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Experimental study on the conveying performance of
spring screw feeder for meat rabbit breeding

CHEN Yuanyuan' ., WANG Hongying'" . GUAN Qingxue® . JIN Nan', DUAN Enze'

(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. Foreway Shandong Poultry Equipment Co. Ltd., Weifang 262200, China)

Abstract In order to solve the problems that the feed pellets were easy to be broken, easy to have residual remaining,
and there was large fluctuation of feeding mass in the feeding bow!| during the conveying process, and to improve the
throughput of the spring screw feeder, this study analyzed the stress state and conveying mechanism of the feed pellets
during the conveying process of the spring screw feeder. Taking the length of the fixed connecting shaft for screw at the
inlet feed, the clearance between the screw pipe and the screw blade, the rotation speed as influencing factors, and
the feed particle crushing rate, residual rate in the pipe, the throughput and the feeding stability as evaluation
indicators, the combined orthogonal tests were carried out on a self-designed spring screw feeder test platform in this
study. The results showed that: 1) Screw clearance had a significant influence on the crushing rate, residual rate,
throughput and feeding stability ( P<C0.05), while the rotation speed and feed shaft length only had a significant
influence on throughput (P<C0.05); 2) With the increase of clearance, the crushing rate and residual rate decreased
significantly, the throughput and the feeding stability increased significantly; As the speed increased and the shaft
length decreased, the throughput was significantly increased. 3) The optimized parameter combination of the spring
screw feeder was that the length of the fixed connecting shaft for screw 180 mm, the clearance 4.6 mm (the inner
diameter of the screw tube 46 mm), and the speed 169 r/min. Compared with the conveying performance of the
existing spring screw feeder, the overall conveying performance of the optimized spring screw feeder is as follows: the

crushing rate was reduced by 84.7% , the residual rate was reduced by 3.9% , the conveying capacity was increased
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by 30.7% , and the feeding stability was increased by 27.1% .

Keywords screw feeder; conveying performance; crushing rate; residual rate; throughput; feeding stability
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1. Feeding box (including powder separation device) ; 2. Cage shelf; 3. Screw pipe; 4. Spring screw blade; 5. Fixing frame;

6. Feeding bowl; 7. Structure of ending connected device; 8. Reduction worm gear motor; 9. Screen plate; 10. Screen pipe;

11. Fixed connecting shaft for the screw; 12. Feed box cover
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Fig. 1 Experimental platform of spring screw feeder
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Fig. 2 Structure of ending connected device
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Table 1 Characteristic parameters of 572 pellet feed for growing rabbits
. K/ mm (73 /mm W% kg HeRE R/ é‘7J<->$S/% TR/ N Wi/ %
Parameter Length Diameter Hardness , (ke/m®) Moisture Powder Percentage of
Bulk density content content powdered pellets
g 17.2442.22 3.66+0.10 10.23+1.74 533.01412.09 10. 06 0.6540. 04 1.61+£0. 20
Value
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(a) Horizontal force analysis

(b) Vertical force analysis
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R is the radius of the spring screw blade; r is the distance between feed particles and the axis; f is the

tangential friction force; F is the circular force; F is the concentrated force of the screw surface acting on the feed

particle at point O; Fy is the normal force of the spring screw blade on the feed particles; Fj is the axial force; fis

the helix angle; ¢ is the angle of internal friction; Py is the supporting force of the screw pipe wall to the feed

particles; P, is the friction of the screw pipe wall against the feed particles; G is the gravity of feed particles.
B3 BERBMAEIEFBNEARNZAST

Fig. 3 Force analysis of feed particles during the delivery of spring screw feeder
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Table 2 Experimental factors and levels of Spring screw

feeder conveying performance

K1 & Factor

:ij; AHil K /mm B, /mm  C.%#/(r/min)
Length of shaft Interval Rotational speed

1 180 2.6 129

2 500 3.6 149

3 1.6 169
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Table 3 Orthogonal design and experimental results of the spring screw feeder conveying performance

