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Design and Experiment of Discharging Performance of
Feeder for Nursery
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Abstract: As we all know, China is one of the famous country for swine. with the development of pig
breeding industry, it is important to improve feed-discharging uniformity and sufficient flow in unit time of
feeders. A new type of feeder for nursery was designed based on characteristics of mass flow. The
principal factors which affected the discharging performance of the feeder were determined through
comprehensive analysis. In order to optimize the structural and operating parameters of the designed
nursery pig feeder, virtual orthogonal test was carried out by discrete element method software with
rotational speed, discharge opening diameter, angle of conical wall of the hopper and filling coefficient as
experimental factors and coefficient of variation and flow as evaluation indexes. Based on experimental
data, a mathematical model was built by using the Design-Expert 8. 0. 10 software, and the optimum
parameters were obtained. The simulation experiment results showed when rotational speed was 45 r/min,
discharge opening diameter was 110 mm, angle of conical wall of the hopper was 65°, and filling
coefficient was 65% , coefficient of variation was 3. 96% and flow was 165. 93 g/s. Then the feeder was
designed according to above optimized parameters, and the experiment was done. The results showed that
the flow pattern of pelleted feed was mass flow; the relative error of coefficient of variation and the flow
was 4.14% and 3.92% , respectively. The results were basically consistent with the simulation
optimization, and the designed feeder can meet the feeding needs of nursery pig, which can ensure the
quality and efficiency of the operation and provide support for the research and development of pig
feeders.
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Fig. 1  Structural diagram of feeder
LoAghol 2. 240 3 e 4083 SoEadE 6. E
MR TR S G 9. 10, R

—_

2 RBEWRIT

2.1 H®35EMRt

T W5 B 2R 2R S S M (PVC) BB, K0
PR TAFZR 2 98 R B O 40 kg, RS B
5 L 706 mm, BEJE Ty 6 mm, Sy B E RS AR 45
ZRORST X ot A7 BE 23

WP 2 JroR  RE BLE AR N

V=V +V,+V, (1)
Ml
y=—t (2)
on
DZ
/\EFI Vlzﬂjl(lz_ll) (3)
1 DT Di DD,
ey Gy @

=
NN\ ‘@< i By 7)>

Y -
A )
= y v, A
B2 Bk sbait s B E

Fig.2  Structural diagram of hopper




156 A 2018 4
vom G5y EEEEMSERUN T2 02156 H i A
o 6 7 A 0 BB TR B DR B S
*)‘{’il"/%l\%ﬂ‘j l:lz +l3 +l4 (6) ﬁﬁxﬁﬂ:%ﬁ%ﬁ%%ﬂ@l—%tﬂ*}l‘ui&ﬁiﬁéémﬁf%‘{’jﬁ

A V—R IS AR, m’

M, — 8} 3L g AR T kg

o— UL 1A KL %5 T, BL 700 kg/m’

n—Fkk3} e R EL, %

D,— B HAZ ,m

D,——H () BEHA,m

l L EBHEAE E ,m

L,—— FARIEAE &, m

Ly——HEfR S m

L,——H I EF S, m

KT OR) BR LR T, ASTR D, =

174 mm [, = 100 mm ; > PAE T}y i F DR 25 0
MEL D, =515 mm, [, =66 mm, ¥ Lk &5 1_ A
X (1) H T

L+0.003=O.06lz+0.03 l (7)
557

SUMRGE LA 6 R 15

21,

D, -D,
X p—FBEfiAM, ()

