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Design and Experiment of Circular Reducing and Collecting
Potato Lifting Device for Potato Combine Harvester
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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
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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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Fig.9 Structure diagram of transport and sieve delivery
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Fig. 10 Analysis of potato stress during the second

corner conveying process
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He Bk 7% 21 4345 B BT 32 04 il ep ok e B K
77 0.000 25 s, fi H AR 7 s,

3.1.2  JLfuf {5 LAY g Ny

RERILL step 4% 2 A RecurDyn 844 , #% & iz
KB %E FE iz WK B Fe RN B AV B #8 2S [B) 46 &, iz
i 0% T RN B 2% O 1) 2 [a) o7 5 RS AT B0k, B
Wi G M iz 3 &, 7E RecurDyn — External SPT & 3t A

AH N B R B Ak S wall T4, 9F 2 A EDEM
Geometries, @ BN 13 iR,
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Fig. 13 Sketch of geometric simulation mode
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Tab.3 Model parameter

4 K fE
BYE R/ (kgem ™) 1048
HHIAM 0.5
HHL Y U)K/ MPa 1.366
T I R 4% PR R 0.452
Y In) 2 R 4 R 0. 024
Y e R 0.79
M 55 R ) e 4 IR K 0. 652
S P AR ) B JEE 4 TR A 0. 303
B G BIKRIKE FR A 0.71
Th3z W R 3% B % 1/ (kgom ™) 1072
T3z AR A 3% I AR TR L 0.331
TH-32 A i 3% 9 4 B B 452 5/ M Pa 221.4
T B RS k20 05 5/ (kgem ™) 1800
G e GERAIEER SRR RlEL /N 0.3
AR A R R 0 15 5 DR B/ MPa 38.5

3.2 HEERSW
3.2.1 SHEKFAE

3 HTSC AT AT, A5 B T A8 P AR R ERUE VR
195 ~ 215 mm, F4iz PR 5 Tt iz fi 3% 717 8] e A HU(E
0 [ 74° ~80° , AH AR 1 T iz £ A 1] BE H{ i B
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230 ~250 mm, iz JH| Box — Behnken H1.00 40 & %3107 K6 HEHW
2, DL R AR e A e HE A, AR S i KRR AR R Tab.6  Analysis of variance
HEETT ST e S o U E ] U e N N LT S r
S Y 4243.98 9 471.55 32.37 <0.000 1
%4 PR,
A 297. 68 1 297. 68 20.43 0.002 7
x4 REEERD 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
Wz AB 249. 64 1 249. 64 17.13 0.004 4
WD TFE PR E THE RS TR A % A48 P A PR AC 0. 040 1 0.040 2.746 x10° 0.9597
A/mm W e 1 B (°) W8 C/mm BC 3.61 1 3.61 0.25 0.6339
1 195 74 230 A2 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
1 215 30 250 c? 891.38 1 891.38 61.18 0.000 1
TR 2% 101.99 7 14.57
3.2.2  RIGLEE 57 4007 A2 1) 5 72.33 3 24. 11 3.25 0.1423
s p T ™ N iR 29. 66 4 7.41
IR G N S BT, H T[] U A A 4 Z‘ﬂ s e
ARSI B o B RAlE T ) 25 40 B 3% 6 -
AN, I HEAT PR 3.2.3 0N E A

RS MEEBREARSER

Tab.5 Response surface test protocol and results

%

.

R JHEME THEPURSIT AR g;ijﬁ

KR BREA/ EREERK SR N

mm i B/(°) F C/mm

1 195 74 240 150.5
2 215 74 240 184.5
3 195 80 240 189. 4
4 215 80 240 191.8
5 195 77 230 176.7
6 215 77 230 183. 1
7 195 77 250 183.2
8 215 77 250 189.2
9 205 74 230 163.3
10 205 80 230 187.5
11 205 74 250 171. 4
12 205 80 250 191.8
13 205 77 240 155.2
14 205 77 240 153.5
15 205 77 240 156.7
16 205 77 240 151.8
17 205 77 240 149. 8

H % 6 A1, BT P <0. 000 1, % B & 3EA
FEAR LG AR AR 0 25 R U P >0.05, Al 3, &
WA 5 AR AR LA SR A LA (B LAB A B CP R A
YN & I AL AT E DR L i 5 PN &L WAE 2
M dgp 2, LA PR 2R S M S S 3 XS O I 3 TR AT
RS AT 2 WA 5 SR R KRl ) £ 00
TR N

Y=153.4+6. 1A +11.35B +3.13C =7. 94B +
15. 14> +10. 55B” +14.55C" (7)

3 3o ) L TR 3 AT, B R A% DR B X B i s 1 52
HSEME, DL A% TR 2RO T % 3 B K RIE 4 ) B4 5 i A
T X T IR B B KA AR ), T iz P AR R A T s
PHHR 5 Tz i 3k e A 58 ELAPE TR e B 2, 2 A
SR Tz F A B 240 mm B R A0 1AT 14 F
N o JHIE P A s BE A THE R AR 5 Tz ik ke A A
NS TMT R A A AN B S R > B R R
Thaz g a6 7 1] 46 12 a8 O o P I, B KBRS 1 T iz
T AN e, S B I B o0 R0 0 1 A 24 T s P AR
55 T3z ik Al e f HE N B — 52 (B, B e AE T T
iz o A bR SRR v I R A B G, HLAE BT
B MR v U RURE 9 R B T i £ AR 15 Tz ek
G SN DNITY PN 373 S SN 6 AR N ) <K
Y This Pib 5 Th i i 1 e A — e B TH s 4
e JRE A B e, TR DA 7 N ) S R i e, S R
T B I3z i e v kAR SRR i TR ) S ek

