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LAHRGHKM T4 Testing device of pneumatic system; 2.4,
HL Air blower; 3.H#L | Driving motor [ ; 4.H#L [ Driving mo-
torl 5 5. IE K4 JH Positive pressure pipeline; 6.1 K% i Nega-
tive pressure pipeline; 7. HEFli#} Seeding-metering device; 8.7F 4
7% 1 Frequency converter [ ; 9.4 #% [ Frequency converter [ .
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Fig.1 Experimental device of pneumatic
system for rice direct seeding planter
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A:fii# Combing plate; B:#i{Fi 4 Stir seeding plate; 1.HEFH &
Metering disc; 2. % fl Sucking hole; 3. #i F 4 Comb seeding
branch.
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Fig.2 Structure diagram of combing plate
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Table 1 Factor and levels in experiment

of air blower rotational speed

N 3 / (r/min)

Rotational speed

HEF A5 Boht

Number of seed-

i 4 K
Experimental
metering device

level of air blower

1 300 2
2 400 4
3 500 6
4 600 /
26 2 800 /

3) HE Ao 25 e 3 o HE A 5 T s S i . 3 TN
R LK 2 s, DL 4 A7 HERD AR a6 o 1, i B
HG-2200 BUXUHL, HE B 87 1E 5 HEF0 AR R4
K- 65 2R 490 3% 434> HE A 257 089 DK L 30 3]
1 in, JBOET A HE R A5 09 0 - 24 154 O 1 41 19 1
JEAE,
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Table 2 Factor and levels in experiment of

metering disc rotational speed

I AHLEE 3 / (r/ min) HERD 5% 3/ (r/min)

Experimental Rotational speed Rotational speed
level of air blower of metering disc

1 800 15

2 1 200 21

3 1 600 27

4 2 000 /

6 2 400 /

7 2 800 /

4) HE D 2% HE B A2 E MRS AT HE R — B0k
5. R R KT A RE PR TEHE R A A% R HEFD 2R
fUETE 3 000~4 000 Pa YJREW & Z kMY, Ik,
I E I 2 000 r/min 1E b KAL) fe AR T 4E 5% 1,
W N R KR 3 . L4 47 09 HEFh ik 56
R ) HEFD A E B HE R 00 HEFD#RAE 3 min P
Hefh it S0 A 3 W BOF A 1 o HE Fh 2%
(1 HEFh

®3 HMERBERRKE

Table 3 Factor and levels in experiment of feeding quantity
ik 56 7K 7 JKALE% % / (r/min) HEFD 5 3 / (r/min)
Experimental Rotational speed Rotational speed
level of air blower of metering disc
1 2 000 15
2 2 100 21
9 2 800 /
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Table 4 Negative pressure of air blower and seed-metering device cavity under conditions of

different rotation speed of metering disc and air blower Pa
UL 3/ KB AR HEFh &S 1R UL 3/ KB AR HERB 5 £
(r/min) Pressure of Pressure of seed- (r/min) Pressure of Pressure of seed-
Rotational air blower metering device Rotational air blower metering device
speed A B C A B C speed A B C A B C
300 —343 —304 —245 —168 —81 —54 1 600 —5127 —3647 —3 157 —3 736 —1 631 —956
400 —490 —422  —333 —280 —138 —86 1700 —5 755 —4 069 —3529 —4 218 —1 819 —1 063
500 —676 —549 —441 —415 —201 —123 1 800 —6 392 —4 500 —3873 —4 709 —2015—1 181
600 —892 —725 —588 —583 —278 —169 1900 —7049 —4 961 —4 265 —5 165 —2 199 —1 294
700 —1157 —902 —745 —781 —357 —223 2 000 —7696 —5392 —4 608 —5601 —2 381 —1 392
800 —1471 —1108 —931 —1011 —463 —277 2100 —8 333 —5843 —5029 —6 096 —2 591 —1 509
900 —1824 —1353 —1137 —1276 —574 —345 2 200 —9 069 —6 353 —5471 —6 655 —2 813 —1 637
1 000 —2 176 —1598 —1363 —1529 —693 —412 2 300 —9 765 —6863 —5892 —7 174 —3 031 —1 759
1100 —2 569 —1882 —1588 —1825 —824 —483 2 400 —10 549 —7 392 —6 353 —7 772 —3 274 —1 901
1 200 —3020 —2176 —1863 —2 167 —958 —566 2 500 —11 304 —7 873 —6 824 —8 296 —3 493 —2 026
1 300 —3 510 —2510 —2 147 —2 545 —1 112 —654 2 600 —12 314 —8 578 —7 451 —9 149 —3 813 —2 203
1400 —3951 —2843 —2431 —2 893 —1 265 —740 2 700 —13 216 —9 265 —7 961 —9 859 —4 092 —2 364
1500 —4 539 —3225 —2784 —3 287 —1435 —843 2 800 —14 186 —9 853 —8 500 —10 589 —4 386 —2 524

