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Abstract; In response to the problems of high potato damage rate, high peeling rate, long transportation
distance, and large volume of existing potato combine harvesters, combined with the harvesting mode in
the main potato production areas of northern China, circular loss reducing and collecting potato lifting
device suitable for potato lifting operations was designed based on bagging potato combine harvesters. On
the basis of expounding the overall structure and working principle, combined with the analysis of potato
kinematics model and impact characteristics, it was found that the main factors affecting the lifting
efficiency and potato damage of the device were the height of the lifting baffle, the angle between the
lifting baffle and the lifting belt, the distance between two adjacent lifting baffles, and the running speed
of the lifting belt, a simulation model of potato and circular loss reducing and collecting potato lifting
device was constructed through DEM —MBD coupling, and single factor and multi factor experiments were
conducted on the influencing factors. The optimal parameter combination for the circular loss reducing
and collecting potato lifting device was obtained through parameter optimization: the height of the lifting
baffle was 199. 21 mm, the angle between the lifting baffle and the lifting belt was 75.86°, and the
distance between adjacent lifting baffles was 240. 35 mm. The results of the inter bench test showed that
when the loading rate was 24 t/h and the conveyor belt speed was 0. 8 m/s, 1.0 m/s and 1.2 m/s, the

average values of the five collision acceleration peaks collected by the electronic potato were 636. 63 m/s”,
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593.29 m/s”, 685.63 m/s’,

with skin breaking rates of 1. 13% , 1.06% , 1.21% , respectively. The

collision acceleration peaks were all smaller than the critical damage threshold of the potato. Field

experiments showed that at operating speeds of 0. 6 m/s, 0. 7 m/s and 0. 8 m/s, the potato damage rates
were 0.94% , 1.06% and 1.12% , and the skin breaking rates were 1.09% , 1.21% and 1.33% ,

respectively, the circular loss reducing and collecting potato lifting device operated normally without any

phenomenon of potatoes falling. The coordination of various components ensured that the bagging type

potato combine harvester was in an efficient and stable operating state.

Key words: potato combine harvester; soil cleaning and impurity removal device; potato collection and

transportation device; coupling simulation; structural optimization
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Fig.1 Structure diagram of bagging type potato
combine harvester
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Fig.2  Schematic of operation process of bagging
type potato combine harvester
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Fig.3  Structure diagram of annular potato lifting device
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Tab.1 Main technical parameters of annular

potato lifting device
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Fig.4 Schematic of lifting conveyor belt and

lifting baffle structure
LR 2. PRI 3. FHER 4. I

K5 Thz ittt
Fig.5 Structure diagram of lifting baffle
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Fig.6  Analysis of potato horizontal transportation process
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Fig.7  Analysis of potato stress during the first
corner conveying process
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transportation and lifting process
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Fig.9  Structure diagram of transport and sieve delivery
LIRS 2. FEiB kT 4%

YA Tz Yk 1s 5 B 5 R B UUE
HIVEHTT B8 ATz $4 0 4t v 2B 128 Fay 18 i, b
TSR A Tz kA 1B 17 07 8 — 2, $Eis
TRy 1 S A8 E AR S 1k | BB v 2 o 40
L niE 10 BR

K10 28 Rk 78 S B2 1 i
Fig. 10  Analysis of potato stress during the second

corner conveying process
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FHiz WA RN A% 9 A BT DI i/ MPa 221.4
IR A PR % B/ (kg-m =) 1 800
Y I EEY S URLREL /N 0.3
RS AR 14 DY DDA A/ MPa 38.5

3.2 (FE&RSH
3.2.1 —HE KA

3 HSCA T, A5 3 T PR R U E LR
195 ~ 215 mm, F+iz £ 4 5 T3z i ik k7 18] 2 £ B
TRy 74° ~80° , FH 2K W THz $4 A ] I U 75 Ly
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230 ~250 mm, iz /] Box — Behnken H.0#H &% 3105 K6 HEDK
2, DL B R e i e da b, S48 B Rl 1 Tab.6  Analysis of variance
R R 1 s ) G W W o Pl T L SRR YO AME s F P
£ 4 T, Ay 4243.98 9 471.55 32.37 <0.000 1
A 297. 68 1 297. 68 20. 43 0.0027
F4 KBEERDE B 1030.58 1 1030.58  70.74 <0.000 1
Tab.4 Encoding of experimental factors c 78.13 1 78.13 5.36 0.0537
iz AB 249. 64 1 249. 64 17.13 0.004 4
G THEPREIE THERR S THERIE HARTHE P Ac 00901 0040 2,746 1077 0.9597
A/mm WIS B/ (°) EIEE C/mm BC 3.61 1 3.61 0.25 0.6339
) 195 ) 230 A 960. 04 1 960. 04 65. 89 <0.000 1
0 205 7 240 B? 468. 64 1 468. 64 32.17 0.000 8
215 %0 250 c? 891.38 1 891.38 61.18 0.000 1
B2z 101.99 7 14.57
3.2.2 RBLER S EMT AT 72.33 3 24. 11 3.25 0.1423
w2 29. 66 4 7.41

