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1. W & & %t Hydraulic system ; 2. ¥ & 7l fil. Hydraulic cylinder;
3. 43 K A BE R 1Y 2% B Water distributor height adjusting device;
4. WU MR TETE B 22 FT 42 8F Reciprocating screw nut; 5. Ji HE B3k Hy-
draulic motor; 6. 437K 5% £ B I 15 ¢ & Water distributor angle adjust-
ing device; 7. ¥ #H1t 3k Lotus root digging nozzle; 8. 45 61 #5 1 1 4l
Simulated lotus root field soil groove; 9. Hi 5l & % Electric winch;
10. 43 7K #% Water distributor; 11. B[] #2 i 112 52 22 #F Reciprocating
screw; 12. H 210 B T4 Linear slider guide; 13. Y3l #f Petrol tank;
14. HLHE Frame; 15. i /K4 High-pressure water hose; 16. 7K % Wa-
ter pump; 17. ¥ & 8L Petrol engine.
Bl ZHEEERRTEIEENE
Fig.1 Overall structural diagram of the lotus
root digging device test platformrm
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Tablel Main performance parameters
2 Parameter BAH Value
R (K X 8 X

IPIBIC R 0 2/ m 2.2X1.5X15
Dimensions of test soil tank(L X WX D)
il # BE / (mm/s) Operating speed 0~150
FEM i %6 /mm Working width 1600
IKFEAKGEE /mm Pump depth 0~300
5 S 4 e :
LA S AR S/ (mm/s) 0300

Nozzle reciprocating speed
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BT MU BRA R A = B 88 T) 205 7K 28 10K 98
it &4 80 m*/h, K 30 m, /K I EH A2 A 75 mm.,

Be E 50 g vk B 2% 2P77F B35 & shill , Pl ok
Uy 17.1 kW, e KHLH A 48 Neom, H 22 55 5
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Fig.2 Distributor structure diagram
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1. 4l 7K )& Bearing housing ; 2. S #1JiS J# Guide rail base ; 3. = /& 1
47 77 % Height adjustable square tube ; 4. % #% # Connection plate ;
5. 7% Linear guide; 6. Bl #% Coupling; 7. ¥ 1 B ik Hydraulic
motor; 8. X [a] 42 JiE £i: & 22 ¥ Bidirectional helical reciprocating
screws; 9. ff B8 19 7748 Angle adjustable square tube; 10. 43 /K &%
Water distributor; 11. J§ Bjj & #% 7K 3k Fire protection quick connect
head ; 12. X [] R i £ & 22 T 12 ) Reciprocating screw nut; 13. %1
W Guide rail slider.

3 SDKBEWMEBIEELEN

Fig.3 Structure of manifold multi-axis motion device
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Fig.4 Three types of printheads
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Fig.5 Nozzle profile fluid velocity cloud
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Fig.6 Fluid velocity variation curve at nozzle centre axis
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Fig.7 Pressure variation and turbulence intensity of
nozzle inlet and outlet sections

KBS YAYE e AT RIS, S 7K R A 45 R, ME LA
XA 2R 3 o RIVE T o %22 230 A R T i
PR X IR A b B B2 R R e, o T AT o 2 45
V) 25T, A 2o AW 2 3 A X LA B e I 7 58, 3 75 %k
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Table 2 L,(3*) orthogonal test factor level coding table

4ifih Code a/mm b/mm /(%)
1 0 15 0
2 50 20 30
3 100 25 60

F3 LHEXRBEARRER

Table 3 L,(3") orthogonal test programme and results

J¥% No. T, ) = 3 y/mm  y,/mm
Blank

1 1 1 1 1 447.9 121.5
2 1 2 2 2 377.1 131
3 1 3 3 3 177.9 137.6
4 2 1 2 3 269.5 230.1
5 2 2 3 1 371.2 117.7
6 2 3 1 2 243.8 129
7 3 1 3 2 391.6 162.5
8 3 2 1 3 177.2 150.2
9 3 3 2 1 195.9 33.6

TE 0y vy il ey DRy WSk B 08 g L oK I AR RS O A L Y 4 )
{f . Note:x;.x, and x4 are coded values nozzle height above mud,

outlet diameter and jet angle.
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R4 BILXESHMENTR
Table 4 Extreme variance analysis table of

nozzle key parameters

b . 235
WiH It b .
Norm JH Ttem “ Blank ¢
K, 1002.9 1109 868.9 1014.9
K, 884.5 925.5 842.4 1012.5
K, 764.6 617.5 940.7 624.6
ky 334.3 369. 7 289.6 338.3
k, 294.8 308.5 280.8 337.5
yy/mm by 254.9 205.8 313.6 208.2
R 79.4 163.9 32.8 130.1
% E K
L bca
Prioritise factors
UES
. byea
Optimization
K 390.1 514 400.7 272.8
K, 476.8 398.9 394.7 422.4
K, 346.2 300.2 417.7 517.9
ky 130 171.3 133.6 90.9
k, 158.9 133 131.6 140.8
,/mm by 115.4 100.1 139.2 172.6
R 43.5 71.2 7.6 81.7
L cha
Prioritise factors
UWES
L cshiay
Optimization
FH 5 TR, B8 B a X il B B vy, 520 Sy

