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Parameter analysis and experiment for separation conveyer of
4U-1400 type potato harvester

LU Xiang-hui', WANG Xin?, ZHANG Wen-jie' , SHI Ming-ming*, WEI Hong-an'"
(1. College of Engineering, Gansu Agricultural University, Lanzhou 730070, China;
2. Lanzhou garden school, Lanzhou 730060, China;
3. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310000, China)

Abstract In view of the problems existing in the present domestic potato combine harvester such as the longitudinal
size too large,harvester turn not flexible with field operation, the poor performance of passing and stability , Parameter
analysis of separating and conveying device of 4U-1400 potato combine harvester was performed. Our study was mainly
focused on the theoretical analysis and simulation of the secondary soil potato separation conveyor components and the
validation of the simulation results through field harvest tests. The results show that when the height of scraper device is
60 mm or more than 60 mm,conveyor speed is 0.8 — 1.0 m/s,and the angle of inclination is 36" or less than 36°, the
potato can be conveyed stably,at the same time, the conveyor has a low potato injury rate and a better soil separation.
The separating-conveying device put the soil potato separation function and large angle tuber conveying function in one
set,which make the machine more compact structure. The harvester is suitable for loose soil without harden dry land
(tectorial membrane) . In addition, when the land has a high soil moisture or is severely hardened, the harvester still can
collect potato to one spot (hydraulic control) or a line.

Key words potato; separation; convey; simulation
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1. Excavating components; 2. First class soil-potato separating device; 3. Second class soil-

potato separating device; 4. Stalk separating device; 5. Wheel; 6. Rack; 7. Platform; 8. Bagging

devices; 9. Drive system;10. Hydrocylinder; 11. Pulling device; 12, Downtime return roller.
El1 4U-1400 SHEBRSURNEMTER

Fig. 1 Structure diagram of 4U-1400 type potato combine harvester
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1. Scraper conveyor belt of barrier separation;

2. Driver wheel; 3. Passive wheel;4. Supporting wheel.
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Fig. 2 Separating and conveying device
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Table 1 Relationship of separating conveying device

inclined coefficient and lifting tilt angle

K 6/(* Kk 0/
0.85 10 0. 30 60
0.65 20 0.25 75
0.50 30 0.15 90
0. 40 45
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One class conveyer device
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Two class conveyer device
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0.0, O; are the location of centroid for each movement
phase, respectively; vy is initial velocity, v;, v2 is respectively
speed of potato before potato collision with barrier and speed of
potato after potato collision with barrier,m/s; v, \voy is respectely
velocity in x and y direction of wy, m/s; 7 is the angle of the
secondary soil potato separation conveyor components, (°) ;0.¢ are
the angle for conveying surface and X axis,the angle for conveying
surface and Y axis, respectively, (°); OE is the auxiliary line to
parallel the conveying surface; G is the gravity of potato, N; L is
the distance of potatoe and scraper, changing with moving
coordinate, mm;the same as below.
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Fig. 3 A model for the potato movement

I B P ST AR AR L B my oy SR R
WRAT (4 5 4 s ks 05 v ou 43 ) SR AT 5 S Al 98 T SR
WA R B o m /s, AR R Bl < g A
myv, +my,vs = myv, +myu, 4)
v, MBEEIKE RZE e 135, AN .

Uy — V2

s e fH R A 7 AT 20 & 26 8 DT & 1Y 7 ik

wE,

T BRI AN AT A 05 1 5 BT BT 6 5 Ty
Ti] ) e A AR /N 1T 2200 O 0 = 0, S B 5 AT Y
il 488 i T A S B L by T A PR ARURE B L
JIT LA e A il 48 s A AT 0T R g e AT — S A 22 b
YRR - Bl 3 25 SR AT 7 A — A 5 B R8T 1) A
S s HBUEENIEE o,

