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Design and Test of Self-propelled Orchard Organic Fertilizer
Strip-spreader
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(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract: In order to expand the function of the orchard straw mulching machine and solve the problem
of the shortage of organic fertilizer fertilization machine in a hilly orchard, a self-propelled orchard organic
fertilizer strip-spreader was developed based on the straw mulching machine. The machine was mainly
composed of the vehicle body and the strip-spreading device. The strip-spreading device adopted a
telescopic structure, and the spacing of the strip-spreading was 1. 8 ~2. 7 m, which was suitable for ditch
fertilization or two-side strip spreading of organic fertilizer in orchard with row spacing of 3.0 ~4.5 m or
applying base fertilizer along the rows for field crops or spreading cultivation substrate in strips. The
discrete element method was used to optimize the fertilizing outlet structure of the strip-spreading device,
and the best XK type fertilizing outlet structure was decided. The strip-spreading test results showed that
the fertilizing amount of the decomposed cow manure was ranged from 29. 40 t/hm” to 53. 10 t/hm”, and
the coefficient of variation was less than or equal to 15.48% . The amount of the mushroom residue
applied was 21.45 ~75.00 t/hm’, and the coefficient of variation was less than or equal to 6. 57% . The
determination coefficients of the fertilization quantitative models of the decomposed cow manure and the
mushroom residue were 0. 871 3 and 0. 963 1, respectively. In the field test of orchard, the strip-spreader
showed a good operation effect. The self-propelled orchard organic fertilizer strip-spreader can adapt to
large-scale fertilization in a hilly orchard.

Key words: orchard; organic fertilizer; ditch-fertilizing; strip-spreading device; telescopic spiral
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Tab.1 Parameters related to mechanical operation

of dwarf and close planting apple orchards in China
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Fig.1 Schematic of ditch-fertilizing of organic

fertilizer in orchard
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Fig.2 Schematics of complete machine schemes
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Tab.3 Comparison results of complete machine schemes
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Tab.4 Main technical parameters of self-propelled

orchard organic fertilizer strip-spreader

ZH el
BLE D) J1/kW 47
S 3 B B/ (e h ) 0.6-3.6
ZAHVE R/ (km-h ™) 0.8~1.2
BEHLRE (I x B8 x )/ (mxm x m) 5.0x1.8%2.6
WA 2B/’ S
R R GEE J1/MPa 16
B/ kg >3500
ZH IR /m 1.8 ~2.7
PR (m? h ) 1 500

3 xEEMIT

3.1 HERAR

A EE RS AT BURE, A HLIE 25 5 R PR 5 | 5y 45 3R
SERE R HOR S S AT SRR T O R . it
BHOLR Rr 22 Fee M HE R HE A ALIE B9 [R] i, X 45
B JE A IS AT — RE B A A o

1.1 FARER R

B 26 R AILAL 32 22 i (8 PR G AT I AR L OB
Me VTR B R e AL B il | S R AR A R,
B 6 FT7R o AE b B p ¥ T 38 3 ol vkl 45 9K 2 3= 8
A S LA I8 Bl , BE RS 3 n, B 2 ~ 20 r/min,
B H L 0,2 0.01 ~0. 1 m/s, 4 e R 144
P AR 8 SCHER [ 29 ], K B AR (B BE @ 872 150 mm,

RN

—————+ 7 S —
(a) BB RHUGZSHE SRR T34 B

(b) BIPFE S EE T R B
6 FHE R
Fig. 6 Scraper feeding mechanism
L GEfefeshim 2. WM 3. LEWR 4 TFEWE 5. R
6. Bi4e 7. BIFREE 8. GEEER 9. VIEMAME 10, KKK

FEAE P A HLIEAE BT Ak 23 18] 7] 432 TR Pk
N ZYOEL, 2P0kt e AR 3l 1] 4248 5 %
YSCHR &0 AR (B 0 A, )RR Z I A ) 6L %
e BEEE 48 1 f DA KR T2 Rk A Y i R 5
F, F R RYRE AR ) 2240 5 S S i 25 F > f
Hrp

F =pyabhyg (1)

h
f=2 IO uAyghadh = urygah® (2)

AP Wb A B 4 DR, B 1
b—FIRAE 1.5 m
h—— L 2k
y—ERHRE g——EH g
A—I JR Z %, B 0. 86"
w24 46 U BE 55 Yy o} 1) BE 4 A E, R

