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ABSTRACT 
This research project presents a method for developing efficient egg breeding 

equipment with self-control to reduce wastage and ensure egg safety. Therefore, this 
is the origin of this research project. It is designed to control the factors necessary for 
incubation, namely temperature and humidity control. airflow and internal oxygen 
content by controlling them through the PID Controller, including the design of the 
egg-turning motor system. In addition, the incubator is designed to be insulated to 
reduce the noise that will occur during operation by using a sensor and a 
microcontroller to help measure and control the incubation system. 
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ïììĊęǰ1 
ïìîĈ 

 
1.1ǰǰÙüćöđðŨîöćĒúąÙüćöÿĈÙĆâ×ĂÜēÙøÜÖćøüĉÝĆ÷ 

đîČęĂÜÝćÖĔîðŦÝÝčïĆîđÖþêøÖøøööĊÖćøóĆçîćĂ÷ŠćÜêŠĂđîČęĂÜǰ ēé÷đÞóćąĔîéšćîÖćøóĆçîćñú

ÖćøñúĉêĔĀšöĊðøąÿĉìíĉõćóÿĎÜ ĒúąĕéšñúñúĉêìĊęöćÖ×ċĚîìĊęÿčé ìĈĔĀšđÖĉéÙüćöÿîĔÝÖćøđóćąóĆîíčŤĕ×ŠĕÖŠĔĀš

öĊðøąÿĉìíĉõćóǰ ēé÷óČĚîåćîĒúšüÖćøôŦÖĕ×ŠĔîíøøößćêĉÝćÖĒöŠĕÖŠÝąöĊĂĆêøćÙüćöÿĈđøĘÝðøąöćè 
71.15% ēé÷ĂćýĆ÷ĂčèĀõĎöĉĒúąÙüćößČĚîǰ àċęÜđðŨîêĆüĒðøìĊęöĊïìïćìÿĈÙĆâĂ÷ŠćÜ÷ĉęÜĔîđÖþêøÖøøö

ÖøąïüîÖćøđóćąóĆîíčŤĕ×ŠĕÖŠÝĈđðŨîêšĂÜĔßšĂčèĀõĎöĉÖĆïÙüćößČĚîìĊęóĂđĀöćąǰ ēé÷đÞóćąĂčèĀõĎöĉÙüïÙčö

Ă÷ĎŠìĊęǰ37.3 ıǰ37.8 ĂÜýćđàúđàĊ÷ÿǰǰĒúąÙüćößČĚîìĊęǰǰǰ50ǰ �ǰ60%ǰ óøšĂöìĆĚÜ÷ĆÜöĊêĆüĒðøÿĈÙĆâĂĊÖêĆüìĊęÿŠÜñú

êŠĂÖćøđóćąóĆîíčŤĕ×ŠĕÖŠǰÙČĂǰðøĉöćèÖŢćàĂĂÖàĉđÝîĔîĂćÖćýàċęÜðÖêĉÝąĂ÷ĎŠøąĀüŠćÜǰ20.0 ı 21.0% Ēúą
ÙüćöêšĂÜÖćøĂćÖćýÝąöćÖ×ċĚîĔîßŠüÜìšć÷×ĂÜÖćøôŦÖǰ Ĕîøą÷ąĒøÖ×ĂÜÖćøôŦÖĕ×ŠÖćøĒúÖđðúĊę÷îÖŢćà

đÖĉé×ċĚîîšĂ÷ǰ ĒêŠÖćøĒúÖđðúĊę÷îÖŢćàÝąöćÖ×ċĚîđöČęĂúĎÖĕÖŠöĊÖćøđÝøĉâđêĉïēê×ċĚîǰ ǰ ǰ ǰ ǰ ēé÷ĕ×Šǰ ���ǰ ôĂÜǰ

êšĂÜÖćøĂĂÖàĉđÝîðøąöćèǰ���ǰúĎÖïćýÖŤôčê�üĆîǰĒúąðúŠĂ÷ÖŢćàÙćøŤïĂîĕéĂĂÖĕàéŤĂĂÖöćðøąöćèǰ

���ǰ úĎÖïćýÖŤôčê�üĆîǰ îĂÖÝćÖîĊĚ÷ĆÜđÖĉéÙüćöøšĂîÝćÖÖćøđöêćïĂúĉàċöĂĊÖéšü÷ǰ ÖćøđðŗéßŠĂÜøąïć÷

ĂćÖćýÝąßŠü÷ĔîÖćøøąïć÷ÙüćöøšĂîĂĂÖǰ ǰ ǰ Ùüćöđ×šö×šî×ĂÜÖŢćàĂĂÖàĉđÝîĔîĂćÖćýìĊęïøĉÿčìíĉĝöĊ

ÙŠćðøąöćèǰ�� - 21%ǰ ëšćÙüćöđ×šö×šî×ĂÜÖŢćàĂĂÖàĉđÝîúéúÜđĀúČĂǰ ���ǰ ÿŠÜñúĔĀšĂĆêøćÖćøôŦÖĕ×Š

úéúÜǰ éĆÜîĆĚîĔîêĎšôŦÖĕ×ŠÝċÜêšĂÜöĊøąïïøąïć÷ĂćÖćýìĊęéĊđóČęĂÿćöćøëøąïć÷ĂćÖćýĕéšĂ÷ŠćÜđóĊ÷ÜóĂìĈ

ĔĀšÖćøđóćąóĆîíŤĕ×ŠĕÖŠöĊðøąÿĉìíĉõćóǰ ÝćÖÖćøýċÖþć×šĂöĎúóïüŠćÖćøÖúĆïĕ×ŠĒúąÖćøüćÜĕ×ŠĔîêĎšôŦÖÖĘöĊ

ÙüćöÿĈÙĆâĔîÖćøđóĉęöðøąÿĉìíĉõćóÖćøđóćąóĆîíčŤĕ×ŠĕÖŠđßŠîÖĆîǰ ēÙøÜÖćøüĉÝĆ÷îĊĚÝąìéúĂÜÖćøôŦÖĕ×ŠĕÖŠǰ

ēé÷Ĕßšøą÷ąđüúćǰ21 üĆîǰàċęÜĔîǰ18 üĆîĒøÖǰêšĂÜöĊÖćøÖúĆïĕ×ŠìčÖǰė �ǰßĆęüēöÜĀøČĂĔîǰ�ǰüĆîêšĂÜöĊÖćøÖúĆï

ĕ×ŠĂ÷ŠćÜîšĂ÷ǰ3 ÙøĆĚÜǰēé÷ÖćøÖúĆïĕ×ŠìĊęđĀöćąÿöìĊęÿčéÙČĂǰöčöǰ45 ĂÜýćÝćÖĒîüéĉęÜÖúĆïĕðöć 
éĆÜîĆĚîēÙøÜÜćîüĉÝĆ÷îĊĚÝċÜîĈđÿîĂÖćøĂĂÖĒïïêĎšôŦÖĕ×ŠĂĆêēîöĆêĉǰ ìĊęÿćöćøëôŦÖĕ×ŠĕéšöćÖìĊęÿčéëċÜǰ

88 ôĂÜǰ óøšĂöìĆĚÜöĊÖćøüĆéǰ ĒúąÙüïÙčöêĆüĒðøǰ ĂčèĀõĎöĉĒúąÙüćößČĚîñŠćîǰ PID Controllerǰ ēé÷Ĕßšǰǰǰǰ
ăĊêđêĂøŤĔîÖćøÙüïÙčöĂčèĀõĎöĉǰ ĒúąĔîÿŠüî×ĂÜÙüćößČĚîÝąöĊĂĂÖĒïïøąïïÿøšćÜĀöĂÖìĊęÝąÿŠÜ

ÙüćößČĚîñŠćîóĆéúöđ×šćĕðõć÷ĔîêĎšǰ àċęÜÖćøÙüïÙčöÙüćöđøĘüÖćøĀöčî×ĂÜĔïóĆéîĆĚîÝąÙüïÙčöēé÷ PID 
ControllerǰóøšĂöìĆĚÜĂĂÖĒïïøąïïøąïć÷ĂćÖćý đóČęĂìĊęÝąÙüïÙčöÖŢćàĂĂÖàĉđÝîìĊęđðŨîêĆüĒðøÿĈÙĆâ

ìĊęüĆéöćÝćÖđàîđàĂøŤ I�C ĂĂÖàĉđÝîđàîđàĂøŤ ĔîìćÜéšćîÖćøÖúĆïĕ×ŠĒúąÖćøüćÜĕ×ŠǰÝąìĈÖćøĂĂÖĒïï

øąïïÖúĆïĕ×ŠĂĆêēîöĆêĉĒïïêĆĚÜđüúćÖćøÖúĆïĕ×ŠĒúąĀ÷čéĔîöčöìĊęóĂđĀöćąìĊęÿčé×ĂÜÖćøüćÜĕ×Šǰ ÙČĂìĊęǰ 45ǰ
ĂÜýćǰ àċęÜđÙøČęĂÜôŦÖĕ×ŠĔîìšĂÜêúćéîĆĚîǰ ÿŠüîĔĀâŠđðŨîÖćøÙüïÙčöĂčèĀõĎöĉĒúąÙüćößČĚîĒïïđðŗé�ðŗéǰ

	on/off
 ÝċÜđðŨîđĀêčñúìĊęìĈÖćøĂĂÖĒïïêĎšôŦÖĕ×ŠĂĆêēîöĆêĉēé÷ÙüïÙčöĂčèĀõĎöĉĒúąÙüćößČĚîñŠćîǰPID 
 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



2 
 

1.2ǰǰÙüćööčŠÜĀöć÷ĒúąüĆêëčðøąÿÜÙŤ×ĂÜēÙøÜÖćøüĉÝĆ÷ 
ǰǰǰǰǰǰǰ 1) ýċÖþćìùþãĊÖćøôŦÖĕ×Š 
ǰǰǰǰǰǰǰǰ2) øŠćÜĒïïêĎšôŦÖĕ×Šēé÷ĔßšǰAutoCAD 
        3) ĂĂÖĒïïêĎšôŦÖĕ×ŠĂĆêēîöĆêĉÙüïÙčöĂčèĀõĎöĉĒúąÙüćößČĚîēé÷ǰPID Controller  
        4) ĂĂÖĒïïøąïïÙüïÙčöõć÷ĔîêĎšñŠćîǰArduino 
        5) ÝĈúĂÜÖćøôŦÖĕ×ŠĕÖŠ 
 
1.3ǰǰ×Ăïđ×ê×ĂÜēÙøÜÖćøüĉÝĆ÷ 
  ĂĂÖĒïïêĎšôŦÖĕ×ŠĂĆêēîöĆêĉÙüïÙčöĂčèĀõĎöĉĒúąÙüćößČĚîàċęÜÙüćößČĚîÝąöĊøąïïÖćøÿøšćÜĀöĂÖ

ìĊęÝąìĈÖćøÿŠÜÙüćößČĚîñŠćîóĆéúöđ×šćĕðĔîêĎšǰ ĒúąĔîÿŠüî×ĂÜĂčèĀõĎöĉÝąĔßšăĊêđêĂøŤĔîÖćøúé�đóĉęö

ĂčèĀõĎöĉĔĀšĂ÷ĎŠĔîĂčèĀõĎöĉìĊęÖĈĀîéēé÷ÝąÙüïÙčöéšü÷ǰPID Controller 
 
1.4  ×ĆĚîêĂîÖćøéĈđîĉîēÙøÜÖćøüĉÝĆ÷ 

1) ýċÖþćìùþãĊÖćøôŦÖĕ×ŠĔĀšöĊðøąÿĉìíĉõćóǰÖćøÙüïÙčöĒúąüĉíĊÖćøÖĈĀîéÙŠćǰPIDǰĒúąĀúĆÖÖćø

ÿŠÜ×šĂöĎúøąĀüŠćÜÙĂúēìøúđúĂøŤÖĆï Arduino  
2) ýċÖþćüĉíĊĔßšđÙøČęĂÜöČĂêŠćÜǰėǰĕéšĒÖŠǰĂčðÖøèŤüĆéĂčèĀõĎöĉǰ(AM2301, RTD PT100),ǰĂčðÖøèŤüĆé

ÙüćößČĚî (SHT20, Rixen TRH-300), controller YS170 ĒúąĂčðÖøèŤǰArduino đðŨîêšî 
        3) ýċÖþćēðøĒÖøöǰAutoCadǰĒúąēðøĒÖøöǰArduino  
        4) ĂĂÖĒïïêĎšôŦÖĕ×ŠĒúąêĎšÙĂîēìøú 

5) ĂĂÖĒïïüÜÝøǰWiring øąĀüŠćÜ PID Controller,ǰArduino ǰǰǰǰĒúąĂčðÖøèŤêŠćÜ ėǰóøšĂöìĆĚÜ

ÖĈĀîéÙŠćǰPID ìĊęđĀöćąÿö 
        6) ìéúĂÜøąïïôŦÖĕ×Šǰēé÷Ĕßšøą÷ąđüúćǰ21 üĆîǰêĉéêćöñúÖćøìéúĂÜìčÖüĆî 

7) ÿøčðñúÖćøìéúĂÜ ĒúąđðøĊ÷ïđìĊ÷ïðøąÿĉìíĉõćóøąĀüŠćÜêĎšôŦÖĕ×ŠĂĆêēîöĆêĉÖĆïÿööčêĉåćîÖćø

ôŦÖĒïïíøøößćêĉ 
 
1.5 ǰðøąē÷ßîŤìĊęĕéšøĆï 
 đóČęĂđóĉęöðøąÿĉìíĉõćó×ĂÜÖćøôŦÖĕ×ŠĕÖŠǰ ēé÷ĔßšÙüćöøĎšìĊęýċÖþćöćðøą÷čÖêŤĔßšÖĆïÖćøĂĂÖĒïïêĎš

ôŦÖĕ×ŠĂĆêēîöĆêĉ 
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ïììĊęǰ� 
ìùþãĊĒúąĀúĆÖÖćøìĊęđÖĊę÷ü×šĂÜ 

 
���  Proportional-Integral-Derivative Controller (PID)  

øąïïÙüïÙčöĒïïÿĆéÿŠüî (Proportional) ı ðøĉóĆîíŤ (integral) ı ĂîčóĆîíŤ (Derivative) đðŨî

øąïïÙüïÙčöĒïïðŜĂîÖúĆïìĊęǰ àċęÜöĊÙŠćìĊęîĈĕðĔßšĔîÖćøÙĈîüèđðŨîÙŠćÙüćöñĉéóúćéìĊęĀćöćÝćÖÙüćö

ĒêÖêŠćÜ×ĂÜêĆüĒðøĔîÖøąïüîÖćøĒúąÙŠćìĊęêšĂÜÖćøǰ êĆüÙüïÙčöÝąó÷ć÷ćöúéÙŠćñĉéóúćéĔĀšđĀúČĂ

îšĂ÷ìĊęÿčééšü÷ÖćøðøĆïÙŠćÿĆââćè×ćđ×šć×ĂÜÖøąïüîÖćøǰÙŠćêĆüĒðø×ĂÜǰPID ìĊęĔßšÝąðøĆïđðúĊę÷îêćö

íøøößćêĉ×ĂÜøąïïǰēé÷üĉíĊÖćøÙĈîüè×ĂÜǰPIDǰ×ċĚîĂ÷ĎŠÖĆïêĆüĒðøÿćöêĆü  ÙČĂǰǰǰÙŠćÿĆéÿŠüî,ǰǰÙŠćðøĉóĆîíŤǰ 
ĒúąÙŠćĂîčóĆîíŤ ÙŠćÿĆéÿŠüîÖĈĀîéÝćÖñú×ĂÜÙüćöñĉéóúćéĔîðŦÝÝčïĆî,ǰÙŠćðøĉóĆîíŤìĊęÖĈĀîéÝćÖñúïî

óČĚîåćî×ĂÜñúøüöÙŠćÙüćöñĉéóúćéìĊęóċęÜñŠćîóšîĕðǰ ĒúąÙŠćĂîčóĆîíŤÝąÖĈĀîéÝćÖñúïîóČĚîåćî×ĂÜ

ĂĆêøćÖćøđðúĊę÷îĒðúÜ×ĂÜÙŠćÙüćöñĉéóúćéǰîĚĈĀîĆÖìĊęđÖĉéÝćÖÖćøøüöÖĆî×ĂÜìĆĚÜÿćöóćøćöĉđêĂøŤîĊĚÝą

îĈöćĔßšĔîÖćøðøĆïÖøąïüîÖćøǰ ǰ ǰ ǰ ēé÷ÖćøðøĆïÙŠćÙÜìĊęĔîǰ PID êĆüÙüïÙčöÿćöćøëðøĆïøĎðĒïïÖćø

ÙüïÙčöĔĀšđĀöćąÖĆïìĊęÖøąïüîÖćøêšĂÜÖćøĕéšǰÖćøêĂïÿîĂÜ×ĂÜêĆüÙüïÙčöÙŠćēĂđüĂøŤßĎêǰĒúąÙŠćĒÖüŠÜ

×ĂÜøąïïǰüĉíĊÖćøÙüïÙčöĒïïǰPID ĕöŠÿćöćøëøĆïðøąÖĆîĕéšüŠćđðŨîøąïïÙüïÙčöìĊęđĀöćąÿöìĊęÿčéǰĀøČĂ

ÿćöćøëìĈĔĀšÖøąïüîÖćøöĊÙüćöđÿëĊ÷øöćÖìĊęÿčéǰ Öćøðøą÷čÖêŤĔßšÜćîĔîïćÜÙøĆĚÜĂćÝĔßšđóĊ÷ÜĀîċęÜëċÜ

ÿĂÜøĎðĒïïÖĘĕéšǰ éĆÜîĆĚî×ċĚîĂ÷ĎŠÖĆïÖøąïüîÖćøđðŨîÿĈÙĆâǰ ÖćøÙüïÙčöĒïïǰ PID ïćÜÙøĆĚÜÝąëĎÖđøĊ÷ÖüŠć

ÖćøÙüïÙčöĒïïǰPI, PD, P ĀøČĂǰI ×ċĚîĂ÷ĎŠÖĆïüŠćĔßšøĎðĒïïĔé ÖćøÙüïÙčöĒïïǰPID ĕéšßČęĂêćöÖćøøüöÖĆî
×ĂÜđìĂö×ĂÜêĆüĒðøìĆĚÜÿćöêćöÿöÖćøìĊęǰ2.1 

 
    ��ሺ�ሻ ൌ �୭୳୲ ൅ �୭୳୲ ൅ �୭୳୲                        ǰǰǰǰ(2.1) 
 

đöČęĂǰ �୭୳୲�ǡ �୭୳୲ Ēúąǰ�୭୳୲ǰ ǰ đðŨîñú×ĂÜÿĆââćè×ćĂĂÖÝćÖøąïïÙüïÙčöǰ PID ÝćÖĒêŠúą
đìĂöàċęÜîĉ÷ćöêćöøć÷úąđĂĊ÷ééšćîúŠćÜ 

 
   �����2.1.1  ĒïïÿĆéÿŠüî (Proportional) 
 ǰǰǰǰǰǰǰđìĂö×ĂÜÿĆéÿŠüîǰ ĀøČĂïćÜÙøĆĚÜđøĊ÷ÖüŠć ĂĆêøć×÷ć÷ ÝąđðúĊę÷îĒðúÜđðŨîÿĆéÿŠüî×ĂÜÙŠć

ÙüćöñĉéóúćéǰÖćøêĂïÿîĂÜ×ĂÜÿĆéÿŠüîÿćöćøëìĈĕéš ēé÷ÖćøÙĎèÙŠćÙüćöñĉéóúćééšü÷ÙŠćÙÜìĊę  Kp 
ĀøČĂìĊęđøĊ÷ÖüŠćǰĂĆêøć×÷ć÷ÿĆéÿŠüî đìĂö×ĂÜÿĆéÿŠüîÝąđðŨîĕðêćöÿöÖćøìĊę 2.2 ĒúąÖøćôéĆÜøĎðìĊęǰ2.1ǰ
ñúĂĆêøć×÷ć÷ÿĆéÿŠüîìĊęÿĎÜÙŠćÙüćöñĉéóúćéÖĘÝąđðúĊę÷îĒðúÜöćÖđßŠîÖĆîǰ ĒêŠëšćÿĎÜđÖĉîĕðøąïïÝąĕöŠ

đÿëĊ÷øĕéšǰ ēé÷ĔîìćÜêøÜÖĆî×šćöñúĂĆêøć×÷ć÷ÿĆéÿŠüîìĊęöĊÙŠćêęĈÖüŠćøąïïÙüïÙčöÝąöĊñúêĂïÿîĂÜêŠĂ

ÖøąïüîÖćøîšĂ÷êćöĕðéšü÷ 
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ǰ  ǰǰǰǰ�୭୳୲ ൌ ��୮�ሺ�ሻǰǰǰǰǰǰ     (2.2) 
 

 đöČęĂ ǰ�୭୳୲ǰǰ: ÿĆââćè×ćĂĂÖ×ĂÜđìĂöÿĆéÿŠüî 
ǰǰǰǰǰ  ǰ�୮ǰ  ǰ: ĂĆêøć×÷ć÷ÿĆéÿŠüî, êĆüĒðøðøĆïÙŠćĕéš 
ǰǰǰǰ  ǰǰ�ǰǰǰǰǰ: ÙŠćÙüćöñĉéóúćéǰ= ���Ȃ ���  
 
 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ2.1 ĒÿéÜÖøćô×ĂÜǰProportional 
 
 2.1.2  ðøĉóĆîíŤ (Integral) 

  ǰǰǰǰǰǰǰǰǰǰǰǰǰñúÝćÖđìĂöðøĉóĆîíŤǰĀøČĂïćÜÙøĆĚÜđøĊ÷ÖüŠć reset đðŨîÿĆéÿŠüî×ĂÜ×îćéÙüćöñĉéóúćé

Ēúąøą÷ąđüúć×ĂÜÙüćöñĉéóúćéñúøüö×ĂÜÙüćöñĉéóúćéĔîìčÖßŠüÜđüúćǰ ĀøČĂðøĉóĆîíŤ×ĂÜÙüćö

ñĉéóúćé ÝąĔĀšĂĂôđàêÿąÿöìĊęÙüøÝąđðŨîĔîÖŠĂîĀîšćÙüćöñĉéóúćéÿąÿö ÝąëĎÖÙĎèēé÷ĂĆêøć×÷ć÷

ðøĉóĆîíŤǰ×îćé×ĂÜñú×ĂÜđìĂöðøĉóĆîíŤÝąÖĈĀîéēé÷ĂĆêøć×÷ć÷ðøĉóĆîíŤ �୧�đìĂöðøĉóĆîíŤÝąđðŨîĕð éĆÜ
ÿöÖćøìĊęǰ 2.3ǰ ĒúąÖøćôéĆÜøĎðìĊęǰ 2.2 đìĂöðøĉóĆîíŤÝąđøŠÜÖøąïüîÖćøĔĀšđ×šćÿĎŠÝčéìĊęêšĂÜÖćøĒúą×ÝĆé

ÙüćöñĉéóúćéìĊęđĀúČĂĂ÷ĎŠìĊęđÖĉéÝćÖÖćøĔßšđóĊ÷ÜđìĂöÿĆéÿŠüîĒêŠĂ÷ŠćÜĕøđìĂöðøĉóĆîíŤđðŨîÖćøêĂïÿîĂÜ

êŠĂÙüćöñĉéóúćéÿąÿöĔîĂéĊêǰÝċÜÿćöćøëìĈĔĀšđÖĉéēĂđüĂøŤßĎêĕéš 
 

�୭୳୲ = �୧ ׬ �ሺɒሻ�ɒ୲
଴     ǰǰǰǰǰǰǰǰǰǰ(2.3) 

 
đöČęĂ ǰ�୭୳୲ : ÿĆââćè×ćĂĂÖ×ĂÜđìĂöðøĉóĆîíŤ 

ǰǰǰǰǰǰ    ǰ�୧ : ĂĆêøć×÷ć÷ðøĉóĆîíŤ 
ǰǰǰǰ    �� : Ùüćöñĉéóúćéǰ= ���Ȃ ���  
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           � : đüúć 
ǰǰǰǰǰǰ     ɒǰǰǰǰǰ  : êĆüĒðøðøĉóĆîíŤĀčŠî 
 
ǰǰ 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ2.2 ĒÿéÜÖøćô×ĂÜǰIntegral 
 
           2.1.3  ĂîčóĆîíŤǰ(Derivative) 
  ĂĆêøćÖćøđðúĊę÷îĒðúÜ×ĂÜÙüćöñĉéóúćéÝćÖÖøąïüîÖćøǰ ÿćöćëÙĈîüèĀćÝćÖ

ÙüćößĆî×ĂÜÙüćöñĉéóúćéìčÖǰėǰ đüúć ǰîĆęîÙČĂǰ đðŨîĂîčóĆîíŤĂĆîéĆïĀîċęÜÿĆöóĆîíŤÖĆïđüúćǰĒúąÙĎèéšü÷

ĂĆêøć×÷ć÷ĂîčóĆîíŤ �ୢ ×îćéñú×ĂÜđìĂöĂîčóĆîíŤ×ċĚîÖĆïĂĆêøć×÷ć÷ĂîčóĆîíŤ �ୢ đìĂöĂîčóĆîíŤđðŨîĕðǰ

éĆÜÿöÖćøìĊę 2.4 ĒúąÖøćôéĆÜøĎðìĊęǰ 2.3 đìĂöĂîčóĆîíŤÝąßąúĂĂĆêøćÖćøđðúĊę÷îĒðúÜÿĆââćè×ćĂĂÖ

×ĂÜøąïïÙüïÙčöǰĒúąÝąßŠü÷ĔĀšøąïïÙüïÙčöđ×šćÿĎŠÝčéìĊęêšĂÜÖćøǰ 
  éĆÜîĆĚîđìĂöĂîčóĆîíŤÝąĔßšĔîÖćøúé×îćé×ĂÜēĂđüĂøŤßĎêǰ ìĊęđÖĉéÝćÖđìĂöðøĉóĆîíŤĒúą

ìĈĔĀšđÖĉéÙüćöđÿëĊ÷øõćóĔîÖćøøüöÖĆî×ĂÜøąïïÙüïÙčöìĊęéĊ×ċĚîĒêŠĂ÷ŠćÜĕøÖĘêćöĂîčóĆîíŤ×ĂÜÿĆââćè

øïÖüîìĊęëĎÖ×÷ć÷ĔîøąïïÙüïÙčöÝąĕüöćÖêŠĂÖćøøïÖüîǰ ĔîđìĂö×ĂÜÿŠüîÙüćöñĉéóúćéǰ ÿćöćøë

ìĈĔĀšÖøąïüîÖćøĕöŠđÿëĊ÷øĕéšëšćÿĆââćèøïÖüîĒúąĂĆêøć×÷ć÷ĂîčóĆîíŤöĊ×îćéĔĀâŠđóĊ÷ÜóĂ 
 
    ǰǰǰǰǰǰǰ �୭୳୲ = �ୢ

ୢ
ୢ୲
�ሺ�ሻǰǰǰǰǰǰǰǰ                                ǰǰǰǰǰǰǰ(2.4) 

 
đöČęĂ �୭୳୲ : ÿĆââćè×ćĂĂÖ×ĂÜđìĂöĂîčóĆîíŤ 

          �ୢ : ĂĆêøć×÷ć÷ĂîčóĆîíŤ, êĆüĒðøðøĆïÙŠćĕéš 
ǰǰǰǰǰǰǰ    � : Ùüćöñĉéóúćéǰ= ���Ȃ ��� 
           � : đüúć 
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øĎðìĊęǰ2.3 ĒÿéÜÖøćô×ĂÜǰDerivative 
 
  2.1.4  ñúøüö 
  đìĂöÿĆéÿŠüî, ðøĉóĆîíŤ, ĒúąĂîčóĆîíŤǰ ÝąîĈöćøüöÖĆîđðŨîÿĆââćè×ćĂĂÖ×ĂÜÖćø

ÙüïÙčöĒïïǰPID ÖĈĀîéĔĀšǰ�ሺ�ሻ đðŨîÿĆââćè×ćĂĂÖǰÿöÖćøÿčéìšć÷×ĂÜüĉíĊǰPID éĆÜÿöÖćøìĊęǰ2.5 
  

�ሺ�ሻ ൌ ��ሺ�ሻ ൌ ��୮�ሺ�ሻ ൅ ׬�� �ሺɒሻ�ɒ୲
଴  + �ୢ

ୢ
ୢ୲
�ሺ�ሻ              ǰǰǰǰǰǰǰǰǰ(2.5) 

