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Note: k, and k, are normal and shear stiffness between two particles, representing
the force of per unit length(N/m). ¢, and ¢, are the normal and shear damping. C
is the coupling relation.
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Fig.1 Soft-sphere contact model
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a. Dimension parameters of walls b. Simulated DEM model
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Fig.2 Dimension parameters of walls and simulated model
2.2.2 HEREBIEMBASSGRE

FORFE Rk s 4 e 0 A5 1 128 FSOC A 2 B st o
T, S S BR Y B S 45 0E B T AU S B0 K
TOREFY,  F A BE K NI 2 2R 308 L5 A UL ) £ JEE 4 2R
UL ZASRORL KA S8 BN R 1 s, Hrp e
L ROURL 2 1) (4 BEA AR A0S KRS AT i) 25 2 TR
SCHR[191# Y, TOKASFT R RL S < I R R Bk 0.45~
0.55, FEFERIEHE EARMERIS 5 Y 37.43~140 kg/m’, £
B TBOTAH AT S5 L PR R R AAE ) 0.5, REFTRPEHK)
WIURVE NS N 80 kg/m’s

S o B0 S 2R I P KRS AT o e AR AR A2 Y ] 2 0
SEAE 0.2~1.6 mm. (AT R TCIERUUBURL I, 9t
LR DR /N B B8R 1 0 i TS B ) o SRR J8E 5 T R
PR, FURLRLAR AR 23 (HASUL IS F) 206 0 e sh 0K
IPREAR L /N U 2B RS DR B e B2, A4 P i I T) K
K A St et S KB, il R A, IR
KA T KAEFT L, BOREREAE T Y 0.4~1.0 mm,
W AEIZANE A BURLRLAR ALY 5 73 A, (] I e BUASE
BRI R B 1.1,

BTG 2 AR R P BEBURS A 8 PR A0 4 BORE A 2% 1)
AL LR B S AL — 2 225, N T I/
ROAR AR AR, —J7 TR R AU RUR R A, 5
7 THTAERIURE 5] 14 BT A 350 S i LR 7 L 22 1] T /)
TPFBEARI 10 B b, BB RS, Hk
]y VI RS &5 sk 1 s, &b, B
FR T SRORS S Ly L ) AR 52, ELBULAS 21 0 I 46 L
Dt e BT 5 S o A0 B S 6 00 45 £ 1 3 2% st ot 2k
HUFEEZIN



214 Ak TRE2#H (http://www.tcsae.org) 2015 4F
#1 BHTEBEGESEEE
Table 1 Initial parameter settings in DEM model
Ffuh B Jm PS4 UL 1 2 B
Parameters of contact wall Parameters of particles
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(N'm™) (N'm™) coefficient (kg'm™) il porosity size/mm Multiply ocal damping N-bond/N S-bond/N
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Table 2 Numerical range of particle’s mechanical parameters
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Particle mechanical ~ Normal stiffness/ Shear stiffness/ Friction
parameters (10°N-m™) (10°N'm™) coefficient
Z UL 0~10 0~10 0.1~0.2

Numerical range
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Table 3 Mechanical characteristic parameters of particles
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Normal stiffness/ Shear stiffness/ .. .
Group (104 N-m'l) (104 N-m'l) Friction coefficient
1 5.05 2.32 0.1349
2 2.28 0.84 0.1120
3 3.53 1.35 0.1194

A 3 FPIRRORL RS P 2 B RIS 21 ] 2b i
RURLAR 28, IR A Z A5 52 S I AR s 457 55 182 7 428 st i 2k
W 3 P e 1% S PR S0 R S T A 1 s 4
5 N Ty ol i 2 HA 8 i L6 7 KA A R
NN

