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Analysis on particle movement and energy in dense molding
process of salix particles

Li Zhen, Yu Jin, Yu Yue, Wan Tao, Hao Yuchao
(School of Mechanical Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: In order to study the laws of particle movement and energy change in the dense molding process of salix, a particle model with
aspect ratio of 5 © 1 was established by discrete element particle flow software PFC3D. Then, according to the characteristics of stress-
strain curve, the dense molding process of salix particles was divided into three stages, such as loose stage, compaction stage and plastic
stage. Furthermore, from each of the three stages, a time point was selected to detailed analyze the changes of particle velocity, displace-
ment, force component and energy. The results show that the main influencing factor of particle velocity and displacement changes is pres-
sure. During the process of pressure transmission, the contact force between particles and the reaction force of wall change continuously,
and the velocity component and displacement component along the X-axis and Y-axis direction gradually increase. From the loose stage to
the compaction stage, the particle position is rearranged and the gap changes continuously, and the kinetic energy shows fluctuating chan-
ges. In the plastic stage, the pressure overcomes the maximum force between particles, the particle deformation produces plastic flow, the
gap decreases continuously, and the kinetic energy increases gradually. In the whole compression process, the growth trend of bond energy
slows down, and the proportion of other dissipated energy gradually increases. Thus, in order to reduce the loss of energy, the strain value
should be controlled within a small range.
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Fig. 1 Linear model (a) and linearpbond model (b)
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Table 1 Material parameters
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Table 2 Contact parameters
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Fig. 2 Model of flexible cluster
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Fig. 3 Simulation model of particle compression
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Fig. 4 Curves of stress-strain for uniaxial compression
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Fig. 5 Cloud maps of velocity for particles
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Fig. 6  Cloud maps of displacement for particles

(a) Particle displacement  (b) Displacement component along X-axis  (c¢) Displacement component along Y-axis

(d) Displacement component along Z-axis
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(a) Resultant force component along X-axis

(b) Resultant force component along Y-axis

(c) Resultant force component along Z-axis

Z 75 1) bR S Y Z

S5 15 (9 1 o AR TT ) _EAH— 2, T b
(2) BhRE AL Al 5 JRE a] f 18] B AR A 5%,
5 R AARIURE B O 78 2

ree,

APk R MASHLE BER)

FIURLAE I 77 B A AR O B A W EB HES

BN WL, Bl RE S B S RN, BURLR K
AR AT s IR BEE, TR T S R URE ] £
S MEAE (9.503%10° Pa) I, URIFIATEAE,
FEAEIBPERL SN, AENIRNTBELE , [RIBTETEIHER
e HK LT, BEIEAME 8. 2 N - m, F)5 36k

YoM X

7

HHIRGE @ ) JERA AR A IR



H Hr AL B T 47 B A 7 (D) e Tl

YA

M A TA

142 ® Ok

R

5415

8.5

7.54

6.5+

5.5

4.5+

B fE/(N-m)

3.5

2.54

1.5

0.5+

T T T

00 05 10 15 20 25 30 35
BEAE/(x107%)

K8 Bhfe ks

Fig. 8 Change curve of kinetic energy

T T 1

= Mg
74 o= SR

fiE&/(x10%2 N-m)

T T T T T T 1

00 05 10 15 20 25 30 35
RERE/(x107%)
B9 few ARk

Fig. 9  Change curves of energy

1.0
N
091 |

0.8+
0.7 ///\r//\\

~~,
0.6 - '\.

0.5+

Hidh i 51 5 AR i L E

0.4+

0.3 T T T T T T 1
00 05 1.0 15 20 25 30 35

R35/(x1073)
10 HiZhRe S0 A aeny itk

Fig. 10 Ratio curve of bond energy to boundary energy

ARTERE, BEERGK R

(3) Vb WA T Btk s 47 RE R AR AE . X
AR R S, ShaEr L2 AT FEE N
AREIZ TG, KA RE S0 A RE M U LA B
NS ULWIRGZE REN KBSk %, HAbRE R

Br i LEECBE AT A, L AR RE L ARRESEAEHLAE
N T ID R ARG, W A R A (A A — A
/NI

(4) BURLZ S AT FEANHLG BE, A
(A% 5 H 07 1 — 2, BURLERITE E R R s, &
ShPLE LR HEH LR FEIR % B B, BRI X A Y
b 77 1) 3 BE RS LTI 22, A 1) a2 2l
WZ, BEPUE R A —E R, Al RE S A LE i
JHE% o
S 3k

[1]  Jaghargh M J P, Mashhadi H R. An analytical approach to esti-
mate structural and behavioral impact of renewable energy power
plants on LMP [J]. Renewable Energy, 2021, 163. 1012 -
1022.

[2]  #&. FAFRAC LY BREIRA R SRR AT [T]. Al 4L
K54, 2020, 371 (11). 91-92.

Cao L. Study on utilization strategy of straw transforming into bio-
mass energy [J]. Agricultural Technology & Equipment, 2020,
371 (11): 91-92.

[3] Adapa P K, Tabil L G, Schoenau G J. Compression characteristics
of selected ground agricultural biomass [ J]. Agricultural Engi-
neering International ; the CIGR Ejournal, 2009, 11 (6): 1-19.

[4]  Poddar S, Kamruzzaman M, Sujan S M A, et al. Effect of com-
pression pressure on lignocellulosic biomass pellet to improve fuel
properties: Higher heating value [J]. Fuel, 2014, 131 43-48.

[S]  EWise, L9, BHIR, 5. 5T 0N B Y 5 RREFF Rz
T (1], Al TRE2A4E, 2016, 32 (13): 223-227.
Wang G L, Jiang Y, Li W Z, et al. Process optimization of corn
stover compression molding experiments based on response surface
method [J]. Transactions of the Chinese Society of Agricultural
Engineering, 2016, 32 (13). 223-227.

