201845 f Z?ﬂ[im‘ *jﬂﬁ%iﬂi 5549 & 5B 5

doi:10.6041/j. issn. 1000-1298.2018. 05. 015
M- ERESRITERZTEIL NIRRT SIRE

4R Ax#H 2 £ Laek ThHE I

(L ZRAERME R TR 2B, R/REE 1500305 2. BRIBTT N —R B R TR, KK 163319)

FEEE : o VR it T8 9 A5t MBS AL AL LA iy 28 T 3 W 2 I A 3 DR AN A S e R, 43 AR BB DR AR B 15 e 5 & 1
Bt 61T A R WA A WA R, Bt T — o 52 I AR B T FL Ry R B B 4 E | 5 AR AT B R FL AL . R
ST 15 %6 AH T A JRCRR 45 i FL XML 7 A JE 3 P 04 10 st A o BE AR AL SEERAR L, W R B AT TEA £ S H £
T A R K Y o P R R O TR R E R IR B e DA IE B IR R AL ORI R AR, #
SEAUA A BT, DL AL e 3 120 v/ min (BT #F B FE 1.2 m/s FIFL/CUR BE 80 mm g £ o 5 11, 15 B ML A 1 45 48 =
B OBIE A e R Bl B S 39,9 mm 0 F 0. 15 VIE 18] 15 4% 95 i & H 4 68 mm RN AL £ K B 140 mm, I i5 A
ADAMS AR A7 B SR 30 36 I o 3 3 B AR S5 4L/ B8, A5 2 WAL £ A8 3 i JUEE 1.2 m/s FL7UHE 3 120 r/min
SFLICEREE 80 mm T By BB AR KP4 % BE R 2k DA R o PSR o AR IR DRIB -4 E 4 AR AT B R R BFL T
HUAL TE o e B SR s B R, L AT A A R e E A AL 1 Sl T/ i B AR

KRB : WASTEAEHL; FLOCHLM 3 BB 48 s AR FL G MR iliR

hE 4K E . S224.21 XEkARIRAD: A XEHE: 1000-1298(2018)05-0136-07

Design and Experiment of Variable Speed Picking Hole Mechanism for
Oval and Circular Gear Planetary System

WANG Jinwu' ZHOU Wenqi' LI Xin' FENG Jinlong” JIANG Dongxuan' WANG Jinfeng'
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. College of Engineering, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract; Aiming to the problem that picking hole mechanism of deep-fertilization liquid fertilizer
applicator can not meet fertilizer-spraying needle inserted and pulled out of soil vertically all the time,
according to the meshing characteristic of combining gears for oval non-circular with round gears. A new
kind of picking hole mechanism was designed to achieve variable speed and vertical posture at picking
hole. The meshing principle of oval gears were used, which controlled every moment change of angular
velocity to achieve variable speed picking hole in the working period, the characteristic met specific
requirement, which had horizontal velocity of fertilizer-spraying needle trend to zero inserted and pulled
out of soil, small hole mouth was achieved. To achieve small hole mouth and picking hole for vertical
posture, the mathematics model of mechanism was established, with the rotational speed of picking hole
mechanism of 120 r/min, forward speed of 1.2 m/s and depth of picking hole of 80 mm as constraint
conditions, structure parameters of mechanism were obtained, including half shaft distance of oval gear
shaft of 39.9 mm, eccentricity of 0. 15, diameter of circular gear pitch curve of 68 mm and length of
fertilizer-spraying needle of 140 mm, and virtual experiment was verified by using the ADAMS software.
The experiments of high-speed camera and picking hole were carried out, the trajectory shape of fertilizer-
spraying needle, curve of level absolute velocity and hole width were obtained when the forward speed
was 1.2 m/s, rotational speed of picking hole mechanism was 120 r/min and depth of picking hole was
80 mm, the reasons for the formation of such results were analyzed. Experiments results showed that fertilizer-
spraying needle still guaranteed the target that had small hole mouth and picking hole for vertical posture.

