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Stress analysis and prediction of maize kernel during drying

Liu Xue-giang' , Chen Xiao-guang', Wu Wen-fu', Wang Yong-li*, Wang Zhi-gang'
(1. College of Biological and Agriculiural Engineering, Jilin University, Changchun 130022, China;2. College of Mechanical
Science and Engineering , Jilin University, Changchun 130022, China)

Abstract ; In drying process of maize, the mechanism of crack generation was investigated, the distribution of
thermo — and hydro-stresses inside maize kernel were studied. Employing the general Maxwell model a stress
model was proposed, which was then used to simulate the distributions of principal stress and shear stress
inside the maize kemel. Simulation results show that both temperature gradient and moisture gradient
significantly influence the magnitude and distribution of the stresses. Either principal stress or shear stress
which exceeds the yield stress will result in cracking. Results also show that the maximal principal stress
occurs inside the cutin endosperm, while the maximal shear stress occurs on the surface of the cutin
endosperm.

Key words : agricultural engineering; stress cracks; thermo-stress; hydro-stress; Maxwell model

BRI F1 2 F I8 0 7 5 P R A e
0 51 7 SRR PR PR I | 9t 2 B, TR
7 1 B 1 K WL B2 REAI 7600 T35

K TS SR — DR O R RS R ek BSOS, S B
BOMMEET RN T TN IS AEN,  BoRWIN, SRRt WRsay s
THE B R Tt PR N BRI E IR e R R | BOR i T KRR B 5 2 B
BEEERUK Y BREE U BGARL RURRLT) IS R i 4228 , NI TRk, 5340, i g 24

7% B #A:2005-09-21.

E2TR . ERELAHR LK 401 B (03EFN212200075) ; 75 M8 BHE & BRI 2115 B (20030526) .
EBB A XNFR (1976 - ), I LA DF50 05 ) A ) HOR B A 5. E-mail : xueqiang@ jlu. edu. cn
BRBER A SR (1965 - ), 55, #d%. BFFE 5 10) . B S 5 & B4 H 5 R E-mail : wwf@ email. jlu. edu. en



A

x| F 5% R T RE AR P B AR A oA 5 TR 43 -

LA TR0 YR AL R T K 2E R AN
TIFER

FORARIIT ™ A 1) SR BRI 2 DR 4 B2 T WL
EEEI I AT 21 6 30 ) B — SR B4 T2
AT, B BRI R (£ T 3 K380,
MO | T KL P B8 2% b G 7 TR & 32
Wi, 6 K R ) LR 36 AN WL f) 37 A 9
(4, BT BP0 S AR AN 1) W 2R 14 7
T (B4 2 i,

VRN R A e R 0K AL F 25 T
o AT AT, % T e R T AR R ] 4
9 K AR B, DD K R R R EE B

1 R REUE AL

THHER N T R A ERONE T R R PN L A
FEES: MBI 7 S B R P R A K o0 B B 1 e
o Ekstrom F5Y T B KRN L8 1, BoK
R 3 R0 F R A JEE K 406 R A [V Y
S5 T HK 4386 BE AR T R 8 F AL T J8
FEA R TRAS R RSN, W RS 9 07 7 RS
FENPLANE, X PR B N 8 3 R T AR
PR R A 0 ) 248, i L ) 480 S ke A7
FERLPIEE 2

Thompson 4513 it AFF 5% T K M i it v 7=
ARSI JE R ) R T R RS A S TR
PO TR UIARDC SR P TR 5 R K 2
FEPE R AR, T8 BRI T HR 0 T, 3 R Y
VA S35 QO 5 N S & A A i W I B i o I
5 B 2 St 30 s A B — A Bl AR N HE N, R — 2
SUREE AR, HE A F KPR R P
Z41H ., Gustafson 2511 38 13 X 32 $OFFRE A9 A R IT
SRR S RN 7 A UL B ) S B0
YIS, Balastreie 550 38 i 4941l B 052 5]
MAGETAPRL R IR T AR A,
I 1 BESCAERERL A 0 TE B, SR TS T TE # 0RE 2
S SEY R, Song % - SR FHA% g A 4R (MRI)
FOARBIFE AT HT A B, oK AR 53 1 R 25 1 )23 AR
RS 2 1] M% 328 | 4230 AR ) TSt 7K TS s /b | 76
DX A AR R FE R T S Bl R AR AR XX
S8, E IR DT T A R A A ) A
VAA L U 5O/ S/ TA A ey Ui R S R A
S AAER BT 7 A 2R, SR T TR T8 K Ok IA

