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*1 DREIEVIEHUSH
Table 1 Main physical parameters of potato

2% Parameters ¥UH Values
AR E Growth depth/mm 30~270
[A|#4 1/ E.42 Diameter of the rotating surface/mm 50~80
K& Length/mm 80~110
F/KZ Moisture content/% 76.45

1.2 BNGEHREARESY

PR DR FH AW L 225 28, IR E.
DIz E . . ML, e, JHIERE. EY
G, HRKE., THEKE., RMBRRE, " HmitRk
B ORFEREHR, HEARGEMIE 1 PR, ZEEIR
PHLAT — UGS RN E E 200 . B, kA
WS SEA R . ML EESARSHIE 2.

9

15158 20 RRGeE 3. PILIzReE 4 30 5 ML 6. it
7. WLREE 8 EBMG 9 BRMEE 10, THERE 11 JUmikRE
12, ZmiEE 13 EM

1. Traction frame 2. Depth limiting device 3. Soil cutting and excavation
device 4. Separating screen 5. Frame 6. Land wheels 7. Cleaning device
8. Shelf 9. Bagging device 10. Lifting device 11. Primary conveying device
12. Secondary conveying device 13. Potato collecting box

B ORRE DAZRE BRI A

Fig.1 Structure diagram of bagged potato combine harvester

*2 ERBDDIREFHAQURNEEZRRSH

Table 2 Main technical parameters of bagged potato combine

harvester
Z¥ Parameters HU{H Values
SF (K xBE s
1%:211}1?12‘51(:: :Ij;rjgl,t:;l)xwidthXheight)/(mmxmmxmm) 87503 4003720
BHLF . Total weight/kg 5800
JEMNZESE Adapt to ridge width/mm <700
VIR S5 Working width/mm 1700

A0 TARR ) A

Pure working time productivity/(hm2~h'l)
1.3 THEREE
RIEARZER, DB B AEWRZ A 5 ZEHEAT AR A
Ak, B 7~10 d JE A A BCA CRALEAT IR ARl
I, AR D FI S WML Bt R L2 5] R AT iE 5h,
DI Lya i B DL€ MM VDT E 22, SR EIR GV
FEHY R SIE B 7 B0 . BOK R BAE 7 B 07 )RR s A
R, RO B ORI v S 2 T R ) S 0
IR BIHLAN, e 7 B0 70 89 ) 1) S 80 S kN B35 ik
FH, EHERET, SREARSIHERAREE.

=0.33

fillfi, BRI E 2R B2 9 U8 1 DA LB 2 AR v A Bk
B REERT. HRE SR E TR AERRERTT
MrtsdeE, Myt EmAR mitkE. £ %
FRA E i N A2 R S, RIS
P HH AR S AR AN ik e I8 IR B AR B AT W AR
AR,
2 FiEERI

T 106 %% B A A AR T I R B IR 5 AR ML) R SR B A1
EEHDCHR, FEIER. BER. WEIRRSGEE . R
FEE L SR SMUAR. IR, BRI, HoR
B K 2 fros.

LOGAR 2. i 3. [BEMR 4 THIERSCEE 5 WIS 6. dn
W 7. AMUBT 8. MR 9. BHEAE

1. Smooth roller 2. Cleaning roller 3. Fixing plate 4. Cleaning roller
support arm 5. Smooth roller support arm 6. Reinforcing tube 7. Outer
plate 8. Inner plate 9. Hanging frame

B2 FAEELEMTER
Fig.2 Structural diagram of cleaning device

THIER E AL TR T, HAE R RO
FRTSIASR B B BRI AEIR R AR A T
BTG L. IEGIRE RSB Zds), URTT
XF B BRI ROR, E— 0 LRI DR
R e A AR AEGR Y T AR L R AR Tk
REPREERE 7 MEEEBEIHRMA, HRERI
GO AR, NEEHAIREESL, AT LUE DR E
LKA T R EIE IR B TE RS AR5
L TE AR AR 2 (] SRR AR tH AR B AN, DR E A
PR B N ARSRATE, ARIABITHE R E . kR
ACHR F Sk S ksl /g, Jm i s I ) A TS LA 3
PR AL B, DT A A R USCER 2% A T T A AR
oK
2.1 BRIREEEE T

N T > B ARG I R 2 BRI, R =TS
WA, ARG T RS TR E IR T i IL
o w3 PR, HEETEGEEM. HTREE.
WEEH . 27558 TR A WAL BN LR T 2
PENVIESE, BorHE R Ay 1 520 mm, JEIRER 23
HEN 1190 mm.
2.1.1 kBRIt