0.86""
mF >3

wob
h<M7 (3)
35, BT R YR i 2R R is 3 1 S 2
h <2.0 m ZHHPLERE B BE by = 1.5 m, U 2 W) kL
A HE FE 254
Wl AR % R P Y ik B Qo
Q, =3 600bh,v, 7 (4)



140 /4

IR

2022 4

A R L 50%

v, FEBE S 3 7 v/ min, B 0. 035 m/s, %z,
Q, =141.75 m*/h, 5 J& Jiti AT R

RS R S AL, 52 25 [ BR A, S AR 3% R HILAG 1Y
B B il B 2l A 2 ke T G AR T A5 [ BE i
PAIAE b o BRI 0 A HUIE B8R 5 |, Z) 76§l A
FARHIR 2 [ T8 1 25 1 2, 45 41t )2 58 B 188 ks & 3
[R] PA 4 5 3 ke %, 4 ORIk B & 2 5] AR A
FEAARIE W, R A DX — [n) AL, A A0 T 1 T
Ay B AU A 1A R 6 I 12 B 1R i R L3 T
ik G OB A5 kYl IN DR BE g, 18 B A 1 PR ) A Ak
Je U, PR UE RS S HE 2 MO R 2 A4 5 AR A T A A
0 3 FOFE 3G ICEUREBE 7, 33 /N i B ARCOR 5 5 AR R
WA STk [ 32 ] 8 hy 25°,
3.1.2 TR

FRHRG R T R, a5 E 7a fis,
FORMR AR AR = A U, R T R IR R I
TARAEE R I 25 T MR, 5 HE 14 X R A8 5 HE S, 145 °F- 1
ARG S REZRABURE £ 5°, wT 0 i 234 NE R, i 55 A o
HORHS ST RO T S EO SCk [ 24 ] FORHR
(1A T 5 7R ORE AR 22 (R B 4240 R R TR 6 7T
JH(E Tb) o & sb/NeE, TR 5 ® A T B JG I
JE e R AR EEOR 58 0 KA, AERER g iR & Fe i 4
FTROEEEE DEMT B8N EH TR R
W P ECIEAE R 2 A R R A2 T R AR A i 4%
LT A 5 K 4t B AR & MR 30 i A 2 3k

B E .
N A q
: Aa
1R g SN
] J \

B 7 TR K A5 YR R R R T
Fig.7 Schematic of feeding roller and crushing of
block fertilizer
LA 2. A i 3. WS 4. FIAR 5. S HUILR
6. TRHR

3.2 FWEERII
AR E A AN 8a FTaR . FE A R FR A E

A 2 R HENIE 2 o o 4 O e HE ME 4% phy HEAE 4R
aNEbeR N G R G R T a2 s RSN B S

R0 MO ) e 4 A A B i 2 R R A 4 X AR A 7R
i i dit 46T K 2y T R A M A R A B B A A A Y
HENE ETR)BE o 20 A 7 1 I R et 3 K e 4 34 422
Trb ) A% i, ol VR S 3kl ol AR 3 BR B,
K 8b s . HEAE R NE TAE KB 5 [ e A A i
ol MR E A % 2 T A R R i S T 4 R D R M
L, A2 W T Al 1) 3 A A 5 TR TR] 4 55 A A 4 1 iy
AR HRNE 1T R XS VA T AT .
1 2 3 4 5 6 7 8
\ i \\ Ew - // 7

2 4 7 11 12 13

(b) HEALER ez Bt shi]
P8 R hlihe B 45 M Fe A% 3R IR

Fig. 8 Structure and transmission diagrams of

strip-spreading device

LR 2. MM 3. M 4R S, WUE Dk
6. fEEhHE 7. hElfEsh A 8 MRATIMEL O HEAL D 10 £ 4
VLA 12, BURE 13, 820
3.3 HERRMERE ARt

4 GB/T 25246—2010( % & 25 if H 5 A #
St A S e i S (L AR LG R 3 3
24.60 ~45.00 t/hm’ . & Al HLAT I B 422 108 b ook 3
B KAB Y 1.05 f%HL0. 35 m/s(1. 26 km/h) . &{L 5
MR ATHE R 3.0 ~4.5 m, Jifi I & — & B, 47 BE Bk
R LR BEEHE I bR R Ry f I R HE IR R i
R[] 47 0 5 el 22 /07 BB 24. 60 t/hm® B3R, 17 B H
4.5 m PR D) B HE A 5 R 6. 97 vh X T4
ML R R HE 45. 00 t/hm” | 5 28 58 2 HE PR i 5
Rl LR

