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摘   要

由IACSIT(International Association of Computer Science and Information Technology)主辦的2014年先進力學工程國際學術論文發表會議 (2014 the 3rd International Conference on Advances in Mechanics Engineering (ICAME 2014))，會議舉辦地點在香港的富豪東方酒店。會議內容涵蓋主題包括機械工程的許多領域：聲學與噪聲控制、空氣動力學、應用力學、自動化，機電一體化和機器人、汽車工程、彈道、生物力學、生物醫學工程、CAD / CAM / CIM、複合材料和智能材料、可壓縮流、計算力學、動力學與振動、能源工程與管理、工程材料、疲勞與斷裂、流體力學、流體力學及機械、骨折、燃料和燃燒、地質力學、傳熱傳質、空調、儀表和控制、內燃機、機械及機械設計、製造和生產工藝、海洋系統的設計、材料工程、材料科學與加工、機械設計、機械動力工程、機電一體化、MEMS和奈米技術、奈米材料工程、新能源和可再生能源、噪音和振動、噪音管制、非破壞性檢測、非線性動力學、塑性力學、污染與環境工程、精密機械、品質保證和環境的保護、固體力學、結構動力學、系統動力學及仿真、摩擦學。本出國計畫為筆者運用計畫結餘款與管理費款項之經費，將執行計畫的研究成果，研提論文於該會議中報告發表與交流。研究報告內容為研製新型電動中耕除草機，並探討電動中耕除草機在壤土田區以及黏壤土田區以除草深度3cm及作業寬度60cm條件下操作的各項性能分析結果。本研究顯示，在轉彎時間以及作業速度上均優於引擎式中耕除草機，可圓滿達成中耕除草的高扭力輸出特性作業要求。電動中耕除草機的能量消耗與CO2排放量均低於目前的汽油引擎式中耕除草機，其降低能源消耗及減少碳排放量之效益顯著。電動式與引擎式中耕除草機對操作人員心跳率之影響有明顯差異，研究結果顯示，電動中耕除草機心跳率的變化低於引擎式中耕除草機，在長期作業情況下有利於操作人員降低能量消耗，具有降低疲勞度及提升工作效率的效果。
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壹、計畫緣起與目的

    由於汽油引擎式小型農作機械具有輕巧及低耗能的優點，但其排放二氧化碳的廢氣卻導致全球溫室效益日益嚴重。因此個人以近幾年專注在新型電動中耕除草機研發為主題，並以探討電動中耕除草機的節能減碳效益，以及使用在不同質地田區、不同操作深度、限定寬度條件下，各項性能分析結果參加此次會議。此次參與的國際會議名稱為先進力學工程國際學術論文發表會議暨發表論文(2014 the 3rd International Conference on Advances in Mechanics Engineering (ICAME 2014))，開會地點在香港。 

    目前農業機械主要動力來源為內燃機，使用礦石燃料易產生二氧化碳造成溫室效應，農業機械中使用小馬力的汽油引擎十分普遍，這幾年油價高漲，加上環保意識抬頭，且礦石燃料日漸減少的情況下，以其它替代能源以供農機使用，已成為農機發展之必要考量。中耕機為自走式機種能減少操作者的疲累，並具有結合整地、施肥、覆土與除草之多項功能，適用於局部面積或設施內操作，能有效替代人工作業，基於此多項優點，本研究由引擎式中耕機進行電動化機體設計，並以中耕機田間作業特性進行試驗與可行性評估，以達到直接減低溫室氣體排放效益。電動中耕除草機雛型機係以臺灣製造現有農民普遍使用之引擎式中耕除草機(除草專用)改裝研製而成(鄭，2011)，動力輸出裝置主要由直流無刷馬達及電力系統取代原有汽油引擎，配備有4顆密閉式深循環電池。前端的一小型輔助輪用以支撐重量兼調整控制除草深度，作業刀具設於機台前端，可依用途不同換裝使用刀具，本試驗以常用之兩種刀具(除草刀及開墾刀)進行除草及鬆土功能試驗。動力傳遞由V型皮帶張力輪將動力傳輸到行走部及除草部，機台前進速度分為兩段但不具後退功能，操作把手長度可依操作者身長進行調整後再鎖緊伸縮套管進行作業(陳，2008)。電瓶具有容易組裝及拆卸功能，並包含防塵及防水外殼，把手端附有殘電量顯示裝置(余，2013)。

