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II 

Message from Dean of the Faculty of Engineering  
of Khon Kaen University 

It is a great pleasure to welcome you to the 14thȮInternational and 
22ndȮNational TSAE conference &TASE2021', It is an honor for the Faculty of 
Engineering of Khon Kaen University to organize TSAE 2021 with Thai Society 
of Agricultural Engineering &TSAE' in this year,ȮTSAE 2021 conference is the 
premier forum for the presentation of new technologies, innovation, and 
research in the fields regarding the agricultural and food industries,ȮIt brings 
together leading researchers, engineers, and scientists in the domain of 
interest from around the world, 

The main objective of the conference is to provide an open forum to exchange and disseminate new 
knowledge, research experiences and professional expertise among professionals, researchers, and people 
whose works related to Agricultural Engineering,ȮFor TSAE 2021, the topic areas are including Power and 
Machinery, Soil and Water Engineering, Postharvest and Food Engineering, Structures and Buildings, Logistic and 
Supply Chain Management, Electronics and Information Technology, and Energy and Environment, 

I am pleased to know that the Thai SocietyȮof Agricultural Engineering &TSAE'Ȯhas been cooperating with 
variousȮagencies around the world to achieve its targeted goals, 

Despite the COVID+19 outbreak has transformed this event into a virtualȮconference, participants are 
still able to present their findings, and engagedȮthe activities as traditional conference,ȮThese fruitful outcomes 
prove to be beneficialȮcontributing to the development of technology and innovations in agriculturalȮengineering 
in the future,ȮI do hope that this virtual conference will enlighten all of usȮwith some innovative technologies 
and even lead to useful implementation in ourȮrespective countries, 

Thank you for joining us atȮTSAE 2021. 
 
 
 
Ȯ &Assoc,Prof,Ratchaphon  Suntivarakorn' 
  Dean, Faculty of Engineering, 
  Khon Kaen University  
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Asst,ȮProf,ȮDr, Kittipong Laloon Khon Kaen University, Thailand 
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IV 

TSAE 2021 PROGRAM 
May 12 ů 13, 2021 

Khon Kaen University, Thailand 
 

May 12, 2021 
Time (GMT+7) Activity 
09.00 ů 09.30 Opening Ceremony &Zoom room /' 

Prof. Dr. Monchai Duangjinda 
Vice President for Research and Graduate Studies, Khon Kaen University 

09.30 ů 10.15 Keynote topic: ĪŇĻĪŅĚĺŇĻĺĔĶĶĴŏĔļĨĶĕŀĚĮĶŃŏĪĻœĪĵ 
Ms.Dares Kittiyopas 
Inspector General of Ministry of Agriculture and Cooperatives and President of Thai 
Society of Agricultural Engineering 

10.15 ů 11.00 Keynote topic: Start with Development of More Precise Sensing Technologies for 
Agriculture, Livestock and Aquaculture 
Prof. Dr. Naoshi KONDO 
Kyoto University 

11.00 ů 11.45 Keynote topic: Plant phenotyping as a great tool leading to smart agriculture 
Assoc. prof. Dr. Takashi Okayasu 
Kyushu University 

11.45 ů 13.00  Lunch 
13.00 ů 16.00  Oral Presentation (International presentation)Ȯ&Zoom room 1' 
13.00 - 13.45 Invited speaker: ŀŋĨĽŅľĔĶĶĴĔņĸńĚĴŀĚľŅŀŃœĶěŅĔĬńĔĺŇěńĵħƟŅĬŏĔļĨĶŀńěĜĶŇĵŃȮ&Zoom room 2' 

ėŋĦĴľŇĻĶȮĺƞŀĚįŅĨŇ 
ĔĶĶĴĔŅĶįŌƟěńħĔŅĶȮĭĶŇļńĪȮHG Robotics ěņĔńħ 

12... ů 16.00 Oral Presentation (National presentation) (Zoom room 2 and 3) 
May 13, 2021 

Time (GMT+7) Activity 
09.00 ů 11.30  Oral Presentations 
11.23 ů 12./3 Closing Ceremony Zoom ID: &Zoom room 1) 

 Introduction to TSAE 2022 



 

V 

International Presentation (May 12, 2021) 
Oral Presentation Session 1: Agricultural Processing, Post Harvest Technology, and Food Engineering 
Zoom room 1 ID: Meeting ID: 980 5753 2086; Passcode: 390671 

Chair Assoc. Prof. Khanita Kamwilaisak: Khon Kaen University 
Time (GMT+7) ID Titles 
13.15 ů 13.30 24 The Pathway of Resilient Agricultural Supply Chain: Case Study of Thailand 

 Paritud Bhandhubanyong and Poovadol Sirirangsi 
13.30 ů 13.45 27 Small-Scale Demucilager Machine for Arabica Coffee (Coffea arabica) 

 Erickson Dominguez 
13.45 ů 14.00 31 Drying characteristics of cherry tomato and nutrients stability during microwave-assisted  

hot air drying 
 Lamul Wiset, Nattapol Poomsa-Ad and Wiriya Onsaard 

14.00 ů 14.15 33 Effects of Parboiling Pretreatments on Physicochemical and Microstructural Properties 
of Puffed Germinated Brown Rice 

 Saksit Sonsomboonsuk and Tiraporn Junyusen 
14.15 ů 14.30 42 Designing of the small mixed-flow dryer and studying of hot air distributions 

 Sitthiphon Sriwiset, Cherdpong Chiawchanwattana, Suphan Yangyuen and Juckamas  
Laohavanich 

14.30 ů 14.45 3/ Development of Coco Peat Brick Making Machine 
 Joy Quibuyen, Ruel Peneyra and Efren Dela Cruz 

14.45 ů 15.00  Take a break 
  



 

VI 

Oral Presentation Session 2: Nondestructive Testing for Agricultural Products, Renewable Energy in Agriculture  
Zoom room 1 ID: Meeting ID: 980 5753 2086; Passcode: 390671 

Chair Asst. Prof. Jetsada Posom: Khon Kaen University 
Time (GMT+7) ID Titles 
15.00 - 15.15 1 Wavelengths selection based on genetic algorithm (GA) and successive projections 

algorithms (SPA) combine with PLS regression for determination the soluble solids 
content in Nam-DokMai mangoes based on Near infrared spectroscopy 

 Kanvisit Maraphum, Artjima Ounkeaw, Pornnapa Kasemsiri, Salim Hiziroglu and Jetsada 
Posom 

15.15 - 15.30 0/ Classification the N, P and K Concentration Levels of Durian (Durio Zibethinus Murray 
CV. Mon Thong) Leaf using Near Infrared Spectroscopy 

 Thitima Phanomsophon, Nukoon Tawinteung, Lampan Khurnpoon and Panmanas 
Sirisomboon 

15.30 - 15.45 52 Effect of cooling load on water warming device from the refrigeration system 
 Adirek Suriyawong, Sira Saisorn, and Somchai Wongwises 

15.45 - 16.00 55 Preparation of Sewage Sludge Using Pelletization as Raw Material in Gasification Process  
 Thitikorn Kijjanasiri, Pansa liplap, Weerachai Arjharn, Thipsuphin Hinsui 

16.00-16.15 52 Development of a Mini Twin-Shaft Polyethylene Terephthalate (PET) Bottle Shredder 
 Marjun Caguay, Romeo Gavino, Helen Gavino and Theody Sayco 

 
  



 

VII 

International Presentation (May 13, 2021) 
Oral Presentation Session 3: IT, Automation, Precision Farming,Ȯand Agricultural Waste Utilization 
Zoom room 1 ID: Meeting ID: 980 5753 2086; Passcode: 390671 

Chair Assoc. Prof. Thana Radpukdee  : Khon Kaen University 
Time (GMT+7) ID Titles 
09.00 ů 09.15 10 Study control of multi-directional wheel Sorter 

 Pacharaa Juyploy and Theerasak Srimitrungroj 
09.15 ů 09.30 17 Study of PM2.5 on February in Nakhonratchasima Province, Thailand 

 Somphinith Muangthong, Suphitcha Moungprasert and Chuti Moungprasert 
09.30 ů 09.45 32 Investigation of Thermal and Environmental Conditions of an Enclosed White Shrimp 

Hatchery Building 
 Kamthon Septham, Yaowaree Sakvimonporn, Tanawat Suthon, Jiraphon Ngamtrirat and 

Witthawat Sanghirun 
09.45 ů 10.00 10 Hyper Low Cost Rice Mechanization System 

 Nobutaka Ito 
10.00 ů 10.15 37 A Rice Planter with Ridge sets for Small Farm Tractor 

 Phattharaphong Chantharasee and Samart Bun-art 
10.15 ů 10.30  Take a break 



 

VII 

National Presentation (May 12, 2021) 
Oral Presentation Session 1: Agricultural Processing, Post Harvest Technology, and Food Engineering &ĔĸŋƞĴĪňŗȮ/' 
Zoom room 0 ID: Meeting ID: 920 8885 7757; Passcode: 441329 

Chair ĶĻ,ȮħĶ,ȮĝńĵĵńĬĨƢȮěńĬĪĶƢĻŇĶŇ: ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 
Time (GMT+7) ID Titles 
14.00 ů 14.15 3 ĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅŏėĶŊŗŀĚľńŗĬĴńĬĽņĮŃľĸńĚŐĭĭĸŌĔŏĨơŅ 

 ĝŅĬĬȮīŇĨŇĔŋĸĺńĥĬƢ,ȮīňĶıĚĻƢȮįĸőıīŇśȮŐĸŃ ĭńĦĤŇĨȮĪŀĚĽĶƟŀĵ 
14.15 ů 14.30 /0 ĺŇěńĵŐĸŃıńĥĬŅŏėĶŊŗŀĚėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗőħĵŒĝƟŏĪėĬŇėȮImage Processing 

 ĽĬŀĚȮŀĴķĔļƢ, ĴŅĬıȮĶńĔĠŅĨŇ, ıĚļƢĶĺňȮĬŅĴĺĚĻƢ, ĬŇĨŇȮįŌĔěŇĨ, ĽĶĺŇĻȮěńĬĪĶƢŏěĬěĭȮŐĸŃȮĬŅĵĽŋıńĥīĦĔŇěȮ 
őıīŇśĽĺƞŅĚ 

14.30 ů 14.45 /2 ĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅ 
 ŏĶĺńĥĬƢȮŏĨŇĴĔĸƟŅ 

14.45 ů 15.00 00 ĔŅĶıńĥĬŅŐĸŃĮĶŃŏĴŇĬįĸŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴŒĬĔŅĶŐĮĶĶŌĮĝŅİĶńŗĚ 
 ĽĩŇĨĵƢıĚĻƢȮĶńĨĬėņ, ŏĔĶňĵĚĻńĔħŇśȮĬńĔįŌĔ, ŀĳŇĺńĥĬƢȮĮƤĠĠŅĺĚėƢ, ĽĴıĸȮĬŇĸŏĺĻĬƢȮŐĸŃ ŀĬńĬĨƢȮĮƤĠĠŅŏıŇŗĴ 

15.00 ů 15.15 01 ĪħĽŀĭŐĸŃıńĥĬŅŏėĶŊŗŀĚŀĭŐľƟĚĝŅİĶńŗĚŐĭĭĩńĚėĶŉŗĚĺĚĔĸĴ 
 ŏĔĶňĵĚĻńĔħŇśȮĬńĔįŌĔ, ĽĩŇĨĵƢıĚĻƢȮĶńĨĬėņ, ŀĳŇĺńĥĬƢȮĮƤĠĠŅĺĚėƢ, ŀĬńĬĨƢȮĮƤĠĠŅŏıŇŗĴȮŐĸŃȮĽĴıĸȮĬŇĸŏĺĻĬƢ 

15.15 - 15.30  Take a break 
  



 

VIII 

Oral Presentation Session 0: Agricultural Processing, Post Harvest Technology, and Food Engineering &ĔĸŋƞĴĪňŗȮ0' 
Zoom room 0 ID: Meeting ID: 920 8885 7757; Passcode: 441329 

Chair ĶĻ,ȮħĶ,ȮĝńĵĵńĬĨƢȮěńĬĪĶƢĻŇĶŇ: ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 
Time (GMT+7) ID Titles 
15.30 - 15.45 06 ĺŇěńĵŐĸŃıńĥĬŅŏėĶŊŗŀĚĨńħŐĨƞĚĔŇŗĚŏĚŅŃĝĬŇħŏĸŊŗŀĵĝńĔŐĭĭĴŀŏĨŀĶƢŏĔňĵĶƢĪħĔņĸńĚ 

 īĬŅĺńĥĬƢȮĪŇıĵƢĝŇĨ, ĺŋĥŇıĸȮěńĬĪĶƢĽĶŃėŌ, ĽĶŅĺŋĥŇȮĮŅĬĪĬ, ĭŋĠĠķĪīŇśȮĬĺĬĕĬŅĵ, ıŋĪīīŇĬńĬĪĶƢȮěŅĶŋĺńĥĬƢ,  
ĭńĦĤŇĨȮěŇĨĶěņĬĚėƢ, ŀĬŋĽĶĦƢȮĽŋĺĶĶĦŏĺňĵĚ, ĮĶŃĺňĦŅȮĻĶňŐĺĚŏĕĨ ŐĸŃ ĮƕĵĝŅĨŇȮıŋƞĴĴĦň 

15.45 - 16.00 4/ ĔŅĶıńĥĬŅŏėĶŊŗŀĚĽœĸħƢĔĸƟĺĵĬŘņĺƟŅ 
 ĔķļġŅĔĶȮĭŋħŅěńĬĪĶƢ, ĬŇĬıĬīƢȮĳŌĺŏĔňĵĶĨŇĔņěĶ, īńĠĠŅȮĮĶŏĴļģŅĬŋĺńĥĬƢȮŐĸŃȮĮƕĵŃıĚļƢȮ 
ĻĶňĺĚļƢĶŅĝ 

/4,00Ȯ+Ȯ/4,15 5. įĸĕŀĚŏĪėĬŇėĔĶŃŐĽœĲĲƚŅėĺŅĴŏĕƟĴĨŗņĨƞŀĔŅĶĶńĔļŅėŋĦĸńĔļĦŃŏĝŇĚėŋĦĳŅıĕŀĚĴŃĴƞĺĚĽŋĔĨńħŐĨƞĚ
ıĶƟŀĴĭĶŇőĳė 

 ħŋĽŇħŅȮľĬŌĪŀĚ, ģŇĨŇĝĠŅȮıĶľĴĕĺńĠ, ĴĬńĽĵŅȮěĚĻĶňĺńĥĬıĶ, ĺķĪīŇśȮĺŇĝĔŌĸȮŐĸŃ ĭŋļĺĶĶĦȮľŇĶńĠĺĶĝŅĨŇ 
16.15-16.30 27 ĔŅĶįĸŇĨŏĬĵŏĪňĵĴőħĵŒĝƟŀŅĶƢėħŇĽĝŅĶƢěıĸŅĽĴŅěŅĔĕħĸĺħŏĪĽĸŅŒĬĔŅĶŏĨŇĴœŁőħĶŏěĬ 

 Kunlanan Puprasit, Doonyapong Wongsawaeng, Kanokwan Ngaosuwan, Worapon 
KiatkittipongȮand Suttichai Assabumrungrat 

16.30-16.45 58 Development of torque transducer devices for measuring the power of Thai-Designed 
combine Harvester 

 Nuttaphon Sokudlor, Somposh Sudajan, Kittipong Laloon, Peeranat Ansuree, Chaiyan 
Junsiri, Attasit Soihin and Singrun Charee 

 
  



 

IX 

National Presentation (May 12, 2021) 
Oral Presentation Session 1: Plant Production and Farm MachineryȮ 
Zoom room 1 ID: Meeting ID: 979 7022 0608; Passcode: 513574 

Chair įĻ,ȮħĶ,ȮėņĬŉĚȮĺŅĪőĵīŅ: ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 
Time (GMT+7) ID Titles 
14.00 ů 14.15 3. ĔŅĶĮĶŃŏĴŇĬĽĴĶĶĩĬŃŏėĶŊŗŀĚŏĔňŗĵĺĬĺħĕĬŅħŏĸŖĔ 

 ĔňĶĻńĔħŇśȮľĸĺĚķĪīŇś ŐĸŃȮŏĽĴŀĕĺńĠȮĨńĬĨŇĔŋĸ 
14.15 ů 14.30 31 ĔŅĶıńĥĬŅĝŋħĮĸŌĔĽĨĶŀŏĭŀĶňŗŐĬĺĨńŘĚŐĭĭŏŀŏĲĶĴŏėĸŊŗŀĬĪňŗŀńĨőĬĴńĨŇŏıŊŗŀŏĜĸňŗĵĶńĭŐĽĚŐħħīĶĶĴĝŅĨŇ 

 ŏŀĔĳŅıȮĮƚŅĬĳŌĴŇ, ĺŋĥŇıĸȮěńĬĪĶƢĽĶŃėŌ, ŏĺňĵĚȮŀŅĔĶĝň, ĽĶŅĺŋĥŇȮĮŅĬĪĬ, īĬıĚėƢȮŐĽĬěŋƟĴ, ŀŅĬĬĪƢȮ 
ĽŅĵėņĲŌ, ıĚļƢĶĺňȮĬŅĴĺĚĻƢ, ŀŋĪńĵȮīŅĬň, ĺĶĶīĬŃȮĽĴĬŉĔ ŐĸŃȮĔķļĦŃȮŏĪňĵĬĴĦň 

12.30 ů 12.45 60 ĔŅĶĮĶŃŏĴŇĬįĸŏėĶŊŗŀĚŏĔňŗĵĺĬĺħĩńŗĺŏľĸŊŀĚŐĭĭĨŇħĶĩŐĪĶĔŏĨŀĶƢĕĬŅħŏĸŖĔŒĬĽĳŅıŐĮĸĚ 
 ĺŋĥŇıĸȮěńĬĪĶƢĽĶŃėŌ,ȮĺĶĶīĬŃȮĽĴĬŉĔ,ȮŏŀĔĳŅıȮĮƚŅĬĳŌĴŇ,ȮŀĬŋĝŇĨȮĜŗņĽŇĚľƢȮŐĸŃȮĽŇĪīŇıĚĻƢȮĻĶňĽĺƞŅĚĺĚĻƢ 

14.45 ů 15.00 40 ĔŅĶŀŀĔŐĭĭŐĸŃĮĶŃŏĴŇĬįĸĕŀĚŏėĶŊŗŀĚĸƟŅĚŐĔƞĬĨŃĺńĬ 
 ĺŅĶňȮĻĶňĽŀĬ, ĦńģıĚļƢȮĮĶŃĳŅĔŅĶ, ĕĬŇļģŅȮĝńĵĭĶĶħŇļģ, ěŅĶŇĦňȮěĚĮĸŊŘĴĮƕĨŇȮŐĸŃ ľķĪńĵȮĴŅĻőėƟĚ 

15.00 ů 15.15 41 įĸĕŀĚėĺŅĴŏĶŖĺĸĴŐĸŃŏĺĸŅĪňŗĴňĨƞŀĽĴĶĶĩĬŃĕŀĚŏėĶŊŗŀĚŏĮƙŅŐľƟĚŐĔƞĬĨŃĺńĬľĸńĚĔŅĶĸƟŅĚĪņėĺŅĴĽŃŀŅħ 
 ĺŅĶňȮĻĶňĽŀĬ, ıňĶĦńģȮŀńĬĽŋĶňĵƢ, ıĸŏĪıȮŏĺĚĽŌĚŏĬŇĬ, ĽŅĺŇĨĶňȮĮĶŃĳŅĔŅĶȮŐĸŃ ĮĶŏĴĻĺĶƢȮĽŋĪīŇĮĶŃĳŅ 

15.15 - 15.30  Take a break 
Oral Presentation Session 2: Plant Production and Farm MachineryȮand Nondestructive Testing for Agricultural 

Products 
Zoom room 1 ID: Meeting ID: 979 7022 0608; Passcode: 513574 

Chair įĻ,ȮħĶ,ȮėņĬŉĚȮĺŅĪőĵīŅ: ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 
15.30 - 15.45 51 ŀńĨĶŅĽƞĺĬŐĸŃĝĬŇħĕŀĚĽŅĶĔņěńħĺńĝıŊĝĪňŗŏľĴŅŃĽĴŒĬĔŅĶĜňħıƞĬħƟĺĵőħĶĬŒĬŐĮĸĚŀƟŀĵ 

 ıňĽȮėŌĦħň, ĕĺńĠĨĶňȮŐĽĚĮĶŃĝŅīĬŅĶńĔļƢ, ĽńĬĨŇœĴĨĶňȮĔƟŀĬėņħňȮŐĸŃ ĔŇĨĨŇıŇĝĠƢȮŀŉĚĽĩŇĨĩŅĺĶ 
/3,23Ȯ+Ȯ/4,.. 69 ĺŇěńĵŐĸŃıńĥĬŅĶŃĭĭėĺĭėŋĴŀńĨőĬĴńĨŇĔŅĶŒľƟĬŘņĪŋŏĶňĵĬőħĵŒĝƟėƞŅěŅĔĩŅħĺńħĶŃŏľĵ (Epan) 

 ıŇĴıƢĝĬĔȮĪńıĳŌĴŇ, ĺŇőĶěĬƢȮőľĶŅĻŅĽĨĶƢ, ĭħŇĬĪĶƢȮĦȮěŇĬħŅ, ŀŋĪńĵȮīŅĬňȮŐĸŃȮıńĔĨĶƢĺŇĳŅȮĽŋĪīŇĺŅĶň 
16.00 - 16.15 04 ĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬœĮœħƟĽņľĶńĭĔŅĶĮĶŃŏĴŇĬĮĶŇĴŅĦŐĮƚĚŒĬľńĺĴńĬĽņĮŃľĸńĚőħĵŒĝƟŏĬňĵĶƢŀŇĬĲĶŅŏĶħ 

ĽŏĮĔőĪĶĽőĔĮƖ 
 ĔŅĬĨƢĺŇĽŇĪīŇśȮĴŅĶŃĳŌĴŇ, ĕĺńĠĨĶňȮŐĽĚĮĶŃĝŅīĬŅĶńĔļƢ, ŏĽĶňȮĺĚļƢıŇŏĝļģȮŐĸŃȮŏěļġŅȮőıīŇśĽĴ 

16.15 - 16.30 2/ ĔŅĶĻŉĔļŅŏĮĶňĵĭŏĪňĵĭėƞŅĪŅĚœĲĲƚŅĕŀĚĨńĺŀĵƞŅĚĮŅĸƢĴĬŘņĴńĬħƟĺĵľńĺĺńħŐĭĭŏĕŖĴŐĸŃľńĺĺńħĪĶĚĔĶŃĭŀĔ
ĔńĭŏėĶŊŗŀĚĺńħėƞŅĪŅĚœĲĲƚŅĴŅĨĶģŅĬ 

 ĮĶňħŅĺĶĶĦȮœĝĵĻĶňĝĸīŅĶ, ĝŌĻńĔħŇśȮĝĺĮĶŃħŇļģƢ, ĬŅĵıĚļƢĶĺňȮĬŅĴĺĚĻƢ, ĮĶŇĠĠĺńĥĬƢȮŀĵŌƞĪŀĚŀŇĬĪĶƢ,  
ėĝīĶȮŀƞŅĚĭŋĠıĚļƢȮŐĸŃ ĽŋĶĝŅĨŇȮĶŃĵƟŅĪŀĚ 

16.30-16.45 68 ŏĔĦĤƢĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚįĽĴĽŅĶŏėĴňŀńĨőĬĴńĨŇĪňŗŏľĴŅŃĽĴĽņľĶńĭĔŅĶĜňħıƞĬőħĵŒĝƟőħĶĬ 
 ŏĕĴıńĥĬƢȮĳŌƞŏěĶŇĠĻŇĸĮƝ, ĕĺńĠĨĶňȮŐĽĚĮĶŃĝŅīĬŅĶńĔļ,ȮŏĽĶňȮĺĚĽƢıŇŏĝļģ, ŏěļġŅȮőıīŇśĽĴ, ĔŇĨĨŇıŇĝĠƢȮ 
ŀŉĚĽĩŇĨĩŅĺĶȮŐĸŃ Eizo Taira 
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Oral Presentation Session 3: Agricultural Processing, Post Harvest Technology, and Food EngineeringȮ&ĔĸŋƞĴĪňŗȮ0' 
Zoom roomȮ0 ID: Meeting ID: 920 8885 7757; Passcode: 441329 

Chair įĻ,ȮħĶ,ȮőıĵĴȮĽĶŅĳŇĶĴĵƢ: ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 
Co-chair  

Time (GMT+7) ID Titles 
09.00 ů 09.15 4 ĔŅĶĻŉĔļŅĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚŏĴĸŖħĕƟŅĺŏĮĸŊŀĔŒĬľŀŀĭŐľƟĚŐĭĭĸĴĶƟŀĬħƟĺĵĺŇīňĔŅĶěņĸŀĚħƟĺĵėŀĴıŇĺŏĨŀĶƢ 

 ĦńģıĚļƢȮĺĚĻƢĭńĭıŅ, īĶĶĴĶńĨĬƢȮŐĵĭĽŌĚŏĬŇĬ, ĔĶŃĺňȮĨĶňŀņĬĶĶė, ŏĪĺĶńĨĬƢȮĨĶňŀņĬĶĶė ŐĸŃ ĮĶňħŅȮ
ĮĶŅĔġĴŅĔ 

09.15 ů 09.30 6 ĔŅĶĻŉĔļŅėƞŅėĺŅĴĝŊŘĬĽĴħŋĸĕŀĚĕƟŅĺĕŅĺħŀĔĴŃĸŇȮ105 
 ĪŇĬĔĶȮŏıŖĚĮĶŃőėĬ,ȮĔĶŃĺňȮĨĶňŀņĬĶĶėȮŐĸŃȮŏĪĺĶńĨĬƢȮĨĶňŀņĬĶĶė 

09.30 ů 09.45 15 įĸĕŀĚĔŅĶĮĶńĭĽĳŅıħƟĺĵĺŇīňĔŅĶĸĺĔĨƞŀĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃŏĬŊŘŀĽńĴįńĽĕŀĚĴŃĴƞĺĚőĝėŀĬńĬĨƢŀĭŐľƟĚ 
 ěńĬĪĬŅȮĽňĸŅĬŘņŏĪňŗĵĚ, ŏĪĺĶńĨĬƢȮĨĶňŀņĬĶĶėȮŐĸŃ ĔĶŃĺňȮĨĶňŀņĬĬĶė 

09.45 ů 10.00 18 ŀŇĪīŇıĸĕŀĚėĺŅĴĝŊŘĬĪňŗĴňįĸĨƞŀėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃŀŅĔŅĻıĸĻŅĽĨĶƢĕŀĚĕƟŅĺŏĮĸŊŀĔ 
 īĶĶĴĶńĨĬƢȮŐĵĭĽŌĚŏĬŇĬ, ĔĶŃĺňȮĨĶňŀņĬĶĶėȮŐĸŃ ŏĪĺĶńĨĬƢȮĨĶňŀņĬĶĶė 

10.00 ů 10.15 56 ĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢĕĬĴĕƟŅĺőıħŐįƞĬŀĭĔĶŀĭįĽĴįńĔœĝĵŅ 
 ĺŇĪĺńĽȮĴĚėĸĽĺńĽħŇś, ıŋĥŇıĚĻƢȮĝŌĺĚļƢȮŐĸŃ ıĶıŇĴĸȮĴŌĸŐĔƟĺ 

10.15 ů 10.30 29 ŐĭĭěņĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢĽņľĶńĭĪņĬŅĵĔŅĶŏĔŇħėĶŅĭŀŅľŅĶĭĬıŊŘĬįŇĺĶƟŀĬ8 ĔĶĦňĻŉĔļŅėĶŅĭœĕƞŐħĚ 
 ĭħŇĬĪĶƢȮĽńĴķĪīŇśőĽĳŅė, ŏěļġŅȮĝńĵőĜĴȮŐĸŃ ĬĺĳńĪĶŅȮľĬŌĬŅė 

/.,1.+/.,23 36 ĔŅĶĨĶĺěĽŀĭėĺŅĴĽĴĭŌĶĦƢĕŀĚĩŋĚĭĶĶěŋĳńĦĤƢŐĭĭŁňĪĞňĸħƟĺĵĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵėĺŅĴĶƟŀĬěŅĔ 
ĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔ  

 ĝĬŇĨĶĬńĬĪĬƢȮŐĽĬĭŌĶĦıńĬīƢ, ĬĺĳńĪĶŅȮľĬŌĬŅėȮŐĸŃ ĪĺňıĸȮĞŊŗŀĽńĨĵƢ 
Oral Presentation Session 4: Renewable Energy in Agriculture 
Zoom room 0 ID: Meeting ID: 920 8885 7757; Passcode: 441329 

Chair įĻ,ȮħĶ,ȮőıĵĴȮĽĶŅĳŇĶĴĵƢ: ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 
Co-chair  

Time (GMT+7) ID Titles 
10.45 ů 11.00 4 ĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚŏėĶŊŗŀĚĸƟŅĚŏľĚƟŅĴńĬĽņĮŃľĸńĚ 

 ĮĶŃĽŇĪīŇĝńĵȮĴŃĸŀĵ, īňĶıĚĻƢȮįĸőıīŇśȮŐĸŃ ĭńĦĤŇĨȮĪŀĚĽĶƟŀĵ 
//,..Ȯ+Ȯ//,/3 47 ĔŅĶĪņĬŅĵėĺŅĴĝŊŘĬŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚĝňĺĴĺĸŀńħŏĴŖħ őħĵŒĝƟŏĪėĬŇėĔŅĶœŁŏĮŀĶƢĽŏĮĔĨĶŅŀŇĴŏĴě 

 ĸńĔĕĦŅȮıŇĪńĔļƢȮŐĸŃȮŏěļġŅȮőıīŇśĽĴ 
//,/3Ȯ+Ȯ//,1. 57 ĔŅĶįĸŇĨĬŘņĴńĬŏĝŊŘŀŏıĸŇĚĝňĺĳŅıěŅĔĵŅĚıŅĶŅĔƟŀĬħƟĺĵĺŇīňœıőĶœĸĞŇĽŐĭĭŏĶŖĺ 

 ŀĳŇĺŇĝĠƢȮľŅĠıŇĝŅĠĝńĵ, ĔŇĨĨŇıĚļƢȮĸŅĸŋĬȮŐĸŃ ĽĴıĶȮŏĔļŐĔƟĺ 
11.30Ȯ-Ȯ11.45 66 ĔŅĶĮĶŃŏĴŇĬĨƟĬĪŋĬŐĸŃįĸĮĶŃőĵĝĬƢěŅĔĔŅĶŒĝƟŒĭŀƟŀĵŏĮƦĬŏĝŊŘŀŏıĸŇĚŏĽĶŇĴ 

 ĦńģĴĸıńļȮıńĬīŅĳŇĶńĨĬƢȮŐĸŃ ģŇĨŇĻńĔħŇśȮĭŋĠĮĶŅőĴĪĵƢ 
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Oral Presentation Session 5: IT, Automation, and Precision Farming 



 

XI 

Zoom room 1 ID: Meeting ID: 979 7022 0608; Passcode: 513574 
Chair ĶĻ,ħĶ,ȮĻŋĳĽŇĪīŇśȮėĬŒľĠƞ: ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 

Co-chair  
Time (GMT+7) ID Titles 
09.00 ů 09.15 11 ĔŅĶĨĶĺěľŅĸņĨƟĬĴńĬĽņĮŃľĸńĚŏıŊŗŀıńĥĬŅŏėĶŊŗŀĚĽńĭŏľĚƟŅĴńĬĽņĮŃľĸńĚŐĭĭŀńĨőĬĴńĨŇ 

 īĬıĶȮĽŇĚľƢĳŌƞ, ĕĺńĠĨĶňȮŐĽĚĮĶŃĝŅīĬŅĶńĔļƢ, ŏĽĶňȮĺĚĽƢıŇŏĝļģȮŐĸŃ ŏěļġŅȮőıīŇśĽĴ 
09.15 ů 09.30 30 ĺŇěńĵŐĸŃıńĥĬŅŏėĶŊŗŀĚľĵŀħŏĴĸŖħıŊĝŐĸŃĮŋƜĵŐĭĭŀńĨőĬĴńĨŇĽņľĶńĭĔŅĶįĸŇĨŏĴĸŖħıńĬīŋƢıŊĝœĶƞ 

 ŀŅĬĬĪƢȮĽŅĵėņĲŌ, ĺŇĝńĵȮőŀĳŅĬŋĔŋĸ, ĶŃıňıĶĶĦȮĝńŗĚŒě, ĳĳńĽĽĶȮĺńĥĬĔŋĸĳŅėŇĬ, ıŇĬŇěȮěŇĶńėėĔŋĸ,  
ĽŇĪīŇıĚļƢȮĻĶňĽĺƞŅĚĺĚĻƢ,ȮĽĶŅĺŋĥŇȮĮŅĬĪĬ, īĬıĚėƢȮŐĽĬěŋƟĴ, ŏŀĔĳŅıȮĮƚŅĬĳŌĴŇȮŐĸŃȮŀĬŋĝŅȮŏĝŅĺƢőĝĨŇ 

09.30 ů 09.45 12 ĔŅĶıńĥĬŅĶŃĭĭėĺĭėŋĴĽĳŅıŀŅĔŅĻĽņľĶńĭőĶĚŏĶŊŀĬŏľŖħŀńěĜĶŇĵŃ 
 ŀńėėıĸȮŏĽĬŅĦĶĚėƢ,ȮĕĬŇļģƢȮľĺƞŅĬĦĶĚėƢ,ȮŀŋĪńĵȮīŅĬň,ȮĽŅĔĸȮĺŇĶŇĵŅĬńĬĪƢ,ȮŀŅīĶȮıĶĭŋĠȮŐĸŃȮıňĶŃıĚļƢȮĝĴĳŌ 

09.45 ů 10.00 65 ĔŅĶĻŉĔļŅŐĸŃŀŀĔŐĭĭŏėĶŊŗŀĚĮƕħįĬŉĔİŅėĶŀĭĮŅĔĕĺħőħĵŒĝƟœŀĬŘņ 
 ĪĵŅĺňĶƢȮľĬŌĭŋĠ, ĮĶŏĴĻĺĶƢȮĽŋĪīŇĮĶŃĳŅ, ĺŅĶňȮĻĶňĽŀĬ ŐĸŃ ĕĬŇļģŅȮĝńĵĭĶĶħŇļģ 

10.00 ů 10.15 13 ĔŅĶıńĥĬŅĶŃĭĭėĺĭėŋĴĽĳŅıŀŅĔŅĻŐĸŃŐĽĚĽņľĶńĭőĶĚŏĶŊŀĬŀňŐĺĮŀńěĜĶŇĵŃ 
 ŀńėėıĸȮŏĽĬŅĦĶĚėƢ, ĕĬŇļģƢȮľĺƞŅĬĦĶĚėƢ, ŀŋĪńĵȮīŅĬň,ȮŀŅīĶȮıĶĭŋĠȮŐĸŃȮŀŅĶńĔļƢȮĶƞĴıŅ 

10.15-10.30  Take a break 
Oral Presentation Session 6:ȮPrecision Farming* Agricultural Waste Utilization*ȮSoil and Water Engineering 
Zoom room 0 ID: Meeting ID: 920 8885 7757; Passcode: 441329 

Chair ĶĻ,ħĶ,ȮĻŋĳĽŇĪīŇśȮėĬŒľĠƞ: ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 
Co-chair  

Time (GMT+7) ID Titles 
10.30-10.45 76 ĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶĮĶŃŏĴŇĬįĸįĸŇĨĴńĬĽņĮŃľĸńĚŒĬŐĮĸĚőħĵĳŅıĩƞŅĬěŅĔŀŅĔŅĻĵŅĬ 

œĶƟėĬĕńĭ &UAV) 
 ĔĴĸıĶĶĦȮĶńĨĬŃőĽĳŅ, ĕĺńĠĨĶňȮŐĽĚĮĶŃĝŅīĬŅĶńĔļ,ȮŏĽĶňȮĺĚĽƢıŇŏĝļģ, ŏěļġŅȮőıīŇśĽĴ, ĔŇĨĨŇıŇĝĠƢȮ 
ŀŉĚĽĩŇĨĩŅĺĶȮŐĸŃ Eizo Taira 

/0,45+//,00 50 ĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶĨĶĺěěńĭĺńĝıŊĝŏĩŅŏĸŊŘŀĵŒĬŐĮĸĚŀƟŀĵőħĵŒĝƟħńĝĬňıŊĝıĶĶĦĪňŗœħƟěŅĔ
ĳŅıĩƞŅĵ UAV 

 ĸĸŇĨŅȮıĶĶĦħĺĚŏĬĨĶ, ĕĺńĠĨĶňȮŐĽĚĮĶŃĝŅīĬŅĶńĔļƢ, ĔŇĨĨŇıŇĝĠƢȮŀŉĚĽĩŇĨĵƢĩŅĺĶ, ĺńĝĶĻńĔħŇśȮ 
ĽŋĕŏěĶŇĠĺŇĳŅĶńĨĬƢ, ěņĬŅĠȮőėĨĶĳŌŏĺňĵĚȮŐĸŃ ĽńĬĨŇœĴĨĶňȮĔƟŀĬėņħň 

//,/0+//,15 7 ĔŅĶěńħĔŅĶĬŘņĝŋĴĝĬıŊŘĬĪňŗĨņĭĸĔŋħĕŀĬŐĔƞĬȮŀņŏĳŀĳŌŏĺňĵĚ ěńĚľĺńħĕŀĬŐĔƞĬ 
 ħĺĚĪŇıĵƢȮķėĦňĵƢ,ȮĶĝĵŅȮīŅĶŅĔŋĸĪŇıĵƢ,ȮĬĶŅĔĶȮĜńĨĶĝńĵĶńĨĬƢȮŐĸŃȮīĬŏħĝȮĔńĚĽĺńĽħŇś 

11.15-11.30 64 ĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĕŉŘĬĶŌĮĔĶŃĩŅĚĨƟĬœĴƟħƟĺĵĔĶŃħŅļĽŅěŅĔįńĔĨĭĝĺŅ 
 ıŇĻŅĸȮľĴŊŗĬŐĔƟĺ ŐĸŃ ıńĬīĔŅĬĨƢȮŐĔƟĺŀŅļŅ 
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Content 
 Page 

Message fromȮInspector General of Ministry of Agricultural and Cooperatives and the President of 
Thai Society of Agricultural Engineering 

I 

Message from Dean of the Faculty of Engineering of Khon Kaen UniversityȮ II 
TSAE 2021 Committee III 
ĭĪėĺŅĴĶŃħńĭĬŅĬŅĝŅĨŇ 
ID   
02 The Pathway of Resilient Agricultural Supply Chain: Case Study of Thailand 1 
05 Small-Scale Demucilager Machine for Arabica Coffee (Coffea arabica) 8 
1/ Drying characteristics of cherry tomato and nutrients stability during microwave-assisted hot 

air drying 
15 

11 Effects of Parboiling Pretreatments on Physicochemical and Microstructural Properties of 
Puffed Germinated Brown Rice 

16 

20 Designing of the small mixed-flow dryer and studying of hot air distributions 24 
3/ Development of Coco Peat Brick Making Machine 25 
1 Wavelengths selection based on genetic algorithm (GA) and successive projections algorithms  

(SPA) combine with PLS regression for determination the soluble solids content in Nam-
DokMai mangoes based on Near infrared spectroscopy 

34 

0/ Classification the N, P and K Concentration Levels of Durian (Durio Zibethinus Murray CV. 
Mon Thong) Leaf using Near Infrared Spectroscopy 

35 

52 Development of a Mini Twin-Shaft Polyethylene Terephthalate (PET) Bottle Shredder 36 
52 Effect of cooling load on water warming device from the refrigeration system 46 
55 Preparation of Sewage Sludge Using Pelletization as Raw Material in Gasification 52 
32 Study control of multi-directional wheel Sorter 57 
37 A Rice Planter with Ridge sets for Small Farm Tractor 62 
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Abstract 

This paper illustrates the study and recommendation of a framework to assess and build resilience 
of supply chains for Thai agricultural sectors. Relevant literatures in resilience and resilient supply chain 

have been studied to define the definitions and its domains. Relevant studies in other countries of 

frameworks in resilient supply chain in couple sectors including agricultural sectors had been reviewed. 
ICT supported in supply chains had also investigated to understand the agility of Thai agricultural sectors. 

Strong collaborations from government, academic institution, research institutions and private sectors 

together with human development are recommended to enhance the resilience of supply chains in different 

agricultural sectors in the future. 
 

Keywords: Resilience, Agricultural Supply Chain, Resilient Supply Chain, Thailand. 
 

Introduction  
The topic of resilience in supply chain has been 

increasingly important across the globe including 

Thailand as the global supply chain has been more 

complicated since supply chains in various industries  

have faced with the pressure of climate change, 
technology disruption, shifting customer preferences,  

global competition, environmental sustainability 

resource scarcity and pandemic. These challenges 
are facing every industries now and in years ahead. 

Shocks from flood, technology disruption and 

international conflicts together with COVID 19 causes  

a compound effects to the global supply chain 
(KPMG, 2020). It meansȮthat the industries have not 

had sufficient time to recover from one shock before the  

intrusion of another. This compound consequences 
require the supply chain system to be more resilient 

and adaptive measures are in need to prepare. 

Resilience is an ability of system to withstand 
its components from the external forces and to 

adjust or adapt itself back to pre-disturbance 

promptly. According to aforesaid definition, resilience  

has two characteristics, robustness and agility. 
Robustness is endurance of the system and agility 

involves fast and adaptive measures to cope with 

external stresses. The resilient supply chain has been 
applied and implemented in various industries 

including agriculture. 

This paper is aimed to study the definitions, its 
components, and applications of resilient supply chain  

especially the agricultural supply chain from previous  

literatures and propose the pathway guideline of 

resilience supply chain for agricultural sectors. 

Information communication Technology (ICT) in 
agricultural supply chain are also studied in order to 

understand the agility in Thai supply chain system. Policy  

implications with suggestion are included in this study. 

 

Agricultural Supply Chain  

Supply Chain 

Supply Chain is the integration among raw 
material suppliers, producers, wholesalers and retailers  

to propose and deliver value to the end users 

(Suthivatnarueput et al., 2003). In the past, a supply 

chain was simple. An example is a car manufacturing 
industry in the beginning of twentieth century 

(WBCSD, 2015). Ford owned the factories producing 

cars, steel mills producing flat steels to car factories 
and iron ore mine producing iron ore to steel milling 

plant. The iron ore flowed from the mine to milling 

plant. The flat steels moved from the milling mill to 
the car manufacturing factory and the cars flowed 

from the factory to the customers. Later on, most of 

big companies in the World has focused on their 

own core competencies and outsourced their non-core  
to others, especially cross border since the globalization  

developed, shipping costs dropped and the Asian 

industrialization especially China occurred. Therefore,  
the supply chains have become networked, complicated  

and disaggregated. In addition, the concepts of just in 

time deliveries and lean inventory levels has made 
the supply chain more fragile just in case any 

disruption or discontinuity occurs. 
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Agricultural Supply Chain 

Agricultural supply chain is a supply chain of  

a particular agricultural product such as rice, corn, 

rubber and etc. Bhandhubanyong and Sirirangsi 

(2020) classified the agricultural supply chain into 
three categories which are upstream, midstream and 

downstream supply chain. Upstream supply chain 

involves with relevant activitiesȮincluding seed 
varieties, fertilizer, land, working capital and farming.  

Examples of stakeholders in this supply chain 

category are seed varieties suppliers, fertilizer 
suppliers, farm landlords and farmers. The activities 

in midstream supply chain involves with post-harvest  

activities which are milling, polishing, storage and 

transportation of harvested agricultural products. 
The relevant stakeholders include middlemen, 

millers, brokers and co-operatives. The downstream 

supply chain covers the activities in marketing, 
distribution and exports to end users and valued 

added products which uses particular product (s) as 

raw materials or ingredients. 
 

Resilience: Definition and Domains 

Resilience concept has been applied in various  

fields such as physics, ecology, socio-ecology, disaster  
management, organization behavior, engineering, 

production and supply chain. Bhamra et al. (2011) 

had reviewed literatures in many disciplines about 
the terminology of resilience. They defined resilience  

is the system capacity to be able to withstand the 

external turbulence and discontinuities including an 

ability to return back to original states before the 
external occurs.   

According to Heinicke, M. (2014), resilience 

comprises of two domains, robustness and agility. 
The robustness is defined as an ability of a material 

or system to endure from external forces or changes 

according to its system configuration. There are two 
components of robustness which are anticipation 

and preparedness. Anticipation is an ability to anticipate  

of change. Preparedness is resistant to endure external  

change or turbulence. 

The robustness is a property of system which is 

akin to a mechanical property of a material. If 

continuous level of forces are applied to a material 
or structural system by a load test, the material can 

endure up to a certain level of external load. Beyond 

the certain level of applied load, the material is 
deformed, cracked or failed. The load test can be 

performed with a piece of material in an engineering 

laboratory or in situ of the structural system such as 

bridge or building. In the financial or economic 
system, stress test, an analytical analysis under different  

hypothesized scenarios to evaluate a bank or economic  

system, is performed to test whether a bank or 
economic system can endure or fail due to external 

turbulences. 

The second domain, agility, is an ability of a 

system to quickly and adequately adjust its internal 
configuration according to external forces. The 

agility expresses reactive strategy by reconfigure the 

system back to the normal or new normal rather than 
robustness or withstanding with stable configuration.  

Visibility and speed are two components of agility. 

Agility is relied on the visibility, forecasting the 
future situation and adjusting their system configuration  

itself with speed. Robustness can endure minor 

turbulence. Agility enables reaction of severe 

disturbance that cannot endured by the robustness 
property of the system. To obtain higher level of 

agility of the system comes with cost.  
 

Resilient Supply Chain 

Resilience can be applied and is increasingly 

concerned in the supply chain. Resilience supply 
chain (Ribeiro, J. and Babosa-Povoa, A., 2018) is an 

ability of a supply chain whose configurations are 

prepared in advance from unexpected turbulences 

and be able to recover back to the original situation 
or grow into more desirable states in term of customer  

service, market share or financial performance.  

The World Business Council for Sustainable 
Development (WBCSD, 2015) defines resilient 

supply chain as the capacity of supply chain system 

to response to the external threats in the way to 

maintain the minimum functions and configurations 
together with maintaining the capacity of adaptation,  

learning and transformation. Resilient supply chain 

can continuously adjust to the external threats and 
the system can recover back quickly. WBCSD also 

mentioned the relationship between resilience and 

adaptation. AdaptationȮis the process of adjustment 
of the supply chain back to prior situations caused 

by as climate change, abruptly change in customer 

behavior or natural disasters. Therefore, the adaptation  

is a process to increase the degree of resilience of 
the supply chain. There are also a relationship 

between adaptation and agility in term of responding  

back of the system according to the external threats. 
Several studies related with resilience together with 

agility assessment and building resilience in supply 

chain had performed. Two papers, Building 
Resilience in Global Supply Chain (WBCDS, 2015) 

and AgriFood Supply Chain Resilience (KPMG, 

2020) were selected and studied since these papers 

studied resilience supply chain and they had applied 
their case studies in agricultural sectors.  
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The objective of the first paper is to raise 
awareness among businesses of potential climate 

risks to global supply chain and discuss how to build 

resilience by introducing a framework for building 

resilience to climate change. Five steps of this 
framework were explained. The first step is to map 

supply chain and identify critical features. This step 

is to understand the flows, stocks, and locations of 
each supply chain together with identifying the 

critical features. The second step is to determine 

weather-related hazards to individual nodes. The 
third step is to identify climate change vulnerabilities.  

The forth step is to define and build resilience 

measures. The fifth step is to measures monitor and 

review the measures. The framework was applied to 
two major case studies of Lithium-ion battery for 

electric car batteries, which is a complicated 

manufacturing products and corn supply chain in 
U.S., which is an agricultural commodity. The paper 

described the complexities of each supply chain and 

analyze the climate vulnerabilities. The paper also 
recommended resilience measures and the action 

companies can take to strengthen their supply chains 

from the threats of climate changes.  

The purpose of the second paper is to identify 
multiple commodity of six supply chains which are 

Red meat, Grains, Horticulture, Dairy, Wine and 

Seafood in detail. The paper also assessed the 
stresses which impact Australian agricultural and 

food supply chains when shocks, bio-security, 

drought, natural disasters, geopolitical or 

technology occur and propose response measures to 
agricultural and food sectors. 

The approach to understand key resilience 

factors and recommend mitigation strategies comprises  
in five steps. The first step is to determine supply 

chain structures. This step isȮto identify the critical 

features, actors, information flows, stocks, and 
movement across supply chain. Underlining stress, 

long-term pressures inherent in the six mentioned 

sectors which undermines their supply chain stability,  

is the second step. The third step is to identify shock 
scenarios and assess how shocks impact to each 

mentioned supply chain and the risks and vulnerabilities  

may arise according to the shocks. Current and 
future mitigation strategies such as technologies, 

frameworks, tools and innovative measures to build 

up the resilience of the supply chain and reduce the 
shock impacts are mentioned as the fourth and fifth 

step. This paper recommended that digital and data-

driven technologies including artificial intelligence, 

machine learning, internet of things (IOT) and 
blockchain technologies should be adopted and 

invested in each supply chain since these technologies  

help build supply chain resilience. Therefore, the 
agility of supply chain would be increased. 

In addition, Massachusetts Institute of Technology  

(MIT) and Accenture have co-developed a resilience  

stress test in supply chain (Accenture, 2020). This 
resilience stress test was inspired by the stress test 

of financial institutions after the U.S. financial crisis 

in 2008. The objective of this resilient stress test is 
to access the operational and financial risks and 

vulnerabilities within supply chain of a company 

caused by external environment such as market & 
technology disruption, natural disaster or other 

catastrophic situations, as a company need to ensure 

uninterruption of their supply chain no matter what 

any disruption occurs. Applying supply chain, 
operation management, data science and business 

analytics, the resilience stress test will quantify the 

resilience supply chain into single index, i.e, the 
resilience index. The company can use this index to 

identify potential failure points of supply chain and 

examine potential mitigation strategies. This stress 
test can also be used to identify time to restore their 

internal function back to normal and new normal 

after shocks occur. 

 
The Proposed Pathway of Resilient Supply 

Chain in Thai Agriculture Sectors  

Since there have been no studies or assessment 
to identify the resilient supply chain in an agricultural  

sector, the following proposes a framework guideline to 

assess and build resilience in supply chain by 

adopted from the frameworks in previous section. 
The agricultural sectors such as rice, maize, rubber, 

cassava and etc. can use this framework for further 

assessment and study of their resilience in the 
supply chain together with developing appropriate 

mitigation strategies to cope with the disruption and 

other external threats. 
 

Mapping Supply Chain Structures 

This step is to identify physical flow, actors, 

information flows and stocks of a particular 
agricultural sector such as rice, corn, rubber, or etc. 

in detail. 

 
Development Supply Chain Stress Test and Agility 

Studies 

Stress test should be developed in order to 
determine the robustness of the studied supply chain 

system. Agility of the system should be determined 

and illustrated. According to the previous section, 

digital and data-driven technologies within the 
sectors should be studied and addressed to fully 

understand the agility of the system. 
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Underlining Critical Stress and Thresholds 

This step is to identify potential critical stresses 

within a supply chain and also determine a weakest 

link and its threshold. 

 
Determining Related External Threats and Their 

Consequences 

Different categories of possible threats such as 
natural disasters, geopolitical or technology should 

be addressed according to current threats to Thailand  

and specific agricultural sectors. Also, the consequences  
of related shocks should be identified in detailed. 

 

Defining and applying Resilient Building Measures  

Resilient measures shall be developed to cope 
with related shocks mentioned in the section 5.4. 

 

Monitor and Reviews 

Monitor and review the measures should be 

investigated periodically. 

 
The Actual Status of Agricultural Supply Chain 

in Thailand 

Since there have been no relevant studies or 

assessments in robustness in supply chain of 
agricultural sectors in Thailand, the further study for 

robustness test in the near future is recommended. 

For agility domain, since agility has a relationship 
with information communication technology (ICT), 

digital and data-driven technologies. Therefore, this 

section illustrates the study of ICT in agricultural 

sectors in Thailand by classifying the study into ICT 
supported in agricultural upstream supply chain and 

ICT supported in agricultural midstream and 

downstream in Thailand. 
 

ICT supported in Agricultural Upstream Supply Chain 

Remote sensing and image satellite application, 
website/ social media/ mobile application to provide 

weather forecast information, agricultural drones, 

and precision farming have been used in the 

upstream agricultural supply chain described in the 
section 2.2 above. This section describes the 

application of these technologies in Thai agricultural  

sectors below. 