HEAE S5 0 i AR R

_ 9
d= 47n,Syye (5)

A d—HFIERE A AhE , m
Q— IR HENE & , B 6. 97 t/h

HE ML WRE % 2, Ay Ok R e HF AL 2
JE T IE SR/ B R OB
80 r/min
S——HFNE IR R AR EE , L S =d
PRI TS R AL B 0. 3377
A 326 2 0, B 1

Shy B A MR R A TS 6 e A [) % A LA HE AT
R, PR AR 0 R A R IU(EL, OISR T y =

n,

&



%53

Aol . ASEAUR A YU AL 5l 141

0.476 t/m’, 2314 ,S =d =0.228 m, HEEn: 5 4k
P RZ I 0.25 m™
3.4 MEXIZEEZIT

Sk 3 97 AN [7) S Bl A B R 4% 9 1) B, 2% 4l 36
Ui HE FIE MR e A 3 3R m] e XS5 4, n il 9 B OR .

PO e g R G A 45 s R

Fig.9 Structure diagram of telescopic screw slot
LREFE 2. (&t 3. BUEHE 4 MLRTTE S MgimET 6. fh
i T 8ER 9. fFIEO

il MR A 32 B oy [ E A D AR R R B T
B LA A ik L A AR T E R A 4 R 2 O U OB
Ao 2 R S i U HEAE 11 o [ R % T LA A
0 VR A 2 AR S LA A B W B L O S T E
RS, LA i i o R T L A SR B . AR
PLAL DT S s s Ay o A Y 4 ek S A P T e 4 2
AR AILAR 5 A i i, AT A Sl A Rl T RS B
] A R T A e A B e A A g RIS I B

HRAE 1 PR JE FOGT 107 A AR A T B B e A28 fy 5 2R
Pel A HLAE AL 25 VA Tl B o 39 /2 AR 22K ) 2 1R

s=L-D (6)

V5 BB, m L— R 7, m

£fos

US em(TCIEHEEL] 65 em(
]

W) |

(a) JKASHEAE 11

(c) XKTSHEAR 11

D— SR B m
W) Ak % A S R Bl it JIE A 34 4% 0 TE) BE R
1.8 m<s<2.7 m,
g Rl A A i, B [ s A 4 Bk S i AL A GE
IVEG NSl ERE IS S NS D BT VE SN0
() E Ok, S0 5 Rl e R R RS d,

d smax - Smin (7 )
max 2

A s KSR 2.7 m
S —H0 /NS IV BE B 1. 8 m
AT B R R BB d,, =45 em,
A 45 181 5 5 1 P BELURE K 8 39 L 65 e, fift
G5 M 28 0 R 4l TR B B 475 A4 3 40 U R
S, LU SE ORI 4 3%

4 HEONEMmEMRK

41 fFERE

e 245 R e Rl PPN e R A B S R 45 em, %
B el IR B o X TR Sl M2 B A 2 A
FEK BE 75 T ) HE N, Aeh 2 A HE RS 10 25 4+ 0 G B
il 46 R HEAE B 854 3t JKZK XK 3 Rl R0, JK
ARy U T A S8 TF R 1 4544, ZK B0k 15 18 25
XK B R R 458

AL AL HERE 11 454, 32 il EDEM 2018 7 331 X
3 FhHEAC 1145 R ) fif 2 2 AR HE HE &% o sk 2R
HE B0 AT BCEAEAL, A& 10 B s o LA 4 4 A il

(b) ZKAIHERE 11

(d) A HLALR A R
P10 3 A [a] I AL 10 45 g Ak 20 X MRBE 1k AL a0 0 B A LA A0S 26 1R 22 18

Fig. 10 Schematics of simulation of telescopic spiral fertilizer apparatuses with three different kinds of

fertilizing outlet structures and formation of organic fertilizer particles

LAPULER 2. el 3. HEICEREE 4. B ey S HIEE 6. Seitiiks 1 7. Mgkl 8. SEitiid% 2 9. kMR 10 BRI T