B[] Timer/s
He T AEAMEIIVIR B AN BRI, R4 SUssg s A
ISV LI SR P 2 N E R R (o
Note: I is the initial stage of comprehensive process, Il is the later stage, and the
compressive force is growing rapidly in this stage, Il is the stage of stress
relaxation, the compressive force is decreasing slowly and becoming flat in this
stage.
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Fig.3 Force-time curve of material simulated by DEM
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Fig.4 Sketch of single orifice die in contrast tests
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Note: the normal stiffness is 1.23x10* N/m, shear stiffness is 0.89x10* N/m and frictional coefficient is 0.1004 in figure a and c, and the normal stiffness is 1.74x1 0* N/m,
shear stiffness is 1.22x10* N/m and frictional coefficient is 0.1187 in figure b and d. Absolute error is the test data minus the simulated data.
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Fig.5 Comparison of DEM simulation with test value
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Extrusion process of corn stalk powder in single orifice die processing
based on discrete element method

Li Yongkui, Sun Yuezhu, Bai Xuewei™
(College of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: Mechanical behavior in the densification of biomass material is closely related to pellet quality. In order to explore
the forming mechanism of typical biomass material from loose state to consolidation, the discrete element method (DEM) was
introduced to investigate the movement and interaction of the milled corn stalk particles in the compacting process, and the
verification experiments were carried out to test the effectiveness of the DEM simulation in this study. Firstly, the
three-dimensional (3D) particle contact model of corn stalk powder based on the soft-sphere model of DEM was established,
and the constraining walls in DEM model were completely consistent with the compressing cavity boundary conditions in
geometric shape and dimension of experimental tests conducted in December, 2014; the loading speed in simulation was also
set as the same value as the DEM model. Secondly, the diameter range of simulated particles was configured to 0.4-1.0 mm in
accordance to the particle size distribution acquired through the screening experiment and calculation, and the generated
particles were fully filled into the whole cavity at the original state before the compressing force was loaded. The mechanical
parameters of the particles, such as normal stiffness, shear stiffness and friction coefficient between the 2 contact particles,
were set to the values generated at random in specific range which was determined according to compacting experimental data.
Thirdly, the comparison of compression stress relaxation data between tests and simulation was carried out and the validity of
the simulation was verified by the hypothesis test. It was found that the force data with time from the hypothesis tests and
DEM simulation followed the similar tendency, and the absolute error was not higher than 100 N in both initial loading stage
and 20 seconds after stress relaxation. In the first 20 seconds of stress relaxation course, the values of absolute error were
obviously higher than other time quantum. The consistency of the experimental and simulated data was fairly good on the
whole, because there was little statistical significance between 2 group of data at 5% level in the significant difference analysis.
The optimal numerical ranges of the mechanical parameters of the simulated particles in DEM model were also obtained.
Namely, the normal stiffness was 1.2x10*1.8x10* N/m, the shear stiffness was 0.8x10*-1.3x10* N/m and the friction
coefficient was 0.10-0.12. Then, the compressive force was analyzed in DEM model at different compressive displacements,
diameters and cone angles using the optimal mechanical parameters of particles. The result showed that the residual forces in
stress relaxation were about 600 and 1 300 N respectively when the compressive displacements were set to 26 and 50 mm,
which indicated that the compressive displacement had a great influence on pellet morphological stability while other
parameters kept constant. When the diameter of single-hole die varied from 8 to 12 mm in DEM model, all the compression
forces peaked near 1 100 N as compressing time went on, but the residual stress with 8 mm diameter was much higher than
that with 12 mm, and in consideration of the consolidation degree, the recommended diameter was 8 mm compared with the
mechanical behaviors of the diameter of 10 and 12 mm. The cone angle had a remarkable effect on the compression force, and
the cone angle of 45° was suggested to get a reasonable balance between compression force and pellet density. The study
indicates that the discrete element method provides an efficient and effective tool to address some engineering problems in
biomass densification, and the soft-sphere model is appropriate to describe the mechanical behavior in the compression process
of corn stalk powder.

Key words: crop; discrete element method; model; corn stalk powder; extrusion molding; soft-sphere model; forming die
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