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Experiment on working performance of potato digger with

vibrating type of ladder shovel

DAI Fei, YANG Jie, ZHAO Wu-yun* , FEI Qiang, TANG Xue-peng
( School of Engineering , Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: In order to obtain the optimal job parameter of potato digger with vibrating type of ladder shovel, accord-

ing to the harvest mechanism of vibration and drag reduction, carried out the performance experiment through changing

the 4 major operation parameters as machine speed, digging depth, digging shovel length and crank eccentricity these in-

fluenced performance indexes of the potato digger, with the evaluating indicators as, losing rate, obvious rate and damage

rate. Combining the orthogonal experiment research, has obtained the optimal combination for each job parameter, such

as machine speed was 0.55 m*s™", digging depth was 210 mm, length of the digging shovel was 205 mm, crank eccen-

tricity was 6 mm by applying the overall rating method. According to the optimal combination of the job parameters to car-

ry out the experiment and confirmation, the experimental results showed that: The obvious rate was 97.6% , the damage

rate was 3.9% and the losing rate was 3.5% , which could be met the the specification requirements of quality evalua-

tion for the potato harvester.

Keywords: potato digger; ladder shovel; vibrating type; combination of paramters; verification test
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Note: 1. Limit depth wheel; 2. Separation of sieve; 3. Vibrating of sieve;
4. Ladder shovel; 5. Rack; 6. Eccentric crank; 7. Belt pulley; 8. Chain
wheel; 9. Clutch lever; 10. Connecting rod of separating sieve; 11. Swing
arm of vibrating sieve; 12. Connecting rod
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Fig.1 Structure diagram of potato digger with vibrating
type of ladder shovel
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Table 1  Structure parameters of potato digger with vibrating type of ladder shovel

ZRUAFR Parameter name A Unit B{E Numerical value
HME RS (K x 98 x #5) Overall dimensions(length x width x height) mm 960 x 700 x 450
FtE5h 71 Fitted power kW 8.8 ~ 12.5(FHHiFiHL Walking tractor)
TAEIRE Width of working mm 600
FZHERE Depth of digging mm 150 ~ 220
A FHH Weight of machine kg 50
255710 A /8 Angle of digging shovel Q) 20~ 25

YRV FE Speed of operating mes™! 0.56~0.83

4385 /PRI S5 Space of separation/vibrating screen mm 45
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Fig.2  Diagram of soil compactionby the plane wedge
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Fig.3  Diagram of partition operating region by ladder shovel
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Table 2 Test factors and levels

# Factors

A BELAT pomene  CAZIRET D AR R
AE gy BIEERE O
Levels  Speed of D;ggiﬁg Length of Crank
machine (/ep the digging eccentricity
/(m=s™1) i shovel/mm /mm
1 0.55 150 190 3
2 0.70 180 205 6
3 0.85 210 220 9
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Table 3  Performance testing scheme and testing results of the potato digger