THIEEE T EAEH 2 BRI MR DR E R+
MGRY T R85, [F H#ES) 8 FWOGRY I AT E 3],
HEEMINE 4 Fos. N7 HSHEERR S R%, X



10 My TFESHR (http://www.tcsae.org)

2022 4

FEA R s E AR TE IR E S, WeEEEEd —uwmf
B 20 mm FTE ML, 55— im A ERE 20 mm [FTEUIRE .
HIRERRAN G A EE R, LA 300 mmx
300 mm )77 fL, JT{EIEEE R 2R e E. TR
BiE e B R, FNRRDSEAE RS ES
BI040, T A A X L R T fas T (1) A L ) v IR i
Lo MR AL ) HE FE AN 7] 55 2 403 5 R e e AR [F], IR
e FLAIAE AT B TE A B 22 mm KIFIIUE .
| 1520
| 1190 |

INININININININ

1 2 3

1 [EsEH 2. JEIEER 3. #HiR
1. Fixed shaft 2. Cleaning sleeves 3. Baffle plate

B3 FkmghA

Fig.3 Structure diagram of cleaning roller

c. K

a. TR e P
a. Top axonometric view b.Bottom axonometric view c. Physical picture
LB, 2 s8hefl 3. Jidl 4 iREEENE 5. BTRMIAY
1. Circular protrusion 2. Spiral hole 3. Square hole 4. Spiral fan blade
5. Circular groove

b. JEE AR A

B4 FHAEHLEMA
Fig.4 Structure diagram of cleaning sleeve

N T 97 1k B Sl R A R N B R TE R 1 (] B
i, TEERER R B L T RORN:
< d,cosa, —1

2(1—cos ;)
K d NERFITER, mm; o NIGIRERS D842
(EERESR, (°): [ AHARARIAIEE, mm;

Horp BRI A oy dB I T .

o, = arctan g 2
o w NLRE SEIRE R EE R

RAE 1.1 TR EY IR S BN e 45 2R, [mlH
T B AT EN 50~80 mm, D4 S HIBERE R
BN 0.583~0.694"". Sy T AR AT BE X 1 T #4 E 1n] HTE
B, KLDHEE-TER d W S0 mm, g BOEHIE
0.652. ZHEMARKENMESE, WHREE [ 4 15 mm.
¥ ERSEHAAKX ) ~ Q) , HHEEIFEEER I
A2 RN 83.02 mm. B ETEIEE RN L%
BEMNGERYIRIE, BOHFIREREAZ 1 4 70 mm.

T 126 55 1 A/ 25 A W e Jad P T DL 25 o B 7E S 4% B 3R
e LR, HEASMSEEEWIFERCR . 7T IRIE
LR BAFIEER ISR, 1B Rt SR
PR AR IR . Nl 5 Fros, IR Nl A O TRE
a7 [ AT T B2 AT S vy S B2k 3, [m]IS DLSE A i
J¥ o SRIAVI LR Z el i s,

(D

n

R, ms's 0 9 088 Z BIERL AERE, rad-ss by ATIEEFEE, mm.
Note: | is the radius of the cleaning sleeve, mm; Q is the moving point that
forms the helical blade, v, is the speed of the point Q moving along the
generatrix, m's”'; o is the angular velocity of the point O rotating around the Z
axis, rad's™; Ay is the height of the cleaning sleeve, mm.

B 5 HaemrtEiE e

Fig.5 Sketch of the structure of the helical blade
W o A 22 1) LA A AR R IS BT 1R N
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y =1 sin(wt) 3)
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o L NN SRR, mm; ¢ BN A Q IBENHIT, s.
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W, AU R ROR AR, I8 2 X W e e 3 R — E 1
Pafs, WRER R L e R U

L,<L < 72K+ h)cotp (4)

b ONEIKEE, mm; Ay JYURE R M S E, mm, ¢
HIEBEFH L (°)s

MR 1.1 52 e 1 A S e 45 R, I K
FER AN 110 mm, B30 (4) HF5HHEN L A 110~
395 mm, SHEPFEAEIREH S, HEIBE LA
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2.1.2 DAZ LR EREREG D FHH
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Kb E N SRE N HMSE, Pa; B, NIHGERK I
BifE, Pa; 4 N HRERIARLL; 4, ATHERERIARLL.

1. B%E 2 HRER

1. Potato 2. Cleaning sleeve

¥ a AEAX A, mm; b A X, mm; p A DRE R
72, mm; p ATHEERIELEE, mm.

Note: a is the long axis of the contact area, mm; b is the short axis of the contact
area, mm,; p; is the potato radius of curvature, mm; p, is the scavenging sleeve
radius of curvature, mm.