For remote sensing and image satellite 

application, three main organizations in Thailand 

providing remote sensing and Geographic Information  
System (GIS). These are Geo-informatics and Space 

Technology Development (GISTDA), Chulabhorn 

Satellite Receiving Station (CSRS) and Asian 

Institute of Technology (AIT), the detail are described  

below (Bhandhubanyong and Sirirangsi, 2020). 

The GISTDA is a Thai public agency. Their 
objectives are to develop space technology and  

geo-informatics knowledge and applications to the 

public in general, develop satellite data, and help 

provide human resource development in remote 
sensing and geo-informatics. GISTDA had developed  

the first operational earth observation satellite in 

Thailand named Thailand Earth Observation and 
Satellite (THEOS) project since 2008. The first 

project is still in operation.  GISTDA has planned to 

develop the second earth observation project. They 
have engaged with agricultural sectors by applying 

its remote sensing applications to several field crops 

such as rice, maize, sugar cane and cassava 

plantation. The application can estimate the suitable 
harvested date for each field crop product. Farmers 

can assess this estimated information via the 

GISTDAôs website. 

The Chulabhorn Satellite Receiving Station 

(CSRS) is one of the organization under Faculty of 

Engineering, Kasetsart University, Bangkok, Thailand,  
under the collaboration between Chinese and Thai 

Government regarding Small Multi Mission Satellite  

Receiving Station project. The CSRS has provided 

academic services relating with satellite image 
interpretation in the area of agriculture, natural 

resource observation, natural disaster warning. They 

have utilized satellite image to estimate the cultivated  
area of different kinds of agricultural products 

which are rice, sugar cane, rubber, pine apple, and 

cassava. They also studied the classification of 

plantation ages of rice in a particular rice field. 

Geo-informatics center (GIC) is one of leading 

remote sensing and GIS application centers in the 

region, located in Asian Institute of Technology, 
Thailand. GIC has provided and undertaken various 

training, workshop, and research projects with 

academic, public and private organizations in 
Bangladesh, Cambodia, Indonesia, Laos PDR, Nepal,  

Thailand, Philippines, Sri Lanka and Vietnam. They 

has applied the remote sensing techniques in rice 

mapping, drought and crop monitoring. 

For Website/ Social Media/ mobile application 

to provide weather forecast information, two providers  

which are Thailand Meteorological Department and 
King Mongkut Institute of Technology, Ladkrabang 

(KMITL). The Thai Meteorological Department 

provides updated information of weather forecasting,  
hydrological, agro meteorological, geographic 

information system (GIS), climatology datum, 

weather warning, storm tracking and earthquake 

reports in Thai and English in their website and 
Facebook. KMITL, one of the leading universities 

in Thailand, has forecasted several weather indications  

such as surface precipitation rates, temperature, 
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humidity, wind speeds with direction and water 
paths for each countries in Asia and Pacific by 

applying complicated mathematical and machine 

learning models. They provides their information 

via their application, ñWMAPPò and Facebook. 

Agricultural drone has been used in Thai 

agricultural industries since 2016. Its capacities are 

able to fly automatically by assigning boundary and 
to carry water or other liquids up to thirty six-

kilograms for spraying hormones and fertilizers. 

Pictures and video recording of agricultural 
plantation can be captured by agricultural drones. 

The most popular brand in Thai agricultural sectors 

is DJI, one of biggest Chinese drone brand. There 

are also Thai-made agricultural drones in the market 
such as Tiger drone and Aero Drone. Local agencies 

in the provinces help the DJI and Thai-made drones 

to market, sell and repair agricultural drones to the 

market. 

Precision farming, a farming management concept  

with measuring and monitoring light, humidity, 
temperature, moisture content data from the field 

with responding to the field crop and farming 

according to the measured data has also used in Thai 

agricultural markets. Several players like DTAC, 
Kokomi and CM plant factory have involved in this 

precision farming technology. DTAC, one of mobile 

operators in Thailand, has offered the digital 
farming services to their subscribers. The services 

have engaged precision farming with modern 

intelligent systems to adapt with the environment 

and to be able to monitor using embedded sensors 
and control factors in the plants. The relevant data 

of humidity, nutrition, and temperature from the 

sensors shall be analyzed, interpreted and used as 
inputs to control environment in the plants such as 

spraying water to increase humidity and control 

temperature. The Kokomi, a startup company in 
Thailand, is a designer and contractor of agricultural 

IOT technology. Their IOT system can monitor 

environment and nutrition factors together with 

controlling the irrigation system by their mobile 
application. The CM Plant Factory, a startup company  

located in Bangkok, has offered premium vegetable 

products such as red oak, green oak, butter head, 
baby rocket, and kale for sales. The company has 

developed their own IOT system to monitor 

environment and control light, temperature, humidity  
and water content. 

 

 

 

ICT supported in Agricultural Midstream and 

Downstream Supply Chain 

This section deals with agricultural e-commerce 

platform, a digital platform to serve an e-commerce 

activities for buying and selling agricultural products  
online which are classified in agricultural midstream 

and downstream supply chain described in section 

2.2 above. The benefits of an online platform are to 
assist farmers to bypass and sell their agricultural 

products to end consumers or end users, while the 

end users shall buy agricultural products from 
retailer according to the traditional supply chain. 

Examples of e-commerce platform in Thailand are 

Folkrice, Getkaset and Cropperz, Farmkaidee and 

Afarmmart. Folkrice is a mobile application providing  
an online market of organic rice products among 

farmers and customers. Getkaset and Cropperz are 

online marketplaces for different kinds of 
agricultural products. Their customers are farmers 

and buyers. Farmkaidee is a mobile application for 

fresh agricultural products, fertilizers, hormone and 
agricultural machinery. Afarmmart offers a mobile 

application service for agricultural products including  

field crops, vegetable, meat, seed, seedling and 

different kinds of processed foods. 

Another kinds of agricultural platform providers  

is a platform provider collecting a large amount of 

agricultural products from farmers and sell their 
products to hotel, restaurant and catering (HORECA)  

customers. Examples of this groups are Freshket for 

vegetable, meat, egg, milk, fresh fruit with canned 

foods, Ifresh for vegetable, meat, eggs with different 
kind of ingredient products, and Farm Fresh for 

meat products.  

The study has found that there are no digitally 
linkage among stakeholders within agricultural supply  

chains although ICT supported in supply chain has 

been deployed. To response or adapt to external 
threats immediately is far to achieve. Therefore, 

Thai agricultural sectors are in fragile situation to 

handle the risk of shock and discontinuity. 

 

Policy Implication 

In order to enhance resilient capacity of Thai 

agricultural sectors, the followings are recommended  
for Thai public, academic and private institutions 

relating with agricultural sectors. 
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The National Strategies of Resilient Supply Chain 

Assessment in Agricultural Sectors 

The national strategy should be studied and 

established in order to assess the current picture and 

envision the future state of the resilient supply chain 
in agricultural sectors and pave the way to achieve 

the resilience in agriculture sectors in Thailand. 

 

Human Resource Development 

To achieve the goal the resilient supply chain in 

agriculture sectors requires competent human 
resources. Skills of agriculture, supply chain, digital 

and data-driven technologies would be crucial. The 

first approach to handle this situation is to upskill 

young and talent agriculture graduates with intelligent  
technology skills and supply chain knowledge. The 

second approach is to upskill the professional 

intelligent workers with agriculture and supply 
chain knowledge. 

 

Collaboration Within and Cross industries 

The government bodies, research institutions, 

academic institutions and private sectors should 

collaborate with each other to build up resilient 

supply chain study and plan at the national level. In 
addition, the private sectors in different industries 

should share best practices to handle external 

stresses or disruptions. 
 

Research Development in the areas of Digital and 

Data-Driven Technology and Agriculture  

The long term plan for research development in 
the areas of digital, data-driven technology and 

agricultural should be addressed and implemented. 

 

Conclusions 

The paper studies and explains the definition 

and its components of resilience and resilient supply 
chain. A framework guidelines to assess and build 

the resilience in supply chains of agricultural sectors 

is proposed. There are six steps of the framework which  

are mapping supply chain structures, development 
supply chain stress test and agility study, underlining  

critical stresses and thresholds, determining related 

external threats and their consequences, defining 
and applying resilience building measure together 

with monitor and reviews. The paper also studied 

the pictures of ICT, digital and data-driven 
applications in different categories of agricultural 

supply chains including upstream, midstream and 

downstream as these technologies have a relationship  

with resilient capability of a supply chain.  

The study has found no digital linkage among 
stakeholders within agricultural supply chains 

although ICT supported in supply chain has been 

implemented. To response or adapt to external threats  

immediately may not be able to be implemented. 
Therefore, Thai agricultural sectors are in fragile 

situation to handle with external threats. Four 

suggested policy implications which are the national 
strategies of resilient supply chain assessment in 

agricultural sectors, human resource development, 

collaboration within and cross the industries, and 
research development in the areas of digital and 

data-driven technology and agriculture are proposed 

to enhance the resilience of Thai agricultural supply 

chains. 
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Abstract 

Natural fermentation is the conventional method in the Philippines to remove coffee mucilage. It is 

the soaking in water the depulped coffee cherries for 24-48 hours. However, this process is time and  
water-consuming, laborious, and causing weight loss to the beans.  The study aimed to design and fabricate  

a small-scale demucilager machine for Arabica coffee and evaluate its performance to eliminate natural 

fermentation. The designed and manufactured device has 918 mm × 622 mm × 1,113 mm dimension, 

consisting of six major components: hopper, demucilaging cylinders, water supply system, output chute, 
power transmission system, and frame. It is a horizontal continuous demucilaging machine operated by 

abrasion of the parchment coffee between the demucilaging cylinders' walls while being conveyed from the 

hopper side to the output chute side. The study results showed that at 1.23m/s peripheral speed and 0o 
inclination, the machine has 37.87 kg/hr capacity, 79.0% efficiency, 4.87% parchment coffee damage, 

96.96% product recovery, 41.54 W-hr electrical energy consumption, and 0.22 L/kg water consumption. 

The machine's use showed reduced processing time from 12-24 hours to 2.64 hours, human resources from 
4 to 2 operators, and water used for removing mucilage from 0.87-1.60 L/kg to 0.22 L/kg. Lastly, the 

demucilaging machine is acceptable to coffee growers and cooperatives to reduce the processing time, 

human resources, and water used for removing mucilage. It is economically feasible to the local coffee 

industry with a payback period of 2.49 years and a break-even weight of 11,517.00 kg/yr at a custom rate 

of 1.75 Php/kg. 

 

Keywords: demucilager; coffee processing; mucilage removal; natural fermentation 
 

Introduction  
Coffee production is time-consuming and 

laborious work. After harvesting, the ripe coffee 

cherries will undergo a series of operations to produce  

ground coffee ready for brewing. These operations 

need different machinery for easy accomplishment; 
however, most of the activities are manually 

accomplished since available machinery are usually 

manufactured abroad and intended for large-scale 
plantations.  Many small-scale coffee growers in the 

country are shifting from coffee production to other 

types of crops such as bananas due to this nature of 

coffee processing (HVDCP, 2015).  

Natural fermentation is the common practice in 

the country for removing coffee mucilage. This is 

performed by soaking the beans and letting microbial  
organisms and enzymes do the biological degradation  

and later to facilitate the removal by washing. It is 

done in batches, time and water consuming and 

causing weight loss compared to demucilager (Gure, 

et al., 2014). These disadvantages, however, are usually  
disregarded by the farmers since there are no other 

means of demucilaging the beans. 

Several demucilager machines are available in 

other countries designed mostly for large-scale 
processing, but not in the Philippines. Hence, this 

study was conceived to produce an alternative 

solution for the removal of mucilage without 

fermentation.  

The study's general objective was to design, 

fabricate, and evaluate a small-scale demucilager 
machine for Arabica coffee. Specifically, the study 

aimed to: 

1. establish the design requirements of a small scale 

demucilager machine;  
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2. design and fabricate a demucilager machine for 
Arabica coffee suitable for the local coffee 

growing condition;  

3. evaluate the performance of the machine in terms 

of the capacity and efficiency of removing 

mucilage;  

4. conduct a field demonstration of the device using 

the optimum settings observed to assess its 

acceptability; and,  

5. perform a simple cost analysis of the device. 

 
Materials and Methods 

 

Conceptualization of the Study 

The study was conceptualized based on the local 
coffee industry's problems resulting from the survey 

conducted among the major coffee growers and 

cooperatives in the Benguet province (Atok, La 

Trinidad, Tuba, and Tublay). 

The demucilager machine for Arabica coffee 

was designed for small-scale coffee producers. The 
machine's designed capacity had a minimum of 15 

kg/hr based on the lowest fresh parchment coffee 

processed by the cooperatives and growers. Other 

requirements considered in the design of the device 
include 1) machine capable of removing coffee 

mucilage with a minimum efficiency of 72% based 

on the washer peeler (Ugwu and Ozioko, 2015) with 
similar principle of operation; 2) machine with 

maximum mechanical damage to the beans of less 

than 5%, based on the percent damage of demuclager  

machine by Dagwat and Marquez (2003).  

The machine was designed so that the depulped 

cherries fed from the hopper were conveyed to the 

demucilaging cylinder through the water supply 
system provided at the hopper. The demucilaging 

cylinder has two parts, the rotating inside cylinder 

and the stationary outside cylinder. The twined 
polyethylene rope on the inside demucilaging cylinder  

then conveys the beans through the cylinders' gaps. 

During the conveyance, the polyethylene rope's 

abrasive surface removes the bean's mucilage by 
turning between the stationary and the rotating 

demucilaging cylinders. While the parchment coffee  

beans are conveyed inside the demucilaging 
cylinder, the water dripping from the water supply 

system lubricates, washes, and removes the beans' 

mucilage. The demucilaged coffee beans were then 
collected at the output chute. The wastewater collected  

in the tub placed below the demucilaging cylinders 

was recirculated in the machine using a water pump. 

 
 

Design of the Major Components 

The maximum weight was determined using the 

volume of the clearance between the outer and inner 

demucilaging cylinder computed in Equation 1:  

V = 
ˊ

4 
Do2 - Di

2
Ĭ(L) (1) 

where:  

V - volume, m3 

Do - diameter of outer rope cylinder, 0.1524 m 

Di - diameter of inner rope cylinder, 0.127 m 

L - length of the cylinder, 0.762 m 

 
Figure 1. Diagram of the forces acting on the cylinder 
 

The computed volume of 0.00425 m3 was 

multiplied by the bulk density of fresh parchment 
coffee (846 kg/m3) to obtain the maximum weight 

of 3.60 kg (Equation 2), 

m = V*ɟ
b
  (2) 

where:  

m - mass, kg 

V - volume, m3 

ɟb - bulk density, kg/m3 
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The computed force acting on the shaft of the 
demucilaging cylinder caused by the parchment 

coffee weight is 35.32 N (Figure 1). The factor of 

safety of 4 was used, obtaining the total force of 

141.28 N. The torque applied to the shaft is 9.89 N.m  

(Equation 4).  

F = m Ĭ g  (3) 

Ts = F Ĭ d (4) 

where: 

F - force, N 

M - mass, kg  

G - acceleration due to gravity, (9.81 m/s2) 

Ts - torque applied to the shaft, N.m 

D - distance of the force to the shaft, 0.07 m 

 
The rotational speed of the machine used in the 

design is 360 rpm based on preliminary tests. The 

angular velocity and the power needed in the shaft 
are 37.70 rad/s and 372.85 Watts, respectively 

(Equations 5 and 6). 

ɤ = 
2ˊĬN

60
 (5) 

Ps = TsĬ ɤ  (6) 

where: 

ʖ - angular velocity, rad/s 

N - rotational speed, rpm 

Ts - torque applied to the shaft 

Ps - power requirement of the shaft, Watts 

 
The torque and power required to drive the 

pulley computed were 4.98 N.m and 187.75 Watts 

(Equations 7 and 8), respectively, based on the  

254 mm diameter pulley with 4 kg mass. 

Tp = wpĬrp                                        (7) 

Pp = TpĬ ɤ                                       (8) 

where:   

Pp - power required to drive the pulley, Watts 

Tp - torque required to drive the pulley, N.m 

wp - weight of the pulley, N 

rp - radius of the pulley, m 

 
 

 

 

 

Considering the selected water pump (25 W) 
with 1.2 m head and the power loss during 

transmission due to creeping and sleeping of the belt 

up to 5% of the power generated from the motor 

(Agidi, et al.,2013), the total power requirement is 
613.63 Watts (0.82 hp). Hence, a 746 Watts (1 hp) 

electric motor was used. 

The torque computed applied to the device is 
19.79 N.m, and the diameter of the shaft is 18.08 

mm (Equation 9 and 10), considering a tolerance of 

20% (Agidi, et al., 2013). For safety in the working 
operation of the device, the selected shaft diameter 

is 25.4 mm. 

T = 
P

 ɤ
   (9) 

ů = 
16T

d́
3 (10) 

where:  

ʎ - allowable stress, Pa 

T - torque, N.m  

D - diameter of the shaft, m 

 
The selected shaft diameter can withstand the 

maximum allowable twist for shaft with 0.25o 

(Equation 11 and 12).  

J = 
d́
4

32
  (11) 

ɗ = 
TL

JG
Ĭ
180

ˊ
 (12) 

where:   

ɗ  - allowable stress twist, o 

T - torque, N.m  

L - length of shaft, 0.762 m 

J - polar moment of inertia, m4 

G - modulus of rigidity, Pa 
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The machine's conceptualized design is shown 
in Figure 2 based on the computed dimension of the 

different major components of the machine. 

 
Figure 2. Demucilager machine design 

 

Testing and Evaluation 

Two factors considered in the study were the 

peripheral speed of the demucilaging cylinder with 

three levels (0.92 m/s, 1.23 m/s, and 1.53 m/s) and 
the machine's inclination with three levels of 0o, 5o, 

and 10o. Factorial in Completely Randomized 

Design (CRD) was used to analyze the effect of the 
factors on the device's performance parameters. 

Comparison among means was tested using Least 

Significant Difference (LSD) at 5% level of 

significance. 
 

Simple Cost Analysis 

A simple cost analysis was conducted to determine  
the financial viability of the coffee demucilager 

machine. The financial viability indicators used 

were the Break-Even Point (BEP), Payback Period 
(PBP), and Benefit-Cost Ratio (B/C Ratio) of 

operating the machine. 

 

 
 

 

 
 

 

 
 

Results and Discussion 

Survey on Local Coffee Growers and Cooperatives 

A survey was conducted on four identified 

cooperatives in the province of Benguet (Atok, La 

Trinidad, Tuba, and Tublay) and seven individual 
coffee growers. Based on the results, the minimum 

capacity of the machine recommended for the 

community is 15 kg/hr to process the lowest volume 
of fresh parchment coffee (60% of cherries) being 

produced (25-50 kg coffee cherries).  

Processing coffee cherries (pulping-drying) 
requires 2-5 laborers. All surveyed cooperative and 

individual coffee growers use natural fermentation 

for up to 12-48 hours (Figure 3) with 0.87-1.60 L/kg 

water consumption. When asked if the respondents 
wanted to buy a demucilager machine in the market, 

three cooperatives and six individual growers 

surveyed wanted to avail if they could afford it. 

 
Figure 3. Conventional removal of mucilage 

 

Description of the Device 

The fabricated demucilaging device's design is 
a continuous type machine (Figure 4) with an 

overall dimension of 918.2 mm × 622.4 mm × 

1,113.2 mm. It has six major parts: hopper, 

demucilaging cylinder, water supply system, output 
chute, frame, and power transmission system. The 

device removes the mucilage adhering to newly 

depulped parchment coffee by abrasion between the 
rotating inner demucilaging cylinder and the 

stationary outer demucilaging cylinder. The rotating 

cylinder's outside surface, and the stationary 
cylinder's inside surface were twined with 14 mm 

polyethylene rope, thus providing abrasive property. 

All parts of the device. 



The 14th Thai Society of Agricultural Engineering International Conference, 12-14 May 2021 

12 

 
Figure 4. Fabricated demucilaging machine 

 

that comes in contact with the product and water 

are made of stainless materials.  Other parts were 
coated with paint to resist corrosion. 

 

Performance Evaluation of the Demucilager Machine 

The machine's capacity shows that the peripheral  

speed of the demucilaging cylinder had a significant 

effect at a 5% level of significance. The capacities 
of 33.96 kg/hr and 39.86 kg/hr at peripheral speeds 

of 0.9 m/s and 1.53 m/s, respectively, significantly 

varies. The mean capacity of 37.91 kg/hr at 1.23 m/s 

peripheral speed, on the other hand, had no 
significant difference on either capacities of 33.96 

kg/hr and 39.86 kg/hr. With this, it is recommended 

to operate the device at the peripheral speed of either 

1.23 m/s or 1.53 m/s at any inclination. 

Additionally, the machine's efficiency is 

significantly affected by the interaction of the two 

factors ï peripheral speed and inclination of the 
device with 79.0% at 1.23 m/s peripheral speed and 0o 

inclination significantly different from all other 

treatment means except to 0.92 m/s and 0o with 
74.0%. With the mean efficiency analysis, it is 

recommended to operate the device at the peripheral 

speed of 1.23 m/s and 0o inclination to optimize the 

machine providing the highest efficiency. 

Further, the interaction of the factors on the 

product recovery of the machine is significantly 

different. The highest product recovery of 77.71% 
at 1.53 m/s peripheral speed and 0o inclination 

significantly varies to the lowest product recovery 

(75.16%) at 1.23 m/s peripheral speed and 0o 

inclination. The lowest product recovery of the 

machine (75.16%) is beneficial to the machine 
efficiency, considering that higher product recovery 

has lower machine efficiency of removing parchment  

coffee mucilage.  

The parchment coffee damage caused by the 
machine and the electrical power consumption as 

affected by the peripheral speed of the demucilaging 

cylinder and the machine's inclination were not 
significantly affected by the factors. The mechanical  

damage and the power consumption of the machine 

is 4.87% and 41.54 W-hr, respectively. Lastly, water  
consumption using the recommended inclination  

of 0o is 0.22 L/kg. 

 

Comparison between the Conventional Mucilage 

Removal and the Demucilager Machine 

Visitation, interview, and survey to the coffee 

cooperatives and growers before the study's conduct 
was done to gather information on Arabica coffee's 

wet processing. Another survey was done on the 

observers during the final test and the field 
demonstration of the device. The comparison 

between the conventional mucilage removal and the 

demucilager machine is presented in Table 1. 

 
Table 1. Comparison between use of fermentation 

and the mechanical demucilager 

ITEM 
FERMENTATION 

& WASHING 
DEMUCILAGER 

Duration of  

processing, hr 
12-24 2.64 

Average no. of  

manpower 
4 2 

Average water  

consumption, 
L/kg 

0.87-1.60 0.22 

 

Simple Cost Analysis on the Use of the Device 

The cost of fabrication of the device is 
30,823.74 with a machin.e capacity of 37.87 kg/hr 

based on the optimum efficiency. The calculated 

break-even point (BEP), payback period (PBP), and 
benefit-cost ratio (BCR) were summarized in Table 2.  

Processing parchment coffee with a custom rate of 

at least 1.75/kg could create an income opportunity,  

and investments can be recovered at 2.49 years.  
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Table 2. Summary of simple cost analysis on the use 

of the device 

PARAMETER 
CUSTOM RATE, /kg 

1.75 2.00 2.25 

BEP, kg/yr 11,517.00 8,505.00 6,742.00 

Payback Period, yr 2.49 1.57 1.14 

Benefit-Cost 
Ratio 

0.62 1.16 1.78 

 

Conclusions 

In the conclusion of the study, 

1. The machine capacity established for the design 

was at least 15 kg/hr to cater to the fresh 

parchment coffee produced by individual coffee 
growers and cooperatives. The device's efficiency 

must be at least 72% based on the washer peeler 

with a similar operation principle. Parchment 

coffee damage caused by the machine must not be 

more than 5%.  

2. A horizontal continuous demucilaging machine 

with an overall dimension of 918 mm × 622 mm 
× 1,113 mm was designed and fabricated. It 

performs demucilaging by abrasion of the 

parchment coffee between the outside surface of 
the rotating demucilaging cylinder and the inside 

surface of the stationary demucilaging cylinder 

while being conveyed from the hopper side to the 

output chute side. 

3. The device is recommended to be operated at the 

peripheral speed of 1.23 m/s and 0o inclination 

based on the machine's highest efficiency affected 
by the interaction of the peripheral speed and 

inclination with 79.0%. The capacity of the 

machine is 37.87 kg/hr, product recovery is 

96.96%, mechanical damage is 4.87%, the power 
consumption of the machine is 41.54 W-hr, and 

the water consumption is 0.22 L/kg. 

4. Field demonstrations and surveys showed that it 
is acceptable to local individual coffee farmers 

and coffee cooperatives to reduce manpower, time 

consumed in processing coffee, and water 

consumption. 

5. The simple cost analysis of the device's use 

revealed that it is financially viable with the 

custom rate of 1.75/kg, providing an annual net 
income of 12,400, Benefit-Cost Ratio of 0.62, 

and a payback period of 2.49 years. Using  

a higher custom rate would provide lesser  
break-even weight and a shorter payback period 

for the machine while increasing the annual net 

income with the same operating cost per year. 
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Abstract 

This paper illustrates the study and recommendation of a framework to assess and build resilience 
of supply chains for Thai agricultural sectors. Relevant literatures in resilience and resilient supply chain 

have been studied to define the definitions and its domains. Relevant studies in other countries of 

frameworks in resilient supply chain in couple sectors including agricultural sectors had been reviewed. 

ICT supported in supply chains had also investigated to understand the agility of Thai agricultural sectors. 
Strong collaborations from government, academic institution, research institutions and private sectors 

together with human development are recommended to enhance the resilience of supply chains in different 

agricultural sectors in the future. 
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Abstract 
The objective of this study was to assess the effects of ultrasonication combined with steam parboiling 

pretreatment and salt puffing process on the physicochemical and microstructural properties of puffed 

germinated brown rice (GBR). The parboiling pretreatments of GBR included steam parboiling (SS), and 
ultrasound combined with steam parboiling (USS). Parboiled GBR was subsequently dried to get a moisture 

content of 10-14% and pretreated GBR was obtained. The pretreated GBR was subjected to hot salt puffing 

at 200-230ºC for 10-15 s and vigorously stirred to achieve puffed GBR. Results showed that moisture 

content and water activity (aw) values of Puffed-USS were significantly lower than those of Puffed-SS (p < 
0.05). These results suggested that ultrasonic pretreatment induced porous structure inside the grain 

resulting in increased moisture evaporation during puffing process. Salt puffing significantly reduced bulk 

density of puffed GBR by expansion of grain structure, compared with that of pretreated GBR. Ultrasonic 
pretreatment insignificantly improved the expansion and crispness value of puffed GBR. Color values (L*, 

a*, and b*) of puffed GBR were significantly increased after puffing process. Increase in redness and 

yellowness values of puffed GBR indicated the formation of brown polymers from the Millard reaction. 

Microstructural image revealed that ultrasonic pretreatment altered internal structures of grain by increasing 
voids between intercellular space. 

 

Keywords: Puffed germinated brown rice, Ultrasonic pretreatment, Salt puffing process, Physical properties  

 

Introduction  
In recent years, consumers are more interested 

in foods that provide a health benefit. As they are 
received more information and more aware of the 

associations between food and health. In addition, 

consumers perceive that the intake of low-fat foods 

and low-calories products could decrease the risk of 
obesity, coronary heart diseases, and diabetes 

(Junyusen et al. 2017). Germinated brown rice (GBR),  

considered to a value-added rice product, is  
well-known in high nutritional benefit as it has  

high levels of bioactive compounds such as  

ɔ-aminobutyric acid (GABA), vitamin E (tocols),  
ɔ-oryzanol, and phenolic compounds (Moongngarm 

and Saetung, 2010). Puffed rice, is high in resistant 

starch content, but it is a low-calorie product of rice, 

hence, it is preferred by calorie-conscious consumers.  

Characteristics of puffed rice are expanded 

structure and crispy texture (Saha and Roy, 2020). 

Production of puffed rice called puffing process 
includes parboiling pretreatment followed by high 

temperature short time (HTST) treatment of dried 

parboiled rice in sand, oil, or hot air as a heating 

medium causing volumetric expansion of the grain, 
providing puffed rice. (Saha and Roy, 2020; Mir et 

al., 2016). The pleasant crispy texture, degree of 

expansion, and color of puffed rice are directly 

related to the degree of starch gelatinization during 
parboiling pretreatment, initial moisture content of 

dried parboiled rice, and puffing temperature and 

time. These are key parameters of puffing process to 
achieve the optimum quality (Mir et al., 2016; Pompe 

et al., 2020). 

Ultrasound is a novel nonthermal technology 
for food processing. The advantages of utilizing 

ultrasound over conventional methods for food 

processing are productivity, reduced processing 

temperature and time, enhanced quality, and 
environmentally friendly (Chemat et al., 2011). 

High-intensity ultrasound, low-frequency in the 

range of 20-100 kHz, is commonly applied for food 
material due to its efficiency in facilitating the 
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swelling and hydration, providing a great penetration  
of solvent into the cellular structure, and causing 

formation of porosity inside materials (Feng and 

Yang, 2011). Ultrasound has been used to improve 

heat transfer for cooking, freezing, and drying 
process in order to shorten the processing time and 

to enhance a quality of food product (Chemat et al., 

2011). 

However, there exists no study on the effect of 

ultrasound combined with steam parboiling 

pretreatment on the physical and microstructural 
properties of puffed GBR. In addition, previous 

studies of puffing methods involved the hot sand-

bed, oil, hot air, fluidized air, and microwave 

puffing (Mir et al., 2016; Pompe et al., 2020; Nath 
et al., 2007; Maisont and Narkrugsa, 2009; Saha and 

Roy, 2020). The effect of hot salt puffing process on 

the quality of puffed GBR is still very limited. 
Therefore, the objective of this study was to 

investigate the effect of ultrasonication combined 

with steam parboiling pretreatment and hot salt 
puffing process on the qualities of puffed GBR. 

 

Materials and Methods 

1. Materials 

Germinated brown rice (GBR) was obtained by 

dehulling of germinated Khao Dok Mali 105 paddy 

prepared by Chatchavanthatri et al. (2020). Briefly, 
germinated paddy was prepared by following steps; 

(1) sanitizing surface paddy by 0.1% sodium 

hypochlorite, (2) soaking with water at 30±2ºC for 

24 h, (3) germinating at 30±2ºC for 48 h, (4) sun 
drying of germinated paddy on the open air at day 

time until moisture content reduced to 12-14%, and 

(5) dehulling of germinated paddy. The GBR was 
then vacuum packed and stored at 4ºC for further 

experiment. 

 

2. Preparation of pretreated and puffed GBR  

On laboratory scale, GBR was pretreated with 

two different methods. First method was without 

ultrasonic treatment. A GBR (200 g) was soaked in 
1 L distilled water at 30ºC for 60 min. Then, the 

soaked GBR was subjected to steam parboil at 

100ºC until fully gelatinization (65±5 min). For 
ultrasonic treatment, a GBR was immersed in 

distilled water, and directly placed in an ultrasonic 

bath (35 kHz, DT514BH, Bandelin, Germany). The 
ultrasonic treatment was carried out at 30ºC for  

5 min. The treated GBR was subsequently soaked 

for 55±5 min, and steam parboiled to achieve a 

complete gelatinization. The gelatinized GBR was 
subsequently dried using an oven (Universal Oven 

UF 110, Memmert GmbH + Co. KG, Schwabach, 

Germany) at 40ºC to obtain the moisture content 
between 10-14% (w.b.). The pretreated GBR was 

vacuum packed and stored at room temperature for 

further puffing process. Each experiment was 

performed in duplicate. 

In this study, puffing process was performed 

using a hot salt (NaCl) as a heating medium. Briefly, 

a pretreated GBR was expanded in iron pan 
containing salt at 200-230ºC for 10-15 s and 

vigorously stirred with the salt to ensure uniform 

heating. The salt temperature was measured with an 
infrared thermometer (Testo 830-T2, Testo SE & 

Co. KGaA, Titisee-Neustadt, Germany). The expanded  

(puffed) GBR was separated from salt and subsequently  

cooled down on aluminum tray. It was then packed 
and stored at room temperature for further analysis. 

 

3. Moisture content and water activity (aw) 

measurement  

Moisture content of pretreated and puffed GBR 

was performed using a moisture analyzer (MB-25, 
OHAUS Instruments Co., Ltd., Shanghai, China). 

Water activity (aw) was measured using a water 

activity meter (AquaLab Pre, METER Group, Inc., 

WA, USA). Triplicate determinations were performed  
for each sample. 

 

4. Yield, expansion, bulk density, and length/breadth  

Weight of GBR, pretreated and puffed GBR 

was determined by weighting on an analytical 

balance (MS3002TS, Mettler-Toledo, Inc., OH, 

USA). Volume of pretreated and puffed GBR was 
measured in a 100 mL glass graduated cylinder. The 

total yield, puffed yield, expansion volume, 

expansion ratio, and bulk density were calculated 
using equations 1 to 5, respectively. Four 

determinations were performed for each treatment.  

Length/breadth ratio was measured by using a 
Vernier caliper following Mir et al. (2016). GBR, 

pretreated and puffed GBR were randomly selected 

and their length and breadth were measured. Each 

treatment was performed in eight replications. 

Total yield % =  
weight of puffed GBR (g) Ĭ 100

weight of GBR (g)
    (1) 

Puffed yield % =  
weight of puffed GBR (g) Ĭ 100

weight of pretreated GBR (g)
   (2) 

Expansion volume =  
volume of puffed GBR (mL)

weight of pretreated GBR (g)
  (3) 

Expansion ratio =  
volume of puffed GBR (mL)

volume of pretreated GBR (mL)
 (4) 

Bulk density (g/mL) =  
weight of puffed GBR (g)

volume of puffed GBR (mL)
  (5)  
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5. Color values 

Color values of pretreated and puffed GBR were 

measured by colorimeter (MiniScan EZ 4500L, 

HunterLab, Hunter Associates Laboratory, Inc., 

VA, USA) based on the CIE L*a*b* system 
(lightness, redness, and yellowness). The experiment  

was performed in six replications. 

 

6. Texture analysis 

Hardness and crispness of puffed GBR were 

evaluated by using a Texture Analyzer (TA.XTPlusC,  
Texture Technologies Corp. and Stable Micro 

Systems, Ltd., Hamilton, MA, USA) equipped with 

a 25 mm diameter aluminum cylindrical probe and 

a 50 kg-capacity compression load cell. Puffed GBR 
(30 g) were placed in an aluminum can with a 

diameter and height of 6 cm and 4 cm, respectively, 

and gently tapped five times before measurement. 
The compression parameters of pre-test, test, and 

post-test speed were 1, 2, and 10 mm.s-1, respectively.  

The compression distance was 40% strain. The 
analyses were done in six replications. The hardness 

and crispness values were determined using Texture 

Exponent Software (version 7.0.6.0, Texture 

Technologies Corp. and Stable Micro Systems, Ltd., 
Hamilton, MA, USA).   

 

7. Microstructural analysis 

The microstructures of pretreated and puffed 

GBR were investigated using synchrotron radiation 

X-ray tomographic microscopy (SRXTM) which 

provided a 3D-image. SRXTM was carried out at 
beamline 1.2W, Synchrotron Light Research Institute  

(SLRI), Thailand. X-ray projections of sample were 

collected for a complete dataset at 180 degrees with 
0.5 angular increments. In order to minimize the 

artifacts, polychromatic X-ray was attenuated with 

350 ɛm-thick aluminum foil, with a mean energy of 
about 11.5 keV. The X-ray projections were 

collected on a SCMOS camera with a pixel size of 

1.44 ɛm. The data was pre-processed and reconstructed  

in three dimensions based on a filtered-back 
projection algorithm using Octopus Reconstruction 

software (Inside Matters BVBA, Belgium). After 

that, reconstructed images were visualized using 
Dristhri software developed by Ajay Limaye 

(Australian National University, Canberra, ACT, 

Australia). 

8. Statistical analysis 

In this study, results were expressed as means ± 

standard deviations. One-way analysis of variance 

(ANOVA) was used to statistically assess the effect 

of different pretreatment methods on physical and 
microstructural properties of puffed GBR. Tukey-

HSD multiple comparison was used to compare 

means, given 5% significance level (p < 0.05). The 
statistical analysis was carried out using Minitab® 

17 (Minitab Inc., USA). 

 

Results and Discussion 

1. Yield and chemical properties of puffed GBR 

Yield and chemical compositions of puffed 

GBR are shown in Table 1. Total yield and puffed 
yield of Puffed-SS and Puffed-USS were between 

85.24-86.07% and 81.35-83.35%, respectively. 

These results indicated that the total yield and 
puffed yield did not affect by the pretreatment 

methods. Moisture content and water activity (aw) 

are important parameters indicating product 

stability during storage.  

In this study, moisture content of pretreated 

GBR before subjecting to puffing process were 

between 12.58-13.53% (w.b.). The results showed 
that hot salt puffing process significantly reduced 

moisture content of puffed GBR (0.09-2.47%) (p < 

0.05). Puffed GBR had aw levels between 0.22-
0.32, representing low-moisture foods (aw < 0.60) 

(Syamaladevi et al., 2016). In addition, its value 

indicates prevention of microbial growth and shelf-

stable product. The moisture content results showed 
similar trend as the aw. Levels of moisture content 

and aw of Puffed-USS were significantly lower than 

those of Puffed-SS (p<0.05). It was probably because  
5-min ultrasonic pretreatment induced porous 

structure inside the grain resulting in increased 

moisture evaporation during puffing process (Feng 
and Yang, 2011). Insignificant different in salt 

content of puffed GBR were observed and the 

values were between 0.22-0.27% (88-108 mg 

sodium in 100 g puffed GBR). Thai adults are 
recommended to consume less than 2,400 mg of salt 

a day. In short, moisture content and aw values of 

puffed GBR were significantly affected by pretreatment  

methods (p < 0.05). 
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Table 1 Yield and chemical properties of puffed GBR. 

Treatment 1 Total yield (%) 2 Puffed yield (%) 2 
Moisture content  

(%, w.b.) 2 
aw 2 

Salt content  

(%, d.b.) 2 

Puffed-SS 85.24±1.23 83.35±2.11 2.47±0.42a 0.32±0.00a 0.22±0.06 

Puffed-USS 86.07±0.77 81.35±0.72 0.90±0.17b 0.22±0.02b 0.27±0.05 
1 SS and USS denote steam parboiling pretreatment and ultrasonic combined with steam parboiling pretreatment, respectively.  

2 The values present the mean of triplicate ± standard deviations. Different letters in each column represent statistically significant 
differences between treatments at p < 0.05. 

 

2. Physical properties of puffed GBR 

In Table 2, bulk densities of raw GBR (RB), 
pretreated and puffed GBR were varied between 

0.41-0.72 g mL-1. Bulk densities of raw GBR and 

pretreated GBR were significantly higher than those 
of puffed GBR (p < 0.05). These results indicated 

that steam parboiling process causes the starch 

gelatinization and subsequently hardening the 

gelatinized starch by hot air oven drying, resulting 
in rigid and compact internal structure. Meanwhile, 

puffing process caused an expansion of internal 

structure. This is in accordance with previous work 
(Mir et al., 2016). Expansion volume and expansion 

ratio of puffed GBR were between 1.90-1.98 mL g-1  

and 1.29-1.32, respectively. Ultrasonic pretreatment 

insignificantly improved the expansion of puffed 
GBR. According to Feng and Yang (2011), 

ultrasound can facilitate the swelling and degrade 

the carbohydrate leading to reduce molecular 
weights of carbohydrate. As starch is the primary 

carbohydrate in rice, the higher degree of starch 

gelatinization resulted in higher expansion of rice 
(Saha and Roy, 2020). In current study, bulk 

density, expansion volume and expansion ratio were 

lower than those studied by Maisont and Narkrugsa 

(2009), who reported that bulk density, expansion 

volume, and expansion ratio of puffed KDML105 

GBR were 0.21 g mL-1, 6.66 mL g-1 and 3.48, 
respectively. Saha and Roy (2020) reported that the 

expansion ratio of puffed rice could range from 4 to 

10. The discrepancy suggested that the pretreatment 
and puffing process affect the physical properties of 

puffed GBR. 

The length/breadth ratios of pretreated and 

puffed GBR (3.12-3.35) were insignificantly different  
from that of the raw GBR (3.46) (p > 0.05). The 

puffed GBR had slightly lower in length/bread 

ratios, compared with raw and pretreated GBR. The 
length/breadth ratios of puffed GBR were consistent 

with those reported by Maisont and Narkrugsa 

(2009). In this study, it suggested that pretreatment 

and puffing process did not alter the size of GBR. 
These results were inconsistent with Mir et al. 

(2016), who reported that the length/breadth ratios 

of raw and parboiled brown rice (2.43-2.45) were 
significantly higher than that of expanded (puffed) 

brown rice (1.95) due to the expansion of rice 

resulting in lower the length/breadth ratio. Thus, 
further work is needed to optimize the pretreatment 

process of GBR for improving the expansion of 

puffed GBR by hot salt puffing process. 

 

Table 2 Physical properties of raw GBR, and pretreated and puffed GBR. 

Treatment 1 
Bulk density  

(g mL-1) 2 
Length/breadth ratio 2 

Expansion volume  

(mL g-1) 2 
Expansion ratio2 

RB 0.72±0.02a 3.46±0.15 - - 

Pretreated-SS 0.69±0.03a 3.29±0.13 - - 

Pretreated -USS 0.68±0.02a 3.35±0.32 - - 

Puffed-SS 0.41±0.01b 3.26±0.30 1.90±0.20 1.29±0.12 

Puffed-USS 0.44±0.04b 3.12±0.36 1.98±0.06 1.32±0.07 
1 RB, SS, and USS denote raw GBR, steam parboiling pretreatment, and ultrasonic combined with steam parboiling pretreatment, 
respectively.  

2 The values present the mean of quadruplicate ± standard deviations. Different letters in each column represent statistically 
significant differences between treatments at p < 0.05. 
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3. Color value of GBR, pretreated and puffed GBR 

Figure 1 shown the L*, a*, and b* values of raw 

GBR (RB), pretreated and puffed GBR. In pretreated  

GBR, lightness (L*) values were significantly lower 

than those of raw and puffed GBR (p<0.05). These 
results indicated that two pretreatment methods 

reduced the lightness of sample corresponding to the 

occurrence of Maillard reaction during steam 
parboiling (Saha and Roy, 2020). Mir et al. (2016) 

reported that increase in lightness level of puffed 

rice was due to the expansion and formation of 
porous structure during puffing. The values of 

redness (a*) and yellowness (b*) of puffed GBR 

significantly increased when compared with raw 

and pretreated GBR (p < 0.05). In contrast, Mir et 
al. (2016) found that a* and b* of puffed rice 

increased, compared with raw and parboiled rice. 

Saha and Roy (2020) also reported that the redness 
and yellowness increased in the parboiled rice, 

compared with non-parboiled rice. The present 

contradictory finding may be attributed to differences  
in pretreatment (parboiling) and puffing process 

(i.e., heating medium, puffing temperature and 

time). The high temperature with uniform heating of 

salt puffing process might be contributed to increase 
in redness and yellowness of puffed GBR. In short, 

The color values (L*, a*, and b*) of puffed GBR 

were significantly increased after puffing process; 
however, 5-min ultrasonic pretreatment did not alter 

the color values of pretreated and puffed GBR. 

 

4. Texture property of puffed GBR 

Texture properties of puffed GBR including 

hardness and crispness are presented in Table 3. The 

hardness is a measurement of the maximum force 
during the compression, and the crispness relates to 

summation of total peak forces throughout the 

compression. The hardness of Puffed-USS was 
slightly lower than that of Puffed-SS (p > 0.05). 

Similarly, insignificant difference in crispness was 

observed between Puffed-SS and Puffed-UPS. 

These results indicated that 5-min ultrasonic treatment  
did not improve the texture properties of puffed 

GBR. In this study, the trends of hardness and 

crispness of puffed GBR were generally similar to 
those of expansion volume and expansion ratio 

(Table 2).  

 
 

 

 

 
 

 

 

Table 3 Hardness and crispness values of puffed GBR. 

Treatment Hardness (g) Crispness 

Puffed-SS 781.14±60.10 89.17±2.40 

Puffed-USS 747.64±63.61 89.83±3.87 
1 SS and USS denote steam parboiling pretreatment and ultrasonic  
combined with steam parboiling pretreatment, respectively.  

2 The values present the mean of six replications ± standard 

deviations. Different letters in each column represent statistically  
significant differences between treatments at p < 0.05. 

 
5. Microstructural characteristic of pretreated and 

puffed GBR 

The SRXTM images of pretreated and puffed 
GBR are given in Figure 2. Pretreated-SS showed 

the compact structure (longitudinal and cross sections).  

This is consistent with previous works (Saha and 
Roy, 2020; Mir et al., 2016), who reported that 

parboiling causes the starch gelatinization subsequently 

filling up the natural fissures inside the grain 

endosperm, resulting in more rigid and strength of 
grain. In addtion, this rigid structure will be become 

to a voided structure of puffed rice during puffing 

process (Saha and Roy, 2020). However, Pretreated-
USS was considerably more porous than Pretreated-

SS. This could be attributed to ultrasound inducing 

structural disruption subsequently the formation of 

voids inside the grain, contributing to improve the 

moisture evaporation.  

As shown in Figure 2 (Puffed-SS and Puffed-

USS), puffing process had a great effect on 
microstructure of puffed GBR. Puffed-SS and 

Puffed-USS had large pores in the core of grain, 

while the nonporous regions near the surface were 
observed. This is in accordance with previous work 

(Pompe et al., 2020). According to Saha and Roy 

(2020), who reported that the degree of gelatinization  

during parboiling had an impact on final puffed rice 
quality. Increasing the degree of gelatinization 

causes the surface more compact and thus easier to 

puff (Pompe et al., 2020). Thus, fully gelatinziation 
of starch by parboiling pretreatment is an important 

factor for producing optimal exansion of puffed 

GBR. 
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Figure 1 CIE L*, a*, b* color coordinates of 

samples. RB, SS, and USS denote raw GBR, steam 

parboiling pretreatment, and ultrasonic combined 

with steam parboiling pretreatment, respectively. 
The values present the mean of six replications ± 

standard deviations. Different letters in each column 

represent statistically significant differences between  
treatments at p < 0.05. 

 

 

 
 

 

 

 
Figure 2 SRXTM images of pretreated and puffedȮ
GBR, where purple color indicates air presented 

inside grains.  
 

Conclusions 

This study focused on the effects of parboiling 
pretreatment and salt puffing process on the quality 

of puffed GBR. Results indicated that moisture 

content and aw values of puffed GBR were significantly  
affected by pretreatment methods. Ultrasound induced  

structural disruption subsequently the formation of 

voids inside the grain, contributing to improve the 

moisture evaporation. Salt puffing process significantly  
increased an expansion of internal structure. However,  

5-min ultrasonic pretreatment did not improve the 

volumetric expansion of puffed GBR. The trends of 
hardness and crispness of puffed GBR were related 

to those of expansion volume and expansion ratio. 

Salt puffing process had a great effect on microstructure  
of puffed GBR. SRXTM images revealed that 

pretreated-USS was considerably more porous than 

Pretreated-SS due to ultrasound inducing structural 

disruption subsequently the formation of voids 
inside the grain. Puffed-SS and Puffed-USS had 

large pores in the core of grain, while the nonporous 

regions close to the surface were observed. As the 
degree of gelatinization within rice is essential for 

crispy texture of puffed rice, thus further work is 

needed to optimize the pretreatment process of GBR 

for improving the expansion volume and crispness 

of puffed GBR by using hot salt puffing process. 

 



The 14th Thai Society of Agricultural Engineering International Conference, 12-13 May 2021 

21 

Acknowledgements 

The authors would like to extend sincere gratitude  

to Suranaree University of Technology for the 

scholarship and research facilities to achieve this 

study. 
 

References 

Chatchavanthatri, N., Junyusen, T., Moolkaew, P., 
Arjharn, W., Junyusen, P. (2020). Effect of 

soaking and sprouting treatment on 

germination rate of paddy. In E3S Web of 
Conferences (Vol. 187, p. 04016). EDP 

Sciences 

Chemat, F., Khan, M. K. (2011). Applications of 

ultrasound in food technology: processing, 

preservation and extraction. Ultrasonics 

sonochemistry, 18(4), 813-835. 

Feng, H., Yang, W. 2011. Ultrasonic processing. 

In Nonthermal processing technologies for 

food (pp. 135-154). UK: Wiley-

Blackwell and IFT Press. 

Junyusen, T., Ngampang, N., Sangmuang, A., 

Suthada, S., Chatchavanthatri, N. 2017. 
The effects of inulin on the textural, 
thermal, and microstructural properties of 

reduced-fat cheese. Suranaree Journal of 

Science & Technology, 24(1). 

Maisont, S., Narkrugsa, W. 2009. Effects of some 

physicochemical properties of paddy rice 

varieties on puffing qualities by 
microwave ñoriginalò. Agriculture and 

Natural Resources, 43(3), 566-575. 

Mir, S. A., Bosco, S. J. D., Shah, M. A., Mir, M. 

M. 2016. Effect of puffing on physical 

and antioxidant properties of brown rice. 

Food Chemistry, 191, 139-146 

Moongngarm, A., Saetung, N. (2010). 
Comparison of chemical compositions and 

bioactive compounds of germinated rough 
rice and brown rice. Food chemistry, 

122(3), 782-788. 

Nath, A., Chattopadhyay, P. K., Majumdar, G. C. 

2007. High temperature short time air 

puffed  

ready-to-eat (RTE) potato snacks: Process 
parameter optimization. Journal of food 

Engineering, 80(3), 770-780. 

Pompe, R., Briesen, H., Datta, A. K. 2020. 
Understanding puffing in a domestic 
microwave oven. Journal of Food Process 

Engineering, 43(7), e13429. 

Saha, S., Roy, A. 2020. Puffed rice: A 

materialistic understanding of rice puffing 

and its associated changes in 

physicochemical and nutritional 
characteristics. Journal of Food Process 

Engineering, 43(9), e13479. 

Syamaladevi, R. M., Tang, J., Villa Rojas, R., Sablani,  

S., Carter, B., Campbell, G. (2016). 
Influence  

of water activity on thermal resistance of 
microorganisms in low moisture foods:  

a review. Comprehensive Reviews in Food 

Science and Food Safety, 15(2), 353-

370. 

 



The 14th Thai Society of Agricultural Engineering International Conference, 12-13 May 2021 

22 

 

The 14
th

 TSAE International Conference 
12-13 May 2021 

Available online at www.tsae.asia 

Designing of the small mixed-flow dryer and studying of hot air distributions 

Sitthiphon Sriwiset,Cherdpong Chiawchanwattana,Suphan Yangyuen,  

and Juckamas Laohavanich * 

Postharvest Technology and Agricultural Machinery Engineering Research Unit,  Mechanical Engineering, Faculty of Engineering, 
Mahasarakham University, Maha Sarakham 44150, Thailand.  

*Corresponding author. Tel.: +668-1544-4408; Email address: juckamas.l@msu.ac.th 

 

Abstract 

The objective of this research is to design a mixed-flow grain dryer for agricultural purposes at the 

community level. The study focuses on heated-air transfer within the dryer chamber to design a drying 

system for heating the grains evenly. The prototype dryer chamber measures 40, 50, and 120 cm in width, 

length, and height, respectively. The dryer has a maximum rice grain capacity of 120 kg and is capable of 

continuous drying. The 1 hp blower and 6 kW electric heater are used to produce hot air for drying. At the 

inlet side,  hot air flow entrant is designed to include heat ducts to distribute hot air into the chamber. The 

hot air  ducts and moist air  ducts are placed in separate layers within the chamber and moist air is transferred 

to the exiting end. Each duct has an equilateral triangular shape with 6 cm on each side. The triangle is 

placed in an upside-down V shape with the bottom part uncovered. There are 10 layers, each 10 cm apart. 
The thermocouples are installed horizontally inside the chamber at the top, middle, and bottom to monitor 

the changes in the temperature of the rice grains throughout the chamber. The hot air distribution inside the 

drying chamber is responsible for the changes in temperature according to the quadratic polynomial 

equation at the coefficients of determination (R2 ) 78.84, 75.57, and 71.18% for the top, middle, and 

bottom parts, respectively. The middle and bottom parts of the chamber exhibit the most consistent 

temperature, and the top the most inconsistent, especially at the four-sided edge of the inlet, since this is 

located in the topmost area. The appropriate hot air velocity for the prototype dryer is 5 m per second, 

which is similar to the large 30ï40 m3 mixed-flow dryer; therefore, this prototype could be adapted and 

applied at the community enterprise level in the future. 
 

