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Design and Experiment of Belt Screen Seed Sorter for Camellia oleifera
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Abstract ; After batch of Camellia oleifera are peeled, the shells and seeds of Camellia oleifera are mixed
together. In order to ensure the quality of camellia oil, clean seeds should be obtained. Currently, seeds
are picked out manually, which is time-consuming and laborious with low efficiency. Therefore, a belt
screen seed sorter for Camellia oleifera fused with photoelectric color sorting technology was designed.
Firstly, according to the characteristic differences of Camellia oleifera shells and seeds in friction angle
and collision coefficient, the vibrating belt screen was designed for initial separation. Secondly, the
difference in gray value was used to carry out secondary photoelectric separation of residual seeds in the
shell of after belt separation. Kinematics and dynamics analysis of Camellia oleifera shells and seeds on
the belt screen showed that the main factors affecting the screening rate of the vibrating belt were belt
inclination (A), belt speed (B) and vibration frequency ( C). Based on the cleanliness rate of the seed
and the ratio of seeds in shell, the orthogonal rotation combination test was carried out. When the belt
inclination angle was 19°, the belt speed was 1. 50 m/s, and the vibration frequency was 55. 40 Hz, the
index parameters of the seed box cleaning rate were 95. 52% and the ratio of seeds in shell was 24. 30% .
The optimal parameters were tested and verified, and the results were reliable. The photoelectric sorting

test for materials with different seed ratios showed that the cleanness rate of the seed was stable at
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98.23% , and the ratio of seeds in shell remained at 2. 34% , indicating that the photoelectric sorting can

accurately identify and sort out the Camellia oleifera seeds. The optimal parameter test results of the

whole machine showed that the average cleaning rate of Camellia oleifera seeds in the two seed boxes of

machine and the ratio of seeds in shell was 97.55% and 3.27% , respectively. This belt screen seed

sorter for Camellia oleifera based on photoelectric color separation realized the efficient separation of

camellia hulls and seeds, laying a foundation for the subsequent improvement of the quality of camellia

oil.

Key words: Camellia oleifera; shell and seed separator; photoelectric color sorting; vibrating belt screen
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Fig.1 Structural diagram of sorting machine for

Camellia oleifera shells and seeds
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Fig.3  Principle diagram of vibrating belt screening
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Fig.4 Motion analysis diagram of Camellia oleifera seeds
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Fig.7 Mix materials of Camellia oleifera seeds and shells
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Aebr 5 K R AEAE W E ) R &Rl o A
g A,

(2) e EHRY,

3 o X g B A B L s SRR Y, 4y
Bras R ane 3 fron o 3R 3 al 1, o 20 B A 455 AU A
W (P <0.01), 2tk F 80 3 4R 4 % C Xk
AR PR e EAT R Y, Ak W (P <0.01) , Ik
2RO IR A R B R I i 58 48 AR 5
e di 3 (P <0.01) , 2Pk 32 200 T rp Je i il /5 A K
Bzt O B O il B 48 bR 2 3% (0.01 < P <
0.05) ,3¢ HI BC XA B 45 bR 5200 i % (0. 01 < P <
0.05) , HAh 2 TA 2 3 . & R X e FF R Y,
SR E W R € A B, N 3558 H 55 F —
e R ENE Ry NI NEE D AN F =3I ] 73
AN F R, FREEAT 7 2 500, A5 Rk 3 s
GEIRSSE S ST i S A NS IEN = iy
H

Y, =19.20 -2. 104 +1.74B -6.07C +
2.26BC +4.23B° (18)

XP A7 A (S (18) ) BEAT 2R 4L IS 56, TN 5% 3
Jron, Hpr R4 P =0.309 1, R 8% (P >0.1) %
WIS A7AE 52 250 48 A 1) At PR 3R KA 7, R
Ffabr 5 K R AETE B W IR KRR, 11 o 4
ZiREGH,

4.4.3 w7l oA

FIF Design-Expert X i 55 %5 85 #F 17 43 #7 4b 2,
A5 Rz A AUAf R A R R R Bl 6 2 TR) ) 5 B A
FORRF AR W Tt 26 0 S RF 220 5 e 80 e
T, an &l 10 FirR .

