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Fig.1 Experimental device for pressing
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Fig.2 Relationship between stress and strain of loading process
for Swida wilsoniana fruits

K 2 nE, Hm Rt B SR N AR N T
0.4 I, NI HNARFEARL ISR, NAEKT 0.4 1,
FEIHARL . XL H T NARE 0.4~0.6 Z[A], HSHF
GG R AR IE, T IR AN BE SN AR 7 Hh i
HRTT IR TR () S IR, DRl g 1 g 5 AR S
LRI K Ry MR I % e I it A, ]
TEEO'E K b AL 512 L s M T e IR B AR & 2 0.4
2.1.2 JeEidA2 ey Hiadh &

() BE, R 02800 R v A FE A B8 RN R D7 S A st it 72
I I EAARAR A (1) AT (2) , AR g f
IR SRS R I R st AR e e, Wi 3.

264
o 247 AR KT
a 22r Strain level
< 20f " 03
5 18} y
22 16} * 04
=S 149 405
= 12t
S8 10t
@ 08F 4Aa,
e = 06 Fo AAAA‘A‘AAAAAAAAAAAAAAAAAA
X 041 oo
< ®eccee
02"llIllI-I::::::::::::::;:;:;:;

1234567 89101112131415
I )

Relaxation time #/min

a. NASKE R 030 0.4, 0.5
a. Levels of strain were 0.3, 0.4 and 0.5

35~
30F
5L I ARTK P
Strain level
201} = (.55
e 0.60

15

10 @

Tl FERTEM 1 Y.
Axial stress of piston/MPa

5
0 .TI*I!I‘I!l'l'l'l.l.l..lllllll
1234567 89101112131415
A St [
Relaxation time #/min

b. WAR/KH 0.55. 0.60
b. levels of strain were 0.55 and 0.60

B3 AESREARTAR 4G 5 TR R
Fig.3 Results of strain-stressing relaxation of swida wilsoniana
fruits in loading process

HlE 3 A, NS E (ORIPr BUG RS ZE



280 RNy TFEZ (http://www.tcsae.org)

2015 4F

B N ) AR ZE(ED) B RN AR I oS, ol
SEAENAR KT 0.5 LS, X HTNAART 0.5 LU, 6
B s O g, FE N AR ORIk,
DAL 8 it et K
2.2 EHEIREPHRTERRSHOKE
.21 AREEANES

HHE 2 FOE 3 nrgn, g R e i g AR Sk
RS, OO ILHEAT 20 BB, 0T etk 4y,
MG A T e e, 8 L 30 40 R S AR AT B )
FAR My, WL EEL S, &
HEOR A A R, AR 1 b 2 R il e A L 15100
HEATRHIL Sl AR 2R PE . 8 b ) 75 200 480 7 o 7 oy B AR
Ay«
Ke c<e¢

£—¢g, (3

E+——— &£>¢,
a-b(e-¢,)

s KONERPERT BOG B R SCof iR, MPas a. b
NINAEDITAETESHL: & HIRNAS s e 0 TRV AE o
S5 NI TR Sos LIRASIR ik, T
Maxwell B BERUFRUAM S A RH AT R,
A5 BT SR PE T AE AN B2 SR AL 5 M0 ) 3L Maxwell
BT RU e PE B RA st 7, A2tk 5 )11dE A KRB &
IIEFIBUAR LM BAR L R, MRS B DL R AR SR .

o(e)=

EF* [ Zede kit oHE

e KOBVERLE; pAFREREL MParming & R RNAS; IR 7,
MPa.

Note: K; for modulus of elasticity; 7 for viscosity coefficient, MPa-min; & for
critical yield strain; . o for axial stress.

B 4 SOEAR SR AN RIRER 0 R AR
Fig.4 Rheological model of strain-stressing relaxation of swida
wilsoniana fruits
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Table 1 Linear fitting slope at different time
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Time/min tting Correlaplon Time/min Fitting slope Correla_tlon

slope coefficient coefficient
0.5 1.0360 0.9430 8.0 0.5206 0.9400
1.0 0.8665 0.9434 8.5 0.5140 0.9411
1.5 0.7785 0.9411 9.0 0.5072 0.9403
2.0 0.7241 0.9400 9.5 0.5015 0.9415
2.5 0.6867 0.9406 10.0 0.4977 0.9437
3.0 0.6566 0.9414 10.5 0.4916 0.9426
35 0.6318 0.9403 11.0 0.4876 0.9440
4.0 0.6105 0.9385 11.5 0.4817 0.9443
45 0.5950 0.9400 12.0 0.4761 0.9422
5.0 0.5807 0.9405 12.5 0.4715 0.9424
5.5 0.5688 0.9429 13.0 0.4673 0.9428
6.0 0.5552 0.9391 13.5 0.4643 0.9438
6.5 0.5456 0.9395 14.0 0.4605 0.9429
7.0 0.5346 0.9380 14.5 0.4576 0.9443
7.5 0.5286 0.9404 15.0 0.4545 0.9444
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Note: ¢ for linear strain; &, for nonlinear strain. &, for critical yield strain; oy, for
branch stress in nonlinear process, MPa.
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Fig.5 Branch of empirical model
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Table 2 Stress value of empirical model
5 1] I} Stress /MPa I ] M. JJ Stress /MPa
Time/ “pissgy Ay ik | Timel Ay ARk MR
min 0.5 0.55 0.6 min 0.5 0.55 0.6
0 1.0693  5.7800  30.0950 8.0 0.3289  1.5995 5.0468

