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Design and Simulation Experiments of Reciprocating Cutting
Tuber Removal Device for Ophiopogon japonicus

ZHANG Bowen LI Aichao ZHENG Zhian SUN Dongyu WU Min
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract. Ophiopogon japonicus is a major variety of traditional Chinese medicinal herbs, which mainly
cultivated in Sichuan Province and Zhejiang Province, and the medicinal part of it is the tuberous root
normally barrier underground. Focusing on the labor intensive process of manually removing the tuberous
root from Ophiopogon japonicus, as well as the lack of mature mechanical tuberous root removal devices,
a tuberous root removal device was specifically designed for Ophiopogon japonicus from Sichuan Province.
The device utilized two sets of step type reciprocating cutters, a set of conveying clamping belt, a caliper,
and a rack structure. By considering the requirements of the tuberous root of the Ophiopogon japonicus
harvesting and measuring the plants’ physical parameters, parameters such as overall structure
dimensions, caliper interstices, conveying speed, cutting intervals and reciprocating stroke can be
determined. The rigid-fliexible coupling simulation analysis between the Ophiopogon japonicus and the
tuberous root removal tool was conducted by using ADAMS software. The cutting effect was simulated
under the condition of the contact force between the cutting edge and the Ophiopogon japonicus plants
exceeded the peak cutting force. The Felx module in ADAMS/view was used to apply flexible treatment
to the Ophiopogon japonicus plants, and the changing rules in contact force and plant deformation during
the contact collision process was analyzed. Choosing cutting speed, cutting inclination angle and cutting
tool configuration as three factors to design a three level orthogonal test. The order of importance for

factors affecting cutting effects was as follows: cutting inclination angle, cutting speed, and cutting tool
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configuration. Cutting speed was significantly correlated with the type of cutting tools. When proceeding

high-speed cutting, the peak cutting force generated by the straight-tooth blade tool was greater than that

of the other two configurations. Considering the principle of cutting stability reliability, cutting force and

tool configuration minimization comprehensively, the optimized solution was carried out: the optimal

working parameters was determined as cutting speed of 0. 41 m/s, cutting inclination angle of 0. 3° and a

cutting tool configuration of a triangular smooth-edge blade. Verified by simulation, this device had

rational structure parameter and met the technical requirements for the harvest of Ophiopogon japonicus

tuber, providing a theoretical and experimental references for the further optimization design of

mechanical devices.

Key words: Ophiopogon japonicus; tuber removal device; reciprocating; simulation analysis; ADAMS
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Tab.1 Physical parameters of Radix ophiopogonicus

S HAH
PR B AR/ mm 10.61 £2.16
R K B /mm 24.57 +7.74
bk PR AR 157
R B/ mm 47.40 £7.99
RS0 A B A2 (3248)5 ) /mm 130. 00 +25. 82
ZE KB/ mm 27.30 £2. 16

M B B/ mm
MR &/ mm
VI J1/N

200. 00 +34.20
127. 80 £20. 14
35.13 £5.69
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Fig.2  Complete structure of Ophiopogon fruit

cutting test bench
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Tab.2 Structural design parameters
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Reciprocating cutter
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Tab.3 Model material parameters
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Fig.7 Contact collision model
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Tab.4 Horizontal coding of experiment factors
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Tab.5 Experimental design scheme and results

A H#E WY1
=3 %, X, X 41/N
1 -1 -1 0 31.1
2 1 -1 0 110.0
3 -1 1 0 140.5
4 1 1 0 184. 4
5 -1 0 -1 52.3
6 1 0 -1 224.0
7 -1 0 1 173.9
8 1 0 1 183.0
9 0 -1 -1 56.2
10 0 1 -1 163.8
11 0 -1 1 55.1
12 0 1 1 143.0
13 0 0 0 75.4
14 0 0 0 60. 5
15 0 0 0 80.3
16 0 0 0 54.9
17 0 0 0 85.2
R6 FEDW
Tab.6 Analysis of variance
JrEFRWE P BBE ¥yor F P
FER 54 072. 49 9 6008.05 17.32  0.0005
A 11521.62 1 11521.62 33.22 0. 000 7
B 17 983. 56 1 17983.56 51.86 0. 000 2
C 10 430.71 1 10430.71 11.24 0.0319
AB 306. 25 1 306. 25 0. 88 0.378 6
AC 6 609. 69 1 6 609. 69 19. 06 0.003 3
BC 97.02 1 97.02 0.28 0.6132
A? 10 319.97 1 10319.97 29.76 0.001 0
B? 76. 68 1 76. 68 0.22 0.6525
c? 5931.32 1 5931.32 17.10 0.004 4
E=Zi7e01 1 750. 89 3 583. 63 3.45 0.1313