    心跳率量測方法則以國立嘉義大學五位健康男性學生為田間試驗操作人員，操作者平均身高173±4.4(cm)，平均體重74±12.6(kg)，平均年齡23±3.2(age)。試驗設備包含同機型電動式與引擎式中耕除草機各一部，具Windows xp 作業系統之筆記型電腦一部(含RS 800軟體驅動程式及1條USB藍芽傳輸線)，RS800 Polar無線心跳測量錶及1條心率傳輸帶兼心率傳輸器。以Polar系統軟體擷取心跳率數據儲存再以Minitab統計軟體依成對母體平均數差異之t檢定進行分析，其中每分鐘心跳率數值平均差的差異顯著水準取α=0.05。田間試驗前先讓每位操作者說明實驗流程，以進行電動式與引擎式中耕除草機作業30分鐘，在兩種不同模式測試過程中均擷取在第0~10、10~20、20~30以及0~30分鐘心跳率，並分別進行成對t檢定。

    電動式與引擎式中耕除草機均使用除草刀作業，電動中耕除草機每公頃作業時間需8.73小時，每小時電費2.38元，CO2排放量0.61公斤；且每公頃電費共20.78元，CO2排放量5.33公斤，較引擎式中耕除草機分別節省36.61元/小時與332.86元/公頃，CO2排放量可分別減少2.25公斤/小時與20.61公斤/公頃。電動式與引擎式中耕除草機均使用開墾刀作業，則電動中耕除草機每公頃作業時間需8.9小時，每小時電費2.38元，CO2排放量0.61公斤；且每公頃電費共21.18元，CO2排放量5.43公斤，較引擎式中耕除草機分別節省36.61元/小時與332.46元/公頃，CO2排放量可分別減少2.25公斤/小時與20.51公斤/公頃。綜合以上分析得知，為電動中耕除草機無論在每公頃作業時間及每小時電費、每公頃電費以及CO2排放量皆比引擎式中耕除草機少，明顯看出電動中耕除草機在不同土壤質地作業且使用不同刀具均有效達到節能減碳效果。
    電動與引擎式中耕除草機在壤土田區使用不同刀具之比較:在壤土田區均使用除草刀及開墾刀作業，電動式與引擎式中耕除草機之心跳率t檢定統計表2得知，在第0~10分鐘內，電動中耕除草機心跳率平均數比引擎式中耕除草機為低，p值為0.000，有顯著差異(p<0.05)；第10~20分鐘內，電動中耕除草機心跳率平均數比引擎式中耕除草機心跳率為低，p值為0.000，有顯著差異(p<0.05)；第20~30分鐘內，電動中耕除草機心跳率平均數較引擎式中耕除草機為低，p值為0.000，有顯著差異(p<0.05)；在0~30分鐘內，則電動中耕除草機心跳率平均數比引擎式中耕除草機為低，p值為0.000，有顯著差異(p<0.05)，顯示在第0~10、10~20、20~30以及0~30分鐘引擎式心跳率平均數均較電動式略大，且P值均小於5%，已達到0.05顯著水準。

    電動式與引擎式中耕除草機在黏壤土田區使用不同刀具之比較:在黏壤土田區均使用除草刀及開墾刀作業，電動式與引擎式中耕除草機之心跳率t檢定統計表3得知，在第0~10分鐘內，電動中耕除草機心跳率平均數比引擎式中耕除草機心跳率為低，p值為0.000，有顯著差異(p<0.05)；第10~20分鐘內，電動中耕除草機心跳率平均數比引擎式中耕除草機心跳率，p值為0.000，有顯著差異(p<0.05) ；第20~30分鐘內，電動中耕除草機心跳率平均數比引擎式中耕除草機為低，p值為0.000，有顯著差異(p<0.05)；以0~30分鐘內，則電動中耕除草機心跳率平均數比引擎式中耕除草機心跳率平均數為低，p值為0.000，有顯著差異(p<0.05)，亦顯示在第0~10、10~20、20~30以及0~30分鐘引擎式心跳率平均數均較電動式略大，且P值均小於5%，已達到0.05顯著水準。

