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AN N SRS AR A 2R3 . HASR
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RIS S IR S EAT WL, AEAE [ AR 0 1 A R AN
WA E AR, TP IEAT M AT N 38 3K
e SO ) — A AL S R A ST AR AL R R
Pl TR, 8T Ik S s vl i g s
FRafE ELAT N 38, DL ZEAT B S AT bomids, 47
NI 3 [FD R HE g, WAL S TR
KR, BORIRFERN 500 mm, HFMEATFRA XK,
BRI AN = RO, T HAZHL S BB G HL LA
BRREZBOR, %R AT B R s MR L/ LI, 2
S B PR

ARSI A B A R AR R IR A LT 7L
B THER, ] 1 — A OOUH L [ A SRR F T /X LA o
1555 AR IE B 27 B S S B A ) S e v,
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BRAT I A2 SR IR T AEALFT SHLAA 32 Bl 22 [ o7 L 2
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B A 3R Bl O AR T AL FT 7O LR 2R FH X T[]
WU o 3TN e B R St sl 1 fo,
T BBGHEL. XUREE . XIS . XURE . XUF LA
FTAGEF AL, B XURE . XU R
TR A A IEAT A O PR E . B ERR RS
BRI AL UL B KRR S Hn R 1 s

x1 BHNEELSHRMEESH
Table 1 Main structure and performance parameters of the
machine
T H Items
Z5 /T3 Structural style
MRS (KexBix i)

Overall dimensions/(mm>xmmXxmm)

{& Value
HER (g

3260x1 425%1 555

KANHIEA Engine style LML
RANHVEE % Engine rated power/kW 18.4
KAWUPE % Engine rated speed/(rmin™) 2350
2 EHUBUE LI Air compressor rated power/kW 5.5
7= FEALAE 71 Air compressor rated pressure/MPa 0.8
i WEZ N Gasholder volume/L 160
= WL R Gasholder number 2
JE AR 73X Track type TR B i A
JEATAR % & Track width/mm 230
JEA B Grounding length of track plate/mm 1670
A4 5X Fertilizer rob style [ aRiA
FRITI Glife) IR =600

Maximum insertion and fertilizer depth/mm

S} 77 Gas explosion pressure/MPa 0.6~0.8 (ATifD

HEAL A5 Fertilizer box volume/m® 0.1
LR Single fertilizer discharge/mL 100

FTRBLA

Insertion mechanism

LIRS 23RATF SRR 483000 SENL 6.JEM 74T
PLty 8. gl O ERMILHERE 10.UBKERE 1LBEME
12 B 130U SR
1.Driver seat 2.Operating handle 3.Operation panel 4.Engine S5.Air
compressor  6.Fertilizer box 7.Insertion mechanism 8.Gasholder 9.Fertilizer
quantitative measuring device 10.Gas generation device 11.Hydraulic oil
tank 12.Track crawler chassis  13.Hydraulic outrigger

a. fT7RBUA 223 B s

a. Schematic diagram of installation position of insertion mechanism
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=

AN
17

716

LAME 2 0ME 3 AARE 44068RE SATHRE o fTHmE 74T
SRR S HURABHE TR oML E 1046 LR 11LANER
12ESEEBOEE  1BAT/URFT 1456k 1S SEBE 16,994
JEEE 17 AL 18 5METL

1.Right cylinder 2.Left cylinder 3.Left rocker arm 4.Right rocker arm
S5.Left lifting arm  6.Right lifting arm  7.Soil insertion depth scale
8.Inductance near-switch ~ 9.Hammer device 10.Upper right side roller
11.Lower right side roller 12.Gas and fertilizer distributor 13.Soil insertion
rod 14.Spear of rod 15.Air and fertilizer jet nozzle 16.Inner slide base
17.Inner slide rail  18.Outer slide rail