BHo6 LEELHFALEHERTE
Fig.6 Schematic diagram of the contact between the potato and
the cleaning sleeve

LRE SIS E R X I S48 8 0

2
=7 9G,, (8)
16E p

KM TT Go N

G, = 3G =l3 6GE— 9
2nab w P

(5 ~ Q) LAY, SRE5EIEE S
(IR AR o TEYEE o AR KN 11 G, 187
TER R, SRR AAM L. A TR
A IR IEER 2 AL ), TEIRERM AL R
PR B ATVARA LUK IAG I o H 2 (9) W] R K42 il oL
71 Gy Mgi & iR 4% p i, MFEREMS SR ER
fuby, VE R R N A R AL AR L R T 2 AR
—EMIMIPE, HIFLEEHERR p WK, EREMPT)
Go BN, MATTTIA 2 JekA5i 1 H 17
2.2 REREEMNLIT

AH AT I/ 15 4R 2 [B) B2 A 5 303 1) R [R) 4% T3 R 1
M, HAMWE 7 FoR. SEHEANT DS SR ZEIREYIN
AU S| — @ IFHASTE R, [FIRIn T SR B e s k%
B EREghetia), g et ah E IR T ISR
T HEFERT L H R, R SR E R ARIEE Y,
FEEEIIA RLE BB K. BB R BN A &N, S5
TR LR S HI, e 1.1 b B E B 7
Fival, WHECHRFEAR o 30 mm. RGBS AR
e N IR (N AT WS prk N Y (A = (IR e it
BARKE Dy 1520 mm, SRR D, 91190 mm.
2.3 FATHIMEIT

N TSR E W EANE TR e R, TEiE
B BIMUMR EBG RN . i 8 AR, WKLY
FERTUEMEAE . TR, SRS LR AR R
SENLRS [ AR T IRHR SR 7 R el R S 2 A

WK 9a Fiow, IR T BIRRER, F1E
RS TERE R LA FALE, a8 S 3B RS R
PR LR LB SO RO BT S G B0, T S I AF G
FEERET .l 9b F, e AR A T BURIRESET,
VAT TSR SR B, R S N I R S

B A AN R T T sl DT S B AR B PR 1

D,

.,
1 T

E— Voo [T—=
1 L

D,
a. Sk
a. Structure sketch

b. S
b. Physical picture
W Dy IR EAKE, mm: Dy NP ERKE, mm; rn R,
mmo.
Note: D, is the overall length of the smooth roller, mm; D, is the length of the
middle round roller, mm; 7, is the radius of the smooth roller, mm.
B7 ki
Fig.7 Smooth roller

1 TUREREE 2. WM 3. JuRRSCHYE 4 SbRRFIUREE 5. EALE
6. WM 7. THIRRSIEE 8. IR
1. Tightening bolt 2. Adjustment groove 3. Smooth roller support arm
4. Smooth roller bearing seat 5. Positioning pin 6. Fixing plate 7. Cleaning
roller supporting arm 8. Cleaning roller bearing seat
B8 AL
Fig.8 Adjustment mechanism

IR A
Adjusted state
7

AR
Locked state

IR

N\
Adjusted state /

BAEIRE
Locked state

a. AR LAY b. SRFEIETY
a. Relative height adjustment b. Roller distance adjustment
Bo AiAs &8

Fig.9 Schematic diagram of mechanism adjustment
2.4 RIBAWSHHE

FETH IR R T, SR 22 32 B AR AR AL
BREVEES D), PERERT A Kt R R, L
L PERIEERBCIR . N T RIIRGENRE, ZEEN
HME IS B SR, I 3~7 MR AR AT i
TR RS, e 2 MRIERR A 2 1 DB . ik
bz BRE 45 ke/s. REMUM 100, IHREREE
120 r/min. YEHRFETHE 145 rv/min. TR AIOGEE 10 4R #E
16 mm. PHARAHN S 40 mm, DMGEZR. BT B FFR 4
FONRKHRR, AR 10 Frs. B 10 /T LUE
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o, THERRBUAR] 5 N, BRISFETARE, IR
A . S5 AR E LRI, e ELREON 5,
JCEREON 6. N T BTk B4 T 32 LR g R HEAR, AR AT
TR AR MG e 1 X TR0 A I o

—=— {}i# % Potato injury rate
—e— W% % Breakage rate 198

X ]

