53T B 5 M
2017 4 10 A

Pzl K5 2 W

Journal of Vibration, Measurement &. Diagnosis

Vol. 37 No. 5
Oct. 2017

doi;10. 16450/j. cnki. issn. 1004-6801. 2017. 05. 001

R EHEPERBRAIRDARLER

FRF. 5

7. R

R R r SR F S EARFE AR RmE UL, 43007

WE s g FE AR 1A R Sl IR 28 R 7 BRI B S SR SR G . TR A T BRI E i
Sy AR 11 IR B R A AT SR O . e T 12 S B AR 1] R B0 A S D i L LA Hamilton BN g 51, #fE S 1 AR 1)
PR3l B 1 5 B o 5 AR TR A RV ECEL SR s T BB IR B AR R ZS . e A T SRR 0 U A R
HP 0] S 450 A0 S B 358 2 PR RS A 1 ol R Sl R e Sl AR FRE MR RS . BIESE T B S HUR Sl R L 5 B SR K
038 P> S B i 5 o B 3R T S AR 1) IR B e 3l 4 R 2 S Uik o B BE AR 1) K 2 o RO e 2]
FEM VI8 7 i 4R Sl 4% 7E S B A S i RN . de e R R A B ) R IV P R MO AR Sl

S ) L

KEER BTN BN G a2 S AR 1R 0 IR 305 S R s R g4

hES%ES THILS

5l

il

B B 46 T 3 2 4 FE M ARG o i i 2
HEAT I T2 I 0 ) 3 R AR S TS R
L ARE & 2 A T AR FE RS kAT i 2L
I G L MRS . X R AR R TR AT
R RS I TAE 3 A EER Y. BT
J R — S TR A H B SRR R L AR
FERCR R A2 T T ARK BRI 2 4E LY
LU A MBS AR G bR 77 v i HL 2 R B4R
5 45 iR 5l (radio frequency identification, fij %
RFID) bR A HLA G AR 1R K BH RE HL 3t i Ep
Ji] L - 5 4 il 2 AEL 19 1) 2 R .

E B EIE AR AR BN il
BERHAE Bl 1) 02 SR ORLRR R AR . O T RS
FEA A B T AR AR R R S ik . T
Aty ) A S R BE (%) 5 ] SRR AR AN AT RE S b SRR S B
B 7R I L 5 ) 7 AR AR B ) 2R AT L 5] R
Iw] % B AR RS L DT ™ S S e T A B A A 0 N T
BOR . e FERGH & Seh w4k 2 2 (15
5 ) 2% WO hn PR T B A0 5 TR A Bl AL Y Bz A 3K B
b, B AR 3l 23 g | R R R IR e A sh ALY P AR s
B 5 TR B[R B2 A5 5 B e e AR Y HR 3 S L m R 194

A2 7 i S EIVRE BE L 7 2R L B
FEAOR R B ZEORAE =10 pome DU S BIRE B2/0N A9 9k
LA T RE 1k X R 22 S U2 Y R BT

A 3 4 1 1 o Rl T L A 0 A gl 2
BRTGIGE . TE e S B DL b el 2 Kt 22 i gl
SRS o7 2 MR . AR B R 4R 3 2
I Ay ) 24 2 B 2 ) 3 28 A A o B A O 9 T R
Bk ik i BRI A SO 28 o e it 1) 4% 5l 3
J12E 0 M K A% 1 E N 16 316 s R ST —
18 D)t B P ), Heaz Bl 2l 25 85 8 M 1 BF 5T A
B T8 4 B B B L i S P e AR e
A B 3 R DX 1] A6 1 4R Bl 4 A O 3 0 BT 9 fE 66
By — 20§ TH 8 i a4 7 B AR 77 R

S H oo 41z S EE R 1 IR B Y Bl ) R
FUSR AR 7 3 s HUC B S M A H IR 3l e 1 A 2 Bk
SRR FE IR s SR o P 3R R AR 1) 9 Bl ) O vk
Lo TREREHT s die e » e B 4 310 46 il 3w 3 MR 17 % 3l
[LEMILES 7 )1

1 FAFEBERRBETE

5 345 iz sh H R sh 12 T R Ay Tk R
+E Hamilton i3 . D' Alembert JE T | g I 1 L &%
Lagrange J7 f& 4 ff 5 7. Hf, D' Alembert i

» ERBEARBFEIEAEBITE (51475195,51322507) ; B KR 3 #3181 % B35 H (2015BAF11B02)

kS H 41 .2017-02-20 ;4% 1] H ] . 2017-03-20



854 Ei

g oK 5 2 W

597 %

HRE AR TE S HIE B 1 A — i 20 SR AT 2 1 32 8 )
FR Ty Fe LA RBUE T Fo b i i g & . |
F+Fc+F =0 8512 g AR 14 3l g 25 () 8 A2 1 T
2 R, e T D BRI A D TR R GEI R R 2%
(G RN VA = 0 S (S 5 AR D SN 1 /S S R
Hamilton JFUHE 2 fie o 8 TG — F A B2 05 15 &
Je oK FHAE 73 1 SEASOR N7 5 A VLR AL 8 I (] BE A
FABIAE K3 GE UL B S8 2 W Al
FHA B i Bl i MRS oy Z L R

J (OK — U +oW,. —oMDde=0 (1)

BB Lagrange J5 2 52 5t b2 S ik 19 Hami-

ton J Hf, B
d aT, T _ .
E(@) Q—Q, (1—1929 ,/6) (2)

Xt FAEBRSE 7 RS 1 s — R R 58 O i

1B I WF 55 1) 4 3 4 vh g Bl AR R Je /) T
LT RS R R T R, DA R X R =2 ) ) 3 A A
FEXT G AT AR 1 fr s . FEAR LU E VORI
WV W s, EARBEE N LSS R 0.8
JEH R A = bh, FEHREHR S B E
PPERL R E AR L v R o o YR iz B
B T D) B AR L AR S R 5K T 5 AR A
BT PP NN e SR ) ARE S
MR AE = ik sz 21507 p VEAT .

Bl 1 gl A A ) A Y

Fig. 1 Schematic of the travelling web

4 Hamilton J5UFE™, KL Al i1 3 g K, 34 fik
U A # I n0 i 2 W L 5% 338 14 1 8 i M
a3 Al PLER R

A
oU :J X (6.0¢., +0,0e, + 206.,0 €., )dA 1)

b
3Wnc :J (T,é\u ‘1: L T()(%u “z': ())dy +JA pgdA
0 /
(3

b
6M=phVJ W= bdy (6)
0

B3~ O AR, 7] LIS H B 3 3R
() sl Jy 2 5 #E L B

(;GT _aaa;y ——ohV D
ph(%+zvaiza7;~+vz gZZjLV%)i

177?7(7;7;:0 (8

00 T =30 S e, T =p )

T D) 2 A5 1 AL A 5 Y i
oy 7 #E 5 3CC9) Al 5 T N AL 5 AN AL Y Al
PE D o 7 R o SR AR B 1T P - gl R D R
IR T7 R TR A A ] RE R B B AR Sl ) T R

