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Abstract: [ Objective | The organic content in food waste is high, which is easy to rot and deteriorate aas
well as breed mycotoxins, pathogenic microorganisms and other harmful substances.Without a proper treatment,
it is extremely easy to cause environmental and social problems.In order to realize the harmless and resourceful
treatment of food waste, it is necessary to crushit first. However, food waste is inevitably mixed with hard bones,
and the moisture content of bones changes from with time , which directly affects its own destruction characteris-
tics and brings challenges to the design of food waste crushing pretreatment equipment. [ Methods ] This study
selected , the tube bones of Tuhuai pig and Wuzhumuqin sheep as the research objects, and the mechanical pa-
rameters such as compressive strength , bending stress and elastic modulus were obtained by using the universal
testing machine, then the influence of water content on the fracture mechanics parameters was discussed , which
provided data support for subsequent simulation analysis and designing bone-crushing equipments.First of all,
through the three—point bending test the stronger tube bones such as the tube bones, ribs, shoulder blades, etc.,
were determined as the research object of the study.Secondly, based on the hypothesis of orthotropic anisotro-
py, the axial and radial compression tests of the two kinds of tube bones under different water content were im-
plemented to obtain their stress—strain curves, and the mechanical parameters of the tube bone fracture were
obtained.Thirdly, a three—point bending test was performed on two kinds of tube bones with different water con-
tent, and the load—displacement curve was obtained , thus providing a basis for the subsequent simulation mod-
el verification. Finally, this study summarized the test data and analyzed the influence of water content on the
fracture performance of the tube bone.[ Results | The experimental results showed that the tube bone material
was an anisotropic material , and the loading direction of the compression test had a certain influence on the me-
chanical parameters such as the compressive strength and elastic modulus of the tube bone , and the average val-
ue of radial compressive strength of the tube bone was higher than that of the axial direction, and the average
value of the axial elastic modulus was higher than that of the radial direction.In the three—point bending test,
the average peak load of pig tube bone was 5 284.84 N, and the maximum peak load was 9 385.9 N.The mean
peak load of sheep tube bone was 2 869.99 N, and the maximum peak load was 4 087 N.The regression results
showed that the peak bending stress of the tube bone had a secondary negative correlation with the water con-
tent. As the moisture content increased, the peak bending stress of the tube bone decreased.[ Conclusion | The
research results of this paper could provide a theoretical basis for the simulation modeling of the mechanical
structure of the tube bone, the design of the key components of the food waste crushing equipment and the se-
lection of parameters.

Keywords: food waste ; tube bone ; water content ; compression test ; three—point bending test
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Fig.2 Bending test of pig tube bone Fig.3 Bending test of pork rib Fig.4 Bending test of pork shoulder blade
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Tab.l Maximum bending stress of pig rib,shoulder blade and tube bone

AR AR A 0 A T g TIRO R R R é i)

414 WS ERE N RO AR S /mm MR /mm* K N F1/MPa
c - Test piece Maximum The distance from the bottom  Moment of inertia of the Maximum bending
t
omponen number bending force  edge of the cross section to  cross section with respect stress
the center of the cross section to the neutral axis
WA 1 143.6 2.50 245.44 43.88
Pig rib 2 183.8 4.00 862.76 25.56
3 263.0 4.00 522.68 60.38
4 319.8 3.50 593.76 56.55
5 269.8 450 588.02 61.94
FHlH
49.66
Average
I IR 1 116.4 2.75 356.90 26.91
Pig shoulder 2 263.2 3.65 120037 24.01
blade
3 94.6 2.40 281.99 24.15
4 203.4 4.85 1334.84 22.17
5 186.0 5.62 1314.21 23.86
EEH
24.22
Average
Rt 1 3002.2 12.00 13 747.53 78.62
Pig tube 2 5692.2 13.25 20 909.52 108.21
bone
3 3931.1 12.28 15 952.69 90.78
4 3937.7 11.81 14 383.87 96.99
5 6718.0 4.80 6792.16 142.43
P
103.41
Average
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Tab.2 Axial compression test results