Key words: liquid fertilizer applicator; pricking hole mechanism; oval gear; variable speed picking

hole ; performance experiment

s Hi: 2017 -09—12 & E H . 2017 -10 —24
EE£WB: ERARB¥ILLTH (51675093)
TEEB N EAR(1968—) W #4244 00, 322N H R ALK A1 ALK 7T 5 HEF 5T, E-mail : jinwuw@ 163. com



55 1

Fal % WE-2IERK R 2R LRI I 58 137

0 3

W A TE LA 7 3 AR i IE 7 i e PR
B AR TR S 2 A T AN E A R
BT BN YRR R AR R VIR 4
T T R4 2 0 1 AR 2R BT, T b A 4 %
MBS Py R A, B e R R A

SCHKL6 — 71 R Fil s A i B BL A 11 A e 9k P
BEE MUK BN TR . B E R AL T iz B AL,
AT S2 B AS S R A i AR R TR R SR
00 W (= 55 Rl 3110 A MO N 3 B 2 e 2 71 M= R Y (2
SR ARSI, ME DL 52 BLAE T, MR At e LR
LARHLCG /N H R

BB B, P AL LAY 3 R IR I R AT R
ZAIR S IEAT AT BEATFL7C o 00 5 2 PR i I At ¢ 9 [ —
TE 6 AT R R AL WL, BB 9K 20 3 gl 2 R 8 g
AL (ELBR S5 22 AT A RE W L G HE B A 3
AR H T AESCRAR, M L9 B L AR
] 25 ST IS A ) 2 A0 (B 447 6 47 02 2R LWL LR
AL sl iy Al [ 15 56 47 2 58 R AL LR S 1L
BeFre et 19 728 T A 190 1 46 20 5 < R L RL
g 112 SR LR I 8 ) S B E s R AL
3, AR S L AL R A SRR R 5
FR 5 AT i, 938 L3S 7 2% LR
PR AL B0 il 3 5 I JE 4 T T S A8 A+
(¥ H b5 o

Bt b )R A SCAR O 4 TF B 05 R AT R R
W3 SR, B G I L I I 220 O SR A, HR
25 45 DR IEAN 5 WG 4 32 Bl A, S B HE A i L X
(19 397 250 7 5K, S B AR A 3 R R s B X
CUE) E AR o 36T IR 8 B, 53t O B — 4 1E 1 15 46 47
RS HFL N, R R AL TAEPLEL, s
BUAS B B A0 ) T 05 L3R A7 g A, e ¢
3 3 AR 0 HE AT B T R 1 B AE

1 R ERERITERTEILANNHE
HmM5EE

YRIE IR 13 A 48 A7 2 AR A AL ML 2
5 AR IE R fE 2 AR e VIR B e ik ik
2 BRI SE AR 4L, A La BraR . 5 ANIE
(58] 147 6 55 1k 51) 4 I5C 7 3K 30 76 14 P Ji B TR (Ot e 3K
Bl 5E ) IR 2 Bl T ) L ik 22 B YK B
Fe VR I 55 P9 BT A R BH 48 [ 45, HL# RS 3, 3K 3l
FelRnl [ 58 3k 22 e 5% oo AE e fe iz 3, an &l 1b By
o TSI EE Y AR 0 2R A B M AT A
e Rl 2 0 00 e 2 2 A R AL I IE BT I

il

FLMT . 2 A4S BRI O fe B G S, o Bl R E i
LR e AL N LR

BL o FLHLA 2 I P
Fig.1 Diagrams of composition and principle of
pricking hole mechanism
LORFHEE 2. tpE%e 3.8 4. mEH S fTR% 6. 3
AR 7. NSRBI AE 8. IKBhse ik 9.k

AR, EZh OB 4 48 15 4K 3l 77 T 4 3 ) 3l B
W e, it sh s i B UK sh e ik b i T IR 4
PR 5) AL SRR, 0 9K Bl 52 1A Tl 4 1k 22 T e vh
AR R Bl WSl e AR Sl 4 OE B B e AT 2 AR
fruifrizshe Sert, il s B S K FEe A% H A ¥,
A LR S HP RRE AH WG 5, BT LR BE AT AT 2 e
SRR A H B . b TAT R 5HE L
IE 45 , B 2 5y Iy e 1B 2 WL B, (0 L3 2 WA B o ¢
PREFE B4 BB ek 22 e e thoo AR IR e as 3o 18
YR 7e PRI A8 A2 Bl T AR LS B B E R B 2
WS AT 72 At el R e AT 4 ok i 3R I T A
PSR, IR B 7T /NI B AR, d A 58 L TR
Lo