H:AB.C A FRHER#8N%5h 2.4.6, Note: A,B,C represent the number of seed-metering device for 2,4,6 respectively.

22 RHEEEE HETh 25 4B XS HEFH 28 51 R RS A

P 4 J2 HE Rl 45 00T B XUBIL A6 3 | HE b 2 i s
e, mrl&l 4 AT, HE R A 00 R B RUBLEE B 1Y
BEIMT GO, HERR 4% B0 — E L, O R B
AR AT BRI E L BE A KUHL B B O, I R AR
[ [ e AW S DIV B N P I N S

DU HEBR AR 0 M Bl HE R AR R0 3w, — 7
T2 B HE A S B I B RS B R
1A A B O SR A RN L BT UL A
AR Y1 DL T HE P A G0 B R A s 55 — O T HHE b 4
2 AR AR G O A A R O
FEOG BRI RS R AL/



98

ool K

7 4R %36 &

AL H/ (r/min)
Rotational speed of air blower
700

300
0

-2 000}
-4 000
-6 000
-8 000}
—-10 000F
—-12 000F
—-14 000F
—-16 000k

1100 1500 1900 2300 2700

XML [E/Pa

Negative pressure of air blower

HEFR 28 4L Number of seed—metering device

3 RHBRAERRNEEMHEGEMBSHETUES
Fig.3 Relationship between negative pressure of air
blower and air blower rotation speed and number

of seed-metering device
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Rotational speed of air blower Table 5 Negative pressure of seed-metering device cative
300 700 1 100 1 500 1 900 2 300 2700
= e o under conditions of different rotation speed
<z & -2000p of metering disc and air blower Pa
< O >
&~ 59
= E_:D -4000r KL / Cr/min) HEFh £ 5% / (r/min)
g:g ?é'g _6000l Rotational speed Rotational speed of metering disc
L =
= f air bl 5 :
E 5 -8 000F of air blower 15 21 27
I T
= § ~10 000} 800 —441 —403 —421
-12000L 1200 —858 —844 —838
HERD 4840 Number of seed-metering device
1600 —1 467 —1 464 —1 438
il =T
B HER 3R SR B RS R S R T A ) oo s less 2 o0s
Fig.4 Relationship between negative pressure of
2 400 —2 848 —2 827 —2939
seed-metering device and air blower rotation
. . 2 800 —3 808 —3 820 —4 016
speed and number of seed-metering device
x6 HUMREARHMEEE NNEFETHEHENFTESN
Table 6 Results of analysis of negative pressure of seed-metering device cative under conditions
of different rotation speed of metering disc and air blower
% 58 -5 Al F i ¥75 F{H P F
Source Sum of squares Freedom Mean square F value 001
FeA Sample 25 194 233 5 5038 847 946.526 4 4.88X 1013 5.636 326
%1 Column 15 258.861 2 7 629.431 1.433 157 0.283 615 7.559 432
%2 Error 53 235.139 10 5 323.514
BTt Total 25 262 727 17
24 SNRGHMRHEMEREESZITHE— HER 5 7/ (r/min)
Rotational speed of metering disc
M 4
ﬁ[‘iﬁ*ﬁ 0 40 —I15r/min  —=221 r/min —= 27 r/min
5 I HERN A HE B BB UL S R R 2R /,_///::/_/’”"/ﬁ
Ak, 7 M HERNER TR N 3 500 Pa BHHEFMRBEHE S 2 2
%
u . 3
P S5 A8 Ak . ph L S AT T, HEFR 25 0 HE Bl i bl %v 10
%ﬁliﬁﬁiﬁﬁﬂﬁi j(ﬁﬁﬁij][] ’ Eﬁlﬁﬁﬁ%@ﬁ{& C2000 2100 22002300 2400250026002 700 2800
it , HEFh & Fﬁ%mﬂ[‘igiﬁgi j:”] H—E Ry j( s E‘izgﬁ JHLEL 3/ (r/min) Rotational speed of air blower
FRUE 1 HE ol 28 2 A 5 I HE b £ B XUIL 5 3 4 BS5 HMBHAMEBXNEEMAMERETNEDS
KEWHEW M. BEEILRZ, HTHMZERNMJE  Fig.s Relationship between seeding rate of seed-metering

