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Optimization and Validation of Double Power Hybrid Rotary
Vibration Type Tomato Fruit Separation Device

Hao Zhaohui Yang Xuejun Zhou Junping Liu Lijing Wang Jinjiang Zhao Jinhui
( Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract ; In order to achieve localization adaptability of self-walking type tomato harvesting machine fruit
separation device, the fruit separation device performance was optimized with the method of response
surface analysis. The oscillator spindle speed, the oscillator eccentric mass, roller rotation speed and
tomato feeding volume were chosen as the influence factors, and the fruit separation rate, breakage rate
and impurity rate were used as the response indexes, a multiple regression model was established based
on the response surface analysis with Matlab software, and the credibility of the prediction model was
analyzed by using the R*, P and the variance of the residual S*; the effects of experimental factors on test
index were analyzed based on the response surface method and the influence factors and the best
combination of level were achieved, and combined with the nonlinear optimization method, the
optimization calculation of fruit separation rate, damage rate and impurity rate were carried out. The
results showed that when the oscillator spindle speed was 342. 86 r/min, vibrator eccentric mass was
40 kg, roller rotation speed was 22 r/min and tomato feed quantity was 19 kg/s, the fruit separation rate,
broken rate and impurity rate were 98.33% , 3.37% and 4.17% respectively. By the experiment,
tomato separation parameters got by response surface method were feasible ; the research result offered the
theoretical foundation and scientific basis for the further study of the processing tomato vibration
separation technology, also for fruit vibration harvesting technology parameters optimization.

Key words: processing tomato harvesting machine; rotary vibration; fruit separation device; response

surface ; regression analysis
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Fig. 1  Structure diagram of double power rotary

tomato fruit separation test bench
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Fig.2  Structure diagram of variable parameters of

tomato separation device
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Fig.3  Fruit separation experiment of processing tomato

IR TEAR RS NY/T 1824—2009 # Ak Hl
Valb it ) S5 HH SC ML AE , 156 PRA 16 B o 26 i R 52
70 B R IR R IR

R IR A i 8 5

WRIR 7 vk - e ) A T ) SR 25 5 AR 114
AR , 12k BT A, HEAT B O RAIE
BE AT SEE , 21 IR B SRR 2 R 5 R
POE FREE BN | m/s, i3, AR E N
1 s ]I P A2 34 0 7 i AR S5 o

KRBT 285 75 I B0 5 1F LT B
VB AN UCIE S 9 R 28 0 4 A4 Pl e 2 1) e
(AT A) RO HA R (- B) IR H
Fersed (N1 ©) AR BIIR AR (HT D).
PEOTIEAROA 3 A T AR S 1 0 B AR R S AR
oy EAR ;o HABSEAE DB B i S Al
RIS R AU, XSS ROOE (AL B, dnsk 1 By
Ro

®1 EESH
Tab.1 Fixed value parameter table

WRAFT IRIAT  HRFT AR RS

PRI FHLJE #%
Wi M KB R R
HR : g
mm (°) mm pics mm
FR -4
15 450 25 100 UL6
HEM R

R IESCIR B Bt 2 Lo (47) , Beit 4 AR 4 K

B KF AR B B AR 2 e, 1
TEIREKP-R AN 2 P,
BRI RGE , JE 10 59 BRI e A e e P 15 MR
TESCR AR LA 1 m/s BUHEUEETE 1 s BRI N IR AR
AR R s 7E 0, 20 S i, R 5
FERBAY L E 2 0 0. 6, A2 7™ 0 B /N Ak B A 7
ARSI . I AR B R AN 3 .

F2 HEEERKTE
Tab.2 Test factor and level

EES
K EMFE A fROPURE AR G RAE D/
(remin~") B/kg (remin~") (kges™!)
1 240.0 25 15 19.0
2 274.29 30 20 21.5
3 308. 57 35 25 24.0
4 342. 86 40 30 26.5
*3 ABWERHKRE
Tab.3 Conversion of test factor
PR as 3250 A
WiE/Hz B/ (remin~')  Fif/ke AEFER/(h))
35 240. 00 19.0 41. 04
40 274.29 21.5 46. 44
45 308. 57 24.0 51. 84
50 342. 86 26.5 57.24
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BRI 2RSS R AN 4 PR

F4 EXHEZITEER

Tab.4 Orthogonal experiment design and result

R HT PEREB M

5 A B C D m/% /% M3/ %
1 1 1 1 1 91.77 4.20 2.13
2 1 2 2 2 94. 10 2.51 1.79
3 1 3 3 3 92.13 2.20 2.70
4 1 4 4 4 93.83 2.15 3.20
5 2 1 2 3 92.10 2.42 2.10
6 2 2 1 4 93.58 3.18 4.30
7 2 3 4 1 94.31 1.51 2.40
8 2 4 3 2 97.72 1.74 2.10
9 3 1 3 4 89.30 2.75 4.20
10 3 2 4 3 91.20 1.91 3.80
11 3 3 1 2 96. 10 3.24 2.60
12 3 4 2 1 98. 10 2.71 2.30
13 4 1 4 2 94. 40 3.10 4.40
14 4 2 3 1 96. 11 2.80 3.30
15 4 3 2 4 95.72 2.90 4.80
16 4 4 1 3 97.10 4.20 5.10
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Fig.4 Error analysis of residual error
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Fig.5 Response surface of multi-factor effect on the

fruit separation rate n,

VR AT [ B B OO SR S 43 B RS M 30 B 3 5 ML AG iR 2K
R LU SR T B 5 e i AE 20 o/min £ 47 B R
PR HNELAE 310 ~ 350 r/min B, S5 B R A

