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1.7 Float; 2. 7B EHL Hydraulic cylinder for lifting; 3.7% & & ik Hydraulic motor; 4.4 8 W JE &l Hydraulic cylinder for pushing;
5.7 & M Foldable support; 6.1k % %% B Nozzle connection device; 7.75 /K /K 48 B i %& B Sewage submersible pump suspension device;
8.[F 1 Hydraulic synchronizing valve; 9. =B JE % Three-through hydraulic pump; 10.9& M 4H Hydraulic tank; 11,13k Nozzle;12.75
KK Sewage submersible pump; 13,4 [6] f§ Directional valve; 14,58 &zl Diesel engine.
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Fig.1
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Table 1 Key parameters of lotus root digging machine
8 ¥R Index H{H Value

SEI K& S LR/ kW 13.24
Diesel engine power ’
S8 R FPLEE 3/ (r/ min) 5 200
Diesel engine speed
15 KK B A/ (m® /T 10.52
Flow of sewage submersible pump ’
15 KWK 5% 38/ (r/ min) 5 005
Speed of sewage submersible pump
TAE IR 98

ﬂfﬁ'ﬁb /@m 1 200
Working width
B RIZHRE /mm 302

Maximum digging depth
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K IR WK B 5 T I W B A 32 114 75 7K ¥ UK 5 &
EEr N R RE RNy S A R UL 1 I JE R B
K S b v e R AR I E T S Ye K Y5 K 7
IR IR T e KA U Sk, Sk o UK Y
77 RE % e i s BE L 2 T A6 FC AR M i . 5 B[R]
M Sk T 45 2 i A RS VR T A A R A Bl md Sk 7K
SFIr I B AT RS Bl B i TR B iy e £ N 3% B
S UL 08 S5 A2 el SR R i A W B K R Al E L A T
FEURERAE KIS A8 A B P AR R I oK Pl A
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Structure diagram of walking hydraulic scour type lotus root digging machine
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098 s ms H A TF B ms - HIFERE AR, m; S
IE M A, m® sV ORIE R AR m L
B K s F, 7 BAEK R0 ) Nop
7J<E<J%ﬂ‘§,pm:1 000 kg/m’; g HE S MHESE, g =
10 m/s* 3V ATRRRAK PR AER , m’,

(2D AT, U R ) FE 5 N A Y AR T vE
dFfEmmEm H OFHEMER - BEEK L AX,
FIEREHLR T BT 6 I A SO AL, PR R R
TN d =330 mm, H =550 mm,r =300 mm,
L =900 mm , K AH I H A6 A0 A 2 (2) W] 75 54 97 fA]
#1202 300 N, 2% B8 HAR L A 52 2%, R R IE 2
FEALIE % iz A7, BT 42 FE AL 20 A7 de R i 77 £ IR
A K H — 2 W PR B TR 129 1 100 NL U 6
AR TR SFE T2 6 600 N, H AT S 4% i
AN 660 kg, i IL KT AEHLER 7 A Sb A9 LB
R T R

B2 FEHEHE
Fig.2 Structural drawing of buoy
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L =3H
A H AWK mm;d Wk kA
WAZ . mm; L g WEk B, mm, WL KA 75
mm, B3k BK A 225 mm,

SN
D a d
N S
H
L

B3 BikEE

Fig.3 Structure drawing of nozzle
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AR . Wk 0E A R A B 5 W Sk i B R i A
L2 AN WSk X FR A B BB 600 mm, B #E 600
mm 172 B BT A HE SN 32 AL 09 TR 0 5N
1200 mm, fAREEERR LR A5 R EIFE, JFEE N
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1 R L B 1 B 3 B2 1 55 B I L X 5%
TR A 3 2 0 D B AT S BR 2 AR R A R R,
U BUREEANRE T 40 25 mm JF 1 D EAHN 10 mm
L N EE AN A K 500 mm, U BUREE A 11 K
200 mm, [A]fE 160 mm FF 2 N~ HAZ K 10 mm AL,
B 2 e U RS b ) FL AR X 8 Ik SR A i e K R AT
S A R 1 SR AT 1N O F R
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1./ & B Angle fixing piece; 2. U BN 1T U-shaped
stainless steel groove [ ; 3.U BN A [ U-shaped stainless steel
groove Il ; 4.0 B % ¥ A Angle connecting piece; 5.1 3k 3% $: [