PR, N RE— R SRR Y RE 20
JIZALLY R BT g i N7 g AR E AT 1 ) 1) Ao gz 24
JF. Gunasekaraan 251 %F 4 NAS[R] 5 Fif oK 4
LRI 5 IR, 7 ) BB B R i S 43 AT E 35
~90 mm, 4 b F K #Y B R 2 BBCTE O 58
mm , Ji ) BEE0 58 BE R[] ] RS2 h T AFRL B 22
T3 Y

2 RN

FPARLIR) 3 27 R A 8] BT 2 S ) 17 7 A TR AN
IFl AT 2 A S R AR AR L o A
RS BRI Sy S A 1 S B I 22 AR
R T AL IR 786 580 1 A 5 AL 552 B 1) ) 2%
PRI
BETEVR 0 7 22 R AN A i 2B e ) A %
117 ELAAAH T K AL R S, RIVIR] IS S ik ] |
TR JEE KK ATt R PR, 28 SCT T bk 2 -
TR FAR T o, S R]-K 50 T o -
oy = 1/, ay = /€, (1)
e NI, s & MIRBEITH BN, s €, HoK
IR s
e R SRR N T o i N
a = aray = /€ (2)
A€ BRI s,
HRAEFRFNE T 2 BRI TN ST L Maxwell
AL, GBI RIS ] &, SRR B FMEAR T T
RO B AR A T AR N

¢ de, (r,t")
— AN A A
Sy(r0) =[G -1y FET
0

o(re) = [3K(e - ) Gler) -

30, AT(r,&") =3B, AM(r,&") dE" (4)
Ky WL REGB, MR R EG K
P EVATRBL L ; ¢ g HS s A o 5 AT Syt HE 72 £k
16 AM /KT AEAAE 3 S (s 0) AR ST 50 (ry)
AERE S s e, R AR IV AR 5 v oAy THURE 35 T 3 Bk (14 BE
B,

XFa(3) A (4) 70 5 AT A7 47 3 A2 45 A
P R0 AR R, FRE AT S I T A2 e ) B ]
Iy

127 N ,
S,(r0) = S [R(E =) 5 [3aAT(r ) +

38,AM(r,t") ]di'dr (5)

dt’ (3)




- 44 - THRRKRFEF]R(IFR) % 36 &
AP R MRABREEL, L 0or 08 — — — — 07
IELOE TR XE ) B0 ) F 05 B, B RS o — = moe———
Maxwell [E{A 7]15 5] . - :$ -
d R exp( - t/97,) i 300} —m T
a-rr<r’t) = 24E11L T E_, 200 d._l--::“‘_"‘_"_“___ - N o e
) ! e & 100t /( -~
t t’ 3 , N s -l
v 3 g .
[exp arnL’ 30 AT(r, ) + B p—
3B,AM(r,t") ]dt'drdp (6)
S B AR A ] ()
L e L Te P 09r 08 — = =0
roo —_——— =0.6r r
Ty = 750}(’,5) +o,(r,t) (7) = v
1 TXI13 19 25 31 37 43 49 55

G I kbl

FSL b FORBEARIR: , (E N T A7 1
Nt T v K R P TS ) 2R A ) B AL, AR
i TARTEAREFE, B R el g e —4E 5 72,
W = Y T ey A R — AT RS S A AR
EARIIURAR N - 1L Z2 A8 ) B, HL A% 1 [
P,

SRR E (1) 5 K URLAY 8 I 1] 2 I
FERK A RBOCR I FRFRR 2

B =B+ YEen(TH ®)

X E ROk U, R R R R 7 oy MoK ol
PR F oy FAAEITFERD .
ar(T) = exp[ = 0.02 x (T - T,) —
6.67x 10°(T-T,)]  (9)
a,(T) = exp[ = 170(M = M,)]  (10)
KT, =20 C;M, =0. 14 (kg/kg) , 7301 h 5%
TEEFIIK Sy
B NGRS R e i EX il I
o = %[0. 0252 +0.000515M/(1 + M) |

(11)

B, = 20.2 +0.493(T - 35) (12)

M= (6)—(12) #4710 I35, B4 E KR 7E -+

v SN IR | FUR e RE Y AR AN RS e iV e

R 1, K 2 s, KA bR IE A AC 3R R
71, BRI T

K1 (a) Fm i E T 0T (BURE 100

C ) B RBOR PN E AR R N ) 404, T L BEE

Tt R UEA T, 0k R TR A9 AR M) N 7 R O, T

BN R 32 J1 8 RN T, 3288 A8 R, TE BE T N

t /min

au /(2107 Pa)

(b) Y
1 ERBHIANERR 1576

Fig.1 Distribution of the stresses in a maize kernel
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Fig.2 Distribution of the stresses during drying,
tempering and cooling of 5.2 °C in a maize
kernel with the temperature of drying air
at 100°C
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