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Optimization Design and Experiment of Wheat Flour Equal Pitch
Screw Feeding Device

XU Xuemeng' LI Feixiang' SHEN Changpu' LI Yongxiang' CHANG Dongtao’
(1. School of Mechanical and Electrical Engineering, Henan University of Technology, Zhengzhou 450001, China
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Abstract; Aiming to meet its operational challenges, the parameters of a wheat flour equal-pitch screw
feeder are mainly based on empirical design, but systematic research of its optimization is lacking. Thus,
an optimization method was presented based on particle swarm optimization. Firstly, to improve the
accuracy and rationality of the algorithm optimization results, the large error between the empirical
calculation formula of the mass flow rate was mitigated, and actual tests were done. The differences
between the response value, pitch S, inner shaft diameter d, and rotational speed n, which had
significant influences on the flow difference, were taken as variables. The orthogonal experiments were
designed by using Design-Expert software, a second-order regression equation between the three variables
and the response value was established and the modified formula of wheat mass flow rate was obtained.
Then, according to the modified formula, based on particle swarm optimization, with maximum mass flow
rate and smallest screw weight as the optimization goals, the outer diameter of the blade, pitch, outer
diameter of the inner shaft, and inner diameter of the inner shaft were taken as variables. The two goals
were then transformed into single-objective optimization problems in a proportional way for optimization.
Finally, tests were carried out according to the optimization results, showing that the optimized mass flow
rate was 3. 054 6 t/h, which was 18. 15% higher than the empirical design value of 2. 5853 t/h, and the
screw weight was 6. 277 9 kg, which was 29.39% lower than its empirical design. The theoretical mass
flow rate of the modified optimization result was 2. 864 7 t/h and the error for the actual measured flow
value of 3. 054 6 t/h was 6. 22% . The result demonstrated the reliability of the modified mass flow rate
calculation formula and optimization design method, which provided a reference for the design of a wheat
flour equal-pitch screw.
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Fig.2 Instrument connection and placement
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Tab.1 Statistics of slopes of each curve kg/s

mHES/s B4 W24k 3K HaAK O WSK
1 0.58391 0.57399 0.65752 0.67321 0.65539
0.51775 0.55974 0.54055 0.55438 0.58194
0.59684 0.58376 0.65413 0.57865 0.56331
0.51081 0.56899 0.53097 0.56051 0.59693
0.58916 0.56461 0.59922 0.58586 0.52625
0.56698 0.54718 0.55901 0.55935 0.601 15
0.57865 0.62718 0.57632 0.54315 0.566 35
0.63531 0.57089 0.60245 0.64657 0.57140
0.56095 0.59737 0.58559 0.56687 0.60655
0.60039 0.57417 0.58255 0.61719 0.59141
11 0.58792 0.59426 0.57098 0.52948 0.61385
12 0.60167 0.58034 0.58813 0.58884 0.54497
SEIME 0.57753  0.57854 0.58728 0.58367 0.58496
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Tab.2 Orthogonal test factors and levels

] %
ity - —
B2 S/mm WHIFE d/mm 3 n/(romin ")
-1 100 35 80
0 110 40 100
1 120 45 120

PR IE A5 K E dm i, 2K FH Design-Expert 4%
{F#17 Box — Behnken 351511, i B e HL 3 > rhy
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Tab.3 Design and results of Box — Behnken test

el 1EPE AR SRR biiNi i

¥ n/ S ds o WEY it/ 2fH/
(remin™')  mm  mm  (kges™')  (kges™')  (t-h7h)
1 100 110 40 0.817 0.3824 1.5646
2 120 120 40 0.937 0.5005 1.5714
3 120 110 35 0.788 0.4723 1.1365
4 100 120 35 0. 837 0.4293  1.4677
5 100 120 45 0.779 0.4033 1.3525
6 80 110 35 0. 631 0.3148 1.1383
7 100 110 40 0. 786 0.3824  1.4529
8 100 110 40 0. 815 0.3824 1.5574
9 80 100 40 0. 561 0.2781 1.0184
10 120 100 40 0. 823 0.4171 1.4612
11 100 100 35 0.729 0.3578 1.3363
12 100 100 45 0.678 0.3361 1.2308
13 80 120 40 0. 665 0.3337  1.1927
14 120 110 45 0. 858 0.4436 1.4918
15 80 110 45 0.535 0.2957 0.8597

Box — Behnken 12 56 54 18 5 2% 43 #y 45 SR W1 5% 4
PR MRAE 2 4 ATAL ZAU A8 P <0.005;0.S
nd n’ . d* () P {EHHEB/INT 0. 05, BEEA A S 406 i i
(ELRY 520, R WY T )R 0 A 251, 2k 400
P =0.457 >0.05, LHIBLR R AF B4 25 il 2 U3
Gk B I S AR R, T e AR
I, R? =0.599 , H IH 590 5 0 i 5 26 (52 W) AS 18 35 114
e AT I 220007 o