O (E,1) = " (100

0.5 0.4934 23851 13.0676 8.5 0.3221 1.5836  4.9757

1.0 0.5687  2.2579 10.1412 9.0 03156 1.5682 4.9089
1.5 0.5501  2.1403  8.7053 9.5 03102 1.5549 4.8504
2.0 0.5146  2.0370  7.7851 10.0  0.3047 1.5420 4.7963
2.5 0.4826 1.9610  7.1807 10.5  0.2999 1.5304 4.7453
3.0 0.4552  1.8954  6.7320 11.0  0.2967 1.5193 4.6976
35 0.4340 1.8427  6.3855 115 0.2903  1.5083 4.6550
4.0 0.4150 1.7991  6.1160 120  0.2863 1.4984 4.6140
4.5 03990 1.7628  5.8972 125 0.2826 1.4890 4.5761
5.0 03856  1.7295  5.7136 13.0 0.2783  1.4800 4.5390
55 03733 1.7018  5.5601 13.5 02742 14713 4.5042
6.0 0.3623  1.6766  5.4284 140 0.2704 1.4624 4.4723
6.5 0.3527 1.6552  5.3153 145  0.2666 1.4547 4.4436
7.0 0.3444  1.6353  5.2155 150 0.2635 1.4470 4.4129

7.5 03356 1.6150  5.1267
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Table 3 Comparison of errors between simulation and experiment

AR K T KA 22 SRR 22
Strain level Maximum relative error/%  Average relative error/%
0.50 44.84 40.67
0.55 10.48 5.86
0.60 15.78 6.85
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Rheological model for swida wilsoniana fruits in process of cold pressing
based on stress-relaxation tests

Liu Rukuan'?, Xiao Zhihong?, Zhang Aihua?, Li Peiwang'?, Zhang Liangbo', Li Hui!, Li Changzhu'~*
(1. Institute of Bioenergy, Hunan Academy of Forestry, Changsha 410004, China; 2. College of Chemistry & Chemical Engineering,
Central South University, Changsha 410083, China; 3. Hunan Engineering Research Centre for Biodiesel, Changsha 410004, China)

Abstract: Swida wilsoniana is one of the important woody oil plants supported by the State Council, mainly distributed in
Hunan, Guizhou and Jiangxi Province, of which the whole fruits contain about 30% oils with high nutritional value.
Mechanical pressing and solvent extraction are 2 major ways for fruit oil, and the lack of equipment for Swida wilsoniana
fruits with the characteristics of hard core make it imperative to carry out this work. In order to study the rheological property
of Swida wilsoniana fruits in cold pressing process, the stress relaxation tests under different loading strain levels were carried
out by using the self-made straight cylinder pressing device. Based on the basic model of rock rheology, the relationship
between the stress and strain was simulated, and its rheological model was established. The results showed that the relationship
of stress and strain in the loading process of Swida wilsoniana fruits was divided into 2 parts which were defined as linear
period and nonlinear period, and the critical yield strain was 0.4, meaning that the relationship between stress and strain was
linear when the strain level was lower than 0.4 and was nonlinear as strain level was higher than 0.4. The amount of stress
relaxation rose with the increase of pressing strain level, especially as the strain level was higher than 0.5, due to the oil
bursting out of oilseeds, and the higher strain levels, the greater amount of oil, and the greater amount of stress relaxation.
Segmented simulation was used to analyze and determine the parameters of the model. Firstly, the Maxwell model generalized
by elastic element and damper mode was used to simulate the linear relaxation process. Then linear mode and the Kawakita's
superposition model jointly simulated the process of nonlinear relaxation. Finally the rheological model was established and
the parameters were obtained. Error analysis showed the application range and simulation effect. The relative error was large
when the strain was 0.5 due to the rupture occurring in the period of loading, and the average relative errors were less than 7%
when the strains were larger than 0.55, which could provide basic data of stress and strain parameters for squeezing process
and special equipment. However, pressing pressure was only one of the pressing factors which would affect the pressing effect
for Swida wilsoniana fruits. Other factors such as form of oilseeds, composition of main contents, pressing speed and
temperature were also important factors influencing squeezing effect. Morphological change of Swida wilsoniana fruits was
just a reflection for pressing, which had some limitations. The main evaluation index for pressing effect was the oil yield rate
or residual oil of cake. So establishing the relationship between stress, strain and residual oil was an important direction of
research. Therefore, a comprehensive analysis of the impact of various factors should be considered to establish an appropriate
system for oilseed processing conditions, and to realize a cold and effective pressing technique for oil Swida wilsoniana fruits.
Key words: oil and fats ; stress relaxation; models; Swida wilsoniana fruits; cold pressing
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