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Abstract: [Objective] In order to meet the agronomic requirements of low sowing rate and precision sowing
of hybrid rice potted-seedling raising, and solve the problems of poor fluidity of rice seeds in the seed filling
chamber, low seed filling reliability, high missing sowing index and easy blockage of type holes during the

operation of seedling raising seeder with type hole roller, a precision seeder with double seed filling type hole
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roller for hybrid rice seedling raising was designed. [Method] Based on PLC control technology, a detection
and control system for type hole seed filling performance was built, and the key components were analyzed and
designed. The simulation tests of the influences of the seed filling performance of different type hole shapes, the
seed filling position angle of the first seed filling chamber, and the productivity on seed filling performance were
carried out through EDEM discrete element software, to optimize the working parameters of the type hole roller
in the first seed filling area. The experimental prototype was developed for post performance test, and rice
variety was ‘Peizataifeng’ hybrid rice. The test was divided into two steps. In the first step, the second seed
filling mechanism did not act, a three-factor-three-level orthogonal test was adopted to study the effects of type
hole depth, productivity and seed filling position angle of the first seed filling chamber on the test indexes, and
verify the accuracy of the simulation research. The second step was through the action of the second seed filling
mechanism to study the effects of different vibration frequencies on the test indexes under double seed filling,
and prove the sowing performance after designing the second seed filling mechanism. [Result] The results of
the first step showed that the order of factors affecting qualified index and replay sowing index was type hole
depth > productivity > seed filling position angle of the first filling chamber; The order of the factors affecting
the missing sowing index was productivity > type hole depth > seed filling position angle of the first filling
chamber. The results of the second step showed that when the type hole shape was oval groove, the seed filling
position angle of the first seed filling chamber was 35°, the vibration frequency of the second seed filling
chamber was 27 Hz and the productivity was 400—600 discs/h, the qualified index of sowing was above 90%,
and the missing sowing index was below 3%. The test results met the agronomic requirements of low sowing
rate and precision sowing of hybrid rice. [Conclusion] The double seed filling method improves the filling
performance of each hole of the seeder and reduces the missing sowing index. The results of this study provide

references for developing the light and simple precision seeder for hybrid rice potted-seedling raising.
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Fig.1 Structural schematic diagram of precision seeder

with double seed filling type hole roller for hybrid
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filling position angle of the first seed filling area; d: Equivalent diameter of
short axis of rice seed; (v: Angular speed of the roller; R: Roller radius

10 FEMFENBTFLEHESH
Fig. 10 Kinematics analysis of rice seeds filling type holes
IR H AR T AR A M B EAR Y d 1
T ol 78 b W PR SR BE v, BV 730 K 2R BB, Hovp

2nn
60’

. d) \/?
< - = =,
Vo (bksma/ > p (6)

A vo—FEFP TSP PR E B, m/s; b —FL S,

mm; o—FH— AR X AL E M, °5 d—FEFP Y

HHEA, mm; g—EINEE, m/s*; o— R & A HE

J&, rad/s; R—IE 42, mm; n—IR F I, r/min.
Tiff e AU FLIAR A il A BB Y e kg

30 . d \/g
< — - = =5
n (bksma > ) @)

LA L% R=130 mm, VIE RIS HE — %
XA E A a=30°, BILTEE b =7 mm, 153
T il 70 Fb B B G B v =0.12 m/s, V& 4 #E n=
8.8 r/min.

2,52 MAES ZAANMGEH >N NRIE
Feifh — YCSE FE I AR R 25 20 /D B B Bl 13, Bl 2 1]
BEREM BB XA ES, FishRMERs v i
A () ) AT IS B B . FEANAE R B V R s
SR FE B SR A JRIE PR30 77 17 A AR 3
V BRI A . RER RS V B L iE s
SIMT IR 11 s o 2230 HEL 20 2 0l B 0L i in 78 SR
LR b, AT AU IR 2 R, R e A
HE IR T, E R RN T ik 2 TR PR A R D, A AR

vo=wR,w=

CARMHU R R v R A A N T2,
WEAR T, A7 fif— R B SSAE . 2 HAL T 23
LG T I, IR 2R B R i, AR A
TR 18] A IR T R ERRGR B3 PR 55 REAS
PRI, A6V RURERRCG S 7 ) BT, I RE VAR AR
LA UL H AR A S 38 3, SRR .