 
  2.1.5  ÖćøðøĆïÝĎîéšü÷öČĂ  
  ëšćøąïï÷ĆÜÙÜìĈÜćîǰ×ĆĚîĒøÖĔĀšêĆĚÜÙŠć �୧ Ēúąǰ�ୢǰđðŨîýĎî÷ŤǰđóĉęöÙŠćǰ�୮ ÝîÖøąìĆęÜ

ÿĆââćè×ćĂĂÖđÖĉéÖćøĒÖüŠÜǰ	Oscillate) ĒúšüêĆĚÜÙŠćǰ�୮ǰĔĀšđĀúČĂÙøċęÜĀîċęÜ×ĂÜÙŠćìĊęìĈĔĀšđÖĉéÖćøĒÖüŠÜ

ÿĈĀøĆïÖćøêĂïÿîĂÜßîĉéǰ�quarter amplitude decay" Ēúšüđóĉęöǰ�୧ǰÝîÖøąìĆęÜĂĂôđàêëĎÖêšĂÜĔî

đüúćìĊęóĂđóĊ÷Ü×ĂÜÖøąïüîÖćøǰĒêŠëšćǰ�୧ǰ öćÖĕðÝąìĈĔĀšĕöŠđÿëĊ÷øǰÿčéìšć÷ëšćêšĂÜÖćøǰĔĀšđóĉęöÙŠćǰ�ୢǰ

ÝîÖøąìĆęÜúĎðĂ÷ĎŠĔîøąéĆïìĊę÷ĂöøĆïĕéšǰĒêŠëšć �ୢǰöćÖđÖĉîĕðÝąđðŨîđĀêčĔĀšÖćøêĂïÿîĂÜĒúąēĂđüĂøŤßĎê 
(Overshoots) đÖĉî÷ĂöøĆïĕéšǰðÖêĉÖćøðøĆïÝĎîǰPID ëšćđÖĉéēĂđüĂøŤßĎê (Overshoots) đúĘÖîšĂ÷ÝąßŠü÷
ĔĀšđ×šćÿĎŠÝčéìĊęêšĂÜÖćøđøĘü×ċĚîǰ ĒêŠĔîïćÜøąïïĕöŠÿćöćøë÷ĂöĔĀšđÖĉéēĂđüĂøŤßĎê (Overshoots) ĕéšǰ Ēúą
ëšćÙŠć �ୢǰîšĂ÷đÖĉîĕðÖĘÝąìĈĔĀšđÖĉéÖćøĒÖüŠÜ ēé÷öĊñú×ĂÜÖćøđóĉęöêĆüĒðøĂĉÿøą éĆÜêćøćÜìĊęǰ2.1  
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êćøćÜìĊęǰ2.1 ñú×ĂÜÖćøđóĉęöêĆüĒðøĂ÷ŠćÜĂĉÿøą 

êĆüĒðø 
ßŠüÜđüúć×ċĚîǰ

(Rise time) 
ēĂđüĂøŤßĎê 

(Overshoot) 
đüúćÿöéčúǰ

(Setting time) 

Ùüćöñĉéóúćé

ÿëćîąÙÜêĆüǰ

(Steady-
State error) 

đÿëĊ÷øõćó 

�୮ úé đóĉęö 
đðúĊę÷îĒðúÜ

đúĘÖîšĂ÷ 
úé úé 

�୧ úé đóĉęö đóĉęö 
úéúÜĂ÷ŠćÜöĊ

îĆ÷ÿĈÙĆâ 
úé 

�ୢ úéúÜđúĘÖîšĂ÷ úéúÜđúĘÖîšĂ÷ úéúÜđúĘÖîšĂ÷ 
êćöìùþãĊ    
ĕöŠöĊñú 

éĊ×ċĚîëšć �ୢ 
öĊÙŠćîšĂ÷ 

 
2.2ǰǰìùþãĊÖćøôŦÖĕ×Š 
ǰǰǰǰǰǰǰǰǰǰ ÿĆêüŤðŘÖđðŨîÿĆêüŤöĊÖøąéĎÖÿĆîĀúĆÜđúČĂéĂčŠîßîĉéđéĊ÷üìĊęöĊÖćøĂĂÖúĎÖđðŨîĕ×ŠǰÙČĂǰêĆüĂŠĂîöĊÖćø

đÝøĉâĒúąóĆçîćõć÷îĂÖøŠćÜÖć÷ àċęÜĒêÖêŠćÜÝćÖÿĆêüŤđúČĂéĂčŠîìĊęđúĊĚ÷ÜúĎÖéšü÷îöìĆęüĕð  ìĊęêĆüĂŠĂîöĊÖćø

đÝøĉâĒúąóĆçîćĂ÷ĎŠõć÷ĔîøŠćÜÖć÷×ĂÜĒöŠÝîÖüŠćöĊĂüĆ÷üąÙøïÿöïĎøèŤĒúšüÝċÜĂĂÖÝćÖøŠćÜÖć÷×ĂÜêĆü

ĒöŠǰĒúąĔîïøøéćÿĆêüŤìĊęĂĂÖúĎÖđðŨîĕ×ŠÿĆêüŤðŘÖÖĘđðŨîÿĆêüŤßîĉéđéĊ÷üìĊęöĊÖćøôŦÖĔĀšÙüćöĂïĂčŠîĒúąéĎĒú

úĎÖĂŠĂîĀúĆÜÝćÖôŦÖĂĂÖÝćÖĕ×Š ÷ÖđüšîîÖïćÜßîĉéĔîüÜýŤîÖđöÖćóĂéìĊęĂ÷Ď ŠĔîìüĊðĂĂÿđêøđúĊ÷ 
      
đÖćąïĂøŤđîĊ÷üĒúąĀöĎŠđÖćąĔÖúšđÙĊ÷ÜǰÝąĕöŠĔßšÙüćöøšĂîÝćÖêĆüđĂÜĔîÖćøôŦÖĕ×ŠǰĒêŠÝąĔßšÙüćöøšĂîÝćÖ

éüÜĂćìĉê÷ŤĒìîǰêĆüĂ÷ŠćÜđßŠîǰîÖöćúĊēĂǰ	Maleo; Megacephalon maleo) ĕÖŠÜüÜóĎŠÖĆîǰ	Brush 
turkey; Alectura lanthami) ĒúąîÖöĂúúĊǰ	Mallee fowl; Leipoa ocellata) ĄúĄ đöČęĂöîčþ÷ŤîĈ

ÿĆêüŤðŘÖöćđúĊĚ÷ÜđóČęĂđĂćñúñúĉêđîČĚĂĒúąĕ×ŠđðŨîÝĈîüîöćÖÝċÜ ÝĈđðŨîÝąêšĂÜĀćüĉíĊôŦÖĕ×ŠĔĀšĕéšÙøćüúą

öćÖǰėǰüĉíĊôŦÖĕ×ŠĔîðŦÝÝčïĆîĒïŠÜĕéšđðŨîǰ2 üĉíĊĔĀâŠǰėǰÙČĂǰÖćøĔĀšĒöŠÿĆêüŤðŘÖôŦÖđĂÜēé÷íøøößćêĉǰüĉíĊîĊĚÝą

ĕéšúĎÖĔîðøĉöćèîšĂ÷đîČęĂÜÝćÖĔîßŠüÜìĊęĕöŠôŦÖĕ×ŠîĆĚîÝąĕöŠöĊÖćøüćÜĕ×ŠǰéĆÜîĆĚîöîčþ÷ŤÝċÜĀćüĉíĊìĈĔĀšĒöŠÿĆêüŤ

ðŘÖñúĉêĕ×ŠĕéšÙøćüúąöćÖǰėǰēé÷ĕöŠêšĂÜđÿĊ÷đüúćöćôŦÖđĂÜ ēé÷ÖćøĔßšđÙøČęĂÜôŦÖĕ×ŠÖćøìĊęĔßšđÙøČęĂÜôŦÖĕ×Š

îĆĚîÝąđðŨîÖćøđóĉęöðøĉöćèÖćøôŦÖ×ĂÜĕ×ŠǰđîČęĂÜÝćÖÿćöćøëìĈÖćøôŦÖĕéšêúĂéßŠüÜđüúćìĆĚÜðŘǰóøšĂöìĆĚÜ

đðŨîÖćøđóĉęöðøąÿĉìíĉõćóĂĆêøćÖćøôŦÖ×ĂÜĕ×ŠĂĊÖéšü÷ǰĒúąøą÷ąđüúćĔîÖćøôŦÖÝąĒêÖêŠćÜÖĆîĕðêćö 
ßîĉé×ĂÜĕ×ŠìĊęîĈđ×šćôŦÖǰêćöêćøćÜ×šćÜúŠćÜǰéĆÜêćøćÜìĊęǰ2.2 
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êćøćÜìĊęǰ2.2ǰêćøćÜÖćøôŦÖĕ×Š×ĂÜĕ×ŠĒêŠúąßîĉé 
ßîĉéÿć÷óĆîíčŤ øą÷ąđüúćÖćøôŦÖ Ā÷čéóúĉÖĕ×Š ĂčèĀõĎöĉ ÙüćößČĚî 

ĕÖŠéĈ, ĕÖŠĒÝš, ĕÖŠßî 21 üĆî üĆîìĊęǰ19 37.5ġC 60 - 70% 
ĕÖŠÜüÜ 28 üĆî üĆîìĊęǰ26 37.3ġC 60ǰ-ǰ70% 
îÖôŗîàŤ 14ǰüĆî üĆîìĊęǰ12 37.3ġC 45ǰ-ǰ50% 
đðŨéìčÖÿć÷óĆîíčŤ 28ǰüĆî üĆîìĊęǰ26 37.5ġC 45ǰ-ǰ50% 
ĀŠćîìčÖÿć÷óĆîíčŤ 28ǰ-ǰ32ǰüĆî üĆîìĊęǰ26 37.3ġC 45ǰ-ǰ50% 
îÖÖøąìć 16ǰ-ǰ23ǰüĆî üĆîìĊęǰ21 37.3ġC 50ǰ-ǰ60% 
îÖ÷ĎÜ 28ǰ-ǰ30ǰüĆî üĆîìĊęǰ26 37.3ġC 50ǰ-ǰ60% 

 
ðŦÝÝĆ÷ÿĈÙĆâÿĈĀøĆïÖćøôŦÖĕ×ŠǰÖćøôŦÖĕ×ŠîĆĚîöĊðŦÝÝĆ÷ìĊęÿŠÜñúêŠĂÖćøôŦÖàċęÜöĊéĆÜîĊĚ 

 
 2.2.1 ǰĂčèĀõĎöĉǰ(Temperature)  

  ǰǰǰǰǰǰǰǰǰĂčèõĎöĉđðŨîðŦÝÝĆ÷ÿĈÙĆâ×ĂÜÖćøôŦÖĕ×Šǰ ĂčèĀõĎöĉ×ĂÜĒêŠúąßîĉé×ĂÜÖćøôŦÖĕ×ŠÝąöĊ

ĂčèĀõĎöĉìĊęĒêÖêŠćÜÖĆîǰêćöêćøćÜìĊę 2.2ǰǰēé÷ēÙøÜÖćøüĉÝĆ÷îĊĚđðŨîÖćøôŦÖĕ×ŠĕÖŠǰĒïŠÜđðŨîǰ2 øą÷ąǰ18ǰüĆî
ĒøÖÝąĔßšĂčèĀõĎöĉðøąöćè 37.5 ı 37.7 ĂÜýćđàúđàĊ÷ÿ ĒúąĔîøą÷ąǰ3 üĆîĀúĆÜĔßšĂčèĀõĎöĉðøąöćèǰ

37.2 ı 37.5 ĂÜýćđàúđàĊ÷ÿéĆÜîĆĚîǰĂčèõĎöĉêúĂéÖćøôŦÖĕ×Šǰ21 üĆîÙČĂǰ37.5 ĂÜýćđàúđàĊ÷ÿǰĂčèĀõĎöĉĔî

ôĂÜĕ×ŠìĊęđóĉęÜôŦÖĔĀöŠǰėǰÝąñĆîĒðøĕðêćöĂčèĀõĎöĉ×ĂÜÿõćóĒüéúšĂöõć÷ĔîêĎšôŦÖǰ ǰ ǰ ǰ Ĕî×èąìĊęêĆüĂŠĂî

õć÷ĔîôĂÜĕ×ŠôŦÖđøĉęööĊÖćøóĆçîćÝąöĊÙüćöøšĂîđÖĉé×ċĚîõć÷ĔîôĂÜĕ×Šǰ éĆÜîĆĚîÝċÜêšĂÜÙüïÙčöĂčèĀõĎöĉ

õć÷ĔîêĎšôŦÖĕöŠĔĀšÿĎÜđÖĉîĕðǰ ǰ ēé÷ĔĀšđóĉęöÖćøøąïć÷ĂćÖćýǰ ĒúąëšćÿćöćøëîĈðøąē÷ßîŤ×ĂÜÙüćöøšĂî

ÝćÖĕ×ŠôŦÖöćøŠüöÖĆïÖćøĔßšÙüćöøšĂîÝćÖêĎšôŦÖĕéšǰÝąßŠü÷ĔĀšðøąĀ÷ĆéÖøąĒÿĕôĕéšǰĔîêĎšôŦÖïćÜßîĉéöĊßčé

ìĈÙüćöđ÷Ęîǰ 	cooling unit) ĕüšðŜĂÜÖĆîĂčèĀõĎöĉõć÷ĔîêĎšôŦÖìĊęÿĎÜđÖĉîĕðǰ ǰ ǰ ǰ ÖćøÙüïÙčöĂčèĀõĎöĉĔĀš

ÿöęĈđÿöĂÝąêšĂÜÙüïÙčöÖćøĀöčîđüĊ÷î×ĂÜĂćÖćýõć÷ĔîêĎšôŦÖǰ ǰ ǰ đóøćąëšćöĊÖćøĀöčîđüĊ÷îǰ ĀøČĂÖćø

øąïć÷ĂćÖćýöćÖđÖĉîĕðǰÝąìĈĔĀšĂčèĀõĎöĉõć÷ĔîêĎšôŦÖúéúÜ÷ĆÜöĊñúêŠĂÙüćößČĚîǰĒúąÖćøøąđĀ÷×ĂÜîĚĈ

õć÷ĔîêĎšôŦÖĂĊÖéšü÷ ǰǰǰǰàċęÜÝćÖÖćøüĉÝĆ÷ìĊęîĈöćĂšćÜĂĉÜÖćøìĊęĂčèĀõĎöĉìĊęǰ38.5 ĀøČĂǰ39.5 ĂÜýćđàúđàĊ÷ÿ
ÝąöĊēĂÖćÿĔĀšĂĆêøćÖćøôŦÖúéúÜĒúąúĎÖĕÖŠĕöŠĒ×ĘÜĒøÜ 
 

 2.2.2  ÙüćößČĚî (Humidity) 
 ǰǰǰǰǰǰǰǰǰĔîøąĀüŠćÜÖćøđÝøĉâ×ĂÜêĆüĂŠĂîÝĈđðŨîêšĂÜĕéšøĆïÙüćößČĚîìĊęöĊÙŠćđĀöćąÿöǰ đóČęĂìĈĔĀš

ÖøąïüîÖćøêŠćÜǰėǰéĈđîĉîĕðĕéšêćöðÖêĉǰĕ×ŠôŦÖÝąÿĎâđÿĊ÷ÙüćößČĚîêúĂéđüúćĔîøąĀüŠćÜÖćøôŦÖǰĂĆêøć

ÖćøÿĎâđÿĊ÷ÙüćößČĚîðøąöćèǰ11ǰ-ǰ13% ÖćøÿĎâđÿĊ÷ÙüćößČĚîÝąöćÖĔîøą÷ąĒøÖĒúąÝąúéúÜđøČęĂ÷ǰėǰ

ĒúšüÝąđóĉęö×ċĚîĂĊÖÙøĆĚÜĔîßŠüÜìšć÷×ĂÜÖćøôŦÖǰ ǰ ǰ ǰ ēé÷ìĆęüĕðĔîßŠüÜǰ �� üĆîĒøÖ×ĂÜÖćøôŦÖǰ ĕ×ŠêšĂÜÖćø

ÙüćößČĚîÿĆöóĆìíŤðøąöćèǰ��% ĒêŠĔîßŠüÜǰ3 üĆîÿčéìšć÷×ĂÜÖćøôŦÖǰĕ×ŠôŦÖÝąêšĂÜÖćøÙüćößČĚîÿĆöóĆìíŤ
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ðøąöćèǰ��ǰ �ǰ��% đóČęĂĔĀšúĎÖĕÖŠÿćöćøëđÝćąđ×šćĕðĔîĂćÖćýĕéšÿąéüÖĒúąßŠü÷ĔĀš×îôĎĀúĆÖÝćÖôŦÖ

Ēúšüǰ ĂĆêøćÖćøøąđĀ÷×ĂÜîĚĈëĎÖÙüïÙčöēé÷ðøĉöćè×ĂÜóČĚîñĉüđðúČĂÖĕ×Šǰ úöìĊęóĆéñŠćîǰ ĂčèĀõĎöĉĒúą

ÙüćöĂĉęöêĆü×ĂÜîĚĈĔîĂćÖćýĔîøąĀüŠćÜÖćøôŦÖǰ éĆÜîĆĚîĔîøąĀüŠćÜÖćøôŦÖÝĈđðŨîêšĂÜöĊÖćøÙüïÙčöÖćø

øąđĀ÷×ĂÜîĚĈēé÷ÖćøðøĆïĀøČĂđêĉöĕĂîĚĈĔîêĎšôŦÖǰđóČęĂÙüïÙčöÙüćößČĚîĔĀšđĀöćąÿöǰÙčèõćó×ĂÜđðúČĂÖ

ĕ×ŠÝąöĊñúêŠĂÖćøÿĎâđÿĊ÷îĚĈÝćÖôĂÜĕ×Šéšü÷ǰ ĕ×ŠđðúČĂÖïćÜĕöŠĒ×ĘÜĒøÜĀøČĂöĊøĎóøčîöćÖđÖĉîĕðǰÝąÿĎâđÿĊ÷

îĚĈÝćÖôĂÜĕ×ŠöćÖÖüŠćĕ×ŠìĊęöĊđðúČĂÖĀîć  
 

2.2.3ǰǰĂćÖćýĒúąÖćøëŠć÷đìĂćÖćýĔîêĎšôŦÖĕ×Šǰ(Ventilation) 
 ǰǰǰǰǰǰǰǰǰðøĉöćèĂćÖćýĒúąĂĆêøćÖćøĕĀúđüĊ÷î×ĂÜĂćÖćýĔîêĎšôŦÖÝąêšĂÜđĀöćąÿöǰ ðøĉöćè

×ĂÜĂćÖćýìĊęĒúÖđðúĊę÷îĔîêĎšôŦÖîĆĚîëĎÖÙüïÙčöēé÷êĈĒĀîŠÜĒúą×îćé×ĂÜøĎøąïć÷ĂćÖćýĔîêĎšôŦÖĕ×ŠǰàċęÜ

ÿćöćøëðøĆï×îćéĕéšêćöÙüćöêšĂÜÖćøǰÙüćöêšĂÜÖćøĂćÖćýÝąöćÖ×ċĚîĔîßŠüÜìšć÷ǰėǰ×ĂÜÖćøôŦÖǰēé÷

Ĕîøą÷ąĒøÖ×ĂÜÖćøôŦÖÖćøĒúÖđðúĊę÷îÖŢćàđÖĉé×ċĚîîšĂ÷ǰ ĒêŠÖćøĒúÖđðúĊę÷îÝąđóĉęööćÖ×ċĚîđöČęĂúĎÖĕÖŠöĊ

ÖćøđÝøĉâđêĉïēêöćÖ×ċĚîǰ ēé÷ĕ×Šǰ ���ǰ ôĂÜǰ êšĂÜÖćøĂĂÖàĉđÝîðøąöćèǰ ���ǰ úĎÖïćýÖŤôčê�üĆîǰ Ēúą

ðúéðúŠĂ÷ÖŢćàÙćøŤïĂîĕéĂĂÖĕàéŤĂĂÖðøąöćèǰ ���ǰ úĎÖïćýÖŤôčê�üĆîǰ îĂÖÝćÖîĊĚ÷ĆÜđÖĉéÙüćöøšĂî

ÝćÖÖćøđöêćïĂøĉàċöĂĊÖéšü÷ǰ éĆÜîĆĚîÖćøđðŗéøĎøąïć÷ĂćÖćýÝċÜßŠü÷ĔîÖćøøąïć÷ÙüćöøšĂîĂĂÖéšü÷ǰ

Ùüćöđ×šöđ×šö×ĂÜÖŢćàĂĂÖàĉđÝîĔîĂćÖćýïøĉÿčìíŤǰ ǰ ǰ öĊÙŠćðøąöćèǰ ��% àċęÜëšćÙüćöđ×šö×šî×ĂÜÖŢćà

ĂĂÖàĉđÝîúéúÜđĀúČĂðøąöćèìĊęǰ ��%ǰ ÝąöĊñúĔĀšĂĆêøćÖćøôŦÖĂĂÖúéúÜǰ ÿŠüîÙüćöđ×šö×šî×ĂÜÖŢćà

ÙćøŤïĂîĕéĂĂÖĕàéŤìĊęđĀöćąÿöǰÙČĂǰ���% ëšćÙüćöđ×šö×šîđóĉęö×ċĚîëċÜǰ�% ÝąöĊñúìĈĔĀšêĆüĂŠĂîêć÷ĕéšǰ

ĒúąëšćÿĎÜ×ċĚîÝąëċÜǰ�% êĆüĂŠĂîõć÷Ĕîĕ×ŠÝąêć÷ĀöéǰéĆÜîĆĚîĔîêĎšôŦÖĕ×ŠÝċÜÙüøöĊøąïïøąïć÷ĂćÖćýìĊęéĊ

ÿćöćøëøąïć÷ĂćÖćýĕéšĂ÷ŠćÜđóĊ÷ÜóĂǰÝċÜÝąìĈĔĀšÖćøôŦÖĕ×ŠĕéšñúéĊ 
 

 2.2.�  ǰÖćøüćÜĕ×ŠĔîêĎšôŦÖǰ(Egg positioning) 
  ǰǰǰǰǰǰǰǰǰēé÷íøøößćêĉĒúšüÖćøđÝøĉâđêĉïēê×ĂÜúĎÖĕÖŠĔîôĂÜĕ×Šǰ úĎÖĕÖŠÝąĀĆîĀĆü×ċĚîéšćîïîđÿöĂǰ

đöČęĂĕ×ŠôŦÖöĊĂć÷čöćÖ×ċĚîÿŠüîĀĆüǰ ĒúąðćÖ×ĂÜúĎÖĕÖŠÝąĂ÷ĎŠĔÖúšßŠĂÜĂćÖćýöćÖ×ċĚîǰ ÝċÜÙüøüćÜĕ×ŠĔĀš

đĀöćąÿöÖĆïúĆÖþèąìćÜíøøößćêĉǰÙČĂǰüćÜđĂćéšćîðŜćî×ċĚîǰàċęÜÝąĔĀšñúéĊǰÝćÖÖćøìéúĂÜüćÜĕ×ŠôŦÖēé÷

đĂćéšćîĒĀúö×ċĚîǰǰǰÝąìĈĔĀšÖćøôŦÖĂĂÖúéúÜðøąöćèǰ��% ĂĊÖìĆĚÜúĎÖĕÖŠìĊęôŦÖĂĂÖÝąöĊÙčèõćóúéúÜ

ðøąöćèǰ ��ǰ �ǰ ��% ÷ÖđüšîĔîßŠüÜìšć÷×ĂÜÖćøôŦÖÙüøüćÜĕ×ŠĔîĒîüîĂîǰ ǰ ǰ đóČęĂĔĀšúĎÖĕÖŠÿćöćøëéĆî

đðúČĂÖĂĂÖĕéšÿąéüÖöćÖ×ċĚîǰ ÿĈĀøĆïêĎšôŦÖìĊęĕöŠöĊßŠĂÜüćÜĕ×ŠôŦÖÝąĔßšüĉíĊüćÜĕ×ŠĒîüîĂîđĀöČĂîÖćøôŦÖĕ×Š

íøøößćêĉÝąĔĀšñúÖćøôŦÖĂĂÖĕöŠĒêÖêŠćÜÖĆîĒêŠêšĂÜöĊÖćøÖúĆïĕ×ŠĔĀšìĆęüëċÜìčÖôĂÜǰàċęÜĕöŠÿąéüÖëšćôŦÖĕ×Š

ÙøĆĚÜúąöćÖǰė  
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 �2.2.�  ÖćøÖúĆïĕ×ŠôŦÖ (Egg turning) 
       ēé÷íøøößćêĉ×ĂÜÖćøôŦÖĕ×Š×ĂÜĒöŠĕÖŠÝąöĊÖćøÖúĆïĕ×Šēé÷đÞúĊę÷ìčÖǰėǰ��ǰîćìĊǰǰĒúąëšćĕöŠ

öĊÖćøÖúĆïĕ×Šđú÷ìĈĔĀšĕ×ŠôŦÖĕöŠĂĂÖǰéĆÜîĆĚîĂ÷ŠćÜîšĂ÷ìĊęÿčéÙüøêšĂÜöĊÖćøÖúĆïĕ×ŠüĆîúąǰ�ǰÙøĆĚÜǰĒêŠÿĈĀøĆï

êĎšôŦÖìĊęöĊĂčðÖøèŤÿĈĀøĆïÖúĆïĕ×ŠĂĆêēîöĆêĉǰÙüøÖúĆïĕ×ŠìčÖǰėǰßĆęüēöÜǰÖćøÖúĆïĕ×ŠđðŨîÿĉęÜÝĈđðŨîöćÖÿĈĀøĆï

ÖćøôŦÖĕ×ŠĔîøą÷ąĒøÖǰėǰĒúąÝąĀ÷čéÖúĆïĕ×ŠĔîǰ�ǰüĆîÿčéìšć÷ǰÖćøÖúĆïĕ×ŠïŠĂ÷đÖĉîĕðǰĕöŠöĊñúìĈĔĀšÖćø

ôŦÖĂĂÖÿĎÜ×ċĚîǰĒêŠÝąìĈĔĀšÿĉĚîđðúČĂÜđüúćĒúąĒøÜÜćîǰöčö×ĂÜÖćøÖúĆïĕ×ŠìĊęđĀöćąÿöÙČĂǰ��ǰĂÜýćÝćÖ

ĒîüéĉęÜÖúĆïĕðöćǰÖćøĔßšöčöÖúĆïĕ×ŠĔîøąéĆïĂČęîÝąöĊñúìĈĔĀšñúÖćøôŦÖĂĂÖúéúÜǰ 
 

  2.2.6  ÖćøÿŠĂÜĕ×ŠôŦÖ 
        ÖćøêøüÝÿĂïĀćĕ×ŠöĊđßČĚĂĕ×ŠđßČĚĂêć÷ĀøČĂÿĉęÜñĉéðÖêĉĔîôĂÜĕ×Šǰ ÝąĔßšüĉíĊÿŠĂÜĕ×Šēé÷ĂćýĆ÷

đóĊ÷ÜĒÿÜĕôÝćÖĀúĂéĕôìĊęĂ÷ĎŠĔîÖúŠĂÜĀøČĂÖøąïĂÖǰ ìĊęÿćöćøëïĆÜÙĆïĔĀšöĊĒÿÜÿüŠćÜĂĂÖöćđóĊ÷Üéšćî

đéĊ÷üǰđöČęĂĕ×ŠĕðìćïøĎìĊęĒÿÜĂĂÖÝąĕéšĕöŠöĊĒÿÜÿüŠćÜöćøïÖüîǰĒúąÙüøìĈĔîìĊęöČéǰÿĈĀøĆïĒÿÜÿüŠćÜìĊęĔßš

ÝąöćÖĀøČĂîšĂ÷ĕöŠöĊðŦâĀćǰ ĒêŠĕöŠÙüøĔĀšÙüćöøšĂîÿĎÜÝîđÖĉîĕðđóøćąÝąđÖĉéñúđÿĊ÷êŠĂêĆüĂŠĂîúĎÖĕÖŠĕéšǰ

ĕ×ŠôŦÖìĊęöĊđðúČĂÖĕ×ŠÿĊ×ćüîĆĚîÿćöćøëÿŠĂÜđĀĘîĕéšÜŠć÷ÖüŠćĕ×ŠìĊęöĊđðúČĂÖÿĊîĚĈêćúǰ ÖćøÿŠĂÜĕ×ŠìĈđóČęĂĒ÷Öĕ×Š

