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Design and Experiment of Operation Machine for Filming and
Covering Soil on Tiny Ridges

DAI Fei' SONG Xuefeng' ZHAO Wuyun' WEI Wancheng' ZHANG Fengwei' MA Haijun’
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Abstract; For further integration agronomic requirement of planting technique of tiny ridges surface with
whole film covering in dry land, in order to meet the requirements of mechanical high performance
construction seedbed of whole plastic-film mulching on tiny ridges, a combined operation machine was
designed, which synchronously realized institutional operation once such as ridging, filming and covering
soil on tiny ridges. Based on the prototype, the important working parts such as the driving system,
covering soil system and ridge shaping-pressing device were designed. According to the requirements of
related operation performance, the key working parameters such as the amount of soil covered on plastic-
film mulching seedbed and the velocity of scraper type soil lifting device were analyzed, and the
composition of test factors and their value range were determined. Response surface analysis was applied
to optimize working parameters of the operation machine. Parameters such as the operation machine
speed, the velocity of scraper type soil lifting device and the inclination angle of covering device were
selected as independent variables, which would influence qualified rate of seedbed construction. The
mathematical model was established, and then the effects of various parameters and their interactions were
analyzed as well. The effects order of three parameters on qualified rate of seedbed construction was
obtained. The optimal working parameters of operation machine were operation machine speed of 0.71 m/s,
the velocity of scraper type soil lifting device of 0. 50 m/s and the inclination angle of covering device of

68°. Confirmatory tests showed that the average value of qualified rate of seedbed construction was
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95.6% , compared with before the optimization it was promoted significantly. Application of discrete

element method to simulate the dynamic operation process of elevating, conveying and covering soil under

the condition of optimal parameters of operation machine. The simulation result was consistent with the

field test conditions, which showed that the machine optimization operation parameters calculation was

accurate and reliable.

Key words: tiny ridges; filming and covering soil; combined operation machine; discrete element

method ; parameters optimization
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Fig. 1  Structure diagram of operation machine for filming and covering soil on tiny ridges
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Tab.1 Main technical parameters of operation machine

E ¥ BE
PR (K x5 x &) /(mm xmm xmm) 1500 x 1500 x900
L& 5 f1/kW 22
L kg 246
fENy B/ (km-h ") 1.80 ~3.24
A=/ (hm?-h™h) 0.22 ~0.36
Jié B IR/ mm 100 ~ 120
AL 22 5 /mm 30 ~40
L2 8 BE/mm 315 ~325
B L8/ mm 75 ~85
B AR/ mm 20 ~ 30
SR S T i BB Bl 53 8/ (mmem =) <50
FE 3 40 B FE B/ mm 1200
FE 3 40 R B/ mm =0.01
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Fig. 6 Schematics of operation process of scraper type

soil lifting device
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Fig.7 Composition of ridge shaping-pressing mechanism
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Tab.2 Coding of test factors

M %
AR R B A A E i

Hig AL PLAT

HUEE x /(mes™h) HUE xy/(mes™h) %3/ ()
-1 0.5 0.28 42
0 0.7 0.39 55
1 0.9 0.50 68

4 RBRERSHH

4.1 EARAEBEISKHE

I A RN 3 FroR X, X, X, IR S,
Tl 28 3B IR 1 JK 5 A b WL A o PR R S 5 8 3T 3
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Tab.3 Results of response surface analysis

P ] X, X, X, Y/%
1 -1 -1 0 78.6
2 -1 0 1 83.2
3 0 1 -1 90. 6
4 -1 0 -1 84.9
5 0 0 0 86. 1
6 0 1 1 92.2
7 0 -1 -1 89.6
8 1 0 -1 75.5
9 1 0 1 76.3
10 1 -1 0 65.8
11 1 1 0 83.4
12 0 0 0 85.3
13 0 0 0 81.6
14 0 0 0 85.7
15 -1 1 0 81.9
16 0 -1 1 71.2
17 0 0 0 88. 8
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Tab.4 Variance analysis of regression equation

