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1.%25| %8 Traction frame 2.4 MWL Steering cylinder 3. $2FHuhiET Lift
cylinder 4.3%f Oil tank 5.FR}HEL Discharging oil cylinder 6.154
#i Collecting box 7.7/ hi% Hydraulic motor 8.FFiZ%%'¥ Hoisting
equipment  9.1TE#8 Road wheel 1012 jiE #3775 EE 4% Screw roller
cleaner 1147 fii% %% Wire rod conveyor 12.41i%%% % Throwing
device 1332454 Digging disc  14.5F172% % Guiding device
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Fig.1 Structural schematic of disc-dig sugar beet combine
harvester
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Table 1 Main parameters of disc-dig sugar beet combine

harvester
241 Parameters HU{H Values
fid £33l 17 Power /kW 29.4
171 Row spacing /mm 600
T298VA ¥ Digging depth /mm 50~200
7% Rows 2

AMBIT CKx <)
Dimensions (lengthxwidthxheight)/mm
HEHLFR i Total weight/kg 1800

2 400x1 600x2 100

2 FEHMENSSY

2.1 E#E%

(53] 5 425 9 2 S 6 S BR A LR H 0 i 4% 30 &
2, WFEEHUIAL B RGERI R HI RS 2 5. 3l
JTI& ¥R NI I B0 7 i AR 4 e e e LA B
WA . — %2 ) Im ki R A B o s sh kRS
)y, JFR LS BP0k 2 B Ik G b i

BT AL BRI AR (AT e 8, SCBLREHUR
it Lt s i s e e e A Ry
ke A, st RS RS . i
W R GBI s ¥, SCBlR THE 3 E Iz
gly; A F AL E MG R 4E, 700 e BUBSCRB UK
(RIRHAT < A2 R L AT T RRH SR . AL B R GE
K2 B WU RSB Qs 3 .

\\ \\ VoA \
4 56 7 8

1.3 J3% NH Power input shaft 2.5 /7% %l Power output shaft 3.Jli%
40Hl Throwing wheel shaft 4. 6. MR FER A%l Screw roller shaft 5. 7.40%H
h Steel roller shaft 8.3}k & Hydraulic motor 9. 10.J1&%E E 3%
Drive shaft of hoisting chain 11.4i1%%% 3:8)#ll Drive shaft of conveyor
chain  12.%1i% & %t -3l Drive shaft of transmission system

B2 #3HiA%HE

Fig.2 Schematic of transmission system

kil =
4é3:5 STIGE | sk
F—— |
= l WU Z) |

!

W Hy ik ]

11587 Gear pump 2.5t flow divider valve 3.1L3ERS Filter 4.5
Radiator  5.#4#IJXU Cooling fan  6.5.[1] 15 I One-way restrictive valve

B3 REZ4%H
Fig.3 Schematic of hydraulic system
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TAER, SHATHEE R ATHE, AT S5
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5, TR B BCRBL A T E 7 1, SEBL R R )
HBIAHT

LAATHLZE Guiding frame 2.4 1T ‘24X Guide plates 3. J& Jj it 5%
Pressure spring  4.F#)j#:[1] i Manual reversal valve
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Fig.4 Structural schematic of guiding mechanism
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So=d+2C (D

51=S¢+2C, (2)
X, d WEEEHUR BN B4R, mm; C o4 RV 2,
mm; Co A RVFEEEHAR R E 82, mm.

2, BARESEARITEE N 500~600 mm,
FEEE R 250~300 mm, FHZEEALIEE K 60~
150 mm, Fif3E7 kB S A 30~80 mm. 4 T &
EFH SRR AT R, RFFBORIAT PR,
PR T R R Bl 326 8 XA T2 LA B
Mo H R 150 mm; XTSRRI Tl
SERKEE, ZEASKE L, N 250 mm, L 4 370 mm;
HR i R R AR KR, B d 2 60 mm, C 4y 40 mm,
Co i 65mm, M) S,k 140 mm, S; 4 270 mms.

