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Stochastic Parameter Energy Finite Element Analysis for
High-Frequency Flexural Vibration Beam

ZHANG Meng. CHEN Hualing. ZHU Danhui. ZHANG Wenbo, KONG Xiangjie

(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract; To statistically analyze high-frequency vibration response when a parameter of beam
structure is randomly and evenly distributed, a method called stochastic parameter energy finite
element analysis (SPEFEA) is proposed. The energy density response of a deterministic beam is
acquired by the traditional EFEA. Then adopting the expectation and variance formulas of
continuous random variable, the mean and variance values at any position are acquired for
uncertain parameter case. Monte Carlo simulations of analytical modal solution are conducted and
compared with SPEFEA. The statistic features of energy density response, varying with beam
section width, height and density, are investigated. It is found that the response variance gets
most sensitive to the section height and least sensitive to the mass density. The energy density
variance increases firstly then decreases with the increasing location coordinates, and reaches
maximum at the exciting point. Special attention should be paid to the precision of section height
in structure design to ensure the system stability.

Keywords: energy finite element analysis; beam; variance

GLitRes 7k (SEA) 2% WSS m ik sl 7 SURy-F-Ema 0 . 100 0 75 PR 2 480 Jm 3867 B BORS
Moy ARIZOT R R BE N GE i L BB RS 5 & M) . BE A BRI )7 vk (EFEA) SR i T 3% F 0 2 22

Wk B . 2013-04-09.,  fEF A AR (1989—) , 5 .Ml A= s RAE R GAGIE R . & B . WA T, XEemH. H
KEARFEEESFRIIA (11172222),
R0 £ Y R At JE] . 2013-09-06 P 2% 1 Bl . http: / www. enki. net/kems/detail/61. 1069. T. 20130906. 1706. 013. html



11

A 5 i S A1 B 3R ) BB AL 2 BRe B A B DG 3 B 7

WY AR T i PLAE B LAY s e g fy % 3k
FEAE B A BR T 75 ¥ SR Al o fulF S B 45 44 1Y) JLART 435 2 AN
RHLJ FRAE A5 21 78 43 2 38 L AT 5w ik T 56 11 1 i 5 1
AR R SR — TP AR A K R T T3 1 45 A s A e i
R

EFEA )3t & B 4h T 1989 4F, Nefske % A
HENT T A7 B 5 TRT VS TN 1 187 S TR 4 A 1 i A I 4 1
Jr RN IR A BR Ty R AT T A8 IR R
1992 4F, Wohlever 48 AT T FF A1 52 45 44 1) fiE &
R AR R L 1992 AR RN 1995 4E, Bouthier
A3 e ST BRI IS 2 A A R R R R R O AR
1993 4%, Cho #2 ) T ¥ B8 A FR T 7 vk i FH T A0 46
B B R A R B R g B, 1996 4,
Bitsie ] #-75 ¥ & 45 #4947 T EFEA 43877, 1998
4, Cho FIH EFEA XFHE & R 45 M IEAT T i 45 IR 3l
BT 2008 AR Wb E IR S TR A ST I RE R
il #2009 4, Wang 7 A4b HK BHJE 58 B
BRI AR T ER AR A BRT kY X
SEFA F X EFEA (B 5% #5802 LB o M 454 Sy iF
FEXT R RIFI .

Ak, Langley 1 SEA HEZE Y, i i H7 1E 58
RERE R TE WS BEH A A RS
¥ R A B (E AT 250 R SEA R #4544
ZHREAARFERRNRG . SCERLL7 X BA
JE Pk RO R e e By 25 HEAT T RS 3 i A
T W 2R N G A RS A e R Dy 25 A
2 I X 450 S B0 AT A0 M0 T R G g A
R SRR AT TR . Ji #F Langley ) FE-
SEARAFEMEIL T HER N, BT SEA ¥ &
i 19 B AL X v A 2R 5 e I Y R W {H 82 SEA
Tk H SRR BRI R UL T RGN 1T
R WA ST 42 FE R BRGS0 B R G AT R