2 -2 EBENSRITE RTEFLCHIARE

2.1 £EEERITEREHIIE
SIERERITERTLHB B EFTEESAR
3B R, s R A 2 Fis o

2 AIER KR AT R AL f

Fig.2 Mechanism diagram of all circular gear

planetary system



138 g A Al

2018 4

FEERVA IR O it WS I R T B2 ) G ST (VA R
bRl s 0, 0]
y W, — Wy , 2,7,
LZOZFO_L‘)”:(—l) ﬁZI (1)
E2vs LA HAARRITER S KRR
w,—— KA M rad/s
w,— AT BRI E  rad/s
'%Zﬁmﬁiﬁ’ﬁ‘:ﬁﬁl B rad/ s

Zl’qjl‘ﬁﬂi’ﬁﬁﬁ
Z,— T R%N%
B TR FRAC R (kAN 3, BRI AT4fE
w, =w, =0 (2)

JF LA AR5 20 (2) 153 28 £ 0 A o o &, H
HHXS 3B S BE g 58 O x5 115, ks ms AE B 4 46 4 2
A7 O 3 B T, BIV7E 9K Sl 5e AR B s i B v, AT
FHAZHIZE 0 F— B ARFIE 23S 90°4L7¢.

TR A0 B A XS 0 78 7 FE N

%y =L,pcos6
{ | (3)
¥g = Loysing
A xy yy——B BOKF A XS RS 5 2 A AL
% ,m
Loy,— XM ST ERZE A F L, m
Wahre ik o5 « Bz WAk A,
rad

W B B AH X 388 7 A

Up, = — éZLUBSina
{ | (4)
vy, = 0,L,,c080

Hh 0=0, +0,

Kb v, 0y ——B KA T R
B, m/s

9——%QAWMﬁﬁL (6, =w,) rad/s
— KB SE RO S« Bl ) R b e
£ ,rad
0, —— IR B STARTE ¢ I H] N 5% 3ok
SR IE 1 5 f ) L rad
tFBAEE D S A X AT R4 B AT M i
g, A D g5 B R AR [, DS 4
X R 7 RN

(4 f1 BE (A

Vpe = = ézLUBsina +v
{ ~ (5)
vy, = 6,L,,cos0

D 5K 26 %) 3 B 5 5 40
BE,m/s
5] P IR T, m/ s

K VUpu \Upy

*ETEK@)EI%D,%'I L()BEj v %j%ﬁﬁﬂ‘,vwﬁﬁég
Bt 6 220 i 22 Ak o WS AT 7 A - B e I Ay o B
i, sing BEE ¢ T O 5 WIS AT AR Fe IR B £ o

B, sing BEZ ¢ BN BTLL, 0, BOAE kb 2R 5
W& ¢ B0, e B ¢ BT R, ARG 2 v,

1T 25 i 20 B8 K ARE 0,L,,sin6 #4350 T2 H 2% F o,
[l =TT = N A
LR AE B AR LB o A AE, Loy A 52 2 3E

JIF LI 24 6, g 78 Bk i, L0 2 0,sin0 Sk 5E F,
TEWENEEH LGS R v, AT IR A IR T %, SE LK
B 22 BEAE .
2.2 IRERMERE

G T Vi 56 A% sl — X6 58 4 A ) 11 45 1 4% il 48 4%
B TR i o AR SR 3, an el 3 R .

IR FiA s g L P =y

Fig.3 Transmission of oval-shaped gears

YR 1 e R R

__A=€)
g _l—ecos(201) (6)
__Al=€)
r2_1+ecos(20) (7)
o A(l =€)
Hz_fo a(l—ecos(Zﬁ))—A(l—e) 49, (#)
_01(1+ecos(202)) 9)

71 -ecos(26,)
SRR A T £, mm
S AR 2R, mm
0,—— FE UL K 5 1 ,rad
6,—— F: 3 59 I ¥ 46 A0y 1, rad /s
A——BIE 5 8 KRl BE B, mm

IE W 5 1 o B, mm
ES

HEAE 2 (4) ] J0, ms S 7E A 4 B R AR A i
P, Bl SRS 7S IR 18 2l , 0 B W R, B v, 18 W
B, TR 1B )y 380 3 5 W 22 /0, ) AT RAIE v, S —
ek (EME I = Blie e < i B I WE 3 oo =4 [ = [ e v
TR T K 10 IS 7 380 32 58 ¥ 1 o 3l 5 F 5 B O 14

A




55 1

Fal % WE-2IERK R 2R LRI I 58 139

SR WG G AL SRR, Al PRI WEAE B 52 B/ T B

3 R-EERERITERTHEILAING

gt
3.1 THSHHIERRE

ARG SC P S B MLAG B i, 50 3l e
R 120 o/ min, U A\ 3l B FE 145 56 O [R) — &%
Y L B A B AP AL X 4 W, CEE B E R
300 mm, U v =1.2 m/s"™ 7>,
3.2 HMSHWiEt

