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SUMMARY

( )

. TitleⅠ

� Development of Automated Conveying System for Sun-dried Salt

. Objective and necessities of research developmentⅡ

� 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.

. Contents of research developmentⅢ

� 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)

. Results of developmentⅣ

� Design and evaluation of automated conveying system for sun-dried salt
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. Research achievements and its utilization planⅤ

� 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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2 5

아시아

30.5%

북아메리카

26.9%

남아메리카

6.4%
오세아니아

4.9%

아프리카

2.1%

중동

1.2%

3
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미국

44,305ton

중국

40,816 ton
17,726ton

4위.인도

16,589ton

5위.캐나다

13,525ton

6위.호주

11,284ton

46위.한국

292ton

4 (2002~2006 )
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�

.

� ,

1

.

6. (100612075 - 2006.08.07)
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.

�

,

.

� .

�  : (total pressure drop)

 

�  : (inlet pressure drop)

 


� ,  ,  ,   

.

�  : (air alone pressure drop)

 


� ,   , 

,   .

�  : (acceleration pressure drop)

  


� ,  ,  5 ~ 10

.

�  : (solid pressure drop)

  ×


� ,  = 0.5 .

�  : (bend pressure drop)

 deg 

� , 90 .

�  : (cyclone pressure drop)

  


� ,  15

.

�  : (filter pressure drop)

 

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� ,  = 1.5*1015 .

, HP = (Pressure) × (Air flow rate) .

� , 3 m, 2 m

,

.

.

4 Sheet
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.

�

.

� 6HP, 3300 mmH2O,

6.1 m3/min .

� ( : ) 2:1 .

�

.

�

.

� 50 , 80 , 100 ,ϕ ϕ ϕ

.

� Y , ,

.

15

.

� ,

/ .

� D =

300 ,

D = 450 ,

Cone 1.5D .
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3m 5m

(kPa) (kg/min) (kPa) (kg/min)

1 19.5 15 18 8.5

2 18 14.5 21 10

3 15 14 27 12.5

4 18.5 13.5 23 7.5

5 17 13 15 6

6 15.5 14 18 5

7 20 14.5 22 6.5

8 19 14 19 5.5

9 20 13.5 22.5 11

10 18 14 20.5 9

5

20

� , 3m , , 5m
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22

.

그림 23

(bulk viscosity) ,
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3) 2

� - 5m

RPM = 3600,

(22HP) .

25 2

� Encoder RPM , 3000 RPM

.

� ,

,

.

� 1 ,

.

� ,

,

.

� ,

,

.

� , , ,

,

.
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2.

.

�

,

.

� 26 ,

.

– D = 100 mm

– P/D = 1.0

– RPM = 100 - 360

– = 100W

–

� ,

SUS316L .

�

.

26
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27

28

.

� ,

RPM .

� , RPM (100 RPM)

.

� ,

RPM , .

� ,

,

,

.
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(RPM) (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

6

� 29

,

.

� ,

RPM .
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31

� (23 OHV)

IMEP HRR . RPM ( 60

Inverter Duty Three Phase Induction Motor) Inverter(ABB 60 AC

Dynamometer) ,

(Z50MC2-4) (YOKOGAWA EJA110A-DLS4B-22DC) .

� DATA (Kistler; 6056A), ,

(Autonics; E40S), (TEMS; TDA-3300), (Zenobalti Co.;

ZB-8035) Labview .
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/ 23 V-TWIN

(L x W x H) 400mm x 406mm x 438 mm

35kg

1.7L

3600RPM

23HP

627cc

V-TWIN 2

75.5mm

70mm

8.2:1

Full Pressure w/ Spin On Oil Filter

Recoil/Electric( / )

7

Fuel Gasoline

Displacement volume 626 cc

Compression ratio 8.25

Engine speed 1200 rpm

Injection duration 6500 us

Injection timing
(Multi Injection)

번 실린더1 ATDC 144 CA

번 실린더2 ATDC 54 CA

Injection quantity 0.0186 g/cycle

Intake air temperature 25 ± 2 ℃

8

.

