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TE XM (Trapa bispinosa Roxb.) BEFEHIIN T.2% £ B 15 05 AT IR = A4 3000 2 BT AR ) 23,
TFIR 5 ARG 45 B BT S Bbn 8 SHEHLASE TAE . SR =2 BOREAR RIS F 56 AR I IREE M A SR S
AT S8, 15 8022 A B0 1k 352.95 N, IR LU M AR 2 H xR H EDEM 4 /15 Hertz-Mindlin with
bonding 5 #1 37 25 £y B BT AL, 8 3ok 2 P 3 IR0 07 e R 45 S 80hi e T L, b RSP M R R L I BETE B R 56
i i d o DR 2 S b e DX IRD 152 7 T i R ARG 45 280, 0 B BT AL R i IR RS 5 S AL & T SR e e
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RESES S2264  STEAARIRED A
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KA AT 7 TR E A #7000 a By Rl D s
BEE A= 77 D1 KT AR WA & 25 MR ki 42 35 A
WESk 25 SR RN T O e R R
LU BB AR . SR, ZE AR TR T
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V5 SRS 25 BLAR Ml P Ak A5E AED | SUARE 8] T o ) Al 225
AT AR 32 35 1) AV 1) BY U0 7, DALt R
G5 W7 SR UK T A A AR A TR A AR W R B
I 85 ik 72 0 ik 38 5 S B VE BL I AE A 5
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WA BH, B 5T EDEM # 57 T 5 #
- R AT AR TR B BRI, B T AR
SR MRS RS FF 0] B A B RE R R 9 T RS FEAE
ANFEARET 09z sh AT oA THRs ePH . £ bl
1, Hertz-Mindlin with bonding #£% £ i F 7F + 32 5
fik L A BBV ERL R D AR bt S AR A Y EAE
BLEIBESE H, BT C A 2 L0l Pk E 28 HE i RS
SR AH T & WA 25 S 8O IS AR ], MEL Ry 22
FR I THLE 005 B4 B B2 B ek 240, Tt , 75 %
F AT R EHOTS B TAE.

AW LLZE f N 42 1 i L R R
TR AR S M AE S 8 R B2 i S 40, A6 B — 4
FORBEARFARZE MBS I, 157 EDEM 25 ) 5 1
JUIERY ; 2 J5 R BT A AN AR AR 22 1 - Y 5 DI N g, I
J8& ST i B U1 56 3K B Hertz-Mindlin with bonding #
AURE 45280, 9178 EDEM 475 .53 B A [6] 70 B e fe
BYUIZE A2 J1IE B0, B T BTN K fe A1 B D)
5 B R BT U9 2h 20 3E M e FEDIL , ik 22
B BT S S8R e B T SEYE B AN AR
SERIIN T8 19 J] B it SO TAE S E00 o e 4
SRR

1 #MEEFE

1.1 RBER R

TG A4 Ak AV 3 7K B ORI 22 A 7l el 1Y)
He Ol R AF K A B8 30 AR P LA T T 96 32 AT )
A M35, 20224F 7 A 2 H R AT I Pk e OB AR G
155 TeHR 2L B 22 AR IR IR A DRI I ZE £ h
BEALIZEI 1004, Hb 1Bk o i 32 I P2 5 ko
74.31% , bR R RO B AME RSE 3845 22 M 1P 3 K
RS R EERSE 20000k 76.01 ,24.48 ,34.63 mm.,
1.2 FESH

ARIES B R JAMS F RS A e, o
JE o AR TR AN

m
TVv—v,

K (D), p HZEMERE, g/cm®;m R 22 PR
g VR Vo BR 22 fAHT e = 18 P9 IR,
mlL,

V22 MR BOK AT RO i,
UNLR F AT — AR AR, TIOA BEK A 2 ) v e A
TR BRI IR 22 K 100 BEHLLE I ZE /1 F- 14
Sy 104, 2 I 45 5 Oy 1.09 g/em®, A8 53 RECH

(1)