) 267 o g Impurity removal rate

< g

o 2.5 196 %
1zl oh =
2«;% 2.4+ E’

g S

=523 194% 5
;;t £ 22 &8
N 2
&E21 1% &

g )

o 2.04 £

< 4

2 191 90

3 04 5 6 71 8
THIESREE Number of cleaning rollers
B 10 fRaBePEFRE
Fig.10 Single factor test of the number of roll groups

2.5 DREFRALNNFESH

TETRGR B, IR SR ST oy 2 e
. NV IRIESREREIRE I RTEs), A SRE
FHRLIS AR ADCIR K 2 134T 70 #r

LR RGN B2 /1 A 11 B . Juxd
PRI e R RUSAE D R I8 BIPIRAS R AR B0, AR 5)
s, HAp RN R R, B BN IR
KRN, R INR B I R AR SR
XF O, G JIHE Mo BRE IR O, FUI I EV) 2 E& )
Fyo RKT%TF 0

ZMuz = mgby sin f + fi(a + b sin(ay —g)) (10)
—Nb sin(n—a;) >0

2

Zﬁb:Nﬁmw—ag—ﬁﬁmg—ao+ﬁ—wgﬁnﬁ>0
(an

Ji=wmN,
(12)
{fz =N,

T o NOCHREEE R H
Bt (12 fRAR (100 ~ (1) B3] G52 Hd
TR AT
> M., = mgh; sinf+4N, (a +B; sin(a —g)) (13)
—Nb sin(m—a) >0

Hrp:

ZFOZ =N, sin(t—e,)— N, sin(g—al)+,uzN2

(14>
—mgsin £,>0
[FEE, DR IEIRR &N
§y44=mgbmuz+mNﬂ%+@mm%—g» (15

—Nsb, sin(m—a,) >0

Y. Fou = Nasin(m—a) Ny sin(C — o)+ talNa. (¢
—mgsin £,>0
bt a BT O BISICABA A O, 10 ELLEIE,
mm; by AGEE T O FI G EARMLA O, (LR

12, mm; N3 SR E RS AR G SR SRR,
N; Ny S B R S ARG LT SR S 70, N
on NEFFST N3 NG FERRIKIRAR, (O)s B SEHETT Ny IR
FIEKLR 5 5 ) mg (A1, (°)s

a. P E/RRE
a. Location diagram

N, N

b. )15 Hr

b. Force analysis diagram

O\ MELEE, mm; b N OF O, EHLIES, mm; 0 NRAMBRME,
(°); | RIEEIR G R, mm: dy GRS SRR PO AR
JZ, mm; Ny JIEIRERN R ERISRE D1, Ny fi TR T B
71, Ni Ny G G ERISCR T, No o bR AT B E IR ), N;
mg NHREHGWET, Ny a NS N AN, RIS, () i
SCHEFT Ny IR ASE KR S IR A, (°).

Note: O is the centroid of the potato, O; and O, are the contact points between
potato and two rollers; a; is the straight-line distance from O to O;, mm; b, is the
straight-line distance from O to O,, mm, 0 is the inclination angle of the roller
group, (°); [ is the roller distance between the cleaning roller and the smooth
roller, mm; d, is the relative height of the cleaning roller and the smooth roller,
mm; N, is the support force of the cleaning roller to the potato, N; f; is the
friction force of the cleaning roller to the potato, N; N, is the smooth roller pair
The supporting force of the potato, N; f; is the friction force of the smooth roller
on the potato, N; mg is the gravity of the potato itself, N; a; is the angle formed
by the supporting force N, and N, (°); £ is the angle formed by the reverse
extension line of the supporting force N, and the gravity, (°).

A 11 LEAEEETARG A
Fig.11 Force analysis diagram of potato turning over smooth
roller
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A By 1 KGN T R4 S M DASKIN, “ AR i 5)), HE
FIEPERZ 18] UbAh, TEIGIEISREH Rl S AP Rh AR 15
HANE, AHAR A 2 R DA SR 8] i o A
BEERBAANR], I FETEEBERAR . 485 E,
kIR EBMUL. EEREE. BRNEGE. SRS
FEER AR EE T A RE X v P AR SRR R kAT A2 HAR
5, JRARAEHALSZE BT B R B Rk TIESSL.