EHZE (P<<0.05) , % MR B v s IF A 8 2 (P>
0.05) , Psl b o 0 25 B i) 5 B8 AR IR, B 908 v B a B
ay IR 5 K BT AR b o TR B vy, ) 5 38

Vo S 4R 2 (P<<0.05) , HXF T 2 598 hn 1Y
K249 by, B K TV AR 0 B by AT 5 3

WA ¢ 6 R B FE vy, B2 IR SR i B 2 (P<<0.01)
X o R BE oy, B9 52 Sk 2 3 (P<<0.05) , (H X F 2

A5 B bR B0 K S AN RE [ Ok o ) 58 2y, 5% )
I, DL e, Xt iR ) RE A I (K7 S X
B o AE G S BE ¢ BT o My IR el R B ) 2
PEA K A8 kil 58 138 728 A 5, O AR BE ¢ B o,
NN o 25 EARTTR N abie,, (HIXTT RATELD
OE K I 3 2 v, w5 A 2 B P B

8, 0 50 25 2 Sk op il IR B 433.2 mm, #f kil B8
126.6 mm,
BET7 (R R TRy b F FIEAE 56 v A VR AT &5

FARR S R A2 AR, i K FIE 8 i
SEYIME 5 P T ZE 1w R R B oy, Ry ORS00 H 1
2 KPR (B2 5 AR IR 56 v 5 B (9 440 134.8
mm A 2E AN K A3 HE R A PR 2R o o inf ] 5 B vy, B
ﬁ&ﬁ%l?iﬁ.?d&%ﬁ‘ﬁm o S AL
o WL TR abic, LT 56, RISk i 25 e
1 o4 50 mm K T ELAR A 15 mm A 30°
B, 2 F Sk HLA B A R e v 1 BE
1.6 BREESIBE TS R AN
RIS WS AR S R AR S AL IR
rqnﬁllﬁfﬁz% Xof BRLIE Sk (1432 Sl I3 K o T AR A T R
2531, I F FH Matlab 3544 %55 3k 32 3l 0 #1700
ﬂ:,ﬂz%ﬁ@Jﬂﬁ%ﬂzﬁnﬁuLﬁFﬁ%m R B
PRSI A RIS I o K SRR S [BDE | 15 mEsk 5k

F5 BLXBSBIRRERAESN
Table 5 Anova table of test results of nozzle key parameters
AR B sk g I iy 4
## Nom Sourclejj[;f;falion Sumtzj:ares Degreei| I;)l-},;)rzeedom Meairijz(juare E r
7 Model 84 232.913 6 14 038.819 16.282 0.039"
z 9 464.607 2 4732.303 5.488 0.154
VR v, Z 41123.167 2 20 561.583 23.847 0.040"
Scouring depth x5 33 645.140 2 16 822.570 19.510 0.049"
%2 Errors 1724.487 2 862.243
St Total 867 413.400 9
157 Model 20 757.420 6 3459.570 72.240 0.014"
z 2 940.620 2 1470.310 30.702 0.032"
M SERE v, , 7 640.660 2 3820.330 79.773 0.012"
Scrub width 2 10 176.140 2 5088.070 106.245 0.009"
2% Errors 95.780 2 47.890
At Total 184 392.560 9

T R .3, P<<0.01; * 3R 2 .3, 0.01<<P<<0.05, T [,

Note: ** indicates that the impact is extremely significant, P<<

0.01;* indicates that the impact is significant,0.01<<P<C0.05, the same as below.
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Fig.8 Single nozzle motion analysis diagram
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JE R R . B b ORI AR bR A B Matlab 87
TR AT B T AR 5 B 2R AT BT
BEHEFE v, 17.3 mm/s, #2803 F v, 4 130.7 mm/s.
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Fig.9 Hydraulic schematic diagram
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2024 4F 6 J 21 HAEAE Al R e A K UG
A AT G20 (I 10A) o i 38 S S AN
ROV R 3R 7K 43 IS A A A B 28 % - A e 5%
PESEATIN A, I 25 A0 - A 58 R R4
$910.2.2.1 m, PEIITRE A 0.183 m, KRN 0.3.0.4
m AL + R ST EF R 0.92 kPa, 0.4 m Ak 385K
R 57% o ISRk AL H DL <R 6 52
e RUH WAS IR R P AR 3 4 )
43 0.504 m,0.087 m.1.852 kg, ¥ 3% F W HE /£ Y8 F
0.4 m AL (] 10B ) , 42 JECH UL 11 3% #8451 7 1) 1dE
FrHE3E , R UG0S 30 3 (B110C) .