X T RERRIE I 20 Y, BT B R IR 3 431 8 11 58
HZ WA 10a IR o 244k 20 4 56 [ B, A7 48 T
T 38 5 R R B TE AT G, B Y B R Y T Dy
1.20 ~ 1. 80 m/'s 5 >4 Bz 77 3 S35 [f] 5 I, K746 1 135 232 Bl
I B 3 101G M8 /) | FR 20 400 58 1Y) 550 i 45 Y1
g 38. 11 ~57. 14 Hz,

XFTFE SRR Y, M R RN IR Bl A ) A8
S AN 10b Fras o 24 PR S 0 AR [ ), SE
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Tab.3 Variance analysis of experimental results

i H RS 3 7 A H B ¥ior F P

A 375.01/350. 02 9/5 41.67/70. 00 9.27/14.27 0.000 2 **/ <0. 000 1 **
A 115. 57115. 57 1/1 115.57/115.57 25.72/23.55 0. 000 2 **/0. 000 1 **
B 71.31/71.31 1/1 71.73/71. 31 15.87/14. 53 0. 001 6 **/0. 001 4 **
C 54.84/54. 84 1/1 54.84/54. 84 12.20/11.18 0. 004 0 **/0. 003 9 **
AB 0.24 1 0.24 0. 055 0.8190

AC 0. 82 1 0.82 0.18 0. 676 4

MAGER Y, BC 81.15/81.15 1/1 81.15/81. 15 18.06/16. 54 0. 000 9 **/0. 000 89 **

A 12. 49 1 12. 49 2.78 0.119 4

B> 11.27 1 11.27 2.51 0.1373

c? 27.16/27.15 1/ 27.16/27. 15 6.04/5.53 0.0288"/0.0310"

i 58.42/83. 41 13/17 4.49/4.91

He 3% 31.89/56. 88 5/9 6.38/6.32 1.92/1.91 0.196 0/0. 188 2

e 433.43/433. 43 22/22

TR 936. 05/928. 25 9/5 104. 01/185. 65 11.96/26. 12 <0.000 1"/ <0.000 1"
A 60. 04/60. 04 1/1 60. 04/60. 04 6.91/8.45 0.0209* /0. 009 8 **
B 41.17/41.17 1/1 41.17/41.17 4.74/5.79 0.048 6 /0.027 7"
c 502. 36/502. 36 1/1 502. 36/502. 36 57.78/70. 68 <0.000 1 **/ <0.000 1 **
AB 0. 81 1 0.81 0. 093 0.764 6

AC 0.35 1 0.35 0. 040 0.844 4

SEREHEY, BC 40.73/40.73 1 40.73/40. 73 4.68/5.73 0.0496" /0.028 5"

A 2.48 1 2.48 0.28 0.602 6

B? 283.09/283. 96 1/1 283.09/283. 96 32.56/39. 95 <0.000 1"/ <0.000 1"
c? 4.21 1 4.21 0.48 0.498 6

R 113. 02/120. 82 13/17 8.69/7. 11

H2 35 66.90/74.71 5/9 13.38/8.30 2.32/1. 44 0. 138 8/0.309 1
SR 1.049. 07/1 049. 07 22/22
TE: /7R B R AR B E RG22 50, #++ KR B3 (P <0.01), + F/RPE(0.01sP<0.05),

e BRI %

e
Ji

10 XU 2R e 7y g
Fig. 10 Response surfaces of double parameters
R R BB 3 B2 P R T S R o, B R B SE PR Al A AN AR BEOR, H SE e £ H AR R R
M BLOLTL R 0. 91 ~ 1. 80 m/s 5 Y Fz i i BE g i, R4

70 P RE S BB AR 3 A A B /N T 98/ iR Bl AR Y max Y, (6,v,,f)
WAL N 40.50 ~61. 89 Hz, min Y, (0,v,,f)
S T A0 B A KT 4 P Bl 19°<g< 27° (19)
Ve =%, F| H Design-Expert f{] Optimization If] 5 X} . 1.0.91 m/s<v,<1.80 m/s
2 i 1 0 R LA 0 21 40 35,11 Hoe /61,89 11
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I A B A B 1058 b AR 158 A B L R 4y
e, L BT IR E N 5 R ES R AR
REZMEN L AR A AT, X H AR R EHE T A
KA 15 2 Z RIS 1 S 8L G b IR A Y
SR A B 19°, 2 U 1,50 m/s,
PRI A 55.40 Hz IF, 0 B AAF 46 15 15 R R
95.52% , 3 FF R Ny 24.30%

Shy B I R B2 S S ORI AR AH
[0 25 F R AT 50 F R 06, H 25 30 R A 1 T R
4 96. 12% 5 & kP2 R 26.38% , i L AT UL, 4k )
Bz O e A 5 SR T A
4.5 FEHEIKE

