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1.Bunker 2.Frame 3.Polygon cam of swing mechanism 4.Down-plate of
apricot 5.Saddle roller 6.Driving mechanism of Saddle roller 7.Motor seat
8.Synchronous belt pulley 9.Driving shaft 10.Synchronous belt 11.Main
shaft 12.Slope separator 13.Cavity of saddle roller
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Fig.1 Structure of fresh apricots transportation device
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a. Structure of transportation

b. AR IRHIFE B

b. Forced rotate device of saddle roller
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1.Passive sprocket 2.Drive sprocket 3.Chain 4.Forced rotation groove of
chain 5.Shaft of drive sprocket 6.Shaft of passive sprocket 7.Fixed chain
8.Saddle roller 9.Shaft of saddle roller 10.Sprocket of Saddle roller

T v WREPPAEE, mss o AN EEMEE, rads s
Note: v is translation speed of saddle roller shaft, ms”; @ is rotation angular
velocity of saddle roller shaft, rad-s™.
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Fig.2 Device of transportation

2.1.1 EREABFIITHRT. A2, KE

H A BRE T FLARHE R A LAY, X g R
WA KR AT T RS (| 3) , 4E RN (%
1, BES SN RSHE SR R RANMA AR RN 2 5%
FLERPE KNI Ny 5 B8 S48 > 21 F8 4R > W 22 3 > B
s AR ERAES>SRA>RR, BRI TR
KA 25~55 mm ¥ 5AG, AN ZE RIS, 20~



$12 R AR A5 A AR Y ] o e 2 1 e ot 33

40 mmo SRIIHUBAIBNN T, FHGE LT EREEAET 2. 1.2 BRREEIM T 2L 5 Sk
B HIY 2 SEF AR M B A B R A 25~
5mmﬁmﬁ$wéﬁﬁ%ﬁmzmmﬁﬂﬁﬁﬁﬂ%
A FRERERES), 2 RFA T BRI BRI T
SR HEFE, RS A SEALT R R A TS
mm SBREHL, TR S SR IR, SRR
\ v RSB 2 VG G B FURAR 5 s P
' 7 X Holfs, MBS LA A (ERRAR RS 1 5 A 5 T A
Ry FITFX 2 A AT AR LA 5L e s i
Lt ot apica R B SRR
AR 2 T B SRS, W SE M S
M S ORAE S5 ALY 55 981 e (R B — 2 e

¥
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Note: a is length diameter, mm; b is transverse diameter, mm; ¢ is ride diameter, mm. ‘F Xﬂ‘ 7&? i%’: fE 1/|E ﬂ% ’ Em /?HE $§ }% iﬁ’a ﬂ'ﬁ >{j( N E 12? N % JZE % 72% %[
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Fig.3 Three dimension of apricot AR R B L2 ) Siash Kl 4 s
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Table 1 3D size of dominant apricot

HHNE =Y R g 2 R
3D size of apricot Measurement results
st LRSS Pk K sz - TR L A
Varieties Water content/% Weight/g N Transverse oo BRI Ratio of ride
Length Diameter a . Ride diameter ¢ .. .
Jmm diameter b Jmm Mean sphericity diameter/Transverse
/mm diameter ¢/b
HFETAR Yellow Cemaati 63.4~64.3 32.4~42.4 32.1~514 25.7~35.2 26.1~46.6 0.944 1.10
2738 24 Red Cemaati 63.2~64.7 31.4~41.7 36.4~3.6 26.9~36.1 27.9~45.7 0.947 1.09
122 Juana apricot 61.8~62.7 29.1~35.4 29.7~42.8 23.3~34.4 24.5~40.1 0.951 1.07
M Black Leaf apricot 63.3~64.1 29.2~36.8 26.2~39.7 21.3~30.4 25.8~38.9 0.982 1.05
VAR
Saddle roller
// A<

e (=)
Apricot
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a. Apricot Position between two saddle rollers b. Size of saddle roller ¢. Movements Scheme of d. Force diagram of apricot
apricot in saddle roller

Ee Ty T ANBIBHE: T T AEEA; fiv £ WE0BH T T X6 THITESIEIEME 1, Ny Fy, B ABIBHE T T WEEA T SZEIER D1, N; mg e
T ASZIOE, No B8 Ty 60 T R0 F, B0 £ No v OBSOBBESRHERE, ms™s 0 WHIBRME T SACFHRM, o o MR
T $EHI O SRR Tiy To W OELIIIS, @ o AW T, T, ARMEIE, rads™: D, AR TR AT, mm; Dy WIEHANEEAE,
mm; Dy NIV EA, mms LONEIEIRK, mm; S ONBEARAMEIES, mm: S WEIRIRECMAE, mms o, BN T AAEE, rads’s

