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Parameter Optimization on Swing Variable Sprayer of Orchard Based on RSM

CHENG Zhenzhen QI Lijun WU Yalei CHENG Yifan YANG Zhilun GAO Chunhua
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; According to modern orchard planting pattern, a new self-propelled electric sprayer with multi-
angle variable speed swing nozzle function was developed to accommodate the small space and the poor
traffic-ability of conventional orchards which are densely planted with dwarf plants. A 4 factors and
3 levels of test was performed according to the Box — Behnken center-united experimental design
principles. To find influence factors of droplets deposition distribution, the parameters were analyzed by
using response surface methodology including spraying flow rate,spraying distance, angular swing speed
and sprayer forward velocity. Subsequently, a mathematical model was established by using Design-
Expert software ,then the effects of various parameters and their interactions were discussed. The results
showed that the effects order of the four parameters on distribution of droplets deposition ranked from large
to small as: sprinkler swing speed, spraying distance, spraying flow rate, and sprayer forward velocity.
The optimal spraying parameters should be spraying flow rate at 375.20 mL/min, spraying distance of
1.72 m, sprayer forward velocity of 0.14 m/s and angular swing speed of 16.19 (°)/s, then the
coefficient of variation of droplets distribution of 11.471% was obtained.

Key words: orchards; spray machine; spray parameters; response surface method

JEHE AL, T S IR o 00t 24 £ AR 2 45 2 ) KRBT

518

TAEFEREHAR

SRR e Al e R R T B A A o R el R B )
BRI 1), — 7 T B A A AT I R R
LV [ H O T2 AR R B 5, = B B A
WY 5 LG 25 OR AN o B X 2 A R el MR R R % 114

FL I, BEA A 2R Pl 155 55 ML BRCRE 45 0T e B BUA A2
RPERE . B 5T 2 2R P A T B 25 % LG 25
125 W5 55 A2 g A0 R AR T — L T XU a%
AWEF L. LS BT E AL A R

Wk HE1: 2017 07 —15 &[0l H: 2017 —11-23
ESTE: HKE LB %R H (2017YFD0701400 2016 YFD0200708 )
EFER M BEVW(1994—) Lo Wb A, 2 A P45 4 15 B0 UR B 5T

BEEE:

ABIIE) (1963 —) , i, BdZ , 28 e Al ¢ 4 5 3 ST AL P 0 5T

,E-mail; zhenzhenc1994@ 163. com

,E-mail; qilijun@ cau. edu. cn



) T S+ % Al % AR el 4 8 708 i 55 LS ) R T ¥ G Ak 23

ISR AL, BT S A S 1 ) B I 2
T AL R 5 T BRSO UM S Al B A4
ARG A Vit 7 AT R G J2 R T ke v g %
(i 58] 5 2 25 AL 5 4 e Je 4 RO T o S 9 X
SR R B AL TE, RS A T E AR, Sy S A
TR s SR Oy s . [ ANDFSE J7 T, DUGA 21
T AN [) A AR 768 235 K6 SRR AIE T SR el % 557 411 2% Tk 0 FRURRE
435 0 T 45 K9 A 7 B R 25 LML B A 1 S e
P S PE R P B B . CROSS 2817148 fk fh
T RUATL S e 155 2 AL XL A DL 35 O U % AR A 2, 453 11
A0 X Bl 3 XA S 25 RS B R . HLA |
HIE 0T A B 5% 55 LK 22 O 5 it =9 3 g WL
KA LA B A2 5 Be B, 2 0 AR 4 5 5 AL
RS R R, 8 A 2 35 A 780 SR ] o 3 o M R 0% 5 0 2
BT B BE L B, 5 R A e 25 3R B R )
Sl RARZ N,

e g b R )R, AR SCRIF S — s TR 0 AR
el ) e 42 XA vl T SR Bl W 25 B, DA 55 i A A AR S
ZHONIER T4 855 B HCT A KF R |
AE FE Xk 553 400 A 149 20 P B S 36 IS B 5 i PR %
FR A 55 2 KK 44, LA OIE Al 6 780 55 el g
EOTAESHL.

