54354 45 51 2
20244 9 H

ok ok R o R

Journal of Huazhong Agricultural University

Vol.43 No.5
Sep. 2024,269~277

FERFAS, AF H 252 % LT EDEM A JE F5 MRS i 1al v 25 BT 53R 86 [ ] AR gl Koisidiz, 2024,43(5) : 269-277.

DOI:10.13300/j.cnki.hnlkxb.2024.05.030

E T EDEM WZEF ISR /E RIREFHIZIT 55
EHALRAL BHD M A

LAEPREKRF I HEK, RiR 4300705 2. R AERAZFKITP FHRLELEE & EEE, KX 430070

FEE RO ERTSE SRR 1R M 2R SR ARG B ] ML 1o R e ) M ] R B AR S BB AR TR
IS 75 e T O 9 00 () 8, 3 T — i R OB SRR RIS o AT i IR T bR D B DA B A O TAERB (2
B, DU R E 1B HERH R IBE T R R A R R DR 3K, LA B s i) ] R e 1 R S R O T
MraghR T = E =K PRSI, 45 B SEBRFRTH A7 3K , A BT 4 B 5 KN A R e AR . D B2 SR
IR, 25 S HOFHERHS S 5 0 KM R A bk aa st 171 B HER i S5 T £ i 2 5 224 e o )
9.0 mm I HBEETH 4 71.5° I F i 58.4 r/min I, 4RI ME 2% 0 HERI S 5 R B f/ME 18.66 % . TERAL S
BAAT R e G 2R G0 45 T /R, RIR AR S 5 R B0 18.74 %0 HERLHE FE 4 109.26 g/s, HERHH
Wt 5 S PR A K AIRR 220 3.07 %6, i AL RS AR R SR

KR TN s KM ER s WURLIRDRE ; TR $2)1k
RESEES S834  XEFRIEE A

rh R T S L A R SR SR A A 2 I, A
RS (7R 242, BRI 90 % LAY, 1448
TGS 2T T TR A K R T B 95 e L R fiE AL
FEIHACE B, A 2 SR AT (R SR 3 K
BTG YN SRR E S BRI e
TR AR EGS R T O AP & R )
A G 37 it 22 SR BUTE 22 01 AVORS 2 1% B e =X HE
Fem oy 3, 5 1 AR R R AN fE sl B AR B4 (]
ANRE T L 235 AT AR ) B RS K, I Al i ) 1E
K a o fE e ARDEHEE R 5 AR R i Ak B A O T R AR
Ak E 8 — 4, T 0 T B MR 5 A ELA DRI R
Sy AT N e

o DR A TR A o A R R 58 8 i U 1 2 e HE
RHILABIEFE Hh , AR DR R e X 42, & Btk F
R A B RTIEESI T
XSUHER i ] WS 25 B8 I TR0 0 e AN () 2 5 o0 2 e it el
K BE 52 KR BT AR R e S BT 45 R i
T T B 285 A HE 2 B0 E R R A 99.8 %0, B ff
S 2 O3t o e v AR LR AT T Ak, T a4 AR
BRSO AR T BE HLE B R, e
TR TR R R B R ORG B TR R ik

Wk H 393 - 2024-03-15

AT E < op e B BEEABHIR L 55 9% L 101 (266 2020GXPY005)
JERFZS , E-mail: 707891914(@qq.com

WAEVEE : WA, E-mail : wscOl@mail.hzau.edu.cn

XEHS  1000-2421(2024)05-0269-09

ML A SEIRMALE . ARSI T 4
MR A Rt T — MR R R B IR AT
FATGE, B0 Tl s 450, i e fe e %
AR Ff R SRR R R 450 . X B A
A EDEM-Fluent # & 75 % ff 5 5 I AL k20
Aii BEXHR S )RR AT SR DAL , AL J&) 1 23
A1 A8 5 Z KA R AR A, d Je b WA 47 50 mT LA
TSR . LIRESE T B AT R R |
i1 BE SR LA 2 B0 25 S TP 8 A4 ) FRDRH R AR E
PEAE T AR b 2 B 520 7 B0 70 A %) e AR 45
T B SRR, AT DA R R S AL A
G548, e AN BIE A I ] Y5 LI R A o (EUE: R T
bR ] MRS R MR X G2 ) A [R) , E SE SR AR
FHERSE T, DAL A G MRB A LA B2