貳、參加研討會過程與內容

一、會議議程
2014年先進力學工程國際學術論文發表會議暨發表論文(2014 the 3rd International Conference on Advances in Mechanics Engineering (ICAME 2014))，此會議是由IACSIT(International Association of Computer Science and Information Technology)主辦，開會地點在香港富豪東方酒店，內容涵蓋了對提交感興趣的主題包括機械工程的許多領域：聲學與噪聲控制、空氣動力學、應用力學、自動化，機電一體化和機器人、汽車工程、彈道、生物力學、生物醫學工程、CAD / CAM / CIM、複合材料和智能材料、可壓縮流、計算力學、動力學與振動、能源工程與管理、工程材料、疲勞與斷裂、流體力學、流體力學及機械、骨折、燃料和燃燒、地質力學、傳熱傳質、空調、儀表和控制、內燃機、機械及機械設計、製造和生產工藝、海洋系統的設計、材料工程、材料科學與加工、機械設計、機械動力工程、機電一體化、MEMS和奈米技術、奈米材料工程、新能源和可再生能源、噪音和振動、噪音管制、非破壞性檢測、非線性動力學、塑性力學、污染與環境工程、精密機械、品質保證和環境的保護、固體力學、結構動力學、系統動力學及仿真、摩擦學。論文發表的時間為8月29日下午2點至5點。本次會議論文發表者除了臺灣外，有來自義大利，墨西哥、美國、韓國、阿曼等國的專家學者進行專題演講，上午為演講者發表專題演講有印度學者Prof. Shishir Kumar Sahu演講關於利用有限元素法應用於結構力學分析，來自臺灣逢甲大學的Prof. Chin-Chen Chang演講有關資訊安全議題，Prof. Sergei Gorlatch來自德國，發表演講有關資料庫加速院算法，整個會議共計約200多人與會。
二、研討會發表內容摘述

本研究以電動裝置取代汽油引擎式中耕除草機，並對節能減碳效益以及作業中人體心跳率變化進行比較分析，實驗結果顯示如下結論：在節能減碳效益上，電動中耕除草機以每小時電費與CO2排放量及每公頃電費與CO2排放量均較引擎式中耕除草機便宜且有效減碳。電動式與引擎式中耕除草機對操作者在作業過程中得知心跳率變化之狀況，且從資料分析得知結論如下：以作業30分鐘為基準，在兩種不同模式測試過程中均擷取在第0~10、10~20、20~30以及0~30分鐘心跳率，並比較壤土田區及黏壤土田區使用不同刀具作業的心跳率平均數之差異平均數據，並分別進行成對t檢定，明顯顯示操作者作業時間持續越久，心跳率的變化均有顯著差異，則電動中耕除草機較引擎式中耕除草機有減輕疲勞的效果。
三、與會見聞或新知

本次參與此國際會會議發表論文主題與大會的許多領域互相契合，包含主要領域有:自動化、機電一體化、機械及機械設計、新能源和可再生能源等。本次會議經評審過的論文，將全部出版在國際期刊Applied Mechanics and Materials Journal (ISSN: 1660-9336).，在該刊物發表的論文將被EI Compendex 和ISTP收錄。發表的過程順利，充分強調研究的重點，會後也和與會人士討論相關的研究主題及成果，收穫豐富。會後攜回光碟資料及會議論文發表證明如下：
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         圖1 會議論文發表證明                     圖2 會議光碟資料
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Confii‘mation Letter

International Association of Computer Science & Information Technology (IACSIT) would like to

inform that the paper, titied “ Electric Cultivator Design and Its Impact of the Operator : w{th the
paper ID E056 has been officially accepted by the program committee of the ICAME 2014, for oral

presentation at the conferenee and publication journal.

All accepted papers of ICAME 2014 will be published by Applied Mechanics and Materials Journal
(ISSN: 1660-9336), which will be indexed by EI Compendex and Thomson ISI. The paper will be
online within 4-5 months after the conference. However it is our regret to notify that due to the

publication agenda, it will take 5-7 months before the conference committee receives the journal

from the AMM Publication Press.