% A Factor BEE/G RER/Y W e T R
Project . . Crushing rate Residual rate Throughput Standard deviation
A/mm B/mm  C/(r/min) of feed mass
1 180 2.6 129 10.154+0. 16 0.8740.01 89.31+1.99 6.72+1.05
2 180 3.6 149 1.9240.05 1.10%£0. 05 102.51+0. 74 3.8840.42
3 180 4.6 169 0.3540.01 0.74%+0.02 114.7440.52 3.2641.12
4 500 2.6 149 12.6440.41 0.9940.03 82.93+0. 24 6.30+E1.02
) 500 3.6 169 1.73+£0.03 0.8240.01 99.9540.72 3.42+1.06
6 500 4.6 129 0.88%+0.21 0.4740.06 78.62+3.08 2.3840.28
7 500 2.6 169 11.5940.13 1.05%+0. 02 96.2840.18 6.96+1.37
8 500 3.6 129 2.424+0.15 0.85+0.07 77.24+0.69 4.06+1.18
9 500 4.6 149 0.7540.13 0.5540.11 87.79+2.29 4,4340. 36

TE A N B B, C N TR,

Note: A is length of shaft; B is interval; C is rotational speed. The following Table is the same.

2.1 REEERNHERNE N ZEAFHTEE R (FR ) Al AL (R B (LR B) X A5 2R 114
TE BRI Rk sk AR e JORE G R A B R /N, T SRR W R (R O R (BT ER A X

AR R R L 0 DY S R A A ROIR LR N  BORL BRI RN

TRDRE A e BRI 28 U5 A0 A5 v . ARG X M A R 1 ESE R RS A LU WUN (6] 90

R4 HEERRMVERENTESNER

Table 4 Variance analysis result for crushing rate of spring screw feeder

E-2 3/ i 22 ~F-J7 Fl
_ H ¥y F1H P 1A
Variance Sum of square
o Degree Mean square F value P value
source of deviation
A 1.49X10°" 1 1.49X10°" 3.29 0.167
B 2.08X10 * 2 1.04X10 * 229. 58 0. 000 52 #%x
C 6.90X107° 2 3.45X107° 0.76 0.541
%% Error 1.36 107" 3 4.53X107° — —
B Total 2.11X10°* 8 2.64X10° — —

T woox FoRZFARW BF (P<<0.00D), K 7 [,

Note: *x** means the difference is very significant (P<C0.001). The Table 7 is same.
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Table 5 Influence of different experimental factors on experiment indicator
A /mm B, [H] B /mm C.%%# /(r/min)
A b g
B 5 b Length of shaft Interval Rotational speed
Experiment index
180 500 2.6 3.6 4.6 129 149 169
e/ % 4,14 5. 00 11. 46 2.02 0. 66 4.48 5.10 4.56
Crushing rate
R/ % 0. 90 0.79 0.97 0.92 0.59 0.73 0.88 0.87
Residual rate
it/ (kg/h 102.19 87. 14 89.51 93.23 93.72 81.72 91. 08 103. 66
Throughput
Ak A v 22 4.62 4.59 6. 66 3.79 3.36 4.39 4. 87 1.54

Standard deviation of feed mass
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Table 6 Variance analysis results for residual rate of the spring screw feeder

. s 2 ~F-J7 Al ) )
J7 2RI Fl 7 F e P1{H
] Sum of square
Variance source o Degree Mean square F value P value
of deviation
A 2.65X10°° 1 2.65X10°6 2.35 0.22
B 2.62X10° 2 1.31X10° 11.59 0.04"°
C 4,22X10°° 2 2.11X10°°¢ 1.87 0. 30
w2 Error 3.39X10° 3 1.13X10°° — —
B Total 3.65X107 8 4.56X10°

TE: * RREFWFEP<0.05) K8 [,

Note: * means the difference is significant (P<Z0. 05). The same in Table 8.
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Table 7 Variance analysis results for throughput of spring screw feeder

. i 2 ~F-J7 Fl ¥y
RS 3 H F i P
Sum of square Mean
Variance source Degree F value P value
of deviation square
A 453,11 1 453,11 1105.15 5.98X 10 7 xxx
31.85 2 15.93 38. 85 7.17X107% xx
C 726. 81 2 363. 41 886. 37 6.94X 1077 xxx
=2 Error 1.22 3 0. 41 — —
J Total 1212.99 8 151. 62 — —

