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a. fifn

a. Axis view

b. L

b. Top view

VP52 REREAT 3,001 4T AT S BER R 6. #4558 70118 7] 8.4k
BEZ% O 107 B9 11HLAE 1290 (A AR 1375 3CHERE 14 40440 1598
AR 16,45 SHEFE 1780 18. WAL O 19. VA 3R Bl

1.Handwheel 2. Ball screw 3. Valve 4. Regulating oil cylinder 5. Rotating beam
6. Soil guard housing 7. Trenching blade 8. Plate chain 9. Fertilizer box 10. Rear
housing 11. Frame 12. Intermediate gearbox 13. Left support wheel 14. Mixing
shaft 15. Reduction gearbox 16. Right support wheel 17. Scraper 18. Fertilizer
outlet 19. Trench drive shaft

B 1 X REETT AR A A
Fig.1 Structure diagram of chain reversal trenching and
fertilization device

-'\"*%Emﬁ
l \ el Not formed
channel

a. JHAR EIZ 5
a. Direction of operation for
the trenching device

5 sl
|

Wt

b. AL E

b. Trenching location

B2 FAXBEEHT QAT ALE
Fig.2 Operational direction and trenching position of the
trenching device
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TAERE, AEAEREA PR, #d TR R e O
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WRUE L R A SRR, MR LT, A HLUE
FEFIBVE R I HERE 1230, HE H i HLIE 4 7 72 1
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A HLIEAN 4358 — [F 7 NG R, STV VR AR B AE M
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Table 1 Principal technical parameters of chain reversal trenching
and fertilization device
4 Parameter A Value
AL #E3) /1 Auxiliary power/ kW 60~80

AMERSE (KxFE x5 Dimensions (lengthxwidthxheight)/ 1 700x1824x

mmxmmxmm 1525
V% ¥ Working speed/ (km-h™") 0.2~1.35
ML %% & Working width/mm 300
TEMVIRE Working depth/mm 600
Ji 4 Fertilizer application rate/( kg'm ™) 0.8~6
JEAi %23 Volume of fertilizer tank/m’ 0.7

2 KRBEEHRT

2.1 HIRRE

MRt AR SR, AR ST i HE AR 2 B 3k FH ) Al X G
OCE 3), FEHSCER. SR W/, FRAE
SRR, HERR D9 R BTN 30 em, EFE R AL WA
0.7m’, JEAHPIEETR, S5ACPHEMIMAN 55°, LIMFHER
RHIRI s A IR K ZAECK, FEAEFE A 8
SERY, 00 R A R BRI R A, TR
1T B A 30~115 mm.

1 2

LSCHEMR 2.4 3.1 1] 4. 54 S.HEIEE K
1.Support plate 2.Scraper 3.Valve 4. Handwheel 5.Fertilizer mixing assembly

B3 HEXEghrER

Fig.3 Structure schematic of fertilizer distribution device

BIMCRHERE B EEAE B, HmE, ME. B
DA B HE 51 1) P 2 4 S ma Hl A A SRS, TR R A R A
6~8 mm. HIIRLHSEE T BESH, Bk, Fidr
HIR A S H i Bt 54, DA e 4t .

BRI AR g5t 2 B 4, KPR A A HLAE A 7 5K
HEAE o A IE B A & X, 1 B 2HEIE BRI AR E 3h 7 )
SHlasaridt g mrAT, e EALTHROET s M
B AR & AR E 3 07 S HL A aT kg = (B 4),
Fra s AL THEE O —M, AEFESENEIE T, &
HEAT 2 it AEAS X ) HE AR R 2047
2.2 HAREFEARE

WA TR IR FE 2R, At IR E (K 5) &
BLAFEFFIT) WAL RS A SR RS,
THELE B FF VAR BE . KHE VA B FE 225K, e FH VA W6 BE
A 124 15, 20+ 25 A1 30 em M5 HFHE T, AFEIFFAT]
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AL, MR A —4CIRE I, BLRNUTH)
B 504,

iTHE
Row spacing

®v

fe bR

O

a. IEE A

a. Forward-facing fertilizer application

ATHE

Row spacing

b. 1 B CHE

b. Sideward-facing fertilizer application

e v NRTEEERE, kmeh's v AEIBOEIEEE, kmehs
Note: v represents forward speed, km-h™; v, represents scraper movement speed,
km-h.

