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Calibration of contact parameters for bamboo powder particles based on DEM
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Abstract: [Objective] This study, with the establishment of the discrete element model of bamboo powder
particles and the calibration of its related contact parameters, is aimed to provide a fundamental basis for the
research of the interaction mechanism between biomass material particles and processing equipment. [Method ]
First, a physical test was conducted of the contact parameters with its results used as the basis for the selection
of simulation parameters. Then, with the method of discrete element method (DEM) simulation combined with
design of experiment (DOE) test, the quadratic polynomial regression model between the stacking angle and
DEM parameters was obtained by Plackett-Burman (P-BD) test, climbing test and response surface test. At last,
The optimal combination of contact parameters was obtained by using the physical stacking angle as the target
value. [Result] The measured physical stacking angle was 49.29°. The rolling friction coefficient of bamboo
powder-bamboo powder, the restitution coefficient of bamboo powder-bamboo powder and the static friction
coefficient of bamboo powder-stainless steel plate had significant effects on the stacking angle as was shown in
the P-BD test (P<<0.05). The response surface test further confirmed the results of P-BD test, and showed that

the interaction between the rolling friction coefficient of bamboo powder-bamboo powder had significant
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effects on the stacking angle. It was proved that the interaction between the rolling friction coefficient of
bamboo powder-bamboo powder and the restitution coefficient of bamboo powder-bamboo powder had
significant effects on the stacking angle (P<<0.05). The optimal combination was obtained with the restitution
coefficient of bamboo powder-bamboo powder being 0.44, the rolling friction coefficient of bamboo powder-
bamboo powder being 0.22 and the static friction coefficient of bamboo powder-stainless steel plate being 0.45.
[Conclusion] The quantitative simulation calibration and prediction platform of bamboo powder particle
stacking angle is of high reliability in the range of 41.20°-55.27°and the DEM calibration method employed in
this study is conducive to the subsequent establishment of material models to evaluate the motion behavior of
lignocellulosic biomass pellet and their interaction with equipment. [Ch, 5 fig. 6 tab. 27 ref.]

Key words: parameters calibration; bamboo powder stacking angle; DEM simulation; design of experiment

VIR E YRR« AR AT, A EEAR SRR AR A W AR, TR AR AR AR L, RN
PIPET G, R s #H . NSRS bR SO E A T AL AR B R AL
i, AFRE AT RO T8 Y N T4, i ERR i S BUR S A Y BRI N TR OCEE,
AW R I TS 75 210 AR BT B 3 L )2 Rl ot 32 5 00 A A G
B . s . BE . SR4EPESERE N, ARG RIS O A ME LAERR SR AT N TR A 5 AR B R R Z (R Y
Hefi 80, BHOCEE (discrete element method, DEM) /21511, EAR A SR 2 508 I ik, #E
WAL YA RER AR | T . Dbk . R RS A R T A RORA TR B S B R R R S
BHOC E AR ETEE B NS E X ES B B EOT Y W M g IR R AR R
ADAJAR SOV AR S 24 5 S 06 RN 112 5T U 1 45 SRR R VR YRS AT BE 8 R 8. U Y 32k 1) W B2 RN 5 7] 1
FEMAT THRE . ZHAO SEM DU 3 S 55 I 7 () IR S PR HEAR F S B, R FH BT 7 ¥ 3K A% T IRz
fbSE AL A . XTA SR T —F 2T A9 DEM ik, a1 0 B A AR JIURL 1) 3T U
UEW] T DEM A5 BL5 ORI MO AR ) s B FT AT 4. PACHON-MORALES A5 7355 ] 22 BR 1A 125
Hertz-Mindlin with JKR 22 fl BRI HL T A% AR AR URL A9 AT ARFN P ZRAT R o AEL G A R BRAT A 42 ok 5 54
BHOTHEIE B AR DCHGE

ARBIFFE AT R BURL B 42 i B A TR € . LABAT Phyllostachys edulis WG4, T B BT
i E A5G 1T (design of experiment, DOE) 75, i Plackett-Burman (P-BD) 5256 | &3 5256 FT 0 [
TSI EEST T BT AR M SECSHEBUA R RARR, ISR MM SEA G, BRIUE TR i
ZH AT SRR RERA YL, DU Aok i sk A8 A S 40 S 06 9t 5 A S IR 2 A D0 A B A 2850 P 4 f
S8