142 &l #Hl

3

¥R

2022 4

B 45 cm 0 JEARM ) 3 3 (K P O7 1)) |G R e BIE
PBHUERUST B HEL AL AR 0 22 S 48 bR 43 00 3 A 3 A
S5H7F WRCRHL Sh v Ok ZEVERE AN HEAC 2 2 1, OF
AHE S RAE 1.2 B EDEM 5 Grid Bin Group
A ) F BT S I A SR U A R A AR T
MBS H /N HE L U bR v 22 /0 D 350 B R AL 11 45
Mo 7 EL A Al A L R Oy fie KAEL 45 em, ff E
SR EINR S PR
4.2 HEZERSH

LT Sy 3 HEAE 114548 T i 45 B8 1 1 B2 45 em
A RE Kt 1o O 38 (11 1) | G MR i B A ARk o R Joit
(& 11b) (HEAE Ui & (& 11 ) B a) /4 722 1k ih £,
6 H 14 ~20 s X[ HEAEERE

H I 11a o] %0, HEAE H 2544 2 ZK XK RBUEF, S
Bl 6 s 5 5 /N IR D 3h 1Y AR E RS HEIE T
gh4h JK RUE, FF 46 HENE IS 0 46 8 vh IE L A 460 H
ELAEHE T I A M AR A 1S, T ek a2 i Mk AR 2 g
MR 32 BHL , 5 Ak 1) 3 SR A — /N B B, 14 s R R A
A, 2GR 6 vAL FREHE S HEAE 14544
o XK B, JE e O 2 e K, JK B g/, SR
JK B HERE 1, 52 S A BEL 34 A1 RE A 11 BR 461, i &4 4l
e N Al e I, B ) 2 SR ] XK B HRAE 11
I AE A 3 1 d o

P& 11b (3% 6wl e HE L J5 L JK AL HRIE 11
Xof o7 14 G MR e B I R e AR I 22, XK B D, WSS
— U B R XK B HE AR R R B 1 B

x5 MEXEEHEESHTHESH

Tab.5 Discrete element simulation parameters of

telescopic spiral fertilizer apparatus
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Fig. 11 Variation curves of fertilizer axial velocity, fertilizer accumulation quality and fertilizer mass flow
rate under three types of fertilizing outlet structures
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Tab.6 Fertilizer output performances under three

kinds of fertilizing outlet structures from 14 s to 20 s
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(m-s™") Jfi i/ kg f/(kg‘ﬁfl)
JK 0.27 3.97 0.50
7K 0. 56 3.28 0.99
XK 0.72 2.29 0. 40
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5.1 RWEH

TE PG AL e AR K IR B v 4T T At
BRI AL R v T Ol 2 7 A 7 B A 3 (B
Ji 620 kg/m’ , 77K H 58% ) Fig v X 4 4 7
P T () A5 B0 (B 476 kg/m’ K 39% )

0 PR 26 B IR« M AL 0 B 8 s AR
TOREC T BE OB R o 4 5 R AT Ly TR R
DEREHLAL 05 50 5 T R AR T R 0 T R R R
1%, A7 45 5 A0 M 5 A ARG S P, o P R A i )
25 A0 T 45l G T S X ) HE I 5 R T A
JG , AR MR AE A 5 2 o2 A F R L 280 g e s
PR 2 R, B B o TR ol VS i B TR R

MRIEATHE g 3.5 m (338 R ) 55 el 1 45 i P
B (45.00 v/hm®) 38 1 UK 5 008 T FIAR £ BHHLIG
(B A A TR T R UL L 4 )
7 r/min 4 em 120 v/min, %% P8 V8 8 TR 5%
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Fig. 12 Organic fertilizer strip spreading test
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Tab.7 Arrangement and results of orthogonal test on fertilizing performances