ABIFTEBETT 1 —Fof i e A0 0 A 2 1 R AR
G, AR AS B 45 BT A% D IFTE R R (8 B 1
TUAT ELAE TR 53R ol 54 Ao R A0 A 4 B BIL
i, PIE A M g T AN R 2 O T AR S BOR R it
Fr ARG R ) TAETERE , S B IR A& HOKG
LTRSS



270 LRI I NI <3 4

943 %

1 #MRIERE
1.1 RARRSZHTIERE

TR A M TR MR G R R AR S5 M AN 8] 1 PR L i &R
il STM32F 103 B 5 ML e A R il A% 0 , 25 1dF
FL AL T FL ALK B0 4 A 4 il AT 1 A R SR
A FE AR A AR IR B | 7= BT O e 21 AR
AR, 1] DS B A i v o RS Al e 57 4] 7
e 3JA ARGE R 8 1AL, S8 B 22 [ I HEHE
G, 8 AT A BEAR P45 DL R SR BT 5 S A R

IR bR bR T A IR M
1

: :
' i
s || iR

1415 121100 o 15 12 11 do o
1. 5L Feed ; 2. #8144 Feed tower; 3. 32 28 Stand ; 4. 1} 545 Feed
conduit; 5. 5 H Cage; 6. F18 Breeding ducks; 7. AR Ik Indi-
vidual detection module ;8. R E AR AT Feed residual module; 9. 1]
KLt Feed troug; 10. 5 JE S Bar code; 11. FG At Code scanning
module; 12. 1% Duck eggs; 13. J= 4 H Egg counting module;
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Fig.1 Schematic diagram of the feeding system structure
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Fig.2 Structure diagram of the feeder

2, kg/min;n R FE I R B0 55 Sk B 2 TR A R
A, m*; A HERH A RO B m o Sl TR BURL 25
i, kg/m®s o N ARHEURLAE I i 2Z (B A TR SR s w
FL AL 3, r/min A DRHURE (971 3012 R 8GR WAk
55 N B f A e B 5 s il B BE B my o S I o
2 ,m.

TEARIME SR A R vp A [A) A K B B AN [R] i
PR DL AR () 355 B A, ] B £ 1) 75 SR AN [, 75
B B AR XTI A5 T S5 BUAS [F]HE 5 45 o R 25 A p
SRR 20 R 4 ] ML Bl s ) R
Hedm o DADRHE & A3 ST AR D R SR X 4, LASRLAL
I [RIHER A9 728 S5 R PR e s . A8 S R AU
AN BRI TE R G5 SR 7 B 45T B B[]
DA I ) AR B A 120 ) ]

A Ag
lL\ I ¥

) M
-

B FEFEAT HERH R AR TR] I S ) R A
SE 22 A 1R 22 /0N AL R 9 1 HE bR 0 s
1.3 FEIRE

D) FEAF ESE 0 o S50l A R RS )
BEINIE SRy 28 5 R A 1 [ A T 4 ikt SLP 3 AR
4.6 mm, K JF N 8~13 mm. S P fa M A i ek
T2l ) By A B R R Ak HUR A4 S B IR T
e 326 3] ) MG 8 %t , (ELRAEX 24 % B B v ) ek 25
KA WIS . BRI, R I B S AR R L R 7R XA
F A AR B AT R PG TR e ELRE R
BHBURL I 998 B R 3 R RS« 15 ik 4.4
mm 25 R 7.8 mm 3 5 K0k 12.4 mm, FE( B
OB T R R T L 43 ) 6 R 15 B R 34.5%%
22.9% 42.6 % o {5 EARAF ORISR 4N 8] 3 iR .

\‘\\\‘ i 1 i — 1 “ \«-J

A B

A JEFRE Short particles; B : fPBUR. Medium particles;; C: K J5URE Long particles.
B3 R sy
Fig.3 Feed pellet model
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Table 1 Simulation mechanical parameters

e 2 e
X4 Subject J& I Causality Simulation
parameters
JAFA L Poisson’s ratio 0.32
By i Pas s . 4
AR By Y)RiH Pashear m“odulus 7.57%10
Feed pellets HHE/ (kg/m?) 107X 10°
True density ’
K Length 4.20
Short feed pellets KB /mm Leng
rh DR .
Medium feed pellets B/mm Length 780
P
IR £ /mm Length 12.60
Long feed pellets
94005/ KA L Poisson”s ratio 0.41
e B By YR H:/Pa
s B BIREH/Pa S 1
9400 resin/rotary Shear modulus
fan blade % /(kg/m®) Density 1.13X10°
T 25 0.24
Crash recovery factor '
IS
WOk ik MR 0.30
Coefficient of static friction
Pellet-pellet
SFEEEE L 0.10
Coefficient of kinetic friction '
T S 2R 5 0.32
Crash recovery factor -
PEPEH R
Wk R 021
Coefficient of static friction
Pellet-fan
BEEE N L 0.05
Coefficient of kinetic friction ’
¥
>