Keywords: Mixed-flow dryer, Dryer design, Hot air distribution 
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Abstract 
Coco peat is another profitable material that can be derived from coconut husk other than coconut 

husk. It is an excellent growing medium for various plants for it can hold water 8-9 times of its volume. 

Only, its fluffy and very low density nature makes it impractical to handle, store and transport. To address, 

coco peat brick making machine to densify the material was developed. Additionally, it can be a business 
opportunity to coconut farmers for it increases the market value of the product. The machine was evaluated 

in terms of capacity, brick quality and energy requirement as affected by different level of compression 

pressure (10Mpa, 15Mpa and 20Mpa). The highest capacity of the machine was observed at lowest 
compressive pressure of 10Mpa at 59bricks production per hour. As compression pressure increases, the 

capacity decreases, i.e. lesser production using 15Mpa compression pressure (56 bricks/hr and 20Mpa (51 

bricks/hr). In terms of quality, evaluated by its durability to withstand 1-m drop, only brick produced at 
20Mpa were qualified high quality at 96.57% retention. Lower compressions (15Mpa and 10Mpa) produce 

brick of lower material retention with values of 85.72% and 76.50%, respectively. Hence, for high quality 

production, 20Mpa is recommended, other is for higher production, 10Mpa would suffice. The machine 

was found economical at Php145,000 purchase price. The potential added income could reach Php735,547 
annually. To breakeven the cost, the machine should produce 4,320bricks/yr. The payback period of the 

machine requires 0.18 years at 46 working days at the given production capacity. 

 

Keywords: Bricking Capacity, Brick Quality, Coco Peat, Energy Consumption 
 

Introduction  
Coco peat, coir dust or fiber dust is a by-product 

in coconut husk decorticating process. It consists of 

short spongy fibers and dusts that can retain absorb 
and hold large volume of water of about 8-9 times 

its weight which could help minimize the crop water 

deficit during El Nino period [1]. It is useful in 
enhancing the water reserves and eliminating the 

harmful chemicals found in seedling and other ecological  

activities. Low susceptibility to biodegradation and  
high porosity attribute of coco peat makes it highly 

suitable in a potting medium for nursery seed nuts, 

seedlings, hydroponics, horticulture and agriculture. It 

also creates favorable soil structure when applied as 
mulch and supplies some nutrients in the soil; 

macronutrients (N, P, K, Ca, Mg, Cl, Na) and 

micronutrients (Zn, B, Fe, Mn, Cu) necessary for 

plant growth [2]. 

The Philippines has the largest number of coconut 

trees in the world and the second top producer in the 

world. In terms of exports, the country is the top 
exporter of coconut products worldwide making it 

its top dollar earner among other agricultural exports. 

Earnings from the coconut industry ranked higher 

compared to other agricultural commodities. The major  

coconut industry wastes include coconut shell, coconut  

husks and coconut coir dust. Approximately 500 million  
coconut trees in the Philippines produce tremendous 

amounts with biomass as 4.1 million tons of husk, 

1.8 million tons of shell, and 4.5 million tons of leaf 
annually [3]. This is sourced out from the 3.3 million 

hectares of coconut lands in the country. In 2011, 

Philippines export reach low at 5,000 metric tons 
(MT) of coco peat as compared to India and Sri 

Lanka with 400,000 MT and 82,000 MT. If only 30 

percent of coconut husks can be collected and processed  

from total coconut production, about 562,000 MT of 
coco peat can be produced and the country will be 

able to exceed India and could be the largest supplier 

of the commodity internationally [4]. 

In coconut fiber extraction, coco peat accumulates  

in coconut husk decorticating centers forming hillock.  

Because it degrades very slowly, it remains in the soil  

for a very long period of time. During rains, the salts 
from the hillocks of coco peat lead to environmental 

pollution for both land and ground water pollution 

in the areas close to the processing centers.  

http://www.tsae/
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Conversion of coconut waste into high value 
products, specifically, the coco peat, can be translated  

into additional income of farmers. Yet, despite of its 

huge economic potential, coconut husk decorticating  

centers in provinces still do not practice processing 
and production of packaged coco peat because of 

lack of proper technologies to manufacture hi-grade 

coco peat [5]. Affordable machines that can be used 
by small-scale coconut farmers for compacting 

processed coco peat is still not available in the local 

market. Large scale machines for compacting coco 
peat with 0.65 to 1ton hour working capacity has 

price ranges from Php850, 000 to Php1, 500, 000 

which is unaffordable for local coconut farmers or 

coconut husk processing center. Moreover, because 
of the low density and fluffy nature of the coco peat, 

it occupies considerable space that makes it 

uneconomical to transport. Hence, compaction or 
densification can be a practical solution in handling 

coco peat.  

The general objective of the study was to develop  
a small ï scale coco peat brick making machine.  

It specifically aimed to: 

1. design a hydraulic powered coco peat brick 

making machine for small scale production; 

2. fabricate the machine using local manufacturing  

technology; 

3. evaluate the performance of the machine in terms 
of capacity, coco peat brick quality and energy 

requirement as affected by compaction pressure; 

4. analyze the cost of using the machine. 

The developed coco brick making machine when  
intervened in the traditional coconut waste processing  

industry could be beneficial to coconut farmers and 

coconut decorticating center owners in many aspects.  
Converting coco peat into compressed high density 

coco peat is more practical and economical because 

it can make the product lasts 1-2 years longer than a 
traditional peat based grow bag [6]. The coco peat is 

also easier to handle, to transport and to store when 

processed than the low density, loose form coco 

peat. Moreover, compacted coco peat could be sold 
at a higher value, thus, selling of coco peat in brick 

form could be more competent and give additional 

income to farmers than the other way of packaging.  

The study focused on the development, fabrication  

and evaluation of the fabricated coco peat brick 

making machine. The machine was designed the 
produce brick with a dimension of 20 cmx 10 cm 

and evaluated using 3 different compression pressure  

(10 MPa, 15 MPa and 20 MPa). The coco peat used 

in all the tests done has the same physical 
characteristics. The coco peat was sieved with 5mm 

wire mesh in reference to the fine standard grade 
(Grade B) [7]. Then, it was dried down to 16 ï 18% 

moisture content as recommended [4] as the optimum 

moisture of the coco peat prior to compaction.  

The materials that were used in fabrication of 
the machine were sourced out locally. Because of 

the limitation of available hydraulic parts, the only 

option was to buy the available electric hydraulic 
system with 30-ton capacity. Preliminary tests were 

done which determined the functionality of the 

machine and the necessary adjustments needed to 
attain the set criteria of the machine. The operations 

of the machine during the preliminary and final tests 

were done by 2 persons. One for loading of coco peat 

in the hopper and collection of bricks and the other 
was for loading of coco peat into the molding box, 

opening and closing the molding box and operating 

the control lever the hydraulic press. The performance  
of the machine was assessed based on capacity, 

brick quality and energy requirement as affected by 

compaction pressure. 
 

Materials and Methods 

1. Conceptualization of the study  

The development of coco peat brick making 
machine was conceptualized aiming to give value 

addition to the waste of coconut industry. Coconut 

husk is still widely considered as waste with 
minimal or no economic value to the farmers. Aside 

from coconut fiber extraction, coco peat is another 

potential product that can be derived from coconut 

husk. However, coconut decorticating centers in the 
country do not process coco peat into high value 

quality products, instead, they sold it as raw coco 

peat in the local market. After preconditioning the 
coco peat, it is practical to increase the density for 

cost effective handling, transportation and storage. 

Coco peat is an excellent growing medium for 
various plants and a good replacement for sphagnum 

peat moss, rock wool and saw dust. Processing the 

coco peat into bricks would increase its market 

value giving business opportunity and additional 
income to coconut farmers. Thus, coco peat brick 

making machine that could be used by coconut 

farmers to compressed the preconditioned coco peat 

was developed and evaluated. 

Figure 1 shows the conceptual framework of the 

study, to primarily address the objectives. Design 
concept was formed from reviewing the benchmark 

information gathered and the existing machines as 

reference in the design process and calculations. 

Drafting of the design, bill of materials and force 
calculations were done using Solidworks software. 

The approved design was then presented to the 
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licensed manufacturer for fabrication and was tested 
for functionality and for necessary adjustments. The 

machine was subjected to final test and evaluation 

when there were no observed functionality problems. 

And, the observed operating performance of the 
machine was used in the calculation of costs of use 

and viability. 

 
Figure 1. Conceptual Framework 

 

2. Design and fabrication of the coco peat brick 

making machine 

The specification and sizes of the materials used 

for each component were based on the results of the 

calculations and in reference of the available size in 
the local market. The approved design of the machine  

was then fabricated using local manufacturing 

technology. 
 

3. Design of Major Components 

The specification and sizes of the materials used 
for each component were based on the results of the 

calculations and in reference of the available size in 

the local market.  

The coco peat brick making machine shown in 
Figure 2 was composed of seven components: the 

hopper assembly, molding box, hydraulic system, 

frame, mold cover, lock and molding block. The 
sizes and material of the machine were based on the 

calculations done and were verified by stress 

analysis which was presented after every description 
of each component. 

 
Figure 2. Coco Peat Brick Making Machine 

 

 
Figure 3. Fabricated Coco Peat Brick Making Machine 

 

3.1 Hopper Assembly 

The hopper design was a truncated pyramid. It 

has two parts: the upper part and the lower part and 

both functioned basically as temporarily holding for 

the coco peat material (Figure 4). 

The upper part was the topmost component of the 

machine where the coco peat was loaded prior to 
bricking. It was connected to the frame of the 

machine by bolts and nuts and flat bar which 

allowed adjustment of the hopper in times of repair 

or cleaning. 

The lower hopper was positioned just below the 

upper hopper. It functioned as delivering container 

of coco peat to the molding box by the action of 
drawing. It was constructed using metal plate 

framed with flat bar and equipped with tubular steel 

bar welded horizontally that served as handle. The 
handle bar was covered with rubber for good grip 

and comfort of the operator. Through sliding of the 

lower hopper, definite volume of coco peat was 

transferred to the molding box 
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Figure 4. Hopper Assembly 

 

3.2 Molding Box 

The molding box is where the loose coco peat 

formed into bricks and its inside dimension 
determined the size of the brick produced. It was 

constructed by welding four metal plates forming 

rectangular tube where in the molding block moved 

up and down during compaction and retraction.  

The dimension of the molding block on [7] in 

which the standard size of a coco peat brick 

is10cmx20cmx5cm with a compaction ratio of 6:1 
to 7:1. The compaction ratio dictated the height 

dimension of the molding box (Figure 5). 

 
Figure 5. Molding box 

 

3.3 Electric Hydraulic System 

The selection of the hydraulic system implemented  

was dictated by the capacity and the required length 

of stroke to effect at least 25cm displacement to 

ensure an equivalent of at least 7:1 compaction ratio.  

The selection of cylinder capacity was determined  

by using Pascalôs principle of fluid pressure: After 
determining the size of the cylinder, the volumetric 

capacity and power output of the motor pump was 

computed using the equations. 

 

3.4 Frame Assembly 

The frame is the component of the machine that 

holds all the components together (Figure 6). It is 
made of angular bars welded and connected to build 

the designed structure. 

 
Figure 6. Frame 

 

3.5 Mold Cover 

The mold cover blocks the compression force 

coming from the bottom. It was bolted to the frame 
using stainless steel shaft. At the top of the mold 

cover was a steel pipe installed with ball bearings 

that holds the steel shaft (Figure 7). 

 
Figure 7. Mold cover 

 

3.6 Lock 

The lock was constructed using metal plate, cut 

and mounted vertically with its lower part bolted to 

the base of the frame using stainless steel shaft. The 
dent cut of the lock was where the shafting of the 

cover positioned during compression as the upward 

pressure transferred from the cover to the shafting 
and to the lock dent cut (Figure 8). The dent was 

compensated with a rectangular piece of metal plate 

of same size welded at both sides. Unlocking is 

accomplished by pulling the lock for the shafting to 
roll alongside the C-like bended square bar. And the 

molding box would be uncovered as the shaft 

reached the other end. 
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Figure 8. Lock 

 

3.7 Molding Block 

The molding block was a rectangular solid part 

that moved upward together with the piston rod to 

transfer the compression force to the coco peat 
(Figure 9). It was connected to the piston rod by a 

bolt and located at the bottom of the molding box 

with 5mm thickness portion of it slightly introduced 

in the interface. It was constructed using ASTM A36 

metal plate and AISI 1010 shaft of 25mmØ. 

 
Figure 9. Molding block 

 

4. Test Materials 

4.1 Moisture Content Determination 

Due to the unavailability of moisture content 

meter calibrated for coco peat, feel and touch method  
and oven drying method was done to determine the 

moisture content of the test material from drying 

process in the field. Ample amount of coco peat was 
dried at 5cm thickness in full sunlight for about 2 

hours and mixing was done every 10 minutes while 

samples were taken. The characteristics of each 
sample were established by feel and touch method. 

Then, samples were brought to the laboratory to 

determine its moisture content using oven drying 

method. 

Figure 10 shows the generated graph that displays  

the rate of moisture reduction per minute. The trend 

line model of the drying curve shows exponential 
decay equation y = 72.514x-0.373 with R² = 0.9632. 

 

 
Figure 10. Drying curve of coco peat 

 
The moisture content of 16% -18% was found 

to be attained in about 40 to 60 minutes of drying in 

full sunlight. The characteristic observed were; the 
color is brown not reddish brown nor light brown 

unlike when in higher or lower moisture, it could be 

formed into balls that easily disintegrates, fibers 

grows slowly, and both small and fine particles do 
not stick to the hand and particles feels brittle and 

light (Figure 11). The characteristics of other samples  

at different moisture content were posted in Appendix  
Table 1 and images of samples were shown in 

Appendix Figure 1. 

 
Figure 11. Feel and touch method of coco peat 

 

5. Principle of Operation 

The operation of the machine begun as the 

electric motor started. The coco peat was manually 

loaded into the hopper and transferred into the 

molding box through the lower sliding hopper. 
When the molding box was fully filled with coco 

peat, it was sealed and locked with the lock and 

mold cover. The piston rod was then extended using 
a control lever to compress the coco peat. The 

pressure was monitored through a pressure gage 

attached to the system. When the pressure reached 
the desired level, the extension of the piston was 

halted and retraction begun. The cover was lifted 

afterward by pulling the lock. The coco peat brick 

was then pushed out of the molding chamber by 
another upward extension of the piston. The process 

was repeated for the succeeding bricks. 
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6. Performance Test and Evaluation 

The coco peat used in the evaluation was a fine 

standard grade [6]. The material was at least six 

months old, washed as required to decrease its salt 

content, sieved (5mm mesh) and dried down to 

desired moisture content of 16% - 18%.  

The treatment factor used in the evaluation were 

three different compression pressures (10MPa, 
15MPa and 20Mpa) on three replications each. The 

performance of the coco peat brick making machine 

was evaluated in terms of its bricking capacity, 
energy consumption, and brick quality. 

 

6.1 Bricking Capacity 

It is the number of bricks produced per unit time 
and was determined by monitoring the time elapsed 

from the loading of the coco peat into the hopper 

until certain number of bricks was produced or the 
number of bricks produced in a fixed period of time. 

It was computed using Equation 1. 

BC = Nb/ t  (1) 

where:  

BC = bricking capacity (bricks/hr)  

Nb = number of bricks  

T = time of operation(hr)  
 

6.2 Energy Consumption 

The energy consumption is the reading on the 
clamp meter multiplied to the voltage supply of the 

single-phase connection and then was multiplied to 

time of operation and determined by the following 

equation. 

E =  (AxV)xt  (2) 

where:  

E = energy consumption, kW-hr  

A = ampere reading, (Amp) 

V = voltage connection, (V) 

T = operating time, (hr) 
 

 

 

 
 

 

 

6.3 Brick Quality 

It was related to the durability of the brick. 

Durability is the ratio of mass of coco peat before 

drop test and mass of coco peat after drop test. Drop 

test of the brick was accomplished by dropping the 
brick at a height of 1 meter falling to a concrete 

pavement. According to Latvian Standards [8] 

compacted biomass with durability of  95% is 

high quality while ,<90% is low quality,  

DU % = (Ma/Mb) × 100 (3) 

where:  

DU% = mechanical durability, %  

Mb = mass of brick before test, g  

Ma = mass of brick after the test, g 

The gathered data were analyzed statistically 
using Analysis of Variance (ANOVA) in Complete 

Randomized Design (CRD) and Least Significant 

Design (LSD) was used for the comparison of 
treatments means [9]. 

 

Results and Discussion 

1. Description of the machine. 

The developed coco peat brick making machine 

is a machine for compaction of loose form of coco 

peat. It works in a batch-type operation where in one 
full loading of material in the molding box would 

produce a single brick. The machine was composed 

of four major components: hopper assembly, frame 
and molding box assembly, lock and cover assembly 

and the electric hydraulic system and molding block 

assembly The machine was designed for 2 men 

operation, one for the loading of coco peat and 
getting and piling of the coco peat brick and the 

other for operating the control lever. The total 

weight of the machine was approximately 150kgs. 
The dimensions of the machine; overall height, 

weight and length are 1.70m, 0.6 and 0.6m 

respectively. 
 

2. Performance of the machine 

 

2.1 Bricking capacity 

The capacity of the machine is the ratio of total 

number of bricks produced by the machine per unit 

time. Table below presents the bricking capacity at 
various compression pressure treatments. 
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Table 1 Bricking capacity on various compression pressure, bricks/hr 

 REPLICATION  

MPa 1 2 3 Mean 

10 59 59 59 59 a 

15 56 57 56 56 b 

20 53 51 50 51 c 

*Means of different letter are significantly different at 95% confidence interval 

 

Resulting bricking capacities were highly 
significantly affected by the compression pressure 

as shown by the analysis of variance in Appendix 

table 2 at 95% confidence interval. Pairwise 
comparison of means showed that bricking capacities  

would have significant difference for every difference  

in compaction pressure. 

Setting the compression pressure at 20MPa 

require some time to reach adding up to the time 

required to form the brick. The added time resulted 

to lower capacity at highest pressure and consequently,  
higher capacity at lower compression pressure. 

2.2 Brick Quality 

Quality of the bricks were scaled in terms of 

durability. Durability was determined based on 

European standards [8] formula for durability of 

compacted biomass. 

The quality of brick was based on to Latvian 

standards, high quality compacted biomass should 
retain at least Ó95% of its mass during the test, 

otherwise it is classified as low quality (<90%).  In 

Table 2 shows result of the test done on the quality 

of bricks produced using different compression 
pressure.

 

Table 2 Brick Quality on various compression pressure, % 

 REPLICATION  

MPa 1 2 3 Mean 

10 74.35 76.69 78.46 76.50 c 

15 86.77 86.31 84.09 85.72 b 

20 96.21 9654 96.95 96.57 a 

*Means of the different letter are significantly different at 95% confidence interval 

 
Analysis of variances in Appendix table 3, showed  

that the compression pressure has a significant effect 

on the durability of bricks at 5% confidence interval. 

Comparison of means showed that increase compaction  
pressure would bring increase in the quality of brick 

produced. 

According to the study [10], higher pressure 
applied to biomass would force particles against 

each other and would undergo elastic and plastic 

deformation, thereby increasing interparticle contact. 
 

2.3 Energy Consumption 

The energy consumption is the reading on the 

clamp meter multiplied to the voltage supply of the 
single-phase connection and then was multiplied  

to time of operation. Table 4 presents the result of 

the calculated energy consumption of the machine 
in different compression pressures. 

 

 

 
 

2.4 Cost Analysis 

The coco peat brick making machine costs 

Php145,000.00. Operating the machine incurred a 

total amount of Php232,762.92 annually. In order to 
breakeven the operation, a production of 4, 320 

bricks per annum is required. The payback period of 

owning the machine is 0.18 years or 46 working 
days. Conceding an annual production of 91,350 bricks  

at a selling price of Php10.6/bricks. Operating the 

machine would benefit amounting to Php735,547.08  

annually (Figure 12). 
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Conclusions 

The study was able to design a hydraulic 

powered coco peat brick making machine that could 

produce coco peat bricks with a capacity of at least 

51brick/hr using 20MPa compaction pressure. Bricks  
produced attained high quality (96.57%) passing the 

category requirements of compacted biomass. 

Energy consumption of the machine was 0.356kW-

hr at 20MPa setting. 

The coco peat brick making machine could be 

manufactured using local manufacturing technology 
and locally available materials. On the analysis of 

data, compaction pressure has a significant effect to 

machine capacity, quality of the brick and energy 

consumption of the machine. 

The machine was economical to use at a cost of 

Php145,000.00 and Php232, 762.92 operating. It 

would benefit the farmer with Php735, 547.08, 
annually given that the brick production would reach  

its maximum of 91, 350 bricks at Php10.6/brick 

selling price. The breakeven number of bricks was 
4, 535 bricks per year and would have its payback 

period on 0.18 years or 46 working days. 
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Abstract 
The objective of this work was to search for an optimal wavelength selection for near infrared (NIR) 

spectroscopy for quality measurement of Nam-Dokmai mangoes. In this study, NIR spectroscopy has been 

applied to grading management systems for commercial mangoes export. Near infrared spectra were 

collected using a near infrared instrument incorporating a wavelength region of 860ï1760 nm. Genetic 
algorithm (GA) and successive projections algorithms (SPA) was employed for selecting the spectra 

wavelengths. The selected wavelengths were also used to generate the prediction models via partial least 

square (PLS) regression. The optimal pretreatment was obtained from the second derivative. The model of 

full wavelengths rendered effective the best performance with r2 of 0.66-0.74, RMSEP of 0.72-0.80 ЈBrix 

and RPD equal to 1.8-2.0. The SPA-PLS resulted in values of r2, RMSEP and RPD were 0.43-0.70, 0.77-

1.01ЈBrix and 1.4-1.9, respectively. Meanwhile, the result of GA-PLS performed efficiency with r2, RMSEP 

and RPD were 0.52-0.72, 0.74-0.96ЈBrix and 1.5-1.9, respectively. The outcome, the GA-PLS model (50 
variables) is suitable for use in the measuring soluble solids content (SSC) in mangoes. This model could 

be used as screening purpose. It also was not different significantly when compared to the best model. 

Hence, authors suggested that the prediction model by GA-PLS with 50 variables can be effectively used 
for evaluating SSC in mangoes. 

 

Keywords: Mango, Wavelengths selection, Brix, PLS. 
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Abstract 

A good durian fruit should be supported with sufficient nutrient concentration. If farmer can quickly 

know a nutrient concentration in leaf, they can control fertilizing. Near infrared spectroscopy (NIRs) is a 

rapid non-destructive testing for estimating. In the measuring of nutrients, they used chemical analysis and 

takes time. This aim of the paper is a preliminary test for classifying the N, P and K concentration levels. 
To find the possibility of creating models in the future for helping farmers, to get fast information about 

their durian tree nutrient requirement.  The model reported in this paper were created by PLS-DA had 

higher accuracy than SVM and SIMCA method. And the fresh durian leaf sample were used. The spectra 

provided greater accuracy than the dried ground leaf sample spectra. The classification models had an 

accuracy 88.89%, 81.25% and 86.36% for predicting of N, P and K, respectively. 
 

Keywords: durian leaf, NIR, nitrogen, phosphorus and potassium 
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Abstract 

Polyethylene terephthalate or PET is the most recycled plastic in the world. In the Philippines, 

operations involved in PET recycling particularly in hauling PET bottles from the PET collectors and/or 
consolidators to the processing plants requires more time, money, and effort due to the non-availability of 

the right shredder machine size in a local junkshop to reduce its bulkiness. Thus, the objective of the study 

was to develop a mini twin-shaft polyethylene terephthalate (PET) bottle shredder. It was conceptualized 

considering the constraints and requirements of the local junkshop owners, municipal, and barangay local 
government units and non-government organizations. The machine consisted of five major parts; namely: 

the hopper, the shredding chamber, power transmission, the prime mover, and the frame. Post-consumer 

PET bottles were used as test materials during experiment in each treatment speeds; 30, 40, and 50rpm. The 
experiment was laid out in completely randomized design (CRD). Performance parameters of the machine 

such as shredding capacity, shredding efficiency, and energy demand as affected by shaft speed were 

analyzed using analysis of variance test. Further, comparison among means was tested using least 
significant difference (LSD). A 5% level of significance was used. Results showed that the highest 

shredding input capacity of 34.07 kg/hr was obtained from 50rpm speed of shafts with 91.3% shredding 

efficiency whereas the amount of unshredded materials causes most of the deviceôs inefficiency which 

amount to 6.44% of the total inputted test materials, and energy demand of 0.132 kW-hr/kg. Mostly, product 
sizes ranges from 25-50mm. Cost analysis showed that the machine needs to shred a total of 6,889kg of 

PET bottles to breakeven given a custom rate of Php7/kg. Initial investment cost of Php124,383 could be 

recovered in just 1.91 years and could give an additional net income of Php210,000/yr to the PET collectors 
and/or consolidators. 

 

Keywords: PET (Polyethylene Terephthalate, Plastic Recycling, Plastic Shredder, Twin-shaft Shredder, 

Cost Analysis, Market Feasibility 
 

Introduction  
The Philippines is importing a total of 24,000 

metric tons per annum of PET materials in the form 

of resin, performs, sheets, and finished packaging 
products. These were transformed into 22,592 metric  

tons of bottles/containers for food and non-food 

application, and packaging materials for electronic 

products. In 2001, the amount of industrial and post-
consumer waste generated is 5,040 metric tons 

resulting to a 21% recovery rate of PET plastic 

waste. The major players in the collection and 
retrieval of PET industrial and post-consumer waste 

are the junkshop, PET consolidators and PET 

recyclers [1].  

To date, only half of PET waste is recycled 

globally and the remainder was burned and/or 

dumped in landfills, rivers, and oceans. To provide 

solution to the continuously rising rate of waste 

generation, government sector promotes collection, 

retrieval, and recycling of waste like PET bottles. 

One operation in recycling process of bottles is 

size reduction wherein the shredding process is 
applied. Shredding has an output of smaller pieces 

of coarse irregularly shaped plastic flakes which can 

then be further processed. From the conducted 

interview on a local junkshop, manual volumetric 
reduction takes too much time and labor. Moreover, 

no machine has yet reached the junkshops to reduce 

the volume of their plastic collections.  

Local junkshops that do not have the capital to 

buy trucks for hauling their products to the plastic 

melting factories rely only on hiring of trucks. The 
expenses in hauling ranges from Php9,000.00 to 

Php16,000.00 per load on volume basis. A ten-

wheeler truck could contain 2 - 2.7 tons of unpressed 

PET bottles depending on the loading strategy but 
could have contain 6 tons when the bottles are 

http://www.tsae/
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pressed regardless of loading type. Pressing of 
bottles as well as shredding of bottles would 

increase the density of the material, thus, the volume 

of material the truck can carry in one trip will also 

increase. Moreover, shredded PET bottles have 
higher selling price than those bottles that did not 

undergo to the shredding process. Therefore, 

reducing the size of the PET bottles before 
transporting to the processing center reduces expenses  

and processing time, and increase profit to a local 

junkshop owner at the same time. 

Junkshops could avail a plastic shredding 

machine for free offered by a plastic melting factory 

provided that the quota of volume of plastic to be 

delivered within a period of time would be satisfied. 
However, for a local junkshop owner, the terms set 

by the melting factory was difficult to attain due to 

limited time and capital and for this reason no 
junkshop on the locality had yet accepted the 

challenging offer. 

The general objective of the study was to develop  
a mini twin-shaft polyethylene terephthalate (PET) 

bottle shredder. Specifically, the study aimed to: 

1. design a mini twin-shaft polyethylene terephthalate  

(PET) bottle shredder using locally available 

materials; 

2. fabricate the machine using local manufacturing  

technology; 

3. evaluate the performance of the device in terms 

of shredding capacity and shredding efficiency; 

4. determine the energy demand of the device; and, 

5. analyze the cost of using the machine. 
 

Materials and Methodology 

1. Conceptualization of the study  

The conceptualization of the study took 

consideration the concerns of the local junkshop 

owners, municipal and barangay local government  
units and non-government organizations during the 

interview. From the feedback received, some junkshop  

owners, before delivering their plastic products to 

the processing plants, tend to press the PET bottles 
using vehicles to reduce its bulkiness while other 

owners do not bother to do so because of unavailability  

of the pressing area, unavailability of vehicles to be 
used, time consuming, and drudgery of work. 

Municipal and barangay local government units also 

stated that waste disposal is one of their major concerns  
needed to be addressed at present because some of 

them spends 30 ï 50 million pesos a month for their 

waste transportation only, while the non-government  

organization claims that they have difficulties in 

implementing their recycling advocacy because of 
the unavailability of a machine in the locality and in 

the local market that can facilitates further plastic 

processes that they can use to develop more products  

from PET bottles. Thus, to address these problems 
and make recycling more economical and friendly, 

a mini twin-shaft PET bottles shredder was developed  

using locally available materials and machine 

technology that is essential for recycling. 

Figure 1 shows the conceptual framework of the 

study, following the input-process-outcome method. 
It was primarily based on the general objective of 

the study which was to develop a mini twin-shaft 

polyethylene terephthalate (PET) bottle shredder. 

 
Figure 1 Conceptual framework of the study 

 

2. Design concept of the machine 

The PET bottle shredder was designed based on 

the quantity of PET bottles being collected every 

day by PET bottle collectors and consolidators. The 

shredder is composed of five major parts (Figure 2) ï  
the hopper, the shredding chamber, power transmission,  

the prime mover, and the frame. The materials used 

in the construction of the machine were:  electric 
motor, v-belts, v-pulleys, spur gears, angular bars, 

screws, ball bearings, high tensile bolts and nuts, G.I 

sheet, MS plate, high carbon steels, and shafts. 

 
Figure 2 Mini Twin-shaft PET bottle shredder outer 

cover removed  
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3. Design of Major Components 

3.1 Hopper 

The material selected for the hopper was a G.I 

steel sheet designed to accommodate the materials 

being fed and serves as guard for the materials to be 
shredded from coming out of the shredding chamber 

and being scattered. The dimension of the hopper 

was calculated using the formula for the volume of 
truncated pyramid. 

 

3.2 Shredding chamber and blade assembly 

This part holds, protects, and contains the blade 

assembly. Blade assembly consists of the blades and 

shafts (Figure 3). Designs and calculations were 

done by parts and/or component basis.  

 
Figure 3 Shredding chamber assembly 

 

3.2.1 Shredder blade with spacer 

The plastic bottles would be shredded by the 
action of the blade assembly. According to the study 

[2], the stress of the average breaking point of PET 

were between 140MPa and 210MPa. Figure 4 shows 
the stress analysis of the shredder blade. The 

maximum stress occurred in the shredder blade was 

estimated at 470 MPa considering the maximum 

stress breaking point (210 MPa) of PET as the force 
inducted. The AISI 4340 steel which was used as the 

material for fabrication of the shredder blade has a 

yield strength of 710 MPa, hence, the shredder blade 
design would be able to shred all materials which 

has a material property of Ò 210MPa. 

 
Figure 4 Shredder blade stress analysis 

3.2.2 Spur Gears 

Calculation of the spur gear design was based 

on [3]. The stress analysis (Figure 5) indicated that 

the maximum stress was estimated at 8.936 MPa 

considering all gear teeth was subjected to a 421 
N.m torque delivered from a 2.2KW electric motor. 

The AISI 1045 steel used for the spur gear 

fabrication has a yield strength of 530 MPa, hence, 

the design calculation of the spur gear is allowable. 

 
Figure 5 Spur gear stress analysis 

 

3.3 Frame Assembly 

Figure 6 shows the frame stress analysis. The 

analysis revealed that using standard angle iron bars 

of 50.8 x 50.8 x 3mm can withstand the load induced 
by the component attached to the frame with a 

minimum safety factor of 2.7. A 50.8 mm × 50.8 × 

3mm angle bar was welded together in reference to 
the sizes of the approve design composed the frame 

assembly. Since it is where all the other parts of the 

machine are mounted, it was subjected to drilling for 
the connection of the bolts, nuts, and screws that 

were used as fastener for mounting the parts to the 

frame. Frame height was also designed based from 

the operatorôs comfortability of loading during 

operation. 

 
Figure 6 Frame stress analysis 
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3.4 Power and Transmission System Assembly 

The machine uses a 2.2kW with three phase 

power supply as the prime mover of the device for 

the purpose of reversing the speed direction of the 

motorôs shaft in case of unexpected clogging (Figure 7). 

A 2.2kw variable frequency drive was utilized 

to serve as rpm control medium to meet the desired 

treatment speed of the shaftôs components of the 

shredder during the evaluation. 

 
Figure 7 Transmission system design 

 

Results and Discussion 

1 Description of the machine 

The fabricated machine (Figure 8) worked in 

continuous feeding manner wherein the material  
was fed in the machine nonstop until the last material  

was shredded unless the machine experiences clogging  

then, a reverse rotational speed direction of the electric  
motor shaft should be done to clear the clogging of 

the shredding chamber. Shown in Table 1, is the 

specifications of the machine. 

 
Figure 8. Fabricated Mini twin-shaft PET bottle 

shredder 

 

2. Machine Performance Evaluation 

The machine was evaluated in terms of the 

capacity, efficiency and energy demand as affected 

by different speed of the shaft (30rpm, 40rpm and 
50 rpm). The results were analyzed statistically 

using Statistical Tool for Agricultural Research 

(STAR). 
 

2.1 Machine Shredding Capacity 

It is the ratio of the weight of the input plastic 
materials less unshredded plastic materials, to the 

total weight of the input plastic materials to the 

shredder, expressed in percent determined by the 

following equation: 

Ci =  (1) 

Where: 

Ci = Input Capacity, Kg/hr 

Wi = Weight of Input Material, Kg 

T = Operating Time, hr 
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Table 1 Specifications of the mini twin-Shaft polyethylene terephthalate bottle shredder. 

Item Specification 

Main structure 

Overall dimensions, mm 

 

Length 850 

Width 600 

Height 975 

Weight, kg 120 

Hopper 2mm thickness, G.I steel sheet 

Power Transmission system  

Gear Speed Reducer 1:60 ratio, 3HP torque 

V-Pulley 152.4mm diameter 

V- Pulley 76.2mm diameter 

V-Belts B-39 

Coupling Chain coupling 

Shredder Chamber Assembly  

Shredder Blades with Spacers 20mm thickness, AISI 4340 steel 

Shafts 30mm diameter, AISI 4340 steel 

Gear 20 teeth, AISI 1045 

Bearing Block 254mm length, 165mm width, 25mm thickness, ASTM A36 Steel 

Bearings 6206 SKF 

Anti-Reeling Guard 160mm length, 10mm thickness. 50 mm width, ASTM A36 Steel 

Prime Mover  

Electric Motor 2.2kW, 3 Phase 

Hopper and Shredder Covers G.I. Sheet Gauge 14 

Frame Assembly 50.8 x 50.8 x 3mm thickness, ASTM A36 steel 

Machine Performance  

Shredding Capacity 34.07kg/hr 

Shredding Efficiency 91.3% 

Table 2 revealed that the highest shredding 
capacity occurred at the fastest shaft speed of 50rpm 

with an average value of 34.07kg/hr, followed by  

40 rpm with mean value of 21.69kg/hr and the 

lowest capacity was recorded at the slowest speed of 

the main shaft with an average value of 15.67kg/hr. 

Analysis of variance posted that shaft speed 

significantly affected the shredding capacity of the 

machine at 5% level of significance. 

The mean shredding capacity at various shaft 

speed were also significantly different from each 

other as indicated by the comparison among treatment  
means (Table 2). Evidently, higher shredding capacity  

was observed at higher shaft speed. The result conforms  

with the study [4] saying that as the shaft speed of 
the twin-shaft shredder increases, the faster the 

cutting rate of the blade tooth to the materials being 

fed resulting to a faster feeding rate of PET bottles 
to the shredder thus larger capacity however, it also 

increased the possibility of clogging. This was 

further supported by the study [5] when he stated 
that low speed shredders are limited in capacity by 

their rotor speed and tolerances and the maximum 

throughput was defined by the volumetric displacement  

between the cutting surface and the rpm of the shaft. 
Thus, lower capacity of shear shredders can presumably  

be increased by creating larger machines based on 

the same size reduction principal. Furthermore, [6] 
also stated that shredder shaft speed can indicate the 

capacity of a shredder on a material. Input materials 

that has lower material properties would result into 

a higher capacity of the shredder than those materials  
that has higher material properties assuming the 

same knife tip force of the shredder. 
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Table 2 Mean shredding capacity at various main 

shaft speed, kg/hr. 

Treatment RPM Means 

30 15.67 a 

40 21.69 b 

50 34.07 a 

Means with the same letter are not significantly different. 

 

2.2 Machine Shredding Efficiency 

It is the ratio of the weight of the input plastic 

materials less unshredded plastic materials, to the 
total weight of the input plastic materials to the 

shredder, expressed in percent determined by the 

following equation:  

Es =    ρππ (2) 

Where:  

Es = Shredding Efficiency, Kg 

Ws = Weight of Shredded Materials, Kg 

Wi = Weight of Input Material, Kg 
 

The shredding efficiency of the machine, as 

shown in Table 3, decreases with the increase of the 

shaft speed. It was observed that at 30rpm shaft 
speed, the shredding efficiency was 94.64% and 

decreased to 92.17% and 91.26%, respectively, at 40 

and 50rpm. 

The analysis of variance revealed that shredding 

efficiency was also significantly affected by the 

shaft speed. 

The comparison among means shown in table 3 

indicated that the shredding efficiency at the lowest 

shaft speed of 30rpm was significantly higher than 

at 40 and 50rpm. When the 40 and 50rpm were 
compared, no significant differences were revealed. 

Based from the sampling conducted, at 30rpm 

records the least amount of unshredded material 
(>50mm) which greatly affects the shredding 

efficiency of the device. It was observed that since a 

screen was placed below the shredding chamber to 

serve as the flakeôs sizing medium, the screen traps 
the flakes larger than 50mm not allowing them to 

pass through the screen holes. However, a faster rpm 

of shafts means a faster cutting rate of the blade and 
faster feeding rate of PET bottles to the machine. As 

a result, new materials being fed pushes or forces 

some flakes larger than 50mm to pass through the 
screen holes making the faster rpm to record a larger 

amount of unshredded materials. On the other hand, 

slower rpm of the shredder shafts results to a slower 

feeding rate of materials and slower cutting rate of 

the blade hence allowing a little amount of time to 
the blades tooth to lift the materials >50mm in  

length to undergo another passes of shredding instead  

of forcing the flakes to pass through the screen 

holes. A faster rpm of shafts also results to have 
greater amount of powder like size flakes, which 

composed the scattering loss that also affects the 

shredders efficiency. 

 

Table 3 Mean shredding efficiency at various main 

shaft speed, % 

Treatment RPM Means 

30 94.64 a 

40 92.17 b 

50 91.26 b 

Means with the same letter are not significantly different. 

 

2.3 Energy Demand 

The amount of electricity consumed by the machine  

to process a kilogram of PET bottle expressed in 

kilowatt-hour per kilogram.  

Ed = 
  

 (4) 

Where:  

Ed = Energy Demand 

Pi = Power Input, Kw 

T = operating Time, hr. 

Wi = Weight of Input Material, Kg  

 

Table 4 revealed that in 30rpm would give the 
highest energy demand with 0.205 kW-hr/kg, followed  

by 40 rpm with 0.181 kW-hr/kg and 50 rpm would 

require the lowest energy demand with 0.132 kW-

hr/kg. 

Analysis of variance shown posted that shaft 

speed significantly affected the energy demand of 

the machine at 5% level of significance.  

Comparison among treatment means showed 

that the energy demand in 30rpm has no significant 

difference with the energy demand in 40 rpm. The 
results conform with the study [5] saying that the 

rotor speed of low speed high torque (LSHT) 

shredders tends to have a significant influence on 
the power consumption and capacity of the device.  

As the rotor speed is decreased, the specific energy 

required to process waste is increased. 
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Table 4 Mean energy demand at various main shaft 

speed, kW-hr/kg 

Treatment RPM Means 

30 0.2047 a 

40 0.1810 a 

50 0.1317 b 

Means with the same letter are not significantly different. 

 

2.4 Cost Analysis on the use of the device  

The result of the cost analysis in Table 5 resulted 

to the cost of shredding equation as 

#3
ȟ Ȣ

σȢπσ (5) 

Where:  

CS = cost of Shredding, Php/kg 

V = Volume of PET to be shredded, Kg/yr 

 
With equation 5, the cost curve was drawn and 

shown in Figure 12. Generally, it was observed that 

the cost of shredding (Php/kg) decreased as the 
annual volume of PET bottles to be shredded 

increased. Information obtained from local junkshop  
owners in La Trinidad, Benguet revealed that an 

average of 60,000kg of PET bottles were collected 

in one year. With this volume, and at a rated capacity 

of the machine of 34.07kg/hr, it needed to operate 
about 1,765 hrs per year, equivalent to 220-250 days 

when it works 7-8hrs per day. 

At this volume (60,000kg/yr), the cost of 
operation, as computed using equation 35, would be 

Php3.49/kg. Hence, using the machine for custom 

service operation, the custom rate of about Php7/kg 
could safely be assumed. At Php7/kg rate, operating 

the machine would break-even at 6,889kg/yr. Using 

the machine for custom operation (Php7/kg) for a 

volume of 60,000kg/yr, will yield a net income of 

Php210,600/yr, resulting to a payback period of 1.9yrs. 

Figure 12 shows the breakeven and cost curve if 

a local junkshop owner uses the PET bottle shredding  
machine. The total amount of shredded plastic that 

should be produce to breakeven all the expenses 

would be at 9,286.96 kgs with the assumed custom 
rate of Php 5/kg since there is no ongoing custom 

hiring in the area.  

 

Table 5 Cost analysis of using the machine. 

Particulars   

1. Annual Fixed Cost 27,364.26 Php/yr 

Depreciation 11,194.47 Php/yr 

Interest On Investment 13,682.13 Php/yr 

Tax And Insurance 2,487.66 Php/yr 

2. Variable Cost 103.16 Php/hr 

Operator's Wage 43.75 Php/hr 

Repair And Maintenance 37.31 Php/hr 

Power Cost 22.1 Php/hr 

3. Breakeven Point 6,889 Kg/yr 

 

 
Figure 12 Cost curve of using the machine 
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2.5 Market Feasibility  

Table 6 shows the market feasibility of the 

machine. Based from the obtained data of the annual 

volume of collected PET bottles (60,000kg/yr), a 

projected income comparison of a local junkshops 
assumed to have and without a shredding machine 

was calculated. The plastic shredder was assumed to 

be individually owned by the local junkshop and the 
result revealed that by using the PET bottles  

shredder would have an annual net income difference  
of Php757,174.00/yr as compared to the local 

junkshops without shredding machine. The payback 

period would be in 0.15 year of operation or 38 

working days however, since 48 days is required to 
shred a truckload of shredded plastic product thus, 

realistic payback period of the machine is after the 

first delivery of shredded plastics with 270% rate  
of return. 

 

Table 6 Market feasibility of using the machine. 

Particulars 
Without Shredding 

Machine 

With Shredding 

Machine 

a. Initial cost  124,383 

b. Amount of PET to be processed, kg/yr 60,000 60,000 

c. Ten wheeler van Capacity, kg/truckload 2,450 11,359 

d. Number of deliveries per year 28 6 

e. Average transportation cost per trip, Php 10,000 10,000 

f. Annual Transportation cost, Php/yr  280,000 60,000 

g. Annual Fixed cost, Php/yr (from table 5)  27,364.26 

h. Annual Variable cost, Php/yr (from table 5)  253,058.65 

i. Annual Operating cost, Php/yr (g+h) 280,000 280,422.91 

j. Unshredded PET bottle plastic melting factory price, 

Php/kg 

18  

k. hredded PET bottle plastic melting factory price, Php/kg  49.5 

l. PET bottle junkshop price, Php/kg 18 18 

m. Profit, Php/kg (k-l) 20 31.4 

n. Annual Revenue, Php/yr (axm) 1,200,000 1,884,000 

o. Annual Net Income, Php/yr (n-i)             ωςπȟπππ ρȟφπσȟυχχ 

p. Additional Income (Bonus) if plant quota (4 tons) is 
met, Php/yr 

 73,597 

q. Difference in Annual Net Income, Php/yr (2-1) 683,577 

r. Payback Period, yrs. 0.15 

s. Rate of Return, % 270 

 

Conclusions 

Based on the objective and findings of the study, 

the following conclusions were drawn: 

1. The concept and mechanism of developed PET 
bottle shredder machine have proven to be 

effective to reduce labor, time, and expenses of 

processing PET bottles while generating additional  

income to the collectors and consolidators; 

2. The machine can be fabricated using locally 

available materials and local manufacturing 

technologies; 

 

3. The machine has performed satisfactorily based  
on its performance parameters, which included 

machine shredding capacity and shredding 

efficiency. Shredding efficiency of the device 
decreases as the shafts speed increases however, 

increasing shafts speed also yields to a higher 

shredding capacity of the machine;  

4. The energy demand of the shredder at shafts speed  
of 50rpm is 0.132kW-hr/kg and 0.205kW-hrkg 

for 30rpm. Power consumption of the machine is 

considered economical based on the computed 
annual power consumption cost of Php 39,005; 

and, 
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5. The cost analysis of using the machine shows 
that it is financially viable. Local junkshop 

owner could cut their transportation cost by 21.4 

percent and could increase their profit by Php 

757,174/yr when the machine is used to shred 
their PET bottle products. The cost of fabricating 

the machine was Php 124,383. The projected 

annual operating cost was Php 280,423 with  
a computed breakeven weight and payback 

period of Php 6,889kg and 38 working days, 

respectively. 
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Abstract 
The water worming device from refrigeration system was fabriceted in this study. The technical 

point of view was to recover thermal energy from condenser, and subsequently deploy the heat transfer to 

the 90 liters of water. The water heater, tubular element, was made from stainless steel coiled tube with an 
inner diameter of 9.5 mm, a coil diameter of 300 mm, and a pitch of 20 mm. The tabular heating element 

was installed between compressor and condenser. The experimental investigation was performed at room 

temperature and cooling load, ranging respectively from 20 °C to 35 °C, and 800 W to 1400 W. The results 

indicated that the higher the room temperature, the higher was the water temperature. Also, the water 
temperature increased with increasing cooling load. 

 

Keywords: Water warming device, Air conditioning, Energy saving 
 

Introduction  
Energy has been vastly consumed for living in 

big cities. The electric power is necessary for the in-

house facilites such as air conditioner, water warming  

devices, rice cooker, washing machine, refrigerator, 
fan, and television. The air conditioner is deployed 

to absorb the thermal energy from low temperature 

space and tranfer it into surrounding. For water 
warming device, i.e., shower temperature is increased  

according to the userôs demand. The latter two 

devices can be used together to reduce the waste 
heat to the atmosphere. The relevant studies were 

report the existing literature. 

Wongwises and Dolsongkram (2006) 

experimentally studied condensation heat transfer 
and pressure drop of HFC-134a in a helicoidal 

douple-pipe heat exchanger in order to develop the 

correlations. Thongwik et al. (2008) studied heat 
transfer model for slurry ice which was melting on 

outer surface of the helicoidal channal. The length 

of the coil serving for the water warming device was 

estimated from suitable heat transfer correlations. 
Hot water contributed by the air condition was 

carried out by different researchers. Jia and Lee 

(2014) studied the heat recovery for serving domestic  
water in residential buildings. The optimal design  

of the storage tank was discussed. Sharafian  

and Bahrami (2014) performed an assessment  
of absorber bed designs for automobile air 

conditioning and refrigeration system. Satosh et al. 
(2019) investigated a performance of a hybrid 

humidificationïdehumidification desalination system  

running through the heat recovery from the typical 

vapor compressing system. The average rate of 
condensate product decreased with increasing the 

conditioning temperature in the space. Mali et al. 

(2017) performed experiment for waste heat recovered  
from domestic refrigeration system, which was 

applied to produce heated water serving in the cabin 

or cooking purpose. The condenserôs coil was modified  
in their work to improve the coefficient of performance.  

Techarungpaisan et al. (2007) developed mathematical  

model to predict the performance of conventional 

air conditioner combined with water heating system. 
The experimental data was compared to the prediction,  

which showed a good agreement. Xu el al. (2006) 

Theoretically investigated the performance of  
a solarïair based heat pump water heater. The 

effects of solar reduction, ambient temperature and 

compressorôs capacity on the thermal performance 

were discussed. Zhong et al. (2018) conducted 
thermodynamic analysis of the combined cycle for 

automatic waste heat recovery and refrigeration 

system. They indicated the combined system, which 
was better than the independent one, which were 

based on the same workings fluid. Zheng and Cao 

(2020) suggested the thermodynamic feasibility 
analysis of power generation cycles with heat 

recovery from the air conditioning system. Shafiean 
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and Khiadani (2020) studied multipurpose desalination,  
cooling, and air conditioning system powered by 

heat recovery from diesel engineôs exhaust and 

cooling tower. 

 

Data reduction 

In this work, the water warming device, only 

supported by heat recovery from the refrigeration 
system, was designed foe domestic apartment and 

dormitory corresponding to 9,000 Btu and 5 

residents for each room. The device was robustly 
made and easily cleaned. The water warming device 

was designed to install above the shower for 

pressure purpose as illustrated in Figure 1. 

The design of helically coiled length ( )L of 

water warming device from the refrigeration system 

can be calculated from equation (1) 

( )lm lmQ UA T U dL Tp= D = D (1) 

where, Q is heat transfer rate, A is tube area, 

d  is tube diameter, lmTD  is log mean temperature 

difference, and the overall heat transfer coefficient 

( )U . 

 (2) 

 

the heat transfer coefficient inside of helically 

coiled tube ( )ih .
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the heat transfer coefficient outside of helically 

coiled tube ( )oh .
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where iNu  and oNu is Nusselt number of fluid 

inside and outside properties of helically coiled 

tube, ,l ik  and ,l ok is thermal conductivity of liquid 

phase inside and outside. The De is Dean number 

which can be calculated from 
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the Martinelli parameter ( )ttX  is defined as 
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the Boiling number

 

( )Bo  can be calculated 

from 
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q
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the reduced pressure ( )RP  is determined from 
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the Prandtl number of liquid phases inside and 

outside ( ), ,Pr ,  Prl i l o  are determined from 
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the Reynolds number of liquid and vapor phase 
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the Rayleigh number of liquid phases outside 

( ),l oRa  can be calculated from 

( )3

, ,

,

, ,

s o l o o

l o

l o l o

g T T d
Ra

v

b

a

-
=  (14) 

 
and the log means temperature difference 

( )lmTD  is determined from 

( ) ( )
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where, x  is vapor quality, satP  is saturation 

pressure, critP  is critical pressure, r is density, m 

is dynamic viscosity, pC  is specific heat, G  is 

mass flux, g  is gravitational constant, q  is heat 

flux, ,l vi  is enthalpy of vaporization latent quantity, 

b is thermal expansion coefficient of water, ,l oa  is 

thermal diffusivity of water, iT , oT  and satT  is 

temperature of fluid inside, outside and saturation, 

where subscripts i  is inside properties, o  is 

outside properties, l  is liquid phase, and v  is vapor 

phase. The heat of water warming ( )waterQ  is 

determined from 

( ), 0water water p water t tQ m C T T== -  (16) 

where, waterm  is mass of water warming in 

tank, ,p waterC  is specific heat of water warming, and 

0,  t tT T=  is temperature of water warming at time 

and time zero. 

 

Experimental apparatus and method 

The water warming device used in this study 
comprised test room, cooling load system, refrigeration  

system, water warming device, and data acquisition 

system, as presented in Figure 1. 

The test room was controlled according to the 
experimental condition. It was fabricated to have 

1.5Ç1Ç1 cm3 in volume and was surrounded by 

from insulation. A variable cooling load unit and 

evaporator were installed in the room. 

DC power supply and heater were deployed to 

control the cooling loads which were kept constant 

at 800, 1000, 1200, and 1400 W. Air blower was 

used to enhance flow distribution inside the room. 

The evaporator with a condensing unit of 9,000 

Btu/hr absorbed thermal energy in the room, and the 

working fluid, refrigerant, in the system subsequently  
carried the energy to be discharged in the water tank 

in which the helicoidal tube was installed. The 

discharged heat was transfer to the heat exchanger 
which dissipated heat into the atmosphere. The 

refrigerant flowed through the expansion device and 

evaporator, respectively, to complete the cycle.  

