARG JRTBARENE R I SR A0 2 b R, AR
LA Euler-Bernoulli % &% NS4, L 11 R
ELR A A3 B S o i) 7 B A D 245

1 RGHRE

TR RGN T AR

1
7"

u, (x,0)+u""(x,8)+b(x)p?(u,) =0
0<x<l, >0
. 14 Euler-Bernoulli 32K u(x,r) %75 Euler-

Bernoulli %% 85 F-E M v B (AL RS 5 22 7m Ry %) 25 [|) AR
i ox MG u, Seou, FoR 0B E) AR 5 1) — B 3500

e 518
B R GEAE P SR WA A
u(0,0)=u'(0,1)=0 >0
u'(,H)=u"(l,1)=0 >0
u(x,0) =u,(x),u,(x,0) =u,(x) 0<x</

TE 2 40 (9 3 BT JR 3 o BB S it 4 i AR
For b(x) T 12

xela,l)
xe[0,/\[e,])

b(x)pf(u,(x,t)) ,
b(x)=1
b(x)=0

K ae (0,) WFEIEHEG p2(u) NWRGIEL TS5

B b, Bl p2(0)= 01 C' = ZEAN s ek gk, [a) st

FR up>(u)=0.

MIMi753) Euler-Bernoulli B3 245 .

1

u, (x,0)+u""(x,0)+b(xX)p> () =0  0<x<I
u(0,1) =u'(0,1)=0 >0
W(Lt)y=u"(1,)=0 >0
u(x,0) =u,(x),u,(x,0) =u,(x) 0<x</
(1)

2 REEWEEME

e, KBRS (DB s ke e 4
VE0,0)={fe H*(0,])| f(0)=0,f(0) =0}
k=123,
HA HA0,0) i k B Sobolev 23 [E]. &R LLIHIIR
**IETHJH V10,00x 2[0,0] , X FAEE Y, =(f,g)" F
Y, =(u,z)' e H, E XM H ENED

REBEBREER 0L Holy

<K, >,= [ @+ [ g(0z00de (2)

FATHEHC (f.0)" 1= [ 72 odv+ [ g (ode , o
B4R T RRRGEEE. S, (H, ||-],) R
Hilbert =5 [H].

TEZ W H W, EXRGHET 40

A2 = (o™~ ()% 1) (3)
Y(u,z)" € D(A4) , Hp
D(A)={(f.g)" e V*(0.))x
V2.0 ()= (1) =0} @)

Wik, R4t (1) /R = w1 H R — gk 7

izﬁ/fﬁ.
0O _ 4p >0
dr
U(t)=(u(x,t),u,(x,t))T (5)

U, = (uy (x),u,(x))"
B KH S5 AWMAEL, WRGEH T 4 & H
R —MRCRAR G T
TERR : 1206 BT SR 38 AR M AN B 1.
(1) Fip:
XFAEREM Y, Y, € D(A) , a3 ELrnl 15
<AY —-AY, Y -Y, >, =

[ =2 ) dx- jo(u1 —u,)"(z,— 2, )dx
[ B0 — 20 (2) - 7 (2 =

[z =2 =Yl (2= 2,0~ ) |y -
[z =), —u, Ydx -

[ B — 202 7 (2K

Elaﬂﬁp (2) AU R EL, A (2, - zz)(p (z)-

p%(zz))ZO - A3 <4y, -4Y,.Y,-Y,>, <0, %
B — A 2 BRI ).
(2) B R
AR R T S AT IEB R - 4)=H .
tF V(e e H , HE N I-A)(uz) =
(f.g)", Bl
u—z=f
! (6)

2= (=" =b(x)p(2)) =g



2017 4 4 J £ W, 5: Euler-Bernoulli %2581 a3 K S i e - 75 -

T H2(0,7) 5 Hilbert 23 [8], H A 2
<V 0= j;v”(x)gp”(x)dx
AR
161 ,= [116F dr
Fivve H(0,1) FelhzX (6) H5 AW, A7
[ gomnydr =

[ 2Cwedv+ [ Comxdr+ [, bx) p%(z)v(x)dx -

[ 2Cw(dr+ [ @ ()de+ [ bx)p (w(x)dr =

[ uCowdx = [ fapeder [ o @d+

J, 6P ()
7)
A0 HE(0,0) Bl A (8) BRAL.
J () =~ Bu,u)— L(w) 8)

T2

Horp

Buu) = [ (o (x)dx+ [ (x)dx

L) = [ gGu)dr+ [ fGu(x)de-

[ 6P (m(x)dx

W Ffl Cauchy-Schwartz A%, 155

L@l < ([ )+ [ /2 (x)dv+

[,° ()0 [ (o <

2

C, ||u

Eiligp
B(u,u)= Lj u” (" (x)dx + I;uz (o)dx=

2

J.; u” (" (x)dx BHu .