Note: Ty T, are saddle rollers; T+ Ts are fresh apricots; fi, /> is sliding friction force of fresh apricot T which applied by saddle roller T, and T,, N; F; and F; are support
force of fresh apricot T which applied by addle-shaped roller T, and T, N; mg is gravity of fresh apricot T which applied by itself, N; f; is pressure force applied by fresh
apricot T3, F is friction force applied by Ts, N; v is transport speed of saddle roller, m's™; @ is angle between transport plane of saddle roller and horizontal plane, (°); a is
angle which shaped by three rotation point (rotation point of fresh apricot, rotation points of two saddle rollers), (°); e is rotation angular of saddle roller T; and T,
rad-s™; D, is maximum transverse diameter of fresh apricot, mm; D, is outer edge diameter of saddle rollers, mm. D, is waist diameter of saddle roller, mm; L is length of
saddle roller, mm; S is axis distance between two saddle rollers, mm; S, is minimum spacing between two saddle rollers, mm; w, is rotation angular of fresh apricot,

rad-s™.
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Fig.4 Sequencing movements and force diagram of apricot between two saddle rollers
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a. Mechanism of feed device

a. B

a. Structure of feed device

LS 28824 3R 4BERCTHD SR 6BAIE TR
SHLEE 9.5 B

1.Sprocket 2.Swing shaft 3.Feed plate 4.Shaft of sprocket 5.Seven-angle
cam 6.Sliding sleeve 7.Swingrod 8.Frame 9.Return spring

TE: o MIESVAHMIY, radss o, MBI, rads"s I NIESIATK,
mm; D, MWEEERE, mm; R A-LMEAEERE, mm; R -LMES
42, mm,

Note: , is rotation angular of swing shaft, rad‘s'l; w, is rotation angular of
sprocket Shaft, rad~s'1; D, is diameter of sliding sleeve, mm; Ry is inner circle of
Seven-angle cam, mm; R 4 is outer circle of seven-angle cam, mm.

BS5 2% A0itEETXEERANMERERE
Fig.5 Structure and principle of single feeding device and
polygon cam
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b. Guide plate
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Fig.6  Structure of star shaped unload wheel and guide plate
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a. ILEIRE

a. Star shaped unloand wheel
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1.Pitting vibrator siege 2.Cutting System 3.Cabinet 4.Orientation device
5.Transport device 6. Frame

B 7 #3583 TR
Fig.7 Structure and prototype of fresh apricot orientation and
cutting machine
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Table 2 Main parameters of ranking feeding device

MR B AR x A

~ SRR AN | A . } )% A w
Bzt Bp R T LengthxEnd diameterxWaist .@ﬂy%ﬂj i e b LAl jJK. i/.]* B I .
Number of saddle : Pitch of saddle . o Power of main Amplitude of feeding
Index diameter of saddle roller Transporting angle/(°)
roller roller/mm electromotor/kW plate/mm
(mmxmmxmm)
24
Parameters 3x41 85x56x32 21 0.75 17
x3 HRBERHFHEZEENTHESY
Table 3 Dynamic parameters adjustment of ranking feeding device
- i RA j S8 TEEIND B " N E3 i
Index Transp()mn]g Self-rotating spee_d ?f saddle Sw1ng frequency of Frequency convertor/Hz Rotating speed_ olf main
speed/(m's™) roler/(rmin”’) feeding plate/Hz shaft/(rrmin”)

Z:# Parameters 0~0.56 0~250

0~10.5 0~50 0~46

b. S HE RS 1]

b. Feeding condition of fresh apricot

a. HLR/RLK
a. Performance of machine
B 8 &8 3T A WaFEAIENM LK
Fig.8 Performance test for apricot orientation and cutting
machine
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Table 4 Experimental factors and levels

7 L2 2t AEHIR B A LiBESUYE S
K ; . .
Levels Rotation of saddle Swing frequency of ~ Transporting speed
roller 4/(rmin™) feed plate B/Hz C/(ms™)
1 93 2.14 0.15
2 164 3.75 0.26
3 235 5.36 0.37

PR S B LR RN 2 ORI ER 6 TR« 3 Flisk
56 DA 20 A B AR Pl SR (1 B i R T R 1D
ARSIy 3.75 Hz SHIEHE N 0.26 m/s, i
93 #9 K E] 164 r/min I}, AR L2 70R 2R A
L LR AE 164 r/min I, BRUR 5287 CR B LS A,
AR CRIR B de /MBS 164 9K 3 235 t/min
I, R R BT, HE 7GR BRI . 2)
U HREHE N 164 r/min SHNEHEE R 0.26 m/s, Ak
PRENAZE 2.14 SEHNF] 3.75 Hz I 5 L2 L 0 Bt 3,
HZ 7R R ETH AR, MEEZRIAE] 3.75 Hz I, B



36 Ak TREZAR Chttp://www.tcsae.org) 2016 4E

PRG3RI A, BRI N, 7RI TS, AR RN BEERA, BRI EAE 0.26 m/s
Mo 3) MR, 164 r/min 540 RHRIE S0 % Ky W, ARSTLP s, (HERAARAE, B UREReL BT, &
3.75 Hz, HnEE M 0.15 BEhn2) 0.26 m/s i, FEEKRE FORGREE R T .
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Table 5 Scheme and results

Wi fabr CFED

W e TP e 8 AiEHR A% B) A Eipes s 255 Experiment index (Average)
Experiment number Rotation of saddle Swing frequency of Transporting Em t line v %pi 7::': =
p roller 4 feed plate B speed C Pty N LIV

Single rate P/% Cavity rate §/%

1 1 1 1 1 85.4 2.2

2 1 2 2 2 88.1 1.9

3 1 3 3 3 78.6 1.7

4 2 1 2 3 84.2 1.9

5 2 2 3 1 87.9 1.5

6 2 3 1 2 72.6 1.5

7 3 1 3 2 91.4 1.4

8 3 2 1 1 87.7 2.2

9 3 3 2 3 83.5 1.6

ki 84.03 87.00 82.07 ki 1.93 1.83 1.97

ks 81.57 82.97 85.27 SR 2 1.63 1.50 1.63

LR PN
Single rate ks 87.70 83.33 85.97 Cavity ks 1.67 1.53 1.53
R 6.13 4.03 3.90 rate R 0.30 033 043
H#EER: A>B>C  BIRAE: 4:BiC HEER: C>B>4 B AE: 4B.C

Fo BRRETAREETN
Table 6 Trend of Single rate and cavity rate

AR ARSI g 3.75 Hz, B AR 164 rmin™, B ARESE N 164 rmin™,
HOXHE N 026 ms™ %Il 0.26 mes™ ATEWE By 3.75 Hz
Swing frequency of feed plate is 3.75 Hz, Rotation of saddle roller is 164 rmin™, Rotation of saddle roller is 164 r-min’'
Transporting speed is 0.26 ms” Transporting speed is 0.26 ms’ Swing frequency of feed plate is 3.75 Hz
Roiii}zf %ﬁﬁdle R C;l\:i/t\ite ?\iﬁﬁiiﬁ?:cz AR TR Trans ﬁtil)urltﬁgs&.F eed C/ R TR
roller A/(r-min’) Single rate P/% S/z;) of fee?i pla(tle B/I—i)z Single rate P/% Cavity rate S/% P ( msg' )p Single rate P/% Cavity rate $/%
93 84.03 1.93 2.14 87.00 1.83 0.15 81.90 1.97
164 81.57 1.63 3.75 82.80 1.87 0.26 85.27 1.63
235 87.53 1.67 5.36 83.33 1.53 0.37 85.97 1.53
b A . .
4 5 1k (& £ x #
1) BF5E T H70m s B RhAS (AN R SRR, A5 R [1] FrsadiE /R HBRX AT R, g i-a% 2015[2]. HE
JEJEAE 0.944~0.982 2 ], WAL B4R LLLE 1.05~1.1 Z [, FEITHIRRAL, 2015: 383—384.
S 75 1 PR AR HE FE L N5 1A B A WA A F ST B e T 3 [2] Altman J E, Altman E. Fruit feeder[P]. USA: 4069909,
o T SRR R RRE o Feeder mechamio for comal
- N NI 5 s gl ohm , Berge O. Feeder mechanism for controllin,
T BRI HEFFAE . %A e AR o rge O. Fe . g
R o e S g s . elivery of fruit to a juice extractor[P], USA: 4337865,
LI AT SR 2 B P BRI 2 B R e, B T 1082-07-06,
HEFP A S IE MR N 21°, HIEHETEEN 70 mm, $% [4] Morgan. B. Mechanical fruit picker with delivery system[P].
JE4REK 85 mm. USA: 5249412, 1993-10-05.
2) W Ay B HE PR e s AR IR AT T AR [5] Font R O. Fruit feeder for squeezer machines[P]. USA:
o R ERERY], ZAEHUCR B I A H IR 5957043, 1999-09-28.