b. UL FE AR AT 7L
b. Double cylinders synchronously drive hydraulic soil insertion mechanism
B 1 ATRAAM AL E R LA
Fig.1 Installation position and structure drawing of the insertion
mechanism
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AT G B Miash, THRITA LR, TR
HA] OB AR ROW ST NIR L, I8 B ZRAT IR
B SE AT N R e AR SE U EIEREARL SE R, 25
BRI B BT NARTE PR E <RI L E R, W
JE ARG ELA AT REBE 1 T 35N 5 HES) L ZE 4T 5]
9, ROHETLE ZEAT XS T B8 s s Fe v S BiRa),
HET 7 B0 4T 7 EAT I B ) iz ), Rt R, @7t
W 2 YIRS, BERERTERE. A EIT AR
TR e sE, Bl RS B M T ARk A2
FTIRGR B AT LLOE I 2 b R LR - e i 2 ELAT i
WRAT U (A B B, AEFT G R il ) e A+
JETAE LLSEIAT NI, FTEFETT R, BB AU T 7L
R IR 56 1T Ak

IR —— JFIRITN
End insertion state
Fat )R Z1%-600

oy 1T

| 'ﬁi. cale label -600

AT

N
Scale Tabel 0

T
P P g
u i J‘E [N i ]
o

: So
X I 9
Soil area I ;

: Voioo |

e POIMELRTCAF RS R s T i A A i 1
Note: P is the rod-less oil inlet of the cylinder, and T is the rod-cavity oil inlet of
the cylinder.

B2 IRALEETE
Fig.2 Diagram of the soil insertion process
1.2 $TRHMEKX
1.2.1 MR T &

R4 ity 2R [l O R e NEATL A B S A4 B T 3
Ko AT ZRAERENLRT IR P AL B, UG X
AU B i VR D B R AT B o Tl GLRIRE S 1) ] e B
JE L RAEJRA NG b, THIE VS — i S AT T IR A
£, s S AR E . ISR AT A i
AV, AEAT RN LS ) BRI RR Hy AN T A ) 25 3
[FIBR 250 mm, J%H 252 mm, HUEET B HIERR, DAARIE
FER A S VML I B L FE R T e/ il 1 s
1.2.2 3BAFESH AT RIFEL

AT AT TN FT AR 3 SR o B3R
AT T ELAT NI 3 o T B R S e VR G B A AT
R ESHE BT ELIZE), SN E R R E
T AT IE EE s R . R E AL kSRR R
I KFT 7O AER BE AN T 600 mm (14 2R, R AR5t
OB B B R B 600 mm, &N [ E
T BEHAN [FI W RN B R AT Sk, AT A S FR) B KT X
REEER A 760 mm. @I 2 FioR.

1.2.3  h40iE ) & BATATAR

WELAE AT BRI SR A, 3 3 T i 8 1) 4 B
BT 76 TR B E) . IR SO R T, GRIE E B
JRESE e )y, eh TR R S TR i B SRR, U

Sl LR, 24 TE R i A2 vt i 3h B AL 5 K A B,
MELTFAR A 25 . LA A R Eh I R, i ZEAT AN B
K AR 22852 A1 ER, N T OREH G ZE 4T 18
HIPAREIEAE . PSR AE TV, RS ZEAT i K
FTFEER AN 200 mm. 7ESRAT b i i, JhET %50
BERNFEFOIE, MO T IO 22 25 14 B A 1) BE B AN
it 850 mm.
1.2.4 JRAEFH B ARSIE

BN 5 T % B B b R S, K E
JRUST 022 2 7 BB 5 10 e T 97% ZEAT IR I8 B U FIAT 2 . AR
PELAg e e s M Bk, REKERITEERN 350~
450 mm, P2 BSOS AT TR K 5 A ) B
B (RO EED S BUEYERA 500~550 mm. @1 3 AR,

U}

1
1
Ground ! o

W XK Y RRET I O NAFRIE S AB Js FG 24T
KB, mm: CD NIREKIE, mm; AC JMELIEFEF BN A SIE 8
& CHIFER, mm; BD JMELBSIE 532 E BSOER O, mm; CE N
PR C 5B A EMIEE, mm; EF AT, mm: Ho NY)
UG BTN LR F BSHEIRR, mm; SRR B SR R R S A L
FE, mm; o L AB 5 X TTIREIS, (O): o AHRE CD 5 X TTIaIf%
fil, (O o3 NIEF AC 5 X RIS, (°): BNEE CD 5 DE #ELIKk
A, () a NIEFF L CQ 5 CEELRNIA, (°): 6 NIER EQ 5 CE HELI
Jes, (O); 0 NEN EQ 5 EF #L&MIH, (©).

