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Research on modification of flow calculation of screw feeder
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Abstract; For the problem that the actual flow detection value of
the screw feeder differs greatly from the calculation value of the
traditional calculation formula, an RSM eperimental design is
used to modify the flow calculation formula of the screw feeder.
Considering the complexity of the actual test, the ratio of the
flow value measured by the discrete element simulation and the
value calculated by the calculation formula is used as the
response, and the RSM experimental design is designed by taking
the screw pitch, speed, and pipe diameter that significantly affect
the flow difference as the factors. The second-order regression e-
quation between the factors and the response value, from which
the flow calculation formula of the screw feeder is further ob-
tained. In order to verify the feasibility of the flow calculation for-
mula, the SolidWorks software was used to establish a three-di-
mensional model according to the design requirements, and the
EDEM software was imported for discrete element simulation.

The flow value obtained from the simulation was found to be
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1.258 t/h. The error of the calculated flow value of 1.210 t/h
with the correction formula is 3.97 % . indicating the rationality of
the flow correction calculation formula and providing a reference
for the design calculation of the screw feeder.
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Figure 1

Material stress analysis
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Table 1 Discrete element simulation parameter table Table 2 Levels of RSM experimental design
i ESH A HE KFE AFERD/mm BIEEE S/mm C#3n/(r+ min~ 1)
JINK B kg/m? 800 —1 80 65 60
ANRIARA L 0.25 0 90 75 80
JIN K BT ) 45 5 MPa 52 1 100 85 100
5 T kg/m? 7 800
REE WA L 0.3 2.3 HWiEI
AR D14t MPa 70 MR 2, BRI B FF IR IR 3 A o0 2 U 2% i A7
INAK— /N KR I T 0.35 AN 3 TR
AR AT AR B 0.5 2 4 W% B A P<<0.055 A B.C.AB.BC I &
AR AR TR 30 B R A 0.01 APH P {HE<70.05, SR P=0.181 270.05 , W 0
3 HBEHTRER
Table 3 Test design and results
K5 A B C PR/ (kg s BRI/ (kg s R/ (- h D
1 —1 —1 0 0.522 0.423 1.235
2 1 0 1 1.311 0.953 1.375
3 0 0 0 0.878 0.617 1.423
4 1 0 —1 0.871 0.572 1.523
) 1 —1 0 0.870 0.661 1.316
6 —1 0 1 0.712 0.610 1.167
7 0 —1 —1 0.607 0.401 1.513
8 —1 1 0 0.667 0.553 1.206
9 1 1 0 1.263 0.864 1.462
10 0 0 0 0.873 0.617 1.415
11 —1 0 —1 0.441 0.366 1.205
12 0 1 —1 0.788 0.525 1.502
13 0 1 1 1.323 0.875 1.512
14 0 0 0 0.899 0.617 1.457
15 0 —1 1 0.841 0.669 1.256
F4 O RBERAFEHH
Table 4 ANOVA of test model
Ty 2K R ¥5 H HEE 7 F{H PfH
L 0.022 9 0.025 15.60 0.003 7
A 0.093 1 0.093 58.38 0.000 6
B 0.016 1 0.016 10.27 0.023 9
C 0.023 1 0.023 14.70 0.012 2
AB 0.007 1 0.007 4.80 0.080 0
AC 0.003 1 0.003 1.90 0.226 9
BC 0.018 1 0.018 11.18 0.020 5
A? 0.060 1 0.060 37.69 0.001 7
B? 1.000X10° 1 1.000X10° 1.10X10°° 0.975 6
o2 4.000X10° 1 4.000X10° 0.42 0.547 0
W% 7.000X10° 5 1500105
PRt 6.900X 103 3 2.300X 1073 1.68 0.181 2
AR 22 9.900X 10~ 2 4.000X 10
pENill 0.230 14

t R?=0.965 6,R%4=0.903 7,R%.=0.508 6,CV=2.91%,Adep Precision=10.378,

119



120

A 542 % MACHINE & CONTROL

Raf. B5AFHCV H & HlkE R R =0.508 6,
HY AE 0 3 6 AL L AR W A 3 0 U AT 0T 25 A
MRYE R 4 G550 TR AR IR R A R4 B4 T o 290 5RO i 1

BE 2258 | 2020 £ 7 A | RaSUUH

{EZ A B I (AC. B .CH L b i 25 B an e 5 Ar
NS RIN P=0.234 7;iR 58 %5 % & Adep Precision=14.04,
A BORVE R AL T T AR R EGE . Ak 5 RA D

x5 REMRHBERFTESN
Table 5 Analysis of variance of experimental optimization model

J5 28 KA ¥y B i B -5 Fil F{H Pfd
1557 0.022 6 0.037 25.16 <£0.000 1
A 0.093 1 0.093 63.86 <20.000 1
B 0.016 1 0.016 11.24 0.010 1
C 0.023 1 0.023 16.08 0.003 9
AB 0.007 1 0.007 5.25 0.051 1
BC 0.018 1 0.018 12.22 0.008 1
A? 0.062 1 0.062 42.34 0.000 2
@z ooz 8 Ls00x10%
2 AU I 0.011 6 1.700 X103 3.58 0.234 7
gl i 2% 9.900X 10 * 2 4.000 X 1071

peg | 0.230 14

t R?=0.949 7,R%4=0.911 9,R%.=0.878 3,Adep Precision=14.04,
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Figure 2 AB and BC interaction effect diagram
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Simulation model



