: Oy el R F R
i e

Journal of Huazhong Agricultural University
ISSN 1000-2421,CN 42-1181/8

(PR R FZZER) PMESE AR

M - B B o i e B2 0 e

& F=F, B, Bk, LEH, FEIbM, 4c0H, SR

ks H 3 2022-03-12

Mg e B 2022-11-08

51 g =3, B, B, MEHR, EIpih, K8, BESE. ETFEEoCr&n

BHA RS B S/0L). R R.
https://kns.cnki.net/kems/detail/42.1181.8.20221107.1741.002.html

@NKiftars

www.cnki.net

FSEEE: R TIERE D, Rk S AR e P e i, HERRE R, B4 i T b
Bt. ZHERANECEME, HELRTHL, RRLd RS AR, e R R e R
Tl (RS SR HRRE MRS, AR AR . . BRI, BMICS i h
REHE. . B, TOASS e B E R St R S AR R . SR R e R M AT S
RECEF R AR A R R A ) B SO AT TR R A IR, B, FEE
WA LR B R, ATFEF AR T R E@OT . BN BN R & E F A KBTS,
HARME AR RHE, RS —EE S 00E. W9, #oe. S oUes, B iR Boh B .
T RS R R R R R A, SRR SR ARG I . R P AT AN
FUR]EF N 1T A SO ek

HARERA: B TSREE S CPESAMT ORlO) BTFREHEMARES, & (hE
AT (FIERRE DD ARG ST & LRI ST A 5 — SO PSR AR, LA SR e 0 R 2, ZE BN
HRZ BRI SRR R e R HERSCE R SIS . A o B AT (RERED D 2 [ 50 ] H
RS LS R AL HE A P 2 20 MR (ISSN 2096-4188, CN 11-6037/Z), FT LUE LA i) o 45 AL o 58 iy
b A I AR



R L 5 S (] 2022-11-08 15:03:16
RU4% 2T 2 HE:  https:/kns.cnki.net/kems/detail/42.1181.5.20221107.1741.002 html

HXAE XM
XX XA

b g b K E % R

Journal of Huazhong Agricultural University

Vol XX No.XX XX

ETERTHNERAmESERESIKE

HEELEBBRL,DE

LEM L RA RS

1 odedr ik o T e, 50 430070; 2. &bk KR ERMHFR P TR EEEF & TF, #R 430070

T N T o e S O O B b S R, AT L R YR 3.0 Fh-S pn el A BT A S | e
000 5t 5 7 P R T 5 e 00 A T AR A 8 B AP RSEARE | B BT AL L0 LA AR A 1 096 kg/m®,
336.32 MPa . 126.65 MPa .0.33. [A]#7E EDEM {7 B4R ol o R (R 2 oo i, 856 A 30 i S5 05 Bt
O e 0 AL A L e A ] A - 2 e 2 (60 0 e A R R O PR AR A L D R I I T A, LT
70,380 ,0.538,0.028,0.405 ,0.356 .0.033, 4 & HEF A i 86 | 3 4 IR B TR 4 350,58 11 Box-Behnken i 5 a7 {1 fk i
B e ) e ) 0 o A R 0 0,364 R R I R 0,236 R ENBEEHECR 013, = E E6FR
PHELAE AT 2 e S 0, AT R G e o A0 7 e R B O IR A e, A5 H S PR R R R R A e R RS I
R R ] e A 7 S R O AR 2 R 1,700 24, 3 W AR S e S 0% i 60 A ) S T B Y L B

