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Measurement and analysis of peanuts’ restitution coefficient in
point-to-plate collision mode

LU Yong-guang'*, WU Nu', WANG Bing?, YU Zhao-yang®, LIN De-zhi'**, HU Zhi-chao®"
(1. School of Mechanical Engineering, Nantong University, Nantong 226019, China;

2. Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China)

Abstract In the view of lacking a collision model between peanuts and key parts of harvesting equipment and provide
an important reference in parameter setting for CFD-EDEM simulation, a restitution coefficient measuring device based
on kinematics was designed., and the restitution coefficient of peanut was measured and analyzed by experiment.
Research on the collision materials, the thickness of collision materials, the mass of peanut, the moisture content of
peanut, the falling height and the variety of peanut’s effect on the restitution coefficient of the peanuts of Silihong and
Baisha was conducted by a mixed orthogonal experiment based on the scheme of L (4* X 2°). The results show that
the most significant factor is the collision material, followed by the mass of peanut, the moisture content of peanut, the
falling height and the thickness of collision material,and the variety of peanut is the most insignificant factor. Under the
condition that the thickness of Q235 steel is 1 mm, the Baisha peanut’s moisture content is 17.5% , the falling height is
100 cm,and the mass of peanut is 1.3 g, the value of restitution coefficient reaches the maximum which is 0.426 7.
Under the same conditions except the mass of peanut is 2.5 g and the moisture content is 8. 3% , the max value of
restitution coefficient is 0.3909. This study provides important reference for designing and developing high performance
peanuts harvesting equipment.
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1. Camera tripod;2. Datum plane;3. Feeding hole;4. 45° inclined
plane; 5. Adjustable support;6. Sand box;7. Support foundation
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S1,S; and h;, hy are displacements in horizontal and vertical
directions with carton and without carton respective, mm; v, and vy
are velocities in horizontal and vertical directions, which are
calculated from formula (2).
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Fig. 1 Principle schematic of restitution coefficient

measuring device
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Table 1 Factors and levels of orthogonal experiment

K A il 488 A1 R} B, Ty & /em  C, 30 i /g D. &K%/ % E.MBUEE /mm  F, 35 5
Level Collision material Drop height Mass of peanut Moisture content ~ Material thickness Variety
1 8w 120 1.3 8.3 1 =k
2 ERE 100 1.7 17.5 5 DUk £
3 Q235 80 2.1 28.4
4 A HLBE 64 2.5 35.9
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Table 2 Scheme and results of test design

- A, filf 1% B;T‘*‘@ C, 3R Dk E,H‘%F'Jr F. et _— KOV B W % C
Test R s Pt Moisture P i Null o/ (m/s) v/ (m/s) Restitution
No. Collision  Falling ~ Mass of content Material Variety of column Horizontal Vertical coetficient

material height peanut thickness  peanut velocity velocity
1 1 1 1 1 1 1 1 2.230 3 1. 245 2 0.203 1
2 1 2 2 2 1 2 2 2.449 3 1.328 9 0.2531
3 1 3 3 3 2 1 2 1.518 8 0.380 9 0.287 4
4 1 4 4 4 2 2 1 1.212 0 0.165 4 0.295 5
S 2 1 2 3 2 2 1 2.999 1 1.793 8 0.248 5
6 2 2 1 4 2 1 2 3.723 4 2.7250 0.225 5
7 2 3 4 1 1 2 2 6.652 1 4.985 3 0.421 0
8 2 4 3 2 1 1 1 1.827 7 0.593 6 0.348 4
9 3 1 3 4 1 2 2 3.858 4 2.441 0 0.290 4
10 3 2 4 3 1 1 1 7.085 4 5.106 0 0.447 1
11 3 3 1 2 2 2 1 2.707 3 1.113 1 0.402 6
12 3 4 2 1 2 1 2 3.030 0 1. 406 2 0.458 5
13 4 1 4 2 2 1 2 2.557 1 0.772 9 0.367 9
14 4 2 3 1 2 2 1 1.879 8 0.308 9 0.354 8
15 4 3 2 4 1 1 1 2.024 6 1.078 4 0.2390
16 4 4 1 3 1 2 2 2.2610 1.370 3 0.251 5
K, 1.039 1 1.109 9 1.082 7 1.437 4 1.226 7 1.288 4 1.2695
K, 1.243 4 1.280 5 1.990 0 1.372 0 1.320 3 1.258 7 1.277 6
K; 1.5985 1.3498 1.2810 1.234 5
K, 1.213 1 1.353 9 1.531 4 1. 050 4
k) 0.259 8 0.277 5 0.270 7 0.359 3 0.306 7 0.3221 0.317 4
k; 0.310 9 0.320 1 0.299 8 0.343 0 0.330 1 0.314 7 0.31914
k; 0.399 6 0.337 5 0.320 3 0.308 6
ky 0.303 3 0.338 5 0.382 9 0.262 6
R 0.139 9 0.061 0 0.112 2 0.096 8 0.023 4 0.007 4 0.002 0
= HE51 A>C>D>B>E>F