i"M‘\ I‘iﬂ IKI% ﬂFEZE/HAU.iX*J—L 1;,23 , z % ijt\, I i@*ﬂ; 1;/[;] E‘Jﬁijj ﬁﬁ*4 [6] Sanchez de Ledn J A, Roda R. Automatic alternating fruit

UM RV RS 5 P SR LR, 0 2 S ALK 2 fig % ge;)e(;i:_rozt(_)l; cell receiver in quincuxes[P], USA: 6691857,

M) A /\ i} L/ A L] =R 4\~
M 74, SRR 92 mm, FEUES 17 mm, Bhf [7] Narayanan P, Lefcourt A M. Tests of the ability to orient

HSEIL T A FARHE AR DI e apples using their inertial properties[C]/Diane Chan. 2007
3 Eﬁéjﬂ‘@ﬁglﬁr@@%ﬁﬁi, HATT S‘fg*ﬂf/@l i3] éﬁ*@ ASABE Annual International Meeting. Minneapolis, ASABE,

HZHAA . A5 AN P 1L 2] 91.4%, 27X 2007: 2—12.

H1.4%, TARRCRATSCBUA ARHE P Hk 1200 kg /ho [8] Lefcourt A M, Narayanan P, Tasch U, et al. Algorithms for

A5 45 SR Ay e D s B HE P i 026 2 L AE 5 RN A DG A parameterization of dynamics of inertia-based apple

RS, orientation[J]. Applied Engineering in Agriculture, 2008,

24(1): 123—129.
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Design and test on transmitting device for fresh apricot with single fruit
rank in certain interval

Liu Xiangdong®*3, Wang Xuenong®?, Wang Chunyao®, Liu Xiaolong®*, Guo Zhaofeng?, Gao Lianxing"*
(1. College of Engineering, Shenyang Agricultural University, Shenyang 110866, China; 2. Institute of Agricultural Mechanization,
Xinjiang Academy of Agricultural Sciences, Urumgqi 830091, China; 3. Scientific Observing and Experimental Station of Forest Fruit,
Cotton Equipment and Facility Agriculture, Ministry of Agriculture, Urumqi 830013, China; 4. School of Mechanical Engineering,
Xinjiang University, Urumqi 830046, China)

Abstract: Apricot is a kind of very important fruit in China. Xinjiang is the largest apricot producer with a planting area of
1.324x10° hm? and an annual production of 1.280x10° t. However, the fresh apricot is very liable to become putrid if it is not
eaten and processed in time during the storing and transporting. Traditionally in China, fresh apricots can be processed into
various apricot products with special flavor, such as dried apricot slices. Unfortunately, the amount of all the apricots
processed accounts only for less than 11% of total amount of fresh apricots, and the processing almost relies on manual
operation. Limited mechanization of apricot production especially for harvesting and processing has become a key factor in
impeding the development of apricot industry in Xinjiang. During the processes of processing from fresh apricots into dried
apricot slices, 2 devices and corresponding procedures are needed. The first procedure is that every apricot must be ranked
automatically one by one with an interval, in order that the next device is able to automatically orientate and accurately cut
apricot into 2 slices. Based on the combination theory of agricultural machinery and agronomy as well as the related basic
study on the physical and mechanical properties of apricot during transporting and segueing, this research was conducted to
determine the optimal structure and design parameters of the interval deliverer for fresh apricots, and to develop the fresh
apricot conveying device with single apricot ranking in interval. This device included: a series of saddle rollers that rotate by
their own axis as they move forward; the distributing mechanism i.e. the polygon cams make the apricots fed peacefully and
ensure apricots into the next procedure one by one. All the process of sequencing feeding and transporting of fresh apricots
was achieved through the performance combination of the chains consisting of saddle rollers with the distributing mechanism
key parts. The performance test of the device developed was accomplished at Institute of Agricultural Mechanization, Xinjiang
Academy of Agricultural Sciences, and the apricots used as experimental materials were yellow Cemaati and red Cemaati
apricots with middle maturity from Yingjisha County of southern Xinjiang, which were checked by labor before the test. The
sequencing rate of single fruit and cavity rate were as the test indices. The test result showed that the sequencing rate of single
apricot was 91.4%, the cavity rate was 1.4% and the feeding efficiency was 1 200 kg/h. The research results will provide
important basis for further research and development of the ranking feeding device for late mechanical orientation and cutting
procedure automatically.

Keywords: agricultural machinery; design; optimization; apricot; process; deliver; rank
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