3 RERE
3.1 R ESHR
HAT, N7 ARIFSGRLE B AL R e i, 4%
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FRPRAURS R E s RIS 102 B T o 2 2B A 2% B AR e »
Jr i 2 AT A B A, IR B AN 12 PR

=S

a. AL
a. Side view

b. ELREE
b. Cleaning device
I DR 2 WERE 3. SRR
1. Potato conveyor belt 2. Cleaning device 3. Impurity conveyor belt
B/12 X®keg
Fig.12 Test bench
IR A H A A SR EAVORILIG IR E
WRIG G PR, Bl WOCMEEL. F R AL
HBRL BT BFRT EERS. ISR 2021
9 H, RIAE AL AR N T SR B T R SR
YRHARGR “Hfk 3 57 BRE, BORYIENEE
TR E R R DR E WL, BRE =PRSS A
99.2, 65.1 156.2 mm, ¥ EHIKEEN 76.45%, HEFE
86.3~315g, HH/NF100g. 100~300g. KF300g %
AN 9.2% 84.7%. 6.1%. Wrgkihbk -tk
NBHEIE, FIESKERN 162%, HIERE 1.36 gem’s
3.2 EMIERR
MR BT ST 15 0 A IR 45 6 SR A B SRR A ok
WL BRAVENV 2256, 396 ORI 126 2% B s e 3 R ok
REEMM . IHRARE . R BRSO R
FEL PRERAAEN BRI R &R . 2% NY/T 648—2015
(SERZEBGRYLUR E T HEARIITE) A1 DB1S/T 1418—
2018 ( LR EFER R OMBARMEE) , BHER 1.
W Yoy BRIRR vy o hliedesl 2, HHT R R Z
FSESRTTR

BRI AT, A 7 RS PRI 1) 5 8 21 4l 2
#Eafr b, ma A7) R ERE L AU R
ATYCEEAS, WCERTH LR I I, IR ) DR T B
RERIEW Lo RUCHT IR A AR, HTH TR AR
EIE T LB B my RVSCERAR Y 2% U & ms;
N LG FAR BB R s RSS2 B ER my o FEAHRE B2
YR FIAIR AR A 2UH 5 T 4% S SR T ALY, R
FINEFBGTHAKT 0.2 om® FEIME K, 1 5%
VAL I 2 AR A A DA AT RE JBE O 45 AL A28 €0 ) ) D
B2, gt 2Pk, RESFHATIEIFR I,

K] ZrEA . aldiR (18) « (19 . (200 if
AR, R,
R,
W=c'xv,xm, an

W Wy ERHE, kg/s: cNNEIET R, my v N
AL BNIRIE, m/s; my NAIE T B AR S
/%'wbﬁ%’ kg/mzo

i, Y, =5 4100% (18)
my
Wl 7 % Y, = %100% (19)
m,
B 2% . Y, =—"2 %100% (20)
m, + ms

K my WIEN G SR E TR, kg m NTEN SR
i, kgs my NVENE0E R E &, kg ms AU
&, kgo
3.3 MEAR
SEPNANIE TAESE, HEEE VBRI
FIRELE R, e DR 4~8 kg/s. FEE M 8~12°,
B IE 100~120 r/min. JEARFEE 130~150 r/min.
TR SRR 10~20 mm. PUAEMXTEE 35~
55 mm. % ff] Design-Expert 10.0.3 #1775 KR =/K°F ik
[ EAS S, IR =K PGk 3 Fn, AR
WEL 3 KACFHMEERIRRER, T RE54R 0
4 fR,
3.4 HER59H
WRIEER 4 KIWEER, TR, B ER, Rt
TH 20N, KEBRAREDT, SRME S, {53605 %
RO, R EE R 21D ~ (23) Bk,
Y,=1.05+0.214-0.073B8-0.21C-0.095D+0.094BE+0.18BF
+0.194%+0.29B%+0.15C*+0.13D*+0.17E*+0.14F* (21)
¥,=0.63+0.114-0.062C—0.065D+0.053 F+0.083 EF

+0.14B*+0.14D*+0.069E*+0.16F> 22)
Y3=94.01+0.45B8+0.6C+1.07D+0.36 E+0.41 F+0.53CD
+0.54>-0.55B%+0.5E*+0.8F" (23)

*3 ERKFHEDE
Table 3 Coding table of factors level

KF Rl X B TEIEFRFLIH Cleaning  J63R¥LHE Smooth roller R AEXS TR FE
Levels Feeding rate/(kg-s™) Device inclination/(°) roller speed/(r'min’") speed/(r-min™) Roller distance/mm Relative height/mm
-1 4 8 100 130 10 35
0 6 10 110 140 15 45
1 8 12 120 150 20 55
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*4 HEHFRRER

Table 4 Test scheme and results

gt B C D E F W% YoJ/% Yi/%
Test No.