Nozzle connection port.
B4 BLEREIEEME
Fig.4 Structure diagram of nozzle connection device
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Fig.5 Hydraulic schematic diagram
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SRS A AN Z RS Bl 3 2R TR S AR B
ST FIT LA B W 3k S B RO BT S B R AT 0
Ho AT, e AMESim B8N 6 firzs . AR 48R T
1 60 5 R AR G Al B 05 1 4% e A AR A Y
SR RS A WUE §2 3 2 000 r/min, 5¢
A SNHL e 3 S 2 200 r/min, gl — 32 g T
IE o A P A% BJKE 530 e S BILAL AV 252 1) e 3t A1
2 000 v/ min, 75 I {5 H R 50 A 3 HLAY ek
BH 2 000 r/min, FESEBE R 2 Pra

;’P_) s
=
4
=0 1
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A HERS IR AL S % 47 BLASE A Branch simulation model of the hy-
draulic cylinder for pushing; B.: W& H T3k 32 # {5 HAE B Branch sim-
ulation model of hydraulic motor.

6 BERGHEKE
Fig.6  Simulation model of hydraulic system
D ELER. A TA R 2 A
{550 0.55 W), ¥ L 1932 17 38 B2 Al 35 2 fe RAE 11
em/s; ) 0BS5S N 0.01 B, R GL A 12 7 3 B 3K
FF/ME N 2 em/s; I {E57E 0.01~0.11 B,
JE ST 1 # 2l BE Ak T I S A A AR B B ) E S T

X2 AVESmEETHIFESH

Table 2 Main parameters of AMESim model components

P ZH HE
Component name Parameter Value
S & BhHL 1/ (r/min) 5 000
Diesel engine Speed
W B G R T ) .
e A1 L HEfE/(mL/1)
Hydraulic pump Disol . 4
(Hydraulic cylinder branch) isplacemen
. ) W KA/ mm
R L X X Piston diameter and 40X 25
Hydraulic cylinder .
rod diameter
Tt it 1 J¥Ja & J1 /MPa 1%
Pressure relief valve Cracking pressure
7 Y Ui IR Eey R ERERi | 01
Adjustable restrictive valve Signal range
W B CE By ik )
RS (L 53 SR/ (mL /o)
Hydraulic pump Displ ¢ 6
(Hydraulic motor branch) isplacermen
W B ik #Ei® /(mL/p) ”
Hydraulic motor Displacement :
it i 18 F I F1/MPa 93

Cracking pressure

FEhE 5

Signal range

Pressure relief valve
A BT I

0~1
Adjustable restrictive valve

0.11~0.55 B}, & & 6T /) % 2l 38 B2 Ak T 0/ 22 £ B
B BLBE AN A R ST R sl B . R L, e
M55 4 0.55,0.04,0.01 FEA7T Bk 43 #r, &
7B.C RIS 55 R 0.55 B 3R L Y B B
BER I RAE 11 em/s, K2y 5 s 0f 35 BV R ET 1 5K
PR M D55 0 0,04 B, 0 BT A R sh i B2
6.5 cm/s, Ky 9 s W] 35 B 6T 1Y e RATFE s 24 1R
{55 4 0.01 B EELAF Bh 3 B R 2 em/s,
29 sTJ Ik B R LAY e RATRE .

