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Analysis of Impact Characteristics of Hammermill Screen Based on Discrete
Element Method and Calibration of Contact Parameters of Crushed Particles

ZHANG Weijian' JIANG Shanchen' KONG Xianrui' GENG Jie' NIU Zhiyou' LI Hongcheng’
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Smart Farming Technology for Agricultural Animals ,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China
3. Marine Mechanical and Electrical College, Xiamen Ocean Vocational College, Xiamen 361100, China)

Abstract; Crushing of raw materials is an important process step in feed processing, and hammermill
screen breakage is a common failure. Aiming at problems such as the lack of effective contact parameters
of crushed particles and inaccurate numerical simulation in the discrete element simulation of the particle
screening process in the screen breakage identification device, maize was used as test material to obtain
the impact characteristics of the hammermill screen, and on the basis of the particle size distribution
characteristics of crushed maize particles, the characteristic particle diameter of crushed maize particles
was selected to make test samples. The collision ramptest and funnel test were combined with discrete
element simulation. The polyhedral particle model was used to represent the crushed maize particles. The
crushed maize particles contact parameters were calibrated. Results showed that the sum of average impact
strength of the upper and lower parts of the screen was great and the impact frequency was high, making
it easier to break. The coefficients of restitution between crushed maize particles and between crushed
maize particles and carbon steel were 0. 14 and 0. 44, respectively, simulation verification test indicated
that the relative errors were 0. 56% and 1. 95% . The kinetic friction coefficients between crushed maize
particles and between crushed maize particles and carbon steel were 0.77 and 0. 85, respectively. The
relative errors of the simulation verification test were 3. 04% and 3. 56% . The research result can provide
basic data and theoretical basis for analyzing the impact characteristics of the hammermill screen and
optimizing the screen breakage identification device.
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Fig.1 Schematic of hammermill grinding system
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Fig.2 Simulation model of maize kernel
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Fig.3  Simulation model of hammermill
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Fig.5 Relationship between average sum impact intensity of Cube A and Cube B and time
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B & 8 FI R, 0. 17 s 2245 £ K BURLIT 4 o o 0
W, TCie LA 2 mm 3 mm &S 4 mm (3 57 5
PEAT E KM% ,0. 3 s T Cube B Ay UKL £ i 47 28 K
T Cube A BRI &, 3X o o1 T W 2E AR 48 5 2 1Y
KR RLSZ B v T I B R o SR S el A O B R
Cube A Al Cube B Uk 40 [ i (94 £1 4% 1) 33 o iy 8
f1,0.5s )5 ,9L42 8 4 mm 7 % Cube A Fil Cube B i
KR KT L4204 2 mm A1 3 mm §ii [ Cube A Al
Cube B ik i , L4202 mm §ii [ Cube A J5UKL %K
KRR T Cube B UKL A& H 22 BE /N, LR R
3 mm A1 4 mm §ii B Cube A FURI ¥ 5 Fl Cube B UKL
BRI W 2ES, 2 05 A RS, B i AR
0.5 s J5,Cube A Fil Cube B 9 #p 5 4 R AH T -

1800 3000 — Cube D

N T %341 Cube D, Cube E F1 Cube F {1 5 4
K %F Cube D . Cube E Fl Cube F 19 Wk 3 &= 174
T, BURE A 2 A 9 R

H &9 Al g, 0. 17 s e A7 K BURLIT ih b i 47
MR, Teie LA 2 mm 3 mm 3B & 4 mm (1)
i AT B KK %, Cube E UKL 1R 24 /N T Cube
D fil Cube F fy i ki . Cube D Cube E FlI Cube
F UKL K6 Bl 0 0 LA 4 3 s 38 n, 0.5 s I, AL
%4 4 mm ffi ¥ Cube D Cube E FlI Cube F JUk7 £ i
MR F AL A 2 mm F1 3 mm 5§ Cube D, Cube E
il Cube F UKL & &, L2 K 2 mm Fl 3 mm i ¥
Cube D F1 Cube F R %¢ & W] W22 = H KT
Cube E Bk % it , fL42 4 mm i B Cube D 50K it

