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Design and Experiment of Combined-hole Maize Precision Dibbler
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Abstract. Aiming at the problem that the existing gripper hill-seeder in Xinjiang is easy to hole, and the
seed filling performance needs to be further improved, a kind of combination-hole maize precision dibbler
metering device was designed combining with the characteristics of wheel hole hill-seeder and stepped
hole with strong adaptability to seeds, through theoretical analysis, the relative movement model between
the combined-hole and the seed wheel was established, and the influence rule of its relative position on
seed filling process was analyzed, and the parameters and range that affected seeding performance was
determined, and the parameters of the combined-hole and the truss plate were designed. The single factor
test was carried out to determine and narrow the scope of key parameters. The direction angle of hole,
location angle of hole and rotating speed of metering device were taken as experimental factors, and
taking the qualified index of seed spacing, multiple index and missing index as the test evaluations for
three factors and three levels Box — Behnken central combination tests, and the mathematical model
between experimental factors and indexes was got. Design-Expert software was used to optimize the
regression model. The optimum parameters were as follows: the hole depth was 12. 3 mm, the direction
angle of hole was 20. 3°, the location angle of hole was 44. 7°, the rotating speed of metering device was
40 r/min. At this time, the qualified index of seeding was 89. 12% , the multiple index was 7. 30% , and

the missing index was 3. 87% . In the optimal parameter combination test, the qualified, the multiple and
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missing index were 91. 14% , 4.23% and 4. 63% , respectively. The result of soil bin test showed that

the forward speed of seeder was 3. 38 km/h, the qualified index for seeding was 92.53% , the multiple

index was 3.54% ,

and the missing index was 3.93% , The qualified index of seeding was increased by

2. 53 percentage points compared with the clamping dibbler.

Key words: combined-hole wheel type; maize precision dibbler; parameter optimization
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Fig. 1  Structure and working area of seed-metering device
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LS E I 2. RehAL

2.1.1 A RFLECH

ORI 14250 B — 8tk 300 ~ 400 mm , A
HAREBUE R AER, A R 42 & s s sk, W
BeAR SR A AR BT 312 mm, P AR 272 mm,
T A e K AR (S 1B EL AR ) d, A 450 mm,

AR AL A S R R R R N R
FERR I ML 42 5| 3 — 2 i, R LR £ | HEFh i
TS, A RT3 Rk an A R RE . URE AR AL A
B R

- (1)

qrp K—RALA %
L,——#EFBRIE , mm
M BT 58 oK M A A D8Ok 5 256, £ K F%
T AR BE — %y 100 ~ 300 mm , JX L, =200 mm ; 7% 2%
o R AL R A S H O, AR L, 105 K =
7.069 , W ARLALADECH T,
2.1.2 NEER Lt
il - ROF 7 i B AL 2 b7 i AR AL
F18) 32 25 R TR LR Xof BB ke Ao 8 S L 4 5 i) 78 L 4K
ARG E o A SCBEPLIESE 1 000 L7 £ 23 E KA T,
XPHA LS8 WUR T 34T 07 g8 i1, A AR R
Wi BE RIS E B4 1E 25 23 A B {E 23 1 O 10..97 (8. 83
6.78 mm , fx K {H 4> 51 4 14.33.10. 53 9. 62 mm, 4R
P Bb 7 RST, 1 5 8 e LR ST AL S8
2.1.2.1 EFBEAKE
PR A i LR S A UK T o A A
W, B 8 A3 1 A ARG AR T SR R .
PRAEBURL FE A, G d FL A BE R /N T KL 5~ 4 A A
FL AR BE Fe/INMEL, BV I — R - B S O —
SR N7 A W Ba B RUALA SR EE R
L. <L <D,
W +4(L,, +T,)°
YT 4L, +T) (2)
L =L, +AL
AL<0.5T,
KXrp L, —FFRRKKE, mn
W, —— 5 5 BE 1253 A B, mm
L—E s fLKE , mm
T, ——Fh 7R IE A/ A ¥, mm
D,— € s LI R KJE , mm
AL—— K [E] B, mm
Sy B R FEAP R RE R S R AR R AL R AT A
SCAK ] B0 B R, AL B3 mm, X (2) 1F5 45
EESLEKE N 17.33 mm, B L =17.5 mm,
2.1.2.2 EEALYE
Fe A R b, s AL EE N T PR ST
N T AL 1 JE B S5/ IME RN 7 58 A RS LY 98 BE A/
B, 4 & 3b R 5E AL YLl
W, ..<W <D,