R FHM AdE B F p
EYE] 736. 69 9 81.85 9.33  0.0038*
X, 95.22 1 95.22  10.85 0.0132°
X, 230. 05 1 230.05  26.22  0.0014*
X, 39. 16 1 39. 16 4.46 0.0725
X, X, 51.12 1 51.12 5.83  0.0465"
X, X, 1.56 1 1.56 0.18 0. 6857
X, X, 100. 00 1 100.00 11.40 0.0118°*
X; 206. 32 1 206.32  23.51  0.0019*
X2 4.87 1 4.87 0.55 0.480 7
X3 9.16 1 9.16 1.04 0.3409
5% 2% 61.42 7 8.77
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Fig. 8 Impact of operation machine speed and soil elevating
scraper belt device speed on qualified rate of seedbed

construction
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Fig. 10 Impact of soil elevating scraper belt device speed

and inclination angle of covering device on qualified rate

of seedbed construction
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Tab.5 Parameters of materials and contact
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Simulation operation process of elevating and covering soil on seedbed
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Fig. 12 Verification tests of qualified rate of soil cover
F WA O AR 2 B0 e A e BT SE A 2

6 it

(1) 38 3 il F 7% 4 58 7 55 Tk 28 vl AR AR 25
FARBR Bt T 2B B A 1A AL L, B
THRENUE Sh R G, I 0 Hofi £ Fh R A BB R AR
AR 2 B 45 0 B 28 (OB TR B 2 5 DG B A M 35
PEEAT BT, 45 A A S M BB 223K, 58 B T 8 IS o
PR+ B AR U 2 B AR AR e TR S 8
ORI

(2) o7 JFH e 1 iy TG 3 A 9, ST R OR A S AR
R GEAAE L WURTHE R A AR e G
BB R I BB DR PR
SEARGHE (Y =100% ) Ky H 5, 4875 i 28 =05 B +
WA AR LR e T A 2 850 16 VR Ml AL AT 2F 380 B R
0.71 m/s FIM A 12 B L HE H 0.50 m/s L
PF AN 68°, H ] 50 3iF a0 56 2 B, Bk A5 VR AL
F RN PR HES K8 R 95. 6% , B AL AL T AT B 2
7t

(3) N B eIk AT i e X R E G
TEML AL AR TAES BT “ e+ M -+ Sh & AE



%3 1 W6 A B B R A R AL 5 105

M B, 5 AR S H AR A R FEA — 2, R HUPR MR REAT 5 57 M 4 BT i ol 28 M5 T R A A 2545
Wz S L TAES B A S vl % A8, B RESKR

(1]

[2]

[4]

[5]

[6]