fiey S e 4 B T T EDEM B e e

iR ekl WO R BT ARAE SR M deas DS

RESHES S200.0: THE  ZEERIAE A

HOHLAY SR R R A Ay R R
FE XL OEHLES B EA 7 OO0 T it 380 o 7 S 52 o) et
5 ) A SR [ A R 55 4 DL R e 8 1 0 1
FAEF . oh 1R A e el ke fR] | R S
£ U HLE b SR 0 R AR A RS A 4 TR B
B RS g o BT A B AL S SEbr A =
EUEV RTINS S TIEVE: [ BT RS it iy 2~ S ]
5 BB 0L A o ol TR A e Y A T R L R
B i (diserete element method , DEM ) & 4 ) 3%
B R A S T Rl D T e L R i
BRI BT B G R LA i AR A T O
LR, Ay i (O Fh L i A O ) R
TR SER SR S B e s A
fiE 2 RO ik 280, AR TE 28U 48 B 1O B A9 FRRAE
SR SRR -2 vl SRR E . T
S Y B S IR T AR AN SE e — 3, B B0 ELEE
MBS AEHEAERKES . HA LS HE
EMERERERT R B A & G AR 5 O $ e Xt

W F . 2022-03-12

HAEr, B st kPR e 2l
BBk T 28055 . Coetzee H'E-5 1971
RIS bR e T F K 8 #Oc BURY Y e 42 [ SOm NI
B AR S P Rl IR s R b e T R Lk
BYASTE B4, SRBEAE 0 ik o 00 A R REATL B
faxt e p e T LS. 2SN
A AR e B AT IR R AR Y HE R AR B
P, 39 ot AT DR b A s | M TR S 17 A A i)
AU S5 A R arEE I RRE S E
T 5 A 04 PR R R R R KR N R
g 4] Rl 2510 = bR e e ST T
Pk S ROhRE . &5 LT, [ P SNEE S A R R
T HEEbR A B e i R
Tk 2 {E X DR R e St S R A o 2
WA BFSE A S 2 ST | K, % 30 B
T S G T e B A L

Ao BIF 5 LA 3 7K FE 0 0 B R 3.0 R SRR
TIF5E X 2, A0 Ak 5 S e ) S R R R Y A 2
¥, 06 EDEM H &R <7 B 0k DB 6 55 BOCHURY, 854

BT H - S R A H (2018 YFDOTO0903-2 ) 5 il 6 47 2l B2 il bt 2020 45 50 ACRHEE B £ 4 301 2020-620-000-002 03 ) 3 #]
A2 e d AL o LB T BATE B (2016620000001 044 ) 5 oy o e b7 B ARl %5 3% -4 700 107-11041910103)

M= Eomail ; 11858481 26(@qq.com
W EEE T E-mail : wanpeng09Gimail hzau.edu.cn



XM

FE=5F 2. BT EoT iR eH B R il 2

E R 5 05 FURYS , b T R G R 49 | 1 A £
Fb-JE T 2z 18] Y 3 Ak 2 0 5 S B i 5 ok A B
NE A 4 5% | Box-Behnken Ui 1F (] (0 4k i B, B 5 0 150
R Y B e S R A B AR
PEHLE AT 2 B0k i 80 | LA 13 3] 4 i Y e 60k 1)
B eS8, #E— 8 R LSS B it S IR R I
B

1 #MREFX

1.1 ¥R AESENE

PRty AR S8 T E AR R S ok
R AR T ACHIFSE LA 126 B A 3.0
S T B e S e X G, TF K PR R O
fiF 2 B0 e B . i) e, A i H 6 R 1 )
AN FKERIUN~10%, HEHN31~3.3mm, K
FE R 6.6~8.6 mm.,

1) BE M . B 4L 308 B 5 6 A Y 5.0 S il
BH100 8, AR PR (B RSH AUY220 50,
H 0.1 mg ) W0 a0 0 B i o, , L H R D B
RUCHE BE 0.01 mm ) 0 &2 6} R 5] 424 J0kE B9 B2 o AR
FE £, 5 R A A R o, 2 10T A o R U
WY T o, TTERTE 100 J A 0K B A 010 58 1
XA, w5 R R LR T B R p = (1 096+
27) kg/m’.

2) R PE R A | DY DR A LAY IE . BEAL
B 52 B 0 R 3.0 o S A 20 B, )R R A AR
(TMS-Pro#, S2[H FTC 4 7] ) FF R 540 b [ 45 1
(P 1) . 15 TR A 1 mm/min, 2 5 H
0.2 N, 7E AR AS B2k w2 I A T T d K
4 BE A i A 1 mm, 10 5% 5 90 0 4 10 5 A9 B
BERE.HESIRMHEESENEEERES
fbhk.