1V BURE: 2: Rl 3: AR 4. ARGk S: fEk: 6: WURZ R 7: FR
B 8: M o : ML FLIR A% 2 BB 5 Fo: AN Z B BEHR ) G TEAN
715 S: BAR F1 77185 B IR TT A A

1: V-groove; 2: Rice seed; 3: Mounting plate; 4: Electromagnet; 5:
Armature; 6: Exciting coil; 7: Main board spring; 8: Base; a;: Installation
angle of electromagnetic vibrator; F)y: Friction force of rice seed; G: Gravity
of rice seed; S: Direction of exciting force; #: Vibration direction angle

B 11 F_FRMHARERIEMES 0
Fig. 11 Principle of the second seed filling mechanism and
motion analysis of rice seeds

RV, PR S Oy IERIEATRE O &
RIATEATIEE O R RTEFHIZ N RE . ZHIR
FIENL SR G R Rt 54, B o<1,
O =2~3, O =1"""1. ILFEH) V RUER I BN AN
MR, 38 I 0 I b LR R A (w) o 0.52,
V BRI A 20=110°, THE U B EEE Bpo = p/ sind =
0.634, MR EEEEAM

¢ = arctanpg = 32.4°, ®)
IRBNIT A
Ok sin(¢o — a1) — Qg sin(go + a1)
= s 9
f e Qsinto—an) + Ogsin@o+an) )
PR M A
_ Okgsin(go —ai)
/= 4m2Acos(po—B) (10)
E R 781
vk=2ancosﬁ(1+tan¢otan,B)%, (11)
SR AT I E
vq = —2nfAcosp(1 —tan¢0tan,3)%, (12)
T
Vkq = Vk +Vg> (13)

Ao o — AL ELIR 2% 22 2501, ©; A—RTE, mm;
P —IE A AT A KL X 1.90; P— I A3 4T 1Y
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Wbk, S XUFe Al R LR 1) U

AHE B P E R A B0 5% 77

M R H L 0.01.

IR 2 i 28 TSR A ) L s i B KT AN
ik 150, A o WH 50, THEHBIRST A
B=25°. HAREEIRAS H K H S /MR, V U
HA O SR G BALAT, KRR SO S
TR FL AT W B P Al 22 3 RS2 i R P A B 78, AR
RUFLRIFREAb 1K BE R SF, 24 B/ 1 mm, A8 SCHL
A=0.4 mm, 3 /=25 Hz.

MBSV BRI A 20=110°, I EIR
LI a,=5° IS JT IR A p=25°. PR1iE 4=0.4
mm. IR IE MR =25 Hz, ¥ 8 iH 5 90350 45 2
0=0.43. IEAWEATIRE 0,=2.17. R MEATIREL
0,=0.89, REHEI EREAAE V HURE A _EFS € fav ik i
AT AR R EIZEs) . BT b A

PR T AL, DL R RO A 1 ) R
AL 23 BT — AN A SR 45 40 T A7 1 40 B TR FEML 1 T
IR, B2 77 RIS UE FF Ak

3 RiMEEHTHE

I B e B EDEM AU £L 7 4 70 il
R, RACA R BLAL Feh 7 B A DR AR = 2850 F
AR MERE MR, SR FLIR I S A .
3.1 (HERREN

iz Solidworks I g # Fh 4 = 4EBL Y (Ligs 4%
1) # A% EDEM ¥t Wi 12 fron. &4 Hertz-
Mindlin(no slip) vt 284 {5 S U (] S Fiokr 5 376
ARl o R FH 22 BRI 70 37 2 A RS ARG A BRI
B, RRIESR 1 BRI RERPI R, MR
TR 1 BB o b 2% [R] — Bl K R A ) 22
S AN FEFFERLIRA L SR 2 5 55
HSHONEME . KH 49 DN R/AMHF R ERIA A A5 %
FEANBURL (Particles EER GG, T J0R 5 7 4 0]
B S 0 nF  REAERA L 0.25, AEIR
b 0.29, A4 S PERR & 375 MPa, /ANE5ER 514 Ak &
75 000 MPa, FEFI 2 1 350 kg/m®, ANHHN % T
8 000 kg/m’, FEFI SFEM K E R4 0.60, FEM 5
NEWITE 250 0.50, R 5 R Ah 105 B 250
0.30, FEFHS AN I i EE 1 2280 0.56, a5 Fe ol
(VR B JBE 5 224 0.01, FERl 5 ARSI 7R 3 BE 4 R
#0.02.