Note: X is the horizontal direction; Y is the vertical direction; O is the origin of
the coordinate system; AB is the length of cylinder and piston rod, mm; CD is the
length of rocker arm, mm; AC is the distance between the hinge point 4 of
cylinder piston rod and the hinge point C of rocker arm, mm; BD is the center
distance between cylinder hinge support and rocker arm hinge support, mm; CE
is the distance between rocker arm hinge point C and insert rod hinge point E,
mm; EF is the length of the insert rod, mm; Hyis the ground clearance of the
insertion point F at the initial position, mm; S is the center distance between
rocker arm hinge support and rocker arm hinge support, mm; ¢; is the included
angle between cylinder 4B and X direction, (°); ¢ is the angle between rocker
arm CD and X direction, (°); ¢;is the included angle between connecting rod AC
and X direction, (°); f is the included angle of connection between rocker arm
CD and DE, (°); a is the included angle between CQ and CE on the connecting
rod, (°); J is the included angle between £Q and CE on the connecting rod, (°); 6
is the included angle between £Q and EF on the connecting rod, (°).

B3 3T RAMEE S B

Fig.3 Movement diagram of soil insertion mechanism
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VR [0 B8 ) B v 1B S0 %14 25 MPa, 3 PR VR 22 B A5
SE BI04 25 MPa,  [A[E, T 7XHUAA IR 772 SR AN
i 25 MPa.
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UL [ 25 SR B R AT XU X BR 544, FLRTFR
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2.1.2 MMy AdEHHE

ALz ) K 3w, N RS SRR 4 4,
S NMEL AB, $EAT CD, AT ACQE (Q NEF Ei—
MNEWMSHED , BRI R E A — NIRRT
¥ EF , JAPRE] S A, B3 A4, B, C. D4R
HEIA EF 5w S5m0 MR mEl 1A, N E
MG EE AT . Rk, AR PV B BT
AR, ZFT RN A B

F=3n—(2p,+p,)=3x4-(2x5+1)=1 (D
K n NIESIAEL p AT IHAKEIEL p, AT TH R

MR, JEEh N 1 ANEL, TR A B4
REFFENENE, Rk, HEVA R st &4F, Pk
AA#HENIZg).

2.2 BEIITRHMAAEARE
B3, Fmifin
¥¢=s 2)
yp =H@)H,
K xps yr AN F S B AERR ISR, mm. H() RN
FIOURE, R4 F SR LG4 N 3R RE,
mm; AHR I A] ¢ W HT 7N LI JE], s
K3, E il

=S
{XE (3)
Vg =Ypt+Ly

KA, xp ye AN FSEALAR AT AL FR, mm.
X TACDE, WIEJUARAR, HRZEHES
Loy +S*+(,—yp) L

cos B = (4)
2LCD 'LDE
K3, CRAMAiEN
{xc =x, + L., -cos(¢,) (s)
Ye=Yp+Lep 'Sin({/’z)

HE 3 | E SAHX T D SR B LA C 245
Xp =Xx; + Lo cos(p, +T—0a)
{yc =Yg+ Lo sin(gy + - )
A xps yp 70908 D SREALFR I ALFR, mm. R4 K 3
MBRR S D R E R R xp=0; REEFBSCE D R
I A 434 mm, Kt y,=434 mm.
B (5) X4

(6)

y, —434

tangp, = —~—— YD)
Xc
Hi (6) A%
-y, -H(t)-H,-L,,
tan (p, —a) = 2 2e e ()=Hy=Lee g,
Xe = Ve xe =8