B4 AFPHARAEX

Fig.4 Two fertilization modes

LML _F 32 2RI 3. L N S 430885 5 R4 6.0k S% 70110 T)
1. Point on top of oil cylinder 2. Hydraulic oil cylinder 3. Point on bottom of oil
cylinder 4. Support beam 5. Tail wheel 6. Plate chain 7. Trenching blade

Bs5s FARXETEHR
Fig.5 Diagram of trenching device
2.2.1 FFR T RAERH AT
T TIRAE 71 13 5 D5 [ 79 N 2e JIAA T 2 F, 2
FOIRFRATE (B 6a) o T TIH 85 PN BRAR HE
FIETTAES b (& 6b) .

© ©

a. JRATIE S
a. Trenching blade type

b. JFA TIHES

b. Trenching blade arrangement

H: O~@RET], ©~WRHAT]); HPOMOD. MO, OME®. @F
@, OMOFHIFAITFVIHEES 30, 25, 20 15 F1 12 cm HIFIE .

Note: D~ ®) represent the left blades, ©~ @0 represent the right blades; where
blades @ and @@, @ and ©. @ and @ @ and @ ® and ® denote blades
with trenching widths of 30, 25, 20, 15 and 12 cm, respectively.

Be6 FiAnAESEH|
Fig.6 Type and arrangement of trenching blades
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58z, WA R AL o0 1S BIMFR R X1z, LA EDIT
WIIVIAIT I (&7 .
1E X3)3Z3 MIRR T, Av B R ARSR (%4> V> 24~ (xp,
Vs, 25) 7T
d
(Xa,Y4,24) = (5,0, 0)

(D
d
(xp,yp,28) = (E + Lsina, Lcosa, O)

W RRARRR R, 193] 4. B R AL E
xpiz AR R TR R AN
C = Ry(22, ®)Ry(x3,8)i (2)
o i MR AR AR, CONEEAL )G A bR, Bk
TFH

a, cosa —sina O 1 0 0 as
b, |=] sina cosa O 0 cosB -—sinf b
c 0 0 1 0 sinB8 cosB c

(3
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AH a;s by o M ass by ¢ AN AR B W SLEALFR B2 (D) ~@3) K15 A, B W SAEALIR R xyiz, B
F xiz F xgszs T RIARRR AERR N

d d .
(Xa,Y4,24) = (Ecosa/, Esma, O)

(4

d . . . d . .
(x5,Y8,28) = (cosa(i + Lsina) — Lcosasinacosp, s1na(§ + Lsma/) + Lcosacosacosf, Lcosasing

1 HYTLL 1 !
O 1 Bend line T ™ |
I d |
I 2, (z) i
! !
N |
1 =5 Fffd(i | Z3 - H
——> Bend line - o H
1 “ \ !
I ‘- 5
C:) [ 1 \ G E
1 \ Cutting surface i
'\ 1
| M~ A i
. o ‘.‘ B
\ L
Vixy(x3)
a. TR T = 4EE b. A EITIE
a. Trenching blade 3D diagram b. Trenching blade unfolded diagram

W Av BATITEG R, o MR AG d RITEL T KA, mm; LA A, B fABEE, mm; o AL 1 H6IH, O pAVAIHKMESIAL ©).
Note: 4 and B represent the two endpoints of the cutting edge, o represents coordinate origin; d represents the length of bend line I, mm; L represents the distance
between 4 and B points, mm; a represents the inclination angle of bend line I, (°); / represents the bending angle of the cutting surface, (°).

B7 FhILizrcER

Fig.7 Diagram of trenching blade coordinate

TR TISEEREL, TEV R L SR . T Cl_fesy ) oTs e 5

OIS (P 8a). HSASKRR xiz, ey SUERIEEAIE Kokt au by o9 AR B P S7EASKE 5 vz F I AL BRAA,
po AFEVRRR xvz, BAMRF x HOVEEE T, y 85 Bt (1), R G) R (65) TE TARE T EY 7] 4
WOTPAT, z SR8, ARRRIMEEIERN B RN

v J
e 0 lL) -
Y
) —H———>z
\ Y2
3 Vs
2:(21) -
/
/
3%
NUTEE
a. Gk AfTy b. U)o
a. Chain inclination angle y b. Cutting angle 6