2.3 ZiR%

240 2% B TSR I A BOSRATLBR I S B 1 2
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TXHATEEE G 7, PO B a3 2 bz

(21 N (/N 1A i L N1 P R =i S N R o
PR LM 5 PR,

LA S Disk shaft frame 2.3% WAL Plugging plate 34245 %
Digging disc  4.fli7% % Bearing sleeve
Bs5 ZEEIELEME

Fig.5 Structural schematic of digging device
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FARE, AHAFAR 7> LSRR E . R, THSEDR BEAE 1R
REREIAR T o 4 T 7RIS, A2 42 4 o 4
AU A~ B 4250 I A ) AR S H A 6 B

" aA 5 1 hicosa
2k

b. “F-1fii ¢/Plan

a. .1k Stereogram

e Coax AP GIKIEES, mm; Con W5 [0 2R /NI 5,
mm; 2k AANTEKE, mm; 2¢ b 2 FATLEBAHE, mm; 26 4 2
SNt /MRS, mm; b IZHERREE, mm: 2a W5 R TR 2Tk
s () 28 APIBELAKSFAIZ TR A, (0): 2y APIRIFLEITRA, (0o
Note: Cax is maximum distance between two disk edge, mm; Cpy is
minimum distance between two disk edge, mm; 2k is buried line length,
mm; 2¢ is maximum distance between two buried line, mm; 25 is minimum
distance between two buried line, mm; h is digging depth, mm; 2« is
vertical axis angle, (°); 2/ is horizontal axis angle, (°); 2y is angle of two
circular disks, (°).

A6 ok E & TS
Fig.6 Working parameters of digging disc
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sin = “max — Cnin. (5)

4r
N T VAR, DTS, TR
P B BV I AL LU R R

2c= B, +2m, (6)

A Buax AT SARAEZEA T 20 A R B K 58 12
mm; mg A2 B A T 2B AT A P4 i 2%

mmo.
€y =S —2Ab—As 7

X, SOATEEATIE, mm; Ab KSR,
mm;  As AAHEBIZ R B A2 R B, mm.

[, 2 AN AN - 2k B /NI 2 26 R
HURR IR /INFIRRAE 2 B v s W [ 38 S e/ BE
Conin T SEHARIBOIR 1) 50 /N AR 32 s 2RSS A
BRSO A B R0 - 85 A AT 0% F2 9 IR B 41
Wiff o ITALFRISEHAR IR AMEHEE 12~15°. 4R
## Gerasimchuk F1 Prohazka BEig1PY, 254250 Rk
R, Wi a=14.75°, p=13.26°, y=15.23°,

FEPR AR N LB Ty, XA )G R
S oS e S S I 7 7 DAL= 2 ¢ e = S o |
BLOABRCIBRIA AL, R 65Mn B4, 800°C [H] Kk ib
o E LS E B 7 PR .

e 4 ARBTIM, ) D REARER, mm; @ AREERO I EEACT
B _EBEREAA, () p AR IS, mm.

Note: 1 is the disc edge angle, (°); D is the disc diameter, mm; & is the
half angle of sector of center horizontal section,(®); p is the disc curvature

radius, mm.
B 7 AEdRE A LA A
Fig.7 Structural schematic of digging disc
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1. #2JBHK Rubber sheet 2.0 Board 30038 f Stiffener 4. [k 2%
Semicircle flange

B8 wiribsiH
Fig.8 Structural schematic of throwing wheel
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a. EM K Front view

/

LEIARERT#E Front wheel of conveyor chain 2.FF A\ ffii%%E Wire rod
conveyor chain 3.4ii%%E4 Conveyor chain wheel 4.[4M Round steel
5. 6 #t% Chain wheel 7.84%# Steel roller 8. 10 FZ#7%t Belt pulley
9.7k % %8 Tensioning wheel 1132 JE4E & Screw roller 12.%JE AT
Hooked wire rod

b. AL Plan view

B9 MEAEEBELEMA

Fig.9 Structural schematic of conveying and cleaning device

LR RN TP d BN EE W e s N e S
o b, AFRUSILHE B AR, ST
SEHR Y 3. IR R0 o B R BRI )
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S S P AR . IR BT I AN A
ERCRE, MREEH SRR/ ATHERGR S T2,
HAAN 10 mm, KN 1160 mm [(ETEFT. E
R &R 10 fros. AU EER A 4 RS Hh
BTEATAN 1 M E A AT S A & 72, R