X1 LAY 20 T BE 0K R RHEE AR TS B Y
SCHR L1 ey 3 25 3 1 5 4 0t 0 5] i A
B OTEEL R RS S B0 T
A T R ) R Y S R B L) R TR B
S (336.32+9.80) MPa, (126.65+4.13) MPa,
0.33+£0.02,

1.2 $HS5EMmEEEMSEE

1) b e 0y FOARE ARY . ] R ] e A L
S R H ) 0 R TEE | I L 25 B S Y B A A 3.0 oS- fm)
Boom, Rl EEEEEELSKELITREY
{0 AT 5 B 0 F A5 9 B AR f 4 3.25 mm, PRI
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Bl S8THRESERL

Uniaxial plate compression test

Fig.1
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Fig.2 DEM model of hard pellet feed
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FIURE TRDEEACTE 280000 I s 55 5L, P B ik [ 20-21 )
P b R A L JE T R AR E 2, i R R TR
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x1 EARSHEMNFRESEH
Table | Intrinsic parameter of feed and materials

LZECS TR BUEIEENE Mpa SHE/kg/m)
Materials Poisson's ratio Shear modulus Density
AL 0.33 126,65 1096
Hard pellet feed
HIH Stecl .30 710 T 800
T2 3 Nylon 0.40 13 14 1 500

2 ) R PR O 2 M. P D O R ) S
R G- B R - JE T 2 ) )l R AR R
g R B Q0 (5 SA Bt . LGB ASORE R4 O 3]
A WAACF O TS & b R 3.0 5
TRPBEA 35 1 H, =200 mm b TR, B0 1 el o 1A 4 fh
3] 6 g F S ri) R e D A LR S A R
Fz RS 6 di i 00 . oy [, A e £ A G 5 4 L
U B — SOk VR T &, ORI AL Y R I i
AR AT 10 G R E E AR H T, AT
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A EH AR Bench test; B {7 BRI Simulation test; 1, iR
Fi {5 EF Hard pellet feed s 2. 42454 Coordinate paper; 3. $4E Steel
plate.

E: pifEiE miirEE
Fig.3 Calibration experiment of restitution coefficient
Ul SR T - R R - T S B v L e
8 2 b =(31.70+3.65) mm. h,= (35.60+2.88)
mime:

EDEM f{jj ELif 5 i1 P 3B Ao , $EHCE B 7 A1) B
AR BB Y g A o S B8 A A A0 9 B AR ik
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H S MEHOHERE RO,

Jhy YT AR SR TR A (AR ] R T A R R
& FU, LSS b dne i BUPR W EEAF A, Ry R H AR AR, AR
EDEM s 8 A< [a] i) 2 ROk 7 A f i 4 11 0, o
S ARl e o ) S 2 () Y A e
BB, a0, B9 0.35~0.45 {0 B A BB R 0,05,
2 A HE T 6 21 0 POl vy, e 0 i 1 A5 ]
ok 80 2 (i) (0% o O R B, 4 L o g R B
(6L, vy 2R ot I B8 0 157 6 -2 ol 2 (] oyl i 44 5 32
B, B9 FL R e RO e HE (B IR B i R S A5 R
sk 2.

A 2 o i Bl A AT e, by T T R
O b ] Y w5 2R S R L BE
fEZ Bl E B F

V.= 2248823, — 22,232, + 765
v = 200.58¢7, — 3.89r, + 4.31

(D 248 BE A TE RBERER
W A0.999 9.0,999 8, ¥HEIT 1, WX 240G TR
1) HAT S v m ] Gt . o B e 75 5 o A

(1)