Vo 3R 28 M TR N ANER AN, AR PP 8 BT
RS S8R A B, B R LR R T BN FE
N, o HEE I L BT Ak A g R ], S
R BB E A IR R P A R0 A 2 R
B, VB BURL L), Az BORE P ORL A 2R 20 000
KL CRURL BLAR RN IEZS 230471 75 3K) o

2 pm(430.1.00.1.34) 9
K‘4‘.50,—1 00,1.34)

4.50,1.00,1.34
—( )

2 mm

—_
- (4.50,1.00,~1.34)
mm

T (4.50,-1.00,-1.34)
a: JR A FERE IR 25 oA A

a: Particle discrete element model of hybrid rice seeds

EEEESE S LS
b: LR A Fe ML A
b: Seed filling process of type hole roller
12 HEEBREER

Fig. 12 Simulated model of precision seeder

JETZHO T, 0 R R A8 1 70 M i DLk AT B
R o0 BT, 25T B A AL, B Bk S50
FEPhaR B AL AR oM B AR DL R AR =% AR
PERR IR TR AR 2 75 (L (RS %) FEFIHLAEE 77 32)
(GB/T 6973—2005)"" s B FLIE A 1~3 RifEFI Ny
G, 0 KONIRAE, 4 R UL N . 75 RS AR BURL
PR TRERSE, MARRE 3 B, Hw
FEON 1722 78 53R GEit& ¥ T 4% A E FE 1 X
B, HE R AR R Y, (1~3 R AT B BT
Hx100%) I 4 H8 20 Y, (0 R Fh T 7 H/ B X
Hx100%) 5 EIFIEE Y54 RS LA R 78y
THx100%)

3.2 AREBEFLFK T FEF0E BE A 20T

AR (5) BT AR, o TR A AL
7 mm, BIFLKER 11~16 mm, {EE N 4.5~5.5 mmo.
NAE T REANIE S, 18 ] Solid works X /S [A] F2 R Y
FL (AT B SR MAE ) 347 @ e, A
FUARTE RS (KBS IR ) Wl 13 Frow, BEAh AL SL
A 3P RSTRMG, BRSO 2.0 iR, %
BA N 500 F/MOR B E n=6.1 r/min), 5 —
FEAh S TSR B A a=30°, AR EHAIZEE) N
LRMENE R o MR TR T B AL I 7R SR R AR T [ 5IO%
FRAETE, A Y 24 FL I 7e P 1 R o 22, TR TR 3L
B MRS SHIR A, [F— 2R M B L7 A AL
RAPEIHE 25 AL FLAC B AR B2 38, A5
RS T B FLIR AR A A TR B R R B SA, TR IRTE U
A, BEFREOE I, MAALKE [N 12 mm IR E
hy 5 4.5 mm B, FEFEASTRECN 90.5%, HEIETREL
N 31%(E 2). Wk, BLFLTE ARG [ AT .
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T, R
1 '

— Cylindrical
12
]
Ve L
Circular arc

By AR TR
— ’ Oval groove

Iy A by by R by I R By 3 SRR RRE TR AL (RO B L A B [
TERIFLIR A BEFIR BE

I, and Ky, I, and h,, I3 and h; represent the length and depth of cylindrical,
circular arc and oval groove type holes respectively

13 FREAREART REE

Diagram of dimension for different shapes of type
hole

Fig. 13

R2 IMEREARTSHERFMMEREHELSR"
Table 2 Size parameters and seed filling simulation results
for three shapes of type hole

AR KE/mm & /mm
Type hole shape Length  Height Nl Bl 1%
[ A7 12.0 45 841 117 42
Cylindrical 14.0 5.0 83.9 98 63
16.0 5.5 83.8 7.8 8.4
[ 5T 12.0 4.5 88.0 74 46
Circular arc 14.0 5.0 87.2 5.9 6.9
16.0 5.5 86.8 47 85
6 [ AR TR 12.0 45 905 64 3.1
Oval groove 14.0 5.0 90.3 52 45
16.0 5.5 89.9 47 54