& % x Wt

GAN Y T, KADAMBOT H M S, NEIL C T, et al. Chapter seven-ridge-furrow mulching systems-an innovative technique for
boosting crop productivity in semiarid rain-fed environments[ J]. Advances in Agronomy, 2013, 118(1);: 429 —476.
SE A, E KA. BRI E AR LM T]. Aol #2244 ,2013,29(8) :1 - 17.
MO Fei, ZHOU Hong, WANG Jianyong, et al. Development and application of micro-field rain-harvesting technologies[ J].
Transactions of the CSAE, 2013, 29(8): 1 —17. (in Chinese)
S8, R e, BESE A O [l R B O S0 T K AR, R v I B RS R [T ] b R RO 4% ,2015,48(3)
514 -522.
MA Zhongming, BAI Yulong, XUE Liang, et al. Effects of different plastic film mulching methods on soil water and temperature
as well as watermelon yield in loess dryland[ J]. Scientia Agricultura Sinica, 2015, 48(3): 514 —522. (in Chinese)
BRBE XA, R, 4. R RS IR A FE BOR A AE RN [T]. FOl A2 ,2018,35(6) 1480 — 1488.
CHEN Shuzhen, LIU Guangcai, ZHOU Delu, et al. Study on fertilizer effects of techniques of whole-plastic-film mulching on
microridges and planting in catchment furrows of arid-land soybeal J]. Pratacultural Science, 2018, 35(6) : 1480 - 1488. (in
Chinese)
WG RRZ R B, . PIALSR X 2 2R R R 5 B LR B S HE R A [T/O0L ). ROL HLAR 2 4, 2019,
50(5):1 -16.
DAI Fei, ZHAO Wuyun, ZHANG Fengwei, et al. Research progress analysis of furrow sowing with whole plastic-film mulching
on double ridges technology and machine in northwest rainfed area [ J/OL]. Transactions of the Chinese Society for Agricultural
Machinery, 2019, 50(5) :1 —16. http: // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no = 20190501 &flag =
1. DOI: 10.6041/j. issn. 1000-1298.2019.05.001. (in Chinese)
VTSR AR TR . AR AR DX 4 B 2 0 7 A BB A B O R R B B R BT [T T R X AR BT,
2018,36(6) :125 - 130.
SUN Xinrong, ZHONG Caiping, ZHANG Weibiao. Study on micro ridge-furrow film mulching cultivation techniques of faba
bean and flax rotation in dryland farming areas[ J]. Agricultural Research in the Arid Areas, 2018, 36(6): 125 - 130. (in
Chinese )
N IR R OR A, S AL B 2B A IEOA () B S U X R K o S RRAE R R I [T ] T R RO AT,
2015,33(2) :16 - 21.
LI Xiaoyan, ZHANG Lei, NIU Fenju, et al. Effects of mulching periods on soil moisture and growth of dryland flax under
combined micro-ridge with fully film mulching practice[ J]. Agricultural Research in the Arid Areas, 2015, 33(2) . 16 - 21.
(in Chinese)
SEFA A, AHMET C, ZINNUR G. Effects of various no-till seeders and stubble conditions on sowing performance and seed
emergence of common vetch[ J]. Soil and Tillage Research, 2013, 126(1) . 72 -77.
SIVAKUMAR S, DURAIRAJ C D. Development of a gravity fed automatic vegetable transplanter with walking beam mechanism
[J]. Trends in Biosciences, 2014, 7(6) : 407 —410.
W5 A, EBR S IMLQS — 40/70 i 28 4 4 BB A AR L AL R skt LI [T ] o R ALAE ,2011,32(4) -89 - 92.
ZHANG Yong, AN Shicai, WANG Yun, et al. Improved design on the IMLQS —40/70 whole film mulching and ridge forming
combined machine[ J]. Chinese Agricultural Mechanization, 2011, 32(4): 89 -=92. (in Chinese)
WOz, AR, S B AT o A X2 A IR S AR AL BT 58 [ /0L ] RO HL ML AE 4R, 2019,
50(6):130 - 139.
DAI Fei, ZHAO Wuyun, SHI Ruijie, et al. Design and experiment of operation machine for filming and girdle covering on
double ridges [ J/OL ]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50 (6). 130 - 139.
http : // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20190614 &flag = 1. DOI: 10. 6041/j. issn. 1000-
1298.2019.06.014. (in Chinese)
WA RS BN N ORI S YL LR ERRIREE [T]. TR XKL ,2017,35(6) :294 —299.
DAI Fei, ZHAO Wuyun, ZHANG Hua, et al. Performance experiment of soil mulching on plastic-film and dibble machine for
dry-land wheat[ J]. Agricultural Research in the Arid Areas, 2017, 35(6): 294 —299. (in Chinese)
WOCREE BRSSO B I A R HOTHE i 2 B S0AR SE [J/70L ] RO ALK 24 41 ,2019,50(2) 49 -
56,77.
DAI Fei, SONG Xuefeng, ZHAO Wuyun, et al. Simulative calibration on contact parameters of discrete elements for covering
soil on whole plastic film mulching on double ridges[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,
2019, 50(2) :49 - 56, 77. http: / www. j-csam. org/jcsam/ch/reader/ view _abstract. aspx? file_no = 20190206 &flag = 1.
DOI: 10.6041/j. issn. 1000-1298.2019. 02. 006. (in Chinese)
WG Rz, B, S BB AL 158 25 B AL LA S B AL [1/0L ] RoL AL 4 ,2016,47 (1) :83 - 90.
DAI Fei, ZHAO Wuyun, MA Mingyi, et al. Parameters optimization of operation machine for tillage-fertilization and spraying-
filming on double ridges[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(1) :83 -=90. http:
// www. j-csam. org/jesam/ch/reader/view_abstract. aspx? flag = 1 &file_no =20160112&journal _id = jesam. DOI; 10. 6041/
j. issn. 1000-1298.2016.01.012. (in Chinese)
(#5129 IT)