Order of factors

T Ko~ Ko ki~ kg 50501378 % B % KT SRR S 2 RO B0 800 B B AN B0~ 2 0 s R DA 22

Note: K1 ~ K, .,k ~Fk, is refers to average of the restitution coefficient; R is range.
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Table 3 ANOVA and significance tests of restitution coefficient

22 515 B2 H ¥or F {4 Ik 1B WEMN P
Source Sum of squared deviations DOF Variance F value F critical-value Significance
B8 A R A 0.041 3 0.014 853. 659 Fo5(3,1)=215.71 M
F¥%®E B 0.010 3 0.003 202.018 Fo o5 (1,1)=161.45
FERPiE C 0.027 3 0. 009 561.071 F,.,(3,1)=53.59 x
HIKE D 0.022 3 0. 007 454.092 Fo,(1,1)=39. 86 x
MR E 0.002 1 0. 002 135. 888 Fo 02 (3,1)=864. 2
WA F 0. 000 1 0. 000 13.726 Fo s (1,1)=1647. 8
R e 1.612X10°° 1 1.612X10°
Mt Total 1.725 16

R4 AMEMHNERZKEER

Table 4 Results of single factor experiment of collision material

ARERE KRR BEAMRE KEaAE RESME KESEE BEHEE

RN 8 W2 Z=EC.
. 1B S, /cm hy/cm S, /cm h,/cm v, /(m/s) v, /(m/s)
Test o Restitution
Collision  Horizontal Vertical Horizontal Vertical Horizontal Vertical
No. coefficient
material  displacement displacement displacement displacement velocity velocity
1 g 34.8 28 53.6 56 1.958 4 0.705 1 0.283 1
2 BE4E 41.2 28 61.3 56 2.0519 0.410 6 0.370 7
3 Q235 45.6 28 69.7 56 2.496 9 0.638 3 0.419 8
4 ALY RS 37.6 28 57.8 56 2.101 3 0.688 0 0.316 9

R AR AR N 1 mm, PSR 100 em, JERGARR 17. 5%, R 2.5 ¢, A AV . S1.So Ml hyshe 203U A 4R
FE RGN A6 A FE LT 35 7 s BRI 4 A A KT RN B B8, mm, R R R,
Note: Falling height is 100 em.moisture content is 17. 5% ,mass is 2. 5 g, variety is Baisha;S;,Ss and h; ,hs are displacements in horizontal

and vertical directions with carton and without carton respectively, mm,the same below.

x5 EREAXRBRFZHABER

Table 5 Results of single factor experiment of moisture content of peanuts

FORAHE KPaE RESUE KFAME BESGE KPEoEE BHEE

5 WA Z 5 C.
. w/ % S, /cm h,/cm S, /cm h,/cm v, /(m/s) v,/(m/s)
Test Restitution
Moisture Horizontal Vertical Horizontal Vertical Horizontal Vertical
No. ) ) ) ) coefficient
content displacement  displacement displacement displacement velocity velocity
1 8.3 42.5 28 70. 1 56 3.107 7 1.377 3 0.390 9
2 11.6 41.3 28 69. 2 56 3.227 0 1.560 7 0.376 4
3 17.5 40. 2 28 68. 3 56 3.340 4 1.737 0 0.362 3
4 22.6 39.6 28 66.0 56 3.024 5 1.497 0 0.345 0
5 28. 4 36.8 28 64.1 56 3.444 2 2.097 0 0.304 3

6 35.9 33.2 28 51.6 56 1.930 6 0.785 6 0.258 6
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Table 6 Results of single factor experiment of mass of peanuts
Lo FER R KEAE BREHSNVE KFSME  REHSME KFESEE REHAOME  KE R
i 56 21 . . L
T m/g S, /cm hy/cm S, /cm h,/cm v, /(m/s) v, /(m/s) Restitution
est
N Mass of Horizontal Vertical Horizontal Vertical Horizontal Vertical coefficient
o.
peanut  displacement displacement displacement  displacement velocity velocity C.
1 1.3 46. 2 28 70.0 56 2.452 2 0.563 0 0.426 7
2 1.7 44,3 28 67.5 56 2.398 7 6.111 6 0.403 8
3 2.1 40. 8 28 63.8 56 2.426 1 0.841 0 0.358 1
4 2.5 39.0 28 59.8 56 2.1597 0.665 7 0.337 5
5 2.8 37.5 28 57.4 56 2.063 8 0. 650 6 0.319 2
6 3.2 36. 2 28 54.3 56 1.854 7 0.478 2 0.310 9
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Table 7 Results of single factor experiment of restitution coefficient
ES K Level
Factors 1 2 3 4
F 7% )% Falling height 0.332 5 0.328 9 0.319 0 0.302 5
##HE EF Material thickness 0,397 9 0.403 6 0.411 2 0.420 8
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Fig. 2 Effect of mass (a) .moisture content (b) .falling height (c) .

material thickness (d) on restitution coefficient of peanuts
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