15X (8) M, 24 D D,y % fH I, 21 BEf f1 B
SR LRI O, AR SCRR [ 13 AT 0 3 BE 45 A
PHCARRMAR I A R S5° ~10°, #R45E C 14T f4 JURE 1)
HoHIE A W 1 2 B 7 4 36 AT A R ) e e K R
A AR R A1 5350 R 330 30, B S| BE {5 A1 due /M
359 qURE R ZE A RSP AT, 2 1, =0 mm [, 3} BE
B B =72°( ok 2tk AR BT 20R) , A
SCHR AR |- 25 d 7 SR 0 5 2} BE AR d KA 65°
1 (8) T, e i 2| BEMBF B P A 2 4, D) b AR R
M LSRR ST R Ry EHR A G, T R AR R
S} I8 R A SR AT A 48, S PR F B & P i IR g
B3 FEE R B 35% ~T70% , 45 4 Bl B S LB 2k
7 A BRSSO E ST A BURELTE [y 50% ~
80%
2.2 HEBLBRTEMRIR
2.2.1 HEOHE

RO I T A R R e RE 2R O E AL AR
Py e ) al g, UKL A S PVC A 45 4 2 1)
F A R A D K 0 Ol 0.4 0. 28, S R T 5T
a2 HERE, HOREE BRI SS H AR, o LM RE
LR O B RN BE M R o M AR PR AR R 2R O
ZER R SRR B E ORI BERSE (B3)
H =32 mm,d, =180 mm,h =14 mm ,BEJ& 2 mm, |F] H}

(8)

tanf3 =

O PVC BERHRE S M 107 A0 30 A 85 40 B4 R M
T B DUAR A DL o S S5 B AR IR 5 Ak =) A AR A
LR A 9 U D7 3CHE (R UE 4R PR A 4R D
MR IR A AR 2 HERE) AR SO 25 B2 A, LA
T BRI B9 Jrg /N ROSF B3 i B R 0 RS, X
BT SRR AT BEE A A LA SR AR T8 AR IR AR kL
HAR d WG B, HREARSZ Ty o i 3 s

B0 o
A QPRI S
I-..

.4: )
S > 0

B3R R S b
Fig.3 Force analysis of discharge opening plate

T R 1T 45 RE T — JE] DX 38 AT B — f3f B e Uk
TR EAT A3 AT, AR AR ] MR A A% R T A, R T e
A SES G 1) BB R LS T VR
B BE A FL STy Fy JURCEDE 5 R T 4 BE T Y
FERE Ty f BRI RN N EE 4% ) f, SE [FAE AR 1| R
B K 0 F ) R RE T A ) ) R0 ) AT o
fife , # BE BT AR ZE HEI G R AR DR UE RIS 18 , )
B 1 W ARG Ty 1) 48 [ ) 1) g5 1), DA ST ) 2
- 7 FE =X

{ma:Gsin0+Nsin0 —f —f cosf (9)
F =f,sin@ + Ncos + Gcosé
Hrp Ji =N
{f=MFN (10)
G =mg

b m——RORLARDR B ke
JGURL BT 1 Joi 3 B, /s
w—FORL A 5 R 2 P BE JEE 95 DY AR
e 0.28
e, —WURE GR ] JEE 45 PR, B 0.5
B (9) AT A
G(sinf —ucos@) + N(sinf —uu,sinf — pcosh —

a

,cos0) =ma (11)

3 R TR 2 AL R R R ORE T A0 BE {6 AR 5
HAULEA SR KR N

2(H-h

tanf = (d2 —d)

A1) ((12) 73 OB Fls B E AR d > 60 mm, 7]

WGP G AR SO d =70 mm ARG HOREF AL HE

(12)



>

£ 10 39 wa W E. REE RSSO S AR R I 157

N

Tk R T E £ 8 A 2R E O AR B T R 1Y
FR A, A SCHCH B B B AR 110 mmy
2.2.2 ERhFEME

A S A 0 AR R AR IE R O, 9 S
B 3 2 R BCHR R 2 () o e e R e <11 5
DA RO 5 HE R 2R, 8 it h ER N
140 mm | JEJE S 3 mm | = i [ & 19 A5 40 B 4
2.2.3  fERHE A