Heowe RARZEF KB (P<0.0D),

Note: ** means the difference is relatively significant (P<Z0.01).
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Table 8 Variance analysis results for feed stability of spring screw feeder

J5 2 K it 2 ~F- 7 Al Yo7
_ H FAH P1{H
Variance Sum of square Mean
o Degree F value P value
source of deviation square
A 1.64X107° 1.64X107° 0.0023 0.965
B 19. 35 9.67 13.25 0.032"
C 0. 37 0.18 0. 247 0.796
k% Error 2.18 0.73 — —
B Total 21.89 2.74
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LH A BCs, BB KA 180 mm, BB 4. 6 mm, %
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Table 9 Comparison test results of spring screw feeder before and after optimization
eI HEAL T R A=
Parameter and index Before optimization Optimized
B4 /mm Length of shaft 500 180
[A] B /mm Interval 3.6 4.6
¥£3# / (r/min) Rotational speed 149 169
e/ % Crushing rate 2.294+0. 04 0.35+0.01
B %/ % Residual rate 0.7740.02 0.74740. 02
firi% i/ (kg/h) Throughput 87.78=0. 26 114.7440. 52
RHE BRI 2 Standard deviation of feed mass 4.4740. 88 3.26%£1.12

3 & i

1) AR S % 56 i MR e MR AL i 1% 2o e v A0 F]
B 32 RS M X AL AT 1 A SRR W) A
i 2 MR MR Ao L R 0 R AT R 52 B MR e 42
T B 17 1) i a8 o T 785 30T A 24 157 B ) R JUAE
52 BR8] J6] T30 B BRG]
T 7F A 1Y RE B O, 1 BB A A9 W] BE R T

2) BE T R IR e RO R G A 2 BB LR

o [ 7 i i R L MR HGE [ i R MR e A Ry IR R
TR 38 B B R i 6 i RN RORMAR B M S FE A L AT
T R =K AL — R K B 2 R S
LA TR RS IR e ORI F AR PR RE . 7 25 A0 T 4
SEFWT, (] B0 0 32 5 B Ok o N IRDBHRR e
P 1A 0 3 R ) Bl R R X 3k A B
S LR SEPRTT SR R T 25 3t 4 AR, 15 3] T 02
JREMBEAIL B D8 T 58 s X e ] S 3 b Y I R
180 mm, ¥R g B PR 4. 6 mm (RIEE N E N



184

G R I A N S 4

2021 4 5% 26 %

46 mm) B2 ERE B R 169 r/min., JH A i e
R A 26 M e e U . 55 A i 3 B E MRORL AL B % 1
REAH EL, HomE R PR AR T 84, 7%, FR B R ML T
3.9% R IR E T 30, 7Y, MR R E R T
27.1%.,

S XHE  References

(1]

2]

(3]

[4]

(5]

L6]

(7]

(8]

BT R SR AR A PR = DR E e el R
JEAR A (2016—2018) [J . SRR, 2019C1) ¢ 14-24

Wu L P, Xie G Z, Liu Q D, Li D Y. China rabbit industry
development report since the 13th five-year plan (2016—2018)
[J]. Chinese Journal of Rabbit Farming » 2019(1); 14-24 (in
Chinese)

SR, 28 B AL 2018 4 3R [ Gl K RO B K 2019 AF R B
(0. FEEHAE, 2019, 55(3); 152-156

Wu L P, Qin Y H. Development status of rabbit industry in
China in 2018 and outlook for 2019[]]. Chinese Journal of
Animal Science, 2019, 55(3): 152-156 (in Chinese)

BB A TG R OB AR IR F ALY B A SR 5 Al
F A B AR R, P E R G, 2018(3): 17-20

Duan E Z, Jin N, Fang P, Chen J Y, Zheng M H, Wang H
Y. The present situation and development prospect of the
breeding equipment of meat rabbits in China [ J]. Chinese
Journal of Rabbit Farming , 2018(3): 17-20 (in Chinese)
PEB SR, FLLE, R . — Fh G 8 OB B KO B Sh A ] R
45 ,CN109258493A[P]. 2019-01-25