K3, 4 sl
{xA =L, -cos(@,)+x,
V=L -sin(@)+y,
K xg ya A A AR A AR, mm. HRAEE 3
AR RS B AL E KRG x5=—Lgpr y5=yp=434 mm.
{XA =Xc +L,c-cos(py)
Vi=Ye+Lc-sin(g;)
2.3 EIFTHADEEFINEE 12
AR (2« 3 (5 M 9) PR FEN
ISR —Pr 34, 1SRIK 3 ik Fo E. C 4 BERET
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F ris E RN (mm/s)
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QD)

{*F:"‘EZO. an
Vp =Yy =H(t)
C FUEZN (mm/s)
{xc =—Le, -sin(@,)- ¢, (12)
Ve =Yp +Lep -cos(,) - @,
A FUEFE (mm/s)
{XA ==L, -sin(g)- ¢ (13)
Y=Ly -cos(@)-

AR (2) o (3) L (5) F (9) R TR
WEHAR S %, B2 3 s F. E. C A WIIEE
FREUWR

F piv E BIEEN (mm/s?)

{nr:XE_OU (14
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Fe =3+ Loy (cos(py)- 6, —sin(p,) -4
A FIEEESY (mm/s?)
{)’c’A =-L, -(cos((pl)-(bf+sin((ol)~¢l)

{%ziw@m@y¢+mwg@)

(16

=Ly +(cos(@) -, —sin(p))- ;)
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3.1 HitkBiRET=E
BUHIEL [R5 SR Z R AT SN FE g Bl #E v, 47X
TEAT DA AR AR B 0 BT NI 38 . MR i Bk
A FEZEUT FEMRMBE IR 1D &KRITIURE
760 mm; 2) TEAGFTHeflh EIN, 0 G138 80 2 f K FE A 4r
B, EVGEIEEM A SiEsh B A MR AL, 4T
TN 22 25 1 B R M 1) BE 25 AN 850 mm; 3D JHET TG
FEFFATRE/NT 200 mm, 17 HLil GL AR 12 2 h AN e 5 e
Fo. MUBREEEROE RAET 3. EEAAL H AR L LT R
Ji e
H(t,)*H,<-760 mm
S+|x,(t,,)| =850 mm an
L,y(t;)—L,(t5) <200 mm
Ao ¢ NIFURIT RIS %, ss £y AHTELIG ZEAT 4 HIZE)
BIME KRR Z, 55t AFTIREE R Z], s
RG2S el SRR IR il BB T 7 3R
PINI S, 4T XU B A rT S R e . AR 4 DA
FARACEH R, PRI S B AR T S ZEAT
MHKRE Ly, WEKE Lep, WEROEE S, hELE S
SRRSO O EE Ly GRIELES M B SRR
Vi D SRR SEAE) o 8IS SolidWorks FF = 4EGE AR S)
M, DA B R AR AL A6 4T R B R 3 ZE AT is
Pl CEIEMEARL) AR, Bk, ATLUEE I
RARA VR AF I 9 RN BRI S 8 .
3.2 RHG4FERMMHITRE
R 2.2 WESLIFT SN IZ B 8RR, SR
Visual Basic 6.0 4i'5 1 A AL 1) SR el SRR IR A it AEHLAT
THUAEIZ Bl 254 Bh 20 T 5 AR BT 3PF o ARSI T
FRHUI R G R ~F . A7 B RS PIRAS 1 SL i A4 . AR
PRI A A XS EOR TG ME, it AW
AZE G, LA EEG IR RN S HOUE, RS
MARAL H bR 5 WU B [ it g R, @it 2 A AS [FIpL
AR B S HON AL B AR s R, E RSB — e
2 (A7 B AEM R LA S A, B 58 O T 7XHL
IR BT I A

