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Rheological Properties of Rough Rice(I)

— Stress Relaxation of Rough Rice Kernel—
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Summary

Grains display characteristics of both elastic bodies and viscous fluids when they are subjected to
mechanical treatments in harvesting, handling, and processing. This viscoelastic behavior of grains when
mechanically stressed must be fully understood to establish maximum machine efficiency and have a
minimum degree of grain damage and the highest quality of the final product.

The studies were conducted to examine the effect of the moisture content, the loading rate and the
initial deformation on the stress relaxation behavior of whole kernel of rough rice, and develop the
rheological model to represent its stress relaxation behavior.

The following results were obtained from the study.

1. Moisture content had the greatest influence on the initial portion of the relaxation curve. With
elapsing time the lower moisture content resulted in the lower residual stress for the Japonica-type
rough rice and vice versa for the Indica-type rough rice. But within the ranges of moisture content tes-
ted, the degree of stress relaxation per unit strain on the Indica-type rough rice was a little higher than
those on the Japonica-type rough rice.

2. The slower loading rate resulted in less initial stress. The decreasing trend of residual stress for
all the samples tested with increasing loading rate was shown.

3. The higher initial deformation for all the samples resulted in less initial stress. The increasing
of amount of stress relaxation per unit strain with increase of initial stress indicated that viscoelastic
properties of rough rice depended not only upon duration of load applied but also initial stress applied.
This means that rough rice is nonlinear viscoelastic material.

4. The compression stress relaxation properties of rough rice kernel can be described by a generali-

zed Maxwell model representing by the Maxwell elements.
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Fig. 1. Schematic and block diagram of compression test apparatus.

Table 1. Specification of compression test apparatus and measuring instruments.

Item Specification Remarks
Computer 32 bit, CPU 2MB memory Model, 386
(65 MB Hard disk)
A/D convertor 16 channels PCL-712
Amplifier 6 channels, 2 V excitaion Kyowa, CO-50ET
Load cell 200 kg capacity Kyowa, LU-200KE
BKE H9= 13~25% (wb) B WA 25 2 vt a9 WETES Wel £grEk
2 WYT, MERMERE (oading rate) & Fholl o] B RS Bt 2 Weidldl A 0.08 mm
ASAE Standard S368.1°° 243} 1.25 mm/min 2} 0.15 mm F FFL2 stgon 2 e
+50% HANA 0.6642} 1.673 mm/min F FE L 7+ sagge) 2ol A 15~20 Ko 2 Bh
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Fig. 2. Generalized Maxwell model consisting of n

Maxwell elements in parallel (a), ramp-
step-strain loading function (b), and chara-
cteristic stress relaxation as a function of
time after initial strain (c).
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Table 2. Parameter values of generalized Maxwell model for rough rice kernel.

