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SUMMARY
(FEaoi)

I. Title

Development of Automated Conveying System for Sun-dried Salt

Il. Objective and necessities of research development

Objective

To conduct the test and to evaluate the performance after designing the automated
conveying system for sun-dried salt to substitute load transfer operations depended on

entirely handwork for harvesting sea salt.

Necessaries

Despite the advanced agriculture industry, harvesting sun-dried salt on the salt pan is
difficult due to poor working environment and aging of the workforce.

The improvement of production system utilizing automation technology is necessary to
the globalization and development for sun-dried salt industry.

It is expected that these kind of problems could be solved by develop automated

conveying system for sun-dried salt.

lll. Contents of research development

Development Contents

Derive and detailed design of proper specification of automated transfer machine for
sun-dried salt (Transfer and carrying system)

Derive and detailed design of drive devices specification (derive devices characteristics
test, power source test, corrosion-resistant measuring etc )

Proto-type manufacture and test evaluation (transport and loading test, design

complement and improve performance etc)

IV. Results of development

Design and evaluation of automated conveying system for sun-dried salt



V. Research achievements and its utilization plan

Outcome of this research development is the would's first of automated
conveying system for sun-dried salt. Hence, by successfully conducting the
research development, it is expected that distributional effects will be large such
as income contribution of domestic and international saltern, etc. when sun-dried
salt machine is commercialized.

Expected results
reduction of production time and manpower : reduction of production time of sun-dried
salt transfer and load per unit salt pan area and manpower input
reduction of production cost : reduction 20 milion won per 2ha of salt pan area by
1-manpower reduction
Production volume of domestic sun-dried salt could be increased and income could be
increased
Solution of elderly and poor manpower
Extra manpower can be switched to others similar business
Reduction of government grant to the ruined salt pan

Contribution export is expected

Utilization plan
Commercialization and industrialization to develop a scene-adaptive product by
prototype performance evaluation
supply to the Sinan-gun first and to the whole country in connection with government
subsidy

advance to the similar overseas industry
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710% FEEd B ooy FAH8L FFA BAse FELS HIFeEA AN s

Y FuEAS vetoz oo} 22 dEHEA A4S AMESAT
dpy A8 <4 (total pressure drop)
dpy=dp;+dpy+dpy+dps+dpptdpctdpp
dp; © 475 438 <4 (inlet pressure drop)
dp;=0-5¢p, U;
71 A%, £=05 & d3ged o 23 o

T
T

A7A, Uk ol&749 B7] &%, p

ghe| B ol o}

dp; © 7] &= 8 £ (air alone pressure drop)

oH

a

dp;, =0.5\p, UL/ D,

A7|M, L=L,+L, 24 38 5 FHH do|& A3 F o|Fwld Zol, D, = o|F

i Ze] A4S 7Helzle, B4 setdE A=0.058 833t
dpy * YA 7F 8 &4 (acceleration pressure drop)
dp,=(C+1)0.5p, U’
AZIA, I' = ALdEF olF7|Ale] 2% Z3dvloln, ety C = 5 ~ 10 22 7}

dp, : 1A &8 £4 (solid pressure drop)

dpy=(1+BI) < 0.5¢p, Uy
aAe] F= 2 uhEd Q3 Iy A7, = 0.5 2 7HFs Y
dpp © 5% 48 £4 (bend pressure drop)

dpp =90deg bend

TEF 4FH &£4E8 UepH, B AildAs 90 FEF T 1HsIHH.
dpo @ Aol E8 48 &4 (cyclone pressure drop)

dpe=05C,, p, U
Atol 22 WRelMel FEEde AErd, (, ' led A
sk

dpp © EE% &3 £4 (filter pressure drop)

dpp = 0.5Gy,p, U

N2 A5 152 713

o



ZEHANAY g Edo] ez A FAEH, ¢, = 1.5%1015 & AHE3UTh ©]
gEzo 93 TE 8L HP = (Pressure) X (Air flow rate) 2 A= T}
= dxz 7

A AL el% ARt 94 A AL J1FeR $uDel 3 m, $HZ2e] 2 m 2 713
tgon, 1YY AL oFA 45 2 2 3Bl AW £3F PO A U
Ede HAE B 4o 94z BaEd gedn st 3 299 9ael 30
wg glo] 27] ol% A el 2718 IHz fA T FHgsan