Wt 5 A b 55 2l 2 7 A U 0 0 Bl HE R 4 e

device and rotation speed of air blower and metering disc
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Table 7 Relationship between seeding rate and rotation speed of metering disc when

the negative pressure of seed-metering is 3 500 Pa

g

HERD 85638/ (r/min) AT 5 § T s 22 AT B R R Y
) L -1 {H . o o
Rotational speed Sowing row number A Standard Consistency variability
of metering disc 2 3 4 5 verage deviation coefficient
15 22.445 22.568 23.098 21.949 22.515 0.471 859 2.10
21 28.233 31.347 31.304 29.470 30.089 1.515 111 5.04
27 34.144 35.454 34.705 33.775 34.520 0.730 977 2.12

B, MR 3 1 A S KUPLAL BT S XL

Bl S HE B A5 B (RE AP AT 8O 1Y 5C R AL 15 31 g

ZHH 0.92 WY RN F .

P=—41.495—4.228x, —556.150x,

LT P KL AE, Pasa, o KALF: 3

r/min; x, AHEFP R ECE A

FIH 2 200 W XUHIL A 0 2 5 4l % 52 7Y i 47 46
HE SRR 8 Frw , o X R 25 = GULA i — 52
(D E /52 W E X 100%. B R X R 2%

x8 RAGEBFEFE(L)RIESLR

Table 8 Verification test of regression equation (1)

—15.92%~12.12% , FE M HEZWHE N .

75 HEFD 28 50 KAHLFE 3/ (r/min) SEAE / Pa A1/ Pa AHXT R 22/ %
No. Number of seed-metering device Rotational speed of air blower Measured value Fitted value Relative error
1 2 2 200 —9 065 —8 232 —9.19
2 2 2 300 —9 761 —8 655 —11.34
3 2 2 400 —10 545 —9 077 —13.92
4 2 2 500 —11 299 —9 500 —15.92
5 4 2 200 —6 350 —7119 12.12
6 4 2 300 —6 860 —7 542 9.95
7 4 2 400 —7 398 —7 965 7.67
8 4 2 500 —7 869 —8 388 6.59
9 6 2 200 —5 468 —6 007 9.86
10 6 2 300 —5 890 —6 430 9.17
11 6 2 400 —6 350 —6 853 7.92
12 6 2 500 —6 821 —7 276 6.66
D HER A R 5 KL 3 HERh AR B R BB H TR
LT HE R G T 5 SR e HE ) P, =2279.12— L4152, @
FAA g0 A5 AR B 4 B9 ECHE R A S TR Ry 2 200 P,=897.688—1.719x, 3
P,;=507.081—0.992x, 4)

