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Simulation and design of raking knives based on bionic design method
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Abstract; In order to shorten the filtration period of wort in the
lauter tun and improve the quality of wort, A bionic raking knife
suitable for the operation of the lauter tun was designed. The bio-
logical model of mole cricket claw teeth of its digging foot was re-
constructed, and the dynamic process of claw teeth wedging into
soil was simulated. According to the simulation results, the claw
tooth T4 has the highest similarity with the design objectives of
raking knife. The key contour curve is extracted from the biologi-
cal model of claw tooth T4, and the curve formula is fitted with
the coordinates of several points of the curve, and the fitted
curves are generated. The fitting curves are applied to the design
of plow contour line of bionic raking knife and the main contour
line of horizontal section of blade board. Finally, the design

scheme was verified by simulation. The results show that, com-
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pared with the prototype, the maximum shear stress on the sur-
face of the raking knife is reduced by 18.90%; the maximum
shear stress on the inner wall of the lauter tun is reduced by
19.01%; and the maximum fluid velocity is reduced by 11.46%.
raking knives; FEA; two-phase
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Figure 1  Structure and form of raking knives B X3 A AR R e LR 2 () ] i R R B R i X
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Figure 2 Simulation results of prototype raking knife
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Three dimensional model of claw teeth
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Table 1 Soil parameter
HEEE/ AR BRUIRT R RRT KR/
(g+mm *) 1g/MPa 1&/MPa ff/° MPa %
2.08E—003 35 20 0.436 0.022 3.4
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Table 2 Maximum stress of soil Pa
Rk T1 T2 T3 T4
W 71 4.683 4.929 4.978 4.044
®x3 TEEAEE
Table 3 Maximum strain of soil mm
JICBE T1 T2 T3 T4

RS (E 1.834E+001 4.753E+001 6.487E+001 2.848E-+001
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Table 4 Parameters of fitting formula of claw tooth T4

WG Y LA Al A2 A3 Ad R? X [X [ /mm

yiTiES —0.1528  0.075 5 0.136 9 0.086 6 0.980 2 —1.816~0.000
R B R 327 0.330 8  0.9612 —0.0790 0.177 5 0.9823 —1.555~0.000
RAR (B R $27 —0.357 2 0.009 0 0.058 8 0.120 5 0.972 4  —1.543~0.000
BEAR TR M A IGLE  —0.163 4 —0.214 7 0.833 5 0.052 0 0.968 3 0.000~1.713
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Figure 6

Structure of bionic raking knife
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Table 5 Comparison of simulation results of bionic and prototype raking knife
R AR PR R T AL XS/ (m - s 1) JIRBIY) N Ty /Pa 5 N BE BT Y]V 7]/ Pa
HEAE 7] 2 A
Max Min Max Min Max Min
15 A= HERS T 6.312E—001 0.000 2.519E—006 8.534E—012 2.996E—001 3.382E—003
J B T 7.129E—001 0.000 3.106E—006 6.503E—011 3.699E—001 2.574E—003
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Figure 7 The cloud chart of velocity of bionic Figure 8 Fluid velocity vector chart of bionic

raking knife raking knives
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