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(c) Equivalent stiffness distribution

2-1 Tensile pattern modelling of thin plate
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Ivibration

[%] 2-2 Simplified dynamic link model of thin plate
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2-3 Equivalent mass and equivalent bending stiffness of simplified dynamic link model
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(a) Center buckle (b) Edge buckle (one side)  (c) Edge buckle (both sides)
2-4 FEM models of various strain patterns of plate
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Center buckle
2-5 Stress contour map in plate in the case of Center buckle

(a) mode 1 (5.79Hz) (b) mode 2 (7.85Hz) (c) mode 3 (8.46Hz) (d) mode 4 (10.8Hz)

2-6  Natural vibration mode of thin plate in the case of center buckle
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2-7  Comparison of least squared method with proposed SVD method
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2-8 ldentification results of tension distribution
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2-9  Mode shape of simplified dynamic link model
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2-10 Contributions of modal stiffness
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T— REFEH LEGAEORERETH L. K 2-11(c)E 1 k~4 RE— RON, 3WE—
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DOHEHE L THR2E)DIL & 72> TV AHH(18) D IRENE — N & EF R ORI L 5T,
FAEDOEREY CTHIUIK Y LHOZ LI LD EEZLND.

B 2-12 (Z[AER D CTHHOMRICRT L CRAREZITo iR 2~ 3. X 2-12(b)
E O FHOOGE, SFHE— RZ2 1k E 2IRIZLIEGEDREM RO SMITEZ L7725
FEM fENTHRE DDA & DZENDNR Y REL 2o TNDH Z ENbnd. ZHIEFFREL X
5 L LTV ARSI LEAREL & IRENE — FOFHR/ AR L TVDHZ LIk
LZb0EBEZLND. X 2-12(0)1E 1 IkR~4 IRE— KON, —D2DF— RBRKRIF7HE
DRIEFER T, FHODOEHEA LK 2-11(c) & FERISERFTOE— RABR T THREE R [FH
ETETWAHILBbM5.

36



|—0— model —#— mode2 —&— mode3 —¢— mode4 —<— modeq |—0— model —— mode2 —&— mode3 —— mode4 —— modeq

0.6 0.6
[5] (5]
ko] k=)
2 2 [
s O s 0
£ £
< <
4
-0.6 ! ! ! ! -0.6 ! ! ! !
0 200 400 600 800 1000 0 200 400 600 800 1000
Position [mm] Position [mm]
(a) Mode shape (a) Mode shape
—8— FEM result —#— model~2 —8— FEM result —#— model~2
—&— model~3 —— model~5 —&— model~3 —e— model~5
Z 1000 = 1000
5 5
2 600 2 600
B ottty
S 400 S 400 %‘L
5 s
‘= 200 ‘s> 200
g g N
[t 0 L L L L [ 0 L L P L
0 200 400 600 800 1000 0 200 400 600 800 1000
Position [mm] Position [mm]
(b) Various number of the mode (b) Various number of the mode
—8— FEM result —#— model,2,4 —o— FEM result —#— model1,2,4
—&— model,34 —e— mode2~4 — —&— model,34 —e— mode2~4
= 1000 Z. 1000
S 800 S 800
g =
2 600 2 600
Z 40k + = ' S 400
s S o
2 20 g 20
R . . . . £ 0 ' ' ' '
0 200 400 600 800 1000 0 200 400 600 800 1000
Position [mm] Position [mm]
(c) Influence of lack of the mode (c) Influence of lack of the mode
2-11 Identification results of flat plate 2-12 Identification results in the

case of Center buckle

37



—o— model —— mode2 —A— mode3 —e— moded —s— mode5| |—0— model —— mode2 —&— mode3 —&— mode4 —<— modeq

0.8 0.6
[5] (5]
E E
E_ 0 E_ 0
< <
-0.8 -0.6
0 200 400 600 800 1000 0 200 400 600 800 1000
Position [mm] Position [mm]
(a) Mode shape (a) Mode shape
—o— FEM result —#— model~2 —o— FEM result —#— model~2
—&— model~3 —e— model~5 —&— model~3 —e— model~5
= 1000 = 1000
S 800 S 800
= 5
2 600 2 600
k7] @
S 400 S 400
5 S
‘s 200 ‘s 200
5 3 ﬁ. .3
= 0 = 0
0 200 400 600 800 1000 0 200 400 600 800 1000
Position [mm] Position [mm]
(b) Various number of the mode (b) Various number of the mode
—o— FEM result —#— model,2,4 —o— FEM result —#— model1,2,4
—&— model,34 —e— mode2~4 —&— model,34 —e— mode2~4
= 1000 = 1000
S 800 A S 800
5 5
2 600 2 600
S 400 S 400
= \ \ > =
2 200 3 200
S I L e Y
[ 0 L L L [ 0 L L L L
0 200 400 600 800 1000 0 200 400 600 800 1000
Position [mm] Position [mm]
(c) Influence of lack of the mode (c) Influence of lack of the mode

