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Design and test of Jerusalem artichoke harvester characterized
by large dredging depth

DAI Li-xun' ,HUANG Xiao-peng' , WEI Hong-an’, YANG Yong’, LI Rong’
(1.College of Engineering, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. Tuofengshan Ecological Farm,Yuzhong, Gansu 730100, China)

Abstract; According to harvesting need of Jerusalem artichoke, a harvester of Jerusalem artichoke with large
dredging depth was developed. The harvester consisted of extraversion integral strip-type digger blade, two-grade jit-
ter-chain-transport separator,and rack and land wheels. The harvester can simultaneously complete digging of Jeru-
salem artichoke, removing soil, transporting and laying of Jerusalem artichoke. The field test showed that the har-
vester could realize sustainable and stable operation and dig 250 ~500 mm deep to overcome soil jam caused by
blocking of frozen soil and/or gravels during the first frost in the field and developed dense roots of Jerusalem arti-
choke. It had good harvesting quality and good separating effect of Jerusalem artichoke from soil. The loss rate,
damage rate, and the impurity rate of Jerusalem artichoke were less than 1.75%, 4.8% , and 4.5% , respectively,
which meet the need of Jerusalem artichoke harvesting.

Keywords : Jerusalem artichoke harvester with large dredging depth; design; digging resistance; field experiment
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Fig.1 Structure diagram of Jerusalem artichoke harvester
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Table 1 Technical parameters of Jerusalem artichoke harvester
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Power/kW Working width/mm
(LXWxH)/mm quality/kg /(hm? - h™1) interval/mm
2148x1147x1396 112 44~58.8 0.3~0.5 <300 1000
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1. Unitary strip shovel surface; 2.Stone palisade;
3. Inclined fixed blade of digging shovel
B2 ZEFIAEaEE

Fig.2  Structure diagram of digging shovel
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P Power to move the dug object along the digging shovel ;

G Gravity; F'; Friction between shovel surface and soil ;
a: Shovel inclined angle
E3 wEEwZzhE
Fig.3 Force diagram on the dug object
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Fig.4 Cloud image for the displacement change of digging shovel
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Fig.5 Cloud image for the stress change of digging shovel
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Table 2 Basic parameters of discrete simulation element model

24 HfH 25 HfE
Parameter Value Parameter Value
I RORL % UKL 537 9 TR S Z2
Soil particle density 1.350 ||Recovery coefficient between 0.3
/( kg -m™) particles and digging shovel
I Gk 545 SR A )R B
L HER A L W )
Poisson ratio of 0.4 TR 0.4

. . Rolling friction coefficient
soil particle .
between particles and shovel

UKL 5542 47 18] 14
IR DY DI R R AL
Shear modulus of soil  1.09x10°| Static friction coefficient 0.5
particle/Pa between particles and
digging shovel
! ﬁfﬁﬁzzhﬁiiﬁ 0.2 RURL A 0.005
. Particle radius/m
among particles
AL R 073 501 1 A Wik H A :
Rolling friction coefficient 0.3 . 1x10
. Particle number
among particles
AR 22 [ Fr) i B 42 AR -
it/
Static friction coefficient 0.4 UL A/ 1x107°

. Stimulation step-length
among particles

AT E W LM SRS H M EEE), Mustafa Ucgul
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Note: Related parameters in simulation come from the references of

Huang Yu-xiang''”) | Mustafa Ucgul!'®.
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Fig.6  Situation of soil particle force, deformation and stacking
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Table 3 The maximum working resistance of digging shovel by discrete element simulation analysis

I#6 5 T1RE 5 1T 28 e L KR R AE SRSV PN:) 3 i 1WA S F N (EWIE P FNIE]
Vertical height of fixed Max horizontal Max vertical Max resistance at Max resistance
knife-edge and blade/mm resistance/N resistance/N moving direction/N resultant/N
490 1.364 16025.9 22917.6
550 2.317 13815.1 19371.1
600 1.188 12134.7 17580.6
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1. Gearbox output sprocket; 2. Elevating chain;

3. First transport disengaging driven wheel;
4. First-class transport disengaging; 5. Dithering wheel ;
6. Support roller; 7. First transport disengaging drive wheel;
8. Second transport disengaging; 9. Transmission chain
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Fig.7  Structure diagram of the conveyor and separator
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Fig.8 Field experiment of the prototype
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Table 4 Main performance index of Jerusalem artichoke

harvester under different test conditions

PR R % BB % SIS %
Productivity Loss Damage Impurity
/(hm? - h™')  rate rate rate

it

Experimental field

K e
Flat-planting and 0.31 1.6 4.0 32
irrigated land

BB
1.21dge-sow.lng 0.38 1.48 4.7 6.75
interplanting

dry land
T
Flat-planting 0.42 1.75 4.8 4.5
dry land
HeRBR 2
Technical

0.3~0.5 =<5.00 =<5.00 =<5.00
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