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Study on Mechanical Properties of In-situ Compression and Texture Compaction of Maize

WANG Xin, YAN Hong-ling, HOU Ju-min ( College of Food and Engineering, Jilin University, Changchun, Jilin 130000 )

Abstract [ Objective] To explore a new method for testing the mechanical properties of maize kernels and to establish a new method of mate-
rial mechanics. [ Method ] Different loading rates (0.02, 0.06, 0. 10 mm/s) and different water content (11.37% , 13.86% , 14.78% ,
16.13% , 18.48% ) were studied, the significance and coefficient of variation of the puncture mechanical parameters were analyzed. [ Result ]
The results of the puncture test group with the loading rate of 0.02 mm/s and the water content of 14.78% were the most stable. The maxi-
mum bursting force, elastic modulus and total work force of the stability test in the stable group were in some parts with the traditional puncture
mechanics parameters. There is a strong correlation between the in situ compression rupture force and the total work force and the partial me-
chanical parameters of the traditional puncture. On the basis of validating the in-situ compression test, the in-situ crack image analysis can
more clearly observe the morphology and expansion of the crack. [ Conclusion | The in situ compression test results have a good correlation with

the traditional puncture mechanics parameters, the in situ compression test can replace the traditional puncture test.
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Fig.1 Force-displacement curve of corn kernel puncturing load
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Table 1 Variance analysis of mechanical parameters of various parts of corn kernel under different loading rates

A PIlIE= A& W61 3R AR B El e,
Parts Loading rate // mm/s Breaking load /N Shape variable // mm Total work //m] Elastic modulus // MPa
)5t Horny 0.02 114.34 £6.37 a 0.84£0.15 a 70.77 £13.23 a 300.00 +3.54 a
0.06 115.42 £2.27 a 0.90 £0.06 a 76.78 £3.01 a 298.75 +5.30 a
0.10 111.60 £10.01 a 0.84 £0.12 a 68.52 £14.26 a 302.50 £16.43 a
#3 5 Powder 0.02 15.37£1.79 a 0.97 £0.04 a 8.26 £0.50 a 74.90 £0.14 a
0.06 15.76 £2.54 a 0.95+0.05 a 8.44+1.44 a 73.74 £1.44 a
0.10 14.61 £1.15 a 0.99 £0.01 a 7.26 £0.81 a 73.65+1.33 a
J& Embryo 0.02 12.01 £1.49 a 0.93 £0.09 a 7.20£0.82 a 14.55 £0.64 a
0.06 11.78 £2.31 a 0.70 £0.21 a 7.80£1.35 a 16.25 £1.77 a
0.10 12.93 +2.73 a 0.92+0.14 a 7.98+1.53 a 14.40 £0.85 a
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Note ; Different lowercases in the same column stand for significant difference of parameters under different loading rate at 0.05 level
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Table 2 Variation coefficients of mechanical parameters of various parts of corn kernel under different loading rates

i 4iva pIE=BUES Wt A BT S AR
Parts Loading rate / mm/s Breaking load Shape variable Total work Elastic modulus
15 Horny 0.02 5.626 1 18.047 3 19.977 2 1.178 5
0.06 1.963 1 6.614 7 3.9153 1.775 2
0.10 8.969 5 14.448 7 20.813 8 5.4320
#3 5 Powder 0.02 11.646 1 4.1237 6.053 3 0.188 8
0.06 16.147 4 9.060 4 17.708 3 1.957 1
0.10 7.850 4 0 11.193 9 1.803 0
& Embryo 0.02 11.164 0 8.514 0 10.100 0 4.373 9
0.06 19.567 2 29.200 1 17.309 4 10.878 8
0.10 21.1254 15.555 8 19.201 7 5.862 6
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Table 3 Variable analysis of mechanical parameters of various parts of maize kernel with different water content

A FKE W61 3R A JSs| AR
Parts Water content // % Breaking load /N Shape variable // mm Total work //mJ Elastic modulus // MPa
£ )5 Horny 11.37 115.17 £1.80 a 0.78 £0.05 ab 73.83 £0.59 b 308.51 +9.31 a
13.86 122.35+1.17 a 0.99 £0.03 a 84.24 £3.62 a 312.08 £17.67 a
14.78 113.70 £6.40 a 0.80 £0.15 ab 68.84 +13.75 be 300.00 +3.54 a
16.13 101.69 £8.30 b 0.84 £0.15 ab 67.72 £7.62 be 296.75 £18.37 b
18.48 96.24 £5.67 b 0.72+0.13 b 51.74 £7.82 ¢ 285.61 £5.91 b
F53 f5 Powder 11.37 25.10£6.42 a 0.99 £0.01 a 13.08 £4.25 a 82.35+6.82 a
13.86 14.48 £1.40 b 0.81 £0.16 a 9.58+1.25b 73.23 £0.53 b
14.78 15.37£1.79 b 0.97 £0.04 a 8.26 +0.50 b 74.90 £0.14 b
16.13 13.64 £4.94 b 0.75+0.17 a 7.80£2.73 b 73.92 £3.77 a
18.48 11.99 £1.85 b 0.89£0.19 a 7.48+1.73 b 72.61 £1.43 b
& Em bryo 11.37 16.31 £5.55 a 0.71 £0.27 a 11.30 £3.81 a 17.29 £0.94 a
13.86 13.14x4.15 a 0.95+0.11 b 8.08 £2.53 b 15.33 £1.21 a
14.78 12.01 £1.34 a 0.93+0.08 b 7.20 £0.73 be 14.55 £0.64 a
16.13 5.68+1.31b 0.97 £0.04 b 3.24£1.00d 14.67 £1.87 b
18.48 7.14£0.20 b 0.99 £0.01 b 4.66 0. 18 cd 11.39 £1.25 a
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Note ; Different lowercases in the same column stand for significant difference of parameters under different water content at 0.05 level
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Table 4 Variable coefficients of mechanical parameters of various parts of maize kernel with different water content