� 1200rpm 0.00585218 m^3/s .

� 0.000947 m^3

0.16182004 s . 1200 0.16182004s

504.10428592 degree TDC .

� ATDC 504 degree .

� 8 .
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(m
3
/s)

-
(m

3
)

-
(s)

-
(degree)

0.00585 0.000947 19.78 504.10

9

� 9 .

rpm cycle sec→
= 1Ф
(kg/cycle)

= 1Ф
(g/cycle)

1200 0.1 4.76E-05 0.0476

10

� Duration 1 .

10

Duration (g/cycle)

2500 0.00501

3000 0.00655

6500 0.0186

� IMEP(Indicated Mean Effective Pressure) ( ) , P-V

.

.

�

.

= +

 

33 P-V
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� HRR(Heat Release Rate) .

















- 

 


- sin

- 비열비

�




 


















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‒ HRR .

36

�

‒ .

37

‒ RPM RPM

. 30 30

, 23 hp 20,94 hp .

23 hp .

‒ , .
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4.

.

�

.

� 1 m, 60 cm

.

� ,

.

� 38

15 m, 3 m, 0.25 m ,

.

.

� 2m/s ,

,

.

� ,

, , .

� 41

, ,

.

38
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� ,

.

� 38 .

.

3 .

39 (3 × 15 × 0.25 m)

�

.

� 3 m, 15 m , 0.25 m

.

� 2

, 0.15 m

.

� ,

.
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40

� ,

. ,

10 % . ,

. ,

,

.
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실험 일정

날짜 실험내용 비고

2011.09.28

실험장비 구입

뱅가드 마력 기통 수평형엔진23 V-TWIN 2

Dynamometer

2011.10.11

실험장치 구성 설계

흡기시스템 엔진시스템 배기시스템 연료공급시스템 컨트롤시스템, , , , ,

Dynamometer

2011.10.28

정반 제작 의뢰

커플링 가공 설계 및 가공 의뢰

흡 배기 탱크 및 흡기히터 제작 의뢰·

엔진분해

실린더 헤드가공 흡기필터모듈제거 캬뷰레이터 가버너 스로틀 쵸크밸브 제거, , , ,ㅡ

2011.11.15 로터리엔코더 설치 설계

2011.11.28 엔진 및 모터 고정대 설치

2011.12.07
흡 배기관 설계·

배관 가공 의뢰

2011.12.26 모터와 인버터 배선 작업

2012.01.17

흡 배기 탱크 및 흡 배기 배관 설치· ·

모터 인버터 배선작업 완료,

가솔린 인젝터 설치 가공물 설계

인젝터 설치 가공물 제작 의뢰 일성( ENG)

2012.02.02 컨트롤 룸 설치 및 구조물 설치

2012.02.20

가솔린 인젝터 분사량 설치

엔진컨트롤러와 인젝터 드라이버를 이용한 분사기간 정의

비커에 동안 가솔린 분사1000 cycle

저울을 이용하여 가솔린 분사량 측정

2012.03.05
배선 및 센서라인구성

컨트롤러 및 데이터 취득 장치 구성

2012.03.16 엔진 성능평가

2012.04.11 성능평가 결과 정리

2012.04.23 버켓 모형 제작

2012.05.22 간이 염전 설치

2012.06.18 간이염전에서 모형 버켓을 이용한 실험

2012.07.10 간이 염전에서 모형버켓의 문제점 대안책
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5.

� SUS316 2~3% Mo ,

Creep . SUS316

SUS31L .

� ASTM G48 Method-A .

13
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43 ( 25±1 )℃
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44 ( 50±1 )℃
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45 25±1 (℃ : / : / : , )

� 45 25±1 ,℃

433.3978g 426.7185g 6.6793g( 1.54%)

.

�

.

�

.

�

.

,

.
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46 50±1 (℃ : / : / : , )

� 46 50±1 .℃

436.0037g 420.3305g 15.7073g( 3.6%)

. ,

.

�

.

.

� 25±1℃

.

.
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2

1.

� .