14 2 PR 20X T % S8 d Al 488 7 52 R0 A ) SO TR
Fig. 14 Response surface graph of influence of interaction

factors on maximum collision force of potatoes
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& THIE PR R B Y B R B SRR AR T
3.2.4 AL
HI ] Design-Expert 10 4 v 2 FO0G A A B ik
friifl , R B L W S50 & o F B AR R B L K&
LY AAT, B bR R BN A R SR
minY(A,B,C)
195 mm<A<215 mm
s.t.{74°<B<80°
230 mm < C <250 mm
XF b398 bR AT U A K A, DAk S Y a5 2 40
HE THE PR R 199. 21 mm Jhiz Pk 5 Ttz
i 3% 47 18] e ff1 Ay 75. 86° AH <R WG T iz £ AR ) BE R
240. 35 mm [, f KAl 43 7k 149. 11 N,

4 IIERIE

4.1 AZEEAE
4.1.1 &0

HRE 5 B, 25 8 S PR A 77 54, FHis £ 4R
2 FEHX 200 mm | FH 2 £ 4 5 T2 Fi ik A ] I £ R
76° FIAH 4B P Ttz £ A 8] B B 240 mm, il T i )5
(1) BRI D84 B 8 T i 4 i 2 TR AR L R
WKL b, 3047 B A . I A B AR . RO
21 ME354 B3 H7 H1 . 35 B Techmark 2 &) 4 7= 1) =
R ~F 2 80 mm x 90 mm x 60 mm [ HL T 5 4% 8
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SR 2 15 SRR PR E KRN R 81%
B HIL 3 ML % T Bk R L JE B0 Y 200 ) S
(120 ~350 g) , A B W 15 Fis .

(8)
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Fig. 15 Bench experimental of annular collecting

and transporting device
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4.1.3 KB E
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Fig. 16  Electronic potato detection collision

process and partial data
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Tab.7 Device test results

Fhiz ik A . Al 42 Jon 3 3 0
PN W fe 5 U AE A R A/
BATH A/ (Rl
R/ % (m-s™?)
(m-s™ ") (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 1.21 685. 63
719.3/648.0

1 7 AR, Tz ik iy as 47 B AR, B
U Rl A R R, R AR LB, R B A A
Tl 5 40 00 A 5 B T 38 i 2K Y s A B Y T B
A 11 5 R A i 226 114 5 R D/ R B T B G ek
B W B BRI 5 Tz ko s AT B R
B 55 2 AR FRE D B, DA B i K O A v B O A
i ) 5 AT S K, By 7 A A AR A, R B B
EVNINIATEIE S it RPN
P Y RIE JE M S e L 4 /N T D Y R Il A5 4
= R
4.2 HERRE

FE P B R S AT ] 15 X A
AR A5 22 15 5 B R B TR A, 2B XU T
AR, VD, RT3 B KR 9. 87 % , W AR T —
JAPURAL AR, BEAT 4 A Kedn TREAT 4897 16 2%, fE I
W HE Al b, AR B E N 0.6,0.7,0.8 m/s,
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Tab.8 Field experiment results %
WA e g/ (=S L ES
(mes™") = hR 4 I AE EHr A I fE
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

I R p IR A T s R B IS AT IR,
EERE T R R R e S SN TRy S @R
R 0.6.0.7.0.8 m/s B, /5 5 & Jy 0.94% .
1.06% 1.12% , B % H 1.09% 1.21% .1.33% ,
2 NY/T 648—2015( b 44 F S AR ML 8 1A R
B ) (1 ZER

P i) 285 SR 3% B . AR AL Mk 36 2 28 0.6 m/s
B, 3240 0 S R0 A W B A/ 3 g o O R I 30 B A
VE G 1 2 e 38 J Bl e i, MIB AR B THis B )
HE MR RRTE 0.8 ~ 1.0 m/s, P B L T 538 8
(11 TR Ay ) SRR R R R A B, S G R

z %

(1]

A AT
1 -16.

P 5 B A Wk JEE 4 vy, A2 4 A S 2R IR B
G0, 23 T P K, R O 9 A b A
T VL B PEE M BR 2 VR R, 8 23R /s - e di i
T, TR P Y SR Y T R R AR R O 2
AL 0.8 m/s I, Bl B P& 0 O, SRR AR
Bz E s EERAFE 1.0 ~ 1.2 m/s, 73 8
i R 1B 2 A o B i AR 20 Ok, N e B A
Lo kM1 A i B0 B e BOR A B, S R
B A HAT H Al 4 B O R 2N S A A AR X
R 8 ¥ )t B A B el o0 0 AN AR 2 R TN
Bt e .

5 it

(D) BT T — 3R 8 BB A WO P T ek 458 4
BT A A R A B B g A R A R
GIAT AR B]T S T s A% 3R B B AR ) BN
RN FHE Pt B s PR S T s kT A I A
HAH S8 1 T3z $4 A (8] 25 RN T2 i ik s AT s

(2) 3T DEM — MBD Fi & 4 &t 25 S 0 BRJE il
PEETHER B ERR BRI RMESHEAEG. &
BRI R PR N 24 vh B, FHIE 2 B AT
BN 0.8.1.0.1.2 m/s B, L F S 2R AL 5 IR
filf 48 R BE 0 (P X {H A 636.63 593.29
685.63 m/s” W E K 1.13% .1.06% .1.21% , i
TR 000 R R O X8 /N T D A8 T e S 4 1

(3) M f) 3 36 22 B . WSO AR WL AR Mk 3 B R 0.6,
0.7.0.8 m/s Bf, 2 He 45 KK 0.94% . 1.06% .
1.12% W 2 %R 1.09% 1.21% . 1.33% , % /& 1
Ml FE A B AR K
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