For this reason, although Huaang-Youh Houng had paid the registration fee and sent all the
required documents to the conference-specified email (icame@iacsit.net) by following the

instruction given by the conference, we were unable to provide the conference proceeding on time.

Hence, this is to certify that the paper has been in the process of publication. And IACSIT

committee will provide and post the conference journal as soon as the conference committee gets
it. i ;

Please feel free to contact IACSIT if you have any questions or concerns.
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International Association of Computer Science and Information Technology Chengdu Section
TACSIT(Registered No.:531 22865K)





圖3 發表確認函
參、心得與建議事項
一、心得

參與2014年先進力學工程國際學術論文發表會議暨發表論文，並與生物機電研究的相關領域跟各地專家相互討論交流與分享研究成果，感覺獲益良多。在相關議題相互討論及分享研究成果與實務經驗，進而強化國內相關學術研究領域應用視野，對與會的國內學者有顯著助益。與來自各地的專家學者齊聚一堂，針對生物機電、力學工程與生醫工程等研究的相關議題相互討論、彼此交流、分享研究成果與實務經驗，獲益良多。會議期間與數位大陸優秀學者進行學術交流，瞭解到現今中國學術研究已漸漸蓬勃發展，深深地覺得臺灣要繼續保持學術優勢需不斷的提升自我的學術能力，多與全球進行學術交流，擬定學術研究正確的方向，避免閉門造車之撼。
二、建議
國際學術論文發表會除了增廣見聞，也見到舉辦國際會議的場地與規模，幾點建議與感觸如下：
(1) 研討會交通的便捷性很重要。在香港舉辦國際研討會的交通便捷事會議熱絡重要原因之一，參與會議的過程與效率都是源於大眾運輸交通便捷所賜。
(2) 專業的會展協會提供後勤支援提供研討會學術專業性。國際研討會交由專門的會展公司承包，可減輕承辦人員的行政業務負擔，將精神集中在學術研討的廣度及深度。
(3) 新興科技是未來主題。大會發表的論文除了生物機電、力學工程、醫學工程和計算機科學研究領域之外，各國專家學者研究方向積極著力於新興科技領域。
肆、附錄
附錄一  論文接受通知信函
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附錄二 發表論文內容
Electric cultivator design and its Impact of the operator

Kuang-Wen Hsieh1, Chih-Shiuan Iu2, Huaang-Youh Houng3*
1Associate Professor, Department of Bio-Industrial Mechatronics Engineering, National Chung Hsing University, Taichung, Taiwan
2Graduate Student, Department of Biomechatronics Engineering, National Chiayi University, Chiayi, Taiwan
3Professor, Department of Biomechatronics Engineering, National Chiayi University, Chiayi, Taiwan

*Corresponding author: hungyu@mail.ncyu.edu.tw
Keywords: Electric cultivator, Carbon reduction, Fatigue, Heart rate
Abstract. Small type gasoline engine has the advantage of lightweight and low energy, but its emissions of carbon dioxide will lead to global greenhouse gas growing. This study aims to test the performance of the cultivator between different soil and tools. Comparative test electric and gasoline engine type cultivator contains the following items: energy consumption, carbon dioxide emissions in the job and the operator heart rate change. The results show that the width of 60 cm and depth of 3 cm operating conditions weeding, electric cultivators and gasoline engine cultivator average turn time was 2.9 seconds and 3.3 seconds, with an average forward speed were 0.535 and 0.515 m/s. Comparison of the time and forward speed cornering, the electric cultivator superior gasoline engine cultivator, and can successfully achieve high torque output characteristics weeding needed. Energy consumption and carbon emissions test data show that the loam fields, the average power consumption cost of NT $ 21.2/ha; carbon dioxide emissions by an average of 26 kg/ha. This result shows that energy consumption in the consideration of the performance of carbon dioxide emissions, electric cultivators have lower costs. The test results are displayed in the field; the electric cultivator operator heart rate is lower than the gasoline engine cultivator and has significant difference statistically. Therefore, in the field of long-term operating conditions, the electric cultivator helps reduce physical exertion and operator fatigue.
Introduction
The main power source of agricultural machinery is the internal combustion engine, which uses fossil fuels and can easily produce carbon dioxide to cause the greenhouse effect. The use of small-horsepower gasoline engine in agricultural machinery is very common. In recent years, oil prices have been high. Under the circumstances of rising environmental awareness and diminishing fossil fuels, other alternative energy sources for agricultural use has become necessary to consider for agricultural machinery development. The extirpator as a self-propelled model can reduce operator fatigue. It has multiple functions of soil preparation, fertilization, soil covering and weeding, and it is suitable for operation in local area or facilities. Hence, it can effectively replace manual work. Based on the given advantages, this study proposed the electrification of the body design of the engine type extirpator, and carried out the field trial experiment and feasibility study of the extirpator for the purpose of directly reducing greenhouse gas emissions. 
Materials and Method
Structure of electric cultivator
The electric cultivator prototype (as shown in Figure 1) was converted from the gasoline engine cultivator that is commonly used by farmers [1]. The power output device consists of a brushless DC motor and power system equipped with four sealed deep cycle batteries to replace the original [image: image6.png]


gasoline engines. A small auxiliary wheel at the front is to support the weight and adjust the depth of weeding. The machine tool is set in the front of the machine. The tools can be changed according to different uses. In this test, two commonly used tools (weeder and tiller blade) were used for weeding and tilling experiments. The power is transmitted by V-belt tension wheel to the moving part and the weeding part. The machine moving speed is divided into two sections. However, the machine has no function of moving backward. The operating handle length can be adjusted according to the height of operator and the telescopic tube is tightened for operation [2]. The battery is easy to assemble and disassemble, and is equipped with anti-dust and waterproof housing. At the end of the handle, there is a residual power display device [3]. 
Electric cultivator electromechanical system design and power
In operation, the cultivator should provide the power to move forward and the power for weeding. The demand for power under the circumstances of different textural soils and climatic changes will be greater to meet the potential demand of the field operation for large torque and power output. Therefore, the power motor of the machine is the brushless DC motor manufactured by ADLEE Company (ADLEE BM-2200 24~48 Volt, 3kW) with small size, light weight, easy maintenance, and other advantages [4]. The electric power of the vehicle is WP50-12NE sealed deep-cycle lead-acid batteries made in Taiwan. It weighs 14.3 kg, and its geometric dimension is 198mm in length, 161mm in width, and 171mm in height. The rated voltage is 12V, and rated capacity is 42.5(Ah)/ 10Hr Rate and 50(Ah)/ 20Hr Rate. The charging system consists of AC110V60Hz household power source, coupled with Mean-Well PB-600W charger, and four 12V WP50-12NE sealed deep-cycle lead-acid batteries in series. It can be fully charged in about 5 hours. 
Computation of carbon dioxide emissions
The electric cultivator power consumption is based on TaiPower tariff (tariff at 2.10 NTD/kwh since June 10, 2012) and CO2 emissions of 0.537 kg/kWh [5]. The fuel consumption of the engine-type extirpator is based on the average price of No. 92 unleaded gasoline in the second quarter of 2013 during the field trial as provided by the energy bureau of the ministry of economics, ROC at 32.49 NTD/liter and CO2 emissions of 2.38 kg/liter [6]. 
Heartbeat rate measurement method
In this study, five healthy male students from the Department of Biomechatronic Engineering, National Chiayi University were invited for the field operation test. The average height of the operators is 173±4.4 (cm), the average weight is 74±12.6 (kg), the average age is 23±3.2 (age). The test equipment includes an electric cultivator and a gasoline engine cultivator of the same type, a laptop computer with Windows xp operating system (including RS 800 software driver and 1 USB Bluetooth transmission line), RS800 Polar wireless heart rate meter and 1 heart rate transmission belt with heart rate transmitter. The Polar system software captures heartbeat rate data for storage and Minitab statistics software is applied in the t-test analysis of pairwise population mean difference. The per minute heartbeat rate value mean difference’s significance level is at α=0.05. Before the field trial, each operator was instructed with the experimental process and was asked to operate with the electro-dynamic and engine-type extirpator for 30 minutes respectively. During the testing process of two different models, the heartbeat rates of the operators in No. 0~10, 10~20, 20~30 and 0~30 minute heartbeat rate were captured for pairwise t-test.  
Result and Dissolution
Carbon dioxide emissions
Both the electric and engine-type cultivator use weeded for operation. The operating time of the electric cultivator is 8.73 hours, the electric charge is 2.38 NTD, and CO2 emissions is 0.61 kg for each hectare; the per hectare electric charge is 20.78 NTD, and the CO2 emissions is 5.33 kg, saving by 36.61 NTD/ hours and 332.86 NTD/hectare as compared to the engine-type extirpator. CO2 emissions can be reduced by 2.25 kg/ hours and 20.61 kg/hectare respectively. In the experiment of using the electric and engine-type cultivator for tiller blade operation, the operating time of the electric cultivator per hectare is 8.9 hours, the per hour electric charge is 2.38 NTD, and the CO2 emissions is 0.61 kg; the per hectare electric charge is 21.18 NTD, CO2 emissions is 5.43 kg, saving by 36.61 NTD/ hours and 332.46 NTD/hectare as compared to the engine-type cultivator. CO2 emissions are reduced by 2.25 kg/ hours and 20.51 kg/hectare (as shown in Table 1). In summary of the above, the electro cultivator is better than the engine-type cultivator in terms of per hectare operating time and per hour electric charge, per hectare electric charge and CO2 emissions. It can be concluded that the electro cultivator can effectively achieve the energy saving and carbon reduction effect in case of different soil characteristics and tools. 