o 3 Jig AR 2 G

ﬁwf W v/ TORMR A 0/ RO EKEAD MO WAE AR R RMECKEIC R eIt E Jit AT A

s (km-h~") (remin~ ") x/(kgem ™) (t-hm %) R % y/(kgem ') (t+hm %) ZE %
1 1.0 20 5.14 29. 40 15.48 7.59 43.35 5. 44
2 0.8 50 9.30 53.10 12. 09 13.11 75. 00 3.55
3 1.0 35 6.26 35.85 13.56 8.72 49. 80 6.57
4 1.0 35 6.47 37.05 12.23 8. 68 49. 65 4,54
5 1.0 35 6.77 38.70 12. 68 8.15 46. 65 5.12
6 0.8 20 6.26 35.85 11.15 9.95 56. 85 4.60
7 0.8 35 6.98 39.90 13.76 10. 96 62.70 3.69
8 1.0 50 7.63 43.65 14. 44 10. 45 59.70 3.25
9 1.2 35 6.20 35.40 14.83 6. 86 39.30 5.80
10 1.0 35 7.24 41. 40 12. 84 8.62 49. 35 5.79
11 1.0 35 7.18 41.10 13.62 8. 47 48. 45 4.87
12 1.2 20 5.14 29. 40 12. 49 3.75 21.45 6.45
13 1.2 50 7.06 40. 35 12. 86 8.36 47.85 2.84

L 560 R I 0 TR 3.5 m PB4

RIS R B, S5 Bl AL A2 2 TR v it AT
4354 29. 40 ~53.10 t/hm’ 1 21. 45 ~75. 00 t/hm” ,
S5 RN/ N T 5T 15.48% F16.57% o W%
T4 46 il 2 G 2 SR A IR ke 3 it S s A i) LA
FETEIR . JEAVEISE KRR Bl 2, Hlkh g 2

P ISP 22 AR [R) 2% A T it A A A 4 2 PR T
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v SRR n 5 TR AR 3 R T B g oK i AT S
x .y P — Il H 5 A
x=0.082778n —3. 450 +7.293 55 (8)
y=0.118 11n - 12.541 670 +17.151 62 (9)
Xof a6 5 S K [l Uy R AT O 22 40 T, 3R 8
Jin o S5 SRR - 25 SR T R} R 2 X 2% Bl AL RS A
24 36 1 BT TS SR A K N e 24 A S R A
A= S B I it A R A O R R P E N T
0.000 1, & B #5570 g W 2, e 8 R 8050 0
0.871 3F10.963 1, RAUWA & . T i it A o AR
UL AV T8 2 A 3%, 22 T o i i sh R 4
U T AR 2 S OK B, ZHOIR, B PR 2
T AR R X B S A 2 T T e B g K it S
S SZ 0 A 13 o, 43 BT AT it T i B A Y
HE R0 | 35 R F T e KT SO K B HE AR
I [0 9 2> 5 7t A £k il ek 26 2 Sk 1 i A T A, L i

sk

T (kg -

(a)
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HEAL B R
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Tab.8 Variance analysis
WEFbR 2k P M AmBEE ¥r F P

iR 12011 2 6.05 33.85 <0.0001
v 2.86 1 2.86 15.97 0.0025
n 9.25 1 9.25 51.72 <0.0001

* %2 179 10  0.18
P AU 1.05 6 0.18 0.95 0.5466

PR 0.74 4 0.18
A 56.58 2 28.29 130.32 <0.0001
v 37.75 1 37.75 173.89 <0.000 1
n 18. 83 1 18.83 86.75 <0.000 1

! B2 2.17 10 0.22
ES1) 1.96 6 0.33  6.07 0.0512

PRz 0.21 4 0. 054

—_

s R
i A ke )

(b)
P13 2250 K T ek A 2 X TE A DRl BP0 4 A e IS 5 % o 37t T

Fig. 13 Response surfaces of interaction of driving speed and feeding roller

rotation speed on effect of one side fertilization amount per meter
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Shy AT B 2% il AL A 2R el B 85 e Y 5 e
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(& 14a) o SoRHRIE B 5 R OoRDE X, 7E B4R
P DA BR A 7 S A Ak ik el A7 = 26 PR X6 ) i
JEAEM o %3 1.2 km/h, FORHR % 3 20 r/min , Jifi JIE

%

(a) = SR B B 2 AU AT AL APl

4.7 kg/m( [ 14b) o HLA Al 3E R b 1 3R 58
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HERCR , BEAT 23 3 57

6 it
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(b) B R b S SRR AL Al

14 AR R
Fig. 14  Field operation effects
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BE . MMM 1.8 ~2.7 m, W& W ATHE N 3.0 ~
4.5 m B 2R Bl A7 LIS X 78 i A 54T 1) X0 A% B
AE W S AR E R E, T DR E A
AE VH A Z2 il SR TH A 0 X0 47 it 4 I B0 2% 4l AR %
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