1 MEE 7 &*

11 #MREEE
111 ## BATRALBEN, T 4~5 45, RN 102 om, % Bk 680 kg-m™, # il is FE
156.97 MPa, i 58l 66.24 MPa, HUATHHAL, AETHE MATH . KRB, THRE, XA
AN[FIRIAS AR E TR 73 A5 51 100 BATRFES
1.1.2 ERAMNTEE  RAWEN ST BRI RS, S A SChRE RN SCHR [S, 14-16], A HlHER
A ERE BN 1 s, SRRSO N 10 mm, RS IRILE AR 100 mm, Ji 520 0 HE R #8177 I
90 mm, PR SRR AT R 2l , S ORI FE T S FRE AR s AP R RN N LR S
I . AEARTRA B AL SR HE A IE LR, EER 10 ROFidsR.
1.2 {FE&ER

KB HOTH A EDEM B BT AR Bt 2, S BATH R BRI A RN HE R A AR, k%
T B AR . DRRIAIRL, PR SEBR R, BRI R R B L 25 Sk, e FEME AR
SR G —RAR AT R 2 T R AR OB TR ) 52 2 R s A X b SE B A% RUEOR R AR L MER A )



55 40 55 4 1] X ARAE . FETREEOCRIR R R 2 8 877

BT Ry URLRRLAR (58) B ZE 1 mm W7 ST B PR BORCEE U0 1] 2A Bz, M OREASE Y (9 (< 5 L A
2:1, KIARIF ATV E N fixed, QMEBUAMBIRL L AR IRy B BR 1y 00 5 3 Bt ~7 J LA AL -5 A EDEM 4%
i, el L7 J# A S BOh 25 000 BYRBURL T, ARG A 1250 4>-s7!, #E 45, SOTEEEEY 24
so TEPTRYIURL B e 7% T R E BOMURIMERT, BIBHX, —Xx, +Y, —Y 4D T7 1 RS . ST
Yoy WORLIE AU BN 1] 2B s . DIEMASEAY . B AT R 5 T80 4 22 8] B OREE SRl 2 B A P18
(9, BRI B R AR RPN BN, RS RORE AT A R B BN PRS2 H] EDEM Hff 42
L% JKR Cohesion FE MBI, 2B I8 T VUit Iy 7l fih X N B9S2, eV it am gl & R el .

A B @& i 3

S B

Bl ERAMNERE B2 Bl (A) fedt AR A (B)
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Figure 3 Image processing of stacking angle
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Table 1 Simulation parameters for measuring the stacking angle of bamboo powder

BHUKF-
SRS SRR BT » 1
u (UEiR(EL /N 0.20~0.50 0.20 0.40
E Pk By VA i/GPa 1~15 2 4
X, PrR-Fr 2 2 8k 0.15~0.30 0.25 0.50
X, k-4 oy B 4 R B 0.20~0.80 0.30 0.60
X k- AT R Bh AR R B 0~0.40 0.15 0.30
X, -GN R B 0.10~0.80 0.25 0.50
X; R -ANEE AR R R 4 2R B 0.30~0.70 0.30 0.60
X, k- NG5 TR R B EE 2 R 5 0~0.40 0.15 0.30
J RMAAE /(J-m™?) 0.01~0.10 0.04 0.08
R2 M#HERME P-BD LRI RER
Table 2 Plackett-Burman test design and results of bamboo powder stacking angle
oM e u E X X, X, X, X; Xq J AR /()
1 -1 -1 1 1 1 -1 1 1 -1 51.54
2 0 0 0 0 0 0 0 0 0 47.17
3 -1 -1 -1 1 1 1 -1 1 1 54.48
4 -1 -1 -1 -1 -1 -1 -1 -1 -1 42.63
5 1 -1 1 -1 -1 -1 1 1 1 41.68
6 -1 1 1 -1 1 -1 -1 -1 1 46.47
7 1 1 1 -1 1 1 -1 1 -1 37.22
8 -1 1 -1 -1 -1 1 1 1 -1 40.56
9 1 1 -1 1 1 -1 1 -1 -1 57.91
10 1 -1 1 1 -1 1 -1 -1 -1 2371
11 -1 1 1 1 -1 1 1 -1 1 39.00
12 1 1 -1 1 -1 -1 -1 1 1 37.79
13 1 -1 -1 -1 1 1 1 -1 1 61.32

Y. FFSITRR SRR,

@ M58 . AR P-BD SER r Mr& RO IC s . W RN ENIE, MIKSFZE U3 2%
BEAE R B, UKz /b 02720 — RSB B E AP KO 0.1, RIS i B2 KN 0.05, 705
AT 5 A5, TR SLE T R M AR 3.