P& 8 AT AT, ST I IR A AR T I R oK I R
IR 3Em 3K 5] 2 995 r/min, MK ZE 0] RF 0
R EH A 2 860 r/min, % [& F K FE (Y % 1 i
oo K I T 25 3 1K % TN 3 1Y) 2 el 450 B8 T O TR
9 IF 3 S 8 /N, 2 1) D E S 0.05 I R H
KA FE T 3L F) 2 862 r/min,

DWEZRGEEWHRE. N T 50 5 B0 fE 6 P
KOkt e # W s BT 1 B 2 3l BE 1 AT AR E L 78 SE AT il
PERE IR B0 Z 17 SE X VR R AT I . AEIE R
MUIE 5 TAE J5 {8 FH 2 3ok 0 3 A0 %60 VR 1 3K ) o ol i
AP 5 3 URIBCT- S48y W s Sy 3k %) 5 R )
el PR 7 0k 9 A R L 2 R K IR K R AT
M, 208 R SR W FE 3 2 005 r/min, K5
MR A 10.52 m®/h, 38 oF 9 5 3K 56 & BT U
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R 1 I 2 e KB R B A Y e SR B 2 005 Vb 2, SRR Ak i 5 O, DA B ik i
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l ! i -+ f5%=0.55 Signal=0.55
L L 0 i ' . - . N 0.0k X X X . X X
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ifa)/s Time

A HERS W E L £ 3 B a2 47 1T 26 8] Multi speed operation curve of the hydraulic cylinder for pushing; B: # £ & JE il 19 iz 17 3 J il £ &
Speed operation curve of the hydraulic cylinder for pushing; C. £ ¥ JE il 1912 17 57 # il £k 4] Displacement operation curve of the hydraulic

cylinder for pushing.
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Fig.7 Simulation result curve of hydraulic cylinder
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Fig.8 Speed curve of hydraulic motor
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AT L I AL TR (L A 9 ZE AT AR
B A2 8 Fsf T P ) B ) AR A A =K

4)

KO P, v HIERBWE RGN HEE, cm/s;s s
RS W LI ZEAT A K ems e S HERS VR L
FEFTAR T B Ta] s s 28000 5 K 3 1R 1Y i T
2RI RGBS LR 10 cm/s 5 815 0
B A 1R AT I 2/3 Bl MR R T A A% B i B 295 6
cm/s s ¥ 759 IR Y R AT R 1/4 B WO BT Bl
BEZ)H 2 em/s, JE AR 50 AH N Y B R R 4%
DL b A 7 3 1R A o 1 R /N SR IR

1.4 MHEEiKIe

DRI Tk . AR Al R 2 2 A KR DS
S B G T R T T8 K g v A2 FE AL Y g I
R 9), E KK 10 m, %8 2.7 m, 50 EF
B e SR E 1 5, P K 704 mm, PR ERZ
86.748 mm. ¥ JFiHr 1 825 g, NI IFIZFEHLE
FLAG 8 E IS P T ek SRS LLET S 300 mm
B 1E] BEHE AU T 250~300 mm B0 &, 6 1%
5L 1 d E R RIS, AR 10 Bk, K
B AN A 5 8 A5 A T2 AL AR ORI A
A,

R I
Fig.9 Performance test
DVFEHrAEAR . H T E A SR R B PR AL R 1
HARF TR e Z M TP F AR T8 bR . AR
S5 TN TR R B9 2K, LA i TR B2 3 R 77

& 9



212

o Al R R R

540

RSN Tl (= T (Sl B A~ S IR L Tl I A
AT
R B CHD W] 2O AR 2
H=H,—H, (5)
KOG H AR AT 2 1 3% T 2 /K Y R
B omm; H, AR5 I8 )2 b 3 mm 2 /K Ty iE 2,
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FEFEIF IR AT A )T ER ],

m
e 0
A MXlOOA (6)

6Dy m Sy e DXAE L 5 77 3 R A
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21 mRIEREIRE

B BAZ TN 2R, RIIE Sk A W I £ J3E (s
Sk ) v 2 5 B BT 1) Y I A RS TR BT A4 7% B
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T 22 1) Y BE 88 WSk AR e 2 o+ AR T Z
=7 FPRE A 07 i K R DL ]
T OIS bR L B0 R =K P Box-Be-
hnken {85, 47 17 205, BA XK ER 3 K,

