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Calibration and Experiment of Discrete Element Model
Parameters for Tea Stem
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Abstract: In response to the ambiguous understanding of the interaction mechanism between mechanical
components and tea stem with the imprecision of tea stem model in the harvesting process of famous tea,
focusing on tea stem, a novel approach termed binding enhancement was proposed to establish a three-
layer discrete element simulation model for tea stem. The maximum shear force was used as the evaluation
index with the factors of the normal contact stiffness of the xylem—xylem, the tangential contact stiffness of
the xylem—xylem, and the bonding radius. The Plackett — Burman experimental design was used to select
the significant influencing factors on the maximum shear force. The calibration range of significant
parameters was narrowed down by the steepest climbing test, and the optimal combination of two models
was further obtained through Box — Behnken test and variance analysis. Subsequently, the calibrated
parameters were utilized to construct comprehensive models for tensile and puncture simulations, which
was systematically compared and analyzed against corresponding physical experiments. The results
indicated that the xylem —xylem normal contact stiffness, xylem tangential contact stiffness and bond
radius had a significantly effect on the mechanical properties of the stem. The optimal combination was
determined to be 3.447 x 10" N/m’, 3.536 x 10" N/m’, and 4.404 x 10 > mm, respectively. The
tensile and puncture verification experiments displayed relative errors not exceeding 3% , and the trend in
stem force variation demonstrated substantial consistency. These results underscored the feasibility and
accuracy of the calibrated and optimized parameters, thereby laying a solid theoretical foundation for
numerical simulation studies pertaining to tea stem system.
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Fig.1 Schematics of sampling location and
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Tab.1 Biomechanical characteristics of tea stem N
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Tab.2 Contact parameters of tea stems
A ZEFF A Rh
k108 et 43 i1 S
WA R 0.31 0.33 0.35  0.33

e fub 28 FIME

ARZEFF- N
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8 RENEEENEL  0.46 0.42  0.47 0.45
e WA ZEC 0.45  0.51 0.56  0.51
IREF- o

WREERERRL 072 0.76  0.74  0.74
Q235 AR
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PR AT SN E RIS X, X F X, R T B BE e g, A
(Nom~) o SHENFIBE B TACT JREMGRINE 6 IR
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.7612 a
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Tab.4 Two level factorial experimental plan and results
F5ES

B : F,./N F! /N
%ﬁ Xl XZ X3 X4 XS Xﬁ X7 X8 X9 XIO X]l X12 X13EZX1’3

1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 2.72 2.86
2 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 4.13 5.57
3 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 2.40 2.19
4 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 2.16 2.31
5 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 4.72 5.22
6 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 4. 66 5.39
7 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 2.64 2.76
8 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 2.25 2.37
9 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 4.39 4.93
10 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 2.23 2.28
11 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 2.55 2.52
z -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 2.49 2.56
13 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 4.82 6.75
4 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 2.68 2.84
15 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 4.8 6.53
16 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 4.24 4.74
17 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 4.34 4.75
18 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 4.41 5.26
9 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 4.08 5.44
20 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 2.09 2.04
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Tab.5 Analysis of variance in two-level factorial experiments
TERR o B ThMF p 7 T amE eem F p
15 21.779 13 1.675 74.857  <0.0001* || A&7 48.314 13 3.717 19.358  0.0008*
X, 0. 003 1 0. 003 0.129 0.732 || X, 0.028 1 0.028 0. 147 0.715
X, 0. 039 1 0.039 1.73 0.236 || X, 0. 063 1 0. 064 0.333 0.585
X, 20.767 1 20.767  927.937  <0.0001* || X; 44. 491 1 4.42 231736 <0.0001*
X, 0.0003 1 0.0003 0.014 0.909 || X, 0. 180 1 0.179 0.93 0.372
X; 0.011 1 0.011 0.473 0.517 X; 0.515 1 0.515 2,684 0.153
Xe 0.323 1 0.323 14.414 0,000 || X 0.496 1 0.496 2,584 0.008 ™
X, 0. 007 1 0.007 0.323 0.591 X, 0. 066 1 0. 066 0.344 0.579
Xq 0. 007 1 0.007 0.323 0.591 Xg 0. 489 1 0.490 2.551 0.161
X, 0. 037 1 0.037 1. 652 0.246 || X, 0.588 1 0.588 3. 064 0.131
Xy 0. 030 1 0.030 1.359 0.288 || Xpo 0. 086 1 0. 086 0. 447 0.529
X, 0.022 1 0.022 0.973 0.362 | X 0.078 1 0.078 0. 407 0.547
X, 0.015 1 0.015 0.652 0.450 || Xy 0.017 1 0.017 0.091 0.774
X 0.518 1 0.518 23164 0.003™ || X3 1.215 1 1.215 6.330 0.046
B2 0.130 6 0.022 3= 1.152 6 0.192

