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Front fracture characteristics and crack propagation of brown rice
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Abstract: Objective: Study on broken characteristics of brown
rice in rice milling chamber. Methods: The mechanical tests of
brown rice were carried out by universal material testing
machine, and the breaking cracks were observed by digital micro-
scope. Results: Brown rice will undergo the alternating process of
yield stage and strengthening stage until fracture. Under the
action of extrusion load. cracks were generated at the internal mi-
crovoids, and the rapid propagation of cracks caused the breakage
or fracture of rice grains. Under three-point bending and shear
loads, cracks were generated from the bottom of the support end
and extended to the front. The compressive deformation
resistance of brown rice was the largest, followed by the three-
point bending deformation resistance, and the shear deformation
resistance were the smallest. Compared with extrusion load, the

breaking strength and breaking energy of brown rice under three-
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point bending and shear load were smaller. Conclusion: When de-
signing the structure of rice mill, the influence of bending and
should be

shearing on brown rice minimized. Mechanical

properties of japonica brown rice are better than indica brown rice
under the same conditions.
Keywords: brown rice; front; crushing characteristics; crack

propagation; mechanical test
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Figure 1 Triaxial dimensions of brown rice
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Table 1 Physical characteristic parameters of brown rice
FE i KB/ mm FE B /mm JE B /mm AR /g TR/ Y /(g em?)
il 7.0540.34 2.2940.09 1.8740.06 2.00+0.23  15.32+0.20 1.263
HEAY 5.5440.14 3.13£0.11 2.31+0.05 2.70+0.22  15.47+0.20 1.298
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Figure 2 Chart of brown rice grinding
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Figure 3  Extrusion pressure-displacement characteristic

curve
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Internal view of brown rice without

stress (14 000 X)
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Figure 5

(b) Wiz

Internal view of brown rice facing

extrusion load

IR A% T T RSO 2 R R e B s R B
Bt 57 T 7 B4 2 97 9 R R0 R R R 1 e A R AT T
JE . DT 5 | 2 K I 2

2.2 BAREB=SEHIFHERE

2.2.1 =R T — & mE e AL,
Bt K E T 3% = 5 45 AR T 9 0 — (B ph 2 5 BF R 1 —
PE R 2 F AN I 22 TR B 5 O X R A 28 A (B0 5~
10 N /N RS K IE 17 5% 1 284 A8 7 A Uy o 0 X 1o #8) {» —
SRR b S e RS O TE TR BT 2 i AR TR B RE /D TR
B AR TE W R 07 5 KPR BT 52 = 25 Wl 4R T 00 B A8 T ik #Y
ORI, SR FN A mi, BT SR TR 0.0 AB
B R A fORE R IR A SO R T A3 5 2 BE TR
IS O0— B Z B B R IE 2k LA i 2k
L P RG] = 5 i B A T AR R g T R
W BORUGR AL B B i 23S B i e H R ML

2.2.2 B AT RREY R A 7 A, SRR IE
T 52 = 250l 484 4 T 77 A 2R S0 (E R BT 2RI oK MR

0 s \ \ s \ |
0.00 0.02 004 0.06 0.08 0.10 0.12
%

Displacement/mm

B6 wAE@M=ZETWHH LM HL
Figure 6 Three-point bending force-displacement curve

of brown rice front
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Figure 7

(bh) Wiz

Internal view of brown rice under three-point

bending load
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Figure 8 Characteristic curve of frontal shearing break-

ing force-displacement of brown rice
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Figure 9 Internal view of frontal shearing force

of brown rice
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Figure 10
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Table 2 Mechanical properties of brown rice

FE J15 R W S /N WA /mm @ EESREE/MPa g/ (N « mm) @R/ MPa
HFES 145.02+3.57  0.0740.008  228.90+3.52 5.8840.34 357.97
GIEAE P S - ] 57.0142.24  0.09840.012 63.4543.05 3.75+0.37 104.67
51y 38.71+4.47  0.15140.020 38.79+3.02 3.15+0.42 44.13
BE S 152.30£5.79  0.083+0.005  230.17+£2.48 6.86+0.25 332.44
BERELRE R =S 62.42+4.58  0.10540.032 65.3142.38 4.20+0.20 97.20
LIRvIp)] 42.24+4.80  0.165+0.017 40.44+2.36 3.6040.30 40.98
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