I RS ERWNEK 5 Fros, dar m AL
BIESCEEOE . B KRR ) )7 22 A in gk 6 fi
NI B E R

x5 MEAREARSER
Tab.5 Response surface test protocol and results

A =

g JhHEPiR JHEPRSTE HWEiTE Lg:;ijjk

S REEA. EHIEAEEYE s YN

mm £ B/(°) #F C/mm

1 195 74 240 150. 5
5 515 74 240 184.5
3 195 30 240 189. 4
4 215 80 240 191.8
s 195 77 230 176.7
6 215 77 230 183.1
7 195 77 250 183.2
8 215 71 250 189.2
0 205 74 230 163.3
0 205 30 230 187.5
11 205 74 250 171. 4
. 205 30 250 191.8
13 205 77 240 155.2
4 205 77 240 153.5
15 205 77 240 156.7
16 205 77 240 151.8
7 205 77 240 149. 8

266 A0, FIHBR P <0.000 1, & B PR
BRI A B AR o 2 5 R P > 0. 05, A b 3, 3R
By BRAR SO 50, A B AB A* B CP X i
e KRR 52 M 2, C X A R KR )
M dg 27, LAt PR 385 AN I 3, X S M A g 2 TR A
BT 22 UA A5 B R KR ) 200

ZRIENE TR

Y=153.4 +6. 14 +11.35B +3.13C = 7. 94B +

15. 14> +10. 55B* +14. 55C" (7)

Je¥iil 4345.96 16

3.2.3 MR SAT

30 3 e TR 43 AT, TR 5 PR3 X AN 8 A 1 58
HRZA D K 45 DR 20 T B 2 Ol AR 7 ) 2 e R
XTI B R ORREE 7, s PR B A THE
P Tz i 161 e F 28 BAE 52 i 3%, 24 AH
AT Tz R4 AR (B FE A 240 mm B 0 5 7 4 & 14 BF
TN o THE PR B Tz PR S Tz i 16 e fA 48
INESF MR N R AN B e b HD R AR R
FHE R4 1 F6I28 $i 2% 0 13 JERT, B R BT T2 44
MR , BT B 50 0 A, S s Ptk
5 THE ke e M Bm B — 5 (A, E e E T
it B R AR T S VR I I MR I 52, H B PO
BRI T VRIS (4 55t B 5 s PiAR 5 Tz ik
GO N TIN5 S SN R WA PAN =Y <k
MTHE PR S THES ik e M — e B B THE 1Y
M i B R e, U1 P 25 i S B i i oy, S A
e H FHz b R b e A T Sl RNTR VR U B R vl

P14 SR RO BB S8 A R AR 5 W) 14 ) T
Fig. 14 Response surface graph of influence of interaction

factors on maximum collision force of potatoes
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T IE PR R i B E (EN, A THs
iy ikals 10 FEis fnak ot T, PR VR AT R G, 3K
frive 2 PRI 0 I Ah , ELT s P B MR
WA TR AR K, 3 s [R)IR 2%, s Kl g B
B THz P s R A e R S R T i
3.2.4 2R Hr
FIH Design-Expert 10 {4 H S50 AL A5 e ik
e, BRI S5 G, W B s R gL &
LYRRAT, HAR RECRI R A5
minY(A,B,C)
195 mm<=A<215 mm
s.t. 174°<B<80°
230 mm<C <250 mm
XF ERFEARIEAT AR AR, AR5 i iR 2 5L
WA FHBPIHE A 199. 21 mm  FHz i 5 Tz
ikt 18] S £f Ry 75. 86° AH SR T iz 44 Al 8] B
240. 35 mm B}, KRR J7 04 149. 11 N,

4 IEIKEE

4.1 AZERAW
4.1.1 REEMF

WG A5 25 B L brAz 77 5, FHs PR
15 FEE 200 mm | iz £ 4 5 Tz i ik i ] e f B
76° FAH &R WG T 12 £ 4 (8] BEHX 240 mm , fin T4l & 5
(PRI A B S T i e A TR DR K
WORHL b, 3R 4T 6 20K, g B AU R O7
41 ME354 BUE R . 35 E Techmark 2 T A TF2H) =
IR ST A 80 mm x 90 mm x 60 mm [ H, T Eh 44 2
0 ~200 mm JibrF R 0 ~30 kg L TFE.0 ~5 m BR
SR 22 15 S A E P EKEA R 81%
BEBIL 2 B % 1 JC i A2, To i 5 /Y 200 Ay E
(120 ~350 g) , IR EIZWIE 15 Fros .,

(8)