Lo R TR 58 B Bl 7 AR B 1] RS 8 32 252 i PR 3%
I\ 1) Rt ok, HLAL 3l )~ P RE 8 22, 9K 3h ) 28 R
D) RF /0N, G 5 BOM &R Z 18] Y BEAE £ T # , /IR
AN a4 R

%
o

B4 WG T AR B

Fig.4 Schematic diagram of spray fertilizer needle

HE 45 B A B 5%, Oh ORIE 7CHE 300 mm J2 |47 11
B Iy 2 ERE L Loy I 7E 120 ~ 150 mm 2 ] . 423 ik #
Loy Yy 136 mm, W sk 73 iF B0 4 6 15 i 28 75 72
68 mm, ik O 5K 2l 5T A ) 4 FIR B A LR IR i
NETRBE , m B A 14 152 3 R T 7 B K T 1F B o 42 19 i
A% (34 mm) (FLICIR BE (80 mm ) Fl 3K 3y 52 {4 BE
JEAR N RST, B DA i B IE 44 B2 8 140 mm,

WU TAE g5 S5 A (5) ), IR0 2
WEETEA L5 W ik fep v, 0T T F 2L
o AR BN IE 4 0 A mE SRR AR SO T A A R
FA=39.9 mm,e=0.15, &R0, LHEHE
B 7T B

4 EPLXIRIEIE

B UEHUAG BT A BEAE 3 Pro/E 7R
SEFLOHLR = HERE R, 3F 3 A 2] ADAMS B {2 17
LB AR, B 5 S $LoCHLIG R X i 3 Ll B
IR NI 75 & 2 E B 517 2 AR AL e,
HE Bt 2 RAIE R B S HLC B 6 S $L/XHLIA 7E Hil
PR 1.2 m/s 5558 120 v/min T (9 48 X iz 3l
Bk

M6 AR FE AL BT A B3 B AR B

BS LML AR X 32 3l ik
Fig.5 Relative motion trajectory of pricking hole

mechanism

B 6 HLTHLIE 4 X iz gl Lk

Fig.6  Absolute motion trajectory of pricking hole mechanism

B 5 oY, b 2L (0 B B DX T R B S Y
Bl . B e B, 280 L UL 1 AL T s
2y, il S AT B B 7K P 26 X E O R R
BN T 260 0 T, o ROSF 5 IR £ B AR R
HTE o 25 BRI, BiE B LR AT i 2 L £ o
SFLC YU AT L 1.2 m/s B, FLCHLAL BE
AEDRIE 1 38 FL 7t BE PR AIE 7 F /N Y 45 5 205K, g i
JCE R/ 26 mm, 35 2 4Lt AE A 20 2E5K o

5 R

5.1 RBMKS T

IS0 5 Y~ 4 I B 14 46 17 22 R 2
B TE B, A< S 1 5 R X B
I £ 47 2 88 AL LI L 0 240035 3
FFABEE™ O e ML HLR T LA B,
{7 B o e S A K TR Bk R
S5, WA BRI 0 ORI T 4
SCREEVEEIN 0.6 ~1.0 MPa, 5 /KE N 15% ~25% .

HUAE 4 3BT 15 90 10 BLH 45 15 T 240, 7
598 302 U 120 v/ min PR 3, BLFG AT
HE 1.2 m /s, 3 i R DL AL L B 9
B, 32 1] Phantom VS. 14 P2 57 A bR R 30 %
WL R 50 4 b L Exeel 518 A SR 40075
2R 401 2, 180 55 B W AL 40 4 32 5 60305 5
HE 2. 4 4L 7V E T 4 80 o Jf W B ¢ 1
R



140 & Ak Bl B ¥ R

2018 4

K7 Lo P R I

Fig.7 Performance experiment of pricking hole mechanism

5.2 RRERSHH

WEHE B 1Y) 246 %) 32 Sl B30 22 40 18] 8 Bt 7 5 W
BRSP4 0] B M2 an s 9 B o 78H S8 B30
28.6 mm,WNFE 1 /R,

