202545 &k Lok 2= i 556 4 4 5 W)

doi:10.6041/j. issn. 1000-1298. 2025. 05. 027

SHBHRAREEMIET SRR

HkA koA A f o wAkE B & T o £2FEF
(LR A B TR B, B A 830052 2. JFBOHR L % Bt H3A 10 BFGEE, 4 85 830052
3. ELH B A B TR 7, 55 841100)

WE : PE L — P24 TR W55 AR B TR AL 1) B AR, B LR R BN A% o, ELRE PP A 75 M 4 2 37 &
FE AR 2R BT, W0 PR K 28 ML A 86 b L SRORS 2 HE A R TR 4% o AR A A A R R oK, &5 A N T Aoy X, i IF
HAE T &I A EH LR AR EMAL, @ AT R I 2 RS E T IS EEEM ST
R ARG B+ 58 AR BUE S JF W BT T 5 1 B85 S50, 456 IR IC o M o 305 % F i ) 3 B E 1L
ST RS 0T R0 TAHLE TAES B, X MR (AR W88 3G £ 0 1 ol 1 DE e T R AR G b i it B e T R D
TR BRI . DA 0 IR S 5 R O T B2 S 30 DY 2, 3% R 38 &) 1 28 5 R O K 50 46 An O H R EG , 3K
B b R MmO R E A 0.2 MPa (A O R 1.5 mm B, $E R S MR B R8O 13.50% , HIG AV IR E 2
FEMERBOR/INT 91, 17% i 12 247 A AR B A A 288k
K WA ; JRIHEFIL; R EEF i
HESKE ., $223.2 TERARIRED : A XEHE . 1000-1298(2025)05-0291-09  OSID: HEd

Design and Experiment of Liquid-gas-assisted Cistanche deserticola Seeder
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Abstract. Cistanche deserticola is a herbaceous plant that parasitizes deep in the roots of Haloxylon
ammodendron and Tamarix ramosissima. Due to its small seed volume, high price, and the requirement
that the seeds need to be attached near the roots of host plants during sowing, the mechanized sowing of
Cistanche deserticola demands precise seed metering and deep sowing. According to the agronomic
planting requirements of Cistanche deserticola and combined with manual sowing methods, a Cistanche
deserticola seeder capable of ditching, sowing, and covering soil operations was designed and
manufactured. By analyzing the stress state of the ditching cutterhead, the main structural parameters and
the blade layout pattern of the cutterhead were determined. Based on the principle of constant volume of
soil throwing and covering, the structural parameters of the soil guide cover were designed. Combined
with finite element analysis software, modal analysis was mainly carried out on the ditching cutterhead
and the main drive shaft, and the working parameters of the machine were determined. The sowing flow
rate of Cistanche deserticola was matched according to the liquid spraying volume and the working speed,
and the form and size range of the seed outlet were determined. Taking the blowing air pressure at the
nozzle and the opening degree of the seed spraying port as experimental factors, and the coefficient of
variation of sowing uniformity as the experimental index, field experiments were carried out. The results
showed that when the blowing air pressure at the nozzle was 0. 2 MPa and the opening degree of the seed
outlet was 1.5 mm, the coefficient of variation of sowing uniformity was 13.50% , and the sowing depth
stability coefficient was not less than 91. 17% , which met the current agronomic planting requirements of
Cistanche deserticola.
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Fig. 1  Agronomy of Cistanche deserticola cultivation
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Fig.2  Schematics of structure of Cistanche deserticola seeder
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Tab.1 Technical parameters of Cistanche deserticola

seeder
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Tab.2 Material parameters of trenching cutter

head and transmission shaft
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Tab.3 Analysis of vibration forms of each order

of cutter head rotor
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Fig. 11 Field test situation of Cistanche deserticola seeder
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Tab.4 Factors and levels