Pang C L., Wang H'Y, Gu Z. Rabbit cage feeding device and
automatic control system: China, CN109258493A[P]. 2019-
01-25 (in Chinese)

TKPTR B2, ERE L HESFIR A G TR R S R R L E
SR AR B B2 L) . Al TR 24, 2014, 30(5) . 19-27
Zhang X L, Ma K, Wang H, Cui S J, Shi Y F. Effect of
particle size on precision dosing of screw feeder [ ] ].
Transactions of the Chinese Society of Agricultural Engineering .
2014, 30(5): 19-27 (in Chinese)
BN, EAT e, v 8, 2 50 Al UM B Rk 5 B 43 A B B 5T
(0. A Tk s 2014, 35(23): 30-33

Kang H B, Wang HY, Gao R, Li N W. Study on distribution
law of strength of pellet feed[]]. Feed Industry . 2014, 35
(23): 30-33 (in Chinese)

] A A, AR A i SRR R AL T S B s B A e [ K g
HAR, 201001 29-33

Xiang D Z, Xu Y W. Design parameter selection of spiral
conveyor [ ] ]. Cement Technology, 2010 (1): 29-33 (in
Chinese)

SRER L BRIDE T, RO, F LR GOE IR AL BT EDEM /914 #
SR IEALIRE S 3% MERE W ST L) ], BERFLEHOR 2020, 48(2) .
151-157

Zhang Q, Zhang X Y, Wu Z G, Wang C, Zhang X, Su M X.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Study on spiral conveying performance of side shearer based on
EDEM[J]. Coal Science and Technology - 2020, 48(2): 151-
157 (in Chinese)

A E IR R TR A SRR HE R D7 2O R i ik L
HkHE 2 )], HERE AU LA 4, 2019, 37(4); 341-345
Shi Y F, Zhang X L, Xu Y F, Cui SJ. Influence of feeding
method on feed quantity of screw feeder [ J]. Journal of
Drainage and Irrigation Machinery Engineering, 2019, 37
(4): 341-345(in Chinese)

KA. € T IR TER R LA LA BT E R (D], 3 & . % B R
KA, 2016

Song H. Optimization design and simulation of quantitative
screw conveyor[ D], Qingdao, China: Qingdao University of
Science &. Technology. 2016 (in Chinese)

Minglani D, Sharma A, Pandey H. Dayal R, Joshi ] B,
Subramaniam S. A review of granular flow in screw feeders
and conveyors[ ] ]. Powder Technology ., 2020, 366 369-381
B EE 2 0 4. IBIE A IR S A R R ot S ()],
F AR DAL 4R, 2019, 40(2): 130-134

Hu K Y, Li Y P. Design and test of screw conveying
performance test system[ J]. Journal of Chinese Agricultural
Mechanization, 2019, 40(2): 130-134 (in Chinese)
Mousaviraad M, Tekeste M, Rosentrater K A. Calibration
and validation of a discrete element model of corn using grain
flow simulation in a commercial screw grain auger [ J ].
Transactions o f the ASABE , 2017, 60(4): 1403-1415

Wi, J T EDEM (¥ i M 0 e i M e 05 50 58 5 L[ D],
AR PEHE R A, 2016

Yang Y. Convery performance research &. optimization of
grain convey screw based on EDEM [ D]. Chengdu: Xihua
University, 2016 (in Chinese)

Zareiforoush H, Komarizadeh M H, Alizadeh M R. Effects of
crop-machine variables on paddy grain damage during handling
with an inclined screw auger [ J]. Biosystems Engineering »
2010, 106(3): 234-242

Fernandez ] W, Cleary P W, McBride W. Effect of screw
design on hopper drawdown of spherical particles in a
horizontal screw feeder [ ] ]. Chemical Engineering Science
2011, 66(22): 5585-5601

FEAE B SE PN L TR BRI K 7. R TR AIL A G AR o A
KA AL BT ], AR S BRI, 2020, 38(1): 42-46
Jiang X, Cai ] R, Sun L., Zhuang X B, Zhang W ]J.
Optimization design of shaftless spiral heating conveyor for
sterilizer[J]. Packaging and Food Machinery, 2020, 38(1):
42-46 (in Chinese)