%3 1 BUOHE 45 ¢ 7 (] i R 2 e O 2 B ik 2 6 (LB 2 129

SHA Yi. Effect of impeller location and flow measurement in volute of a vortex pump[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2010, 41(11) :57 —=62. (in Chinese)

[10] QUAN Hui, FU Baiheng, LI Rennian, et al. Mathematical model of energy conversion mechanism in screw centrifugal pump
based on load criteria of blade airfoil[ J]. Engineering Computations, 2017,34(7) :2168 —2188.

[11] JRZRA, JfiAe, EF5AL, &5 Prdidy @i A tEaEsg i B H 3 51K [T ] HEEDLI A2 =4k, 2010, 28(5) :398 - 401.
ZHU Rongsheng, SU Baowen, WANG Xiuli, et al. Numerical simulation and experiment of influence of hem on performance of
vortex pump[ J]. Journal of Drainage and Irrigation Machinery Engineering,2010,28(5) :398 —401. (in Chinese)

(12] g TR, PVB D, B A M, 4. 8 TV K i 2 P e TR A [ 0] HEREALA L2 2% 412 ,2011,29(1) :6 - 10.

SHI Weidong, SUN Xinging, LU Weigang, et al. Orthogonal experiment on performance of submersible mining pump[ J].
Journal of Drainage and Irrigation Machinery Engineering, 2011, 29(1) :6 —10. (in Chinese)

[13]  FEubsE 0 TR, BRI, &5 3% T 1E SR 5 19 B A0 it [T ] R LA "= 41 ,2010,41(5) :56 - 63.

WANG Hongliang, SHI Weidong, LU Weigang, et al. Optimization design of deep well pump based on latin square test[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(5) :56 —63. (in Chinese)

[14] SCHIVLEY G P. An analytical and experimental study of a vortex pump [ J]. ASME Journal of Basic Engineering, Ser. D,
1970,92(4) . 889 —900.

[15]  BRELH). FEdm A 5 N AR HE 55 m 3 i M [T ] Al MLAR 24,1996 ,27 (1) : 49 - 54.

CHEN Hongxun. Measurement of rotating flow field with in the impeller of vortex pump|[ J]. Transactions of the Chinese Society
for Agricultural Machinery,1996,27(1): 49 =54. (in Chinese)

[16] YE C X, UMEZU M, NUGENT A H, et al. The spiral vortex pump-design concept, flow characteristics & test results[ J].
Proc. of the 7th ISAO, Artif. Ogans. , 1990,14 (Supp. 1) : 46 —49.

[17] UMEZU M, YE C X, NUGENT A H, et al. Advantage of the spiral vortex design in pneumatic blood pumps as demonstrated
by dye-washout tests[ J]. Proc. of the 7th ISAO, Artif. Ogans., 1990,14(Supp.4): 31 - 33.

[18] IMACHI K, FUJIMASA I, MABUCHI K, et al. A newly designed jellyfish valve for an artificial heart blood pump[J]. Trans.
Am. Soc. Artif. Intern. Organs., 1988,34(12) :726 —728.

