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Fig.1 Zizania latifolia
1.2 KEHE
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W, B L5 A% 0 92 [ Food Technology Cor-
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Fig.2 Zizania latifolia triaxial coordinate system
A [ 46 775 16 W 88 REA0E 5 0 S84 A
FE o MG SCHR [ 17-19 Ju] R0, 5™ il T 4 106 s 4 3
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1. J1 FI 45 B 4% j% 2% Force and displacement sensor; 2. [5 % i 3k
Disc indenter; 3. i 3 B 4% Experimental sample; 4. it 3 & Test
bench.
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Fig.3 Compression test device diagram
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N[ TR 28 1 Xl 2R AT R AR S RS ik
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3 WOREE WSS . o T A28 1 ) 2 etk 22 S vk
(4 S LEAIL R, )R 45 H T S A BE (SEMD X 22 F1 N
PRI YRR SR TSR . RIS BT AR S H AR NTC
28 J A 7 ) JISM-63901LV A= 4 41 4l B 7 S s
Ay EFAT K 3.0 nm, #EAT SEM FAHEET L 4425 1 i
MR FEX N 3 mm, JE B 0.5 mm BT A, ¥ 00 B iR
AR W 15 28 A 25 4 , 75 20 i 245 449 (31
S W I R AT I S A T T MR e R T B AR
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Hi 2R 1 AR, 28 AR BR 2 for 5 032 R ml 4 %, X
177 v A% IR 2847 K 283.2~301.8 N, i f 2y 7.71~
9.93 mm, V- 4% BR 2847 Ko (50 # 53 31 oy 286.4 N . 8.24
mm; Y 1 77 [m] R BR 2 far A 278.5~304.8 N, i1 F8 H
7.58~9.03 mm, V- ¥ & FR 2 far e f57 7% 43 Bk
289.2 N, 8.45 mm; Z %1 Jy In] 19 # PR 28 fif 2 340.3~
370.6 N, fi # 4 6.95~8.11 mm, ¥ 214 PR 2% a7 Az o7
#4391 351.4 N .7.30 mm.,

P 6 45 R AT, 25 1 XA Y B T A PR 2
far 4, HLBH /N T Z 05 i, W RS 8 far 32 4l A
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Table 1 Zizania latifolia triaxial ultimate load and displacement

. X7 1A X-axis Y #7511\ Y-axis Z 7 1A Z-axis
o HIRART/N {385 /mm BB AR T/N {388 /mm BB /N {375 /mm
Ultimate load Displacement Ultimate load Displacement Ultimate load Displacement
1 286.7 9.93 280.8 7.58 345.3 7.06
2 260.7 7.93 278.5 8.45 359.5 6.95
3 301.8 7.79 304.8 8.45 340.3 7.11
4 299.6 7.86 288.9 8.72 370.6 8.11
5 283.2 7.71 292.9 9.05 341.2 7.27
SEHIME Average 286.4 8.24 289.2 8.45 351.4 7.30




o541

THEE A ZEERAE AR R AT A 283

2.3 AEEHEF EN E . HREENEEREE

WIS A RHRPT AT B ), 28T XL Y L Z 53
AT 18] 8 WIS VS Rl 32.04~56.82 N/mm, -1
41.79 N/mm, X\ Y . Z 75 ] P24 W B 43 53] oy 37.88
36.66.50.82 N/mm (3 2) , B} Z %l Jy [ {49 F- X5 M1 3
R Xl Y Bl 7 ) ) SF- 2 W AR AR A WIEE S T
AR B JE 1, 38 AR [R) 5 1) I B 25 1 Z il 1)
R R T A RS XA Y Bl 1) 25 SR, XB RN
Y 7 1) A S5 8 SR Rz, RN B FH AT
[ £ PO 000 (A R 28 1 ) AR

TR 50 T A5 (4 34 T ) e 401 58 AR Ak R A 5 W
JEASAC U SREAR — 3 (K 2) , X Y Z 57 1) ) ~F- 2 1
PSR 2 914 0.74..0.72.,0.88 MPa, Bl Z#l1 77 5] i) F-
T 5 B I KT XM Y Bl 1), Xk e ALY A
7 1) 1) P 2 00 458 5 BB R AR AR A, LA 4 A Y 1L Oy
0.65~0.93 MPa, *F- 48 # 0.78 MPa, it ] A 7] J7 (1]

28 T BB K AZ R B 5 AT BT R[], AR BE R . — T
T (4R PR B AR e Ak

LA A T SR b R A T S R S R, T
DL DT i LB 8L A2 T 68 1 1 /AN i LA
AT S W) B0 T3 1) i L - B 03 2 TRD 45 B R
JEE SRR T B R R 2 B R 4 A
—E B SR AR (H B LSRN 35, 25 A SR A
s AR AR IN (3R 2) , HE S A T 1.44~
2.45 MPa, FE-Y(E 4 1.89 MPa; X, Y, Z il J7 [a] - 24
PR B 50 1.73.1.61.2.33 MPa, 28 [ 5 £
Sy AR Z 807 1 R, Y Sl 1) d N AR Y Bl
] 55 Xl 5 ) 230, 0 A B AR g R RO R A0 5
YA AR — B, I, 7RI N 2E YT R S T
ARG R N R R Y S 1 AR A T 5 T B
(CEFT = &N (1

