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Sudy on Numerical Simulation and Optimization Techniques
to Design and Develop Optical Sorter

Tomoyuki Miyamoto

Abstract

Commonly, an Optical Sorter has a sorting and @siog equipment for particles.
Recently, the Optical Sorter is demanded in varifielsis in order to improve food
safety or product quality. Therefore, it is desirddt the Optical Sorter has high
performance to handle widely various material. dlves the issue of the Optical Sorter,
a supply mechanism has to be improved to applyitelyw various materials, and an
efficient sorting mechanism has to be designedridemto improve the yield in the
sorting and processing line and to increase théymton.

In this study, the results of a numerical simulatire discussed to develop the
Optical Sorter for optimal planning, effective dgsng, and cost reduction. | have
implemented a Distinct Element Method (DEM) simigiatcode to clarify the behavior
of material flow in the supply section of the OgpticSorter. Moreover, | have
implemented a Smoothed Particle Hydrodynamics (S$dylation code to clarify the
behavior of the air flow ejected from an ejectorzzle in the sorting section of the
Optical Sorter. | have simulated the characteristients of each section in order to
verify the validity of the numerical simulations.

Additionally, in this study, due to the productiwwdevelopment of the Optical Sorter,
we propose a product design approach from the \oewg of social trends, user needs,
and user benefits, instead of a conventional agprad engineering design from the
viewpoints of only the scientific based result gsi@AD and CAE. Therefore, | also
propose a method of applying the game theory tontbki-purposed trade-off design
problem taking into account the economic viewpanthe productivity development.
The game theory can evaluate individual and callectationality and select an
appropriate solution from Pareto-optima of the mulirposed design problem. In this
study, for the purpose of productivity and econecsfficiency improvement of the
Optical Sorter, the ejector of the optical sortepptimally designed. It is required that
the air pressure is so high using less amounteo&ththat foreign particles are removed
without mistakingly discharging a good particle.tbdugh these requirements are
trade-off each other, the air-pressure portion aodzle height of the ejector is
rationally decided using the game theory.

Keyward: Optical Sorter, DEM, angle of repose, SPH, aiwfl&conomic Efficiency,
Multi-purposed Optimal Design, Non-zerosum-Gameyiawative Game
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EEHDENRTED, £IT, AT, A V=7 X — 7 )N OMES
TT — OB E EHICIERT O ZE2HME LTS, £ LT, X&EBEICE
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SPH JEITRL IEO—FTH Y | KEFZNCEBT D Z I E DR 1 DIEB) 2 %Ik
B L CTHAT T 2 8fEY R = L— 3 U RIETH D, SPHIED AR 7 E1T,
ek TOEARERZ, FRTOYEE GRE, BE, BERLY) 2R 10
HULJE D IZH BSOS E T, EitiiomiaE s L TE L T, bZH)
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hiZ % & B2 A r— a2 R£ LTS, BIEA ()%, fEIK Vi 12> TORE
HS5TRLEANDOEETH D,

KRS BEHAE 21T O 5 E, WRIRAEE IR CHEBUE T 5. B XIPRIT
R BCRE My, AL . HEE py WV 2RO LT 5, A TOBIEKAT) offiz
A LR, XG@-LDEZUTORD X D IZHEBR M TERT Z LB TE S,

Alr)=%m %W(r ~1,.h) (3-2)
J i
2. A()EA%BAr) LT,

SPHETIE, M 3-11T7RT & 5 ICWBLE Alr) % Kernel BI%cW(r,h) o F 72441 F
TRTZENTEDLL VI MRS S, SED, WEEAr)OARS LT 7
57 % Kemel BI¥W(r -r h)OARIB LT 757 THRTZLNTX
%, AW,

A.
OA ()= Y m L ow(r -1, ,h) (3-3)
i P
LY TTTUT U
A
AA (r): ij —JAW(r - ’h) (3-4)
i Pij

LRED,
Z T, ABLICBWTHIT i LR | ORI, 1ER - RAIER OBRAEL Y ST
DT, MFMEDBM TS, ©% Y, OAr) DT TOMIE,
m.
OA(r), = Z(Ai - A)p—‘DiW(ri —T 1h) (3-5)
i i
LEN, ZOHBAN—HEEDLLDL, A=A THLOTHEEZHLLDOAD
FWRE, FRICL T 7707 bRTIENTE D,
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3-1 Kernel¥8# D &E AT

3.2.2 Navier-StokesH 2 X D i L1 [60]-[64]

i FHORLIZR LT, 7277 = Navier-StokeshH 23R i(3-6) L 72 %,

dvi_ {E} + ﬁ[Av + (1— E)Ddivv} (3-6)
d Lol p d |

FE, IR & L CIRIR & FEEME PRI & R, A TR K OMAREREMEAR
FITEH L TV D, dIZRITCOEDZ L TH D,
JEHEIZEBWT, MPMEic & 0 (@505 i & H ORL-ITx L,

P. ]
{%?22“&?7?FW“'“M (3-7)
[ j i
ThHILNDND, KPR LT HRBER D L A175, T3 & MM,
-3 v wle )+ 12, m ol ) 9)
T PP d
LETILNTE D,

XoTzihnooAnn, SPHIEIZ L % Navier-StokesH F2 S,
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) | - (3-9)
—,uzj: prinI;j {ViinW(ru ,h)+(1—§](v” DDi)DiW(rU- h)}

L%, TIT V=V -V EL - T D,

3.2.3 Kernel Bi%%
Kernel %t & 13, EEERONEIZ DM T 5% < DRSO BEAMFT E1TH
oz tThsb,

R E LTiE, LT LS EE AR > T\ 5,
- Kernel 5 OMRIENT V2 BT 72 5,

Ihirrg)W(r ~r',h)=a(r -r') (3-10)
B LS TW5,
jW(r —r',hdr' =1 (3-11)

AL XOBE LTHREM E XA T T A4 NG 5, FREIIT

W(r,h)= 1 ex;{—L—iJ (3-12)

2h"

DEITEEIND, L LEBEOEMERE CTIEMT 21T 9 OIZEFB N #0 5,
— 7T, AT TA UBITIXHEN S L, ZORT T A4 ROFHFE AL,

1—§q2+%q3 if0<qg<1
W(r,h):% %(2— q) ifl<q<2 (3-13)
0 otherwise

THB, L, q:%“C“Z?;D\ oiE. UFDOLXH ks,
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