2-13 Identification results in the case of 2-14 Ildentification results in the case of
Edge buckle (one side) Edge buckle (both sides)

2-13 BLOK 2-14 [ ZHHOE BFIZHOWTE— RIEZE 2 CREAREARIT-7-
FERTHD. X 2-13(b) X 2-14(0) LV EH 5 B 2-12(b) D OO & [AEkIZE
— FOMAGOEL LIRE 2R E LTEGEXRERENE(LL TBY, AL OE—
ROFMAEDOE TIIHBRIBERS FETETWD Z bbb, £k, 2-13(c) &
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2-14(C) & W HEDWE DT — RPKIT D L RIEHENE(LT 2HENH D 2 & 03
REND. K 2-13C)D O TIE IR ELIZ2KE—F, X 2-14C)DH I TIL 3 KE
— FRRIF TG EITEROEN M & RESBRLWEB Lo TWnWD. 22 CTRERE
NEALT ZER L LT 2-13(a) & [ 2-14() DE— RERICER T2 &, #lzI1EX
2-13(C) 12 /R T O mode 1,24 TIEZE X THDH FEM fEHIZ KT L THEJ7 ML &
0~200[mm] D #EFH TR /) /3 A 3/ M RIE S TR Y, ZHUTK 2-13@)D 1k & 21X,
ARE—RFCIEHEICHT2H 2 THD. £, 2-14(c) 2~ T EHH O mode 1,2,4 Tl
400~600[mMm] DHIPH TR A DA/ N EL 2o TR, ZOHEHR 2-14@) THRA L-
E— ROHIZHY T2 0 ThHDH. DE VA LT — FOHNER HALE TILED S
OFERENRTNHBEEICH D 2 LD D. ZHIIATENEAIRE & R8T —
R~OETRIED FTF 52 FIH L TR A2 RD TN D729, T — RORIBHHR? /NS
WES D OREEMET T2 2 L1ICXH6bDEEZLND. Lo TR & R <
[FET D7OIIEFE— FOBEEHBIESFMICEARARI LTS Z ENEE
LnWeEX L.

B F CITRNIARRIEF RIS A U7 R R A2 £ 21 1R, e RFRREICRT L
TEAT 2R 8E & B L2 WRE R & OB 2B IL R < 3032 T, % 21
DWW TR KR RAE D 5%LL EOfli % B ZZICER AR R 28R L, [FERS 4 FFAN L
D8 b FEM AT RICIT < 70 D FPRAEE AR L7z, % 2-1 1Y Fri sl
— R 2o0BA1E 2~3, FHET—F3-50EAIL5~6, FHET—F4-5D8EEI1L7,
BHT— N5 O0OHAIT8~9 LroTHEY, BAT— FEKOBICHIE L CERALER
BN 2 DS HD Z EB DD, 2120, RUEAE—FETH-THE—FD
MAAE DI L > THRAREEOBRITE TR 5.

7% 2-1 Number of singular values used for the identification of tension distribution

flat Edge buckle  Edge buckle Center

(one side) (both sides) buckle
mode 1,2,4 6 5 5 6
mode 1,3,4 6 5 6 6
mode 2,3,4 6 5 6 5
mode 1~2 3 3 2 3
mode 1~3 5 5 5 5
mode 1~4 7 7 7 7
mode 1~5 9 8 9 8
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25. #8