Xf T iz gl AR 1] B 3 14 Bl ) 2 Oy R R A R
RN Ty vk < T SR R R A 1 o R AT AR 1 R
/NS EAR D | 20 RO 1 R0 O vk 45 (HL2 i 1
EAFTEAR A Jag BRAE  HBE FH O KA 38 0 o Rk i
FATT R[] X T 52 52 e 20 o R — FROAR M 1
RAGAT BN AT . UL, TR R R AU
il ke T R RE MO 1) iR 3 Y AR e g s e . H
HT > PO 0 B MH A 1 B A Galerkin 77k H
PR 22 73 125 o0 SR AR A BR A% I B0 i B O
AR 7 i 43 T 5 . Horp, Galerkin 3500
S itk DRl 1) 328 Bl AR 1] 4IR B [ 8T ) — R AR AT 20
T3 % o B e A SR AR A9 — i o SR P Al k23 7 R %o oz
14 55 T 20 3 ek 328 BB RS i o 5 K B AT TS L 1
el 285 SR A SK R N S B4 b it R 3 W R Oy A fiE
A LA E — R 5 TR L R0 # . H B R
R REY B shi . Shin Z1 4R Galer-
kein 75 925 3R fife v FREAE 1) R 2l 5 # N 8 T A2 A%
T ARL R AR

wlaeysd) = 3) )G (Dsin LDty ()

(10)
PR 05 3 {8 oA ROE 2R ]

AR 22 53 1 R AR R AE Y R 3 Y
{8 B EL o3 2 AT 7 8 o 1) AR % 72 22 7 - AT
FE A oY J5 7 S O 22 23 M 3 2 SR Y R (E A
Shangguan 457 R JI A BR 22 43 12 28 il 48 B2 4 48 1)

3R Bl AL 19— B fi 5 5OR - B fi - %
Jw Wi — Wi

dx e 2Ax

+o(Ax®) 1D



5

TR 45 A B2 ) 3 v S AR 7] IR B0 T 855

2w o — 2% -
z;c — Win Zu;—f—w, Lt o(az?) (12)
Ix” | =y Ax®

A3 SRR 1 52 B2 P b 3 A
PR R AELE AT IS SR A O 2 7S BRI B8 H: 3 B0 HE 40 5 1Y
SAL PR AT RURE B3 23 J7 e A 28 B AT AL Y e
(B R AR i Y — AR R A SR A A L 1D
LA E i Gl o0 T R 1A B A M

N

P =27A0f, (13)

Hodpr: A SR8 £ (o) 19k B S BOR INA R L.

XAE RS R E T KRB 2 SR 1 % Bir
ACEL A RT A H T A 15 i A %) eRBCLEL 1) IASCSR R
AL Boor SRR 0 Y DG BREAE T R i
L300 5 25 A 1 it m A R 00 1 DA B Y Wi 8
PE. WP SRR LA BR 22 3 i R D& 1 B o
RUSCAT DAAS SR & rORE B i HLE AR IR BB g

Newmark J7 " B0} iE 8 7 B HEAT R A%
IS AT AT An] 22 46, B R by B 308 28 BR 430, SR B
() 254 B i e A2 0 O R B AT G ek P M R L2k
PR L A5 S B AR i S T B DB K N R R R
HEAT R 24005 o DT SR A5 28 G 78 B 355N 1 3l 2 e
T3 A SR AR F G BN A e N Y 5 1 0 A iR R A ik A
POy Runge-Kutta J5 3P,

2 BEISHREREE RS

2.1 BHERZ

T PN - 3h S MR 1 31 30 3 8% /N AT LR
LR VEIR S A B, 32 SR S LRtk A Pl AR Bh Y [ A A
LS, Ulsoy 255 F 1982 4F f WL IF 45 56 F 1
PRS- B 8 AR ) B 1 AR Sl R B A L b T 3
BT Bl s 1) 3 A R 1

MR 32 Bl o B X 2R G0 Sl A A AR K R
Wi o 3, SRR ) R B AR AR (A B BOE
HR R A PRI AR S0 H F R R . FEARAE I A
B LLF is sh i, B PR 3 AR R B A R
gt o A 2 iR s w. (1, DA w. (2, 1D 40 51K
LD By A2 1) B B2 R A AR, B8 %5 JE AR 32 2l ol
(1 AS T 8 K, L0 R h R v T A4y 3 VIR, R
A1 A A AR S 4 O B R s L AR 1)
EANBRBEN. KA 2.8 — AR E 1 8 T4
S [l B A A HE B AE 23 L SRR B T 1R AN
2 LA S PG L I SRR 32 Bl B AR A I 5k
B RA 3 — AN B A AE(E H B IE 525 IR

HE BT BEARTT B 5 A Sl ZUAY Bk 5l BB B4R L
I 3 A 1) i Sy J3E R g B IR

120

""" —w(L1)
100r —w(2,1)
8¢ (L1)F0
> : (2,1)
§ 60} N, OWE
40} '~: /
20} /\ :
0 . L .
0 10 20 30
Vi(m * s™)
(a) HRF1E B M2 R Bh I B AR AL
(a) The imaginary part versus axially moving speed
150
—w(1,1) ~
100 £ - 1,(2,1) /
50|
S 0 A
~ .
_50 L / \
1000 ADREDEE N
~~
-150 . s .
0 10 20 30
Vi(m * s™)
(b) "RFAIE {8 S BB o B AR Ak

(b) The real part versus axially moving speed

2 R IR B A

Fig. 2 The natural frequencies of transverse vibration

Shin 4£°7* F| F§ Hamilton J5 0 4t 5 H 5 AR 187
P TSN B Bl Bl )2 7 R R AR A 2 R e
R s — TR B AR AE I R AUy 1) [ AR
HH 305 o) fb— F e SR AR AE 30 AL Uy y ) TG R
.o A I A Galerkin Jrik T H T
HECRES 1] i 2 1) ) 4R 0 5 RN B 2SO AR B9 T O Bl
JE A T BE RN 0 A% R ) 1) iR Bl AR e M S
Luo S5V 2 #1133z 8 vl A i A 1 I 3 17 7% A
J M FE E M. Wang 2570 5 F Kirchhoff-Love #g B
&M Hamilton J& ], #5774 32 48 K B A 1 32
e, FIH Galerkin 77 3% #l Newmark 75 15 M3
SR S8 43 S 5 T B ) R M R Bl A e N 4 BT
T N T B RS il AR TR R A 0N . A5 R R BOE Bl
R RE AR K BE bE X T A iR 3l 3 R AR A AR K
AL

T B » J5 Al A i % 0 7 vl o 7 o (]
AN SCHEMRAER P X EER S W T is
ShIEMR M B AR . Wu S5 B 1 4R ED Il o
T 9 i % I T ) 22 5 S T Y R ) iR 3 A G



856 Ei

g oK 5 2 W

597 %

it Laplace 2846 45 5] T 4 sl 31 % 75 B, DF 92 T 4k 3y
A BRRE BRSO BE R S B O R L
T 2R B0 ) Jok A R R T B R AR A T
PG LR A A Ry vk, La S R T gy
Kirchhoff #z 3 it , 45 G R & 25 W W 7k /0 b T 16
WP 28 S 45 R RS o 53 6 e SO 110 K B I 3 2
JEAR A 4 sh AR, i & 3 JF s, Banichuk
R R I IR RS T JCRA S T
i Bl MR 1 2 A AR M HE AR A R 1) 4 B 6 B8 —
AN B0 T T PR T LS IR S R T G DY
B4y 5 #E %67 . Ghayesh 500 iff 58 T v [a] 52 #
PR ST R0 43 A 2RI IR T 0 i 1] 58 B 2 A ) R
] A 1 FE A IR S Rk . Bagdatli 257 R 2 %
ST IE R T e A i R S A ok S A
14 A5 5 2y W B8 R 1) 4R B R M Pie T s s
JEE R v ] S 4 S ARE Bl AR R DX TR 1 R