HERHE T A RO A S 35 o A 2 )
R HERE2S 18] A, 55 J2 560 F E 2 BE I BE D 1 mm,
T Fifl 32 ol 8 5 P 2 326 UL )Rk 1o AR R HERE o AR R
R BARGE BTN T - B % B4R 160 mm JEJEE Oy
4 mm; J5 U BE N HLEAR, W E L@ S M0 0 5L B
R 1,5 B HPRHK 7 AR A% 5 R R, H B
00 B 7 £ 7 o0 A0 TE I HERL R R B R SEJE B,
o 26 mm s Jif {0 BE Sy HERH & 4 K 26 BORE 1R g AR
DX, AT, HERHA R 25 4 8 SO #R o B 1
2o S UHRRHE B 18 AR R RE A S B 2k 1Y 2] R
G 4 8 R AR, AR RO T LR 5 8 AR SOKs
FCBTE o 1 9I it £ B9, AR 4l HERE P R 2 o i J3E 25K
B R A AR A ROE, B R il R R AR e =
70 mm , A< SO HEAH A F RO BE K 28 BORE TR R 2 e
PEAT PRI HT, AN 4 R

B4 4% 1o A2 BUREAZ B ok HE 3 1

Fig.4 Diagram of particle velocity decomposition

VLHERME e % o 0 S S5 s, KSF J5 ] 2R «
WU E TN y RS AR AR R . O E T AT MK
it 50 a0 8 FURL 1R R 32 HERE B R I R
MK T O A S DX SR oy Ok 1R B XLk B
DX EHERX (5 — M4 X 5 Z A\, HERHE R R
I Ay i it 4k 2 XORN R X JE0RL 1 R B
HekHE B 5% sh 308 5 B ) EHERE X, S & A HERHE
AR T e CHE RN R . O R 48 el HERHE A k%
{14 JIURE T A2 Sl AR, BEHILIRC 3 HERL X Y K AL SR
k43 A 3 B 3 A R AE

TEA O, 0K Hi4ja 4% 5% 6 FFN E 5% 8 1 AT A5

2 2 2
lo()l +log -1

N
(:05( > ‘y) = 2 1oy Loy (13)
™
sm(f—’y) .
2 _ sind .
r _l()UI (0$7$6) )
Bl
Hrp lr)(), r B (15)
Kb y—3h K, ()
S—a i K [ 4% 1% 1 B 55 AR Xk B ] e
i, (%)
f i
B B\’
l(,,\,:—(r—zl)siny+«/(sin2y—l)(r—21) +r
(16)
B,
(r—7)0057
Sin5=7 (17)

TEH 8l 5 K 5 00 B B2 = A 8 b AR IE 9%
B a] 1%

sing _ sind

(18)

H vs =wl (19)
v LA B K B2 X B, m/s
v i K 7 H T, m/s
o—HEBHE R e #e f s, rad/s
B KA X 38 RE 5 2 ) TA] e
f,(°)
e (16) ((17) ((19) LA (18) Hr AT fi 15

w(r—%) [ (r—%)sin'y+b]cosy

4%

&

£ = arcsin
1

(20)

2 Bl ’ 2
Hop szr - (r—7) cos’y (21)
NS SE K5 o CHERE, HER R R e

HEAHIX e 32 UKL 1RRL BT A% I 7 A UKL /9 D) 10 %
(T IR SRR 2% ), 2 5 KRy 246 36 3 J52 -5 R %o 3 5 (1]
FAAEI A &, B2 % 3 /N T2 i )5 . X (20)
AL, AR AL — R A e A AR A
O HHERLIE e 1 0 =4. 71 rad/s B, F50F
SE 2555 HERH R AT ON BE S Ak URE AR 14 268 X6 3
J v, =0.33 m/s, A] 45 3% nd BURL R L AR GF 3 5 5 4
X EE ]y & =87 44° ARG F ik o B K 15 9 it
LRI, P Bl X 2 2 HE R X P A5 JORE ) kA X g R
55 246 X S JEE RIS & 2 /0, R I TR A R 4 X6
JEE T 1) 5 4% 1) Sk A O S B BOCHERL