K15 IR Tha 3 E G 20
Fig. 15 Bench experimental of annular collecting

and transporting device

4.1.2 PFFEER

P Bz 2 TR L A8 G o B 0 (LA A s
T, DN X060 F i 2 468 S5 P e 1 TR B B TR
KTF 0.2 em’ D ERRICIFC R,

4.1.3 KRG

R E S R N R, PR
H 24 vh, FHEHEHEITHEE R 0.8 ~ 1.2 m/s,
FHAZ Hir b 7 2 1 7 o B A Sk, R D
R SE A ML RD R B % S T A2 1 S R e
HL - A8 S O TR 2o | AR )
T Ih Y R YR A PRI R A s 2, O
BEE AR DRI T BRI 8, RS T
BT ENAR IS B, BT B8 BRI
B BIPEAT 3 YGRS, BRI AT 5 Uk, RERE AR
T FRUNPE 16 T, 0 Bz 23 R K Rl 8 o 85 0 {1 B
PRI Ls AN 7 FoRt

K16 FL T~ Ch A SR DNl 4 o e B B 0 Bl
Fig. 16  Electronic potato detection collision

process and partial data
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Tab.7 Device test results

Thid ik TRl 438 T R R 0
L Wik 5 URAIER N R I/ ) )
BATHE/ - ITR2LY,

/% (mes™2)
(m-s™1) (m-s™?)
648. 8/596. 8/643.9/
0.8 1.13 636. 63
702.7/590. 9
600. 7/590. 9/575. 3/
1.0 1. 06 593.29
549.8/649.7
668. 4/692.9/663.5/
1.2 .21 685. 63
719.3/648.0

FH 2R 7 AN, FHs fkads ia 17 B AT, B~
MRS e K P BB 3R A8 R
B H03 3 9K 5 Bl A T3 sk al A5 1 7 L BE A v,
A M ARURE R ik Y B D B R AR
B2 R B RS D8R s T iz B ik ia A T FE S K B
P53 BRI ) 3K, N FEAS ik 0 5 7% 21 20 5
s ) A B K, By 7 A A 4, A LR R 48
BN s R B BN R 5
ALY G T 0 B B U 1 34N T R B I A
B
4.2 HERE

TEILTEAE B 3T b B R A7 )6 | 3 6 DX
FE A AT =2 15 5 B S ToIH A, S 28 WA T
JEERIAE , VDI RIS KR 9. 87 % , UK A —
JADUSE AL AL, BOAT 4 DN A5 T TR 4%, 760
IS Bl B ARl s e 0.6.,0.7.0. 8 m/s,
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THEM LB THEE N 0.8 ~ 1.2 m/s, HIFK K 40
K17 Fis

BT e
Fig. 17  Field experiment
DA 35 3 M B AR A PN 8 A, I [R] 6 45
Jnk 8 s,

*8 HEXKEHER

Tab.8 Field experiment results %
WA/ &S I TES
(mes™") [ bR WE EhrE M
0.6 0~2.0 0.94 0~3.0 1.09
0.7 0~2.0 1. 06 0~3.0 1.21
0.8 0~2.0 1.12 0~3.0 1.33

KGR I AR S T 5 2 B AT IR
KIS TR TG, £ FBOE A A, IR
N 0.6.0.7.0.8 m/s Bf, {15 R K 0.94% .
1.06% 1. 12% , W B2 %M 1.09% 1.21% .1.33% ,
5 2 NY/T 648—2015¢ B8 IR =T B AR
) K

FH [H) 45 2R 2 B . SRR BILAE Mk 3 B2 R 0.6 m/s
B 4288 0 S 2R A Y e s/ | 3 Aok 3 U R o R 2
VERTE BB PR B By el , IRIE AR B THB 2 )
iz R 0.8 ~ 1.0 m/s, B B THiE 4
[ Ul A ) SR A R A R B A A, S LA i

s s WA WO B 4 8 1288 1 2R B ) i
BN, 43 B 43 B R OR RS b T 1Y 1 A
THIESE B R R, A R/ e dsi v
LT TR P A SR R R R R R R A 24k
AR 0. 8 m/s B, Bifi 35 S5 B O3S K, AL 4R
BRIz AW EERIFELO ~1.2 m/s, /15
7 IR 16 2 B 19 40 i o A 2 R, I 3 4R 4 B R
D U1 A Py B /D Y A ORI B SR £
B YR G 4 Rk T B P 0 A X
R A3 B i BRI A He pl 3R O PR ) A R TN
AR,

5 it

()T — 3 8 A WOR DL TR sk 151 4
BT A X E A T 1 42 Bl sk AR AR R
SR AR TR0 T s ROR R S A )
R ANFHEPIR R Tz PR 5 T s Sk ) £ |
AEATS 15 T3z P4 i [ B A T 38 B ik A A £ 7

(2) 3T DEM — MBD #5414 £ 25 Je F 3R I ook
P TR B0 HAR BRI RIS EE S, &
PRI R . FRME N 24 vh B THE R BT
B} 0.8.1.0.1.2 m/s B ML Ih 8 BRAE DS IR
BiE R ORE U fH F- ¥ {E b 636.63, 593.29
685.63 m/s” WE RN 1.13% . 1.06% . 1.21% , filf
100 R R DA AR X8 /N T EL A4 B e SR 5 A

(3) WA 2= . WOR LML B 0.6,
0.7.0.8 m/s W, FHHAEHRHK 0.94% . 1.06% ,
1.12% W80 1.09% (1.21% (1.33% , 3 /e AE
PR E B AR K

& % x #t
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