#2 MiERERHPHEERAE
Table 2 Simulation test scheme and results of

restitution coefficient

4 No. ) Y/ mm M
1 (135 2743 27.56
2 37 30.17 .2z
3 0.39 3322 3339
4 41 3637 3646
5 .43 35.63 3068
b (.45 43.20 43.19

1o RS S B A, (31,70 mm) | A, (35.60 mm) 1 54 A
D 24 W HLE 7 8 45 0 R kA e
[i] A ll 488 1 5 2R B ey, oy, 90 W00 0038 00,405 4% By
HE5 R A EDEM 80 #1758 F , R i E 5
U, 1B I, n] 453 O B0 0 B B L A R
h!=31.74 mm ., h;=35.75 mm, 5 HER1E A H AR S
S350k 0.13% ,0.42%, FbRE G R EE R 55
0041 6 A= — F, DT i S 0 e - SR R
BT e 2z 1o Ak 5 R H05 500k 0.38.0.405.

3) 0 EE R LA Ak T R 5 ) R
Tl -, B ORE BT R 2 1 A R EE B R . U5
b BN E 4 B s .

A 82085 Beneh test; U {5 FUB AR Simulation west; 1§
Steel plate; 2, BEEREEL Hard pellet feed.
H4 BEREHIEEAN
Fig.4 Calibration experiment of static friction coefficient
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£ A ER{A, 7£ EDEM il B A 6 (0 S 80l 17 Aot
T 477 B, 9 o U 5 - R e -
2 (6] fr) e BE B D B o, Ly YR PR 43 B0 A 0.4~0.65,
0.25~0.5, BB 1 0.05, 4 A~ A BEAT 6 405 1
By, B2 Kb E T AU A - 22 (] e B PR
A 7 e FOAMUAR A | oy 7 X 7 TS L ) -8 B 22
[1] 4 i FEE 8 PR B0y, ) 75 L A IR o, T o
FTRGERME IR,

£ BERARTRRAEAR
Table 3 Simulation test scheme and results

of static friction coefficient

[ IER CEE S ] B -
Ee Hlard pellet feed Hard pellet feed
No. anwd steel and nylon
a, /00 o ()
1 (.40 pof e .25 14.0
2 0.45 23.8 0.30 16.6
3 0.50 26.3 0.35 19.1
4 (.55 283 (.40 216
5 0.60 an.s 0.45 23.8
f 0.65 326 0.50 25.9

& e 3 A A AT R e Rk
A5 A b D ) TR B LR B 0 ORI AR 2 (R
MR RIUGTRIT .
A, =— 26,4375, + 72,955, — 3.71
yu=—2643r} + 67.59r, — 1.27
A2 240 2 ELA F BN YOE RERMEE
W 40,999 5.0.999 9, ¥ HIT 1, WX 244G H
RO SE A0 H0E O S0 0 e ) 45 5 B e A i
#2,(27.91°) .a, (19.44° )R WA A (2) th 3t 1
B 24~ 005 AR L 15 th et bt ) ) e
8 (R B4 0 A 20, =0.538 .15, =0.356 , 4 2 /|~ il e 4
R3051 Sl A EDEM 8 dEf7 360 el i R
SU IR, 15 0 B 5 e e s KA o
WA el=28.2",a;=19.0", 5 HAR{H A9 % 2 Ok
o 1.0404 .2.26 %4, W 5 s a9 0 L& R S S llE
KA — 3, Wi i o B8 R ] et R R TR -2
Je 22 [H] f i 4 PR 093 3 O 0.538.,0.356

(2)

AV EE IR . P P T 6 ) i e A
R T - B R - JE T 2 ) A iR sl B R P R
S B B S s

R

A HHIRE Beneh test; B: T E R Simulation test; 1, (T #HH
B2 Inclined steel plate; 2,58 B4R Flat steel plate; 3. T 95606 47 44
Hard pellet feed.