Se TR AR C FINE A D 7 [0] 45
R R B B R R A (s 2o ) Fi A

F BB D) X RS04 B, 15 1 ]
AF =, B aT UE i e A2 e BE I , SR
= B i o e S X SR S 0 S R K B i 4
s AR AT LU Y i O B I R AR 4 3
e SR [ IR AL, SR 52 1) 43 B 3R A

B 5 Jyidie s EE A A A S D 7E 4
B J5 R R BUfE S Z2 s R R B (O B ot it ) i A
F CORTE AR ) MR B2 v, 152 ) il T
PEURN S5 2k L, AN mT DU H il TS AR BE IR , VR f2]
I A T T (i B R R SIS R A 5 I A
N R T LUE YR B H R 3 20 v/min
FEATE i OB S ROR fEL I, SRS 43 B R4 i
2.2.2 £ PR 2R X R ST R R G R 4

 6a iR F4hEE A R A HE C
FE AR 7 B P U D BB IR D (AR Fl
P BB ) X SS9 5% ) il 1T
PRI 25 R 2R 1], DB ] LB B AR, fi O
HRUTT 18728 A 0T S S 401 23 19 5 T B J 5 DA S
LA LIE AR 22,5 ke/s 7o 4y, A0 B Jor &t
I 35 kg ZE AT I, SRS A MR ZR AR

Pl 6b iR #s FHhEE A FR 0PSB AE
[lABEAY Jy FE T OB S 20 R 2R D (AR FIA
B CORT AR H) X RS R v, 09520 il 1
BRI S 2k &1, N R Rl DU H BEVR 4 3 5% e e 1
BT, SRS R AR 5 1 WA X SR S R A 5
M AN A% i s A 4 T LU Y IR R
22.5 kg/s7E AT, TR T 1A A Bt ok IO /INE B, SR S 1)
PR AR

Kl 6¢ fmCoH i B MR A 56 C 72l
ARy A B R R R 2 D () R &R A
CPRRER T2l ) X SR S 54 % m, 1495 T g 1T €]
FAF R, BT AR S i A2 e BE I , PR
TR 75 3t X SR S B A 4 1 5 T 4 k3 5 DA
R T UE R a8 £ L 270 v/min A2 A5
B, SRS A R AR

K 6d Ay DB TR B AN AR D 7 8] ) 455 5
Ty R 0T 2 A (IR B i) MR &R
CVRTA A FESE ) X SCBEIR m, 152 ) i 1 ]
AR, W O] LUE H 22 50 25 5 il o
KB, SRS 2R S JE G A8 Il N8 K AE
LR N LATE H 24 TR fAT 555 8 AE 280 v/min L_E 3R
i AR 270 v/ min 224 SRS N

Kl 6e MR A FEHEH C R A D e [m] 4R
Ty A P LR R R PR 28 A (Ui dh e o) A
F BB i) X SR SCE 5% v, 15 e i i
AR, W] DUE H il T AR A0 F-2% |, PR A



246 1 R A= S 4

2016 4

28.2
284 28.1
IR |

I 128.0

3280 s
= 078 i
30 27.k
=76 218
{ — 271
2744 2 =
_?-‘_w P i g /,.-{% 40 27.6
«. iy T
=4 ity :m 30 i
L 17.5 25 s
m[lU DHIFZEB
315 410
31.0 30.8
g ‘ 1306
305 : 'm-;
= 3p.0- 30.2
4 : *—-' e 30.0
- : ==~ 29.8
155 0 s 3D 29.6
B 2200 20 By
L ot b i et
f":'ﬂ, l,".';'c'ii'-"!"
(b) FHEDRMREC
18.3
%\\ 18.2
i LN 18.1
182 B 120
IHU E;":
7
b nﬁ 176
|-"" 17.5
7.2~ - 174
; e 308, ﬁ? -\\ 17.3
A4 = nn - (L
Vit 290 175330.00 vg\\\\‘ *
4
(c) IEDMIAE.
175 a0
s 17.07 /
s bies
Bl : 6.
= 16,0+
16.0
= |«_s._\l
1594 3386 W55
T 730857 Ay
fﬂ:f".’-:f_'{r/ e B :?4-1_lj_.-.|lt‘u\“‘
Arep: 15 240.00 \-‘i\\\'*“'m
y !

rrrrrr

15.0
T 140/

= |H| &
Hn|
1250 13.4
_-4“_“” .
iy, 27429 '
-f."ﬁ',’-'{.-:,z e 308.5 57 '~_ % ‘"{\.\\. 13.0