. M.C* | LR* [ID* Decay Modulus(MPa.) Relaxation time(sec) L.S*
Variety r
% (w.b)[mm/min)(mm)|  Ei E. E; u T2 T3 {(mm/mm)
0.664 0.08| 363.1751| 86.5282| 115.1243| 3372.3452( 56.0918 3.7795| 0.0351(0.9995
140 0.15] 220.6422| 48.2552| 70.0866| 2981.6172| 49.0820 3.6865| 0.0658(0.9997
1673 0.08{ 421.3082} 101.2492| 147.0929| 3089.7522{ 58.3351 3.9351| 0.0354]0.9996
. 0.15( 198.9119| 44.9975| 77.9347| 2467.6404| 459797 3.5207| 0.0663{0.9998
Akibare 0.08| 216.0206( 45.3620| 54.9250( 3850.2708| 49.0093 3.5664| 0.034110.9997
210 0.664 0.15| 95.0465| 21.3329| 26.6874| 5604.9805 55.?996 3.9522| 0,0639]0.9993
0.08| 221.4205| 45.1934| 65.2287}3176.9910| 57.6877 4.2166| 0.0341(0.9998
1673 0.15{ 103.3258| 23.4801| 35.7691} 3441.0662| 53.0785 3.7817( 0.03420.9996
0.664 0.08] 392.1768| 91.2016] 124.1189| 2795.2688| 53.0785 3.7817| 0.0342}0.9996
0.15| 199.5666{ 46.5689| 65.3283(2940.1414| 52.7373 3.9087| 0.0642 }0.9996
14 1673 0.08| 4222018 96.9353| 134.0358 | 2852.3218| 54.7425 4.2493( 0.0343{0.9997
Daccheong 0.15] 203.2750| 46.7091| 70.1736|2912.1458| 51.7853 4,0707] 0.0642{0.9997
0.08| 156.3534| 34.5220{ 35.2956( 3890.7314| 56.5675 4,0775( 0.0331(0.9996
234 0.664 0.15| 75.6488{ 17.3677| 18.8493|4268.7686| 62.6048 4.4115{ 0.0613]0.9996
1673 0.08| 168.9685( 35.6474| 44.8850| 3888.4507| 65.3584 4.6515| 0.033210.9994
0.15| 81.3423| 17.7892! 22.4792]4120.2002| 61.7038 44771 0.0618{0.9996
0.08| 634.6804| 131.5702| 190.6854 | 4318.5771| 51.7337 3.8029| 0.0387]0.9995
0.664 0.15| 3174564 65.9252! 97.3628|4153.2158| 49.8731 3.6601; 0.0715]0.9996
136 1673 0.08| 666.1710( 134.1770| 210.0751| 4292.9888| 50.1815 3.8067| 0.0386|0.9996
Samkang 0.15| 384.9394| 73.5285] 126.0109| 4532.2417| 50.2273 3.6135( 0.0717(0.9995
0.08| 192.8091| 48.7362| 60.3859] 3519.3259| 69.2429 4.0719| 0.0365|0.9993
941 0.664 0.15| 101.7076| 26.1571| 32.8787| 3382.5559| 54.8734 3.9668| 0.0692]0.9996
0.08) 211.5779| 51.9007{ 71.7772]3259.0276| 55.1822 4,1448| 0.0365|0.9995
1673 0.15| 102.4611| 26.5902| 39.9361| 3297.0178| 52.2809 3.8682! 0.0684 [0.9995
0.08| 416.0249| 83.6476| 120.1560| 3287.3589| 52.9940 3.6962| 0.0371]0.9996
0.664 0.15| 202.9850| 42.1486| 63.8820] 3290.3697| 53.1454 3.6162{ 0.0696[0.9995
131 1673 0.08] 462.3515| 96.68702| 149.2639| 3439.8052| 55.9585 3.8495| 0.0371]0.9996
Wonpung 0.15] 205.3819| 43.0489| 68.7066| 3316.2017| 50.4986 3.9311{ 0.6933{0.9995
0.08| 224.6821| 58.0222| 75.7685]2416.4131| 53.8608 3.7221f 0.0362(0.9997
180 0.664 0.15| 120.2540{ 31.1487| 41.8783] 2569.1709| 50.4990 0.0674} 0.06740.9997
0.08| 228.6330| 62.0712| 89.8270} 2532.7610| 57.2227 40601} 0.0361|0.9997
1673 0.15| 114.0235{ 30.2080| 43.0550)2695.5752| 53.1210 4.0076( 0.0672]0.9997

*M.C.=Moisture Content, L.R.=Loading Rate,

LD.=Initial Deformation, 1.S.=Initial Strain

—212—



Ble] y&elA g 1D

2aYe o ERA EFSIEeE 4 B8R
AFEE 2 28k glo e

7 frgeel Ae W o] ghrol & MEARE ] 800
2 FH50%2 A% £2BHe Zloz Hol 1§g
Befiflo] A ¥ ds] AdEE Aog s,
A WEREH 2%Z3] BRE AAR KG9 2L
3 EF Maxwell BH 0 24 o] ©9] BK o
MEDREE BB Yetviien], & BERY ASE
< computeroll 93 JERE mF o ELE 2F
A

TRl §HH X2 Hertzol ik A7) MR
Bl Heog RE Rt AL dpgc)vas,

E(M=E, exp(—t/t))+E, exp(—t/t5)+
E3 eXp("‘t/'L'a) ........................ (5)

KBS 5ol & W9 N B 24v
3 B3R Maxwell HE I 4 EFR o] Mawell BEI S
2 e 4 AFES Fe¥ oy 4 EE Max-
well #HEle) Z9 RERBEI)E <L 718194
gk sto] B8t 3 HHE ol Maxwell O 2% 1
o BN B85S F83 Y £ dlens
# 29 3 TR Maxwell #E ) 2t AlFE9 g
< BA 8k

ot &k=o| BHHAE RHo| 0|z R

BHRS QAT o v LA =a EApit
o] ¥ geis}t JoeuE 75T 3 AN E KB
o] ALg-3te Ao utE A& Roltth, 1 BEY
& Hig AA 7 Bodste] AT BiEES 25
S on e EEES Al BiEEo 2 AHS
sled ol gkt whalA] & PFFEcl M e RS A3
TR %L A2 S Hol 3 A3 #
BAX BHAZ H, 2 BEES X% o 24
T MES il me}l JiEsty o Mol
HROE Uirol EHoZ EASAY

A o 2 LA Hel dishe] A4HE A
o MMERES B8 AER ot Sghel =7
W 3lehe o, AMERE 5 SKkEe 3o 7tF 2
B2 B REES SKED Yo HEN
ko) |A S k] F2 HES sl e

22~26)