N

P

B5 EzhEEERE R
Fig.5 Calibration experiment of rolling friction coefficient

A R SR ] A 0 o 25 T R K
BRI & b (A BH R p=207, 4 i H 5E
Fi 3.0t )R MG FE Ho=20 mim 20 R 1R
T A8 #) SR BE A O (i shiz 35, e FE B MR T
TRlHE Bh— B RIS 5 k. foF a) e ROt ) K
VDAY B s, 9 O E S i 10 R Y O AL Y
— B4 TR, G R IR TR O Al S R AT
TP T, T 10 G RER AR TR EE, W
ol Ul ek 499 | Rl AT ) ek -T2 R 1) S o K PR B
PE B 4 9 ok 5,=(278.5215.25) mm .s,=(234.97 %
5.08) mm.

EDEM {5 B 8 i, 378 Hie 0 1t 7 A% Al §00 6 150 6
IR i A s o R ARG T A A Ak 2 i
LD 9 2 ] el A S R ORI,
T R UL ) (] oy ol 00 5 R B0 P TR B TR B
R 55 PR BIOG) ) ARk T BRI % K T sl B R 2 T
o I R 32 EUY I E 0. T E i
A 5] A L A ) A 2 T 0 2 2 P DR 1 )
e 2 SR O, o S AR B R S s, s, FF 0 H A
{H . 7€ EDEM 5 & AN [6] 09 2 307 A W 5k
T, i OB U ) e - T R e - o ) ) R
& BE B 8y, o, T 93 500 R 0.026~0.036,0.03~
0.055, BB 4 0.05, 8121 45 2617 6 21 47 FL il 3

Vo 271 Xof T B A ) - 22 ] £ VR s R4 T M e,

B0 B AT R B Ly, #2700 1 BE UK B -JE H
2 [ 33 sl B 45 PR 8 o ) 7 BLOK IR S BE A i
Bt T REARME4FTR .

R 4 v B A T 2 ARl g B TR
5 HE AR R () 1 sl R e P S 0 HCT TR s S



5 g b K o i BX
*4 FHEZRMHBELRAE mm,/min, 598 bl 77 GE R B3 LS H RS LA
Table 4 Simulation test scheme and results of FLE S S e R e e
Irolling friction coelficient
e R TE ZRiT BRI REE T - p
% Hard pellet feed and steel Hard pellet feed and nylon
Xy, MM X e IO
1 (L0OZ6 2497.74 (0030 262.14
2 0,028 281.6G6 0,035 218,48 A HWE B Bench test; B {f B il 8% Simulation test; 1. 7 fE
] 0030 259.50 0040 18847 o 442 32 HL Undversal matenal testing machine ; 2. 8 Steel pipe;
4 .03 230,98 0.045 166.06 3. BTG 8 Hard pellet feed ; 4. #3942 Steel plate.
5 0,034 224.31 1,080 140.20 Bs HRERR
6 (L6 210.07 055 124.28

ZEB X FEMSHRMT .

v, = 319933.04r%, — 28956.91,, + 837.2

Vo= 11096003, — 14840.61rs, + G05.48

3, 248 WG R PE RERM MK

WA 0.9844 ,0.9976, W4T 1, W 2006 T
PRI S AT R a5 AR A5 B K T sh
B 5,(278.52 mm) .5,(234.97 mm )R AR (3 2
A TWLE 15 1 5 ke R 22 1) Y iR D
PE 45 1R B0 41 9 20,,=0.028 .0y, =0.033, ¥ 24~ 8 2h
B 7 PRLECAT 0 A EDEM S 44328 77 5840F | f: 21 il 5
B8 5, TR, wT A5 0 KT % sh IR & 3 5
s =281.66 mm,s,=237.13 mm., 5 B 5 (i 69 4 %
TR0 1.13%.0.92% , R E bR 2 5 0915 45
5 S (] AR — B, BT 5 e - el
TRIBE-JE T 22 [] 6 i oh B 52 PM 57 ) Ry 0.028,0.033.

2 HREHW

2.1 (AR B E M S BARE

AR A R FH [0 06 8 -0 0 4 M L e o i
e () Yk B RGR TR E . TR S0 5 A
S i A 5 A (8] Y 4 ek S b, b AT B
i ) ol T 42 ik 2 K 52 R AR R R L RP R AT
AW 2 2k AR 60 mm , 4% BE 70 mm A9 #9951 1
fl ek O R A A B o T o o ] % 4 A
B ThriE .

