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Research on the tooth roll power of roller mill

based on discrete element
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Behnken X3 KA B LU SN IR0 X R, &8
XTI EA A R0 B E AR R A H i b AL
SE R F Ak b R T ALSE =R R L 3L FE e dE ik 1L R
I R EfRIL L LERRMAERE, B
JEB AL B KRR LA B A A S A At sk B AL
SEA 0.67 mm."R A & 803.60 kg/(em « d) . kiR 4k
537.68 r/min. 4%k b 2,64, B kb a3 B MK 4 09 &
A24L3E 4 0.79 mm . "R # & 803.83 kg/(cm » d) ., R4
i 576.08 r/min . #5ikk 2.23, HiR:HABMERE &
MEERFZEGETE A, & B AN HEEE TR
Ty A0 A R 2 R,
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Abstract: Objective: To optimize the operating parameters of
wheat milling in roller mill T skin mill to reduce the energy
consumption of milling. Methods: Using EDEM discrete element
simulation software, Box-Behnken test was designed for key
milling factors such as roll pitch, feeding amount, rotational
speed and rotational speed ratio to investigate the relationship
between operating parameters and milling power. Results: The
significance rankings of the effects on the toothed roll crushing
power were, in order, speed ratio, roll pitch, feed volume, speed

ratio quadratic term, roll pitch quadratic term., interaction of roll
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pitch and speed ratio, interaction of feed volume and speed ratio,
and interaction of roll pitch and feed volume. According to the
different requirements of the I-skin mill, the optimal parameter
combinations were obtained: the finer powder output with a
rolling pitch of 0.67 mm, a feeding amount of 803.60 kg/(cm * d), a
fast roller speed of 537.68 r/min. and a rotational speed ratio of
2.64, and the coarser powder output with the optimal low-power
consumption of 0.79 mm, a feeding amount of 803.83 kg/(cm * d), a
fast roller speed of 576.08 r/min, and a rotational speed ratio of
2.23. Conclusion: The error between the simulation results and
the measured results is within a reasonable range., and the
established discrete element milling model can be used for power
prediction in wheat milling.

EDEM simulation;
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Figure 1  Grinding model establishment diagram
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Table 1 Table of global variable properties

gE#iE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

WA J& 1 LiR A i

/N Uk TR 0.42
LURIIE: &y Pa 6.607E+007
GJis kg/m? 3071

B B TR L 0.25
LURAIE: By Pa 4.5E+010
s kg/m? 7 500

INEE—INFE VB 0.5
BB R 0.04

INFE—PEAR VEEZ 0.45
TR R 0.554
BB R 0.05

Bonding #4538 M EAZENIE N/m?2  3.61E-+009

AR ARV NIE N/m? 1E4009
I S35 1w ) Pa 1E+4007
I 5470 1) . g Pa 1E+008

2 JET EDEM 115 5205 185 5 BF
2.1 WMEIRSIF
211 BAESHHEEMWE BRAITE/NE SRS SR
Tl R b VR L B AR AR A T R A
FEERE A e R R ALIE R EIRE R R,
MR8 A B B T2 1 e a6 R 2

EEA OB T 2. T BB HLAB) B 4L IR
HI 0.5~0.8 mm, S PR A 7= v X LI BG40 45 A A AF 7E D
22, H/NELIE X B T 9 & 5 m i 2, I & S8 K F 5T
U PR 5 1 56 T B85 6 X I A 2 0 A X T 5 ¢
D CTHDR TR B R R A AS TR) T2 M R — B B 400 ~
800 r/min,&"fﬂ# 1B JE 09 il 493 R P A0F 78 Hp A 40 T A )
JH 6 838 224 4 ek 3 B 5 AR 4l N 22 0 AR BT ) H R

(a) AJEHT

(b) BB

B 2608 | 2024 £ 3 B | RAENM

O 4 BB SR 0 K BT ) . — B IB B R AE
800~1 300 kg/Cem « d) ;18 5% B /Y LU (H 2 i Do 4
W HARIE B EAE 1.256~2.50,1B % [ 2.50, i
TAETE N & 1R 22, HOSL bRl i 1 5 IR H AR 7E 22 06
PGS 8 R AR X ] . BR80Tk 2 fos .,
2.1.2 PFEIRE  REM R ES 0 R R RN
HRAE 72 A A R v e AT LA R R AR TE e RS R

BATEN . Y 4R AR 25 2 J0 R A A7 2 R DR L N e A e B
B %t WA AR AN &L 2 BR .