O s B SN ZS A AR 20T 90 1 5575 B ik Tl ) b



272 o kO K E R R

2015 4F 55 20 &

Foul, HEZTE S G20 d i R B0 O, 5
B Oy 512 Bl i B 0] I DL 80 B o0 8 A
MO MIEL s,

AR BT 5 2R 110 B i A

i} %Mo(m,v;) = EMO(FE”) + iMo(FY))
i=1 i=1 i=1

(6)
X F7LF 235 o R 1 NG TR
e RN AR T [ A B BT LA

ﬁ]MO(FE’)) =0 )
HRAG W,
Zl] %Mo(m,-v,-) - 2M0<F5“> (8)
HR 4l WA 28 2 Tl B Bl sk o3 T FR A
J:i—i?: D IM.(F) (9

Ko WERTTOLEEO SIEENAE. O ip=0
2% HH 25 BB A0 0 ) A, o< K BH SE AN B R R
Mo HEHXT Z fh %) 3% s 15 &>

J. = i}mm? (10)

K IERUSEINCE R S L Z M, mm; Z fl
R 3 HAEM O &, HE) (9. (A0)A[15.

dGnv,r) _ , d’g
a =mr 1D
B B v, RAL M ADAE N .
dv, _ . d%
mr & = mr & (12)
do, . .
W =a B A2 # 1S
_ et
=5, (13)

Ao ¢ T i PR G A

15 22 il 48 Ji5 AT 3 B 0, =0, fi T vy B9 SEBR
1B > {8 2 B AR 4l 28 (5) ml s v, A9 SEBR(E <R 2
B AL, DUF 3 o8 e fscbe 2 i ol

B AE BB 25 B o= o (o {8 N 2 He N fit B 4 51
MG AR » ph =X CL3) AT 0, o fH R /0N o B R0 5
FE /N

LBRIEOL T v B SEBRAE <AREAE, BT DL r
PRy 52 o << R

g5 ik, B o AT AR R (AL AR
BE R ER

3 EMEERE

3.1 #EE5RE

iz ] solidworks {4 Xt — 2% + % 43 B fiy ik 3%
BT SR AR R R 2 Dy, —
SRR F A Xy B i A R E R s R E e,
TR Rhmik . &N 7 T B BRI 5 B
BEIIRE KR DR A W R N RN R
BB S R AT L B YR
SE o K AT R R i R RO L KA Bl R
RBCA ik, 2 W A5 7 ) AT BB R K 3% Al I8
BT A 0 B R L 3z gl ik A bk 0y A AR RS
—1E,

R ot A AR S B S e B A 0k ke Y Al A 42
fil o1, Solidworks H 4 filh g i ik 2UATS

Fromon = # (xg — )" — 0’ 14)

2k R Ml IR, N/ mms e b 5 77 5 85 ¢ R
JREBGY WFEBE . mm, AT MM E K E . 7E
Solidworks Simulation 7 FR JG # 44 /G & — 4~ 4% fi
e AE s 09 7 1) AR B AR OF SR AR F8
AT LU T3 B /N A F% vh R A5 W BE L 38 B 5 d ik
$e il el BB SR 20

R2 BYREWMEREMEALTERSY
Table 2

Parameter setting of impact model of

tuber and conveying device

SR E il
Parameter setting Numerical value
NI B /(N/mm) Stiffness 3329
H54L Index 1.5
i KFHLJE /(N/(mm/s)) Max damp 2.8
%% % BF /mm Penetration 0.1