)Y : BAF8 8 Yy: RIFIGE Yy TR
1) Y;: Qualified index; Y,: Missing sowing index; Y3: Replay

sowing index

6 [ A A R L (KB 12 mms %6 7 mm. IR
B 4.5 mm) 15 EFFU6 3 s J5, Fa ok 4= 56 48 7 58
B FEMAESE — R X, SR fE kN, BEIR A —
), B 14 3% I R A FE FhRORE 1 3 B AR b
Bl o ] 2T 0 ol e R, SRt R MR IR
W R 1 B Ao v LR, FEFREE N TR X

3s 5s X 8s
Se

E 14 AEMFEMEFEMHBRAEE T
Fig. 14 Velocity variation of rice seed particles at different
simulation time

&, FEER BRI G TR RS, B3hiEH
AN, FhF o 6, R IR 73 s T
JZ FEFRAE B ALK 1) 7 2h i A2 R E s B B L,
B R L R S, IR AR O, gk N
LG, 5RE—kissh, B3R, #EELD,
FeRh R 0 R AR5 I, B R, KRR
T RE S B A K
3.3 FREFTMALE fxd 7o fhiE gE A 20
BRI EFRALE AW T AT E .
JEE ¥ 73 R Bl 1, b s e L L ) 7e A v RE DT, AR
BRI I 70 07 B A RS 30°, 35°, 40° 3 MKFdE
7RG o A% A [ TR T 2B AL, & 2R P2 2R 5h 500
#/h, G5 WA 3. B AR E AR, B RS
FEFRB I NG /N, FERALE f N 350, FEFh A%
TRH N 91.6%, eI E N 5.5%, BB E N
2.9%. JE A e R TR B A AN N, 32
FERR IR BN RE J, B0 Ah - B e e 7™, ke 7
WBNFEIX, FhF I Ae Jy 38 I, 52 Bl 7 Fh AL
B ARSI N, R IE s AR K, BRAR T RS
BENBLFLBYJLER, JRARTREOE i, #Mh G 1 15 2ok
/N RRE— B T AN A (0 28— o b Fe R B AR
FaF I BE A, B HH AN ) 2 — 7o b = SRR A
R AR £, Wl 15 BR, ATBAVE Y
B EFRMALE AN 40°, FEFEEELK, 7
Fi-EAARE RN, WO 55— 7o 7o B AR 35°.

®3 TRAMLERFTMMREHELSR"

Table 3 Simulation results of seed filling performance at

different seed filling position angles %
FEMMALE A1/(°)
. .. Y, Y, Y3
Seed filling position angle
30 90.5 6.4 3.1
35 91.6 5.5 29
40 90.4 5.9 3.7

D)Yy: GAEREG Yy RIEIEG Ys: TR
1) Y;: Qualified index; Y,: Missing sowing index; Y3: Replay

sowing index

0.25
0.20

15 FAREIFEMLE A RFETNEE T Lk
Fig. 15 Variation curves of rice seed velocity at different
seed filling position angles
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2 S B A 5

kA vt 51k 79

34 AEEFES TR

R4E = (7) %aﬂ]}i)\ia‘tﬂﬁéj\*ﬁ, CIFSR T
bl PR 2 A 0.12 m/s, B FLIR F #5384 8.8 r/min.
WA B R AR P2 2o A 7 22— 400~600 /R,
A P S, A T 4 R N, AL 7 A XA
B TE) A, R R AN R it N LA, 3 s 4 o 51K
T S FE Rk /N, AR 7= 26T B, AN L S B B B 4
ARERIT, A p=2Ri%EFE 400, 500+ 600 /b 3 AN
HEAT A B, SRR AHE 4.9, 6.14 7.3 v/min™™), 4
A MRS A FL (4, =12 mm, h,=4.5 mm), KE T
PR M a=35°, G5 R 4. BlAAE =238 00, #&
Tl & i Fa B R DLk N A, Je AR IR R I K&
P, A PERIEFE 400 £1/h B, BR AR ECN
92.5%, JNAEIREN 4.2%, EIBTRECN 3.3%; 477
FIEFE 600 fit/h B, FEMEEIREECH 89.8%, IRk
RN 6.7%, EIRFARECN 3.5%, 1N IERELT

T4 FREFRTHRMIEENESER"

