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Abstract

In this paper, an active vibration control of a tensioned elastic axially moving string is investigated. The
dynamics of the translating siring are described by a non-linear partial differential equation coupled with an
ordinary differential equation. The time varying control in the form of the right boundary transverse motions
is suggested to stabilize the transverse vibration of the translating contintum. A control law based on
Lyapunov’s second method is derived. Exponential stability of the translating string under boundary control is
verified. The effectiveness of the proposed controller is shown through the simulations.
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Fig.2 An axially moving strip under the right
boundary control force
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Fig.3 Control volume of an axially moving string
system with time varying right boundary.
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2neld ERE AN="eo ZE Ay HFES

Alzbel Aol wt ALHoz Joz THEE

& F Aot

4 25 AN B Mg
A (32004 AAFL HBo] AT,
g 719 ZHASE d87h okd  @e=

AA 7] W] 2A AgelE Ado] mET,

wata]  oly  AoldE AoiHAL FHRIE
Hiylo] tiEl A Aot
A (32)ollA dAE dAFE & o
g @3)
v+ L
47l g A (38)& wFEer ). 4 (43)e

A>0 9 FHoNA  F71E5(increasing  function)

olmz g7} 4 (38)e] MHE 712 # FHAs

d, o ¥4 457 2,

_ MpdLy
v+ ML

———} o, A

L ol
¢y mF 2 g #FEIG. Ay
2aAsed We 4 a9 HHaAEs #AEF
AAE ok &a ZHalg grol BHAA g 4
(38)e] WHEYelH AT F gemz A9
AN K7t ARG, & @Azt @3E
wy (L) e vl A Eeit F3E w (L) 9
at& FuaE (backwards differencing)® e EH
wy (L) 9 & Aids ¥

0<d

a

44

o7 M= mm{ (44)9)

5. AlEao]M

£ AAE OB A +2

BA AN F
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-— controlled
=+=+ uncontraliag

Transversa Diplacemant of wili24) [m]

0 65 1 1B 2 26 3 35 4 45 &
Tirma [sac|

Fig. 4 The transverse displacement with conirol gain
K =42, and damping coefficient d, =100,
w(L/2,r} where L =20m

—— control
-+ uncosirol

Teaniwarns Dinphacament f wl ) [m]
a

as 1 15 2 3 35 A 45 5

25
Tiena[wuc|
Fig. 5 'The transverse displacement with control gain

K =42, and damping coefficient d, =100,

w(L,f} where L=20m

FEHATHE o/ &3 AEHo)HE FHEA,
AAAl W gdAds AEsna 9.

Zor-FubalE- H(central and backward difference
approximations) & AMg-ste] FFHAH 4L ol
2L fedEAoz vebd ¢ 9t

7+l n—L
W, — W,
W, =———L (45a)
2A¢
1 n+1 n+l
3w — g™ ™
wx - 1 i—1 =2 , (45]3)
At
n+l 4 rn+l 5 n+l 2 n+1
Wi tAwi oW +iw;
X = 2
Ax
n+l n+l n+l
_Wia —2w +wi (@50)
sz
n+l n n—1
wi 2w 4+ Wy
Wy =— — (45d)
Ar
3w 3wl — WS L awl e w —wl,

- )

xt 2AxAL

Contral Force [kN]
8 .

g

~500

o os 1 1.8 2 25 3 is a 45 L]
Time [swc|

Fig. 6 The control force used in Flg 4,5

Table1 The plant parameters used for simulations

Symbols Definitions Values
Cross section
A 1.5x0.005m>
arca
Length of the
L controlled part 20m
Tension of the
B .
% strip 9800KN
m Mass of the 15kg
actuator
o= -
. Strip moving 2mfs
speed
p Mass per 7850kg/m?
unit area g/m
Damping
d 1
a coefficient 00 Ns/m
— -+l —
_ wid —wid —widl + Wit ) (45¢)
4AxAL

1714 n & Azk2F(index of time)olil, i =
A A3 (index of spatial variable, x }& 1}e} wiv},

ARG

EEFHEA A (1129 4 (45)9 Fgary e
AHg Bt FEEd g g

[(6+ ¢, iy + (@ = 2¢, Jw; + (c; - Bwiy '

=2aw] +[bw;, —aw; —bw,_ F.

o} 7] 4
a= % , (47a)
At
b = M s (4’]‘b)
4AxA?
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c; =— sz N 47c)
oy, Ete, oA wi E Z ZAGA oA
Az A AArete BARFESR slofd @t
AAHezE W g 1ARABNT 237}
WS g ol AZAHE FAA HELRE 23
5 29 & 9. A ng wgeE FA Wl
A9 ARG A E AL £+ U,

SE2AANAN FRAEPLE AHEEA HE

Az Ho]l N& dolMr] dwHEd HrME
FAEH S AHERT
a-2, o+h - 0
b a-dy 0
0 CNwl—b a—ch—l CN_I"'-b
0 —Cy b+4CN "'4b—5(.‘N a+3b+2£N
Wy ™ 22 0 - ol wy, 1"
Lk 0 2a --- 0 i
" | . . .
Wa_i 0 2a 0 Wy_|
Wy 0 0 2af wy
—a b 0 T ow 7™
-b —a - 0 | w
+ 8T : : (48)
0 - —b -a b |wy,
0 b —4b 3b-al wy

=G A (19 4 (e $EAAINE F
AL 2% @Edo gk, 4 (el +5 FE
BF HZ2o0z VA 5 4 EF HgolER
dalz 2o Ayt olF IHW A
AAE Add d F A9, 2 MBSl
A48 FAEL Table 1o YEHID. 4
GHg WEHEF g & 0042 FH 4
(33" AL @&F AEIIY AR
FHAG.
K =m(v+ L) =15(2+0.04x20) = 42,
_vpdpL
T v+ AL
2% 7850%1.5x 0.005 x 20 x 0.04
- 2+0.04 % 20

=33.643 .

271 237122

w(x,0) =2sin(3x)em, w,(x,0)=0m/s
£ FA9.

A EHol A A $57AY W& AAE
A A AV AFel FIHoE TAHE
¢ 5 o, g A g g&d FHT
de ALd vl HFAojel 2 AHs} ofF
w2 A3t ot FFo] AAHL wolx ) Fig.
4, 5= x=Lf2, L4 W ANJd & AL
Welel WMRE AT Age 284 ohn
A%E wus] HFa ges, ¥ =R
AR Aoizle 3zl Y AFEL 49
A#H2E BwogF3 9t} Fig 62 x=LNA &
=719 ZAAAIAY Aol ¢ge ¥WHE e
At Fig. 72 Al 2 Axgle] oz e
WHEE Yehldlon Alzke]l A mat o

Ax Asdes FaRe ¢ 4 9ok
6. 2B

dolgo 2 olF e W AFS £ 9
# deof PAFE AMen, aFdHoz AF
F 4 FFEAN7Y AER olg HAAHo=
FEE £ A= e dFEGT

AZAHA Y dF =EEL diEE 2579
FHgs nald) FAAY ded] Ay |
Aoz PFsn 77t o|FAFHL, € =%
A olFsts a7 FAF7)e FH4EE vaY
o] B4 (nonlinear partial differential equation)
oz #HHslm, PAFE Aotz 3 o=
X e oF Ald $FAA] AL
Akl ATE, o] FAMAZE ANA2 AA o
Ag Aoz LAY ¢+ UL&E FHIACD.
agla AlEdeld AIde E w=Eda dAR
Aojyae F&4E FHAL

% 7|
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