Mechanical Property

Product

Conveying Capacity Mg kg/min 20
Bulk Density P s ka/m? 2,000
True Density P st ka/m? 2,500
Particle Size h m 0.001
Air Density Pa kg/m?® 1.230

Pipe Design

Diameter D, m 0.10
Horizontal Length L, m 3.0
Vertical Length Ly m 2.0
No. of Bend n 2

Conveying Characteristics

Air Velocity u, my/s 20.0
Solid Loading (Solid to Gas Ratio) r 1.7
Air Flowrate Q. m?/min 9.42
Reynolds number Re *10° 1.37

Pressure Drop

i) Inlet pressure drop dp;, =0.5&p,U,° E=0.5 Pa 123
i) Air alone pressure drop dp. = 0.54p.U.°L/D, A=0.05 Pa 615
iii) Acceleration pressure drop dpy = (C+N0.5p,U,7 C= 5~10 Pa 2,146
iv) Solid pressure drop dpz = (1+8M) =0.5&p,U,° B=0.5 Pa 1,146
v) Bend pressure loss dpe 90 deg bend Pa 4,800
vi) Cyclone pressure loss dpc = 0.5, paUg° (o =15 Pa 3,690
vii) Bag filter loss dpr = 0.5s Pals Coy=1.5%10° Pa 4,920
viii) Discharge pipe pressure loss dpp Pa

Total pressure drop dpr = dp; +dp, +dp, +dpz +dpg +dpc +dpe Pa 17,440

Motor Power

Required Air Flowrate Q' = (1.05~1.15)*Q, m*/min 10.37
Required Pressure p' = (1.02~1.08)*dp;y Pa 18,835
Efficiency n 0.60
Designed Motor Power kW 5.42
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E 6 AF 27 Astel e ALY ol$F Hm
EE ogMT 7w | BA5 RPM) | ol (kg/min)
1 45 100 0
2 45 100 0.1
3 60 100 0
4 60 100 0
5 45 180 2.3
6 45 180 2.2
7 60 180 2.0
8 60 180 2.1
9 45 240 3.9
10 45 240 3.7
11 60 240 3.8
12 60 240 3.7
13 45 300 4.8
14 45 300 4.9
15 60 300 4.8
16 60 300 4.8
2 200148k ol olEIHNAN 22K oS olFuTY T WAool T
gol 7lole @gel WA O™, o8 Fasy] Asted AF A BHe] EL T
Hgshel 152 ALt Wkl WaF Aoz BT
2 AgdA 4oF dgHEs @30 dFsden, AAF AN 23/ 52 =
2737 RPM o 4492 $3od 27 o 452 383 2342 5 3¢






Exhaust

— )
T Exhaust
ntake Exhoust Dlenum
plenum Gos
1 Analyzer
(Hor b
MEXA=7100 ]
DEGRY
Al
Filter
S—y”
M
u
Ercofer - F
Air 1| f Motor
)
e
Gasacline | wmr J "
Injector |™ e
Warngourd
Gasoling Eﬂghe
tarnk
Q i Encoder Ten Charge
] Injector linterfacinglkensor [Heter PC ABB
Sensor Eox (Lakview (Motor

T Driver)
Engine :
Controller

29 31 A7 AER} FAE

Wr7t= (23018 471% 394 OHV) dxe 45%H7tE 95t ddAnuiRe] 4Es =
A5t IMEP ¢} HRR & A4t €33 RPM 2449 A4S 98] ZE(EA
vle  Inverter Duty Three Phase Induction Motor) ¢} Inverter(ABB 60=}g AC
Dynamometer) & ©¢|&3tom, JFY=HE IUIHFS FHsdE SFHREA
(Z50MC2—-4) ¢} 2444 (YOKOGAWA EJA110A—DLS4B—22DC)E o] &3} t}.
DATA®S] =AL 93 d=gAA(Kistler; 6056A), AW ZFTolo], ZEF d=IT
(Autonics; E40S), Q4 ¥ =aglo]H(TEMS; TDA-3300), XA EZ8 (Zenobalti Co.;
ZB—8035)E& Al&3te] (A5 E FAMSIHoH dadeolHE Labviews &3 A st