EFEA J& A8 52 B 45 ¥ JL Aa] 45 44 1 BHL @ R AE 1) 55
SR 1N T 5 9 AR G T 45 0 S 80O A e T Y
EFEA 5T AR WARTE . A% SC LS R AL 1) 2
SER N BIFFE T G MR 6 S B0 5 1 2 5 K 1) i R o
AT B T B S BRE A PR JT 7 1 (SPEFEA) ,
T 55 4 2 B AE 45 22 T L PN IR DA 35350 43 A 1 15
HEAT T 4 BT FAE AR

1 REH e % E

2 BRI ST VD A A B b I R i IR 2l e
(¥ Ty AL 55 A B A 6 R O

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

_ o de

nw dx’
Krf: g R iR 3 i 09 D 2300 5 R 45 A8 BEL e i
FE 500 R 75 M B0 300 85 ¢ iy 5 o D2 B4 AR SRR E
E gt TAR i 5 T hy 32 B 480 A9 163 P 6 X T 4E B
T3 I=0h" /12, Horb 0 Sy 52 0 B8 48 TED 96 58 bl
FIR) AR AR TR v BB 5 o A R R 5 S O BRI R 4B THT T
X TR A 32 S=bh s e 25 [A) I} 18] 7 F 2 g
e MRS BIEEALE .

Fili R B L85 B 43 A1 1) B 0 B Oy AR

o = 2’ EL /o) (D

2 2 .
_’;i d(gZJO T pwe(x) = m,0(x — ) (2)

w .
ey w

A s BRD 1 7R A DR 0 (e — 20 A K
Jil s L 5 F RO 0 B R AR Z SR BEBE AT . 2K
(2) W38 A

e(x) = Ae” +Be *, ¢ = pow/c, 4)
A AB RE g, X2 B R AT A A A RS
GGE

T

e(x) = Z—Ze"f“"""u (5
K2 afh
e(x) = Ae™ + Be * + %Cw\.m“\ 6)
Xt 19 i ] S L fR i A0
g, ., =q|l,, =0 %8

R ALBL A BR S RAT AL B o A2 X
RE 2 2

—¢(L—x,) —o(L+x,)
| e o) 4 e ¢ L
ooy = g[S e e
(I ) (1 )
e ¢ o) 4 ¥ o) ol
e e el | (@®)
e’ —e

AL R K,
2 WEHLZ R B i 1 B (E A5 2%

E T RSB B o el T 8 2 28 22 I A7 A L
TETUAR] AL 300 58 2% 1 b L L B RL R 1 23 A i, AN T
G H) — 5 T ) i T AR Ak Ak B il 25 4 B RO AE
HA — & B0 P DU BEAE AL i) 44 LS
(B A5 21 44 SCHY R B (B AN BE 58 43 S w1z A5 8
2.1 HNSHRHNEERTEYNESN

Xt T R GRS BORA FEHLAS B E 5 TR 3 R 52
Mg 157 o 7] L2 2o 2 o) A8 e R R AT . — et R
TR AL — S5 S0 AT E I L 0 7835 H 0




78 [ . ]

P

R

Eitd o547 %

R IR AR A3 A p (0) X BT Q BN 14 BT
RER W EIIEN

en () = Jgp(ﬁ)e(x,ﬁ)dﬂ 9)

L6 R0l AR b AR W b B AS B & 7T LA
HHEPLAS & ¢ Fn

(O = b1+ e0) (10)

en (1) = ELe(2:0)] :J p(Delr.0)d0
(9]

(1D
oo KRR ) 2 TN s ¢ M BEALAS B BUE
WHEL—1,1] e AME N ZILIRE:Q K ¢ Y
B EL 3R OB B9 BT 245 p (O S A 289 JiE 40 A1
2.2 HEHSHRHEEZTERTEST
ARSI
o' (e) = E[e* ] —E*[¢] 12)
— B, 20 AN B E B, 0 FE QP IR AR S ) A
P (O) , W BE 1 25 B /Y Wi 17 5 22 4

ol = J p(De* (x,0)dQ — ek (x) (13)
0
3% b AN E i, )
E e (x,0] :J Pl (. d A
9]