A K &5t B pEl) SRS
Parts Water content // % Breaking load Shape variable Total work Elastic modulus
£ 5 Horny 11.37 1.560 0 0.006 0 0.794 3 3.017 7
13.86 0.956 3 3.030 3 4.297 2 5.662 0
14.78 5.626 1 18.047 3 19.977 2 1.178 5
16.13 8.166 4 17.428 9 11.246 6 6.190 4
18.48 5.8915 18.055 6 15.114 0 2.069 3
#3J5t Powder 11.37 25.581 8 1.348 1 32.492 4 8.2817
13.86 9.634 7 19.777 8 13.066 8 0.7237
14.78 11.646 1 4.1237 6.053 3 0.188 8
16.13 36.217 0 22.666 7 35.000 0 5.100 1
18.48 15.429 5 21.348 3 23.128 3 1.969 4
H& Embryo 11.37 34.028 2 38.028 2 33.716 8 5.436 7
13.86 31.583 0 11.578 9 31.3119 7.893 0
14.78 11.164 0 8.514 0 10.100 0 4.373 9
16. 13 23.063 4 4.1237 0.308 6 12.747 1
18.48 2.801 1 1.010 1 3.862 7 10.974 5
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Table 5 Significance analysis of in-situ compressive mechanical parameters of corn under different placement methods

JETITR WA AR A <))

Placement method Breaking load // N Elastic modulus // MPa Shape variable // mm Total work //m]
ik Flat 414.61 £0.11 a 482.61 £8.44 a 1.39+0.15 a 253.49 £12.93 a
il Lateral 168.73 +14.68 b 273.97 £18.96 b 0.91£0.12 b 88.35+6.21 b
ST Stand 299.07 £9.90 ¢ 276.00 £30.74 b 1.64 £0.09 a 238.21 £28.52 a
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Note ; Different lowercases in the same column stand for significant difference of parameters under different loading rate at 0.05 level
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Table 6 Variation coefficients of in-situ compression mechanical parameters of corn under different placement methods

JCE T R PR P2 gE8Y)

Placement method Bredkmg load Elastic modulus Shape variable Total work

i Flat 0.026 0 1.749 6 10.633 0 5.099 2

Dk Lateral 8.702 7 6.921 8 13.384 6 7.0232

37 Stand 3.3116 11.136 7 5.463 4 11.972 6
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Table 7 Correlations of mechanical parameters of maize seed with flat

puncture and in-situ compression

W

Iﬁf} F, E, D, W,

F 0.923" Z0.135 0,404 ~0.427
D ~0.291 0. 560 ~0.220 ~0.304
W 0.845 0.253 ~0.416 ~0.504
E 0.865 0.151 ~0.587 ~0.643
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Note:F,,E ,D,,W, stand for breaking load, elastic modulus,shape varia-

ble, total work of in-situ compression; F,D, W, E stand for breaking
load , elastic modulus, shape variable, total work of puncture test; *
stands for significant correlation at 0.05 level
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Table 8 Correlative analysis of mechanical parameters of maize seed-

ling with lateral puncture and in-situ compression

W

Ié:E F, E, D, W,

F 0.819 0.787 0.107 ~0.007

D 0.513 0.819 0. 264 ~0.296

W 0.652 0.618 0.217 ~0.208

E 0.849 0.811 0.109 0.082
HF B, W ﬁ%"ﬁ’zﬂ“ﬁur‘fﬁﬁ’]ﬁ&%ﬁﬁ H AR R B AR B

‘iég E 4y 3R 22 R A w2 g B AR L R Ty B
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Note:F,,E, ,D, ,W, stand for breaking load,elastic modulus,shape varia-
,W,E stand for breaking

ble,total work of in-situ compression; F',D
load , elastic modulus, shape variable, total work of puncture test
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Table 9 Correlative analysis of mechanic parameters of maize seeding

with stand puncture and in-situ compression

it H

Ttem F, E, b, .

F 0. 460 0. 642 -0.513 -0.939°
D -0.501 -0.219 0. 476 0. 586
w 0. 411 0. 531 -0.447 -0.879"
E 0.668 " 0.454 -0.864 -0.748
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Note:F,,E, ,D, ,W, stand for breaking load, elastic modulus, shape varia-

ble, total work of in-situ compression; F',D, W, E stand for breaking
load , elastic modulus, shape variable, total work of puncture test; *
stands for significant correlation at 0.05 level
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Fig.3 In-situ test of crack morphology by numerical image extraction
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