KL, J) 7E H7(0,1) 25wl i, AT J (u) 47 ME—
R M /N B 5 2 28 (7). fl AR ) BB ] 45 )
R(I-A)=H . EH 1 fHiF.

i BhAR LR B T2 BE RS (PR WL SCHR[8D , A4
FEHL 2 Frn s e S E.

EE 2 RixH 5 A WMHATE L. X T FA W
Uje H, X (1) REFEE—FHR UG =TOU, ; H
E—4, S TFRA R U, e D(4) , 2 (1) RGAF7EME—
HsEfi, HU@)=T@U, .

e, 1 ¢l
E(t)—EJ‘Ou, (o)de+— jou (x,7)dx

RN G e u, p? (u) = 0 T 15
dE(r) _

! ” ”, [ 7
= jou (x, 0 (x,1)dx — jo u, (x, )™ (x, 1) dx —

[} b, (x.0p% @ ax =

- J‘;b(x)ut (x.1) p% (u)dx <0
KL, BERPREL E(r): R, — R, /A pREL. n]152 LA
T RGRE R
I 3 fRiIELME I p(u,) il

< < > < 9)
e |u,| \p(u,)\cz|u,|p |ut|\1

¢ |u,|2 < pu)<c, |u,|2q |”,| =1 (10)
Hre(i=1,23,49=0, p=1, ¢=1. MRS RER
SR AEER

E(t) < CE(0)e™"

1

Vi=0, p=1

E(t) < CE(0)

> Vi=0, p>1
A+0)""
XH w, CEMAIEREL
SRUER] R B, AR 51 B (PR DL SCER[9D) -
513 1 W E®W:R, > R ARG REL, IHEUE A
HEWAIEF B p=1, 4>0 ffif5

p+l

j: E > (1)dt < AE(S) 0<S5<+oo
2,
E(t) < E(0)e Vi=0, p=1
2 1
E(6) < (4(1+—= l)y’-‘ - p>l
1+~

FHEXHER 3 PEATIEN. TR R
UER R BE R R B Y C B AEARTRI A IE 5 4%

WERR : 24 (w,u)" e D(A) , =0 (1) RGN T
nuE* , Ho p JE— AN ESE, Hop W ne €0, ,
>0, >0, 0<np<1, HYxe(a) W, n=1;24
xe[0,/]\(a—&,D) [, n=0, Ho e FHEA BN
IESEEL

43R B AT 15



.76 -
0= IST Lj E*nuu,,dxdr + J; IOZ E“nu”"udxdt +
[ jo’Eﬂbp%(u,)nudxdz =
[E* Lj?]uu,dx]K - U LTE/"IE'J;ﬂuu,dxdt -
LT E* L]n(uf —u")dxdz +
_LT E* Ll u”("u + 21"y’ )dxdt +
LT J.;E“bp% (u, )udxdr (11)

TR =0 &, s B ol —u" =2u] -
(! +u”) 1%

jST E* j;n(uf " )dxdr =

u,)" € D(A)

B [ | de=2 [T B [ dede +

,uJ‘STE”"E'IOlnuu,dxdt—

ITE” Ilﬂub %(u )dxdt —
s ,ubp=(u,
T ! ” ” 7 7
L E* jou (n"u +217u")dxdt (12)

fEBIF Cauchy-Schwarz A%} Poincare A4,
A

! drl < ! u2+u,2dx<
‘ J-O nuut ‘ S J.On—z <
! ”
C [ @™ +u})dx < CE() (13)
R AT

B! ﬂuu,dx‘ < CE*' < CE*(0)E(1) (14)
FIH E" RS S R 8 — e B
‘ [ E*’*‘E'j; nuu,dxdt‘ <-C[  EE'di < CE(S)

(15)
i
LT E* f;u”(n”u +21u")dxdr <
LB e [ gt <
I E”[J ﬂ”u”zdx+f 27'u"dx]dr <
[TEL]" 2™ +uyeldr <
e (16)

H g HHE—1EHE, HY e 500, F€—-0.
2 (12) BAZE (13)—(16) , 2 (11) AT E T

REBEBREER 0L Holy

5HR
(1-8) LT E*'di < CE(r)+
T 1
C [0 [ B i+ up () dds
Hp
T 1
, C [0 [ B @i up? () ) dds
[, B*"dt < CE(t)+—==* _
s (1-£)