D,= /W +4T
W =W, +AW
AW <0.5T,
qrp W, —— M IR RS, mm
W — & & fL Y%, mm

D,—E & LR K EHE , mm

(3)



%3 1

hfe B 2. 218 B N E RO R v i it 5 il 63

- Dz > Dl
T & >
— L. T
G o
B B
A,
A 4
(a) f 5L (b) “FAi AL

F3 EFLEESMTEELRAE
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and seed posture
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Fig.9  Computer vision seed metering device test bench and seed distribution graph
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11 60.91 24.90 14.19
16 73. 80 16.48 8.72
21 89.07 6.88 4.05
26 71. 10 9.59 19.31

e DNVERE AN ISP < E AN o T NS S R (W
[ /0N TR L G ST T BB R e Al R A, TR AL
RN, 15 ol BT 1) 8 20> 5 R0 L T77 1o A A, R L 4 R
M, SRR R BE 4 i, JFAE 21° W, & 4% 45 20k 2 e
RAE, BE IS B FLT7 1) £ P3G O, S8R0 I b5t A PR
Ui T R Y, BCR B [] A 6F 2) B4 b
3.1.4.3  BUSLAE AU HER A GE 8952 W

AL 75 1) Ffy HUBE B E 2 L A HORR B b s e
IS REHA E AL FLAH XS AL, Y AL A A A LT 1)
BB, 8 Z MM E 0 TE 7Rk a8 e 8k
40 v/min, B FL HF m AR 16°, BIFLIRE H 12.3 mm
I, 2350 73 B Y FLAS A R 32° .38° . 44° 50 I 7R
AR TR O, SR IR 3 R

x3 ARAHACERMHHEMERIIKRER
Tab.3 Result of seeding performance at different

hole position angles

RIAL AL B A

/(%) AIES/ % WEIEEU % TR %
32 10. 61 48. 67 40.72
38 48.24 31. 14 20. 62
44 79.39 9.34 11.27
50 74.54 16.53 8.93

SERFR W B AL A E A 52 0 7Rk & e P PR RE ,
Tofr 5 W 45 B3 B Y LA A 10 B R e 1 R s/, B
WY ALFL A A 3G K, AL A R 5 A A ) S AR R 43
XF FE AP BE 2 0 2 25, %0 R 2 MR — s A B 1
FH 00 T B ALE 2 Y R LA A Ak 2 Ry 50°
R [T 78 S ) 4R ] 7 968 70 A 5 2 S 7 IR B
FBCR 2% 2 [6] , Bt AL L b b — R T AT W5 i,
EHERIC NS
3.1.4.4 Box — Behnken H.004H & 50 & 1T

MR JE Box — Behnken H1.00 4 &80 15 11 ek 47 17
IR, & PR 2R IR LA < AL AL 7 1) g 17° ~25° A
fLALE A 42° ~46°, ST 4% 56 3 35 ~ 45 v/min, {40
WZE AR 4 s, A5 2 HE 1T 2 8l &
W, AR E S 3 RBCEE , 8 T & 54
ML s Fros, X, X, X, S PRR i i {8 .
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F4 ABWEEHRSE
Tab.4 Codes of test factors

HE

i ALALI7 1 £ AVFLAL & R R i T
a/(°) B/(°) n/(remin~")

-1 17 42 35

0 21 44 40

1 25 46 45

x5 RBEARELER
Tab.5 Experimental project and results
we XX ; SRIEEC ERIEE Ik R

v/ % ¥s/ % y3/ %
1 -1 -1 0 66. 45 22.54 11.01
2 1 -1 0 82.37 6.19 11. 44
3 -1 1 0 83.01 10. 95 6. 04
4 1 1 0 75.37 9. 86 14.77
5 -1 0 -1 78.38 14.91 6.71
6 1 0 -1 78.32 7.93 13.75
7 -1 0 1 75.11 16. 74 8. 15
8 1 0 1 79.35 7.34 13.31
9 0 -1 -1 81.24 11.54 7.22
10 0 1 -1 85.77 6.37 7.86
11 0 -1 1 81.25 12.22 6.53
12 0 1 1 86.42 6.16 7.42
13 0 0 0 88.28 8.37 3.35
14 0 0 0 89.07 6. 88 4.05
15 0 0 0 91. 84 5.31 2.85
16 0 0 0 86. 94 8. 16 4.90
17 0 0 0 87.91 6. 85 5.24