W A's B'AA. BWRTEAKFHIFIEG
Note: A" and B’ are the projections of points 4 and B onto the horizontal plane.
B8 FAIAsAETER
Fig.8 Trenching blade tilt angle schematic diagram
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d d. d .
(X4,Y4,24) = zcosacosy, Esma, Ecosasmy

d . L . . d . . (d .
(xp,YB,28) = (cosozcosy (5 + Lsma) — Lcosa (sinysinS + sinacosfcosy), s1na/(§ + Lsma/) + Lcos*acosp, cosozsmy(i + Lsmoz) +

Lcosa(cosysing — sinasinycosf))

EAFRR xyz N, AR B S EL XTI/ 0 RIA
Yit A, HARKFH LN A A B’ I 8b ml %I,
Y MIEYIME N

(6)
X, —xp = Lcosa(sinSsiny —sinacos?y + cosSsina cosy)

(8

s — 24 = Lcosa(sinasiny + sinfScosy — cos Bsina siny)

tanf = i @D (%)
\/(ZB—ZA)2+(VB—)’A)2 y5— Va4 = Lsine + LcosScos’a o

Horf, BT 2 (7)~(10) 13-
tang = cosa(sinBsiny —sinacosy +cosBsina cosy) (an

\/[cos a(sinasiny +sinfcosy —cosBsinasin 7/)]2 + (sina + cos Bcos?a)’

N

M BRI, av gAYy 5IFE IV AL,
o M1 g2 TP TN ZHL, y RITIRB RS
B, MRS EMAE, 7F LRl b, &
NSHINZ K, g6 015 HERE, H24HE 1)
a~ B Ay 435124 10°, 95°F 15°,

2.2.2 R/RALHEA

B 5 0, 7 ORAIE H T 58 4% {1 tH IS /2 600 mm )
VEMVERTE, 4 1] A5 B2 AN T V8 256 B AR B T, DALt 250
B WAL AT AR B 9 SRl 42 ) O v 2% B s Bl 1T

JHb L Y S 36 L A B 2 ) I AR T RL AR B R AN SR
o, SCEERESE P S, A E AT, TR EIT
Vi e B e O AR M T I SR DR A, s
(12)~(13).

hy=Dcosy—h (12>
cos(u+y) = D (13)
Bear 20 (12)~(13), AT 1596 2 M T i e i f FE R
h
pzarccos(cosy—B)—y 14
FEAERET, IR
I, = \/g* +e* —2gecos(u+w) (15>

IR EALTHRTHIRSH, LA

I, = \Je+g*—2egcosw (16)
SR AR RTATRE S A
S:ll_l2 (17)
BT (14)~(17), it D=864 mm, KHEMEL N X
R E A B3 a=684 mm. b=583 mm, 4IFVHEE
HE MR, wh 60°, & KIEWEE h & E N
600 mm, 221 a4, y=15°, WA LIRS,
SRAFWBUE T EL AT FEZ) N 454 mm, 255 % 5E, EHURE
HLAYS 5 HSGLO1-63/45E-1421-450.

\ AT E 3
%[ ] Pointon top of
hydraulic cylinder

LR SR

P& M.
Support beam

Fei”

Tail wheel

e POABER Ly b NERAENREE, mm; g LR S B b
BIBE R, mm; e JIMIET B SR B ORI, mm; D SR
JE, mm; by NI B ARG B, RS 0 B BE R ho 1O TR LR
B, mm; [ RS E A R KB, mms 4, VRS 58 A4 (R ()
KBE, mm; g D9 TR %8 BN R AR b R PS8 1 17 T e 22 4 8 1 2 T )
() w NIHARRE IR ML, BIBERE hO P 5T L 30 A AT R SR
TR FEE, (°); MONIMELF 8, mm: NOYMEL 1308 mm: M, AIF
WREE R R R, WME R SCARME, mm; 9 ARRETOA; O
NIFERE BRI BTN A ot SRR E

Note: P is the rotation centerline; / is the maximum working depth, mm; g is the
distance from point on top of hydraulic cylinder to rotational center, mm; e is the
distance from point on bottom of hydraulic cylinder to rotational center, mm; D
is the length of support beam, mm; #, is the vertical distance from center of the
tail wheel to rotation center when trenching device is just lifted off the ground,
mm; /; is the length when hydraulic cylinder is fully extended, mm; /, is the
length when hydraulic cylinder is fully retracted, mm; y is the angle that
trenching device rotates from the maximum working depth to just lifting off the
ground, (°) ; w is the roteted angle of trenching device, et the angle formed
bettween rotation center P and the top and bottom points of hydraulic cylinder,
(°); M is the point on bottom of hydraulic cylinder, mm; N is the point on top of
hydraulic cylinder, mm; M, is the position of the point on top of hydraulic
cylinder when trenching device just lifts off the ground, mm; Q is the center
point of the tail wheel; O, is the position of the center point of the tail wheel
when the trenching device just lifts off the ground.