A A IR 7% = 4B 3D model of feeder; B 4 I 7% 0 1 T 7E 4l
Feeder simulation working diagram.
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Fig.4 Simulation model diagram
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Fig.5 Feed quality sensor in simulation test
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Fig.6 Diagram of the feeder in working condition
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Fig.7 Schematic diagram of the spacing
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Fig.8 Schematic diagram of the spiral rising angle
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Table 2 Experimental factor coding

(6)

X faphiat e, X0 3 .
PO VI
Level Feed lhArough Blade spirAal Blade speed

spacing angle of rise
—1 2 60 48
0 6 75 60
1 10 90 72
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Table 3 Experimental protocols and results

——

iﬁﬁ? : X, X, Y,/ %
1 —1 —1 0 21.5919
2 1 -1 0 20.330 7
3 —1 1 0 33.814 6
4 1 1 0 20.937 5
5 —1 0 —1 31.614 7
6 1 0 —1 19.016 9
7 —1 0 1 23.942 7
8 1 0 1 20.625 4
9 0 —1 —1 21,5331
10 0 1 —1 28.397 5
1 0 —1 1 20.017 6
12 0 1 1 22.772 1
13 0 0 0 19.603 3
14 0 0 0 19.494 8
15 0 0 0 22.167 2
16 0 0 0 19.5717
17 0 0 0 20.603 3

1 : Note : X - 1l i [B] #E Feed through spacing ; X, : M - 2 7
A Blade spiral rise angle; X,: I J7 % i Blade speed; Y,: 28 5 R 4L

Coefficient of variation.

B 2% 3 B REA B A Design Expert HpEf7 —
T 2 T AR, BT A 7 220 BT N6 4 i o

t 4 T A, Y, [ I E 7 FR Y B P<
0.000 1, 36 W IZ BRI 5 2, 1 2k #8035 P=>0.05 , 13 /]
PR T A MG A BT R SR
Xof AR 5 28 B0 B4 52 ) R/ IN I K v 2 Ak 3 e ) B
SNyt N 3T O sl S b < ST B O
SRR R W T 1 1 28 BAE AR S R B0 5 ) i
R, X6 7 4 7 T 2 AN PO BT o 3 a7 T i
AT ek 3 3 [ B A T AR T e, A8 5 R b
Jr EE T AR 043G T /)N Gk S ) AL A
IKOFF A2 5 R BB R R T AR A RS R
B b R BB E T A AL FRAROK B, AR R R BB
o)Ak 3 sk [ B 8 A I 980 , i R MR T A A TR
1o KO 78 S 2R B Ak 3 s [ B 3 2 Dl
ANJE R, DR Ak 3 T B i R SEE T A LA
RS

FeBRR G 2 I A5 3 o7 R HE R AR S R A
K Z I RS G (7) PR .

Y,=20.29—3.76X,+2.81X,—1.65X,—2.90X X, +

2.32X, X, +2.25X,2+1.63X,°+1.26X.° (7)

x4 ZRBLAEBMFTESH
Table 4 Analysis of variance for quadratic

polynomial models

TRV B AMEE  FIrf
Source of ~ Mean  Degrees of  Square F P
variance square freedom sum
i) .
0.030 1 9 0.0033  33.07  <C0.000 1"
Model
X 0.0113 1 0.0113 111.78  <<0.000 1™
X, 0.006 3 1 0.006 3  62.37  <<0.000 1™
X, 0.002 2 1 0.0022  21.58 0.002 4™
XX, 0.003 4 1 0.0034  33.40 0.000 7
X, X5 0.002 2 1 0.0022  21.32 0.002 4™
X, X5 0.000 4 1 0.0004  4.18 0.080 2
Xy 0.002 1 1 0.0021  21.11 0.002 5
X' 0.001 1 1 0.0011 11.08 0.012 6
X 0.000 7 1 0.000 7 6.63 0.036 7"
B2
0.000 7 7 0.000 1
Residual
Hed)
)\“ 0.000 2 3 0.0001 0.4650 0.7223
Misfitting
%2z Error  0.000 5 4 0.000 1
JVFI Total — 0.030 8 16

o7 RN LM B3 (P<L0.01) 5 “+” RN IZ B 3 (P<
0.05) . Note: “**” indicates that the item is highly significant (P<<
0.01); “*” indicates that the item is significant(P<<0.05).

