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Abstract; The statistical energy analysis (SEA) method was popularly employed to handle the high-frequency
dynamics problems in many engineering fields such as aerospace and shipping. The damping loss factor and
coupling loss factor were the major parameters in the SEA theory, and they can usually be identified with the
measured external input power and structural modal energy. The measurement errors of the input power and
modal energy were not considered in the traditional parameter identification, where the accuracy of the identi-
fied results was relatively low. The interval mathematics method was applied to the parameter identification in
this study, and the measurement errors of the input power and modal energy were fully considered. The effects
of the measurement errors on the parameter identification were revealed, and the accuracy of the identified re-

sults was improved. The work can be helpful for the structure design and safety analysis.
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Table 1 The exterior input power of each subsystem

f/Hz P /W Py, /W P, /W Py, /W
1 000 0.150 0.020 0.012 0.170
2 000 0.300 0.050 0.025 0.350
3000 0.600 0.100 0.050 0.700
4000 1.500 0.250 0.125 1.750

i B AR SE SR A A T R RIS R At ) DM 5 2 — R AE 3% B 5% 2 ] ) 3 HURH i A D) 32 IS 2 g
AN R 2EE N £ 3% ARIETTHE (12) , m] FH 2 iy IX ] A8 R AR A A + 390 Hi DR 22 (Y SN i A D 8.
R 2 WA 23% MR SR A TR

Table 2 The exterior input power with +3% measurement errors

f/Hz Pl /W Py /W Pl /W Py, /W

1 000 [0.145 50,0.154 50] [0.019 40,0.020 60] [0.011 64,0.012 36] [0.164 90,0.175 10]
2 000 [0.291 00,0.309 00] [0.048 50,0.051 50] [0.024 25,0.025 75] [0.332 50,0.367 50]
3 000 [0.582 00,0.618 00] [0.097 00,0.103 00] [0.048 50,0.051 50] [0.679 00,0.721 00]
4 000 [1.455 00,1.545 00] [0.242 50,0.257 50] [0.121 25,0.128 75] [1.697 50,1.802 50]

T AN AT PRI, BT R G A —E IOBAS RE R, BT RGBS RE R A9 R/ 3 Fi.
R3 BIOTREMESRER

Table 3 The modal energy of each subsystem

f/Hz erq /] e, /] e /] e/l
1 000 1 300 450 300 750
2 000 1 500 600 400 1 000
3 000 2 300 900 600 1500
4 000 4 600 1 800 1 200 3 000
HRAE TR (11) , AT R 4 rh i DX ) AR SR AR R 3% I 5 iR 22 MBS e At
x4 WA L3N AR RBA R R
Table 4 The modal energy with +3% measurement errors
f/Hz el /] eh /] el , /] eh, /]
1 000 [1261,1339] [437,463] [291,309] [728,772]
2 000 [1455,1 545] [582,618] [388,412] [970,1 030]
3 000 [2231,2369] [873,927] [582,618] [1455,1 545]
4 000 [4462,4 738] [1746,1 854] [1164,1 236] [2910,3 090]

MRPETTHE(26) M7 (27) , AT LR S5 A 2 B0R B ok 5 R 1 B0 ok BOAE & 45FE 9 7 X 1]

N, B 6 R T BRI Sk B N AFE N - X ] ).
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Fig. 9 The modal energy caused by the exterior input power
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Table 5 Identified parameter intervals of the composite structure

f/Hz 7] N3 UIn
1 000 [0.081 8,0.084 2] [0.004 4,0.008 8] [0.002 5,0.004 1]
2.3 REHR
Mao 25 FFJ T & 10 mf AR A 25 4 A 4R i 56, 3508 A 3282 H A0 A 00 2 P A AR 45 1 %) P 453
K7 A HURE R T S0 B 10 TR I K 2345 0.42 m, SEBE IR 0.36 m, 7K F-4M i i) & 22 0.01
m, T AR AR N 0.004 5 m, ZK-F- AR AR AR S 25 B2 2l 0.000 76 , T B AR LS 35 B2 0.001 7, 7K-F- 4 Al
e AT R 501,  EAE N T R 50 2. BHUARARGE o 5 48 B Rk il i PCB AR ik i ) 7
SRR it ook A ] Ao ok 22 2B A T T 9 7 i A SR T b 28 ) D/ N A T S 2 e A R
B4 S AN T 2 g oA ) R P o R e I, SR S L 5 A s A A ST (A O e AL A i
B BTG {5 S 5 LMS SC310-UTP B 32520 B ASGHEA T W42 ik 34,
P10 JLEAT T PRI, 76 5 — R ae v SR bl 2 X R G 1 AT B , TR &R
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Fig. 10  The vibration experiment of 2 connected steel plates
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Table 6 The measured input power and modal energy in the 1st test

[16]

subsystem 1 subsystem 2
f/Hz
input power P /W modal energy e /] input power P /W modal energy e /]
1 000 3.20x107" 5.06x1077 0 3.22x1077
2 000 2.39x107" 1.022x107° 0 5.500x107%
R7 AT R 2 Ao AL RS RE
Table 7 The measured input power and modal energy in the 2nd test
subsystem 1 subsystem 2
f/Hz
input power P /W modal energy e /] input power P /W modal energy e /]
1 000 0 4.57x107° 7.90x107" 4.52x107®
2 000 0 1.65x1071° 7.962x107' 6.34x107°

A5 BT R 100 A S RIEAS B it 5 LA AT

P Py Pol [3.20x 107" 0
Py, P,, 0 7.9 x 1077 |’

£ =1 000 Hz,
€1 €12 5.06 x 1077 4.57 x 107°
e = = s
€1 €, 3.22x 1077 452 x 1078
P Py Pol [239x107" 0
P,y Py, 0 7.962 x 107’
£=2000Hz.

€ €2 1.022 x 107 1.65 x 107"
e = = ,
5.500 x 10°*  6.34 x 107’

Mao %511 SR AL L i S HOR A 33 18 10 sPiy S5 S G T TR, BUINEE RNk 8 s,
8 IELIEIIG SRR

Table 8 Traditional identification results of SEA parameters

€1 €

[16]

f/Hz 7, 72 M2 21
1 000 0.08 0.004 0.009 0 0.007 0
2 000 0.03 0.007 0.000 8 0.000 4

Mg AT ARG BE A I 158 25 S 23 9% I MRS 7 A8 (20) FIOT R (21) AT 4%
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¢” [[ -9.654 x 107°,9.654 x 10™°] [ - 1.355 x 107°,1.355 x 1077] } ’
AP = [[ - 7.17 x 107%,7.17 x 107?] [0,0] }
[0,0] [-2.39 % 107,239 x 1077 |’
f=2000Hz.

[ -3.066 x 107*,3.066 x 107*]
[ - 1.650 x 107°,1.650 x 107" ]

[—4.95 x 107%,4.95 x 107]
[ = 1.900 x 107'°,1.900 x 107" ]

|

RHIASCRE R A58, MUHIDT R (26) FITJ5 R (27 ) AT LAKS A5G PR 7 DX ) R 5 450 #E DY DX TR1 U HY
ok, USSR N 9 PR,
R 9 SRUIXE IR,

Table 9  Identified parameter intervals of 2 connected steel plates

f/Hz 7} 7} 7 %
1 000 [0.075 08,0.084 92] [0.003 75,0.004 25] [0.007 85,0.010 16] [0.006 10,0.007 89]
2 000 [0.028 25,0.031 75] [0.006 60,0.007 39] [0.000 69,0.000 91] [0.000 35,0.000 45]
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