WP S (A IR 45 2R SE LA — AR b
Wi 1 min J5 PR AR SERTHER) R — TAEGLE Y. wEk
R 7R T AT 10 B 45 DA 3R OK P K 4 A
R 3R I T R LA RANER 4 R,

& 10

s Sk i Rl R

Fig.10 Schematic diagram of nozzle flushing

% 3 Box-Behnken i E =k EHLE
Table 3 Box-Behnken design of factors and levels
e ANRTRE e
P M- Bah
/ X,/ 2 X,/Cem/s)
Levels The depth .
Jet angle . Moving speed
into the mud
+1 60 50 10
0 45 0 6
—1 30 —50 2

x4 KEARRER

Table 4 Test design and results
e WA MIE X, /() AWRHE X, /mm Bl X,/ (cm/s) BRI H/mm TR ALY
Test No. Jet angle The depth into the mud Moving speed Scour depth Floating rate
1 30.00 —50.00 6.00 289 83
2 60.00 —50.00 6.00 270 47
3 30.00 50.00 6.00 234 17
4 60.00 50.00 6.00 195 0
5 30.00 0.00 2.00 269 30
6 60.00 0.00 2.00 243 18
7 30.00 0.00 10.00 289 83
8 60.00 0.00 10.00 269 53
9 45.00 —50.00 2.00 267 31
10 45.00 50.00 2.00 186 0
11 45.00 —50.00 10.00 293 87
12 45.00 50.00 10.00 242 27
13 45.00 0.00 6.00 265 43
14 45.00 0.00 6.00 268 44
15 45.00 0.00 6.00 272 47
16 45.00 0.00 6.00 264 40
17 45.00 0.00 6.00 270 42
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22 EEMKKERALE PN S 2 T I 5 A 2 e A R, X () iR .
1ﬁ%ﬁ$ﬁ%ﬁﬁ Design-Expert 8.0.5 !Fﬁ{il»jﬂiﬁi‘ﬁz}' A=43.20—11.88X —25.50X,+21.38X, +
B 2l R PR A B, LSTX, X, —7.25X, X, ~8.10X ®
DR E H, J5 2250t insk 5 s, izl RO FHETESN
UE] *ﬁ EL_J I % ) 5,% }y\ Kﬂ\ E/ﬁ 7[: 0 % , JH: [E] UEI ;Fﬁ EL_J ﬁ %{ ) Table 6 ANOVA for percentage of floating rate
R W X, X, X, X, k5 %8 FKkF; ERRR Phe amk o sy PO P
. - . Variation  Sum of Degree of Mean F P
X2 X3 ﬁ ?U Ek[ = 7J(—T|Z‘ H ,ﬁ\:ﬁﬁglﬁ i@ Z< E N Hﬂ %‘% 5 source squares freedom  square value value
R F B S AT AT S P el R B E IR R ] ‘
o . . . . . Model 10 651.98 9 1 183.55 78.49  <C0.000 1~
WE Sk A U8 TR BE | RS W DAY RS Bl B R mE sk Yede
e hEe 2 X o
WS R LA U Uy L PIZSIS 1 LIS T <0000 )
S — X, 5 202.00 1 5 202.00 344.99 <<0.000 1**
W= PR, : ’
H = 267.80 — 13.OOX1 - 32.75X2 + X, 3 655.13 1 3 655.13 242.41 <<0.000 1"~
16.00X, + 7.50X,X, — 20.65X" N X, X, 90.25 1 90.25 5.99 0.044 3%
. X, X 81.00 1 81.00 5.37 0.053 6
®5 BRIRE HHESH o ’
Table 5 ANOVA for percentage of scour depth H X, X5 210.25 1 210.25 13.94 0.007 37"
— - X 11.46 1 11.46 0.76 0.412 2
ASKE CFIr A H H B ¥o7 F & P{H ,
Variation Sum of  Degree of Mean F P X; 276.25 1 276.25 18.32 0.003 7" *
source squares freedom  square value value X’ 5.57 1 5.57 0.37 0.562 6
551 ‘
ﬁodcl 14 123.64 9 1 569.29 48.76  <C0.000 1™ * 5){29*2 105.55 7 15.08
Residual
X, 1 352.00 1 1 352.00 42.01 0.000 3" " 25 BT - \ 2605 - 0110 1
X, 8 580.50 1 8580.50  266.59 <C0.000 1°* Lack of fit -0 "oV e :
X, 2 048.00 1 2 048.00 63.63 <C0.000 1" "  gfqm
{ Az 26.80 4 6.70
X, X, 100 1 100.00 3.11 0.1213  Pure error
X, X. =y
X 9 1 9.00 0.28 0.613 3 A 10 757.53 16
X,X, 225 1 225.00 6.99 00332  lotal sum
X? 0.095 1 0.095 2.943E-003 009582 2.3 MoKz g E 57
X? 1.795.46 1 179546 55.78  0.000 1" * 5 A 6 A, B M X, ATRIRE
X? . 1 . 2.943E- 1958 2 TN N w3 T B
5 0.095 0.095 943E-003  0.958 XZ\$ZZjJJEE XgXﬂ‘{EPEU%E*D{%ILH%i@ﬁﬁ%?}
B2 s . e e
RE w1 a BT 03 TR L XEAT B
i 56 T 3T 60 5L T 5347
L 180.5 3 60.17 5.37 0.069 0 . R 8
Lack of fit D RIEE . B 1A /5, Y AREE —E
2R 2 44.8 s 11.20 N o bl R 32 i 5 B 51 2 A8 8 KT 4 A, B o i R
Pure error L~ N2 2 TN y
- JE SR s B AR R YR sh i — e m, b
Total sum o916 i) % i A N e TR R T 4 A B S 1 R B R /N 1