7000r —Cube D

—Cube E
6000 — Cube F

_ Eﬁkz E — Q11b<) E
—Cube F K400k — Cube F
1200
] 8 1800
= = 1200
= o0} =
600+
0 0.2 0.4 0.6 0.8 1.0 0 0.2
A a]/s
(a) 2 mmfjfi R

0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

Al A
(b) 3 mmfi ¥l

(¢)4 mmffi

Kl 9 Cube D.Cube E il Cube F {4540 1 5 i ] 26 2 il 2%

Fig.9 Relationship between particle distribution of Cube D, Cube E and Cube F and time



506 o AL B ¥ i

2025 4

SRR TF Cube F 50K i H 22 B5 8 /N, Cube D A
Cube F JiUR 4t K F Cube E JUR £, 25 152
LELEN] Cube D fil Cube F A4 w35 2R A1 58 HL 34
KT Cube E [Fup i 5%

G3 AT KRR 3k R v A vk e R RN ASORE 43 A AT
Y, 2 R 2 OR B BIL I 2 IR A e 2 B, A 0 T
() SRR i T A2 M Y, AE R FLAR SN 2 mm I
3 mm i XS, A0 X)L 5 SR B oo B o, ol il A
RS FELEHE 4 mm G S A R SR A b
K, il g . B SR A SRR R ORI
B A T e T A 2k R e, 0 I 5 R Az B o o g
R T) Hsf 3o A5 b i D) v T 08 B g 7 ) 1R it 8 3
WA Ty KA W, B A O ) 5 HE R A
i I

2 BEERTAIEMSBARE

2.1 R R

DU SE TR oK (58 & 335) 1F ik 46 1
B, R AR HERET 75 (GB/T 10362—2008 ) | & i 3
FEA &K% Hy(13.54 £0.01) %

KA FBCH A EE R AOR EEHL 1) X K
AT i, il 2 4 1 oK BURLAE A, Jr X8 1 B 40
P e S UE & i I RGN K i
AR5 1 P A5 DX S 0 O A A T AR
o Py il i T AR A RE , 81 10 B, JK 8, X3
Sy 7 D99 42 26 Ji 52 B R P T 43, B 6 R (L IX
1533} Cube D Cube E F1 Cube F i B fL4%K
2.3 .4 mm, B LA 0 OB 4 A28 10,2030,
40 mm , B 453 55 00 6 FE 7 95 09 B e DX B 5 4 0
K HI0 43125 CANSI S319. 5 ) X FE AKL B 43 A 1 47 I
SEHE

P10 45 0 I s T
Fig. 10  Schematic of broken screen
g 5 15K 06 T 25 A TR) K500 o B 1 5 L 4 i o
SR PR, A5 300 75 190 A T 458 01 75 o 10 453 1F 45 o 7 s

fiti LS X i A 1T R .

301

|__BEER
a5l [ R
QD
Ig 20
=
K
1
. 10
5
o 4 6 8 12 16 20 30 40 50 70 100 140200 270 325
FaifEdi %
BT 0 o vk A S AR v ) S 2 o
Fig. 11  Histogram of average mass of residue on

sieves of screening test

o 1L R O kAR S L4 .6.8 B bR ifE
i B 0 ) RO B S (HOR T BN, B A2
Do B 453 5 ) BRI oK 3 R 4 G JF R 8 H A o T
(TR A R AR R 512 016 .20 H A 07 57 4
Ay AN 227, 76% 90. 54% 43.19% , I & 2% 55 W]
A5 52 ), R 12 H R 16 H AR o 05 09 5 T 4 AF
SRR SURL s AR/ T 1 mm 5 JURE R R AR DR B
Srikgh HAR/NTAET 20 H (20 H 5 b i L B
%0 0.85 mm) [0 LY kAR {2 20 B b5 o
(R 0 - A T I B JS XS 43, 19% , Wt 52 3] i
o0 B 453 1 52 e () BF 300 H A o 7 1) 07 ) o AR A L
A5 A B R, RIHKE 20 H AT 30 H A o B 60 07
WA IR 30 B bR AT A AR SRR ORL, 2
W B kL B /N T 30 H (30 H s o U i FL B A2 K
0.60 mm) KA,