BN 2 Parameters factors

RIGTPEM AR Test evaluation index

ﬁwj}?% LN PSS FEARURIE TR I HH A i B MR iR PikE
Test serial Speed of Digging Length of Crank Obvious Damage Losing
number machine depth the digging eccentricity rate rate rate
/(mes™") /mm shovel/mm /mm /% /% /%
1 0.55 150 190 3 93.6 5.5 6.8
2 0.55 180 205 6 97.3 3.8 5.3
3 0.55 210 220 9 93.5 5.8 4.1
4 0.70 150 205 9 91.8 6.7 6.6
5 0.70 180 220 3 94.2 5.9 5.1
6 0.70 210 190 6 98.1 4.3 4.8
7 0.85 150 220 6 94.9 5.6 5.6
8 0.85 180 190 9 92.7 6.4 5.8
9 0.85 210 205 3 95.1 4.1 5.7
x4 FRFHEFRBER
Table 4  Test results of the comprehensive evaluation method
HE Ra e LT X
N = Factor Result of test evaluation index LRETEIY
Ry .
+ serial . - Comprehensive
Test seri | 5 3 W/ % B/ % B/ % evaluation
number A Obvious rate Damage rate Losing rate (P)
(Xx) (V) (Z)
1 1 1 1 1 93.6 5.5 6.8 141.4
2 1 2 2 2 97.3 3.8 5.3 93.9
3 1 3 3 3 93.5 5.8 4.1 123.3
4 2 1 2 3 91.8 6.7 6.6 160.8
5 2 2 3 1 94.2 5.9 5.1 128.8
6 2 3 1 2 98.1 4.3 4.8 90.9
7 3 1 3 2 9.9 5.6 5.6 126.3
8 3 2 1 3 92.7 6.4 5.8 146.9
9 3 3 2 1 95.1 4.1 5.7 111.1
ky 358.6 428.5 379.2 381.3
ky 380.5 369.6 365.8 311.1
ks 384.3 325.3 378.4 431.0
2% Range 25.7 103.2 13.4 119.9
LTS A By G D,
Optimal decision
P; = 10Y; + 8Z; + 5 x (100 - X;) (4)  PEREWMT 2 M O BE A2 98 B2 R PLAT F
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X Py IR S BT 285 P WA @ YO E &
Sheio= 1,2,00,9 X Wi IKKIIER (%) ,i =
1,2,4,9: Y W8 i Wikl 3 (%) ,i = 1,2,
95 Z W 1 WK R (% ), i = 1,2,-,9%

A IR PRI H 3R 4 HR R /N LA

IR B ERGR S 4 B AZ IR ML LA RE Y

A By CoD,, BB HL R E N 0.55 mes™ !, #54
TREEN 210 mm, 29857 FE A 205 mm, {0 AR f 00

%6mo

H 2% PR A 22 mT DU H X 52 i i 3l =X o
URINE RS Kot IR (S A RS PSR A
APl Co B RTZ A DR BE o 25 42 3l DR L TR T o A7



%34

W RS ARSI AR DA EAZ AL L R RE I R 267

JCOBE AT IE SIS, SR PTG B Sl 7 0T S e
B G5 B 45 B R AR R B &
T A PR R F A HE T 5 YA IR B AR, T R
AV Do BEEE LA SR I 56k 422 i BIL 5 o sl 7 i 3 A %
WG TE IR S R b A 2 - RN b 2 (H AR
BLEIZE3E I, A% S5 22 06 4 OB 5 IR W i i oK &2 |
THEa# ., E, FEHR Sh =B B 7 IR 48 A2 R ALY
JE ST R 5 20 R B A2 9 TR L A
INCEESES LR R (P T
2.5 RARISIEIE

SEA AR IR 25 B BT A A 4R sh 2 B B IR Th 4%
FIZPEAE ERES L, W 2.1 ~ 2.3 FRARSC 1K
GO S5 5, K FEAIL A A O BE R BE R 6 mm 32
PRIREEN 210 mm ZEHEAZK LN 205 mm AYFZHRS” |
A RTHEE EE R 0.55 me s, PEAT I HRALAE
PEREIR IR IR UE . IR B0 25 R, I FAZ I dl & 1E
W ZEHATIRIE BT, VR A2 B 25 5 0] 1597 .6%
iR R 3.9% KKK 3.5% . R A4 5]
PV THE T A28 D12 SR is T Tha e, 80
N5 T EEROR W, (5K, R R AEZE L,
BB FN R & DR FWORPLUT R FA
FLIE (NY /T648 — 2002) VR PEREER

34 ik

1) D B H B A ) S A, AR T %
SESCAR T e PR DR  B77 3 15 S HLA 0 S5 B MR, ¢
i T —FIRShB AR D EEZ L

2) A IEACIRET ST , 8 1 O P s B i
R EGFEZ ML RN AT R A2 IR 2405
NN AN ERDE IR S SR & VNGRS

FONTEMFehr i T R s IR I . NSRS
VB A5 AEHLVE L B 45 S EON S 4L &, BI 2241
HIEEEE A 0.55 mes™ ! AZ 40 E R 210 mm 23
B R 205 mm  FHAR (O BEA 6 mm,

3) N HZE AL G VR S B T I8 56 e
VeV AL A 2R 0] 3k 97 .6% A B3R K 3.9% , i
KR 3.5% o R I AIVE L 68 B AT, 45 WA 5
VRN 48 05 A5 & 5 8 SO HL T 2 A B R E
(NY/T648 — 2002) 1Ml PERE K .