(17)
Hoh € W E—IEW %L
A (9) IS

2

2
J-;\u/\g]|ut| dx< C Olflll,\<1( tp (u ))

2

ar < C-Ey

2
2

,pi(u,»"“dx < C(-E()"

ja\u\<1p (Ll) dx<C.[a\ ASS|
[ AT /N >0 El,u——
Young AEEA 15

p-1

1
£ . —
E2 [ (ul +lup’ ) e <

p-1 2 p 1 pHl

CE 2 (=E')" +CE*(~E")"" <SE ? —C(S)E’

it

Pl .o
JoE? ], 0w +lup® @) hdvdr <

pl

) j E 2 (t)dt—C(S)E(S)
H ERICAR (17) AT 45

ptl

a- 5)j E?dt<

GIET O (P +lup* ) havdr +

olu,|>1

C(OE(S) (18)
F—I71Hl
GE 2 L\u,\>1
) FH Holder AN452 . Sobolev ik A H'(a0,1) — L (ex, 1)
J Young N5, 15

p-1

GE™ [L, b lup ) e =

p-l 1

CE 2 ull,ll o (M)H ,l\CEz HP (u)l\w\

u, Pdx<C [ bup*(u,)dx < C(-E'(1)

olu>1

q
9

<CE2 |E" | <

CEP[J‘I 1 P (u)dxj+

plg+l) p+l

0E > —C(O)E'<SE?

~C(S)E'



2017 4 4 J £ W, 5: Euler-Bernoulli %2581 a3 K S i e <77 -

A 3 T, RSB R s S T
e : T 78 R Gl R MR o R Y
C| E? 2 4b 2 Ddxdr <
BT (T 0 1up? GPxbt SRR 1 ], B2 MO e AR e
5 j: E2 (t)dt+C(S)ES) (19)  HEEHR
A= (18) A=K (19) 455 4 ﬁ{ﬁ*ﬁ*u

ptl
(1-26) | :E 2 (1)dt < C(8)E(S)
5 ‘ 5 X} Euler-Bernoulli 323 2 4t (1) Fa & M EF 741
WS = 3 A= scigj EE {ERL. 5 5E Euler-Bernoulli AR 1=1, YEHH)

pil W EAE R u(x,0)=4x* (x-1)* , u,(x,0)= 2cos(2xn +g) .

[[E> ar<4ps)  0<5<T<ew

o ‘ AR R SOOI I I B LU R,
AT 5 oo | HARFIHTF AL \
R g o R R [0.75.1) , 2 B

[ E? (ndr< 4E(S) H Gty u?Cet) B S () SR BTG I 15

JSE P 1B 1, AT ARSI E B 3 4518, GAE x =1 ALY B4 T UL 2.

0.4
= 0 =

-0.2 0.8

50 40 35 0.4
20 :
¢ 10 00 x

0.4
50
40 30 120 1050 04 x

(@) RH u) (x,t) (b) SN w)” (x,1) (o) BR uw’ (x,1)
1 EARRRET, u(x,t) WEER

Fig. 1 Numerical solution of u(x,7) based on different feedback

0.4 0.4
0.4
0.2 0.2

| -
0

-0.2H -0.2
-0.2 : : : : . . . .

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
t t t

0.2

u(l, 1)
u(l,t)
u(l,t)

(@) BUA ul” (x,1) ) B0 u)? (x,1) (0) BUA ) (x,1)

B2 EARBRERT, u(l,r) BWEIERE
Fig. 2 Numerical solution of «(1,7) based on different feedback

S BAERI T LU 3, Joy il 4 B S s il xof mization, 2002, 40 (6) : 1905-1923.
RARENEG R 2 AR, felV S Z RS, [2] Guo B Z,Wen K. Lyapunov approach to the boundary
LT XS LGS 0, Bl 53 0 B SR BRI, s stabilization of a beam equation with boundary distur-
PR 38 sz T B Sl e, o W i s T B B R AR . bance[J]. International Journal of Control, 2014, 87 (5) :

B : B0 RV R AR A 5 5 1) ) 925-939.