14

8.26% .
TR LU o A48 28 FAE B ) A2 o TR g B, G [ A8
T s Al 1) AR T 22 b, O T 2R A PR ] AR TR 1 5
P, PR AR (2) s . ddEdi e E RS
FARPUBEAR TR RO RE ), 8 R 4 IR 3R AR TR
KU R
ol wi—w,
o, L—L,
FXL
T SXAL (3)

K (2) . 0, Fl 6, 43 i o 22 F Ak 1) ALk ) A2 JE
i, mm; W R W, 20 00 22 4R TS I ) R
S Ly AL, 53500 D 22 £ R 46 1T Bl RE
mm; F 22 f AT B Bede KR 32 1, NG Lo REAR
W B, mm; SO AEARE A AL, mm”; AL A
FE4Je KB 2%, mm.,

A58 K TMS-Pro J5i #4135 5l He 4 128 45
TR FATAA b B A AR 1 TR . TR AR by
AT 28 E BOP-HR U 3k, i %8 30 mm/min, IR 46
HA 10K, A5 2 1Y 22 M T B0 LA P AR i 4 )
90.30 #19.85 MPa,,

n= (2)

1. HUE 3k Flat press head ; 2. 22 /i Water caltrop.
Bl BHEHRE
Fig.1 Uniaxial compression experiment
1.3 EXEMSE

EDEM 8 oy i) HEACHE fih 22 85060 1% 1 iR &2
R BRI N R AR S BRI N R . BRI R AL
RAEPIYP R 5 K RE ), R SRR A G,
S Ay 58 07 9 0 P A fh 3 A 95 1) AR 23
Y A 1 ) AN T R 2 L AR ST S A
1) 4 42 floh L 2 225 1 55 19 22 18] A 4 ik, £ B peo.dimax
HD 72 3 5 WA AR AR AR HZ S B A e, 38
FFF) 1 JEE 452 PR 3ORITR B0 B 45 DR 3R OR 3 B 3T ASR-
3009 8 R B CASCGHEA T 2 38 i B 45 AL -4 fh T
MRt 22 f 5525 A 32 A 5 B R PR A
g A A 6 Y, A5 B Y 23 AR - 22 AR R 22 £ -5
TF1) 1 lf 428 1 52 2 M L R AR TR R TR B BE DA 3
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gL 5 0.43.0.55.0.1510.45.,0.35.0.10,
1.4 MESHSHRERR

SR AR AS B B G AR R B U 0 o 2
{EL , 38 i TMS-Pro 5T #4 {306 22 f #F47 57 5% 55 V13
5, DO 28k ik A% v B KBTI 74 Sy H brbr o {8, 4n
Bl 2 R o A ASOR i R4 T i >R HIHK 60 mm | 5 40
mm.J& 0.5 mm, JJ 7] 1 Je /A R 60° 1 V BIUBT ) J]
F L AR 3% 30 mm/min, K50 5 4 10 Yk, 4530
7% £ 06 ) S 4441 352.95 NLAE A B ARbR g (8

1.V 285 4) J] i V-shaped shearing blade; 2. 25 ffi Water caltrop.
B2 ZERIMETLRE
Fig.2 Water caltrop vertical shear experiment
TERG 5 BEHE g e b, UKL 18] AH B4 ) B
JE B ) A2 AT X (4) 35

OF, = —uv,x,7x;°6t
é\Ft — _'U(ATZTfIszat
4
é\M":iwnIZUTU(;[ (4)
st
8M1 :7(1)11”1T36t

SR 2 B RS2 (915 1) B YD 1) 7 32 B R 7GR 3 5
(5) Hvil SLAELR , K25 ST 2R -
—F. , 4M,

7F1 2Mn
-+

3 (4)~(5)Hfr, F HLF 43 5 A vk 1) A i) 8947
3 N3 M FIM, 535300 20 25 ey FgD 1) 3, Nem 2, #il
o, 5 590 g B A T AR rf I E R RS T ARLDT) 1)
N/m? 05 Fll ey 53500 A W 5535 1) 17 3 G S0 ) 1z 7
Pa;a; R E5 A% mm v, Ao, 43 51 2 15 ) R 1]
B m/s s w, Bl w23 5 A v e AT ) £ R rad /s .