öĊđßČĚĂÖĆïĕöŠöĊđßČĚĂǰ ǰ ǰ ǰ ÿćöćøëìĈĕéšĀúĆÜÝćÖîĈĕ×Šđ×šćêĎšôŦÖĕðĒúšüđðŨîđüúćǰ ��ǰ �ǰ ��ǰ ßĆęüēöÜĒêŠĔîìćÜ

ðäĉïĆêĉÖćøÿŠĂÜĕ×ŠÝąìĈĔîüĆîìĊęǰ� ×ĂÜÖćøôŦÖĕ×ŠÿĈĀøĆïĕ×ŠđðúČĂÖ×ćüǰĒúąÿĈĀøĆïĕ×ŠđðúČĂÖîĚĈêćúÙüø

ÿŠĂÜĔîĕ×ŠĔîüĆîìĊęǰ �ǰ ×ĂÜÖćøôŦÖǰ ǰ ǰ ǰ đîČęĂÜÝćÖĕ×ŠđðúČĂÖÿĊîĚĈêćúÝąöĊúĆÖþèąìċïöćÖÖüŠćǰ ìĈĔĀšöĂÜ

øć÷úąđĂĊ÷éêŠćÜǰėǰĕéš÷ćÖǰÖćøÿŠĂÜĕ×ŠĕöŠüŠćÝąđðŨîßŠüÜĔéÖĘêćöÝąöĊñúÖøąìïêŠĂĕ×ŠôŦÖĕöŠöćÖÖĘîšĂ÷ǰÝċÜ

ÙüøìĈéšü÷ÙüćöøąöĆéøąüĆÜĒúąĔßšđüúćĔĀšîšĂ÷ìĊęÿčéĔîÖćøîĈĕ×ŠĂĂÖöćÝćÖêĎšôŦÖ 
 
2.3  PID Controller Yogokawa Model YS170 

ǰĔîøąïïðŗéêĆüÙüïÙčöǰPID øüöëċÜøąïïÙüïÙčöðŜĂîÖúĆïǰ ǰ ǰ ēé÷øąïïÿŠüîîĊĚÝąðøąđöĉîêĆü

ĒðøðŜĂîÖúĆïēé÷ĔßšÝčéÙÜìĊęǰ đóČęĂÿøšćÜÿĆââćè×šĂñĉéóúćéÝćÖîĆĚîøąïïÝąđðúĊę÷îĒðúÜđĂćêŤóčê×ĂÜ

øąïïǰ×ĆĚîêĂîîĊĚÝąéĈđîĉîêŠĂĕðÝîÖüŠć×šĂñĉéóúćéÝąöĊÙŠćđðŨîýĎî÷ŤǰöĉÞąîĆĚîÙŠć×ĂÜêĆüĒðøðŜĂîÖúĆïÝą

đìĊ÷ïđìŠćÖĆïÝčéÙÜìĊęǰÙĂîēìøúđúĂøŤéĆÜĒÿéÜêćöøĎðìĊęǰ2.�ǰÿćöćøëĔĀšñúúĆóíŤÖćøÙüïÙčöìĊęĒöŠî÷ĈÖüŠćǰ

ĒúąöĊđÿëĊ÷øõćóìĊęéĊÖüŠćǰ ǰ ǰ ǰ ǰ đöČęĂđìĊ÷ïÖĆïÙĂîēìøúđúĂøŤðøąđõì đðŗé/ðŗé àċęÜöĊđóĊ÷ÜÿĂÜđÜČęĂîĕ×ìĊę

ÿćöćøëĔßšĕéšĔîÖćøÝĆéÖćøøąïïǰ đöČęĂÙŠć×ĂÜÖøąïüîÖćøêęĈÖüŠćÝčéÙÜìĊęĒúšüÖĘÝąđðŗéǰ ĔîìĈîĂÜ

đéĊ÷üÖĆîÝąðŗéđöČęĂÙŠćÿĎÜÖüŠćÙŠćÙÜìĊęìĊęêĆĚÜĕüšǰ đĂćêŤóčê×ĂÜÙĂîēìøúđúĂøŤðøąđõìîĊĚÝąĕöŠÙÜìĊęǰ ĒúąÝą

ĒÖüŠÜ×ċĚîúÜĔîßŠüÜ×ĂÜÙŠćÙÜìĊęìĊęêĆĚÜĕüš 
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	Ö
        (×) 
øĎðìĊęǰ2.� (Ö) ĀîšćÝĂǰPID Controller (×) Loop Single Mode  

 
2.4  ìøćîÿöĉêđêĂøŤ 
 ēé÷ìøćîÿöĉêđêĂøŤĔîēÙøÜÖćøüĉÝĆ÷ǰǰǰǰðøąÖĂïĕðéšü÷ 2 ÿŠüîǰÙČĂǰìøćîÿöĉêđêĂøŤüĆéÙüćößČĚî

ēé÷ĔßšĒïøîéŤǰ RIXEN øčŠîǰ TRH-300 Series 302  ǰ ĒúąìøćîÿöĉêđêĂøŤüĆéĂčèĀõĎöĉēé÷ĔßšĒïøîéŤǰ

RosemountTM  øčŠîǰ248 
 
�     2.4.1  TRH-��� series 302  
      TRH-��2 ÙČĂ ìøćîÿöĉêđêĂøŤÙüćößČĚîÿĆöóĆìíŤĂ÷ĎŠĔîêøąÖĎú×ĂÜìøćîÿöĉêđêĂøŤǰ TRH-
300 series ìĊęëĎÖĂĂÖĒïïöćđðŨîóĉđýþđóČęĂĔĀšÿćöćøëìîìćîêŠĂÿõćóĂćÖćýĕéšĔîìčÖǰėǰÿëćîÖćøèŤ

đóČęĂĔĀšöĆęîĔÝĕéšüŠćÿćöćøëêĂïÿîĂÜêŠĂÖćøüĆéĂčèĀõĎöĉÙüćößČĚîÿĆöóĆîíŤĕéšĂ÷ŠćÜøüéđøĘü ĒúąĒöŠî÷Ĉ 
ēé÷öĊúĆÖþèąéĆÜøĎðìĊęǰ2.� óøšĂööĊøć÷úąđĂĊ÷ééĆÜêćøćÜìĊęǰ2.3ǰĒúąêćøćÜìĊęǰ2.4 
 
 
 
 
 
 
 
 

øĎðìĊęǰ2.�   ìøćîÿöĉêđêĂøŤÙüćößČĚîÿĆöóĆìíŤ 
 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



12 
 

êćøćÜìĊęǰ2.3 øć÷úąđĂĊ÷é×ĂÜǰTRH-���  
 
 
 
 
 
 
 
 
 
 

 

êćøćÜìĊęǰ2.4 øć÷úąđĂĊ÷é×ĂÜǰTRH-302 

 

Model Descriptions 
TRH-301 Temperature Transmitter 
TRH-302 Humidity Transmitter 
TRH-303 Humi/Temp Transmitter 

Shape 
(Mounting) 

W Wall mount Type 
D Duet mount Type 
S Separated Type 

Output Signal 
A Current out 
V Voltage out 

Measurement Range 
0 _ ���% RH 
0 ~ 100ġC 
(-20 ~ +80ġC,0 ~ +50ġC,-40 ~ 60ġCǰǰavailable) 

Accuracy (At 25 ġC) s��ǰ3)
ǰs���ġC 
Long-term Stability Better than 1% RH per year(Typical) 

Temp. Compensation s������ǰ3)�ǰġC (Effect @0% RH) 

Response  
 seconds 15ޒ
(90% at +25ġC in moving air at 0.5M/S) 

Sensors 
Humidity : Thin-Film capacitor 
5FNQFSBUVSFǰ�ǰ35%ǰ1U���ņǰ*&$���
%*/����� 

Output 

Humi: 4-20 mA Two wire 
Temp: 4-20 mA Two wire (scalable) 
Selectable signal output of 0 to 1 V,0 to 5 V,0 to 10 V or 
1 to 5 V (option) 

Supply Voltage 12 ı 40 VDC 
Sensor 

Protection 
Sintered filter,Part,No,TR-3066(option) 

Housing ABS plastic watertight enclosure (IP65) 
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ǰǰǰǰǰǰǰ2.4.2  ìøćîÿöĉêđêĂøŤüĆéĂčèĀõĎöĉ : RosemountTM  248 
ǰǰǰǰǰìøćîÿöĉêđêĂøŤǰ ǰ ǰ ǰ ìĈĀîšćìĊęĔîÖćøĒðúÜÿĆââćèÝćÖĂčðÖøèŤđÙøČęĂÜöČĂüĆéêŠćÜǰ ėǰ đßŠîǰ

ĂčèĀõĎöĉ
ǰ ÙüćößČĚîǰ ĒúąĒøÜéĆîǰ ĔĀšđðŨîÿĆââćèöćêøåćîÿŠÜĂĂÖìćÜéšćîđĂćêŤóčêǰ đßŠîǰ ÿĆââćè

ĂîćúĘĂÖöćêøåćîéšćîđĂćêŤóčêǰǰ�ǰ�ǰ��VDC, �ǰ�ǰ��mA đðŨîêšîǰǰđóČęĂÿŠÜĕð÷ĆÜÿŠüîÙüïÙčöǰ	Control 
Device), ÿŠüîðøąöüúñúǰ	Calculator) ĀøČĂÿŠüîĒÿéÜÙŠćǰ	Indicating Device)ǰìĊęĂ÷ĎŠĀŠćÜĕÖúĂĂÖĕð

ÝćÖđàîđàĂøŤĀøČĂìøćîÿéĉüđàĂøŤǰ ĒêŠÖŠĂîìĊęìøćîÿöĉêđêĂøŤÝąÿŠÜÿĆââćèöćêøåćîĂĂÖìćÜéšćî

đĂćêŤóčêĂĂÖĕðǰ ĂćÝìĈÖćøðøĆïðøčÜÿĆââćèìĊęøĆïđ×šćöćÖŠĂîÖĘĕéšǰ ēé÷ìĆęüĕðúĆÖþèą×ĂÜÖćøðøĆïðøčÜ

ÿĆââćèǰøüöëċÜÖćø×÷ć÷ÿĆââćèǰ	Amplification), Isolation, Linearization ĒúąÖøĂÜÿĆââćèǰ

	Filtering) ÖŠĂîÿŠÜĕð÷ĆÜÿŠüîðøąöüúñúĒúąÿŠüîĒÿéÜÙŠćêŠĂĕðǰēé÷öĊúĆÖþèąǰéĆÜøĎðìĊęǰ2.� 
 
 
 
 
 

øĎðìĊęǰ2.� ìøćîÿöĉêđêĂøŤǰRosemountTM 248 
 
2.5ǰǰRosemount-214cǰRTD Temperature and Temperature Assembly 

ǰǰResistance thermometers ĀøČĂǰ Resistance temperature detectors (RTDs) đðŨî

đàîđàĂøŤüĆéøąéĆïĂčèĀõĎöĉēé÷ĂćýĆ÷ĀúĆÖÖćøđðúĊę÷îĒðúÜÙüćöêšćîìćî×ĂÜđÿšîúüéǰ ēé÷ÿŠüîĔĀâŠ

ĒúšüēÙøÜÿøšćÜõć÷ĔîđðŨîđÿšîúüé×îćéđúĘÖóĆîøĂïĒÖîÖúćÜìĊęđðŨîđàøćöĉÖĒÖšüǰ ÿĈĀøĆï×éúüé×ĂÜǰ

RTDs ÝąđðŨîēúĀąïøĉÿčìíĉĝǰ ēé÷ìĆęüĕðöĆÖđðŨîĒóúìĉîĆöǰ đÜĉîǰ ĀøČĂîĉÖđÖĉúǰ àċęÜēúĀąđĀúŠćîĊĚÝąöĊÙŠćÙüćö

êšćîìćîĕôôŜćìĊęöĊÙüćöÿĆöóĆîíŤÖĆïĂčèĀõĎöĉìĊęĒîŠîĂîǰéšü÷ÙčèÿöïĆêĉéĆÜÖúŠćüÝċÜìĈĔĀšđàîđàĂøŤÿćöćøë

êøüÝüĆéĂčèĀõĎöĉĕéšĂ÷ŠćÜĒöŠî÷Ĉ ēé÷ðÖêĉÝąöĊǰTemperature Assembly ĕüšđóČęĂÿćöćøëêĉéêĆĚÜǰRTD 
ĔîêĎšĕéšÜŠć÷×ċĚî ēé÷öĊøć÷úąđĂĊ÷éǰéĆÜøĎðìĊęǰ2.� 
 
ǰ 
 
 

 
	Ö
ǰǰ      (×) 

øĎðìĊęǰ2.�ǰǰ(Ö) RTD Rosemount-214cǰRTD Temperature 
ǰǰǰǰǰǰǰǰǰ(×
ǰRosemount Temperature Assembly 
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2.6 ǰúĉöĉêÿüĉêßŤǰ: ĕöēÙøÿüĉêàŤǰLXW5-11N1 
 úĉöĉêÿüĉêßŤǰĀøČĂǰÿüĉêßŤÝĈÖĆéøą÷ąǰÙČĂǰĂčðÖøèŤ đðŗé�ðŗéǰüÜÝøĕôôŜćìĊęĔßšÿĈĀøĆïÝĈÖĆéøą÷ąìćÜǰ

ĒúąêĆé�êŠĂ     ēé÷đúČĂÖĔßšúĉöĉêÿüĉêßŤøčŠî ĕöēÙøÿüĉêàŤǰLXW5-11N1ǰöĊúĆÖþèąéĆÜøĎðìĊęǰ2.�ǰ	Ö
ǰǰüÜÝø
ÖćøìĈÜćî×ĂÜøąïïĂĆêēîöĆêĉêŠćÜǰėǰĔîÜćîĂčêÿćĀÖøøöǰǰǰÿŠüîĔĀâŠĒúšüÝąĔßšđóČęĂÙüïÙčöÖćøìĈÜćî

×ĂÜøąïïĂĆêēîöĆêĉǰĒúąĔßšêøüÝÿĂïêĈĒĀîŠÜ×ĂÜüĆêëčüŠćöĊĀøČĂĕöŠöĊǰēÙøÜÿøšćÜ×ĂÜúĉöĉêÿüĉêßŤöĊúĆÖþèą

Ùúšć÷ÿüĉêßŤðčśöÖéìĆęüĕðÙČĂöĊúĆÖþèąđðŨîÖúŠĂÜÿĊęđĀúĊę÷ö×îćéđúĘÖǰ ðøąÖĂïéšü÷ðčśöÿüĉêßŤđðŗé�ðŗé

ĀúćÖĀúć÷øĎðìøÜĔĀšđúČĂÖĔßšÜćîǰǰõć÷ĔîÝąđðŨîÝčéđßČęĂöêŠĂìĊęöĊĀúĆÖÖćøìĈÜćîǰ2ǰúĆÖþèąǰöĊúĆÖþèą

éĆÜøĎðìĊęǰ���ǰ	×
ǰĕéšĒÖŠǰ 
1) ĒïïðÖêĉđðŗéǰ	NO : Normal Open) ĀîšćÿĆöñĆÿÝąĕöŠêŠĂëċÜÖĆîǰìĈĔĀšÖøąĒÿĕôôŜćĕĀúñŠćî

ĕöŠĕéšǰ 
2) ĒïïðÖêĉðŗéǰ 	NC : Normal Close)ǰ ĀîšćÿĆöñĆÿêŠĂëċÜÖĆîǰìĈĔĀšÖøąĒÿĕôôŜćĕôúñŠćîĕéšǰ

đöČęĂöĊĒøÜöćÖøąìĈǰÝąìĈĔĀšĀîšćÿĆöñĆÿĕöŠÿĆöñĆÿÖĆî 
  
 
 
 
 

 
 

 
                         (Ö)      ǰǰǰǰǰǰǰ(×) 

    øĎðìĊęǰ2.� ǰ(Ö)ǰĕöēÙøÿüĉêàŤ LXW5-11N1ǰ 
              (×)ǰüÜÝøõć÷ĔîǰúĉöĉêÿüĉêàŤ 

 
��7ǰǰéĉÝĉêĂúĕìöŤđöĂøŤÿüĉêìŤǰTHC15A 
 ÖćøìĈÜćî×ĂÜéĉÝĉêĂúĕìöŤđöĂøŤÿüĉêàŤǰ đðŨîĂčðÖøèŤìćÜĕôôŜćđóČęĂĔßšĔîÖćøÙüïÙčöđüúćÖćø

ìĈÜćî×ĂÜĂčðÖøèŤïćÜĂ÷ŠćÜĔĀšđðŨîĕðêćöìĊęñĎšĔßšêšĂÜÖćøǰ ǰ ÝąëĎÖĔßšÜćîĔîēøÜÜćîĂčêÿćĀÖøøöǰ đðŨî

ÿŠüîðøąÖĂïìĊęÿĈÙĆâĔîđÙøČęĂÜÝĆÖøǰ àċęÜĔîđÙøČęĂÜÝĆÖøĂćÝĕöŠöĊĕìöŤđöĂøŤĒÙŠêĆüđéĊ÷üǰ ïćÜđÙøČęĂÜÝĆÖøĂćÝöĊ

đðŨîøšĂ÷êĆüđú÷ÖĘĕéšǰĕìöŤđöĂøŤđðŨîĂčðÖøèŤêĆĚÜđüúćĒúąÙüïÙčöÖćøìĈÜćîĔĀšđĂćêŤóčêìĈÜćîêćöđÜČęĂîĕ×

ĒúąđüúćìĊęêĆĚÜĕüšÖćøđúČĂÖĔßšÖĆïĂčðÖøèŤĔîÖćøêĆĚÜđüúćǰēé÷öĊúĆÖþèąǰéĆÜøĎðìĊęǰ2.� 
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øĎðìĊęǰ2.� éĉÝĉêĂúĕìöŤđöĂøŤÿüĉêìŤǰTHC15A 
 
��8ǰ Arduino  
   Arduino ÙČĂǰÖćøìĊęîĈßĉðĕĂàĊĕöēÙøÙĂîēìøúđúĂøŤêøąÖĎúêŠćÜǰėǰöćĔßšøŠüöÖĆîĔîõćþćǰC àċęÜ
õćþćǰ ǰC ǰîĊĚđðŨîúĆÖþèąđÞóćąǰÙČĂ ǰ ǰ ǰ ǰ ǰ ǰ öĊÖćøđ×Ċ÷îĕúïøćøĊę×ĂÜǰArduino ×ċĚîöćđóČęĂĔĀšÖćøÿĆęÜÜćî

ĕöēÙøÙĂîēìøúđúĂøŤìĊęĒêÖêŠćÜÖĆîÿćöćøëĔßšÜćîēÙšéêĆüđéĊ÷üÖĆîĕéšǰ ēé÷êĆüēÙøÜÖćøĕéšĂĂÖĒïïïĂøŤé

ìéúĂÜöćĀúć÷ǰėǰøĎðĒïïǰđóČęĂĔßšÜćîÖĆïǰIDE ×ĂÜêîđĂÜǰÿćđĀêčĀúĆÖìĊęìĈĔĀšǰArduino đðŨîìĊęîĉ÷ööćÖǰ

đóøćąàĂôêŤĒüøŤÿćöćøëĔßšÜćîøŠüöÖĆîĒúąéćüîŤēĀúéĕéšôøĊêĆüïĂøŤéìéúĂÜ÷ĆÜëĎÖĒÝÖĒðúî ìĈĔĀš

ñĎšñúĉêÝĊîîĈĕðñúĉêĒúą×ć÷ĂĂÖöćĔîøćÙćìĊęëĎÖ Arduino îĆĚîĕéšĔßšßĉðǰ AVR Ĕî Arduino ĒìïøčŠîǰ

ÿćđĀêčöćÝćÖĕöēÙøÙĂîēìøúđúĂøŤ×ĂÜêąÖĎúǰ AVR îĆĚîöĊÙüćöìĆîÿöĆ÷ǰ ĔîßĉðïćÜêĆüÿćöćøëđßČęĂöêŠĂ 
USB ĕéšēé÷êøÜǰ ÿćöćøëĔßšÜćîÖĆïÙĂöóĉüđêĂøŤìĊęÿöĆ÷ĔĀöŠĕéšđðŨîĂ÷ŠćÜéĊǰ ĒúąĔîĕöēÙøÙĂîēìøúđúĂøŤ

êąÖĎúǰ AVR ÷ĆÜöĊÿŠüî×ĂÜēðøĒÖøöóĉđýþìĊęđøĊ÷ÖüŠćǰ Bootloader Ă÷ĎŠĔîøąéĆïúŠćÜÖüŠćÿŠüîēðøĒÖøö

ðÖêĉǰàċęÜÝąđðŨîÿŠüîēðøĒÖøöìĊęÝąëĎÖđøĊ÷Ö×ċĚîöćÖŠĂîÖćøđøĊ÷ÖēðøĒÖøöðÖêĉǰìĈĔĀšÿćöćøëđ×Ċ÷îÙĈÿĆęÜ

ĔĀšìĈÜćîĔéǰėǰÖĘĕéšǰÖŠĂîÖćøđøĊ÷ÖēðøĒÖøöðÖêĉǰìĈĔĀšǰArduino ĂćýĆ÷ÿŠüîēðøĒÖøöĒÖøöóĉđýþîĊĚǰĔî

ÖćøìĈĔĀšßĉðÿćöćøëēðøĒÖøöñŠćîóĂøŤêĂîčÖøößîĉéǰ UART ĕéšǰ ÝċÜìĈĔĀšÖćøđ×Ċ÷îēðøĒÖøöúÜĕðĔî

ßĉðĔßšđóĊ÷ÜǰUSB to UART ÖĘđóĊ÷ÜóĂ 
 
       ��8.�  Arduino UNO 

           đðŨîïĂøŤéǰ Arduino øčŠîĒøÖìĊęĂĂÖöćǰ öĊ×îćéðøąöćèǰ ����x���� mm đðŨîïĂøŤé

öćêøåćîìĊęîĉ÷öĔßšÜćîöćÖìĊęÿčéǰđîČęĂÜÝćÖđðŨî×îćéìĊęđĀöćąÿĈĀøĆïÖćøđøĉęöêšîđøĊ÷îøĎšǰArduino ĒúąöĊǰ
Shields ĔĀšđúČĂÖĔßšÜćîĕéšöćÖÖüŠćïĂøŤéǰArduino øčŠîĂČęîǰėǰìĊęĂĂÖĒïïöćđÞóćąöćÖÖüŠćǰēé÷ïĂøŤéǰ

Arduino UNO ĕéšöĊÖćøóĆçîćđøČęĂ÷öćǰêĆĚÜĒêŠǰR�ǰR�ǰĒúąøčŠî÷ŠĂ÷ìĊęđðúĊę÷îßĉðĕĂàĊđðŨîĒïïǰSMD ēé÷
öĊøć÷úąđĂĊ÷éǰéĆÜøĎðìĊęǰ2.1� 
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øĎðìĊęǰ2.1� ĒÿéÜøć÷úąđĂĊ÷éĒêŠúąǰPin ×ĂÜ Arduino UNO 
 

  2.8.�  Arduino Mega 2560 
   ïĂøŤéøčŠîĔĀâŠ ēé÷ĔßšǰAtmega2560ǰ đðŨîĕöēÙøÙĂîēìøúđúĂøŤĀúĆÖǰ ēé÷ǰMEGA öĊǰ

Digital Pins ×ćǰI/O ÝĈîüîǰ��ǰ×ćǰ(đðŨîǰPWM ĕéšǰ��ǰ×ć)ǰöĊǰAnalog Input 16 ×ćǰSerial UART �ǰ
ßčéǰ I�C �ǰßčéǰSPI �ǰßčéǰĒúą×ćĒĀúŠÜÝŠć÷ĕôǰ�V ÝĈîüîǰ�ǰ×ćǰÿćöćøëđ×Ċ÷îēðøĒÖøöïîǰArduino 
ĒúąēðøĒÖøöñŠćîóĂøŤêǰ USBǰ đĀöćąÿĈĀøĆïñĎšìĊęÿîĔÝđøĉęöêšîđøĊ÷îøĎšÖćøóĆçîćĕöēÙøÙĂîēìøúđúĂøŤìĊę

êšĂÜÖćøïĂøŤéǰArduino ìĊęöĊĀîŠü÷ÙüćöÝĈĒúą×ćÿĆââćèêŠćÜǰėǰĔĀšêŠĂĔßšÜćîöćÖ×ċĚî éĆÜøĎðìĊęǰ2.1� 
 
 
 
 
 
 

 
øĎðìĊęǰ2.1�ǰĒÿéÜøć÷úąđĂĊ÷éĒêŠúąǰPin ×ĂÜǰArduino Mega 2560 

 
  2.8.�  PWM 5-36VDC 15A 
  ēöéĎú×ĆïÿĆââćèĒïïǰPWM ēé÷öĊúąđĂĊ÷ééĆÜøĎðìĊęǰ2.1�ǰøĆïÿĆââćèÝćÖǰArduino 
öćÙüïÙčöĂčðÖøèŤ đßŠîǰĀøĊęĕôǰLED ÙüïÙčöÙüćöđøĘüöĂđêĂøŤǰ ÿćöćøëÙüïÙčöĂčðÖøèŤǰìĊęĒøÜéĆîǰ5ǰ -ǰ
36V ÖøąĒÿĒïïêŠĂđîČęĂÜëċÜǰ15A ìĈÜćîǰPWM ìĊęÙüćöëĊęǰ0ǰıǰ20kHz ǰàċęÜöĊÙčèÿöïĆêĉǰéĆÜîĊĚ 
  (1) ĒøÜéĆîÿĈĀøĆïÖćøìĈÜćî: DC 5V - 36V 

(2)ǰÖćøøĆïĕô� digitalǰhigh-low ÿćöćøëđßČęĂöêŠĂĕöēÙøÙĂîēìøúđúĂøŤǰ óĂøŤêǰ IO, 
ĂĉîđìĂøŤđôÿǰ PLC, DC power àċęÜÝąÿćöćøëđ×šćëċÜÿĆââćèǰ PWM, ÙüćöëĊę

ÿĆââćèǰ0-20ǰKHZ  
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ǰ(3) ÙüćöÿćöćøëĔîÖćøÝŠć÷ĕô: DC  5Vǰ-ǰ36V, ÖøąĒÿĕôêŠĂđîČęĂÜǰ15A ÖĈúĆÜǰ400Wǰ

đÜČęĂîĕ×ÖćøìĈÙüćöđ÷ĘîđÿøĉöìĊęêęĈÖüŠćǰÖøąĒÿĕôÿĎÜÿčéëċÜǰ30A 
ǰ(4)ǰ Öćøðøą÷čÖêŤĔßšÜćî:ǰ ÿćöćøëÙüïÙčöđĂćêŤóčê×ĂÜĂčðÖøèŤĕôôŜć,ǰ öĂđêĂøŤǰ DCǰ

ĄúĄǰÿćöćøëðŜĂîǰPWM, ÖćøÙüïÙčöÙüćöđøĘüöĂđêĂøŤ  
  (5) ìĈÜćîìĊęĂčèĀõĎöĉ: -40ǰ-ǰ85ႏ 
  (6) ×îćé: 3.4 � 1.7 � 1.2cm 
   
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ2.1� ĒÿéÜøć÷úąđĂĊ÷éĒêŠúąǰPin ×ĂÜǰPWM 
 

  2.8.� �Data Logger Shield  
  đĀöćąÿĈĀøĆïÖćøđÖĘï×šĂöĎúìĊęüĆéĕéš     ÝćÖđàîđàĂøŤêŠćÜǰėǰĒúšüïĆîìċÖÙŠćúÜïîǰSD 
Card óøšĂöÖĆïǰ Time Stamp ĕéšĔîßčéđéĊ÷üÖĆîǰ  ĂčðÖøèŤìĊęĂ÷ĎŠïîïĂøŤéðøąÖĂïéšü÷ǰ Real time 
clock (RTC) óøšĂöëŠćîǰBack up ÖøèĊĕöŠöĊĕôđúĊĚ÷ÜïĂøŤéöĊúĆÖþèąǰéĆÜøĎðìĊęǰ2.1� 
 
 
 
 
 
 
 

 
øĎðìĊęǰ2.1� Data Logger Shield 
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 2.8.�  PWM Motor DC Control 12�-�40V DC 
 ǰǰǰǰǰǰēöéĎúÙüïÙčöÙüćöđøĘüöĂđêĂøŤǰStepless öĊúĆÖþèąǰéĆÜøĎðìĊęǰ2.1�ǰēé÷ĔßšǰPWM ðøĆïĕéšǰ