% = % _____ %ﬁ%
: 3222

uu 7 T, ey T

<—TD

3 B ST [ 17 G2 3 52

Fig. 3 Axially moving beam supported by elastic supports

HM G B Gk AR P TSR TR
7 A H IR Bh 7 (9 3 A AN 337, T O AR P S 7K 3 11
5K I AN 22 o3 A 1 BIF ST AR 220 5K T 53 A 4
Y AR 1R B R R A — S PR
Banichuk 555 2347 T £k M 5K J1 43 A5 7F FI R 1% 180 749
Sl H AR AR SRR R S T — A IR RO ) TN
5K 3 AR AR T RS 3 B4 D o D R L 2 i
D75 RN 15K 3 03 A B ¥ A0 R AR KRR L
PR S Al 2 A 11 1l 0 3o BRI /N ) K ) AN 2 ) 7R
JEHB AT LAXE 43 22 0% IR 7= A AR K i s i . E A0 AR
Sr AT T P AR K 2] 23 AT sk A T (832 Sl AR AR
(8l it B R L SE T AR SIS I T iz
SHERE AR R O SR B IR R AR
FRAEAE 7 A2 25 A BOE TR 20 1R 58 B L e
J3E 5K 3 748 A F B0 2R Gt SR AN R 3 2547 0 1Y
LA

FIRT > 52 A AR ™ 12 TR 52 P TR i
Len g g & s A2 A AR X Rl R AR PR R ST

2 ] [a) PE AR AR AR BAT 2% 1) S vk DR Xl e a2
B G HE AR R 3 o B v oA 0 B2 BRI 45 ) S
M. Yang SV HFSE T OESE A I SRR A AR
e s L 43 3R Galerkin J7 322 A4 43 >R LB SR
fif 52 A B I iR 30 A0 2% L R B THT PN IR Bl B A 5 2 e
KT 1 HMR sh A %, TR 1 AR S B o AN 25 T Al T
MRS R S A LY . Jaberzadeh SN R G M
¥ Galerkin J7 B/ 5% 1T il 11 12 3 1F 58 3R} 38 & 1]
SRR B IR 3 R 3 B TR R AT R R A
e [R] 58 S T AR B PR S R B 2 e . Hata-
mi 50 R — RS A 0 02 A AT 00 A B AR k4
BT Tl is 2 245 AR 0 B B AR 3l ), Kk B A
it ) 3z 2l HEORE IS T HG 0L 526 B B Hl R B 4 R
TEAN W /N - [F] I 52 5 A 3l 57 52 0 F0 K 98 b A 2 6
AR B

1z ) FEA 5 ] PR BE A 5 22 [ A B A P 2 5
M) 45 3] 4 oh P S AR RS E MR — D EER R Y 2
W Al 5 A3 2 8] Y A ELAR T, AR 0s B R AR
I 2 B 2L S8 By i A B R AR £, Banichuk
S T =ML ERER T K
il 7 @ R oy O B H b s SAE T R ) R A 1)
fiff A R ES L R TR T 1R M 1 e Al TE LS T RITE
TR HAE TR B Jz 3l 2% R lm S R R L AR
M3z 3y R R I S B 52 ) B AR A T sg e k. Bl
J& »Banichuk 1Y F# AT 7 0858 77 shii 5 R
PRAE AR AR BLAE R 04 20 25 ) 0, I R 150 Al (R
A .

L Xof FE AR A R E AT R AR S PR — A
SR [a) L, Bifi G A RHEOR (S T 2R 25 L 46 3146 vh Al
TR 2R 4 J 5 P B8 1S 5 2 5 M ORE VR B M R A
TX B S Al P RS AL A G A e A i TR
% 0] LI A 0 AR S A R 2 SRR R I
PE. TR G RSP AE BB 51 15 4 3 4 i ik
rp BEAR A [ 4R B 10 Bl ) 2R AT D N A 2

Marynowski 2077 $2 4 FH W & 5 19 Kelvin-
Voigt DU S 441 Burers #5753k 7% ] P F 3l 3
PEAR . 73BT 1 N BB BHE e i F 2l 32 - gl Al 3l S f
E PRS2 0 L 48 O T AT BEL @ B/ 1Y R L AR
PR R TSR 235 SR AR I X T K N R BELJE 1 26 o vk
B - Burgers A5 B B 2 7 LS L. Chen S50 fifi
Kelvin 8153 B 1 5 1k 2% R0 6 9Pk Al dF e 1k
Pl R Forb i ) 50 AR B SR R RN

o, =E(e, +ale,, +Te,..)) (14)

Hr: E ot siat; o NEPEREL

Marynowski-** £ H ] — 4~ - 2 i 745 B G 455



5

TR 45 A B2 ) 3 v S AR 7] IR B0 T 857

RASEHLTAT PN SF- 21 8 M A, 25 G I A AR TR L e Al B
1. A Galerkin BUE 7 L 0F 58 T 18 48 A 09 4 1) 4 21y
M4, Chen %10 ] Kelvin 5 ke 45 $00RY 5314 2
R RHRE I S BIF5E T BELJE &R 8K L1 3 R R K g X s
HEEVER S . Zhou ZE00 TS B gy T AR JE I RG
S AR A IR Bl 4 1 R Kelvin #5680, % 18 26 5 1%
Ml oy R SRR AT o SR BUL IR UE T
MR Bl 5B AR b 28 50 Bl B AR I Bl ) e
RS S A R )

Hatami S52 4347 1 160 97 sh 26 #L A A i
Pl RetE R A TR B 0 A R 4507 i L b R 4R
PEF MR A BT 0 LA R

oy (1) :J Ry (t — o) Md‘[ (15)
) dr

/ﬂ\:qj: Oij ﬂﬂﬂjﬁ@%l, Erl ﬂ‘j@ﬁ@ﬁ, Rijk/ ﬂ‘:’m”gl/l\
P it bR EKC

2.2 SR

A7 S bR B Bl &R G0 S B0 TR I AL TT RE
23 B A A ) Y AR 1) Bk B 7 s B A L
X 2 B0 A8 A T2 SR B A AR T N 5K ) 1 72 A A
Stz g i AR AL .
Marynowski 25 SV BF 98 T 7E W5 Uik 5% I 28 7K N
YEFTT A 2 5 BE AR A AE R M IR sh AT o0 R U
P=P,+ P,cos(wt) (16)
Her. P RTERRASTK S Po SEml RV shik 715
Py R SR s w NS IR
KA Galerkin 757 3 F1 U By Runge-Kutta J5
KSR A AR LM R 5 T AR T3 A 1O s B L5k )
F1% 38 S i A A b 38 58 A P BELJE Xof s A e o) 41 5 31 )
AT NS
Yang S5 BT —FR 3R AR R AR Y Ok
i A2 5k g R B AR T Y0 A Sl Az Bl 2 A R
Te] 41 B 5 e B AR A 7 A 5 T T RO Al TR
5K TS
T(x,t)ZT()—pA(Z—l‘)(eg—{)) (17n
Hrpie = 0RERKVP MBS, e = 1 AAFRE
BT 1B E R e s g T IR s To ARG 5K T,
TE R A2 Iz Sl B b ik [ Bl 1) ) n] BE 2
By 9 3z gl il 1) ) n] BE 2 Bl M Sy . Lee
SEUHWRSE T U A R TE PN S Bh A A
Pzl sl J1 547 M >k Al Bolotin J5 2% 79 M 11 4 5K
FNF- Bl Jin 78 45 S 78 AN W) 4 5 28 0 F iz gh 2k g
X3, Tang S5 5F8 T Bl Jin sk 32 2 2 5 v
R ESHOR IR DL AR R AR 3

BEAR I 7K 32 3K 3 i A2 A Ok I8 Tk Al s Sl
L %50 R 2 RSB 7 ik B o8 1 30 R 2 i i
[ AR =y E= 37 U |2 R 3 S TS
%, Lengoc VT HESE T 16 P 3 57 A M AR AR
AR R GR35 R AR X

Pakdemirli % @53 1 il 1) 2% 5 8 B 10 A
FEE L G 12 Bl R I AR B KR N

v=1v, T ev,;sin(wt) (18)

Horp s evy PR ; N PLSIE.