SRAT B S bR TAER B . #£ Solidworks #k
GRS LR i I B A T R N IR Y N
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Fig. 4 Motion model of tuber
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Table 3 Relationship between tuber linear velocity and the linear speed of conveyor belt
R HREHEHE K/ (m/s) Tuber linear speed HE LA L/ (m/s)
Test SEHAE / (m/s) (m/s) Speed difference
number vl o i o o o Average value Conveyor speed absolute value
1 0. 96 0.72 1.03 0.70 0. 94 0. 60 0.82 0. 80 0.02
2 1.12 1. 00 1. 20 0. 86 1. 24 0. 80 1.03 1. 00 0.03
3 1. 15 1. 07 1.48 1.22 1.04 0. 85 1.13 1. 20 0.07
4 1. 65 1. 30 1. 80 1. 15 1.73 1. 50 1.52 1. 00 0.52
S 1. 38 0. 84 1.55 1.32 2.20 0. 80 1. 34 1. 20 0.14
6 0. 94 0. 74 0. 50 1. 05 0.71 0.77 0.78 0. 80 0.02
7 — — — — — — — 1. 20 1. 20
8 0.74 0. 64 0. 87 0. 83 0.95 0.76 0. 65 0. 80 0.14
9 1.04 0.95 1.13 0.79 1.47 0.85 0.90 1. 00 0.10
v sop ooy B 6 4L EHAYLEHE  m/s.

Note: vy vy »**»vy show six groups tuber linear velocity,m/s.
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Table 4 Relationship of the slope of linear displacement

x5 ERBHXBRITES

Table 5 Crossing number and score of tuber

between tuber and the conveying belt

e S U ‘
b 2R 2 o WHE S Crossing number of tuber KU
55 Test Composite
ky ky Absolute value of ] B 2
Test number number score
slope difference Tuber 1 Tuber 2
1 394 432 38 1 0 0 100. 0
2 535 532 3 2 0 1 87.5
3 568 658 90 3 0 0 100. 0
4 557 613 56 1 0 2 75.0
5 776 736 40 5 1 1 75.0
6 453 497 44 6 0 1 87.5
7 — 846 — 7 7 7 0.0
8 552 568 16 8 0 0 100. 0
9 605 694 89 9 0 1 87.5
T sk Ry B AR B R, BB B2k R A8 5 S IS gy i )
B A s o 3002 G5 035 B 1 2 05 25 B ®6 EXHMERRSKT
TS BT A Y LA Table 6 Orthogonal test factors and levels
Note:k; is the linear displacement slope of tuber;k, is the linear [ % Factor
displacement slope of conveyor belt.
A% TH X
9 2 ok A K i fh /(O B ¢tk
3.2.2 EMEAE Level . ) i & /mm B/ (m/s)
B8 4 B A E L AR T ComemE e Conveyor
RIS Y 3 1R 20 9 B 2 P R 1 5 e height cpecd
W AT 3 R 3 KT E R . ER R T
BT WE 6, I L GORRFE (R DI " ) -
X1t 25 AT A T B4 07 (3% 8) 5 6 T i v v -
HARALE TR ’ i " L
RT ERHEIBARARRER
Table 7 Test scheme and test result of tuber conveying process
K % Factor FE i 56 45 B Test results of every index
e 8 JIE 2% 465 X4 1 (m /) R 2 X fi LA
Test group A B C Absolute value of Absolute value of Comprehensive
linear speed difference slope difference score
1 1 1 1 0.02 38 100.0
2 1 2 2 0.03 3 87.5
3 1 3 3 0.07 90 100. 0
4 2 1 2 0.52 56 75.0
5 2 2 3 0.14 40 75.0
6 2 3 1 0.02 44 87.5
7 3 1 3 1. 20 846 0.0
8 3 2 1 0. 14 16 100.0
9 3 3 2 0.10 89 87.5

T O B BB OB 2 2 12 R T

Note: (D ,Comprehensive score of according to tuber crossing number,the same as in the following table.
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Table 8 Analysis of the test result of tuber conveying process
SRR S 22 RIS
K1 Kg K1 K2 K3
Test results Factor Range Optimal solution

TR B 25 48 X {H A 0.12 0.68 1. 0. 04 0.23 0.48 0. 44 A,
Absolute value of B L74  0.32 0 0.58 0.1  0.06  0.52 B
linear speed difference

C 0.16 0.65 1 0. 05 0.22 0.47 0.42 C,
A} 25 4 X E A 131 140 951 43.7 46.7 317.0  237.3 A,
Absolute value of B 940 59 223 313.3  19.7  74.3  293.6 B,
slope difference