1 ABRKESTE

L1 ME

UNTEL T BT 7, e T 2 L 2R el i 435 A 5 25 LR
B BN L R ATENU LR B
B B0 5 i KUBIL L % K A B 45 i i o0 4, G
HR G Sk A8 BB B Sk o BR IR LA BT O e 2
A2 R Sl HILR Bl 55 Sk (A e % 58 25, HL Sl LA Bl i

1 FERAS R
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Tab.1 Performance parameters of sprayer

28 sl
2B A /L 10

AR A/ (Lomin ") 0~6.85
BN (0) -15 ~45
ME % i/ (mL-min ") 0 ~ 600
5% 55 P B9 /m 0~8

W55 AT HE S/ (mes ") 0 ~0.42

1.2 RBHE

F5 AR AR A g3 A 8 2 P25 e o 1L B A
OB , T8 H 20 A A8 S R EGROR o il T 32 SE BRI
2 R 5% A5 B WL AR A BIR 1 52 gt 25 J5 1Y) PR R A 4
S 5 oA 18 5 1 A2 Wt Sk S S 55 A L )
SHCUNE S R Iy AT ) R R A
PRI, Ay 6 5% 55 1L 5 25 A 2 83 5 P A0 0 B e £ 72
AR A, BB S S HO IR R s oL 4 A i
TR ERAC e A [F) 7K 21 5 UG, I & 38 2 1 T
14251 A1 73 22 5% 2 %0, K il Design-Expert 8. 0 ({4
X i 2 SR AR AT S A, N7 B AR 5 X e i
T 45 R 24T o A oA
1.3 HBHE

PERAE S B 2 fion, Hp A B CH
REEEF LML )Z 2 G )E sa b e
AR W8 2 AL 7 18] BT 5 =0 J2 T

i 5 1) B, DR R AR R R AL (2 B IR
1.0 ~1.5m 4b) Sy 5Lk, B R E 0 B b R
3R, BN 0.8 1.2 1.8 my PR Ty ) I, AR
T W E 2 N RGE T3 18], Al BE 0.5 m, AFE I
% 55 AL — MR U SR 23 o ol 2 0 e 2 b R SR S
32 YE R Iy ) b W55 HLAETPE 1), AR 0.5 m,
1E 56 )2 NBOIRCET 5 3 28U . AR S R e
XEFR I3, 8 3 2 A8 SR AE AR L TR O R
A E HAE 1 em BIELE,



24 & o Bl B ¥ iR

2017 4

R

. (1.8 m)

(1.2 m)

T(0.8 m) ()

B2 SRAE A
Fig.2 Sampling points distribution
1.4 RIe{s8
UV —2102PCS % 48 &h ] WL 43 56 5% B 11 % R
SE 55 25 W10 Wk B 5 Kestrel 4500 7 37 5% 1) 281X
TYQ — 02 AU JRHTH T 2458 U5 B R X 9 3 A XU
F14 I £ L SR
1.5 Kigit
T B R F I, A o T 9 a6 3 1 Y B
FOFK o HUE 55 U it (55 B B (W 55 LA T AE
JFE RN S 1B 2 R 4 00 R R 5 2 IS T A A AR
SERBONMW NAE Y, HE 4 Box — Behnken i 55 77 &
HEAT DU 2 = KO e B 1 43 B 5, 4k 29 A5
AU H AL 24 TR T LS AR ARIRZE. Pl
HAERR T EH R ZE KT 2 P,
F2 MEASWEHEESKE

Tab.2 Factors and levels of response surface method
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1.6 RKWKE

T2 30 7 AR b K 2 A DR AT S5 B = R AT, I
B Ry 4R T B SRR, A5 A R R BN
RKAFBHEIEL 1.5 m, W& 2y 2.5 m, ol 40 3 72
.

(1) 327 75 1

P KR, 0.5 o/T 9 IR AR 21 7 WA
B AR 24 HEAT B

(2) i 7 i 5 2

RIS K 10:00—18:00 28 N B 5 iR B Ry 27°C
AR E Sy 10°C, ~F- 243 2 2 20. 56°C 5 d5c KA X i
JEN 29. 7% , S5/ IMHX IR EE g 17. 5% 7 B A R
h 23. 60% ; SEH % N % TS H AR AL, 8 25 L XUALER S
TAERGH 50 m/s, WE 55 HLAS HLAL IE # AR

(3) 150 TR AR FE

P R 2 77 A B OR S 2R 2 TR I R 2
s MR W 55 280 W55 B, Wi 55 AU KO B
LATE WL W SRR B RS mEE . mi% 5 10 ~
20 min £§ 55 TR DR ARAE T, K 8 A0 2 T 1 1
AR, I T 10 mL 1) 28 08 7KK U8 48 i IR A £
TEME R ok .