2 P<0.01 I, R MR 3, 2 0. 01 <P <0.05 i, &R
PR E N

C'Hy P {HY/NT 0.01, 22 M 3%, — K3 C /M T
0.05, 25 8% ZHIAC () P H/NF 0.01, % 5%
e %, AR AB (BC \B* WK &g 2, 181 )3 )5 # o,
FUR R R BT T 5 M B2 PR A 5 A 5 ) 3
ao (8] 5 75 AR AR I E R B NR I R B A )
E) ] B

FALDRLR XTI g B B me an 1 11 fi R ) R
1 TN SF- ) A AR 4 IR T LA B
Sy TR e (B D) E) ) R ) 2 Y, BE 1
R 1) S, W U0 Se b/ BB K DRI A S
DIE S 2 B0 E AR SC . B 1e I, 24 J) H Al Y
VR SRy 5 i PR 28 B, X6 B8 B R AT 4 A, M VDR S
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Fig. 12 Response surface diagrams of interaction effect on cutting force
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Tab.7 Comparison of optimized results and

validated results

\ S b1E /N
R ——
YIRS brE . . .
75 TIHAGREL e R R
(mes™") /(%)
1 0.574 0.18 =MK% 50 48.89 1.11

2 0.410 0.30 =A™ 50 51.23  1.23

4 g

(1) &5 & A & R AR L EOR M 1228
DA BN T4t 2R 04 S BE 2 i, it 1 — I 22 &
SR R e B, 2l ok el A 2 ()
H A BROR & AR AR, B E T OB AL SE



T2

TGS 2 22 & AR ORISR B BT S ) B 89

600 mm x 500 mm x 750 mm. Y] ¥ 17 & K
37.55 mm Y)HI ] B 2 mm | BRR 5 20 AR D) BR A
5mm DLW ATEE R 0.3 m/s, 8589 %5, gt 3¢
A A R R

(2) Xt A 52 2RI 28 DL K i i Je Ky 64T T 56
HEEERM S BN BT, R PR SR 5 00 M 5 e Rl v 2
AHREARIEAT T 28 AL 29 3 B 5] 5 A4 B 58 1 1)
H T AL U050 % 4 1 B DD RE A e 2 AN R
P AR AT SR A I R R SR X U) R E aE
T T B2 br , B e D) RI B 0.4 ~0.8 m/s
I, B % 76 DR UE D) 1 85 19 ) 3 PR E 22 ML 1Y Fa

PR R 2 Ak

(3) Ha 17 2 2 A R AR R 4 G B T A7 11 DI 22 S
o AR T e 2 W R AL B . T HES
R[] 9 42 ik 03 A R PEAR S8 b, e 1 DD B (Y)
FI A T 2R RG] F 05 R 32 OO 2 I
i ff ODE R T A AL, 3 Hr T U0 R R S ) A
¥y U 8] 9 22 HAFE A, 32 F Design-Expert 8. 0. 6 Trial
B SR A, A A R B R A Sy U
0.41 m/s U HI i F1 0. 3° J] H AL Ry = £ 56 71 Bl
I, P& R 50 NI HEAT T 05 B I Bk, 45 R R
B I 22 A IR FOR R

2 £ x #t

(1] HERAME R hie NRIEAE 258 (—8) [ M. dbnt op E B 25 R et 2020155,
(2] Zearz 20t Al , 5. 1| 22 2 25060 B 55 G b i e BB AT 4 (] 7Pl 25,2023 ,45(2) 1641 - 646.
[3] XU, VG, R, 4. 3 T MO R AE W 77 22 2 RN 77 22 2 00 20000 PR 2R L8 4r A [0 ). b B2, 2021,52(6)

1765 - 1771.

LIU Kaohua, TANG Shiyi, ZHAO Luying, et al. Principal component and cluster comparative analysis of Ophiopogonis radix

from Zhejiang and Sichuan Provinces based on their morphological character[ J]. Chinese Traditional and Herbal Drugs, 2021,

52(6):1765 - 1771. (in Chinese)

[4] Z& 9K W0, CHAYANIS S, 55, 2 & R 25 pF KR ot 0 Mok S e i oR [ 1] Hh B 24,2022 ,53(24) :7905 - 7914.
MENG Qian, ZHANG Hang, CHAYANIS S, et al. Characterization and microscopic identification of Ophiopogonis radix and its
adulterants[ J]. Chinese Traditional and Herbal Drugs, 2022,53(24) :7905 —7914. (in Chinese)

[5] BT, PR X545 ZLBIUMAAE@ET]. il 54H0,2022(4) :46 -47.