& % X #k:

(1] A, RER, B, 55 RS2 2 a8 UL O il 5
R [I]. Rk TR, 2012,28(24) : 15-21.

(2] ZREER,Z M 65 RIER USR]
gl TAE2EAR,2011,27(7) :173-177.

(3] B4, 52 DL LA, 45 R 4% B IR AL A B 5 0 &
[T st Rl R 2241, 2000,21(2) :91-96.

(4] WG RGERIER B SE L b [ E A S 2R ) AL B BIR B
ACHUALE AR B R[], A4l R, 2012, 51 (10) : 1975-
1977,1981.

[5] ZRER.,ZE 9N 45,4, WIS IMILBIT 5
g5 (1], R ,2010,41(12) : 76-79.

(6] X =, 2% . MZPH - 820 T} SA4T ThA4 S L e
(1] Al HLME 47 ,2009,40(5) : 81-86.

[7] BRZ,RER,REE,F . DR FVERILB BARIZ 5857 (P].
rf [ % 1] : 201010515049 .2,2012 - 05 — 09.

(8] ZEEfh, B3, N HE, 45 . 4U - 1400FD B Eh 4% S A iR AL
FZHRGI]. Rl R 224k ,2011,46(5) : 132-136.

(9] BUZe4s, ¥ W, B30, % 4UFD - 1400 %) B 45 B A U bl
HOBI (] A0k TRE~437 ,2013,29(1) : 11-17.

[10]  SCofuk, BT R s =Wz ML B 5 I8 (1] Ak B 2
fi,2006,37(10) : 77-82.

[11] 8 & ERIER, TREA, % /N E R BRL 43 25 256 B ik
ErrgE[J]. TR X AP BF5T,2012,30(3) :274-278.

(8% 231 1)

(4] HERRE, 2 EM, S0RSC, % 5T 60 4K H R AR B Ak U
PERAYASCIREIHLA [J]. 22 M 231 (A R B , 2013,
49(2):221-225.

[5] 4%, 2,2 25, % KA SRR A4t A
IR AR T A A —— LA ZR R X R 9 [ 1] 3 3 A R 4535, 2012,
(5):20-24.

(6] THHIME, ™SL & . SEF KA ICH /BT (1 v [ Al 4544 PR AL F 5T
[J]. 8835056, 2011, (11):92-94.

(7] WA A GELT . A I Pt ol 22 5 R AR 28 3R B0 0 % e F
FE[1]). TR X HFE,2013,36(1) :76-83.

(8] TRE.Hm _ICEFLEMMAISHT (1] Brimas B &,
2013, (1) :34-37.

(9] B B, XUHF, ok 3, % BT Ze iAol S5 40l b id & e 4
G IRTR L] AR R, 2013,52(17) :4294-4299 .

[10]  ZEhRAS, EIEAS. U MG 2= M ] dbat: o = 9% R

#1,2001.

(11] AWk, B ai st . K 68 DI BE 2 3% 38 B0 — ROt (19 oy 1%
(1] PH & ER HURHE 2% 4] ,2008,40(4) : 589-592.

(12]  FEMSC, B0 B A 5 138 [ M. b5« 5 S5 208 AL,
2005.

[13]  akTEE Al = b 25 ha) 8 3 X Aol 22 55 P A i sz i [ 7] BAR
ZAE EL,2012, (4) 1241

[14]  BHERT, Ficak . FRE Ml 28 e 45 4475 ) 5 R ol 386 K i = 22
WA HTLI] . R 25,2011, (6) :7-8.

[15] kKR, 0EE . Tl AR AR 3R = [l R A8 B =i
[J]. 22N K 22447 ,2007,35(6) : 138-143.

[16] HAEF-, X0 W T P K B U555 A ol 7= Ml 285 ) 18 ) il s 8L 2%
(T MR 22 4R (RE 2R R) ,2004,32(2) £ 119-124.

(17] 5K B Rkl Ak B HA Rk [ 1] 22 4R G Bk
2R ,2001,99(6)127-131.