0ǰ-ǰ100% øĂÜøĆïĒøÜéĆîǰDCǰ12ǰı 40V ÖøąĒÿÿĎÜÿčéǰ10Aǰēé÷ÝąöĊÙčèÿöïĆêĉéĆÜîĊĚ  
  (1) ÙüćöéĆîìĊęìĈÜćî DC 12ǰ~ǰ40V 
  (2) ÙüïÙčöÖĈúĆÜĕô 0.01ǰ~ǰ400W 
  (3) øĂïÖćøìĈÜćî×ĂÜǰPWM 10% -ǰ100% stepless 
  (4) ÙüćöëĊę×ĂÜǰPWM 13 kHz 
  (5) öĊôŗüÿŤĕüšðŜĂÜÖĆîǰ10A 
   
 
 
 
 
 

øĎðìĊęǰ2.1� Motor DC (FAN) 
 
��9 ǰArduino IDE 
 đÙøČęĂÜöČĂÖćøđ×Ċ÷îēðøĒÖøöìĊęĔßšÜćîĕéšÖĆïǰArduino ĕéšìčÖøčŠîǰǰǰǰǰǰēé÷õć÷ĔîÝąöĊđÙøČęĂÜöČĂ

ÿĈĀøĆïêĉéêŠĂǰArduino đßŠîǰÖćøÙšîĀć Arduino ìĊęêĉéêŠĂÖĆïđÙøČęĂÜÙĂöóĉüđêĂøŤǰÖćøđúČĂÖøčŠî Arduino 
ìĊęêŠĂĂ÷ĎŠđóČęĂêøüÝÿĂïüŠć×îćé×ĂÜēðøĒÖøöìĊęđ×Ċ÷îĀøČĂĕúïøćøĊęêŠćÜ ė àĆïóĂøŤêÖĆï Arduino ĂĊÖìĆĚÜ

÷ĆÜöĊēðøĒÖøöêĉéêŠĂñŠćîàĊđøĊ÷úēé÷êøÜÿĈĀøĆïÙĂöóĉüđêĂøŤ "SEVJOPpǰ *OUFHSBUFEǰ%FWFMPQNFOUǰ

Environment (IDE) đðŨîēðøĒÖøöìĊęĂĂÖĒïïöćĔĀšÜŠć÷êŠĂÖćøđ×Ċ÷îàĂôêŤĒüøŤǰ ÿĈĀøĆïĒóúêôĂøŤö

ēĂđóŠîàĂøŤÿîĊĚĒóúêôĂøŤö "SEVJOPp đðŨîĒóúêôĂøŤöĂĉđúĘÖìøĂîĉÖÿŤ÷Ăéîĉ÷öìĊęĂĂÖĒïïöćđóČęĂúé

ÙüćöàĆïàšĂî×ĂÜÖøąïüîÖćøĂĂÖĒïïĂčðÖøèŤĂĉđúĘÖìøĂîĉÖÿŤǰúĆÖþèąēðøĒÖøöǰéĆÜøĎðìĊęǰ2.1� 
 
 
 
 
 

øĎðìĊęǰ2.1� ēðøĒÖøöǰArduino IDE 
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��10ǰđàîđàĂøŤüĆéĂčèĀõĎöĉĒúąÙüćößČĚî ÙüïÙčöñŠćîĕöēÙøÙĂîēìøúđúĂøŤ 
 đàîđàĂøŤĔßšüĆéĂčèĀõĎöĉĒúąÙüćößČĚîìĊęÙüïÙčöñŠćîĕöēÙøÙĂîēìøúđúĂøŤöĊìĆĚÜĀöéǰ �ǰ êĆüǰ ǰ ÙČĂǰ

đàîđàĂøŤǰDHT���AM����ǰĒúąđàîđàĂøŤǰSHT��ǰ 
 
�����������10�� đàîđàĂøŤüĆéĂčèĀõĎöĉĒúąÙüćößČĚîǰøčŠîǰDHT21/AM2301  
 ǰǰǰǰǰǰǰēöéĎúüĆéĂčèĀõĎöĉĒúąÙüćößČĚîìĊęöĊÙüćöĒöŠî÷ĈÿĎÜǰ ĒúąđĀöćąÿĈĀøĆïÖćøĔßšÙüïÙčö

ĂčèĀõĎöĉǰ ĒúąÙüćößČĚîĔîēøÜđøČĂîĀøČĂĔîĂćÙćøēé÷ÙŠć Output ÿŠÜĂĂÖđðŨîÿĆââćèđðŨîéĉÝĉêĂúĔĀšǰ

ĕöēÙøÙĂîēìøúđúĂøŤǰ öĊúĆÖþèąéĆÜøĎðìĊęǰ2.1� ĒúąöĊøć÷úąđĂĊ÷é éĆÜêćøćÜìĊęǰ2.5 
 
 
 
 
 

 
øĎðìĊęǰ2.1� đàîđàĂøŤ AM2301 üĆéĂčèĀõĎöĉĒúąÙüćößČĚî 

 
êćøćÜìĊęǰ2.5 øć÷úąđĂĊ÷éßĂÜǰđàîđàĂøŤ AM2301 

Model HM2301 
Power Supply 2.2-5V DC 
Output signal Digital signal via signal-bus 
Sensing element Polymer humidity capacitor 
Measuring range Humidity 0ǰ-ǰ100%RH; temperature -40 -80ǰCelsius 
Accuracy Humidity +/-3%RHǰ(Max +-5%ǰRH); Temperature < +/-1ǰ

Celsius 
Resolution or sensitivity Humidity 0.1%ǰRH; temperature 0.1 Celsius 
Repeatability Humidity +/-1%RH; temperature +/-0.2Celsuis 
Humidity hysteresis +/-0.3%ǰRH 
Long-term Stability +/-0.5%ǰRH/year 
Sensing period Average: 2s 
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 ��10��ǰđàîđàĂøŤüĆéĂčèĀõĎöĉĒúąÙüćößČĚîǰøčŠîǰSHT20 
  đàîđàĂøŤüĆéĂčèĀõĎöĉĒúąÙüćößČĚîǰSHT20 I2C óøšĂöēóøïÖĆîîĚĈđðŨîßĉðđàîđàĂøŤ 4C 
CMOSensǰ SHT20 ÿćöćøëüĆéĂčèĀõĎöĉÿõćóĒüéúšĂöēé÷øĂïĒúąÙüćößČĚîÿĆöóĆìíŤĕéšĂ÷ŠćÜĒöŠî÷Ĉǰ

óøšĂöÖĆïüĆÿéčĀŠĂĀčšöìĊęÖĆîîĚĈĒúąÿćöćøëøąïć÷ĂćÖćýĕéšǰ öĊúĆÖþèąéĆÜøĎðìĊęǰ 2.1�ǰ 	Ö
 öĊÖøćôĒÿéÜ

ÙüćöĒöŠî÷Ĉ×ĂÜđàîđàĂøŤéĆÜøĎðìĊęǰ����ǰ	×
ǰĒúąøć÷úąđĂĊ÷ééĆÜêćøćÜìĊęǰ2.6 
 
 
 
 
 
 
 
 
 
  ǰǰ(Ö)      ǰǰǰǰǰǰǰ(×) 

øĎðìĊęǰ2.1� (Ö) đàîđàĂøŤ SHT20  
ǰǰǰǰǰǰ(×) ÖøćôĒÿéÜÙüćößČĚîÿĆöóĆìíŤ 

 

êćøćÜìĊęǰ2.6 øć÷úąđĂĊ÷é×ĂÜǰđàîđàĂøŤ SHT20 
Parameter Condition Value Units 

Resolution 
12 bit 0.04 %RH 
8 bit 0.7 %RH 

Accuracy 
tolerance 

Typ s3.0 %RH 
Max See Figure 2 %RH 

Repeatability � s0.1 %RH 
Hysteresis � s1 %RH 
Nonlinearity � <0.1 %RH 
Response time 8 63% ׭ s 
Operating Range Extended 0 to 100 %RH 
Long Term Drift Typ. <0.25 %RH/ys 
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���1 ǰThe Gravity: I2C ĂĂÖàĉđÝîđàîđàĂøŤ ÙüïÙčöñŠćîĕöēÙøÙĂîēìøúđúĂøŤ 
ǰǰēé÷ĔßšĀúĆÖÖćøìćÜǰ Electrochemical üĆéÙüćöđ×šö×šî×ĂÜÖŢćàĂĂÖàĉđÝîēé÷øĂïĕéšĂ÷ŠćÜ

ĒöŠî÷ĈĒúąÿąéüÖǰéšü÷ÙüćöÿćöćøëĔîÖćøðŜĂÜÖĆîÖćøøïÖüîÿĎÜǰÙüćöđÿëĊ÷øÿĎÜĒúąÙüćöĕüÿĎÜǰĒúą

đàîđàĂøŤĂĂÖàĉđÝîÿćöćøëìĈÜćîđ×šćÖĆîĕéšÖĆïǰArduino îĈĕðĔßšÜćîĕéšĂ÷ŠćÜÖüšćÜ×üćÜÖĆïôŗúéŤêŠćÜǰėǰ

đßŠîǰĂčðÖøèŤóÖóćǰĂčðÖøèŤêøüÝÿĂïÙčèõćóĂćÖćýǰĒúąĂčêÿćĀÖøøöǰđĀöČĂÜǰēÖéĆÜǰĀøČĂǰǰìĊęĂćÖćý

ëŠć÷đìĕöŠÿąéüÖǰēé÷öĊúąđĂĊ÷éǰéĆÜøĎðìĊęǰ2.1� 
àċęÜöĊÙčèÿöïĆêĉéĆÜîĊĚ 
1)ǰǰêøüÝÝĆïÖŢćàĂĂÖàĉđÝî      

 2)ǰǰĒøÜéĆîÿĈĀøĆïÖćøĔßšÜćî: 3.3 to 5.5V DC            
 3)ǰǰÿĆââćèđĂćêŤóčê: I2C output     
 4) ǰßŠüÜ×ĂÜÖćøüĆé: 0 ~ 25%ǰVol              
 5) ǰ×ĊéÝĈÖĆé×ĂÜÖćøüĆé: 30%ǰVol     
 6) ǰÙüćöúąđĂĊ÷é: 0.15%ǰVol              
 7) ǰÙüćöĕüĔîÖćøêĂïÿîĂÜ: (0.10ǰsǰ0.05) mA (in the air)  
 8) ǰÙüćöđÿëĊ÷ø: <2% (Every month)            
 9) ǰÙüćöÿćöćøëĔîÖćøìĈàĚĈ: <2%     
 10)ǰđüúćêĂïÿîĂÜ�ǰŒ��ǰTFDPOET             
 11) ÖćøìĈÜćîĔîĂčèĀõĎöĉ: -20 - 50Ԩ    
 12) ÖćøìĈÜćîĔîÙüćößČĚî: 0 - 99% RH             
 13) ßŠüÜ×ĂÜÙüćöéĆî: ÙüćöéĆîöćêøåćîìĊęǰBUNPTQIFSJDǰsǰ10% 
  
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ2.1� I2CǰĂĂÖàĉđÝîđàîđàĂøŤ 
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���2ǰǰöĂđêĂøŤøĂïêęĈóøšĂöêĆüđÖĘïðøąÝč 
 ǰÖćøĔßšöĂđêĂøŤøĂïêęĈĔîÖćøÙüïÙčöđóČęĂÙüïÙčöÖćøĀöčîìĊęĕöŠđøĘüđÖĉîĕðǰ đóČęĂðŜĂÜÖĆîÖćøđÖĉé

ĂčïĆêĉđĀêč öĂđêĂøŤđÖĊ÷øŤøĂïêęĈǰ2.5rpm ×îćéǰ14W 220V ĒÖîĀöčîǰ7mm. Āöčîĕéšǰ2 ìĉýìćÜǰàšć÷

Ēúą×üć ĔßšÜćîĕéšĀúć÷ðøąđõì đßŠî ĔßšÜćîĔîêĎšđðŨîöĂđêĂøŤÿĈĀøĆïÙüïÙčöìĉýìćÜ×ĂÜ×ĂÜÖćøĀöčî

ēé÷öĊúĆÖþèąǰéĆÜøĎðìĊęǰ2.�� 
 
 
  

 
 
 
 
 

øĎðìĊęǰ2.�� öĂđêĂøŤøĂïêęĈóøšĂöêĆüđÖĘïðøąÝč 
 
2.13ǰǰøĊđú÷Ť  

  ĔîēÙøÜÖćøüĉÝĆ÷öĊÖćøĔßšøĊđú÷ŤĔîÿŠüîøąïïóúĉÖĕ×ŠĂĆêēîöĆêĉ
ǰ ǰ ǰÙüïÙčöÖćøđðŗé�ðŗé×ĂÜóĆéúö
ǰ

ÖćøìĈÜćî×ĂÜăĊêđêĂøŤǰĒúąÙüïÙčöÖćøđðŗé�ðŗéđÙøČęĂÜÿøšćÜĀöĂÖ 
 

2.13.1ǰǰøĊđú÷ŤǰøčŠîǰMY2NǰMT2N-GS 24V/AC  
  øĊđú÷ŤÝąìĈÜćîēé÷ÖćøðŜĂîÖøąĒÿĕôôŜćĔĀšÖĆï×éúüéǰ đóČęĂđðúĊę÷îĒøÜéĆîĕôôŜćĔĀš

đðŨîóúĆÜÜćîĒöŠđĀúĘÖǰ ÿĈĀøĆïĔßšéċÜéĎéĀîšćÿĆöñĆÿĔĀšđðúĊę÷îìĉýìćÜÖćøĕĀú×ĂÜĕôôŜćǰ đóČęĂÙüïÙčöÖćø

ÝŠć÷ĕôĔĀšÖĆïĂčðÖøèŤêŠćÜǰėǰÙúšć÷ÖĆïÿüĉêßŤǰàċęÜĔîìĊęîĊĚÝąđðŨîêĆüÖĈĀîéìĉýìćÜÖćøĀöčî×ĂÜöĂđêĂøŤ ēé÷
öĊøć÷úąđĂĊ÷éǰéĆÜøĎðìĊęǰ2.2�ǰ	Ö
ǰĒúąüÜÝøõć÷ĔîĂčðÖøèŤđðŨîéĆÜøĎðìĊęǰ����ǰ	×
 
 
 
 
 
 
   ǰǰǰǰǰǰǰ	Ö
 ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ	×
ǰ 

øĎðìĊęǰ2.2�  (Ö)ǰøĊđú÷ŤǰMY2N  
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(×)ǰüÜÝøõć÷ĔîøĊđú÷ŤǰǰMY2N  
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 �2.13.2  ēöéĎúøĊđú÷Ťǰ�ǰßŠĂÜ Ēúąǰ�ǰßŠĂÜ 
ĔîēÙøÜÖćøüĉÝĆ÷ĔßšøĊđú÷ŤĔîÖćøÙüïÙčöÖćøìĈÜćî×ĂÜĂčðÖøèŤÝĈîüîǰ �ǰ ßĉĚîǰ ēé÷

đúČĂÖĔßšøĊđú÷Ťǰ� Ēúąǰ�ǰßŠĂÜ Ă÷ŠćÜúąǰ�ǰßĉĚîǰēé÷øĊđú÷Ťǰ�ǰĒúąǰ�ǰßŠĂÜ öĊøć÷úąđĂĊ÷ééĆÜøĎðìĊęǰ2.2�ǰ	Ö
ǰ
ĒúąøĎðìĊęǰ2.2�ǰ	×
ǰõć÷Ĕî×ĂÜøĊđú÷ŤöĊüÜÝøÖćøìĈÜćîéĆÜøĎðìĊęǰ����ǰ	Ù
ǰ 
 
 
 
 
 

 
(Ö)    ǰǰǰ(×)   ǰǰǰǰǰǰǰǰǰǰǰ(Ù) 

øĎðìĊęǰ2.2�ǰǰ(Ö) øĊđú÷Ť 1 ßŠĂÜǰ 
ǰǰǰǰ    ǰǰǰǰǰǰ(×)ǰøĊđú÷Ť 3 ßŠĂÜ 
ǰǰǰǰ    ǰǰǰǰǰǰ(Ù)ǰüÜÝøõć÷ĔîøĊđú÷Ť 

 
 2.13.3  ēàúĉéÿđêêøĊđú÷Ťǰǰ4ǰ-ǰ20 mA 

   ǰēàúĉéÿđêêøĊđú÷ŤǰÙČĂĂčðÖøèŤĂĉđúĘÖìøĂîĉÖÿŤìĊęìĈĀîšćìĊęđðŨîÿüĉêßŤìĊęĕöŠĔßšĀîšćÿĆöñĆÿĔî

ÖćøêĆé�êŠĂüÜÝøēé÷ÝćÖÖćøĔßšđìÙēîēú÷Ċǰ×ĂÜđàöĉÙĂîéĆÖđêĂøŤìĊęĕöŠöĊÿŠüîđÙúČęĂîìĊęǰÝċÜĕöŠöĊđÿĊ÷ÜĔî×èą

đüúćêĆé�êŠĂ×ĂÜĀîšćÿĆöñĆÿǰēé÷öĊøć÷úąđĂĊ÷éǰéĆÜøĎðìĊęǰ2.2�ǰ 
  
 
  
 
 
 
 
 
  
   ǰǰǰǰǰ(Ö)     ǰǰǰǰǰǰǰǰǰǰǰ(×) 

øĎðìĊęǰ2.2�ǰǰ(Ö) ēàúĉéÿđêêøĊđú÷Ťǰ4ǰ-ǰ20 mA 
ǰǰǰǰǰǰǰǰ    ǰǰǰǰǰǰǰ(×) üÜÝøõć÷ĔîēàúĉéÿđêêøĊđú÷Ť 
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����ǰ đïøÖđÖĂøŤ 
 ĔîēÙøÜÖćøüĉÝĆ÷îĊĚöĊđïøÖđÖĂøŤìĊęĔßšìĆĚÜĀöéǰ�ǰßĉĚîǰÙČĂǰǰǰǰđàĂøŤÖĉêđïøÖđÖĂøŤĒúąđàôêĊĚđïøÖđÖĂøŤǰ 

 
        2.14��ǰǰđàĂøŤÖĉêđïøÖđÖĂøŤǰ 
                   ÿĈĀøĆïÖćøĔßšÜćîøąïïĕôôŜćǰđúČĂÖĔßŠđïøÖđÖĂøŤÝćÖǰHACO Series H6 10A 1 pole 
1 phase ĒÿéÜéĆÜøĎðìĊęǰ 2.23ǰ ĂčðÖøèŤìĊęßŠü÷ðŜĂÜÖĆîĕôôŜćúĆéüÜÝøĒïïđÞóćąÝčéđĀöćąÿĈĀøĆïêĉéêĆĚÜ

õć÷ĔîĂćÙćø ĒúąĔßšÜćîøŠüöÖĆïĂčðÖøèŤĕôôŜćđóČęĂðŜĂÜÖĆîÙüćöđÿĊ÷Āć÷ìĊęĂćÝđÖĉéÝćÖĕôôŜćúĆéüÜÝø

ĒúąĕôđÖĉî đàĂøŤÖĉêđïøÖđÖĂøŤöĊÙčèÿöïĆêĉéĆÜîĊĚ 
1)ǰǰüĆÿéčñúĉêÝćÖóúćÿêĉÖǰABS Ē×ĘÜĒøÜìîìćîǰĒúąĕöŠúćöĕô 
2) ǰêĆéĕôúĆéüÜÝøĒúąĕôđÖĉîĕéšĒïïđÞóćąÝčéǰĕôÝċÜĕöŠéĆïìĆĚÜïšćî 
3) ǰêĉéêĆĚÜĒúąêŠĂÿć÷ĕéšÜŠć÷éšü÷đïøÖđÖĂøŤøĎðĒïïøćÜúĘĂÖ 
4)ǰ đĀöćąÿĈĀøĆïêĉéêĆĚÜĔßšÜćîÖĆïêĎšǰC-UNIT øąïïǰSingle-phase ĒïïǰPlug On 
5) ǰđĀöćąÖĆïđÙøČęĂÜĔßšĕôôŜć×îćéǰ2,200 üĆêêŤǰ	10 ĒĂöðş
 

  
 
 
 
 
 

øĎðìĊęǰ2.2� đàĂøŤÖĉêđïøÖđÖĂøŤ 
 

         2.����  đàôêĊĚđïøÖđÖĂøŤǰ 
ĔîēÙøÜÖćøüĉÝĆ÷îĊĚđúČĂÖđàôêĊĚđïøÖđÖĂøŤđðŨîǰǰPHILIPSǰ20A 1 phase ǰǰĒÿéÜéĆÜøĎðìĊęǰ

2.24ǰ đàôêĊĚđïøÖđÖĂøŤĔßšÙüïÙčöìĆĚÜüÜÝøĕôôŜćĔĀšöĊÙüćöðúĂéõĆ÷ǰ ǰ ǰ ǰ đïøÖđÖĂøŤìĈĀîšćìĊę đðŗé�ðŗé

üÜÝøĕôôŜćĒúąêĆéüÜÝøĒïïĂĆêēîöĆêĉđöČęĂđÖĉéÖøąĒÿĕôôŜćđÖĉîóĉÖĆéĒúąÖøąĒÿĕôôŜćúĆéüÜÝøǰ öĊÙüćö

ĕüĔîÖćøêĆéüÜÝøǰ0.004 üĉîćìĊǰìîìćîĕöŠĒêÖÜŠć÷ǰēé÷öĊÙčèÿöïĆêĉéĆÜîĊĚ 
1)  ÙüćöĕüĔîÖćøêĆéüÜÝøǰ0.004 s 
2)  øĂÜøĆïĂčðÖøèŤĕôôŜć×îćéǰ20A 
3)  óúćÿêĉÖǰABS ĕöŠúćöĕôǰìîìćîĕöŠĒêÖÜŠć÷ 
4)  ×ĆĚüîĂêĔßšđĀúĘÖßčïĂ÷ŠćÜéĊǰĕöŠđðŨîÿîĉö 
5)  ÙĆîē÷ÖđïøÖđÖĂøŤ đðŗé�ðŗéǰĕéšöćÖÖüŠćǰ1,000 ÙøĆĚÜ 
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øĎðìĊęǰ2.2� đàôêĊĚđïøÖđÖĂøŤǰPHILIPS 
 
2.1� ǰóćüđüĂøŤàĆóóúć÷ 

óćüđüĂøŤàĆóóúć÷ĀøČĂĒĀúŠÜÝŠć÷ĕôǰ ÙČĂ ĂčðÖøèŤÝŠć÷ĕôĔĀšÖĆïĂčðÖøèŤêŠćÜǰ ėǰ ìĈĀîšćìĊę

ĒðúÜĒøÜéĆîĕôôŜćĔĀšêøÜÖĆïĒøÜéĆîĕôôŜćìĊęêšĂÜÖćøĔßšÜćîǰĒïŠÜĂĂÖđðŨîǰ2 ßîĉéêćöúĆÖþèąÖćø

ĔßšÜćîǰÙČĂǰóćüđüĂøŤàĆóóúć÷ÖøąĒÿÿúĆïĒúąóćüđüĂøŤàĆóóúć÷ÖøąĒÿêøÜǰàċęÜĔîēÙøÜÖćøüĉÝĆ÷

îĊĚđúČĂÖĔßšóćüđüĂøŤàĆóóúć÷ÖøąĒÿêøÜ 
 

       ������ǰóćüđüĂøŤàĆóóúć÷ÖøąĒÿêøÜ×îćéǰ12V  
 ĔîēÙøÜÖćøüĉÝĆ÷đúČĂÖĔßšóćüđüĂøŤàĆóóúć÷ǰ��V ĒÿéÜéĆÜøĎðìĊęǰ2.25ǰđóČęĂÝŠć÷ĕôĔĀšÖĆï

ĂčðÖøèŤìĊęĔßšĕôǰ��Vǰēé÷öĊÙčèÿöïĆêĉéĆÜîĊĚ 
1) ÿüĉêßĉęÜóćüđüĂøŤàĆóóúć÷ÿĈĀøĆïêŠĂĀúĂéǰLED ×îćéǰ12 V 20A  240W ǰēé÷ìĊę

àĆóóúć÷êĆüîĊĚđðŨîàĆóóúć÷ìĊęÝŠć÷ĒøÜéĆîĕôÖøąĒÿêøÜǰ ìĈĀîšćìĊęĒðúÜĕôïšćî

ÖøąĒÿÿúĆïĔĀšÖúć÷đðŨîĕôÖøąĒÿêøÜđóČęĂĔßšĔîÜćîĂĉđúĘÖìøĂîĉÖÿŤðøąđõìêŠćÜǰėǰ

ĀøČĂĔßšÖĆïĀúĂéĕôǰ LED ĀøČĂÖúšĂÜüÜÝøðŗéǰ ÿüĉêßĉęÜóćüđüĂøŤàĆóóúć÷êĆüîĊĚöĊ

×îćéđúĘÖǰ đüúćĔßšÜćîÙüćöøšĂîÝąîšĂ÷öćÖǰ đĀöćąÿĈĀøĆïÝŠć÷ĒøÜéĆîĕôĒïï

ÙŠćÙÜìĊęêŠĂđîČęĂÜđðŨîđüúćîćî 
2) ÿćöćøëĔßšÖĆïĂčðÖøèŤĂĉđúĘÖìøĂîĉÖÿŤêŠćÜǰėǰ 
3) Input: 100ǰ-ǰ240V 50ǰ-ǰ60Hz  
4) Output: 12V 20A 240W 

   
 
 
 

 
øĎðìĊęǰ2.2� óćüđüĂøŤàĆóóúć÷ǰ12V 
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2.1�.2 óćüđüĂøŤàĆóóúć÷ÖøąĒÿêøÜ×îćéǰ24Vǰ 
đðŨîóćüđüĂøŤàĆóóúć÷ÖøąĒÿêøÜ×îćéǰ��Vǰ���ǰW ĒÿéÜéĆÜøĎðìĊęǰ2.2�ǰöĊÙčèÿöïĆêĉ

éĆÜîĊĚ 
�
ǰÿüĉêßĉęÜóćüđüĂøŤàĆóóúć÷ÿĈĀøĆïêŠĂĀúĂéǰLED ×îćéǰ�� V ��A  ���W ēé÷ìĊę

àĆóóúć÷êĆüîĊĚđðŨîàĆóóúć÷ìĊęÝŠć÷ĒøÜéĆîĕôÖøąĒÿêøÜ ìĈĀîšćìĊęĒðúÜĕôïšćî

ÖøąĒÿÿúĆïĔĀšÖúć÷đðŨîĕôÖøąĒÿêøÜđóČęĂĔßšĔîÜćîĂĉđúĘÖìøĂîĉÖÿŤðøąđõìêŠćÜǰėǰ

ĀøČĂĔßšÖĆïĀúĂéĕôǰ LED ĀøČĂÖúšĂÜüÜÝøðŗéǰ ÿüĉêßĉęÜóćüđüĂøŤàĆóóúć÷êĆüîĊĚöĊ

×îćéđúĘÖǰ đüúćĔßšÜćîÙüćöøšĂîÝąîšĂ÷öćÖǰ đĀöćąÿĈĀøĆïÝŠć÷ĒøÜéĆîĕôĒïï

ÙŠćÙÜìĊęêŠĂđîČęĂÜđðŨîđüúćîćî 
�
ǰÿćöćøëĔßšÖĆïĂčðÖøèŤĂĉđúĘÖìøĂîĉÖÿŤêŠćÜǰėǰ 
�
ǰInput: ���ǰ�ǰ���V ��ǰ�ǰ��Hz  
�
ǰOutput: ��V ��A ���W   
 

 
 
 
 
 
 

øĎðìĊęǰ2.2� óćüđüĂøŤàĆóóúć÷ǰ24V 
 

 ǰ2.1�.3 óćüđüĂøŤàĆóóúć÷øčŠîǰDeltaV Bulk  
             đðŨîǰóćüđüĂøŤàĆóóúć÷ǰ24V ìĊęĔßšđðŨîêĆüĀúĆÖĔîÖćøÝŠć÷ĕôĔĀšǰPID Controller ēé÷

öĊúĆÖþèąéĆÜøĎðìĊęǰ2.2� óøšĂöìĆĚÜöĊøć÷úąđĂĊ÷ééĆÜêćøćÜìĊęǰ2.7 Ēúą×ĆĚüêŠĂÿć÷ĕôĒúąÖćøđéĉîÿć÷ĕôéĆÜ

êćøćÜìĊęǰ2.8 
 
 
 
 
 
 

øĎðìĊęǰ2.2� óćüđüĂøŤàĆóóúć÷øčŠîǰDeltaV Bulk 
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êćøćÜìĊęǰ2.7 øć÷úąđĂĊ÷éǰóćüđüĂøŤàĆóóúć÷ǰDeltaV Bulk 24V 
Description DeltaV Bulk AC to V DC, 20 A Power Supply Specifications 
Output Voltage 24V DC 
Output Voltage 
Adjustment Range 

23.5 ı 28.5V DC 

Output Current 20A 1.5 x Nominal Current for > 4 seconds minimum while 
holding voltage > 20 V DC 

Output power 480W 720 W for 4 seconds minimum while holding voltage > 
20 V DC 

 Output Ripple Typ. < 100 mV peak-to-peak from 0HZ to 20MHZ 
Output Hold-up Time >20 ms (Full load, 100-230 V AC Input @ Tamb=+25 Celsius) 

to 95% output voltage 
AC Input Voltage 100-240V nominal (85 ı 264 range) 
AC Mains Frequency 43 ı 67 Hz 
AC Input Current 6 A at 85 V AC 3 A at 264 V AC 
AC Power Factor 
Correction 

Active power factor correction type. 0.98 @ 115V AC/0.92 @ 
230V AC 

AC Inrush Current Typ. <5.8A at 120 V AC, 11.5A at 230 V AC,measured at 25 
Celsius 

AC Efficiency >92% typ. 
AC Losses 38 W typ. 
Input Protection Internally fused, non ı replaceable fuses. 