oo x ZRWBF(P<0.0D); » ZHEBFE(0.01<<P<0.05); F
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Design and experiment of walking hydraulic scour

type lotus root digging machine

HUANG Lin,ZHOU Yong,ZHANG Guozhong, TU Ming,
LIU Yan, WANG Hongbo, WU Zedong

College of Engineering s Huazhong Agricultural University/
Key Laboratory of Agricultural Equipment
in Mid-Lower Yangtze River ,Ministry of Agriculture and Rural Affairs,
Wuhan 430070,China

Abstract At present,the mechanized harvest of lotus roots is low,the labor intensity of workers is
high,and the harvesting efficiency of lotus roots is low. Therefore,a walking hydraulic scour type lotus
root digging machine was designed. Hydraulic system was used to control the reciprocating movement of
sewage submersible pump and nozzle. Two sewage submersible pumps were used to control one nozzle
respectively to make the water flow have enough flow and pressure. The hydraulic control system was
simulated and analyzed by AMESim,it was found that the hydraulic system works well through the ad-
justment test of the hydraulic system. In addition,a Box-Behnken test was carried out,and the response
surface analysis and parameter optimization analysis were carried out,where the jet angle of the nozzle,
the depth of the nozzle into the mud and the moving speed of the hydraulic cylinder for pushing were
taken as the test factors,while the scour depth and the floating rate as test indexes for design. The ex-
perimental results show that when the jet angle of the nozzle is 30°, the depth of the nozzle into the mud
is —24 mm,and the moving speed of the hydraulic cylinder for pushing is 10 cm/s,the scouring per-
formance of the machine reaches the optimal state,at this moment the scour depth is 302 mm,and the
floating rate is 90 %.The research can provide reference for the design and optimization of the lotus root
digging machine.

Keywords lotus root; lotus root digging machine; mechanized mining and excavation; hydraulic

scour; hydraulic system; AMESim
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