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Identification Method of Nonlinear Properties in Packaging System
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ABSTRACT: The work aims to establish a method to simultaneously identify the nonlinear elasticity and non-linear
damping properties in the packaging system. First, the motion equation of packaging system of single degree of freedom
was deduced as Volterra nonlinear integral equation of first kind. The Landweber iteration regularization method was
adopted to find the accurate solution of the Volterra integral equation in the noisy background. Since the number of the
iterations had great effects on the accuracy of the solution, the L-curve criterion was used to determine the appropriate
iteration number. After solving the Voterra equation, the free response data of the packaging system as well as the solution
of Voterra equation was used to identify nonlinear elasticity and non-linear damping properties simultaneously. The accu-
racy of this method was investigated through a digital example. The method proposed in this paper can be used to effec-
tively identify the nonlinearity of the packaging system.
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Fig.2 Packaging system response

a3 R Sk R Ger B g 4R B E S 4,
tas ooy MORPERIN LR EAIT S 4, tay ...,
NN

x(t,;)=0,i=1,2,--

x(t,,)=0, i=1,2,-

WBiE o) =r(x)+c(x), A

D(ty,) =c[x(1,)] (11)

D(1,) =rx(t,)] (12)

H(AD)—(12)FMH, Rl o(nZ)E, WRiEHR
S A5 B M) 1o R R e SRR BT R L, AT A AR
Pk B S AR R B . iR K @ BYME, BIE A
B RGN ARG HAE R rO)FIBHJE FEE e(X) -

FIH (1 D)—12) 5 M R G AL RSP0 7 ik
5 RGN WA S o F TR, BIE— W HR
SAET, ARG R R R U T B A4 ) B R
B MRS R ARG PR A T S 7
HAb B wth & TRl o0, IFEFHX

Ly

(ID)—12):R R ALt B S . T
X LB S AR, W] EEIN AT SR AT H R AR
Jp 2 M WA R (o) FITBELE R (%) &

3 O(tHIKER

TESM T A R G AR R 2 07, 1 S AR I
KoK &), KAO)LENHEH, LI
s, Ko h e f, (1055 128 Volterra 1
43, SR AR D(o)nT FH s [n) R SR A 7 v sk A5 . =X (10)
i, A n(O)=x(t)— ox,(H)— Pxa(t), TR A0)A]E K.

K-®@(t)=n(1) (13)

TR F K 2BLME T, TR @),
FRA)NFAEME— I &), TELEBE, Tl
SR SEBEE x(0il H HAT — MM S R 22 R,
A3 H RS n° W SA —E iR, B
[n° @ =n@), <& o Fertr |, ki ke,
ik, RODMRFEF RAEEN, 16 n(OfFTE
BN LT, HhxRm R K -0 ()=’ @)
FLER M D), W) n(o)HF BIEARAR A (R T4,
R B D) IRATAE R IR 22, IR SR R B 6200
KR A 78, LA A i E A

T Landweber #%4CIENIAL ik B e 1
B, HoxF AR E AR SUR M S, o kB
Landweber 12 % 1F W) 4k 75 2 2R g/ — 52 W 75 7K F
D()f# . Landweber 1E AL Tk 0 FEA LA T 7
ﬂ‘j:

G, =@, ~ AL [L(®,)~L'(m)].j =12,

(14)

Arfr: & g HOH; S8 N EEE >0,

L HFNBSET, MTAEERE 2¢), R T

l%L@hﬂK@ﬂdﬂMo
SCHL(D)A
L(®)= _f(: L[cos(a)r) sin(at) — cos(wt) sin(w7)] -
mao
D(r)dr (15)
B LN LR T, MR R
Fie Y, 2k, wig.
L'(®)= I ‘ L[cos(a)t) sin(w7) — cos(w7)sin(wt)] -
L mo

D(r)dr (16)
R ERR a BT 402 2R 58 A H e I A IR 1]



F37E F2 M RKME . 2 RGT AR AR I B ik -+ 49 -
XH a B 0.15 s, oo =108

T Landweber 3483 1248 0400 b (N L
JB, BRI AR B ARG 1, 15 k3 mT kAR
HEIEM, HILEER @0=0.

2 X AH—6)iHEFEAA, FTEC Hm
B AT REAE R E & o,

4 BUEEMFHEEL M IR A L6

DA BLAR AR A 51, A28 e AT &R 48 A Hh
M 17 250808 43 HIT 2 8 AR e sk AR ek DL R

) I e HRORIT BUAS AR AT SRR B 1 A4
ARG, HARL A RN S s R, HEA
SR, m=10 kg; £=930.14 kN/m; r(x) = ks’ =
—1.5x10"%;  c(x)=ci+c; % =—490.8% — 1205 .
ARG WMWIRAAE N . x(0)=5 mm; x(0)=0; BEIC
SR AT [n° ()= n(0)], <51, 5=0.01.

% @p=0, FIH(14EAR I &, i %
IRREL 3G, T @ B A A EAEET . i @,
BEIRMMEZ )G, T g PRS2, KE
H KBS — L1, R & LB B
AR, @B RriRE, Wik, Ea BN
YT TR R & @ RIE R EEN.

X B L U O d A R AR vk )
FHAZAE N B, AN [F) A9 3k AR By 25 14 F R
Landweber £ fCIEM LR g a2 &, DIKEARARL R
IL(@)-1'l> B, VARABARIC | D)o, Lol —A
Mo AFRBEREBRAE T, X8 0l E 5 TE
W—A LB k. T, pEE BB
Bm, ||@, B RN E, BN
&, BLHFRE) T R, RSB CEAY E— 4 1
m, TR g PR RN, @ £ By s
R, TR0, FakERgin, B R 2R,
£ Landweber iR RECT N & Lk B AT
RS . RS L phZRJEN, T2 Landweber
PEACIE AR 9 B AL AR B . FH T ek ARk
B L R MR 3, Wz L ik nT LI, 24 j=1000
W, ||, B8 TRGEM, BEE BB — 4
s, mTIRZENEN, BT |0, kL1
Jn, PRHRT A R L AR 1000 Y, AN[RIEE
B TR R &5 ELR D)X H L
&l 4,

| ,1? (x10%

0 05 1 15 2 25 3 35 4 45
I (@)1, (x107)
K3 T E e Uk AR L2k

Fig.3 Optimal iteration number determination by L curve
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