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Fig.1 Design schematic diagram of the guiding device
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Fig.2 The first grass-feeding port of

the grass guiding device is 80°
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Fig.3 Simulation results of the guiding device
with a grass-feeding angle of 100°
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Table 1 Virtual test factors and levels
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Table 2 Actual test factors and levels
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Fig.6 Spatial geometric relationship of X and Y axis
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Table 3 Response surface design and experimental data of virtual experiment
B 5 ME A/ HiE B B/ (mm/s) B A o/ ) FIHMWE Ax/mm AT YIFIGE L/ mm
Test number Angle Forward speed Offset angle Cutting offset Maximum cut width
1 120 533 68.90 149.02 760.34
2 140 533 75.44 203.24 688.42
3 90 533 56.45 54.32 862.83
4 80 533 41.86 29.75 1010.22
5 90 1 330 54.37 45.50 922.61
6 130 1 330 71.57 161.80 746.43
7 120 1330 67.31 124.21 791.32
8 140 1330 75.47 204.03 702.13
9 110 1 330 63.39 84.28 832.12
10 110 533 64.84 99.05 798.41
11 80 1330 40.33 27.02 1011.21
12 70 533 52.33 51.94 935.68
13 100 1330 60.33 60.49 873.45
14 70 1330 45.14 34.25 999.86
15 100 533 60.07 66.84 829.07
16 130 533 70.96 196.93 725.93
i ] Design-Expetl10 ¥ fF X5 ir i ¥ dlm #4722 BTN .

TCEHIE 0T . 232 o Ax FL IR R T A5

a=61.97+8.91A—0.61B—0.85AB+10.87A” +1.57A* B+43.58 A’ +3.99A* B—

77.70A" —2.69A"B—39.11A° —1.35A° B+ 66.96 A°

Az=74.96+92.76 A—5.13B—6.88AB+136.95A” —19.28 A* B+ 64.08 A’ —
28.63A°B—229.05A" +20.23A"B—76.56 A° +40.10A° B+ 140.49A° (5)
L =834.95—86.19A+24.39B—36.54 AB—94.51A” —55.14 A*B—366.63A° +

146.17A°B+585.25A" +49.48 A" B+316.44A° —122.19AB—494.17A°

Xof R % Wi R AT o 7 TR AR PR 2R I 2 A
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RMEHE F1 AR 2D B CRi 7 3 B2 5 X T 438 A 31 75 i 7%
Az SRR B E R RA ABLA* L A*BLAY (A
A'BIA VABUAY HSZ I R EHEF AR A
Cle R MR BT 2D B CAT D 5 X T 48 b die Kmf
IR 58 LA 36 B I R A AVBUAY AL
S0 R R PRI O A (e R 0 A1 i) . B
CHifE ) .

8 1l Design-Expet10 X £ 1 Optimization £
Bt 15 BB G A 2 5, 15 3 g 37 fth 2 181 DL e fe It 45
FANE 7 prs), B ik R H G 74.80°

(6)
(A).1 330 mm/s(B), BLHF. fi#% M B 35.52°, 5
KEH AR A 20.24 mm , R A YIKIIE N 1 050.43
mm,
22 WiIERIE
i i Design-Expet10 #{F 3T PRI H £,
FH 1] 32 56 52 2% A R 1 45 22, 12036 48 A LR 9 2y 740
mm Ak B Z BRI FE i B8 = B Az AR AR, 4L
B3 MRAE MR T80 740 mm Ak (R 2% L 0 ) 2 R
B IR HEIE R Ax. TBRIRE 5458
RS PR.

fi | Design-Expet10 ¥4 %F B 15 £ 8 #k 11 £
TC WNH A 53 BT 5 R 3 80 80 & 5 =00 B4l
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Table 4 Virtual test response surface model factor significance test
EiEE A A% A IR ¥o7 . P SF
Index Factor Degree of freedom Sun of squares Mean square !