s A A T T R/ mm? - C &I PUEIREE/MPa SRR/ MPa
Component Test piece Cross—sectional Height Moisture Compressive Elastic
number area content strength modulus
Rt 1-1 277.09 18.23 18.07 40.19 848.38
Pig tube 1-2 315.57 13.21 17.63 27.16 853.42
bone 1-3 327.43 11.52 17.86 41.29 924.59
2-1 121.33 15.06 16.25 71.08 1233.64
2-2 143.74 15.13 15.80 64.00 1505.27
2-3 405.27 14.20 15.24 50.13 1155.54
3-1 170.65 17.55 14.76 54.81 858.11
3-2 298.45 14.41 14.29 60.00 1 865.05
3-3 280.39 13.53 14.60 74.04 1368.96
4-1 255.73 13.21 12.20 61.00 911.07
4-2 272.69 15.08 13.75 39.52 1014.09
4-3 214.04 13.27 12.30 59.82 1190.71
5-1 290.60 11.05 11.11 75.74 1987.32
5-2 254.66 15.21 10.05 53.09 1 464.00
5-3 147.95 12.24 10.67 88.77 888.98
if:i 251.71 14.19 14.31 57.38 1204.61
FAEE 1-1 190.22 7.32 12.02 100.52 1451.96
Sheep tube 1-2 164.46 9.64 11.33 63.30 1251.18
bone 1-3 219.91 11.20 11.84 87.93 756.74
2-1 144.2 11.12 9.86 103.49 1203.19
2-2 177.03 733 9.94 122.23 881.05
2-3 256.89 11.94 9.74 95.28 914.82
3-1 186.14 9.86 9.26 129.32 2119.10
3-2 152.21 10.95 9.50 69.38 946.28
3-3 151.68 13.18 9.44 91.67 1021.61
4-1 160.32 12.44 8.51 159.47 2268.21
4-2 164.93 13.17 8.43 123.76 1310.46
4-3 125.04 9.64 8.29 138.93 2145.26
5-1 231.14 10.62 7.76 122.23 1578.76
5-2 157.46 9.48 7.16 94.44 947.72
5-3 122.68 9.86 7.58 167.11 2.009.00
F-HME
e 173.62 10.52 9.38 111.27 1387.02

34 FETHAEEST
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Tab.3 Radial compression test results

iy A AT T A/ mm? L fom FIKEI%  PURREE/MPa MR G /MPa
Component Test piece Cross—sectional Thickness Moisture Compressive Elastic
number area content strength modulus
Rt 1-1 87.84 3.82 13.40 177.27 618.52
Pig tube 1-2 121.35 2.70 15.45 150.33 418.58
bone 1-3 80.92 2.14 12.50 215.13 455.80
2-1 55.43 4.23 11.23 159.11 497.30
2-2 85.02 4.76 11.18 156.78 538.81
2-3 92.04 3.27 11.21 191.68 663.16
3-1 116.62 3.24 10.66 174.10 511.87
3-2 100.04 3.12 10.04 275.38 990.25
3-3 76.88 4.35 10.72 151.13 987.67
4-1 88.44 3.89 9.92 229.48 1248.17
4-2 125.70 1.98 9.84 260.35 513.00
4-3 96.71 3.06 9.47 279.00 1012.67
5-1 73.62 2.57 6.67 135.47 460.30
5-2 73.84 3.60 6.03 237.59 1137.41
5-3 86.16 3.12 6.30 231.12 574.42
FHME
Anersee 90.71 3.32 10.31 201.59 708.53
PR 1-1 131.97 2.30 12.52 218.10 545.28
Sheep tube 1-2 92.93 2.12 12.85 240.23 576.80
bone 1-3 137.05 2.03 11.36 194.52 544.36
2-1 64.45 2.96 10.48 238.56 862.27
2-2 102.81 2.78 10.06 179.02 715.01
2-3 75.85 1.91 10.09 271.61 617.71
3-1 75.25 2.10 9.59 300.22 810.09
3-2 72.60 2.53 9.56 255.39 534.20
3-3 80.23 2.61 9.46 254.17 764.24
4-1 79.90 1.76 8.21 339.51 713.69
4-2 121.17 3.81 8.29 224.56 662.07
4-3 71.88 2.09 8.16 442.78 1068.58
5-1 96.00 278 7.62 322.18 780.85
5-2 49.42 2.31 6.32 306.44 930.92
5-3 84.72 2.01 7.67 257.15 624.73
FHIME
Average 89.08 2.41 9.48 269.63 716.72
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