(4) T3R5 3 A 78 5 R AL

WS TR R 20 R, >R 43 016 006 B o 00 s 9 AR v
I A 203 W P i B T SR AR B SR TR . A
SCR A A AR S R BT AR R 45 R B X M A A 1Y
SRR bR R AR R

cl_=§><100% (1)

(2)

R C— B AR R B, %
S—— B 2% 25 TR b 2%
X—— VB 4CE T LR T

12 R AL R M

2 RBRERSITR

2.1 ABWHER

e M 0 Bt U7 R A AT I B, R A Design-
Expert 8. 0 F£47 358 46 %0 4 40 B0 080 17 187 73 A o 3 3
Sy e O TR IR BT AR, R X, ~ X, RR A
ENICETICANS
2.2 RSM BE&E 5

AE A5 Tl e SO 1T 32+, Uk 22 XU R T 95
BT R i A ) — M R ik =X
H

n

Y=8,+ Z Bx: + Z Bx: + 2 Bxx; +e (3)
MR (3) % 3% 3 Fiodi kAT 22 100 =X (8l A g3 b
JE N7 S 5 ML B 34 ) P AR AR L 45 3 43 A AR R R RO
Yk B A2 IR 200 e 5 R
Y =11.56 +0. 054X, +0.24X, +0.028X, +0.31X, -
0.070X,X, —-0.042X, X, -0.23X,X, +0. 073X, X, +
0.077X,X, —-0.042X,X, +0.47X; +0. 89X, +
0.17X2 +0.39X; (4)
o SR IZ ] A R R A7 5 22 0 B A SR Tk B 1Y 3
FAEN S AR R G Oy 25 T AN 4 iR, P fE
FoR AR R B R, 2 P <0.05 i, R BZ
IR AR . R 4 (4 B 4 R AT, AR 1
P <0.000 1, W A2 7R 4l fb 2 5 455 70 2K 40 0T 3R s A 7Y



) T S+ % Al % AR el 4 8 708 i 55 LS ) R T ¥ G Ak 25

£3 WMEESTRER

Tab.3 Results of response surface analysis

E OISR X, X, X5 X, Y/ %
1 -1 -1 0 0 12. 62
2 1 -1 0 0 12. 80
3 -1 1 0 13.29
4 1 1 0 13.19
5 0 0 -1 -1 11.95
6 0 0 1 -1 11.87
7 0 0 -1 1 12.39
8 0 0 1 1 12. 48
9 -1 0 0 -1 11.77
10 1 0 0 -1 12. 40
11 -1 0 0 1 12.72
12 1 0 0 1 12. 45
13 0 -1 -1 0 12. 42
14 0 1 -1 0 12.52
15 0 -1 1 0 12.42
16 0 1 1 0 12. 81
17 -1 0 -1 0 12.23
18 1 0 -1 0 12.25
19 -1 0 1 0 12.16
20 1 0 1 0 12. 35
21 0 -1 0 -1 12.2
22 0 1 0 -1 12.71
23 0 -1 0 1 12.90
24 0 1 0 1 13.72
25 0 0 0 0 11.53
26 0 0 0 0 11.78
27 0 0 0 0 11.72
28 0 0 0 0 11.32
29 0 0 0 0 11.47
=4 FESW
Tab.4 Variance analysis
- Wi 7
FOr R A HEE ¥r F P
X, 0. 035 1 0. 035 1.16  0.2993
X, 0. 69 1 0. 69 22.81  0.0003
X, 9.075x10"* 1 9.075x10°> 0.3 0.5929
X, 1.18 1 1.18 38.87  <0.000 1
X, X, 0. 02 1 0.02 0.65  0.4347
XXy 7.225x107° 1 7.225x107° 0.24  0.6329
XX, 0.2 1 0.2 6.68  0.0216
X, X, 0. 021 1 0. 021 0.69  0.4189
X, X, 0.024 1 0. 024 0.79  0.3883
X;X,  7.225x107° 1 7.225x107% 0.24  0.6329
X3 1. 44 1 1. 44 47.46  <0.000 1
X2 5.16 1 5.16 170.35  <0.000 1
X2 0.2 1 0.2 6.44  0.0237
X2 0.97 1 0.97 32.08  <0.000 1
R Y 8.2 14 0.59 19.33  <0.000 1
PR 0.42 14 0.03
28 ) 55 0.28 10 0. 028 0.81  0.6446
iR s 0. 14 4 0. 035
psN=F 8.63 28
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Fig.3 Mutual-influence of spraying distance and spraying flow rate to distribution of droplets deposition
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Fig.4 Mutual-influence of mist-sprayer forward velocity and spraying flow rate to distribution of droplets deposition
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Fig.5 Mutual-influence of nozzle swing speed and spraying flow rate to distribution of droplets deposition
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Fig. 6  Mutual-influence of mist-sprayer forward velocity and spraying distance to distribution of droplets deposition
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Fig.7 Mutual-influence of nozzle swing speed and spraying distance to distribution of droplets deposition
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Fig.8 Mutual-influence of nozzle swing speed and mist-sprayer forward velocity to distribution of droplets deposition