FEH Model 12 1.930.51 160.88 121.04 0.001 1

A 1 19.69 19.69 14.82 0.031 0

B 1 1.55 1.55 1.16 0.359 6

AB 1 0.18 0.18 0.13 0.738 8

A? 1 1.80 1.80 1.35 0.328 8

A’B 1 0.34 0.34 0.26 0.648 2

a A3 1 35.66 35.66 26.83 0.014 0
ASB 1 0.30 0.30 0.22 0.667 7

At 1 12.42 12.42 9.35 0.055 1

A'B 1 1.16 1.16 0.88 0.418 5

A® 1 49.43 49.43 37.19 0.008 9

A°B 1 0.059 0.059 0.044 0.847 1

AS 1 20.84 20.84 15.68 0.028 8
FEH Model 12 62 531.63 5210.97 1732.58 <<0.000 1

A 1 2 134.14 2 134.14 709.58 0.000 1

B 1 109.73 109.73 36.48 0.009 1

AB 1 11.74 11.74 3.90 0.142 7

A? 1 285.54 285.54 94.94 0.002 3

Az A’B 1 51.46 51.46 17.11 0.025 6
A3 1 77.12 77.12 25.64 0.014 9

ASB 1 15.40 15.40 5.12 0.108 7

At 1 107.94 107.94 35.89 0.009 3

A'B 1 65.79 65.79 21.87 0.018 5

AP 1 189.40 189.40 62.97 0.004 2

A°B 1 51.97 51.97 17.28 0.025 3

BRI Model 12 1.752E+005 14 603.36 98.66 0.001 5

A 1 1842.70 1 842.70 12.45 0.038 7

B 1 2 480.75 2 480.75 16.76 0.026 4

AB 1 331.12 331.12 2.24 0.231 6

A? 1 135.97 135.97 0.92 0.408 6

L A’B 1 421.05 421.05 2.84 0.190 3
A3 1 2 524.49 2 524.49 17.05 0.025 8

ASB 1 401.27 401.27 2.71 0.198 2

Al 1 704.70 704.70 4.76 0.117 1

A'B 1 393.64 393.64 2.66 0.201 4

A® 1 3 235.89 3 235.89 21.86 0.018 5

A°B 1 482.45 482.45 3.26 0.168 8

A® 1 1 135.23 1135.23 7.67 0.069 6

5 ERABPMETERITAFRSER
Table 5 Response surface design and experimental

data of actual experiment
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Fig.7 Response curve and optimal results
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Table 6 Actual test response surface model factor significance test
%= A i B 07 ¥7 P P SF
Factor Degree of freedom Sum of squares Mean square !
BRI Model 1 1137.15 284.29 167.96 0.034 7
A 1 426.42 426.42 701.93 0.024 0
B 1 126.96 126.96 208.99 0.044 0
AB 1 5.52 5.52 9.09 0.203 9
A? 1 578.24 578.24 951.84 0.020 6
1.000f 1.000F
> g
2z 0.800 2 o0.800 3
: s I
£ 0.600 ‘% 0.600F
5]
2 Q C
B 0.400 By 0.400
4o <o
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0.000} ) ) \ \ ) 0.000F | .
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Fig.8 Actual test response curve and optimal results
3 W @ 0 MR G o) B AR TR 10z 3l 2 ML AR O BF 5
3% 32 B A BT L R R e 2% B S 1 25 S

AHIEFE LA ) R AL W R G e e B R X4,
ADAMS F1 CREO #1161 2 1% 1 B Bl W B 5 ) 23
S AR NI AR A A 3 2 X S R IR RS )
BB AR T Wiz sh MU IR 1738 3h 2: 05 B B L BiE 5T
FeELAEAS [ AR 2R 5 & A AR AR AL B O R LR AR
T A% e f L 075 A% I i K B B 3 S48 B A i
O TH S 780y R, S 3 ek S o k6 6 A R ) 1 A
SER R B S W LA R 80°, ML i iF
PPN 1330 mm/s, T, N1 RS R
TAERCR RAF, B8, i KA B it 28 27.02 mm,

ADAMS 15—k A5 2843 B 08 514 % FH ok Xof
BURG 1) 8l 1 24 HEA T B At 1) o AR 53 ) DA

R AT A SRR A R LS B i R
275, X EI FALS RO I AL B A B A A

& £ X W

C17 ok, o e Ay, B0 AR fh SR Il LA 55k 8 4% 5 B R 1o FH B0k B &
Rram L] AR R . 2017(6) :97.

(2] 2% A%, 2R 02 L, %00 5 T A ) 2% 0 0 e 43 A A5 A5 LT 0.
KA KB4 CA SRR R ,2015,12(33) :5-8528 4.