[6] MPrfe. —Rh LM EIL:211153742U0[ P]. 2020 - 08 - 04.
(7] B, 5 22 4 R AL .204377463U P]. 2015 - 06 — 10.

[8] EAA. —MELHNIHRENL.213343397U[ P]. 2021 - 06 — 04.
[9] ZEWM. —F— X ELMRHL:114667848A[ P]. 2022 — 06 — 28.

[10] 2R, ZAHFEHL.203327564U[P]. 2013 —12 - 11.

[11] ZEWhk. —Fh 2 &R L .214592953U0[ P]. 2021 - 11 - 05.
[12] ZHANG Y, FU Z, LIU H. Flexible body grasping simulation in ADAMS[ C] // Trans. Tech. Publications, 2014 509 -512.
[13]  #b#7, Wiskot, £ 2R ASHLIH G52 2 05 K 53U [ 1] RO AL 41,2018 ,49 (3 1)) 221 - 226.
DU Zhe, HU Yongguang, WANG Sheng. Simulation and experiment of reciprocating cutter kinematic of portable tea picking
machine[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49 ( Supp. ) :221 —=226. (in Chinese)
[14] Rk, 2558 , 246, 4. Raska R PLIE sh U Fp e it 5l s [T ] R AUMAA 42,2023 ,54 (1) 1137 - 145.
HOU Jialin, LI Chao, LOU Wei, et al. Design and test of floating clamping device for garlic combine harvester [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2023 ,54 (1) ;137 —145. (iin Chinese)
[15]  JENS, BRWG , TE/NE 45 8 L) 0  3l Jp 2  B SR8 [ ] AR HLBR A 47,2017 ,48(2) 1110 - 116.

SHI Yinyan, CHEN Man, WANG Xiaochan, et al. Dynamic simulation and experiments on Ariemisia selengensis orderly

harvester cutter[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2017,48(2) :110 — 116. (in Chinese)
[16]  srdsg, B2 ms B804 1, 55, (R 2 U015 B A VA NI 2R G 05 B R A e [ 7). T 5 b I R Mk BF 5%, 2018,36 (3) -

292 -296.

SHI Zenglu, TANG Xuepeng, YAN Jinshan, et al. Rigid-flexible coupling simulation and analysis of sway ring mechanism in

reciprocating cutting device[ J]. Agricultural Research in the Arid Areas, 2018,36(3) :292 —296. (in Chinese)

[17] AR, A3 4, 5K KA, 55 1) H ZE00HI 46 & i S50 B [T ], h B AR HLAL %41 ,2017,38(12) 11 -3,29.

ZHENG Yongdong,CEN Haitang,ZHANG Tianfang, et al. Research progress of domestic and foreign TMR feeding technologies
and mixers[ J]. Journal of Chinese Agricultural Mechanization,2017,38(12) :1 —3,29. (in Chinese)

(18] T3, 8, MM, 55, 454 3 Bk 2 /)Ll SR 8 28 B 500 580 [ T]. A0l MU= 4 ,2021,52(9) 1124 - 133.
YU Yingjie, WANG Jian, LAl Qinghui, et al. Design and experiment of hand-held vibrating comb-type Coffea arabica L.
harvester[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,52(9) :124 —133. (in Chinese)

(197 Ariphide, 55240, X0 B, 55 RIS WML REEVERINLEL T 5 SBURALLT ] AL 2023 ,54(6) ;104 - 113.

JIN Chenggian, QI Yandong,LIU Gangwei,et al. Mechanism analysis and parameter optimization of soybean combine harvester
reel[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023,54(6) ;104 = 113. (in Chinese)



90

PSS A1 M | = O 14 2023 4

[20]

[21]

[22]

[23]

[25]

[26]

[27]

FARE AR MR AR A A A A AR D) R R B AR SR SB[ T] . P E R LA A4, 2023 ,44(2) 137 - 45.

WANG Jia,LI Shaobo,CHEN Chunhao,et al. Optimization and test of operating parameters of grape stem cutting device[ J].
Journal of Chinese Agricultural Mechanization, 2023 ,44(2) ;37 —45. (in Chinese)

R K BH R T I8 , 55 S LA B0 4R U0 030 R B B il ik it [T] . b R R HLAL 7 4k ,2018,39(8) 19 ~ 16.