B R T R /N 5 3 Ry BT R L ) R R DB R L X

N BT /N2 — 15 B O AR AR T e SR A8 . BIF I B, T
SRR 7 TR BN S 1 A B T, B L ) R o B i
AL, ARG g = T8 4. 18 3 Oy EDEM J5 Ab 31
rhr S R A A

— XoF Ok SR AE S N 22 T W) R AR 4 X (O AT
=271’(7’I\T\+7’12T2)7 (5)
60 000
K.
P———X W AR H AT R kW

ny— PR 3 L r/min;
n, — MR , r/min;
— PR HE N - m;

T,— 194 N -

¥ M Box-Behnken i %) ?D"J AT 27 Yk g, BT A
%U%uﬁéﬁﬁ%&éﬁ%ﬂﬂ%‘% 3R,

PORFN TR ST o s o T R e
N B Il ) AR

x2 REERE

INFE A S B )

Table 2 List of experimental factors
A HLEE/ B MR/ C i/ N
K D e 1t
mm (kg+ecm ' +d™ ) (remin 1)
—1 0.4 800 450 1.25
1 0.8 1 300 650 3.00
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Figure 2

Simulated torque diagram of toothed roller grinding wheat
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Table 3 Experimental factor design codes and

results table

s A B C D Yy / kW
1 —1 —1 0 0 2.101 10
2 1 1 0 0 1.978 59
3 —1 1 0 0 3.412 93
4 —1 0 0 —1 4,138 72
5 0 1 0 —1 3.841 34
6 0 —1 0 1 1.249 87
7 0 0 1 —1 2.993 93
8 0 0 1 1 1.664 17
9 1 0 1 0 1.587 51

10 1 —1 0 0 1.154 77
11 0 1 1 0 2.428 90
12 0 1 0 1 2.043 12
13 0 0 0 0 1.874 35
14 0 1 —1 0 2.320 38
15 1 0 0 1 1.481 30
16 0 0 —1 1 1.610 97
17 —1 0 1 0 2.686 80
18 0 —1 1 0 1.437 17
19 0 0 0 0 1.803 21
20 0 —1 0 —1 2.277 44
21 —1 0 —1 0 2.616 15
22 0 0 —1 —1 3.083 06
23 —1 0 0 1 2.300 20
24 1 0 —1 0 1.544 19
25 0 0 0 0 1.862 18
26 0 —1 —1 0 1.378 99
27 1 0 0 —1 2.454 19
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Table 4 Analysis of variance table of regression equation

kI FurE AW HIrm F g P{H

LY 15.510 0 14 1.110 0 285.470 0 0.000 1
A 4.150 0 1 4.150 0 1 068.690 0 0.000 1
B 3.440 0 1 3.440 0 886.510 0 0.000 1
C 0.005 0 1 0.005 0 1.290 0 0.278 9
D 5.930 0 1 5.930 0 1528.970 0 0.000 1
AB 0.059 5 1 0.059 5 15.340 0 0.002 0
AC 0.000 2 1 0.000 2 0.048 1 0.830 1
AD 0.187 3 1 0.187 3 48.260 0 0.000 1
BC 0.000 6 1 0.000 6 0.1632  0.693 3
BD 0.148 5 1 0.148 5 38.250 0 0.000 1
CD 0.005 1 1 0.005 1 1.300 0  0.275 6
A? 0.382 2 1 0.382 2 98.460 0 0.000 1
B? 0.008 0 1 0.008 0 2.060 0 0.176 9
C? 0.000 1 1 0.000 1 0.0299  0.865 7
D2 1.220 0 1 1.220 0 313.840 0 0.000 1
wE 0.0466 12 0.0039
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Figure 4 Power model response surface diagram
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