Table 4 Simulation results of seed filling performance at

different productivity %
HEFEER (R
o . Y] Y2 Y3
Productivity
400 92.5 42 33
500 91.6 5.5 29
600 89.8 6.7 3.5

DY: I8 3 Yy BAEIREG Ve THEIES
1) Y;: Qualified index; Y,: Missing sowing index; Y5: Replay

sowing index

Fo 0 X R ol 55 15 ] (14 B2 A 725 ) 7 5 1 R el
5 RFLER & AR 2 3l R 78 Fh R A
BE— 35 43 M AS [ 2B 77 206 76 Bk g 1 S, R
EDEM Ji5 &b 22 Th Gy i AN [ 2B 72 26 R R A 5 IR
ey m) JIBER (A A4k B 28, a0l 16 AR, 244
A 600 F/h(E A 7.3 t/min), ik m 715
BN BN AR, HILZ AN KR, FEFhsz B FLIR A

s =i
g 9 i ) — 7.3 rmin”!
Z ] |'I . _|"'- ‘ II‘|
#.3 ';; "'“ “'i” | tw, i bl II'” I 1‘
Z 3 t\ﬂl )\J |lu L‘J 'Illlj‘r)llw |!!'~ / ;ikjl’l:lllﬂfll/lﬁ
3 10 15 20 25 30
t/s
16 T EIREEE TSR ERERE R T Lihsk

Fig. 16 Variation curve of contact normal force between
rice seed and roller at different rotation speeds of
roller

AR E JIMERAF TR A . A= %H 400
F/GE A E A 4.9 r/min), FEM 5 &%
B AN BN, A1) ) R ) AR AN, BRTE
RS S AR, AR &

I ARG, A F N 400 HiE/h, PLiErIE
M4 T Sl ([, =12 mm, b, =7 mm, h,=4.5 mm), 5
—Fe Rl = TSRO E AN 35°, IR AR SRR R R A

T BEIX IS

TEAS B ARG HIF 7T A JE il bk o) S B AR LS
175G W56 B 7E T X HAR o b 45 SR k47 58I,
RAF N FEAPERE 200 I S FE S HUL G, DR XS 3R
AR — PR A B IR o
4.1 RIER

TR0 Hh 57 T N A R RO R 2 RO T RE S5
=, WERF IR eGR4 b, W
B 17 i B BN BRI FE RAH, ik

£, BKIEN, FEK<2 mm, FKEL 27.5%, T
i & 28.2 P

AMIERISING  mpne e e

P R4t Type hole Seed box Frame
Detection and control  pqjjer

system of seed filling
performance

El17 HBEENSL0NIg
Fig. 17 Test site of precision seeder
42 HWEHEE

5 18 2 H Al 07 Fs g0 A e HE R B =,
SR FLIR FE AR ]V R AR R Bl S B — K T 3R
PERTCIARE ), PR FLIR L A A e
FEM AL B A AR T TR A XA LR IR B A IR Sl A
NI R R, PLRRFRD S M 1R EL ek 4R 8% E R
HO R I Fa b, BEATHER R R G, B R E
3K, IR R HKF L 5.

1) BUFLIR RO R F AR 78 Fo =2 (IR e VE e
RLFLRER, HEANTLSLHRE ML 2, N2 38 — S8 ML
FEAT RE A — RIA TS, TS AR R BE AN R 2 R A8
i, G R . AR ALK, TR AR g A
ML, HA P05, EREN. Ea80 R
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=5 ABEARSKTE
Table 5 Factors and levels of test
BN . FoFh PR3N
. Ca TN
AKFE R /mm () fEMI()  HiZE/Hz
Level Type .. Seedfilling Vibration
Productivity o
hole depth position angle frequency
1 4.5 400 30 23
2 5.0 500 35 25
3 5.5 600 40 27

TG, A P A T B ALIR B (KB L o9 12 mm,
% b N 7 mm), VRE hy B 4.5.5.05 5.5 mm 3 Ff
AL

DRHE “3.47 B EARK L5 R, RGN A
FEERIERE 400, 500+ 600 Fif/h 3 ANAKCFHEATIRES, Xt
R 4.9, 6.1. 7.3 r/min.