x3 ITMERBRELEIZITRER

Table 3 Climbing test design and results of bamboo powder stacking angle

i — e N
T a4 RO MEEe xn oxn x BOUERURG) R
1 050 0.5 030 38.92 21.04 050 0.5 030 39.67 19.52
2 0.40 0.25 0.40 48.49 4.50 0.45 0.20 0.35 41.53 15.75
3 0.30 0.35 0.50 57.95 17.57 0.40 0.25 0.40 49.32 5.20
4 0.20 0.45 0.60 - - 0.35 0.30 0.45 52.82 7.17
5 0.10 0.55 0.70 - - 0.30 0.35 0.50 57.27 16.19

YL —FORBARTER TR SR IR,

@) M 07 1 S5 . R FH Design Expert 3% {41 i) Box-Behnken 7772 (B-BD) #E4 70 b i L0 . 248655
R FRUFF 1 25 i/ N — AL S50 g e o7 TR S 30 TR AKCOP(EL, AR R S50 $UAE Design Expert 3504 A2
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B 2. 3. 4 LS5 R S BUEAE Ry v 1 TS5 5 1 45 7K E 2735 1368 0203 6
qzﬁo Xi -9.179 —4.589 0.025 2
2.3 MRy SE6 45 R 4 A R B AR EY = 0904 ~0452 - 0.601 ?
W \ , e X 13.927 6.963 0.011 1
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ME LAY &M X, X5, Xs i PH/NTF 0.000 1, 5 P-BD L5 R e 23, EARIISLE
S R HE R R b s S EI X XG B PR 0.010 4, XTHERUMA B E R, HAvsd B
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RiHED) CHL, AZHUE . (BATR-ITRNRSIESREL % 6 Box-Behnken ST [ IR R 5 2 4347
E/:J “Fﬂﬁj Eﬁﬂ E Eﬁﬂ éfﬁﬁ%'ﬁ*ﬁ‘[jj(g% ﬁ E/‘J ”I"ﬂﬂj EEH E EEH Table 6 ANOVA of modified model of Box-Behnken
RTBEMY , R UIT Ry A 453 TR 20 E 452 R BON HE AR ORI ¥r AME Y F P

FRIRZ IR LU TR - PR IR R B SER BER, iX L5 P- B 26587 9 2954 8660 <0.000 1
BD SCI 75 5 1558 — 5% X, 3822 1 3822 11204 <0.000 1
14 BB FIERIE X 10881 1 10881 31897  <0.0001

RN Design-Expert SPFWTRELH. a0 in 1 Uin Tl oo
PR 49.20°0F y BAR{EL, L —HS5LBRY MR oy, 186 1 186 545 0.0669
12 A RH O A R LA, BIPTR -TR IR R &R L XX 003 1 003 009 07769
X=0.44, Tr-AT R SR R AL X5=0.22, TTHi-AS XX, 049 1 0.49 144 02832
BB R X5=045, HAARRFESHRES X 7631 763 2236 00052
@B ST g 4 A, HDUE R H =033, B W) RER 6 064 1 064 188 02284
E=0.033 GPa, TTH3-r ¥ e 3 F B X,=0.4, A1 4 - ii@ L7 034
AEREEL R 03, M AgRmeaes 0 0 0 Y
A X=0.1, RIfAHE J~0.01 T-m R=0.9936, R,;’=0.9822, Cy=1.18, 4,=30.541

K _EABRE TR L S AL S AT R V. BHOX L X, X BTN SRR 1

A5 HE R R 48.06°, FHXFIR 22N 2.50%, REFE
A2 B LN s R 2 41 SE 8 B AR
(47.95°F1 48.52°), THINAS B Bl i Jm EATHRAIE, 43
I A5 3E R N 46.58°H11 46.65°, AH X1 2243 51N
2.86% 1 3.85% , it —E B T 2 A BYAEAT by FokiE
SHR R A B

3 ik
AR W) T ) 5 7 R B Wi RO A5 4 A )

BRI TR BERHEO 2 L S A 023 e 0
FHOS, Gk R RE ARG | SRR 2 1 R 10 Co 0% R
W, A S KRB T AR R Ko R
BURRPE A8 (AR K. AR SR ST b b2 g 11 B A5 AR XX AR
PSS o A K CRAR T 2%, BT LTS £ 1% Figure 5 Response surface of interaction term X, X;

T AR AR AR A 145 1 SE 56
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mm 238 28 <1 Pt O, M ESSRAE 0.15 mm 77 2 B9 POk R S Hm 3, AR A9 TH s ) e &
o, MFRMEEEM 0.12 J-m? B, PR SEEAETRF T ot 0 g 2 MBI R R T 0.85 B,
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A X A S 0 i 5 A TR I S BT R
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GPU 25 &40 .
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