a8 32 HEES #ri= A



1},

E 7 A7 A4
AR AL/ HWi7le 23018 V-TWIN %715 433 ql7
AR JH=]4(L x W x H) 400mm x 406mm x 438 mm
Sl 35kg
oAz @ A=k 1.7L
ol 2 3] A 4= 3600RPM
ol A} 23HP
oll Zwj) 7] = 627cc
Ay A V-TWIN 2 A2
o274 $7 5& FYNIE
AT A 75.5mm
AP A~2ERZ A 70mm
QA =1] 8.2:1
2 3}A] 2 PP ER A1 s
S 3A| 2 H Full Pressure w/ Spin On Oil Filter
J b Za 2
AHgdE 7t
NRSLIEY Recoil/Electric(4%5/A574)
% 8 &% 27
Fuel Gasoline
Displacement volume 626 cc
Compression ratio 8.25
Engine speed 1200 rpm
Injection duration 6500 us
Injection timing 1 A2 ATDC 144 CA
(Multi Injection) 2oH Al2IH ATDC 54 CA
Injection quantity 0.0186 g/cycle
Intake air temperature 25 +2 °C

Al

1200rpm ol A2 &7 F#H2
Q] AN AU 7] WBr e
0.16182004 s o]t} watA] £ 1200

504.10428592 degree %+E TDC o]&%
welA AHE AESe A ATDC 50

0.00585218 m”™ 3/s o|t}.
A A o] 0.000947 m"3 olE2 EY A7
Jomz (0.16182004s =

3¢ FHAE sk ¢
BALS &|Fofof 3.
4 degree g AA3te EAlSIH T

E 82 A9 A Asts AR BATlel BslA Belzch




7] AAE-AH A AU =& AAE -AHTE =&
(m%/s) A=A (m®) Al ZE (s) A7+ (degree)
0.00585 0.000947 19.78 504.10

£ 9= o2 FEH MY d8 FAE BT

% 10 oA Hg BEAE
FEH @ = 1 Ao | FEH] @ = 1 duj
rpm cycle —sec a2 (kg/cycle) AZ#F (g/cycle)
1200 0.1 4.76E—-05 0.0476
Z} Duration® EALE = 7F&Ede] 2 13 BEAl#o 2 AAstH oS3 Zo)h
% 10 &4 &A=
Duration 7 EAEF (g/eycle)
2500 0.00501
3000 0.00655
6500 0.0186

IMEP(Indicated Mean Effective Pressure)= T A](R|A])H 7
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e HRR(Heat Release Rate)= th-&3} Zo] &A=t}

AQ _ v pdv, 1 dP
. y—1"d)  ~—1 df

—V=V+

— 8= acosh+ V12 —a*(sinf)>

.« AUAE 4

P,+P, Vi—=V, 1, VstV P, —P,

dQ . 1.35

w03 2 CA4—CA3>+ A CA4—CA3>]/10000
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A& QA
= o

= =
g PERE ol 32
A@3H 79
2011.09.28 W7le 2308 V-TWIN 27]% F3 803
Dynamometer
ARZX 74 A
2011.10.11 E7 A 2=H, AZIA| 2~ H, Hlj 7] A] 2~ ¥l AgTFA~H AEZ A 2H,
Dynamometer
At A Z o] F]
AEHE 718 AA 2 71 93
2011.10.28 47 B3 € EF713H AZF 9F
A= E-3)
AAY HehE, FIAEREAA, AREelE, /Y — 2nE, &AW AA
2011.11.15 ZHEIAdaY Ax A4
2011.11.28 AX & BE 1A AX
718 AA
2011.12.07 D AT g
2011.12.26 2} QME HlAd Z
7] B3 2 F-a7] AE AX
R2H, 8E wddyd 48
2012.01.17 Aed AAY HBH FTE A7
JAEH Ax 7M3E AF 95 (44 ENG)
2012.02.02 AEE §F 44 € 7xE 4%
7HEd AAE FANEF AA
AXAEZe 9 Q1AY tto|HE o &3 EAMIZE B9
2012.02.20 H] A 1000 cycle ¢t 71&d EA}
A&S ol &3ty 7HEY BAME 54
2012.03.05 3 Aﬂ*ﬂa}ﬂ?ﬁ‘ N
AEED 9 dHoly HSE FA 74
2012.03.16 AR AEF7}
2012.04.11 587t A3 B
2012.04.23 HA 23 A
2012.05.22 o]l @ A=A
2012.06.18 oA EF WAL o83 43
2012.07.10 Zro] AANAM EFEHALY FAH dieHe




e SUS316< 4 & FE4

%] SUS31Lo|t}.