R2 ZXEATRESRTEENE HREEFRERE

Table 2 Stiffness, failure strength, and elastic modulus with different compression directions

NI/ (N/mm) Stiffness 4558 £ /MPa Failure strength FMEARE /MPa Elastic modulus

e
Niﬁmzer X7 1) Y #liJ7 18] Z&ore XEosE Y#orm o Zosm Xy Yéorm o ZEismE
X-axis Y-axis Z-axis X-axis Y-axis Z-axis X-axis Y-axis Z-axis

1 32.04 37.43 50.58 0.72 0.70 0.86 1.44 1.69 2.28

2 34.20 36.40 50.50 0.65 0.70 0.90 1.57 1.59 2.37

3 39.93 41.09 56.82 0.75 0.76 0.85 1.79 1.73 2.45

4 44.23 35.79 50.17 0.87 0.72 0.93 2.06 1.60 2.39

5 39.01 32.58 46.03 0.71 0.73 0.85 1.79 1.44 2.16

SI{E Average 37.88 36.66 50.82 0.74 0.72 0.88 1.73 1.61 2.33

P 2% 3T, 40 7 1) Xk W 46 ek R
PR 38 A A B PR R R (P<<0.001) , U B 28 (1 2L A
2 ) SR AR 78 28 O T A7 Bz s 22 78 43
FFHAS IR 7 1) ) M 4B 58 5 2 5, AR IR T AR Bk
Pk,
24 AEEHFRENE HGREMEEES

J 45 T8 X 28 11 R 45 2 R P 1 5 i) B A %
TR TSR BA BN SE M. WE
2& H X B 5 ) s 4 3 R 43 31 2 30,4050, 60, 70
mm/min B 4 R BE A0 458 5 R A, 25 SR ] 4
IR o BT AA R, 28 IR B 4 R R
SeHEmJE A, HAR Sk 25.68~44.40 N/mm, *F-
Y{H 2 34.33 N/mm, H & R 45 3 %y 70 mm/min
IF - ST 2 fe /0, MILEE (B 32.92 N/mm, JE 4 38 %
i 60 mm/min B~ 2 KW B 3k 2 F K, NI EE fH R
35.09 N/mm.

F P 4B TN, AN TR HE 40 1805 28 1 I A ok
WAFTE 22 5, W32 Bl 25 S 440 300 236 110 186 O e /N I 1
K, HAH 35 Bl A 0.50~0.77 MPa, F #{i H 0.66
MPa; JE 45 33 5% > 50 mm/min B, 8% 45 38 B f /0N, %
oE B (E 4 0.63 MPa, JE4E 3% 4 30 mm/min i, B%
3 SRR, W AR B (B R 0.67 MPa.

F P AC T R TR R 47 38055 28 P 1 s A
WA 25 5, AR i B 3 R 4 o R 1 4 e K s
W/, AR Y BBl R 1.05~1.93 MPa, ¥ {4 4 1.51
MPa, >4 & 4 33 % & 30 mm,/min B 88Up A & 5 /)N, He
B4 1.50 MPa, 4 s 4 3 4y 50 mm/min i 58 P45
K, HAEH A 1.56 MPa, Fifi 22 ) 72 8 /)N , {5 544
AR K

F P 4 R B 44 i 3 G K, 28 W SE 3 o
Y RGE AR TA 48.43 mm/min i, 2= 2518 T R 22 1
V1A 5 3 B R 4 o 3 ) 348 R S0/ DN | 2 T 4 i R
ik 55.50 mm/min J& , B R BE 23 B BTG R 26 Y i
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Table 3 Variance analysis of compression mechanical properties under different compression direction
$447 Index Rl A Hi Yo7 FE B
VN
" Square sum Degrees of freedom Mean square F value Significance
W Stiffness 615.754 2 307.877 19.377 <0.001"
W45 & Failure strength 0.112 2 0.056 21.568 <0.001"
#uPERE Elastic modulus 1.488 2 0.744 27.303 <20.001"
37.5¢ . = 072 pe -
370 ¥=-0.0049x" +0.4746x +23.808 % 0. »=-0.0001x" -0.0111x + 0.9058
2 365F R=0.9195 g o70F R=0.88896
& 36.0r o
= 355t £ -
Z 350 El 0.68
= 345 ‘= 0.66F
A E 340 B =
£ 335 £ 0.64f
Z 330 S
o 325 o 0.62f
= 30 B 062
E 315 B 0.60f
31.0 S
30.5 3( 0.58 1 1 1 1 1 1 1 1 1 J
25 30 35 40 45 50 55 60 65 70 75

25 30 35 40 45 50 55 60 65 70 75
JNZRH %/ (mm/min) Loading rate
1.70r

1.65F
1.60F

R’=0.869 5

1.40F
1.35F

SR /M Pa Elastic modulus

JINZRH %/ (mm/min) Loading rate

»=-0.0002x"+0.0161x+ 1.1732

1.55F
1.50F
1.45F

1‘3025 30

35 40 45

50 55 60 65 70 75

NZRH A/ (mm/min) Loading rate
AW Stiffness; B. B 58 # Failure strength; C. 3P i Elastic modulus.