Chen S 1043087 1 %l 1) i 34052 3y 26 301 32 14
18 16) i Sl A% 5 P DA B A 4 1 IR 2l R L Bl ) 2 gl
JBE B4 R A — > A R Rl b A TR A

Bagdatl 55 B 55 7 HLAG v i) [ 5 S 4 1l )
78 3z gl BRCRLSE 8 1 IR 3 3l 0 e AT O L AR B ) o
TR I AR AT 23 A 1 2 R i Sl AR A T
HARBR PG F S B IR LR, 4 i 1 3tz
R E X R R X . Tang % RAZR
JE O3 A T3 1 WESE T TN N AR R B F Bl Rl
AR ) AR L 2 RO R A Y AR R R L A A T gl
J V- Bl R i 3 W A b e R ORT AR £ A &R Ok
TS0 N 2R, Wu SR RO SRBE B 5T T
AR AR 7 v I Al 1) A S B AR K R 2 R S A B S
Fe M FIH Runge-Kutta J7 158 % T 487K 3z 3l 19
Toh A L8 X 0

ERAEC R T — R 25 A A SR AL B g R
LA AR WIS B J R R IR AR R AR T iR . X1
G BEAESV AT T AR SIS ) 0E A8 45 ) S v AR A
i 3 1 B 25 R P A ST AR 1] % 3 Y D o3 7
T 45 G 22 RUBEVE B T AT fige 1 0 5 2% A0 45 B U i
PR 5 I PR 00 A 2 1 B O R 53 4] 23 A <F
2y T RE I3l W 55 2 00 R PR B L

3 EmEIRAIFE T IE

R S0 B M 1] IR 3l 47 o A F 5 3 AR R R
BB A 38 T BEL e slAT 2090 8 ok S B L 3 Ao 4] 7k
HI T AN 251 B RE 5 f A L 45 A T AL 5 T 4R
AR TSR )z N . B AR 1T
JBE TR AN BT 1 1 0T AR IR Sl R A X 7 e ) R R
SN 5 3K Bl A 1 D R A AE — R Y R R R
I O SN A AR 4 2 i B o e i A ) R S
BRSSPl . T Sl Bk R A Ak
LSRR RN B R U € o RN o B &
7 i Lyapunov (300 42 0 A 1A 5 0 4
A SIAN B B R S K 2 R T B2 R



858 N =S B Y B 837 %
T R 2 50 A B AR A ok o T R ST .
o A H R AR (PR o A 2 4 6 i o L\ v a§m - URE
T B AT I A5 5 R A D L 9% B R o R R T maam |40 | ¥

T

Fung 81 T HESE T AR A 21310 54 it i — 4
ot L -5 4 ] i 114 il 1) 32 Bl 52 2R 1) R 1] IR B
P AR, NP 4 BT R L aopE i e AL 5 A R
ABON d,, FETERLIE & MR E S &, B0 5005, 2 il
WA N Fo s Zas sl B o M IR 3 (2 8
vl t) IRJE GBI AT SR il SRl L B o Bl 5
Pl A4 Lyapunov p& %0 10 542 1 07 35 #E AT 1
T P Sl o BTt 8 S0 5 AR T % 2 A i B Ak
(ARt A T B RS2 A o K B LA BE AR FBORT AR 12 3k P
T ARG BASE N AR T AR OB A L R i
1A BR2E 70 W T3 L B AIE T BT B A R R DT TA Y
ARE .

y

0] T v(x, 1)

P4 SR AT -RHJE - S AR Al 2 S R R R S
Fig. 4  An axially moving string system with the mass

damper-spring (MDS) controller

Zhu ST R4 Lyapunov Fa e 48 i i 7
s ) SR A ot AT TR A JBE 1 Al 1) 32 Bl R AT IR B0
AE A2 (19 91 I 0 M 1 il 1 B2 A A 5K T Y S A
B DU 3 4 T b 1] o B R A A el 2 (] AT RE
Yang 451 VRF ST 5K 3 B A I8 R4S 8] 78 S A
AT AE R R T R IE 3l 932 Bl 52 4% AR 1o i 2l 410 76
Jrk s RGN S Pron . EKIEEEE D o, P
KA T, MRS w0 5L L A it
0T — A8 AT R IR S A - EL R B 23 53 D m,
Hd. SRSl 5% 2 o) O 3 45 XI5 R 52 58 X
REZEX B35 A L d@ id Lyapunov J5 ¥ %
T TR S A T SR R A A2 4 DX I P 8 17 % Sl
PE . JE ok, Yang ST SRR A AR HUE 2 B IR B
FERPEFE 2T Lyapunov J5 ik B9 1 545 il SR s
H1 T 3 I S 1 T i — PO T i ) 32 B
SRR SN 0 9K B 45 1 2 B AE - Nguyen 575 2 11 T
— PP AEAL 5K 7 ML R T 0T AT LAAME 522k B B Fid
Fog ] e A B0 S A AR A O L A SR R T i
Chao 85" R FH Al 42 i) 508 Wi ke 400 o i 174 328 5

ZAEX R XK
P 5 SRR 3R Bl 1Al 17 32 B % 2k R 3 1 1 AR S

Fig. 5 One control-oriented schematic of the axially mov-

ing string with a hydraulic actuator

LR R T IR B L 4R TR AR A ) 5k AN
M I 28 P 7 1 A B2 i SR A T —
A i - B - s o 5 ol 2 iz g 5% 2 M 4 ] AR
RGBS MG RS R MR R . ek
A T A 4 ) 7 32k A DL B T ATH 3 AR S R I 2 i
OF o TS AH) ot 22 ) 0% 42 1 7 36 RE RS S BRAE k2~

AT AR ST il ) 32 ) 5 2R T 4 4
(R 5 28 0 A9 88 1) % 3 4% il IR , >R A Lyapunov
Tk HIE BT ¥ BB AR 7 vE MV S s A i O i
GEAR A AR P2 1 b ) A1 500 2 8 52 45 X Sk A
EahiEhl . BAEESFCLEL R FL B IR TES
i T 12 3 45 HAt N 3R o R R S A S A A
AHRENE N T s P R BRI AR R
UCHELE P il b BT TR BB HL 5

A b 45 7 3 32 B 1 0 G ARy iR gL
TEEE T Jl 15 328 Bl I 194 8 1 IR sl 4 AT 5 P
iR A AN 1Y L E e B DR NS L R
25 UK e (I A7 W 77 3 R L A BB I L AE ) T 2R
P X BEAT TR AR S . eI S IR
AT RSB i B TR R SR AU O Bt
W44, JF i Matlab 38R B0 E X J7 K 00 A
Btk

B A N TR AU L g i W) R
9 il 17 3 2 AL 1Y B0 < O R L OR AT R 22 O ik
B B 53 75 7 B L R FH U S 045 i D5 ik 8 DU 3
SRR SN I A PR R R IR S AT
AR A R I T TG A R0 T IR 5 0
WA T E . T A R U 1 B A A AR B E A
ISP X U 3 ] ST ) 3R AR 2l 47 ) AROR B s 4R Bl
s VB R A [ 07 B e I 33 b i SR 26 1R 29 2 A
FHAE HR o I 1 42 ) B0CR B . 35 B 46 1 3
3 B T BER AN BEA AP TR T L 75 U 22 5 Wi R A
AT P S PR O K o A A 1) iR Bl 4 i 5 5 R A
BTt i b A 4 7 . Nguyen &2 S0 g ) 7 —
b B0 A - Sl R 1) % 3 1 U5 3k Tl Galer-
kin 75 3% - 5 4% 30 09 D B3 20 05 e S 1O — R SR
Tl o3 75 » - e A2 R 25 23 18] 9 T 5 T oA - 2 il