DRI ¥4 [58) C  2k _ f — Bl 33 A7 A A G T A



158 & A Hl

W 20184

L 80 SIS HE 3 e B sl AU A A s % i UL A 114
ot %) 3k 2 A AR S UHE R A 0/, SO

P =% mpy,
KXrp P—&K g REM kg-m/s
m;—— KUBURL R BT i ke

J s FURL )RR 48 X S, m/s
AL B SMRLHE R R BT HERHK 4 3 BURL
TRk S A 5 bt [ I 2k R HE R R BB 6% S8 B 2k
AN HERL AR, R R R A 2 52 e HC I A
ST Y OGS TR R, AR AR ] MR A2 1 A MR R SR, A SR T
FAYCT L 100 ~200 g, B3 4l 2 Bl R 1IE F B} 100 g
TE 1 s WO R . 38 3 BB TH 550 AT 200 32 il e o 6] B
30 ~60 r/min,

L bR SCRR 1L - 12,16 = 17 J AT A1,
S 3 B e HERE LA DR IR ] ) BT 5 RN B e ] PR
TAEVERE o) W Rk 2 A BRG] RE B AR U 3l 5
R, L EEMA B ORI H R T H AR d 5 R B
TR, HERMAEE o B HAR 4 A
BEF 78 2 BOZ 52 ) A7 I (] HE R B Y G B R &R
AR A ] AR BE 0 52 I R AL G, AR
] IR 2 114 G 58 2 8, AR S T EDEM. )5 EC AR A i
17 LA, o 5 SEAE HLIE ik 00 25 e LA

3 EDEM EWERREEIT S0

3.1 BEHTERET

R R B 5 11 ) M 5 3R, AR i 6 vk ARDRE) T A
SRR R TR VAR S R7 N o S IR | 7 7. i )
FIAETE oA 1 B SIS 0k RPIR 2, PR IE A DL B
AL REE A A A R RCBE AL 5 100 k7 4] Ak 1) L An]
Rt P EAZA R 2.8 mm SFHKEHR 6.1 mm,
s frR .

(22)

v

5 Bk EHE &
Fig.5 Shape of pellets

1 FURL L] RS) 22 5 R S AR B A 2%
2 2R JFH I R 3R A A 159 0 0 3 AL 6 /R B9 A Rt
T AU B A TR MORE , HLk B B e T SOR L B
PV I o 9 A BROTR A AL, W 6a TR
BRSSPl 4% )R 5F, 78 EDEM 1 F 1) Particle £ Bt
HR T AR LY vy oz = 1e) A AR A S 0K R R IR AT JE
BERL, A& 6b Bz A AUUBURL B AR 2 AR S0k

(PSINPSETE TR SRSV ANV ROIE 8 i o X7/ B
BONEE

B 6 FUk{ B R
Fig. 6 Particle simulation models
S R A o R Ak 21 P AR T L I BT AR 1 R A T
B B 5 40 B7 , W Pro/E B4 £ 37 IR 8 ] M
) SRR DAL igs U A A EDEM2. 6 $1 {4
HifEly Geometry 55 (1 JURL 2 24
3.2 EBEMERARFESHIEE
3.2.1  FEARY B K S E
N EDEM {4 Xof 50k G Ak 1 47 TR A S0 AT I
it BT OB AR5 LR 8 ) R TR AR 5 IS4
ASCH B 32567 £ % IO G A FURE S 1) 4 2
2P PR 2 AH B0 T 0 22 ok 2 B0E A7 0, B
(USRI E 2 G S
F1 M REMEMY

Tab.1 Boundary parameters of simulation

S8 p PVC S P-PVC P-S P-P
R/ (kgem™3) 1064 1340 7800
)R/ GPa 0.023 1.2 70
AL 0.36  0.32 0.3
R 0.5 0.6 0.62
i 45 TR 5 0.4 0.28 0.5
TR 2l E 45 RV 0.02 0.0l 0.01