) i3S
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5§ b 11 JFJE A/mm W5 F1 K 2% < B/MPa
1 1.0 0.15
2 1.5 0.20
3 2.0
4 2.5
5 3.0
6 3.5
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Tab.5 Test results of coefficient of variation of

seeding uniformity

WAl 1T/ mm 5% 11 W 3% LR/ MPa A5 R e
1.0 0.15 25.62
1.5 0.15 21.49
2.0 0.15 18.96
2.5 0.15 19. 69
3.0 0.15 22.48
3.5 0.15 28.82
1.0 0.20 25.40
1.5 0.20 13.50
2.0 0.20 16. 57
2.5 0.20 19.35
3.0 0.20 20. 10
3.5 0.20 28.09
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T G SRFIL A T ERYAR AR, HE 5
W%, R IR B R MR B 25 3k 6 s . it oy
Hral s, 24 FF 38 J) 4 A U BE N 450 mm B, B KOF
B8 Fh U B R 447.4 mm, f /N7 4R R IR E N
437.2 mm , FEFIRE L R RZBORK T 8.83%

x6 EMREBREMAEER
Tab.6 Stability test results of sowing depth

WK HERNRRE  RERNRIE

WX PTG 15% Fh

o e ) alE/  ERFE RENZR
FEE WE/mm HE/mm - ,

% 5/ % 5/ %
1 458.6 437.2 100 8.79 91.21
2 464.0 445.0 100 8.83 91.17
3 485.0 447. 4 100 8.56 91. 44
4 450. 8 438. 4 100 7.78 92.22

ZEAr IR AT, SR R OR B B, (H
e B AR /I, HA L T T A K R AR 2 SR i
BRI A5 4 GB/T 41628—2022( K 15 &
HeAR B b5 o b LA Ak T ¥ TR S 1 3 ) 400 ~
600 mm 56 Fh i 1 500 g/hm’ (12K, H 4 5 LIS
Uy 4 Al % S 760 v/min B JF VA ) 4 AT 3 #)
600 r/min Fa5E R, B A 24 & R L 380% iS5 0 T
T B0 b DX A A 2 WL A A A

5 it

(1) ES2 7 IR J) 30 H AR 2 807 #&, O a
ST T8 T TR A4 g s R A5 B T ) A
FeJ) R 3% 915 FL A5 2 502 1) 19 R ROG 2 5 5 R
i 5 8 AR E E R B E TR R B A S G
A 3 M AR T B 5 ML R AT B R YOG R E T
FER0 &, A5 B WO B 1 R B U R
L, I 30 o P45 080 AR T W 2 A i T T A AR Ml 3 Ao
4 TR 7L

(2) FHIAT BRIT ATy ELHA X5 T 38 T B A% 5l il ok
PRS0 BT, A T8 T #5576 3805 0 ~ 600 1/ min,
SR 6 B A6 45 68 Bz F) [ A7 430 R 45 B I R 0 R 3
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[l o4 15.39 ~52.37 Hz, Az = AR R R 5598 TP TR B AT A 485 mm, 376 Fh R BE Ao M

(3) 73 AT T HERH G 2 PE SRR AR R R RS E M E REOR/NT 91 17% , 1 Bl % J32 il 2 05 38 b IX P K

T, et R b, PR R A AL S O, 1 Ak B AR R IR AR ML AR e T 5 TR AR 4
RRAF IR W - R K 1 Fb L AE W% % <R Bl & GB/T 41628—2022( A A2 15 & B AR L2 )
k0.2 MPa W fl 11T JF 8 1.5 mm 5, 3% Fh 34 4 4 rPORLAR A% P 20K 3 TR b DX PR A B
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[2]
[3]
(4]
(5]

[7]

[8]
[9]
[10]
(11]
[12]

[13]
[14]

[15]
[16]

[18]

[19]

[21]

[22]