LR

14 P 20 BB fiE 8 JBOCIR 28548 H 9 — U B R T 3 e
TEE’J%%%%%EE*%%H%E’JEEHH%,ﬁBF&%
B A $¢ IR T A~ o 2 ) 2k 3 2l I L 4R 2l RiE i D5 M A
P S5 S BUE T IR T 4R A 5 s A K
Yo WNIEN 6 Bz 7R TSI B B i 2 i 1 DL T
YR B fIE 8 AR AR 1) IR Bl (688 7 e O N B 58
Healt & AN SR FH AR 3l 2 i 3058 I A B RG 1E BE
JETT AR BL T W R 9 2l fE 1t A0 B 1 4R 30 67 B i 2L
ARA A I 18] A BE WA SACRI 2 71 B 52 W) i3 A 0 AR
Jabbar "/ fE Nguyen #F 5% i JE At _F . 51 A b4 KL 3
SRR PR M 9K T 29 ROR 1 A BT B AR 2l B
2RI 2R 5K AU TE VR AT IE [ 2 N

3000

2500

m)

° 2 000rg

/(N

I 1 500} \}

qm

i 1000}

3

500

5 6 17 é é 1‘0
t/s
(a) B A1 3N RE R SSCx H

(a) Convergence of the vibration energy

t/s

(b) x=1/ 2B I HR BN AL B WL SR EL

(b) Convergence of the transverse displacement at x=//2

B 6 4% 30 Re kAR ] 00 4% 65 bL L SR A4 ) 5 0k (52400
AR P 7 i R 20

Fig. 6 Comparison of the vibration energy and the trans-

verse displacement; controlled (solid line) versus

uncontrolled (dotted line)

4 TH#EMNH

EFE 2 NHAE RFID $R % A LA
TR K B RE L B L 7 A S A A T A o
. HAT. ©TT K T 2 AR R B8 il E SR

THE L4 4 B 3 b R OB 1 R S BT 9T 859
A ERAT . T SR B AR PR R A R AT A M B
A il 3 5 00 A0 PR AIE R AR RE 96 B SE R Al 1 A 0% L e

SR IZ Bl B AR Bl A A8 E T Y 32 2 DR AT B ARGK T
Sz Bl B LA HE AR 1 i A% L Tk 2 R Y A
2GR AR 0] IR 30 3 BN S B R AR AR S
Bk T 3 JEE A i) 5 A AT 4

B 7 B o REID bp 28 A 7 B0 o £ 45 56 AR i
T8 L DU L A H ARG AR B, G e e AR B s A R
e A % IR B B A8 WA 52 AT 55 1) AT 12 A S A
T RUE RS W L AR RS I 1 R A S B
J 5 R B 0 L 0 TUORIE 1 R AR AR S Y
5 DRI 0 e A Sl K T A R s o7 B4 o A
a0 ff 4 o

e s o B 1 iy

ﬁam;sumﬁmm

7 RFEID 5% 3 2 54
Fig. 7 RFID tags packaging equipment

VAR T Oy SR ) R E S AT L
Ja R TR - A5 GEad B oy o IR AR 23 W R AR 5K ) 1 A2 Ak
i bR A S U LR RO B A AR K Sl
) FH K 7 A2 T e 52 A A 0 Al WA A DX 35k g 14
A AR AR S A5 VR R R 8 e A o P T S LA
s A e B AR I T X SECR A K -0 EDR A
PR Tk o A A 2 1 5K A5 AR D B S B AL
M I FH 5K Bl e AL %% Bl 47 8% 1 78 Ak 52 BBk g R
BRATEE . R Ry TS AR O ] A 4
7 B Wi 3% 22 A~ DX I 2 2B ] i 42 7 i % B A A
Ti] {7 (1 S5 B 0 R 4 o

Bl 8 Frs MBI 2 R G B4 e ST AR
BV E = IR E MK B SR EN T E 5658
BORBEATRLG R TR 04 I i R 58 7 R M
*ﬁiT;&fAﬁa& [P ESCE A DS RS o

% 10 pm,)zlﬁﬂé/ﬁﬁf; Bik+2.5 pm,

K19 BT R 21 SR A A B 4 o AR IR
J2 IS 2 2ok A g BV AR T A T S R (M ) 45
PEAF 5 5 TO0 2 ISP 5 5 o R 0 AT AN ) R 1 2
B TE A 7 I AR X % 2 v S i e g 4 o AR S



860 T N

w5 & W

837 %

K8 GIEZMAL

Fig. 8 Roll-to-roll lithography system

EE?%H%" ——

B9 7 A 1 A B i i

Fig.9 Roll-to-roll manufacturing of display parts

O 50 O AT R A 3
o R 5902 2 0 AT
WE A

5 B 2

12 Bl HAR 11 IR 3l 20 5 45 2 R 4 2 4
M I T I S B ] AL, 28 3 8 a2 R AROR 1] R
ARG R AR5 ik A i AR SR S Ok S R
YR B i 7 3 A K T T A o T B 2 ST A R
DN TSI B R AR e e B R A i 45 B i i v
18 Bl HE AR 18] 4R Bl i A7 AR LT DR Bk — 2 IR
5t :

D) & 246 5 TR S A 1R A B R
AU AR L O 32 52 A 29 SO0 — & 119 1 728 38l »
i BERE ffy i o S A AT AR A T i — R

2) B IBARR LN R (& A% 2 AR A2 U 1 a2
Sy SRR 17 P 3l 2 T 1 ) F 5 M MR A M
% X Al Al G i 3l S B AT — R 9 R AL L 2R
My S AR i S SR R A T I B

(9 A 3 I A 0 R

3) H BT % iz 2l 3 A )R 1 I sl ek K A Oy
TEIRT ST B R B A S 5 U T AR S g
R 5T 75 TG 32 BB ) S 405 Al w8 A A L R 5 T
Bz S R B SE IR o B X 12 Bl ARURE 1wl % 2l 1 52 56
WA it — P HRR.

Z % X ik

[1] Seshadri A, Pagilla P R, Lynch J E. Modeling print
registration in roll-to-roll printing presses[ J]. Journal
of Dynamic Systems, Measurement, and Control,
2013, 135(3): 31016-1-31016-11.

[2] Nguyen Q C, Hong K S. Simultaneous control of lon-
gitudinal and transverse vibrations of an axially moving
string with velocity tracking[J]. Journal of Sound and
Vibration, 2012, 331(13): 3006-3019.

(3] ##pE. degethu b 1 uih g bR 8 AR AR &t 3
N ID] Kb KPE TR, 2013,

[4] Park S, Yoo H H, Chung J. Vibrations of an axially
moving beam with deployment or retraction[]J]. AIAA
Journal, 2012, 51(3): 686-696.

[5] Tang Youqi, Zhang Dengbo, Gao Jiaming. Parametric
and internal resonance of axially accelerating viscoelas-
tic beams with the recognition of longitudinally varying
tensions[ J ]. Nonlinear Dynamics, 2016, 83 (1-2):
401-418.

[6] Jabbar K A, Pagilla P R. Optimal velocity profile de-
sign for transport of viscoelastic webs in roll-to-roll
manufacturing [ C] // Proceedings of 2016 American
Control Conference. [S. 1. ]: IEEE, 2016. 1729-1734.