SKE Hslo) e W 2 B O Bk
ol R S 17 3,4 2 5o e

wol R E RE AN EHhES FEES F &
ZAtolol FA3 dolut, BiRfe] Z o] me}
2AE FAES E 4 0L, AR §KK 135%
(wb) Ao Wy} 2 FHAEH S # 50% 7t g
He de #7800 A% 2888 ¢ 4 Qoh

W 4 Bl M &KERe| BF YA 947 |

1000
-5~ Akibare
| ~0— Dacheong
800 - Samkang
>

Wonpung

Relaxation moduius. MPa per mm/mm

Time, sec

Fig. 3. Relaxation modulus curves for rice kernel
at 0.664 mm/min loading rate, at 0.08 mm
initial deformation, and at low level of moi-
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Fig. 5. Effect of moisture content on relaxation
modulus behavior of rough rice kernel at 0.
664 mm/min loading rate and 0.08 mm ini-
tial deformation.
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Table 3. Residual stress after given time loading and relaxation intensity per unit strain.

i M.C* | LR* |[D* R.S.* after given time R.L* per unit strain
Variety f
% (w.b. Y {mm/min)}(mm) 5 sec. 100 sec. 600 sec. Eytu Eyto Ests
0.664 0.08 83.6 65.0 53.8 0.1077 1.5427 30.4601
140 ) 0.15 83.2 64.8 53.2 0.740 0.9832 19.0014
' 1673 0.08 82.3 63.7 51.8 0.1164 1.7248 37.3797
. ’ 0.15 80.1 60.9 485 0.0806 0.9786 22.1161
Akibare
0.664 0.08 85.4 68.4 58.4 0.0561 0.9256 15.4007
210 ' 0.15 85.3 67.7 59.7 0.0170 0.3851 6.7525
’ L1673 0.08 85.1 67.1 55.2 0.0697 0.7817 15.4695
’ 0.15 82.7 63.9 534 0.0300 0.4410 9.1357
0.664 0.08 83.6 64.6 52.1 0.1403 1.7182 32.8209
144 ’ 0.15 834 64.2 52.2 0.0679 0.8830 16.7136
) 1673 0.08 84.4 64.8 52.4 0.1480 1.7708 31.5430
' 0.15 83.0 63.5 51.7 0.0698 0.9020 17.2387
Daecheong
0.664 0.08 87.6 70.0 59.3 0.0402 0.6103 8.6562
934 ' 0.15 87.3 69.2 58.8 0.0177 0.2774 42728
’ L673 0.08 87.0 69.1 58.0 0.0435 0.5454 9.64865
' 0.15 86.3 68.2 57.8 0.0197 0.2883 5.0209
0.664 0.08 84.1 66.8 57.7 0.1470 2.5432 50.1421
136 ' 0.15 834 66.1 57.0 0.0764 1.3219 26.6011
' 1673 0.08 83.5 66.2 57.3 0.1552 2.6738 55.1856
' 0.15 814 64.1 55.7 0.0849 1.4639 34.8723
Samkang
0.664 0.08 84.5 65.1 53.8 0.548 0.8090 14.8299
241 ) 0.15 82.9 64.1 53.0 0.0301 04767 8.2885
’ L673 0.08 83.6 63.7 52.5 0.0647 0.9405 17.3174
’ 0.15 81.3 61.1 50.5 0.0311 0.5086 10.3242
0.664 0.08 84.3 67.2 55.9 0.1266 1.5784 32.5080
151 ' 0.15 83.2 65.8 54.7 0.0617 0.7931 17.6655
' L673 0.08 83.4 56.7 54.8 0.1344 1.7278 38.7749
' 0.15 83.1 64.6 53.9 0.0619 0.8723 17.4777
Wonpung
0.664 0.08 82.8 62.7 48.9 0.0930 1.0773 20.3564
180 ' 0.15 82.2 62.1 49.3 0.0468 0.6168 1.1451
’ 1673 0.08 81.8 60.6 474 0.0903 1.0847 22.1243
’ 0.15 82.1 61.1 487 0.0423 0.5687 10.7433

*M.C.=Moisture Content,

R.I.=Relaxation Intensity
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L.R.=Loading Rate,
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1.D.=Initial Deformation,

R.S.=Residual Stress,
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Fig. 6. Effect of loading rate on relaxation modu-
lus behavior of rough rice kernel at 0.08
mm initial deformation and lowlevel of
moisture content.
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Fig. 7. Effect of loading rate on relaxation modu-

lus behavior of rough rice kernel at 0.08
mm initial deformation and high level of
moisture content.
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Fig. 8. Effect of initial deformation on relaxation
modulus behavior of rough rice kernel at 0.
664 mm/min loading rate and low level of
moisture content.
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Fig. 9. Effect of initial deformation on relaxation

modulus behavior of rough rice Kernelat 0.
664 mm/min loading rate and high level of
moisture content.
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