A E bR R RN R EEN
1555 mm, HHE 1 AE 3 SR04 E R BN 252 mm,
IO AIE RS A B R A 152 mm, R E R
THEEEN 300 mm. 2225 AR BTN 31 mm, R EdR AT
BT B BT LD 25 DA_E LN, BT 820 mm.
DAE] ATHEL T SHUAARI AR O B E a5 12 M s B D d
MK S SRR S A = . SR A1, B
972 mm. )5, VMG HTEELA B vHAE, SE 0 E
T Xof AL 285 i RO [ B 5 RO E SR, i o 32 AFF R ity o
KK (<850 mm) , DIMELESEaH O B s AR ¢
SCHERL Do AR KA b, B R S AL BRI
XL E, CLE 3 WA 3015 B A4 0s &R o9 FERT, FIH
#T Visual Basic 6.0 FFRMIRACE THERAE, 5308t i
# B 5 D RBARARAHNALE, 20 Lepy Lac A,
AT CATE R A B 110 52 9 (T35 26 A 1) 18 Bl 0008 &5+ 14 A
XA EARAL (U 4) , &S HGH AT T A B AR
KiF, BIRMAE AL S 2.

AR
Trajectory of point A

[@)s¢7/hu
Trajectory of point O

1A Ground

B4 37T RAMBACIR B 6948 K S R KA B 49 B i
Fig.4 The initial state and the movement track of the key points
after the optimization design of the insertion mechanism

3.3 NHMSHMERMKLER

W L BRI, X AU AR & S HOTR
0 EH bR IS EAT 30T, AR R e AR A HLAS ELAR
Wit 77i%, 13—l R BARrI S8, ik i
RN ER S EA A N WL AB VMK E GEEF R
D) Ly5=350 mm; FEE K Lep=400 mm, #EE K
SCEE D S AT EE S (PRE RO S=517 mm;
MEAR L B S5 REBRLE D Ao
Lpp=145 mm. 7ELL EZH0ERE b, ARIEALI & B LA
KR, WEMGEETRES 4 SBERES C Mk
B Ly=115mm; #EFF ACOE | 4. C. 0 = fidt4,
RIEAEAEALE, WE O s RS EMAN T, i
Lco=460 mm, Lop=260 mm; FT7CHRAT 1955 BK B (&
fai A 5 IR Sy IR @ 2% = % 152 mm) Lg=972 mm;
BRI S 50 58 5, o7 DS IR R Ak T
HIZEHEAS RS MR R, HrAlE 4B MXT X
5 R HIHIAE 2 9,=93°, BB CD MXTT X K
WIE 2% A 9,=98°.

FELL FACENSECT, 64T EF Reie S0l E BT
123, JMELVEEF 4 R MNURIGE A B S 5 B KT X
TRIZ S5 AL E K sh Bl Rk ik 4 Bis) , i
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TR R b SRR FATEAEH LT B IS 3h 2 70 B 5 16 49

WA R AR ) B I A8, WIUG AL B AN 25 AL E I T
AoR 310, REEAHNL BV 0N 30°, i A2 T ELANREE 1)
A B B R . W B KT 7R SE N 760 mm,  FH N (10
FLG ZEATATAE N 191 mm, 2 I 6L 35 ZE 4T Wit/ T
200 mm FIEK .

4 MMHTESTSEHFREEIE

RAERAL GRS H, XTI AT 454
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Note: The light-colored areas in the figure are virtual simulation trajectory of
cylinder piston rod point 4 and rocker point C for soil insertion mechanism.
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Fig.5 Simulation trajectory of cylinder piston rod point 4 and
rocker point C for soil insertion mechanism
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Fig.8 Measurement results of soil hardness
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Table 2 Soil insertion time at each test point under different
diameters s
AT EAR A1 W2 A3 SFEY
Rod diameter/mm Testpoint 1~ Test point2  Test point 3 Avg.
30 6.2 6.6 6.4 6.4
35 7.3 7.6 7.5 7.5
40 8.1 8.3 8.2 8.2
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Table 3 Cylinder pressure at each test point MPa
A EAT M1 2 M A3 FHME
Rod diameter/mm Test point I  Test point2  Test point 3 Avg.
30 17.8 18.5 18.2 18.2
35 23.6 248 242 242
40 24.4 25.2 24.1 24.6
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Table 4 Speed relationship between the speed of cylinder piston
rod and insert rod
LT ZEAT

