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Non-linear Viscoelastic Modeling of the Fruits under Dropping Bruising

LU Li-xin
(School of Mechanical Engineering, Jiangnan University; China National Light Industry Package Quality Supervi-
sing & Testing Center, Wuxi 214122, China)

Abstract: A dynamic non-linear viscoelastic model and its parameter estimated method are
developed for the fruits under dropping bruising. This model equation defines the force acting on
the fruit as composed of a nonlinear elasticity force k,z*? and viscous damping force c,z**z. A
experimental system is used to measure and analyze dropping impact data of fruits. The dropping
impact test with multi-heights is conducted on fresh ‘ Fuji’ apples grown in Shandong, China.
The model parameters are estimated based on the experimental data of the apples under the multi-
heights dropping. The efficiency of the model is verified by comparing the results of numerical
analyses with the results of experiments, These results indicated that, compared to other model,
the proposed non-linear viscoelastic model is the most precise one in simulating the impact force
versus deformation during dropping impact of apples,

Key words; apple; rheological model; nonlinear viscoelasticty; dropping impact; bruising

RERESH, FLRRHREMT TL SN BRIAER,
BRI A2 L T EL AT 0D 5 4 S e Ve A ST 2R E NS 2 E R TRBS
T A% ST LR G RERRR TR, S5 o 45 b o R4k 2R 4 R A

0% B #A . 2008-01-16.

ESHA - @E+—E"H8 X #H R E ST H (2006BAD30B02).

BB S H 966, B IIHRENA T¥E L. AR BLESH. TENERASKTGOERRESE
L AEHNFEEHOE AR TEERELEEME. Email: lulx@jiangnan. edu. cn :



2 &

5 42 4 # K F R

®27 %

TREMBIS, BT — RIH X RE 4
O BIEN MR A S MR HE,

TREES, REERK T A% B
WAL TR PR R R S B E R N
WHEITREHARAEEEE L TRME.
BN FTHRGESENE AL FHBEEY. B
BT FEE R LR B A BB e M R B
o B X , 745 2 S O R 4 g B S A O
YT 95 10 SRl o 17 Bt 2L 7E 50 B TR b B 8K 1
FRAME A 4F AT SE B ik R L MO B S B
B TSRS B FFF ST, Franke!) 5 F Kelvin i
RUEEST T — I 2t B A A R P U BR B % iR
B#TSRBA, B EEE S KR EE; Ki-
wabaral " R B ML LER R KRR A T 10
B P T — RN R MRS, b
WA R E AR R TEBRRELHIE. HG, Zhang'? |
2 /MBS Sy il S T 4R B vk AR ) — B R
FREIRE —HEXRR HRY R RN
BER, SUFETRERRG &M T OKE
il A TUARIE R T — BIEH RN SR T
TR B % e R 9 AR 45 T 0 35 PR BRAE K
[E ke 5 08 B TR BE R

EEI e LS 3 & 3 3 AL o doh
AR RIS IR PR R R R v it
A H RS2 (7 B R T 9 R S OR R o
HHETHREEE, F T ENNRERR N R
AS KR SR I B o o o 3 0t SR S0 B R B 24T N
W JR, S TR O T ok £ 1
L RRRS —RER L R AT WIS
HREE R TR SER SRR %, Ua
BHERABRM R ETREMETRTFHES
BOBEF (7% vt I 5 2 F o X 4 R AT
HBHHS, ARG S BERELT LG RG&
1 F T S e B B A R, O E TR R e
— 35 RAE 5 52 1) B M PE 5 AR 4R B RE

1 XM BHIPFRBEAMELE R
HERAE

1.1 FEHmSHENERNE

KEWFEER REBFEPHIBRFNELR
FEUTE. FENRIBERG R FLH, P
FRELBERERME, RILOERN S £ A4
B,

HTFFBRUERBENHERETFTHOEHS, Ku-
wabaraU" V4R T —AE R MR AT R,

F = ks +cx't ¢))
Kb b HBEERSc WRHER. - WERE.

AR o P R A OE R BT AR
B RS, A 574 0 B Rl N, R A
cx'’? SR RAE R 3L MY IR A B M ARE . (H R A9 B
TR, RA ' FRFMR LWL R
B, ZE s R IR (¢ = 0) B RS LHFRIRE
7 RRFT,

R EFBERE W SRR AR — TS
EMRMEER, Hunt B4 T 5 —#R0I,

F =k +cx*% 2)

B, Tsuji B2 T % —JF RUEF MM T H
ﬂ[”]: )

F=kr¥ 4+ cx"z 3

B AR, Tsyji EBRHSHERS
i E T IEIRE R 5 d R R, et
B 5E B P B R OB N BB, BOZOE R BT R 2 3
THRH.

T bR 2 R ORI A R A4 £
FIR N, 5 SR A U S MY {7 SR LTI
i SRS AR RN A RE, .