1 -1 -1 0 -1 0 0 1.73 095 923
2 1 -1 0 -1 0 0 2.12 1.17 918
3 -1 1 0 -1 0 0 1.51 0.83 928
4 1 1 0 -1 0 0 2.01 1.11 93.1
5 -1 -1 0 1 0 0 134 074 951
6 1 -1 0 1 0 0 1.66 091 95.5
7 -1 1 0 1 0 0 1.34 074 949
8 1 1 0 1 0 0 1.58 087 95.6
9 0 -1 -1 0 -1 0 1.69 093 929
10 0 1 -1 0 -1 0 1.61 0.89 934
11 0 -1 1 0 -1 0 1.63  0.64 93.1
12 0 1 1 0 -1 0 126  0.69 94.6
13 0 -1 -1 0 1 0 1.87 1.03 942
14 0 1 -1 0 1 0 2.06 1.13 943
15 0 -1 1 0 1 0 1.62  0.89 949
16 0 1 1 0 1 0 1.5 0.83 944
17 0 0 -1 -1 0 -1 1.77 097 934
18 0 0 1 -1 0 -1 1.57 086 944
19 0 0 -1 1 0 -1 1.53 0.84 936
20 0 0 1 1 0 -1 099 054 96.7
21 0 0 -1 -1 0 1 1.58 1.02 934
22 0 0 1 -1 0 1 1.18 1.11 94.3
23 0 0 -1 1 0 1 1.64 1.04 945
24 0 0 1 1 0 1 149 099 975
25 -1 0 0 -1 -1 0 1.55 085 932
26 1 0 0 -1 -1 0 1.85 1.02 939
27 -1 0 0 1 -1 0 1.39 076 952
28 1 0 0 1 -1 0 1.77 097 959
29 -1 0 0 -1 1 0 134 074 942
30 1 0 0 -1 1 0 1.59 087 946
31 -1 0 0 1 1 0 1.13  0.62 964
32 1 0 0 1 1 0 1.66 091 96.1
33 0 -1 0 0 -1 -1 2.08 1.04 927
34 0 1 0 0 -1 -1 1.24 1.08 947
35 0 -1 0 0 1 -1 2.01 0.87 935
36 0 1 0 0 1 -1 1.63 0.9 95.4
37 0 -1 0 0 -1 1 1.67 082 946
38 0 1 0 0 -1 1 1.53 094 96.7
39 0 -1 0 0 1 1 1.33 1.02  95.1
40 0 1 0 0 1 1 1.72 1.05  96.5
41 -1 0 -1 0 0 -1 1.17  0.64 945
42 1 0 -1 0 0 -1 1.68 092 949
43 -1 0 1 0 0 -1 1.29  0.71 95.5
44 1 0 1 0 0 -1 1.64 0.9 96.4
45 -1 0 -1 0 0 1 1.37 075 947
46 1 0 -1 0 0 1 2.07 1.14 959
47 -1 0 1 0 0 1 126  0.69 957
48 1 0 1 0 0 1 1.76 097  96.7
49 0 0 0 0 0 0 0.82 045 940
50 0 0 0 0 0 0 1.06 058 932
51 0 0 0 0 0 0 094 052 947
52 0 0 0 0 0 0 1.12 0.62 942
53 0 0 0 0 0 0 1.28 0.7 93.6
54 0 0 0 0 0 0 1.08 0.59 953

Br e R RN, BAEGE, WA Y. Y. YR
PR MR BRARFR RGBT I .
x5 BEWEHESH
Table 5 Variance analysis of each indicators
R H H Fi Pl

AR ra Z3

Test indexs Sources sscrligrgg 2:§g§z£f F value P value
it 3.92 12 12.26 <0.000 1
A 1.03 1 38.65 <0.000 1
B 0.13 1 485 0.033 4
c 0.34 1 12.71 0.000 9
D 0.22 1 8.13 0.006 8
BE 0.14 1 5.35 0.025 8
BF 0.27 1 10.14 0.002 8
Ve 0.37 1 13.97 0.000 6
Y, B 0.88 1 32.99 <0.000 1
c 0.22 1 8.33 0.006 2
D? 0.17 1 6.42 0.0152
E 0.28 1 10.64 0.002 2
F 021 1 7.91 0.007 5
Tk 2 1.09 41
AU 0.97 36 1.09 0.5213
R 0.12 5
eyl 5.01 53
e 12 9 13.45 <0.000 1
A 0.31 1 31.52 <0.000 1
B 0.091 1 9.2 0.004 1
D 0.1 1 10.35 0.002 4
F 0.067 1 6.77 0.0126
EF 0.054 1 5.49 0.023 8
B’ 0.21 1 21.5 <0.000 1
r2 D’ 0.22 1 2166 <0.000 1
D? 0.051 1 5.11 0.028 8
F 0.3 1 29.9 <0.000 1
7 0.44 44
AU 0.4 39 1.4 0.3819
R 0.037 5
¥l 1.64 53
et} 66.73 10 16.7 <0.000 1
B 477 1 11.94 0.001 2
c 8.76 1 21.93 <0.000 1
D 27.31 1 68.35 <0.000 1
E 3.15 1 7.89 0.007 4
F 4.08 1 10.22 0.002 6
CcD 221 1 5.52 0.023 5
Y A 2.85 1 7.15 0.0106
B’ 3.26 1 8.17 0.006 5
E 2.63 1 6.59 0.013 8
P 9.33 1 23.35 <0.000 1
Tk 2 17.18 43
AU IH 14.32 38 0.66 0.7915
PR 2.85 5
ps¥il] 83.91 53