[7] Marynowski K, Kapitaniak T. Kelvin - Voigt versus
Biirgers internal damping in modeling of axially mov-
ing viscoelastic web[ J]. International Journal of Non-
Linear Mechanics, 2002, 37(7). 1147-1161.

[8] Tang Youqi, Chen Liqun. Parametric and internal res-
onances of in-plane accelerating viscoelastic plates[ J].
Acta Mechanica, 2012, 223(2): 415-431.

[9] Marynowski K. Non-linear vibrations of an axially
moving viscoelastic web with time-dependent tension
[J]. Chaos, Solitons & Fractals, 2004, 21(2): 481-
490.

[10] Zhang Guoce, Ding Hu, Chen Liqun, et al. Galerkin
method for steady-state response of nonlinear forced
vibration of axially moving beams at supercritical
speeds[]J]. Journal of Sound and Vibration, 2012, 331
(7). 1612-1623.

[11] Ding Hu, Chen Liqun. Galerkin methods for natural



LR

THE L4 4 B 3 b R OB 1 R S BT 9T

861

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

frequencies of high-speed axially moving beams[]].
Journal of Sound and Vibration, 2010, 329(17) . 3484-
3494,

Jaberzadeh E, Azhari M, Boroomand B. Free vibra-
tion of moving laminated composite plates with and
without skew roller using the element-free Galerkin
method[ J]. Tranian Journal of Science and Technolo-
gy, Transactions of Civil Engineering, 2014, 38(C2)
377-393.

Shin C, Chung J, Kim W. Dynamic characteristics of
the out-of-plane vibration for an axially moving mem-
brane[J]. Journal of Sound and Vibration, 2005, 286
(4-5): 1019-1031.

Yang Xiaodong, Zhang Wei, Chen Liqun, et al. Dy-
namical analysis of axially moving plate by finite
difference method[J]. Nonlinear Dynamics, 2012, 67
(2): 997-1006.

Ding Hu, Chen Liqun. Stability of axially accelerating
viscoelastic beams; multi-scale analysis with numerical
confirmations[ ] |. European Journal of Mechanics-A/
Solids, 2008, 27(6) . 1108-1120.

Zhou Yinfeng, Wang Zhongmin. Vibrations of axially
moving viscoelastic plate with parabolically varying
thickness[J]. Journal of Sound and Vibration, 2008,
316(1) . 198-210.

Shangguan Wenbin, Feng Xiao, Lin Haoting, et al. A
calculation method for natural frequencies and trans-
verse vibration of a belt span in accessory drive sys-
tems[J]. Proceedings of the Institution of Mechanical
Engineers, Part C; Journal of Mechanical Engineering
Science, 2013, 227(10) . 2268-2279.

Liew K M, Huang Y Q. Reddy J N. Vibration analy-
sis of symmetrically laminated plates based on FSDT
using the moving least squares differential quadrature
method[ J]. Computer Methods in Applied Mechanics
and Engineering, 2003, 192(19). 2203-2222.

Liu Jintang, Fu Li, Yang Xiaodong, et al. A differen-
tial Quadrature out-of-plane vibration analysis of axial-
ly moving thin plates[ C] // Chinese Control and Deci-
sion Conference (CCDC). [S. 1. ]:IEEE, 2011 3335-
3338.

Wang Lihua, Hu Zhengdong, Zhong Zheng. Dynamic
analysis of an axially translating plate with time-vari-
ant length[ J ]. Acta Mechanica, 2010, 215(1-4): 9-
23.

Banichuk N, Jeronen J, Ivanova S, et al. Analytical
approach for the problems of dynamics and stability of
a moving web[ ] ]. Journal of Structural Mechanics,

2015, 48(3): 136-163.

(22 At HL AT AR P Al 1) 32 3l AR T8 WA A A 42 1 i 3l

[23]

[24]

[25]

[26]

[27]

(28]

(29]

[30]

FID]. ZEE. MKy, 2013

Ulsoy A G, Mote ] C D. Vibration of wide band saw
blades[J]. Journal of Engineering for Industry, 1982,
104(1) . 71-78.

Ghayesh M H, Yourdkhani M, Balar S, et al. Vibra-
tions and stability of axially traveling laminated beams
[J]. Applied Mathematics and Computation, 2010,
217(2) . 545-556.

Tang Youqi, Chen Liqun, Yang Xiaodong. Natural
frequencies, modes and critical speeds of axially mov-
ing Timoshenko beams with different boundary condi-
tions[J]. International Journal of Mechanical Sciences,
2008, 50(10-11). 1448-1458.

Wang Yuefang, Huang Lihua, Liu Xuetao. Eigenvalue
and stability analysis for transverse vibrations of axial-
ly moving strings based on Hamiltonian dynamics[]J].
Acta Mechanica Sinica, 2005, 21(5): 485-494.

Shin C, Chung J, Yoo H H. Dynamic responses of the
in-plane and out-of-plane vibrations for an axially mov-
ing membrane[ J]. Journal of Sound and Vibration,
2006, 297(3-5): 794-809.

Shin C, Chung J, Yoo H H. Dynamic responses of the
in-plane and out-of-plane vibrations for an axially mov-
ing membrane[ J]. Journal of Sound and Vibration,
2006, 297(3) . 794-809.

Shin C, Kim W, Chung J. Free in-plane vibration of
an axially moving membrane[ J|. Journal of Sound and
Vibration, 2004, 272(1-2); 137-154.

Luo A CJ, Hamidzadeh H R. Equilibrium and buck-
ling stability for axially traveling plates[J]. Communi-
cations in Nonlinear Science and Numerical Simula-

tion, 2004, 9(3): 343-360.

[31] Wu Jimei, Wang Zhongmin, Wu Qiuming, et al.

[32]

[33]

[34]

Transverse vibration characteristics of a paper web
with multi-roller supports[ J]. Journal of Low Fre-
quency Noise, Vibration and Active Control, 2009, 28
(2): 133-144.

LiCF, Lee Y Y, Lim C W, et al. Free vibration of
long-span continuous rectangular Kirchhoff plates with
internal rigid line supports[ J]. Journal of Sound and
Vibration, 2006, 297(1-2) . 351-364.
Banichuk N, Ivanova S, Jeronen J, et al. Periodic
spectral instability analysis of axially moving beam
with elastic supports[J]. Journal of Structural Me-
chanics, 2014, 47(1): 1-16.

Ghayesh M H, Amabili M, Paidoussis M P. Nonlin-
ear vibrations and stability of an axially moving beam

with an intermediate spring support: two-dimensional



862 ® oW X5 & W %37 &
analysis[J]. Nonlinear Dynamics, 2012, 70(1): 335- tion, 2005, 284(3): 879-891.
354, [46] Chen Liqun, Yang Xiaodong, Cheng Changjun. Dy-
[35] Bagdatli S M, Ozkaya E, Oz H R. Dynamics of axially namic stability of an axially accelerating viscoelastic
accelerating beams with an intermediate support[J]. beam[]]. European Journal of Mechanics-A/Solids,
Journal of Vibration and Acoustics, 2011, 133(3): 2004, 23(4): 659-666.
31013-1-31013-10. [47] Zhou Yinfeng, Wang Zhongmin. Transverse vibration

[36]

Banichuk N, Jeronen J, Neittaanmaki P, et al. Theo-
retical study on travelling web dynamics and instability
International

132-

under non-homogeneous tension [ J .
Journal of Mechanical Sciences, 2013, 66 (1):
140.

(371 . 71, ) A, 5. AR I 25K I3 15 1 a2 sl e

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

MR E PEDEFE LT ], P2 B TR 2224, 2016, 32(1):
58-62.