4 Box — Behnken iR &I R STNER FE 5
Tab.4 ANOVA of quadratic polynomial model of
Box — Behnken test

FEFBE ¥ AME FIrm F P
LY 0.640 6 9 0.0712 15.2400  0.0040
n 0.2639 1 0.2639  56.5200  0.0007

0.036 3 1 0.0363  7.7800  0.0385
0.002 6 1 0.0026  0.5551  0.4897
nS 0.001 1 1 0.0011 0.2262  0.6544
nd 0.1005 1 0.1005 21.5200  0.0056
Sd 0. 000 0 1 0.0000  0.0054  0.9445
n? 0.1512 1 0.1512  32.3900 0.0023
$? 0.000 5 1 0.0005 0.1115  0.7520
d? 0.1019 1 0.1019  21.8200 0.0055
B2 0.0233 5 0.004 7
KT 0.0155 3 0.0052  1.3300 0.4570
42z 0.0078 2 0.0039
oyl 0.6639 14

MR 4 255 TERUEEIRY R AFRTHE T, HIBR X
T 2ZH AN B 0030 (nS . Sd .S7) AL )5

(7 22 Hr s R anZR 5 Weon , 43 P =0. 6757,
FEFRER =0.962 4 FEIEHE R R =0.934 2, TH
MY ZEC R =0.810 9, i 50 % 4 20. 245 9,
AL AL PE AT R DL ORS i vE R A LAk s
1= 72k
g = —9.25763 +0. 046 412n +0. 006 738S +
0. 366 577d +0. 001 585nd —0. 000 504n> —
0. 006 608d” (2)
K —Prik g SIS TR R 2ME , vh
%5 Box — Behnken iXI& {1k B RRE =S
Tab.5 ANOVA of modified model of Box — Behnken test

FEFBE ¥ AME FIrm F P

LY 0.6390 6 0.106 5 34.15  <0.0001
0.2639 1 0.2639 84.63  <0.0001
0.0363 1 0.036 3 11.65 0.009 2

d 0.0026 1 0.002 6 0. 83 0.3886

nd 0.1005 1 0.1005 32.22 0.000 5

n? 0.1508 1 0.150 8 48.34 0.000 1

d’ 0.1014 1 0.101 4 32.51 0.000 5

k% 0.0249 8 0.003 1

KT 0.0171 6 0.0029 0.7317  0.6757

iR 0.007 8 2 0.0039

¥ l| 0.6639 14
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Tab.6 Relative optimal solution set

el on/  WRFE RN BOSTE, Fik 22/
ha=2 oAt

(rrmin™') $/mm d/mm (kg-s™') (kg-s')
1 100. 00 100 35 0.3578 0.3619 0.5028
2 96. 24 100 35 0.3443 0.3589 0.5103
3 82.35 100 35 0.294 6 0.3128 0.5149
4 92.99 100 35 0.3327 0.3528 0.5146
5 94.17 100 35 0.3369 0.3553 0.5132
6 100. 57 100 35 0.3598 0.3622 0.5016
7 89. 28 100 35 0.3194 0.3424 0.5174
8 97. 81 100 35 0.3499 0.3606 0.507 4
9 87.65 100 35 0.3136 0.3367 0.5177
10 102. 97 100 35 0.368 4 0.3617 0.4953

v (t+1) =wv;(t) +e;r (p, (1) —x,(1)) +

Czrz(pg,‘(l> _xij(t>) (4)
w (0 +1) =0, (1) +v, (2 +1) (5)
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Fig.4 Inertia weight curve
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Fig.5 Modified algorithm iteration diagram
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Fig.6  Algorithmic iteration diagram before correction
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Tab.7 Comparison of design parameters m
1EhESH
VRS
D s d d,
SRt 0.120 0. 100 0.035 0.020

BIEmLAL 0. 130 0.110 0. 040 0. 030
BIE Rk 0.125 0.105 0.038 0. 030
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Fig.7 Wheat flour flow detection system
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Tab.8 Comparative analysis of test results
IS AL D/m S/m d/m dy/m M/kg  BEEWE/(t-h ') WERE/(ehT') RESHEER/ (kgohet )
26T 0.120 0.100  0.035  0.020 8.8916 1.2880 2.5853 3.439
BERIfk 0130 0.110 0. 040 0.030  6.7985 1.653 8 2.9216 2.327
BIFFEMAL 0125  0.105  0.038  0.030 6.2779 2.8647 3.0546 2.055
5 & TR RPE TR R AR A 5 B SR
Zole

(1) B Xt ik /INA2 A IR e MRRL A it 13 5 XS
PRI IR ZE B A IR, DLSE PR it -5 e i i
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