P A 22 1 BT D) AR R Hp (R S5 B, BT
Xt EDEM 1) EL# F f Hertz-Mindlin with bonding
BRI ) g g oy Bl s 55 5 A 32 T R B R R 3
PLIRAG £ R R KRBT YI g s s 456 64
5 STk K AR T PR B T S BRI 5
AR E M B HOT S R LB IR 1R .

(5)
l‘4<

3

*k1 ERMEHESH
Table I Bonding simulation parameters for water caltrop

HUH Value

2 Parameters

2/(N/m?) 1.0X10"~1.0X 10°
2,/(N/m?) 5.0X107~1.24 X 10°
z,/Pa 1.0X10°~1.0X10°
z,/Pa 1.0X10°~1.0x 10°
;/mm 1.2~2.0

% FEBAAKFMER 2 R, BT a~a, 4 B
BB I 1B B GO, D A AS A 1 2, A IR
F1 i 2 S el K HP L A DK e IR o, P
T 5.0X10° N/m® #2458 T vk W] A= Bkt 465 i
215 B L 1.24 107 N/m® 15 2 a0, 9 Jie K 4
T AT B, 3R oo ~F B S AN A S 7K F T J
RN s

F2 BRFRRBAFER
Table 2 Single factor test level

ZH Parameters A Level

2 3 4 5
2/(X10°N/m®) 0.1 0.5 1.0 5.0 10.0
2,/(X10°N/m?) 0.5 1.0 5.0 10.0 12.4
2,/ X 10" Pa 0.1 0.5 1.0 5.0 10.0
2,/ X 10" Pa 0.1 0.5 1.0 5.0 10.0
as/mm 1.2 1.4 1.6 1.8 2.0

KA RS 45 SR Y 7 22 43 B AT LA S e A
RBZMEOLT 80 E 2 R 0 B K3y U0 1 1 5
e 2 75 4 2, AR B DR R IR A R B T R S 8
DA Sy — AP A R e iy B K F, an sk 3R
I 7 Design-Expert 13 5 i+ — 7K F #r B 1t 56 4t
1644

£33 ZKFHERABAFR

Table 3 Two-level analysis

factor experiment levels

28 Parameters AF Level
-1 1
/(X 10"N/m?) 1.0 5.0
2,/(X10°N/m?) 1.0 5.0
5/ X 10" Pa 1.0 5.0
2,/ X107 Pa 1.0 5.0
5/mm 1.4 1.6

e B @ 3k 12X T P o Y 5 i PR 2R ) e A
L7yl v TG e 8 o VS 7 o i s R S g
AL BRI 1] W B ey R BRI AR ) ] W B e, T i A
EHIR L, IR IRK I 4 FrR .

F A5 B B AR S 80, 7F Design-Expert 13 H1i%
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Table 4 Steepest climb experiment levels

JKF Level 2,/(X10"N/m?) 2,/(X10°N/m?)
—2 4.2 4.2
—1 4.5 45
0 48 48
1 5.1 5.1
2 5.4 5.4

H Central composite A5 751 - & i 1 7 056 , DA e Bt ITE
B g b e 42 3 B AR A g E IR g 7K 7 0 A2 /R
e 1 TR bR PR, ittt 9 2, 15K - ik 5
Fi7m o