BE WA P s 2~3% Mo A7HS BFom, ne
Adg bt ol g SUS3I6A YUA HE BT 7

ARr 3
KS(STS) - £ (%)
m;tlsgs; c i Mrn P S N O Mo 71Et =4 8 &
1000
1600 2.00~30
36 <008 <100 <200 <0045 <0030 ~10 1509 g Mof X7bS10i LA, LIAHA0] 281D D22E7t ALk ARSI, EME
T SUS 316L2 S HEAZOSE SHE MHEfOIM WHYAUAY ddea2Y AE=2Y
316L <0030 <100 <200 <0.045 <0.030 -15.0 2600 2.00-30 g Easts 2o ARECH of MEct
S SRl SOl ih
« AW HSHXES A3 ASTM G48 Method—A 7]ES &8t




KOREA INSTITUTE OF MATERIALS SCIENCE

= svpmess
KlMs xﬂgq?* At BEA YT BRGR 797
L | -~ TEL(055i280-3000/ FAX (0551280 3333

A 1233-0562-2 & 1#lo] 2] F 13 o] %]
= A0 AbE A F T distR 93, (Abof st A B3k 608E)
olFJA ¥ T U F
3 L R )
& Y 2YF(SUS3I6L)
£ 5
H] Lol AlY HAHAME & o9 ALE S FaH HAAH, &4 2 7 EHF

702 AHEE £ dF Y.
A A

o F-AAl ¥ (Ferric Chloride Pitting Test)
A AgdAFA | A EFFA A 7 %
(g) (g) (g)
2 436.0378 420.3305 15.7073
l

T ¥ 3 7 1 ASTM G48 Method-A o 2]&
ANF A2 T2 7
Al 8 & & :50x1C

B2 o E Azt Bloll Al g Aol disle] Ala g AlE A}

2012. 09.




PPN Y KOREA INSTITUTE OF MATERIALS SCIENCE

~
KIMS I"Eo:l_—llk 24 BEA MMT BENE 797
Lo | =~ 7L (055/280- 3000/ FAX (0551280- 3033

Aog A A A

A 1233-0562-1 & 1#e] 2 F 15 o] A

i & FARAA F SR 93, (S4bdia Aty 608%)

AL E M B ¥

3 iR %

£ W 1 2YF(SUS3I6L)

& £

] Aol AY AHME BE o9 AgE Fatn dA, 24 2 YA
fdoz2e AHEE F flEY

& Az

o 2] Al & (Ferric Chloride Pitting Test)

| T
s o Al AR A A" S R A 7z %
Al H FF
(g) (g) (g)
1 433.3978 l 426.7185 6.6793
|

# &#H 9 4  ASTM G48 Method-A ©] 2|3}
Al (HA) Az T2A7F
Al 3 & 5 25+1T

2012. 09. 1¥.
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I8 46 AE= 5021 CAAe] AFH (S ARA /2 /e BEE, UE)

O3 462 Alg 2x7F 5021CY wf BAA g tid AlgAddgReth. Alg A FAl=

436.0037g o]2 A3 & FA= 420.3305g 22 15.7073g(AH A thy] ok 3.6%)0] 7+

At olE T, A8l 9% AlHe &go] 29 WHS BAE s AL <

g AT

ol Al M= AlHY S A HA I FEA 938 g Fo] el AL AT F
g E

Atk AWl W Wel A3 gRol A% FHL Yot AHY £FL 3ol

4 32

ARE AYAIIE BES UEY A% dRe] A 8 RAgEst 2551C AP AT
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N A ALD AEAGA 2R Txol AL et 2ok

S
|}
\
L
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1
1
1
1
1
1
V4

Hl E 2|, 2 E
O 47 ALdE AEAIFR AE
T 14 4 AsAE9ZA AL
A= HA 9] A] 2600 mm
s e WA E7Eo0 2710 mm
25 HA BEH A 1200 mm
= HA A AE 1720 mm
Ax 1000 mm
=7 930 mm
Elolo] A& 430 mm
A F oF 300 kg
AY &= oF 10km/hour
HA A F4= 122°
HA & A4 = 59 °
HA Aol 8- 11300 cc
ZHEE 800 W
vl E 2 2F4 12V X 27)
£ed 5 23
<= 593 X 668 X 35 mm
Ho At 175V
B A A F 3.10 A
N < 215V
gSdF 3.60 A
= 5.6 kg
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o B AzFHME HE TE, TF 2T S Agsda. JE FEe AgS o=
NEZA Al FRe] FAMES T5sHA shrlsiAeltt. & A2 Sk o
Ze o]Fo] U7 W AT} Zo] AFE FIA AFFHY 7EAHE FRIAE
T AT

ot HA FEHE

o B AgGZA s A &3 11300 cce] HA Yo THYAE 30, FA 1T 9 28
< AA3Y A A EEQS EVE wule ASY 988 T & J=EFE A
Ak WA FERols WA HAY Alold dZAG Y HMAL FFole §59 FUFA
o WA & ZF Al AMSEE SYFRAZ FAAFANS. WAL o Edele AFS B S
F Jde 7159 7lelmyt AAEH AdFol B FS Too] Hrh WA FTEHEANA H
A ZFE e 122°0]1 WAl 42 59°0 |t}