M8 Ha] LA e — LR A 075 s

100 200 700 800

K455} (v F/mm
& 8 WAL E 4 X) iz g Pk

Fig.8 Absolute motion trajectory of spray fertilizer needle

B9 AL B K S o X 8 i 26

Fig.9  Absolute horizontal velocity curve of spray

fertilizer needle

1 NOREMNELER

Tab.1 Test results of hole width mm
R 2 AHES S
1 2 3 4 5 6 7 8 9 10
1 31 26 28 30 27 30 26 25 30 28 28.1
2 30 27 33 30 30 29 26 30 27 30 29.2
3 31 28 27 23 28 27 35 28 27 28 28.2
4 30 31 28 27 28 24 30 28 26 29 28.1
5 30 27 29 30 31 28 30 30 31 27 29.3

JIE St 80300 v BE A 2753 mm, B8 K BE R 602, 5 mm,
A5 1 4030 il 2 5 05 B0 15 3 0y B gl 24 1, B
AR C Y TR ) o WIEEAEA L5 L0
B0 IS i A7 7R il 2 B A AR A (K P 4 % 7 B
602.5 mm & Ab) . NE 9 Huf LLF H, AR £
S — D HL R A A KT 28 %8 38R il 2l A 5K o
Bt 4, /MR O m/s, B KA K 3. 13 m/s, TR
I, WS AT S 1A E B i o i 50,5 s 4
BF, WL B3R B 5 2 Ao H B i . 7E 0 ~ 0.04 s
50.46 ~ 0.50 s PN, WA & 7K OF 4 X B o &
B 1 B4 0, A5 Y /CH 58 5 PR {H 26 mm
AHZE 2.6 mm, |y TFL 7 BEBR, BT AAILAS B 4% 20
R R 25 F R

FLHUE LE— > AR AN, Ji 3 B0 14 46 A1
WA AL Bl UK B 58 A B 20 A AE AR R A AR
A (5) AT i EBIEEEA 5 Bk B, H
P 4 Bl 220 7K Y- % R R R R R . i U AE
K8 B T A A 5 18 9 K- 4 %k i Sy 2 1k A5 Ak
B IE T IS T IE R .

(1) MR BR IR 143 58 5 42 E B 4 48 47 A2 &R A9
Fibh BT 1 — Pl AL M AL e AR A B~
S IE B AR AT R R A B AL ALK I S Y
Ror R RS BT B AR5 20K, e &5 B 10 25
5 TAES R

(2) A4 P 3 A 15 21 B MLAG 2 580, X BB — 42
IE 15 7 5 47 A2 AR AR s AL LA ATk L5, 15 2
WA 1 A R X 55 246 X6 i Bl s it 2R, B E T W B
PRAUEA M - i 2 B2 25 09 ] i, o ] fRUE X/ 1Y

(3) X AU AT o 40 AR 5 4L RS . ISR 2
R W], WAL BT A5 F SR 1.2 m/s AL
120 v/min S5FLI/XTRE 80 mm T, BEALEHEA + 5 H
ol A U R S A7 A R SRR ), MU KT 4 X
HEENZE FTLL, SE - AR R Fe 1T B AR AR S FL AL
P R 45 K 5 1 T SR A M B 2 B 4L /XS /X /N H
i, FEMAR ST FERE Ky 28. 6 mm  3AFIAR 2t A K

& % x Wt
U E B WAARURA T B0R 5 % a4 [ 1] AL AE 83T ,2003,41(4) 10 - 13.