Note. The internal fuse is for an internal fault condition only. 
Shorts and overload will not cause the fuse to fall 

Alarm Relay Contact 
Rating 

N.O. contact rated 200mA/50 V DC, Signal Active when Vǰout 
> 18.5V DC +/-5% 

Dimension Height: 123 mm (4.85 in) 
Width: 60 mm (2.36in) 
Depth: 110 mm (4.36 in) 
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êćøćÜìĊęǰ2.8ǰ×ĆĚüêŠĂÿć÷ĕôĒúąÖćøđéĉîÿć÷ĕô 
 Input Screw 

TypeǰTerminal 
Output Screw 

TypeǰTerminals 
DC-OK-Signal Screw 

TypeTerminals 
Solid & Stranded 
Wire 

1.5 - 6 mm3 
16 - 10 AWG 

1.5 - 6 mm3 
16 - 10 AWG 

1.5 - 6 mm3 
16 - 10 AWG 

Screw Torque 4.4 Ib-inǰ(50 N�cm) 6 Ib-in (68 N-cm) 6 Ib-in (68 N-cm) 

 

����ǰǰđÙøČęĂÜÿøšćÜĀöĂÖ 
ǰǰǰđÙøČęĂÜÿøšćÜĀöĂÖÝąĔßšÙúČęîđÿĊ÷Ü UltrasonicǰöĊúĆÖþèąéĆÜøĎðìĊęǰ2.2� ÿĆęîÿąđìČĂîîĚĈĔĀšĒêÖêĆü

ĂĂÖöćđðŨîĕĂîĚĈđ÷ĘîïćÜǰėǰÙúšć÷ĕĂĀöĂÖǰēé÷öĊÙčèÿöïĆêĉéĆÜîĊĚ 
1)ǰǰĕôÿĈĀøĆïÖćøìĈÜćî:ǰ24VǰDC 2A 
2)ǰǰ×îćé: 45*25mm 
3)ǰǰĀĆüĒÝĘÙ×îćé:ǰ5.5*2.1mm 

 
 
 
 
 
 
 
 

øĎðìĊęǰ2.2� đÙøČęĂÜÿøšćÜĀöĂÖ 
 

���� ǰóĆéúöøąïć÷ĂćÖćýĒúąóĆéúöóćÙüćößČĚî 
 ĀîšćìĊęĀúĆÖ×ĂÜóĆéúöøąïć÷ĂćÖćý ÙČĂǰÝąöĊÖćøøąïć÷ĂćÖćýđóČęĂßŠü÷ĔĀšĂćÖćýöĊÖćøëŠć÷đì

ìĊęÿąéüÖöćÖ×ċĚîǰìĈĔĀšĂćÖćýĔîêĎšëŠć÷đìĕéšĕöŠÿąéüÖǰđóČęĂÙüïÙčöĂčèĀõĎöĉĒúąÙüćößČĚî 
 
 ������ǰóĆéúö×îćéǰ���ǰîĉĚüǰĒïïǰ�ǰÿć÷ǰ 

óĆéúö×îćéǰ���ǰîĉĚüǰ	��x��x��ǰmm)ǰöĊúĆÖþèąéĆÜøĎðìĊęǰ2.��ǰĒúąöĊÙčèÿöïĆêĉéĆÜîĊĚ 
  1)ǰ öĂđêĂøŤǰSingle phase DC 
  2)ǰ üĆÿéčđôøöĒúąĔïóĆéǰđðŨîđìĂøŤēöóúćÿêĉÖǰPBT ×ĂÜǰUL ��V-� 
  3)ǰ ìĉýìćÜÖćøĀöčîǰĀöčîìüîđ×ĘöîćŲĉÖć 
  4)ǰ ÖĈúĆÜĕôǰ��V ���mA ����W 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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  5) ǰĂčèĀõĎöĉÿõćóĒüéúšĂöĔîÖćøĔßšÜćîǰ���ǰıǰ��ġC 
  6)ǰ ĂčèĀõĎöĉÿõćóĒüéúšĂöĔîÖćøđÖĘïǰ���ǰıǰ��ġC 
  7) ǰÙüćöđøĘüǰ���� RPM s ���ǰ 
  8) ǰøąïć÷ĂćÖćýǰ���� CFM 
  9)ǰ øąéĆïÙüćöéĆÜĔîÖćøìĈÜćîǰ��ǰdB 

 
 
 
 
 
 
 
 
 

øĎðìĊęǰ2.�� óĆéúö×îćéǰ���ǰîĉĚüǰĒïïǰ�ǰÿć÷ 
  
 �����2ǰóĆéúö×îćéǰ���ǰîĉĚüǰĒïïǰ�ǰÿć÷ǰ 

óĆéúöǰ�ǰÿć÷ǰCJY ×îćé 3.5ǰîĉĚü (92x92x25 mm) öĊúĆÖþèąéĆÜøĎðìĊęǰ2.3�ǰĒúą
ÙčèÿöïĆêĉéĆÜîĊĚ 
  1)ǰ ×ĆĚüêŠĂđðŨî×ĆĚüêŠĂĒïïǰ�ǰ×ćǰ 
  2)ǰ đßČęĂöêŠĂÖĆïđöîïĂøŤéǰĒøÜéĆîĕôǰ��V ����A  
  3)ǰ ÿćöćøëÙüïÙčöÙüćöđøĘüĕéšÿĎÜÿčéǰ����ǰRPM 
  4)ǰ ĂĆêøćÖćøĕĀú×ĂÜĂćÖćÿǰ��ǰCFM øąéĆïđÿĊ÷Üǰ����ǰdB 
   
 
 
 
 
 
 
 

øĎðìĊęǰ2.3� óĆéúö×îćéǰ���ǰîĉĚüǰĒïïǰ�ǰÿć÷ 
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2.1�.3 óĆéúö×îćéǰ12 îĉĚüǰ 
            óĆéúöøąïć÷ÙüćöøšĂî×îćéǰ ��ǰ îĉĚüǰ ��ǰ ĔïóĆéǰ öĊúĆÖþèąéĆÜøĎðìĊęǰ 2.3�ǰ Ēúą

ÙčèÿöïĆêĉéĆÜîĊĚ 
  1)ǰǰóĆéúöøąïć÷ÙüćöøšĂîǰ12ǰîĉĚüǰ24V ēÙøÜóúćÿêĉÖǰ 

2
ǰǰđÿšîñŠćîýĎî÷ŤÖúćÜēÙøÜóĆéúöǰ12.5ǰîĉĚü ÙüćöĀîćǰ7ǰđàîêĉđöêø  
  3) ǰÖĈúĆÜĕôǰ80W 

4)ǰǰĂĂÖĒïïöćđðŨîĒïïéĎéǰĒêŠÿćöćøëéĆéĒðúÜđðŨîĕéšìĆĚÜĒïïđðść ĒúąĒïïéĎé ēé÷  
     üĉíĊǰ 

ǰǰǰǰǰ4.1) ëĂéĔïóĆéĒúšüÖúĆïéšćîĔïóĆéðøąÖĂïĔÿŠÙČîǰ 
ǰ4.2) êŠĂÿúĆïÿć÷ĕôǰ 
ǰ4.3) ÖúĆïéšćîēÙøÜóĆéúö 

5)ǰǰêĉéêĆĚÜóĆéúöđóČęĂøąïć÷ÙüćöøšĂîĂĂÖĔîÖćøóĆéĂćÖćýĔĀšĕĀúđüĊ÷î 
   
 
 
 
 
 

 
 
 

øĎðìĊęǰ2.3� óĆéúöøąïć÷ÙüćöøšĂîǰ12 îĉĚü 
 
2.1� ǰēôöēóúĊ÷Ďøĉđìîǰ	Polyurethane) 
 ǰēôößîĉéǰPUǰöĊúĆÖþèąéĆÜøĎðìĊęǰ2.3�ǰđðŨîüĆÿéčðŜĂÜÖĆîÙüćöøšĂî � đ÷ĘîǰøĆęüàċöǰǰĒúąúéđÿĊ÷Ü

éĆÜĕéšéĊǰ ēé÷ēÙøÜÿøšćÜđðŨîđàúúŤðŗéǰ 	Closed Cell)  öĊßŠĂÜĂćÖćýđðŨîēóøÜǰ đøĊ÷ÖüŠćǰ Air  Gap đðŨî

ÝĈîüîöćÖǰêĉéêĆĚÜēé÷üĉíĊÞĊéóŠîĕð÷ĆÜüĆêëčǰđßŠîǰǰĕöš
ǰēúĀą
ǰĂĉå
ǰÙĂîÖøĊê
ǰĒÖšüǰĒúąóúćÿêĉÖǰđðŨîêšîǰ

đĀöćąÿĈĀøĆïēøÜÜćîĂčêÿćĀÖøøöìĊęöĊðŦâĀćđøČęĂÜøąïć÷ÙüćöøšĂîǰ ĒêŠ×šĂđÿĊ÷ÙČĂöĊÝčéĀúĂöđĀúüêęĈǰ

ĀćÖēéîĂčèĀõĎöĉøšĂîÝĆéĂćÝìĈĔĀšđðúĊę÷îÿõćóĕéšǰ ǰ ÖćøÞĊéóŠîĀćÖßŠćÜóŠîĕöŠéĊìĈĔĀšÞîüîôčŜÜÖøąÝć÷

ĕéšǰÞîüîǰP.U.FOAM  đðŨîđîČĚĂđéĊ÷üÖĆïüĆÿéčǰĕøšøĂ÷êŠĂ×ĂÜÞîüîǰǰÿćöćøëÖĈĀîéÙüćöĀîć×ĂÜđîČĚĂ

ēôöĕéšêćöêšĂÜÖćøǰìĈĔĀšÿćöćøëúéÙüćöøšĂîĕéšöćÖ ēé÷öĊÙčèÿöïĆêĉéĆÜîĊĚ 
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 1) ǰÿćöćøëúéÖćøĒñŠøĆÜÿĊÝćÖĒÿÜĒééàċęÜñŠćîìćÜĀúĆÜÙćĕéšöćÖÖüŠćǰ90% 
2)  ÿćöćøëðŜĂÜÖĆîđÿĊ÷ÜøïÖüîÖĆîàċö,ǰÖĆîøĆęü,ǰÖĆîøšćü,ǰÖĆîÙüćößČĚîĒúąÖĆîÿîĉöĕéšđðŨîĂ÷ŠćÜéĊǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ

đóøćąêĉéĒîŠîđðŨîÜćîßĉĚîđéĊ÷üÖĆïĀúĆÜÙć 
3)ǰ ēé÷ĔßšĕéšéĊÖĆïĀúĆÜÙćìčÖðøąđõìđßŠîÖøąđïČĚĂÜ,ǰÿĆÜÖąÿĊ,ǰĂúĎöĉđîĊ÷ö,ǰÙĂîÖøĊê,ǰđĀúĘÖ,ǰÜćî

ĀšĂÜǰđ÷ĘîĒúąđÙøČęĂÜðøĆïĂćÖćý 
 4)ǰ ÿćöćøëĀčšöñîĆÜĀšĂÜđ÷ĘîĕéšìčÖéšćîǰđóČęĂÖĆîÖćøÿĎâđÿĊ÷Ùüćöđ÷ĘîÝćÖñîĆÜĀšĂÜđ÷ĘîǰǰǰÝċÜđðŨî

      ÖćøøĆÖþćÙüćöđ÷ĘîĔĀšÙÜǰÿõćóĔîĂčèĀõĎöĉêęĈǰĕéšđðŨîøą÷ąđüúćîćîǰêúĂéÝîÖćøĀčšöìŠĂ

      úöđ÷ĘîìŠĂîĚĈđ÷ĘîǰĕöŠĔĀšÿĎâđÿĊ÷Ùüćöđ÷ĘîøąĀüŠćÜìćÜ×ĂÜìŠĂ   
 5)  đĀöćąÿĈĀøĆïđÙøČęĂÜðøĆïĂćÖćý, đÙøČęĂÜìĈîĚĈđ÷ĘîìĊęđÖĊę÷üÖĆïëćéîĚĈìĉĚÜìŠĂúöđ÷Ęîǰ  øüöëċÜ           
      ìŠĂîĚĈđ÷ĘîǰĄúĄǰǰÜćîđøČĂðøąöÜ,ǰǰđøČĂđéĉîìąđú,ǰĀčŠî,ǰǰĒó,ǰǰúĎÖúĂ÷ǰǰđðŨîêšî 
  
 
 
 
 
 
 

 
 

øĎðìĊęǰ2.3� ēôöēóúĊ÷Ďøĉđìî 
 
2.�� ăĊêđêĂøŤ  
 ăĊêđêĂøŤÖúöìĈÙüćöøšĂîǰ×îćéǰ���w ���v öĊúĆÖþèąéĆÜøĎðìĊęǰ2.3�ǰ đðŨîĂčðÖøèŤĔĀšÙüćö

øšĂîĒÖŠßĉĚîÜćîĔîēøÜÜćîĂčêÿćĀÖøøöìčÖðøąđõì, đÖþêøÖøøö, ÜćîìĈÙüćöøšĂîĔîĂćÙćøǰ ĀøČĂ

øąïïøąïć÷ĂćÖćýìĊęêšĂÜÖćøÿøšćÜÙüćöøšĂîĔĀšÖĆïßĉĚîÜćî
ǰ ĂćĀćø, ĀšĂÜĂïÿĊ, ÜćîïøøÝčĀĊïĀŠĂ
ǰ Ăï

×ċĚîøĎðóúćÿêĉÖǰ ĄúĄǰ ēé÷ĔßšĀúĆÖÖćøÝŠć÷ÖøąĒÿĕôôŜćĕĀúñŠćîúüéêĆüîĈǰ 	êĆüÙüćöêšćîìćîǰ R) àċęÜ

ÿŠÜñúĔĀšúüéêĆüîĈöĊÙüćöøšĂîđÖĉé×ċĚîǰ ēé÷ĒĀúŠÜÝŠć÷ĕôÿćöćøëĔßšĕéšÖĆïĒøÜéĆîǰ220VǰAC Ēúąǰ380Vǰ
AC ìĈĔĀšÿćöćøëĔßšÜćîăĊêđêĂøŤǰ ĕéšÜŠć÷ǰÖćøÙĈîüèđúČĂÖ ăĊêđêĂøŤñŠćîĔîêĎšôŦÖĕ×ŠǰàċęÜđðŨîÖćøÙĈîüè

ÖĈúĆÜĕôôŜć đóČęĂìĊęÝąđúČĂÖ×îćé×ĂÜăĊêđêĂøŤìĊęđĀöćąÿöÝąĕéšǰÙüćöÿĆöóĆîíŤĒÿéÜéĆÜÿöÖćøìĊę 2.6 
 

ݓ݇     ൌ � ஼ிሺúĎÖïćýÖŤôčêሻ�ൈ�ο்ሺԬሻ�
ଷ଴଴଴�ൈு௘௔௧�௎௣�்௜௠௘ሺ௛௥ሻ

            (2.6) 
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đöČęĂ CF = ðøĉöćêøêĎšĂïǰ(úĎÖïćýÖŤôčê) 
ǰǰǰǰǰ  TሺԬሻ  = ĂčèĀõĎöĉìĊęêšĂÜÖćøǰ- ĂčèĀõĎöĉđøĉęöêšîǰሺԬሻ 
ǰǰǰǰǰǰ  3000ǰ = ÙŠćÙÜìĊę 
ǰǰǰǰǰ ǰ Heater up time = øą÷ąđüúćìĊęêšĂÜÖćøǰ(ßĆęüēöÜ) 
  
 
 
 
 
 
 
 

øĎðìĊęǰ2.3� ăĊêđêĂøŤÖúöǰ200W 
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ïììĊęǰ3 
ÖćøĂĂÖĒïïĒúąéĈđîĉîÖćø 

 
 ĔîïìîĊĚÝąđðŨîÖćøĂĂÖĒïïĒúąéĈđîĉîÖćøǰ đóČęĂđóĉęöĂĆêøćÙüćöÿĈđøĘÝ×ĂÜÖćøôŦÖĕ×ŠĒúąđóĉęö

ðøąÿĉìíĉõćóÝċÜìĈÖćøÝĆéìĈêĎšôŦÖĕ×ŠĂĆêēîöĆêĉǰ ÿŠüîÿĈÙĆâ×ĂÜÖøąïüîÖćøîĊĚÙČĂǰ ÖćøÙüïÙčöĂčèĀõĎöĉ
ǰ

ÙüćößČĚî
ǰÖćøĕĀúđüĊ÷îĂćÖćýǰĒúąÖŢćàĂĂÖàĉđÝîǰÿćöćøëÙüïÙčöĔĀšĂ÷ĎŠĔîßŠüÜìĊęđĀöćąÿöǰéĆÜîĆĚîêšĂÜ

đúČĂÖĂčðÖøèŤìĊęđĀöćąÿööćĔßšĔîÖćøüĆéĒúąÙüïÙčöǰ öĊÖćøđðøĊ÷ïđìĊ÷ïÖćøôŦÖĕ×Šêćöíøøößćêĉǰ Ēúą

ÖćøôŦÖĕ×Šēé÷ĔßšêĎšôŦÖĂĆêēîöĆêĉǰ ĔîÖćøìéúĂÜĕéšîĈĕÖŠĕ×Šÿéđ×šćôŦÖĕ×ŠĔîđÙøČęĂÜôŦÖǰ ÿćöćøëĔßšÖĆïǰ ĕÖŠéĈ, 

ĕÖŠĒÝš, ĕÖŠßîĕéšǰēé÷öĊøć÷úąđĂĊ÷éĔîÖćøÙüïÙčöÖøąïüîÖćø êćöêćøćÜìĊęǰ��� 

 

êćøćÜìĊęǰ3.� øć÷úąđĂĊ÷éĔîÖćøÙüïÙčöÖøąïüîÖćø 
üĆîìĊę ĂčèĀõĎöĉ ÙüćößČĚî ĂĂÖàĉđÝî Āöć÷đĀêč 
� � ��ǰ ���� ġC ��ǰ% 21 % óúĉÖĕ×ŠìčÖǰėǰ�ǰßĆęüēöÜ 
�� � �� ����ǰġC 65 % 21 % îĈĕ×ŠĔÿŠëćéǰóøšĂöôŦÖ 

 
 

3.1 ǰĂĂÖĒïïøąïïđÙøČęĂÜôŦÖĕ×Š 
 ÖøąïüîÖćøôŦÖĕ×ŠöĊðŦÝÝĆ÷ÿĈÙĆâǰ4 ðøąÖćøǰÙČĂǰÖćøÙüïÙčöĂčèĀõĎöĉ,ǰÙüćößČĚî,ǰÖćøĕĀúđüĊ÷î

ĂćÖćý ĒúąÖćøóúĉÖĕ×ŠǰÝċÜîĈðŦÝÝĆ÷ÿĈÙĆâìĆĚÜǰ4 öćĂĂÖĒïïđðŨîøąïïĔîÖćøôŦÖĕ×ŠǰéĆÜøĎðìĊęǰ3.1ǰ 
 
 
 
 
 
 
 
 
 
  
 

øĎðìĊęǰ3.1 øąïï×ĂÜđÙøČęĂÜôŦÖĕ×Š 
 

PID Controllerǰ�ǰ ĂčèĀõĎöĉ 

ÙüćößČĚî 

ÖćøĕĀúđüĊ÷îĂćÖćý 

ÖćøôŦÖĕ×Š 

ÖćøóúĉÖĕ×Š 

Arduino Mega 2560 

ĕìöŤđöĂøŤ 

PID Controllerǰ�ǰ 
Arduino 
UNO R3 

øąïïÙüïÙčöĂčèĀõĎöĉ 

øąïïÙüïÙčöÙüćößČĚî 

øąïïÙüïÙčöÖćøĕĀúđüĊ÷îĂćÖćý 

øąïïÙüïÙčöÖćøóúĉÖ
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 3.1.1 ĂĂÖĒïïêĎšôŦÖĕ×ŠĒúąđÙøČęĂÜóúĉÖĕ×ŠĂĆêēîöĆêĉ 
 ĔîÖćøĂĂÖĒïïêĎšôŦÖĕ×Šǰ ĕéšĂĂÖĒïïĔĀšđðŨîĕðêćö×îćéìĊęêšĂÜÖćøĒúąđĀöćąÿöÖĆï

ÖćøîĈĕðĔßšǰēé÷ÙĈîüèêĈĒĀîŠÜêĉéêĆĚÜĂčðÖøèŤêŠćÜǰėǰóøšĂööĊÝčé÷ċéĂčðÖøèŤǰÖćøđÝćąøĎđóČęĂđéĉîÿć÷ĕôǰ

ĒúąêĉéÞîüîÖĆîÙüćöøšĂîõć÷ĔîêĎšôŦÖĕ×ŠǰÖøąïüîÖćøĂĂÖĒïïĒúąÝĆéìĈǰöĊéĆÜîĊĚ 

1)  ýċÖþćĒïïêĎšôŦÖìĊęĔßšĔîĂčêÿćĀÖøøöēé÷ýċÖþćÖćøÝĆéĂÜÙŤðøąÖĂïÿŠüîðøąÖĂï  
ĒúąÝĆé×îćé×ĂÜêĎšêćööćêøåćîĒúąîĈöćðøĆïĔßšĔĀšđðŨîĕðêćöìĊęêšĂÜÖćøǰĒúą

đĀöćąÿö 
2)  ìĈÖćøĂĂÖĒïïêĎšēé÷ĔßšēðøĒÖøöǰAutoCad ǰǰǰĒúąđúČĂÖüĆÿéčÿĈĀøĆïÖćøÝĆéìĈ  

ĒïïêĎšôŦÖĕ×Š 
 

3.1.1.1 úĆÖþèąõć÷îĂÖêĎš 
   ĂĂÖĒïïéšćîĀîšćêĎšĒúąéšćîĀúĆÜ éĆÜøĎðìĊęǰ 3.2ǰ 	Ö
ǰ    ĒúąøĎðìĊęǰ 3.2ǰ 	×
ǰǰ
ĂĂÖĒïïêĈĒĀîŠÜêĉéêĆĚÜĂčðÖøèŤéšćî×šćÜ×ĂÜêĎš éĆÜøĎðìĊęǰ���ǰ	Ù
ǰĒúąøĎðìĊęǰ3.2ǰǰ	Ü
 
 
 
 
 
 
 
 
 
 
 
      ǰǰǰǰǰǰ 
 
 

 
 
(Ö)            (×) 

 
 
 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้



35 
 

 
 
 
 
 
 
 
 
  ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ù)     ǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ü) 

øĎðìĊęǰ3.2 ǰ(Ö)ǰêĎšôŦÖĕ×ŠéšćîĀîšć 
ǰǰǰǰǰǰǰǰǰǰǰǰǰ	×
ǰêĎšôŦÖĕ×ŠéšćîĀúĆÜ 
ǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ù) êĎšôŦÖĕ×Šéšćîàšć÷ 
ǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ü)ǰêĎšôŦÖĕ×Šéšćî×üć 

 
  3.�.�.2 ĂĂÖĒïïøąïïóúĉÖĕ×Šõć÷ĔîêĎš  
   ĂĂÖĒïïøąïïóúĉÖĔĀšêĈĒĀîŠÜüćÜëćéĕ×ŠǰüćÜöĂđêĂøŤóúĉÖĕ×ŠǰĒÿéÜéĆÜøĎðìĊęǰ

3.�ǰ	Ö
ǰĒúąøĎðìĊęǰ3.�ǰ	×
ǰĔîêĈĒĀîŠÜüćÜëćéĕ×ŠĂĂÖĒïïĔĀšöĊ×ĂïÖĆĚîđóČęĂðŜĂÜÖĆîëćéĕ×ŠêÖĀúŠîǰĒÿéÜ

éĆÜøĎðìĊęǰ���ǰ	Ù
 
 
 
 
 
 
 
 
 
 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ö)ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(×)ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ù) 

øĎðìĊęǰ3.�ǰ (Ö)ǰéšćîĀîšćøąïïóúĉÖĕ×Š 
ǰǰǰǰǰǰǰǰǰǰǰǰǰ(×)ǰéšćî×šćÜøąïïóúĉÖĕ×Š 
ǰǰǰǰǰǰǰǰǰǰǰǰ(Ù)ǰéšćîïîøąïïóúĉÖĕ×Š 
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 ǰ�����ǰǰĂĂÖĒïïøąïïÙüïÙčöĂčèĀõĎöĉ 
 ÖćøÙüïÙčöĂčèĀõĎöĉǰêšĂÜÖćøøĆÖþćìĊęǰ����ǰġC ĔîüĆîìĊęǰ�ǰëċÜüĆîìĊęǰ��ǰ×ĂÜÖćøôŦÖǰĒúąǰ

����ǰġC Ĕîǰ�ǰüĆîÿčéìšć÷×ĂÜÖćøôŦÖǰéĆÜîĆĚîÖøąïüîÖćøÝċÜöĊÖćøÖćøüĆéÙŠćĂčèĀõĎöĉǰ ǰÝćÖîĆĚîÿŠÜĕð÷ĆÜǰ

PID Controller ĒúąÿŠÜÙŠćǰ Output ĕðÙüïÙčöăĊêđêĂøŤìĊęÿøšćÜÙüćöøšĂîñŠćîēàúĉéÿđêêøĊđú÷Ť ëšć

ĂčèĀõĎöĉđÖĉîÖüŠćǰ ����ǰ ġC ÝąÿĆęÜóĆéúöøąïć÷ĂćÖćýĂĂÖǰ đóČęĂúéĂčèĀõĎöĉõć÷Ĕîǰ ĂčðÖøèŤĔîÖćø

ìéúĂÜöĊéĆÜøĎðìĊęǰ��� 
 
 
 
 
 

 
øĎðìĊęǰ���ǰǰĕéĂąĒÖøöøąïïÙüïÙčöĂčèĀõĎöĉǰ 

 
 ǰ�����ǰǰĂĂÖĒïïøąïïÙüïÙčöÙüćößČĚî 
  ÖćøÙüïÙčöÙüćößČĚîǰêšĂÜøĆÖþćÙüćößČĚîĕüšìĊęǰ���ǰĔîüĆîìĊęǰ�ǰëċÜüĆîìĊęǰ��ǰ×ĂÜÖćøôŦÖǰ

Ēúąǰ ���ǰ Ĕîǰ �ǰ üĆîÿčéìšć÷×ĂÜÖćøôŦÖêćößŠüÜđüúć×ĂÜÖćøôŦÖĕ×Šǰ éĆÜîĆĚîÖøąïüîÖćøÝċÜöĊÖćøüĆéÙŠć

ÙüćößČĚîǰÝćÖîĆĚîÿŠÜĕð÷ĆÜǰPID Controller ĒúąÿŠÜÙŠćǰOutput ĕðÙüïÙčöóĆéúöĒúąđÙøČęĂÜÿøšćÜĀöĂÖǰ

ēé÷×šĂöĎúÿĆęÜÖćøìĈÜćîñŠćîǰĕöēÙøÙĂîēìøúđúĂøŤ ëšćĀćÖÙüćößČĚîõć÷ĔîđÖĉîÖüŠćǰ���ǰóĆéúöøąïć÷