C 98 148 976 32.7 49. 3 325.3 292.6 C,
LAY A 287.5 237.5 187. 95.8 79.2 62.5 33.3 A
Comprehensive score B 175.0  262.5 275, 58.3 87.5 91.7 33.4 B,
of crossing number

C 287.5 250.0 175. 95.8 83.3 58.3 37.5 C,

TE:K 912K 7 EE AB.C B § KRR e 45 R 2 M e = Ki/3.i=1,2.3,

Note: K; column is the sum of each test results, which corresponds with the A, B,C factor in table 7 respectively,x; =K,/3(i=1,2,3).

PH % 8 W], X S 22 o ok (A A vk B K
SR R R ALB, Cy R AF {3 X ARk 2 2 4 XHE
Mes, W% AB.C N, 5558 % BT &
Ay Bs Cy 3 B i 326 T8 A0 A 7 B 36°, 81 R g EE X
50 mm, F kB EE 0.8 m/s,

4 HiENRIE

4.1 RKWEHG

M (B335 F 2013-10-9—10-16 7E H & EFE T
o XA R TR E T, 0k A B 2
PR, M BOF L, SRR 2000, BN XK
JEZ) 200 m, 55 B2 50 m. DS L RO KT .
R PR, B8 A A 22 1 260 mm, 17 300 mm,
Z&%% 600 mm, 45 IR E 150~280 mm,

MH a3 56 32 2% A 4U-1400 AU D44 R &
AR AL 24 iy /K TD-654 i H AL .
4.2 RBERS5HH

4U-1400 E 48 BEE G WORALTE 4> 51 5 28 45 5 b
MR G By B kR B R AR R 367,
FEFERE R 0.8 m/s, BIHL & E K 60 mm B, 4U-1400
4 B IO AL B M AR FR AR L2 9.

IG5 R F W] . 4U-1400 58 BB 4 W3R ML
B A5 B 1 25 ORCAR 48 AR A B NY/T 1130—2006 1
B SR MUK ) A I 52 TN B2 SR

IR T AR P R B, Y g A R
A <I36° Bk W R 0. 8~1.0 m/s, HIl AR & &
=60 mm [, 25 B BB ) AR 3 A AIG, FL X 2 e g
370N 6F S 1 2 B A5 SR A 5 AR A B > 367 B ik
FEBEE 1.0 m/s, G BE <60 mm Hif , 2 He il 1 51
A A5 25 B S 344 g L o e 2 e 2 ) ) Al L 2 B 45
157 Ze 48 25 T 6 TR BE <0, 8 m/s B, 1 B AR
fiK. BEAh R ICARALXT 0T AS K TR 25 4 7 S 5 b
P14 5 4% SR o e, TR R K L B 7 A R
BARBHR AR Z R o0 8 T 0 L3, Hag g b i
R AT

£ 9 4U-1400 DHF B SK R HIK I K IR IE IR
Table 9 Performance test results of 4U-1400

potato combine harvester

2 B ,
Technical
Parameter Test result )
requirements
gli/NE A5/ (hm? /h) 0.42 0.3~0.5
Pure hour productivity
5% 2% /% Injury rate 1.8 <2
% Jz % /% Skin-broken rate 2.9 <3
KR/ % Loss rate 0.8 <4
EZe# /% Impurity rate 0.8 <4




276 o kO K E R R

2015 4F 55 20 &

D AW 5T 38 I8 8l 2= M3l 1% 50 B 7 4U-1400
DA A ORI S+ A B R R B RS
. FH Solidworks =4 F HE 4 K ff B 15 5] T
SIS BB R A RS B B Bk 3 A Bk L
1 1 ARG 2 B L A5 ) g%+ B0 B Rk Rk B A
b7 % Sy < % TH A 36°, T AR 5 BE 60 mm, By %
HE 0.8 m/s,