A5 5 Z /% Coefficient

~>> 0.5

UiETt e 0.
" HRERRIC ) -1.0-1.0 [6) #5/mm Intermediate

Spiral rising angle
B9 RE/ERAXEER R E R G R
Fig.9 Response surface of the influence

of interaction on coefficient of variation
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PR BT o
Y,—4.937+0.768X,+0.120X,+0.863X, (8)
R RBAL AT ] A A A A A S8, AR U
G 7R, LA kL ik (el B it R 48 e T AR i i
hH AR LIRS R E RN A B AR IF45 G S5 RR
o) M e 5 SR SR N B A
min Y, =/ (X, X5, X3)
3Y, (X, X5, X;)<<6
—1=X <1 (9)
—1<<X,<1
—1<<X;<1
{8 H Design Expert H* Numerical Optimization £
Pt 17 BARSER AR AR Y, A5 21 22 ) ek i [R] B
9.0 mm i Fr SRBETH A D 7157 A ey 58.4
r/min i, 28 57 R BOR e/ MEL18.66 26, BEI A 0.05 s
SE R R R 5.5 g, Wl R AR R . A T SR IEDS
FLRS A HERAPE , R4 T MR AR HERP LS, 1] 10 Sy
arlERh 5 2R R

/A
1. LY Power supply; 2. fa ¢ §45 Feed conduit; 3. 8 M2 2§ Feed-
ers; 4. 2L i L HL Stepper motor; 5. 2b i HL ML Hil #5F Stepper motor
controller; 6. 5. i #. Microcontroller; 7. 5 22 Racks; 8. 54 Beaker;
9. #i kG B FL T-FF High precision electronic scale.
10 HHERIE &2

Fig.10 Verification test bench
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Table 5 Bench experiment results
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Feeding Average Quality coefficient Total mass —Relative
time  feeding quality of variation error
0.75 5.61 18.88 84.16 2.01
1.00 5.46 18.74 109.26 0.67
1.25 5.67 18.67 141.73 3.07
A \A
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EDEM-based design and test of precision feeder
for caged breeder ducks

TANG Shijie', GU Yue', LI Chuanzhen', WANG Shucai'*

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment
in Mid-Lower Yangtze River, Wuhan 430070, China

Abstract A vane type pellet feeder was designed to solve the problems of inaccurate feeding quantity
of the feeder system for current cage breeder ducks and the low degree of controlling individual feeding
amounts during feeding process adverse to the breeding and selection of breeder ducks. A three factor and
three level orthogonal experiment was established based on the experimental factors of feed passage pitch,
blade spiral lift angle and blade speed, and the coefficient of variation of feed discharge per unit time of the
feeder as evaluation indicators by analyzing the feeding and discharging principles of the feeder and the pa-
rameters of its core working components. The order of influence and optimal combination of various factors
based on actual breeding needs were analyzed. According to the results of simulation, the primary and sec-
ondary order of the influence of each parameter on the uniformity of the discharge was the passing pitch of
feed, spiral rising angle of discharge blade, and the speed of blade. When the pitch of feed passed through
a spacing of 9.0 mm, the spiral rising angle of discharge blade was 71.5°, and the speed of blade was 58.4
r/min, the minimum discharge coefficient of variation of the feeder was 18.66%. The results of a bench
test conducted to verify the discharge performance of the feeder under the optimal combination of parame-
ters showed that the coefficient of variation of the feeder discharge was 18.74% , the discharge speed was
109.26 g/s, and the relative error between the preset amount of discharge and the actual amount of dis-
charge was 3.07% , meeting the feeding needs of caged breeder ducks.

Keywords caged breeder ducks; precision feeder; pelleted feed ; feeding devices; uniformity
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