3) H—FMhE AL B AR A RS, R
A 2R AR — e I, Bk /N FE AL E A, R ) A
FL 5 FE P A 50 Ao 11 T 9 AT R 3G o, 70 e ek ) 34
I, AR AR . AL E A A B AR, Y
KT, FERRTE B AL B BRSO ) S FE 1 B )
AR AT I 5 JIERR, It Re I EA S,

DRl 1, R0 B 28 — 78 Fh 2 7o PP o7 B AR e+ 300, 35°,
40°31X 3 MK AT IR .

4) 3 5 MU BT AT A, FERRAE VRS
B A e ik HLAS tH I e 5 B, o P AR B 2 AR
BINEA —E W ER, NIRRT B 88 28 =
FEMHUA I RE R RCR, 1G5 RS SR IR BN
RIG R R AT o R I6 T FERE IR 3h 25 IR S AR 43
e FE 23, 25, 27 Hz 1X 3 AN /KPR 56
43 REEITSERTT

W5 2 BHEAT, B — B AWML A )
1B, R = FE =K IR RS, BFARBFLRE. &
PR AN — R = 7R AL B ARG R AR I R,
IS UFAG B AR T . 28 D R T ML B)
1E, W FER e AR F R AN [F 4R 30 4 2 0] 56 H8 A 11
SO, PREABETT SR — e LA 5 3R A M RE
431 EXRXBLERESN FBSHE ML
FIANE, I8 R KRk 6 Frox, fAH 5K
HE 3R, BUFME AR 45

SN 3R AP RS FR S AR FR B IR R T
NBIFLIRFE> A = 2> — M = PO B A S0
T #6800 DR 2R 3 IR 9 AR 7 232> R L IR B>
R EAMAE M. B EEERSRES A

®6 E_RMHBIMERRFTRRER

Table 6 Design and results of the second seed filling mechanism non-action

%

e - K3 Level \ ARy R, EEIER(Y)
Test number RFLIREA)  EF=EB) FERALE F(C) Qualified Missing sowing  Replay sowing
Hole depth Productivity  Seed filling position angle index index index

1 1 1 1 92.5 4.8 2.7

2 1 2 2 92.4 54 2.2

3 1 3 3 91.7 6.3 2.0

4 2 1 2 90.4 4.7 49

5 2 2 3 90.3 5.4 43

6 2 3 1 90.2 5.8 4.0

7 3 1 3 89.7 39 6.4

8 3 2 1 89.4 44 6.2

9 3 3 2 88.8 5.3 5.9
T4 Index [X % Factor k ky ky R

Y, A 92.2 90.3 89.3 2.9

B 90.9 90.7 90.2 0.7

C 90.7 90.5 90.6 0.2

Y, A 5.5 53 4.5 1.0

B 4.5 5.0 5.8 1.3

C 5.0 5.1 52 0.2

Y; A 2.3 4.4 6.2 3.9

B 4.7 42 4.0 0.7

C 43 43 42 0.1
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Wbk, S XUFe Al R LR 1) U