AE Ad ol FA G FEAIE AFEHr] A viHE ] BHE FHAFAEZAY e

ml. ZA ) AH
o B AGFAY 23¢FA IEL 3F T2 FFUd 2 AAFHAJGY. & Fo] F4EF
7 110 X 800 X 375 mmeo|1 @t £ A4 AlF Qo AR AES LA

7].. :I'__zsﬁzw U@F’J
.« AR ABAGA Y FRIEHAS el fRasHde Agsgon, b
Zo] dyS ST}

o TR A AE2FY FZ PR JFE e ZHd F F2 FATE 1HALS
o, I 99 RIE S 31z2F ZArd 7195kx] Esnz A Ao wad 2 g84
< 95te] mdgolA ALttt

o oy FIUIES JFL2 Fx A A AT g 7 S A&t WHoR 17
stk
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Vel ot A8 ©@7]E 7S ECUZF gl7] wiEol] A7 AoE {8 AloFH
2 FAFoF 3t} I aE F=E 2EE dzZu(Autonics; E40S)2FE U} m®a

e Aae d=y
=z B
=2

Co.; ZB—8035)

¢1E] ) o] 2k~ (Zenobalti Co.; ZB—100)¢} Az AEZ (Zenobalti
ZglolH (TEMS; TDA—-3300)2 AE 5o BAZZ & 314



e

2 2R3 AR AYE-L PCV =alo| ¥ (Zenobalti Co.; ZB—1100)E A&
Aol gk
£ 20 o7 Apek
Engine type Water-cooled 4 cycle diesel
Number of cylinder 1
BorexStroke 83x92 mm
Displacement 498 cc
Number of valves 2 intake, 2 exhaust
Compression ratio 19.5

Valve Intake 8 °CA bTDC / 44 °CA aBDC
timing Exhaust 546 °CA bTDC / 7.4 °CA aTDC
Fuel system Common rail
Injection type Direct injection
Nozzle holes 7 holes
Nozzle hole diameter 0.141 mm
& 4% %7}
¥ 21 4 %A
Engine speed 1200 rpm
Injection pressure 700 bar
Injection timing 340~365 °CA
Input calories 972.2 Jicycle
Intake pressure N/A
Intake temperature 25+2°C
Coolant temperature 80 +1°C
B AT AFRE APAEE F 3 Pol 4579 A= (Diesel, DME, DiDm 95, DiDm

)

90)8 A3t =¢dE

iDme thew 2ol Aol aan

X 22 98 EF u&

Neat fuels SIE Diesel

DiDm 0 DME

Blended fuel DiDm 95 Diesel(95%) - DME(05%)

ended fuels DiDm 90 Diesel(90%) - DME(10%)
DiDm(%) = Diesel(kg) % 100

DMES} HAdg e 92

Diesel(kg)+ DME(kg)

A E A goto] =stdrh. DME 8 tAddge] 9%
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Engine type Water-cooled 4 cycle diesel
Number of cylinder 1
BorexStroke 83 x 92 mm
Displacement 498 cc
Number of valves 2 intake, 2 exhaust
Compression ratio 19.5
Valve Intake 8 CA bTDC / 44 CA aBDC
timing Exhaust 54.6 CA bTDC / 7.4 CA aTDC
Fuel system Common rail
Injection type Direct injection
Nozzle holes 7 holes
Nozzle hole diameter 0.141 mm

Tol AHE8E dEE DMEO]E],

S
Wz 27

A8 7=

DME<] 7]3}e v
71 948l4 = DME

Eg]-38t7 Exo] tAw th=7] o
AE@ T8ttt DMEE HErb ¥u §34o
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o

7} w7 4922 FY¢EE (Haskel; ASF-100)5
Hla s W] el

AgElFo)] N2& <F 15 bar &
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