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Identification of Tension Distribution of Thin Plate Based on Vibration

Characteristics

ERILE" FE & o
Hirotoshi ARIHARA ~ Dr. Toru OKADA

The quality improvement of steel sheets, aluminum sheets and copper sheets requires the highly
accurate in-line measurement of tension distributions. Hence, an attempt was made to develop a
technique for identifying the tension distribution of a thin plate on the basis of its natural frequency
and vibration mode. This paper describes the new method that resulted from this attempt. A simplified
dynamic model was constructed for a thin plate, using springs to model the tension distribution. The
spring constant for the simplified model was calculated using the least-squares method from the
measured modal parameters. This identification technique was applied to the vibration characteristics of
an aluminum sheet. The identified tension distribution agrees well with that measured by strain gauges.

FADNE =PRI, 7TIVIWMeEOMMREET S ~
ICBWTEERLHILILIZ X ) HARICIE S T S 2BIRR
BAVEL 2, & ITEERCIZT — L D72 R0 IE BT
OWROILIR, FEFOU -V T T 4 — VOB LT
572, BRI ODENTELIEDRH D, 2D
X9 ZRIEHMOMOZE (T A554) 13MIRITIRETIX
BRI U CHORIR 2 AL S &, ey, Bz e
DRAR L 2%, HHRBEGHOMEZHERT 572012
i, SOXIBOTAGAORESEFRLCOT A%
INELK T HIEDNEETHA, TDD, 3FFEFLRT
A KT A N CREEISEE CTE 2 03 RGNS A
TANRD LN TV 5,

MR T DR O ZEASNERIE T DB & O IR E L
T LS N RETH I, L—FRRmERROZE
fiat & 7 FHEE e, B L — 3 & v 7ue
B2 7 812 X 0 A OBTEIR 2 JEB Al O A S
LI EDWWEETHD, L2Leds, HIKT A~ TIIK
DEFHINI—EDRI 2N L 72255 K3 % D755 —
BTH D, D720, OFTABIRIFEICE D5 &M
WWENTHEIEL, AL FEREREREZ E0
5, WM LZEROWMEHEIHEATE RV, 20L)
BRIAEAL LR Z M 32 ke LT, il Tw»
BOTANPEMETENS Z & THRAET BHIES O
J15Ai % W T & IR T — I BEAELS L Tn
2%, BB -5 3u— VolEsce— Felz
D AA MR OB RETH D, FHIBEAAKA
O— LR THRE LR TV ENSLLDFET A VITH
HENTWD, —LTHBRT 4 v Rfifho- & 51~
7 & DINERAT R HIT O RE ASHBE & D) RSB 5 o

L ZAT, REEIC X DVIROBIED % FA IR 5
EHRFET 5 TEFEROMEICBNTIRESINTE
0, BRRIY B 7 B & 0 e A SR R C I B o0 B 23
Wi zoTwa Y, 22T, S TIZOT AN
D7zDHEROIREEN X BRDFEL 2RSS, 07
RG3A " AT B A ONE T 0 O A IRE 5L & IREDE— N
X VRIIGA %KD B F B EMFE LIz ZD72DDIAE
HERAMEL, MR LFEOZL 2 ARERDE (ML
T, FEM&\W9) (2 X BT & FERRIC X D IREEL 720

1. IRENEIC K B EROIRD A EE OEHREIE
ARETIE, AROREME L %o T B8R 554 F & B
i OV THMT 5,

1.1 BROEHHERO 2 REWEEHET I
B1 (a) WRT L) REHNCOTHRPEAT B

@WEO O T8 52—
(a) Strain pattern of plate

(LY U 2 742 2% SRR O i 5y e 7 L
(b) Simplified dynamic link model of thin plate
1 D)X — > DET ML
Fig. 1 Tensile pattern modelling of thin plate

PR PSR ARSI

74 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 64 No. 2 (Oct. 2014)



AN L CRFAHMSED ML 7256, 0FAD
KEVETOEDIEL, OFTARONIWERGT ORI
W B W IANCIZIRING X 2 SATRIE 545 A3 564
05, NS RIS OSEMMMES A& e L, K1
bB)DEINTEFMETHIENTESL, ZZTHI1 (b)
WRTETVIZBVTIE, Bl ITHEROEERIZHB VT
—EDIEEFRATHNE, WORFHMO T A0
WELFHT 20— VOMBNIZBWTIRIZIZ ke Wk
FTIENTED, £ T, FEMIC X % AR IR IAEAT
D7=HOFHEETV (R2) ZREFHIANIRII 50—
BCh oL Lznier s, EFHIRREEOROIERD) %
FHT WA ET VRV LTz %€ TV TR
DRI 2 RS TEF ML, WHE EEm L &
LDEEY OBEEE—RA Y VN 2HORSIONKEE%
¥ o THigE LY v 7 BT NVTEBLL, WIS A
L723RBVZN 2 IS LTHIh S e LTEED
WSRO %z — 2,510,280 L, HiHoAMERz)
MOWEHHEDAE Lize L o> THBEFILT
1, AR ZIE S — 1558 U CHiT 2 RE LY
B3HMErE D, T2, HKOET IO TR
o wE LTERL, WMoY ¢ 2 2%
Momfzixia s LT, RDGAMITSHMICEE L7ziEh
SAik, (i=1~n) TEFMEL7: (K1 (b))o

K1 (b) WCRLAE@HETVOETHHFEX 2 (1)
R, X (1) hmoMIZEETH, KIZEETH, 2
FHABETICBITBEMNRY NV TH D, K EKEZEN
ZIREATE O BRI 5 LRI TH B Kild
FlEN R E % B3R5k (i=1~n) ZRHAEFLTD
KEATH], MB LUK IR, kL) HEHRSH
B AT CTdH 5o

M7Z FEKZ= 0 ceevrerrrrrrmeneniiii, (1)
=1z, z, Zn%T .......................................... (2)
(m, J m_J
4 F 4P
m_J 2[ﬂ+i]
4 2 "4 P
3_2[ﬂ+1J m_J
4 %) 4 P
m_J m J
4 F 4 7]
T =21 1
-2t 5t -4t 1
T -4t 67
K= T 1 - (4)
6t —-41 1
T —4t 51 —21
T —21 1
ky
K, = k2 (5)
kn
K=K, +K; e (6)

1.2 BROEBFED, SKRADGERAET 575
52 D N7 HROIRBYRENE X 0 9RI155A56 % KD % J5 ik
IZOWTHRR%, BARMIZIE, Ao EA =B & R

Height

Width
2 PO A RERE TV

Fig. 2 Finite element model of center buckled plate
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