Wang Yan, Nie Ziheng, Wu Jimei, et al. The study of
stability of the moving membrane under non-uniform
tension[ J]. Journal of Xi" an University of Technolo-
gy. 2016, 32(1): 58-62. (in Chinese)

Yang Xiaodong, Chen Liqun, Zu ] W. Vibrations and
stability of an axially moving rectangular composite
plate[J]. Journal of Applied Mechanics, 2011, 78(1):
11018-1-11018-11.

Hatami S, Azhari M, Saadatpour M M. Free vibration
of moving laminated composite plates[ ]J]. Composite
Structures, 2007, 80(4): 609-620.

Banichuk N, Jeronen J, Neittaanmiki P, et al. Static
instability analysis for travelling membranes and plates
interacting with axially moving ideal fluid[J]. Journal
of Fluids and Structures, 2010, 26(2): 274-291.
Banichuk N, Jeronen J, Neittaanm K P, et al. Dy-
namic behaviour of an axially moving plate undergoing
small cylindrical deformation submerged in axially
flowing ideal fluid[J]. Journal of Fluids and Struc-
tures, 2011, 27(7) . 986-1005.

Chen Liqun, Tang Youqi. Lim C W. Dynamic stabili-
ty in parametric resonance of axially accelerating visco-
elastic Timoshenko beams[J]. Journal of Sound and
Vibration, 2010, 329(5) . 547-565.

Marynowski K. Two-dimensional rheological element
in modelling of axially moving viscoelastic web [ J].
European Journal of Mechanics - A/Solids, 2006, 25
(5): 729-744.

Chen Liqun, Yang Xiaodong. Transverse nonlinear
dynamics of axially accelerating viscoelastic beams
based on 4-term Galerkin truncation[]J]. Chaos, Soli-
tons &. Fractals, 2006, 27(3): 748-757.

Chen Liqun, Yang Xiaodong. Stability in parametric
resonance of axially moving viscoelastic beams with

time-dependent speed[J]. Journal of Sound and Vibra-

48]

[49]

[50]

[51]

[52]

[54]

[55]

[56]

characteristics of axially moving viscoelastic plate[ ] ].
Applied Mathematics and Mechanics, 2007, 28 (2):
209-218.

Zhou Yinfeng, Wang Zhongmin. Dynamic behaviors of
axially moving viscoelastic plate with varying thickness
L1l
2009, 22(2). 276-281.

Hatami S, Ronagh H R, Azhari M. Exact free vibra-

Chinese Journal of Mechanical Engineering,

tion analysis of axially moving viscoelastic plates[ J].
Computers &. Structures, 2008, 86 (17-18): 1738-
1746.

Marynowski K, Kapitaniak T. Zener internal damping
in modelling of axially moving viscoelastic beam with
time-dependent tension [ ] ]. International Journal of
Non-Linear Mechanics, 2007, 42(1).: 118-131.

Yang K J, Hong K S, Matsuno F. Energy-based con-

trol of axially translating beams: varying tension,

IEEE

var-
ying speed, and disturbance adaptation [ J].
Transactions on Control Systems Technology, 2005,
13(6): 1045-1054.

Lee H P, Ng T Y. Dynamic stability of a moving rec-
tangular plate subject to in-plane acceleration and force
perturbations[ J ]. Applied Acoustics, 1995, 45(1):
47-59.

Chen Liqun, Tang Youqi. Combination and principal
parametric resonances of axially accelerating viscoelas-
tic beams: Recognition of longitudinally varying ten-
sions[ J]. Journal of Sound and Vibration, 2011, 330
(23): 5598-5614.

Tang Youqi, Chen Liqun, Zhang Haijuan, et al. Sta-
bility of axially accelerating viscoelastic Timoshenko
beams: recognition of longitudinally varying tensions
[J]. Mechanism and Machine Theory, 2013, 62(1):
31-50.

Chen Liqun, Tang Youqi. Zu J] W. Nonlinear trans-
verse vibration of axially accelerating strings with exact
internal resonances and longitudinally varying tensions
[J]. Nonlinear Dynamics, 2014, 76(2). 1443-1468.
Lii Haiwei, Li Yinghui, Li Liang, et al. Transverse
vibration of viscoelastic sandwich beam with time-de-
pendent axial tension and axially varying moving veloc-
ity[J]. Applied Mathematical Modelling, 2014, 38(9-
10): 2558-2585.



LR

THE L4 4 B 3 b R OB 1 R S BT 9T

863

[57]

[58]

[59]

[60]

[61]

[62]

Lengoc L., Mccallion H. Wide bandsaw blade under
cutting conditions; Part I; Vibration of a plate moving
in its plane while subjected to tangential edge loading
[J1. Journal of Sound and Vibration, 1995, 186(1):
125-142.

Lengoc L, Mccallion H. Wide bandsaw blade under
cutting conditions; Part II; Stability of a plate moving
in its plane while subjected to parametric excitation
[J]. Journal of Sound and Vibration, 1995, 186(1):
143-162.

Oz H R, Pakdemirli M, Boyaci H. Non-linear vibra-
tions and stability of an axially moving beam with
time-dependent velocity [ J]. International Journal of
Non-Linear Mechanics, 2001, 36(1): 107-115.

Tang Youqi, Chen Liqun. Stability analysis and nu-
merical confirmation in parametric resonance of axially
moving viscoelastic plates with time-dependent speed
[J]. European Journal of Mechanics - A/Solids, 2013,
37(1). 106-121.

Tang Youqi, Chen Liqun, Yang Xiaodong. Parametric
resonance of axially moving Timoshenko beams with
time-dependent speed[J]. Nonlinear Dynamics, 2009,
58(4): 715-724,

Wu Jimei, Wu Qiumin, Ma Lie, et al. Parameter vi-
bration and dynamic stability of the printing paper web
with variable speed[J]. Low Frequency Noise, Vibra-
tion and Active Control, 2010, 29(4) . 281-291.

(63 ] £k BRILTE. faloon R ARk Ak JHL Al 1) 2% 8 2 o P SRR TR

RO a5 ehas, 2012, 31(5) . 87-91.

Wang Bo, Chen Liqun. Treating hybrid boundary con-
dition of an axially accelerating viscoelastic beam via a
differential quadrature scheme[J]. Journal of Vibra-

tion and Shock, 2012, 31(5); 87-91. (in Chinese)

[64] X 45 A De AR 5 3= KL 45 A8 I 1] 32 8l 1E 58 4% 18] =

[65]

[66]

[67]

PEARR 0] B 3h iy B 2 RO 4r Fr (00, HUAR 3R
2010, 32(4) . 531-535.

Liu Jintang, Yang Xiaodong, Zhang Yufei, et al. Di-
rect multiscale analysis of transverse vibration for an
axially accelerating orthotropic plate [ J]. Journal of
Mechanical Strength, 2010, 32(4). 531-535. (in Chi-
nese)

Yang Bingen. Vibration control of gyroscopic systems
via direct velocity feedback[]]. Journal of Sound and
Vibration, 1994, 175(4) . 525-534.

Yang K J, Hong K S, Matsuno F. Robust boundary
control of an axially moving string by using a PR
transfer function[ J]. IEEE Transactions on Automatic
Control, 2005, 50(12) . 2053-2058.

Nguyen Q C, Ngo Q H, Hong K S. Active vibration

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

control of an axially moving beam using varying veloci-
ty method[ C] // ICCAS-SICE International Joint Con-
ference. [S.1. J: IEEE, 2009. 287-292.

Fung R F, Tseng C C. Boundary control of an axially
moving string via Lyapunov method [J]. Journal of
Dynamic Systems, Measurement, and Control, 1999,
121(1). 105-110.

