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Fig.2 Compression stress-strain curve of seed cotton with different moisture content
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Fig.3 Stress relaxation curve of seed cotton with different moisture content
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modulus of Hookean body in Kelvin body, MPa; #, is viscosity modulus of
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Note: E. is elasticity modulus of Hookean body, MPa; 7, is viscosity modulus of
Newtonian body in Maxwell body, MPa-s; E, is elasticity modulus of Hookean
body in Maxwell body, MPa; 5, is viscosity modulus of Newtonian body in
parallel Maxwell body, MPas; E}, is elasticity modulus of Hookean body in
parallel Maxwell body, MPa.

B 6 & AFieHFAER

Fig.6  Stress relaxation mechanical model

AR Q23 FARK (24) TLLE H Ao X Maxwell
R b BE AL 555 1 N AT RA SN A], SCALE 5 2 B A RA A
B T =7efF X Maxwell AR H LS — N kAt
W] oo PRI, IO X Maxwell A4S AT 4 [ i
FAEKFHRIC ST FA AR o A& 7KE 20% R EH 0.15 kg
% 2 ESREEI TG, BE8RmE 7 s, 1
JUT X Maxwell BI04 v 250 R KT 0.99, [Fik

T TLTC AR R S BEA IR AL

—o— FA B FJRelaxed stress
TLICFT XMaxwell 73R4 L4 1l 28

&
=3

Fit curve of generalized Maxwell

§ 38 l 5 element mechanical model
= R - R AMaxwell J R Al £k
% 361 Flt curve of generalized Maxwell
2 3 3-element mechanical model
§ 34 R>=0.9202
2 321 R™=0.999 6
.R
i 30F
2 o SN
TAE
0 20 60 80 100 120

ET [#) Time/s

A7 HARRAER A (SKE 20%, 0.15kg-2)
Fig.7 Curve fitting of stress relaxation model
(moisture content 20%, 0.15 kg-2)

3 SHMES /N

3.1 BHWHE

FET AP RRAE R4 3R A 28 3 1) e P A T AR AR T
JCKF R £ 2% [) 18] A6 R ORG BEL P2 A 52 s i 2 30 H AR 45 4
R s 4 1 ) 82 i 2 o3 I A e o 3B b T R ER
HETE 3 BB B R E R s 4g ) e it 42
SR FH A2t G AR R R AT R, g B ) B AR RIS H s 3N
Origin Pro 8 B IFM ANFFRE ALY, DLt Zeil &%k
fif IR 4 AR (R 0 R R R BB S BB RN
SPSS 22 #AFHEAT B A 34T BIAS [F] K Z KPR AR
YRR 28, FIF Duncan ¥JMH 2 & ELiyES 45 R kAT
XL AT, ARWE 1w,

1 BKREMBAENFFRERAGREE ST
Table 1 Effect of moisture content and feeding quantity on compression constitutive model parameters of seed cotton
o L e
FEIR SR R 7 o " AR AR
SRR A L o iy PR AR A A I kY A o
e 27 ARBRPE R B L L Viscosity REYE R FEAS i e 228
Ak LEIN B Elasticit Viscosity Viscosity coefficient of LNyl RERE
Moisture . Elasticity y modulus of coefficient of . eten Coefficient of
Feeding modulus of K Newtonian Initial stress of R
content/ . modulus of . tandem Newtonian . determination
o quantity/kg Hookean body in . . . body in Cullen body o/ 2
% tandem Hookean . Newtonian body in Kelvin . . R
Kelvin body viscoplastic MPa
body E\/MPa body 7o/ body 7,/
E>/MPa (MPa-s) (MPa-s) body 73/
(MPas)
0.10 3.83+0.09** 141.31£17.33* 1.92+0.02*4 2.14+0.35™ 9.29+1.16** 1.70+£0.17* 0.9715
10 0.15 5.65+0.85" 166.65+22.57** 2.00+£0.18** 2.30+0.62** 10.41+1.86™ 1.86+0.18** 0.9273
0.20 5.80+0.02"° 183.81+4.28* 2.12+0.09** 3.95+0.33%" 13.49+1.72% 2.64+0.3"8 0.906 7
0.10 6.57+0.85% 225.63+13.27% 3.25+0.07% 3.92+0.25% 9.76+1.01** 3.97+0.37* 0.909 6
20 0.15 6.67+0.47°8 229.68+18.38% 4.03+0.57° 4.3240.3% 11.09+0.68* 439+0.29% 0.9852
0.20 12.41+1.23% 241.7244.95% 5.08+0.87** 4.56+0.55"* 12.65+2%4 5.16+0.96"* 0.926 4
0.10 6.80+0.32% 253.04+21.11% 5.95+0.45% 3.40+0.31% 9.53+1.06™* 2.28+0.44% 0.9859
30 0.15 10.21+0.93%8 271.11+32.83* 7.63+£1.27% 6.03+0.62°° 13.30+1.858 4.46+0.82°8 0.999 6
0.20 15.79+0.54°C 272.32+14.13% 12.67+1.62"8 9.67+0.54"C 15.62+1.55%8 5.89+0.06 0.999 3

i: KM Duncan ¥9{H £ B ECEGREAT HLEL, RSB Is b7 BERRAN R &

KE ONGFED RAFBRAE CRKS7h) AEZERFESE (P<0.05) .