H , TAGERE

AT EAR RO P AT 255 R
Rod Soil insertion A d fAverage speed of Speed

diameter/ ! time/s ! c\;ifli‘?;rsgf;or? insertior} differerllce/
mm rod/(ms) rod/(m-s™) (ms™)
30 6.4 0.025 0.119 0.094
35 7.5 0.021 0.101 0.080
40 8.2 0.019 0.093 0.074
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Fig.9 Perpendicularity and depth measurement of
insertion rod holes

6 % it

D X —FuE & T R BL R 400 mm 3K )2 35T
o8 A B BUH AT [R] 25 R B R 4T 7 U (1) TAE S 3 R
RAT T A3HT, JREESL T HLMIZ B2 . @IS ADAMS
AT SWMHAT IS BN B, S5 R, LG ZEAT 4
RIS SRR B R S C B SN SR o p
—8, RIESET LA AT S WU T R

2) Wt T MU I G K AT RIE s 1, BT
Visual Basic 6.0 FF& T Al #AL BT /NI Bl 27 4 B 7
PSR H AR, AT WK, REAL
H AR S AMLAE B 38T, i H— 4 i 2 SR e SRR FA HL
FT 7R B A2 B A7 B BRI T S RS H, 7 56
30+ 35. 40 mm EARTEAFESCRIT/OREE (760 mm) %%
R HIRIG 45 R, ZHUR AT DA AL 25 (R o B R,
BRI S HAh A R AT, MU TP 30,
35.40 mm BEAZIEFFHIHT /N LI A 43 50N 6.4.7.5.8.2 s,
Bril /N T 10 s BB THEL R s VIRLE 772030 18.2.24.2,
24.6 MPa, 353 /& /N T 25 MPa [ THEK .

(& £ x #

(11 Zuil, VX0, %, S5, S0 DRI &) i L B 5L
ARICY. 5 1w 4 1 BUAC Rk AR #EAL 7= 8 X 1 BE SRR AR
Jim R P HOR A L 43 2016.

2] WMZEM BB, TS0, 45 1KS60-35X B XU e T

T REBL ] Bl Bk 5 I ()], Rk TR AR, 2017,
33(10): 32-39.
Xiao Hongru, Zhao Ying, Ding Wengqin, et al. Design and
experiment on blade shaft of 1KS60-35X type orchard
double-helix  trenching and fertilization —machine[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(10):
32-39. (in Chinese with English abstract)

[31 X%, JRbEA HUIL e Y3 i AL LR AT 78 5 K56 [D]. b

a: PR RERE, 2018,
Liu Biao. Research and Experiment of Orchard Organic
Fertilizer RotaryCutting and Adjustable Depth Fertilizing
Machine[D]. Beijing: Chinese Academy of Agricultural
Sciences, 2018. (in Chinese with English abstract)

[4] KEHE, RER, XXE, 5 QSRR R EXUT

FEAREAENL T SRR [T]. AU, 2021, 52(1):
62-72.
Zhang Hongjian, Xu Chunbao, Liu Shuangxi, et al. Design
and experiment of orchard double row ditching-fertilizer
machine with automatic depth adjustment[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2021, 52(1):
62-72. (in Chinese with English abstract)

[51 FRREW, FWHE, »¥E, & BEREIHYREIEITE
JIR Bk SR [T]. AU, 2017, 48(2): 68-74.
Kang Jianming, Li Shujun, Yang Xuejun, et al. Design and
experiment of ditching blade installed in close planting
orchard ditching machinery[J]. Transactions of the Chinese
Society of Agricultural Machinery, 2017, 48(2): 68-74. (in
Chinese with English abstract)

(7] REEESI. REETT AL HLIT ¥4 7 J B g 5 56 F 72 [D].
b5t T EAOV UL 2B TERE, 2017
Kang Jianming. Theoretical and Experiment Research on
Ditching Blade of Orchards Ditching Fertilization Combined
Machine[D]. Beijing: Chinese Academy of Agricultural
Mechanization Sciences, 2017. (in Chinese with English
abstract)

(71 XK, W, M, 2% 1K-50 AUREIFARLITIA

RO R R 3R 0 i 5B (7). ARk TARE 244, 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 Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2019, 35(18): 19-28. (in Chinese with English abstract)

[8] Ma C, Qi J T, Kan Z. Operation power consumption and
verification tests of a trenching device for orchards in
Xinjiang based on discrete element[J]. International Journal
of Agricultural and Biological Engineering , 2021, 14(1):
133-141.