버켓

팔

태양광판

베터리, 모터

조향장치

유압장치

작업대

47

2600 mm

2710 mm
1200 mm

1720 mm
1000 mm

930 mm

430 mm
300 kg

10km/hour
122 °

59 °

11300 cc
800 W

12 V × 2

593 × 668 × 35 mm
17.5 V

3.10 A

21.5 V
3.60 A

5.6 kg

14
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.

� , ,

. 800 W

12V 2 24V .

.

� , .

.

.

.

� 11300 cc 3 , 1Φ T

.

.

.

122° 59° .

48

.

� .
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.

.

� 3 .

110 × 800 × 375 mm

.

2.

.

� ,

.

�

,

.

�

.

� 49

, 1/2

.

� SUS-316L .

� ,

,

.

� .

�

, .
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49

� .

�

CAD .
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� 3 51 .

51 , ,

� 52 ×

.

×
××

×

×

×

52

� 60-70kg , 1

70~80kg .

� 53

70 kg 80 kg ,
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1/2 1/2 .

40 kgf(=392

35 kgf(=343

53

� 5 mm

, 54 ,

31 .

54
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� von

Mises , 55 .

� von Mises ,

.

�

von Mises 296 MPa .

� SUS 316 290 MPa

.

.

296

55 von Mises
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� 56 .

� ( )

22 mm .

� 22 mm

,

.

-2

56
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� ,

,

.

� ,

,

.

�

.

� ( 25 mm x 25 mm, 1.5

mm, 808 mm) .

57

� .

� von Mises 58 , von

Mises 160 MPa . , SUS 316 290 MPa 55%

.
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58 von Mises

� 59 , 10 mm .
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59

2.

� .

� SUS-316L

.

� steel ,

SUS-316L

.
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� .

12 V 2 24 V .

61
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.

� 63 .

� .

. ,

. ,

.

�

.

64 ( , )

�

. ,

.

.
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3.

� .

66
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1080 mm

1800 mm

780 mm

687 mm

355.5 mm

230 kg

10 km/hour

40 kg/min

800 W

12 V × 2

15

.

� , ,

. 800 W

12V 2 24V .

.

� , .

.

.

.

� 2400~2500 rpm , 300W .

, 3:1, 2:1 .

6:1 , 400 rpm .

.

� .

506 × 506 mm 100 × 120 mm .

.

�

, . 781 × 400 mm

.
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3

1.

. 1

67

�

.

. , ,

.
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68

� 1 .
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� 69 22 × 18 m

.

69

(m/s) ( ) (kg)

1 1.5 19 ~700

2 2.0 16 ~700

3 2.5 13 ~700

4 2.0 14 ~700

16

� 1.5m/s ,

, .

� 2.0m/s , ,

2.5m/s

.

�

. , 1

.

�
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(2 , 30 ) (1 , 15 ) ,

.

2.

. 1

70
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(RPM) (kg/min)

1 250 95

2 250 97

3 250 96

4 250 95

5 250 96

6 300 118

7 300 117

8 300 120

9 300 118

10 300 121

11 400 156

12 400 160

13 400 155

14 400 158

15 400 156

17

� , 5

.

� RPM , 400 RPM

9 ton

.
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4

1

2
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5

1 ․

� ( )

,

�

‒ , ,

‒

�

‒ : 3,865ha

‒ : 1.5ha~2ha (70%), 2ha (30%)

‒ : 1,930 = 3,865ha/2ha (2ha 1 )

: 2007 (2007.12 )※

�

‒

‒ 先

‒

�

‒ :

– 375 (25mx15m) 700kg㎡

Man Hour 2 Man Hour(2 x1 ) .

– (1 350kg)

– 11 1 1 20kg 11 3,500 (121 Man

Hours) 1 5 1 66 Man-Hours

(1 : 120,000 720,000 )

‒ : 2ha 1 2

‒

‒

‒
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‒

‒

2 ․ ․

3 ,

1.