B9 FARKEEHTEH

Fig.9 Trenching device motion schematic diagram
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MR 03 m B E MR, L E 64, HTFIRI
it B T U0, A Y 3% F JKR(hertz-mindlin with
Johnson-Kendall-Roberts) # filt 45 78 , {5 JL S an & 2 fir
FRUP202U 2 RIS b R SR T, AR Rk 250 kg A AL
AE . it AR £ EAR R A0 10 BT
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0.5s, B0 B AT HERE AL 0 AT, AT 5% 238 1 HE
e s =

TT- e ,_Ee_rtili§er talx_ﬂ_(__ =

e

y  HIBEEIT I
Direction of
scraper movement

AL

Fertilizer
WAt

ollection tank

Forward direction

a. IEE 0

a. Forward-facing

*2 BHRUMESH

Table 2 Discrete element simulation parameters

Wi H Ttems HHTSH #H1E
A Discrete element parameters Values
APUEAAES %L By D)k /Pa 1x10°
Organic fertilizer intrinsic MEY/N=a 0.25
parameters HEAR P (g em ) 1.072
HHUE-AHLIEEAR S 4 WE ZH 0.6
Organic fertilizer- organic fertilizer FR R R A 0.65
contact parameters RENEH R 0.13
ponpig THFALE 0.3
QAES I
Steel ?g?jsgllﬁ ;r?r;leters YY1 /x 107 Pa 7.94
P L (grem™) 7.85
AN i 2 5 W R 0.6
Organic fertilizer-steel contact IR R AL 0.7
parameters RN R 0.11
Fe A 2
Contact model IKR/J'm ™) 0.012
WUk Particle F1%/mm 5

P . Hcim
Direction of
scraper movement

AHLE

Fertilizer . g B
IR 2. Collection tank

Sensor

5 17
Forward direction

b. {50
b. Sideward-facing

B 10 AR
Fig.10 Fertilization model

3.2 HEREMESH

{5 Fd PR R g, 3 EAE A RSB — AN AR 18] #E P 1
HHUEBRLHEAT 20T (B 11). AEEE (B 11b) M52 =Bl
(Bl 1) T, B &SR BT X 38 A WL AT 32 & 1 filia
Bl AR R, B B A i X IS s R R, =
WARXT /N, ST FIAR AL A HLAE IS 3 33 RE ) LT RS AR
T HEARRS,  §T 5 52 2R B RN A AR S HE
H, BCETHEAR RN, B R GE SRR s 3,
RSB AT, X R RHEIE A S R B R A, ik
SR IEEE M EHAE T X, WAERMIG, X2
BRHEAEATLAA B 4RS ST BT w1, JovkiE e, R E AR
HIR IS5 S50, AR v RE34 5T .

HEH A VIR E AR (& 12), 1F & A
AR 58 B ROR, HEH A MUIEE L 2R Am, &=
3T T it A B P SRR B VE ML A S s ) e R X
(AR o A BN ST, AL SR A, X FPELRAE
0.5 kn/h [P R o INA & . MEARIERE A, HEARSS A1
REEHEMRENEERNE, BFUERRT (C) X
IR O FINR B HE AR ST MR . 5 RS E B Bt
TTHAR AT, 15 BUHEIE BT & IR T AR v 2= AR = R A

iR E 12e s, EAHRIRVEEEE T, P9 M i e A
KPR A—2, HERtNAHEER.
FIERE I, R RECEIE I E RN RE, R
fE5 0.5 km/h B, AR S RO N EIME, R MOERE T
EAESA ST B s A 2.0 km/h B, AR R R EURCOK,
KUMIEI S M 22 . AR B AT, M E =t e
B S I G T IEE . A RIEE HLIEHEAE Y 51,
AR AR PR N P, B i A A 2T B
3.3 EIREGHBSHMNIL

