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Design and Experiment of Precision Burrow Planter for
Flax with Direct Current Scooping Type

LI Hui ZHAO Wuyun SHI Linrong DAI Fei SUN Bugong DENG Tinghao
(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract; Aiming at the problem that the population is divided on both sides of the ladle chamber during
the operation of the traditional burrow planter, the ladle chamber was not fully filled when the amount of
seed in the seeding drum was small. Based on the physical characteristics of flax seeds and the
requirements of planting and agronomy, a precise point planter for flax seed was designed. By analyzing
the working principle of the burrow planter, the composition, chute structure and structural parameters of
the direct current scooping ladle were determined. The motion analysis of the ladle scooping process and
the clearing process was carried out, and the angular velocity range of the burrow planter was determined.
Using the depth of direct current scooping ladle, the angle of bridge slot and the angular velocity of the
burrow planter as test factors, and the pass rate, miss rate and replay rate of the burrow planter as test
indexes, the quadratic rotation orthogonal combination test was carried out by using EDEM discrete
element simulation software. The results showed that the best performance was obtained when the depth of
direct current scooping ladle was 2. 75 mm, the angle of bridge groove was 56.56°, and the velocity of
burrow planter was 2. 71 rad/s, the qualified rate of seed expulsion was 94.27% , the missed rate was
5.67% , and the replay rate was 0.06% . The average pass rate, miss rate and replay rate were
89.00% , 8.33% and 2.67% , respectively. The results of bench test were basically consistent with
those of simulation test. The results showed that the seed discharge effect of direct current scooping ladle

was better than that of tongue scoop. The qualified rate of seed placement can be increased by 3.39
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percentage points, the missed rate can be decreased by 2. 68 percentage points, and the replay rate can

be decreased by 2 percentage points.

Key words: flax; burrow planter; seed chute; direct current scooping ladle; EDEM
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Fig. 14 Seeding simulation models
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Fig. 15 Actual pile angle image processing
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Fig. 16  Simulated pile angle image processing
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Tab.1 Simulation contact parameters Tab.3 Test results
4 t 2% Hofl = SRS AR IR ERR
TSI 0 41 e X, X, X, Y\/% Y. % Y /%
BIRERN T (B 10 5)  BY YTt/ Pa 1.98 x 10° 1 -1 -1 0 69.2  30.8 0
%/ (kgom ) 1050 2 1 -1 0 75. 4 10. 3 17.3
YRS 0.28 3 -1 1 0 46.2 0 53.8
T A AR () B YKt/ Pa 3.50 x 10" 4 1 1 1 22.2 7.4 70.4
R/ (kgem ™) 7 850 5 -1 0 -1 88.9 5.6 5.5
Lk AR/ 0.4 6 1 0 -1 33.3 0 66.7
%ﬂl%*mmﬂiﬁ By LIHE AL/ Pa 1x10° 7 -1 0 1 97.2 2.2 0.6
(Be) B/ (kgom?) 1500 8 1 0 1 96. 6 1.8 1.6
W A B 0.39 9 0 -1 -1 85.0 15.0 0
R TR R T 3 1 42 [ K 0.32 10 0 1 -1 27.8 0 72.2
) 4 R 8 0. 04 11 0 -1 1 97.3 1.2 1.5
= LB 0. 01 12 0 1 1 93. 1 6.9 0
@Tﬁ%fﬂﬁ@‘gﬁﬁ e 0. 50 13 0 0 0 76.0 8.0  16.0
FH S J5E 1K 3 0. 45 14 0 0 0 58.2 11.0 30.8
W R 0. 48 15 0 0 0 72.0 8.0 20.0
B Tk S Ik B R 4 0.41 16 0 0 0 74.6 2.8 22.6
B JEE J5 R Bk 0.20 17 0 0 0 68.6 7.1 24.3
%£2 RREEHD X3 S 23 SRR A8 T30 p R 2 TR 2 Y (e
Tab.2 Test factors and coding BRI T 2N
% Y,=7.38-2.41X, -6.61X, +45.45X, +
i BMATRE, VRS Mms OREER fEE 6. 98X, X, +40. gsxi (14)
° -1 e v e
) (rad= ) H1 2 4 A0, T AR SR f 4004 A B (P <
-1 2.5 55 2.0 e -
0 0 o0 o 0.01) , 445 P=0.1647 , AP E(P >0.05) i
1 s s o .o U 7 A 0 T 9 36 1 1R 22 B 3 2