WA KB i i A 80 28 47 0 A 2 S0l 1 60 A ] 114
AP AT B LA UBIL A S AR O i A b A SR AR

b L A9 B e E REGKIK M 0.96.,0.97.,0.97 1y [l

K2~ d Pl 2 F7ik 56 HEFh & 01 75 (H

R9 HMBHEDPFTEQRL)~(U)FESNR

Pa; P,y 4 A7 80 HEF 28 00K AR, Pas P O 6 171

Table 9 Results of analysis of regression equation (2)—(4)
[8] )59 5 #2 4% 5 Equation number 2 73R Source DF SS MS F
[71J3 Regression 1 2.51X 108 2.51X108
(2 # % Residuals 24 8 962 809 373 450.4 672.91
B3t Sum 25 2.6 108
[M )7 Regression 1 4.31X107 4.31 X107
(3 % 2 Residuals 24 1291 210 53 800.4 802.83
Bt Sum 25 4.45X107
a9 Regression 1 1.44 <107 1.44 X107
4 5% 7% Residuals 24 409 150.9 17 047.95 844.94
B3t Sum 25 1.48 X107

7 :Note:DF;: H H % Freedom; SS: ¥l Sum of squares;

MS: #77 Fl Mean square; F.F i F value.
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Table 10 Verification test of regression equation(2)—(4)

EVEW R e R o) HFh 25 Ko AL 3/ (r/min) SEAE / Pa P51 /Pa xR 2/ %
Number of regression No, Number of seed- Rotational speed Measured Fitted Relative
equation metering device of air blower value value error
1 2100 —6 096 —6 425 5.40
2 2 200 —6 655 —6 840 2.78
@ 3 z 2 300 —7174 —7 254 1.12
4 2 400 —7772 —7 669 —1.33
5 2 500 —8 296 —8 083 —2.56
6 2 100 —2 591 —2 711 4.64
7 2 200 —2 813 —2 883 2.49
£ 8 4 2 300 —3031 —3 055 0.79
9 2 400 —3 274 —3 227 —1.44
10 2 500 —3 493 —3 399 —2.70
11 2100 —1 509 —1 577 4.51
12 2 200 —1 637 —1 676 2.40
D 13 6 2 300 —1759 —1776 0.94
14 2 400 —1 901 —1 875 —1.38
15 2 500 —2 026 —1974 —2.57

R AR 7 5 (9 KUHIL 4% 3 RN
3 i #
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[CT// Al TR 2 2x b AR TR 2 2 2011 AR RAE 2
AR AL st P EROE TR A4, 2011:33-39.
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Effects of negative pressure on pneumatic system of
pneumatic rice direct seedling planter

ZHAN Pengcheng XIA Junfang ZHOU Hua ZHU Yinghao

College of Engineering s Huazhong Agricultural University sWuhan 430070,China
Abstract Bench test studies on effects of the negative pressure factors of seed-metering device in-
cluding rotation speed of air blower,rotation speed of planting plate and planting rows on pneumatic sys-
tem of pneumatic rice direct seedling planter were conducted. The results showed that negative pressure
of seed-metering device increased with the increase of rotation speed of air blower and decreased with the
growing number of seed-metering devices.Rotation speed of planting plate had no significant influence on
negative pressure of seed-metering device. The stability of metering quantity of the seed-metering device
in pneumatic system needs to be improved. The characteristics model of air blower and seed-metering de-
vice are established. The determination coefficients were more than 0.92.The relative errors of both mod-
el validation were within —15.92%-12.12% and —2.70%-5.40% ,respectively.It will provide a reference
for structural improvement and practical production of pneumatic system in pneumatic direct rice seed-
ling planter.

Keywords rice direct seedling planter; pneumatic system; negative pressure; precision seed-mete-

ring
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