FXAD L AD AKX A2) , AT FALE A E AL
AE 12 %% 1) 0 10, 7 22
o.(x) =o = E/[e"(x, 0] —Eile(x,00] (15

2.3 BEEMHOEEFTHERZ
R T A SCHE S 1Y B AL 2 B Re B A R T
P50k g5 th T A S0 R % 05 5L (MCS) J7 i3 5
BE ML 73 A1 e 1% B2 B9 7 . X T P O 0T S B T 2
A2 e Forn P A T R I A RS B i L 15 B 45 A
FI8 52 4 W 1 Ay
wla) = ) w—if”l(fj% (j)wz (16)

n=1

=BG (305 ]
(17
Kh o (ORREEHE n I FEER:Q, (DN XTI
w, R n BB 0 [R5« SRR LB,

B AORAK D, BP AT 15 3% | fE 2 9% B
(534 . 25 B HL 2 BOUR PE B B, T MCS Jr ik
B35 m HFFESE MR S B X B S 5
iz =R k53 5 8 fig & %5 B i L, XF A 45
B m A~ BE B BEAE L TR A5 92 1 AT L Ak 1Y g

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

W B ME AT 22 . om B BUEBOR iR A48
I B S (E AN 7 25 M 3T SE BRI L

3 RS

3.1 HEHSHEEFRITAENERERIE

T UE W B AL 2 e A R T T Y TR ARk
PATRT SCR BI04 4 BE L 2 B hE & A PR T I i
AR 5 H T 2 000 B B2 M (1) MCS 3 #r 45 2R i
T3t

X RS HXLENSE N L=4 m, b=
0.02 m,h=0.02 m,E=71 GPa,p=2.7xX10" kg/m’,
7=0.05, DAZEAY— o oAy Ak bR JE AL B O Il ol X
Bl ST AR AR FR S TR B AR 0 AL PR AR
S=5 kHz, 435X b howq BEALAE £k B 0 1% B0 3517
THEFEART L, S E R B 1107 J/m,
R TE 45 2 8 BN bk 5548 IR N 3595 2 A #1
B TR AHE WS E e 4 BIH 5% .10 %
1 20%.,

DL h BEWL R 1 e B 10%, B A #E[0. 018,0. 022]
I EIBENL S A I BEHL S B e A R Ty s S
A MCS J5 k¥ E X e &5 R an &l 1 fros, wf
W2 Fh oy g BHE S R W& R4F G —3 .

— FEAHRER &L
— SPEFEA
= MCS77 ¥

50 i
00 05 1.0 15 20 25 3.0 35 4.0

B2 B 5 ik B S B A5 R 1

[FIRE L O 1 IR WA AR SC 75 ik Ak P RE 6 4 132 0 7 7
ZEHGIE M, Lo BEHL R Bl e B 1000, B b 1E
[0.018,0.022] I ¥ =) Bfi §l 4 45 BF, SPEFEA 1
MCS 75 i (977 22X LA R AT 2 fros .l UL BEAL
SR Re A R kS MCS ik iy 2458w &
RLGF, J7 22 B b7 B AR A A 3 R 5 50 KR I/l

12} — SPEFEA 1
| - MCSH ¥ :

i o i
0.0 05 10 15 20 25 30 35 4.0
x/m

P2 2 M7k mTr 24580 T




11

A 5 i S A1 B 3R ) BB AL 2 BRe B A B DG 3 B 79

14 8 A, TE Bl A5 Ak BRAS fe K AH .
DL b BEHL R e B 209, B A 7E[0. 016,0. 024 ]
I AR 24 SCRE R R S AR SO e
V] A X LA L WL TR 3. T L, T R B A Y AR Ak
A A — B0, A T A A B e KAE L P X AE T
2 SCIE RE AR A T 48 B 28 AW S L 2 Ry ol
YIS BERL oA s ) FH 24 SCMH B35 3 1Y e =
% B 2%t B AR A 1 1 0
PRl