2 HBR5HH

2.1 EARESC R RIS
R B IE I Sk A RS B TAE S 8005 HAR 56 il m)
SEVE RO BRI O I AR 45 5 IR B R Sk i

AR 4 4l Experimental soil tank; B: 3 #8 ¥ & Burial depth of
lotus root; C: #/rHL#i {37 & Partial buried lotus root position.
E10 EFFTUBRRRIXWINEE
Fig.10 Lotus root pre-buried effect and test

environment diagram

V5 BE 2R 50 mm 7K FVEAR S 15 mm, 53 150 ok
30°, FEE AN B (B AR SN ), HOG B2 F T
S AT R a5 e R IR A 3 RO M,
BRI PR ] A 30 s, XI5 AN 2 7 R .

R7 BELHRIEERIERB T RRER

Table 7 Single nozzle flushing performance

verification test mm
WIS R B Scouring Wl G
Test No. depth Scrub width
1 411.5 115.5
2 405.3 118.2
3 407.9 116.7
FIIE Average 408.2 116.8

5 b3 e s 2 g6 A5 20y ol O B 433.2
mm ., ] FE B 126.6 mm A AR, whOiR R A 22
5.8%0 IR TEREAR 22 7.7 0% , AR 25 A K, iR B
oy B S T
2.2 Box-Behnken iy H &M REIRIE

SARIATE S A OK T vl 42 2 BT 5 AL
HESHE I A B o ATHESRE o FIEESIHEE ¢~
R R 2R DA R A2 1R A i 5 45 , T i Box-
Behnken H1002H A3, 2Kt an 2k 8, i 560
FNAER MR I PR ERZR AT AT

A:%X 100%

T (28) e g T HH FERE 10 i, @5 ML Ok U 3
R E R, g
HEREAZ AR B TT 22 3 BT 4 RN 10 7R, 12 10

(28)
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#& S8 Box-Behnken {F EiXIE EZHE/KFEHL

Table 8 Box-Behnken simulation test factor level coding

R0 EBESHEFESNW

Table 10 Analysis of variance for lotus root surfacing rate

#ifith Code a/(®) b/(mm/s) ¢/(mm/s)
—1 0 10 0
0 30 20 100
1 60 30 200

%9 Box-Behnken AEIXIEARRLER
Table 9 Box-Behnken simulation test

programme and results

V% O
F'5 No. k) T, 5 2 %}_/A
Surfacing rate
1 —1 —1 0 89
2 1 —1 0 53
3 —1 1 0 22
4 1 1 0 7
5 —1 0 —1 36
6 1 0 —1 24
7 —1 0 1 88
8 1 0 1 60
9 0 —1 —1 37
10 0 1 —1 6
11 0 —1 1 91
12 0 1 1 36
13 0 0 0 50
14 0 0 0 51
15 0 0 0 54
16 0 0 0 46
17 0 0 0 48

VE sy vy By Sk S5 AR T A0S R R 3 R O 4 D 0
Note: ., and x5 are the values of jet angle, forward speed and
swing speed.

AR AR i 3% (P<<0.01) HARFIIAS 2.3 (P=>0.05)
T DT BB BT, 2y oy s T 2 R R AZ
HeR ML 2 (P<T0.01) , aay 0 2 FH 32 V0 52 )
B3 (P<<0.05) , HARTIG 38 R 1215 R B B 8 3
(P=0.05) , H.4% Rl 3 0T 34 Fl 428 ¥4 32 52 Wi (1) = YR
TR SRS SR A R, SR [ A
AW ETUG 3025 R 5 IERBZE R A Z B )
R

A=49.8—11.38x, — 24.88x, +
21.505 — 62,25 — 8.287,°

T [ DA TR S8 8 P 23 A i 3 R 93 B
T JBE N S R A AR AL LR 2 T H A A LR
AR R EW TS BAE S E R R Z Y

(29)

ARSI PR ARE Y75
Source of  Sumof  Degrees Mean F P
variation  squares of freedom  square
B Model 10 293.89 9 1143.77 5520  <<0.000 1"
T 1035.13 1 1035.13  49.95 0.000 2™
T, 4950.13 1 4950.13  238.89 << 0.000 1"
T, 3698.00 1 3698.00 178.46 << 0.0001"
202, 110.25 1 110.25 5.32 0.054 5
2025 64.00 1 64.00 3.09 0.1223
T4 144.00 1 144.00 6.95 0.0336"
) 6.32 1 6.32 0.304 9 0.598 0
5 288.32 1 288.32 13.91 0.007 4™
x5 4.00 1 4.00 0.193 2 0.6735
LiiuoIfmﬁr 145.05 7 20.72
Pufior 108.25 3 36.08 3.92 0.109 9
MR Total — 36.80 4 9.20

oo IR 2 B B 35, P<T0.01; %3278 2 i 35, 0.01<<P<<
0.05, F[Al . Note: ** indicates that the impact is extremely signifi-
cant, P<C0.01; * indicates that the impact is significant, 0.01<<P<C
0.05, the same as below.