(91 301, BB, dkEd, 55 2FK-40 B4R FEIHA AL

BTSR[], RHULHFFL, 2015(12): 201-204.
He Yichuan, Tang Zhihui, Meng Xiangjin, et al. Design and
experiment of 2FK-40 orchard ditching fertiliser combined
machine[J]. Journal of Agricultural Mechanization Research,
2015(12) : 201-204. (in Chinese with English abstract)

[10] Z&Z5p8 RMHACEAR[T]. WACRSBE, 2020 (2): 28-29.
[11] PEAZS, BUEE, SKALH, 5. A A UR R URAR
FEARALIRRI[)]. Rl TFRES4R, 2019, 35(17): 1-11.
Shen Congju, Jia Shouxing, Zhang Lixin, et al. Development
of caterpillar self-propelled orchard gas explosion subsoiling
and fertilizer machine[J]. Transactions of the Chinese Society
of Agricultural Engineering (Transactions of the CSAE),

2019, 35(17): 1-11. (in Chinese with English abstract)

[12] BEE, AE%E, LA, 55 HEd 3 E Lz J A
SURFFATEIEHL: 201610991951.9[P]. 2017-02-22.

[13] B3, Bz, WA, 55 BUETHREFT U it &
BENFGHTI]. HIRARMR 25, 2020, 55(5): 227-234.
Ma Wenxiao, Ge Yun, Shen Congju, et al. Design and
kinematic analysis of hydraulic lift hole punching device[J].
Journal of the Gansu Agricultural University, 2020, 55(5):
227-234. (in Chinese with English abstract)

[14] 2Nk, TREE, BH, %5 3SFBQ-500 B R UM 1
HEHL AL BT 5B 0], Aol TR W, 2017,
33(24): 35-43.
Xi Xiaobo, Zhang Ruihong, Shan Xiang, et al. Optimal
design and experiment of 3SFBQ-500 type orchard gas
explosion subsoiling and fertilizer injection machine[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(24): 5-43.
(in Chinese with English abstract)

[15] Z/NgE. SRR BVEIETE & D FE[D]. M : #MK



52 Al THEZH Chttp://www.tcsae.org) 2022 4E

%, 2018. and test on automatic pick-up mechanism for chili plug
Xi Xiaobo. Method and Equipment of Gas Explosion seedling[J]. Transactions of the Chinese Society of
Subsoiling & Fertilizer Injection Technology[D].Yanzhou: Agricultural Engineering (Transactions of the CSAE), 2015,
Yanzhou University, 2018. (in Chinese with English abstract) 31(23): 20-27. (in Chinese with English abstract)
[16] #TFH—, WK, HHWKREH: 201120267100.2[P]. [22] BFZERE, TAAMS, K, % A UFE 2 EyE
2012-04-11. WIS E A 5 2R (0]. AL TAEA4R, 2011,
[17] Mac engineering Co. Ltd.7 o0 — A # > (L& R i) [EB/OL]. 27(9): 7-12.
http://www.maceng.co.jp/GROWTH_GUN.html. Chen Jianneng, Wang Bohong, Zhang Xiang, et al.
[18] 3kHEiZE, B/, ©0E, % —FEERSSN LR Kinematics modeling and characteristic analysis of
Ml: 201710229475.1[P]. 2017-07-04. multi-linkage transplanting mechanism of pot seeding
[19] wkHig:, BHEEfE, B/, 2. K5 L. transplanter with zero speed[J]. Transactions of the Chinese
201710228720.7[P]. 2017-08-11. Society of Agricultural El}ginef:ring (.Transact.ions of the
[20] B/, BKERGE, MO, 2% T - ARLRUSA AR CSAE), 2011, 27(9): 7-12. (in Chinese with English abstract)

[23] WFFE, £, FEA, & FHEE RN AL L
RGBT 5IR5T]. AU, 2020, 51(2): 76-84.
Xue Xianglei, Wang Lei, Xu Chunlin, et al. Optimal design
and experiment of longitudinal feeding-seeding device of
potted seedling transplanter for upland field[J]. Transactions
of the Chinese Society for Agricultural Machinery, 2020

RPN R AR S B[], Rk TRk
2018, 34(6): 15-24.

