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Arch effect for salix granules dense forming under different breakage degrees

Li Zhen, Sha Qianyi, Li Jinda, Guo Xinyu
(School of Mechanical Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract; During the forming process of biomass, most granules are in a high stress state, resulting in partial breakage of granules. Gran-
ule breakage changes the grading characteristics of the overall granule and has a significant influence on its macro and micro mechanical
properties. In order to optimize the biomass forming process, it is necessary to establish a link between micro and macro. Therefore, a
uniaxial compression model was constructed by software PFC3D, and the forming processes of biomass under different breakage degrees
were studied, the influence laws of force chain formation and arch effect on the process were explored, and the stress-strain curve, kinetic
energy change and force chain network during the forming process were analyzed to verify that the increasing of granule breakage degree in-
creases the number of force chains in the axial direction, and the greater the breakage degree is, the more damage the arch structure is.
Thus, it is clear that the granule breakage has a certain impact on the force chain network and the evolution of arch structure.
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Table 1 Basic properties of granules
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Fig. 1  Grading model of granules with different breakage degrees

(a) Non-breakage (b) 10% granule breakage

(¢) 20% granule breakage

(d) 30% granule breakage



$24 %

RS U MINBURLTE AN ) WA R T B3O IR O BRSO 113

2 RBPTE M

XEF R B AP RS RS , e R 4T B A
A5 Z W EE AT PR B, A TR BB 4 45
RSO AN RIREHERE RE T 09 A2 W o s b e 4T 1 Bk T

NidE

(@

0 005 010 015 020 025 030 035 0.40

-A./V\/‘/\/]

0 005 010 0.5 020 025 030 035 0.40

%3
(©

MRLIXFLE, NP 2 7R, AR S 4R A i
SR SEIAT B 0 Hh AOB S AATE . 2 aTA, fE
ENGL S A R R R R el B R e AN <D
MO, e, UKL AR B4 R 10% FFORL B8 T4 fY) 15 B0
T, AHERE/NT 0. 20 &4 N JJ 50, BN
FEREME , 2 BN I R FEBOR

0 005 0.10 0.15 020 025 030 035 0.40

W

®)

70
60-
50-
40-
2 301

20-

e
0 005 010 015 020 025 030 035 0.40
pids
(d

<

P 2 A [ e R TEE I AU 202 P 14 1 — 728 2k

(a) RBEHE (b)) 10% FUkLH%

(¢) 20% TRk i

(d) 30% ki w iz

Fig. 2 Stress-strain curves of granules with different breakage degrees

(a) Non-breakage  (b) 10% granule breakage

N [V RS AR A B2 UL 25 E 128 T 7 B4 e R
SrBI . 1221, 100.2, 88.8 Fil 74.4 MPa, Xi i i
WL BE AR, BT i B RN SR

3 RAREFHHREA

AR R S R — ST R, TR R
FEIFGR AN EE mr, WOk shae o 0, (HZ, aJLk
3 2 R A o v URE B B8 1Y) 22 T R 9 9 U Y HE A%
IV o AN YR AR AR A s 4 ok 5 v 1) 3l e 2 Ak (5]
3 Fi,

HE L 3 AT, UK (1Y) 31 B FE F 45 T 1 A 45 SR i
JUFR 0, UESET i B o R A R (HE,
e AR S RE B AR AL RS AR AL, R G 5
SR TN e, M 3 AT, FR4E Z AR A 0.05 B,
SRe R T AR LR, Ok (8] i HEE
SER R A T REIR, JORL 2 (] Y (] B 2 SR 3G I 53 T
SHRERYZEARIG TN, 5 IBOR R B REA L8R, 109 Bk
T RN 209 50 M 88 321 & A2 T d5e K 3 AR i) W i i

(¢) 20% granule breakage

(d) 30% granule breakage

B, ArWIAERIAE 0. 175 F10. 130 4k, 30% Uk
PRI & T I (E S5

Xof AN [ Bl e 2 s % B A s BE T (1] Ba~
Bl 3d), kA EE oL T shRE B Mk Uk £,
30% 0L B WA DL T s 28 A8 Ik B b, Hor,
e KA Lol 278 T, f/hEEfB R 147 T,
BRIV 309% UL B 1) 15 50 T HEIE 45 44 e A 1 8k 1) YR
W%, WURRIMRE AR R, HUE 45 Kk AR B R
b 7 BN HERON A R IR

4 REA T A R

WURLZ (B fil 2 i 6, Bk =2 1) se F2 i
TR e 4, AT LI ik 7 B W 45 19 3 g 2 0 1
— 2 S B R O 1) 22 WL )~ P RE

AN FIRRERERE T 1) BRI A5 I 4 B, o,
JIBERPHLANT R BORL 22 18] 12 fih 7 1) RN, T4 i 40
FHUACTAL S UG R, F HEA [R) R e 2 J3E 1)
HERILS (K 4a~ 18 4d), Hf, JrgEsm iR I N

o
Z

A Xtk £

=

vk 3 (D 1257 9 A 2 4 B A T



H L seLHL BT BT 47 B 7 (D) % s Fis

Z

AT

114 Bk AR 548 %
180
160 140
140 120
= 1204 = 100
£ 1001 € g
7 80 R 80_
601 60
40- 40 l
207 ZOALLIIALIJLI IAA..lllllA
0 005 010 0.15 020 025 030 0.35 0.40 0 005 0.10 015 020 025 030 035 0.40
. 25 %
(@) (b)
160 200 |
i 180
140_ 1801
120 140
- -
@ 100 ﬁ 1201
= 801 = 100
" 601 " 801
| 60
40 l I 40 1
20 e IL‘l ll. L T L T L T T ? 20— “‘l.‘f Le Il l T T LI T = lI
0 0.5 010 0.15 020 025 0.30 0.35 0.40 0 005 010 0.15 020 025 030 0.35 0.40
%3 %3
© @

Pl 3 A [ R R R R UM 20 P ) 2l E A 2%

(a) REEEE (b)) 10% BB

(¢) 209Uk

(d) 30% ki

Fig. 3 Kinetic energy curves of granules with different breakage degrees

(a) Non-breakage  (b) 10% granule breakage
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Fig. 4  Force-chain network diagrams of granules with different breakage degrees

(a) Non-breakage
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Fig. 5 Cross-section diagrams in axial and radial directions of force chain network for granules with different breakage degrees

(a) Non-breakage  (b) 10% granule breakage
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