1 1 1 1 1 1 1 |

80
00 05 10 15 20 25 30 35 4.0
x/m

Kl 3 & XRem®ESEL R

5 BE A X L 2

3.2 BEEWENIR M5 AR S
B bl oy TR ST 5375 (bR oy SROIRAE L
3.1 M4 B A € 43 SBR[ 48 1 5 W 7 0
WAL A, HE daLde.dd WL b ooy —
IR Bl U 7 697 22 8015 ¢ 607 7 38 fBLR i
W BB B — I B« 1975 4L . B8 ik 5% FE W 7
[ 77 2 {1 52 BB 5 9 1 9 2 M B A 3 5 58 (8) o
oy B 25 ORI A AR

045V 0 S TR o B LI T L B 25
JIE )7 2 B A b 00 1 K B S/ I
[ R 38 2 D A 783 0 S M 0 W L O 4 7
201 00 ) I A SR A B R B R
U

1.6 %
..... 5
g 1 — 10
OB 20
5 0.8
\a
©oar T~ Tl
oo T Ty e
0.0 05 1.0 15 20 25 3.0 35 40
x/m
(a)b=0.02 m
7 &/%
0
oF e 5
«, 5F — 10
Ng 4 - 20
v
£3
)
1 .
0L P —— :
0.0 05 1.0 15 20 25 3.0 35 40
x/m
(b)h=0.02 m

http: / www. jdxb. cn

0.6
&/%
0.5F - 5
S 0.4 — 10
K 200
":: 0.3F ‘_,,‘—-"" ~__\\“_
or T~

0.0 0.5 1.0 15 20 25 30 35 4.0
x/m

(0)p=2.7 kg/m’

20 25 3.0 35
x/m

(d)p=0.05
4 ARSI o Bl o §9722 4k it 28
RT3 K 2% 45 K 2 OGS R TR ) 190 Bl #Y)
M) B8 AR SO0 AN [ 45 44 2 20 & H9 I 10 201 (%) 7
ZPEAT T (UL 5) . P 5 T, 2 AL Sy A
(Y254 S B0 e It A% 7 5 AR ) 7 9 7 22 B K 4
TSN o I fe /DN 5 3 3 B L 45 1) il 1k %5 152 A o 7
X h fe g R DL, O T R AIE AR G R (A A E
P AR BT S5 SR e B RAIE 2 AR

1.4
1.2

~_ 1.0

g

o 0.8

=

£ 0.6

%04
0.2

0.0 05 10 15 20 25 30 35 4.0

5 MBS HEEYVLEI o BE « BB 1l

4 2

ARICAEAL 58 EFEA [ 3L Rl 13 T REAL 2 50
RE AT BRIC T ¥k » LA 25 0 S IR 58 6 4 5 B 2 BB
HLIE L f7 S 245 44 4T 25 A A B 2 2% 58 Vi) 7 ) 2
(LA R J5 258047 7 SR fife T A5 25 R 5 5L T RIS R Y
SERR RIS LA R A AT TR E L BT S IE T AR SO
P IE T

AR Sy SR T T B A R R R L BH e 4
2 LA B R MLAE fL I 1Y) R B 25 04T T 4%
Br, &5 SR W, Y T B A e B B AL A Ak
B i %85 8 119 7 25 A Tl e R B A Kl A5 1 R
B KNI 5 24 BHJE BEHLAE FL I, AR Ak ) 5 2

http: // zkxb. xjtu. edu. cn

%




80 [ TS S R N S AT &
AR 72 ) s A A fie /1ML 2011,

W5 45 45 F 2 B0 Y Bt ML S Ak I (R 40 S B 5% . [11] WANG Shuo, BERNHARD R J. Prediction of aver-
10% .20 % SEATF He 40 W7 » 368 TR 725 3 o i 5 i )y 24 aged energy for moderately damped systems with
BT 5 e T 88 o Bl 0k 585 182 5 22 F) B4 I /1N strong coupling [J]. Journal of Sound and Vibration,
g 4 0 9 S 190 R 9 0 6 PO s e |

[12] WEAVER R L. Spectral statistics in elastodynamics
Rk e . L AR BT S5 SR Oy 1 AR IE R 5 [J]. Journal of the Acoustical Society of America,
Wl O P ) RSt R e o I 31 T 5 R T A T e )RS E 1089, 85(3): 1005-1013.