25 LTIk B R B K JIUREL B frk 2 BB R R
FERURL S 8 (12,16 30 H 5 fE i 1Y 5 E 4. BUR TR
A Tl 458 07 P9 3 R K UK, A AR 45 — (IR &,
—E W 8.12.16 30 H by i S i i 28 15 1 £ i i
G FE B LT e A O R A 1 L ) B B 1A G
Z 0K 8.12.16 .30 H 44 5.07% 17. 4% .
23.12% 54. 41% (¥ 5 5 4% B0 A 1 8Lt 100 R0k
1 2 oK U ZH B P A A 1 Ay i 48 AR A i il S A A
K HIRIAE 9 J7 2 i 4 1 100 g by i 3 K UKL 2H 1 1Y
FEAAE T 3 F 2l g A A
2.2 gl R E IR

Wt T — i R R R RO R, T bR e
o3 1 5 K IR [R) 1R 1 T K SR 5 i 4K i) 19 Tl 48
SRR R A T ERE R AR R
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Fig. 12 Collision ramp test device
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Tab.2 Result of average number of boxes of

collision ramp test

MR R A5 WK HR R T R K B2 -
i wr 1 2 3 4 5 6 Hitis %L
1 37 52 9 2 0 0 1.76
Wik -k 2 37 54 9 0 0 0 1.72
3 32 52 15 1 0 0 1.85
1 0 54 37 7 2 0 257
R~k 2 6 50 36 5 3 0 2.49
3 1 45 49 2 2 1 2.62

2.3 wmpiEiAR

it FH M A A b s R AR T K UM (1] EE 488 [R5, R
FH R S 325 3 56 D0 0 493 K R HE R AR o T S K
Bk BN 13 PR, B SO e SE R AR HME R AR 4
J, T 1 R0 SR B AR A R A B AN

R A2 G B I S 1 e A T A (i AN TR
JoT £ B B K ATURE A A I T T 1 12 1 3 T8
WIS R R, YA &N 12.5 ¢ &£ A B IHFRIE
56 HE RS E B HERR A, B 0 A 3K 50 B o 1 40 R AR T
oA 15 g0 ERGRIR AT, 8 RIBCR I - e
15 g By oKUK &) 8 A 3 B S RS RS T
P, by i R BORL B U 2k b 3% T R 7R HE R AR B
BUAS E B HEFR AR, SR AR B 1 R K UL 1) HEFR A R4S
I8 FH AU AT 4 AT 2 O < v 3 PRy A R R
KR ] . W SRR B A 3 K, id R

2 3

B3 3 kil e

Fig. 13 Funnel method test device
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Tab.3 Result of angle of repose and

discharging duration of funnel test

[N/ HRA/ () P RL ] /s
1 32.82 1.53
2 32.79 1.56
3 31.91 1. 66
VM 32.50 1.59

2.4 fFEHERAE
2.4.1 M R K BURE S AY

R 2 B A E LR B 5 7 31 A R 1
KIFURLIE AR AL T 2 T A, R 23 JBORE S 58 HE oA 2
ZE A, SRS e RO BURL AN AT 14 FT R

14 R K R R %

Fig. 14 Microscopic image of crushed maize particles
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Fig. 15 Model of crushed maize particle
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Fig. 16  Collision ramp test simulation model

2.4.3  JWREUFEAAD

W SE5.07% 17.4% 23.12% .54.41%
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Fig. 17  Simulation model of funnel test
2% Wik 56 45 1 M GEMM % 35 )% ( Generic
EDEM material model database) 25 4 (1 2 5830 Hl , %
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Tab.4 Range of contact parameters

5 T KA ] 3 T K AL -5 5 4[]
iRy REREVR WREEEE ShEEEE RESEIK WREESE SRR
-1 0.1 0.2 0.2 0.3 0.2 0.2
1 0.7 0.9 0.9 0.7 0.9 0.9

2.5 ZPREMEREZIT
2.5.1  fpfE AL D7 Bl i

B R, R ST R K S AR RS S
BCZ IR UE A Z A TR, SR H]
A PR Rl AR S A ORI R AT 07 B o
S PR 56 i A5 24 A% A UL 1 O R R SR
H B e K TIOR3 148 5 SR IR R 5 5 1] F) il 3
PRI 2280, B Jo SR ikt 1 G 8 0K R R B R A
BEAL AN DL E
2.5.2 kA0 Bals et