[6] FEfi. ARG AR SIAPeRERT R [D]. AR
FE: WHERHRY:, 2013,

Yan S. Study on the Compression Molding Technology and the
Combustion Characteristics of Biomass Fuel [ D]. Shijiazhuang:
Hebei University of Science & Technology, 2013.

(7] e JKHE A AT #0E B A e G i B 08B 4 B 3 36 BT 5%
[D]. SEgl. ZHIT RS, 2016.

Li A X. The Research on Rice Straw Hot Press Mold Experiment
and Thermogravimetric Experiment of Pellets [ D]. Ma’anshan:
Anhui University of Technology, 2016.

[8]  EJ&, fTdhr, vEA. HZRGUE A 12 Re bk i o 2 R
B KB BLANLEETE [J]. B FR S5 %, 2020, 40
(8): 66-74.

Wang Y, Fu J X, Wang J. Study on uniaxial loading rate effect
and fracture mesoscopic mechanism of mechanical properties of sin-

gle fractured rock [ J]. Mining Research and Development, 2020,



%55 1 AR VHVBURLEOR UL AR A URLIZ Bl M R i S B 143
40 (8): 66-74. [13]  RESIH. AEYREUR R B A g (D] Ak
(9] Zig. WURIAHEAE S E WA B R R MR [D]. 7 WSS BHERS, 2020.
. VORI K%, 2017, Tang L X. Simulation Study on Temperature Distribution of Bio-
Li Y. Study on the Relationship Between Particle Interaction and mass Compact Forming [ D]. Baotou: Inner Mongolia University
Macro Mechanical Properties [ D]. Xi'an: Xi’an University of of Science & Technolog, 2020.
Technology, 2017. [14]  Hegker, Eng. CRFMATE (M) K KERFELR
[10] 252, FZ508, WAL, S5 VI Y BOMOR 0 A R #t, 2008.
MEEOTiE [J]. #EHAR, 2020, 45 (3): 152-158. Bi J H, Wang H. Engineering Elasto-plastic Mechanics [ M].
Li Z, Wang H Q, Gao Y H, et al. Discrete element simulation on Tianjin: Tianjin University Press, 2008.
dense forming characteristics for Salix biomass particles [ J]. [15] JHzE. MEEERS2E (M) dbat. BlefAmRRss, 2005.
Forging & Stamping Technology, 2020, 45 (3): 152-158. Zhou Y C. Solid Mechanics in Materials [ M]. Beijing: Science
[11] 22, mmiAL, X0, . U0ans Bos Bo% sl 2 4 Press, 2005.
HEEAR M EBOLHsE [J]. KA, 2019, 40 (11): [16] T4 JKAGX U A HE AR BOR BO% OB gkt [D]. &
3186-3195. Je: MEERHLRY:, 2021
Li Z, Gao Y H, Liu P, et al. Discrete element study on evolution Yu J. Research on the Influence of Moisture Content on the Densi-
of force-chain during salix grains dense molding [ J]. Acta Ener- fication of Sand Shrubs Particles [ D]. Baotou: Inner Mongolia
giae Solaris Sinica, 2019, 40 (11): 3186-3195. University of Science & Technology, 2021.
[12] B3, Wbk, iRTEE. M0R 4 I b o 3 5 07 i A8 R e [17] WG, &SRR, FRK, 5. EWBUSURLRRHE T Ay 35

(J]. BEFHSIZE24R, 2005, 22 (4). 643-646, 683.

Xizo W B, Hu L, Wu Y Q. Law of sliding friction force in granu-
lar materials [J]. Chinese Journal of Applied Mechanics, 2005,
22 (4): 643-646, 683.

PEARERD [J]. folb THEHR, 2013, 29 (9): 200-206.
Huo L L, Zhao LL X, Tian Y S, et al. Viscoelastic constitutive

model of hiomass pellet [ J]. Transactions of the Chinese Society of

Agricultural Engineering, 2013, 29 (9): 200-206.

LT (BETRZR) #E&

(BHIRFR)
.

€e =

Sa2a4 4

dloF> ST R IS 38

(Journal of Plasticity Engineering) 8lF|F1994%F, EHTERNEEANSEE. PENHKT
(BMHIRZR) ALEPTROHT, HASHEREERR: PXZCHAEBRE (LX) .
B (CSCD) ®iFHMT (BLE) « FEREMTSHERE S REGCHT . PERERCHT (FERK
 FEEARBTCHEEE (RO, CSAD-C) « FEZABRAUEETNHEE, EELFERHCA. £E
E2 (CSA: MI)  Scopus##BEE., BANERARANUPEXHLEEESE. AT TERESLEERE
HEAMAAEYE, UHMENERELHRRIEEAEAEFRENARR.

ERAZTUWEARE, BEEATLEAEE, &
HEEUFRZR, ATHESRELERIREER
AT, HUREEETERCHRARNBEERS
By AR S5

AHERTAESHREERHEILHR. B,
£ RUTFEXNBERTE. BFARREL
BARANREE.

1. 2E SIS BT
AHART, K16FA, SAKLLR
&K S: 80-353

EFFARETIS: 1SSN1007-2012
ER%G—FI2S: CN11-3449/T6
EREH: 40.007T/Hf

AHTRE AR

2GR E LE, FS4EIHAITA
ettt JLRmiEEX R85
kA (BMHTAZRR) g
BRA: B2

BRZREEIE/AEE: 010-62912592
BITHRE: sxgexb@263. net

Wiz #S, MHE: http://sxgc. cbpt. cnki. net/

YoM X

7

HHIRGE @ ) JERA AR A IR