z £ x #

FAEYE, g E, L0, . BT AL AR AR AR AR BOR[T]. BRPEMOL R, 2021, 49(3) : 110 - 112.
GE Tingjin, LU Ruiheng, WANG Feng, et al. Cultivation techniques of Cistanche tubulosa in Northern Xinjiang[ J]. Shaanxi
Forest Science and Technology, 2021, 49(3) . 110 —112. (in Chinese)
X REAR . R R YRl BOIR B R R LT ] AR B4, 2019(9) = 72 - 73.
X MEIHE. MR AN TG AR A N AR N TAR AR TT]. £ B, 2019(35) - 98 -99.
BHER. BRI P AR P R TR R B xS L [T ] BUREE L, 2014(7) : 32, 114.
FLYESE. BT AR AR [ D] 0P AR NS ROl R, 2014,
KONG Weiliang. Study on the problem of cistanche industry in Alashan banner[ D]. Hohhot: Inner Mongolia Agricultural
University, 2014. (in Chinese)
WA JR I 4 - 5k o A FR AR - 5 R, My AR BB BB A R B R SR BT S R [T BRSO, 2006(3)
34 -35.
XU Rong,CHEN Jun,CHEN Shilin, et al. Cistanche deserticola Ma cultivated as a new crop in China[ J]. Journal of Physics:
Conference Series, 2008, 56(1): 137 —142.
B WEE BRI EE BA AR AR [T, R FCEDSE, 2023, 13(5) : 34 -36.
LT AR A TR ARBESE 1] 40l JF % 153 4 , 2020(3) ; 201 - 205,
Wk, F g 5k EE . KRS SR ML .201220727527.0[ P].2013 — 08 - 31.
SE R - BT A L. 22 D 254 AL 201020132886.2[ P1.2010 — 12 - 22.
i, X B, KA S RGP KR R HLA BT [T]. RALIEWISE, 2015, 37(5) : 151 - 154, 158.
HE Lei, LIU Xiangxin,ZHANG Jun, et al. Design of air blowing cistanche seeder[ J]. Journal of Agricultural Mechanization
Research, 2015, 37(5): 151 — 154, 158. (in Chinese)
G B XV W H, 5. 2BR— 1 AR R LRI S AL [T]. Braiiqe BB, 2014, 37(10) : 29 - 30.
Jofd A SCE  EERAN S BRSSO AL BT S5 [T]. T R X AR ATSE, 2020, 38(6) @ 255 -259, 268.
YOU Jia, YANG Wenqi, HAN Changjie, et al. Design and test of sprayed Cistanche deserticola seeder[ J]. Agricultural
Research in the Arid Areas, 2020, 38(6) : 255 =259, 268. (in Chinese)
WA SR AR AR L SR AT (7] BARE 2, 2023, 46(10) @ 35 -36, 39.
JAFAR H A,SURENDRA S. Optimization and evaluation of rotary tiller blades: computer solution of mathematical relations
[J]. Soil and Tillage Research, 2009, 106(1): 1 -7.
R, B 4. AT A HUE L SR O B A SO s S iE [ T]. Rk TR 4R, 2016, 32(13) : 8 - 15.
KANG Jianming, Ll Shujun, YANG Xuejun, et al. Experimental verification and simulation analysis on power consumption of
disc type ditcher[ J]. Transactions of the CSAE,2016, 32(13): 8 —15. (in Chinese)
Z90, 0N e B RO, % BRI & X0 TRt ik [T R AL AR, 2021, 52(5) ; 74 -82.
QIN Kuan,LIANG Xiaolong,CAO Chengmao, et al. Design and experiment of combined cutting and throwing ditching blade for
tea garden[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021, 52(5): 74 —-82. (in Chinese)
WKL IEI R, SRS 4. BET DEM — MBD (A Ak 32 U0 A T 20 [ T]. el TRE2 4, 2024, 40(8) : 30 -42.
ZENG Yi,JIANG Xiaohu, WU Mingliang, et al. Development of the layered cut and throw ditching blade groups for oil tea forest
based on DEM — MBD[ J]. Transactions of the CSAE, 2024, 40(8) : 30 —42. (in Chinese)
AL, 2T BRIY 5. TT IR HL T AL BB T A Bl &) R TR B Sk [T ] R AL A, 2021, 52(5)
63 -73.
ZHENG Kan, LI Yufei, XIA Junfang,et al. Design and experiment of land leveling blade roller of ditching and rotary tiller
with gradual spiral angle[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(5): 63 = 73. (in
Chinese)
T AR SR AR, AL L SR I v LA AR R E X i AR B SRR [T]. ARl TR AR R, 2018, 34(23) .
11 -22.
WANG Shaowei, LI Shanjun, ZHANG Yanlin, et al. Design and optimization of inclined helical ditching component for
mountain orchard ditcher[ J]. Transactions of the CSAE, 2018, 34(23): 11 —22. (in Chinese)
RIEH, BRI WHEIEHS AR L OIEI AT LT]. 4ol TRZER, 1996, 12(4) : 127 - 130.