[13] LOBKIS O I, WEAVER R L, ROZHKOV 1. Power
S &3k variances and decay curvature in a reverberant system
[1] NEFSKE D J, SUNG S H. Power flow finite element [J]. Journal of Sound and Vibration, 2000, 237(2):

analysis of dynamic systems: basic theory and applica- 281-302.

tion to beams [J]. ASME Journal of Vibration Acous- [14] LANGLEY R S, COTONI V. Response variance pre-

tics Stress and Reliability in Design, 1989, 111(1): diction in the statistical energy analysis of built-up sys-

94-100. tems [ J]. Journal of the Acoustical Society of Ameri-
[2] WOHLEVER J C, BERNHARD R ]J. Mechanical ener- ca, 2004, 115(2): 706-718.

gy flow models of rods and beams [J]. Journal of [15] LANGLEY R S, BROWN A W M. The ensemble sta-

Sound and Vibration, 1992, 153(1): 1-19. tistics of the energy of a random system subjected to
[3] BOUTHIER O M, BERNHARD R J. Models  of harmonic excitation [J]. Journal of Sound and Vibra-

space-averaged energetics of plates [J]. ATAA Jour- tion, 2004, 275(3): 823-846.

nal, 1992, 30(3): 616-623. [16] LANGLEY RS, BROWN A W M. The ensemble sta-
[4] BOUTHIER O M, BERNHARD R J. Simple models tistics of the band-averaged energy of a random sys-

of the energetics of transversely vibrating plates [J]. tem [J]. Journal of Sound and Vibration, 2004, 275

Journal of Sound and Vibration, 1995, 182(1). 149- (3). 847-857.

166. [17] LANGLEY R S, COTONI V. Response variance pre-
[5] BOUTHIER O M. BERNHARD R J. Simple models diction for uncertain vibro-acoustic systems using a hy-

of energy flow in vibrating membranes [J]. Journal of brid deterministic-statistical method [ J]. Journal of

Sound and Vibration, 1995, 182(1): 129-147. the Acoustical Society of America, 2007, 122 (6):
[6] CHO P E. Energy flow analysis of coupled structures 3445-3463.

[D]. Indiana, USA: Purdue University, 1993. [18] REYNDERS E. LANGLEY R S. Response probabili-
[7] BITSIT F. The structural-acoustic energy finite-element ty distribution of built-up vibro-acoustic systems [J].

[D]. Indiana, USA: Purdue University, 1996. Journal of the Acoustical Society of America, 2011,
[8] CHO P E, BERNHARD R ]J. Energy flow analysis of 131(2); 1138-1149.

coupled beams [J]. Journal of Sound and Vibration, [19] SHORTER P J, LANGLEY R S. Vibro-acoustic ana-

1998, 211(4): 593-605. lysis of complex systems [J]. Journal of Sound and
(9] MW@, BRIEXS, RIUIL. BAE 72 & 4 ih ik 3 04 fig Vibration, 2005, 288(3): 669-699.

HARITHNT [J]. 842508 K%M, 2008, 42(9) . [20] JT Lin, HUANG Zhenyu. Analysis of subsystem ran-

1113-1116. domness effects on the mid-frequency vibrations of

XIE Miaoxia, CHEN Hualing. WU Jiuhui. Energy fi- built-up structures [J]. Journal of Sound and Vibra-

nite element analysis to high-frequency bending vibra- tion, 2013, 332(13): 3190-3200.

tion in cylindrical shell [J]. Journal of Xi’an Jiaotong [21] shivfs, LS. MR 5HME [(M]. dbat. +

University, 2008, 42(9);: 1113-1116. 481 A, 2009 89-123.

(107 fRAbTE. e WA BT 7 AT 20 058 10 5 7 5 4 it i)

Gl g R AT 2 (D] 79 % 74 % 328 K4,

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn




