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Fig. 1 Structure diagram of harvesting mechanism for stem
tips of vegetable sweet potatoes
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Tablel Main technical parameters of harvesting mechanism
for stem tips of vegetable sweet potatoes

HU{H Value

2% Parameters

Ak ] s) (K x %8 x 5 ) Machine dimensions size

(length=widthxheight)/(mmxmmxmm) 1423x1127>1 702

P Total weight/kg 222
Fjth 2% & Battery capacity/Ah 45
{EMVIE 58 Working width/mm 1365
$ £ = % Height of header/mm 203~378
W AEAS 257 Volume of collecting device/m? 0.5

ATHIE E Forward speed/( m-s™) 0.13~0.57
PR 18 Reel speed /(r-min') 13.6~32.6
ik 1% Speed of conveyor belt/(m-s™) 0.2~0.48

T )24 Reciprocating cutter line speed/( m-s™) 0.18~0.74
T AERCR Harvesting efficiency/ (hm?-h™") 0.064~0.24
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1.Lower cutting blade 2.Upper cutting blade 3.Motor 4.Double eccentric wheel re-

ciprocating mechanism
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Fig.2 Structure of cutting device
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Note: S is the cutting blade trip, mm; / is the cutting pitch, mm.
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Fig.3 Cutting diagram of moveable blade at different speed ratio
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Noter: w is angular velocity of reel, rad - s™'; V/,, is machine forward speed, m-s™';
V; is circumferential speed of reel; /, is installation height of reel, mm; % is
height of cutter over the surface, mm; L is stem tip height, mm; e is height of
stem tip from center of gravity to top, mm; R is radius of reel, mm; S is distance
of machine forward when reeling one turn, mm;¢ is time,s.
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Fig. 5 Field experiment of vegetable sweet potato shoot tip
sample harvester

32 RBMABR5AZE

11 B P H TR AT S H 2 220G B A 1
DL R VE A 1B b 20 R 1 AH G Ak 48 b5, A XS 2% IB/T
6281-2007¢ K25 HL) A1 DB32/T 3271-2017¢ 3¢ ] H 2 -7
K SRR, DLZER SR IR S A
FE 55 2 504 S I S 2R ARWOR LI PR i 52 3K
56 I A AN R (4 b 2 504l A JF R 56, B 4R 6 1
MK 5 m, B 1AL FE 5 3 UK 1 5 0 0 W A G
TR A

ZERGEHERN T AEML 5 UG S CEAF ORI ZE R I
RN Eh R 3R & H500 g ZEAAE R RFE, SR 5 1 6]
FALE VY 533853 0 A4, BEATLIZE L — 13 45 D 20 B B 5 Bk
5,43 S SR M, TR b e BB ) 224 4 BE A
TR, 5B TR M, 2R R e R Y, N

M,
Y= x100% (11)

Y, A ZERTEEER % M, iR, g M,
WP R AR B R, g,

e« R AR 56 R » AE RS 1L Y K BV A H
[] P 28 W SR R, D75 5 O M KX 6 1 A AR
BRI ZE I BEAT N TR FF R 5, SRl I B v S04 2
ANBC ) N TRAR It 8 2 2% 22 U AR M AR 56 1 B 2
e JEEHEAT A, WA BT 5 M, d5 i B R i DGR 36 LR 25
IR R M, LR ON TR g L 1k 36 I B e 1
AT AN TR S AR 1% 2R 22 (A 2 Bk B, R 5 22 SRk AN
) BB TR L, A1 2 AN, WOk B ZE AR 52 i ]
LLmE AN, TSR YCR v, 2 5



50 Ak TFE2E9R (http://www.tcsae.org)

20194E

M+ M,
YZ_M3 + M, + M,
A Y IR % s M, PO AE HTR] =225 0, g M,
PN LRI 2, g M HLER 2R iR, g.
B L AE BRI S 70BN b A B L% 10 B
B T B T L MO B0 O B v T B A e T
AR

X 100% (12)

Y= 13
= (13)

b Y, g X B = mm s L,k B DU ) B #E v B, mm
SN H B 2RO R N = AR Z
JPCIRGL B[R] K5 AL s PR 8E FRARFE B AR
HEEFITIVIRIR S A D 2 R A e R
WS AT HEE L PR RS e AT A2 1) ) S ) 2R A
b TR BOR , SO HOX 3 AN 2T J IE A, I e
X ZERICRFEFRZER SR R S B T = A R o
ERAT AT SCHTIA , /iy 3R T S B 4% 1l £E 0.34~0.5 m/s s 4K

F2 XA RFIKIE KT

Table 2 Factors and levels of test

KT ik POREHHE AR T LB B Reciprocat-
Levels Forward speed Reel speed ing cutter line speed
X, /(m-s™) X, /(r-min™") Xy/(m-s™)
-1 0.34 26 0.5
0 0.42 28 0.6
1 0.50 30 0.7

RIS B S 28 B 26~30 r/min s 15 52 1) ) &% 100 B 475 il A
0.5~0.7 m/s. 1z =K 2% = AP R IEAS R B8 it
T3 5, KT RE I BE X PR FE I T X AT ] ) SR X
AN D NATIRF N R S PS I IR o e B
33 REAREER
33.1 #HESHELE

AR L % M Box-Behnken J7 £ W 11 — A 3 — /KPR
B &, U E 1T TR, A 1240 T R BLS
ANE R R ZERT . BRI T 5 SO A R A D% e B AR 5
g3 Piw.

3 AW AR E

Table 3 Experiment design and response values

K 2K T Levels I 3 {H Response values
W LR GEMAR L P
No. X, /(m-s") X, /(r- min'!) Xy/(ms) Stem tiiﬁ;i}y rate Y,/% Loss rate Y,/%  Stubble hZi;nx Y,/mm
1 0.42 26 0.7 94.2 13.17 65
2 0.42 28 0.6 96.8 14.12 52
3 0.50 26 0.6 94.2 28.15 89
4 0.42 30 0.5 91.7 22.85 62
5 0.34 30 0.6 92.2 15.66 52
6 0.34 28 0.5 97.2 24.87 55
7 0.34 28 0.7 95.9 7.55 49
8 0.42 28 0.6 97.1 13.66 53
9 0.42 30 0.7 93.6 6.45 53
10 0.34 26 0.6 94.5 8.72 59
11 0.50 30 0.6 90.7 23.12 91
12 0.42 28 0.6 97.3 16.38 48
13 0.50 28 0.7 93.7 21.87 74
14 0.50 28 0.5 95.7 32.56 83
15 0.42 26 0.5 96.8 25.15 69
16 0.42 28 0.6 96.8 13.52 51
17 0.42 28 0.6 97.4 14.78 50

332 BEIWPENR L EHEE

12 H Desgin-Expert8.0.6.1 R AF i T % T 2K R 58 4
IR LA S B 5 v B 1) 22 e g M RDR A 2 A, B
KRB TAESE, fA7 7 22R R Y IRBUR ¥,y
B 1 YO0 T RE T X IROR B e X A SR ) Sl
FEE X 1 = 22 T e B T [ ARE A, 5 (14D~ (16)
P AT REAVETT 220t s Ran K 4 P

Y,=97.08-0.69.X,~1.44X,-0.50X,—0.30.X X,
0.18X X, +1.12X,X,~1.31.X,-2.87X,-0.14X,> (14)
Y,=14.49+6.11.X,~0.89X,~7.05X,~2.99.X X, +1.66.X X~
L1LXX+4.61X-0.19X,-2.6 X, (15)
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Table 4 Variance analysis of regression equation

ZERGEHEK Stem tip integrity rate Y, I Loss rate Y, B4 74 =1 5 Stubble height Y,
SR -5 A A IS ¥/ S VRl H ITE ¥/ S S VR H RF K
Sourceﬂ Sum of  Degree of F Significant ~ Sum of  Degree of F Significant Sum of  Degree of F Significant
squares freedom level P squares freedom level P squares freedom level P
17 odel 72.08 9 34.92 <0.0001%** 878.49 9 29.26 <0.0001**  3191.14 9 34.57 <0.0001**
X, 3.78 1 16.49 0.0048%** 298.90 1 89.61 <0.0001%** 1860.50 1 181.39  <0.0001**
X, 16.53 1 72.08 <0.0001%** 6.32 1 1.89 0.2111 72.00 1 7.02 0.0330*
X, 2.00 1 8.72 0.0213* 397.48 1 119.16  <0.0001** 98.00 1 9.55 0.0175%*
XX, 0.36 1 1.57 0.2505 35.82 1 10.74 0.0135* 20.25 1 1.97 0.2028
XX, 0.12 1 0.53 0.4886 10.99 1 3.29 0.1124 225 1 0.22 0.6538
XX, 5.06 1 22.07 0.0022* 4.88 1 1.46 0.2655 6.25 1 0.61 0.4606
X2 7.28 1 31.75 0.0008** 89.64 1 26.87 0.0013** 655.27 1 63.88 <0.0001**
X,? 34.56 1 150.69  <0.0001%** 0.16 1 0.047 0.8341 378.00 1 36.85 0.0005**
X2 0.083 1 0.36 0.5675 28.61 1 8.58 0.0221* 16.42 1 1.60 0.2462
Residual 1.61 7 23.35 7 71.80 7
SRALLI
1.30 3 5.62 0.0644 17.93 3 4.41 0.0929 57.00 3 5.14 0.0740
Lack offit
4 15
HRE 0.31 4 5.42 4 14.80 4
Pure error
S Total 73.68 16 901.84 16 3262.94 16