FI A Design-Expert 8. 0. 6 A4 %t 1F 32 18 56 45
HEAT LG IE T 2253 0, 7 2850 A an sk 6 iR, 14
PN EGARFEE y, ERERE R v, INIEIE AL v, S

2 Gt B 1 (0] 0 07 FE
y, =88.81 +1.56X, +2.41X, -0. 197 5X, -
5.89X,X, +1.07X,X, +0. 16X,X, —8. 94X -
3.06X: -2.07X; (20)
y, =7.11 =4.23X, =2.39X, +0.213 7X, +
3.81X,X, —0.605X,X, —0.222 5X,X, +
3.96X; +1.31X; +0. 651 8X;
y, =4.08 +2.67X, =0.015X, -0.016 2X, +
2.08X,X, —0.47X,X, +0.062 5X,X, +
4.98X] +1.76X; +1. 42X, (22)
Xof [l U A Y R AT P A, Hh 2% 6 R
Fe bR G A% 18 50 5 4 48 BORN T B i Hi0RE A S i W
(P<0.01) , RTIEARE (P >0.05), a5 )5 ##
AR Hd, X, X, XX, XX XS XA s 4 5
MR X, XX, XX, A RSB R B
2, S [m] A A5 R rp O t S [l 05 5 AR Ry
y, =88.81 +1.56X, +2.41X, -5.89X X, -
8.94X; -3.06X; —-2.07X; (23)
[F] SR A5, 59 B3 [l U 455 480 vh O (2 0 G R
B I B A5 EOn m] 5 Oy 7 Dy
y, =7. 11 =4.23X, -2.39X, +3.81X X, +
3.96X] +1.31X;
yy, =4.08 +2. 67X, +2. 08X, X, +4.98X; +
1.76X; + 1. 42X; (25)
P HRF ] 1A 7 4005 P R A R 43 5] 4 0,966 5
0.966 0.0.963 5, 3% W] [a] 5 45 7Y 7 0] {8 5 55 B {6 A
B AR OCE o AU P B 4300 0. 822 3.0.793 1,
0.483 1,31k T 0. 05, KW [ml 5 75 #2480 & B e, vl W
1 J7 R R AL /A i S

(21)

(24)

x6 RWERFENN
Tab.6 Variance analysis of experimental result
. BRI R Lk EiE IR E R
ki HibgE By F P Hib g By F P Hib g By F P
i 9 70. 11 28. 88 0.000 1 9 36.52 33.49 <0.0001 9 23.38 23.27 0. 000 2
X, 1 19. 41 8.00 0.0255 1 142.97 131. 09 <0.000 1 1 56.98 56.70 0.000 1
X, 1 46. 37 19.10 0.003 3 1 45. 84 42.03 0. 000 3 1 0.001 8 0.001 8 0.967 4
X 1 0.3120 0.128 6 0.7305 1 0.3655 0.3351 0.5808 1 0.002 1 0.002 1 0.964 7
X, X, 1 138.77 57.17 0.000 1 1 58.22 53.38 0. 000 2 1 17.26 17.18 0.004 3
X, X5 1 4.62 1.90 0.2101 1 1.46 1.34 0.284 6 1 0.8836 0.8793 0.3796
X, X, 1 0.102 4 0.0422 0.843 1 1 0.198 0 0.1816 0.6828 1 0.0156 0.0155 0.904 3
Xf 1 336. 82 138.76 <0.000 1 1 66. 17 60. 67 0.000 1 1 104. 42 103.92 <0.000 1
X% 1 39.53 16.28 0. 0050 1 7.19 6.59 0.0371 1 13.01 12.94 0.008 8
X§ 1 18.11 7.46 0.0293 1 1.79 1. 64 0.2411 1 8.49 8.45 0.0228
5% 2% 7 2.43 7 1.09 7 1.00
ES 3 1. 05 0.304 0 0.8223 3 0.5280 0.349 1 0.793 1 3 0.998 0 0.988 1 0.483 1
R 2 4 3.46 4 1.51 4 1.01
Jayill 16 16 16
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FIF Design-Expert 8. 0. 6 B {445 2 /3% 45 4%
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X5 M A8 K T A i ORI e 7 5 HIOR i 1w 7 gt T
e 10 Frs o
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10 [A 3R 28 LIRS 36 4 s B2 i 1 W) 2 6T (= 40 v/ min )
Fig. 10 Response surfaces of influence of interactive factors on each index
17 E AR B3GR, HE R 5 M 45 B ST RS /N 1 maxy, (a,B,n)
S BT i 1 44° ~ 46° i HEFD 4 1 55 0B 7 4 miny, (. B.n)
R 26