T

Note: The results are compared by Duncan’s multiple comparisons, different letters on shoulder indicate significant difference among difference moisture content groups
(lowercase letters) and difference feeding quantity groups (uppercase letter) (P<0.05). The same below.
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Table 2 Effect of moisture content and feeding quantity on stress relaxation model parameters of seed cotton

Maxwell 14 71 j& 57, 3£ ¢ Maxwell /&5 Maxwell /55 278 £ Maxwell {47 &

Sk W YIRS oA R E R R TORKGERTE RSO RE A e A
Moisture ~ Feeding Initial s1;r ain Elasticity modulus Elasticity modulus Viscosity modulus of Viscosity modulus of Elasticity modulus ~ Coefficient of
content/% quantity/kg e of Hookean body inof Hookean body in Hookean body in ~ Hookean body in ~ of Hookean body  determination

¥ ! Maxwell body  parallel Maxwell Maxwell body body parallel Maxwell body E./MPa R
E,/MPa body Ey/MPa 14/(MPa-s) ns/(MPa-s)
0.10 3.70+0.22* 1.17+0.03** 1.88+0.18™* 4.86+1.27* 78.20+£61.51** 6.56+0.15"* 0.997 6
10 0.15 5.75+0.19* 1.58+0.45™ 1.91+0.09** 8.50+0.83"® 188.87+4.09** 13.37+0.68%8 0.998 3
0.20 7.40+0.4aC 2.5340.49°° 3.08+0.36™ 11.77+0.4*¢ 254.63+69.55* " 18.44+1.23° 0.999 1
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Mechanical properties and construction of constitutive model for
compression and stress relaxation of seed cotton

Kong Fanting, Wu Teng, Chen Changlin, Sun Yongfei, Xie Qing, Shi Lei*
(Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: Cotton is one of the most important cash crops and textile materials in the world. The cotton production of China is
also ranked at the top of the world, in terms of planting area and total yield. Specifically, the growing area of cotton is annually
more than 3 million hectares. Packing storage and transportation of seed cotton have become two main determinants of
production capacity in the cotton industry. However, the traditional storage and transportation of seed cotton cannot meet the
high demand for the machine-picked cotton area in recent years. The packing facilities inevitably need to fit into the specific
producing conditions in China, such as local topography, climate, and vegetation. Mechanical properties of seed cotton are thus
fundamental, including compression and stress relaxation, to the optimal design of equipment for harvesting, stacking, and
packing. Most previous researches were focused mainly on the mechanical properties of corn, wheat, and herbage straw in
agricultural materials. Few studies were reported on the mechanical properties of seed cotton, particularly on compression and
stress relaxation. Taking the seed cotton as the research object in this study, a systematic test of mechanical properties was
performed on the compression and stress relaxation of seed cotton. An improved Nishihara model and a generalized Maxwell
5-element mechanical model were selected to represent the stress-strain curves of compression and stress relaxation. Various
level factors were utilized to verify the constitutive models for the compression and stress relaxation of seed cotton. Relevant
model parameters were obtained to determine the influence rules with different factors. The results showed that the
determination coefficients of parameters in the constitutive model were beyond 0.9 using the curve-fitting in the compression
and stress relaxation of seed cotton. An obvious regularity of coefficients indicated that two models were better suitable for the
compression and stress relaxation of seed cotton. There was also a significant influence of water content and feeding quantity
on the mechanical properties of seed cotton. Furthermore, the compression stress was positively correlated to the water content
and feeding quantity. In addition, the viscosity coefficient and elastic modulus increased significantly at a higher level of water
content, due mainly to the porosity of cotton fiber. The cell wall of fiber became stronger and tougher, because the hydrophilic
groups on the cellulose macromolecule absorbed water from the external environment. The curl of cotton fiber also made the
fiber shrink longitudinally and elastic elongation during the compression under the larger amount of feeding quantity, where
there was a significant increase in the overall longitudinal deformability of seed cotton and the elastic modulus. The viscosity
coefficient and packing height both rose up significantly, while the pressure transmission path was longer for the naturally
stacked seed cotton in the same compression chamber, as the feeding quantity was larger. The main reason was that the
bending deformation, contact and extrusion were induced to generate the greater local stress between the fiber bodies during
the compressing process of seed cotton. Moreover, the water content was positively correlated to the elastic modulus and
viscosity coefficient of seed cotton. This positive correlation was possible because the natural twist of cotton made the fibers
entangled, linked, and adhered, difficult to disperse during the stress relaxation of seed cotton. Correspondingly, the elastic
modulus and viscosity coefficient increased significantly, as the feeding quantity increased. This improvement was due mainly
to a non-uniform attenuation rate of pressure during the stress relaxation of seed cotton. There were much more contact points
of fiber curl subjected to the greater feeding amount of seed cotton. The elastic modulus increased, while the relaxation
pressure was transferred from the bottom to the top of seed cotton. The adhesion force between fibers and the viscosity
coefficient rapidly rose with the motion resistance increased. This finding can provide an insightful theoretical basis to
simulate the compression of seed cotton in most machine-picked cotton areas.

Keywords: compression; stress relaxation; constitutive model; experimental study; seed cotton