S5 ) e AR A Y 3 R T Design-
Expert #F it Z K 7l 11080 77 R 5 46
mE s pros, 316 Wiy Hike, £S5 h A B.C.D.E
HIF 37 A5y i T R UKL 1) il 488 1K 52 28 550 B R 0K
UL 7] e 2 452 DS 50y 18 5 oK JOURIE [0] )y 2 452 DA By
P K AR -5 i 19 11 il 43 1 2 28 S0 R K 0K
5 e 409 1) IR 458 DL RSO e K UK 15 ke 499 1) ) R
R, BRSO E &L % ( Central composite
design, CCD) JsU B, ff Fi] 00 37 1T 73 BT 125 14 A2 3K 26 (8 2%
BESIECERNTE S Sl W R AEX )RR 3
B vp R AT BE

x5 ZKFEFHERBREHARESER
Tab.5 Two-level factor simulation experiment
design and results

JENd [H# W s FERE
442 A B C D E F  (°) WM/s

1 0.1 0.9 0.2 0.3 0.9 0.9 26.32 0.86
2 0.7 0.9 0.9 0.7 0.9 0.9 30.50 0.93
3 0.1 0.9 0.9 0.7 0.2 0.9 33.93 0.93
4 0.1 0.2 0.9 0.3 0.9 0.9 29.85 0.96
5 0.7 0.9 0.9 0.3 0.9 0.2 20.77 0.72
6 0.7 0.9 0.2 0.3 0.2 0.9 24.78 0.76
7 0.1 0.9 0.9 0.3 0.2 0.2 23.37 0.67
8 0.7 0.2 0.2 0.3 0.9 0.2 4.73 0.52
9 0.7 0.2 0.9 0.3 0.2 0.9 28.94 0.96
10 0.1 0.2 0.9 0.7 0.9 0.2 21.08 0.71
11 0.1 0.9 0.2 0.7 0.9 0.2 4.82 0.50
12 0.7 0.9 0.2 0.7 0.2 0.2 4.75 0.52
13 0.7 0.2 0.2 0.7 0.9 0.9 26.54 0.82
14 0.1 0.2 0.2 0.7 0.2 0.9 25.21 0.78
15 0.1 0.2 0.2 0.3 0.2 0.2 4.71 0.53
16 0.7 0.2 0.9 0.7 0.2 0.2 17.90 0.78

2.6 #£ER5H5H

2.6.1 fiffE K E R EbRE

R 2 4 % R 13 K AR 3 R LI, T 8
R 7 B o D 2 4 R S AUl i
K18 iR o

MIEL 18 WU P S M S A 9815 J7
BIEYE AR, 0 0. 98, # A& &5 D il &
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Fig. 18 Relationship between average box number and

collision of restitution of crushed maize particle and steel

D R2, N 0.97, U6 WIS 2l ks i 5l K 2 2 8K
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WA R

W22 2 v S BR AR 56 T AR Bt AL Oy
SR A T K TR ) Rl 380K 5 BBk 0. 14, T E
KSR 55 g 49 ) Rl PR R B 0. 44 fE B
KR 1] () R 3 9% 5 R B 0. 14 RS % 6 K BURL 5
e 1] 45 0K 2 2 B 0. 44 By AT J8E AR 1 (7 L A
U EFTIRAIE o KB T oK JORE ] SF- 247 B0 BRI e
KR 55 B 9 1] SF- 249 4 K2 B0k 1,77 A 2. 61,
B XTR 2243 508 0. 56% F1 1. 95% , 32 Wl A% 5E (1
R F8 4K S 2 BT 5
2.6.2  FEgE RO E

(1) HEFRFA B M 2 500 ik

W3 T 5 K B0 (1] 00093 B 6 o JORE 55 gk 499 i £ 452
fih 2 50 2 5 WU 1 3 6 1 4k AR R VORI )
RS 503 B BRIV ORE I ) 9 1 ik 2 8,
Design-Expert ¥+~ /K F B 7k 8 , i 56 % i 5 0y
FLLE NGRS R . R T K UKL fih 2 B 17
D5 225 Sy BT gk 6 TR