Table 1 Comparison of electric and gasoline engine cultivator in case of different loam fields in per hour, per hectare charge and CO2 emissions and operating time

	
	Electric cultivator
	Gasoline engine cultivator

	Soil
	Loam
	Clay loam
	Loam
	Clay loam

	Cutter
	Weeder
	Tiller blade
	Weeder
	Tiller blade
	Weeder
	Tiller blade
	Weeder
	Tiller blade

	Per hour (h)
	Electric charge/fuel cost (NT$/h)
	2.38
	2.38
	2.38
	2.38
	38.99
	38.99
	38.99
	38.99

	
	CO2 emissions (kg/h)
	0.61
	0.61
	0.61
	0.61
	2.86
	2.86
	2.86
	2.86

	Per hectare (ha)
	Operating time (h)
	8.9
	8.42
	8.73
	8.9
	9.08
	8.9
	9.07
	9.07

	
	Electric charge/fuel cost (NT$/ha)
	21.18
	20.04
	20.78
	21.18
	354.03
	347.01
	353.64
	353.64

	
	CO2emissions(kg/ha)
	5.43
	5.14
	5.33
	5.43
	25.97
	25.45
	25.94
	25.94


Comparison of the impact on heartbeat rate
In case of the loam field, both weeder (specifically designed for weeding) and tiller blade (for tillage and cultivation). As the tiller blade operates in a deeper depth as compared to the weeder, the load is heavier and the vibration is greater. Therefore, during the test of tiller blade, the operator will feel more fatigue with higher heartbeat rate as compared with the test of weeder. The heartbeat rate t-test statistics of the electric cultivator and gasoline engine cultivator are as shown in Table 2. In No. 0~10 minute, the electric cultivator operators’ heartbeat rate mean is lower than that of the gasoline engine cultivator operators. The p value is 0.00, indicating a significant difference (p<0.05); in No. 10~20 minute, the electro-dynamic extirpator  operators’ heartbeat rate mean is lower than that of the gasoline engine cultivator operators. The p value is 0.00, indicating a significant difference (p<0.05); in No. 20~30 minute, the electric cultivator operators’ heartbeat rate mean is lower than that of the gasoline engine cultivator operators, p value is 0.00, indicating a significant difference (p<0.05); in No. 0~30 minute, the electric cultivator operators’ heartbeat rate mean is lower than that of the gasoline engine cultivator operators. The p value is 0.00, indicating a significant difference (p<0.05), suggesting that the engine type operators’ heartbeat rate mean in No. 0~10, 10~20, 20~30 and 0~30 minute is greater than that of the operators of the electric cultivator. Moreover, the P value is slightly lower than 5%, reaching 0.05 significance level. 

