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Design and experiment of electric drive control system of precision
centralized metering device for rapeseed

LEI Xiaolong, ZHANG Lei, YANG Hong, LIU Yile, LI Yuhan, LUO Meiling
(College of Mechanical and Electrical Engineering, Sichuan Agricultural University, Ya’an 625014)

Abstract: A control system of electric drive seeding was designed based on the centralized metering device
for rapeseed to solve the problem of complex transmission system caused by ground wheel drive for mechanized
precision seeding of rapeseed in hilly area. The control system applied wireless Bluetooth transmission, MCU
control and Android terminal platform development technology to realize the automatic control of seeding hill
distance, and optimized PID algorithm to achieve the precise control of the rotational speed for seed metering de-
vice. The control precision and seeding stability of rape electric drive seed metering control system were con-
ducted by bench experiment. The results showed that when the rotational speed of collector was 10-55 r-min’!, the
average deviation between actual rotational speed and theoretical rotational speed and their variation coefficient
was less than 1.5% and 2.0%, respectively, which met the control requirements with good control stability. When
the operating speed was 1.6-3.2 km-h™! and hill distance was 60-180 mm, the variation coefficient of hill distance
uniformity was less than 15.0%. The control system of the electric system realizes synchronous control under dif-
ferent operation velocity, which provides a reference for the design of seeding control system for rapeseed of light
and simplified precision seeder.

Key words: rapeseed; agricultural machinery; precision seed metering; centralized seed metering device;
electric drive synchronous control system
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1. Self-propelled chassis; 2. Controller; 3. Seed box; 4.
DC motor; 5. Encoder; 6. Centralized metering device; 7. Pesti-
cide box; 8. Frame; 9. Seed tube; 10. Spraying device; 11. Fur-
row opener
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Figure 1  Structure diagram of rape precision seeder
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1. Arduino MCU; 2. HC-06 Bluetooth module; 3. Android
terminal; 4. Motor drive module; 5. DC motor; 6. Centralized
metering device; 7. Encoder; 8. Water pump; 9. Relay; 10. Ul-
trasound module; 11. Seedbox; 12. Pressure stabilizer module;
13. Rapeseed seeder
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Figure 2 Composition diagram of control system
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Figure 3  Circuit diagram of rape precision metering control system
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Table 1 Calculating formulas for parameter tuning of stable
boundary method
TR #E S 4 Parameters
Regulation law kp ki ka
P 0.5k
PI 0.045 5 kp 0.535 ki/T
PID 0.6 kp 1.2 ki/T 0.075 ka

ML AT A, ESAAAE R, LR AL
O

G-/

TTs +T,s+1

X T, PRI RIE R, s; Ty AR [A]

4)



476 N S AN

2020 4F

WH s; Co NHEINL N4 R A ¢ N REIE,
Wb, H HRENEESEN: T, =0.8 s, T,=9 ms,
C.=10.5V/ (rrmin"), =126 Wb, i AMHFEZHJE
3| RGuALH R BN
69 = ?
0.00072s> +0.85 +1
PID %l 2% AL 3 pR EUCN
G(s)=kp+R—k"+kds 6)
2s

£ Simulink 1/ B 2?7, PID %421 3 NS3
N k=15, k=4, k0.1,

TEZSHC T R gem 28w E 6 frox, 7ERY
K554 10~50 rmin' i, &S PID #5#H &
UMk e FE A E B E N 20814 2%, &N
5.373%; TSR RN 0.264 65, FAK N 0.220 1
s; PRI TR B Rl 0.728 1 s; SEIR I 8] B¢ AN 0.229
9s; FBIREH R 0.1%. R RRAEIZSE T
TAERHEE AT AR R, W DR R .

NEATH Sy HTiZ PID #5523 1B AS TERE, Xf
PID %l 253047 77 i F1 IE 5245 5 BRI B4,
Bl 7 Fiono 1% PID #2448 RE A R0 R G 1,
fif KRG PUE I NFR e RA ;s HAE 7 R b T8k

(5

15 T
HiofE %
—-—-= L PID
3 10 pr———————————y frm——mmm e
& : :
[72] [ i
- 5 1]
= L] i
= [ i
= 5 5 i
[ : :
2 : |
ol i
0 1 2 3 4 5 6

it /s Time
(a) JriH RS Y Square wave tracking signal

R B R R A EREAVERE, IRZEAE IR BN,
R H1Z PID 2 2% BE i 2 R B A 1Lk 1t S 1A
PRI

60
N N
50 e ez e W R N
/
[ .
40 _‘;3.."--«-__.:"--' "\.___. ._'.-h,., 40
/ [ix=s1368 N\ ¥ -

- f

k1] — /.