W 13 B, EESLAN[F S5 89 2 500 B AR 07 ALY,
MRYEALE K R RIRAIAARGS AR AR = BE S
WUTHEREZ, VOERT TR 45 mm, ATEE#EEZDY 1.0 km/h,
DA B At SRR AT 5, I E T E R 105, 1EE
BoTi A, i) (DU fRiRREEA ) e ]
MRS HURERURE (1) 52 J 16 B, 385 T 25 ¥ 4 5 ks B
OB 22 T (102 il 43 BP0, B a3, KR L B 1
Thke i KB, Rk, A7 LAk ) f AR 5 R BN PE
hfeks, JEit SPSS(Statistical package for the social sciences)
BT HL R RS, DARASHEAE B35 S A ) e N e AR
FIRSHAE, FMRREREE S MKF, 3% 3 Fis.
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¥ Velocity/(m-s™) TIIH 32 50 75 17 Scraper movement direction
0.379 —
0.359
0.339
0319 J
0299
0.279 3 A R Frn 5
Tl Scraper HHE
. Fertilizer outlet
b. HEE
b. Velocity cloud map
4 JiTotal force/N
5.00e-2
4.00c-2 S
a. BBTHERERR 3.00e-2 S8
a. Scraper fertilizer distribution model 2.00e-2 4

1.00e-2
0.00e+0

c. =

c. Force cloud map

B 11 ARk ez = B
Fig.11 Organic fertilizer spreading velocity and force cloud map
= I # \Forward-facing
r =3 ] & X Sideward-facing 130
5 -
125

d. 3.0 km-h!

& EEAT R A =
3 C, of forward-facing k\&’»
-0 '8 30 7 R AL 11508
C, of sideward-facing by

R0l
Average fertilizer application rate/(kg-m™)
Coefficient of variation C, /%

(=]

5
05 10 15 20 25 30

34 % Speed/(km-h )
e. TR0 &S50 5 R AL

e. Average fertilizer application rate and coefficient of variation

A 12 MfrseleEX T Hledr A4 R

Fig.12 Simulation results of discharged fertilizers under two fertilization modes

6 mm

hy

e by NEIREEE, mm; s EIREIEE, mm; 6, AFEBEMEA, (0.
Note: A, is the scraper height, mm; s is the distance between scrapers, mm; 6, is
the scraper inclination angle, (°).

B/ 13 FlREMAHTER
Fig.13 Schematic diagram of scraper structural parameters
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Table 3 The levels of experimental factors for the scraper test

K IR Scraper TMR = E Scraper Tl i (8] ¥ Scraper
Level angle /(°) height/mm spacing/mm

1 50 15 180

2 70 20 240

3 90 25 300

4 110 30 360

5 130 35 420

1% HY RS & M BE R AT 40 A 14 AKHEXE R R
B C, s . I 14a 750, 4EIA A E/NT 11008,
ANFEAEX CpF B #Fm (P<0.05), &R MEN
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14b 1, BESIMR SN, C, BERUNEIE R,
BN, e 35 mm I, C, &/, RS
My, BIBRAIBE AR C, A R E W (P<0.05), %4
BIAR () BE B /N, Cp By, AR R NI4T . BE A I AR (H)
PRI, ARSI ETA 2, M EIAR ()R 360 mm
B, e AR SA 5T T A 2

B 15 oot et B v AR S HO0 i 77 1 52 e B
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WIS, AN A RN B ) A R — 2, Hod,
WA 5000, #EfiliEcoR, HIRON 1300, HiffiA 90°KT,
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700, 110°. 90°, (P 15b Al A1, Bl A1, ANFE
o () AR A2 B R B fich )y ek I R RS, HARLE
P—2, BIBREE N 1S om B, Bl EN; B EE
N 35cem i, Bk, B 15 MiEEExHE sz,
SHAAPASHOAEL, 8] PR fih 7 1 52 ma 58 A B,
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R EN 20 mm ISP R DM UK, SEA R, L
Il AR Ry FEOA 20 mm, AT LR GUE AH G B 1 AR B R A
(13.94%) FIFHEfb )y (914 N); [FIFE, 24504 A
FE2 180 mm B, A AR 5 REARAK (4.00%), [FIEH{E-F
Pyl SRR (972N, FI , AT, HEEL
BIAR AT EE A 180 mm.  LAPR Ak (1) e AL B AR 2 B0 AT 1 Ak
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PR, FE /1N 9.03 N, WK TRALRT .
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a. Impact of scraper angle on C,
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c. Impact of scraper spacing on C

Note: The error bars represent the standard deviation; different letters indicate significant differences (P<0.05).