RS HESHKER

Table 5 Bonding parameter levels

K Level ,/(X10"N/m?) 2,/(X10°N/m?)
—1 4.8 4.8
0 5.1 5.1
1 5.4 5.4

1.5 ZEREVIAERES

1 3 k22 F 5 DI e 78 g ST i AR, /D 3A R ik
B R B A28, HAMEASELN, 524 ik, xR
FHH BT g, R, 1 Sl 2 = 2 SR AR AR
FE R IR A s B A i 2 i LA
FERALAL B, ARG ZE MAME S 52 (B 3B) . Z R 1E
EDEM 14 521 K 100 mm B 37 7 44 335 & 0k T
I B ST R LR P AR 1 mm B RURL (5] 3C)
Ja S FEEE MRl i R VR L2 AR
K ([ 3D) , FRAS 7016 UKL Y 22 MR (151 3E) , K&
bonding 4 4 WLZE MR EEBRL (K 3F ) . A7 5 10
B ] 2 My B A2 1 mim A2 A2 42 1.6 mm Y F0kE
3 886 4™, A WUk 4 ki 4t 16 899 4, - 4 A AN UKL A
KORGS5 BT 4.3 /25 700y o B )i 5 A BT I et
Ci I Sy TR VA W2 i ) o Q91 O i B < YA
K 4 e .
1.6 TIERBR iR

T ST 25 A e B DDA R ) S Atk T R A
FRBCR [ 35 U] 71 B A B I T A % 8 X 8581 47, v
i 3 1 BY U1 g fe /N ) L ST ) B S B ) )
ARG R . LG SRR 1 ) HAz 3 /)
BAT] 7 Ik 6 R 5 7, 7 EDEM A5 AL Fr A5 21 7] B A
BZ )y IR 25 .l i 0 BT BY 1132 A 1 i
DT LAY By TAE G 3, S22 f WD n 1.6 4 1 70 2
WIS

A

A B C
D E F

A4 22 ffi Water caltrop; B: =4 R #EH] 3D inverse model;
C: AR Pellet box; D: HIFE UKL Filling particles; E: 22 x5 Wa-
ter caltrop model; F : K257 Bonding model.

B3 ZERWIImEERETRE
Fig.3 Water caltrop shear model setup process

SANAN

1.V 85 4] J] i V-shaped shear blade; 2. 2% £ B BUCHI A Water
caltrop discrete element model; 3. 8§ P34 Shear base.
4 EDEM 35 B VI AR fE AR B
Fig.4 EDEM vertical shear crushing model

2 FHRE5HMH

21 BERRRE

Z2 A0 ST B U)o R R G 25 R A 1R 5 B T
SA T,y i G 1 KBS U) 8 M K, 2o, B R Y
AR BYY) I3 Je 3R, 7E 1< 10° N/m® B3k B e KA 5
W SRR o X BT ) AR AR, 21X
107 N/m? Bf % 55 9] 07 BA7 8% s AEH , 2,>1X10°
N/m?® i B A W 5 8 5B 1, 2 Fil 2, 78 AN [ 2%
14 1k S 17 3 336 45 SR A 0 T ooy e P s B B 3R
TR0 ] AT 1 0 FLAE AL, R W oy Bl 2, X BT Y] 7 5%
Wi AN B 8 5 61 5C s Bifi i 908 BT U g B K, e
X BIE) S AT B AR
22 ZAKFEREIRRE

KSR RS R B R, 359 1 FAE 40.6~
391.1 N, AL 7 Hbpbr s 8 , Bk 25 K 2 K IUE &
PR, %6 M1 Design-Expert 13 1 f3R0 56 25 W 225
B, 52 6 LAY ) 2, 1) PAEI/NT0.01, 20 2y Ml 25
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(9 PSR T 0.05, RUILEZE M BYHOTH 252801 ,

AN, PO 2 Al 2 B D 3R oy e, T R A BETE

2, X BTUI T BN D o oy Bl o XY UD 050 B, LD 0 1 oy 0 o, B ORG24 2 B ]