He Wei, Ge S S. Robust adaptive boundary control of
a vibrating string under unknown time-varying disturb-
ance [ J .
Technology, 2012, 20(1). 48-58.

IEEE Transactions on Control Systems

Fung Rongfong, Chou Jyhhorng, Kuo Yulung. Opti-
mal boundary control of an axially moving material
system[ J]. Journal of Dynamic Systems, Measure-
ment, and Control. 2002, 124(1). 55-61.
Fung Rongfong, Wu Jinnwen, Lu Paiyat. Adaptive
boundary control of an axially moving string system
[J]. Journal of Vibration and Acoustics, 2002, 124
(3): 435-440.

Zhu Weidong, Ni Jun, Huang Jie. Active control of
translating media with arbitrarily varying length[]J].
Journal of Vibration and Acoustics, 2001, 123 (3):
347-358.

Yang K J, Hong K S, Matsuno F. Robust adaptive
boundary control of an axially moving string under a
spatiotemporally varying tension[ J]. Journal of Sound
and Vibration, 2004, 273(4) . 1007-1029.

Yang K J, Hong K S, Matsuno F. Boundary control
of a translating tensioned beam with varying speed[]].
IEEE/ASME Transactions on Mechatronics, 2005, 10
(5): 594-597.

Nguyen Q C, Hong K S. Asymptotic stabilization of a
nonlinear axially moving string by adaptive boundary
control[J]. Journal of Sound and Vibration, 2010, 329
(22) . 4588-4603.

Chao P C, Lai Chengliang. Boundary control of an axi-
ally moving string via fuzzy sliding-mode control and
fuzzy neural network methods[J]. Journal of Sound

and Vibration, 2003, 262(4); 795-813.

(771 5K RILTE. Bl 1) 32 By 5% SR 1] IR B #) 28 1 1 15t 42 1)

()], R J12248, 2006, 23(2): 242-245.

Zhang Wei, Chen Liqun. Transverse vibration control
of axially moving string system by linear backward
[J]. Chinese Journal of Applied Mechanics, 2006, 23

(2): 242-245. (in Chinese)

(78] 5K BRILTE. il 1) 32 3 5% St 1) JIk Sh 4% 360 149 A 36 1y

B0, P TREF R, 2006, 42(4) : 96-100.
Zhang Wei, Chen Liqun. Transverse vibration control

of an axially moving string system by adaptive method



864 & oo oK 5 & W 837 %
[J]. Chinese Journal of Mechanical Engineering, Yin Zhouping. Tao Bo. Intelligent manufacturing and
2006, 42(4): 96-100. (in Chinese) RFID technology [ J]. Aeronautical Manufacturing

(797 kA6 R BE. Bl s 3 5% 26 1 ) 3% o 19 32 1 - B o Technology, 2014(3): 32-35. (in Chinese)
T, MUBGEREE, 2006, 28(2): 201-204. [88] Chen Jiankui, Yin Zhouping, Xiong Youlun. et al. A
Zhang Wei, Chen Liqun. Transverse vibration control hybrid control method of tension and position for a dis-
of an axially moving string system: energy method continuous web transport system [ C] // International
[J]. Journal of Mechanical Strength, 2006, 28(2): Conference on Information and Automation. [S. 1. J:
201-204. (in Chinese) IEEE., 2009. 265-270.

(807 5K A » MR~ BF. % 1m) 32 B 3% 2 A 1m) 4% 2 #%5  #9 Lya- (891 BRatieh. AF #2045 58 & e dh Jy % lEAR 5 5k g / o 1 42
punov J7 &[] MBS 58 A . 2006, 23(4): 531- il S H R D] i A rh R R, 2010.
535. (907 WRazie, T 00, 7 Ja o7, 4. 46 52 4% 2l 3k g 4 il L
Zhang Wei, Chen Liqun. Transverse vibration control WM 50T ], B HIE TR, 2006(3): 1-3.
of an axially moving string system by Lyapunov meth- Chen Jiankui, Ding Han, Yin Zhouping, et al. Analy-
od[J]. Control Theory & Applications, 2006, 23(4) sis and design of tension control structure in flexibly
531-535. (in Chinese) winding drive[ J]. Modern Manufacturing Engineer-

(81 ] A%, kM. il 1a) 32 3 5% S B 1 R SR A8 RO Bt H ing, 2006(3); 1-3. (in Chinese)
cofg il [J]. MUMR B it 5 il TR, 2015, 44(1): 57- [91] A&HE. FHBEIEESNEREKDER EE I E
61. Fs2gm[ D] s BB, 2013,
Li Zhijun, Zhang Wei. Transverse vibration control of [92] BBk, M MEALER % RGPk i HI BT 9 5 0
an axially moving string system on the state feedback [D]. B R R, 2012,
control[ ] ]. Machine Design and Manufacturing Engi- (93] gk4R. FrEEMRAE MM EEE T ENRID]. R
neering, 2015, 44(1); 57-61. (in Chinese) e RHCR Y, 2012,

[82] sk . T A& B, il 7] 32 ol 40 T 3 5% A 8% 1) IR 2 5 [94] Jain K, Klosner M, Zemel M, et al. Flexible electron-
[T]. P23 T k2#2#4% . 2007, 23(1) . 62-65. ics and displays: high-resolution, roll-to-roll, projec-
Liu Dinggiang, Wang Zhongmin. The transverse vi- tion lithography and photoablation processing technol-
bration control of an axially moving rectangular mem- ogies for high-throughput production[J]. Proceedings
brane[J]. Journal of Xi' an University of Technology, of the IEEE, 2005, 93(8): 1500-1510.
2007, 23(1); 62-65. (in Chinese) [95] Lo C Y, Hiitola-Keinanen J, Huttunen O H, et al.

[83]

[84]

[85]

[86]

[87]

WA B L S T R it N B A Sz 2 TR
M AR wF o LI R B R )&, 2015, 36
(7). 686-699.

Wu Jimei, Jing Tao, Wang Yan, et al. Transverse vi-
bration control of moving printing membranes with
bending stiffness[ J]. Applied Mathematics and Me-
chanics, 2015, 36(7): 686-699. (in Chinese)

Nguyen Q C, Hong K S. Transverse vibration control
of axially moving membranes by regulation of axial ve-
locity [ J 1.
Technology. 2012, 20(4) . 1124-1131.

Nguyen Q C, Hong K S. Stabilization of an axially

IEEE Transactions on Control Systems

moving web via regulation of axial velocity[J]. Journal
of Sound and Vibration, 2011, 330(20): 4676-4688.
Huang Yongan, Chen Jiankui, Yin Zhouping. et al.
Roll-to-roll processing of flexible heterogeneous elec-
tronics with low interfacial residual stress[J]. IEEE
Transactions on Components Packaging and Manufac-
turing Technology, 2011, 1(9). 1368-1377.
FHEF LB . FREHIE 5 RFID $OR1T]. i % ) &
HFHA, 2014(3): 32-35.

Novel roll-to-roll lift-off patterned active-matrix dis-
play on flexible polymer substrate[ J]. Microelectronic

Engineering, 2009, 86(4-6) . 979-983.

E—EEEN: FHF.H. 1972 49
HHE WL R RS, BRA
AR SR A AR BH R UL H
. Kk# SCILIB3C 100 &5, H R
FAE 2 W AR W & F) 80 L B E
FKEARPISF X HEEAR KW %
K EEBHS T HERL LI, FE
WESET7 18] g L7 1] 3 R 5 e 4 B
L RERI E R AR

E-mail ;: yinzhp@hust. edu. cn



