International Journal of Engineering Science Invention (1JESI)
ISSN (Online): 2319 — 6734, ISSN (Print): 2319 — 6726
www.ijesi.org ||Volume 7 Issue 4 Ver. VI|| April 2018 || PP 35-40

Research on Effect of Cashew Kernel Traveling In Color Sorting
Machine

Ran Anh Son"”, Vo Ngoc Anh Tuan®

'ho Chi Minh City University Of Technology - Vnuhcm, Vietnam
Corresponding Auther: Ran Anh Son

Abstract:Cashew Is An Agricultural Product That Plays An Essential Role In The Developments Of The
Economy Of Viet Nam, Since Foreign Revenue From Cashew Products Is Ranked As One Of The Top
Agricultural Exporting Commaodities. By Implementing The Vision System Of Machines In Food Processing, The
Quality And Price Of Cashew Will Be Improved. Using Image Processing Technology In Sorting Process,
Products Obtain High Accuracy And Performance. For That Purpose, The Machine Is Equipped With Ccd
Cameras And High-Velocity Pneumatic Separation System. This Study Is Going To Present Effect Of Cashew
Kernel Traveling In Color Sorting Machineby Identifying Velocity Of Conveyor And Airflow, And The Height
Between Conveyor Belt And Air Nozzle.The Simulation Is Used To Predict The Motion Of Cashew Insorting
Zone Of The Machine.

Keywords -Sorting Machine, Pneumatic Separation, High Pressure Airflow.

Date of Submission: 10-04-2018 Date of acceptance: 26-04-2018

I. INTRODUCTION

Vietnam's Export Performance For Nuts Over Recent Years Is Impressive, Especially For Cashews, By
Far The Main Exported Nut. In The First Five Months Of This Year, The Cashew Industry Exported More Than
118,000 Tons Of Cashew Nuts, Bringing In About 1.1 Billion Usd, Exceeding The Export Plan In Terms Of
Both Volume And Value. Cashew Processing Actually Includes The Various Steps And The Processing
Methodology Used Varies From Region To Region. In Viet Nam, Cashew Nut Processing Includes Ten Major
Steps, As Follows: Collected Cashews, Drying Cashew In The Sun, Sorting Out The Size Of Raw Cashew,
Teaming Raw Cashew, Taking Out The Shell, Drying Cashew Nut Kernels, Peeling The Testa, Color Sorting
Cashew Nuts And Quality Control Cashew Nuts And Metal Detectors & Packaging.

Under The Traditional Method, Product Classification Are Performed By Workers So The Result Is
That The Produce Is Of Badquality And Results In Low Productivity. The Poor Classification And Sorting
Methodology Has Caused A Reduction Of Exported Product. Automatic Cashew Nuts Sorting System Based On
Machine Vision Can Improve The Quality Of The Product, Abolish Inconsistent Manual Evaluation, And
Reduce Dependence On Available Manpower. Therefore, It Is Necessity To Develop A Sorting System For
Automatic Quality Assessment Of Cashew Nuts Before Packaging. Cashew Sorting System Or Sorting Machine
Is Based On The Machine Vision System, Which Is An Integrated Technology Using Computer Image
Processing Technology And Analysis Technology To ldentify The Target Of Various Patterns Of Seeds.
Machine Vision System Of Recognition Cashew Can Be Divided Into The Following Steps: (1) Read Digital
Image Gotten From The Camera By Computer; (2) Determine The Identification Characteristic Of Seed; (3)
Find Seed Based On The Identification Algorithm; And (4) Determine The Color Of Seed, Then Then Convert
These Information To The Control Single Of High Pressure Air Nozzle. With The Development Of Computer
Technology, Video-Signal On-Line Transition And Processing Technology Has Been Perfected And Raised,
Machine Vision System Have Got Great Success In Many fields. Many Researchers Have Been Applied
Increasingly For Product Quality Evaluation Using Sorting Machine In Recent Years. In Agriculture, Lee Et Al.
[1] Used Robotic Weed Control System By Machine Vision For Tomatoes. Majumdar And Jayas [2] And
Paliwal Et Al. [3] Classified Cereal Grains Using Machine Vision And Color Models. Shahin Et Al. [4] Used
Machine Vision To Determine The Rice Quality. Zhang Junxiong Et Al. [5] Described A Method That Seeds
Are Separated By High Pressure Airflow In The Air. Xu M. Et Al. [6] Proposed An Effective Mechanical
Process Including Impact Crushing From Printed Circuit Boards (Pcb) And Pneumatic Separation For Metal
Recovery Scraps Was Investigated.