1
(Granular-Materials transfer apparatus)

10-2012-0084063 2012.07.31

2
(Bucket for accumulating salt)

10-2012-0102135 2012.09.14

3
(Loader for accumulating salt)

10-2012-0103999 2012.09.19

18

. (Granular-Materials transfer apparatus ) _ 10-2012-0084063

�

‒ ,

.

‒ ,

,

,

.

�

‒ , 1

2

, ( ) ; ;球

, 1 1 ,

; , 2

2 , 2

; ,



- 77 -

.

�

‒ .

‒ ,

,

,

,

.

‒ , ( )球

,

.

71

72
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73

. (Bucket for accumulating salt) _ 10-2010-006639-8

�

‒ ,

,

.

‒ ,

, ,

,

.

�

‒ ,

( ) ,採鹽

, ;

;

(Mesh) (Bucket) .

‒ ,

.

‒ .

‒ , ,

.
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74

75

76

. (Loader for accumulating salt) _ 10-2012-0103999

�

‒ ( ) ,採鹽

,
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.

‒ ,

,

.

�

‒ ,

( ) (Loader) ,採鹽

,

,

,

.

‒

(Mesh) .

77
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2.

1

, , ,

, , ,

,

Diesel-DME KSAE

2
, , , DME PCCI

19

. Diesel-DME

78

�

‒

. 498 cc, 19.5:1 , Table 1

. ECU

. (Autonics; E40S)

(Zenobalti Co.; ZB-100) (Zenobalti

Co.; ZB-8035) (TEMS; TDA-3300)
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. PCV (Zenobalti Co.; ZB-1100)

.

Engine type Water-cooled 4 cycle diesel

Number of cylinder 1

Bore×Stroke 83×92 mm

Displacement 498 cc

Number of valves 2 intake, 2 exhaust

Compression ratio 19.5

Valve
timing

Intake 8
o
CA bTDC / 44

o
CA aBDC

Exhaust 54.6 oCA bTDC / 7.4 oCA aTDC

Fuel system Common rail

Injection type Direct injection

Nozzle holes 7 holes

Nozzle hole diameter 0.141 mm

20

�

Engine speed 1200 rpm

Injection pressure 700 bar

Injection timing 340~365
o
CA

Input calories 972.2 J/cycle

Intake pressure N/A

Intake temperature 25 ± 2 ℃

Coolant temperature 80 ± 1 ℃

21

‒ 4 (Diesel, DME, DiDm 95, DiDm

90) . DiDm .

Neat fuels
DiDm 100 Diesel

DiDm 0 DME

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

DiDm 90 Diesel(90%) - DME(10%)

22

 


× 

‒ DME . DME
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LPG . , 6 bar

. DME . DME

DME

. 5 6∼

. ,

quartz .

‒ 25±2, 80±1 ℃

Table 4 . 1200 rpm

, 700 bar .

972.2 J/cycle

. 5°CA 340 365°CA .∼

‒ , DME 1000 cycle

. DME

. N2 motoring ,

40 bar .

�

그림 79 ( , HRR( ) / IMEP / )

‒ DME ,
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.

‒ IMEP DME .

TDC TDC

IMEP .

‒ , THC CO DME DME

THC CO .

‒ DME smoke 20 %

. NOx . DME

IMEP NOx .

그림 80 ( CO / THC / NOx / Smoke)
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. DME PCCI

81

�

‒

. 498 cc, 19.5:1 , Table 1

. ECU

. (Autonics; E40S)

(Zenobalti Co.; ZB-100) (Zenobalti

Co.; ZB-8035) (TEMS; TDA-3300)

. PCV (Zenobalti Co.; ZB-1100)

. 150 kW

.

‒ (HORIBA; MEXA-7100 DEGR) CO, THC, NOx

Smoke Smoke meter(AVL; 415) .

1 .

‒ Piezo electric

(Kistler; 6056A) 0.1 CA .

50 cycle 1 cycle .
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Engine type Water-cooled 4 cycle diesel

Number of cylinder 1

Bore×Stroke 83 × 92 mm

Displacement 498 cc

Number of valves 2 intake, 2 exhaust

Compression ratio 19.5

Valve
timing

Intake 8 CA bTDC / 44 CA aBDC

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

23

‒ DME , ·

DME . DME

(Haskel; ASF-100)

. DME

DME N2 15 bar

10~15 bar . ,

, 1 % . Fig. 1

.