SHU Yu,GENG Xiaoyang,SONG Yuepeng,et al. Design of saw-cutting apple pruning machine with clamping mechanism[ J].
Journal of Chinese Agricultural Mechanization, 2018,39(8) :9 —16. (in Chinese)

iR, 5 B AR A7 AR AL S5 U FI R e s 1 i B S5 S [T ] RO MU 24,2014 ,45(8) 272 - 79.

QIU Shujin,GUO Yuming, ZHENG Decong. Dynamic simulation of disc saw cutter system of Caragana korshinskii harvester
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(8) :72 —79. (in Chinese)
EIRA, T A Wred i, 5. S B m e A A R W Bt 5 [T ] O LA %4 i ,2022,53(10) ;184 - 193.
WANG Rongyan, YU Huishuang, CHEN Andi,et al. Design and test of pneumatic flipping comb-type chrysanthemum picking
device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(10) :184 —193. (in Chinese)

Rtise , % T A =X B TR B W S U0 12 S 1A P S S B A LT ] b ER HLAL =4, 2023 ,44(3) 241 - 48.

LU Liang, TU Yu. Kinetics research and parameter optimization of the whole-rod giant Juncao double-disc cutting device[ J].
Journal of Chinese Agricultural Mechanization, 2023 ,44(3) :41 —48. (in Chinese)

S B R AMG. AR AR 22 FF V) BB e 5 J7 A S ke 3 A [T ] Rl WL 27 41 ,2022,53(6) : 1 - 20.

WU Kun,SONG Yuepeng. Research progress analysis of crop stalk cutting theory and method[ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2022,53(6) :1 —20. (in Chinese)

fRIGE Je , JUTK , EAER, 4. L ROBCGRALIERE 1 8T FE DI R4 B it 5K [ T]. gl AU 24 ,2022,53(5) <112 - 124,

HUAN Xiaolong, YOU Yong, WANG Decheng,et al. Design and experiment of rotary cutter disc type flat stubble cutting device
for king grass harvester[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(5):112 - 124. (in
Chinese)

XV, B /ANE S, A SRS ORI T Gt SR IR [T ] ARk ML A4 it ,2020,51(8) :83 - 88,135,

LIU Wei, HUANG Xiaomao,MA Li'na,et al. Design and experiment of special header of oil sunflower combine harvester[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2020,51(8) ;83 —88,135. (in Chinese)

(L#E% 80 M)

[21]

[22]

[23]

[25]

JE PR, 25 0 7 W R A A R D) DN RO B S i WS [T b B AR LA 24,2016 ,37 (1) 122 - 25.

ZHOU Jianyang, LI Shangping, PAN Yuchen, et al. Study on the effect of soil cutting on quality of cutting sugarcane[ J]. Journal
of Chinese Agricultural Mechanization,2016,37(1) :22 —25. (in Chinese)

T T, B, 2 PRSI SR R S B 58 [T ] Al AU A 4 ,2021,52(10) 196 -202,290.
DING Ning, LI Haitao, YAN An, et al. Optimization and experiment on straw multi-stage continuous cold roll forming for
molding parameters| J |. Transactions of the Chinese Society for Agricultural Machinery,2021,52(10):196 — 202, 290. (in
Chinese)

BKE, Lot , 7 BT, 5. AR MEZBORIL T 550 [ T]. Rl AL A% iz , 2023 ,54(3) :126 - 138.

LIAO Qingxi, WANG Qianxiang, WAN Xingyu, et al. Design and experiment of self-propelled rapeseed stalks harvester[ J].
Transactions of the Chinese Society for Agricultural Machinery,2023,54(3) :126 - 138. (in Chinese)

EAAYL, TS, WA R, & R AR KR BRI S 2 R R 5 IR [T ] R ML ,2022,53(3) 1126 - 137.
WANG Bokai,ZHANG Peng,CAO Mingzhu, et al. Design and experiment of pneumatic conveying device for seedlings of peanut
harvester[ J ] . Transactions of the Chinese Society for Agricultural Machinery,2022,53(3) :126 - 137. (in Chinese)

X5 A T ek A BRSO ML D) B BB S [ T] . ARO AL A% 4 ,2018,49(9) 190 - 95.

LIU Fangjian, YANG Xuejun, FANG Xianfa, et al. Design and experiment of chopper device in sugarcane harvester [ ] ].
Transactions of the Chinese Society for Agricultural Machinery,2018,49(9) :90 —95. (in Chinese)