In The Mining Industry, S. Al-Thyabat [7] Took Into Account Some Well Known Problems
Associated. With Imaging Moving Particles Such As Camera Location, Particle Overlap, Image Blurring,
Conveyor Speed, Dust Generation And Treatment. Hamzeloo E. Et Al. [8] Introduced A Method To Estimate
The Particle Size Distribution On The Industrial Conveyor Belt. Then Zheng Et Al. Study Pneumatic Separation
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Of Coal And Gangue With Large Size (Lager Than 50 Mm) In Green Mining Based On The Machine Vision
System Using Dem (Discrete Element Method).

The Objective Of This Paper Was To Design An Automatic Sorting. We Have Carried Out
Calculations Based On The Fundamental Physics, Aerodynamics, With The Implementation Of Simulation To
Ensure The Correctness Of Those Calculations.

Il. PRINCIPLE

The Process Of Pneumatic Separation Which Is Based On Machine Vision Is Shown In Fig. 1. Firstly,
Cashew Nuts Are Transported On The Belt Conveyor (3). Then, The Objects (4) Are Transported On The
Conveyor Until They Dispersedly Drop From The Belt Conveyor. While They Are Dropping, They Are
Scanned Horizontally Along A Straight Scanning Line By The Laser Beam Scanning Apparatus (5), And
Reflected Light From Them Is Detected By A Ccd Image Sensor (8) Of The Ccd Camera (6) By Way Of A
Polarizing Filter (7).Outputs Of The Image Sensor (8) Are Analyzed By The Computer (10) To Judge Whether
The Individual Objects Scanned Are Good Object Or Bad Object, And The Nozzle (9) Is Controlled By The
Computer (10) In Accordance With Such Judgment. Then, In Case An Object Is Judged As A “Good
Object”(4a), It Is Allowed To Drop Into A Regions Accepting (11a), But On The Contrary In Case The Object
Is Judged As A Bad Object (4b), Air Is Jetted From Nozzle (9) To Blow Off The Bad Objectsso That They May
Drop Into A Regions Rejecting (11a).
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Figure 1. Principle Construction Of Belt-Type Cashew Color Sorting Machine

(1) Hopper,(2) Dispersing Feeder,(3) Belt Conveyor,(4)Cashew,(5) Laser Beam Scanning Apparatus,
(6) Ccd Camera, (7)Polarizing Filter,(8) Image Sensor, (9) Nozzle,(10) Computer,(11) Trays.

I1l. METHODOLOGY
Objects Will Do Horizontal Projectile Motion When They Are Thrown From The Conveying Belt. The
Trajectory Of Object Without The Affect Of High Pressure Airflow Is Shown In Fig. 2 Of Curve 1. And The
Trajectory Of Objects With The Effect Of High Pressure Airflow Is Shown In Fig 2 Of Curve 2. Air Flow
Directions Of High Pressure Value Are Perpendicular To Object Movement. Motion Diagram Is Shown By Fig.
2.