I | s N S rS S SR TN ER: $illy
R
Y, =69.88 -9.23X, —15.96X, —-27. 86X, +
13.80X,X, +15. 73X,X, -30.68X.  (13)
B 4 A, e A R B A LG R R
(P<0.01), &I P=0.2547, Rz (P >
0.05) , Ut BH AN £7 78 L 52 mo U #5628 19 £ 2R %,
A Gk IR/ B I - E - BN
X, G WA/ X, CERVATTRIE X, o X, X, X X,

(a) 04 s (b) 0.8 s

TG 0 FE T Ry o M5 A e M X, Rk AR A
X, ERATIRIE X, o X, X, Xy X X, X, X 52 0 A i
EID A TNTE | T L N TS e = O
I A5 7R 5 A Oy

Y, =22.74 +12. 03X, +22. 19X, —17. 59X, —

15.05X,X, — 18.42X,X, —10.53X>  (15)
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7 AN E 18 fr s o
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Bl 17 HiFEFA) EDEM {5 Bt /2
Fig. 17 EDEM simulation process of DC scooping ladle
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Tab.4 Analysis of variance

jj‘% Yl YZ Y3

KR VIOTAM HMEE F P SEHA AW F P A AR F P
e 15 756. 29 9 25.33  0.0002™ 24 364.70 9 216.23 <0.0001* 10596.51 9 21.53 0.0003 ™
X, 680. 80 1 9.85 0.0164" 46. 56 1 3.72 0.0951 1 156. 80 1 21. 16 0.0025™
X, 2038.41 1 29.50  0.0010™ 349. 80 1 27.94 0.001 1™ 3938.28 1 72.03 <0.0001™
X 6210. 55 1 89.87 <0.0001" 16525.62 1 1319.93  <0.0001™ 2474.56 1 45.26 0.0003™
X X, 228.01 1 3.30 0.1122 194. 60 1 15. 54 0.005 6™ 0.090 1 1.646 x 1073 0.968 8
X, X5 761.76 1 11.02 0.0128" 6.25 1 0.50 0.502 7 906. 01 1 16.57 0.004 7™
X, X, 989. 10 1 14.31  0.0069 ™ 29.16 1 2.33 0.170 8 1357.92 1 24. 84 0.0016™
X; 246. 57 1 3.57 0.100 8 11. 08 1 0.89 0.378 1 172. 06 1 3.15 0.1193
X3 339.35 1 4.91 0.0622 41.05 1 3.28 0.1131 162. 77 1 2.98 0.128 1
X§ 3 962. 56 1 57.34  0.0001* 7025.34 1 561. 13 <0.0001™  467.09 1 8.54 0.0222"
2 483.74 7 87. 64 7 382.72 7
S 281.45 3 1.86 0.2778 52.71 3 2.01 0.2547 262.37 3 2.91 0.164 7
PR 202.29 4 34.93 4 120. 35 4
A 16 240. 02 16 24 452.34 16 10979.22 16

PEoex R E(P<0.01), + £5H%(0.01 <P<0.05),

/%

i

[l 18

PR 2R 58 XU 5 Ak A5 R ) 7 T

Fig. 18 Response surfaces of influence of factor

interaction on pass rate
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maxY,
{minY2
minY,

-1<X, <1
s.t.{—1$X2S1

-1<X, <1

FEAAJIRE g 2.5 ~ 3.5 mm, 3 #F 18k £
55° ~65°, 5 UHk dn AL g 2 ~ 6 rad/s, B HAUA
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14 56.56° GRS K 2. 71 rad/s W}, 7KL

BEMRN 94.27% ik KN 5.67% , EAk KN
0.06% .