¥ : P<O.01 (R 25, *%) ; P<0.0SC(HE 35, *) . Note: P<0.01 (highly significant, **); P<0.05 (significant, *)

ZERGEHER Y BRI, XX XX AR TR A A R Y, =51.63+15.25X-3.00.X,-3.50.X+12.58X,%+9.58.X, (19)
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Y Yo VTR, a5 R X D~ XA FR. MRARA « TR R B 3> A1 52 ) ) 48 3okt R > i ol 8 5 %A
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Table 5 Analysis on contribution rate of each factor

PEANFE by D v ) PN 1| 7 2 5 . . t ‘H”,_ih
R CipeiSr YA IR R4 B Reel speed EEET] Jalﬁst Reciprocating Pl E .

Response values Forward speed cutter line speed Sequence of contribution rate

252 5384 Stem tip integrity rate 2.09 2.75 2.23 X,>X,>X,

U Loss rate 2.64 1.08 2.08 X, >X;>X,

i #E = [ Stubble height 1.36 2.38 1.27 X,>X,>X,
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Fig. 6 Effect of interaction between factors on loss rate, stem tip integrity rate and stubble height
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Table 6 Measured value of evaluation indices
at optimal condition
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rate /% ? height /mm

N 97.27 12.30 62.26

Tf:t%fe 96.61 11.82 61.89

vai 97.42 1221 62.12

TR 97.10 12.11 62.09

Mean value
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Optimal value
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Relative error/% 14 44 33
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Development of harvesting mechanism for stem tips
of sweet potatoes

Shen Gongwei'” , Wang Gongpu', Hu Lianglong'™, Yuan Jianning®,
Wang Yemeng', Wu Teng', Chen Xiaodong'
(1.Nanjing Research Institute of Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China;
2.Nanjing Institute of Technology » Nanjing 211167, China)

Abstract: The stem tip of vegetable sweet potato is an excellent nutritious and healthy food, which is widely used in many countries. It’s
estimated that the total value of Chinese vegetable sweet potato’s market is about tens of billions of yuan, which means it has a promis-
ing future. Due to the difficulties of the long harvest period, high harvest requirement, and low mechanized level, the high cost and low
efficiency in harvest is prominent. As such, it decreases the motivation of the farmers deeply. Also, the market still has a strong need for
the stem tip harvester urgently. In order to fill the blanket in the mechanized harvest on stem tips of vegetable sweet potatoes in China,
and to solve the current problems, in this research, we designed a stem tip harvester for vegetable sweet potatoes in combination with
agronomy, which was composed of the reeling, cutting, conveying and collecting devices. It could finish cutting, conveying and collect-
ing the stem tips for vegetable sweet potatoes every single row in one operation. In this paper, we introduced the harvester’ s working
theory based on analyzing the whole machine’s mechanical structure. To improve the integrity rate of stem tip, to lower the missing rate
in cutting, to lower the stubble height and to improve the harvester’s working quality, we did a test on the harvester’s working parame-
ters, using Box-Benhnken's central combination test method based on the single factor test. Three-level quadratic regression orthogonal
experimental design was done through the forward speed, the reel speed and the reciprocating cutter line speed. The model of response
surface was established to research and analysis the machine’s working quality due to different factors. Finally, the optimization of ma-
chine operation parameters was realized. The results showed that the prominent order in the stem tips’ integrity rates was the reel
speed > the reciprocating cutter line speed > the forward speed. The prominent order in the stem tips’ missing rate was the forward
speed > the reciprocating cutter line speed > the reel speed. The prominent order in the stem tip’s stubble height was the reel speed > the
forward speed > the reciprocating cutter line speed. In 2019, the test was done in three times to verify the model’ s correction in Baiba
test base, Nanjing Research Institute for Agricultural Mechanization. The field test results showed the optimal working parameters were
the forward speed 0.38 m/s, the reel speed 26 r/min, and the reciprocating cutter line speed 0.60 m/s. The integrity rate of stem tips was
97.10%, the missing rate was 12.11%, and the stubble height was 62.09 mm. The error was in the range of 5% compared to the theoreti-
cal optimization. Compared with the single manual picking efficiency of 0.001 hm?/h, the operating efficiency of this machine can reach
0.1 hm?/h, The operation effect of the machine was obviously improved compared with that of manual operation, better to meet the re-
quirements of the vegetable sweet potatoes’ stem tips machinery harvesting. The test research supplies a strong support and theoretical
basis to the mechanical development of the harvester for vegetable sweet potatoes”’ stem tips.

Keywords: agricultural machinery; design; vegetable sweet potato; stem tip; harvest; response surface