K Z , FIFH Design-Expert 12 2l 537 £f B B 30°HT,
P 15 922 5 S R 425 4 R 114 58 B A T W i
i e P BT 11) o YR 3 — 5 I, S R 2 1
RSN G TG O 5 25 13 50 L [ I, R
V3R [ R R Tl )

TR AZ AR AE L b R FR 3 LA e I 1Y
A G UTEREIZ R A S B AR pREL, DU
FARE a HTUERE b AR EEE o N AR, X s
Y R AL AR A, B b eR S LA R

max A
0°<<a, << 60°
s.t.910 mm/s << b, << 30 mm/s
100 mm/s << ¢, << 200 mm/s

8 B Design-Expert 12 G173 FE 1515 R A
AL b, I B RS B G N S A o R
27.4° H ik 6 K 10.6 mm/s . B B ¢k 191.1
mm/s, XF N EREIZ AR 9300 . A IEL LS
AR, IR US55 T I 3 i 2l , 45 21 °F
Y RERE AR 9100, S IUE IR 22 2.200, (=
BAE R AT AE

(30)
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Fig.11 Response surface plot

3 3t i

ARWFFEBETE T —FP A2 K g vl 42 38 256 5 1t
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3 R - M R RN T B B 25 A 52 R, R A EDEM-
Fluent HE& 5 HITJ& T Lo(3") IE 387 IR , 15 3w
A B HK 1T B AR 15 mm 258 5 B 50 mm
SHRARE 307 NIRGTME kA2 sl I el s Sk ol 1h AR
AR I, o % 3k 328 2 30030 J k) T AR AT T B
K BRE A3 #r , 358 FH Matlab 0875 B8 75 W% 3k 3
W3 B 5 P iy 2 3 A5 Bl BE 43500 Ry 17.3.130.7
mm/s, X ERGHAT TIRIF SR, ETFEE
K w4 FE 2E EARIG - A, R T B Sk o) I
Ye Pk I, IR T s Sk SCHE RSE K TAES 5 B
SH A AT AR o ARG IR AR R T 1 Bl
JEE T S A2 R 1 25 B 52, JT JE Box-Behnken 1
OAAYEREIRE , @ T LOE RIS E R HAR £
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Design and testing of experiment platform for reciprocating hydraulic
flushing and digging device for lotus roots

LIU Ran,ZHOU Yong,ZHANG Guozhong, TAO Guoying,
TANG Nanrui, TANG Haojian, SU Yangiang

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

Abstract An experiment platform for reciprocating hydraulic flushing and digging device for lotus
roots was designed to solve the problem of low operating efficiency and serious leakage existing in the fixed
flushing method of traditional hydraulic digging nozzles for lotus roots. Fluent simulation was used to con-
duct one-factor experiments on the shape of the nozzle and obtain the cone-column shape as the optimal
shape. EDEM-Fluent coupled simulation was used to carry out Ly(3") orthogonal experiments on the key di-
mensions and working parameters of the nozzle and obtain the optimal parameters for the nozzle being a di-
ameter of water outlet of 15 mm, a height of mud clearance of 50 mm, and a jet angle of 30°. The integral
method was used to theoretically analyze the trajectory and flushing area of nozzle. The optimal forward
speed and swing speed of the nozzle in theory were calculated with Matlab to be 17.3 and 130.7 mm/s. The
performance of a single nozzle flushing silt was tested based on the test platform of reciprocating hydraulic
flushing and digging device. The results verified the reliability of key dimensions and working parameters of
the nozzle obtained from the simulation experiments. A Box-Behnken center combination performance test
was conducted to investigate the comprehensive effects of jet angle, forward speed, and swing speed on the
digging rate of lotus roots. The results showed that the digging rate of lotus roots was the highest when the
jet angle , the forward speed, and the swing speed was 27.4°,10.6 mm/s,and 191.1 mm/s.The digging rate
of lotus roots in the simulation and the test platform was 93% and 91%.1t will provide reference for study-
ing the principles of harvesting machinery and hydraulic flushing of lotus roots.

Keywords reciprocating hydraulic flushing ; digging machine for roots of lotus ; hydraulic system ; Flu-
ent fluid simulation ; Fluent-EDEM coupled simulation
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