W0 AR B AR AR R PRI 2. LR B Bl R
e ¥ 52 B A A B R R T BT L Al TR AR, 2017,
33(4) . 83-88

Wang M F, Xu Q, Jiang EC, Ren YZ, Wu Y J, Chen X K.
Design and pilot test for feeder of biomass shaftless screw

continuous pyrolysis device[ ] ]. Transactions of the Chinese



55 5 4] PRI 102 45 . 1A S 3% T 0 MR IR L i 26 4 RE X B BT Y

(191

[20]

[21]

[22]

[23]

[24]

[25]

Society of Agricultural Engineering s 2017, 33(4): 83-88 (in
Chinese)

GB/T 16765—1997 Mk el BH il A H AR A6 [ST. 65T b [ b
HE AL, 1997

GB/T 167651997 General technical conditions for granulated
feed[ S]. Beijing: China Standards Press, 1997 (in Chinese)
TrRAR PN L BRES  kE TT . R IR e % AL R AL EL AT
ZHEIH]. BT WAL, 2010, 38(11) . 66-71

Yin Z J, Sun J, Chen B, Zhang I. W. Study on transportation
mechanism of open screw conveyors and design of parameters
[J]. Mining & Processing Equipment , 2010, 38(11): 66-71
(in Chinese)

Rehkugler G E. Screw conveyors: State of the art []].
Transactions o f the ASAE, 1967, 10(5): 0615-0618

R8T A A A s B il 8 AL 0T 2 R e PR AR E [T .
Rk, 2008, 29(15): 1-5

Chen G F, Xu Y W. Selection and determination of design
parameters for feeding screw conveyor[]J]. Feed Industry .
2008, 29(15): 1-5 (in Chinese)

Bates L. Entrainment patterns of screw hopper dischargers
[J]. Journal of Engineering for Industry, 1969, 91(2): 295-
302

S L BB B A AR T]. s, 1989(2): 13-15
Zhang Q W. Filling rate of screw feeding equipment[J]. Light
Metals, 1989(2): 13-15 (in Chinese)

GB/T 36865—2018 ARl AL - 822 Sy 26 HLLS T ALt Hh [ A
e AL, 2018

GB/T 36865—2018 Grain and oil machinery: Screw conveyer

[26]

[27]

[28]

[29]

[30]

[S]. Beijing: China Standards Press. 2018 (in Chinese)
2% G R TR IR AL B AL N R A LR
B S BR AL 5K RO AL, 2016, 47(2): 51-58
Peng F, Li T F, Kang H B, Zhang G D, Kong D D, Wang H
Y. Optimization and experiment on feeder for small-scale pellet
mill[J 1. Transactions o f the Chinese Society for Agricultural
Machinery, 2016, 47(2) . 51-58 (in Chinese)

AT, ik /N A Rib IR % Pl 32 2 S R PR R g L ],
B, 2013(21) ¢ 57-59, 45

Wang D X. Selection and identification of the main parameters
of horizontal-type spiral conveyer[ ]J]. Electronic Test, 2013
(21): 57-59, 45 (in Chinese)

JEHETE , £/ €L AK B 5T EDEM S0 /Y 5205 32 4 2% B
A ] B B BIE ST AN A3 B LD ] R BLALAT ST . 2017, 39(1) : 38-42
Zhou Y L, Wang X F, Yu Y C. Research and analysis of the
optimum gap of the screw extraction device based on EDEM
software [ ] ]. Jouwrnal of Agricultural Mechanization
Research , 2017, 39(1): 38-42 (in Chinese)

B oKV R VR R T g MR N R A A IR AL Sk
BEO7HLL) . Aolk TR 24, 2013, 29(3): 250-257

Luo S, Zhang X L, Xu J, Ma K. Structure optimization and
performance simulation of screw discontinuous feeding device
[J]. Transactions of the Chinese Society of Agricultural
Engineering , 2013, 29(3): 250-257 (in Chinese)

Shimizu Y, Cundall P A. Three-dimensional DEM simulations
of bulk handling by screw conveyors [ J]. Journal of

Engineering Mechanics, 2001, 127(9) . 864-872

TG, X i A