[19] IWASAKI K, UMEZU M, IMACHI K, et al. Design improvement of the Jellyfish valve for long-term use in artificial hearts
[J]. Int. J. Artif. Organs., 2001,24(7) . 463 —469.

[20] G0, RS0 FR A AKEEHLIEIE NS M Sl S K ) R R T [ T]. £l TR+ 4, 2017, 33(4) :125 - 130.
HUANG Jianfeng, ZHANG Lixiang, YANG Song. Analysis on hydraulic characteristics of dynamic flow around vane in hydro-
turbine channel using large eddy simulation[ J]. Transactions of the CSAE, 2017, 33(4): 125 - 130. (in Chinese)

(E#% 105 IT)

(15 ML X0/, Aobkas 55, BRSO DA R B AL R AR (T, LB LA %4 ,2016,52(7) :38 - 45.

SUN Wei, LIU Xiaolong, SHI Linrong, et al. Covering soil on plastic-film characteristics of scraper lifting belt mechanism
[J]. Journal of Mechanical Engineering,2016,52(7) : 38 —45. (in Chinese)

[16]  Z=5 X EM , FBIHE 4. B F B XIS 3 HT vh i SR DGR [T ] ol TR2 4241 ,2013,29(10) : 153 - 159.

LI Qiang, LIU Guobin, XU Mingxiang, et al. Soilanti-scouribility and its related physical properties on abandoned land in the
Hilly Loess Plateau [J]. Transactions of the CSAE, 2013, 29(10) :153 —=159. (in Chinese)

[17] s ELR MR D5 B AU T F 0 CRE) [M . deat: dh Bl R 2 H0R B ikt ,2007.

[18] NY/T 987—2006 i & /AR HLAEML i [ S]. 2006.

[19] DB62/T 1935—2010 4 [l XU A% ¥4 fiff BEE AL 45 A7 LA B Aol s 4t gl [ S 1. 2010.

[20] XS fA[3R, 4R A . 2BF — 1400 BUK A AR LA AU S8 515 [ T]. 4ol T %4k ,2015,31(8) :21 -26.
ZHAO Lijun, HE Di, ZHOU Fujun. Parameter optimization and test on soil-covering mechanism of 2BF — 1400 rice mulching
film seeder machine[ J]. Transactions of the CSAE, 2015, 31(8): 21 —26. (in Chinese)

[21] QBB RN, . DRIGDRLRE & 2 80 55 [J/0L]. R HLI 4R ,2016,47(2) =51 - 58.

PENG Fei, LI Tengfei, KANG Hongbin, et al. Optimization and experiment on feeder for small-scale pellet mill[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (2) :51 - 58. http: // www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no = 20160207 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2016. 02.
007. (in Chinese)

[22]  wfk8, Mgl BHE. W2 =B R 1 2OR B R S i B0 SR [T ] Rl DA% ,2016,32(2) :20 -28.
GAO Xiaojun, ZHOU Jinhua, LAI Qinghui. Design and experiment of pneumatic cylinder precision seed-metering device for
Panax notoginseng[ J]. Transactions of the CSAE, 2016, 32(2) ;20 —28. (in Chinese)

(23] WKBRZ, RE®, 5. -2 BEE L REFEL B SREE[]/OL]. RP YA ,2017,48(11) .88 - 96.
DAI Fei, ZHAO Wuyun, SONG Xuefeng, et al. Operating parameter optimization and experiment of device with elevating and
covering soil on plastic-film[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(11) ; 88 - 96.
http ; // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no =20171111&flag = 1. DOI; 10. 6041/j. issn. 1000-
1298.2017.11.011. (in Chinese)

[24] TTw L Wemw i, ey, 5. BT B HOCE YRR SR B Bt (], folk TR 4% ,2016,32(4) 1235 - 241.
JTIA Fuguo, YAO Li’na, HAN Yanlong, et al. Simulation and optimal design of uniform plate of brown rice based on discrete
element method[ J]. Transactions of the CSAE, 2016, 32(4) :235 —241. (in Chinese)