65 mm, JEIEHES S HERS IO AN SR AL, SCOLE
RAIRIEES LS, DU BIAT SUE B 58 B S i
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a. 25 4B FT Bending hooked wire rod

b. HEJEAT Straight hooked wire rod

B 10 #AFAFEMmAE

Fig.10 Structural schematic of hooked wire rod
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JRIIEERE S, (0): [V BERIAIE, mm; d AR
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B GRIR SRR W 2 R e

I, <s<(D +d,)cos¢ (13>

K, L AHURIEARKE, mm; d) R ) 540
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SEATEHRER LT RSFRIBE V285, A e 4R 5
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Fig.11 Structural schematic of hoisting equipment
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HKp g k) (NY/T52-1987) , 3] TISD-750 11
RS, M RIS ACR N 10.2%, HEH
221 glem’®, +HEVIGHE S 2 034 MPa.
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Table 2 Performance parameters of double-row disc sugar

beet combine
%

Wt . Bk bR AR
(=) He u
. [P Sticking B Damage  Broken  Impurity
Serial number . Loss rate
soil rate rate rate rate
1 2.8 34 0 0 6.2
2 0 4 4.4 2.5 4.2
3 3.1 0 0 0 6.7
4 0 5 4.7 32 4.1
5 0 4.7 0 23 3.1
T 1.18 342 1.82 1.6 4.86
Average value
HoR#Ek
Technical <5 <5 <5 <6 <7
requirements

TSR35 2% 3 1 B R AR K i 5 11,
T BAT RIS A% AEFEHUBCRIR AN T e
FAET RO A AR W LS . 4R A2 2 iy
WeSRhe EANRE SN AT SR K DI, 55 22
U A T AN SEAT AN A7 2 A A L R SR p LG
IR S . H AT IS A AR A LB RS
DAL B B AZ B I S M AR S5, S iz il
ARIVRCR s CCEXRHA TR B A5, R U AT ek
(KRB, AT AT WU 2T S i3

B 12 AR
Fig.12 Prototype working condition
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Design and experiment of disc-dig sugar beet combine

Wang Fangyan', Zhang Dongxing™*
(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. College of mechanical and electrical engineering, Qingdao Agricultural University,Qingdao 266109, China)

Abstract: The combine harvester is one of important tools for a sugar beet harvest. In order to solve
time-consuming, tedious, and inefficient process in manual picking up of sugar beet by a traditional digger, and
alleviate the shortage of sugar beet harvesting equipment, a disc-dig sugar beet combine harvester with
medium horsepower tractors was designed based on the planting pattern and agronomic requirements, and the
overall configuration and the structure of the main parts were described. The combine was composed of a rack,
transmission system, guiding mechanism, digging device, conveying and cleaning device, hoisting equipment and
driven system, et al. which enabled a one-stop achievement of sugar beet digging, conveying, removing soil and
collecting. It effectively decreased the labor cost, simplified the commodity sugar beet processing links, and
enhanced the efficiency of production. The driving system was configured in two independent ways, and equipped
with a mechanical hydraulic control system, which improved the control accuracy and automation. With the
hydraulic control system, the guiding mechanism reflected quickly and reduced the leakage (loss) of the sugar
beet during harvesting. The disc digging component of the digging device reduced the excavated soil volume,
improved the ability of breaking soil, and reduced the working resistance effectively. The throwing wheel moved
sugar beet to the conveying and cleaning device, which was arranged behind the digging device. The hoisting
equipment has a compact structure and good working reliability. Meanwhile, the web chain was composed of
bending rods and bar rods, realized the chain jitter without source vibration, and reduced the transmission loss and
the impurity of sugar beet. Field tests indicated that the rate of sticking to soil, the loss rate, the damage rate, the
broken rate, and the impurity rate reached 0.8%, 4.5%, 2.4%, 1.6%, and 3.1%, respectively, which are in line with
the sugar beet harvesting requirement. The results show that the developed harvester exhibits better performances
and adaptation on the dry land. The further study will focus on the key parts parameters, in order to improve the
applicability of the sugar beet harvester. This study can provide some references for the development and design
of medium scale agricultural farming machinery based on the above parameter design, and at the same time, it can
help to promote the development of sugar beet mechanization production, especially in China.

Key words: combine harvester, design, experiment, sugar beet
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