ĂćÖćýĂĂÖđóČęĂúéÙüćößČĚîõć÷Ĕîǰēé÷öĊĂčðÖøèŤĔîÖćøìéúĂÜéĆÜøĎðìĊęǰ��� 
 
 
 
 

 
 
 

øĎðìĊęǰ���ǰǰĕéĂąĒÖøöøąïïÙüćößČĚîǰ 
 

 ǰ�����ǰǰĂĂÖĒïïøąïïĕĀúđüĊ÷îĂćÖćý 
 ÖŢćàĂĂÖàĉđÝîđðŨîÿĉęÜÝĈđðŨîÖĆïÿĉęÜöĊßĊüĉêǰàċęÜĔîÖøąïüîÖćøôŦÖĕ×ŠĀćÖÙŠćĂĂÖàĉđÝîêęĈ

üŠćǰ ���ǰ ÝąÿŠÜñúđÿĊ÷ĔĀšĂĆêøćÖćøĂĂÖĕ×ŠúéúÜǰ ÝċÜöĊÖćøĂĂÖĒïïĔĀšêøüÝÝĆïÙŠćĂĂÖàĉđÝîĒúąĀćÖêęĈ

SV ����ǰġC PID 
Controller 

Solid State  

Relay 
Heater 

PT100 

PV 
ĂčèĀõĎöĉ 

SV ��ǰ% PID 
Controller 

Arduino 

PWM 
12VDC 

TRH-302 

Fan  

Ultrasonic 

PV 
ÙüćößČĚî 
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ÖüŠćÙŠćìĊęÖĈĀîéǰ�0 %ǰÝąĔßšøąïïĕĀúđüĊ÷îĂćÖćýđ×šćöćßŠü÷ǰàċęÜĂĂÖĒïïĔĀšÿćöćøëĕĀúđüĊ÷îĂćÖćýǰ

ĂčèĀõĎöĉĒúąÙüćößČĚîĔĀšĀöčîđüĊ÷îÿöęĈđÿöĂìĆęüìĆĚÜêĎšǰ        ĒúąðŜĂÜÖĆîÙŠćêŠćÜǰėǰđÖĉîĀøČĂêęĈÖüŠćÙŠćìĊę

ÖĈĀîéǰÝąìĈÖćøĕĀúđüĊ÷îĂćÖćýÖĆïõć÷îĂÖ öĊĂčðÖøèŤĔîÖćøìéúĂÜ éĆÜøĎðìĊęǰ��� 

 
 
 
 
 
 

øĎðìĊęǰ���ǰǰĕéĂąĒÖøöøąïïĕĀúđüĊ÷îĂćÖćý 
   
3.2  üĉíĊÖćøéĈđîĉîÜćî 

ÝĆéìĈøąïïÙüïÙčöìĆĚÜĀöéêćöÖćøĂĂÖĒïïÖćøÙüïÙčöĂčèĀõĎöĉ,ǰ ÙüćößČĚî,ǰ øąïïĕĀúđüĊ÷î

ĂćÖćý,ǰéĆÜøĎðìĊęǰ��� ǰĒúąÝĆéìĈêĎšôŦÖĕ×ŠǰđÙøČęĂÜóúĉÖĕ×ŠĂĆêēîöĆêĉǰóøšĂöĂĂÖĒïïÖćøÙüïÙčöǰPID Ēúą
ÖćøïĆîìċÖ×šĂöĎúđóČęĂîĈĕðüĉđÙøćąĀŤ 

 
 

 

 
 

 
 
 
 
 
 
 

 
øĎðìĊęǰ3.� ĕéĂąĒÖøöìĆĚÜĀöé×ĂÜêĎšôŦÖ 

 

Arduinoǰ
MEGA ĂĂÖàĉđÝî 

đàîđàĂøŤ 

AM2301 
øąïïøąïć÷

ĂćÖćý 

øąïïĀöčîđüĊ÷îĂćÖćý

õć÷ĔîêĎš 
Motor DC (FAN) 
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3.2.1 øąïïÙüïÙčöĂčèĀõĎöĉ 
×ĆĚîêĂîÖćøéĈđîĉîÖćøðøąÖĂïĕðéšü÷ǰ ÖćøÿĂïđìĊ÷ï
ǰ ÖćøêĉéêĆĚÜ
ǰ ÖćøđúČĂÖăĊêđêĂøŤ


ÖćøêĉéêĆĚÜøąïïĀöčîđüĊ÷îĂćÖćýõć÷ĔîêĎšǰĒúąÖćøðøĆïÙŠćǰPID Controller 
1) ÿĂïđìĊ÷ïĂčðÖøèŤǰ PT100ǰ Ēúąǰ ìøćîÿöĉêđêĂøŤüĆéĂčèĀõĎöĉǰ Rosemountǰ 248 

êćößŠüÜĂčèĀõĎöĉìĊęêšĂÜÖćøēé÷Ĕßš FlukeǰCalibration 9143 Field Metrology 
Well đðŨîöćêøåćîǰéĆÜĒÿéÜêćöøĎðìĊęǰ3.� 

 
 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ3.� îĈĂčðÖøèŤǰPT 100 ÖĆïǰìøćîÿöĉêđêĂøŤüĆéĂčèĀõĎöĉǰRosemount 248ǰöćÿĂïđìĊ÷ï 
 

2)  ǰìĈÖćøêĆĚÜÙŠćǰĂčèĀõĎöĉìĊęêšĂÜÖćøÿĂïđìĊ÷ïǰàċęÜĔîēÙøÜÖćøîĊĚÙČĂǰ����ġCǰĒÿéÜéĆÜøĎð 
ǰǰǰǰǰìĊęǰ3.� 

 
 
 
 
 
 
 
 
 

øĎðìĊęǰ3.� êĆĚÜÙŠćĂčèĀõĎöĉÝčéÿĂïđìĊ÷ï 
 

°»�®£¼¤·�

śş�ŝ�ÑC 
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3) ǰøĂĔĀšĂčèĀõĎöĉ×ĂÜđÙøČęĂÜǰFluke Calibration 9143 Field Metrology Wellǰđ×šć
ÿĎŠÙŠćĂčèĀõĎöĉìĊęêĆĚÜĕüšǰéĆÜøĎðìĊęǰ3.��ǰ	Ö
ǰĒúąĔßš Fluke ���ǰDocumenting Process 
CalibratorǰıǰHARTǰĔîÖćøĂŠćîÙŠćĂčèĀõĎöĉǰéĆÜøĎðìĊęǰ����ǰ	×
ǰ 

 
 
 
 
 
 
 
 
  ǰǰǰǰǰǰǰǰǰ(Ö)     ǰ(×) 

øĎðìĊęǰ3.�� (Ö)ǰüĆéĂčèĀõĎöĉǰPT100  
                                    ǰǰǰǰǰǰǰ(×) êĆĚÜÙŠćǰFluke Calibration 9143 Field Metrology Well 

 
4) ǰìĈÖćøÿĂïđìĊ÷ïǰìøćîÿöĉêđêĂøŤüĆéĂčèĀõĎöĉ Rosemountǰ 248ǰǰéšü÷ǰFluke 

���ǰDocumenting Process CalibratorǰıǰHART ēé÷ÝĈúĂÜÿĆââćèǰRTD 
ĔĀšÖĆïìøćîÿöĉêđêĂøŤüĆéĂčèĀõĎöĉ đóČęĂüĆéÙŠćǰInput Output ìĊęǰĂčðÖøèŤĂŠćîÙŠć

ĒúąÿŠÜÙŠćÿĆââćèǰđóČęĂêøüÝÿĂïÙüćöĒöŠî÷ĈĔîÖćøĔßšÜćî ēé÷ĒÿéÜüŠćÿĂï
đìĊ÷ïĂčðÖøèŤìĊęÿĆââćèǰ�
ǰ��ǰĒúąǰ��ǰmA éĆÜøĎðìĊęǰ3.�� 

 
 
 
 
 

(Ö)    (×)    (Ù) 
ǰǰøĎðìĊęǰ3.��ǰ (Ö)ǰìĈÖćøÿĂïđìĊ÷ïìĊęǰ�mA 

ǰ(×)ǰìĈÖćøÿĂïđìĊ÷ïìĊęǰ12mA 
ǰ(Ù) ìĈÖćøÿĂïđìĊ÷ïìĊęǰ20mA 

 
5)  êĉéêĆĚÜđàîđàĂøŤüĆéĂčèĀõĎöĉǰ PT100    èǰ êĈĒĀîŠÜìĊęêšĂÜÖćøđßČęĂöêŠĂÿć÷ĕôđ×šćǰ

ĂčðÖøèŤÖĆïìøćîÿöĉêđêĂøŤüĆéĂčèĀõĎöĉđóČęĂøĆïÙŠćÝćÖ PT100 ēé÷ìĈÖćøđßČęĂöêŠĂ

ÖĆïǰPID Controller Ys 170 Yokogawa éĆÜøĎðìĊęǰ3.�� 
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øĎðìĊęǰ3.�� ìĈÖćøêĉéêĆĚÜǰPT 100 
 

6)ǰ ÙĈîüèÖćøđúČĂÖĔßšÖĈúĆÜĕô×ĂÜǰ ăĊêđêĂøŤÖúöìĈÙüćöøšĂîĔĀšđĀöćąÿöÖĆïÖćøĔßš

Üćî ÝćÖÿöÖćøìĊęǰ���ǰĒìîÙŠćêćöÿöÖćøìĊęǰ��� ĕéšđìŠćÖĆîǰ0.19617 kw ÝċÜđúČĂÖĔßš
ăĊêđêĂøŤìĊęöĊ×îćéǰ�0�ǰW 

 

    �� ൌ ሺ଴Ǥଽ�ൈ଴Ǥଽൈ଴Ǥ଻ହ�ሻൈሺଽଽǤହି଻଻ሻ
ଷ଴଴଴ൈ଴Ǥହ

 

            ൌ ͲǤͳͻ͸ͳ͹� ൎ ͲǤʹ�� ൌ ʹͲͲ�   
 

7)ǰ ǰÝćÖǰPID Controller YS170 Yokogawa øĆïÙŠćǰInput ÝćÖđàîđàĂøŤüĆéĂčèĀõĎöĉǰ

ÝąÿŠÜÙŠćǰOutput đóČęĂÙüïÙčöĂčèĀõĎöĉǰēé÷ÿŠÜđðŨîÿĆââćèöćêøåćîǰ�ǰı �� mA 
ĕðĔĀšǰ ēé÷ÙüïÙčöÖøąĒÿĕôñŠćîēàúĉéÿđêêøĊđú÷ŤĔĀšăĊêđêĂøŤÖúöìĈÙüćöøšĂîǰ

ĒÿéÜÖćøêŠĂüÜÝøéĆÜøĎðìĊęǰ3.�� 
 
 
 
 
 
 
 
 
 
 

 
øĎðìĊęǰ3.�� ĒðúÜÿĆââćèđðŨîǰ4 - 20mA đóČęĂÙüïÙčöĂčèĀõĎöĉ 

 
 
 

Input �µ��PT100 Solid State Relay 
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8)ǰǰêĉéêĆĚÜóĆéúöøąïć÷ÙüćöøšĂî đóČęĂìĈĔĀšĂćÖćýõć÷ĔîêĎšĀöčîđüĊ÷îĕéšéĊǰĒÿéÜ 
ǰǰǰǰǰúĆÖþèąÖćøêĉéêĆĚÜóĆéúöéĆÜøĎðìĊęǰ3.�� 

 
 
 
 
 
 
 

øĎðìĊęǰ3.�� êĉéêĆĚÜóĆéúöøąïć÷ 
 

9) ǰìĈÖćøðøĆïÙŠćǰPID ĔĀšÿĆęÜÙüïÙčöĔĀšđðŨîĕðêćöìĊęêšĂÜÖćøǰĒúą÷ĂöøĆïĕéš ēé÷Öćø
ðŜĂîÙŠćǰ PID ìĊęĕéšÝćÖÖćøýċÖþćìéúĂÜǰ ĒúąĕéšÙŠćìĊę÷ĂöøĆïĕéšöćĒúšüĔĀšÖĆïǰ PIDǰ

Controller éĆÜøĎðìĊęǰ 3.��     ĔßšÖćøïĆîìċÖÿëĉêĉÖćøðøĆïïÙŠćǰ PID đóČęĂĀćÝčéìĊę

đĀöćąÿöìĊęÿčéǰ ĒêŠđîČęĂÜÝćÖăĊêđêĂøŤđðŨîøčŠîĒïïÖúöìĊęĔßšđðŨî×éúüéìĈĔĀšđÖĉé

ÙüćöøšĂîÿąÿöǰ ëċÜĒöšüŠćǰ PID Controller ÝąìĈÖćøêĆéÖćøÝŠć÷ÖøąĒÿĒúšüǰ ĒêŠǰ

ĂčèĀõĎöĉđÖĉîÙŠćìĊęêĆĚÜĕüšǰÝċÜÖĈĀîéÖćøðøĆïÙŠćǰPID éĆÜêćøćÜĔîõćÙñîüÖǰÝǰ 
 
 
 
 
 
 
 
 
 
 
 
   ǰǰǰǰǰǰ(Ö)       ǰ(×) 

øĎðìĊęǰ3.��ǰ (Ö)ǰêĆĚÜÙŠćǰPID 1 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(×)ǰêĆĚÜÙŠćǰPID ÖĈĀîéÙŠć P, I, D 
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3.�.2ǰ øąïïÙüïÙčöÙüćößČĚî 
×ĆĚîêĂîÖćøéĈđîĉîÖćøðøąÖĂïéšü÷ǰÖćøÿĂïđìĊ÷ïĂčðÖøèŤ
ǰÖćøêĉéêĆĚÜđàîđàĂøŤ
ǰÖćø

đßČęĂöêŠĂđàîđàĂøŤÖĆïÙĂîēìøúđúĂøŤǰĒúąÖćøðøĆïÙŠćǰPID Controller 
1) ÿĂïđìĊ÷ïĂčðÖøèŤìøćîÿöĉêđêĂøŤÙüćößČĚîÿĆöóĆìíŤ TRH-302      ìĈÖćøđìĊ÷ï

ĂčðÖøèŤÖĆïđÙøČęĂÜöČĂÿĂïđìĊ÷ï ĒÿéÜéĆÜøĎðìĊęǰ ����ǰ 	Ö
     ǰ üĆéÙŠćÙüćößČĚîēé÷
đðøĊ÷ïđìĊ÷ïÙŠćìĊęǰ TRH-302 üĆéÙŠćĕéš ÖĆï  ǰ Hand - Held Humidity and 
Temperature Meter HM40 ĒÿéÜñúĕéšĔÖúšđÙĊ÷ÜÖĆîǰ Ă÷ĎŠĔîđÖèæŤìĊę÷ĂöøĆïĕéš 
éĆÜøĎðìĊęǰ3.��ǰ	×
ǰĒúąøĎðìĊęǰ3.��ǰ	Ù
 
 
 

 
 
 ǰǰǰǰǰ 
 
 

ǰ ǰǰǰǰ(Ö)   ǰǰǰǰǰǰ(×)  ǰǰǰǰǰǰ ǰǰǰǰǰ(Ù) 
øĎðìĊęǰ3.�� ǰǰ(Ö)ǰĂčðÖøèŤÿĂïđìĊ÷ïìøćîÿöĉêđêĂøŤÙüćößČĚîÿĆöóĆìíŤ TRH-302 

ǰǰ  (×)ǰìĈÖćøÿĂïđìĊ÷ï 
ǰ  ǰ(Ù)ǰÿĂïđìĊ÷ïÙüćößČĚîìĊęǰ60% 

 
2) ǰêĉéêĆĚÜìøćîÿöĉêđêĂøŤÙüćößČĚîÿĆöóĆìíŤ TRH-302ǰèǰÝčéüĆé éĆÜøĎðìĊęǰ3.�� 

 
 
 
 
 
 
 

øĎðìĊęǰ3.�� êĉéêĆĚÜìøćîÿöĉêđêĂøŤÙüćößČĚîÿĆöóĆìíŤ TRH-302 
 

3)  đßČęĂöêŠĂìøćîÿöĉêđêĂøŤÙüćößČĚîÿĆöóĆìíŤ TRH-302ǰÖĆïǰPID Controller YS170    
Yokogawa éĆÜøĎðìĊęǰ3.1� 

 

�ÎµÂ®�n��

TRH-302 
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øĎðìĊęǰ3.1� đßČęĂöêŠĂ TRH-302ǰÖĆïǰPID Controller 

 
4)ǰ   ÝćÖǰPID Controller Ys170 Yokogawa øĆïÙŠćǰ Input ĕéšĒúšüǰ ÝąÿŠÜÙŠćĕðìĊęǰ

Output đóČęĂÙüïÙčöÙüćößČĚîēé÷öĊÖćøĒðúÜÿĆââćèđðŨîǰ�ǰıǰ�V ĕðĔĀšǰPWM 
5 - 36VDCǰēé÷ ÙüïÙčöñŠćîǰArduino uno R3 đóČęĂÿĆęÜĔĀšóĆéúö×îćéǰ3.5 îĉĚüǰ
Ēïïǰ 3 ÿć÷ǰ ĒúąđÙøČęĂÜÿøšćÜĀöĂÖĔîÖćøÿøšćÜĀöĂÖÙüćößČĚîĒúąóĆéúöÝąìĈ

ÖćøđðśćÙüćößČĚîìĊęĕéšǰēé÷ìĈÜćîêćöÿĆââćèìĊęÙĂîēìøúđúĂøŤÿŠÜöć ĒÿéÜüÜÝø
ÖćøđßČęĂöêŠĂéĆÜøĎðìĊęǰ3.�� 

 
 

 
 
 
 
 
 
 
 
 
 

øĎðìĊęǰ3.�� ÿć÷ĒðúÜÿĆââćèđóČęĂĕð÷ĆÜǰPWM 
 

5)   đ×Ċ÷îēðøĒÖøöÿĆęÜÖćø Arduino uno R3 ēé÷ĔßšēðøĒÖøöǰArduino IDE éĆÜîĆĚî
øĎðìĊęǰ3.�� 

 
 

đßČęĂöêŠĂÙŠćǰOutput ÝćÖǰ
PID Controller ÿŠÜĔĀšǰ

Arduino UNO ÙüïÙčöêćö

ÿĆââćèǰ���ǰV 
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øĎðìĊęǰ3.�� ÖćøĒðúÜÙŠćđóČęĂÙüïÙčöÙüćöđøĘüóĆéúö 
 

6)ǰǰìĈÖćøðøĆïÙŠćǰPID ĔĀšÿĆęÜÙüïÙčöĔĀšđðŨîĕðêćöìĊęêšĂÜÖćøǰǰǰǰĒúą÷ĂöøĆïĕéšēé÷Öćø 
ǰǰǰǰǰðŜĂîÙŠćǰPID ìĊęñŠćîÖćøđúČĂÖǰĒúąĕéšÙŠćìĊę÷ĂöøĆïĕéšöćĒúšüĔĀšÖĆïǰPID Controller 
ǰǰǰǰǰĒÿéÜéĆÜøĎðìĊęǰ3.��ǰǰǰǰǰĔßšÖćøïĆîìċÖÿëĉêĉđóČęĂĀćÝčéìĊęóĂđĀöćąìĊęÿčéÿĈĀøĆïǰSV 60ǰ 
ǰǰǰǰǰÝċÜÖĈĀîéÖćøðøĆïÙŠćǰPID éĆÜêćøćÜĔîõćÙñîüÖǰÜ 
 

 
 
 
 
 
 
 
    ǰǰǰǰǰ(Ö)       ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(×) 

ǰǰǰøĎðìĊęǰ3.��ǰ(Ö) êĆĚÜÙŠćǰPID 1 
ǰǰǰǰǰ(×)ǰêĆĚÜÙŠćǰPID ÖĈĀîéÙŠć P, I, D 

 

3.2.3 øąïïĕĀúđüĊ÷îĂćÖćýĒúąüĆéÙŠćĂĂÖàĉđÝî 
×ĆĚîêĂîîĊĚđðŨîÖćøéĈđîĉîÖćøìĈøąïïĀöčîđüĊ÷îĂćÖćýǰēé÷ÖćøøĆïÙŠćÝćÖđàîđàĂøŤìĊęĔßš

õć÷ĔîêĎšĒúšüÙüïÙčöĔĀšĂ÷ĎŠĔîÖøąïüîÖćøǰ ēé÷êĉéêĆĚÜóĆéúöđóČęĂĀöčîđüĊ÷îĂćÖćýõć÷ĔîĒúąøąïć÷

ĂćÖćýõć÷îĂÖ 
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�
ǰĔßšóĆéúöìĆĚÜĀöéǰ�ǰêĈĒĀîŠÜǰÙČĂǰǰǰǰóĆéúöìĊęéĎéĂćÖćýÝćÖõć÷îĂÖđ×šć,ǰóĆéúöìĊęđðśćǰ 
ĂćÖćýÝćÖõć÷ĔîĂĂÖǰĒúąóĆéúöìĊęĀöčîđüĊ÷îĂćÖćýõć÷ĔîêĎšǰ 

2) ĔßšǰThe Gravity: I2C ĂĂÖàĉđÝîđàîđàĂøŤǰÖĆïđàîđàĂøŤüĆéĂčèĀõĎöĉĒúąÙüćößČĚîǰøčŠîǰ

DHT21/AM2301 đðŨîêĆüüĆéÙŠć 
3)  đßČęĂöêŠĂđàîđàĂøŤđ×šćÖĆïǰArduino Mega 2560ǰđóČęĂøĆïÙŠćǰInput Ēúąǰðøąöüúñú 
    êćöēðøĒÖøöìĊęìĈĕüšǰĒúąÿŠÜǰOutput ĂĂÖĕðÙüïÙčö 
4)  đ×Ċ÷îēðøĒÖøöÿĆęÜÖćøǰArduino Mega 2560ǰēé÷ĔßšēðøĒÖøöǰArduino IDEǰéĆÜøĎðǰ

.ìĊęǰ3.�� 
 

 
 

 

 

 

 

 

øĎðìĊęǰ3.�� đ×Ċ÷îēðøĒÖøöđóČęĂĒÿéÜÙŠć ĒúąÙüïÙčöĂĂÖàĉđÝî 
 

5) ǰǰđßČęĂöêŠĂÖĆïóĆéúö×îćéǰ���ǰîĉĚüǰĒïïǰ�ǰÿć÷ǰÝĈîüîǰ�ǰêĆüǰđóČęĂìĊęÝąéĎéĂćÖćýđ×šć

ĒúąđðśćĂćÖćýĂĂÖǰēé÷ñŠćîēöéĎúøĊđú÷Ťǰ3.3 - 5VǰđóČęĂĒðúÜĒøÜéĆîĕôĔĀšóĆéúö éĆÜ
øĎðìĊęǰ3.�� 

 
 
 
 
 
 
 

øĎðìĊęǰ3.��ǰìéÿĂïøąïïøąïć÷ĂćÖćý 
   

6)ǰ ǰ ēé÷êĉéêĆĚÜóĆéúöĀöčîđüĊ÷îĂćÖćýõć÷ĔîêĎš ìĈÖćøÙüïÙčöÙüćöđøĘüóĆéúöÙÜìĊęđóČęĂ

ÖćøĀöčîđüĊ÷îĂćÖćýìĊęÿöęĈđÿöĂǰñŠćîǰMotor DC 	FAN
 Control 12 - 40VDC 
ĒÿéÜêĈĒĀîŠÜÖćøêĉéêĆĚÜéĆÜøĎðìĊęǰ3.�� 
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øĎðìĊęǰ3.�� êĉéêĆĚÜóĆéúöĀöčîđüĊ÷îĂćÖćý 

 
ǰ3.2.4 ǰÖćøïĆîìċÖ×šĂöĎúđóČęĂîĈĕðüĉđÙøćąĀŤ 
 ĔîøąïïöĊÖćøđóĉęöÖćøïĆîìċÖ×šĂöĎúǰ đóČęĂîĈ×šĂöĎúĕðĔßšĔîÖćøüĉđÙøćąĀŤñúǰ üĉđÙøćąĀŤ

ðŦÝÝĆ÷ĂČęîìĊęÿŠÜñúêŠĂÖøąïüîĀøČĂîĈĕðêŠĂ÷Ăéðøą÷čÖêŤĔßšǰ ĔĀšöĊðøąÿĉìíĉõćóĒúąÙøĂïÙúčööćÖ÷ĉęÜ×ċĚîǰǰ

ēé÷ÝąìĈÖćøïĆîìċÖÙŠćÿĈÙĆâìĊęöĊñúÖĆïÖøąïüîÖćøîĆĚî ÙČĂǰ ǰ ǰ ǰ ĂčèĀõĎöĉ
ǰ ÙüćößČĚîǰ ĒúąðøĉöćèÖŢćà

ĂĂÖàĉđÝîǰøüöëċÜöĊüĆîĒúąđüúćïĂÖǰèǰßŠüÜìĊęđÖĘïïĆîìċÖñú ĂčðÖøèŤĔîÖćøìéúĂÜǰéĆÜøĎðìĊęǰ���� 
 
 
 
 
 

øĎðìĊęǰ3.�� ĕéĂąĒÖøöÖćøïĆîìċÖ×šĂöĎú 
 

1) îĈǰData Logger Shieldǰ öćđßČęĂöêŠĂÖĆïǰArduino Mega 2560 đîČęĂÜÝćÖǰ Ĕßš
ïĂøŤéǰArduino MEGA 2560 PortǰÖćøđßČęĂöêŠĂÿĆââćèǰI2C ×ĂÜǰSDL SDA ĕöŠ
êøÜÖĆîǰéĆÜîĆĚîêšĂÜđßČęĂöøąĀüŠćÜǰPort A4 A5 ×ĂÜǰData Logger Shieldǰđ×šćÖĆïǰ

Port 20 21 ×ĂÜ Arduino Mega 2560ǰéĆÜøĎðìĊęǰ3.2� 
 
 
 
 
 

øĎðìĊęǰ3.2� Data Logger ShieldǰđßČęĂöêŠĂÖĆïǰArduino Mega 
 

2)ǰǰđßČęĂöêŠĂÖĆïđàîđàĂøŤìĊęêšĂÜÖćøïĆîìċÖÙŠć ǰǰǰǰǰǰǰǰǰǰ ēé÷ìĊęöĊǰđàîđàĂøŤǰAM2301ǰĒúąǰǰ 
The Gravity: I2C ĂĂÖàĉđÝîđàîđàĂøŤǰ 

3)  đ×Ċ÷îēðøĒÖøöÿĆęÜÖćøǰēé÷ĔßšēðøĒÖøöǰéĆÜøĎðìĊęǰ3.2� 

AM2301 
Arduinoǰ
Mega 

Data Logger 
Shield ĂĂÖàĉđÝî 

đàîđàĂøŤ 

SD Card 
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øĎðìĊęǰ3.2� ēðøĒÖøöÿĆęÜđÖĘï×šĂöĎúúÜǰSD card 
 
   ���.�ǰÖćøÿøšćÜêĎšôŦÖĕ×ŠǰđÙøČęĂÜóúĉÖĕ×ŠĂĆêēîöĆêĉǰĒúąÖćøêĉéêĆĚÜĂčðÖøèŤ 

ĔîÖćøÿøšćÜêĎšôŦÖĕ×ŠĀúĆÜÿŠÜĒïïêĎšôŦÖĕ×Šǰ ĒúąđÙøČęĂÜóúĉÖĕ×ŠĂĆêēîöĆêĉĔĀšìćÜēøÜÖúċÜ

ÝĆéìĈĒúąðøąÖĂïßĉĚîÿŠüî×ċĚîöćêćöÖćøĂĂÖĒïïĒúąÖćøđúČĂÖüĆÿéčǰ ÝćÖîĆĚîîĈêĎšìĊęĕéšöćêĉéêĆĚÜ