KRETIE, OTHOH 5 EROIRENERE D DI T 8 0O 8E 1) 5540 % W78+ 5 Hifl & B %
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Hicw, 0, T, EOMOMEY E DI IRE @RS D 2 & 3 ATRE
ThD. BHANAREHR CIXMSET LV CHONEBEMITAEZMATHZ & T, EfF
REE EIRENE— RO DR/ ZRIBIC L VR RO 5 FikwRE L. o, &t
WA & bl U CRVER RIS A 2REIE — REMA DR WIGE T, Frik e ig 2 5 A
T5Z L TEANAOSEREZBS T Z L BIFRFREEREZGON D TiEERL
7. MEFEEZBRET 2TOREMNROTHOMTH L AL FHY, BEZ2HEEL
T2 D FEM B7 V& ERL L, 58 & 1IN0 L 7= R 88 C o B A fEfET TR Dz 1 ik~4
WE TCOBAGEIDE EEFROREHET— RE2 AW CREAISAZFRE L. ZORE,
FEM Ot L 0 G ook oM EREFIEC I DREM RS L —&L, AFE
DEREMEER LTz, SLIZIRENREICHW S E— ROMAEDLEE (LI ETHED
[FEREEEIZ DWW TORF HITV, #8178 F— K OMAS DO &2 BN IUTigH oo
T FBAXRT TOREDORWREMREN/FTOND Z 2R LI, £, KFIETITHRM
ENT=E— ROENER DS TR ORERENENT D Z L BNbnoT.
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3.1. %8

2BV COT RO &2 AT 5 HROE 0 & BA RS EEhTt— N LV &

325k LY, FEMfNIIC L W B aGR Lc. & 2 A TAREINEZ ERAT 5
(28 72 o TITRIE DS 1~2m, #iJE 1.0mm L F OERICHET T 5 2 E A RES D T2,
AR D JE PHIZAFAET D 22K DOMINE EORENFEREICRESEET LI ENB X
55, LM LAIE TIEZOREE TIZIEE-> T LT, KB CCIIHICEKROMNINE
/a2 ET /ML LT FEM T 24T - TR DFERGR OMEAZ A b Lc, £72, #Hitk
(AERT 2 EROMINEEZFEL L, RAOSMEEHO@ESET VITINZ 5 Z & TRE
WA WET D HEERE L.

32, EROMMEBEEEZEEL-EAREZE

S O S IR FET 256, WMIEWORBFHEIMASOZEEZZT 5. &
SHUSZEEH OWFARD L9 ITHiLR & 8 DRI KR E SARENENG S, EIHOFLAR D
FIVE BRI L TR A RO BE BN N S < 2R 5720, ZZRDPROIRENFFIEIC
b2 28R & 725 . BARBNTITER DO F I ZEKBFET 5 2 LI K D ik FEA
REBUIEZED LD RS20, RORHT— RO 5. 8- T, FERIZEAKD
B LIRET— FE VRO 2 FAET 25813 8IS ET D EROREE EET D
VER DD, € I TARETIRERORBEEZEE T 2571k UTIRE Bkl L OEN 5
FEARDIRHTIRIZ X D5 FEITED @) OFHEZ O W THHT 5.

321 REBEZXICLAHMEEEEE L= FEM fi#gHr

HEIE O JE PSR DR T 256, SIS M IREN T 2 & S & s #4 2 if
(ZIED AT D R O BANNEE 720 DL 040 D 5 BANEE & RIFHR >
EREED AN SN D E B & BT, IRERDOEIREE &R L LTET ML
T2 ENTES. MO FEMfENT V7 kT 5 Nastran Tl Virtual mass #6612 & 0,
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FARVE EEIC K DR O INE &RV R A BB LT 217 5 Z &£ 23 T& 5. Virtual mass
BERE TIIMRMT L, TARKOREIIIEEM, —RREE, RMIME-CMMERRIZZE L2l
PRESNTND.

X 3-1 |ZZEK DA IVE &% %8 L7 Nastran O FEM f#fr €7 V& R"d. €T /MLT L
IR E L, SHEEWMEIZIES 05mm, §E 1m, &K 9m, SZRim—/UfRE 3m, B
2700kg/m®, ¥ > 7' # 70GPa, N7 Y 03 & L. ZZROMNINEBEMERA TS DI1EK
Fia—/ Lo ImX3m O#FPHO A & L, FHAOBEEIT 1.293kg/m® & Lz, 72, OB
RIZAIE ORI T 23T B 72 DICOFTHD RN T T v FRTRIR E L. ERER
IR F NS x i, ARG N y i, BRI EEER TN 2 A RRE L, SRS
8R ) A AN U 7oA z 7 oMBR, x HATEE Y U —/v b 5 W 3ERE o — /L7
SR —RRIZH IR B TR IE A B T 5 7o O ICHI R M ORI ERL A U L9
PR ERE Lz, ZHUCE Y —20HRICIENZRET 2720 C, WMOMRIEIIDHRE
RHEFLL D XD RGN —RR R8BI BN % 5 2 72 Z &AM S 3 2 MR R s
BFond. £z, EENE 72D PO ORI x Trm & z iz U7z Bl SR &
L7z, g, WOEPITiEtk e —/ VAR L7z z Ty i 4 8 @A E Liz. y J7IH
DO FIZOWTHIRANEE— REBRET D 72O ORI —fi R 72T 2 7=, 7=,
FEM E7 /LD A v ¥ =2 (3—075 50mm OEHEE Lz