&M | Vol.36, No.7

1.35T7
1.30F
= 1.25F
< 1.200
2 2
== 15F
;2
< .
= 1.10
1.05F
Il Il Il Il Il
10035 3.5 4.0 4.5 5.0
s 1]
Time/s
(a) 3~5s

B 4

o OREETERTENBRERHERETEESE

1.35F
. 1.30f
< 1.25¢
IH 3 1.20F
B2
PREEL
= 1.10f
1.05¢
100 1 1 1 1 1
5.0 5.5 6.0 6.5 7.0
5[]
Time/s
(b) 5~7s

BACRM B R R A

Figure 4 Flow chart of screw feeder

BTN S R UE R T
4 g

(1) o e M e 2 52 s 4 U (B 5 16 2 01 33 X
4 B R 22 5 O A [ T SR T ) 7 T 6 X R e MR e
i e E A AT B IE . F BB 5 PR N B A
B SR B OOy B0 E i E S R AT R TR E
FCABLAE Sy i B07 5 LK 4 22 B0 52 R B 35 A MR BE L e LA
2 o DR BT o S TR L A E 3 A PR R e L fE 2 R
F B [T 7 AR b — 20 15 B MR OB 5 O A 4 3
"

(2) o Bk — 2 Bk Yt 4 A8 2 ml AT 0 AR A B 3 22
3K SolidWorks # gt 3 = AEREAY L I JE 47 2 il T 0y 2
IO E T AR RE N 1.258 t/h, 548 1E X3t 8B A5
H{EH 1.210 t/h RN 3.97% , KW TR B EIFER
5 B O SRR AR B BT RAR AR 2

(3) BRI AP LA B0 5 TSR e U AELAE S i R R
D5 BAFTE— R M 12 22+ 8 1 BT 49 9 30 3 580 5T ML SR
it 5 S5 ST AR I 30 B, i LIRAF . W R B IEA
AR TT AT P — P FIE .

S & ik

L1 Mo, MIJEZE, EM, 45 28 5 85E Mk A 7™ S0 S i Al
B ELT ], s E AR R . 2018, 24(4) . 37-43.

(2] By, EH6, 22 B 1205E 240 % 5 8 2 800 1k i
FEl]]. P ER R S M. 2019, 21(6): 70-78.

[3] g, KR, XU 7F 4. 2 02 E 2% ML rb 90U B 1 32 Bl
FrrEar L], HLRE I S5 . 2017(7) ¢ 26-29.

(4] 3080, FhF 2%, 3£F EDEM (19 525 i 2% AL A B0 40 [T ],
JE R CH SRR MO » 2018, 44(2) : 179-182.

[5] ARmHl, #K. 3+ EDEM 1y 82 hes % oLk g sz L], Ml
TR AR, 2018, 47(7): 27-29, 202,

[6] 2255, XIHE4. 2T EDEM B i 24 02 4T 25 Lo i 1000y 2015
SEBTLT]. R EBHPL. 2017(4) . 78-81.

(7] BRI, A, B4 =, %, AT L5 2 8+ 3% 8 3

ASFEVER BT, BEHEE 4R, 2016, 36(4): 397-405,

[8] &k, BB« HEM, S NRIGDR LR 2 2 B itk 5

I [T ] RAL P-4, 2016, 47(2): 51-58.
[O] 2%, #okAE, IR, 5. 78 0 BE e 25 149 1 8 BE e i
S e atrl)]. A TR, 2019, 40(13) . 214-221.

[10] BALASUBRAMANIAN S, VISWANATHAN R. Influence
of moisture content on physical properties of minor millets[ J].
Journal of Food Science and Technology, 2010, 47 (3):
279-284.

[11] SINGH K P, MISHRA H N, SAJA S. Moisture-dependent
properties of barnyard millet grain and kernel[ J]. Journal of
Food Engineering, 2010, 96(4): 598-606.

[12] PEZO M, PEZO L, JOVANOVIC A, et al. Discrete ele-
ment model of particle transport and premixing action in
modified screw conveyors[ ] ]. Powder Technology, 2018,
336: 255-264.

[13] MOYSEY P A, THOMPSON M R. Modelling the solids
inflow and solids conveying of single-screw extruders using
the discrete element method [ J]. Powder Technology,
2005, 153(2) . 95-107.

[14] WANG Shu-yan, LI Hao-long, TIAN Rui-chao, et al. Nu-
merical simulation of particle flow behavior in a screw con-
veyor using the discrete element method[ J]. Particuology,

2019, 43: 137-148.

121