The 90 Liter water thank, cylindrical shape 

surrounded by insulation, contained stirrer which 

produced circulation of the water, and level control 

valves which controlled flow rates at the inlet and 
outlet of the tank. Thermocouples (T-type) with 

accuracy of ± 0.1°C, and data temperature in the 

room and water temperature in the tank 
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Figure 1 Schematic diagram of experimental apparatus. 

 

Results and discussion 

The experimental results were presented in 

Figures 2 and 3, showing respectively for relationship  

between time and water temperature, and that 
between room temperature and water temperature 

under different heat load (800, 1000. 1200, at 1400 

W). The room temperatures were kept constant at 

20, 25, 30, and 35°C. It was found from Figure 2 (a)-
(d) that the temperature exponentially increased 

with time.  

The result indicted that the time rate of change 
of the energy transferred from the room to the water 

was increased. The experimental system 

approached steady state at the time of 270 minutes 
for all conditions.  
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Figure 2 Effect of cooling loads on the temperature 

and heat of water warming with time. 
 

For the 1400 W cooling load, the room 

temperatures at 40.0. 43.3, 44.5, and 47.0 °C, 

respectively. The steady state water temperatures 
were listed in Table 1. The water temperature data 

at the room temperatures at 20, 25, 30, and 35°C was 

illustrated in Figure 3(a)-(d). The increase in the 
cooling load posed significant effects on the water 

temperature. Also, the water temperature increased 

with increasing the room temperature. It should be 

noted from the figure that at the time of 270 minutes, 
the water temperatures based on cooling loads at 

1000, 1200, and 1400 W respectively increased 

4.1%, 8.5%, and 14.1% on average in comparison to 
the case at 800 W cooling load. This increased 

energy rate raised the water temperature 

 
 

 

 

 
 

 

 
 

 

 

Table 1 The steady state of water temperature at the 

time of 270 minutes. 

Cooling 

load (W) 

T20°C 

(°C) 

T25°C 

(°C) 

T30°C 

(°C) 

T35°C 

(°C) 

800 37.1 38.3 40.4 41.2 

1000 38.6 40.8 41.6 42.9 

1200 39.2 41.8 42.7 44.7 

1400 40.0 43.3 44.5 47.0 
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Figure 3 Effect of cooling loads on the temperature 

and heat of water warming. 

 

Conclusions 

The present experimental study was performed 

to assess the water warming device through which 

the waste heat from the refrigeration system was 
provided. The experiments were conducted for the 

room temperature ranging from 20°C to 35°C and 

cooling load from 800 W to 1400 W. The results 

indicated that the higher the cooling load, the higher 
is the water temperature. At steady state (time of 270 

minutes) the room temperatures, for 1400 W cooling 

load, at 20, 25, 30, and 35 °C yielded the maximum 
water temperatures at 40.0, 43.3, 44.5, and 47.0 °C, 

respectively. The cooling load effect was also 

analyzed, which reveled the water temperature 
increasing with the increase on cooling load. The 

enhancements of the water temperature at 1000 W, 

1200 W, and 1400 W were, respectively, 4.1%, 

8.5% and 14.1% 
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Abstract 

Sewage sludge from a wastewater treatment system in tapioca starch industry was intensively analyzed 

for its fuel properties i.e. heating value, proximate analysis, ultimate analysis, elemental compositions. 

Subsequently, a test of its pelletization was conducted at different moisture content levels including 10%, 

15%, 18%, 20% (w.b.) using a mill ring die pelletizer and investigate for their properties. The results 

showed that sewage sludge had a heating value of 8.195 MJ kg
-1 and 492 kg m

-3 of bulk density of the 

pellets can be achieved. The moisture content of around 15% (w.b.) was found to be suitable for producing 

pellets. At this moisture content value, the yield of product can be obtained as high as 92%. The mechanical 
durability and the water resistance index, values also remarkably showed the relatively high which are 98% 

and 93.57%, respectively. In addition, the ignition time and combustion time were found to be 0.83 min and 

8.53 min, respectively. Overall, although the pellets from sewage sludge had fuel characteristics inferior to 

biomass, they can be used as a supplementary fuel during energy production. 
 

Keywords: Biomass pellet, Sewage sludge, Fuel properties 
 

Introduction  
Sewage sludge produced by the wastewater 

treatment systems of various industrial plants in 

recent years has tended to increase. Currently, the 

most widely used methods of sludge management 

are incineration, landfill and use as agricultural 
fertilizer. However, sludge disposal by landfill is not 

accepted especially in the European Union (EU). In 

addition, the sludge generally contains heavy metals 
organic pollutions and other hazard materials 

(Kliopova and Makarskiene, 2014). Therefore it is 

not encouraged to use cultivation method because of 

environmental concerns. In addition, with the limit 
of fossil fuels, exploring it as a raw material for 

energy production is attractive to many industries, 

complying with current economic situations. 

Many agricultural and industrial wastes were 

used for alternative energy production. They can be 

processed to produce either in the form of briquettes 
or pellets, depending on energy conversion technology.  

In the previous work, sewage sludge from textile 

industry was briquetted and used as a raw material 

for gasification process (Hinsui, 2007). However, 
briquette production was a time and work consuming 

process, being not practical in commercial. 

Therefore, this research aims to study the 

pelletization process of sewage sludge and 
determine their fuel characteristics. A comparison 

of this work with standard biomass pellets was made 

to show the potential as an alternative raw material 

for energy production. 
 

Materials and Methods 

Materials 
Sewage sludge was obtained from the activated 

sludge wastewater treatment system of SANGUAN 

WONGSE INDUSTRIES Company Limited, Nakhon  

ratchasima province, Thailand. The companies 
mostly relate to tapioca starch production process. 

(Figure 1) 

 

Preparation of fuel 

The raw sewage sludge contained lots of water 

(approximately 75 ï 80%), it was sun-dried on a 

cement floor for 5-7 days until the moisture content 

decreased to approximately 10% and crushed to 
small particle size (<15 mm.). Its moisture was 

adjusted to study the effect of moisture content 

(15% 18% and 20% w.b.) on fuel processing. The 
pellets were produced from a mill ring die pelletizer 
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with a compression hole of 8 mm in diameter and 
motor power of 30 kW (Figure 2). The fuel pellets 

obtained are cylindrical shape with length of 10-30 

mm as shown in Figure 3. Characteristics of sewage 

sludge were determined by mean of proximate 

analysis (ASTM D1762-84 and ASTM D2015-77 

standards) and ultimate analysis [CHNS element 

analysis (CHN628, 628s Truspec Micro O)] and an 

X-ray fluorescence energy dispersive spectrometer 

(Model XGT-5200) 
 

 

 
Figure 1 Dried sewage sludge 

 

 
Figure 2 A mill ring die pelletizer 

 

 
Figure 3 Pelletized sewage sludge 

Analysis of pelletized sewage sludge properties 

The pellets produced at various moisture content  
levels (10% 15% 18% and 20% w.b.) were assessed 

for their physical characteristics such as shape 
(straight / slightly bent / bent), surface appearance 
(smooth / rough), pelleting (good / bad / not), 

forming (good / bad / not), cracks (low / medium / 

high) and bulk density. 

The properties of pellet were analyzed for 

mechanical durability, water resistance index, ignition  

time, combustion time, power consumption rate and 
yield percentage. 

 

Results and Discussion 

Pellet fuel preparation process 

Moisture content after pelletizing was slightly 

reduced from 15%, 18% and 20% w.b. to 14%, 16% 

and 18% w.b., respectively. 

Sewage sludge at the moisture content of 10% 

cannot be pelletized because the moisture was not 

sufficient to form pellet fuel as shown in Figure 4 

 

When the moisture increased from 15% 18% 

20% (w.b.), the yield percentage was found to 

increase by 92%, 96%, 97%, respectively.  In 

contrast, power consumption decreased to 19.15 
kW, 17.75 kW and 15.88 kW at the moisture content 

of 15% 18% 20% (w.b.), respectively. The averge 

bulk density was found at 492 kg m-3. 

 

Assessment of pellet fuel characteristics 

The effects of moisture content levels (15% 

18% 20% w.b.) on appearance and external evaluation  

are shown in Figure 5 and Table 1, respectively. 

Overall, the lower the moisture content levels, the 

better the external apparence of pellets is. 

 

Figure 4 Sewage sludge pelletizing at 10% (w.b.) 
 

Table  Assessment of basic characteristics of pellet fue 

Characteristics 
Moisture content (w.b.) 

10% 15% 18% 20% 

Shape (Straight / Slightly bent / Bent) - Straight Straight Straight 

Surface appearance (Smooth / Rough) - Smooth Smooth Smooth 

Pelleting (Good / Bad / Not) Not Good Good Good 

Forming (Good / Bad / Not) Not Good Good Good 

Cracks (Low / Medium / High) - Low Medium Medium 
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Pellet fuel at moisture content 15% &w.b.' 

 

 
Pellet fuel at moisture content 18% &w.b.' 

 

 

Pellet fuel at moisture content 20% (w.b.) 

Figure 5 Pellet fuel at various moisture content levels 

 

Chemical characteristics of pellet fuel 
The results of evaluated chemical characteristics  

of tapioca sewage sludge along with 2 types of 

biomass fuel are shown in Table 2. It was found that 
the volatile matter, fixed carbon and calorific value 
are less than those from biomass fuel. As a result, 

the calorific value was approximatly 60% of the 

biomass. In addition, the ash content and heavy 

metals is relatively high. These results indicate that 
if the sewage slude will be used as a fuel, attention 

must be paid during operation. Also, blending 

sewage slude with biomass might be an option. 

 

Table 2 Results of evaluated fuel properties 

Parameters 

 Biomass fuel 

Sewage  

sludge 

Briquetted  

rice husk 
Corncob 

Proximate analysis 

%Moisture 

content 
9.05 3.53 2.23 

%Volatile 
matter 

23.03 63 81 

%Fixed carbon 11.34 19.5 15.4 

%Ash 56.58 19.5 1.4 

Ultimate analysis 

%Carbon 18.147 37.4 48.1 

%Hydrogen 3.536 4.6 7.5 

%Nitrogen 2.076 0.5 0.4 

%Sulfer 1.782 0.01 44.1 

%Oxygen 18.53 57.4 0.01 

Heavy metals (mg/kg) 

Copper Not found 100 790 

Iron 319,510 6,980 15,100 

Zinc 598 180 270 

Chlorine 26,200 8,410 19,240 

Calorific value 

(MJ/kg) 
8.2 12.40 15.60 

Reference 
This 

research 
(Arjharn et al. 2012) 

 

The results of pellet fuel storage and combustible 

properties 

Pellet fuel storage and combustible properties 

parameters including mechanical durability, water 

resistance index, ignition time and combustion time 

at verying moistures were investigated as shown 

below: 

Considering the mechanical durability at various  

moisture content levels, it was found that the moisture  

content at 15% and 18% (w.b.) were approximate 

but moisture content at 20% (w.b.) had a slightly 

lower value (Figure 6). The lowest value for 

mechanical durability was found 96% which indicates  

their good potential for transport and storage.  
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Figure 6 The relationship between moisture content 

and mechanical durability 
 

Likewise, the water resistance index decreased 

with an increase in the moisture content levels. This 

parameter indicates the potential to water resistance. 

The moisture content 15% (w.b.)had the highest 

values of 93.57%, while moisture content 18% and 

20% (w.b.) gave the water resistance index of 

90.73% and 88.76%, respectively. (Figure 7) 

 
Figure 7 The relationship between moisture content 

and resistance index 
 

Results showed that the ignition time increased 

with an increase in the moisture contents. Not 

surprisingly, it is due to the difficulty of ignition for 
wetter material. It was found that the moisture 

content 15% (w.b.) had minimum ignition time of 

0.83 min compared to those of other moisture 

content 18% and 20% (w.b.) which were 1.10 min 

and 1.20 min, respectively. (Figure 8) 

 
Figure 8 The relationship between moisture content 
and ignition time 

Figure 9 shows combustion time at different 
moisture content levels. It showed that the higher 

moisture content caused a reduction in combustion 

time. Its maximum combustion time at 15% (w.b) 

was 8.53 min while the others were 4.88 and 2.68 

min for 18% and 20%, respectively (Figure 9). 

 
Figure 9 The relationship between moisture content 

and combustion time 
 

Conclusions 

In this study, sewage sludge from wastewater 

treatment of tapioca starch industry was used to 
produce pellet fuel. The effect of moisture content 

levels on pellet production and their fuel properties 

was investigated in terms of appearance, physical 
and chemical characteristics. It was found that 10% 

moisture content of raw sewage sludge is not 

suitable for pelletization, while those with higher 

moisture content (15% 18% 20% w.b.) can be 

pelletized with an average bulk density of 492 kg m-3.  
The yield percentage increased with an increase in 

moisture content ranging from 92 ï 97%. The results  

of the mechanical durability, water resistance index 
and combustion time were found to decrease as the 

moisture content increases except the ignition time. 

Overall, although the pellets from sewage sludge 

had fuel characteristics inferior to biomass, they can 
be used as a supplementary fuel during energy 

production. 
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Abstract 

This research presents the control of material direction on the Sortation Conveyor with Multi 

Direction Wheels in order to demonstrate the behavior of the movement of material on the screen. Multi-
directional wheel sorter.  Study control movement of materials according to the motion control design with 

Feedback Control. Use evaluating controls and designing feedback controls by simulating control on the 

computer. Including using parameters in mathematical models from Multi-directional wheel sorter was 

created. Moreover, the impact of various factors is determined. This affects the wrong movement of the 
material sorter with the expectation of control the movement of materials on Multi-directional wheel sorter 

according to the movement design to Appropriate controls for production use. 

 

Keywords: Feedback control, material handling, Multi Direction Wheels 
 

Introduction  

Load Handling [5] with Material Handling 

Equipment is an essential role in the various industrial  

sector. To help the production and management of 
industry have more capabilities such as material 

handling by material handling equipment, sorting 

conveyor [6] can be installed to sort materials into 
the production process or store materials. For 

production design, there are many types of Sortation 

conveyors with different abilities and limitations. 

However, it is limited to change the direction of the 
material and materials handling mechanisms are 

complex and not flexible in most cases. Because 

most sorting units have the above limitations, the 
need to increase the ability of the separation unit on 

the material handling equipment to be able to 

change the direction of the material in many 
directions. In recent years, the introduction of Multi 

directional wheels [1] is connected to a two-way 

material separation set by attaching the set. Drive on 

the two sets of Ommi wheels, alternating in two 
directions. However, suppose the multi-directional 

wheel set is connected to the drive unit separately in 

alternating rows to increase the direction of material 
handling In practice. In that case, multiple independent  

drives are needed to control the direction and speed 

of each driver to have speed concerning obtaining 

the desired material handling direction.  
 

 

PRINCIPLE S AND COMPONENTS 
The Multi-directional wheel sorter consists of 

Multi Direction wheels, which rotate in two directions,  

consisting of the main turning wheel and the small 
set of wheels located on the main turning wheel and 

rotated perpendicular to the Main wheel as in Figure 

1. Arranged in a sequence of the alternate directions 
perpendicular to the plane, as shown in Figure 2, is 

Multi -directional wheel sorter as designed. The 

wheelset placement allows the creation of two forces 

perpendicular to the plane caused by rotating the 
wheelset. When the material is empty on the plane 

of the wheelset, the material can move 2 degrees of 

freedom. Simultaneously, when the material moves in 
one axis, it will not exceed the friction in the other 

axis because the small wheels on many directionsô 

wheels support the material moving in the direction 

opposite to the rotation of the wheelset. 

 
Figure 1. Multi Direction wheels 
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Figure 2 Multi-directional wheel sorter. 

 

Mathematical model 

The movement of material on Multi-directional 
wheel sorter consists of two axial movements 

perpendicular to each other, allowing the material to 

move freely on the plane of the wheelset. Use 

position reference from the position of the wheelset 
according to equation (1) Movement of materials 

depends on the force that is transmitted from 

rotation of wheel through friction between wheels 
and the material. Therefore, the weight and friction 

coefficient affects the movement. The weight of the 

material is represented by the reaction force 
equation (2) Is an equation showing the reaction 

force on the plane of the wheelset [2] 
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From the equation, ὡ is the weight of the 

material ὢ , representing the position of center  

of mass of material (CG) on the plane of  

Multi -directional wheel sorter. ὄ is the position 

matrix of the wheelset. 
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ὼ
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Transmission force 

For the forces acting on the material Multi-

directional wheel sorter. Both axes are caused by the 

friction of the wheel and the material as follows. [1] 

Ὢ
ᴼ

‘ὠὔ
ᴼ

‘ὢ
ᴼ
Ɇ

ὡ (4) 

 

 

From the equation, ‘ is the coefficient of 

friction between the material and the wheelset, ὠ is 

the speed of each wheelset is written in the form of 

a matrix, position, speed of each wheel. 

ὠ
ὺ
ὺ  
....

....  
ὺ
ὺ  (5) 

 
The limitation of the force transfer between the 

wheelset to the material is to slide. If this event 

occurs, the material will not be able to move 
correctly. Limitations of slides Depending on the 

angular acceleration of the wheel, show the following  

equation. [3] 

‌  (6) 

From the equation, g is gravitational acceleration  

D diameter of wheels 

 

Feedback control 

Motion control of materials. Use Feedback 

Control to design the motion control of materials on 

Multi -directional wheel sorter. Use PID controller 

to study the motion control, motion design, and 

stabilizing materialsô movement on the wheelset. In 

designing feedback control law in an article to use 

control of material movement. Which has designed 

the movement position of moving material 

according to the design movement. Tracking Error 

[4] of the control is shown in equation (7) 

Ὡ ὼ ὼ  (7) 

 

From the equations (2), (4), (7), the PID control 
law can be designed as equation (8) [4] to be used to 

control the movement of materials on Multi-directional  

wheel sorter. 

ό ὯὩ Ὧ Ὡ᷿ ὯὩ
Ɇ
 (8) 

ὯȟὯȟὯ  a matrix constant definite positive for 

scalable control. The control law can be written to 

control structure as shown in Figure 3 

 
Figure 3. The feedback control structure in control 

movement of materials 
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Simulation movement of materials on  

Multi -directional wheel sorter 

Simulate control on the computer program by 

designing the material to move on the multi-

directional wheel sorter three movement patterns to 
Figure 4. By simulating the movement of materials 

in the material handling in the direction of change 

(Sortation Conveyor). First, the material moves in a 
straight line. Later, the material moved in a straight 

direction and diverted to the right. And the final 

design allows the material to move in a straight 

direction and to the left 

 
Figure 4. the designed movement direction of the 

material on the multi-directional wheel sorter. 
 

From the motion simulation, the simulation 

results are shown in the following graph. In which 

the yellow graph is the designed movement, and the 

red graph is the movement of materials. Friction 

coefficient ɛ = 0.3, weight of material ὡ ωψ ὔ, 

simulation time ὸ σπί  Control Gain Ὧ
τπ
τπ
 ȟ

Ὧ
ςπ
ςπ
 ȟὯ

χ
χ

 

By moving the first form, the material moves 

from the starting point (0, 0) to the position of 0.16 

meters in the X-axis and then the material stops. The 

motion results as in figure 5 and the error of the 
motion as in figure 6, as well as the force exerted on 

the material as in figure 7 

 
figure 5 Movement results designed with the movement  

of materials 
 

 

figure 6 Error of the movement is designed with the 

movement of the material. 

 

 

figure 7 Force exerted on the material 

 

From motion simulation by allowing the material  

to move in a straight line in one direction. Figure 5 
shows the graph of the designed movement (yellow) 

and the material movement graph (red) can be 

completely Tracking. Figure 6 shows that the movement  
error is not more than 0.005 meters. The force exerted  

on the material is very high at the beginning and the 

stop Is approximately 3 N. As can be seen in Figure 7 

Next step, move material from the beginning (0, 0)  

to position of 0.16 meters on the X-axis and at the 

same time to move the material to the position of 

0.16 m on the Y-axis. The result of movement is 

shown in figure 8, and the error of movement is 

shown in figure 9. The including forces acting on 

material is shown in figure 10. 
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figure 8 Movement results designed with the movement  
of materials 

 

figure 9 Error of the movement is designed with the 

movement of the material. 
 

 

figure 10 Force exerted on the material 

 

From the second movement simulation, with the 
material moving diagonally from Figure 8, the 

graph of the designed movement (yellow) and the 

material movement graph (red) move perfectly 

following both the X-axis and the Y-axis. The next 
figure, Figure 9, shows that the error of the 

displacement is not more than 0.005 m. The force 

exerted on the material is very high initially, and the 
stop-motion is approximately 3 N in both directions. 

The movement is shown in Figure 10. 

 
 

 

 

Finally, the material moves from the starting 

point (0,0) to the position of 0.16 meters in the  

X-axis. Simultaneously, the material moves from 

the distance 0 m to the position -0.16 m in the  

Y-axis. At 11 and the error of movement as in  

figure 12, including force exerted on the material 

as in figure 13 

 
figure 11 Movement results designed with the movement  

of materials 

 

 
figure 12 Error of the movement is designed with 
the movement of the material. 

 

 

figure 13 Force exerted on the material 
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From the third movement simulation by allowing  
material to move diagonally like the second type, 

but diagonally opposite from Figure 11, the graph of 

designed movement (yellow) and the graph of 

material movement (red) move perfectly following 
both axes (X-axis and Y-axis). The next figure, 

Figure 12, shows that the error of movement is not 

more than 0.005 m. The force exerted on material is 
very high at the beginning and the stop-motion is 

approximately 3 N in both directions. The 

movement is shown in Figure 13.  

From the simulation of material movement on 

Multi -directional wheel sorter, the materialôs 

movement follows designed movement. But also 

found the error in a period of starting and stopping 
movement of material 

 

Conclusion 

From the simulation of material movement on 

the Multi-directional wheel sorter, it can be 

demonstrated that the feedback control is able to 
control the movement of the material on the Multi-

directional wheel sorter. Which can apply the 

control rules from the simulation in the computer to 

be used in real life applications with Multi-directional  
wheel sorter. However, there are drawbacks in this 

simulation: Not affected by other factors that may 

occur. For example, the surface of the material that 
may be uneven parallel to the plane of the wheelset 

may result in incorrect control. It will be considered 

in the research in the future. 
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Abstract 

This research is the design, creation, development, and evaluation of a rice planter with a ridge set, 

its 3-point attachments for a small tractor to solve the problem of salinity area that has sodium chloride in 
soil. The planter has a ridge set, seed metering, and a cover set. Other studies have shown that soil 

preparation can manipulate salinity in the soil, the salinity adversely affected the plants. 

Tested in sandy loam field, the result showed that the appropriate speed was 1.70-1.90 km h-1, the 
field capacity was 0.88 rai h-1 and field efficiency was 59%, The fuel consumption was 2.4 L rai-1 Draft 

force requirement was 6,827 N, distance between planting point 22 cm, seed quantity per point 7 seeds, 

planting depth 19 cm, seed consumption 9.18 kg rai-1, seed loss 5.4%. 

 

Keywords: Rice, Upland rice, Rice Planter 

 

Introduction  
Rice is the staple of Thai and popularly consumed  

in many countries around the world. Rice can also 
be processed into various products, and with 

Thailand as a country with a lot of agricultural work. 

Rice is one of the main crops grown by Thai 
farmers, the produce is sold locally and exported to 

the global market. Rice  production a significant the 

Thai economy crop (Thai Rice Exporters Association,  

2020). In Thailand rice plantations are available of 
year 2020 the average was 61.28 million rai. The top 

three rice exports are white rice, glutinous rice, and 

Jasmine rice as a sequence. 

Currently, Thailand is the third rice exporter of 

the world with 5.24 million tons in 2020 and 7.12 

million tons in 2019, as a result of the Thai Baht 

appreciation and strengthening of improvements 
with rice trader countries such as Vietnam, which 

had the third-highest export. Thailand is popular to 

grow rice in the central region and the Northeast. 

In the central and northeastern regions, they 

encountered a problem of salinity in the soil. The 

salinity of the soil will affect the growth of plants 
which will affect the yield. The higher the salinity, 

the lower the yield as the higher the salinity. That if 

any plant species it has different salinity capacity. 

Which the salinity of the soil is too high for plants 
to handle The plant will not grow. Or may cause 

death before yielding. 

 

Materials and Methods 

Raised rice planter designed and built 
The rice planter machine is designed as shown 

in Figure 1 and the prototype machines created are 

shown in Figure 2 

 
Figure 1 Design of Rice planter with ridge sets 

 

 
Figure 2 Design of Rice planter with ridge sets 
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With the planter machine consisting of raising, 
groove and overburden set, the followed by a 

sowing unit with a conveyor line connected to a 

dispenser mounted on the seed hopper. The seed 

disc is used to support gear through the shaft and 
chain from the wheel at rear of the machine. 

 

Optimum conditions Testing 

The rice planter with ridge set machine in the 

test plot with 3 rows, length 18 m, experiment at 

gear positions 2-2, 2-3 and 2-4 by 47 Hp four wheel 
drive tractor and check the planting quality 

comparing speed. 

 

Rice planter with ridge set machine in the field 

Testing 

In appropriate conditions, field tests were 

conducted to determine the performance and quality 
of the planting of the machine. Tested for effective 

field capacity, field efficiency, fuel consumption, 

daft force, slip percentage, planting quality, number 
of seeds per point, spacing per point planting depth, 

the size of the ridge lifted, the number of seeds used, 

and the rate of seed loss, tested at the farm of Suranaree  

University of Technology, Nakhon Ratchasima. 
 

Results and Discussion 

Optimal working conditions test results  

 
Figure 3 Field test of rice planter 

 

The results of Table 1 show that the 2-3 gear 
positions maintain good planting quality. The 

distance between the points in the range 25-30 cm 

and the number of seeds in the range of 5-10 seeds. 
There was no significant difference. When the speed 

is higher gear position 2-4, the number of seeds 

decreases and the planting distance is shortened due 
to the delay in the flow of seeds from the seed 

dispensing plate set into the soil. As a result, the fall 

is slower than the planting movement, so cannot be 

formed as needed. 

Table 1 Put table caption above the table, Thai 

distributed. 

Test 
Gear Position (Main-Sub) 

2-2 2-3 2-4 

Speed km h
-1

 1.35-1.54 1.70-1.90 2.31-2.45 

Distance (cm) 23.8 25.3 12.7 

Seed (seeds) 7 6 4 

Distribution (cm) 4.75 5.75 4.33 

 

 
 

Figure 4 Planting Formation 
 

From Figure 4, the pattern of planting is one 

planting head, one ridge lift will be raised and seed 

is dropped at the shoulder area of two ridge. For the 
planting results shown in Figure 5, the distance 

between the planting points was 25.3 cm along the 

left and right circles with little seed distribution. 

 
Figure 5 Planting result single row 

 

Field rice planter machine test results 

As a result of testing for optimum working 

conditions, 2-3 gears were selected to test the 

machine's fitness and planting quality in the field 
test. The results of the test are in accordance with 

Table 2 in terms of spatial functionality. It can be 

seen that it is not very high. And has a relatively low 
spatial efficiency This is due to Opt for a test plan 

by running close to a row. Regarding the cultivation 

quality, it is within the acceptable range. Is the 

cultivation of field rice by sowing method The 

Sowing point 

Ridge lift line 
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distance between the points at 20-30 cm was planted 
at a depth of 15-20 cm and used seeds per point of 

5-10 seeds. 

 

Economic evaluation results 

Rice Planter with Ridge sets machine the 

material cost of 22,500 Thai Baht and other expenses  

of about 8,000 baht, total 30,500 Thai Baht. 

Payback period = 
  

   
 (1) 

Net benefit = Benefit ï Cost of Machine usage (2) 

(THB year-1) Excluded depreciation 

Benefits = Planting Area x Planting Wages (3) 

(wages 400 THB rai-1) 

Cost of machine usage = Interest + Maintenance 
costs + Fuel costs + Lubricating oil + Labor (4) 

 

Interest rate BAAC at the highest rate of 12.5% 

(Farmers and individuals) 

= 30,500 THB x (12.5 / 100) 

= 3812 (THB year-1) 
 

Maintenance cost = 
ȢϷ     

     
 

Maintenance cost = 4.16 (THB rai-1) 

Fuel cost = Fuel consumption rate x Fuel price 

(If using Diesel B7, the price is about 27 THB L-1) 

Driver labor = 90 (THB h-1) 

DriverȮwage per area = 102.27 (THB rai-1) 

When representing the values;  

Instead of the values in (4) Machine Cost 

Instead of the values in (3), returns the following: 

Benefits 

Instead of the values in (2). Net benefits 

Instead of the values inȮ(1).  

Payback Periodel cost = 65.61 (THB rai-1) 
From an analysis of the payback period of the 

rice planter, Figure 5 shows the relation between the 

planting area and the payback period. With a service 
charge of 400 THB rai-1 when there will be a 

payback period for the planting machine is 

approximately 1.6 years if employed at 100 rai and 

can shorten the payback period if more work can be 
accepted. Where at various costs it could be further 

lowered if switched to lower grade fuel and able to 

find cheaper labor. 

 
Figure 5 Payback period of cassava planter 

 

Table 2 Results of rice planter field testing. 

Test Result Test Result 

Planting area (rai) 0.2025 Theoretical field capacity (rai h-1) 1.49 

Soil properties  Field efficiency (%) 59.13 

Soil type Sandy loam Fuel Consumption (L rai-1) 2.43 

Moisture content (%db) 9.92 Draft force 6,827 

Seed properties  Planting Quality  

Vegetation Khao Dawk Mali 105 Average planting distance 22 

Average length (mm) 10.46 Average planting depth 19 

Average width (mm) 2.42 Average ridge width 63.15 

Average thickness (mm) 1.96 Average ridge height 25.71 

Average Speed (km h
-1

) 1.70 Seed Quantity per point 7 

% Slip 5.4 Seed Consumption 9.18 

Field capacity (rai h
-1

) 0.88 Seed loss 5.4 
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Conclusion 

Optimal operation at gear level 2-3 speed 1.70-1.90  

km h-1 performance 0.88 rai h-1 Performance 59% 

fuel consumption 2.4 L h-1. The machine uses a 

towing force 6,827 N ratio used seeds 9.18 kg rai-1, 
distance between rows 30 cm, distance between 

points 22 cm, planting depth 19 cm, the cost of the 

machine is 30,500 THB if used for planting. It will 
take 1.6 year payback period at working area 100 rai 

year-1. 
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Abstract 

Air quality investigating perceived in urban areas is a rather topic of interest. PM2.5 pollution has 

become a severe problem in Thailand due to rapid industrialization and high energy consumption. PM2.5 

could cause increases in the incidence of various respiratory diseases and resident mortality rates, as well 
as increase in the energy consumption in heating, ventilation and air conditioning systems due to the need 

for air purification. This paper reports the studies of the outdoor PM2.5 quality, the impact of PM2.5 

pollution on atmospheric visibility, occupational health and occupantsô behaviors. This paper also presents 
current pollution status in Nakhonratchasima Province and finally presents analysis and suggestions for 

future research. 

 

Keywords: Air pollution, Fine particle, Health problem, Model, Monitoring system 
 

Introduction  
Recent decades, Thailand has rapidly expanding 

economic development which effected in tremendous  

increase in energy consumption and air pollution 
(Chulalongkorn University. 2020; Dunea et.al., 

2020). Air quality investigating perceived in urban 

areas is a rather topic of interest (Grossberndt et.al., 

2020). PM2.5 refers to Particulate Matter (PM) that 
has a diameter of less than 2.5 micrometers, which 

is about 3% the diameter of a human hair. Since they 

are so small and light, fine particles stay longer in 
the air than heavier particles. This increases the 

chances of humans and animals inhaling them into 

the bodies. Consequently, this could increase risks 
of all-cause for cardiopulmonary, lung cancer and 

more about respiratory system (United States 

Environmental Protection Agency, 2019). We could 

protect ourselves by wearing a mask and we need to 
help each other to reduce PM2.5, but how are we 

going to now that the place where we stay is safe? 

PM2.5 pollution could affect by not only the local 
pollution sources, but also outside regions to the 

different extent (Lin, et.al., 2018). Generally, the 

PM2.5 meter would detected only in certain areas so 

this research aims to develop the PM2.5 measurement 
by the commercially available equipments. In the 

hope that this researched device would be able to be 

used in equivalent to the measured value of the 

Pollution Control Department (PCD). 

PM2.5 is a high precision parameter mainly 
used to measure the fine particles using laser 

technology. PM2.5 meter could continuously display  

the ambient concentration of fine particles in µg/m3. 
The principle of PM2.5 meter is the application of 

the laser model operation that allows air to flow 

through a small duct, then determines the air volume 

by the suction fan from the other end. During 
measuring, the laser beam is shooted perpendicular 

to air, and then the photometer detects the light 

scattering. This method makes it possible to 
measure dust well (Judith and John, 1998) as shown 

in Figure 1. 

 
Figure 1 Working principle of PM2.5 measurement. 

 

This paper presents the results of the detailed 
hourly and daily study of the PM2.5 in 

Nakhonratchasime Province, Thailand during 8-22 

February, 2021. The results from measurements and 
PCDôs data were compared. There are severl 

reasons that pushed the research to perform this 

study.   
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Materials and Methods 

Investigated area  

Nakhonratchasima Province, Thailand has about  

2.6 million populations in 2021 (https://www2. 

nakhonratchasima.go.th). Nakhorn Ratchasima is 
ranked for the second city that has the highest 

population of the country.  This city has covered the 

area for about 20,494 km2. The average altitude is 
between 100 ï 300 m. above sea levels, and this 

province is located in the north-eastern part of 

Thailand (Figure 1). 

 
Figure 1. Location of Nakhonratchasima Province 
with the installation of PM2.5 monitoring devices. 

 
The standard value of an amount of PM2.5 

The levels of PM2.5 are classified using the air 

quality index (AQI) which lunched by the World 

Health Organisation (WHO), shows as Table 1. This 
guideline is defined as the portion of the population 

living in a place where the average concentrations 

of PM2.5 are greater than 10 micrograms per cubic 
mater (µg/m3). Furthermore, this guidance also 

indicates the effects of fine particle on human 

health. 

The estimated values of annual concentrations 
are generated by combining data from atmospheric 

chemistry transport models, satellite observations of 

aerosols in the atmosphere and ground-level 
monitoring of particulates. Overlaying of PM2.5 is 

estimated by gridded population data, the percentage  

of the residences living in the particular area. The 

PM2.5 concentrations that exceed than recommended  
levels is calculated by the sum of the population for 

grid cells where PM2.5 concentrations are beyond 

the threshold value (10 µg/m3) and then dividing by 
the total population.ȮEquation (1) shows the 

calculation of the AQI standard using the pollutant 

concentration data; 

 

 

ὃὗὍ ὃὗὍ (1) 

Where as 

PMobs  = observed 24-hour average concentration 

in µg/m3 

PMmax = maximum concentration of AQI color 

category that contains PMobs  

PMmin = minimum concentration of AQI color 

category that contains PMobs  

AQImax = maximum AQI value for color category 

that corresponds to PMobs  

AQImin = minimum AQI value for color category 
that corresponds to PMobs  

 

Table 1 The standard value of an amount of PM2.5. 

AQI 

catagory 

Index 

value 

Health message 

Acceptable 0-50 None  

Modulate 

51-100 Unusually sensitive people  

should reduce prolonged 

or heavy exertion 

Unhealthy 
for 

sensitive 

groups 

101-150 Sensitive groups should 
reduce prolonged or 

heavy exertion 

Unhealthy 

 
151-200 

Sensitive groups should 
avoid prolonged or heavy  

exertion; general public 

should reduce prolonged 
or heavy exertion 

Very 

unhealthy 

201-300 Sensitive groups should 

avoid all physical activity  

outdoors; general public 
should avoid prolonged 

or heavy exertion 

Hazardous 

301-500 Everyone should avoid 

all physical activity 
outdoors 

Source: adapted from the United States Environmental Protection  
Agency (2012); WHO (2005) 

 

  

Statio

n 1 

Statio

n 2 
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PM2.5 data and statistical analysis   
Data presented in this study were obtained from 

the Pollution Control Department (PCD) who has 

installed the PM2.5 meter monitoring stations 

located in Nakhonratchasima Province (Figure 1). 
There were two stations located at two different 

areas. The first station (Figure 1-staion 1) was set up 

in the crowded community and the second station 
(Figure 1-station 2) was installed at the sunberb 

area.  This study collected the PM2.5 data from the 

same areas with different devices. The automatic 

monitoring systems have been constructed and 
measured during 8ï22 February 2021 in the 

morning (8.00, 10.00 a.m.), at noon and in the 

afternoon (14.00, 16.00, 18.00 p.m.). 

 

Results and Discussion 

Air quality overview of Nakhonratchasima Province 
PM2.5 values observed by this study and 

Nakhorn Ratchasima PCD are illustrated in Table 2 

and 3 respectively. Values were recorded every two 

hours from 2 a.m. till midnight for 15 days. 
 

Table 2 Two-hourly reports on PM2.5 values over ten hours for 15 days. 

Time 
Date of February 2021  

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

02.00 36 47 17 22 32 36 31 32 40 57 32 37 25 44 31 

04.00 41 42 15 19 33 43 39 35 35 51 36 36 23 37 45 

06.00 28 33 18 29 42 35 22 32 49 79 39 36 17 43 50 

08.00 49 32 11 31 43 39 60 50 57 89 38 39 26 34 51 

10.00 27 23 12 20 26 27 35 29 36 47 25 27 26 27 40 

12.00 23 19 9 11 22 28 23 22 35 34 28 23 23 26 29 

14.00 32 23 12 10 19 11 28 30 33 36 26 29 21 37 32 

16.00 31 4 10 8 22 20 31 31 39 39 28 25 36 32 34 

18.00 38 4 11 12 15 29 30 33 42 42 28 25 28 31 35 

20.00 30 9 18 16 25 32 32 28 46 44 35 30 31 33 41 

22.00 33 8 30 20 21 21 44 41 48 43 32 31 30 37 38 

24.00 32 13 17 22 24 27 37 42 59 37 33 28 38 36 62 

 

 
Figure 2 PM2.5 during 8 ï 22 February 2021 monitoring. 
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Table 3 PM2.5 values reported by PCD. 

Time 
Date of February 2021  

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

02.00 54 56 13 36 31 57 45 47 52 75 34 28 21 58 67 

04.00 46 43 11 41 39 49 38 38 49 68 34 30 22 55 73 

06.00 96 27 20 56 52 55 54 30 78 75 31 44 25 46 80 

08.00 64 27 13 33 58 46 69 73 71 86 38 39 27 54 94 

10.00 36 20 10 16 33 30 55 55 75 62 38 32 27 51 64 

12.00 33 24 17 18 28 26 30 44 62 43 33 25 23 33 50 

14.00 32 21 18 14 33 25 29 33 52 39 33 30 31 37 40 

16.00 32 10 13 19 19 19 35 39 41 41 27 19 32 33 37 

18.00 41 13 14 19 23 27 33 34 45 46 25 30 34 32 39 

20.00 55 17 20 29 44 43 51 52 68 50 32 30 49 53 48 

22.00 62 13 42 34 46 52 53 58 75 54 26 34 44 60 68 

24.00 50 14 36 35 51 52 44 62 91 28 26 23 50 72 62 

 

 
Figure 3 PM2.5 during 8 ï 22 February 2021 from PCD 

 
The results from this study could be noted that 

the average amount of PM2.5 were at 31 µg/m3 with 

the highest and the lowest of 89 and 4 µg/m3, 
respectively (Table 2 and Figure 2). The PM2.5 data 

reported by PCD was 41 µg/m3 for the average 

amount, and the highest and the lowest values were 

at 94 and 10 µg/m3, respectively (Table 3 and Figure 3). 

In addition, it could be extracted that on the 9 

February 2021, the PM2.5 amount was reduced 

dramatically from the moderate level to acceptable 

standard. Similarly, on the 18 February 2021, shown 

another significantly dropped of the PM2.5 amount 

from the moderate level to acceptable standard. 
These phenomena could be explained by that 

periods of time, there were rainfall over those areas 

of the city. This rain had brought the massive 

amount of water resulted in the washout effect. 
These observations of the present study were similar 

to previous studies on effects of rainfall on PM2.5 

(Guo et al., 2016; Zhou et al., 2020). 
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Figure 4 PM2.5 at Nakhonratchasima Province during 8 ï 22 February 2021 

 

Figure 4 illustrates the comparative graphical 

plotting between the PM2.5 data collected by this 
study with the data reported by PCD during 8-22 

February, 2021. It could be noticed that the overall 

trends of both observations were presented in the 
comparable manner. However, the PCD reported 

values show slightly higher than those observed by 

the present study. Moreover, the present study 
observed that the PM2.5 level on weekdays and 

weekends were slightly different which in 

agreement with the previous study (Filonchyk, et al., 

2016; IQAir Group, 2020) who reported that about 
80% of the observed cities in Gansu province shown 

the PM2.5 rations of weekdays/weekends at about 

0.9-1. It should be noted from the present study that 
the PM2.5 meter used for this study had worked 

properly despite present lower observed values of 

PM2.5 comparing with PCD meter. Bedises, this 
device is available at stores with effordable price 

(Liu et.al., 2019; Samad et.al., 2021) 

 

Table 4 AQI values from this research. 

Time 
Date of February 2021  

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

02.00 54 56 13 36 31 57 45 47 52 75 34 28 21 58 67 

04.00 46 43 11 41 39 49 38 38 49 68 34 30 22 55 73 

06.00 96 27 20 56 52 55 54 30 78 75 31 44 25 46 80 

08.00 64 27 13 33 58 46 69 73 71 86 38 39 27 54 94 

10.00 36 20 10 16 33 30 55 55 75 62 38 32 27 51 64 

12.00 33 24 17 18 28 26 30 44 62 43 33 25 23 33 50 

14.00 32 21 18 14 33 25 29 33 52 39 33 30 31 37 40 

16.00 32 10 13 19 19 19 35 39 41 41 27 19 32 33 37 

18.00 41 13 14 19 23 27 33 34 45 46 25 30 34 32 39 

20.00 55 17 20 29 44 43 51 52 68 50 32 30 49 53 48 

22.00 62 13 42 34 46 52 53 58 75 54 26 34 44 60 68 

24.00 50 14 36 35 51 52 44 62 91 28 26 23 50 72 62 

avg 43 28 15 19 33 36 48 46 73 90 38 36 30 47 65 
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Table 5 AQI values from PCD. 

Time 
Date of February 2021  

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

02.00 54 56 13 36 31 57 45 47 52 75 34 28 21 58 67 

04.00 46 43 11 41 39 49 38 38 49 68 34 30 22 55 73 

06.00 96 27 20 56 52 55 54 30 78 75 31 44 25 46 80 

08.00 64 27 13 33 58 46 69 73 71 86 38 39 27 54 94 

10.00 36 20 10 16 33 30 55 55 75 62 38 32 27 51 64 

12.00 33 24 17 18 28 26 30 44 62 43 33 25 23 33 50 

14.00 32 21 18 14 33 25 29 33 52 39 33 30 31 37 40 

16.00 32 10 13 19 19 19 35 39 41 41 27 19 32 33 37 

18.00 41 13 14 19 23 27 33 34 45 46 25 30 34 32 39 

20.00 55 17 20 29 44 43 51 52 68 50 32 30 49 53 48 

22.00 62 13 42 34 46 52 53 58 75 54 26 34 44 60 68 

24.00 50 14 36 35 51 52 44 62 91 28 26 23 50 72 62 

avg 50 38 19 40 56 68 80 80 124 123 38 38 38 85 120 

Table 4 and 5 present the AQI values that 

analysed by using the PCD models that based on the 

PM2.5 values collected by the present study and 
PCD report respectively. It was observed that both 

data were presented in the comparative trends. 

Additionally, the data indicates that the AQI of the 
centre of Nakhorn Ratchasima province during 8-22 

February, 2021 were in the modulate level 

(AQI=51-100). However, there were several days 

that AQI values were presented at the unhealthy for 
sensitive groups (AQI=101-150) level. Accordingly,  

the suggestion for public is that people should 

reduce prolonged or heavy exertion.  
 

Conclusion 

The fine matter PM2.5 amounts presenting in 

the centre of Nakhorn Ratchasima Province during 
8-22 February, 2021 were received based on two 

groups of people; the air quality researcher and PCD 

of Thailand. The PM2.5 amounts observed by the 
present study and PCD were compatable trends 

indicating that device used for the PM2.5 monitoring  

in this study has been worked efficiently, thus it is 

able to apply for PM2.5 monitoring system. 

PM2.5 amounts presented by the present study 

could convey the message to public in term of public 

recognition of the air pollution affecting human 
health (Chulalongkorn University, 2020). People 

should eliminate the fine dust by using the wet clean 

cloth. Planting trees could also be as an air purifier 
especially the tree with interwined branches such as 

the Tooth brush and Benjaminôs fig trees. Besides, 

stop burning all agricultural wastes due to combustion  
process would add up the toxic gases and fine 

matters into the air especially during dry season 

(IQAir Group, 2020; Samad, 2021). Furthermore, 

the installations of foggy spray particularly in the 
crowed communities should be considered. It is 

recommend to operate at 200 bars with 10,000 liters 

per minute would trap the fine matter up to 100 
meter height within the area of 100 m2 (Grossberndt 

et.al., 2020). 
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Abstract 
White shrimp is one of the most significant products exported by Thailand. Nowadays, enclosed 

hatchery buildings are commonly used to obtain desired environmental conditions and to ensure biosecurity. 

The main objective of this study is to investigate thermal and environmental conditions of an enclosed white 

shrimp hatchery building by means of computational fluid dynamics (CFD) and in situ measurements. The 
information gathered would be useful for the development of enclosed hatchery buildings to obtain 

favourable thermal rearing conditions for the growth and survival of shrimp larvae. The commercial full-

scale enclosed hatchery building situated in Pathio, Chumphon, Thailand, was selected for this study. Multi-
data loggers were placed at designated areas of the hatchery building to measure indoor/outdoor dry bulb 

air temperature and rearing water temperature. The results show that the indoor air temperature fluctuated 

within 26.9-37.8oC during a day; it increased during the daytime and decreased at nighttime. Water 

temperature varied within 30.6-32.5oC exceeding the recommended values, 28-30oC. The distribution of 
indoor air temperature obtained from CFD agreed well with those obtained from in situ measurements with 

a maximum relative error of approximately 5%. Large areas of extremely low airflow (dead zones) were 

presented inside the hatchery building. It is suggested that the improvement of a ventilation system is needed 
to minimize dead zones and to obtain appropriate thermal rearing conditions.  

 

Keywords: Thermal conditions, Computational fluid dynamics, Hatchery building, Microclimate 
 

Introduction  
Thailand is one of the worldôs leading shrimp 

exporters. White shrimp accounts for 84.33 percent 

of the total production of all seawater shrimp 

(Sontirat, 2017). The productivity of white shrimp 
dramatically depends on thermal and environmental 

conditions. Therefore, the design of a hatchery 

building is of particular interest. In general, there are 

two types of hatchery buildings, open and closed 
systems. Open systems provide excellent air circulation,  

but rearing water temperature is uncontrollable 

depending on surrounding conditions. For closed 
systems, hatchery buildings are enclosed by structures 

and the ventilation system is employed to control 

desired temperature. It is certain that thermal conditions  
play an important role in shrimp production. 

Excessively low or high temperature may decrease 

the survival rate of shrimp larvae (Hernández et al., 

2006, Limsuwan et al., 2009, Limsuwan et al., 
2010). The main objective of this study is to 

investigate thermal and environmental conditions of 

an enclosed white shrimp hatchery with the aid  

of computational fluid dynamics and in situ 
measurements. The mathematical modelling of air 

flow inside the hatchery building was developed. 

Air velocity and temperature fields were computed 
using CFD techniques. The measured indoor/outdoor  

and water temperatures are collected. Then, the 

distributions of indoor air temperature obtained from 

numerical simulations were compared with those 
obtained from in situ measurements. The mathematical  

model was further improved to minimize errors. 

Then, thermal rearing conditions of the hatchery 
building were assessed. The developed mathematical  

model of air flow inside the hatchery building could 

also provide useful information in the designing of 
a next generation hatchery building. 
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Materials and Methods 

1. Hatchery building 

This study was carried out at the hatchery 

building situated in Pathio, Chumphon, Thailand. It 

is located at latitude 10° 24' 0" N and longitude 99° 
4' 0" E. This enclosed hatchery building was 6 metre 

wide, 44 metre long and 4.2 metre high. There were 

six ponds of size 5x6 metres. The fresh air louvre 
was installed at the front end, while a 34-inch 

exhaust fan was located at the rear end of the 

hatchery building. The data was collected throughout  
the day using multi-data loggers. There are three 

types of multi-data loggers as shown in figure 1. 

First, there were four multi-data loggers for 

measuring water temperature and light intensity, 
Hobo® Pendant UA-002-64 with accuracy of 

°0.53̄ C and measuring range from 0̄C to 50̄C. 

They were located at the water surface (about 1 

metre from the ground level) in the first, third, fourth 

and sixth ponds, respectively. Second, four multi-
data loggers, Hobo® U12-012, with accuracy of 

°0.35̄ C and measuring range from 0̄C to 50̄C 

were employed to measure indoor dry bulb air 

temperature. They were placed at the four  
corners inside the hatchery building. Third, wireless 

temperature data loggers were used. One logger was 

placed inside the hatchery building, while the other 

two loggers were placed outside the hatchery 
building at the front end and rear end, respectively. 

It is noted that all doors and windows remained 

closed during the measurements and all multi-data 
loggers were at the same height, about 1 metre 

above ground level. 

 

Figure 1 - Locations of multi-data loggers. 

 

2. Mathematical model and governing equations 
Modelling of air flow inside a hatchery building 

can be obtained using the incompressible Navier-

Stokes equations, satisfying conservation of mass, 

momentum, and energy in Ansys CFX® software. 

By averaging the incompressible Navier-Stokes 
equations, the Reynolds-averaged Navier-Stokes 

(RANS) equations are as follows: 

 
 

 

 (1) 

 (2) 

 

, where  is a Reynold stress tensor . 

is a symmetric tensor, it derives from an 

average convective acceleration term in the momentum  
equation. Reynolds stress provides the averaged 

effect of turbulent convection which are highly 

diffusive. Reynolds stress tensor in the RANS 
equations represents a combination of mixing due to 

turbulent fluctuations and smoothing by averaging. 

In this study, the standard k-epsilon turbulence 
model is employed. This turbulence model has been 

widely used in applications for ventilation studies 

(Norton et al., 2007; Blanes-Vidal et al., 2008; 

Norton et al., 2013, Vilmar Rodrigues de et al., 
2018) due to its desirable accuracy and convergence 

behavior (Launder and Spalding, 1972).  

 

3. Data measurement 

The measurements were carried out on a  

clear-sky day at 11:00AM on the 21th of January 

2020 in Pathio district, Chumphon, Thailand. 
Portable hot-wire anemometer and thermometer 

were utilised. Portable thermometer, Testo®605i, 

with accuracy of °0.5̄ C and measuring range from 

0 C̄ to 60̄C was employed to measure indoor dry 

bulb air temperature at each specified location 

(about 1.15 metre from the ground level) as shown 
in figure 2. Portable anemometer, Testo®405i, with 

accuracy of °0.3m/s and measuring range from 2 

m/s to 15 m/s was employed to measure air velocity 

at the exhaust fan. 

 
Figure 2 ï Distribution of measuring points throughout  

the hatchery building. 
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The boundary conditions of walls and roof were 
defined using static temperature that measured from 

digital laser infrared thermometer, FLIR C2, with 

accuracy of ±2°C. It is noted that similar approaches 

using the same methods to define boundary 
conditions have been reported (Vilmar Rodrigues de 

et al., 2018, Saraz et al., 2013). Table 1 describes the 

boundary conditions defined in this mathematical 
model. The local surface of each boundary condition 

is shown in figure 3. 

 

Table 1 Boundary conditions defined for the simulation. 

 
 

 
Figure 3 ï The proposed model of a hatchery building. 

 

4. Mesh study 

Mesh independence study was performed to 

ensure accurate simulation results. Meshes used in 
the proposed model of a hatchery building were 

refined especially in areas of high variable 

gradients. The number of meshes was gradually 
increased until the simulation results did not vary 

significantly. Moreover,  

the y+ variable (Equation 3), which varied 

according to the selection of a turbulence model, 
was investigated. The y+ variable represents a 

dimensionless distance of the first node from the 

wall. It is suggested that the value of y+ should be in 
the range of 30 <  y+ < 300 for the standard k-epsilon 

turbulence model (Andersson et al., 2012). 

 (3) 

, where  is the friction velocity defined as 

.  represents wall shear stress;  

represents fluid density;  is the distance of the first 

node from the wall;  is the kinematic viscosity.  