. Actual region of added mass effect
Constraint yg (20x60=1200 Elements, 21x61=1281 Nodes)
X

FiX ‘ » » - o Tension'
¢ 3000 N 4900[N]

3-1 Added mass effect modelling of thin plate based on virtual mass method

4 3-2 1Z9% /) 4900N 23 EM U 7oK RB CREA AT 21T > 7o R R 2~ X 3-2(a)idf
B &ZFHE L TWRWEE O —ROIRET— KT, 3-2(b)I% Virtual mass HEHRE %
ML TELSOMNNEREEZR L-SHEDE— RThD. M Z T 5 L =R0MINE
BEEELRWVEAOBEAREKIT 10.07Hz TH Y, (MINE &L EE L7254 13 7.63Hz
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(a)Mode shape (b) Mode shape
(f,=10.07Hz, without added mass) (f,=7.63Hz, with added mass)
3-2  Comparison of 1st mode of thin plate between without added mass and with added mass

3.22. RANDESZHEICL S MEEELE

&Y OF ik O INE &2 WA DR M T 2 51k E LT, FERoiiE ) oA %
EE ORI D EHEEOFSOEREDEE L TRIHT 2 HERH DO, K 3-31C
AT RICIRE T 2R 5, WEBLZ T L2EF L 1 LT 5 LHEMOWUNER AsI2B
T DIRENC K B H R O INERE Al U B IRIR S P i# s DSAITREBT), i=s
DOEEIIRBY)TEEIND. T 2 TRA pur [ TEREIE, rislIEE i MO HEFE s FTO
BB, ol 3AEWNE, cl3EROFEETH L. £, KBS FIE LIEEEE vk &
OVINHEE as & OBIR LD TNZIUTH D D0050% B35 s I2B) DIRENC KL 0 B3 112ME
M DIEERE mada, (SHBEEINER Cada & H72T ZENTED.

point s on A, pointion A

Thin plate
G

3-3 Acoustic radiation into semi-infinite region
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o A A ® ®pu AA, (a) W
3 2 2
As v @ P g As (38)

Pi = Magg 8s + Cagq Vs (39)

ZHUT LY 20X 60 R LIE b, MINE &EITHZ BT LN TE S,
ARG LD FEM T CIXES O 4 HinER 2 AW TERZET7 /b L TR, R

IR U7 A B R ORI 0 B HEICE ST 2720, REOI AT RIS Z v
7. R TEHERICBT 2 MEEOERELHICLI VB ESEZHAE LTZOL 2 %
T5Z LTl OfE L LTI RATAIZ R Lz, 72k, AN &HFEEE Ko
VIR T T 1 R D A IRE A A Tz

= i{1 1 1 13} (40)
4

Myg =25 SN m4 N (41)
B SN AINE 817514 Nastran IZAT) L, #IEROEEITHICE LA bEIEZE

DL ZRE LI Ehiid 5 2 LN TEx 5. 7eds, RFFEEIIHEE & kBT
% 1A & PR KOEH & RE L= T RO RO XN S FEH L TR Y, Mg &I T8O E
BIE—MRARERERIE L LN TRIBICAD R TELRENRH L. L, HOLGERT
AT OIED R D L7272 < 720, BT O TURBIZ B W CIIAINE BEOFH R AN K X
7%, KWFFRIZBD TN AR L IR DR T A O TIZEEII SR r— I H T
D, ZEAEERD LARWTEDMINEEORETIZEACHEE LN EBEZHND.