A
—a—x -5 18] NI ¥ Normal stiffness
—a—x,-YIA] M B Normal stiffness

B

—e—x,-j% 18] I/ 7 Normal stiffness
—vx,-VI16] % 77 Shear stress stiffness

C

——x-Ki%5 24 Bonding radius

Q Q
8 2 440 2 800t
g 1600 2 £ 200
% 1400 2 420 @ O
£ 1200 £ 400 S 600}
2 1000 B X S a0l
2 800 & 380 5 "
; 600 Z 360 : Zz 400}
S 400 = 340} ! & 300}
R 200 = ! =
= 0 %: 3200 ¢+ *ER 200} * . . . .
&R 0 2 4 6 8 10 12 14 = 0 2 4 6 8 10 ’ 1.2 14 16 1.8 2.0
MIEE/( x 10" N/m®) I R F1/( % 107 Pa) B4 ¥A%/ mm
Stiffness Critical stress Bonding radius
BS5 ZRAIHIVIRERRRRER
Fig.5 Results of single factor experiment for water caltrop vertical shear
F6 ZKEMEIRIGFHEDW
Table 6 Analysis of variance of two-level factor experiment
A HE Free de-
K Source 77 F Sum of squares . Y77 Mean square F{H F-value P{H P-value
gree
R Model 203 100.00 5 40619.28 14.170 0 0.000 3
T 33773.25 1 33773.25 11.780 0 0.006 4
T 156 900.00 1 157 000.00 54.740 0 <20.000 1
Ty 32.21 1 32.21 0.011 2 0.9177
Ty 1658.53 1 1658.53 0.578 5 0.464 4
Ts 10 717.43 1 10 717.43 3.7400 0.082 0
5%2% Residuals 28 667.98 10 2 866.80

7 Note: P<<0.01 #f 2 % Extremely significant; P<<0.05, 8.3 Significant; T [f] The same as below.

2.3  ERBENCH X 36 Fn i A7 E i o6

B 60 o Mo, e BEC B 50 45 3R B o,
x, TG K, 22 M BT U 0 e s R R B 2
w8 B U0 0 5 2 A S s UK R i B bR
PrEME 352.95 NA 2484, X oy o, By
WAL E A 9 AE 4.8 X 107<<x,<<5.4X107,

—— X% Experiment

o 375 —B- FRE Calibration
j9]
8 | et _|_L_L
o 350
8
S
S =
2 325!
w
Z 300
R
=
= 275
R 5
B
) > 5 »
P © v P N \60
Lliggy, > 2 e 0 0 s
N, e, @ B2 G\ &
gy (X lg> A
”fff /V/,)]J ,@\\‘> %«(@‘5
e, )

El6 RBEMYIRILER
Fig.6 Results of steepest climb experiment

4.8X10°<<x,<5AXIP N/m* - H X [ N, K
HE— 25 B 5% 7E M i G X ] N ey L, X 85 ) 5 )
() AR B | % 11 Central composite Wi [ 17 3 56
B2 ey 1 G0 DX ) BRAE Sy i 7 3 55 1 1 1K
Ko

X} Central composite M 7 T8 2 5 45 J JE 47 9] )5
PG B LS YT Y SRR, oy e, SR 728 f Y 1B 5
2, = (6) firR

Y=325.31—5.68x,+41.92x,+15.45 x\x, (6)

&7 SRy N7 TR T 25 A AT A R R I R
Z(P<<0.05) , 2, % BIY) 152 m b i 2, oy Sy 5 0, 1)
& HIGRT BT S5 AN 2
2.4 PHESEKR

DS HOR i SE . K35 Central compos-
ite M o7 TR B8 45 K, 7F Design-Expert 13 H1iz F 87 1)
JrIal A4 G AR, B 5T ) ) HAR{E R 352.95 N, 3K
fift o) 5 e, 1) 87 I AL A fff o X 87 il &
fiff T ARG 45 2 BRI TR A L TR i, oK 158 25
INT 1%, 153 2, h 4.818 X107 N/m* . x, 4 5.343 X
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10° N/m® I 1 de A6 A 55 10 03 o 352 N, {5 Lk 22
0.269% , FF& HE 2K, RIIIZ A G2 S R0 L 128
B HOTR RTS8, BEAS It i B T HL oK .