 

5. Model validation  

The mathematical model (RANS model) of air 

flow inside a hatchery building was validated using 
hot-wire anemometers and thermometers. The 

simulated results were compared with the data 

collected from the hatchery building. The indoor dry 
bulb air temperature was compared at 21 measuring 

points throughout the hatchery building as shown in 

Figure 2. Equation 4 was applied to computed the 

relative error as follows: 

 (4) 

, where  is the difference between the simulated 

and measured air temperature (%);  represents 

measured air temperature;  represents simulated  

air temperature, respectively. 

 

Results 

1 Mesh independence test and convergence criteria 

Three different mesh densities were studied as 

shown in Figure 4. Mesh 1 (element size of 0.3 
metres/ 128,893 nodes/ 311,300 elements), mesh 2 

(element size of 0.25 metres/ 200,685 nodes/ 

507,593 elements), and mesh 3 (element size of 0.2 

metres/ 316,078 nodes/ 862,895 elements) were 
tested with acceptable mesh qualities. The result 

shows that the simulated air  

 

Figure 4 ï Comparison of simulated air temperature 
between different mesh size elements at 21 measuring  

points. 
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temperature obtained from mesh 2 and mesh 3 
was not significantly different, so mesh 2 with 

507,593 elements was sufficiently refined for the 

simulations. Moreover, the value of y+ variable was 

equal to 230.767, which was acceptable for the 
selected turbulence model. In steady-state simulations,  

the convergence criteria were monitored. Figure 5 

shows that, after 1500 timesteps, the root-mean-
square error values of less than 1x10-5, an acceptable 

error, were obtained. 

 

2 Proposed model 

First, the proposed model of air flow inside the  

 
Accumulated Time Step 

Figure 5 - Monitoring of the convergence criteria.  
 

hatchery build was simulated. Indoor dry bulb 

air temperature obtained from numerical simulations  

were compared with those obtained from 
measurements. Table 2 shows that most of relative 

errors were less than 5%. Only relative errors at 

points 1, 2, 14 and 15 were higher than 5%. This 
might be due to the presence of strong air circulation 

around those measuring points near the exhaust fan. 

It is noted that Pt stands for. 
 

Table 2 Comparison of measured and simulated air 

temperature at 21 measuring points. 

 
 

a measuring point; Mea stands for measured air 

temperature; Sim stands for simulated air temperature;  

Re stands for relative error, respectively.  

Figure 6a, 6b, and 6c present the distribution of 
air temperature inside a hatchery building. It reveals 

that high temperature zones were accumulated near 

a roof of the hatchery building, while the lower air 

temperature zones were located near the ponds. 

The distribution of air velocity inside the 

hatchery building was simulated. It shows that there 

were high velocity zones only at the air entrance and 
at the exhaust fan only. Large areas of extremely 

low air movement (dead zones) were presented 

inside the hatchery building (Figure 7). This implies 
that the improvement of a ventilation system is 

needed to minimize dead zones. 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure 6 ï Simulated air temperature distribution 

inside a hatchery building.  
 

a) Contour in a transverse plane at the exhaust fan. 

b) Contour in a longitudinal plane at the pond level. 
c) Contour in a vertical plane at the middle of the 

building. 

 
Figure 7 ï Simulated air velocity distribution inside 

a hatchery building (Contour in a longitudinal plane 

at the pond level). 
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3. In situ measurements 

Figure 8 shows that the indoor air temperature 

fluctuated within 26.9-37.8oC during a day; it 

increased during the daytime and decreased at 

nighttime. Water temperature varied within 30.6-32.5oC  
exceeding the recommended values, 28-30oC 

(Limsuwan et al., 2009).  

Moreover, there is a close positive correlation 
between water temperature and indoor dry bulb air 

temperature as shown in figure 9. 

 
Figure 8 ï Average daily measured water temperature  
and indoor dry bulb air temperature. 

 

 

Figure 9 ï Correlation between water temperature 

and indoor dry bulb air temperature. 

 

Conclusion and Discussion 

The mathematical model of air flow inside a 

hatchery building was developed. Quantitative 

predictions of fluid-flow phenomena inside the 
hatchery building were obtained. To calibrate the 

mathematical model, in situ measured data was 

needed. From the investigation of thermal and 

environmental conditions inside the hatchery 
building, it shows that the water and indoor dry bulb 

air temperature were outside the recommended 

range affecting the growth and survival of shrimp 
larvae. The simulated results reveal the non-uniform 

temperature distribution with large areas of 

extremely low airflow (dead zones) and heat 

accumulation zones. It is suggested that the 
improvement of a ventilation system is needed to 

minimize dead zones and to obtain appropriate 

thermal rearing conditions. The information 

gathered from this study would be useful for the 
development of next generation enclosed hatchery 

buildings. Computational fluid dynamics will be 

also included in the design phase to save time and 
reduce development costs. 
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Abstract 

Rice cultivation consists of the following four operations mainly: 1) planting, 2) management while 

growing in the paddy field, 3) harvesting and 4) processing. The planting can be done mostly by two ways 
of direct sowing and transplanting. Normally the harvesting operation consists of rice plant harvesting and 

threshing. It can be believed that the combine harvester was so named because it has the tandem functions 

of harvesting and threshing rice. The above mentioned is a series of operation performed in rice cultivation. 
However, are there any measures to further reduce production costs? It is easy to see that direct sowing is 

cheaper than transplanting.in terms of material handling, and labor & energy saving. The acceptance rate of 

direct sowing looks slow due to the stability in the initial stage of growing of rice after the sowing up to 

sprouting, but there may be no doubt that direct sowing will become more widespread. Furthermore, in the 
harvesting operation, it is expected that a combine harvester equipped with a rice de-husking function enable 

to accomplish the three operations of harvesting, threshing, and de-husking .  

In this paper, the hyper low-cost rice production system is discussed focusing on the rice for 
processing only by replacing the transplanting to direct sowing, and by adding the de-husking function to 

the existing two functions of harvesting and threshing 

 

Keywords: Direct sowing of rice, Direct de-husking of rice, Hyper low cost rice mechanization syst 
 

Introduction  
The direct sowing of rice has gradually become 

accepted since the early 1990s even though it has 

been popularly accepted due to the following 
reasons such as 1) possible to do manually by use of 

family labor force, 2) no need to mechanize and use 

machines under small scale farming and in a 

situation where mechanization is hardly advanced, 
3) possible easily to hire cheap labor forces and so 

on. Table 1 shows the direct sowing acceptance 

percentage for four regions in Thailand from the 
year 1990 to 1997 (Source: Agricultural Economics 

Bureau, Ministry of Agriculture and Cooperatives, 

Thailand). It can be found from this that almost 40 % 
of the planting has been done by direct sowing in 

two regions of Northern and Southern. In the 

Central 76% was done by direct sowing. It can be 

seen that only 7% of the Northeastern region is not 
covered by direct sowing in 1990, however it has 

been increased up to 27% in 1997. For the other 

three regions such as Northern, Central and 
Southern it can be found clearly that the direct 

sowing increased exactly for the past 7 years except 

Southern region which has no increase or decrease 
and maintains a constant situation of 40%. Figure 1 

shows the change of the direct sowing from the year 

2010 to 2018. It can be found from this that the 
direct sowing was already accepted more than the 

transplanting. The reasons why the direct sowing 

was more accepted than the transplanting can be 
followed referring to the survey report by Tuyoshi 

Sumita and Masuo Ando as follows. For the 

questionnaire done by them, the farmers answered 

for the question "What will you do if you no longer 
hire workers for rice planting (unit: %)?". Farmers 

answered as shown below. 

About 70 % of the farmers liked to introduce the 
direct sowing and 23.6 % of them considered the 

farmland lending and consignment. In case of rain 

fed area farmers, 66.7% of them like to introduce the 
direct sowing and 25.0% of them like to have 

farmland lending and consignment. On the other 

hand, the irrigated area farmers answered as 

follows. 80.% of them like to introduce the direct 
sowing and 20% of them considered the farmland 

lending and consignment. One of the most important 

key factors for the farmers to make final decision is 
the raise up of the labor wage. There could be found 

two kinds of farmers involved among them in this 

survey; one is high yielding framer and the other is 

low yielding farmer.  
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Figure 1 shows the direct sowing of rice in 
Thailand, processed and made referring to Table 1 

showing the four main regions of Thailand for the 

years from 1990 to 1997 

 
Table 1 Direct sowing acceptance in four regions in 

Thailand (%) 

Direct sowing acceptance in 

four regions in Thailand  (%)

Region 1990 1991 1992 1993 1994 1995 1996 1997

North
Eastern 7 12 26 54 26 25 24 27

Northern

39 57 57 51 52 52 56 65

Central

76 83 83 83 82 87 91 90

Southern

44 39 41 45 45 42 39 40

 
 
Table 2 Direct sowing and transplanting ratio in 

Thailand (%). 

Year Direct sowing (%) Transplanting (%) Total (%)

2010 54.8 45.2 100

2011 54.5 45.5 100

2012 73.5 26.5 100

2013 56.9 43.1 100

2014 70.3 24.7 100

2015 59.3 40.7 100

2016 59.3 40.7 100

2017 73.5 26.5 100

2018 52.9 47.1 100
 

 
In the same way Figure 2 shows the direct 

sowing of rice in Thailand, processed and made 

referring to Table 2 showing the acceptance ratio of 

direct sowing and transplanting in Thailand during 
2010 to 2018. (Source: Agricultural Economics 

Bureau, Ministry of Agriculture and Cooperatives, 

Thailand). 

The direct sowing of rice began to be accepted 

around 1990 in North Eastern area of Thailand. In 

the central area it was mostly accepted up to 90 %. 

The northern and the southern regions followed. 
(Table 1). The acceptance ratio of direct sowing has 

been constantly maintained more than 50% in recent 

eight years from 2010 to 2018 even though it had 
done more than 70% twice in 2012 and 2014. It's 

unclear why that happened. It can be found clearly 

from these data shown here that the direct sowing of 
rice is being accepted yearly almost 50% in all the 

regions. The complete transfer of direct sowing 

takes time for successful acceptance by the farmers. 

Because it has still some obstacles to negotiate. It 

can be pointed out from the author's viewpoints that 
the yield per unit looks less than  the Japanese case, 

which is almost equal to the half of it. Two ways of 

thinking may be considered. One is more 

investmens for more yields and less inputs for less 
outputs at satisfactory level. Which one will be the 

option to choose ? Considering that the majority of 

farmers are part-time farmers more or less due to 
small scale of farming. They will take the second 

option of less input less output just under satisfactory  

level, however no more new advanced technology 
can be developed and innovated for promoting 

agrciulture. The less input, but higher output way 

should be pursued. From this point of view, the 

author would like to propose HLRP, Hyper Low-
cost Rice Production system mainly focusing on the 

processed food production, because no need to be so 

strict about quality. Direct sowing and direct de-
husking tecnologies can make it possible drastically 

in reducing the total operation time and saving 

labor, energy and materials. 
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Figure 1 Direct sowing change during 1990 - 1997 

in Thailand 
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in Thailand 
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1. Rapid transition to direct sowing  

The followings may be the basic background 

reasons why the rapid transition to the direct sowing 

has occurred.  

Labor force shortage in rural areas due to the 
raise up of labor force wage. In 2011 to 2014, The 

Thai Government increased the minimum wage per 

day double from 150 THB to 300 THB.  This is good 
for most of the people, however the farmers had to 

pay high wages to employ workers. The reduction 

of employment wages required for transplanting 
operation. The minimum daily allowance has doubled,  

but from the farmer's side of hiring laborers, it was 

necessary to reduce wages.Even in case of using 

direct sowing, the yield was almost equal to or 
higher than that of planting, therefore there is no 

need to force the transplanting method to continue. 

In some cases, even direct sowing can produce the 
yield at the same level as transplanting. 

 

2. High yielding and Low yielding farmers 

Management difference between high-yielding 

and low-yielding farmers is shown below. 

1) Part-time income dependency rate for high-

yielding and low-yielding farmers are shown as 
follows: 46.7 % for high-yielding farmers and 

67.2 % for low-yielding farmers. It can be seen from 

this point of view that both of them are more or less 
dependent on part time income in addition to the 

original main job on farm. They may be categorized 

generally in the part-time farmer due to small scale 

farming. The following is the additional description 
between both kinds of farmers involved in the 

survey.1) High yielding farmers spend the total 

working time 10% more than Low yielding farmers 
2) High-yielding farmers spend a relatively large 

amount of time for weed control, followed by tillage 

and fertilizer application. High-yielding farmers are 
generally characterized by the following tendency 

compared to the low yielding farmers. (1) They sow 

a lot of seeds compared to the Japanese farmers as 

shown later and fertilizers (2) They totally rely on 
the family labor force, (3) They put in herbicides 

and hands for weed control. The above-mentioned 

means that high yielding farmers would like to 
perform the chemicals (herbicide & pesticide) 

application, tillage and leveling work more carefully.  

On the other hand low-yielding farmers are more 
dependent on the labor force employment for 

planting work than high-yielding ones. 

 

 
 

 

3. Seed amount for direct sowing 

The sowing amount of seed per 10a is as follows 

1) 8.4 kg/10a for high-yielding farmers & 2) 6.7 

kg/10a for low-yielding farmers respectively. In 

Japan the farmers normally prepare at 3.0 kg/10a, 
therefore in Thailand the farmers use almost 2.2 to 

2.8 times of seeds more than Japanese ones. In case 

of USA, they use three to four times of seeds more 
than Japanese farmers in direct sowing. It seemed 

that they are less tolerant of bird eating attack and 

weed control. They also take into account the loss 
about the damage caused by bird attack after direct 

sowing before germinating and sprouting. Even in 

the harvesting operation, they harvest only the parts 

with rough rice grain above the height of the grown 
up weeds by use of the stripper type combine.  

 

4. Yield per unit area (10a) 

Table 2 shows the average yield (unit: kg/10a) 

in rain-fed paddy field (Survey site: Khon Kaen 

area) There can be found almost 22 kg difference in 
the yield per unit area (10a). Looking at the disparity 

between farmers, the lowest yield is: 1) 125 kg / 10a 

for Transplanting and 2) 70 kg/10a for direct 

sowing, Even here shows that the transplanting is 
higher than direct sowing. The yield data shown 

above in Table 2 are almost equivalent to a half or 

lower of the case in Japan which is almost 500 kg to 
600 kg/(ha). This level of yield can be accomplished 

easily without fertilizer application under well 

irrigated paddy field and minimum application of 

herbicide for weed control only once in the four 
month growing season. (Source: Author's experience  

on his own transplanting based farm). One of the 

most effective commercial herbicide registered 
under the name of "Top Gun" can make it possible 

to control the weed completely under fully irrigated 

condition to cover the whole surface of the paddy 
field almost for one month or so to control the weed 

perfectly. The irrigated water shouldn't be drained 

for this duration, otherwise the herbicide does not 

function effectively. In addition it leads to the waste 
of money to drain the pumped-up water in which the 

herbicide is dissolved. 
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Table 2 Average yield comparison in both planting 

methods of direct sowing and transplanting  

Planting 

method

Average yield

(kg/10a)

Direct sowing 249.9

Transplanting 271.8

Source: Tsuyoshi Sumita , Masuo Ando (2002)

Economy of Direct Seeding of Rice in Northeast Thailand 

and its Future Direction, Japanese Journal of Rural 

Economics, Vol. 40, No.1 (No. 112)

 
 

 
Figure 2 Commercial herbicide "Top Gun" 

 

5. Cost comparison  

How will such high-yield farmers' labor and 

high material investment appear in terms of costs? 
Here shows one of the answers for this question in 

comparison between high yielding and low yielding 

farmers. According to the paper reported by 
Tsuyoshi Sumita & Masuo Ando, the high-yielding 

farmers also have lower labor costs, and they are 

more likely to use family labor than employment 

labor forces, so the difference with low-yielding 
farmers is quite small. It looks a little bit difficult to 

say and cover all the cases, however it may be 

possible to say that the yield is proportional to the 
amount of materials invested and the labor forces in 

some range. High-yielding farmers fall into this case.  

They are enthusiastic about cultivation management 

and strive to do as much as possible with their own 
family labor without hiring workers easily. Rather 

than relying on the employment of labor forces, it 

may be said that their own self-help efforts have 
realized cost savings and high yields. 

 

 
 

 

Research objective  

Technology, research, and development are 

progressing day by day. Two technologies proposed 

here for Hyper low-cost rice production system 

building are technologically acceptable, but not 
socially acceptable due to some of the reasons such 

as the appearance quality represented by surface pin 

point injury and cracks, etc. Honestly to say they are 
still not enough to call "Appropriate technology", 

however they can be possibly traded depending on 

the social needs in the special industry sector. One 
of the most importnat points of the purpose is to 

focus on the rice production to be used only for rice 

related processed food and realize the  "Hyper Low 

Cost Rice Production System" building. This means 
simply no need to pay much attention to the quality, 

but to pay more to the massive production of rice. 

The input energy required for final product 
production should be minimized as much as 

possible and the final products should be processed 

for more value adding. on them. This is the original 
essence of the research objectives as shown below 

based on the philosophy mentioned above 

1) To propose New Rice production system named 

as HLCRP, Hyper Low Cost Rice Production 
System by the application of two methods of 

operation stages in Planting & Harvesting 

2) To clarify and show the obstacles to negotiate for 
problem solving in addition to the direction 

which way to move forward 

3) To show the effect how the rice production system  

can be simlified  and changed essentially 

4) To discuss how the rice supply chain can be 

changed to provide further possibility and system 

improvement by the newly proposed system  

5) To build up the Hyper low-cost rice production 

system by the combined concept introduction 

and application of direct sowing and direct de-
husking technologies focusing on the rice related 

processed food production with the first priority 

of low cost over the quality. 

 

1. Basic principle to increase the net income  

There may be three types of agriculture such as 

1) Hobby agriculture, 2) Environmental protection 
agriculture and 3) Business agriculture. The agriculture  

discussed here should be categorized into the third 

one. Farmers have to live relying on the income 
from farming, therefore the income should be 

enough to take care of the farm management. In this 

case the net income is more important to discuss 

than the gross income. The method of how it should 
be maximized must be discussed. Here shows the 
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concept. The net income can be expressed as the 
gross income minus the total expenses as shown 

below in equation (1). 

NI (Net Income) =  

GI (Gross Income) - TE (Total Expense) (1) 
 

The above shown equation can be therefore 

rewritten as shown in equation (2). 

1 1= =

= -ä ä
n m

i i j j

i j

NI a x b y  (2) 

GI TE 

where Á: unit price of i th product and Ø :the total 

amount production of i th product and they are 
factors that make up gross income. In the same way, 

the factors to make up the total expenses Â and Ù 

show the unit price and the amount of j th material 

invested respectively. Needless to say GI and TE are 
Gross Income and Total Expense respectively too. 

In the equation (2) shown above, the maximization 

of the net income can be done by the maximization 

of gross income and minimization of the total 
expenses, therefore the equation can be rewritten as 

shown below. 

{ }
1 1= =

ë ûë û
= -ì ü ì ü

í ý í ý
ä ä

n m

i i j j

i j

Max NI Max a x Min b y  (3) 

In addition n and m show the total number of the 
crops and the materials to be considered. In this case 

the rice is the only one objective crop 

 

Hyper Low-cost Rice Production System 

Figure 3 shows the comparison between 

conventional and newly proposed rice production 

systems. The main different points between them 
are shown in detail in Figure 4. Here shows the 

summary how they are different in the two operation 

stages of planting and harvesting 

 

 

Comparison between Conventional 

& Newly Proposed System

Seed sowing

Nursery plant growing

Transportation of 

nursery plant 

Transplanting

Irrigation & Drainage

Chemicals application

Herbicide & Pesticide

Fertilizer

Rice plant cutting

Threshing for Rough 

rice collection

Direct sowing of seed

to Paddy field under 

Dry / Wet conditions

Irrigation& Drainage

Chemicals application

Herbicide & Pesticide

Fertilizer

Rice plant cutting

Threshing for Rough 

rice collection

Simultaneous de -

husking 

Planting

Management

Harvesting

Conventional Newly proposed

Same

 
Figure. 3 Comparison between conventional and 
newly proposed system 
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Figure. 4 Main different points between both systems 
 

1. Planting operation  

In the existing transplanting system, the following  

three operations are needed: 

1) Management & Nursery plant growing 

2) Transportation of nursery plant to the farm site 

3) Transplanting rice plant in the paddy field, In the 
newly proposed system the direct sowing is 

however introduced for the replacement of the 

transplanting. By this planting system change, 

many merits can be found as follows. 

1) Drastic amount of energy & labor caused by 

material handling and massive nursery plants 

transportation can be possibly saved in 
addition to the management of nursery plant 

growing and preparation 

2) No need to grow nursery plant, but just 
needed to prepare the required amount of 

seed only 
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3) In case of using drone in near future, the 
planting can be easily completed so quickly 

in a short time, however the total capacity of 

payload should be increased enough to 

carryfor hovering. 

On the other hand, the following obstaces must 

be howevernegotiated. 

1) Low seed germination rate should be improved 
by use of plasma technology application for 

example  

2) Low liability of sprouting ratio should be 
improved by use of chemical coating aids for 

example 

3) Problems in early stage of seed growing such as 

low rate of germination and sprouting caused by 
the problems shown below should be removed. 

Currently most of the problems listed here are 

solved or on the way for further improvement by 
the newly developed technology application such 

as plasma, micro nano bubbles, chemical seed 

coating etc. Thefollowing three are the problems 
to negotiate to promote and expand direct sowing 

as the method of replacement of transplanting 

4) Bird attack  

5) Lodging,  

6) Weed control  

 

2. Harvesting & Processing operation 

In case of mechanical harvesting of rice, the 

combine harvester is normally used. It has mainly 

two combined functions of harvesting the whole rice 

plant (consisting of straw and rough rice grain) and 
threshing to remove the rough rice grain from them. 

In the newly proposed system by the author, it has 

three functions of harvesting, threshing and de-
husking. These three functions can make it possible 

to harvest brown rice directly from the paddy field. 

Two operations of harvesting and processing by the 
additional de-husking function equipment can 

simplify the existing harvesting system. 

 

Conclusions 

Rice cultivation consists of the following four 

operations mainly such as planting, cultivation 

management while growing, harvesting and post-
harvest processing & treatment. However, the methods  

of these operations differ depending on the country 

or region, depending on the conditions such as 
climate, land & soil fertility , and whether or not 

infrastructure for irrigation and drainage is being 

developed. In Asia, individual farmers are mostly 

small and mechanization has not progressed much 

yet. In Europe, the United States and Australia, it is 
inevitable to introduce gigantic machines due to 

large scale of farming. In this paper, the author 

reviewed the existing rice cultivation system and 

proposed the HLRP, (Hyper Loe-cost Rice 
Production) system as one of the methods to 

promote and revitalize rice farming in Asia. Of the 

above four main operations, this system simplifies 
the existing system by making it a combined 

simultaneous one-pass operation specifically focusing  

on planting and harvesting operation, which leads to 
significant labor, energy, materials, and time savings.  

Proposed the possibility of constructing an HLRP 

system, and derived the following conclusions from 

data collection and analysis for that purpose. 

The rice planting operation is categorized into 

two methods of direct sowing and transplanting, but 

in Thailand the ratio between them is almost 50% to 
50% on average. Although the mechanization by use 

of rice transplanters or something like that is going 

for planting, most of the direct sowing is done by 
human power or by a simple machine (or almost 

equivalent to the one at the tool level). This fact is 

however important and it can be considered that 

transplantating that enables stable yields is going to 
be changed to direct sowing. By the way in Japan, 

direct sowing is less accepted, only about 1% of 

transplanting way of cultivation. On the contrary, in 
the United States, large-scale farm management is 

supported by large-scale aerial broadcasting using 

small aircraft. In Thailand, the yield is about 3 tons 

per one (ha), which is about half of the yield from 
Japanese way of transplanting, but direct sowing 

using a small aircraft in the United States yields 

almost the same as Japanese transplanted one or 

more. 

The following conclusions can be derived from 

this point of view. In other words, the shift of 
transplanting method to direct sowing one will be 

expanded further, and mechanization incorporating 

technology for covering large-scale and large areas 

will be promoted. One of the possibilities is the 
application of "drone" which is recently closed up 

much even to the other different industrial sectors 

from agriculture. In addition, in order to select only 
good seeds, the specific gravity selection using salty 

water may be possibly changed to plasma treatment 

to improve the germination ratio, oxygen supply for 
promoting germination, herbicides to ensure smooth 

growing after successfully germinated of seeds and 

sprouted nursery plants, and insecticides. Advances 

in various coating agents around the seeds such as 
herbicides, insecticides and fertilizers applications, 

and their coating technologies will be highly expected  

to be developed. In addition, it can be expected to 
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apply micro/nano fine bubbles that can maintain 
biodiversity under irrigated condition without using 

chemicals while growing, even for the sterilization 

of agricultural products after harvesting. Just the 

change of transplanting to direct sowing, more 
savings can be achieved such as the large amount of 

time required to prepare nursery seedlings fitted 

with transplanting based cultivation, labor costs for 
management, energy required to transport those 

seedlings to the paddy field, and reduction of 

materials handling for transportation etc. It has been 
well known that direct sowing is an energy-saving 

way of planting due to simpler than transplanting, 

but various problems such as low germination rate, 

damage due to bird attack, lodging, and weed 
control have not been solved yet completely. It has 

not reached yet at the stable level technically. 

However, it is presumed that expectations for direct 
sowing and the development with innovation of 

related technologies will be greatly progressed due 

to the changes in the situation of the transition from 
transplanting to direct sowing. It is unlikely that the 

scale of extension will not be increased at once, 

however the mechanization will be able to 

overcome even a small scale 

A combine equipped with an impeller-type de-

husking function to de-husk rough rice with high 

moisture was already proposed and reported by the 
author about 20 years ago, but the impact force of 

the impeller rotating at very high speed produces the 

scratched tiny injury or sometime crack at the 

surface of brown rice. Technology transfer and its 
extension using function have not been achieved yet, 

because those small scratched injuries and cracks on 

the surface of brown rice, so-called as appearance 
quality, do not meet consumer standards. However, 

rice consumers' commitment to quality can only be 

discussed on the premise that rice is a sufficient food 
resource for them, and in areas facing to a food crisis 

where there is no food to eat tomorrow, it doesn't 

really matter. Being able to eat is the first important 

priority for the people living there. The policy of 
production control due to overproduction has a great 

negative impact on farmers' pride and dignity in the 

profession of agriculture, loss of confidence, and the 
insufficient human resources development as the 

successors. Just because there is a slight problem 

with the appearance quality of brown rice, it is 
necessary to have a policy to increase rice 

consumption by using the technology to open up 

new markets rather than denying the technology 

itself. The policy should be never enforced to 
discourage farmers, lose their future dream and 

lower the motivation. 

If the appearance quality does not meet the level 
of consumers' acceptance, it's necessary to find a 

new market where the products are needed and 

consumed. Regardless of whether stable production 

of high-quality products is always possible, if that is 
not the case, it is really needed to look for another 

market. One of the possibilities to achieve is HLRP. 

Hyper Low-cost Rice Production system building. 
Even low-quality products can solve the problem by 

processing them and adding higher values on them 

and putting them in the market as high-value-added 
products. Never take negative measures such as 

production control without any ingenuity. Recently, 

products that combine a rice de-husker equipped 

with an impeller-type .de-husking function and a 
subsequent rice milling function is getting gradually 

noticeable. Although it is a machine that has already 

commercialized long time ago, the author believes  
it will be a great opportunity for letting the consumers  

reconfirm its goodness of the products. The author 

believes that it should be promoted along that 
direction. The advantage of the combine equipped 

with high moisture removal function can perform 

the three operations of harvesting, threshing, and de-

husking in one pass operation, but rice trading in 
Asia is based on paddy (rough rice), The brown rice 

trading is done after that. It's different from Japan. 

One of the considerations is the logstics of rice and 
its supply chain. It is however possible to solve the 

problem by adopting the conventional method as 

needed on demand and using the hybrid method that 

enables new responses according to consumer needs. 

In this paper, the author presented recent data on 

the accptance of direct sowing cultivation of rice 

mainly focusing on the planting operation stage, and 
suggested the direction to go for the future. 

Regarding the rice combine equipped with high 

moisture de-husking function, the author explained 
it briefly, but he would like to leave it for the next 

paper, therefore he summarizes major findings, 

opinion and resolution of the author which could  be 

drawn from the work. 
 

1. Further study & recommedation 

Simly to say the concept of HLRP system can 
be uderstood that is very similar to investing in 

stocks, somthing like high risk & high return. Of 

course, the opposite is also true. That is, low risk & 
low returen, however as far as the agriculture is one 

of the business industries, the risk should be 

minimized and the fale safe concept should be taken 

into account for risk avoidance and stable farming 
management. That is the sustainable healthy 

management. It's really needed, therefore it should 

be going without saying that it is imporatntly 
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necessary to transfer and disseminate well-proven 
and reliable  technologies. Low risk and high return 

are what every  business owners wants, and farmers 

are no exception. However, the creativity and 

ingenuity of each manager greatly affects the results 
of how to achieve high returns with less risk. For 

that purpose, the technology provider also has to 

feel a big part of its responsibility. For that reason, 
as mentioned above, it is necessary to transfer and 

disseminate reliable and proven technology. The 

rice cultivation technology so far has been 
integrated taking a long time, and then .transferred 

and extended, and a basic farming system enable to 

maintain the stable management has been successfully  

completed, and the mechanization of these operations  
has created a system for current rice cultivation. The 

hyper-low cost rice production system is a challenge 

to build a new system of how to stably establish this 

concept.  

Hyper Low -cost Rice Production             

system

High yield 

farmer

Low yield 
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High yield

Low yield

High 

input
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input
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Figure 5 Schematic concept view of HLRPS (Hyper 
Low-cost Rice Production System) 

 

Figure 5 shows the schematic view of the main 
points of the HLRP (HypeLoe-cost Rice Production 

System) system to realizes and perform "Low input-

High yield" more clearly for better and easy 

understanding. 
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Figure 6 Main two components of the system in 

planting andharvesting 

 
High investment and high income, and low 

investment and low income seem to be very common.  

As far as following these ways, it is however rare to 

always enjoy the real thrill of business. How high 
income can be obtained with low investment is a 

business skill for business owners (farmers in this 

case). The purpose of this project proposal is 
however to promote agriculture as a whole by 

proposing and constructing a new system, rather 

than profiting some managers. The processed / 
cooked rice is popular because it is easy to cook, 

tastes good, and possible to be stored for a long 

time.The processed cooked rice is produced 

approximately 373,000 tons (2017) annually in 
Japan. It is up 8.1 percent from the previous year. In 

addition, most of the production is made up of cold 

cooked rice (about 50%) and aseptic cooked rice 
(about 40%). For these processed cooked rice, 

various kinds of products with different ingredients 

and seasonings are on sale. (Source: Public Interest 
Incorporated Foundation for Rice Stable Supply 

Securing Support Organization, Japan). 

Even if resources are overproduced, it is 

better to have them than not to have them. They can 
be used even under the overproduction for many 

other purposes. Nothing can be used under no 

resources. It is difficult to disregard profits when 
producing resources for the purpose of making a 

profit. However, the idea of controlling production 

to maintain profits certainly leads to the decline of 

the industry itself. In the case of overproduction, the 
correct response is to promote the development of 

new markets and increase of the consumption using 

products made from the resources. 
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Abstract 

The objective of this research was to design, construct, and test the cassava pressing set, and a knife 
set for dicing cassava slices,ȮThe machine is consisting of the important parts8Ȯ1'ȮSteel frame set, 2'ȮSlicing blade 
set, blade cover and tapioca feeder compartment, 3'ȮBalancing set, tapioca indenter set and a set of dice knives, 
4'ȮPower set, and 5'ȮPower transmission set,ȮTest results for the performance of the dice cassava shredder by 
using the cassava sample of Rayong 9 cassava samples using the 2 hp 3+phase motor,ȮIt was found that the 
motor speed at 1,562 rpm can cut cassava to 639 kgh+/,ȮThe efficiency of dice cassava is 59 #, not dice equal 
to 30 #, and cassava scraps equal to 11 # 
 
Keywords8ȮPressing set, Knife set, Cassava 
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Figure 1 Cassava 

 
2. ĸńĔļĦŃĕŀĚŏėĶŊŗŀĚľńŗĬĴńĬĽņĮŃľĸńĚŐĭĭĸŌĔŏĨơŅ 

ŏėĶŊŗŀĚľńŗĬĴńĬĽņĮŃľĸńĚŐĭĭĸŌĔŏĨơŅĪňŗıńĥĬŅŏĮƦĬŏėĶŊŗŀĚľńŗĬ
ĴńĬĽņĮŃľĸńĚŐĭĭĸŌĔŏĨơŅŐĭĭĪņĚŅĬĨƞŀŏĬŊŗŀĚŒĬĔŅĶĮƚŀĬ 
ľńĺĴńĬĽņĮŃľĸńĚȮ&Figure 0'ȮőėĶĚĽĶƟŅĚĕŀĚŏėĶŊŗŀĚĴňėĺŅĴĔĺƟŅĚȮ
600 cm ĵŅĺȮ800 cmȮŐĸŃĽŌĚȮ1300 cmĞŉŗĚĴňĽƞĺĬĮĶŃĔŀĭľĸńĔ 
ĪňŗĽņėńĠŀĵŌƞȮ4ȮĽƞĺĬȮėŊŀȮ/' ĴŀŏĨŀĶƢĨƟĬĔņĸńĚĕĬŅħ 0Ȯhp   
0' ĝŋħĽƞĚĔņĸńĚ  1' ĝŋħĩƞĺĚĽĴħŋĸĴňĶńĻĴňȮ7.ȮcmȮĪņěŅĔŏľĸŖĔ 
ĴňĸńĔļĦŃŏĮƦĬėĶŉŗĚĺĚĔĸĴĪňŗĴňėĺŅĴľĬŅȮ3,0ȮcmȮĴňĶŌĕĬŅħ 
ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕĬŅħȮ01Ȯcm  2' ĝŋħŒĭĴňħĪņěŅĔĽŐĨĬŏĸĽȮ
SUS1.2ȮĴňėĺŅĴĔĺƟŅĚ 1. cm ėĺŅĴĵŅĺ 3. cmȮėĺŅĴĽŌĚȮ.,1ȮcmȮ 
ĴňĶŌĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ03ȮcmȮ 3' ĝŋħľńĺĔħĴńĬĽņĮŃľĸńĚ
ŒĝƟŐįƞĬŏľĸŖĔĕĬŅħėĺŅĴĔĺƟŅĚȮ20,5 cm ėĺŅĴĵŅĺȮ20,5 cm 
ėĺŅĴĽŌĚȮ.,5 cm ŏěŅŃĶŌĕĬŅħȮ/,4ȮcmȮ42ȮĶŌȮŒĬĶŌŏĮƦĬĽňŗŏľĸňŗĵĴ



ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĽĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĽĴŅėĴĺŇĻĺĔĶĶĴŏĔļĨĶŐľƞĚĮĶŃŏĪĻœĪĵĶŃħńĭĝŅĨŇȮėĶńŘĚĪňŗ 22 
12+13ȮıķļĳŅėĴȮ0342ȮěńħĮĶŃĝŋĴőħĵȮĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 

92 

ŐĪƞĚĕĬŅħėĺŅĴĔĺƟŅĚȮ4 cm ėĺŅĴĵŅĺȮ/,3Ȯcm Ȯ4' ĝŋħĴňħ 
ľńŗĬĵƞŀĵŏĮƦĬĸŌĔŏĨơŅěŃĮĶŃĔŀĭħƟĺĵȮ0ȮĽƞĺĬėŊŀȮ&/'ȮĔĶŀĭĕŀĚĝŋħĴňħ 
ĴňĕĬŅħėĺŅĴĔĺƟŅĚȮ00 cm ėĺŅĴĵŅĺȮ00,3ȮcmȮĶƞŀĚŒĽƞŒĭĴňħ 
ĪňŗĴňėĺŅĴĸŉĔȮ0,32Ȯcm ėĺŅĴĵŅĺȮ.,/3ȮcmȮőħĵŐĨƞĸŃĶƞŀĚ 
ľƞŅĚĔńĬĶƞŀĚĸŃȮ0,32ȮcmȮőħĵĪńŘĚȮ2ȮħƟŅĬȮĪņĶƞŀĚȮ5ȮĶƞŀĚȮ 
&0'ȮŒĭĴňħĪņěŅĔĽŐĨĬŏĸĽĴňĕĬŅħėĺŅĴĔĺƟŅĚȮ03,3 cm ėĺŅĴĵŅĺȮ 
0,5ȮcmȮěņĬĺĬȮ/2ȮŒĭȮĬņĴŅĭŅĔĶƞŀĚĴňħŒľƟĴňėĺŅĴĸŉĔȮ/0,3ȮmmȮ 
ŐĸŃĴňėĺŅĴĔĺƟŅĚȮ.,/3ȮcmȮĞŉŗĚŐĨƞĸŃĝƞŀĚŒľƟĴňėĺŅĴľƞŅĚĝƞŀĚĸŃȮ
0,32Ȯcm &Figure 1'Ȯ 

 
Figure 0 Cassava Cube Cutting Machine 

 

 
&a' 

 
&b' 

Figure 1 &a' Slicing blade setand &b'Ȯdice knives set  
 
1.ȮĨńĺŐĮĶŒĬĔŅĶĪħĽŀĭőħĵŒĝƟŏėĶŊŗŀĚľńŗĬĴńĬĽņĮŃľĸńĚŐĭĭ
ĸŌĔŏĨơŅ 

ĔŅĶŏĸŊŀĔŒĝƟľńĺĴńĬĽņĮŃľĸńĚȮőħĵıŇěŅĶĦŅŏĸŊŀĔľńĺ 
ĴńĬĽņĮŃľĸńĚĪňŗĴňĶŌĮĶƞŅĚŏľĴŅŃĽĴĪňŗěŃĬņĴŅľńŗĬőħĵĴňĨńĺŐĮĶ 
ŒĬĔŅĶĪħĸŀĚȮėŊŀėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢ /,/14, /,056, /,20.Ȯ
ŐĸŃȮ/,340ȮrpmȮĨŅĴĸņħńĭȮŒĬĔŅĶĪħĽŀĭėĶńŘĚĬňŘěŃĪņ 
ĔŅĶĪħĸŀĚĔĸŋƞĴĨńĺŀĵƞŅĚĸŃȮ1.ȮėĶńŘĚőħĵľŅĮĶŃĽŇĪīŇĳŅı 
ŒĬĔŅĶľńŗĬĔŅĶŏĮƦĬŏĨơŅĽĴĭŌĶĦƢ (Figure 2)ȮĔŅĶŏĮƦĬŏĨơŅ 
œĴƞĽĴĭŌĶĦƢȮĔŅĶŏĮƦĬŏĻļĴńĬȮŐĸŃľŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬ
ĕŀĚŏėĶŊŗŀĚľńŗĬĴńĬĽņĮŃľĸńĚŐĭĭĸŌĔŏĨơŅ 

 
2, ĺŇīňĔŅĶĪħĽŀĭ 
ĪņĔŅĶĝńŗĚĬŘņľĬńĔľńĺĴńĬĽņĮŃľĸńĚĨńĺŀĵƞŅĚĸŃȮ/.ȮkgȮ 

ŐĸƟĺĮĶńĭėĺŅĴŏĶŖĺĶŀĭŏėĶŊŗŀĚľńŗĬĴńĬĽņĮŃľĸńĚŐĭĭĸŌĔŏĨơŅ 
ĪňŗŒĝƟĪħĽŀĭȮěŅĔĬńŘĬĔħŏĮƕħĽĺŇĨĞƢŒľƟŏėĶŊŗŀĚĪņĚŅĬĬņľńĺ 
ĴńĬĽņĮŃľĸńĚĮƚŀĬŏĕƟŅĪňŗĝƞŀĚĮƚŀĬĕŀĚŏėĶŊŗŀĚľńŗĬȮěńĭŏĺĸŅĨńŘĚŐĨƞ 
ĬņľńĺĴńĬĽņĮŃľĸńĚŒĽƞŏėĶŊŗŀĚľńŗĬěĬŏĽĶŖěȮěŅĔĬńŘĬĪņĔŅĶėńħŐĵĔ
ĴńĬĽņĮŃľĸńĚĪňŗŏĮƦĬĸŌĔŏĨơŅĽĴĭŌĶĦƢȮĴńĬĽņĮŃľĸńĚĸŌĔŏĨơŅ 
œĴƞĽĴĭŌĶĦƢȮŐĸŃĴńĬĽņĮŃľĸńĚĪňŗŏĮƦĬŏĻļĪņĔŅĶĝńŗĚĬŘņľĬńĔŐĸƟĺĬņ
ĕƟŀĴŌĸěŅĔĔŅĶĪħĽŀĭœĮėņĬĺĦľŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬ
ĕŀĚŏėĶŊŗŀĚľńŗĬĴńĬĽņĮŃľĸńĚŐĭĭĸŌĔŏĨơŅȮŐĸŃėņĬĺĦľŅėƞŅĨƞŅĚȮŕȮ
ŏıŊŗŀĮĶŃŏĴŇĬĽĴĶĶĩĬŃĕŀĚŏėĶŊŗŀĚľńŗĬĴńĬĽņĮŃľĸńĚŐĭĭĸŌĔŏĨơŅ
ħńĚĬňŘ 
Ɗ ŏĮŀĶƢŏĞŖĬĨƢŒĬĔŅĶŏĮƦĬŏĨơŅĽĴĭŌĶĦƢȮ 
;Ȯ&&ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚĪńŘĚľĴħȮƊȮ&ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚ 
&B)C''Ȯ- ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚĪńŘĚľĴħ'' × 100 &1' 
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Ɗ ŏĮŀĶƢŏĞŖĬĨƢŒĬĔŅĶŏĮƦĬœĴƞŏĨơŅĽĴĭŌĶĦƢ  
;Ȯ&&ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚĪńŘĚľĴħ Ɗ &ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚ 
&A)C'' - ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚĪńŘĚľĴħ''Ȯ× 100 &2' 

Ɗ ŏĮŀĶƢŏĞŖĬĨƢŒĬĔŅĶŏĮƦĬŏĻļĴńĬȮ 
;Ȯ&&ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚĪńŘĚľĴħ Ɗ &ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚ 
&A)B'' - ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚĪńŘĚľĴħ''Ȯ× 100 &3' 

őħĵŒľƟ A ; ĴńĬĽņĮŃľĸńĚĪňŗŏĮƦĬĸŌĔŏĨơŅĽĴĭŌĶĦƢ 
B ; ĴńĬĽņĮŃľĸńĚĪňŗœĴƞŏĮƦĬĸŌĔŏĨơŅĽĴĭŌĶĦƢ 

C ; ĴńĬĽņĮŃľĸńĚĪňŗŏĮƦĬŏĻļ 
 
3,ȮĔŅĶĺŇŏėĶŅŃľƢįĸĪŅĚĽĩŇĨŇ 

ĺŇŏėĶŅŃľƢėĺŅĴŐĮĶĮĶĺĬįĸĕŀĚĶŃħńĭėĺŅĴŏĶŖĺĶŀĭŐĸƟĺ
ŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚėƞŅŏĜĸňŗĵĕŀĚŐĨƞĸŃĺŇīňőħĵŒĝƟ
ĔŅĶĪħĽŀĭŐĭĭħńĬŐėĬȮ&Ducan multiple range test'ȮĪňŗĶŃħńĭ 
ėĺŅĴŏĝŊŗŀĴńŗĬȮ73#Ȯ&pƐ.,.3' 

 
Figure 2Ȯdice cassava 

 
įĸŐĸŃĺŇěŅĶĦƢ 

/.ȮįĸĔŅĶĪħĽŀĭ 

ěŅĔ Figure 3 ŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴŏĶŖĺ 
ĶŀĭĴŀŏĨŀĶƢĔńĭĬŘņľĬńĔĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅĽĴĭŌĶĦƢ 
ŒĬŐĨƞĶŃħńĭĕŀĚėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗȮ/,/14, /,056, /,20.Ȯ
ŐĸŃȮ/,340Ȯrpm ĨŅĴĸņħńĭȮĝňŘŒľƟŏľŖĬĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢ
ĪňŗȮ/,/14 rpm ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅĽĴĭŌĶĦƢĽŌĚȮ 
ŐĨƞŒĬĝƞĺĚėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗȮ/,056, /,20.Ȯrpm ĬŘņľĬńĔ

ĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅĽĴĭŌĶĦƢĸħĸĚȮŐĸŃĪňŗėĺŅĴŏĶŖĺ 
ĶŀĭĴŀŏĨŀĶƢȮ/*340Ȯrpm œħƟĬŘņľĬńĔĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅ
ĽĴĭŌĶĦƢĽŌĚĪňŗĽŋħȮŐĽħĚĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗĨƞŅĚĔńĬĪņŒľƟ
ĬŘņľĬńĔĕŀĚĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅĽĴĭŌĶĦƢĴňįĸĪňŗĨƞŅĚĔńĬ 

 
Figure 3The graph shows the relationship between 
motor speed &rpm'Ȯand Cassava scrap weight &Kg',Ȯabc8Ȯ
letters indicate differences among each treatmentȮ 
&P < 0,05' 
 
ěŅĔ Figure 4ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴŏĶŖĺ 

ĶŀĭĴŀŏĨŀĶƢĔńĭĬŘņľĬńĔĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅœĴƞĽĴĭŌĶĦƢȮ 
ŒĬŐĨƞĶŃħńĭĕŀĚėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗȮ/,/14, /,056, /,20.Ȯ
ŐĸŃȮ/,340Ȯrpm ĨŅĴĸņħńĭȮĝňŘŒľƟŏľŖĬĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢ
ĪňŗȮ/,20.Ȯrpm ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅœĴƞĽĴĭŌĶĦƢĽŌĚȮ
ŐĨƞŒĬĝƞĺĚėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗȮ/,340*Ȯ/,056*Ȯ/,/14 rpm 
ĬŘņľĬńĔĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅœĴƞĽĴĭŌĶĦƢĸħĸĚĨŅĴĸņħńĭȮ
ŐĽħĚĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗĨƞŅĚĔńĬĪņŒľƟĬŘņľĬńĔĕŀĚ 
ĴńĬĽņĮŃľĸńĚŏĮƦĬĸŌĔŏĨơŅœĴƞĽĴĭŌĶĦƢĴňįĸĪňŗĨƞŅĚĔńĬ 

 
Figure 4 The graph shows the relationship between 
motor speed &rpm'Ȯand Cassava scrap weight &Kg',Ȯabcd8Ȯ
letters indicate differences among each treatment  
&P < 0,05' 
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ěŅĔ Figure 5ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴŏĶŖĺ 
ĶŀĭĴŀŏĨŀĶƢĔńĭĬŘņľĬńĔŏĻļĴńĬĽņĮŃľĸńĚȮŒĬŐĨƞĶŃħńĭĕŀĚėĺŅĴŏĶŖĺ 
ĶŀĭĴŀŏĨŀĶƢĪňŗȮ/,/14, /,056, /,20.ȮŐĸŃȮ/,340Ȯrpm
ĨŅĴĸņħńĭȮĝňŘŒľƟŏľŖĬĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗȮ/,056 rpm 
ĬŘņľĬńĔŏĻļĴńĬĽņĮŃľĸńĚĽŌĚȮŐĨƞŒĬĝƞĺĚėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢ 
ĪňŗȮ/,/14*Ȯ/,20.*Ȯ/,340Ȯrpm ĬŘņľĬńĔŏĻļĴńĬĽņĮŃľĸńĚĸħĸĚ
ĨŅĴĸņħńĭȮŐĽħĚĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗĨƞŅĚĔńĬĪņŒľƟ
ĬŘņľĬńĔĬŘņľĬńĔŏĻļĴńĬĽņĮŃľĸńĚĴňįĸĪňŗĨƞŅĚĔńĬ 

 
Figure 5 The graph shows the relationship between 
motor speed &rpm' and Cassava scrap weight &Kg',Ȯabc8Ȯ
letters indicate differences among each treatment  
&P < 0,05' 
 
ěŅĔȮFigure 6ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴŏĶŖĺ 

ĶŀĭĴŀŏĨŀĶƢĔńĭŏĺĸŅŒĬĔŅĶľńŗĬȮŒĬŐĨƞĶŃħńĭĕŀĚėĺŅĴŏĶŖĺ 
ĶŀĭĴŀŏĨŀĶƢĪňŗȮ/,/14, /,056, /,20.ȮŐĸŃȮ/,340Ȯrpm
ĨŅĴĸņħńĭȮĝňŘŒľƟŏľŖĬĺƞŅȮŏĺĸŅŒĬĔŅĶľńŗĬěŃĬƟŀĵĸĚĪňŗėĺŅĴŏĶŖĺ 
ĶŀĭĴŀŏĨŀĶƢĽŌĚĕŉŘĬȮŐĽħĚĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢĪňŗĨƞŅĚĔńĬ 
ĪņŒľƟŏĺĸŅŒĬĔŅĶľńŗĬĴňįĸĪňŗĨƞŅĚĔńĬ 

 
Figure 6 The graph shows the relationship between 
motor speed &rpm'Ȯand Slicing time &s',Ȯabcd8Ȯletters 
indicatedifferences among each treatmentȮ&P < 0,05' 
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Figure 7 The graph shows the relationship between 
motor speed &rpm' and Electric power &KWh+1',Ȯabcd8Ȯ
letters indicate differences among each treatment  
&P < 0,05' 
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Figure /. The graph shows the relationship between 
motor speed &rpm'Ȯand Slicing capacity &kg h+1',Ȯab8Ȯ
letters indicate differences among each treatment  
&P < 0,05' 
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Processing'ȮŏėĶŊŗŀĚĴňĕĬŅħȮ1,325 × 3,000 × 1,400 mm ŒĝƟĔĸƟŀĚĨĶĺěěńĭĳŅıĽňėĺŅĴĸŃŏŀňĵħȮ530Ȯ×Ȯ26.ȮNgvcjȮŐĸŃŒĝƟ
őĮĶŐĔĶĴĽņŏĶŖěĶŌĮȮIV + H1 ŒĬĔŅĶĮĶŃĴĺĸįĸĳŅıȮĶŃĭĭĔŅĶėńħŐĵĔĪņĚŅĬŀńĨőĬĴńĨŇėĺĭėŋĴħƟĺĵőĮĶŐĔĶĴȮPLC ĽŅĴŅĶĩėńħŐĵĔ 
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Abstract 
The objective of this is to research and develop the strawberry sorter by using image processing 

technology,ȮThe machine size is 1,325 x 3,000 x 1,400 mm, a cameraŲs resolution530Ȯx 26.Ȯpixels is used for 
color detecting and IV+H1 softwaer is used for image analyzing, The sorting system is automatically operated by 
PLC programmed control,ȮThe machine capable for sorting2types of strawberryŲs coloraswhite,pink,red and dark 
red,ȮThe test was done at 0,05, 0,08 and 0,1 ms+1 of sorting speed, theresult showed the good condition for 
strawberry grading at 0,05 ms+1,ȮThe average of sorting accuracy was 71,01Ȯ#, average working capacity wasȮ1,0/2Ȯ
fruitshour+1, comparing with manual grading it is 2,15 times faster,ȮThe manual grading capacity was 1,494 
fruitshour+1, The machine price is /3.,...ȮTHB, the operation timeis 5Ȯyears, the break+even point is 2,6/Ȯyears, 
 

Keywords8ȮStrawberry, Sorter, Image Processing 
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ĭĪĬņ 

ĽĨĶŀŏĭŀĶƢĶňŗȮ&Strawberry'ȮŏĮƦĬĽĔŋĸœĴƟħŀĔŒĬĺĚĻƢĔŋľĸŅĭȮ
įĸĽŅĴŅĶĩĶńĭĮĶŃĪŅĬœħƟȮŒĬŀħňĨĮĸŌĔŏĮƦĬıŊĝėĸŋĴħŇĬŒľƟĔńĭ
ĨƟĬœĴƟĮĸŌĔŏĸňŘĵĚŀŊŗĬȮĞŉŗĚŀŅěŏĮƦĬĪňŗĴŅĕŀĚĝŊŗŀĔŖŏĮƦĬœħƟȮĴňĴŅĔĔĺƞŅȮ
0.ȮĽĮƖĝňĽƢȮŐĸŃĴňĸŌĔįĽĴĴŅĔĴŅĵȮŐĨƞĽĨĶŀŏĭŀĶƢĶňĪňŗĬŇĵĴĮĸŌĔ
ĴŅĔŒĬĮƤěěŋĭńĬėŊŀĽĨĶŀŏĭŀĶƢĶňŗĽĺĬįĸĕŀĚĽĨĶŀŏĭŀĶƢĶňŗĴňĶĽĝŅĨŇ
ľĸŅĔľĸŅĵĕŉŘĬŀĵŌƞĔńĭĽŅĵıńĬīŋƢȮĴňĨńŘĚŐĨƞĶĽľĺŅĬěĬĩŉĚŏĮĶňŘĵĺȮ 
ĽĨĶŀŏĭŀĶƢĶňŗŏĮƦĬįĸœĴƟĪŅĚĔŅĶėƟŅĪňŗĽņėńĠĴňĮĸŌĔĔńĬŏĮƦĬĺĚĔĺƟŅĚ
ľĸŅĵĽĳŅıŀŅĔŅĻĪńŗĺőĸĔ 