2.86 2 \ﬂLSL
[:I’If 1;111'1 B
imn
) HFECHH#EB
6 Z R FRUN XTI v, 52 0Rm  i T

Fig.6 Response surface of multi factor effect on the

= }ﬁ<|
= %0l f
in' Se——

30 S~

. o
= -~
f""fff'\{l{- 5, 0 — HJ

£ l'.’--,m.J ’ |4 "’1 m\

breakage rate m,

Bl AR (i U R 5 0 SRS R A I .
JEIT L) 5 AR5 R 4R AT LA 22 Lo BRI 7E 34 kg
FEATI PR AR A A AR 280 +/min ZE A7, SRS
R 5 e o

P of iRt F4h L A F AR D 78 [lIH
BTy R HR B N i R R B (i e i &) R
F COIR AR ) XS 2 m, A5 il 1h
PRI 2 2R I, AT vl LA H TR ) 1 B s A L

5O R BT 5 0T SR S 8 3 1 R ) P s MR R
AL H 2R T A B e B 24 +/min DL _E B o0
B R 35 kg Ze A B SRSE AR A
2.2.3  FARI R ZE N & L R0 /3B

F Ta Rifliedn FA40E o A RNR R A ¥ C
FEIRNEAERY Jy R rp BUE S i 2 D (AR F
P BB ) X 75 4% 2R m, (4 52 0 i v P10
R IE DB T DL IR A R A i L B
AR 2 SRR R T DA Y, Y AR
MEA, iU B BUIME R, 5 22 3R 488K o

Pl 7h SRR as L A R OB B E
Al AR Ay A o B o I R D (A A
B CORT AR L) X 25 2%, (152 i i 1w L Fn
R IE B AT LU H B VR £ SR 3
WA 5 ST AR5 18 A 5 T B A B A B8, 5 4R35
TR K s NS R 26 T LA HE Y A UIMER TR A
FI R 23 v/ min ZEA7 B, 5 2RI

K Te A OB & B FIVR T A 558 C AE ]
ARy A B R 2 D) R &R A
(PR L) X5 43 my A5 ) g T ] A0 45
TR IEL, IR T U H i AR TR BE , D B IR A B
AR A O B 24 R 52 e 2 25 M AE R 2k
AT LA H 2R B/ IME I, SR 2 25 il o U
{ELR , 2 22 3R AR

K 7d Ayl B F B FINE AR D A7E 8] )
TR EUE A F I R 2 A (IR AR5 M &R
C (TR AT A G 30 ) %o 2 22 5% my 119 2 i gl T &1 A 46
2RI, DB AT DA H il T AR T BE N , DEIVR R A
S B A RTIBTR 7 2 J 2 T 5 2 SR MR 8 5 A
FER AT LA IR A B R AE 22.5 +/min [,
Wl A A 270 1/ min 15, 5 24 R A1

Bl Te VR T AR C FIEA S D 16 1] )
Uy A R R 2RI 2 A (iR 2 A o) AR
F BT ) X1 2258 my 16 52 0 gl T 120 A 25
IR IEL, DRI T U H 2 i e s K
B BRI M i O BT ) AR AR X 2% SR T AN
B N LT LU H iR J2 5 o /ME R,
BRI

P76 R RS 5L A R AR D 7E[IA
Ry A v BB A R R R B (0o BT ) AT
2 COWRTE B ) X5 42238 my 1152 ) il 1T 12 F0
R R B T UE Y VR T A e g et



Hi) 2 A5 WSy I IR SR i R B e B A 5 i 247

20.2

20.0
! | 19.8
19.6

1u.4
19.2
19.0

e 18.8

= sy 45
g o 228 : \ [ J
g 2 ”;[*}RMM‘___//_.0 e 18.6
Mhg-o-ii "~ 175735 i
s~ 38 ey
(a) N EDFIH EB
15.0 A 155
14.5
£ 140 v 14.0
2135 v L
12.5
375 Sy}
e 130
wiijﬂan,ﬂ—-{ 30
A 20,0 5 ]
Yhe. . 175778 Qeamlie ™"
€y 175715 \\’I‘:r‘l""k
by EEDMEZEC
105
10,0
- , lj_s
£ 9.0
R e — 8.5
. 8.0
275 “’\\ T 34D, 15
iy i 2 i - . “- X 2 5
(o A ._._.5 7 T i
/.4 n’; \'
e 9.5
o oy 0.0
2 e 8.0
3 - 34286
T = | ) 30857 5
Gfeipy, M 21429 ) 4
r.hj.l'“. IJ ] i 2'“ :'lKI \[*'“Ij.l" ‘g
{d) HFECTIHEA
15.2
150
15.5, 14.8
- 15.0- 14.6
i 1452 144
#1404 : 14.2
0 3s) = 140
i B ] 13.8
240.00 =2 = W0 13.6
f:i;ﬁé(.?,»,-"' 30857 e 30 g IKE e
Mr-.,,“.“_ﬁ 3428625 @iy
(e) FAEA ﬁ”J"[Fj“:H
196
19.5
19.4
19.3
19,2
19.1
19.0
189

i HFECHHEEB
7 Z TR A2 m, W50 I S 1
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