3.23. (REEBEEELERANEZHE LD

JEAPIZAFAET D =KD INE BRI SN\, (ARE &k L A S RIETEN
A LT EIC DWW T U7z, BH ST AHIVE BT8O %t M4 B oy & i D FEM
ETVOHRICHE S TR R LIS O 3-4 1277, K 3-4 O x $ihiIk & F I o0
Hiad, y SIHIES MO, 2 B RO R E SE2RT 3-4() I TR E &1L
XV EHSNIEMINEES A TH Y, IOMERIES < EINEREDOENE T/ E L
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(a) Virtual mass method (b) Simplified calculation method

3-4 Calculation results of added mass distributions

# 31 IAHMNEREZBE LIEBED T T v M T b RO E A EMENT#E R % R
MEEZZBE LS SIXEA RSN T LT D 2 En3bnd . (BB &ik & ik
NEGFHELETIE 1 RE— ROBAERDEIC IHZ BEOENRALONDD, @mROE—
R EEN/NEL 720 4RE— R CTIEEH ORBEAZIZFE CfEE 72 o7, £, ¥ 35
(ZHROBFH AT IENZI T 5 1 IROES AREE— F&2r7. ¥ 35 LV ITEEL
EBE L TR WA OREE — RIIEFAICIEZ I 22> T D olzkt L, RS &
ETIEHRREPE ST LD T — NeoTH Y, BSWAIFREIEILNE O H 7
E— RBIRERSTWDZ ENGND.

#% 3-1 Comparison of natural frequency of thin plate

Without added  Virtual mass Simplified
calculation
mass [Hz] method [HZ]  method [Hz]
mode 1 10.13 7.63 6.51
mode 2 10.13 8.78 8.41
mode 3 10.51 9.46 9.29
mode 4 12.73 11.45 11.44
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05 ) T
Simplified calculation method Virtual mass method

3
2 Without added mass
= 0
S
<

-0.5

0 0.25 0.5 0.75 1

Position[m]

3-5 Comparison of width directional mode shape
324. HMEEZEZEEL-ERARTEE

B SN AINEEITHIOWIEIX FEM BT VOO BHE L5 L2, R
EHEAT OIS ETT VO BBEICH/NT 2 0LERH 5. AHEOK/NEE LTIE
FHEOWET— K& 1 REME L CTREF AR OSAMAE &% R 2 HEIC
DWTHRET L7z, X 3-6 1dilidG 2 AR SO EFHMOE B iz L TRY,
Z 13/ MR TR T RS CTO H HIRENRIEIC K T D IREHEIR TH 5. X 3-6(@)ITnTET
»@%@%@Z@mﬁt%ﬁé%ﬁ%émw IYEEITIA M, IREIE— Fayld5L&
B 3-6(b) DfE/NET /L LB =R L X REFELWNWEELS Z L TRE)ICEIhRIND.

7

(a)Added mass model (b)Reduction model

3-6 Reduction of degree of freedom of added mass
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w ={sin 0, sin 9, - sin Hm}T (46)

i (=12, m) (47)

6; = (i-1)
m-1

HX(45) & 0 g/ AT I L OV E AT mada (TR TEHE SN D

M 244 :‘I’TMadd\P (“48)
K d
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LO WJmnxn

W7 M ORE/ N EAT 5 AT 3-8 IR L ) EEEDEILCHY A 5 Hislchilsy
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(a) Odd-numbered nodes (b) Even-numbered nodes

3-8 Reduction of added mass matrix for width directional degree of freedom
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Mg = ¥Y10Magg Y12

S TR B HIE RS % BV CIRE6) DB BATI A KA & 5 I HTET
% L IR O R B A EIE LI RN RER TR L 72 5.

M =M + My (52)

3.3. FEM s R~ DA
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3-9 Nonlinear static analysis results of stress distributions and thermal loads
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3-10 Modal analysis and identification results of flat thin plate FEM model
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3-11 Modal analysis and identification results of edge buckled thin plate FEM model
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(e) Identification results of total tension

3-12 Modal analysis and identification results of center buckled thin plate FEM model
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3-13 Modal analysis and identification results of both side edge buckled thin plate FEM

model
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(b) Edge buckles (both side)
3-14  Comparison of identification results of tension distribution
between virtual mass method with simplified calculation method
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4-1 Overview of experimental equipment.
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4-2 Measurement system configuration