ĔŅĶĮĸŌĔĽĨĶŀŏĭŀĶƢĶňŗŒĬŀņŏĳŀŐĴƞĽŅĵŐĸŃıŊŘĬĪňŗŒĬěńĚľĺńħ
ŏĝňĵĚŒľĴƞĬńŘĬȮĴŌĸėƞŅĨƟĬĪŋĬĕŀĚĔŅĶįĸŇĨĨƞŀœĶƞĨĔĮĶŃĴŅĦȮ
03*...+1.*...ȮĭŅĪŐĸŃĶŅĵœħƟĨŀĭŐĪĬĨƞŀœĶƞ 40*3..ȮĭŅĪȮ
&ėŇħěŅĔėƞŅŏĜĸňŗĵ 0*3..ȮĔŇőĸĔĶńĴĨƞŀœĶƞŐĸŃȮ03ȮĭŅĪĨƞŀĔŇőĸĔĶńĴ'Ȯ
ĕĦŃĪňŗŏĔļĨĶĔĶĭĬħŀĵŀŇĬĪĬĬĪƢŒĝƟĨƟĬĪŋĬĔŅĶįĸŇĨœĶƞĸŃȮ
1.*...+13*...ȮĭŅĪȮŐĸŃĴňĶŅĵœħƟœĶƞĸŃȮ50*3..ȮĭŅĪȮ
ŏĬŊŗŀĚěŅĔĽŅĴŅĶĩĕŅĵŏĮƦĬįĸĶńĭĮĶŃĪŅĬĽħŐĔƞĬńĔĪƞŀĚŏĪňŗĵĺȮ
ŐĸŃŏĔŖĭŏĔňŗĵĺįĸįĸŇĨœħƟĬŅĬĔĺƞŅıŊŘĬĶŅĭȮĮĔĨŇŐĸƟĺįĸįĸŇĨ 
ěŃŀŀĔĮĶŃĴŅĦŏħŊŀĬıķĻěŇĔŅĵĬĩŉĚŏħŊŀĬıķļĳŅėĴŒĬıŊŘĬĪňŗ
ĮĸŌĔĭĬĪňŗĽŌĚŐĸŃĶŃľĺƞŅĚŏħŊŀĬīńĬĺŅėĴĩŉĚŏĴļŅĵĬŒĬıŊŘĬĪňŗ 
ĮĸŌĔĭĬıŊŘĬĶŅĭȮįĸįĸŇĨĪňŗŀŀĔĔƞŀĬŒĬŏħŊŀĬıķĻěŇĔŅĵĬŐĸŃ
īńĬĺŅėĴěŃĴňėŋĦĳŅıħňŐĸŃĕĬŅħŒľĠƞĪņŒľƟěņľĬƞŅĵœħƟŒĬĶŅėŅ
ĽŌĚĮĶŃĴŅĦȮ5.+6.ȮĭŅĪĨƞŀĔŇőĸĔĶńĴŒĬĪƟŀĚĨĸŅħĪńŗĺœĮȮľĸńĚěŅĔĬńŘĬ 
ĕĬŅħįĸěŃŏĸŖĔĸĚȮŐĸŃěņľĬƞŅĵœħƟŒĬĶŅėŅȮ0.+1.ȮĭŅĪĨƞŀĔŇőĸĔĶńĴ 
ŒĬĝƞĺĚŏħŊŀĬĴĔĶŅėĴĩŉĚĔĸŅĚŏħŊŀĬĴňĬŅėĴĮƤěěŋĭńĬĵńĚĴň 
ėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħĪńŘĚĳŅĵŒĬŐĸŃĨƞŅĚĮĶŃŏĪĻŏıŊŗŀŒĝƟįĸŇĨ
ĕŀĚĽĨĶŀŏĭŀĶƢĶňŗŒĬŏĝŇĚŀŋĨĽŅľĔĶĶĴŏĮƦĬĮĶŇĴŅĦĴŅĔȮŐĸŃĔņĸńĚ
ĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŏĶŊŗŀĵȮŕȮĨŅĴěņĬĺĬĮĶŃĝŅĔĶȮĮĶŃŏĪĻĠňŗĮŋƙĬ
ŏĮƦĬŐľĸƞĚŒľĠƞĕŀĚœĪĵŒĬĔŅĶĬņŏĕƟŅįĸĽĨĶŀŏĭŀĶƢĶňŗŏıŊŗŀŒĝƟ 
ŒĬĔŅĶŐĮĶĶŌĮĴŅĔĽŋħȮ&ĪňŗįƞŅĬĴŅĮĶŃĴŅĦȮ/*...+1*...ȮĨńĬĨƞŀĮƖ'Ȯ 
ĬŀĔěŅĔĬňŘĵńĚŏėĵĴňĔŅĶĕĬĽƞĚįĸĶńĭĮĶŃĪŅĬĽħœĮěņľĬƞŅĵĵńĚ
ĮĶŃŏĪĻŁƞŀĚĔĚȮĽŇĚėőĮĶƢŐĸŃĭŅĚĮĶŃŏĪĻŒĬŐĩĭĵŋőĶĮĭƟŅĚ
ŏĸŖĔĬƟŀĵőħĵĴŌĸĬŇīŇőėĶĚĔŅĶľĸĺĚȮ&ĦĶĚėƢĝńĵ*Ȯ2544' 

Feng andQixin (2004) œħƟĻŉĔļŅĶŃĭĭėńħŐĵĔįĸœĴƟ 
őħĵĔŅĶĮĶŃĴĺĸįĸĳŅıĽňȮŏıŊŗŀŒĝƟĽņľĶńĭĔŅĶėńħŐĵĔįĸœĴƟ
ėĺŅĴŏĶŖĺĽŌĚŀńĨőĬĴńĨŇȮįĸĔŅĶĪħĸŀĚŒĬĔŅĶėńħŐĵĔŏĔĶħėŋĦĳŅı
ĕŀĚŐŀĮŏĮƕƨĸıńĬīŋƢėĶŇĽĨńĸĲŌěŇȮĔŅĶėńħŐĵĔŏĔĶħėŋĦĳŅıŐĭƞĚ
ŀŀĔŏĮƦĬȮ1ȮŏĔĶħȮėŊŀȮŏĔĶħ A ĴňıŊŘĬįŇĺĽňŐħĚŏĕƟĴĴŅĔĔĺƞŅȮ5.#Ȯ

ŏĔĶħȮB ĴňıŊŘĬĪňŗįŇĺŏĮƦĬĽňŐħĚȮ2.+5.#ȮŐĸŃŏĔĶħȮC ĴňıŊŘĬĪňŗįŇĺ 
ĽňŐħĚĬƟŀĵĔĺƞŅȮ1.#ȮĴňėĺŅĴŐĴƞĬĵņŒĬĔŅĶėńħŐĵĔŏĜĸňŗĵȮ7.# 

ĝŋĴıĸȮŐĸŃėĦŃȮ&2559'ȮœħƟıńĥĬŅŏėĶŊŗŀĚėńħŐĵĔĕĬŅħœĕƞœĔƞȮ 
őħĵŒĝƟŏĪėĬŇėĔŅĶĮĶŃĴĺĸįĸĳŅıħƟĺĵőĮĶŐĔĶĴȮMATLAB  
ŒĝƟĔĸƟŀĚŏĺŖĭŐėĴĶƞĺĴĔńĭőĮĶŐĔĶĴȮMATLAB įƞŅĬĔŅĶĪņĚŅĬ
ĕŀĚĭŀĶƢħėĺĭėŋĴĝŋħŏĞŖĬŏĞŀĶƢŐĽĚŐĸŃĝŋħŐĵĔĕĬŅħœĕƞœĔƞŐĨƞĸŃ
ŏĭŀĶƢȮĽŅĴŅĶĩėńħŐĵĔœĕƞœĔƞœħƟȮ3 ĕĬŅħėŊŀȮœĕƞœĔƞŏĭŀĶƢȮ0 œĕƞœĔƞ
ŏĭŀĶƢȮ1 œĕƞœĔƞŏĭŀĶƢȮ2 ėńħŐĵĔĕĬŅħœĕƞœĔƞĨŅĴĕĬŅħĕŀĚıŇĔŏĞĸ
ěŅĔĔŅĶĮĶŃĴĺĸįĸĳŅıȮőĮĶŐĔĶĴȮMATLAB ěŃĪņĔŅĶĽńŗĚ
ĔĸƟŀĚŐĺŖĭŐėĴŒĝƟŏĪėĬŇėľŅŏĽƟĬĶŀĭĺĚĕĬŅħœĕƞœĔƞěńĭĳŅıȮ
ěŅĔĬńŘĬĬņĳŅıŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶĮĶŃĴĺĸįĸőħĵœĕƞœĔƞěŃŏėĸŊŗŀĬĪňŗ 
œĮĭĬĽŅĵıŅĬėŀĬŏĺŏĵŀĶƢȮŏıŊŗŀŏĕƟŅĽŌƞĔŅĶıĸńĔħńĬŒľƟŏĕƟŅĨŅĴĝƞŀĚ
ĕŀĚĕĬŅħĪňŗœħƟĔņľĬħœĺƟħƟĺĵőĞĸŇĬŀĵħƢȮįĸĪħĸŀĚĽŅĴŅĶĩ 
ėńħŐĵĔĕĬŅħœĕƞœĔƞœħƟĩŌĔĨƟŀĚȮ100# 

ĺĶĺŋĥŇȮŐĸŃŀŇĻĔķĨŅȮ&2561'ȮœħƟŀŀĔŐĭĭĽĶƟŅĚŏėĶŊŗŀĚĴŊŀ 
ėńħŐĵĔŏĔĶħŐĨĚőĴħƟĺĵĔŅĶĮĶŃĴĺĸĳŅıħŇěŇĨŀĸȮĽņľĶńĭ
ĬņœĮŒĝƟŒĬĔŅĶĨĶĺěĽŀĭĕĬŅħĶƞĺĴĔńĭĬŘņľĬńĔĕŀĚŐĨĚőĴŒĬĪŅĚ
ŀŋĨĽŅľĔĶĶĴŏıŊŗŀĸħĔŅĶėńħŐĵĔŏĔĶħŐĨĚőĴħƟĺĵŐĶĚĚŅĬőħĵ 
ŒĬĽƞĺĬĕŀĚĲƤĚĔƢĝńŗĬĕŀĚĔŅĶĮĶŃĴĺĸįĸĳŅıĴňĔŅĶĶńĭĳŅıĽň 
ěŅĔĔĸƟŀĚŏĺŖĭŐėĴȮŒĬĔŅĶĭńĬĪŉĔŏĮĸňŗĵĬĳŅıŏĮƦĬĳŅıĕŅĺħŜŅ 
ĪŜŅĔŅĶĬńĭıŇĔŏĞĸĽňħŜŅĞŉŗĚŏĮƦĬĽŇŗĚĭƞĚĭŀĔĕĬŅħĕŀĚŐĨĚőĴĽŜŅľĶńĭ
ĔŅĶĬŜŅœĮėńħŐĵĔŏĔĶħŐĨĚőĴȮěŅĔĔŅĶĪħĸŀĚėńħŐĵĔŏĔĶħ
ŐĨĚőĴȮŏĔĶħȮ/ȮŏĔĶħȮ0ȮŐĸŃŏĔĶħȮ1ȮĪńŘĚľĴħȮ66ȮįĸĴňėƞŅ
ŏĮŀĶƢŏĞŖĬėĺŅĴėĸŅħŏėĸŊŗŀĬĽńĴıńĪīƢȮ&percent relative error'Ȯ
ŏĴŊŗŀŏĪňĵĭĔńĭŏĔĦĤƢĴŅĨĶģŅĬŏĪƞŅĔńĭȮ.#, /4,00#ȮŐĸŃȮ.#Ȯ
ĨŅĴĸŜŅħńĭ 

ĮƤěěŋĭńĬĔĶŃĭĺĬĔŅĶįĸŇĨĽĨĶŀŏĭŀĶƢĶňŗŒĬĕńŘĬĨŀĬĔŅĶėńħŐĵĔȮ 
ŏĔļĨĶĔĶĨƟŀĚĴŅĬńŗĚėńħŐĵĔįĸĪňŗĽŋĔŏĔŇĬœĮŐĸŃįĸĪňŗœĴƞĽŋĔŀŀĔ
őħĵĵńĚœĴƞĴňŏėĶŊŗŀĚěńĔĶĔĸĴŅĝƞĺĵŒĬĔŅĶĪņĚŅĬȮĪņŒľƟŏĔļĨĶĔĶ
ĪņĚŅĬœħƟĝƟŅȮŏĬŊŗŀĚěŅĔįĸĽĨĶŀŏĭŀĶƢĶňŗĝŘņĚƞŅĵĔŅĶŏĔŖĭŏĔňŗĵĺĔŖĨƟŀĚ
ėņĬŉĚĩŉĚĶŃĵŃĪŅĚŒĬĔŅĶĕĬĽƞĚĽŌƞĨĸŅħĩƟŅĶŃĵŃĪŅĚœĔĸĨƟŀĚŏĔŖĭ
įĸĽŋĔľĶŊŀŏľŖĬĽňŐħĚȮ20 + 50 #ȮĞŉŗĚěŃœħƟįĸŐĕŖĚĽŃħĺĔŐĔƞ 
ĔŅĶĕĬĽƞĚȮĔŅĶŏĔŖĭįĸĽĨĶŀŏĭŀĶƢĶňŗŏĔļĨĶĔĶěŃŏĔŖĭėĸŃĽňĔńĬĴŅȮ
ĪņŒľƟįĸŐĔƞŏĔŇĬĔŖěŃŏĬƞŅŏĽňĵœħƟĚƞŅĵȮħńĚĬńŘĬľŅĔĴňĔŅĶĺŇěńĵŐĸŃ
ıńĥĬŅŏėĶŊŗŀĚěńĔĶĴŅĝƞĺĵŒĬĔŅĶėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗěŃĪņŒľƟ
œħƟĽĨĶŀŏĭŀĶƢĶňŗĪňŗĴňėŋĦĳŅıȮŐĸŃĝƞĺĵĸħĨƟĬĪŋĬŏĶŊŗŀĚŐĶĚĚŅĬĸĚœħƟ 

http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%81%E0%B8%B8%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%A1%E0%B9%89%E0%B8%94%E0%B8%AD%E0%B8%81
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ŀŋĮĔĶĦƢŐĸŃĺŇīňĔŅĶ 

/,ȮŀŋĮĔĶĦƢ 

ĮĶŃĔŀĭœĮħƟĺĵȮĔĸƟŀĚĺńħĽňȮįĸĽĨĶŀŏĭŀĶƢĶňŗȮŏėĶŊŗŀĚĝńŗĚȮ
ĬŅưŇĔŅěńĭŏĺĸŅȮŐĸŃŏėĶŊŗŀĚĨƟĬŐĭĭėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗ 

 
0.ȮĺŇīňĔŅĶ 
0,0 ĻŉĔļŅĺŇīňĮĢŇĭńĨŇĕŀĚŏĔļĨĶĔĶĪňŗĪņĔŅĶėńħŐĵĔĽňįĸĕŀĚ

ĽĨĶŀŏĭŀĶƢĶňŗ 

ĔŅĶėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗŏıŊŗŀěņľĬƞŅĵĪŅĬĽħĕŀĚ
ŏĔļĨĶĔĶŐĸŃőĶĚĶńĭĞŊŘŀȮĮƤěěŋĭńĬěŃĴňŀĵŌƞȮ4ȮĽňȮėŊŀȮĽňŐħĚȮĽňĝĴıŌȮ
ĽňŐħĚėĸŘņȮ&ĽŋĔŏĔŇĬœĮ'ȮŐĸŃĽňĕŅĺȮ&ĵńĚœĴƞĽŋĔ'ȮĔŅĶėńħŒĝƟŐĶĚĚŅĬėĬ 
ŏĮƦĬľĸńĔȮőħĵŀņŏĳŀĽŃŏĴŇĚȮěńĚľĺńħŏĝňĵĚŒľĴƞȮŏĮƦĬŐľĸƞĚıŊŘĬĪňŗ
ĮĸŌĔĴŅĔĪňŗĽŋħŒĬĳŅėŏľĬŊŀĮĶŃĴŅĦȮ4,000 œĶƞȮőħĵıńĬīŋƢĪňŗĮĸŌĔ
ĴŅĔėŊŀȮıńĬīŋƢıĶŃĶŅĝĪŅĬȮ6.ȮőħĵĽňĪňŗėńħŏıŊŗŀěņľĬƞŅĵĪŅĬĽħ
ėŊŀȮĽňĝĴıŌȮŐĸŃĽňŐħĚȮĽƞĺĬĽňĕŅĺŐĸŃĽňŐħĚėĸŘņěŃĬņœĮŐĮĶĶŌĮ
ŏĮƦĬįĸŇĨĳńĦĤƢŀŊŗĬȮŏĝƞĬȮĽĨĶŀŏĭŀĶƢĶňŗĨŅĔŐľƟĚȮŐĸŃœĺĬƢȮŏĮƦĬĨƟĬȮ
ħńĚĬńŘĬĽňĕŀĚįĸĽĨĶŀŏĭŀĶƢĶňŗĪňŗĨƟŀĚĔŅĶėńħŐĵĔěŃĴňŀĵŌƞȮ4 ĽňȮėŊŀȮ 
ĽňĕŅĺȮĽňĝĴıŌȮĽňŐħĚȮŐĸŃĽňŐħĚėĸŘņȮħńĚȮFigure 1 

  
 White Pink 
 

  
 Red Dark Red 

Figure 1 Farmers sorted strawberry fruit and fresh 
strawberry picking house 
 
őħĵőĮĶŐĔĶĴĮĶŃĴĺĸįĸĳŅıĽňŒĬĚŅĬĺŇěńĵĬňŘŒĝƟĴŅĨĶģŅĬĽň

ŐĭĭȮHSBȮőħĵėƞŅ Hue ŒĬőĮĶŐĔĶĴŐĪĬėƞŅĽňħƟĺĵ . ĩŉĚȮ14.Ȯ
ŀĚĻŅȮĨŅĴĴŅĨĶģŅĬĺĚĸƟŀĕŀĚĽňȮ&Standard Color Wheel'  
ėƞŅ Saturation ěŃŏĶŇŗĴĪňŗ . ĩŉĚ 3.. ľŅĔĔņľĬħ Saturation 
ŏĮƦĬȮ.ȮĽňěŃĴňėĺŅĴĽħĬƟŀĵŐĨƞĩƟŅĔņľĬħĪňŗȮ3..ȮĽňěŃĴňėĺŅĴĽħ
ĴŅĔ ėƞŅ Brightness ěŃŏĶŇŗĴĪňŗȮ.ȮĩŉĚȮ3..ȮľŅĔȮĔņľĬħėƞŅȮ.Ȯ
ėĺŅĴĽĺƞŅĚěŃĬƟŀĵĞŉŗĚěŃŏĮƦĬĽňħņŐĨƞĩƟŅĔņľĬħėƞŅȮ3..ȮĽňěŃĴň
ėĺŅĴĽĺƞŅĚĴŅĔĪňŗĽŋħŒĬĽƞĺĬĕŀĚĨńĺĔĸƟŀĚŒĝƟĔĸƟŀĚĨĶĺěěńĭĳŅıĽň
ėĺŅĴĸŃŏŀňĵħĕŀĚĔĸƟŀĚȮ530Ȯ×Ȯ26.ȮNgvcjȮĔŅĶĮĶńĭőĲĔńĽĳŅı

ĕŀĚĔĸƟŀĚŏĮƦĬŐĭĭŀńĨőĬĴńĨŇȮœĲĽƞŀĚĽĺƞŅĚŏĮƦĬȮJCBȮĽňĕŅĺȮĺŇīňĔŅĶ
ŒľƟŐĽĚŏĸŊŀĔŒĝƟĔŅĶĵŇĚŐĽĚŐĭĭȮBAȮŏĬŊŗŀĚěŅĔŒľƟŐĽĚĪňŗĨƞŀŏĬŊŗŀĚȮ
ĶŃĵŃĔŅĶĨŇħĨńŘĚĨńĺĔĸƟŀĚȮ/3.ȮkkȮěŅĔĺńĨĩŋěŅĔĬńŘĬĬņĽňįĸ 
ĽĨĶŀŏĭŀĶƢĶňŗĪňŗĨƟŀĚĔŅĶėńħŐĵĔȮėŊŀȮĽňĕŅĺȮĽňĝĴıŌȮĽňŐħĚ ŐĸŃ 
ĽňŐħĚėĸŘņȮĴŅĪņĔŅĶĩƞŅĵĳŅıĽňŐĸŃĪņĔŅĶĮĶŃĴĺĸįĸĳŅı 
őħĵŒĝƟőĮĶŐĔĶĴĽņŏĶŖěĶŌĮȮIV + H1ȮŏıŊŗŀŐĵĔėƞŅĽňįĸĽĨĶŀŏĭŀĶƢĶňŗ
ĪňŗĨƟŀĚĔŅĶėńħŐĵĔħńĚȮTable 1 

 
Table 1 Strawberry color value obtained from image 
processing 

Colour of  
strawberry 

Hue Saturation Brightness 
&H' &S' &B' 

White 1.Ȯ+Ȯ13 77 +Ȯ130 144 + 220 
Pink 3 + 17 132 +Ȯ198 112 + 180 
Red 3Ȯ+Ȯ// 183 + 222 /0.Ȯ+Ȯ0.2 
Dark red 357 + 27 6/Ȯ+Ȯ03/ 24 + 216 

 
0,1 ŀŀĔŐĭĭŐĸŃĽĶƟŅĚĨƟĬŐĭĭŏėĶŊŗŀĚėńħŐĵĔįĸ 

ĽĨĶŀŏĭŀĶƢĶňŗőħĵŒĝƟŏĪėĬŇėȮImageProcessing 

ħņŏĬŇĬĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĨƟĬŐĭĭȮŏėĶŊŗŀĚĴňĕĬŅħ
1,325 × 3,000 × 1,400 mm ĽŅĴŅĶĩėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗ 
œħƟȮ2ȮĽňľĸńĔȮœħƟŐĔƞȮĽňŐħĚėĸŘņȮĽňŐħĚȮĽňĝĴıŌȮĽňĕŅĺȮŐĸŃħƟŅĬĪƟŅĵ
ěŃĴňĨŃĔĶƟŅŀňĔȮ1 ŒĭĶŀĚĶńĭĽňĪňŗĨĔŏĔĶħľĶŊŀĽňĪňŗėńħœĴƞœħƟȮŐĸŃ
ĔņľĬħŒľƟŏėĶŊŗŀĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬœĴƞĬƟŀĵĔĺƞŅȮ
3,000 įĸĨƞŀĝńŗĺőĴĚȮħńĚȮFigure 2 
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Figure 2 Model and pototype of strawberry color 
sorter using Image processing technique, 
 
ľĸńĔĔŅĶĪņĚŅĬŏėĶŊŗŀĚőħĵĔŅĶĮƚŀĬįĸĽĨĶŀŏĭŀĶƢĶňŗŏĕƟŅ

ĽŅĵıŅĬĸņŏĸňĵĚȮĔĸƟŀĚěŃĪņĔŅĶĩƞŅĵĳŅıŐĸŃőĮĶŐĔĶĴ 
ěŃĮĶŃĴĺĸįĸĳŅıĽňįĸĽĨĶŀŏĭŀĶƢĶňŗŏĴŊŗŀĔĸƟŀĚĨĶĺěŏěŀĽňįĸ 
ĽĨĶŀŏĭŀĶƢĶňŗĨŅĴėƞŅĪňŗœħƟĨńŘĚėƞŅœĺƟŒĬőĮĶŐĔĶĴȮőĮĶŐĔĶĴ
ĮĶŃĴĺĸįĸĔŖěŃĽƞĚȮOut Put œĮĵńĚőĮĶŐĔĶĴėĺĭėŋĴĔĸœĔ 
ĕŀĚŏėĶŊŗŀĚěńĔĶȮ&PLC' ĽńŗĚĚŅĬŒľƟőĞĸŇĬŀĵħƢĺŅĸƢĺŐĭĭŒĝƟĸĴȮ 
ŏĮƙŅėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗĸĚĨŃĔĶƟŅŐĨƞĸŃŒĭ 

ĔĶĦňĔĸƟŀĚĨĶĺěŏěŀĽňŐħĚėĸŘņȮőĮĶŐĔĶĴĮĶŃĴĺĸįĸĳŅı
ěŃĽƞĚĽńĠĠŅĦěŅĔĨńĺŏĔŖĭĭńĬĪŉĔĕƟŀĴŌĸȮAmplifier Output Īňŗ 1 
œĮĵńĚőĮĶŐĔĶĴėĺĭėŋĴĔĸœĔĕŀĚŏėĶŊŗŀĚěńĔĶ&PLC'ĽńŗĚĚŅĬŒľƟ 
őĞĸŇĬŀĵħƢĺŅĸƢĺĸĴŏĮƙŅĸĚĨŃĔĶƟŅŒĭĪňŗȮ1  

ŏĴŊŗŀĔĸƟŀĚĨĶĺěŏěŀĽĨĶŀŏĭŀĶƢĶňŗĽňŐħĚȮőĮĶŐĔĶĴĮĶŃĴĺĸįĸ 
ĳŅıěŃĽƞĚĽńĠĠŅĦěŅĔĨńĺŏĔŖĭĭńĬĪŉĔĕƟŀĴŌĸ Amplifier Output 
Īňŗ 2 œĮĵńĚőĮĶŐĔĶĴėĺĭėŋĴĔĸœĔĕŀĚŏėĶŊŗŀĚěńĔĶȮ&PLC' ĽńŗĚĚŅĬ
ŒľƟőĞĸŇĬŀĵħƢĺŅĸƢĺĸĴȮŏĮƙŅĸĚĨŃĔĶƟŅŒĭĪňŗȮ2  

ŏĴŊŗŀĔĸƟŀĚĨĶĺěŏěŀĽĨĶŀŏĭŀĶƢĶňŗĽňĝĴıŌőĮĶŐĔĶĴĮĶŃĴĺĸįĸ
ĳŅıěŃĽƞĚĽńĠĠŅĦěŅĔĨńĺŏĔŖĭĭńĬĪŉĔĕƟŀĴŌĸ Amplifier Output 

Īňŗ 3 œĮĵńĚőĮĶŐĔĶĴėĺĭėŋĴĔĸœĔĕŀĚŏėĶŊŗŀĚěńĔĶȮ&PLC' ĽńŗĚĚŅĬ
ŒľƟőĞĸŇĬŀĵħƢĺŅĸƢĺĸĴȮŏĮƙŅĸĚĨŃĔĶƟŅŒĭĪňŗȮ3  

ŏĴŊŗŀĔĸƟŀĚĨĶĺěŏěŀĽňĕŅĺȮőĮĶŐĔĶĴĮĶŃĴĺĸįĸĳŅıěŃĽƞĚ
ĽńĠĠŅĦěŅĔĨńĺŏĔŖĭĭńĬĪŉĔĕƟŀĴŌĸȮAmplifier Output Īňŗ 4  
œĮĵńĚőĮĶŐĔĶĴėĺĭėŋĴĔĸœĔĕŀĚŏėĶŊŗŀĚěńĔĶȮ&PLC' ĽńŗĚĚŅĬŒľƟ 
őĞĸŇĬŀĵħƢĺŅĸƢĺĸĴŏĮƙŅĸĚĨŃĔĶƟŅŒĭĪňŗȮ4ȮŐĸŃĔĶĦňĽňįĸĽĨĶŀŏĭŀĶƢĶňŗ 
œĴƞĨĶĚŏĜħĽňįĸĽĨĶŀŏĭŀĶƢĶňŗĪňŗĨńŘĚėƞŅœĺƟȮŏėĶŊŗŀĚĔŖěŃĮĸƞŀĵįĸ 
ĽĨĶŀŏĭŀĶƢĶňŗĸĚŒĬĨŃĔĶƟŅĪƟŅĵĽŅĵıŅĬħńĚ figure 3 

 
Figure 3 Operating diagram of strawberry color sorter 
using Image processing technique 
 
0,2ȮĪņĔŅĶĪħĽŀĭŏĔŖĭĕƟŀĴŌĸĨƟĬŐĭĭŏėĶŊŗŀĚėńħŐĵĔ 

įĸĽĨĶŀŏĭŀĶƢĶňŗőħĵŒĝƟŏĪėĬŇėȮImageProcessing 

ŏĴŊŗŀĮĶńĭĮĶŋĚŐĔƟœĕĕƟŀĭĔıĶƞŀĚĕŀĚŏėĶŊŗŀĚĨƟĬŐĭĭěĬœħƟ
ŏėĶŊŗŀĚĪňŗŏĽĶŖěĽĴĭŌĶĦƢȮĪņĔŅĶĪħĽŀĭŏĔŖĭĕƟŀĴŌĸŏėĶŊŗŀĚĨƟĬŐĭĭȮ
őħĵĴňėƞŅĝňŘįĸȮėŊŀȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬȮėĺŅĴŐĴƞĬĵņ 
ĕŀĚŏėĶŊŗŀĚȮŐĸŃėĺŅĴĝŘņĕŀĚįĸĽĨĶŀŏĭŀĶƢĶňŗľĸńĚėńħŏĮĶňĵĭŏĪňĵĭ
ĔńĭĺŇīňĮĢŇĭńĨŇĕŀĚŏĔļĨĶĔĶȮ&ŒĝƟŐĶĚĚŅĬėĬ' 

Ɗ ėĺŅĴŐĴƞĬĵņȮ&#'  
ėĺŅĴŐĴƞĬĵņȮ;Ȯ100 ůȮŏĮŀĶƢŏĞŖĬĨƢėĺŅĴįŇħıĸŅħ 
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Ɗ ėĺŅĴĽŅĴŅĶĩĪņĚŅĬȮ&įĸĨƞŀĝńŗĺőĴĚ' 

ėĺŅĴĽŅĴŅĶĩĪņĚŅĬ ; 
ěņĬĺĬįĸĽĨĶŀŏĭŀĶƢĶňŗėńħœħƟ įĸ

ľĬƞĺĵŏĺĸŅ ĝńŗĺőĴĚ
 

Ɗ ėĺŅĴĝŘņĕŀĚįĸĽĨĶŀŏĭŀĶƢĶňŗ &#'  

ėĺŅĴĝŘņįĸĽĨĶŀŏĭŀĶƢĶňŗ;
ěņĬĺĬįĸĽĨĶŀŏĭŀĶƢĶňŗĪňŗĝŘņ įĸ 

ěņĬĺĬįĸĽĨĶŀŏĭŀĶƢĶňŗĪńŘĚľĴħĪňŗĽŋƞĴ įĸ
 

 
įĸŐĸŃĺŇěŅĶĦƢ 

įĸĔŅĶĪħĽŀĭŏėĶŊŗŀĚĨƟĬŐĭĭŏĭŊŘŀĚĨƟĬĪňŗėĺŅĴŏĶŖĺĽŅĵıŅĬ
ėńħŐĵĔȮ.,.3Ȯms+1 ıĭĺƞŅŏėĶŊŗŀĚėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗ 
œħƟĩŌĔĨƟŀĚŏĜĸňŗĵȮ88,33#ȮįŇħıĸŅħȮ11,67#ȮėĺŅĴįŇħıĸŅħ 
ĪňŗŏĔŇħĕŉŘĬŏĔŇħěŅĔŐĽĚěŅĔĳŅĵĬŀĔĴŅĶĭĔĺĬŐĽĚĕŀĚĨńĺĔĸƟŀĚȮ
ŐĸŃĕĦŃĪņĔŅĶėńħŐĵĔıĭĮƤĠľŅĴňįĸĽĨĶŀŏĭŀĶƢĶňŗľĸŋħĸĚ 
ŒĬĝƞŀĚĺƞŅĚĶŃľĺƞŅĚĽŅĵıŅĬėńħŐĵĔĔńĭĶŅĚȮĕĦŃĮĸƞŀĵĸĚĨŃĔĶƟŅ
ėńħŐĵĔ 

ěŅĔįĸĔŅĶĪħĽŀĭŏėĶŊŗŀĚŏĭŊŘŀĚĨƟĬěŉĚœħƟĮĶńĭĮĶŋĚŐĸŃıńĥĬŅ
ŏėĶŊŗŀĚĨƟĬŐĭĭȮőħĵœħƟĪņĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚľƟŀĚėĶŀĭ 
ĨńĺĔĸƟŀĚĭĬĽŅĵıŅĬėńħŐĵĔȮŏıŊŗŀŐĔƟœĕĮƤĠľŅŐĽĚĶĭĔĺĬ 
ěŅĔĳŅĵĬŀĔȮħńĚfigure 4 ŐĸŃœħƟĮĶńĭĮĶŋĚĶŅĚĪƟŅĵĽŅĵıŅĬŒľĴƞȮ
őħĵĨŇħĨńŘĚĶŅĚŒľƟĝŇħĔńĭĽŅĵıŅĬĴŅĔĕŉŘĬŏıŊŗŀŐĔƟœĕĮƤĠľŅįĸ 
ĽĨĶŀŏĭŀĶƢĶňŗľĸŋħĸĚĝƞŀĚĺƞŅĚĶŃľĺƞŅĚĽŅĵıŅĬėńħŐĵĔĔńĭĶŅĚĪƟŅĵ
ĽŅĵıŅĬȮœħƟĨƟĬŐĭĭĪňŗŏĽĶŖěĽĴĭŌĶĦƢȮħńĚȮFigure 5 

 
Figure 4 Installing the camera cage on the sorting belt 
before adjustment &left' after adjustment &right' 
 

 
Figure 5 Improved and developed prototype 

 
ěŅĔĬńŘĬĪņĔŅĶĪħĽŀĭŏėĶŊŗŀĚĨƟĬŐĭĭŏıŊŗŀŏĸŊŀĔėĺŅĴŏĶŖĺ 

ŏĝŇĚŏĽƟĬĽŅĵıŅĬėńħŐĵĔȮőħĵĪħĽŀĭĪňŗėĺŅĴŏĶŖĺŏĝŇĚŏĽƟĬĽŅĵıŅĬ
ėńħŐĵĔ 0,05, 0,08 ŐĸŃȮ0,1 ms+1 ěŅĔįĸĔŅĶĪħĽŀĭıĭĺƞŅ
ŏėĶŊŗŀĚĪņĚŅĬĪňŗėĺŅĴŏĶŖĺŏĝŇĚŏĽƟĬĽŅĵıŅĬėńħŐĵĔȮ0,05 ms+1 
ŒľƟįĸĔŅĶĪħĽŀĭħňĪňŗĽŋħȮėŊŀŏėĶŊŗŀĚĴňėĺŅĴŐĴƞĬĵņŏĜĸňŗĵȮ93,23#Ȯ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬŏėĶŊŗŀĚŏĜĸňŗĵȮ3,214 įĸĨƞŀĝńŗĺőĴĚ 

Table 2 Strawberry colorimeter test summary 

Linear speed  
&ms+1' 

Accuracy 
&#' 

Capacity 
&fruits hr+1' 

0,05 71,01 1,0/2 
0,08 63,33 1,6/0 
0,10 6.,14 2,31/ 

Laborer 66,16 1,494 
 
ĽƞĺĬĔŅĶėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗħƟĺĵŐĶĚĚŅĬėĬȮıĭĺƞŅ

ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬŏĜĸňŗĵȮ1,494 įĸĨƞŀĝńŗĺőĴĚȮĴň 
ėĺŅĴŐĴƞĬĵņŏĜĸňŗĵȮ88,38 #ȮħńĚTable 2ȮŐĸŃœħƟĽŋƞĴŏĔŖĭĨńĺŀĵƞŅĚ
įĸĽĨĶŀŏĭŀĶƢĶňŗŏıŊŗŀĨĶĺěŏĝŖėėĺŅĴĝŘņĕŀĚįĸĽĨĶŀŏĭŀĶƢĶňŗĪňŗįƞŅĬ
ĔŅĶėńħħƟĺĵŏėĶŊŗŀĚĨƟĬŐĭĭŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶėńħħƟĺĵėĬȮ 
őħĵŏĔŖĭœĺƟŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚĪňŗŀŋĦľĳŌĴŇľƟŀĚȮœĴƞıĭėĺŅĴĭŀĭĝŘņ 
ěŅĔĔŅĶėńħħƟĺĵŏėĶŊŗŀĚŐĸŃĔŅĶėńħħƟĺĵŐĶĚĚŅĬėĬ 

ĔŅĶėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗħƟĺĵŏėĶŊŗŀĚĨƟĬŐĭĭŏĴŊŗŀŏıŇŗĴ
ėĺŅĴŏĶŖĺĕŀĚĽŅĵıŅĬėńħŐĵĔŒľƟĴňėĺŅĴŏĶŖĺĴŅĔĕŉŘĬȮĽƞĚįĸŒľƟ
ėĺŅĴŐĴƞĬĵņĕŀĚŏėĶŊŗŀĚĸħĸĚŏĬŊŗŀĚěŅĔėĺŅĴŏĶŖĺĔŅĶŏėĸŊŗŀĬĪňŗ
ĕŀĚįĸĽĨĶŀŏĭŀĶƢĶňŗĭĬĽŅĵıŅĬĽƞĚįĸőħĵĨĶĚĔńĭĔŅĶĩƞŅĵĳŅı
ĕŀĚĨńĺĔĸƟŀĚĵŇŗĚŏıŇŗĴėĺŅĴŏĶŖĺĽŅĵıŅĬėńħŐĵĔĽŌĚĕŉŘĬěŃĪņŒľƟ 
ĔŅĶĮĶŃĴĺĸįĸĳŅıĕŀĚėƞŅĽňįĸĽĨĶŀŏĭŀĶƢĶňŗĭĬĽŅĵıŅĬ 
ĴňėĺŅĴėĸŅħŏėĸŊŗŀĬĴŅĔĕŉŘĬĨŅĴœĮħƟĺĵ 
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ĽĶŋĮ 

œħƟĪņĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚĨƟĬŐĭĭŏėĶŊŗŀĚėńħŐĵĔĽňįĸ 
ĽĨĶŀŏĭŀĶƢĶňŗőħĵŒĝƟŏĪėĬŇėĮĶŃĴĺĸįĸĳŅıȮŏėĶŊŗŀĚĴňĕĬŅħĔĺƟŅĚȮ
1,325 mmȮĵŅĺ 3,000 mmȮĽŌĚȮ1,400 mmȮŒĬĽƞĺĬĕŀĚĔĸƟŀĚ
ĨĶĺěěńĭĳŅıĽňįĸĽĨĶŀŏĭŀĶƢĶňŗĚŅĬĺŇěńĵĬňŘŏĸŊŀĔŒĝƟĔĸƟŀĚĨĶĺěěńĭ
ĳŅıĽňėĺŅĴĸŃŏŀňĵħȮ530Ȯ×Ȯ26.ȮNgvcjȮŒĝƟőĮĶŐĔĶĴĽņŏĶŖěĶŌĮ
IV+H1 ŒĬĔŅĶŀƞŅĬĶńĭĳŅıĴŅěŅĔĔĸƟŀĚȮŐĸŃĪņĔŅĶĮĶŃĴĺĸįĸĳŅıȮ 
ĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚőħĵĔŅĶĮƚŀĬįĸĽĨĶŀŏĭŀĶƢĶňŗŏĕƟŅŏėĶŊŗŀĚĶŃĭĭ
ĔŅĶėńħŐĵĔĽňěŃĪņĚŅĬŀńĨőĬĴńĨŇėĺĭėŋĴĔĸœĔĔŅĶėńħŐĵĔħƟĺĵ
őĮĶŐĔĶĴȮPLC őħĵŏėĶŊŗŀĚĨƟĬŐĭĭĽŅĴŅĶĩėńħŐĵĔĽňįĸĽĨĶŀŏĭŀĶƢĶňŗ 
œħƟȮ2ȮĽňȮėŊŀ ĽňĕŅĺȮĽňĝĴıŌȮȮĽňŐħĚŐĸŃĽňŐħĚėĸŘņȮħƟŅĬĪƟŅĵŏėĶŊŗŀĚ
ěŃĴňĨŃĔĶƟŅŀňĔȮ1 ŒĭȮĶŀĚĶńĭįĸĽĨĶŀŏĭŀĶƢĶňŗĪňŗŏĮƦĬĽňĨĔŏĔĶħ 
ľĶŊŀĽňĪňŗėńħœĴƞœħƟȮįĸĔŅĶĪħĽŀĭŏėĶŊŗŀĚĪňŗėĺŅĴŏĶŖĺŏĝŇĚŏĽƟĬ
ĽŅĵıŅĬėńħŐĵĔȮ0,05, 0,08 ŐĸŃȮ0,10 ms+1 ėĺŅĴŏĶŖĺĽŅĵıŅĬ
ėńħŐĵĔȮ0,05 ms+1ȮŒľƟįĸĪħĽŀĭħňĪňŗĽŋħȮŏėĶŊŗŀĚĴňėĺŅĴŐĴƞĬĵņ
ŏĜĸňŗĵȮ93,23#ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬŏĜĸňŗĵȮ3,214 įĸ 
ĨƞŀĝńŗĺőĴĚȮőħĵŏĸŊŀĔėĺŅĴŏĶŖĺĽŅĵıŅĬėńħŐĵĔĕŀĚŏėĶŊŗŀĚĨƟĬŐĭĭ
ĪňŗȮ0,05ms+1 ŏĬŊŗŀĚěŅĔĴňėĺŅĴŐĴƞĬĵņĽŌĚĽŋħȮĩƟŅĸħėĺŅĴŏĶŖĺ
ĽŅĵıŅĬėńħŐĵĔĬƟŀĵĸĚĔĺƞŅĬňŘěŃĪņŒľƟŏėĶŊŗŀĚĴňėĺŅĴĽŅĴŅĶĩ
ĪņĚŅĬĨŗņĔĺƞŅȮ3,000 įĸĨƞŀĝńŗĺőĴĚȮĽƞĺĬĔŅĶėńħħƟĺĵŐĶĚĚŅĬ 
ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬŏĜĸňŗĵȮ1,494 įĸĨƞŀĝńŗĺőĴĚȮĴň 
ėĺŅĴŐĴƞĬĵņŏĜĸňŗĵȮ88,38 #ěŅĔĔŅĶĽŋƞĴĨńĺŀĵƞŅĚŏıŊŗŀĨĶĺěŏĝŖė
ėĺŅĴĝŘņĕŀĚįĸĽĨĶŀŏĭŀĶƢĶňŗœĴƞıĭėĺŅĴĝŘņĪńŘĚĔŅĶėńħħƟĺĵėĬ
ŐĸŃėńħħƟĺĵŏėĶŊŗŀĚȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭėĺŅĴĶĺħŏĶŖĺŒĬĔŅĶėńħŐĵĔȮ
ĔŅĶŒĝƟŏėĶŊŗŀĚĶĺħŏĶŖĺĔĺƞŅĔŅĶėńħħƟĺĵĺŇīňŏĔļĨĶĔĶőħĵŒĝƟŐĶĚĚŅĬėĬȮ 
ĮĶŃĴŅĦȮ2,15 ŏĪƞŅȮŏėĶŊŗŀĚĨƟĬŐĭĭĴňĶŅėŅȮ/3.,...ĭŅĪȮŀŅĵŋ
ĔŅĶŒĝƟĚŅĬȮ5ȮĮƖȮĴňěŋħėŋƟĴĪŋĬŀĵŌƞĪňŗ 2,6/ȮĮƖ 
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ŏĔļĨĶĔĶŒĬĔŅĶĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅŐĸŃŏıŇŗĴŀńĨĶŅĔŅĶįĸŇĨŏĴĸŖħıńĬīŋƢœĺƟěņľĬƞŅĵȮŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅĮĶŃĔŀĭħƟĺĵ
ĽƞĺĬĮĶŃĔŀĭľĸńĔȮ2ȮĽƞĺĬȮėŊŀȮőėĶĚĽĶƟŅĚŏėĶŊŗŀĚȮĝŋħĔŃŏĪŅŃŏĴĸŖħȮĶŃĭĭĽƞĚĔŜŅĸńĚȮŐĸŃĝŋħėńħŐĵĔȮőħĵĔŅĶėŉĔļŅœħƟŐĭƞĚŏĮƦĬȮ0ȮĕńŘĬĨŀĬȮ
ėŊŀȮŒĬĕńŘĬĨŀĬŐĶĔŏĮƦĬĕńŘĬĨŀĬĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚŒľƟŏėĶŊŗŀĚĔŃŏĪŅŃĽŅĴŅĶĩĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅœħƟŀĵƞŅĚŏľĴŅŃĽĴȮŐĸŃĕńŘĬĨŀĬ
ĪňŗĽŀĚŏĮƦĬĔŅĶĪħĽŀĭľŅĽĴĶĶĩĬŃĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃȮőħĵŒĝƟİƤĔĩńŗĺıĶƟŅėĺŅĴĝŊŘĬŏĜĸňŗĵȮ3,1#Ȯ&ģŅĬŏĮƖĵĔ'ȮėĺĭėŋĴŀńĨĶŅĔŅĶĮƚŀĬ 
ĪňŗȮ01.Ȯkg hr-/ȮĻŉĔļŅėĺŅĴŏĶŖĺĶŀĭĕŀĚĸŌĔĔŃŏĪŅŃȮ3ȮĶŃħńĭȮėŊŀȮ1..Ȯ13.Ȯ2..Ȯ23.Ȯ3..ȮrpmȮįĸĔŅĶĻŉĔļŅŒĬĕńŘĬĨŀĬŐĶĔȮıĭĺƞŅȮ
ĔŅĶŀŀĔŐĭĭŒľƟĴňĔŅĶĨŇħĨńŘĚĞňŗŏľĸŖĔŒĬŐĬĺĨńŘĚĜŅĔĔńĭŐĔĬŏıĸŅŏıŇŗĴŏĨŇĴĪňŗľƟŀĚĔŃŏĪŅŃĽŅĴŅĶĩĝƞĺĵŒľƟĔŅĶĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅ 
ĴňĮĶŃĽŇĪīŇĳŅıħňĕŉŘĬȮįĸĔŅĶĪħĽŀĭĕńŘĬĨŀĬĪňŗĽŀĚıĭĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢȮ2..ȮrpmȮĴňĶŃħńĭĔŅĶĪņĚŅĬĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮőħĵĴň
ŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃȮ77,.4#ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬȮ0/2,42Ȯkg hr-1ȮŐĸŃŒĝƟıĸńĚĚŅĬěņŏıŅŃȮ.,3.Ȯkw+hr kg-1Ȯ 
ŏĴŊŗŀĺŇŏėĶŅŃľƢėƞŅŒĝƟěƞŅĵŒĬĔŅĶŒĝƟŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅıĭĺƞŅĴňėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪņĚŅĬ 0.29baht kg-1ȮĴňěŋħėŋƟĴĪŋĬŒĬĔŅĶĪņĚŅĬȮ
56,42Ȯhr yr-1ȮŐĸŃĴňĶŃĵŃŏĺĸŅŒĬĔŅĶėŊĬĪŋĬȮ0.8 year 

ėņĽņėńĠ8ȮĩńŗĺıĶƟŅ, ŏėĶŊŗŀĚĔŃŏĪŅŃ, ĸŌĔĔŃŏĪŅŃŐĭĭĴňĲƤĬľĶŊŀĞňŗ 
 

Abstract 
RfcȮpcqc_pafȮnpmhcarȮclrgrjcbȮŴbcqgelȮ_lbȮd_`pga_rgmlȮmdȮH_aiȮ@c_lȮqfcjjcpȮk_afglcŵȮu_qȮ_gkcbȮrmȮ

increase the production of Jack Bean sheller. The machine consisted of four main parts namely, steel frame, 
shelling unit power transmission unit andsorting set. The study was divided into two part. The first part was 
aimed to design and build a machine that can function properly.The second part was aimed to evaluate the 
performanceand efficiency of Jack Bean sheller.Tested by the average humidity of Jack bean for 3,1#Ȯ&wet 
basis), control feed at 01.Ȯkg hr-/, motor speed of the fivelevels: 1..Ȯ13.Ȯ2..Ȯ23.Ȯ3..Ȯrpm. Based on the first 
study results,it was found that installing the spiked toothed thresher can improve the shelling efficiency. The 
performance tests of revolution speed at 400 rpm are suitable operating factors of the shelling unit, providing 
shelling percentage, working capacity and specific energy consumption about 99.06%, 214.64 kg/hr-1 and 0.50 
kW-hr/kg-1, respectively. The economic analysis showed that the operation cost of the machine was 
approximately 0.29 Baht kg-1 with the break even point of 78.64 hr yr-1. Considering the payback period of the 
machine was found to be 0.8 year. 