%5 1 Fal % WE-2IERK R 2R LRI I 58 141

10

11

15
16

17

18

WANG Yunxia. Present application situation of liquid fertilizer and its development tendency[J]. Chemical Fertilizer Design,
2003,41(4) :10 —13. (in Chinese)
W75 I 2 8 NIRRT R T8 I RE e A A [T ] B 54208 ,1999,14(3) 16 - 11.
XU Xiucheng. What can departments of chemical industry do for raising fertilizer use efficiency [ J]. Phosphate & Compound
Fertilizer,1999,14(3) :6 — 11. (in Chinese)
SERA, X0 3 9. HUAR R A IS R BR RIS [T ] 1t P A0k F2#,2000,28(2) =3 - 6.
DOU Guimei, LIU Qiaoying. Research on application technology of mechanized deep fertilization[ J]. Agricultural Science of
Shanxi, 2000,28(2) :3 — 6. (in Chinese)
A B RAE, A, . ORI R S IR R R X B R A EUIRRCR B [T ]. 1524k ,2012,38(4) 700 - 709.
LI Wei, LI Xuhua, LI Haiyan, et al. Effect of different mixing rates of controlled-release urea and common urea on grain yield and
nitrogen use efficiency of summer maize [ J]. Acta Agronomica Sinica,2012,38(4) :700 —709. (in Chinese)
K SO A S, AU . PR S B A SR RE AL A B[] BRI N — R B R #2441 ,2011,23(4) 120 - 22.
ZHANG Yifeng, YANG Jingbo, YI Shujuan. Design on machine of fodder grass zero tillage seeding and liquid apply fertilizer[ J].
Journal of Heilongjiang Bayi Agricultural University,2011,23(4) :20 —22. (in Chinese)
MARCELO J S, HENRIQUE C J F, PAULO S G M, et al. Liquid fertilizer application to ratoon cane using a soil punching method
[J]. Soil & Tillage Research, 2017,165:279 - 285.
WOMAC A R, TOMPKIINS F D. Probe-type injector for fluid fertilizers[ J]. Applied Engineering in Agriculture,1990,6(2) ;149 — 154.
Ea, SO RE R & AR AT R R AL ROoR B S8 [T/0L ] Rk MLB = 4k ,2015,46 (11) .71 - 75.
http : // www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? file_no = 20151111&flag = 1. DOI 10. 6041/j. issn. 1000-1298.
2015.11.011.
WANG Jinwu,ZHOU Wenqi,ZHANG Chunfeng, et al. Reverse design and experiment of non-circular gear planetary system picking
hole mechanism[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(11) :71 = 75. (in Chinese)
XEE, Ea, FOCHE, % W i XORHL 0B IE &1 3h J1 2% 40 7 5 188 [ 1701 1. A lk HLA 2 412, 2016,47 (3) .54 - 58.
http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20160308 &flag = 1. DOI:10. 6041/j. issn. 1000-1298.
2016.03.008.
LIU Chunxiang, WANG Jinwu, ZHOU Wengqi, et al. Dynamics analysis and experiment of double oblique hole spray fertilizer
needle of liquid fertilizer deep-fertilization[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(3) .
54 - 58. (in Chinese)
XA, £ A, D, 45 56T I SE R i 2 WAL L /XL 3 01 2 0 i 533 [ 1/ OL ] Alb ALK A% 41t ,2016,47(5) : 116 ~
122. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20160516&flag = 1. DOI:10. 6041/j. issn. 1000-
1298.2016.05.016.
LIU Chunxiang, WANG Jinwu, TANG Han, et al. Dynamics analysis and test on picking hole mechanism of liquid fertilizer based
on bezier curve[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(5) :116 - 122. (in Chinese)
FEHR XA, £ 408, 5. 200 64T R R RS IEE G A B 5105 [ 1701 ]. ol HLAE %% 4 ,2012,43 (10)
59 —65. http: // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1 &file_no =20121011&journal_id = jesam. DOI;
10.6041/j. issn. 1000-1298.2012. 10.011.
WANG Jinwu, LIU Yahua, WANG Jinfeng,et al. Optimized design and experimental of the liquid fertilizer deep mechanism with
planetary elliptic gears [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2012,43 (10):59 - 65. (in
Chinese)
e, £ B SCHE S T R I 58 SUFL AL B0t 5 TAE S B0 i 46 [ J/0L ] ARk HLBK 2% 41,2017 ,48 (4)
90 - 96. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1 &file_no =20170411&journal_id = jesam. DOI;
10.6041/j. issn. 1000-1298.2017.04.011.
FENG Jinlong, WANG Jinwu, ZHOU Wengqi, et al. Design of pricking hole mechanism with deformation elliptical gears and
optimization of experiment with work parameters[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017,
48(4):90 -96. (in Chinese)
F i, SO, E T A ST SRS B AU B R E L L B S [ /OL ] RO ALK 2= 4, 2017 ,48(5) -
79 - 85. http; // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20170509&flag = 1. DOI;10. 6041/j. issn.
1000-1298.2017.05.009.
WANG Jinwu,ZHOU Wenqi, WANG Xiu, et al. Oblique type pricking hole mechanism based on lagrange curve for cubic fitting
trajectory[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(5) :79 —85. (in Chinese)
Ea R, SO, T g, S R E SCIE AL R AT B AR LU AR 2 B0 8 4L [ J/OL ). Rl AL M 2 4, 2017,
48(6) :66 —70. http; / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no = 20170608 &flag = 1. DOI;10. 6041/j.
issn. 1000-1298.2017. 06. 008.
WANG Jinwu, ZHOU Wenqi, WANG Jinfeng, et al. Experiment and optimization of working parameters for pricking hole
mechanism of oblique type non-circular gears planetary system [ J/OL]. Transactions of the Chinese Society for Agricultural
Machinery,2017,48(6) :66 —70. (in Chinese)
PRAK IR A [ 5 A 17 B AR A A LAG 8l ) 2 R PR RS [ DL g7 ) PG R+ ,2016.
E BIAR A /N S i O 5 $6 4T B 5 AR R 3 1 A A SR [J/OL ] el HLAK 2% 41,2017 ,48 (1) :38 -
46. http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no =20170106&flag = 1. DOI;10. 6041/j. issn. 1000-
1298.2017.01.006.
WANG Ying, XIA Xudong, HE Xiaojing, et al. Dynamics optimization and experiment of planting device driven by planetary
eccentric gears and elliptic gears[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48 (1) :38 —46.
(in Chinese)
TRULT™ 85T, Tk AU, 55 K AR BT RS AL E M BRTE AR 50 S0 BRI Y38 S LBE AT [ ). ARk TR 2441 ,2012,28(7) :10 - 15.
XU Hongguang, ZHAO Yun, ZHANG Yunhui, et al. Analysis on kinematic principle for seedling-picking machinery of rice
transplanter with deformed oval gears[ J]. Transactions of the CSAE, 2012,28(7) :10 - 15. (in Chinese)
PREERE , £ 98, SRR, 4. PRI RS R ML AL TE M [l 14 48 17 B R A LA i1 51856 [ /0L ] Rk MLAR 27 41,2013 ,44 (10) -
52 - 56. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20131009&flag = 1. DOI: 10. 6041/j. issn.
1000-1298.2013. 10. 009.
CHEN Jianneng, WANG Ying, HUANG Qianze, et al. Optimization and test of transplanting mechanism with planetary deformed
elliptic gears for potted-seedling transplanter [ J/OL ]. Transactions of the Chinese Society for Agricultural Machinery, 2013,