M3 6 I, C R F i I 5 0 e A R TR
I E] (P < 0. 01 ), Ho i 45 fih 2 K0k 3k FU AR 95 ief
] [ 52 0 S W3, PR BE B C AN F HEAT 5 B2 40T

(2) CCD W i [ 43 B

T B BT 07 200 A v, S T i R e 45 1R
TR 20 FBE 82 DR K50 460 45 7T e 77 A A ) B S 4
(87 AT 5 SR JH B AR R0k e v s ) o 30 g 4

x6 MBEERFHEMSBBEESN

Tab.6 Significance analysis of contact parameters

M L fi T 6]
BM Gl FRaE AL ,
Wit T g
A -1.30 5.800 0.5235 0.00875 0.390 0.6758
B 1.28 5.690 0.5274 -0.02100 2.310 0.3213
C 10.56 384.380 0.0004 0.17000 150.150 <0.0001
D 0.16 0.086 0.9376 -0.00125 0.008 0.9521
E 0.13 0.056 0.9494 0.01100 0.650 0.5920
F 15.49 827.330 <0.0001 0.26000 336.200 <0.0001

FEGHEATAR E . LA C FF BRI &, fi ] Design-
Expert %11 CCD 35, i 50 ¥ 11 & fif B 45 Rk 7
PR, iR g vl 4 K O R BRI 2. 6.1 5 TR bR E AL,
Bl A=0.14,D =0.44 B fl E B i, Bl B =0.55,
E=0.55,

®7 CCDIRRBEFITEHER
Tab.7 Design and results of CCD test

SN
G 5 - WU/ (0) TR L s
1 0.55 0.55 27.19 1.06
2 0.20 0.90 28.12 0. 89
3 0.90 0.20 22.36 0.91
4 0.90 0.90 32.71 1.68
5 0.20 0.20 5.99 0.61
6 0.90 0.55 30.34 1.62
7 0.55 0.90 32.76 1.43
8 0. 55 0.20 22.72 0.92
9 0.20 0.55 24.65 0. 83

N HT CCD X 56 9 45 2R, ffi FH Design-Expert 1
Optimization F5 B 22 il A5y 78 5 K J0ORE ] AR 8 K oK
5 i A 1] 114 20 JBE 458 DR JSC2L 5 52 ) HE B A R ORI 1]
F A5 R R BT, T 19 fTs o

H1 P19 mT L, Bl B 45 DA 00 O, AR A R0 k)
IR ] il 22 8 A, L ] — 45 i £k b BN [] B 3l 42 1A
B G T A 20 AH [A) /Y HE B A B RHIR TR 25 28, R
B — M LA BRI () X 3l B 4% PR R R AT o o 1Y
TR AN, 4R b i ] S LR 3 S PRt
S5 RAEL 4 b C A F i U S FIAE O BR 4 2% 1
i A\ Design-Expert H1 Optimization &3k T A9 Criteria
PEAT SR AR, TE A0 R 1) 2% 4 AR f 4l R 5% 8 Iz, 5K
fifk BT A 14 2l JRE 452 DR 8085 O W — i

He b i 1 3 JEE 458 DR RO T = ik Ay AR R o
U <1 S a0 47 L0 AT 1 HE AR A s R
Bl 20 s o

Xf S bR 5 0y a0 T 15 AR AR 5 ORI
()25 2R, S R i 36 BT A9 REAS ME AR A O 32.5° 0. 42°,
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0.8F Tab.8 Calibration results of friction coefficient
07 via funnel method test
- . BH WL o) 2% R A 45 5
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02 F 0.2~0.9 0.85
o HERL/ () 32.50 -
0.3 P BHIF ]/ 1.59 -

BRI - 1

0.2 : 0.4 i 06 07 08 09

¢
(a) HERUSA 5 Eh e G AR A
0.9

0370405 06 07 08 09
(b) FAhit u] 5 2 B R R ki
19 MERUf T ORI R] L5 Bt R 4 R A4S e 4 TR
Fig. 19  Contour diagrams of discharging time and

kinetic friction coefficient
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Fig.20 Schematics of actual test and simulation

test results of funnel test
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