P e ¥ [3] Shang Y F,Xu G Q,Chen Y L. Stability analysis of

Euler-Bernoulli beam with input delay in the boundary

[1] Guo B Z. Riesz basis property and exponential stability control[J]. Asian Journal of Control,2012,14 (1) : 186—
of controlled Euler-Bernoulli beam equations with vari- 196.

able coefficients[J]. SIAM Journal on Control and Opti- [4] Guo B Z,Jin F F. The active disturbance rejection and



« 78 ¢

[5]

[6]

[7]

sliding mode control approach to the stabilization of the
Euler-Bernoulli beam equation with boundary input dis-
turbance [J]. Automatica,2013,49(9) : 2911-2918.
Wang L,Han Z J,Xu G Q. Exponential stability and
super-stability of a thermoelastic system of type II with
boundary damping[J]. Discrete and Continuous Dynami-
cal Systems Series B, 2015,20(8) : 2733-2750.

Wang L,Han Z J, Xu G Q. Stability of serially connected
thermoelastic system of type II with nodal damping[J].
Applicable Analysis, 2014, 93 (7) : 1495-1514.

Liu Z Y, Zheng S M. Semigroups Associated with Dissi-
pative Systems[M]. London: Chapman and Hall/CRC,
1999.

[8]

[9]

[10]

[11]

REBEBREER 0L Holy

Barbu V. Nonlinear Semigroups and Differential Equa-
tions in Banach Space[M]. Bucharest: Nordhoff Interna-
tional Publishing, 1976.
Komormik V. Exact Controllability and Stabilization: The
Multiplier Method [M]. Paris: Masson, 1994,
Shi D H,Feng D X. Exponential decay of Timoshenko
beam with locally distributed feedback[J]. IMA Journal
of Mathematical Control and Information, 2001, 18 (3) :
395-403.
Zhao H L,Liu K S,Zhang C G. Stability for the Ti-
moshenko beam system with local Kelvin-Voigt damp-
ing[J]. Acta Mathematica Sinica: English Series, 2005,
21(3) : 655-666.

RERE: ¥4

(k3% 35 )

(9]

[10]

[11]

[12]

[13]

[14]

Overend R P, Chornet E, Gascoigne J A. Fractionation of
lignocellulosics by steam-aqueous pretreatments[J]. Phi-
losophical Transactions of the Royal Society of London
A : Mathematical , Physical and Engineering Sciences,
1987,321(1561) : 523-536.

Abatzoglou N, Chornet E, Belkacemi K, et al. Phenome-
nological kinetics of complex systems: The development
of a generalized severity parameter and its application to
lignocellulosics fractionation[J]. Chemical Engineering
Science, 1992,47(5) : 1109-1122.

Qin L,Liu Z H,Li B Z, et al. Mass balance and trans-
formation of corn stover by pretreatment with different
dilute organic acids[J]. Bioresource Technology,2012,
112:319-326.

Alvira P, Tomas-Pejo E, Ballesteros M, et al. Pretreat-
ment technologies for an efficient bioethanol production
process based on enzymatic hydrolysis: A review[J].
Bioresource Technology, 2010, 101 (13) : 4851-4861.
Garrote G, Dominguez H, Parajo J C. Hydrothermal
processing of lignocellulosic materials[J]. European
Journal of Wood and Wood Products, 1999, 57 (3) : 191
202.

Cara C, Ruiz E, Oliva ] M, et al. Conversion of olive tree
biomass into fermentable sugars by dilute acid pretreat-

ment and enzymatic saccharification[J]. Bioresource

[15]

[16]

[17]

[18]

[19]

[20]

Technology, 2008, 99 (6) : 1869—1876.
Li J B, Henriksson G, Gellerstedt G. Carbohydrate reac-
tions during high-temperature steam treatment of aspen
wood[J]. Applied Biochemistry and Biotechnology ,
2005,125(3) : 175-188.
Donohoe B S, Decker S R, Tucker M P, et al. Visualizing
lignin coalescence and migration through maize cell
walls following thermochemical pretreatment[J]. Bio-
technology and Bioengineering, 2008, 101 (5) : 913-925.
Selig M J, Viamajala S, Decker S R, et al. Deposition of
lignin droplets produced during dilute acid pretreatment
of maize stems retards enzymatic hydrolysis of cellu-
lose[J]. Biotechnology Progress, 2007, 23(6) : 1333—
1339.
Radoti¢ K, Miéi¢ M, Jeremi¢ M. New insights into the
structural organization of the plant polymer lignin[J].
Annals of the New York Academy of Sciences, 2005,
1048 (1) :215-229.
Owen N L, Thomas D W. Infrared studies of “hard” and
“soft” woods[J]. Applied Spectroscopy, 1989,43(3) :
451-455.
Pandey K K. A study of chemical structure of soft and
hardwood and wood polymers by FTIR spectroscopy[J].
Journal of Applied Polymer Science, 1999, 71(12) :
1969-1975.

RERIE: A F