E: NARRUIER, % LITRWEE, % Y3 RRBRE, %. A~F&
IR a~f I mISE .

Note: Y; is potato injury rate, %; Y is skin breakage rate, %; Y3 is impurity
removal rate, %. A-F means code value of a-f.

HHER S AT, (8RR, MR, BRARER P {1
<0.01, FWAZFEIBAIER B, HE 250 R 45
N 0.8458. 0.7991. 0.8479, & BH M N ARk v] AR AL ¥, .
Yoo Vs MR MR, WA, BRIARSBIA I P E
31 052131 0.3819. 0.7915, KT 0.05, PHIZR

I P<0.01 RRREE, P<0.05 FREHE.
Note: P<0.01 means extremely significant, P<0.05 means significant.

3.5 WEERXEERAS

HEE 5 SIebn 2o TRl F, XS 5 m i
(W28 HIUN BE . BF, W #6500 8 & 22 HLIUCH EF,
XTBR A ZE R W I BN CD, & &R BHAERH W
K 13 fios.

B 13a Al R 2 7E 0 /KT, HREH 5258 B A A
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ZHAF X E R . NS, 8 R
i RS VAR B BT BN 256 R B e BT
frkass. HTHIERDY: HREEEUI, PUARXT D
HISCRE T BRI S, IS R AE B E T 1
EHER, DRERHFEM R A BRI
I, DRERGHERAENRE, FEGERER.

B 13b Sy PR A v 2 U ) A2 ELAE A
RN LA E MU E N, BEE PR T
i, ViR S PR RRIE G R, X B O AR A XS
BN, SN B B L R T R BRI
FE, f# S SO R, RN, P
WA R BN, 2 SRR E A LI O, HE
FEPN R (8] o FE [F)—AH X i B T 47 28 < i 3 B 4 )3
INSEREARE T, X T AR B K e S
T S A g, BT A S, T
T LR BRI E RSB e, DR, X
e B UM ARSI, A AR T IR R R 2 R
SRS EAE TR P2 B A g, D5 R T

(L ES
Potato injury rate/%

-1 %\&%@\\o &%?% Bpy. -1 o
st Kt Ve % B o
e R ey, R
oe, /s o@

a. Y1(0,8,0,0,,0) b. ¥1(0.8,0,0,0,F)

| -

_

BRAeE
Impurity removal rate/%

o - -
%@%f:?&ﬁﬁé
splh s & WD

Beey ey O ¥

¢. ¥2(0,8,0,0,E,F) d. ¥3(0,0,C,D,0,0)
B 13 KERFHEHEATGY 0
Fig.13 Influence of interactive factors on various index
13c JyPRHARXS 51 B 5 4R P AT BLAE PR R 3 1) 5
M o B g 2 P AR AT X e ARG I 2 5 B I BT R
e, BEVS LR SO RAR P AR I SR I MIEE BT
TR 2R W FE SN EOR, S isR RAR BE K 52
MAEL N e M ELR Ay PR v B KB 2
AL FEL ATl DY DN E S S N
Bl 13d Jyif e i 5 R s TAE XS B
R . B AT 235 1B R A e MO R O e
AL TR KT I R IR B e KB, XS
HEF TR AT, TR AL R TR ) BE RO 2 1
AR LR RCR B .

4 BEMHSWIE
4.1 B

N BIEE R E REM KRR TR, FH
Design-Expert10.0.3 R AFEAT S HU AL, HH AR E L
Hir R 5B X = (24) fir.