AHE B P E R A B0 5% 81

G RBSLIRE 4.5 mm, 4773 400 fit/h, 7R E
SR B A 30°. IS IETREUR S HA & N LR
fE 5.5 mm. 4775 400 #/h B M E TR E
i 40°. EIFIRHERAESEA A NEFLIRE 4.5 mm,
A2 ER 600 Hi/h, B — A b E R E A 400,
Iy BT IG5 B nT 0, BFLIR AR R S 400
P SRR 4 SRR A K. 2 ALK, R HEN
RYFLA R i, i AR AL AR AT T AR
F7 M, TR AR AEATILA, B
5y W PR R A B A VR 1 R s A B LKA,
WA N LI ALK, i b 2SS LR AR X T
CBRRIRET ZERP R, BEANBIALAN IR I £,
THE PRI B 2 R R 7 TG e, E R 48 50
e 256 IR HE, ik B B R R G 4R 2
ESHTEEE N, BALAE RN 4.5 mm BEARIE.
A = R AE RIS 2 06 P R R A 5
WK BEE AN, TR EOE N, eSS
BT IRTEE N, AR 400 B/h ARG,
FaFhE AL E X 3 NI TR AR IS N, SR
FE R RE, 1E S HATIE VO N, 780 7 B A EL
35BN AT . SEBRIREG S5 R 5 5 E 45 BT, B
T BB e 1 .
432 RERFIMESIENIZIFGH0 NIRY
FEPh S8 LT 58 AR LA R 1t e, HORY FLIR FE
9 4.5 mm. B RFERMALE AN 350,
FRNUABNAE, B FEA [RIAR BN SRS DA T A IR 52 0
ML shE, i BoR B _E A IIME T
RIS L, I 7ok IIkS B TR 78 i 2 8 S U
FEUELI E A b SR IR TT AT, M AR FR N 400~
600 #if/h I, 5 GE%F IR 78 7B R DA S LT, N
96.59%. 4= KT 600 £ /h, K kS R HT
Bt LS DRI Ay 2 VR i e ek v 2= 48 K B AL S5 A o 1)
WA, 1 R RE PR O AR, FE PR I 5 A Uk
AR IR FE PR . 75 ok R Gk kS B2 Lt -, F
FAFEHRSIINE N PP SR AR e, RS E R
30 WA R IR 45 R . W0 2eHE 545 Rk 7.
g b, S BB AR, B
A PRI, IR IR TS B R I kg . YR LR
N 4.5 mm. A7 F A 600 #i/h N, ER AR IEECN
91.7%, IRAEFEE N 6.3%, NIRRT, & E5h5
TARMAUAHHT “ G 1B, DRI R
TAER BT E R IR B IR G, MiREIRE=3%,
JE B ML fE, RSN 7 AR B, SL
R IH, LR iR e 5, (R 5 &S ki, &
FEHRHCE P, IR FREOs D, AR TR ST
B 4B FAABEGE 90%. IRIETEE<2%, N T

*®7 NEHRENSAE T ERERNIELER"

Table 7 Performance test results under different vibration

frequencies %
ey TP
Productivity Vibration " Y, Y3
frequency

400 23 92.4 3.1 4.5

25 92.1 2.6 53

27 91.9 1.8 6.3

500 23 91.7 33 5.0

25 91.4 2.9 5.7

27 91.1 2.7 6.2

600 23 90.9 4.7 4.4

25 90.5 3.4 6.1

27 90.2 29 6.9

DY BRI E, Yy: FIFIGEL, Vs THEIEH
1) Y;: Qualified index, Y,: Missing sowing index, Y3: Replay

N BT S m A TR S, —IRFRE Tl AN
ITANRE, DAMRIE “ M AR IRE0S . IR TR EUR” -
ek R, HINERRALE [2%, 3%] X — X[,
PRSI 27 Hz, RECRIERE R G 48 E0=90%. T
FEIRH<3%, i /& Z RGN FE P BT bR o

M WU, TERTES G 23~27 Hz,
TR RE R i 0] T ik, SEBL —IRFoM. 48— A
EIMALE N 350, IRENBF N 27Hz B, 7R
4400 #i/h ), FEAPERETRECH 91.9%, TMHETEEL
9 1.8%; L3N 500 fit/h i, FEFhGHEHEEL 91.1%,
IR HEON 2.7%: 77 %08 600 #i/h I, DS
550 90.2%, JHIBIEECHN 2.9%. 2 HT 5 R 2 AT
P OE TR T B R IARE T, IR iR U
/N, RIS FE bR e A AT B R R AR 2R T
RIS R B, Bk 2 A LA R AT IR 7 48 20
/N, BEBASR T “Xefh” 7 NRe B AR S R PR RE .

5 #Hip

1) BT — R FE R R FLR A ARG B R
K 2B Pl 28, 0 RBEIRBAF AT T B AL 24T,
FET ARSI, #54 LL PLC N0 1
RAFL AT BEAS I 5 42 1) R 40, JH I e FE AR SR AR AR
DU LR (8 B FL A A2 5 7o NFERE, iR TR 20
RGP, R BB 6 RS, i B EEIR S
IR, S5 558 R IXAE R 3 21 & 1 R
U, BATRERD ZIRAN TS, SR FE SR A

2) #IH EDEM & Btk 52 AL FLIE IR 26
— FE R TE R E AR S AR R RN 7 R e 4
WAL, e FLIE A TAESHh At @il B
AL AN, 244 72 Z Y 400~600 4% /h, B LI AR 16
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[ A (I,=12 mm, b,=7 mm, h,=4.5 mm), 5 —
Fe At EFERIALE MO 359, Fe A PERERLEE, 15 B 4
Fh &R EUN 89.8%~92.5%
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