L i)k e R A 0 . LA i H Al R 3.0 hS 4R
BB A G P T HER A, BGR s A 6
AT 7 . 4% A 8 T A T BB R e HL I R
ACE TR L SRS F AR, R B T S i S
0T Al , 7 9 A A e R R g AT
FF e L, B T RE B R i e ML 4R T R A 300

Fig.t Stacking angle test
R AR URHEFRUES, FIR R BE Ak {55
51 {50 Ak 0530 3k 4R HOOME B S O b Ay R P 8L, 0
$OLFr 2 5 KT T ) Y AR B S SRR HE R I T
fff7R

i3

ﬂ:ﬁ%ﬁﬂﬂ; [’Iul’_i]rl'_llrw
{45 HE Fining line ,'.‘"r"_'_-
L
',-—II"-"TF
{ o
A
'
¥ i

A GG B8 Onginal image: B: {8 {k & ¥ Binanzation treat-
ment; C: 3B E EEE Contour fitting line.
B7 #AREGLE
Fig.7 Image processing of stacking angle

P i 0 153 0 BR L O e A B OB 136.5 g,
AT 10U SRS, B A OGRS BY R LR OF
PP 5 4, T 45 BE R ) L SC PR HE BLA =
(3L.1£1.70) °,

& F EDEM Bk 47 07 B L5 (6B ) , i U e
DAEEEIETATE ST S0 TPNER i kP B ErATE e Es]
909 A= IF 2 E0 L B B TR o] el 5 2 (] A 45 f 2
$, UL T RSB T A 136.5 g, AR RUEHE] 1.5 s, FF
kL A i ELEE 5 L #9081 300 mm/min S 2K 17,
FE b e e TURCZR 12§ 1BOR L B AR E HERR A .
AL B 0 15 B A ) o AR S 1] (%t 17 K EE
b AE AR SR AL B SR U B S 2T LA,
LA FLER AT ] Y e i B (7 L HE R o

AT e O R (] (Y Rl A BT AR R R
EETH B S B R B, 1L 5 R I 78 9 B
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He B y 15 0 HAMER M, LU0 B HEBUA S B e
A AR 2 6 1 P48 4 L 1 B A W A 2 Bk T
B OO B G, O Sk v e ) ) e R
I B 4 KB O R IR B0 B A 0 Ok 0.20~
0.50.,0.10~0.40,0.05~0.20, 75 It 3 [B P 217 e BE e

2) B BEMES ARG . LA 5 i 08 )15 A e g 1]
B BRHE R o 45 0 B AR B | B R ) a] i
PR 5 A EOX | R e i TR B X, TR B R B TR RX Rt
BEE, RS Y S B Ay R 6
P R PEAT S5 AR HE AT SR BE NG 0% | 3 2 5% f ol
AT B A {7 O AR i s e e e i) 3 -4
SRR G HEMERMAYS H bR AR
EoitEAN.

a=|"_7’|><100% (4)
y

Ay WITEEEMA, C)sy W ERHER
f,0).

A BEMER LR B T R G R MRS R, h
Fe oA, Bl A PR AR (A A, R AR R e B
HEFR ff1 55 E br B AR 22 6 5L B Sk /) I
KaH, BE4 Sl a8 oA iRl Fit,
5 4 S HHER 0K, 355540 BIFE A I ACE fi e
7K F i 47 BBD (Box-Behnken design ) i) i [ i &
iZit.