5 ARRAR

WL AT S0 =R A Ay (ARSI BT o2 S O M
A HERR M 8 0 52 MR, X e U 2 800 LTRSS R B Rl A
HEAT A LRI I . 6 b 5 R R Al K 2 HE b
PERESC IR 2, BL IR 55 Fh AT RN S Bl LAl a2 3D T E
BLHIVE B e e R BE R 0. 1 mm, 4n & 19, X5
REE N JPS — 12 TUHER SR M AR & A5 & A
[E] PR SRS O 2 mm, Q0[R20 SFIRAE G TAE
— 2 I (], R A A R AR S E R AL, 1T 6
Y10 5% 300 A, IR A HERD G A% R % R
MERFR, AW RNES,

H 3R 5 A0, 7R ECA B RO BME S 89. 00%
Ts 3% - B Ry 8.33% , K H V- HE R 2.67% .
HAE TAESEALE T 0B R AR L BE T 2 5 RS
TECRERT 7 ORGSR T 1 R R R A BOR

Sk BE— 5 06 U R I P O RS o 7

(16)

(o) RREMEE (4 WERE
B 19 i AU B A RORT B R 2
Fig. 19  Precision burrow planter for flax with direct

current scooping type
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Fig.20 Bench test of burrow planter
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Tab.5 Results of bench test

B TORLE L RO GRR/ RER, EER/

0~6 6 7 8 9 10 >10 7 % % %
1 3 3 11 13 16 4 0 50 94. 00 6. 00 0

2 4 2 13 9 13 6 3 50 86. 00 8.00 6. 00
3 4 5 11 12 14 4 0 50 92.00 8.00 0
4 5 4 9 12 15 5 0 50 90. 00 10. 00 0

5 4 4 11 11 13 4 3 50 86. 00 8. 00 6. 00

6 5 3 10 12 14 4 2 50 86. 00 10. 00 4.00

S 4 {8 89. 00 8.33 2.67

(1) S PR HEFR M RE 8 5B A0 A SRR | U R 5 JR o

MR ELUR PR T RO 12 7R A 2E AT B 48R [
Ko BEINHEGMEEL NN 2.6,2.8.3.0.3.2,
3.4 rad/s, PiFf A AT S BOR AR A5 iR S8
IR TR AR A HERR 5 4 R T B R R AL AT
3 B E, WK kR R ES Rk 6

H 3R 6 AR, JCRE A% MR EAE 2.6.2.8.3.0,
3.2.3. 4 rad/s B, &2 2%E EL U SRR AT SR A% A L%
RN T B FATI R HERD AR R BRI B
KATEE & 3,39 AN 3 s T B R I 3 R AT
R, 4 2 i KR B2, 684 A 43 s HEAF R K F
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Tab.6 Comparison of test results of two kinds

20 mm, P55 FE N 3 mm; 1R A] R E N 30 mm, 33 ARl
B 3 mm, KR 30 mm,

of burrow planters % (2) il 3 = W 1F 38 41 45 5 208 56 43 18 ol
A B LSRN FiREFLIAL P A ATIRBE o 475 1l Sl # RN o475 i #  E F HE A e RE Y
R/ A G A RS 12 AR [ NI . - N N
LI IS B AL S B A B AR E A 2. 75 mm
() BW%E MR TR ARE WE TR S P T
2.6 89.72 6.67 3.61 9233 567  2.00 IEAFIEIE f Ay 56. 56° HEF e F I D 2. 71 rad/s, Bt
2.8  88.33 6.67 500 91.33 506 3.6 B 7R LG M N 94.27% I H& %0 5. 67% , 1%
3.0 87.72  5.67 6.61 89.72  5.67 4.61 5 0.06% ,
3.2 8466 858 676  87.67  6.33  6.00 (3) ¥ B S B & E FhA) 3D 4T B0 i/ k47
3.4 8233 11.34  6.33 8572 8.66 5.62

W2 DA HROEAT UL, B E R AT B HERR OR
LT A0 2R AT B HERR RO o
6 it

(1) B3t T — Bl Rl i ELAL B A 00 RS 7R
L EUROMIE E LRSI R IE SUFEY B SR
Ze AT BAE o A, A SRR RO T R 08 30 mm, fi
fi ol 50°, 95 B R 70 mm, W FP AR SR B S N

HERR MR & 4000, U5 45 R R . S OR B G 6 R
FHIME N 89.00% , Ui 4 R - ¥ {E N 8. 33% , F %
FOEEIE R 2. 67% , H G 3K 5 5 Bl 56 45
FA — B 5 B HRK 5 R U, AR A TR AR Al
T LB R AT SRR AR A T A A L
B Rl AT B 7 A A% R B 3. 39 A g i, T 7
RERE2.68 N E >R, HBERTRE2 A DA,
WY A B F P o) RRORS 2 7% A B OE T 0T RR
I HE
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