Fuel DME (with Bio-diesel 1%) / Diesel

Engine speed 900 / 1200 / 1500 rpm

Injection pressure 700 bar

Injection timing
Main 356, 358, 360, 362, 364 CA

Pilot dSOI10, 16, 22 CA

Injection quantity
Main 56.4 mm3/cycle

Pilot 8.1 mm3/cycle

Intake air temperature 25 ± 2 oC

Coolant temperature 80 ± 1 oC

24

�

‒ ,

.
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5~10 bar .

.

‒ (1200 rpm)

, . ,

, .

‒ (1200 rpm) IMEP , NOx

THC+CO , . 364 CA

dSOI 10 CA NOx .

‒ (364 CA) IMEP , NOx

THC+CO , . 900 rpm

364 CA, dSOI 10 CA NOx .
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Crank Angle [oCA]

Speed=1200rpm
To=25 ± 2 ℃
Po=1 bar

PInj=700 bar
Qinj=64.5 mm3/Cycle   

82 HRR

‒
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83 1200 rpm
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84 1200 rpm

NOx THC+CO

‒

85 364 CA

IMEP
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86 364 CA

NOx THC+CO

�

‒ ,

.

5~10 bar .

.

‒ (1200 rpm)

, . ,

, .

‒ (1200 rpm) IMEP , NOx

THC+CO , . 364 CA

dSOI 10 CA NOx .

‒ (364 CA) IMEP , NOx

THC+CO , . 900 rpm

364 CA, dSOI 10 CA NOx .

4 ,

� 2

.
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�

‒ SUS-136L ,

.

‒ , (50±1 )℃

.

‒

,

.

�

‒ .

‒ .

‒

.
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6

�

‒

, .

‒

.

‒ ,

.

‒ ,

.

‒ 9

.

‒ 20

, ,

.

‒

PVC 3 1 ,

10 ,

87
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, .

‒

, ,

.

88

89 “ (Fleur de Sel)”
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‒

.

‒
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.

‒ ,
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,

.



- 96 -

7 ‧

-



- 97 -

8

[1] Pneumatic Conveying of Solids: A theoretical and practical approach, G.E. Klinzing, F.

Rizk, R. Marcus, L.S. Leung, Chapman & Hall; The 2nd edition, 1997

[2] Handbook of Pneumatic Conveying Engineering (Dekker Mechanical Engineering), David

Mills, Mark G. Jones, Vijay K. Agarwal, CRC Press; The 1st edition, 2004
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	천일염 채취 자동화 이송장치 개발

	제1장 연구개발과제의 개요

	제1절 연구개발의 배경
 
	제2절 연구개발의 목적
 
	제3절 연구개발의 필요성

	제4절 연구개발의 내용 및 범위


	제2장 국내외 기술개발 현황

	제1절 국내·외 관련분야에 대한 기술개발현황

	제2절 국내·외 기술개발현황에서 차지하는 위치


	제3장 연구개발수행 내용 및 결과

	제1절 연구개발 목표 및 내용

	제2절 천일염 자동이송시스템 간이 모형 설계 및 모형시험평가  
	제2절 천일염 자동이송시스템 시제품 설계 및 제작 
	제3절 천일염 자동이송시스템 염전현장 
시험평가 

	제4장 목표달성도 및 관련분야에의 기여도

	제1절 연구개발목표의 달성도

	제2절 관련분야의 기술발전에의 기여도


	제5장 연구개발 성과 및 성과활용 계획

	제1절 실용화·산업화 계획

	제2절 교육·지도·홍보· 등 기술확산 계획

	제3절 특허, 논문 등 지식재산권 확보계획

	제4절 추가연구, 타연구에 활용 계획 등


	제6장 연구개발과정에서 수집한 해외과학기술정보

	제7장 연구시설·장비 현황

	제8장 참고문헌