#£5 REREAWRER

Table 5  The scheme and results of

FE=5F 2. BT EoT iR eH B R il 6
#o HEERERD
Table & Coding of factors
Hab% Code X X, X,
1 (130 0.20 (n.100
] 0.35 0.25 0,125
1 .40 .30 (1150
FT7 MGRERNEIETTSHER
Table 7 Design and results of Box-Behnken test
S Ne. X, % X, 7IC) 8%
1 030 0.20 (L1125 34.8 11.857
2 0,40 0.20 0.125 32.5 4.502
3 At (.30 0.125 33.8 B.682
4 040 0.30 0,125 33.5 T.717
] 0.30 0.25 0,100 25.0 5.968
G .40 (.25 (100 334 7.395
7 0L30 N.25 0,150 4.5 10,932
8 0,40 0.25 0.150 29.2 G109
a9 0.35 (.20 0,100 Z28.6 B.0E5
10 .33 (.30 00,1400 3z2.1 3.125
11 0.35 0.20 0.150 30.0 3.537
12 .35 (.30 11500 33.6 8.03%
13 (.33 0.25 0,125 aLy L.92%
14 0.35 0.25 0.125 30.5 1.929
i) 0.35 .25 0125 3.8 2.572
16 0.35 0.25 0,125 315 1.286
17 0.35 0.25 0.125 304 2:251

steepest climbing test
1 No, X e X, ¥/ &Y
1 0.20 .10 (.05 21.4 3L.19
Z 0.25 .15 0.075 24.5 21.22
3 (.30 (120 100 20,0 6.75
4 0.35 L25 0.125 32.0 281
5 (.40 (k30 0.150 6.5 14.7%
i3 0.45 (L35 0.175 40,0 22.25
7 0.50 (r40 0,200 45.0 30.85

NHESHSEIHERE Y . BT Design-Ex-
pert 11 #EAT BB mi L 7 iR 53, LRI o] 0
HHEBUA ' 5 HARHEBUf y BRI R 22 0 16 ik s
bR X)X X 20 0 28 R ) e ) il A 0 O SR
0 R 5 DX R s PR P B, IR IR A Y I SR 6
Fran. BREh oBESHEY , BN ERmET
B .

1o ] Design-Expert 11 80 {5 0] 1846 45 R 517 £

TG HLA 4 8, BT 15 R LR R A S5 H
FRHE T A AR 522 & A 1 0H R 0 [DH R AT I
EPEREE SR mME ST, RS ATE, g
B (P<0.000 1)k 8 3 , & {70 (P=0.824 9=
0.05) A 3, [ A I FE AR e 46l , oL M R oy, B4
E Y. XXX XX X5 XS XS e ik
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Table &  Variance analysis of regression equation
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Discrete element based calibration and test of
simulation parameters for fish feed

GUO Sangin', WAN Peng'*, YANG Jun', DENG Zhiyong',
WANG Shuaishuai', ZHU Ming'*, TAN Hequn'*

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

Abstract  The fishery hard pellet 3.0 medium feed was used to conduct the density measurement test
and the uniaxial plate compression test to comprehensively study the physical parameters of fish feed dis-
crete element simulation. The measured values of density . elastic modulus, shear modulus and Poisson's
ratio of hard pellet feed were 1 096 kg/m*, 336.32 MPa, 126.65 MPa and 0.33, respectively. At the same
time, the discrete element model of hard pellet feed was established with EDEM software. Combined with
bench test and simulation test, the restitution coelficient, static [riction coefficient and rolling netion coeffi-
cient between hard pellet feed-steel and hard pellet feed-nylon were calibrated. The values of them were
(.38, 0.538, 0.028, 0.405, 0.356, 0.033, respectively. The restitution coelficient, static [riction coeffi-
cient and rolling Iriction coefficient between hard pellet feeds were calibrated through stacking angle test,
the steepest climbing test and Box-Behnken response surface optimization test. The values of them were
0.364, 0.236, and 0.13, respectively. The sell-developed baiting machine was used for the verification test
of parameters. Taking the distribution variation coefficient of hard pellet feed as the evaluation index, the
relative error of distribution variation coefficient between actual hard pellet feed and simulated hard pellet
feed was 1.709%. It is indicated that the established discrete element model and the calibrated physical pa-
rameters of fishery hard pellet feed can be used for EDEM discrete element simulation test.

Keywords fish feed ; pellet feed ; discrete element ; intrinsic parameters ; contact parameters ; calibra-

fion ; simulation parameters

(FriEa4t. L)