Keywords8ȮJack Bean, Sheller machine, Spiked toothed thresher 
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ěńĚľĺńħĽŋĶŇĬĪĶƢȮŏĮƦĬěńĚľĺńħľĬŉŗĚĕŀĚĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀ 
ĨŀĬĸƞŅĚȮĴňıŊŘĬĪňŗĪńŘĚľĴħȮ3*..5*313ȮœĶƞȮıŊĝŏĻĶļģĔŇěĪňŗĽņėńĠȮ
ŐĸŃĮĸŌĔĴŅĔŏĮƦĬĸņħńĭŐĶĔĕŀĚěńĚľĺńħĽŋĶŇĬĪĶƢœħƟŐĔƞȮĕƟŅĺȮőħĵĴň
ıŊŘĬĪňŗĮĸŌĔĕƟŅĺĪńŘĚľĴħȮ1*2.6*2/0ȮœĶƞȮľĶŊŀȮėŇħŏĮƦĬĶƟŀĵĸŃȮ46,.4Ȯ 
ĕŀĚıŊŘĬĪňŗĪńŘĚľĴħŒĬěńĚľĺńħȮŐĸŃĴňıŊŘĬĪňŗĮĸŌĔĕƟŅĺėŇħŏĮƦĬĶƟŀĵĸŃȮ
6,20ȮĕŀĚıŊŘĬĪňŗĮĸŌĔĕƟŅĺŒĬĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀĞŉŗĚĴňıŊŘĬĪňŗ
ĮĸŌĔĕƟŅĺȮĪńŘĚľĴħȮ2.*225*...ȮœĶƞȮ&ĳŅĽĔĶ*Ȯ0336'ȮĮƤěěńĵľĬŉŗĚ 
ĪňŗĴňėĺŅĴĽņėńĠŒĬĔŅĶŏıŅŃĮĸŌĔĕƟŅĺėŊŀȮĮŋƜĵȮĞŉŗĚŐĭƞĚŀŀĔŏĮƦĬȮ 
0ȮĔĸŋƞĴŒľĠƞȮŕȮėŊŀȮĮŋƜĵŀŇĬĪĶňĵƢȮŐĸŃĮŋƜĵŏėĴňȮŒĬĔŅĶŏıŅŃĮĸŌĔĕƟŅĺ
ĬńŘĬĴńĔıĭĺƞŅĔŅĶŒĝƟȮĮŋƜĵŏėĴňĪņŒľƟĕƟŅĺĴňįĸįĸŇĨĕƟŅĺĪňŗĽŌĚĔĺƞŅ 
ĔŅĶŒĝƟĮŋƜĵŀŇĬĪĶňĵƢȮŐĨƞĔŖĴňįĸĪņŒľƟħŇĬŏĽŊŗŀĴėŋĦĳŅıĞŉŗĚĴńĔŏĮƦĬ
įĸŏĽňĵĪňŗŏĔŇħĕŉŘĬŒĬĶŃĵŃĵŅĺȮĨƞŅĚěŅĔĮŋƜĵŀŇĬĪĶňĵƢĪňŗĝƞĺĵĭņĶŋĚħŇĬ
ŐĸŃŒĬĶŃĵŃĵŅĺĴńĔŒľƟįĸįĸŇĨĪňŗħňĔĺƞŅȮŀĳŇĺńĥĬƢȮŀŇĬĪĶƢĬĔȮ 
ŐĸŃėĦŃȮ&0337'ȮĮŋƜĵıŊĝĽħŏĮƦĬĮŋƜĵŀŇĬĪĶňĵƢĝĬŇħľĬŉŗĚȮœħƟěŅĔĨƟĬ
ŐĸŃŒĭĕŀĚıŊĝĮŋƜĵĽħĪňŗĮĸŌĔœĺƟȮľĶŊŀĕŉŘĬŏŀĚĨŅĴīĶĶĴĝŅĨŇȮŏĴŊŗŀĩŉĚ
ĶŃĵŃĪňŗıŊĝŏěĶŇĠŏĨŇĭőĨŏĨŖĴĪňŗȮėŊŀŏĴŊŗŀıŊĝŏĶŇŗĴŀŀĔħŀĔȮěĬĩŉĚ 
ħŀĔĭŅĬŏĨŖĴĪňŗȮĔŖĪņĔŅĶĨńħĽńĭŐĸƟĺœĩĔĸĭľĶŊŀœĩĔĸĭĸĚœĮŒĬħŇĬ 
ĪńŘĚĨƟĬĔŖœħƟŐĸƟĺŐĨƞĝĬŇħĕŀĚıŊĝȮľĸńĚěŅĔĪŇŘĚœĺƟěĬŏĬƞŅŏĮƘƧŀĵįŋıńĚȮ 
ĔŖěŃŒľƟīŅĨŋŀŅľŅĶıŊĝŐĸŃŏıŇŗĴŀŇĬĪĶňĵĺńĨĩŋŒľƟŐĔƞħŇĬĞŉŗĚěŃŏĮƦĬ
ĮĶŃőĵĝĬƢĽņľĶńĭıŊĝĪňŗěŃĮĸŌĔĨƞŀȮŕȮœĮȮıŊĝĪňŗŒĝƟĮĸŌĔŏĮƦĬĮŋƜĵıŊĝĽħ 
ĪňŗħňĪňŗĽŋħĬńŘĬėŊŀıŊĝĨĶŃĔŌĸĩńŗĺȮŏĝƞĬȮĩńŗĺŏĕňĵĺȮĩńŗĺıŋƞĴȮĩńŗĺŏľĸŊŀĚȮ 
ĩńŗĺĸŇĽĚȮĩńŗĺıĶƟŅȮĮŀŏĪŊŀĚȮőĽĬȮłĸłȮŏıĶŅŃıŊĝĨĶŃĔŌĸĩńŗĺĴňėŋĦĽĴĭńĨŇ 
ıŇŏĻļȮėŊŀĪňŗĶŅĔĴňĮĴŏĶňĵĔĺƞŅĮĴĶŅĔĩńŗĺȮŒĬĮĴŏľĸƞŅĬňŘĴňŏĝŊŘŀ 
ěŋĸŇĬĪĶňĵƢȮěņıĺĔœĶőĞŏĭňĵĴŀĵŌƞŏĮƦĬěņĬĺĬĴŅĔȮœĶőĞŏĭňĵĴĬňŘ
ĽŅĴŅĶĩħŉĚīŅĨŋœĬőĨĶŏěĬěŅĔŀŅĔŅĻĴŅŒĝƟȮŏĴŊŗŀıŊĝŏĬƞŅŏĮƘƧŀĵ 
ĔŖěŃŏıŇŗĴīŅĨŋœĬőĨĶŏěĬŐĸŃŀŇĬĪĶňĵĺńĨĩŋŒľƟŐĔƞħŇĬ 

ĩńŗĺıĶƟŅȮŏĮƦĬıŊĝĮŋƜĵĽħȮ&ıŊĝĪňŗĮĸŌĔŐĸƟĺœĩĔĸĭŏĮƦĬĮŋƜĵıŊĝĽħ'Ȯ
ĪňŗŏľĴŅŃĔńĭıŊŘĬĪňŗĬŅħŀĬȮœħƟĶńĭĔŅĶĵŀĴĶńĭěŅĔŏĔļĨĶĔĶ 
ěņĬĺĬĴŅĔ ĺƞŅĪņŒľƟħŇĬħņŐĸŃĕƟŅĺĚŅĴħňŏıĶŅŃŒľƟĬŘņľĬńĔĽħȮ
&ŏĮƦĬĮŋƜĵŀŇĬĪĶňĵƢ'ȮĩŉĚȮ0+1ȮĨńĬĨƞŀœĶƞȮŏĪƞŅĔńĭŏĮƦĬĔŅĶŒĽƞĮŋƜĵŀŇĬĪĶňĵƢ
ěņĬĺĬĴŅĔŒľƟŐĔƞĕƟŅĺȮőħĵŏĽňĵėƞŅŒĝƟěƞŅĵĬƟŀĵĴŅĔȮĬŀĔěŅĔĬňŘ
ĵńĚŒľƟĮŋƜĵœĬőĨĶŏěĬȮėŇħŏĪňĵĭŏĮƦĬĮŋƜĵĵŌŏĶňĵœħƟĩŉĚȮ1.+17ȮĔŇőĸĔĶńĴ
ĨƞŀœĶƞȮěŉĚĪņŒľƟĸħĔŅĶŒĝƟĮŋƜĵŏėĴňȮőħĵŏĜıŅŃĮŋƜĵœĬőĨĶŏěĬĸĚ 
œħƟĴŅĔŐĸŃĪņŒľƟĕƟŅĺĴňįĸįĸŇĨŐĸŃėŋĦĳŅıħňĕŉŘĬħƟĺĵȮ&ŏĪėőĬőĸĵň
ĝŅĺĭƟŅĬŀŀĬœĸĬƢ*Ȯ0341'ȮĮƤěěŋĭńĬĴňľĬƞĺĵĚŅĬĕŀĚĶńģěņĬĺĬ
ľĸŅĵľĬƞĺĵĚŅĬőħĵŏĜıŅŃľĬƞĺĵĚŅĬħƟŅĬĔŅĶŏĔļĨĶĪňŗĽƞĚŏĽĶŇĴ

ŒľƟŏĔļĨĶĔĶĮĸŌĔĩńŗĺıĶƟŅľĸńĚěŅĔĔŅĶŏĔŖĭŏĔňŗĵĺĕƟŅĺŒĬŐĨƞĸŃĶŀĭ
ĔŅĶĮĸŌĔŏıŊŗŀĭņĶŋĚħŇĬȮĪńŘĚĬňŘŒĬŐĨƞĸŃĮƖĚĭĮĶŃĴŅĦĪŅĚĔĶĴıńĥĬŅ 
ĪňŗħŇĬĴňĔŇěĔĶĶĴĽƞĚŏĽĶŇĴĔŅĶȮįĸŇĨŏĴĸŖħıńĬīŋƢıŊĝĮŋƜĵĽħȮŐĸƟĺĶńĭĞŊŘŀ
ėŊĬěŅĔŏĔļĨĶĔĶȮŏıŊŗŀŐěĔěƞŅĵŒľƟŐĔƞŏĔļĨĶĔĶįŌƟĽĬŒěŒĬĮƖ 
ĚĭĮĶŃĴŅĦĩńħœĮȮŐĨƞĴňĭŅĚĽƞĺĬĪňŗŏĔļĨĶĔĶœħƟĪņĔŅĶœĩĔĸĭ 
ŏıŊŗŀĮĶńĭĮĶŋĚĭņĶŋĚħŇĬȮěŉĚĪņŒľƟŏĴĸŖħıńĬīŋƢıŊĝĮŋƜĵĽħĪňŗĞŊŘŀėŊĬěŅĔȮ
ŏĔļĨĶĔĶŒĬěńĚľĺńħĴňĮĶŇĴŅĦœĴƞĴŅĔĬńĔȮěŉĚĨƟŀĚěńħĞŊŘŀŏıŇŗĴŏĨŇĴ 
ŀňĔĪńŘĚĔŅĶĮĸŌĔıŊĝĮŋƜĵĽħĬńŘĬŏĔļĨĶĔĶĨƟŀĚĸĚĪŋĬĪńŘĚŏĚŇĬȮŐĶĚĚŅĬȮ
ŐĸŃŏĺĸŅŒĬĔŅĶĮĸŌĔıŊĝȮħńĚĬńŘĬŏıŊŗŀŏĮƦĬĔŅĶŏıŇŗĴĶŅĵœħƟŒľƟŏĔļĨĶĔĶ 
ěŅĔĔŅĶĮĸŌĔıŊĝĮŋƜĵĽħŀňĔĪŅĚľĬŉŗĚȮěŉĚĴňĔŅĶįĸŇĨŏıŊŗŀěņľĬƞŅĵ
ŏĴĸŖħıńĬīŋƢıŊĝĮŋƜĵĽħħƟĺĵȮĞŉŗĚĮƤĠľŅĪňŗıĭėŊŀĔĶĶĴĺŇīňĔŅĶĔŃŏĪŅŃ
ŏĴĸŖħıŊĝĮŋƜĵĽħȮőħĵŏĜıŅŃĩńŗĺıĶƟŅĵńĚŏĮƦĬĔŅĶŒĝƟŐĶĚĚŅĬėĬ 
ŒĬĔŃŏĪŅŃŏĴĸŖħȮĪņŒľƟŏĔŇħėĺŅĴĸƟŅĝƟŅŐĸŃŀńĨĶŅĔŅĶĔŃŏĪŅŃ
ŏĴĸŖħĨƞŀĺńĬœħƟĬƟŀĵœĴƞŏıňĵĚıŀĔńĭėĺŅĴĨƟŀĚĔŅĶ 

ěŅĔĮƤĠľŅħńĚĔĸƞŅĺįŌƟĺŇěńĵěŉĚĴňŐĬĺėŇħĪňŗěŃĻŉĔļŅľĸńĔ 
ĔŅĶĔŃŏĪŅŃŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħıńĬīŋƢĩńŗĺıĶƟŅȮĽņľĶńĭ
ŒľƟŏĔļĨĶĔĶœħƟĴňŏėĶŊŗŀĚěńĔĶĪňŗĝƞĺĵŒĬĔŅĶŏıŇŗĴŀńĨĶŅĔŅĶįĸŇĨ 
ŐĸŃĵńĚĽŅĴŅĶĩĸħėĺŅĴŏĴŊŗŀĵĸƟŅěŅĔĔĶĶĴĺŇīňĔŅĶĔŃŏĪŅŃ
ŐĭĭŏħŇĴĪňŗŏĔļĨĶĔĶŏėĵĮĢŇĭńĨŇĴŅŐĸŃŏĮƦĬĔŅĶŏıŇŗĴĶŅĵœħƟěŅĔ
ĔŅĶĕŅĵŏĴĸŖħıńĬīŋƢĩńŗĺıĶƟŅĕŀĚŏĔļĨĶĔĶœħƟŀňĔħƟĺĵ 

 
ŀŋĮĔĶĦƢŐĸŃĺŇīňĔŅĶ 

ĚŅĬĺŇěńĵĬňŘŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅ 
ŒľƟŏĔļĨĶĔĶĽŅĴŅĶĩŒĝƟĚŅĬĚƞŅĵŐĸŃŏėĶŊŗŀĚĽŅĴŅĶĩŐĵĔŏĴĸŖħ 
ĩńŗĺıĶƟŅŀŀĔěŅĔİƤĔħƟĺĵĨŃŐĔĶĚėńħŐĵĔĞŉŗĚĨŇħĨńŘĚŏĮƦĬŐĭĭ
ĨŃŐĔĶĚőĵĔŒĬėĶńŘĚŏħňĵĺȮőħĵĴňĕńŘĬĨŀĬŐĸŃĺŇīňĔŅĶĺŇěńĵħńĚĨƞŀœĮĬňŘ 

 
/,ȮĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚİƤĔŐĸŃŏĴĸŖħĩńŗĺıĶƟŅ 
ĔŅĶĺńħĕĬŅħĕŀĚİƤĔĩńŗĺıĶƟŅȮĴňĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶŀŀĔŐĭĭ

ĝƞŀĚĪŅĚĮƚŀĬİƤĔĩńŗĺıĶƟŅŏĕƟŅŒĬľƟŀĚĔŃŏĪŅŃȮıĭĺƞŅȮİƤĔĩńŗĺıĶƟŅ 
ĴňėĺŅĴĵŅĺĶŃľĺƞŅĚȮ00+1. cm.ȮŐĸŃĴňėĺŅĴĔĺƟŅĚĶŃľĺƞŅĚȮ0+1 cm.  
ěŅĔĬńŘĬĺńħĕĬŅħŏĴĸŖħĩńŗĺıĶƟŅěŅĔĔŅĶĽŋƞĴĨńĺŀĵƞŅĚŏĴĸŖħĩńŗĺıĶƟŅ 
ĴŅĺńħěņĬĺĬȮ/..ȮŏĴĸŖħȮœħƟėĺŅĴĔĺƟŅĚȮ//,3Ȯmm. ėĺŅĴĵŅĺȮ
16.74 mm. ėĺŅĴľĬŅ 7.70 mm.ŏıŊŗŀĔņľĬħĕĬŅħĨŃŐĔĶĚ
ėńħŐĵĔħńĚ Figure / ĨŅĴĸņħńĭ 
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FigureȮ/ȮMeasurent of width, length and thickness of 
Jack been. 
 
0,ȮĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĨƟĬŐĭĭ 

ĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅĨƟĬŐĭĭěŃŒĝƟ
ĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚĩńŗĺıĶƟŅőħĵ
ĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶŌƟŐĸŃľĸńĔĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚěńĔĶĔĸĶĺĴĩŉĚ
ĔŅĶŒĝƟőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĝƞĺĵŀŀĔŐĭĭŐĸŃŏĕňĵĬŐĭĭȮ 
ħńĚȮFigure 0ȮőħĵĔŅĶĪņĚŅĬŏėĶŊŗŀĚĔŃŏĪŅŃľĶŊŀŏėĶŊŗŀĚĬĺħȮ 
ŏĔŇħěŅĔĔŅĶĲŅħĨňŐĸŃĔŅĶĩŌĔĕńħĩŌĶŃľĺƞŅĚĸŌĔĔŃŏĪŅŃŐĭĭĴňĲƤĬ
ľĶŊŀĞňŗȮ&spiked toothed thresher)ȮıěĬŅȮŐĸŃėĦŃȮ&0333'Ȯ
ĔńĭĽƞĺĬŐĭĭŐĩĭĸŌĔĲŌĔŏľĸŖĔĪňŗĩŌĔĪņŒľƟŏĮƦĬĶƞŀĚĶŇŘĺŏĸŖĔȮŕȮ&raps) 
ĨŇħĨńŘĚĕĬŅĬœĮĔńĭĔŅĶľĴŋĬĕŀĚŐĔĬŏıĸŅ 

 
FigureȮ0ȮSketcheddesigh of the Jack Bean Sheller 
Machine, 
 

1,ȮĕńŘĬĨŀĬŐĸŃĺŇīňĔŅĶĪħĸŀĚ 

1,/ȮĔŅĶĔņľĬħĮƤěěńĵĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚ 

Ɗ ĮƤěěńĵĪňŗĪħĽŀĭ 
ŒĬĔŅĶĪħĽŀĭŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅȮĮƤěěńĵ 

ĪňŗĪņĔŅĶĻŉĔļŅȮėŊŀȮėĺŅĴŏĶŖĺĶŀĭŒĬĔŅĶĔŃŏĪŅŃȮ3ȮĶŃħńĭȮœħƟŐĔƞȮ
30.Ȯ13.Ȯ4..Ȯ23.Ȯ30.ȮrpmȮĺŇŏėĶŅŃľƢįĸĕŀĚĮĶŃĽŇĪīŇĳŅı
ĔŅĶĔŃŏĪŅŃȮŏĮŀĶƢŏĞŖĬĨƢŏĴĸŖħŐĨĔľńĔȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬȮ 
ŏĮŀĶƢŏĞŖĬĨƢĔŅĶėńħŐĵĔĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅŐĸŃ 
ėƞŅıĸńĚĚŅĬěņŏıŅŃ 

 
Ɗ ĮƤěěńĵĪňŗėĺĭėŋĴ 
ėĺŅĴĝŊŘĬĕŀĚİƤĔĩńŗĺıĶƟŅĪňŗŒĝƟĪħĽŀĭȮėĺĭėŋĴőħĵĔŅĶĬņ

İƤĔĩńŗĺıĶƟŅĴŅĨŅĔŐħħŏĮƦĬŏĺĸŅȮ0ȮĺńĬȮěŅĔĬńŘĬľŅėĺŅĴĝŊŘĬ 
ĨŅĴĴŅĨĶģŅĬĕŀĚȮASAE /772ȮĺńĝĶŇĬĪĶƢȮŐĸŃėĦŃȮ&0330'Ȯ
ıĭĺƞŅȮİƤĔĕŀĚĩńŗĺıĶƟŅĴňėƞŅėĺŅĴĝŊŘĬŏĜĸňŗĵĪňŗ 5.3#Ȯ&ģŅĬŏĮƖĵĔ'Ȯ
ěŅĔĬńŘĬĬņİƤĔĩńŗĺıĶƟŅĭĶĶěŋŒĬĳŅĝĬŃŐĭĭĴŇħĝŇħŏıŊŗŀŒĝƟŒĬ 
ĔŅĶĪħĽŀĭȮĔņľĬħŀńĨĶŅĔŅĶĮƚŀĬěŅĔĔŅĶĪħĽŀĭŒĬŏĭŊŘŀĚĨƟĬ 
ĪňŗŀńĨĶŅĔŅĶĮƚŀĬȮ230kg hr-1 

 
1,0ȮĺŇīňĔŅĶĪħĸŀĚ 

ĔŅĶĪħĽŀĭĔŃŏĪŅŃĩńŗĺıĶƟŅŏĭŊŘŀĚĨƟĬ 
Ɗ ĔŅĶĪħĽŀĭĩńŗĺıĶƟŅŒĬŏĭŊŘŀĚĨƟĬŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅı

ĔŅĶĔŃŏĪŅŃĴŅĔĝŉŘĬȮĞŉŗĚŏħŇĴŒĬľƟŀĚĔŃŏĪŅŃŏĮƦĬĔŅĶĲŅħĨňŐĸŃ 
ĕńħĩŌĶŃľĺƞŅĚĸŌĔĔŃŏĪŅŃŐĭĭĴňĲƤĬľĶŊŀĞňŗĔńĭĽƞĺĬŐĭĭŐĩĭĸŌĔĲŌĔ
ŏľĸŖĔĪňŗĩŌĔĪņŒľƟŏĮƦĬĶƞŀĚĶŇŘĺŏĸŖĔ ŕȮ&raps) ĨŇħĨńŘĚĕĬŅĬœĮĔńĭ 
ĔŅĶľĴŋĬĕŀĚŐĔĬŏıĸŅȮĪņŒľƟĔŅĶĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅěŃĕŉŘĬŀĵŌƞ
ĔńĭĔŅĶĮĶńĭĶŃĵŃľƞŅĚĶŃľĺƞŅĚĸŌĔĔŃŏĪŅŃĔńĭŐĩĭŏľĸŖĔȮħńĚĬńŘĬ
ŏıŊŗŀŒľƟŏľĴŅŃĔńĭĸńĔļĦŃĕŀĚİƤĔĩńŗĺıĶƟŅȮFigure 1ȮįŌƟĻŉĔļŅ 
ěŉĚŀŀĔŐĭĭŒľƟĭĶŇŏĺĦŐĩĭĸŌĔĲŌĔŏľĸŖĔĴňĔŅĶĨŇħĨńŘĚĲƤĬľĶŊŀ 
ĞňŗŏľĸŖĔŒĬŐĬĺĨńŘĚĜŅĔĔńĭŐĔĬŏıĸŅŏıŊŗĴŏĨŇĴħńĚŐĽħĚŒĬȮFigure 2Ȯ
įĸĔŅĶĪħĽŀĭŏĭŊŘŀĚĨƟĬıĭĺƞŅĽŅĴŅĶĩĝƞĺĵŒľƟĔŅĶĔŃŏĪŅŃ 
ŏĴĸŖħĩńŗĺĴňĮĶŃĽŇĪīŇĳŅıħňĕŉŘĬ 
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FigureȮ1ȮPhysical characteristics of Jack been. 

 
ĕńŘĬĨŀĬĔŅĶĪħĽŀĭŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅ 
Ɗ ŏĨĶňĵĴĨńĺŀĵƞŅĚŐĸŃŏėĶŊŗŀĚĴŊŀĽņľĶńĭĔŅĶĪħĽŀĭȮőħĵ

ŏĸŊŀĔİƤĔĩńŗĺıĶƟŅĪňŗĴňėĺŅĴĽĴĭŌĶĦƢȮĴňėĺŅĴĝŊŘĬĨĶĚĨŅĴĪňŗĔņľĬħȮ
őħĵŒľƟŀńĨĶŅĔŅĶĮƚŀĬĪňŗȮ01.Ȯkg hr-1 
Ɗ ŏĶŇŗĴĪħĽŀĭĪňŗėĺŅĴŏĶŖĺĶŀĭȮ5ȮĶŃħńĭȮėŊŀȮ1..Ȯ13. 

400 450 500 rpmȮŒĝƟİƤĔĩńŗĺıĶƟŅĨńĺŀĵƞŅĚĸŃȮ1kgȮĪħĽŀĭ
ěņĬĺĬȮ5ȮĨńĺŀĵƞŅĚĨƞŀėĺŅĴŏĶŖĺĶŀĭȮĭńĬĪŉĔŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭ 
Ɗ ĝńŗĚĬŘņľĬńĔŐĸŃėńħŐĵĔĨńĺŀĵƞŅĚĨŅĴĸńĔļĦŃĔŅĶĔŃŏĪŅŃȮ 

ŏĝƞĬȮŏĴĸŖħŏĨŖĴȮŏĴĸŖħŐĨĔľńĔȮĔĸňĭİƤĔĪňŗœĴƞĩŌĔĔŃŏĪŅŃłĸłȮ 
ŐĸƟĺĭńĬĪŉĔĕƟŀĴŌĸ 

 
FigureȮ2ȮThe appearance of the seed sheller 

 
1,1ȮĔŅĶĺŇŏėĶŅŃľƢįĸĔŅĶĪħĸŀĚ 

ĺŇŏėĶŅŃľƢįĸĕŀĚĮĶŃĽŇĪīŇĳŅıĔŅĶĔŃŏĪŅŃȮŏĮŀĶƢŏĞŖĬĨƢ 
ŏĴĸŖħŐĨĔľńĔȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬȮŏĮŀĶƢŏĞŖĬĨƢĔŅĶėńħŐĵĔ 
ĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅŐĸŃėƞŅıĸńĚĚŅĬěņŏıŅŃ 

 

2,ȮĔŅĶľŅĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪņĚŅĬ 
ĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħȮěŃ

ıŇěŅĶĦŅľŅĽĴĶĶĩĬŃŒĬĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃȮœħƟŐĔƞȮ
ŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃȮŏĮŀĶƢŏĞŖĬĨƢŏĴĸŖħŐĨĔľńĔȮėĺŅĴĽŅĴŅĶĩ
ŒĬĔŅĶĪņĚŅĬěĶŇĚȮĮĶŃĽŇĪīŇĳŅıĔŅĶėńħŐĵĔŐĸŃŀńĨĶŅĽƞĺĬ 
ĔŅĶŒĝƟıĸńĚŅĬȮŏĮƦĬėƞŅĝňŘįĸŒĬĔŅĶĻŉĔļŅȮěĨŋĶĚėƢȮŐĸŃėĦŃȮ
&034/'ȮĞŉŗĚėņĬĺĦœħƟħńĚĽĴĔŅĶĨƞŀœĮĬňŘ 

1'ȮŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃȮ&%' 

ĬŘņľĬńĔŏĴĸŖħŏĨŖĴ)ĬŘņľĬńĔŏĴĸŖħŐĨĔľńĔȮ&ie' × /..

ĬŘņľĬńĔŏĴĸŖħĪňŗĬņĴŅĔŃŏĪŅŃĪńŘĚľĴħȮ&ie'
 &/' 

0'ȮŏĮŀĶƢŏĞŖĬĨƢŏĴĸŖħŐĨĔľńĔȮ&%' 

ŏĴĸŖħĪňŗŐĨĔľńĔȮ&ie'×/..

ŏĴĸŖħĪńŘĚľĴħĪňŗĩŌĔĔŃŏĪŅŃȮ&ie'
 &0' 

1'ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬȮ&kg hr-1' 

ĬŘņľĬńĔĨńĺŀĵƞŅĚĪňŗĽŋƞĴȮ&ie'

ŏĺĸŅĪňŗŒĝƟĽŋƞĴĨńĺŀĵƞŅĚȮ&fp'
 &1' 

2'ȮĮĶŃĽŇĪīŇĳŅıĔŅĶėńħŐĵĔȮ&%' 

ĬŘņľĬńĔŏĴĸŖħĪňŗĝƞŀĚĪŅĚŀŀĔ&ie'×/..

ĬŘņľĬńĔŏĴĸŖħĪňŗĔŃŏĪŅŃĪńŘĚľĴħ&ie'
 &2' 

3'ȮıĸńĚĚŅĬěņŏıŅŃȮ&kw-hr kg-1' 

ĔņĸńĚœĲĲƚŅĪňŗŒĝƟȮ&iu'

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬȮ&ie-fp,'
 &3' 

 
ėĺŅĴėŋƟĴėƞŅĪŅĚħƟŅĬŏĻĶļģĻŅĽĨĶƢ 

ħƟŅĬŏĻĶļģĻŅĽĨĶƢěŃŒĝƟĺŇīňĔŅĶĮĶŃŏĴŇĬėƞŅŒĝƟěƞŅĵőħĵĶĺĴ
ŏĔňŗĵĺĔńĭĨƟĬĪŋĬŒĬĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚőħĵıŇěŅĶĦŅěŅĔĔŅĶĪňŗŏĔļĨĶĔĶ 
ĞŊŘŀŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅœĮĔŃŏĪŅŃŐĪĬĺŇīňĔŅĶŒĝƟŐĶĚĚŅĬėĬȮ 
ĞŉŗĚėƞŅŒĝƟěƞŅĵőħĵĶĺĴěŃĮĶŃĔŀĭħƟĺĵĨƟĬĪŋĬėĚĪňŗȮ&Fixed cost) 
ŐĸŃĨƟĬĪŋĬįńĬŐĮĶȮ&Vari-able cost)ȮĶĺĴĩŉĚĔŅĶĺŇŏėĶŅŃľƢ
ĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ&Pay-back period) ŐĸŃĔŅĶėŜŅĬĺĦľŅ
ěŋħėŋƟĴĪŋĬȮ&Break-even point) ĺŋĥŇĝńĵȮŐĸŃėĦŃ &034/'Ȯ 
ħńĚĽĴĔŅĶĨƞŀœĮĬňŘȮ 

/'ȮĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ&Year) 

ĶŅėŅŏėĶŊŗŀĚěńĔĶȮ&@_fr'

ĔņœĶĽŋĪīŇĨƞŀĮƖȮ&@_rfȮwc_p+/'
 &4' 
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0'ȮěŋħėŋƟĴĪŋĬȮ&hr yr-1) 

ėƞŅŒĝƟěƞŅĵėĚĪňŗȮ&`_fr'

ŀńĨĶŅĔŅĶĶńĭěƟŅĚȮ+ȮėƞŅŒĝƟěƞŅĵįńĬŐĮĶȮ&`_frȮfp+/'
 &5' 

 
įĸŐĸŃĺŇěŅĶĦƢ 

ŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅ 

ĽƞĺĬĮĶŃĔŀĭľĸńĔĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅĪňŗĽĶƟŅĚĕŉŘĬȮ 
ĴňĶŅĵĸŃŏŀňĵħĨŅĴFigure 3ȮħńĚĬňŘȮ 
ľĴŅĵŏĸĕȮ/ȮĝƞŀĚĪŅĚĮƚŀĬŐĸŃĝŋħĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅ 
ľĴŅĵŏĸĕȮ0ȮĝŋħĨƟĬĔņĸńĚŐĸŃĽƞĚĔņĸńĚ 
ľĴŅĵŏĸĕȮ1ȮĝŋħėĺĭėŋĴĴŀŏĨŀĶƢŐĭĭĮĶńĭėĺŅĴŏĶŖĺĶŀĭ 
ľĴŅĵŏĸĕȮ2ȮĝŋħıńħĸĴŐĸŃĨŃŐĔĶĚőĵĔėńħŐĵĔŏĴĸŖħ 

 
FigureȮ3ȮActual Prototype of the Jack Been Sheller 
Machine, 

ŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅĪňŗĽĶƟŅĚĕŉŘĬįŌƟĺŇěńĵŀŀĔŐĭĭ 
ŒľƟĽŅĴŅĶĩŏėĸŊŗŀĬĵƟŅĵœħƟĞŉŗĚŏľĴŅŃĽņľĶńĭĔŅĶŒĝƟĚŅĬĕŀĚ
ŏĔļĨĶĔĶĨńĺŏėĶŊŗŀĚĽŅĴŅĶĩĮĶńĭėĺŅĴŏĶŖĺĶŀĭŒĬĔŅĶĔŃŏĪŅŃœħƟ
ŐĸŃĴňėĺŅĴĮĸŀħĳńĵŒĬĔŅĶŒĝƟĚŅĬȮĔŅĶĔŃŏĪŅŃŒĬŐĨƞĸŃėĶńŘĚ
ĽŅĴŅĶĩŐĵĔŏĴĸŖħŐĸŃİƤĔŀŀĔœħƟŒĬėĶŅĺŏħňĵĺőħĵĝŋħĨŃŐĔĶĚ
őĵĔȮĪņŒľƟŏĔļĨĶĔĶœĴƞŏĽňĵŏĺĸŅĴŅėńħŐĵĔŏĴĸŖħŀŀĔěŅĔ 
ŏĮĸŊŀĔİƤĔŀňĔėĶńŘĚ 

 
įĸĔŅĶĪħĽŀĭ 

įĸĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħȮ 
ěŃıŇěŅĶĦŅľŅĽĴĶĶĩĬŃŒĬĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃœħƟŐĔƞȮ
ŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃȮŏĮŀĶƢŏĞŖĬĨƢŏĴĸŖħŐĨĔľńĔȮėĺŅĴĽŅĴŅĶĩ
ŒĬĔŅĶĪņĚŅĬȮĮĶŃĽŇĪīŇĳŅıĔŅĶėńħŐĵĔŐĸŃŀńĨĶŅĽƞĺĬĔŅĶŒĝƟ
ıĸńĚĚŅĬȮŐĽħĚŒĬȮTable / 
 

 
Table /ȮResults of speed test on the performance of Jack bean shelling machine 

speed  
&rpm' 

Shelling efficiency  
(%) 

broken seed  
(%) 

Cleaningefficiency 
&%) 

working capacity  
(kg hr-1) 

specific energy 
(kw-hr kg-1)  

300 98.21 0.56 97.39 203.94 0.48 
350 98.27 0.57 96.97 209.88 0.47 
400 99.06 0.94 98.13 214.64 0.50 
450 99.00 1.00 97.97 217.78 0.53 
500 96.09 1.08 95.70 223.20 0.54 

Note: The results were obtained from the mean of 5 replications 

/ 

0 

1 2 
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ŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃ 

įĸĕŀĚŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃĪňŗėĺŅĴŏĶŖĺĶŀĭȮ3ȮĶŃħńĭȮ
ıĭĺƞŅȮĔŅĶĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅěŅĔİƤĔĪŋĔėĺŅĴŏĶŖĺĶŀĭĪňŗĪņ
ĔŅĶĪħĽŀĭĴňįĸĨƞŀŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃĪňŗœĴƞŐĨĔĨƞŅĚĔńĬȮ 
őħĵĴňŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃŀĵŌƞĶŃľĺƞŅĚȮ74,.7+77,.4% ĞŉŗĚ 
ŏĮƦĬŏıĶŅŃĔŅĶĮĶńĭŐĨƞĚŏıŇŗĴĲƤĬĸŌĔĔŃŏĪŅŃȮĪņŒľƟİƤĔĩńŗĺıĶƟŅ
ĽńĴįńĽĔńĭĸŌĔĔŃŏĪŅŃĴŅĔĵŇŗĚĕŉŘĬȮőħĵĪňŗėĺŅĴŏĶŖĺĶŀĭȮ2..Ȯrpm  
ĴňŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃĽŌĚĪňŗĽŋħŏĪƞŅĔńĭȮ77,.4%ȮįĸŏĮŀĶƢŏĞŖĬĨƢ
ĔŅĶĔŃŏĪŅŃŐĽħĚħńĚȮFigure 4 

 
Figure 6 Providing shelling percentage, 

 
ŏĮŀĶƢŏĞŖĬĨƢŏĴĸŖħŐĨĔľńĔ 
ėƞŅŏĮŀĶƢŏĞŖĬĨƢŏĴĸŖħŐĨĔľńĔȮħńĚŐĽħĚŒĬ Table /ȮıĭĺƞŅȮ

ėĺŅĴŏĶŖĺĶŀĭĕŀĚĔŅĶĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅĴňįĸĪņŒľƟŏĮŀĶƢŏĞŖĬĨƢ
ŏĴĸŖħŐĨĔľńĔĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬőħĵĨŅĴėĺŅĴŏĶŖĺĶŀĭĪňŗŏıŇŗĴĕŉŘĬȮ
őħĵĪňŗėĺŅĴŏĶŖĺĶŀĭȮ1..ȮrpmȮĴňŏĮŀĶƢŏĞŖĬĨƢŏĴĸŖħŐĨĔľńĔĨŗņĽŋħ
ŏĪƞŅĔńĭ .,34% ŐĸŃĴňėƞŅŏĮŀĶƢŏĞŖĬĨƢŏĴĸŖħŐĨĔľńĔĪňŗĽŋħȮ/,.6%Ȯ 
ĪňŗėĺŅĴŏĶŖĺĶŀĭȮ3..ȮrpmȮĨŅĴĸņħńĭȮĪńŘĚĬňŘŏĴĸŖħĪňŗŐĨĔľńĔĴňėƞŅ
ŏıŇŗĴĕŉŘĬŀŅěŏĬŊŗŀĚĴŅěŅĔĔŅĶŏıŇŗĴėĺŅĴŏĶŖĺĶŀĭĪņŒľƟőŀĔŅĽ 
ĪňŗŏĴĸŖħĩńŗĺıĶƟŅĪňŗĩŌĔĔŃŏĪŅŃĽńĴįńĽĔńĭŏĴĸŖħĩńŗĺıĶƟŅĴŅĔĕŉŘĬ 

 
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬ 
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃĩńŗĺıĶƟŅ 

ĪňŗėĺŅĴŏĶŖĺĶŀĭȮ3ȮĶŃħńĭȮıĭĺƞŅȮėĺŅĴŏĶŖĺĶŀĭĕŀĚĔŅĶĔŃŏĪŅŃ
ŏĴĸŖħĩńŗĺıĶƟŅěŅĔİƤĔĴňįĸĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬ 
ĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬĨŅĴĸņħńĭȮőħĵĪňŗėĺŅĴŏĶŖĺĶŀĭȮ3..ȮrpmȮ 
ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬĴŅĔĪňŗĽŋħŏĪƞŅĔńĭȮ001,0.Ȯkg hr-/Ȯ

ŐĸŃĪňŗėĺŅĴŏĶŖĺĶŀĭȮŐĸŃȮ1..ȮrpmȮĴňėƞŅėĺŅĴĽŅĴŅĶĩŒĬ 
ĔŅĶĪņĚŅĬĬƟŀĵĪňŗĽŋħĪňŗȮ0.1,72Ȯkg hr-1ȮĨŅĴĸņħńĭ 

 
FigureȮ5ȮWorking capacity of Jack Been sheller machine. 

 
ĮĶŃĽŇĪīŇĳŅıĔŅĶėńħŐĵĔȮ&%' 
ĮĶŃĽŇĪīŇĳŅıĔŅĶėńħŐĵĔȮ&%'ȮŏĴĸŖħĩńŗĺıĶƟŅŏĮƦĬįĸĔŅĶėńħŐĵĔ 

ŏĴĸŖħĩńŗĺıĶƟŅĪňŗœħƟĶńĭĔŅĶĔŃŏĪŅŃŀŀĔěŅĔİƤĔľĸƞĬĸĚĨŃŐĔĶĚ 
ėńħŐĵĔŏĴĸŖħȮĞŉŗĚŏĮƦĬĔŅĶėńħŐĵĔŏĴĸŖħŀŀĔěŅĔŏĻļİƤĔȮőħĵ 
ŏĮƦĬĔŅĶėńħħƟĺĵĨŃŐĔĶĚőĵĔĽŅĴŅĶĩėńħŏĴĸŖħĩńŗĺıĶƟŅœħƟŒĬ 
ĔŅĶĪņĚŅĬıĶƟŀĴĔńĭĔŅĶĔŃŏĪŅŃȮėĺŅĴŏĶŖĺĕŀĚĨŃŐĔĶĚőĵĔ 
ěŃŏıŇŗĴĕŉŘĬĨŅĴėĺŅĴŏĶŖĺĶŀĭĕŀĚĔŅĶĔŃŏĪŅŃĪņŒľƟŏĴŊŗŀŏıŇŗĴ
ėĺŅĴŏĶŖĺĶŀĭĴŅĔĕŉŘĬĮĶŃĽŇĪīŇĳŅıĔŅĶėńħŐĵĔŏĴĸŖħĩńŗĺıĶƟŅ 
ěŃĸħĸĚȮőħĵĪňŗėĺŅĴŏĶŖĺĶŀĭȮ2..ȮrpmȮĴňĮĶŃĽŇĪīŇĳŅıĔŅĶėńħŐĵĔ 
ĴŅĔĪňŗĽŋħĪňŗȮ76,/1%ȮŐĸŃėĺŅĴŏĶŖĺĶŀĭȮ3..Ȯrpm ĴňĮĶŃĽŇĪīŇĳŅı 
ĔŅĶėńħŐĵĔĨŗņĪňŗĽŋħĪňŗȮ73,5.%ȮĨŅĴĸņħńĭȮŐĽħĚŒĬȮFigureȮ6 

 
Figure 6ȮCleaningefficiencyof Jack Been sheller machine 
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ıĸńĚĚŅĬěņŏıŅŃ 
ėƞŅıĸńĚĚŅĬěņŏıŅŃĪňŗėĺŅĴŏĶŖĺĶŀĭŏıĸŅĕŀĚĸŌĔĔŃŏĪŅŃ

ĶŃħńĭĨƞŅĚȮŕȮħńĚŐĽħĚŒĬȮTable /ȮıĭĺƞŅȮėĺŅĴŏĶŖĺĶŀĭĴňįĸĪņŒľƟ 
ıĸńĚĚŅĬěņŏıŅŃĪňŗŒĝƟŒĬĔŅĶĔŃŏĪŅŃİƤĔĩńŗĺıĶƟŅŒľƟŏĮĸŊŀĔŐĵĔ
ŀŀĔěŅĔŏĴĸŖħĴňįĸĨƞŀėƞŅıĸńĚĚŅĬěņŏıŅŃœĴƞŐĨĔĨƞŅĚĔńĬĴŅĔ
ŏĬŊŗŀĚěŅĔŀńĨĶŅĽƞĺĬĕŀĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬĪňŗŏıŇŗĴĕŉŘĬ
ŏĴŊŗŀŏıŇŗĴėĺŅĴŏĶŖĺĶŀĭŒĬĔŅĶĪņĚŅĬȮőħĵŏėĶŊŗŀĚĔŃŏĪŅŃĩńŗĺıĶƟŅ 
ĴňıĸńĚĚŅĬěņŏıŅŃŀĵŌƞĶŃľĺƞŅĚȮ.,26+.,32Ȯkw-hr kg-/ȮĨŅĴĸņħńĭ 

 
ėĺŅĴėŋƟĴėƞŅĪŅĚħƟŅĬŏĻĶļģĻŅĽĨĶƢ 
ĔŅĶĮĶŃŏĴŇĬėƞŅŒĝƟěƞŅĵőħĵĶĺĴŏĔňŗĵĺĔńĭĨƟĬĪŋĬŒĬĔŅĶŒĝƟĚŅĬ

őħĵŏėĶŊŗŀĚĔŃŏĪŅŃĩńŗĺıĶƟŅĪņĚŅĬœħƟħƟĺĵŐĶĚĚŅĬėĬȮ/ȮėĬȮ
ĔņľĬħŒľƟŏėĶŊŗŀĚĪņĚŅĬȮ4Ȯhr day-1ȮĪņĚŅĬĮƖĸŃȮ4.ȮdayȮľĶŊŀ
ėŇħŏĮƦĬĝńŗĺőĴĚĔŅĶĪņĚŅĬĨƞŀĮƖŏĪƞŅĔńĭȮ14.Ȯhr yr-1ȮĶŅĵĸŃŏŀňĵħ
ėƞŅŒĝƟěƞŅĵħńĚĬňŘ 

Ɗ ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĽĶƟŅĚŏėĶŊŗŀĚȮ/3,...Ȯbaht 
Ɗ ėƞŅŏĽŊŗŀĴĶŅėŅĕŀĚŏėĶŊŗŀĚěńĔĶȮıŇěŅĶĦŅŀŅĵŋĔŅĶŒĝƟĚŅĬĪňŗȮ
3ȮyearȮŏĪƞŅĔńĭȮ0,5..Ȯbaht yr-1 
Ɗ ėƞŅŏĽňĵőŀĔŅĽŒĬĔŅĶĸĚĪŋĬȮĪňŗŀńĨĶŅħŀĔŏĭňŘĵȮ/.%ȮŏĪƞŅĔńĭȮ
603Ȯbaht yr-1 
Ɗ ĶĺĴŏĮƦĬĨƟĬĪŋĬėĚĪňŗŏĪƞŅĔńĭȮ1,303Ȯbaht yr-1 
Ɗ ėƞŅěƟŅĚŐĶĚĚŅĬŒĬĔŅĶėĺĭėŋĴŏėĶŊŗŀĚȮ1..ȮĭŅĪĨƞŀĺńĬ 
ĨƞŀėĬȮľĶŊŀėŇħŏĮƦĬȮ/6,...Ȯbaht yr-1 
Ɗ ėƞŅĭņĶŋĚĶńĔļŅŏėĶŊŗŀĚĺńĬĸŃȮ/.ȮbahtȮŏĪƞŅĔńĭȮ4..Ȯbaht yr-1 
Ɗ ĔņĸńĚœĲĲƚŅŏĜĸňŗĵŒĝƟĚŅĬȮ.,00Ȯkw+hrȮľĶŊŀėŇħŏĮƦĬȮ035,05Ȯ 

baht yr-1 

ėƞŅŒĝƟěƞŅĵįńĬŐĮĶĶĺĴŏĪƞŅĔńĭȮ/6*635,05Ȯbaht yr-1ȮľĶŊŀȮ
ėŇħŏĮƦĬȮ30,16Ȯbaht hr-1 

ŏĴŊŗŀıŇěŅĶĦŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅĪňŗȮ
0/2Ȯkg hr-1ȮėŇħėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪņĚŅĬœħƟŏĪƞŅĔńĭȮ.,07Ȯbaht kg-1Ȯ 
ěŅĔĔŅĶĻŉĔļŅĕƟŀĴŌĸĪňŗŀńĨĶŅĔŅĶĶńĭěƟŅĚĔŃŏĪŅŃőħĵŒĝƟŐĶĚĚŅĬėĬ 
ŏĪƞŅĔńĭȮ.,3Ȯbaht kg-1ȮěŃĴňěŋħėŋƟĴĪŋĬŒĬĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚ
ŏĪƞŅĔńĭȮ78.64hr yr-1ȮŏĴŊŗŀıŇěŅĶĦŅĝńŗĺőĴĚĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚ
ĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅĪňŗȮ36.Ȯhr yr-1ȮĔņœĶĽŋĪīŇŏĜĸňŗĵĨƞŀĮƖěŃĴňėƞŅ
ŏĪƞŅĔńĭȮ18,837.73 baht yr-1ȮħńĚĬńŘĬĶŃĵŃŏĺĸŅŒĬĔŅĶėŊĬĪŋĬ
ĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńĺıĶƟŅȮěŃĴňėƞŅŏĪƞŅĔńĭȮ.,8 year 

ĽĶŋĮ 

ěŅĔĔŅĶĪħĽŀĭĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅ
őħĵŒĝƟİƤĔĩńŗĺıĶƟŅėĺŅĴĝŊŘĬŏĜĸňŗĵȮ3,1# &ģŅĬŏĮƖĵĔ'ȮėĺĭėŋĴ 
ŀńĨĶŅĔŅĶĮƚŀĬĪňŗȮ230kg hr-1ȮĻŉĔļŅėĺŅĴŏĶŖĺĶŀĭĕŀĚĸŌĔĔŃŏĪŅŃȮ
5ȮĶŃħńĭȮėŊŀȮ30.Ȯ15.Ȯ400 43. 500rpmȮįĸĔŅĶĻŉĔļŅıĭĺƞŅȮ
ĪňŗėĺŅĴŏĶŖĺĶŀĭȮ2..ȮrpmȮĴňĶŃħńĭĔŅĶĪņĚŅĬĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮ
őħĵĴňŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔŃŏĪŅŃȮ77,.4#ȮŏĴĸŖħŐĨĔľńĔȮ.,72#Ȯ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĪņĚŅĬȮ0/2,42kg hr-1ȮŐĸŃŒĝƟıĸńĚĚŅĬ
ěņŏıŅŃȮ.,3.kw+hr kg-1ȮŏĴŊŗŀĺŇŏėĶŅŃľƢėƞŅŒĝƟěƞŅĵŒĬĔŅĶŒĝƟ 
ŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħĩńŗĺıĶƟŅıĭĺƞŅĴňėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪņĚŅĬ 0.29 
baht kg-1ȮŐĸŃĴňěŋħėŋƟĴĪŋĬŒĬĔŅĶĪņĚŅĬȮ56,42 hr yr-1ȮĶŃĵŃŏĺĸŅ 
ėŊĬĪŋĬŒĬĔŅĶėŊĬĪŋĬȮ0.8 year 

 
ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 

ĕŀĕŀĭėŋĦĪŋĬĺŇěńĵĚĭĮĶŃĴŅĦĮĶŃěņĮƖȮ0341ȮĕŀĚėĦŃ
ŏĔļĨĶĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮŐĸŃėĦŅěŅĶĵƢĽŅĕŅŏėĶŊŗŀĚěńĔĶĔĸ
ŏĔļĨĶȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮĺŇĪĵŅŏĕĨĽŋĶŇĬĪĶƢȮ 
ŏĮƦĬŀĵƞŅĚĽŌĚȮĪňŗėŀĵĽĬńĭĽĬŋĬŒľƟĚŅĬĺŇěńĵĬňŘĽņŏĶŖěĸŋĸĺĚœĮħƟĺĵħň 

 
ŏŀĔĽŅĶŀƟŅĚŀŇĚ 

ěĨŋĶĚėƢȮĸńĚĔŅıŇĬīŋƢĽŋĬńĬȮĮŅĬĽŅėĶĶŋƞĚŏĶŊŀĚȮĔŅĸĻŇĶŇĻŇĸĮƝȮŐĸŃĽŋĶĺŋĥŇȮ 
ŐĽĚĽĺƞŅĚ,Ȯ034/,ȮĔŅĶıńĥĬŅŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħ 
ĭńĺľĸĺĚŐľƟĚ,ȮĺŅĶĽŅĶĺŇěńĵĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵň
ĶŅĝĴĚėĸīńĠĭŋĶňȮ/5&0'*Ȯ//+00, 

ıěĬŅȮĽňĴńĬĨĶȮĝŋĨŇȮĴƞĺĚĮĶŃŏĽĶŇģȮŐĸŃȮīĶĶĴĬŌĠȮėŜŅľĶŋƞĴ,Ȯ0333,Ȯ
ŏėĶŊŗŀĚĬĺħĪŅĬĨŃĺńĬĕĬŅħŏĸŖĔŐĭĭĨńŘĚőĨƠŃ,ȮĶŅĵĚŅĬ
ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĽĴŅėĴĺŇĻĺĔĶĶĴŏĔļĨĶŐľƞĚ
ĮĶŃŏĪĻœĪĵȮėĶńŘĚĪňŗȮ/1ȮĮĶŃěņĮƖȮ0333, /64+/7.,Ȯ
ŏĝňĵĚŒľĴƞ8ȮěńĚľĺńħŏĝňĵĚŒľĴƞ: ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ,Ȯ2ů3ŏĴļŅĵĬȮ0333, ŏĝňĵĚŒľĴƞ 

ŏĪėőĬőĸĵňĝŅĺĭƟŅĬŀŀĬœĸĬƢ,Ȯ0341,ȮĮŋƜĵıŊĝ,ȮŐľĸƞĚĕƟŀĴŌĸ8Ȯ
https://www.technologychaoban.com/bullet
-news-today/article_162245,ȮŏĕƟŅĩŉĚŏĴŊŗŀȮ 
4ȮĴĔĶŅėĴȮ0342,Ȯ 
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ĳŅĽĔĶȮĬńĬĪıŅĬŇĝ,Ȯ0336,ȮĶŃĭĭĔŅĶįĸŇĨȮŐĸŃŐĬĺĪŅĚ 
ĔŅĶıńĥĬŅĔŅĶįĸŇĨĕƟŅĺŒĬŏĕĨĬŘņİĬȮěńĚľĺńħĽŋĶŇĬĪĶƢ,Ȯ
ĺŅĶĽŅĶŐĔƞĬŏĔļĨĶȮ21&/'ȮĜĭńĭıŇŏĻļ*Ȯ5/1+50., 

ĺńĝĶŇĬĪĶƢȮħĚĭńĚĺĶŏĝļģƢȮĳŇĶĴĵƢĳńĔħŇśŐĸŃĔŇĨĨŇĝńĵȮœĨĶĶńĨĬĻŇĶŇĝńĵ,Ȯ
0330,ȮŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢĔŅĶŀĭŐľƟĚ 
İƤĔĩńŗĺĸŇĽĚħƟĺĵŏĪėĬŇėĲĸŌŀŇħœħĞƢŏĭħ,ȮĶŅĵĚŅĬ 
ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶŏėĶŊŀĕƞŅĵĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸ 
ŐľƞĚĮĶŃŏĪĻœĪĵȮėĶńŘĚĪňŗȮ01ȮĮĶŃěņĮƖȮ0330*ȮETM-
..52.0,ȮěńĚľĺńħŏĝňĵĚŒľĴƞ: ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ,Ȯ2+5ȮıķĻěŇĔŅĵĬȮ0330*Ȯ 
ŏĴŊŀĚŏĝňĵĚŒľĴƞ*ȮŏĝňĵĚŒľĴƞ, 

ĺŋĥŇĝńĵȮĝŅĺĽĺĬŏıĶŋƞĚŏĶŊŀĚȮĔŅĸĻŇĶŇĻŇĸĮƝŐĸŃěĨŋĶĚėƢȮĸńĚĔŅıŇĬīŋƢ,Ȯ
0340,ȮĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĔŃŏĪŅŃŏĴĸŖħ
ĔĶŃĭĔ,ȮĶŅĵĚŅĬĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĽĴŅėĴĺŇĻĺĔĶĶĴ
ŏĔļĨĶŐľƞĚĮĶŃŏĪĻœĪĵĶŃħńĭĝŅĨŇȮėĶńŘĚĪňŗȮ/6ȮŐĸŃ
ĶŃħńĭĬŅĬŅĝŅĨŇȮėĶńŘĚĪňŗȮ/.ȮĮĶŃěņĮƖȮ034., /11+/16,Ȯ 
ĬėĶĮģĴ8ȮĳŅėĺŇĝŅĺŇĻĺĔĶĶĴŏĔļĨĶȮĴľŅĺŇĪĵŅĸńĵ 
ŏĔļĨĶĻŅĽĨĶƢȮĺŇĪĵŅŏĕĨĔņŐıĚŐĽĬ,Ȯ5ů7ȮĔńĬĵŅĵĬȮ
034., ĔĶŋĚŏĪıĴľŅĬėĶ, 

ŀĳŇĺńĥĬƢȮŀŇĬĪĶƢĬĔȮıńĔĨĶƢŏıŖĠȮĳŌĴŇıńĬīƢȮŐĸŃŀĶĮĶŃĳŅȮ 
ŏĪıĻŇĸĮĺŇĽŋĪīŇś,Ȯ0337,ȮĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĳŅı 
ĕƟŅĺĕŅĺħŀĔĴŃĸŇȮ/.3ȮĪňŗĮĸŌĔőħĵŒĝƟĮŋƜĵŏėĴňŐĸŃ 
ĮŋƜĵŀŇĬĪĶňĵƢŒĬěńĚľĺńħĽŋĶŇĬĪĶƢ,ȮĺŅĶĽŅĶĺŇĪĵŅĻŅĽĨĶƢ
ŐĸŃŏĪėőĬőĸĵňȮĮƖĪňŗȮ02Ȯ&3'ȮĜĭńĭıŇŏĻļ*Ȯ544+554, 
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ĺńĬĪňŗȮ12+13ȮıķļĳŅėĴȮı,Ļ,Ȯ0342 

ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ 
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Bctcjmnkclr_lbȮCt_js_rgmlȮmdrfcȮAs`gaȮA_`glcrȮBpwcpȮdmpȮ@j_aiȮRc_ȮNpmacqqgle 

ĽĩŇĨĵƢıĚĻƢȮĶńĨĬėņ/(, ŏĔĶňĵĚĻńĔħŇśȮĬńĔįŌĔ/, ŀĳŇĺńĥĬƢȮĮƤĠĠŅĺĚėƢ/, ĽĴıĸȮĬŇĸŏĺĻĬƢ2, ŀĬńĬĨƢȮĮƤĠĠŅŏıŇŗĴ3 
SatitpongRattanakam1*,KiangsakNukpook/,ApiwatPanyawong/, Sompol Nillavesana2, Anun Punyaperm3 
/ĻŌĬĵĺŇěńĵŏĔļĨĶĺŇĻĺĔĶĶĴŏĝňĵĚŒľĴƞ, ĽĩŅĭńĬĺŇěńĵŏĔļĨĶĺŇĻĺĔĶĶĴ,ȮĔĶĴĺŇĝŅĔŅĶŏĔļĨĶ,ŏĝňĵĚŒľĴƞ,3./.. 
1Chiang Mai Agricultural Engineering Research Center, Agricultural Engineering Research Institute* Department of Agriculture, Chiang 
Mai, 50100 

0ĽņĬńĔĺŇěńĵŐĸŃıńĥĬŅĔŅĶŏĔļĨĶŏĕĨĪňŗȮ/*ȮĔĶĴĺŇĝŅĔŅĶŏĔļĨĶ, ŏĝňĵĚŒľĴƞ,Ȯ3./.. 
2Office of Agricutural Research and Development Region 1, Department of Agriculture, Chiang Mai, 50100 

3ĻŌĬĵƢĺŇěńĵŏĔļĨĶľĸĺĚŏĝňĵĚŒľĴƞ*ȮĽĩŅĭńĬĺŇěńĵıŊĝĽĺĬ*ȮĔĶĴĺŇĝŅĔŅĶŏĔļĨĶ,ŏĝňĵĚŒľĴƞ,3.23. 
1ChiangmaiRoyol Agricultural Research Center* HorticultureResearch Institute*ȮDepartment of Agriculture, Chiang Mai, 50010 

(Corresponding author: Tel: +44+6+6722+7376, Fax: +44+53+114+119, E-mail: R.satitpong@hotmail.com 

 
ĭĪėńħĵƞŀ 

ĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶıńĥĬŅŐĸŃĮĶŃŏĴŇĬįĸŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴŏıŊŗŀŒľƟœħƟŏėĶŊŗŀĚŀĭŐľƟĚĪňŗŏľĴŅŃĽĴ
ĽņľĶńĭĔŅĶŀĭŐľƟĚĝŅİĶńŗĚȮőħĵĽĶƟŅĚĨƟĬŐĭĭŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴĞŉŗĚĮĶŃĔŀĭħƟĺĵ3 ĽƞĺĬľĸńĔȮėŊŀȮ1) ľƟŀĚŀĭŐľƟĚŐĸŃĴňĩŅħ
ěņĬĺĬȮ10 ĝńŘĬȮȮ0'ȮĝŋħıńħĸĴȮŐĸŃȮ1'ȮĨŌƟėĺĭėŋĴȮőħĵŏėĶŊŗŀĚĨƟĬŐĭĭĴňĕĬŅħĳŅĵĬŀĔȮ&ĔĺƟŅĚȮ×ȮĵŅĺ ×ȮĽŌĚ'ȮėŊŀȮ1*250 × 620 × 1*875 mmȮ 
ŒĝƟĴŀŏĨŀĶƢœĲĲƚŅȮ0.75kWȮ00.ȮVacȮŏĮƦĬĨƟĬĔņĸńĚŒĬĔŅĶĕńĭıńħĸĴȮŐĸŃŒĝƟŐĔƠĽľŋĚĨƟĴŏĮƦĬĨńĺĔņŏĬŇħėĺŅĴĶƟŀĬŒľƟĔńĭŀŅĔŅĻěŅĔĬńŘĬ
ĪħĽŀĭĔŅĶŀĭŐľƟĚĝŅİĶńŗĚőħĵĬņĝŅĪňŗįƞŅĬĔŅĶľĴńĔěĬĴňĽňĬŘņĨŅĸŀĴŐħĚŐĸƟĺĴŅŏĔĸňŗĵĸĚŒĬĩŅħĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚȮŏĶŇŗĴĨƟĬĨńŘĚŀŋĦľĳŌĴŇ
œĺƟĪňŗȮ/..°CȮŒĝƟŏĺĸŅĮĶŃĴŅĦȮ1.ȮminȮŐĸƟĺĮĶńĭŀŋĦľĳŌĴŇĸħĸĚĴŅœĺƟĪňŗȮ7.°C ŒĝƟŏĺĸŅĮĶŃĴŅĦȮ1.ȮminȮěŅĔĬńŘĬĮĶńĭŀŋĦľĳŌĴŇĸħĸĚĴŅ
œĺƟĪňŗȮ6.°CȮıĭĺƞŅȮŏėĶŊŗŀĚĨƟĬŐĭĭĽŅĴŅĶĩŒĝƟĚŅĬœħƟħňȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨĳńĦĤƢĝŅİĶńŗĚĽŌĚĽŋħėĶńŘĚĸŃ/.Ȯkg őħĵĝŅİĶńŗĚĴňėĺŅĴĝŊŘĬ
ĔƞŀĬŀĭŐľƟĚȮ70.84% ŀŋĦľĳŌĴŇŐĺħĸƟŀĴȮ21.14 °C ėĺŅĴĝŊŘĬĽńĴıńĪīƢŏĜĸňŗĵȮ84.50%ȮŐĸŃľĸńĚŀĭŐľƟĚĴňėĺŅĴĝŊŘĬŏĜĸňŗĵȮ13%ȮŒĝƟŏĺĸŅ
ŒĬĔŅĶŀĭŐľƟĚȮ164 min ŒĝƟŐĔƠĽľŋĚĨƟĴȮ2.2 kgȮŐĸŃĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬȮ27.1% įĸįĸŇĨĝŅİĶńŗĚĪňŗœħƟĴňĽňĬŘņĝŅŀŀĔĬŘņĨŅĸŐħĚŏĕƟĴȮ 
ŏĴŊŗŀĝĚĝŅĴňĽňĬŘņĝŅŀŀĔĽňŐħĚľĴŅĔĽŋĔőħĵŏėĶŊŗŀĚĨƟĬŐĭĭĴňĶŅėŅĮĶŃĴŅĦȮ90,000 bathȮĞŉŗĚĴňěŋħėŋƟĴĪŋĬŒĬĔŅĶŒĝƟŏėĶŊŗŀĚĨƟĬŐĭĭ 
ŀĵŌƞĪňŗ0// kg 

 
ėņĽņėńĠ: ĝŅİĶńŗĚ*ȮŀĭŐľƟĚ*ŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ 
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Abstract 
The objective of this research was to developmentand evaluationof the cubic cabinet dryer, to obtain a 

suitable dryer for black tea processing. The prototype of the cubic cabinet dryerconsists of 1 main parts:  
1) drying chamber and /. layers of trays  0'Ȯfan unitand 1'Ȯcontroller,The outsize dimension of the prototype was  
/*03. × 40. × /*653 mm (width × length × height). Tha fan unit used .,53 kW 220 volt electrical motor* LPG to generate  
heat for the air. Testing result of the prototype for drying of the tea leaves were fermented until the color was 
reddish brown. The dryer setting temperature at 100°C and switch on the fan for 30 min then decrease temperature  
at 90°C for 30 min and decrease temperature at 80°Cgot well result, the capacity ofdrying black tea maximumto 
/0 kg, before drying tea leaves contained 5.,62#moisture, ambient temperature 0/,/2 °A*Ȯpcj_rgtcȮfskgbgrwȮ
62,3.# and after drying tea leaves contained 13.00# moisture, used time for drying was/42 min, used LPG was 
0,0 kg and thermal efficiency 05,/#.The color of black tea was dark reddish brown, whentea making the color 
was red liked ripe areca-nut.The prototype cost about 7.*...baths, which has a breakeven point ofusing 0// kg. 

 
Keywords: Black Tea, Dryer*ȮCubic Cabinet Dryer 
 

ĭĪĬņ 

ĝŅŏĮƦĬıŊĝĽĺĬŀŋĨĽŅľĔĶĶĴĪňŗŒĝƟŐĮĶĶŌĮŏĮƦĬŏėĶŊŗŀĚħŊŗĴŐĸŃ
įĸŇĨĳńĦĤƢŀŊŗĬ ŕȮőħĵįĸįĸŇĨĝŅĕŀĚőĸĔŏĮƦĬĝŅħņľĶŊŀĝŅİĶńŗĚ
ĮĶŃĴŅĦȮ70% ĽƞĺĬŀňĔȮ30%ȮŏĮƦĬĝŅŒĭĞŉŗĚĶĺĴĩŉĚĝŅěňĬŐĸŃ 
ĝŅŏĕňĵĺȮĞŉŗĚĝŅĮĶŃŏĳĪĨƞŅĚ ŕȮŏĮƦĬĪňŗĬŇĵĴħŊŗĴőħĵĪńŗĺœĮȮĽņľĶńĭ
ĔŅĶĮĸŌĔĝŅŒĬĮĶŃŏĪĻœĪĵĴňĔŅĶĕĵŅĵĨńĺŏıŇŗĴĕŉŘĬȮ&ĽĴıĸȮŐĸŃėĦŃ,  
2558'ȮőħĵıŊŘĬĪňŗĮĸŌĔĝŅœħƟŐĔƞȮěńĚľĺńħŏĝňĵĚĶŅĵȮěńĚľĺńħŏĝňĵĚŒľĴƞȮ
ěńĚľĺńħŐıĶƞȮěńĚľĺńħĬƞŅĬȮŐĸŃěńĚľĺńħŐĴƞŁƞŀĚĽŀĬȮŒĬĮƖȮ0340Ȯ 
ĴňıŊŘĬĪňŗĮĸŌĔĪńŘĚľĴħ120,65/raiȮįĸįĸŇĨĶĺĴȮ6/*26/Ȯton ĶŅėŅ
ĕŅĵŏĜĸňŗĵȮ54,3.Ȯbath kg-1 &ĔĶĴĽƞĚŏĽĶŇĴĔŅĶŏĔļĨĶ, 2541) 

ĕĭĺĬĔŅĶįĸŇĨĝŅİĶńŗĚĵńĚŒľĴƞĽņľĶńĭėĬœĪĵȮŐĸŃĕŅħ
ŏėĶŊŗŀĚŀĭŐľƟĚŒĬĔŅĶŐĮĶĶŌĮĝŅİĶńŗĚĪňŗŏľĴŅŃĽĴĪņŒľƟįĸŇĨĳńĦĤƢ
ĝŅİĶńŗĚĪňŗœħƟĴňėŋĦĳŅıœĴƞĨĶĚĨŅĴėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟĭĶŇőĳėȮ
ĶŅėŅĕŅĵĮĶŃĴŅĦȮ70-80bath kg-1 ĞŉŗĚŏėĶŊŗŀĚŀĭŐľƟĚĪňŗŒĝƟ 
ŒĬőĶĚĚŅĬĝŅĮĶŃĔŀĭħƟĺĵȮ0ȮĽƞĺĬľĸńĔȮėŊŀȮ/'ȮĝŋħŐĸĔŏĮĸňŗĵĬ
ėĺŅĴĶƟŀĬĶŃľĺƞŅĚŀŅĔŅĻĔńĭĔƠŅĞĶƟŀĬĪňŗŏĔŇħěŅĔĔŅĶŏįŅœľĴƟȮĴňŐĭĭ 
ľńĺŏįŅŐŀĸıňěňľĶŊŀĬŘņĴńĬħňŏĞĸȮŐĸŃȮ0'ȮőėĶĚĨŌƟŀĭŏĮƦĬŐĭĭ
ĽŅĵıŅĬĸņŏĸňĵĚŏĕƟŅŐĸŃŀŀĔĽĸńĭĔńĬŒĬŐĨƞĸŃĝńŘĬŐĸŃĝńŘĬĽŋħĪƟŅĵ
ĸņŏĸňĵĚŀŀĔȮŏĮƦĬŏėĶŊŗŀĚĪňŗĨƟŀĚĬņŏĕƟŅĴŅěŅĔĨƞŅĚĮĶŃŏĪĻĴňĶŅėŅ
ĽŌĚĴŅĔŐĸŃĕĬŅħŒľĠƞœĴƞŏľĴŅŃĔńĭĔŅĶįĸŇĨŒĬĶŃħńĭĔĸŋƞĴ
ŏĔļĨĶĔĶľĶŊŀįŌƟĮĶŃĔŀĭĔŅĶĶŅĵĵƞŀĵ ĽĴıĸŐĸŃėĦŃȮ&2558'Ȯ
œħƟĪħĽŀĭŒĝƟŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭľĔŏľĸňŗĵĴĕŀĚĽĩŅĭńĬŏĔļĨĶ

ĺŇĻĺĔĶĶĴȮĔĶĴĺŇĝŅĔŅĶŏĔļĨĶȮŒĬĔŅĶŐĮĶĶŌĮĝŅŀńĽĽńĴŏĮƦĬĝŅİĶńŗĚ 
ĶƞĺĴĔńĭĔĸŋƞĴĺŇĽŅľĔŇěĝŋĴĝĬȮŒĬıŊŘĬĪňŗěńĚľĺńħŏĝňĵĚŒľĴƞȮıĭĺƞŅȮ
ŏėĶŊŗŀĚŀĭŐľƟĚĽŅĴŅĶĩŒĝƟĚŅĬœħƟĶŃħńĭľĬŉŗĚȮŐĸŃĽŅĴŅĶĩįĸŇĨ 
ĝŅİĶńŗĚĪňŗħňıŀĽĴėĺĶĴňĶŅėŅŏıŇŗĴĕŉŘĬŏĮƦĬȮ600-800bathkg+/Ȯ 
ľŅĔŏĪňĵĭĔńĭĶŅėŅŏħŇĴĴŌĸėƞŅŏıŇŗĴĕŉŘĬ 8-10 times ŐĨƞŏėĶŊŗŀĚŀĭŐľƟĚ 
ħńĚĔĸƞŅĺĵńĚĴňĕƟŀĭĔıĶƞŀĚȮėŊŀȮĔŅĶŀĭŐľƟĚĵńĚŒĝƟŏĺĸŅĬŅĬŏĔŇĬœĮȮ
ŐĸŃŏĔŇħĔŅĶĲŋƚĚĔĶŃěŅĵĕŀĚŏĻļĝŅŏĬŊŗŀĚěŅĔĝŋħıńħĸĴĪňŗŒĝƟ 
ŏĮƦĬŐĭĭĸĴœľĸŒĬŐĬĺŐĔĬȮ&Axial fan' ĞŉŗĚĨŇħĨńŘĚœĺƟĳŅĵŒĬĨŌƟŀĭ
ŏıŊŗŀħŌħĸĴĶƟŀĬěŅĔľƟŀĚŏįŅœľĴƟŐĸŃŀńħĸĴĶƟŀĬŏĕƟŅœĮĵńĚĝńŘĬ 
ĩŅħŀĭŐľƟĚŐĸŃľĴŋĬŏĺňĵĬĸĴĶƟŀĬĳŅĵŒĬĨńĺĨŌƟŀĭŐľƟĚħńĚĬńŘĬ
ŏıŊŗŀŒľƟŏĔŇħĔŅĶıńĥĬŅĔŅĶŐĮĶĶŌĮĝŅİĶńŗĚĕŉŘĬȮěŉĚĴňėĺŅĴěņŏĮƦĬ 
ŒĬĔŅĶıńĥĬŅŐĸŃĮĶŃŏĴŇĬįĸŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ 
ŒĬĔŅĶŐĮĶĶŌĮĝŅİĶńŗĚőħĵĬņŏėĶŊŗŀĚĸħėĺŅĴĝŊŘĬĽŜŅľĶńĭįĸŇĨ 
ĴŃœĲěňĬŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴȮ&ŏĔĶňĵĚĻńĔħŇśŐĸŃėĦŃ*Ȯ034.' ĪňŗĴň
ĔŅĶŀĭŐľƟĚŐĭĭĝńŘĬĭŅĚŐĸŃŀŀĔŐĭĭŒľƟĬŜŅĸĴĶƟŀĬĔĸńĭĴŅŒĝƟŒľĴƞ 
ĭŅĚĽƞĺĬĪŜŅŒľƟŏĔŇħĔŅĶĮĶŃľĵńħŐĔƠĽľŋĚĨƟĴȮĴŅıńĥĬŅĪħĽŀĭ
ŐĸŃĮĶŃŏĴŇĬįĸŒĬĔŅĶŀĭŐľƟĚĝŅİĶńŗĚĞŉŗĚěŃĝƞĺĵŐĔƟœĕĮƤĠľŅ 
ŒĬĽƞĺĬĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚĝŅİĶńŗĚœħƟŏĮƦĬĔŅĶĨƞŀĵŀħĚŅĬĺŇěńĵőħĵĴň
ŐĬĺėŇħŒĬĔŅĶĽĶƟŅĚŏėĶŊŗŀĚŀĭŐľƟĚȮėŊŀŏėĶŊŗŀĚŀĭŐľƟĚĴňĶŅėŅĩŌĔĸĚ
ŐĸŃĴňĕĬŅħŏľĴŅŃĽĴĔńĭĔŅĶįĸŇĨĕŀĚĔĸŋƞĴŏĔļĨĶĔĶľĶŊŀ
įŌƟĮĶŃĔŀĭĔŅĶĶŅĵĵƞŀĵĞŉŗĚĽƞĚįĸŒľƟŏĔŇħĔŅĶĔĶŃĨŋƟĬĔŅĶıńĥĬŅ 
ĔŅĶŐĮĶĶŌĮĝŅİĶńŗĚȮĪņŒľƟįĸŇĨĳńĦĤƢĝŅİĶńŗĚĪňŗœħƟĴňėŋĦĳŅıĽŌĚĕŉŘĬȮ
ŐĸŃĽŅĴŅĶĩĸħĨƟĬĪŋĬĔŅĶįĸŇĨœħƟȮ 
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ŀŋĮĔĶĦƢŐĸŃĺŇīňĔŅĶ 

/. ŀŀĔŐĭĭŐĸŃĽĶƟŅĚĨƟĬŐĭĭŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ 
őħĵĴňŐĬĺėŇħȮėŊŀȮĔŅĶŀĭŐľƟĚŐĭĭĝńŘĬĭŅĚȮĴňĔŅĶĬŜŅĸĴĶƟŀĬ
ĔĸńĭĴŅŒĝƟŒľĴƞĭŅĚĽƞĺĬŏėĶŊŗŀĚŀĭŐľƟĚĴňĶŅėŅĩŌĔĸĚȮŐĸŃ 
ĴňĕĬŅħŏľĴŅŃĽĴĔńĭĔŅĶįĸŇĨĕŀĚĔĸŋƞĴŏĔļĨĶĔĶľĶŊŀ
įŌƟĮĶŃĔŀĭĔŅĶĶŅĵĵƞŀĵ 

 
/,/ȮĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚŀĭŐľƟĚĝŅİĶńŗĚ 

ĔŅĶŀĭŐľƟĚŏĮƦĬĔĶŃĭĺĬĔŅĶĸħėĺŅĴĝŊŘĬȮėŊŀĮĶŇĴŅĦĬŘņ 
ĪňŗĴňŀĵŌƞŒĬįĸįĸŇĨȮĬŇĵŅĴĕŀĚėĺŅĴĝŊŘĬĴŅĨĶģŅĬŏĮƖĵĔȮ&ĽĴĔŅĶĪňŗȮ/'
ėŊŀŀńĨĶŅĽƞĺĬĕŀĚĬŘņľĬńĔĬŘņĨƞŀĬŘņľĬńĔĴĺĸĪńŘĚľĴħ 

7 ὡ  &/' 

őħĵ Wf ėŊŀȮĬŘņľĬńĔĝŅľĸńĚŀĭŐľƟĚȮ&ie' 

Wi ėŊŀȮĬŘņľĬńĔĝŅĔƞŀĬĔŅĶŀĭŐľƟĚȮ&ie' 

Mf ėŊŀȮėĺŅĴĝŊŘĬĝŅľĸńĚĔŅĶŀĭŐľƟĚȮ&#u`' 

Mj ėŊŀȮėĺŅĴĝŊŘĬĝŅĔƞŀĬĔŅĶŀĭŐľƟĚȮ&#u`' 
 
/,0ȮĔŅĶĽĶƟŅĚĨƟĬŐĭĭŏėĶŊŗŀĚŀĭŐľƟĚĝŅİĶńŗĚ 

ŏėĶŊŗŀĚŀĭŐľƟĚĪňŗŏĮƦĬŐĭĭĔŅĶŀĭŐľƟĚŐĭĭĝńŘĬĭŅĚȮĴňĔŅĶĬŜŅ
ĸĴĶƟŀĬĔĸńĭĴŅŒĝƟŒľĴƞĭŅĚĽƞĺĬȮĶŅėŅĩŌĔĸĚŐĸŃĴňĕĬŅħŏľĴŅŃĽĴ
ĔńĭĔŅĶįĸŇĨĕŀĚĔĸŋƞĴŏĔļĨĶĔĶľĶŊŀįŌƟĮĶŃĔŀĭĔŅĶĶŅĵĵƞŀĵ 
őħĵŒĝƟĴŀŏĨŀĶƢœĲĲƚŅŏĮƦĬĨƟĬĔņĸńĚŒĬĔŅĶĕńĭıńħĸĴȮŒĝƟŐĔƠĽľŋĚĨƟĴ
ŏĮƦĬĨńĺĔņŏĬŇħėĺŅĴĶƟŀĬŒľƟĔńĭŀŅĔŅĻȮŐĸŃĴňĶŃĭĭėĺĭėŋĴ 
ĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĨƟĬŐĭĭ 

 
0. ĪħĽŀĭĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĨƟĬŐĭĭŏĭŊŘŀĚĨƟĬŐĭĭĨŌƟŏĮĸƞŅ
ŏıŊŗŀħŌĽĳŅıĔŅĶĪņĚŅĬĪńŗĺœĮȮėĺŅĴĽŅĴŅĶĩĽĶƟŅĚŀŋĦľĳŌĴŇ
ĳŅĵŒĬľƟŀĚŀĭŐľƟĚȮĔŅĶĔĶŃěŅĵĸĴŒĬľƟŀĚŀĭŐľƟĚĴňėĺŅĴŏĶŖĺĸĴ 
ĪňŗıƞĬŀŀĔĴŅŒĬŐĨƞĸŃĝńŘĬȮőħĵĺńħĨĶĚĶŌĸĴŀŀĔěŅĔįĬńĚĨŌƟŀĭ
ħƟŅĬŒĬĽŋħŏĮƦĬĨņŐľĬƞĚĪňŗȮ1 ĨĶĚĔŉŗĚĔĸŅĚŏĮƦĬĨņŐľĬƞĚĪňŗȮ2 
ŐĸŃħƟŅĬĝŇħĮĶŃĨŌŏĮƦĬĨņŐľĬƞĚĪňŗȮ3 ěŋħĪňŗĺńħľƞŅĚįĬńĚȮ50 mm  
ĪńŘĚħƟŅĬĞƟŅĵŐĸŃĕĺŅȮĬņĴŅľŅėƞŅŏĜĸňŗĵėĺŅĴŏĶŖĺĸĴŒĬŐĨƞĸŃĝńŘĬȮ 

 
 

1. ĪħĽŀĭĔŅĶŀĭŐľƟĚĝŅİĶńŗĚħƟĺĵŏėĶŊŗŀĚĨƟĬŐĭĭőħĵŏĶŇŗĴĨƟĬ 
ĔŅĶŀĭŐľƟĚĨńŘĚŀŋĦľĳŌĴŇœĺƟĪňŗȮ/..°CȮŒĝƟŏĺĸŅĮĶŃĴŅĦȮ 
1.ȮminȮŐĸƟĺĮĶńĭŀŋĦľĳŌĴŇĸħĸĚĴŅœĺƟĪňŗȮ7.°C ŒĝƟŏĺĸŅ
ĮĶŃĴŅĦȮ1.ȮminȮěŅĔĬńŘĬĮĶńĭŀŋĦľĳŌĴŇĸħĸĚĴŅœĺƟĪňŗȮ6.°CȮ
ŀĭĨƞŀěĬŐľƟĚŏĔŖĭĕƟŀĴŌĸĸńĔļĦŃĔŅĶĸħĸĚĕŀĚėĺŅĴĝŊŘĬȮŐĸŃ
ĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚȮ&ĽĴĔŅĶĪňŗȮ0'Ȯ
ėŊŀȮĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗŒĝƟĶŃŏľĵĬŘņŒĬĝŅľŅĶħƟĺĵĮĶŇĴŅĦ
ėĺŅĴĶƟŀĬĪňŗœħƟĶńĭěŅĔŏĝŊŘŀŏıĸŇĚȮ&ĽŅĴŅĶĩŐĸŃĽńĴıńĬīƢ, 2547) 

–  (0) 

őħĵ ḽth = ĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚ 

Qd =ȮĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗŒĝƟĶŃŏľĵĬŘņȮŒĬĝŅȮ(KJ) 

Qf = ĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗœħƟĶńĭěŅĔŏĝŊŘŀŏıĸŇĚ(KJ) 
 
2. ĺŇŏėĶŅŃľƢĕƟŀĴŌĸŏĝŇĚŏĻĶļģĻŅĽĨĶƢŏıŊŗŀėņĬĺĦėƞŅŒĝƟěƞŅĵȮŐĸŃ
ľŅěŋħėŋƟĴĪŋĬĕŀĚĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ 
ŒĬĔŅĶŀĭŐľƟĚĝŅİĶńŗĚ 

 
įĸŐĸŃĺŇěŅĶĦƢ 

/.ȮĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚĨƟĬŐĭĭŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ 

/.1 ĔŅĶŀŀĔŐĭĭ 
ĔŅĶŀĭŐľƟĚĴňĺńĨĩŋĮĶŃĽĚėƢȮėŊŀȮŏıŊŗŀľĵŋħĮĢŇĔŇĶŇĵŅŏėĴň 

ĕńŘĬĽŋħĪƟŅĵĕŀĚĽŅĶĮĶŃĔŀĭĨƞŅĚ ŕȮŒĬŒĭĝŅőħĵŒĝƟėĺŅĴĶƟŀĬ 
ŒĬĔŅĶŀĭŐľƟĚŐĸŃŏĮƦĬĔŅĶœĸƞĬŘņĪňŗŏľĸŊŀŒĬŒĭĝŅŀŀĔěĬŐľƟĚȮ 
ĞŉŗĚĴňŏĚŊŗŀĬœĕŏĭŊŘŀĚĨƟĬėŊŀ 

ĝŅİĶńŗĚȮ 0.Ȯie 
ėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬȮ 5.Ȯ#u` 
ėĺŅĴĝŊŘĬĽŋħĪƟŅĵȮ /1Ȯ#u` 
 

ŐĪĬėƞŅŒĬĽĴĔŅĶĪňŗȮ/ȮěŃœħƟ 
Wf = 20(100-70)/(100-13) 

;Ȯ4,7Ȯie 
 
ħńĚĬńŘĬȮĮĶŇĴŅĦĬŘņĪňŗĨƟŀĚĔŅĶĶŃŏľĵȮ 

;Ȯ0.+4,7Ȯ 
;Ȯ/1,/Ȯie  
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ĽĴĭńĨŇŀŅĔŅĻěŅĔŐįĬĳŌĴŇœĞőėĶŏĴĨĶŇĔȮĪňŗŀŅĔŅĻŀŋĦľĳŌĴŇȮ
03°C ĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ53#ȮįƞŅĬĔĶŃĭĺĬĔŅĶĪņĶƟŀĬěĬ
ŀŋĦľĳŌĴŇȮ7.°C 
ĴňŀńĨĶŅĽƞĺĬėĺŅĴĝŊŘĬ ;Ȯ.,./4kg-H0O/kg-dry air 

ŏĴŊŗŀįƞŅĬĔĶŃĭĺĬĔŅĶŀĭŐľƟĚŀŋĦľĳŌĴŇŏľĸŊŀ 76°C 
ĴňŀńĨĶŅĽƞĺĬėĺŅĴĝŊŘĬ = .,./8kg-H0O/kg-dry air 

ĮĶŇĴŅĦĬŘņĪňŗĽŅĴŅĶĩħŉĚŀŀĔĴŅœħƟĨƞŀŀŅĔŅĻŐľƟĚȮ/ kg ėŊŀȮ 
.,./8+.,./4 ;Ȯ.,..2Ȯkg/kg-dry air 

ĮĶŇĴŅĦĬŘņȮ/1,/ kg ěŃĨƟŀĚŒĝƟĮĶŇĴŅĦŀŅĔŅĻŐľƟĚėŊŀ 
/1,/-.,..2 ;Ȯ1,053 kg-dry air 

ŀŅĔŅĻŀŋĦľĳŌĴŇȮ6.°C ĴňėĺŅĴľĬŅŐĬƞĬėŊŀȮ.,7772kg m-3 

ħńĚĬńŘĬĮĶŇĴŅĦŀŅĔŅĻŐľƟĚĪňŗĨƟŀĚŒĝƟėŊŀ 
1*053-.,7772 ;ȮȮ1*054,75m3 

ĔņľĬħŏĺĸŅĪňŗŒĝƟŀĭŐľƟĚȮ3ȮĝńŗĺőĴĚĨƟŀĚŒĝƟĮĶŇĴŅĦŀŅĔŅĻȮ
ėŊŀȮ/,.70,10 m3hr-1 ľĶŊŀ .,1. m3 s-1 
 
/,0ȮĔŅĶĽĶƟŅĚĨƟĬŐĭĭ 

ěŅĔĔŅĶĽĶƟŅĚĨƟĬŐĭĭŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ (Figure /)  
őħĵőėĶĚĽĶƟŅĚĳŅĵŒĬŏĮƦĬŏľĸŖĔĔĸƞŀĚȮħƟŅĬĬŀĔĮƕħħƟĺĵŐįƞĬ
ĽńĚĔŃĽňȮįĬńĚħƟŅĬŒĬŏĮƦĬŏľĸŖĔŐįƞĬœĶƟĽĬŇĴȮŐĸŃĴňĩŅħĪņěŅĔ
ŏľĸŖĔŐįƞĬœĶƟĽĬŇĴěņĬĺĬȮ/.ȮĝńŘĬȮħƟŅĬĭĬĨŇħĨńŘĚĝŋħıńħĸĴ 
ħŌħĸĴĶƟŀĬŐĸŃŀŋĮĔĶĦƢľńĺŏįŅȮőħĵŏėĶŊŗŀĚĨƟĬŐĭĭĴňĽƞĺĬĮĶŃĔŀĭ
ĽņėńĠȮ1 ĽƞĺĬȮėŊŀ 

/' ľƟŀĚŀĭŐľƟĚĴňĸńĔļĦŃĽňŗŏľĸňŗĵĴįŊĬįƟŅĴňĕĬŅħ &Ĕ × ĵ × Ľ'Ȯ 
ėŊŀ 1*000 × 620 × 1*200 mm ħƟŅĬĭĬĴňĝƞŀĚĶńĭŀŅĔŅĻŏĕƟŅ 
ĴňĕĬŅħȮ&Ĕ × ĵ'ȮėŊŀ 116 × 950 mmȮĝƞŀĚŀŅĔŅĻœľĸŏĺňĵĬĔĸńĭ 
ĴňĕĬŅħ &Ĕ × ĵ'ȮėŊŀ100 × 100 mmȮŐĸŃĝƞŀĚĶŃĭŅĵŀŅĔŅĻ 
ĴňĕĬŅħ &Ĕ × ĵ'ȮėŊŀ 200 × 100 mmȮŐĸŃĪƞŀıƟĬěŅĔįĬńĚ 
ħƟŅĬĬŀĔĵŅĺȮ400 mmȮĪņĴŋĴŏŀňĵĚĔńĭŐĬĺĶŃĬŅĭȮ20şȮĳŅĵŒĬ
ľƟŀĚŀĭŐľƟĚįĬńĚĪńŘĚĽŀĚĕƟŅĚĴňĝƞŀĚĸĴĕĬŅħŏĸŖĔĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅ 
ĴňĕĬŅħȮ&Ĕ × ĵ'ȮėŊŀ 2 × 60 mm ĴňĝńŘĬĸŃȮ11 ĝƞŀĚȮŐĸŃĴňĝńŘĬĺŅĚ
ĩŅħĭĶĶěŋŒĭĝŅĪńŘĚľĴħ 10 ĝńŘĬȮĩŅħĭĶĶěŋĴňĕĬŅħȮ&Ĕ × ĵ ×Ľ'Ȯ
ėŊŀ 580 × 840 × 30 mmȮŐĸŃĴňĮĶŃĨŌȮŏĮƕħȮ+ȮĮƕħȮĸńĔļĦŃ 
ĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅĴňĕĬŅħȮ&Ĕ × ĵ × Ľ'ȮėŊŀ 72. × 3.. × 1*200 
mm ĨŇħĨńŘĚĝŋħĨŌƟėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚĪňŗįĬńĚ 

ĬŀĔħƟŅĬĕƟŅĚĴŋĴĭĬĕĺŅĴŊŀȮŐĸŃįĬńĚĬŀĔħƟŅĬĸƞŅĚŏĮƦĬģŅĬĨŇħĨńŘĚ
ĸƟŀœĺƟŏıŊŗŀĽŃħĺĔŒĬĔŅĶŏėĸŊŗŀĬĵƟŅĵ 

2) ĝŋħıńħĸĴĪƞŀĪŅĚħƟŅĬŏĕƟŅĕŀĚŀŅĔŅĻĴňĸńĔļĦŃŏĮƦĬ 
ĪƞŀĔĸĴĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ303 mm ėĺŅĴĵŅĺȮ500 mm 
ĪňŗĮĸŅĵĪŅĚŏĕƟŅĕŀĚĪƞŀĴňľńĺŏįŅœľĴƟŐĔƠĽľŋĚĨƟĴĨŇħŀĵŌƞŏĮƦĬĨńĺ
ĔņŏĬŇħėĺŅĴĶƟŀĬŒľƟĔńĭŀŅĔŅĻĔƞŀĬœľĸŏĕƟŅœĮŒĬĝŋħıńħĸĴȮ 
ĞŉŗĚŏĮƦĬıńħĸĴľŀĵőĕƞĚĸńĔļĦŃŒĭıńħőėƟĚľĬƟŅȮŒĝƟĴŀŏĨŀĶƢ
ĔņĸńĚœĲĲƚŅȮ0.75 kWȮ00.ȮVacȮėĺŅĴŏĶŖĺĶŀĭȮ1,440 rpm  
ĽƞĚĔņĸńĚœĮĵńĚŒĭıńħȮŏıŊŗŀĽƞĚŀŅĔŅĻœľĸįƞŅĬœĮĵńĚĪƞŀĪŅĚŀŀĔ 
ĕŀĚıńħĸĴľŀĵőĕƞĚĴňĕĬŅħ &Ĕ × ĵ' ėŊŀȮ150 × 180 mm Īňŗ
ĮĸŅĵĪŅĚŀŀĔĨƞŀŏĕƟŅĔńĭĪƞŀĵŅĺȮ320 mmȮĴňĸńĔļĦŃŏĮƦĬ
ĮŅĔŐĨĶȮĪŅĚŀŀĔŏĮƦĬĽňŗŏľĸňŗĵĴįŊĬįƟŅĴňĕĬŅħ &Ĕ × ĵ'ȮėŊŀ  
116 × 950 mm ŏıŊŗŀĨƞŀĔńĭĝƞŀĚŀŅĔŅĻħƟŅĬĭĬĕŀĚĨŌƟŀĭȮŐĸŃ 
ĪňŗħƟŅĬĸƞŅĚĕŀĚĪƞŀŀŅĔŅĻŏĕƟŅĴňĝƞŀĚĽņľĶńĭĨƞŀŏĕƟŅĔńĭĪƞŀŀŅĔŅĻ
ĶƟŀĬœľĸŏĺňĵĬĔĸńĭĪňŗĪŃĸŋįƞŅĬįĬńĚĨŌƟħƟŅĬĭĬĕŉŘĬĴŅĴňĕĬŅħ &Ĕ × ĵ'Ȯ 
ėŊŀ 100 × 100 mmȮŏıŊŗŀĬņŀŅĔŅĻĶƟŀĬĭŅĚĽƞĺĬĔĸńĭĴŅŒĝƟŒľĴƞœħƟ 

1) ĨŌƟėĺĭėŋĴĔŅĶĪņĚŅĬĮĶŃĔŀĭħƟĺĵȮĽĺŇĪĞƢĽňħņŏĮƦĬĽĺŇĪĞƢ
ŏĮƕħ+ĮƕħœĲŏĕƟŅĨŌƟėĺĭėŋĴȮľĬƟŅĮƤħĮĶńĭŀŋĦľĳŌĴŇȮ0-300°C ĪņľĬƟŅĪňŗ 
ĽƞĚĽńĠĠŅĦŒľƟőĞĸŇĬŀĵĸƢĺŅĸƢĺĨńħĨƞŀĔŅĶĮĸƞŀĵŐĔƠĽľŋĚĨƟĴœĮĵńĚ
ľńĺŏįŅȮĽĺŇĪĞƢĽňŏĕňĵĺŏĮƦĬĽĺŇĪĞƢŏĮƕħ+ĮƕħőĞĸŇĬŀĵĸƢĺŅĸƢĺȮŐĸŃ 
ĽňŐħĚŏĮƦĬĽĺŇĪĞƢŏĮƕħ+ĮƕħıńħĸĴ 

 
Figure / The cubic cabinet dryer. 

 
0. ĪħĽŀĭĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚĨƟĬŐĭĭŏĭŊŘŀĚĨƟĬŐĭĭĨŌƟŏĮĸƞŅ
&Table 1)ȮıĭĺƞŅȮĶŃĭĭĸĴĶƟŀĬŐĸŃĶŃĭĭĔŅĶĪņĚŅĬĕŀĚŐĔƠĽ 
ĪņĚŅĬœħƟħňĽŅĴŅĶĩĽĶƟŅĚŀŋĦľĳŌĴŇĳŅĵŒĬľƟŀĚŀĭŐľƟĚœħƟĽŌĚĩŉĚȮ
100°C ŏĬŊŗŀĚěŅĔĔŅĶŀĭŐľƟĚĝŅİĶńŗĚĨƟŀĚŒĝƟŀŋĦľĳŌĴŇŒĬĝƞĺĚŏĶŇŗĴĨƟĬ 
ŀĭŐľƟĚȮ100°C ĔŅĶĔĶŃěŅĵĸĴŒĬľƟŀĚŀĭŐľƟĚĴňėĺŅĴŏĶŖĺĸĴ
ĪňŗıƞĬŀŀĔĴŅŒĬŐĨƞĸŃĝńŘĬĽĴŗņŏĽĴŀħňŏĜĸňŗĵȮ4.35 m s-1 
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TableȮ/ȮAir velocity distribution in the drying chamber, 

Tray Air velocity (m s-1) 
1 4,55 
2 4,51 
3 4,36 
4 4,22 
5 3,99 
6 4,02 
7 4,06 
8 3,85 
9 5,68 
10 4,55 

Average 4.35 
 
1. ĪħĽŀĭĔŅĶŀĭŐľƟĚĝŅİĶńŗĚħƟĺĵŏėĶŊŗŀĚĨƟĬŐĭĭ 

őħĵĕńŘĬŐĶĔŏĶŇŗĴěŅĔĪņĔŅĶŏĔŖĭŒĭĝŅĴŅįŉŗĚŒĬĽĳŅı
ŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ18 hr ŐĸƟĺĬĺħħƟĺĵŏėĶŊŗŀĚĬĺħĪĶĚĔĶŃĭŀĔ 
ŏĮƦĬŏĺĸŅ 20 miněŅĔĬńŘĬĪņĔŅĶĨńħĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚĨńħĕŉŘĬĶŌĮ
ĝŅİĶńŗĚȮŐĸŃĪņĔŅĶįŉŗĚľĴńĔœĺƟŒĬĽĳŅıŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ 
50 minȮŐĸŃĴňĕńŘĬĨŀĬŒĬĔŅĶŏĨĶňĵĴŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴȮ 
őħĵŏĶŇŗĴěŅĔěŋħľńĺĸƞŀĨńŘĚŀŋĦľĳŌĴŇĪňŗĨŌƟėĺĭėŋĴȮ100°CȮŏĴŊŗŀŏėĶŊŗŀĚ
ŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴĪņĚŅĬœħƟĮĶŃĴŅĦȮ10 minȮŒľƟĸħŀŋĦľĳŌĴŇ 
ĸĚěĬľńĺŏįŅħńĭȮĬņĝŅĪňŗįƞŅĬĔŅĶįŉŗĚľĴńĔŐĸƟĺŒĽƞŒĬĩŅħŏĪƞŅĔńĬ
ŐĸŃŏĔĸňŗĵŒľƟĔĶŃěŅĵŀŀĔĪńŗĺĪńŘĚĩŅħŒĬĝƞĺĚŏĶŇŗĴĔŅĶŀĭŐľƟĚ 
ĨńŘĚŀŋĦľĳŌĴŇȮœĺƟĪňŗȮ/..°CȮŒĝƟŏĺĸŅĮĶŃĴŅĦȮ1.ȮminȮŐĸƟĺĮĶńĭ
ŀŋĦľĳŌĴŇĸħĸĚĴŅœĺƟĪňŗȮ7.°CŒĝƟŏĺĸŅĮĶŃĴŅĦȮ1.ȮminȮěŅĔĬńŘĬ
ĮĶńĭŀŋĦľĳŌĴŇĸħĸĚĴŅœĺƟĪňŗȮ6.°CȮŀĭĨƞŀěĬŐľƟĚ 

įĸĔŅĶĪħĽŀĭŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴŒĬĔŅĶŀĭŐľƟĚ
ĝŅİĶńŗĚȮ(Figure0+1) ıĭĺƞŅȮŀŋĦľĳŌĴŇŐĺħĸƟŀĴȮ21.14°C ŐĸŃ
ėĺŅĴĝŊŘĬĽńĴıńĪīƢŏĜĸňŗĵȮ84.50% ĮĶŇĴŅĦĝŅİĶńŗĚľĸńĚĨńħĕŉŘĬĶŌĮȮ3* 
1. ŐĸŃȮ20 kgtime-1 ėĺŅĴĝŊŘĬĝŅŏĜĸňŗĵĔƞŀĬŀĭŐľƟĚȮ72.60,71.84Ȯ 
ŐĸŃ 69.56% ŐĸŃľĸńĚŀĭŐľƟĚĴňėĺŅĴĝŊŘĬŏĜĸňŗĵȮ13% ŏĴŊŗŀıŇěŅĶĦŅ 
ĸńĔļĦŃĔŅĶĸħĸĚĕŀĚėĺŅĴĝŊŘĬȮĴňĸńĔļĦŃĔŅĶĸħĸĚĕŀĚėĺŅĴĝŊŘĬ 
ŀĵƞŅĚĶĺħŏĶŖĺȮŐĴƟĺƞŅŏĽƟĬĔĶŅĲĲĶŀĨħƟĺĵĽĴĔŅĶőıĸňőĬŏĴňĵĸȮĔŖěŃ
ŏľŖĬœħƟěŅĔĸńĔļĦŃĕŀĚėĺŅĴĝńĬĕŀĚŏĽƟĬĔĶŅĲėƞŀĬĕƟŅĚ 
ŏĮƦĬŏĽƟĬĨĶĚȮŐĨƞĴňŀńĨĶŅĔŅĶĸħĸĚĕŀĚėĺŅĴĝŊŘĬĪňŗĽńĴıńĬīƢĔńĭ
ĮĶŇĴŅĦĔŅĶŀĭŐľƟĚȮėŊŀȮĮĶŇĴŅĦĝŅĪňŗŒĝƟŀĭŐľƟĚĪňŗĬƟŀĵĔĺƞŅ 

ĴňŀńĨĶŅĔŅĶĸħĸĚĕŀĚėĺŅĴĝŊŘĬĪňŗŏĶŖĺĔĺƞŅȮŐĸŃŒĝƟŏĺĸŅŒĬĔŅĶŀĭŐľƟĚȮ 
58,112 ŐĸŃ164 minȮĨŅĴĸņħńĭȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŀĭŐľƟĚ
ĝŅİĶńŗĚľĸńĚĨńħĕŉŘĬĶŌĮĽŌĚĽŋħ20 kg ŒĝƟŐĔƠĽľŋĚĨƟĴȮ2.2 kg ŐĸŃ
įĸįĸŇĨįĚĝŅİĶńŗĚĪňŗœħƟĴňĽňĬŘņĝŅŀŀĔĬŘņĨŅĸŐħĚŏĕƟĴȮŏĴŊŗŀĝĚĝŅĴňĽň
ĬŘņĝŅŀŀĔĽňŐħĚľĴŅĔĽŋĔ 

ŐĸŃŏĴŊŗŀıŇěŅĶĦŅŒĬĽƞĺĬĕŀĚĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬ

ĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚ (ḽth) ĞŉŗĚĴňŏĚŊŗŀĬœĕėŊŀ 

őħĵĮĶŃĴŅĦėƞŅȮhfg =2*283.2 kJ/kg (ěŅĔĨŅĶŅĚĽĴĭńĨŇ
ŏĪŀĶƢőĴœħĬŅĴŇĔĽƢĕŀĚœŀĬŘņȮŀŋĦľĳŌĴŇȮ90°C) 

ėƞŅėĺŅĴĶƟŀĬĕŀĚȮJNEȮ;Ȯ3.*00.ȮkJ/kg &ėƞŅıĸńĚėĺŅĴĶƟŀĬ
ĕŀĚŏĝŊŘŀŏıĸŇĚĝĬŇħĨƞŅĚ ŕȮŐľĸƞĚĪňŗĴŅȮwww.thaigasifier.com*Ȯ
05ȮĴ,ė,Ȯ0341' 

ĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗŒĝƟŒĬĔŅĶĶŃŏľĵĬŘņȮėŊŀ 
13.1 × 2*283.2  = 29*909.9 kJ 

ĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗœħƟĶńĭěŅĔŏĝŊŘŀŏıĸŇĚėŊŀ 
2,0 × 50*220,. = 1/.*262,. KJ  

ŐĪĬėƞŅŒĬĽĴĔŅĶĪňŗȮ2ȮěŃœħƟ 

ḽth = (29*909.9/1/.*262,.) x 100  
= 25,/ 

ħńĚĬńŘĬȮĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚȮėŊŀȮ
05,/% 

 
FigureȮ0 The drying curve of black tea at 0.5, 1.0, 2.0 
kg tray-1. 
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Figure 1 Tested ofthe cubic cabinet dryer for black tea 
processing. 
 
2. ĺŇŏėĶŅŃľƢŏĝŇĚŏĻĶļĻŅĽĨĶƢ 

ěŅĔĔŅĶĺŇŏėĶŅŃľƢĪŅĚħƟŅĬŏĻĶļģĻŅĽĨĶƢĕŀĚĔŅĶŒĝƟĚŅĬ
ŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴŏıŊŗŀėņĬĺĦľŅĨƟĬĪŋĬĔŅĶŒĝƟĚŅĬ
ŐĸŃěŋħėŋƟĴĪŋĬŒĬĔŅĶĸĚĪŋĬŏėĶŊŗŀĚěńĔĶĔĸŒĬĔŅĶŀĭŐľƟĚĝŅİĶńŗĚ 

ěŋħėŋƟĴĪŋĬėŊŀȮěŋħĪňŗĶŅĵœħƟěŅĔĔŅĶĸĚĪŋĬėŋƟĴĔńĭėƞŅŒĝƟěƞŅĵ 

C = F+kn (3) 
R= pn (4' 

őħĵ C ėŊŀȮėƞŅŒĝƟěƞŅĵȮ&bath)  
F ėŊŀȮėƞŅŒĝƟěƞŅĵėĚĪňŗȮ&bath) 
k ėŊŀȮėƞŅŒĝƟěƞŅĵŐĮĶįńĬ &bath kg-1' 
n ėŊŀȮěņĬĺĬĪňŗįĸŇĨȮ&kg' 
R ėŊŀȮĶŅĵœħƟ&bath) 
p ėŊŀȮĶŅėŅĕŀĚľĬƞĺĵĽŇĬėƟŅ &bath kg-1' 

 
/,ȮėƞŅŒĝƟěƞŅĵėĚĪňŗ 
/,/ȮĶŅėŅŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ 

;Ȯ7.*...Ȯbath 

/,0ȮėƞŅĞƞŀĴŐĞĴŐĸŃĭņĶŋĚĶńĔļŅ &ĮĶŃĴŅĦœĺƟĪňŗȮ/0% 
ĕŀĚĶŅėŅŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ' 
ėƞŅĞƞŀĴŐĞĴŐĸŃĭņĶŋĚĶńĔļŅ = 0.10 × 9.,000  

= 9,000 bath 

 
 

/,1ȮħŀĔŏĭňŘĵ &ĮĶŃĴŅĦœĺƟĪňŗȮ/5% ĕŀĚĶŅėŅŏėĶŊŗŀĚŀĭŐľƟĚ 
ŐĭĭĨŌƟĽňŗŏľĸňŗĵĴ' 
ħŀĔŏĭňŘĵ = 0.15 × 9.,000 

= 13*3..Ȯbath 
ėƞŅŒĝƟěƞŅĵėĚĪňŗ (F) 

= 90,000+9,000+13*3.. 
= //0,300 bath 
 

0, ėƞŅŒĝƟěƞŅĵŐĮĶįńĬ 
ěŅĔĔŅĶŏĔŖĭĕƟŀĴŌĸȮıĭĺƞŅȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨĳńĦĤƢ

ĝŅİĶńŗĚœħƟĺńĬĸŃȮ/.Ȯkg 
0,/ȮėƞŅěƟŅĚ 
ŏěƟŅľĬƟŅĪňŗŐĮĶĶŌĮȮ/ȮėĬėƞŅěƟŅĚȮ3..Ȯbath ŐĸŃŐĶĚĚŅĬ

ěņĬĺĬȮ1ȮėĬȮėƞŅěƟŅĚȮ1..ȮbathȮĪņĚŅĬĺńĬĸŃȮ7hr 
ėƞŅěƟŅĚ = 8..Ȯbath day-1 

0,0ȮėƞŅĺńĨĩŋħŇĭ 
ĺńĨĩŋħŇĭŒĬĔŅĶŐĮĶĶŌĮĵŀħĝŅŀńĽĽńĴĽħĺńĬĸŃ 2. kg 

ĶŅėŅȮ0.Ȯbath kg-1 
ėƞŅĺńĨĩŋħŇĭ = 6..Ȯbath day-1 

0,1ȮėƞŅŏĝŊŘŀŏıĸŇĚ 
ėƞŅŐĔƠĽľŋĚĨƟĴȮĩńĚĕĬŅħȮ/3ȮkgȮĶŅėŅȮ20.Ȯbath ŀńĨĶŅ

ĔŅĶŒĝƟŐĔƠĽľŋĚĨƟĴĺńĬĸŃȮ0,0kg 
ėƞŅŏĝŊŘŀŏıĸŇĚŐĔƠĽľŋĚĨƟĴ ;Ȯ&20.-/3' × 0,0 

= 36,45 bath day-1 
0,2ȮėƞŅœĲĲƚŅ 
ĴŀŏĨŀĶƢȮ0.73kWȮěņĬĺĬȮ1ȮĨńĺȮŏĺĸŅŒĝƟĚŅĬȮĮĶŃĴŅĦȮ1ȮhrȮ 

ėŇħĶŅėŅœĲĲƚŅĨƞŀľĬƞĺĵȮ1,3bath 
ėƞŅœĲĲƚŅ ; 0.75 × 3 × 3.3 

;Ȯ7.43 bath day-1 
ėƞŅŒĝƟěƞŅĵŐĮĶįńĬ (k) = (8..)6..)36,45)7.43)/10 

= 146.4/ bath kg-1 
  