(3] Thifh, X K. AR Il AILAM Ik 5 2 25 5 2 AR R 5 MR B K e ks 3
AR S5 H A ,2016,36(10) :45-46.

(4] W78, 2574, R 8L9G-1.4 B4 57 70 5 bl ) B ML A e[,
AV HF S5 I . 2013(2) :47-49.

(5] mygl ek o] 208 LAY 1T 5 40 BT [ DL R W b Tl K2,

2017.



142 g el K2 2 R

% 38 &

L6 B AR LA B AR 31 7 1 43R [0 ] AR db AR oK 2 2 4
2012,43(2):1-5.

(7] JAAROME, TAE . 5. 5T ADAMS B X3 B WL AT 30 5 it
PEWFFELT ] A8 v Rl K224, 2017, 36(3) :93-100.

[8] ZRHa¥y, b £ 4 ] 15 E, % T NS i 2 R A AL T 5K
B[4k T AR 24,2012, 28(4) 1 40-45.

(9] HEW.XIE, KK X%, % 3T ANSYS Fl ADAMS 1Y & K 25 FF
Fe VA Oy B L) AR ML A= 41, 2012, 43 (B D < 112-115.

(107 WAty v 000 11 5k Bk F g 400 R AL 30 ) 2% 10 K B8k R 38 5 B Ak
()] 4y T #2224, 2012,28(18) : 23-29.

(117 W45 2T Adams 19 F R WCEIHL 4> R 28 05 204047 [ 0. B AR AL
16247 ,2014,35(3) : 19-22.

[12] S8 . FOK ZEFF S UOGRHLE & 09 P e 05 B = PR 05 [ D] &
B« 2 gefel K5, 2015.

[13] 3RV 2RI, 2218 21, % 2 T AR HLE A . ADAMS (14 oh
i J BRI T ] AT Jb B TR 2 2% 4k, 2008,30(4) : 59-63.

(147 sk M, BB, VP10, 46 0l SR PR T A AR WL DL G S L 1L 5
BT o3 A [T )48 v Aeoll K272 4, 2017, 36(2) ,108-118.

(157 ERIAR 4, 55 W1, MO AR I A7 S5 AR AL IR 4 4% =X U0 ) R B 8h o 2
05 B 5 S BT ] AR M MU 2 4 . 2014, 45(8) 1 74-79.

[16] Bzt AR, MR 22, 45, — [ 1 BE 4R 30 0 32 gl 2 5 i i &
IR LT ] A Rl K22 4R, 2017, 36(3) 1 107-112.

(177 B 25 5 W AE Y ZEFF A 12 5B B AR e M 9T (1.4
P T AR 24,2008, 24(7)  1-6.

(18] K=, F+35 . ADAMS TEHLBR R i1 b iy i FICMO. Jb 5¢ . B B T
Al s pAt, 2017,

(197 KPR, k75 52 . 2% LA R B 1f 32 76 350 36 15 31 5 1 4k b 119 B2
L1900 ol 80 5 Bt e CRAR B D , 2011, 20(4)  34-37.

Parameter optimization of disc lawn mower grass-feeding guide

device based on dynamic simulation of virtual prototype

ZHANG Wen ZHANG Yanlin LI Shanjun MENG Liang CHANG Junxiang WANG Fengwu

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
and difficult-to-cut weeds that are commonly grown in the orchard. Combined with CREO and ADAMS,

A special grass-feeding guide device for the disc lawn mower was designed for the coarse

the rigid-flexible coupling model of grass-feeding guides and weeds was established,and the movement
laws of weeds in the case of grass-feeding guide device with different angles and advance speeds were an-
alyzed. According to the relationship between the displacement of the weed tip point in the X,Y and Z
directions of the space coordinate system, three important indicators including the offset angle of the
weed,the theoretical maximum cutting width of the mower and the cutting offset were calculated to
characterize the working effect of the grass-feeding guide device. Using Design-Expert 10.0 software,a
comprehensive test was designed,and the response surface effects of the three indicators were analyzed,
and the experiments were verified and compared. The results showed that the optimal angle of the grass-
feeding port was 80°, with the machine forward speed of 1 330 mm/s. At this time, the grass-feeding
guide device worked well with flat cutting and the maximum offset of 27.02 mm.

Keywords disc lawn mower; grass-feeding guide device; dynamic simulation; parameter optimiza-

tion
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