2) REL H ] 3 36 26 B - 4U-1400 548 B3 4 i
ARG+ 57 88 i % %6 B S U R TR B
PN s %k B TR R TC A 45 5l OB R (1) 1 5843 B AL
Sl A B Z R I, X T R sl A & ™
(1 FE M, 20 B SO A 25 TR FH 2 B v M il
A0 T b 2 Kk O 5K

2 % x #t

[1] sEmdmd, Bk 4, 9 J00m 45 [ P A1 5 4% S0k HIL B ™ it B AR
JAAELT]. AL BLAK . 2013(7) :100-105

[2] EAR S DA BEURHLR 5L ] ROl BHE 5 %45, 2011
(12).83-84

[3] Hosainpour A, Komarizade M H, Mahmoudi A, et al. High
speed detection of potato and clod using an acoustic based
intelligent system [ J ]. Expert Systems with Applications,
2011,38(10):12101-12106

[4] Mosalanejad H, Mobli H, Poursoltan A. The main parameters
assessment of clod and stone separation from potato crop
(inclined belt type) in potato harvester [ ] ]. International
Journal of Advanced Design and Manufacturing Technology,
2011,3(2):79-84

[5] FRER, 22 IME. 5. DR S IRHLEN % 5 B3 28Uk 5

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

RIS, T R X A A 5T ,2013,31(6) :257-262

MR KR /N, % AUFD-1400 %Y T 4% B A W3k Bl

BB S [T ], Al TR 2% 4, 2014,30(3) : 12-17

By /N, 0 B BE L, B 92 22, 25, AUFD-1400 Y Th 4 S A i 3k AL

e AL, P AR P AF 7, 2013,34(5) :109-113

FH 2R 59 oK W3R L 3% T 8 AR 48 9 B o i ot LT ). R AL AL B

5¥,2012(6) :93-96

B4 E& L ESCE . AUFD-1400 #1545 S A R B Y

WEHILT]. 4l TR 254, 2013,29(1) : 11-17

XSF T 5 B ok, 75 B . JL- I 289 5 4% 540 1 25 R AL ek AT 4

0. R HAEATF 5T, 1995(2) :17-20

TR /N R AL T 202 0 i LT . HOR ARl R 2 2 4. 1998,

33(2):201-204

W IR Tl K22 HE Ty 2 i 2. BRS¢ ML db e . 3 5

H MR AL 2002:234-247

BT SR AR TR 2L A RS MLAT B AR e i AR R 2 i

ST S T, Al LA A 4z . 2013,44(10) ; 57-61

THE,HHEBE, 7R, %. T ADAMS Wl SE IR LA 3)

X7 B AL (5 2L, Ak ALK~ . 2013,44(12) :62-67

25 v R B LS JE T ADAMS 4 5 A7 B HL = 4 R

SR HLAG 2 Bl B LT D, AR ALK AF H2 . 2010, 41 (3 H] 1) . 82-85

KR, SE AR bR, W AT 56 9 ek T Rl A () R RO R L ] HLAR T

TR . 2009,45(2) : 149-156

IR SR IR D%, T A ARE . T B Sl 4 A5 407 3 90 F 9 A BR T 4

BrT 0. v B Al R 2% 2% 42, 2008, 13(1) : 81-84

[ FE 5 H B SolidWorks Motion 15 {5 B Z [ M. Jt. 57 .

MUK Talk 8 RAE . 2012.89-112

[%: 48, B H %, SolidWorks Simulation LAl # f2 [ M. db 52 .

HUBE Tk ik, 2012 116-118

[ N N TR W o ST o e I\ O e | W S 1

1988:134-190

AN IR R 2 A IR S 42 57 s B B A L R S B

LT E Rl R 2 24 41, 2014,19(2) 1 181-188

Al P58 AR AL AT A A 30 0 3K . NY/T 1130

% SRR AL LS. b5t - v [ bR v AL 2006
ARG X A

2006