Thin plate
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4-3 Measurement condition of flat aluminum thin plate.
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4-4  Measurement results of vibration characteristics of flat aluminum thin plate. (a)
frequency response functions of sweep excitation, (b) the mode shapes of up to fourth order
from the first order in the width direction of thin plate that is exist in the 11.3 Hz (blue),
15.8 Hz (red), 18.4 Hz (green) and 20.3 Hz (violet).
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4-5 (a) Identification results of stress distribution and (b) total tension of flat aluminum
thin plate. The comparisons of cases with and without the considering the virtual mass
present results in (a) and (b). In good agreement with the measurement results
identified results of considering the virtual mass. In contrast, the big difference is

occurred in identification results that does not take into account the virtual mass.
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4-6  Measurement condition of center buckled aluminum thin plate.
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(a)Frequency response function (b)1st~4th mode shape

4-7 Measurement results of vibration characteristics of center buckled aluminum thin plate.
(a) frequency response functions of sweep excitation, (b) the mode shapes of up to
fourth order from the first order in the width direction of thin plate that is exist in the

15.7 Hz (blue), 24.5 Hz (red), 29.8 Hz (green) and 33.6 Hz (violet).
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4-8 (a) Identification results of stress distribution and (b) total tension of center buckled
aluminum thin plate. The comparisons of cases with and without the considering the
virtual mass present results in (a) and (b). In good agreement with the measurement
results identified results of considering the virtual mass. In contrast, the big difference is

occurred in identification results that does not take into account the virtual mass.
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4-9 Measurement condition of edge buckled aluminum thin plate.
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4-10 Measurement results of vibration characteristics of edge buckled aluminum thin plate.
(a) frequency response functions of sweep excitation, (b) the mode shapes of up to
fourth order from the first order in the width direction of thin plate that is exist in the

14.8 Hz (blue), 15.7 Hz (red), 17.1 Hz (green) and 18.1 Hz (violet).
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4-11 (a) Identification results of stress distribution and (b) total tension of edge buckled
aluminum thin plate. The comparisons of cases with and without the considering the
virtual mass present results in (a) and (b). In good agreement with the measurement
results identified results of considering the virtual mass. In contrast, the big difference

is occurred in identification results that does not take into account the virtual mass.
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(a)Frequency response functions (b) IFFT results of frf (Impulse responses)

5-1 Measurement results of vibration characteristics of aluminum thin plate. (a) Frequency
response functions of sweep excitation. (b) The impulse responses are obtained by IFFT

calculation of the frf (a).
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(a) Partial iterative method (b) ERA method

5-2  Modal analysis result of aluminum thin plate vibrations. (a) Identification results of

the mode shape using partial iterative method. The mode shapes of up to fourth order
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from the first order in the width direction of thin plate that are exist in the 11.3 Hz (blue),
15.8 Hz (red), 18.4 Hz (green) and 20.3 Hz (violet). (b) Identification results of the
mode shape using ERA method. The mode shapes are exist in the 11.4 Hz (blue), 15.9
Hz (red), 18.2 Hz (green) and 20.2 Hz (violet).

100% 1~
80% 1‘
\
60% 1~
10% 4‘ Table 1 Value of MAC
1 Mode 1 | 99.98%
20% 7 7 mode4 0
I‘ A /110063 Mode 2 | 99.95%
0% + - 7%... — ) Mode 3 | 99.78%
model | oo/ model Mode 4 | 99.72%
mode3  oded

5-3 Relative Modal Assurance Criterions
between partial iterative method values and ERA

method values.
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Wy RN BIANTRNL D ICHDBREDORRE A TRE LT RO 7 —13 1.8
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E L CHHR ) 2 i%& L7z.

HAir valve,

Aluminum strip

5-4  Appearance of the experimental equipment is applied to an actual operation line. It
consists of the solenoid air valve and the laser displacement sensors are aligned in the
width direction of aluminum strip.
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Wl CTH 50 SIREEERICIER BRI <, MAEEROAREZHER L, R 2E
BIZHBWT L &Lz, ZOXEITLTHGE 400 ROMRERBRB AR FL4 i DFT
L, 51 IR LTe & 9 7221 XV R EE % K T Hankel 1741 &2 ERk L T2, 7235,

JSET =213 AR TH DN ERA EITITIERAIRIE S KR E SHEOZEHZ LR LT
% 0~2 BO#PFHDT —# 200 HOBZZEH W=, Z DX )T — FIIT 21T > THERD
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Factory air supply Compressed air

Solenoid valve and Excitation force
Excitation air nozzle
Digital signal —
data Amplifier Driving current
Thin plate
Personal | 5| DAJAD P
computer board o
Vibration
Vibration signal i displacement

Laser displacement sesor

5-5 Measurement system configuration includes personal computer to calculate modal
analysis and tension distribution, solenoid valve and laser displacement sensors.