IR A B, 5 Ry < — T 4 A B 4
Ty I 0 2 A G URURE 8 R4 18 5
A LG , 53— 7 A R — 7 I Sk B
A /1, 2 BT O B 5, R
FOMTEIAIRE . BEAh, I Sh T, Sk I 42
JER 16.95 ~ 17.79 (°) /s, Bi 3% i & & 402.79 ~
405. 67 mL/min A, %5 38 53 14 45 5 ¥ B £, Lt A g
St S Sk 42 2 e 5 A L L 5 0 22 40

iR —2.

P 6 Sy Wit 55 It 5k 1% Sk B 438 0 88 6 1 bl 7KK
(%, =395 mL/min,x, = 18 (°)/s) B}, W 2% fh & 5 Wi
Z5 BILAT A B2 058 55 3 Afi A% S 28 K058 AR T ) Wi )
i 1 o 156 Ry 3D il T s 2 5 B R A 55
BUAT A 8 B ok o e AR, 23 A 78 S 20 R 085 , Pt
T R AR M K. B 6b B, Wi
PEE N 1.66 ~1.79 m, Wi HLFTEHE N 0. 142 ~



28 & o Bl B ¥ iR

2017 4

0. 148 m/s I, 253 70 A 2 S P de i o

Pl 7 Dy Wt 25 i i AT 55 LA T 8 3R A T s K
F(x, =395 mL/min,x, =0. 14 m/s) B} , Wi EFF 5
Wi Sk o 122 38 88 X % 55 A 8 S 2R 0SS HLAE T 6 Wi
i 1 o 1817 Ry 3D il T s BE A 2% R RS
Sk B 12 08 A B8, 25T 0 A R SR AR B0 B A /)
Jei ST B A A A R S R P A T S 5% L R g Sk
A2 W] A ICAE A 18 59 1 B W 7 T WL T
AR SE TN e, AN, W Th B, S
ER1.74 ~1.78 m, WESL B FE R 17.15 ~
17.31(°) /s 1 PN s 2535 20 A1 2 5 P de o

(SRS e L AR VA Rl TN/ S
(%, =395 mL/min,x, = 1.8 m) i}, W5 28 #1147 & 2 &
5 5% Sk B 452 3 X W 25 0 A 8 S R RO BAE TR
i) oz i 1A P o Pl 8 H A 3D il T R R ] st Sk bR
PRHE SRR, o0 AT A 5 R BRI [ T A ) e
FFHLAT A R A5 F R S A B2 4G, U WA L 2

BUAT A L, W% Sk 40 432 o 38 ) 55 0 0 A A2 5 AR B
S N B, 57 2o A aE R AR . A 8D
B UK EEE N 17.01 ~ 17.248(°) /s, 2
FHUATIEEJE Oy 0. 145 ~ 0. 157 m/s i, 55§ 70 A
ORe R é S T g

2.4 BEHVRASHHEUARREEIE

M Design-Expert 8. 0 FFX & A8 4k 49 = < Jul
VST U S TSR figp, 45 3] J Al % e SR el 5 428 70 B S 55 AL
AL %5 200 W5 i 375. 20 mL/min B 55
B 172 m W HLAT A 0. 14 m/s W53k 3 422 5
JE16.19 (°)/so ML 25 AFF 55 W 70 Ai 22 5 R A
11.471%

Ohy 6 UE AR 4 AT S SR b A e I 25 2 8K
PR LI AT s, IR R 3 K AR IR S,
H1E S AT B (L A S P {22 ()R AT R 1 A Ok
A, G AL S R RO AE 9 12.033% , R iR 22
UK 4.67% ,

x5 MUBEBETHUNESEXELR

Tab.5 Comparison of predictors and real values in optimization model

Gk L AHAT 5 22/
KT 5 5% 55 I 1/ WEEPEE,  WIEAHUTERE/ WS R/ RIE e HIAH/ %
(mL-min~") m (m-s™") ((°)-s™h) % %
1 11.945 4.04
2 375.2 1.72 0.14 16. 19 11.471 12. 032 4.67
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(1) FH o o7 T 325 I8 P 158 25 B 2 58, 19 31 4% [
BN 551 3 A1 AL S AR RO R R N E R O
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