142 | 1 R A= 20184

19
20
21

22

44(10): 52 =56. (in Chinese)

5. BB 34T 5 25 (ML JE 5T LB ol B4t ,2005.

S F A, IO, AR R R ARSI AR S [ M. db 5T AU Tolk R4t , 1997.

KA, TEE B, 5. T8 B ERAR 0 ) 2l SR s HE R 24 B 4 A [T b Rl R 2% 2% 4 ,2014,33(3) -
103 - 108.

YU Jiajia, DING Youchun, LIAO Yitao, et al. High-speed photography analysis of dropping trajectory on pneumatic metering
device for rapeseed[ J]. Journal of Huazhong Agricultural University,2014,33(3) :103 - 108. (in Chinese)

FREER , AWUE EHR, 5. BT REBRRE AR KEE M SRS RSB [)]. &l TR ,2012,28(2) :
197 -201.

TAO Guixiang, YI Shujuan, WANG Chun, et al. Analysis on dropping processing of precision sowing device in rice seeding bowl
by high-speed photography[ J]. Transactions of the CSAE, 2012, 28(2) :197 - 201. (in Chinese)

(L#EE 135 W)

15

16

17

18

19
20

21
22

23
24

25

26
27

28
29

30

31

32

33

34

35

36

37

38
39

CAMPOS A V P, OLIVEIRA O S, FERREIRA L V, et al. Dem simulations of dynamic angle of repose of acerola residue: a parametric
study using a response surface technique[ J]. Blucher Chemical Engineering Proceedings, 2015, 1(2): 11326 — 11333.

WANG X, YU J, LV F, et al. A multi-sphere based modelling method for maize grain assemblies [ J]. Advanced Powder
Technology, 2017, 28(2) :584 —595.

WANG L, LI R, WU B, et al. Determination of the coefficient of rolling friction of an irregularly shaped maize particle group
using physical experiment and simulations[ J]. Particuology, 2018,38:185 — 195.

COETZEE C J, DNJ E. Calibration of discrete element parameters and the modelling of silo discharge and bucket filling[ J].
Computers & Electronics in Agriculture, 2009, 65(2) : 198 —212.

ERE &R, 2 BB T, KRR R St b i R oA (1], R DA% ,2012,28(3) « 44 -49.

CUNHA R N, SANTOS K G, LIMA R N, et al. Repose angle of monoparticles and binary mixture; an experimental and
simulation study[J]. Powder Technology, 2016, 303 203 -211.