As Shown In Fig 2, S, Represents The Pneumatic Separation Distance Between Primary Product
Stream And Secondary Product Stream (Bad Object), h Represents The Height Between Object Center On The
Conveyor Belt And The Upper Boundary Of The Airflow Domain, t, Represents The Motion Time Of Object
Before Falling Into The Air flow Domain, v, Represents The Velocity In Direction y Of Object Before Falling
Into The Air flow Domain; h; Represents Distance In Direction y Of Object Affecting By Force Into The Air
Flow Domain; S; Represents The Displacement In X Direction Of Object Before Affecting By The Airflow; t,
Represents The Time Of Object Moving In Airflow Domain, S; Represents The Displacement In x Direction Of
The Object In Airflow Domain; v, Represents The Velocity In y Direction Of The Object In Airflow Domain;
t, Represents The Time Of Object After The Object Has Left The Airflow Domain; S, Represents The
Displacement In x Direction Of The Object Movement After Leaving The Airflow Domain.
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Figure 2.Cashew Pneumatic Separation Model.

3.1 Object Trajectory Without Affect By Pressure Value

When Objects Is Thrown From The Conveying Belt, It Will Be Recognized By The Machine Vision
System, Then Image Sensor Will Send The Information To Computer That Will Control The High Pressure
Value. At Last, Objects Will Fall Freely From The Conveyor Belt Without The Effect Of High Pressure Value.
The Primary Stream Consists Of Particles Which Follow A Parabolic Path Described By Newtonian Equations
Of Motion.

In Order To Calculate The Key Parameters Of The Movement, Assumptions Are Made As Follows:
Velocity Of Conveyor Belt Isv,, The Total Motion Height Is Equal To h, + h; + h,, The Motion Time Of

Good Object Ist,, And Good Objects Displacement In X Direction Is S, .
Thus t;And S,Can Be Obtained By Egs. (1) And (3), Respectively, As Below

2(h, +h, +h
to=,/—( "+gj+ 2 @)

S, =S+, @

2(h, +h. +h
or, S, =V, fw ®)
g

3.20bject Trajectory With Affect By Pressure Value

If Objects Are Unsatisfactory Quality, Image Sensor Will Send The Information To Computer That
Will Control The High Pressure Value. When Activated, The Value Produce Jets Of High Velocity Air Which
Create Sufficient Force To Affect The Motion Of Particles And Re-Direct Them Into The Reject Stream
Objects.

The Process Can Be Divided Into Threes Stages: (1) Leaving Out Belt Conveyor — Before Falling
Airflow Domain; (2) Movement Of Objects Falling Into The Air Flow Domain; And(3) Movement Of Objects
After Falling Into The Air Flow Domain.

3.2.1 Motion Of Objects Before Falling Into The Air Flow Domain

After Leaving Out Belt Conveyor, Before Falling Air Flow Domain, Objects Motion Diagram Is

Shown In Fig. 3, S; And v, Can Be Calculated As The Formulations.

2h,
S, =V, [— 4
9

2h,
Vo =0 T 5)

3.2.2motion Of Objects In Air Flow Domain

This Process Occurs In A Very Short Time (Several Milliseconds). To Study The Effect Of Air Flow
Classification To Trajectories Of Objects, We Need To Calculate The Force Of High Pressure Air On Objects.
The Force Can Be Calculated By Eq. (6)
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F:”PddA:iPdiA ®)
A i=1

Where, F Represents The Force Of The High Air flow That Acts On Objects, P, Represents The High
Pressure Head Of The Ring Areai, A Represents The Area Of i, Andm Represents The Total Number Of The
Ring.

When Gangue Particles Fell Into Air flow Domain Objects Will Be Affected By Two Forces, The One

Is Gravity, And The Other Is The Dynamic Pressure. Air flow Dynamic Pressure Is Converting To Static
Pressure On The Condition That The Velocity Of Airflow u Is Greater Than The Object's Vertical Velocity y

.2
,And Airflow Must Keep Dynamic Pressure p, = py7. It Can Be Converted To Dynamic Pressure Difference

u? — v2
Ap, =M, u Is Speed Of Air Flow. According To Eg. (6), The Force Of Airflow Can Be Obtained
Aseq. (8)
F =[] poa ™
A
1 .
FaYpA=2p2 (0 -Y)A ®)

It Can Be Seen Approximately As A Plane When Curvature Of Objects Surface Is Not Too Large, So Vu, =u,
Eq. (8) Can Be Changed To Eq. (9).