DA/AD board is used for data acquisition and the excitation signal output.
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Added mass calculation

Alir pulse excitation |
Vibration measurement !

Modal analysis | |

Tension identification | !

Screen drawing | !

Measurement period Time

5-6 The time chart of online tension distribution measurement. The added mass calculation
is firstly implemented only one time for each coil. Then, the air pulse excitation and the
vibration measurement are carried out simultaneously. And it sequentially implements
modal analysis and tension identification. Finally the identification result is drawn on

the screen.
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5-7 Measurement results of stress distributions are the value of before straightening and
after straightening in the same aluminum strip. The stress distribution of after

straightening is smaller than the value of before straightening.
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5-8 Comparison result of stress distributions between before straightening and after

straightening.
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6-1 Simplified dynamic link model of thin plate.
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6-2 FEM models of various strain patterns of plate.
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(@) mode 1 (6.55Hz) (b) mode 2 (7.94Hz) (c) mode 3 (10.8Hz) (d) mode 4 (17.8Hz)

6-4 Natural vibration mode of thin plate in the case of center buckle.
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6-5 ldentification results of tension distribution.
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6.4. IREFED FEM BFER~DEH
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6-6 Modal analysis and identification results of center buckled thin plate FEM model. (2)
the mode shapes of up to fourth order from the first order in the width direction of thin
plate that is exist in the 6.55 Hz (blue), 7.94 Hz (red), 10.8 Hz (green) and 17.8 Hz
(violet), (b) Identification results of center buckled tension distribution. The proposed

method result well corresponded to the FEM results.
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6-7 Modal analysis and identification results of edge buckled thin plate FEM model. (a)
the mode shapes of up to fourth order from the first order in the width direction of thin

plate that is exist in the 4.94 Hz (blue), 5.57 Hz (red), 8.95 Hz (green) and 16.9 Hz
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(violet) , (b) Identification results of edge buckled tension distribution. The proposed

method result well corresponded to the FEM results.
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3 ,P Data logger

Laser displacement sensors

Personal computer
Air nozzle

Support roll

Strain gages

(c) Experimental set up of laser displacement

(b) Photograph of test equipment Sensors

6-8 Overview and photographs of test equipment. It consists of the laser displacement
sensors and the strain gages. The laser displacement sensors are aligned in the width
direction of aluminum thin plate and the strain gages are used for stress distribution
measurement. The aluminum thin plate is excited by blast air using the solenoid air

valve and nozzle.
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computer

6-9 Measurement system configuration includes personal computer to calculate modal
analysis and tension distribution, solenoid valve and laser displacement sensors. Data
logger is used for data acquisition and the function generator outputs the excitation

signal.
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6-10 Measurement condition of flat aluminum thin plate.
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6-11 Measurement results of vibration characteristics of aluminum thin plate. (a) FFT
result of sweep excitation, (b) the mode shapes of up to fourth order from the first order
in the width direction of thin plate that is exist in the 11.3 Hz (blue), 14.0 Hz (red) and
16.5 Hz (green).

93



12000

—+—Measured —#~Conventional Proposed 10000
=20 £ 8000
$ g
Fh \ Z 6000
E 10 — — 2 %
ﬁ = 4000
z 4 1 =
z 3 2000
=
w

(=1
<

200 400 600 800 1000
‘Width directional position [mm]

[=1

Measured Identified Identified
(Load cells) (Conventional) (Proposed)

(a) Stress distribution (b) Total tension

6-12 (a) Identification results of stress distribution and (b) total tension of aluminum thin
plate. The comparisons of cases with and without the batch identification of stiffness
distribution present results in (a) and (b). It comes out in good agreement with the
measurement results and proposed identified results. In contrast, the big difference is
occurred in conventional identification results that does not take into account the

stiffness distribution.
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(a) Identification results of simulation (b) Identification results of experiment

6-13 Identification results of simulation (a) and experiment (b). The solid green line shows
the identification result based on Eg. (13). The dashed red line shows the identification
result based on Eqg. (20). In (a) results signify same Eq. (13) as Eq. (20). However, in

(b) results the small difference is occurred.
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