B 14 FREHTHRY T F 2P A
Fig.14 Impact of scraper parameters on coefficient of variation of fertilizer distribution uniformity
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Fig.15 Impact of scraper parameters on contact force
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N 9.64%, /N REN 5.98%, TR RN BPGEEZ A, RPBIREIAL RIS, RER L
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a. Test of organic fertilizer discharge

. i & ;
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b. Organic fertilizer sampling
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Fig.16 Experimental process and sampling
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Table 4 Test result of fertilizer distribution uniformity

R BRI FEA 2 FEA 3 FEA 4 R4S Cl%
Test Sample 1/g Sample 2/g Sample 3/g Sample 4/g  Sample 5/g " 7"°
1 13233 14303 1138.7 1411.0 1517.0 941
2 1386.3 13959 1209.1 1435.6 1419.7 5.98
3 1350.6 1499.8 1540.2 11874 1280.5 9.64

4.1.2 Hlezikie
HEIE S VA B LH I B8 0 19 B4 AR, R AT iR

Ry f/MEHERIRE . WK S 410958, Big—
REAI T TEPRASATRE, & SR HENL I 18 3 2 A r
BHATHEE, BL 0.5 m Al fR NI E AR, Wi
20, WIS RBCFBEAR N RN FIE R 2R AR HEAE
W R R E, LRI ERAT %, K45 R
HF EHE A i R &, DAL R B R HE A RE
w45 R AR 5 s

x5 HEERBSER

Table 5 Test result of fertilizer application rate

HiH RIS B 1 AR 2 FEAR 3 FEA 4 FEA S PME
Items Test No. Sample 1/g Sample 2/g Sample 3/g Sample 4/g Sample 5/g Average/g
ML E 1 498.1 554.4 385.6 408.5 360.7
Minimum fertilizer application rate 2 4103 604.3 3475 429.6 4872 448.6
BRHREE 1 3210.2 2987.5 3541.2 3695.1 3200.6
Maximum fertilizer application rate 2 2804.5 3102.9 38472 3365.2 2980.7 32735

HIRIG 25 AT A, YT T B B, PR
NHERR N 448.6 g, MR TR T I mALE R, SPEIEK
HEL SN 3273.5 g, XERWHEIERE I A1E 0.8~6.0 kg/m
Z ], RESIH R K 2 B X A IO TR R, At A
AJIE S R T BT U
4.2 FrafEdltaEIRIE

AR FR L 2S 2 7= AR R Bl , 3 AR R B2
W LS G A, ARAETFAMEL YRR, BEAT MR ER R
5 MR BE FE — SO A 50, it s st (18)~ (21)
Bt

i
m:—ﬁL (18)
._l(ht_ha)z
yo=1- 2"1 x 100% (19)
N
X
X, = Z;l 200
ZN (-)Ci_-xa)2
i=1
ys=1— - x 100% QD

Xa

b NOAINE S BG b A xRN AR S TR
AUBERE, mms A, A x, 53 50 W AR T 2R B AT B
FE, mm; y, NIEWIREFRGEMSEREL % ys NIEEE
FREMERE, %o

FEVAVENL T fE R I6 T 2023 48 12 H ZE I b 3K M 4 %
Fel 58 gE AT, SRR, SKEN 18.9%.
PR 4 [l A LA IR it A 225K, VRV IR B 7Rk 21 H bR
8 600 mm, fFMk %A 300 mm. GRIGHT, %L AR
Xof S $H R A AT R, K RO T3 I 10 e AL
JashEh g, R F s E A, B 1 km/h
TP AR R AT AT B WRIG R,  H A TV 3
B S E DL R R N . RIS RS, &
B ) B AR R B SRR X, A FH 2R RIS B ) 9 4l L
B, ABER ILRFTHAERAA, 0~5m, FEEHN
1 mm) 05 Hh 3 1)V Je< 1) T BB S, ()R 0 v R
Z I HIPEES, BB 1 m AT — I, BATIE 5K,
L 2 47, W 17 .

