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Fig. 1. Schematic of the rib-stiffened plate with ribs
symmetrically attached to both sides of the plate.
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Fig. 2. Propagation and attenuation zones of bending

waves in the rib-stiffened plate.

54 WSS R A7AE S8 i BEANR], 25 A
AR AR B R A AR — € A FE T L), DRLEAR
A Reh I e i BRPLA. thln SEA B B
ARG Ba A, M NEAE (0°, 180°) i B A

B A R I BER NS, PRI AR RS — i
T HISE AR

SN, 1R 2 B R R VE B i, AT
LA e B R0 LA A% 4 o o Bt o, PRI
BLP AR

2.3 [EERINE AR RO RN

B B R TS I A AR A R B A
JEERIIRA T SRR 1. FEGETHRE R @R, 5 K0 75
WA IR ITE N T RGERATHIE, 7 EH T
AR AR AR T AR GERML R R, 25 R e
TIN5 52 B (14 9 1 B 2 T8] P A% 6 AT DL e A B 2R
Hor BEATHIR, FBLN A5 Pl

T=lia(d+vy—B)x {ia(4+v—ﬁ—ﬂv/2)

e -ma-a) . 6)

Hota, B, AN BURTEN 454 25 s A 51 £8 DA
FORFAR KB, A FIAR LW 5 B,

P13 3 7 RE AN FE 390 LT 4 i 2R R A
BN (A AL, TS, IO T 25 s
FeAB ELAT I SR B E: 240 > 30° (sin6 > 0.5)
I, % 4R A LT 7E A S B N T 0.1
0 < 30° I, 75— He A (0 9 B v B ) 47 75 A 4
M 1A, R P T AR 5 A A
B, 7 A A RO S B, SEI, AR A
B 15 3 51 P e 4 — B TEARAREL, ok R
VR 5 BT T B, 5 A AR L
VB HA A T 3

1.0

0.8

sinf

00 2000 40100 6000 8000 10008
Wi# /Hz
3 (PITURZE) ANAAAT AR ) 391 60 25 ph e A% i 2 b
FE EA A R
Fig. 3. (color online) Transmission coefficients be-
tween two adjacent periodic elements of the rib-
stiffened plate with different incident wave angles and

frequencies.
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Fig. 4. (color online) Energy level difference between
the exciting subsystem and all the other subsystems
of the rib-stiffened plate (dash lines are SEA calcu-
lation results, solid lines are results calculated from

finite element method).
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Fig. 5. (color online) Photo of the experimental rig

to simulate simply-supported boundary conditions for
the edges of the rib-stiffened plate.
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Fig. 6. (color online) Driving-point mobility of the
rib-stiffened plate under simply-supported boundary

conditions.
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Fig. 7. (color online) Subsystem response of the rib-stiffened plate in terms of energy level difference (solid

lines with markers are experiment results, dash lines are finite element results, dashdot lines are ASEA8

results and the solid lines are SEA(ASEAO) results).
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Abstract

Statistical energy analysis (SEA) is widely used in predicting dynamic response of complex coupled systems. This
paper studies the bending wave propagation in periodic rib-stiffened plates in the framework of SEA. Effect of frequency
band gap property of the rib-stiffened plate and wave filtering characteristics of the stiffened ribs on the prediction results
of SEA is analyzed by using the wave approach and Bloch theory. It is found that due to the fact that classic SEA ignores
an energy “tunneling mechanism” between subsystems that are not physically connected, large error up to almost 40 dB
is generated in the subsystems of the plate compared with the results calculated from the finite element method. This
tunneling mechanism mainly results from the wave filtering effects caused by the periodic arrangement of the ribs and it
plays a significant role on the subsystem response at high frequencies. However, this is not incorporated in the modelling
of classic SEA thus large errors can occur. To solve this problem, an advanced statistical energy analysis (ASEA) is used
to consider the transition, transmission and transport of energy between unconnected subsystems. ASEA divides the
energy of each subsystem into two parts: available energy which is the modal energy that could transmit into connected
subsystems, and unavailable energy that dissipates within the subsystem; therefore the energy cannot propagate further
away. Then the ray tracing algorithm is used to track the power flow across subsystems. By using ASEA, the accuracy
of the prediction results can be greatly improved so that the error is reduced to less than 5 dB in most frequency bands.
An experimental set-up is also designed to support the plate by simulating the simply-supported boundary conditions
along the edges. The test results agree well with the finite element method, and it is sufficient to validate the theoretical

models.

Keywords: rib-stiffened plate, statistical energy analysis, periodic structures, tunneling mechanism
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