20

438 /r-min Speed

e T S ]

I x=34434

i " L " i " J
1 500 2000 2500 3000
5 [3]/ms Time

Bl 6 RNz

Figure 6 System response curve

il i 1
0 500 1000

2.3.3 Android #nitst AN L FHEE APP
inventor “FHHATH K, FEAREEF @M. FHH
YEMEZ 5 B HLE TARRASFIHERR A 1 T4,
A AT WS E il C Y C P S okl N Y )
e, A wE 8 s,

15
s
—-—-—{{{LPID
-
o 10 o =,
2 / \\ ;f/ N
] / Y ! N\
T ! \ ! i
= / LY / \
= / \ \
.E 51 \ { A\
= | A\ il \ f
o) A\ § “ {
Hr t;:"-. o ¥ .f:?
0 Yot ~tf
0 1 2 3 4 5 6
i [i1) /s Time

(b) 1152 EE {5 Y Sinusoidal tracking signal

7 ESRIFER
Figure 7 Impact of signal tracking

HEFAR R T i

HEETRE
BRE
fELEE BHEE MMERE

HRIRE 0 m/min
HEFPI R 0 r/min
FERE: 0 %
ki lih
g =S

el XE@ail  dEs -

EARRL -4 Bl
FRRE LR

6cm gem 12cm 15cm

8 Android &g AW X ERE
Figure 8 Interactive interface of Android mobile phone terminal

3 EIRHEMEE] RS aE I IR
31 HEHMRERE

G 4GRL DU O AR R B AR R, i
BEYmhs A% LA e AT, 78 JSP-12 FErhastERe
for il g2 & MAAHEFPERE, AL a Aoy 11,
Kl 9 Frir.
3.2 it

R TR RS R AT R H AR E T, TR
FEHEAS S R B SEPRFE IR 5 e /X EE T
ORI o 3 S T o 7 R R ) P
321 HHRHRIEHMERE KKK, BT



47 % 3

/NS SRR AR A IR R G B0 5K 477

DA PR AL HERN Al SEPREE I n,, SREERTTE]DY 1
min, FHE 6 U, THE LR EEAR 7 R bR
S P SR S T B VR A T P 4 2

3 4 5 6
Liesegmihas; 248 P HEREE: 312V ERAE; 4.4%
1. Rotary encoder; 2. Centralized metering device; 3. 12V
DC Power supply; 4. Centralized metering controller; 5. Motor
drive; 6. DC motor
B9 aZRiAuKE

Figure 9 Bench test device
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Table 2 Speed test results of seeding metering device

R H /1 min!

R I8 #5348 /r-min~! Experimental rotational speed

gi;r Theoretical B1f7  @m2fr | B3 ®4al &S Bolr %
rotational speed 1 row 2™ row 3" row 4% row 5" row 6" row
1 10.00 10.23 10.21 10.02 10.01 10.27 10.06 1.05
2 20.00 20.13 20.36 20.28 20.06 19.98 20.16 0.63
3 30.00 29.65 30.70 30.58 30.24 30.33 30.06 1.14
4 40.00 40.61 40.66 40.65 40.13 40.74 40.66 0.50
5 50.00 50.08 50.38 50.46 50.55 50.72 50.62 0.41
6 55.00 55.80 55.77 54.94 55.57 55.78 55.14 0.61
H: o RN R RE Note: 6, means variability coefficient of speed
& 3 EFREMNESRENERRIKEER
Table 3  Test results of comparing actual and theoretical hill spacing
FE S X /mm SEBR 7T /mm Actual hill spacing . FHR R /%
Number Theoretical hill spacing Bsi Bs2 Bs3 Bsw/mm %/% Relative deviation
1 60 64.7 63.5 62.8 63.67 1.23 1.23
2 90 86.5 91.3 89.8 89.20 2.25 2.25
3 120 120.3 121.6 120.8 120.90 0.44 0.44
4 150 151.8 154.5 150.5 152.27 1.09 1.09
5 180 184.0 185.0 184.5 184.50 0.22 0.22

H: Bsm RN LR P M, SRR SRR R TH
Note: Bsmrepresents the actual average seeding hill spacing; o denotes the variation coefficient of the uniformity of the hill dis-
tance. The same as below
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Table 4 Experimental results of the effect of operation velocity on the hill distance
: Y. - N - v

/lff‘l rif T@?:; Bsn &% /lff‘l 7 Eﬁﬁg Bsm &% /lff‘] 7 T@?;;: Bsn &%

Velocity " Hill spacing Velocity Hill spacing Velocity Hill spacing
1.6 1 60 62.86 10.08 20 1 60 6583 597 24 1 60 6850  11.88
2 90 89.29 5.67 2 90 89.50  3.67 2 90 107.67 7.55
3 120 121.86 2.50 3 120 12550 4.64 3 120 124.83 4.80
4 150 15429 324 4 150 15583 350 4 150 153.50 3.80
5 180 184.00 451 5 180 18783 273 5 180 188.67 2.76
2.8 1 60 64.67 9.78 32 1 60 6083 813 36 1 60 7733 2132
2 90 88.00 1255 2 90 8983 645 2 90 85.00 8.57
3 120 122.83 540 3 120 12133 3.00 3 120 13050 1048
4 150 153.00 4.15 4 150 15350 426 4 150 148.67 6.68
5 180 18233 429 5 180 18633 238 5 180 18417 452
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Figure 10 Pavement seeding experiment
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Table 5 Experiment results in pavement

e L7 /mm SERR7CEE/mm

Number  Theoretical hill spacing  Actual hill spacing Ow/%
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