T s FRZEFMEE(P<0.01), = F/REFEFE(0.01 <P<0.05), F,

*6 EERHEREAREER
Tab.6 The steepest climbing test plan and results

M Froa/ Fra/
3= x5/ xg/ x5/ X153/ )
N N
(N'm™3) (N.m™%) mm mm
1 3.0x10" 3.0x10" 4.40x107° 1.10x10™* 2.48 2.62
2 3.6xI10" 3.6x10" 4.44x107° 1.11x107* 295 2.9
3 4.2x10" 4.2x10" 4.48x107° 1.12x107* 3.21 3.38
4 4.8x10" 4.8x10" 4.52x107° 1.13x10™* 3.45 3.98
5 54x10" 54x10" 4.56x107° 1L14x107* 3.72 4.70
6 6.0xI10" 6.0x10" 460x107° 1.15x107* 4.59 5.21
Fx7 MEHEREARSER
Tab.7 Response surface test plan and results
75 ks - Fo/N  FLu/N
X} X() X13§ZX{3
1 1 1 2.98 3.06
2 0 0 2.95 3.03
3 -1 -1 0 2.53 2.25
4 1 -1 0 3.53 3.68
5 0 1 -1 2.87 2.94
6 -1 1 0 2.45 2.39
7 1 0 -1 3.32 3.28
8 1 1 0 3.21 3.35
9 1 0 1 3.45 3.49
10 0 0 0 2.95 3.03
11 0 0 0 2.95 3.03
12 -1 0 -1 2.43 2.44
13 0 -1 1 3.05 3.20
14 0 -1 -1 2.99 2.96
15 -1 0 1 2.50 2.54
i A 2R AT 7 22 00 M, AR R 8 Fan B

RIPEE 2B RPN 0. 992, BG4 80 i 3 AL 2R
PITAS 52, NA7 A HoAth, 32 22 P R 58 iz 4 56 174 i)
IO AH 5 X, T X X BY U1 1 52 mpl i 2% (P <0.01) ,X,,
B XA (P <0.05)  X2H0 X2, 5% X2 M 38 HAE

AR (P >0.05) , AR B 7538 500 1%
1145 PR 38 38 ELAE FXT S5 KB Y 753 v 1) i 7 167 €T
mE s Fiw,

GieE R Y Y i b N R VAT SARZS 5 S R VAT
FEL) 1) DA 2 7 T A0 ] S S T, 24 BRLAS T R
el W BEAN AR 5 5] 7 B A B TR DD [ D1 R
BTG TN 5 >4 B AR ) ) I BE AR B, 5 1) g B
B THTRR ] W BE 3G KB G, B T AR P[]
WO 82 361 i, BELAS T R 3 i) DI ARG 285 21 A48 1) i i
M an &l 5b Se Frow , 4 5L R ) NI EEAS AR B
BTU) 77 BfRG 45 A8 18 G T W s 2R G 2 A AN AR
it BB 7 i o7 1 R 3k 1) O R R K N
AL TR RR [ W B2 [ 22 BsF, BRLASE T R[] M RS
G2 By o 17 AN Se St 24 B T AR
] W BE NS BF BT BEORG 45 1 A8 3G R i K 5 >4
KGR ANAE IS, By g bl B0 TR BT [ W 2 3 K
BRI,

5.6 RILSHAESRIE

DA ZEFF 52 PR K BT V) 7 AR, X 406 Y
Ty FEUEATER(ELR A, 75 2 P05 A I 35k S e A
AN BT TRV IR BE 2,k 3. 447 x 10" N/m’,
BN AR A W BE x, A 3.536 x 10" N/m® | KliZh 2
1 x50 4. 404 x 10 7> mm CRG S5 34 3BTRS ) 5 B0 TH
TR M NIEE 2,8 3.721 x 10" N/m® B4 i AR 7]
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Tab.8 Response surface analysis of variance
R T v » T T v p

T 0. 190 9 147.180  <0.000 1 ** || 1% 0. 260 9 70. 494 <0.000 1 *
X, 1. 620 1 1260.700  <0.0001™ || X; 2. 080 1 572.435  <0.0001 *
X 0. 044 1 33. 862 0. 002 ** X 0.038 1 10. 402 0.023*
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Tab.9 Relative error between two models

and actual experiments %
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