ĂčðÖøèŤêŠćÜǰėǰēé÷öĊÿŠüîǰðøąÖĂïǰÙČĂǰøąïïóúĉÖĕ×ŠǰĒúąÖćøêĉéêĆĚÜĂčðÖøèŤ 

 
  3.����� øąïïÖćøóúĉÖĕ×ŠĂĆêēîöĆêĉ 

�
ǰ ÖćøêĆĚÜđüúćóúĉÖĕ×Šǰ Ĕî×ĆĚîêĂî×ĂÜÖćøĂĂÖĒïïđÙøČęĂÜóúĉÖĕ×ŠĂĆêēîöĆêĉǰ

ÝąđðŨîÖćøÖĈĀîéđüúćĔĀšöĂđêĂøŤìĈÖćøĀöčîìčÖǰ ėǰ �ǰ ßĆęüēöÜǰ ēé÷

ÖĈĀîéđüúćéšü÷ĕìöŤđöĂøŤ ÝćÖøĎðìĊęǰ3.2�ǰ(Ö) êĆĚÜđðŨîǰ0:00,ǰøĎðìĊęǰ����ǰ

(×) êĆĚÜđðŨîǰ0:01, øĎðìĊęǰ����ǰ(Ù) êĆĚÜđðŨîǰ2:00ǰĒúąǰøĎðìĊęǰ����ǰ(Ü) êĆĚÜ
đðŨîǰ2:01 êĆĚÜúĎðĒïïđéĊ÷üÖĆîÝîÖøąìĆęÜÙøïüĆîǰ 

ǰǰǰǰǰǰǰǰǰǰ 
 
 
 
 
 
 
      ǰ(Ö)ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(×)ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ     (Ù)                               (Ü) 

øĎðìĊęǰ3.2� (Ö)ǰêĆĚÜÙŠćĕìöŤđöĂøŤ 1ǰon 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(×)ǰêĆĚÜÙŠćĕìöŤđöĂøŤ 1ǰoff 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ù)ǰêĆĚÜÙŠćĕìöŤđöĂøŤ 2ǰon 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ü)ǰêĆĚÜÙŠćĕìöŤđöĂøŤ 2ǰoff 
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�
ǰ ǰøąïïöĂđêĂøŤóúĉÖĕ×ŠîĈĒïïöćÿŠÜĔĀšìćÜēøÜÖúċÜðøąÖĂïêĎš×ċĚîöćǰĒúą

ìĈÖćøêĉéÞîüîÖĆîÙüćöøšĂîǰĔîÖćøđßČęĂöêŠĂĕéšđóĉęöøąïïðŜĂÜÖĆîĕôôŜć

ĔĀšÖĆïöĂđêĂøŤǰēé÷ĔßšǰøĊđú÷Ť MY2Nǰ MT2N-GS 24V/AC ĔîÖćøĒðúÜ

ĕôǰ���ǰV đðŨîǰ��ǰV ÿĆęÜÖćøìĈÜćîĒïïðÖêĉðŗéǰìĊęÝŠć÷ĕôöćÝćÖĕìöŤ

đöĂøŤ ĔĀšÖĆïöĂđêĂøŤĔîÖćøĀöčîàšć÷ǰ ıǰ ×üć ĒúąĀ÷čéÖćøìĈÜćîéšü÷ǰ

úĉöĉêÿüĉêàŤ ĒÿéÜüÜÝøÖćøêŠĂÿć÷ĕôǰéĆÜøĎðìĊęǰ3.�� 
 
 
 

 
 
 
 
 

øĎðìĊęǰ3.�� üÜÝø×ĂÜøąïïöĂđêĂøŤÖúĆïĕ×Š 
 

3.����� êĉéêĆĚÜĂčðÖøèŤĒúąÿć÷ĕô  
  ÖćøðøąÖĂïêĎš×ċĚîđúČĂÖüĆÿéčìĊęĔßšìĈ ēé÷đúČĂÖĔßšđĀúĘÖĔîÖćøìĈìĆĚÜēÙøÜÿøšćÜǰ

ìĈðøąêĎšïćîóĆïđðŗé � ðŗéǰĒúąêĉéúšĂđóČęĂÖćøđÙúČęĂî÷šć÷ǰîĂÖÝćÖîĆĚîĕéšìĈÖćøêĉéĒñŠîÞîüîÖĆîÙüćö

øšĂîđóČęĂðŜĂÜÖĆîĂčèĀõĎöĉÝćÖõć÷îĂÖĕöŠĔĀšÖøąìïÖøąïüîÖćøõć÷ĔîêĎš éĆÜøĎðìĊęǰ3.�� 
 

 
 
 
 
 
 

 
       (Ö)             (×)            (Ù) 

øĎðìĊęǰ3.�� (Ö)ǰêĉéêĆĚÜÞîüîÖĆîÙüćöøšĂîǰ1 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(×) êĉéêĆĚÜÞîüîÖĆîÙüćöøšĂîǰ2 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ù)ǰêĉéêĆĚÜÞîüîÖĆîÙüćöøšĂîǰ3 

 

Relay MY2Nǰ

Relay and 
Socket Limit Switch 
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1) ìĈÖćøêĉéêĆĚÜĂčðÖøèŤêŠćÜ ė đ×šćĕðǰǰĒúąđéĉîÿć÷ĕôøüöëċÜÝĆéøąđïĊ÷ï

ÿŠüîêŠćÜǰėǰ ēé÷ĂčðÖøèŤøąïïêŠćÜðøąÖĂïđ×šćéšü÷ÖĆîǰêćöêĈĒĀîŠÜìĊę

ÖĈĀîéđĂćĕüšĒúšüǰ ǰìĈÖćøđéĉîÿć÷ĕô×ĂÜĒêŠúąøąïïøąĀüŠćÜĂčðÖøèŤ

öćøüöĕüšìĊęêĎšÙüïÙčöĕôđóČęĂÙüćöÿąéüÖĔîÖćøêøüÝÿĂï éĆÜøĎðìĊęǰ3.�� 
ÖĆïǰøĎðìĊęǰ3.�� 

 
 
 
 
 
 
 
 
 

øĎðìĊęǰ3.�� üÜÝøÿć÷ĕô×ĂÜêĎš 
 

 
 

 
 
 
 
 
 
 

øĎðìĊęǰ3.�� üÜÝøÿć÷ĕôÝøĉÜ×ĂÜêĎš 
  
   3��.�ǰÖćøìéÿĂïøąïï 

  ĔîÖćøìéÿĂïǰ öĊÖćøĒ÷ÖìéÿĂïĒêŠúąøąïïðøąÖĂïéšü÷ǰ øąïïóúĉÖĕ×Š
ǰ øąïï

ÙüïÙčöĂčèĀõĎöĉ
ǰøąïïÙüïÙčöÙüćößČĚîǰĒúąøąïïĕĀúđüĊ÷îĂćÖćýǰ ÝćÖîĆĚîìĈÖćøìéÿĂïìčÖøąïï

óøšĂöÖĆîĒúąìéÿĂïìĆĚÜøąïïõć÷ĔêšÿõćóĒüéúšĂöìĊęêŠćÜÖĆîǰđóČęĂêøüÝÿĂïðøąÿĉìíĉõćó×ĂÜêĎšôŦÖĕ×Š 
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  1) ǰìéÿĂïÖćøìĈÜćî×ĂÜøąïïóúĉÖĕ×ŠĂĆêēîöĆêĉǰéĆÜøĎðìĊęǰ3.�� 
 
 
 
 
 
 
 

øĎðìĊęǰ3.�� ìéÿĂïøąïïóúĉÖĕ×Š 
 

2)ǰ ìéÿĂïøąïïÙüïÙčöĂčèĀõĎöĉǰ àċęÜêšĂÜÖćøÙüïÙčöĂčèĀõĎöĉĕüšìĊęǰ ����ġC đöČęĂǰ

đàîđàĂøŤüĆéĂčèĀõĎöĉĕéšêęĈÖüŠć PID Controller ÝąÿĆęÜĔĀšăĊêđêĂøŤìĈÜćîǰéĆÜøĎðìĊęǰ

3.��ǰ	Ö
ǰĒúąøĎðìĊęǰ3.��ǰ	×
ǰĒúąđöČęĂĂčèĀõĎöĉüĆéĕéšìĊęǰ����ġC ÝąÿĆęÜăĊêđêĂøŤĀ÷čé

ìĈÜćîǰéĆÜøĎðìĊęǰ����ǰ	Ù
 
ǰ 

 
 
 
 
 
 
 
 
  (Ö)     ǰǰǰǰǰǰ(×)    ǰǰǰǰǰǰǰǰǰ(Ù) 

øĎðìĊęǰ3.�� (Ö) ìéÿĂïøąïïÙüïÙčöĂčèĀõĎöĉ×èąăĊêđêĂøŤìĈÜćî 
ǰǰǰǰ(×)ǰēàúĉéÿđêêøĊđú÷Ť×èąìĈÜćî 

ǰ ǰǰǰǰǰǰǰǰǰ(Ù)ǰìéÿĂïøąïïÙüïÙčöĂčèĀõĎöĉ×èąăĊêđêĂøŤĀ÷čéìĈÜćî 
 

3) ǰìéÿĂïøąïïÙüïÙčöÙüćößČĚî êšĂÜÖćøÙüïÙčöÙüćößČĚîĕüšìĊęǰ ��%ǰ đöČęĂđàîđàĂøŤ 
üĆéÙüćößČĚîĕéšêęĈÖüŠć PID Controller ĒÿéÜéĆÜøĎðìĊęǰ����ǰ	×
ǰÿŠÜÙŠćĔĀšđÙøČęĂÜÿøšćÜ

ĀöĂÖìĈÜćîǰĒÿéÜéĆÜøĎðìĊęǰ����ǰ	Ü
ǰǰǰǰǰǰĒúąóĆéúöÝąìĈÖćøđðśćÙüćößČĚîđ×šćÿĎŠ

õć÷ĔîêĎšǰĒÿéÜéĆÜøĎðìĊęǰ����ǰ	Ù
ǰēé÷ÙüćöđøĘü×ċĚîĂ÷ĎŠÖĆïÿĆââćèìĊęøĆïĕéšǰĒúąđöČęĂ

ĕéšÙüćößČĚîǰǰ��%ǰ ÝąÿĆęÜĀ÷čéÖćøìĈÜćîÖćøÿøšćÜÙüćößČĚîǰéĆÜøĎðìĊęǰ3.��ǰ	Ö
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ǰǰǰǰǰ  (Ö)   (×)   (Ù)   (Ü) 

ǰøĎðìĊęǰ3.3� ǰ(Ö)ǰìéÿĂïøąïïÙüćößČĚî×èąóĆéúöìĈÜćî 
(×)ǰìéÿĂïøąïïÙüćößČĚî×èąóĆéúöĀ÷čéìĈÜćî 
(Ù)ǰóĆéúö×èąìĈÜćî 

ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(Ü)ǰđÙøČęĂÜÿøšćÜĀöĂÖǰ×èąìĈÜćî 
 

4) øąïïĕĀúđüĊ÷îĂćÖćýĒúąüĆéÙŠćĂĂÖàĉđÝîǰ êĈĒĀîŠÜ×ĂÜđàîđàĂøŤéĆÜøĎðìĊęǰ 3.3�ǰ
	Ö
ǰĒúąêĈĒĀîŠÜ×ĂÜóĆéúöéĆÜøĎðìĊęǰ����ǰ	×
 

 
 
 
 
 
 

 
           (Ö)              (×) 

øĎðìĊęǰ3.3�ǰ (Ö)ǰđàîđàĂøŤĂĂÖàĉđÝî×èąìĈÜćî 
ǰǰǰǰǰǰ(×) óĆéúöĕĀúđüĊ÷îĂćÖćý×èąìĈÜćî 

 
5)ǰ ìéÿĂïìĆĚÜøąïï ēé÷ìĈÖćøìéÿĂïĔîÿõćüąĂćÖćýìĊęĒêÖêŠćÜÖĆîǰ đðŗéøąïï

øüöìĆĚÜĀöéóøšĂöìĆĚÜÿĆÜđÖêÙŠćĂčèĀõĎöĉ
ǰ ÙüćößČĚîǰ ĒúąÖćøìĈÜćî×ĂÜĂčðÖøèŤ

êŠćÜǰėǰĒÿéÜéĆÜøĎðìĊęǰ3.3� 
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(Ö)        (×) 
øĎðìĊęǰ3.3� (Ö) éšćîĀîšćêĎš×èąìĈÜćî 
ǰǰǰǰǰǰǰǰǰǰǰǰǰ(×)ǰéšćîĀúĆÜêĎš×èąìĈÜćî 

 
6)ǰ ìĈÖćøìéÿĂïìĆĚÜøąïïõć÷ĔêšÿõćóĒüéúšĂöÖúćÜüĆîĒúąÖúćÜÙČîìĊęöĊĂčèĀõĎöĉǰ

ĒúąÙüćößČĚîĒêÖêŠćÜÖĆîđóČęĂìéÿĂïðøąÿĉìíĉõćóÖćøìĈÜćî×ĂÜêĎšǰ ēé÷

ÖúćÜüĆîǰ ĒÿéÜéĆÜøĎðìĊęǰ 3.3�ǰ 	Ö
ǰ ÿŠüîĔîđüúćÖúćÜÙČîĒÿéÜéĆÜøĎðìĊęǰ ����ǰ 	×
ǰ

ĒúąøĎðìĊęǰ����ǰ	×
 
 
 
 
 
 
 
 
 
 
 
 
         (Ö)            ǰ(×)          (Ù) 

øĎðìĊęǰ3.3� (Ö)ǰøąïïìĈÜćî×èąǰ13.00 î. 
ǰǰǰ(×) øąïïìĈÜćî×èąǰ19.04 î. 
ǰǰǰ(Ù)ǰøąïïìĈÜćî×èąǰ22.02 î. 
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3.� ÖćøôŦÖĕ×Š 
ÖćøôŦÖĕ×ŠÝąöĊ×ĆĚîêĂîÖćøéĈđîĉîÖćøĒïŠÜĂĂÖđðŨîǰ ÖćøđêøĊ÷öĕ×ŠĕÖŠ
ǰ đêøĊ÷öđÙøČęĂÜôŦÖĕ×Š
ǰ đøĉęöôŦÖ

ĕ×Š
ǰêøüÝÿĂïÖćøïĆîìċÖÙŠć
ǰÖćøÿŠĂÜĕ×ŠöĊđßČĚĂ
ǰĀ÷čéóúĉÖĕ×ŠđóČęĂđêøĊ÷öôŦÖǰĒúąìĈÖøÜĂîčïćúúĎÖđÝĊě÷ï 
1)ǰǰēé÷×ĆĚîêĂîÖćøđêøĊ÷öĕ×ŠĕÖŠÿéǰǰǰǰǰǰǰǰ đóČęĂđêøĊ÷öĕ×ŠĕÖŠđ×šćêĎšôŦÖĕ×ŠĕÖŠÝćÖôćøŤöñŠćîÖćø×îÿŠÜ

ðøąöćèǰ� ı �ǰüĆîǰĒúąìĈÖćøđêøĊ÷öĕ×ŠĕÖŠÿéÖŠĂîđ×šćêĎšôŦÖǰ�ǰüĆîǰĒÿéÜéĆÜøĎðìĊęǰ3.�� 
 
 
 
 
 

 
 

 
øĎðìĊę 3.��ǰĕ×ŠĕÖŠöĊđßČĚĂ 

 
 

2) ǰ ǰóĉÝćøèćÙĆéđúČĂÖĕ×ŠĕÖŠìĊęöĊúĆÖþèąÿöïĎøèŤǰ ēé÷öĊîĚĈĀîĆÖĂ÷ĎŠìĊęǰ ��ǰ ıǰ��ǰÖøĆöǰ ĕ×ŠìĊęĕöŠöĊøĂ÷ǰǰǰǰ

ĒêÖøšćü
ǰ ĕöŠöĊøĎðìøÜïĉéđïĊĚ÷ü
ǰ đðúČĂÖĕ×ŠĕöŠ×øč×øąǰ ĒúąĕöŠöĊÿĉęÜÿÖðøÖđÖćąêĉéìĊęđðúČĂÖĕ×Šǰ

ÝĆéđøĊ÷Üĕ×ŠéĆÜøĎðìĊęǰ3.�� 
 

 
 
 
 
 
 
 

øĎðìĊęǰ3.�� Ē÷Öĕ×ŠĕÖŠìĊęöĊđßČĚĂìĊęĕöŠöĊøĂ÷đðŚŪĂî 
  

3)ǰǰǰÖŠĂîôŦÖĕ×ŠÝąêšĂÜđêøĊ÷öÙüćöóøšĂöđÙøČęĂÜôŦÖĕ×Šǰǰǰǰǰǰǰēé÷êĆĚÜÙŠćĂčèĀõĎöĉìĊęǰ����ġC,ǰÙüćößČĚîǰ
��% ĒúąîĈĕ×ŠĕÖŠđ×šćôŦÖĔîêĎšôŦÖ ĒÿéÜéĆÜøĎðìĊęǰ3.�� 
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         (Ö)                         (×) 
øĎðìĊęǰ3.�� (Ö) îĈĕ×ŠĕÖŠöĊđßČĚĂđ×šćêĎš 

ǰ(×)ǰøąïïđøĉęöìĈÜćî 
 

4)ǰ êøüÝÿĂïÖćøìĈÜćîēé÷ÖĈĀîéßŠüÜđüúćĔîÖćøïĆîìċÖÖćøñúÖćøìéúĂÜǰ ēé÷ÝĆéìĈêćøćÜ

ïĆîìċÖñúÖćøìĈÜćîǰàċęÜöĊ×šĂöĎúìĊęĕéšÝćÖǰSD Card ìĊęïĆîìċÖÙŠćìčÖǰėǰßĆęüēöÜ  
 

5) ǰđöČęĂÙøïǰ�ǰüĆîǰìĈÖćøÿŠĂÜĕ×ŠöĊđßČĚĂǰĒúąÙĆéĒ÷Öĕ×ŠìĊęĕöŠöĊđßČĚĂĂĂÖÝćÖĒñÜĕ×ŠĂĂÖöćÖÝćÖêĎšǰĔî

ÖćøÿŠĂÜĀćđßČĚĂĕ×ŠêšĂÜìĈĔîìĊęöČéÿîĉìǰ đóČęĂöĂÜđĀĘîđßČĚĂĕ×ŠĕéšßĆéđÝîǰ ìĈéšü÷ÙüćöøąöĆéøąüĆÜǰ

ĀšćöĀöčîĕ×ŠöćÖđÖĉîĕðǰĒúąĔßšđüúćĔĀšîšĂ÷ìĊęÿčéǰéĆÜøĎðìĊęǰ3.��ǰĒúąöĊúĆÖþèąĕ×ŠǰéĆÜøĎðìĊęǰ3.�� 
 

 
 
 
 
 
 
 
 
       (Ö)      (×) 

øĎðìĊęǰ3.�� (Ö)ǰĕ×ŠöĊđßČĚĂ 
ǰǰǰǰǰǰ(×)ǰĕ×ŠđßČĚĂêć÷ 
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   ǰǰǰǰǰǰǰǰǰǰǰ(Ö)       (×) 
øĎðìĊęǰ3.�� (Ö) õćóðøąÖĂïúĆÖþèą×ĂÜÖćøÿŠĂÜĕ×Š 

ǰǰǰ(×)ǰúĆÖþèą×ĂÜĕ×ŠĕÖŠìĊęöĊđßČĚĂêćöÝĈîüîüĆîìĊęđøĉęöìĈÖćøôŦÖ 
 

6)ǰ ÙĆéĒ÷Öĕ×ŠìĊęöĊđßČĚĂÖúĆïđ×šćêĎšôŦÖĒúąĒ÷Öĕ×ŠìĊęĕöŠöĊđßČĚĂĀøČĂđßČĚĂêć÷ĂĂÖǰéĆÜøĎðìĊęǰ3.4� 
 
 
 
 
 
 
 

øĎðìĊęǰ3.4� ĕ×ŠìĊęöĊđßČĚĂĀúĆÜÖćøÙĆéĒ÷ÖĒúšü 
 

7) ǰǰđöČęĂÙøïǰ��ǰüĆîǰĀ÷čéóúĉÖĕ×ŠĒúąîĈĕ×ŠĂĂÖÝćÖđÙøČęĂÜóúĉÖĕ×Š ÝćÖîĆĚîðøĆïÙüćößČĚîĕüšìĊęǰ��% 
ĒúąúéĂčèĀõĎöĉúÜđĀúČĂǰ����ġCǰ đóČęĂøĂĕ×ŠìĈÖćøôŦÖǰ Ĕî×ĆĚîêĂîîĊĚÝąÿŠĂÜĕ×ŠĂĊÖÙøĆĚÜđóČęĂĒ÷Ö

ĕ×ŠđßČĚĂêć÷ĂĂÖǰĒÿéÜéĆÜøĎðìĊęǰ3.��ǰ 	Ö
ǰÝĆéđøĊ÷Üĕ×ŠĔîĒîüîĂîĕüšïîëćéđêøĊ÷öôŦÖǰĒÿéÜéĆÜ

øĎðìĊęǰ����ǰ	×
 
 
 
 
 
 

 
 

  ǰǰǰǰǰǰ(Ö)     ǰǰǰǰǰǰǰ(×) 
øĎðìĊęǰ3.4�ǰ(Ö)ǰÿŠĂÜĕ×ŠđóČęĂêøüÝéĎđßČĚĂ 

ǰǰǰǰǰǰǰǰǰǰǰ(×)ǰüćÜĕ×ŠđêøĊ÷öøĂôŦÖ 
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8)ǰ ǰ ìĈÖøÜĂîčïćúúĎÖđÝĊě÷ïǰ đóČęĂøĂÜøĆïúĎÖđÝĊě÷ïìĊęÖĈúĆÜÝąôŦÖĂĂÖöćǰ ĒúąđðŨîÖćøÝĈúĂÜÖćøÖÖ

úĎÖĕÖŠ×ĂÜĒöŠĕÖŠǰéĆÜøĎðìĊęǰ3.4� 
 
 
 
 
 
 
 

 
 
 

øĎðìĊęǰ3.4� ìĈÖøÜĂîčïćúúĎÖđÝĊě÷ï 
 

9) ǰǰǰßŠüÜüĆîìĊęǰ19 ı 21 úĎÖđÝĊě÷ïÝąđøĉęöôŦÖĂĂÖöćǰÝćÖîĆĚîøĂĔĀš×î×ĂÜúĎÖđÝĊě÷ïĒĀšÜǰĔßšđüúćĕöŠđÖĉîǰǰǰǰǰǰǰ

3 üĆîîĈĂĂÖÝćÖêĎšôŦÖĒúšüÝċÜîĈúĎÖđÝĊě÷ïđ×šćÖøÜĂîčïćúúĎÖđÝĊě÷ï  
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ïììĊęǰ� 
ñúÖćøìéúĂÜĒúąüĉđÙøćąĀŤñúÖćøìéúĂÜ 

 
 ĔîïìîĊĚÝąÖúŠćüëċÜǰñúÖćøéĈđîĉîÖćø×ĂÜÖćøìéúĂÜĀćðøąÿĉìíĉõćóÖćøĂĂÖĒïïøąïïÖćø

ÝĆéìĈđÙøČęĂÜôŦÖĕ×ŠøąïïÖúĆïĕ×ŠĂĆêēîöĆêĉĒúąÖćøÙüïÙčöĂčèĀõĎöĉǰ ĒúąÙüćößČĚî×ĂÜđÙøČęĂÜôŦÖĕ×Šēé÷

êĉéêćöñúǰÝĈîüîǰ18ǰüĆîǰÖćøĂĂÖĒïïđÙøČęĂÜôŦÖĕ×ŠǰøąïïÖúĆïĕ×ŠĂĆêēîöĆêĉǰĒúąêĎšÙüïÙčöĕôôŜćǰǰÙČĂǰ

üĆÿéčǰ đĀúĘÖĒñŠîĀîćǰ �ǰ öĉúúĉđöêøǰ đĀúĘÖÖúŠĂÜ×îćéǰ 25�25 öĉúúĉđöêø îĈöćêĆéĒúą×ċĚîēÙøÜÿøšćÜĕéš

×îćéđÙøČęĂÜôŦÖĕ×Šǰ75x90x90 đàîêĉđöêøǰĒúąêĎšÙüïÙčöĕôôŜć×îćéǰ75x90x60 đàîêĉđöêøǰēé÷õć÷Ĕî

đÙøČęĂÜôŦÖĕ×Šïčéšü÷ÞîüîǰìĊęìĈÝćÖēôöēóóúĊ÷ĎøĊđìîĀîćǰ20 öĉúúĉđöêøǰêĉéñîĆÜìĆĚÜǰ4ǰéšćî 
 
4.�  ñúÖćøìéúĂÜðøąÿĉìíĉõćó×ĂÜÖćøÙüïÙčöĂčèĀõĎöĉ
ǰÙüćößČĚîǰĒúąĂĂÖàĉđÝî 
 ÖćøôŦÖĕ×Šēé÷êšĂÜÖćøÙüïÙčöðŦÝÝĆ÷ÿĈÙĆâÙČĂǰ ĂčèĀõĎöĉ
ǰ ÙüćößČĚîǰ ĒúąĂĂÖàĉđÝîǰ ìĈÖćøüĆé

ĂčèĀõĎöĉ
ǰÙüćößČĚîǰĒúąĂĂÖàĉđÝîõć÷ĔîđÙøČęĂÜôŦÖĕ×ŠĔî � ı � üĆîĒøÖ×ĂÜÖćøôŦÖìĈÖćøüĆéìčÖǰėǰßĆęüēöÜ

đóČęĂÿĆÜđÖêÖćøèŤìĈÜćîêúĂéđüúćǰĒúąúéđüúćúÜöćÝîđĀúČĂìčÖǰėǰ�ǰßĆęüēöÜǰêĆĚÜĒêŠüĆîìĊęǰ�ǰ×ĂÜÖćøôŦÖ

ĕ×Šǰ àċęÜÙŠćìĊęüĆéĕéšĔîĒêŠúąßŠüÜĒÿéÜéĆÜêćøćÜǰ ÿŠüîÖćøÖúĆïĕ×Šǰ ÝąÖúĆïĕ×ŠìčÖǰ ėǰ ßĆęüēöÜǰ êĆĚÜĒêŠüĆîĒøÖĕð

ÝîëċÜüĆîìĊęǰ��ǰ×ĂÜÖćøôŦÖĒúšüÝċÜĀ÷čéÖúĆïĕ×ŠǰǰǰǰǰǰǰÝćÖÖøćôøĎðìĊęǰ4.1ǰĂšćÜĂĉÜÝćÖêćøćÜïĆîìċÖñúĔî

õćÙñîüÖǰÙǰ ðøąÿĉìíĉõćó×ĂÜÖćøÙüïÙčöĂčèĀõĎöĉ
ǰÙüćößČĚîǰĒúąĂĂÖàĉđÝîĔîđÙøČęĂÜôŦÖĕ×ŠǰàċęÜóïüŠć

ÿćöćøëÙüïÙčöĂčèĀõĎöĉđÞúĊę÷ĕéšĂ÷ĎŠìĊęǰ37.62ġC,ǰ ÿćöćøëÙüïÙčöÙüćößČĚîđÞúĊę÷ĕéšĂ÷ĎŠìĊę 60.57%ǰ Ēúą

ÿćöćøëÙüïÙčöĂĂÖàĉđÝîđÞúĊę÷ĕéšĂ÷ĎŠìĊęǰ �����% àċęÜÖćøüĆéÙŠćÝąĒêÖêŠćÜÖĆîêćöÿõćóĂćÖćýÝąöĊñú

ÖĆïĂčèĀõĎöĉĒúąÙüćößČĚîǰ ǰĔîßŠüÜđüúćÖúćÜüĆîǰÿõćóĂćÖćýõć÷îĂÖĂčèĀõĎöĉÿĎÜǰÙüćößČĚîêęĈǰĔîßŠüÜ

đüúćǰ�2���ǰî�ǰöĊĂčèĀõĎöĉđÞúĊę÷Ă÷ĎŠìĊęǰ37.87ġC ÙüćößČĚîđÞúĊę÷Ă÷ĎŠìĊę 60.63%ǰǰÿŠüîĔîßŠüÜđüúćÖúćÜÙČîǰ

ÿõćóĂćÖćýõć÷îĂÖĂčèĀõĎöĉêęĈÖüŠćǰ ÙüćößČĚîÿĎÜ×ċĚîǰ ǰ ĔîßŠüÜđüúćǰ 00���ǰ î�ǰ öĊĂčèĀõĎöĉđÞúĊę÷Ă÷ĎŠìĊęǰǰ

37.25ġCǰĒúąÙüćößČĚîđÞúĊę÷Ă÷ĎŠìĊęǰ60.86%ǰéĆÜêćøćÜđðøĊ÷ïđìĊ÷ïìĊęǰ��� 
 
 
 
 
 
 
 

øĎðìĊęǰ�.� ÖøćôïĆîìċÖñúÖćøìéúĂÜ 
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êćøćÜìĊęǰ���ǰêćøćÜđðøĊ÷ïđìĊ÷ïñúÖćøìéúĂÜ 