R R, S LA BT CT FRR AN SN oL = 4 B OC R[], R3S R A% 244 ,2011,45(5) : 711 =715,
TOMKE SRR, I, 55 25 T B B T0 A A K T T 25 SRS At HE Bl A AR O B [0 ] Rl TR 2 4%, 2014,30(8)
40 - 48.

SHI Linrong, WU Jianmin, SUN Wei, et al. Simulation test for metering process of horizontal disc precision metering device
based on discrete element method[ J]. Transactions of the CSAE, 2014, 30(8) : 40 —48. (in Chinese)

ASAE S368.4 —2000. Compression test of food materials of convex shape [ S].2000.

YAN Z, WILKINSON S K, STITT E H, et al. Discrete element modelling ( DEM) input parameters: understanding their impact
on model predictions using statistical analysis[ J]. Computational Particle Mechanics, 2015, 2(3) ; 283 -299.

B B0 B LA SUB A SR AN B S [ T]. £l TR AR ,2016,32(20) : 32 -39.

NIU Kang, YUAN Yanwei, LUO Min, et al. Design and experiment of potato metering device with double-deck seed tank[ J].
Transactions of the CSAE, 2016, 32(20) : 32 —39. (in Chinese)

GONZALEZ-MONTELLANO C, FUENTES ] M, AYUGA-TELLEZ E, et al. Determination of the mechanical properties of maize
grains and olives required for use in DEM simulations [ J]. Journal of Food Engineering, 2012, 111(4) ;: 553 - 562.

F T A, E4RH. BT X HAE EDEM EscEk[ M. V4% PYIb 0k K2k H AL ,2010.

SCRGE X AR, X SR E S5 UKL B A T R BUE AL S IR SE R X F AT [T ] T E R R AR ,2015(3) 1 1 -5,
A, TR RO BURIR B B R AT HE AL RS [T ] Py B3R ,2014,63(17) ¢ 165 ~171.

HAN Yanlong, JIA Fuguo, TANG Yurong, et al. Influence of granular coefficient of rolling friction on accumulation
characteristics[ J ]. Acta Physica Sinica, 2014, 63(17): 165 —171. (in Chinese)

FRLFTIE DT BT by R S S TR A B E AL [ T]. RO AL AR, 1994 ,25(4) - 58 - 62.

ZHOU Y C, XU B H, YU A B, et al. An experimental and numerical study of the angle of repose of coarse spheres [ J]. Powder
Technology, 2002, 125(1) . 45 - 54.

YANG J, XUAN K, BIN L I, et al. Study on release mechanism of inhibitory components from cinnamon and clove powders [ J].
Journal of Food Safety, 2012, 32(2) . 189 - 197.

GHODKI B M, GOSWAMI T K. DEM simulation of flow of black pepper seeds in cryogenic grinding system [ J]. Journal of Food
Engineering, 2017, 196 36 —-51.

SRBE, BT, AT, . B ROTE T Y - S bR s R B SE [I/0L ] RO AU A=A, 2017 ,48(3) : 49 - 56. htip: //
www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20170306&journal_id = jesam. DOI:10. 6041/]. issn.
1000-1298.2017.03.006.

ZHANG Rui, HAN Dianlei, JI Qiaoli, et al. Calibration methods of sandy soil parameters in simulation of discrete element
method[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(3): 49 -56. (in Chinese)

ZHOU Y C, WRIGHT B D, YANG R Y, et al. Rolling friction in the dynamic simulation of sandpile formation [ J]. Physica A .
Statistical Mechanics & Its Applications, 1999, 269(2 -4) . 536 - 553.

DN , T SO , X ZR A AR R 4% B A s e A PR R AR SR [ /0L ). AP AL 2% 4R , 2017 ,48(5) : 44 - 53,
http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20170505 &journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2017. 05. 005.

LAI Qinghui, MA Wenpeng, LIU Su, et al. Simulation and experiment on seed-filling performance of pneumatic disc seed-metering
device for mini-tuber[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(5): 44 —=53. (in Chinese)
MARIGO M, STITT E H. Discrete element method (DEM) for industrial applications; comments on calibration and validation for
the modelling of cylindrical pellets [ J]. Kona, 2015, 32.236 -252.

B A BB SN M), Jtat: & S H0E | AL, 2000 292 -303.

R AE. R IR A I R BT (M. W R BRI TR A, 1998 ¢ 181 - 187.