1
F=2p(u-y*)A ©
>P(u' =)
According To Newton’s Second Law, Eq. (9) Can Be Rewrite As Eq. (10)
1 2 .2 ..
F==p(u!-y*)A=m (10)
S P =y?)A=my
Solve Eq. (10), At The Beginning t =0 , The Initial Position Of The Objects Is y(0)=0 And y(0)=v,
C-D
t)=—— 11
(=" a
u-v,
Where, C=2m.log|u+v,+ (A.p.w] 12)
e m
D=2m.log(2u)+Aptu (13)
And, j(t)=E-F (14)

c_ 2A2p2u2(u—vp) -
Aptu
m.e(%). U+v, + U=y,

F= (16)
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Direction X, During The Process Of Analysis, Air Drag And The Increment Of Horizontal Momentum Of Air
Flow Domain Are Ignored. In Direction x , Object Moving At Constant Velocity, It Is Velocity Of Belt

Conveyor v, = X
S; =Xt =Vt a7
hy =y(t;)-y(0) 18)
3.2.3motion Of Objects After Falling Into The Air Flow Domain

When Objects Left The Lower Boundary Of Air Flow Domain, Itcan Be Considered As Horizontal
Movementin A Short Distance. The Formula Of h, Is Shown In Eq. (19)

-2 (1)
Where, t, Can Be Obtained By Eq. (20) And Result Is Shown In Eq. (21)
t, = 2h, (20)
y(t;)
S; =xt; =V, (1)

3.3result And Analysis
To Sum Up, The Separation Distance S, Can Be Calculated Through Eq. (1). From Eq. (21), We Can

Choose The Design Parameter Of Sorting Color Machine As Eqg. (23).

S, =5,-(5+S;+S;) (22)
[2th, +h +h,) [2h
S, =V,. (23)
g \i (t)
Table 1.Materials Properties
Parameter Value Unit
Density Air 1.205 Kg/M®
Area 2.107 M?
Velocity, U 300 ~ 600 M/S
Pressure Of Nozzle 400 ~ 900 Kpa
Time,T; 1 Ms
Height,H, 0.1 M

In Table 1,The System Is Setup With The Conveyor Velocity v, =2+6 m/s, The Air Flow Velocity
u=300m/s,And The Heightbetween Conveyor Belt And Nozzle h, =0.1m. We Can Design And Select
Suitable Parameters To Achieve Highest Efficiency For The System.

Fig 3. Simulated Velocity Of Airflow At Nozzle, About 300 m/s And Fig 4. Simulated Pressure Of Airflow,
About 500 kPa . The Effect Of Nozzle Pressure And Velocity Are Significant.

Figure 3.Results Of Numerical Simulation Of Air Flow’s Velocity.
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Figure 4.Results Of Numerical Simulation Of Air Flow’s Pressure.

IV. CONCLUSION
In This Study, Theoretical Studies Of Modeling Object Classification Using Image Processing System
And High-Velocity Pneumatic Separation System Was Employed To Predict The Cashew Travelingand To
Simulate The Sorting Process.The Theoretical Formula Of Objects Pneumatic Separation Distance Is Derived.
The Formula Reflects The Basis Of Motion Law Of Reject Objects Influenced By Airflow field And Good
Objects Without Influenced Of Airflow field.Base On The Above Analysis, All The Three Factors The Air flow
Velocityu , The Conveyor Velocity v, And The Heighth  Between Conveyor Belt And Air Nozzle Have Great

Influence On Trajectories Of Objects In Sorting Machine.On The Basis Of This Calculation, We Can Design
The Operational Structure Of The Sorting Color Cashew Machine.
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