JHIT Design-Expert10.0.3 XJ %S5 17 2 Hisfifb
K, BEMRILGE FA: LRIE 4.3 kg/s. BB i 10.3°,
TEIERETE 119 t/min. JEHREHE 148 r/min. JEIEAE
RFEEE 16.8 mm. PIERAHXT = FE 40.5 mm, XM (1475
FN1.06% WEEN 0.54% BEIFN 96.15%.
min Y,
min Y,
max ¥;

-1<4,B,C,D,E,F<1 (24)
0<Y <2%

0<Y, <4%

95%< Y,

4.2 RIGIIIE

N B8 UE AR A A R TN (1 A e T i 2 A
SHUAA FAF TEYLEI R R, F 2021 49 ATEILZR
B BN T O I T 3 VR A HEAT IR U RS . B e
MM SR ERMN “FF% 357, RHERAPNEE L%,
FHEEIKEN 16.2%, TIEFE 1.36 glem®, 0~15cm +
19U S FE A 0.49 MPa, 15~30 cm 3% 1% SZFF 5 0.84 MPa,
RGP 14 Fios.

A 14 9HiERE
Fig.14 Field test

Wit 3 APAT G, R R WE 6 . Emil
SHRE T, BRI E RN 1.10%, BEER
N 0.55%, FRIFHEN 95.04%, FPPATEbR S AT T
B AR ZE 535N 3.80%- 1.90%F1 1.20%, ¥/N T 5%,
SRS R EE, HEARPRIRF A A e 20,

#zo6 SHMHASGHELER

Table 6 Test results of optimized parameter combination

TiH L X
Ttems Potato injury ~ Breakage rate  Impurity removal
rate/% 1% rate/%
AL TR
Predicted value of model 1.06 0-54 96.15
B UE AR E
Value of validation test 110 0-35 95.04
ARRIRE 3.80 1.90 1.20
Relative error
5 5 i

T fREORRGE AR N SR A R LAE R
I LB AT B B AR AE I, A
T RE TR AR Y S R IR A RIS 1L 2
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ZAEE KSR SRR B HAI N, PR
3, JE “HREE” MRS SR Rt
BRI G P IR, ERENN R

1) it G285, F A Box-Behnken 56 5 &L F
BHE. EMA. ERREE, ELE. HERE.
IR . PRRARX RO R, DR, B
R BRA RNV TR bR, BT SR =K IR R
T 2 AR ST AT, BRSBTS T 3
S L ZAVORNIE L3S B S B MR R, 5287
RIS G FRE 43 keg/s. BEMMA 1030, Eik
5 119 r/min. JEHREE 148 r/min. ARG 4R
PH 16.8 mm. PERAIXSFE 40.5 mm, SR RN
1.06% B RN 0.54%. BRI N 96.15%.

2) XEARSEAAIAT T ISR, H A5
RIGLE RN GEFRN 1.10%. BTN 0.55%. BFBIF
N 95.04%, FAabn S FE KA TR Z /N T 5%,
PEMP R A A L E
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Design and parameter optimization of the cleaning device for a bagged
potato combine harvester

Wang Xiangyou'?, Lyu Danyang’, Ren Jiayi!, Zhang Meng*?, Meng Pengxiang®?, Li Xuegiang>
(1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255091, China;
2. Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipment, Dezhou 253600, China;
3. Shandong Star Agricultural Equipment Co.,Ltd., Dezhou 253600, China)

Abstract: In response to the problems of low impurity removal rate, high potato injury rate, and high breakage rate of the
existing potato combine harvester cleaning device, this study designed a cleaning device based on a bagged potato combine
harvester for viscous soil conditions. The two rollers rotated at different speeds to clean potatoes by rubbing. Box-Benhnken
response surface experimental design theory was used to conduct an orthogonal test. The feeding volume, device inclination,
cleaning roller speed, smooth roller speed, roller distance, and relative height were selected as the testing factors. The potato
injury rate, breakage rate, and impurity removal rate were selected as the evaluation indexes. The regression mathematical
model between each influencing factor and index was established, and the interaction effect of each factor on the response
value was analyzed. At the same time, the model was comprehensively optimized. When the feeding rate was 4.3 kg/s, the
device inclination angle was 10.3°, the cleaning roller speed was 119 r/min, the smooth roller speed was 148 r/min, the roller
distance was 16.8 mm, the relative height was 40.5 mm, the potato injury rate was 1.06%, breakage rate was 0.54%, and
impurity removal rate was 96.15% respectively. Field verification tests were conducted on the optimized results. Under the
combination of optimal parameters, the potato injury rate was 1.10%, the breakage rate was 0.55% and the impurity removal
rate was 95.04%. All evaluation indexes were close to the predicted values and met the operational performance requirements
of potato combine harvesters. The study is beneficial to the structural improvement and operation parameters optimization of
the cleaning device for potato combine harvester.

Keywords: agricultural machinery; design; experiment; potato combine harvester; cleaning device; sticky soil