%5 1

BRI 25 - UM B SRR FE AL BT 5 5 299

(23]

[24]

[25]

[26]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

SANG Zhengzhong, WANG Changbing. Study on soil-cutting of up-cut rotary cultivation[ J]. Transactions of the CSAE, 1996,
12(4): 127 -=130. (in Chinese)

XKy ko7 -, w5, AL 1K — 50 AR TP HLIT WA A i Fe s m I R A S5 [T ] Rl TR % 4z, 2019,
35(18): 19 -28.

LIU Dawei, XIE Fangping, YE Qiang, et al. Analysis and experiment on influencing factors on power of ditching parts for
1K =50 orchard ditching[ J]. Transactions of the CSAE, 2019, 35(18) : 19 —28. (in Chinese)

KRR AR, PR [T]. JEatR TR 224, 1990, 10(3) : 15 -22.

SONG Jiannong, LI Zihua. Theoretical studies of reverse rotary tillage [ J ]. Journal of Beijing Agricultuer Engineering
University. 1990, 10(3): 15 -22. ( in Chinese)

UL TR, WA SE, SRAL, . BERR A TAENLELOR S RE A T AR et (7] A AR iR, 2000,31(4) : 29 - 32.

JIA Honglei, CHEN Zhongliang, GUO Hong,et al. Study on working principle of rotary tillage and stubble cutting and design
of universal knife roller[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2000, 31(4): 29 - 32. (in
Chinese)

BT, TR KRR AT ARG MM B T UM S22 A i [T]. RS, 2007,29(11) . 58 -60, 63.
ZHAO Tiejun, WANG Jinwu. Analysis and research of grass removing angle and setting angle of straw-mulching bent blade of
straw-returned-native-filed[ J]. Journal of Agricultural Mechanization Research, 2007, 29(11): 58 =60, 63. (in Chinese)
BRE BRI, 5 R 4F . SRS R LB S XU BB T H A S AL SR8 [T]. ROl LA 4, 2023, 54(7) .
99 - 110

LIAO Qingxi, XIE Haoming,ZHANG Qingsong, et al. Design and experiment of driven disc plow and double-edged rotary tillage
combined tiller[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(7): 99 - 110. (in Chinese)
TR, T, 2, . RS T SR T]. Rl ML, 2001, 32(6) - 26 -29, 21.

DING Weimin, WANG Yaohua, PENG Songzhi, et al. Calculation and analysis of grass removing angles of up-cut rotary blade
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2001,32(6) : 26 =29, 21. (in Chinese)

. BEFFFALIM . Jbat .t E AL ML A, 1984,

XK. AR 745 1 S FOR AR BORBIESE [ D 1. B8 AR SF iRl K2, 2019.

LIU Yongping. Study on seed characteristics and liquid inoculation technique of cistanche[ D ]. Urumgi: Xinjiang Agricultural
University,2019. (in Chinese)

HIRARBE E MR VBT AT, N AR P AR WA A 5 125 . CN104472186A[ P]. 2017 — 06 — 13.

ISTVAN K,ZOLTAN H,ISTVAN O, et al. Discrete element modeling of vibrating tillage tools[ J]. Engineering Computations,
2015, 32(2): 308 - 328.

WANG Jinwu, XU Changsu, XU Yanan, et al. Resonance analysis and vibration reduction optimization of agricultural
machinery frame—taking vegetable precision seeder as an example[ J]. Processes, 2021, 9(11) . 1979.

HUANG Guojun, WANG Hongrong, LIANG Xincheng. Vibration analysis on the rack of electric mini-tiller[ J]. Journal of
Physics: Conference Series, 2022, 2218(1) : 012068.

INYEHIE, EeHE. FEFPRIRRIE I 5 8 5 SR A LG ek BBt SR [ ] Ll plms#4ik, 2022, 53(2): 15 -24, 87.

SUN Ni'na, WANG Xiaoyan. Design and experiment of connection device of duplex straw crushing returning and soil
preparation machine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53 (2): 15 - 24, 87. (in
Chinese)