R 45 16 AF Bz 15 A2 3 00 45 SR ) 0, 5 b A R R
FAS S YE [l R 11.10% ~32.05% , K It , hy 55 B8
BLASHT 20 35 15 238 DA AR Bz 5 0 e B B ) R 4 18
Bt A SRR B BT X 7 P B kRO 40% J L)
TR A YRk S BURS VE S o

Tt 5 S KR 0 10% 20% 30% 40% (1) 1R 4 I
KRS 3 0 B RS RL 5 ke, Xt H 43 SE A B
A1 Al 2 5 0 A7 56 0E . TR A R H W AR A
CCD MR (B 1), 2 ey W5 S B , 52 B3 A 40
B BAETHENYRES 3 KL, g5 Al
0 T F ARG T 2R KA TP SR R IR SR S M I
gERINFR 4 s,

B St @kl

Separation test of photoelectric color device

Fig. 11

4 HBER
Tab.4 Test results

Bt FER /% FEh R/ %

BE/% 12 3 FHE 1 2 3 P
10 99.23 98.12 99.47 98.94 1.62 1.37 2.11 1.70
20 98.64 99.11 98.42 98.72 2.80 1.07 3.46 2.44
30 97.14 98.45 98.30 97.96 1.90 2.65 2.09 2.21
40 97.39 97.71 96.80 97.30 2.73 3.49 2.83 3.02

S ¥ (. 98.23 2.34

M1 2% 4 ATAN, 4o HU R 40 6 IS I i A% R A A L
A B 4 S 2R T LS [A) A4S RF L 2R 00 W R R A T
WRETE 98.23% A4, AR EE
2. 34% A AT, YA A G HL 43 2 W7o A 1R 8 O o vk TR

ZRWPRE R B 2R o BRILZ AN, BE A 2ROk L AR B0 4
T, HERFRE 5 A FEAR, 7 P 3 R R TR
W W BE R RF 3R 9 350, 68 A [5] B 1 N o 1
F IR YRR I, G IS W 1) R e s AT AR . A
R S TR A TR B A I O3 e 5 e R g
P LA SRR Z BT RESL B 1T I 2% FF 35 I
AR, SCORAIE T 21813 e A5 R T3 o A3 S AT, Ay il
ZRCHAAE E IS Be P2t T B SCHR M BB ARG
4.6 EBHHFZRZTHIELR

LRa BURE B2 23 1 1E 2258 fie 0 2 B e oy
Vel g 45, T e B AL 2% 7e AF 0 e 10 o K TR
Bty Z B0 5 S dee I, BRIV : B2 Afi A 19° Bz i 2
1,50 m/s JRBHR 55. 40 Ha, IR 56 L 73 e R
P B UK A, T 36 2E AT I 28 2 b B AL i 1K
OPREARAR I KA T P IRR IR I RO 96.23% |, Hf
L v ZORF 35 0 R O 98.86% , E A P T AR R
3.27% {28 R ERF R HE 53 BE AL 23 08 HE 5 R L T AR
R PR A 23 e SR, B T S B T il S S8R S o
Iy

5 &g

(1) 7843 R R A B 7 OFF 6 158 482 181 0 il 1 3R
UL O B B R R 2 R DR R T — Rl
GG A3 1 B Al 0 TR A SRS AT kL. XL
GERE S TAEJRBEAEAT T A48, I %68 S B3 14 B 20 f2
G HL R E HEAT T HIS T . T RIS,
ZHLA] SE BN A R TE KF I AU ik

(2) 6 BBz i3 0 A1 | Bz 2l 3 R IR 3l 0 32 R i
B RZ, AR 5 % e & ok R ol 48 4, i
117 e E 38 A 50, 257 T 46 05 5 %
ey R 3R A [l AR R 45 L SR WY, X0 B Al 4 o 199
Rz A R 1,50 m/s B® 3 45 R R 55. 40 Hz if, H
XF LB RF AR UG T RN 95.52% e AR
24.30% . FARA G HIAI S AT RN
96. 12% , 5t & AF %l 26.38% , B ik Tk 3 B il
T A

(35Xt e P AR B Y 11.10% ~ 32.05% )31 4%
FFORH Ot o 2 48 B R T A0 B, U004 R 3
WY - RS RF L 2R A 3G 0, FORF AR UG T R i A R AIG, 7e
TR T ERF AR T T R AR E TR 98.23% A2
i, AR AR AR 2. 34% ZE A, A BH % L 43 1%k 1T
WU I 28 IR 24 b b T ST

(4) FF AN 28 R 5TRF 43 2 1000, W0 FF A 25 4T
VB R IR B 97.55% ,suh S AT RN 3.27%
BONE T ML T A B S TR 2 1 sl 4
o Je 82 L A5 M A UROIN T il SO B A
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