CL) 3T 2% 2 o 20 3 6 F0F 0 26 A0 B0 b iy 38
PR, B T4 B9 B KR 5

BRI BT, A S ERE TR
B, WAWREE S, R Kuwabara BH F
BT S B — & A K BT R R
BB I I SRR R AT, AN AT
R . 2R 7 T 0 A R UK 2R AR 4 LB 9 o
R N — AT AAE T L X B 4 A 0 L E AR
BAZRSRBERLENYARE.

g A% S0P ST AN T AR R R KA BRI A &
BFREHRTER, B

F = kba®? + ozt @
R by HRERGEE R o, FRTRAGRHIER
Bon HBHEHTESE.
1.2 EHSHRMTEIRFS &

HFREEE SR, 83 W & LR R Lk vh
H—wEEE (F—0, W#— 18 PR L% i
SR — BT (F—2) ks B0 2 — B el Ca
— ) XFM, M TEESREA . LR
THEESEEIRH BIRRH -

8= 2 [(Fn—Fp) | ... I (5)

A, FrFp H515% F— R H R L i H
BRUE AR . % 0 =>min. BT, FIS X RAE R S K,



4l FAl . BAENERGAH THRREARSHBATAY 3
REBENSREERBAR.

2 M#HEF %
3 #£R54#

2.1 RBHHE

HRAMH MRS HEL"ER, AR
ERABERRAN, RE LG, RBAE 251 ~275
g HPRA—FEARN EAXEREHEERE
10 g N, ¥R B IR SCRE 7 9 0. 80~0. 92 MPa,
2.2 HRBNFE

¥REE5RHERENBRERETRERENE L
i, s 1548 CL-YD-315 B (o i 4% %
15 kHz) , # Jy 15 R 8858 o 98 4% 7% 3% B 2 A KB AL
EEL FNEHERS LEE -BHBER
50 mm,E B 2.5 mm) A MRt B @A, KA
INV306D % A {5 5 R £ 4 B2 43 ¥ 4%, L A o it S0
BA#TRENRE. AR BWERERR
10 kHz,

FRELEMAUERALE Loyd AR K
LRX PLUS B S48 RS MG 0. 5%,

w
o %
Q

l_’\ G
A JEME; B BEWEERE, C. k%8, D. BN, E. &8
#; F. HSREH; G E5oHL
H1 BEPHRRRA
Fig.1 Schematic of drop test apparatus
2.3 RBEAHE
BB 0, WEER KRR, Wl
FREBALRFE B2, R T 3908 B A bR 1) 5 2Bk
B2, A RBRIERERELE. E0
PORHAB Pl B BBk 428 5 mm Bk, DHESEE
BE 20 mm/min AKX RET, BRPMARER 10
mm, M BEAEAN, BEREANFEXTRZ LN
WA REE.
FIBPERMNEHH T R F R BRIE R
By R I R, BRI o SRR R E.
KH6 A BKEEE:0.1,0.2,0.3,0.4,0.5,
0.6 m, HAEEM 3 MK, BNMAFRR 2 K,
By o B A AESE 180° /R KA — K.
RESBEFRIEREVCES ELENEAE
HIRE 90°Z5 4, B YR B 7 v if 151 98 U B A T4 4% A
BE LB IR A BE HEAT 58 W B VE L IR B B AR TE BT

3.1 HRBSHHEMER

BERE—-BKERETH - RBITHEEEN
SRR . BESFHERRRRGESKEN:

DREHES —BRERETEIREN 6 K
R o~ JIE L HHH 6 KEE LR ENEE S
wh ity B R FR 29065

2) BEEUH o B 9 0 (60 A0 3 JEE o i ] 5 3 £
LA MR 2 B/ — K BT FE LAY BT R
B 25 B AR Y

Min(é = J(L—)z+( ) ) (6

KWy a, .2, 535K SR 53 47 48 A BK 9 e 18 on 6 E
R, 3, F 2 B Bk e (8 o R E KM vhih
B B E.
3.2 BERHUBESHBE

KEBRESEROLI m 6 A XN YE
H—BREWE  BTEHSEOR, ATHEHE
PHFFES B n H, SN EB n = 7/2.8/2.9/2,
10/2 #FTEB S HER M FR L 6 ARSI S B WD
EHAEMTERIERE, F SRS TEARR
E AT, HAFMES Bt Bk g s A B4 0R
s IR — B L ah i ) — B R, A 2 BT
NERRYHEE n HNEA BHERSABE
BIRZERIE/DEHY 2= 10/2 B, R E . EH
M S KB ERERR. ZEBMEE. h& A
MIEEARMEERBRG . N EFEPHEER,
WHLEARATER Y n=9/28 ,EHUESAKEY
AUERE, MEE . i el 5 AR E IR E
B FECHABERETHWRABRGERELEL.
WERBEBAESK»=9/2.E . 48 LERK
HEE R ARG THEREFBEATERAT R
s

F=ka"" +cx"2 N

Uhﬁﬁﬁﬁﬁﬁﬁﬁ'ﬂﬂ #—E5EBIE
Eﬁﬁi&ﬁ%ﬁ(ﬂlgé)q EREFWH, Bk LA
FEIVHBERERERSRABRERYGHET, R
REERBENBEN SR EMAERE. ANEHRK
EEHERSRABERRERR Y EHEE;
Kuwabara B % Tsuji A EBE M EFHRB A
(t=0; z=0) , BRI ESKREIF, X%
wHHMEEHFRER B,



£ & 5 £ ¥ B K #F R

%27 %

2 RAEBHHMABELFERBRENERELILR
BN ( =0.1m)
Fig.2 Effect of model parameters on the model results

for Fuji apples( h=0.1 m)
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