 
4.� ǰñúÖćøđðøĊ÷ïđìĊ÷ï 
 ñúÖćøđðøĊ÷ïđìĊ÷ïÖćøđÝøĉâđêĉïēê×ĂÜđßČĚĂĕ×ŠĕÖŠêúĂéđüúćǰ 21 üĆîǰ đøĉęöêšîøĆïĕ×ŠĕÖŠÿéöć

ÝĈîüîǰ60 ôĂÜǰìĈÖćøÙĆéđúČĂÖĕ×ŠĕÖŠìĊęÿöïĎøèŤóøšĂöìĈÖćøôŦÖĕéšìĆĚÜĀöéǰ50 ôĂÜǰÝćÖîĆĚîĔîÖćøÿŠĂÜ

éĎđßČĚĂǰóïüŠćǰöĊĕ×ŠĕÖŠÝĈîüîǰ6 ìĊęÿŠĂÜĒúšüĕöŠóïđßČĚĂǰĒúąǰ2 ôĂÜìĊęóĉÝćøèćĒúšüüŠćđðŨîđßČĚĂêć÷ǰéĆÜîĆĚî

đĀúČĂĕ×ŠĕÖŠÝĈîüîǰ42 ôĂÜìĊęöĊúĆÖþèąÿöïĎøèŤǰ ĕöŠöĊøĂ÷ĒêÖǰøĂ÷øšćüĀøČĂöĊñĉü×øč×øąĕéšìĈÖćøôŦÖêŠĂǰ

ÝîëċÜüĆîìĊęǰ14 ó�Ù�ǰ65 àċęÜđðŨîüĆîìĊęǰ18 ×ĂÜÖćøôŦÖĕ×ŠìĈÖćøÿŠĂÜđóČęĂêøüÝÿĂïđßČĚĂĒúąóïüŠćöĊǰ3 ôĂÜ

ìĊęĕöŠöĊđßČĚĂǰĒúąđßČĚĂêć÷ǰ2 ôĂÜǰÝċÜđĀúČĂĕ×ŠÝĈîüîǰ37ǰôĂÜǰđöČęĂÙøïǰ21 üĆîǰóïüŠćöĊúĎÖđÝĊě÷ïôŦÖìĆĚÜĀöéǰ

35 êĆüǰĒúąĕ×ŠìĊęĕöŠôŦÖǰ2 êĆüǰĒêŠĔîõć÷ĀúĆÜÝćÖÖćøôŦÖöĊúĎÖđÝĊě÷ïìĊęêć÷ǰ4 êĆüǰéĆÜîĆĚîöĊúĎÖđÝĊě÷ïđĀúČĂĂ÷ĎŠǰ

31 êĆüǰĒÿéÜéĆÜøĎðìĊęǰ���ǰÙĉéđðŨîĂĆêøćÙüćöÿĈđøĘÝĔîÖćøôŦÖđðŨîǰ�����% ÝćÖǰ�� êĆü éĆÜêćøćÜìĊęǰ4.2 
ēé÷úĆÖþèą×ĂÜĕÖŠìĊęđóĉęÜôŦÖǰéĆÜøĎðìĊęǰ4.2 (Ö)ǰĒúąÖøÜĂîčïćúéĆÜøĎðìĊęǰ4.2 (×) 
 ÝćÖ×šĂöĎúÖćøôŦÖĕ×ŠìĈĔĀšöĊĂĆêøćÖćøøĂéßĊüĉê×ĂÜĕÖŠöćÖÖüŠćÖćøôŦÖĕ×ŠđĂÜêćöíøøößćêĉǰ ēé÷

ÖćøôŦÖĕ×ŠêćöíøøößćêĉöĊĂĆêøćÖćøêć÷Ă÷ĎŠìĊęǰ 3ǰ Ĕîǰ ��ǰ ×ĂÜĕÖŠìĊęöĊĒöŠĕÖŠôŦÖĕ×Šǰ đîČęĂÜÝćÖĕ×ŠìĊęôŦÖÝćÖ

đÙøČęĂÜôŦÖĕ×ŠñŠćîÖćøÙüïÙčöĂčèĀõĎöĉĒúąÙüćößČĚîĒúšüǰ ìĈĔĀšúé×šĂñĉéóúćéìĊęđÖĉéÝćÖÿõćóĂćÖćý

ēé÷øĂïĕéšǰìĈĔĀšđóĉęöĂĆêøćÖćøøĂéßĊüĉêǰĒúąđóĉęöÙüćöĒ×ĘÜĒøÜĔĀšÖĆïĕÖŠìĊęôŦÖĂĂÖöć 
  
 
 
 
 
 
 

               (Ö)    ǰǰǰǰǰǰǰǰǰ (×) 
øĎðìĊęǰ���ǰǰ (Ö) úĎÖđÝĊě÷ï×èąôŦÖĔîêĎšôŦÖ 

ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(×)ǰîĈúĎÖđÝĊě÷ïđ×šćÖøÜĂîčïćú 
 
 

ÖćøüĆé Min Max Avg. S.D. 
ĂčèĀõĎöĉ 36.9ġC 38.4ġC 37.62ġC 0.34 
ÙüćößČĚî 55% 63.2% 60.57% 1.19 
ĂĂÖàĉđÝî 20.5% 21.6% 21.12% 0.17 
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êćøćÜìĊęǰ���ǰĂĆêøćÙüćöÿĈđøĘÝ×ĂÜÖćøôŦÖÿĈĀøĆïêĎšôŦÖĕ×ŠĔîÜćîüĉÝĆ÷îĊĚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

øć÷Öćø 
ÝĈîüî

ìĆĚÜĀöé 
ĕöŠÿćöćøë

ôŦÖĕéš 
đßČĚĂ

êć÷ 
ĕöŠöĊđßČĚĂ 

êć÷ĀúĆÜǰ

ÝćÖôŦÖ 
øĂéĀúĆÜǰǰǰǰǰǰǰ

ÝćÖôŦÖ 
đĀúČĂ 

øĆïĕ×ŠĕÖŠ 60 - - - - - 60 
ÙĆéĒ÷ÖøĂïìĊęǰ1 50 10 - - - - 50 
ÿŠĂÜĕ×ŠÙøĆĚÜìĊęǰ1 50 - 2 6 - - 42 
ÿŠĂÜĕ×ŠÙøĆĚÜìĊęǰ2 42 - 2 3 - - 37 

ĀúĆÜôŦÖĕ×Šǰǰǰ

üĆîìĊęǰ21 
37 2 - - 4 31 31 

Case 1 ĂĆêøćÙüćöÿĈđøĘÝ×ĂÜÖćøôŦÖĕ×Š (35ǰôĂÜ ÝćÖǰ37ǰôĂÜ) 94.59% 
Case 2 ĂĆêøćÙüćöÿĈđøĘÝìĊęøĂéĀúĆÜÝćÖôŦÖǰ(31ǰôĂÜ ÝćÖǰ37ǰôĂÜ) 88.57% 
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ïììĊęǰ� 
ÿøčðñúÖćøüĉÝĆ÷Ēúą×šĂđÿîĂĒîą 

 
���ǰǰÿøčðñúÖćøüĉÝĆ÷ 
 üĉì÷ćîĉóîíŤÞïĆïîĊĚÝąîĈđÿîĂĀúĆÖÖćøĒúą×ĆĚîêĂîÖćøÝĆéìĈđÙøČęĂÜôŦÖĕ×Š ĒúąøąïïÖúĆïĕ×Š

ĂĆêēîöĆêĉǰ óøšĂöàĂôêŤĒüøŤÖćøÙüïÙčöðŦÝÝĆ÷ÿĈÙĆâĔîÖćøôŦÖĕ×Šǰ đóČęĂđóĉęöðøąÿĉìíĉõćóĒúąĂĆêøćÖćø

đÖĉé×ĂÜĕÖŠǰ ēé÷đøĉęöìĈÖćøýċÖþć×šĂöĎúđêøĊ÷öĂčðÖøèŤĒúą×ĆĚîêĂîÖćøéĈđîĉîÖćøǰýċÖþćÖćøĔßšÜćî×ĂÜ

ĂčðÖøèŤìĊęøĆïöćĔîÖćøìĈēÙøÜÖćøǰĒúąđúČĂÖĔßšĂčðÖøèŤìĊęđĀöćąÿöÖĆïÖøąïüîÖćøǰĒúąĀćüĉíĊìĊęëĎÖêšĂÜ

ÖĆïÖøąïüîÖćøìĈÖćøìéúĂÜìĆĚÜĒïïÝĈúĂÜÖćøôŦÖĕ×ŠđóČęĂđðøĊ÷ïđìĊ÷ïñúÖćøìéúĂÜÖĆïÖøąïüîÖćø

ôŦÖêćöíøøößćêĉǰǰĒúąđðøĊ÷ïđìĊ÷ïðøąÿĉìíĉõćóÖĆïÖøąïüîÖćøìćÜĂčêÿćĀÖøøö 
 ÝćÖñúÖćøìéúĂÜàċęÜóïüŠćĔîÖćøÙüïÙčöĂčèĀõĎöĉǰ ĒúąÙüćößČĚîÝąÿćöćøëÙüïÙčöĔîßŠüÜìĊę

êšĂÜÖćøĕéšǰ ĒêŠÿõćóĂćÖćýõć÷îĂÖöĊñúêŠĂÖćøìéúĂÜëšćĂ÷ĎŠĔîßŠüÜìĊęöćÿõćóĂćÖćýõć÷îĂÖøšĂî

öćÖĀøČĂöĊÙüćößČĚîîšĂ÷ǰ øąïïÙüïÙčöÙüćößČĚîÝąĔßšđüúćîćî×ċĚîđóČęĂÙüïÙčöÿĎŠÙŠćìĊęÖĈĀîéÿŠüîĔî

ÿõćóĂćÖćýõć÷îĂÖđ÷ĘîúÜĒúąöĊÙüćößČĚîöćÖǰøąïïÙüïÙčöÙüćöøšĂîÝąĔßšđüúćîćî×ċĚîđóČęĂÙüïÙčö

ÿĎŠÙŠćìĊęÖĈĀîéǰđßŠîÖĆî 
 
���ǰǰðŦâĀćìĊęóï×èąÖćøéĈđîĉîÖćøǰ 

1)  đîČęĂÜÝćÖÖćøìéúĂÜđðŨîÖćøÝĆéìĈÖøąïüîÖćøìĆĚÜĀöééšü÷êîđĂÜǰÝċÜđÖĉéðŦâĀćđøČęĂÜđüúć

ĔîÖćøéĈđîĉîÖćøǰÙČĂǰ×ĆĚîêĂîÖćøðøąÖĂïêĎšĒúąêĉéêĆĚÜøąïïĂčðÖøèŤǰêšĂÜĔßšđüúćĔîÖćø

ìĈĀúć÷üĆîǰìĈĔĀšÖøąìïĔîÿŠüî×ĂÜĒñîÖćøéĈđîĉîÜćîìĊęêšĂÜđúČęĂîêćöÖĆîĂĂÖĕð 
�)ǰ ĂčðÖøèŤìĊęìĈöćĔßšàċęÜÝąöĊ×šĂÝĈÖĆéǰÙČĂǰđàîđàĂøŤ ĂčèĀõĎöĉǰPT100ǰĔî×èąìĈÖćøìéúĂÜǰ

đîČęĂÜÝćÖüĆÿéč×ĂÜǰ đàîđàĂøŤ öĊÖćøÿąÿöÙüćöøšĂîĒúąøąïć÷ÙüćöøšĂîĕéšßšćǰ ÝċÜêšĂÜĔßš

đüúćĔîÖćøđêøĊ÷öøąïïîćî×ċĚîǰ đóČęĂĔĀšÙüćöøšĂîÙÜìĊęǰ ÿŠüî×ĂÜĂčðÖøèŤđÖĉéÙüćöøšĂîǰ

ÙüïÙčöñŠćîǰPID Controller öĊÖćøìĈÜćîìĊęĕöŠ÷ČéĀ÷čŠîđóĊ÷ÜóĂêŠĂÖćøĔßšÜćîǰđóøćąǰđöČęĂ

ÿĆęÜÖćøìĈÜćîǰPID ControllerǰÿĆęÜÖćøìĈÜćîðÖêĉǰĒêŠÙüćöøšĂîìĊęđÖĉéÝćÖăĊêđêĂøŤđöČęĂĔßš

đüúćĔîÖćøÿøšćÜîćîđÖĉîĕðǰÝąìĈĔĀšÙüćöøšĂîÿąÿöìĊęđÖĉéĔîăĊêđêĂøŤǰøąïć÷ĂĂÖĕéšĕöŠéĊ

đìŠćìĊęÙüøǰìĈĔĀšđöČęĂǰPID Controller Ā÷čéÿĆęÜÖćøìĈÜćîĒúšüǰĒêŠăĊêđêĂøŤ÷ĆÜøšĂîĂ÷ĎŠǰìĈĔĀš

ĂčèĀõĎöĉ÷ĆÜÿĎÜ×ċĚîĂĊÖđúĘÖîšĂ÷ǰĒúąÙŠĂ÷ǰėǰúéúÜ 
�)ǰ ĔîÖøąïüîÖćøôŦÖĕ×ŠǰÝąêšĂÜéĈđîĉîÖćøêúĂéǰ��ǰßĆęüēöÜđðŨîđüúćĀúć÷üĆîǰÿĉęÜìĊęđðŨîÖĆÜüúǰ

ÙČĂǰđöČęĂđÖĉéđĀêčĕôôŜćéĆïǰÝąÿŠÜñúĔĀšÖøąïüîÖćøĀ÷čéìĈÜćîìĆîǰǰ 
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4)ǰ ÖćøìĊęĔßšđàîđàĂøŤ 2 ßîĉéĔîÖćøĒ÷ÖÖćøÙüïÙčö  ĒúąïĆîìċÖ×šĂöĎúàċęÜìĈĔĀšđÖĉéÙüćö

ÙúćéđÙúČęĂîÖĆîøąĀüŠćÜĂčèĀõĎöĉǰĒúąÙüćößČĚîǰ àċęÜöćÝćÖðŦÝÝĆ÷êŠćÜ ė đßŠîǰÙüćöĒöŠî÷Ĉ
×ĂÜđàîđàĂøŤìĆĚÜÿĂÜĕöŠđìŠćÖĆîǰĒúąÙüćöđøĘüĔîÖćøêĂïÿîĂÜ×ĂÜđàîđàĂøŤĕöŠđìŠćÖĆîǰ 

5) ÖćøìĈǰ Cascade Control Ēúąǰ PID êšĂÜìĈÖćøêĉéêŠĂïøĉþĆì Yokogawa đóČęĂĔĀšìćÜ

ïøĉþĆìĒÖšĕ×ēðøĒÖøöǰĒúąđóĉęöôŦÜÖŤßĆęîĔîÖćøìĈÜćî 
 

���ǰǰ×šĂđÿîĂĒîąĔîÖćøüĉÝĆ÷êŠĂ 
1) ǰđóČęĂÖćøÙüïÙčöĂčèĀõĎöĉĔĀšöĊÙüćöđÿëĊ÷øĒúąĒöŠî÷ĈöćÖ×ċĚîǰÙüøđðúĊę÷îăĊêđêĂøŤđðŨîĒïï

đðśćúöøšĂîđóČęĂúéðŦâĀćÖćøÿąÿöÙüćöøšĂîǰĒúąÿćöćøëøąïć÷ÙüćöøšĂîĕéšêĆü÷êĆüđĂÜǰ

ēé÷ĕöŠêšĂÜĂćýĆ÷óĆéúöøąïć÷ĂćÖćý 
�) ǰđóĉęöøąïïĕôÿĈøĂÜǰđóČęĂĔßšĔîđüúćÞčÖđÞĉîǰĔĀšÖøąïüîÖćøéĈđîĉîêŠĂĕð 
3)ǰ ÙüøđðúĊę÷îǰPT 100 đîČęĂÜÝćÖÖüŠćǰPT 100 ĕöŠđĀöćąÿöĒÖŠÖćøÙüïÙčöĂčèĀĎöĉìĊęìĈǰđóøćąǰ

PT100 ÝąöĊÙüćöĕüĔîÖćøêĂïÿîĂÜìĊęßšćǰ 
4) ǰÙüøĔßšǰPID Controller ĒïïǰCascade đóøćąüŠćÖćøìĊęĒ÷ÖÙüïÙčöÖĆîǰøąĀüŠćÜǰSingle 

Loop 2 ĂĆîǰÝąÿŠÜñúêŠĂøą÷ąđüúćÖćøđ×šćÿĎŠßŠüÜđÿëĊ÷øĒúąöĊñúêŠĂÖćøðøĆï PID 
5)ǰ ÖćøđúČĂÖĔßšǰđàîđàĂøŤ 2 ßîĉéǰđóČęĂĒ÷ÖĔîÖćøÙüïÙčöĂćÝÝąđÖĉéÖćøÙćéđÙúČęĂîÝćÖðŦÝÝĆ÷

êŠćÜ ėǰđßŠîǰêĈĒĀîŠÜÖćøüćÜ øüöëċÜßîĉé×ĂÜǰđàîđàĂøŤ ìĊęêŠćÜÖĆî 
6)ǰ ǰ đîČęĂÜÝćÖüĆÿéčĂčðÖøèŤêĎšìĊęöĊÿŠüîðøąÖĂïđðŨîđĀúĘÖÝċÜöĊēĂÖćÿđÖĉéÿîĉöĕéšǰ ÝċÜĒîąîĈĔĀšìĈ

ÖćøđÙúČĂïÖĆîÿîĉöìĊęĂćÝÝąđÖĉé×ċĚîĔîĂîćÙêĕéš 
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êćøćÜĂčðÖøèŤìĊęĔßšĒúąêćøćÜïĆîìċÖñúÖćøìéúĂÜ 
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êćøćÜĂčðÖøèŤĒúąđÙøČęĂÜöČĂìĊęĔßš 

úĈéĆïìĊę ĂčðÖøèŤ ÝĈîüî 
1 öĂđêĂøŤøĂïêęĈ  1 đÙøČęĂÜ 
2 êĆüđÖĘïðøąÝč 1ǰêĆü 
3 úĉöĉêÿüĉêßŤ 2ǰêĆü 
4 ĕìöđöĂøŤ øčŠîǰTCH 15A 1ǰđÙøČęĂÜ 
5 ìøćîÿöĉêđêĂøŤ TRH-302 1ǰêĆü 
6 ìøćîÿöĉêđêĂøŤ Rosemount 248 1ǰêĆü 
7 PT100ǰRosemount 1ǰêĆü 
8 PID Controller Ys 170 Yogohawa 2ǰđÙøČęĂÜ 
9 ēàúĉéÿđêêøĊđú÷Ťǰ4-20mA 1 êĆü 
10 Arduino uno R3 1ǰêĆü 
11 óĆéúöǰ3.5 îĉĚüǰ3ǰÿć÷ 1ǰêĆü 
12 óĆéúöǰ3.5 îĉĚüǰ2ǰÿć÷ 6ǰêĆü 
13 đÙøČęĂÜÿøšćÜĀöĂÖ 2ǰđÙøČęĂÜ 
14 óćüđüĂøŤàĆóóúć÷ǰøčŠîǰDeltaV Bulk Power Supply 1ǰĂĆî 
15 óćüđüĂøŤàĆóóúć÷ǰ24V 1ǰĂĆî 
16 óćüđüĂøŤàĆóóúć÷ǰ12V 1ǰĂĆî 
17 đàôêĊĚđïøÖđÖĂøŤ  1ǰêĆü 
18 đàĂøŤÖĉêđïøÖđÖĂøŤ 1ǰêĆü 
19 øĊđú÷Ť MY2NǰRelay MT2N-GS  2ǰêĆü 
20 Arduino Mega 2560 1ǰêĆü 
21 The Gravity: I2C ĂĂÖàĉđÝîđàîđàĂøŤ 1ǰêĆü 
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ĂčðÖøèŤĒúąđÙøČęĂÜöČĂìĊęĔßšǰ 

úĈéĆïìĊę ĂčðÖøèŤ ÝĈîüî 
22 PWM 5-36VDC 15A  1ǰĂĆî 
23 SHT20ǰđàîđàĂøŤüĆéĂčèĀõĎöĉĒúąÙüćößČĚî 1ǰêĆü 

24 
AM2301 Capacitive Digital Temperature and Humidity 
đàîđàĂøŤ 

1ǰêĆü 

25 Data Logger Shield 1ǰêĆü 
26 øĊđú÷Ťǰ3ǰßŠĂÜ 1ǰĂĆî 
27 øĊđú÷Ťǰ1ǰßŠĂÜ 1ǰĂĆî 
28 óĆéúö×îćéǰ12 îĉĚü 1ǰêĆü 
29 ăĊêđêĂøŤǰ×îćéǰ200w  1ǰĂĆî 
30 ēôöēóúĊ÷Ďøĉđìîǰ 1ǰöšüî 
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õćÙñîüÖǰÙ 
êćøćÜïĆîìċÖñúÖćøìéúĂÜ 
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êćøćÜïĆîìċÖñúÖćøìéúĂÜ 

üĆîìĊę đüúć ĂčèĀõĎöĉ (ġC) ÙüćößČĚî (%) ĂĂÖàĉđÝî (%) Āöć÷đĀêč 

��ǰđö�÷�ǰ�� 

�����ǰî� ���� ���� ���� - 
�����ǰî� ���� ���� 20.9 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21.0 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 20.6 - 
�����ǰî� ���� ���� 20.5 - 
�����ǰî� ���� ���� 21.0 - 

��ǰđö�÷�ǰ�� 

�����ǰî� �7.2 ���� 21.2 - 
�����ǰî� ��.2 ���� 20.9 - 
�����ǰî� �7.5 ���� 21.3 - 
�����ǰî� �7.3 ���� 21.5 - 
�����ǰî� ���� ���� 20.8 - 
�����ǰî� ���� ���� 21.3 - 
�����ǰî� ���� ���� 21.5 - 
�����ǰî� ���� ���� 21.0 - 
�����ǰî� ���� ���� 21.3 - 
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êćøćÜïĆîìċÖñúÖćøìéúĂÜǰ	êŠĂ
 

 

üĆîìĊę đüúć ĂčèĀõĎöĉ (ġC) ÙüćößČĚî (%) ĂĂÖàĉđÝî (%) Āöć÷đĀêč 

��ǰđö�÷�ǰ�� 

�����ǰî� ���� ���� 21.5 - 
�����ǰî� ���� ���� 21.4 - 
�����ǰî� ���� ���� 21.6 - 
�����ǰî� ���� ���� 21.4 - 
�����ǰî� ���� ���� 21.3 - 
�����ǰî� ���� ���� 21.4 - 
�����ǰî� ���� ���� 21.2 - 

��ǰđö�÷�ǰ�� 

�����ǰî� ���� ���� 21.0 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.0 - 
�����ǰî� ���� ���� 21.0 - 

��ǰđö�÷�ǰ�� 

�����ǰî� ���2 ���� 21.0 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.1 - 

�ǰó�Ù�ǰ�� 

�����ǰî� �7.1 ���� 21.1 - 
�����ǰî� 37.6 60.3 21.0 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21.1 - 

�ǰó�Ù�ǰ�� 

�����ǰî� ���3 ���� 21.2 - 
�����ǰî� ���� ���� 21.3 - 
�����ǰî� �8.0 ���� 20.9 - 
�����ǰî� ���� ���� 21.2 - 

�ǰó�Ù�ǰ�� 

�����ǰî� ���1 ���� 21.1 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21.0 - 
�����ǰî� ���� ���� 21.0 - 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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êćøćÜïĆîìċÖñúÖćøìéúĂÜǰ	êŠĂ
 

 

üĆîìĊę đüúć ĂčèĀõĎöĉ (ġC) ÙüćößČĚî (%) ĂĂÖàĉđÝî (%) Āöć÷đĀêč 

�ǰó�Ù�ǰ�� 

�����ǰî� ���� ���� 21.0 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21.4 - 

�ǰó�Ù�ǰ�� �����ǰî� �8.1 ���� 21.0 - 
�����ǰî� ���� ���� 21.0 - 
12.00ǰî. 37.5 60.2 21.1 - 
�����ǰî� ���� ���� 21.0 - 

�ǰó�Ù�ǰ�� �����ǰî� �6.9 ���� 21.1 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21. - 

�ǰó�Ù�ǰ�� 

�����ǰî� ���6 ���� 21.2 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21.0 - 

�ǰó�Ù�ǰ�� 

�����ǰî� ���2 ���� 21.0 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���7 ���� 21.1 - 
�����ǰî� ���� ���� 21.0 - 

�ǰó�Ù�ǰ�� 

�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.0 - 

��ǰó�Ù�ǰ�� 

�����ǰî� ���� ���� 21.0 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21.1 - 
�����ǰî� ���� ���� 21.2 - 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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êćøćÜïĆîìċÖñúÖćøìéúĂÜǰ	êŠĂ
 

 

 

 

 

 

 

 

 

 

 

üĆîìĊę đüúć ĂčèĀõĎöĉ (ġC) ÙüćößČĚî (%) ĂĂÖàĉđÝî (%) Āöć÷đĀêč 

��ǰó�Ù�ǰ�� 

�����ǰî� ���� ���� 21.2 - 
�����ǰî� ���� ���� 21.3 - 
�����ǰî� ���� ���� 21.0 - 
�����ǰî� ���� ���� 21.1 - 

�2ǰó�Ù�ǰ�� 

�����ǰî� 37.1 61.1 21.2 - 
�����ǰî� 37.6 60.3 21.3 - 
�����ǰî� 37.8 60.3 20.9 - 
�����ǰî� 37.5 60.7 21.2 - 

�3ǰó�Ù�ǰ�� 

�����ǰî� 37.2 60.7 21.1 - 
�����ǰî� 37.5 61.9 21.1 - 
�����ǰî� 37.9 60.6 21.1 - 
�����ǰî� 37.7 60.5 21.0 - 

�4ǰó�Ù�ǰ�� 

�����ǰî� 37.3 61.8 21.1 - 
�����ǰî� 37.6 60.2 21.0 - 
�����ǰî� 37.8 61.0 21.3 - 
�����ǰî� 37.4 60.2 21.0 - 
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õćÙñîüÖǰÜ 
êćøćÜðøĆïÙŠćǰPID ÙüćößČĚîǰ 
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êćøćÜǰP ÙüćößČĚîÖúĆïđ×šćÿĎŠǰSV ìĊęǰ��% ēé÷ǰi=1, D=1 ēé÷óĆéúöìĈìĊęǰMV 33 

 

êćøćÜ I ìĊęǰP = 10 D = 1 

I Overshoot MV Time 
1 2.9 43 35 
3 ��� 38 60 
5 ��� 35 95 

 

êćøćÜǰD ìĊęǰP = 10 I = 1 

D Overshoot MV Time 
1 2.9 43 35 
3 2.5 50 24 
6 3.5 59 20 

 

 
 

P Overshoot MV Time 
70 7.8% 35% 90 
50 6.5% 36% 73 
30 6.0% 36% 65 
2� �.�% 3�% 62 
2� �.�% �� 60 
2� ���% �� 59 
�� ��� �� 57 
�� ��� �� 54 
�� ��� �� 50 
1� ��� �� 46 
10 ��� �3 35 
� 3.5 �� 3� 
� 4.0 5� �� 
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õćÙñîüÖǰÝ 
êćøćÜðøĆïÙŠćǰPID ĂčèĀõĎöĉǰ 
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êćøćÜǰP ĂčèĀõĎöĉÖúĆïđ×šćÿĎŠǰSV ìĊęǰ37.5 ēé÷ǰI=1, D=1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

êćøćÜ I ìĊęǰP =2, D = 1 

 

 

 

 

 

 

P Overshoot đüúćìĊęǰOvershoot ëċÜÙŠćÿĎÜÿčé 

20 3.0 120 

15 3.0 116 

13 3.0 110 

11 3.0 103 

9 2.8 100 

8 2.6 95 

7 2.4 91 

6 2.1 84 

5 1.7 82 

4 1.4 76 

3 0.8 74 

2 0.6 71 

1 1.0 68 

I Overshoot đüúćìĊęǰOvershoot ëċÜÙŠćÿĎÜÿčé 
1 0.6 71 
3 1.1 82 
5 1.4 85 
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êćøćÜǰD ìĊęǰP = 2, I = 1 

 

 

D Overshoot đüúćìĊęǰOvershoot ëċÜÙŠćÿĎÜÿčé 

1 0.6 71 

2 0.5 69 

3 0.9 66 
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