& 4

R ESRE R A B e N F 4

Fig. 4 Mechanical properties under different compression rates

A AL B A P 20 3 1 RSB R AR I, > R 4
BRI NS 40.25 mm/min J , SRR 2518 T %
PR 4 TR P 24 303 0 Tl A5 e 32 A A

P52 B 52 I 24 R B 2 (P>0.05) , H I, 7F 30~70
mm/min H& 45 58 270 Bl P 48 3 R 0 28 1 0 L e
S JEE R A P A () S S I 2

x4 AREBEETZANFEHEATESN

Table 4 Variance analysis of compression mechanical properties under different compression speed
e Rkl H HiJE Y75 F{d Pk

F845 Index —

Square sum Degrees of freedom Mean square F value Significance

W Stiffness 19.327 4 4.832 0.148 0.962
WEA55E 5 Failure strength 0.012 4 0.003 0.728 0.583
FiPEALE Elastic modulus 0.032 4 0.008 0.114 0.976

2.5 WEMEM L HIGFHE

P Pl SA AT, Y XA Y Sl 8], 28 O 25
25 SR/ A TEREAH FRL L P R 23 0 9 30 R R 254
YA HES , SR HES JC Iy ) vk ELUA LB, [
T4tk 5 At A S FE TR S5 R AHZE 42 76 XY P 1T N 4
SR, DASE a8 B o 585045 0 2 B B, 23 A
AR IR AR DA AR iV A R v B U1 e 47 T 3

P &1 5B AT, 28 Y Z 3l ) oM 25 4 5 X

ALY 75 1) 22 S WA, 0 Z 507 ) AR SR i BEAS
1y, HIC AN ZE B A B2 o0 A Al XY Jil 7 1)
RES A AT, IR 2500 W BE S5 K Fh XM Yl 32 UL 5
FELEAGUT Z 007 T 180, I = 2 250 7 10y B A A
15 ELT Z 7 1032 2] o3 A 36 3 LT Z 3l i RESS A
S 2 T o o 2 ) s A PR 28
PV RE ZH IS4 /NG R TR S HES , RS0, fiE
M R A7 AR K A3, 73 BT R 0 38 113 K R Y
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A XY #7518 X-axis and Y-axis direction; B: Z%li )7 4] Z-axis direction.
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Fig.5 Microstructure of Zizania latifolia in different directions
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Mechanical properties of compression in Zizania latifolia

WANG Hongchang'?, XTA Jingjiu"*, DONG Zhao',LIU Lile', WANG Tao’,ZHANG Guozhong'*

1.College of Engineering ,Huazhong Agricultural University, Wuhan 430070, China;
2.Key Laboratory of Agricultural Equipment in Mid-1Lower Yangtze River,Ministry of
Agriculture and Rural Affairs, Wuhan 430070, China
3.Jinhua Academy of Agricultural Sciences ,Jinhua 321051, China

Abstract The properties of Zizania latifolia materials were studied to solve the problems of lacking
theoretical basis in the design and simulation analysis of mechanical equipment for processing and harvesting
Zizania latifolia. A texture analyzer was used to conduct static load compression experiments on Zizania
latifolia to obtain the stiffness, failure strength, and elastic modulus of Zizania latifolia under different di-
rections of compression and compression rates. A scanning electron microscope (SEM) was used to obtain
the microstructure of Zizania latifolia and analyze the intrinsic mechanism of the differences in the mechani-
cal properties of Zizania latifolia under different directions of compression. The results showed that Ziza-
nia latifolia was anisotropic material, with the average stiffness values in the X, Y and Z axis of 37.88,
36.66 and 50.82 N/mm, respectively. The average failure strength were 0.74 MPa, 0.72 MPa, 0.88
MPa, respectively. The average modulus of elasticity was 1.73 MPa, 1.61 MPa, 2.33 MPa, respectively.
The direction of compression had an extremely significant effect on the stiffness, elastic modulus and failure
strength of Zizania latifolia(P<<0.001). The effect of compression rate on stiffness, elastic modulus, and
failure strength within the range of 30-70 mm/min was not significant (P>>0.05). The microstructural fea-
tures in the X-axis and Y-axis directions were similar but different from those in the Z-axis direction. The
distribution of pores along the X-axis and Y-axis directions resulted in the smaller values of mechanical
properties of compression in these two directions. It will provide theoretical reference for the packing, stor
age and mechanized production of Zizania latifolia.

Keywords Zizania latifolia; elastic modulus; failure strength; compression direction; compression

rate
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