Xi Xiaobo, Zhang Ruihong, Shan Xiang, et al. Optimization
of gas explosion subsoiling parameters based on soil fissure
trace equation and soil disturbance model[J]. Transactions of

the Chinese Society of Agricultural Engineering

. . . 51(2): 76-84. (in Chinese with English abstract)
T t f the CSAE), 2018, 34(6): 15-24. (in Ch N
B gy 1) 2018, 34O 1328 G ChINSSe o) oty M UMM 555V, st BB TSR

[21] e, B TH, ZERUE, S5 BOHUNEE E I LIS 2008.
ST ERIE[T]. Rl TFEZEH, 2015, 31(23): 20-27. [25) ShaE A, BRHEDS. HUMSREEMI. JE5t: BUBRCToALHARAL,

Li Hua, Cao Weibin, Li Shufeng, et al. Kinematic analysis 2016.

Kinematic analysis and tests of the insertion mechanism of a self-propelled

orchard gas explosion subsoiling and fertilizing machine
Shen Congju®*3, Zhang Lixin***, Zhou Yan*?, Dai Yameng?, Li Fan?, Zhang Jing®
(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832000, China;
2. Xinjiang Academy of Agricultural and Reclamation Science, Shihezi 832000, China;
3. Key Laboratory of Northwest Agricultural Equipment of Ministry of Agriculture, Shihezi 832000, China)

Abstract: Automatically mechanical digging has been widely expected for the topsoiling during the growth stage of fruit trees in
modern agriculture, due to the high efficiency, low labor intensity, cost saving, and the protection of the roots. In this study, a
double-cylinder-driven hydraulic insertion mechanism was proposed to fully meet the working requirements of the whole
crawler-type self-propelled machine in the orchard gas explosion subsoiling and deep soil quantitative fertilization. A specific
mechanism was also designed to realize a vertical insertion of fertilizing rod into 400 mm or deeper soil. The structure and working
parameters of the mechanism were determined for the optimal. A kinematic model of the mechanism was established to explore the
kinematic characteristics of the insertion cylinders and components. A Visual Basic 6.0 program was developed to optimize the
kinematics of the insertion mechanism. A set of optimized parameters of the insertion mechanism were selected using the
human-computer interaction. A motion simulation was performed on the insertion mechanism using ADAMS. Results showed that
the motion tracks of the cylinder piston rod point A and the rocker arm hinge point C were the same as the theoretical analysis,
indicating that the optimal parameters were fully meet the design requirements of the insertion mechanism. An experimental test was
performed on three diameters of rods (30, 35, and 40 mm) under the optimal parameters and the maximum insertion depth, where the
insertion time and cylinder pressure were taken as test indicators. It was found that the double-cylinder-driven hydraulic insertion
mechanism had fully met the design requirements, including the installation space position of the mechanism, the maximum depth of
the insertion rod hole, hydraulic cylinder movement space and piston rod stroke, rocker arm movement and eccentricity, as well as
the structural and position parameters. The maximum cylinder stroke was 191 mm when the maximum insertion depth was 760 mm.
The insertion time and cylinder pressure increased significantly, with the increase of rod diameter. The rods with three diameters
were all fully met the requirements of insertion time and cylinder pressure. The relationship was also determined between the
insertion time and the rod speed and cylinder piston speed. The insertion time values were 6.4, 7.5, and 8.2 s for the 30, 35, and
40 mm diameter rod, with the average speed of the rod and cylinder piston of 0.119 and 0.025 m/s, 0.101 and 0.021 m/s, 0.093 and
0.019 m/s, respectively. This finding can provide a strong reference to develop and optimize the gas explosion subsoiling and
fertilizing insertion in an orchard.

Keywords: kinematics; orchard machinery; performance; subsoiling and topdressing; insertion mechanism; cylinder driving test