Table 2 Heartbeat rate t-test statistics of operators of the electric cultivator and gasoline engine cultivator in loam fields 

	Variable
	Heartbeat rate
	p* value

	
	Electric cultivator
	Gasoline engine cultivator
	

	Cutter
	Weeder
	Tiller blade
	Weeder
	Tiller blade
	

	0~10 minute

(times / minute)
	105.59±4.49
	108.99±6.5
	107.97±11.59
	110.80±10.49
	0.000

	10~20 minute

(times / minute)
	106.59±5.44
	108.02±7.94
	108.55±11.45
	111.34±11.01
	0.000

	20~30 minute

(times / minute)
	106.07±5.12
	109.33±6.61
	108.87±11.68
	111.63±10.76
	0.000

	0~30 minute

(times / minute)
	106.08±5.05
	108.78±7.06
	108.46±11.58
	111.26±10.75
	0.000


The heartbeat rate t-test statistics of the electric cultivator and gasoline engine cultivator using both weeder and tiller blade in the clay loam is as shown in Table 3. In No. 0~10 minute, the electric cultivator operators’ heartbeat rate mean is lower than that of the gasoline engine cultivator operators’ heartbeat rate. The p value is 0, indicating a significant difference(p<0.05); in No. 10~20 minute, the electric cultivator operators’ heartbeat rate mean is lower than that of the gasoline engine cultivator operators’ heartbeat rate. The p value is 0, indicating a significant difference(p<0.05); in No. 20~30 minute, the electric cultivator operators’ heartbeat rate mean is lower than that of the engine-type extirpator operators. The p value is 0, indicating a significant difference(p<0.05); in 0~30 minute, the electric cultivator operators’ heartbeat rate mean is lower than that of the gasoline engine cultivator operators’ heartbeat rate mean. The p value is 0, indicating a significant difference (p<0.05). The results also suggest that the engine type extirpator operators’ heartbeat rate is slightly greater than the electric cultivator operators in No. 0~10, 10~20, 20~30 and 0~30 minute, and the P-values are all lower than 5% at the 0.05 significance level. 
Table 3 Heartbeat rate t-test statistics of operators of the electric cultivator and gasoline engine cultivator in clay loam fields
	Variable
	Heartbeat rate
	p* value

	
	Electric cultivator
	Gasoline engine cultivator
	

	Cutter
	Weeder
	Tiller blade
	Weeder
	Tiller blade
	

	No. 0~10 minute

(times / minute)
	110.81±10.48
	112.18±10.31
	113.34±9.44
	115.39±7.25
	0.000

	No. 10~20 minute

(times / minute)
	111.34±11
	113.32±9.44
	114.35±8.48
	116.09±5.57
	0.000

	No. 20~30 minute

(times / minute)
	111.56±10.84
	113.61±9.19
	115.38±7.25
	116.22±5.3
	0.000

	No. 0~30 minute

(times / minute)
	111.24±10.78
	113.04±9.67
	114.39±8.47
	115.9±6.11
	0.000


Conclusion
By replacing the gasoline engine cultivator with electric device, this study compared and analyzed the proposed prototype’s energy saving and carbon reduction benefits, and changes in heartbeat of operators. According to the experimental results, in terms of energy saving and carbon reduction benefits, the electric cultivator is less expensive and more effective in carbon reduction in terms of per hour electric charge and CO2emissions and  per hectare electric charge and CO2 emissions. According to the heartbeat rate changes of operators of the electric cultivator and gasoline engine cultivator, and the data analysis results: for the benchmark of 30 minute operation, this study captured the No. 0~10, 10~20, 20~30 and 0~30 minute heartbeat rates of operators in both cases and compared the heart rate mean difference mean of the operators in case of loam and clay loam fields for t-test. The results suggested that longer operating time can result in more significant changes in heartbeat rate. Hence, the electric cultivator can better reduce the fatigue of the operator as compared to the gasoline engine cultivator. 
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Figure 1 the electric cultivator prototype
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