TP RIRFRL, S RARATEM

3.2.2  RfMBTAIGE

EDEM #{f rr $2 41 6 Ffr 422 ful 55 784, ey 7 N FH 149
SR ) ek ) G A BV L L L Particle — Particle [i] &
J Hertz — Mindlin (no slip ) JC ¥ 3l 4 il A5 54, 4 & 7
JIiR o

% 7 Hertz — Mindlin 32 fil 5 B 7R &
Fig.7 Contact mechanics model sketch of Hertz — Mindlin
3.3 fEEMSERS W
O 47 BSR4 o A AR R ) IR g e



£ 10 39

wa W E. REE RSSO S AR R I 159

PRl o, R TH0HR 60 mm Ak 81 @ fE 400 1) AN I A
JAIURL , 15 BURLGRDRE 2 B 38 B 780l 2 RO I AR
b BE IR B AR RS I, B0 B o, ] IR
kb BRI R B (HERL) i e o D5 ol R
BESE P H A € I ] 2 KO Rayleigh i [6] 25 K B9
20% , {15 LS IRF 5] 5 2 501 T 0 2, 50l PR AT I 1) g
0.01 s IEAVIRAF — UKo

BT 3R I3 AT LA BOxk i R A 14 R RE 25K
AR SCRE AR S5 AR B W AR D ] PR A RE A P4
FEAR, FHRLPF f 4] BR g 9 HERL 29 2008 (HERE A 2 2
FUERFREER) KILHERfE
3.3.1 LRAEK

AR SCHR [ 20 =22 ], Sy 97400 i) W 5% 17 ) A4 A1 R
M3 SI R, 91 AR S R B AR, 2 S R BUNT
10%% st ) £ P9 J0RE G ek 50 A3 34 5 0 O B, AR SRS B
T2 5050 D 4 B0 M AE S R RHU B 4 e
BIRUREIE

¢, =2 x100% (23)
My

b o= g Uuwaﬁﬁn—w]% (24)

Lo
p= - ; m, (25)
L C—BRFE, %
o — R U B TR v 25 5 43 ORI A o
7% kg
By B U 50 1) 4 rp A% 43 UKL T AL 2
{H , ke
n—"w) Al 5 0 4 B, A
m,—— B U 0 1A 4 43 UKL T i kg

3.3.2 s

LR g LS IR ] P9 v 2 R P UL R R Y o
ORI RE RS H LR R RS AOR '
B RS e S AL i [8] P £R I HE R R AE 100 ~
200 g/'s Z[A] , A< SC T HE VA R i HE R

ASCHE i EDEM K Binning #8 5 g 57 — 4
Grid bin group ( A% 4R 77 K 25 ) LA Hh 4] il DX 3, 4K
B A RS A1 It 00 B 0 S A P AURE 4R R BT
BOITREARIRE .
3.4 EMRBZHAR

WA SR [ 16,23 T nl 1, 4] R 45 4 <1 Py B 1]
HRHAE HE Ak P 552 B A8 A U8 B £ TE MR AR 114 4] e o (52
BRI ST 2k S ) R e ) A A AR Y 0 22 DR AT
(B IRk Es ) o T LA B 20 B, 08 RO i) A IR 8%
HERHE RE Y S B R —— A A | ok 0 AR )
BEWUMA T R BO RS N R, DUZ 5 R BRI &
B AR AR , BE U I K I3 2 s .

x2 RBEZEKTE

Tab.2 Experimental factors and levels

K EREE . BBIOESE SRR PR
(remin~") d/mm B/(°) /%
1 30 70 35 50
2 45 90 50 65
3 60 110 65 80

TE b VR b Sy 3 A5 5 M G I 2 R RE Y
PEAE SR A, LA T ST B4 4R TR R F 5 B
PEHL Ly, (3") 1E 28 R #E AT EDEM & 8LIE ik 5, 2
AR I T 545 B 04 3 Bion A B .C.D 435k &
T RE I EAR CHREMA R R BUR RO A

®3 HRBRARSER

Tab.3 Experimental plan and results
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