b A 1 K05 B G KR D 1 A, L AL 7 1]
FATE 19° ~ 23 °mf HEFR G A% 15 Kok wr o B AL J5 1l £
20. 3 BUALA B A 44, TOmE, HEFR G A% 15 K08 B i
KA

w1 P 10b R, 24 LT ) f— 2 B B R AL
7 AR 3G O, A i R A B s Y T LA A
—E M}, Bt B L7 1] £ B384 O, E 4 i e S i/
Ja SRS BFL T 18] A A 21° ~ 25° I H 46 15 5L
A%

1 10c m] 0, 257 FLJ7 ) F — 5 I, Bl 2 2 AL
(DACRHNINE PN TE R R &V R MR NI =k it
FLAZE A A 43° ~ 45 I i 5 45 KRR 5 25 B AL &
i — 2 I, B 2 FL 7 1w A B3 R T 9 A B BT
Il /N B R A He, B AL T 1] FA e 19° ~ 21° B s 76
FREBAR

3 M DA AT - i A T LA A K, B LA AR
PRG A Z [8] (9 52 AR 70 38 22, B S Xt T 2 Bl
it B AT — 52 YRS 0820 1 b3~ 1 B LA 4 34
FE VAR T E A% 5 FUSE 1 v [ A 4 2 i T
FREOE R Bl BUALT5 1) A AR AL A B,
M1 Ty itk AL T ORI T 478 45 BORR ) 5 2 AR
MR, B L, B LA RS A A AR SR
22 s 1% 45 BOBOR

NG EN AR T 5 N R R AL, DU
e R R BUR R, H R R BORTR #6458 0D I
BB, Xk E AP BE [l U 80 R AT 22 F BRI A K A% , [1]
H 75 B PR AF

17°<sa<25°
st ]42°<p<46°

35 r/min<n<45 r/min

¥ BHE A8 A Design-Expert 2 £ ] £330 50 [ &
ML 20 A - BY AL J7 1) £ Dl 20030, T AL B A
44.7° X HE A 0l 40 v/ min, IS STRE A I G RE
TRECh 89.12% , KT EH 7.30% , I #5455 £ Ny
3.87% o BRI AT SEME JF G REE U, U
EE 3 OWHECE YA, 458 R HER & % 48 4K
91.14% , B 4.23% , G155 4. 63% , 5 28
BRI 5 A% 8 AR B 8 BRI 48 B0 S I 4
YRR 22 5390 2 2. 02% (3. 07% 0. 76% , 3 Hr Jit
R - B UG B B e A A B — 3, "
R ABARE , LAk i 5% Sl IS Bl B ok SR BE AN [A]
A % B R RE 23 AN [], DT S B0 4 0 i 22 K (H
HRAE ARVFIE N o
3.2 THERKE

Bk 5 48 e Y AT R R 56 IR 2 R K X
& TAEYERE, T 2021 45 10 H 31 HEEF &S
ARG R A A 47 RS, 205 A K 150 m,
F& 10 m, A& 11 fros . 3R 50 R BE B AL B AR i
oAb a W7 A FETE A DI UL b, 38 5 X 4% i 5%
TS A2 51 AT ik B O 3.38 km/h, K 56 A
50 BOLFE B EAE A e A I (. iR 50 A5 7%
i A AR 0 HERD G R 48 B 92.53% , R 45 5L
H3.54% I REHE R R 3.93% , SOLALEE RAR LA
AP & T 139 AN Ay, EARE A AR T
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PER T 2,53 AN 3 Ao TR B e R KRS B4 R AR
A ZER

o s

Fig. 11 Soil bin test
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F6HCh 3.87% , it & ALY UE K 55 45 B A A% 18 L
H91.14% , T #& 48 BU M 4.23% , Tw #& 16 LA
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