WM& 25 AR 6 Frow, Bk 58 B FIIR B s A Uk 311
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c. ARk BE R
c. Working width
measurement

b. AR
b. Working depth
measurement

a. Trenching test

B 17 FAAE Lotk fe ke

Fig.17 Trenching performance test
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*o (ElREMRIELER
Table 6 Test result of working stability

e AT ZH SRR IR HE Test date/mm FHIME PRI RIRR 2 e R
Working rows ~ Parameter  Target value /mm 1 2 3 4 5 Mean value /mm  Mean relative error/%  Stability coefficient /%
| TEMVIR 600 603 682 580 620 595 616.0 2.7 93.57
YELSEE 300 312 291 321 298 305 305.4 1.8 96.16
) YEMV IR B 600 697 598 576 614 637 624.4 4.1 92.58
b 5 300 302 287 310 304 274 295.4 1.5 95.04
5 & i the CSAE), 2021, 37(12): 28-35. (in Chinese with English

D BT — R R B R A A E
T A FE AR A, A ST VA it AR [F]
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ZHANG Hongjian. Research on Key Technologies and

Experiments of Double Row Ditching-fertilizer Machine for

Design and experimentation of a chain reversal trenching and fertilization
device for vineyard organic fertilizer

TAN Haochao , MA Shuai , SHEN Congcong , MA Junlong , ZHOU Huineng , XU Liming™
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Fertilizer application has been one of the most important facilities to advance agricultural mechanization.
Particularly, manual fertilization cannot fully meet the large-scale production in recent years. In this article, a chain reversal
trenching and application device was presented for the organic fertilizer in orchards, in order to enhance the trenching depth
and uniform fertilization. A reverse-chain trenching mechanism was employed with a fixed trenching blade that moved in the
opposite direction of the chain. The soil cutting and simultaneous backfilling were allowed within the trench, as the device
progressed. A trenching depth of up to 600mm was achieved in the chain trenching mechanisms. The separate backfilling was
reduced to leave no visible trenches on the surface after completion. This design was also a streamlined operation. The
mathematical analysis of the trenching blade was conducted to establish a mathematical model using Cartesian coordinate
transformations. The relationship equation was derived for the cutting angle. Optimal angle parameters were also provided.
According to the trenching depth analysis, the hydraulic adjustment cylinders were selected for the trenching device. A scraper-
type fertilizer application mechanism was adopted to develop the discrete element simulation models for both upright and
sideways fertilizer application modes. The fertilizer distribution patterns were analyzed under the two modes. While both
modes were similarly distributed fertilizer, and the forward-facing mode was more suitable for the operations with the larger
fertilizer widths, while the sideward-facing mode was with the smaller fertilizer widths. In the two fertilizer application modes,
the sideways application mode had better uniformity, especially at the lower forward speeds. Therefore, the application mode of
sideward-facing fertilizer was selected to ensure that all organic fertilizer accurately fell into the trench. A single-factor
experiment was carried out to explore the effects of scraper height, angle, and spacing on the normal contact force and
coefficient of variation. All three parameters shared a significant impact on the coefficient of variation. In a coefficient of
variation of less than 15%, the optimal height, angle, and spacing of the scraper were selected to minimize the normal contact
force, resulting in values of 20 mm, 90°, and 180 mm, respectively. According to these optimal parameters of the scraper, the
simulation was conducted to yield a coefficient of variation of 6.02% and a normal contact force of 9.03 N, both of which were
lower than those before optimization. Subsequently, a physical prototype was fabricated and field-tested. An average
coefficient of variation of 8.34% was obtained for fertilizer distribution, indicating better uniformity. Furthermore, the
maximum and minimum fertilizer application tests showed that the quantities ranged from 0.8 to 6 kg/m, thus meeting the
fertilization requirements of different plots. The trenching performance tests show that the average trenching depths of two
operations were 616.0 and 624.4 mm, respectively, with stability coefficients of 93.57% and 92.58%, respectively, both
exceeding 90%. The average trenching widths were 305.4 and 295.4 mm, respectively, with consistency coefficients of 96.16%
and 95.04%, respectively, both exceeding 95%. Therefore, the device exhibited excellent performance in the fertilizer
distribution and trenching operations, fully meeting the agronomic requirements. The findings can provide a new tool for the
deep application of organic fertilizers in orchards, indicating the promising potential prospects. Innovative design and
efficiency can also offer valuable insights into the agricultural fields.
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