R 7 Central compositeif 3t 772 2 H7

Table 7 Analysis of variance for the

Central composite experiment

FIrR AR Y7

K Sum of Free Mean P Pl

Source F-value  P-value
Squares degree square

1 Model 11 587.87 3 3862.62 6.6800  0.0336

T 205.33 1 205.33 0.3552  0.5771

T, 10 458.38 1 10458.38 18.0900  0.008 1

T1Xy 924.16 1 924.16 1.600 0 0.2618
] 2890.29 5 578.06

Residual

2) JJ AT 5280 . ARk 5 D) 7]
HZ NI H =M% 7] 5 908 J] B I’ itk
DL b 380 ] HAS R R {5 FLC I, AnIRT 7 iR o BT
ZE A WERE BY VAR 76 B BT S B AL IR L
faf R 2 TR o7 B, A5 30 09 222 £ i e 5 DD AL an 141 8 i
7N, R T HL 4 0 25,550,100, 150, 200, 250
r/min P75 HARE -

1 2 3

1. 56J% JJ H Rectangular cutter; 2. = J¥ JJ H Triangle cutter;
3.90E JIH Arc cutter.
7 AETIEEEXTE
Fig.7 Comparison of different tool models

apr
1= F a0 /
' :~\F&W@«g«« ;
Wmﬁ —
4

1. |- R FE# Upper and lower pressure plate; 2. 35 £ 5 #UC#:
Water caltrop discrete element model; 3. # H. Mold; 4. 41 7€ JJ B
Rectangular cutter.

8 EfEFEEYIRE
Fig.8 Rotary shear model with water caltrop

Py HAkE , 3FPJT B4 B 6 KT AR,
FHEUAN TR T] BAEAS R KP e B 14938 £ e 5% 59 V14
FLURI AR ANE 9 fiR o 551 WoR 8 J] BLAE &5
R 32 I B L AR 2 B0 ) 2N RO, Ve sE R JT H
VB et B9 U135 £ 71 HL 0 05 BRI 25 SR AT 22 000
A LA S I R a7 s .

Y=205.092—0.9172+0.0172°+4.417 X 102’ +

2.811X10 °2"+5.394 X107 2°

—=— Jfif.J] Rectangular knives
—e— = f4f£J] Triangular knives
_ - 4- 4JETJ] Curvedknives

(7)

400, s N N
=== R TIZ S A i 2
350k Rectangular knives force fitting curve
54 - -
o . - - N
£ 300r N LN
o R SO0
£ - 47 s RN
s 250r . . L.
g . ..
5 anl N
z 200
§ 150F = X
B
100f Nov

:0 1 1 1 1 1 1 1 1 1 L 1
0 25 50 75 100 125150 175200 225 250 275

%34/ (r/min) Rotational speed
B9 AETNEEYIHE

Fig.9 Diagram of the shearing forces on different tools

XU G 5 B 1 2 Bk IR AT i A B R R ) A
B/ 10 92.99 N, %R A R T) H 5 38 230
r/min, B A AIE T 2L ie e 5 U138 M al
14201 ) HAZ T3 93.20 NL 258 0.215%
25 HHBIERE

B B9 95 DR 3 S s RERLANTE 10 iy
N FERL AR IS Sy g S 22 M 18 A RHET R Y
Sz IR e 2 S AORE R 22 A B T 22 MR AT
T VDR 8 TRl sk b Al e S22 40, 2 20 70 il vt
£ LA AR TR AR AN, 20 U0 %k b 3 A 4 AR )
H 32 A B VDR 35 2 2 5608 T 2L w56 2l (0 71
BT VITT 5 1926 A dk iz 3 2 T RHH V& AR 3)
b, RS SR ST R . FEPLIRiE
I e UVRHEE 3R HR Bh B 10§ 128 mT b 4 ) H AR )
Sl ST AR

R YR B HE T T2 K Fe L S B AR AL
L BRIGE S TONR 22 AR 6001, 103 34,
243 )5 ) il 9 R 180, 230 1 280 r/min, A IR
A 2022 M ot e d A il 45 R IR 8 R, K8
Ty YIRS U RZE M S B ZE AR 2 1L, SE DR
NI R ZE 5 U R 2 AR Z e, 22 3R
133 N HLE BT YIRS 22 B i 5 S A5 i (R AR
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1.7 sRIRHE I8 Vertical spiral churn; 2. I+ F AR Upper and low-
er pressure plate; 3. #iJ% JJ B Rectangular cutter; 4. 32 fi Water cal-
trop; 5. Y L % #% Cutting material turntable; 6. §i% Zh £ Vibrating
plate; 7. 22 f15¢ Water caltrop shell; 8. 221~ Water caltrop nuts; 9. 5%
YIZZ A Residual water caltrop; 10. & il 4§ Control box.

10 #EHEIEIR

Fig.10 Prototype verification tests
5 =L H B YR 22 i+ N T R IRk
) Z .
£ HHINEIXIEER

Table 8 Prototype validation experiment results %

D1t e/ FHARR

_ W 5EhIE Com- o

(r/min) ) Nuts acquisi-

Shear rate pletion rate )
Cutter shaft speed tion rate

180 80.00 31.25 41.88
230 100.00 70.00 74.55
280 100.00 40.00 52.43

RIS 25 R R FEDLRE A% 58 BZE M 1 BT DI 72
SIEEFE G B MAR S B . 2 )R 4 B
230 1280 r/min i}, AT LLIKE] 100 %6 By 32 227210 55
1, Horb 5 5k 230 r/min B, 25 A 58 VR Gk F)
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Calibration and shear experiments of discrete element bonding
parameters for water caltrop

TU Ming', CAO Tao', WAN Zhihua"*, MO Hongtao',ZHANG Guozhong'

1.College of Engineering, Huazhong Agricultural University/ Key Laboratory
of Agricultural Equipment in Mid-Lower Yangtze River, Ministry of Agriculture
and Rural Affair, Wuhan 430070, China;
2.School of Mechanical Engineering, Wuhan Polytechnic University, Wuhan 430023, China

Abstract To address the problem of the lack of effective discrete element models in the design and
simulation analysis of water caltrop dehulling primary processing equipment, this paper carries out the re-
search work of water caltrop discrete element parameter calibration and prototype test. The 3D inverse tech-
nique was used to obtain the water caltrop profile model, and the water caltrop intrinsic parameters and ba-
sic contact parameters were measured by physical tests. The average shearing force of the water caltrop was
obtained from the uniaxial compression test as 352.95 N, and this was used as the calibration target. Based
on the Hertz-Mindlin with bonding model, a water caltrop discrete element model was established to carry
out virtual calibration tests on bonding parameters, and the calibration range of each parameter was initially
screened by single-factor tests. The two-level analysis factor test and the steepest climb test were used to
quickly screen the significant factors and their calibration intervals, and the Central composite response sur-
face test was designed to solve the bonding parameters to determine the optimal combination of parameters
in the discrete element model, and a rotary shear water caltrop simulation model was established to study
the effects of different tools on water caltrop shear at different rotational speeds, which was used as a basis
to design a shear vibration-type water caltrop sheller to carry out prototype tests to verify the reliability of
the model. The results show that, the significant effect on the shearing force of the factor normal stiffness
per unit area is 4.818X 10" N/m?, shear stiffness per unit area is 5.343>X10° N/m?, the remaining insignifi-
cant factors are taken as the middle level, that is, the normal stress per unit area is 1>X 10" Pa, shear stress
per unit area is 1X10" Pa, bond radius of 1.6 mm. The shearing force of the simulated test is 352 N, with
an error of 0.269% ; the minimum shearing force of the rectangular tool screened from the rotary shear test
is 93.20 N at 230 r/min, with an error of 0.215% from the predicted value of 92.99 N; the prototype test
shows that the rectangular tool has better performance than other rotational speeds in shearing water caltrop
angles at 230 r/min; the comprehensive demonstration shows that the established discrete element model
of water caltrop can provide a reference basis for the design of dehulling tools and the determination of key
parameters for water caltrop primary machining equipment.

Keywords Chinese water caltrop ; discrete elements; bonding parameters ; calibration ; shear ; simula-

tion tests
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