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᪎㾷᪎㾷᪎㾷᪎㾷 

ਁࣘᵪᱟ⊭䖖ⲴṨᗳ䜘Ԧ ⊭̍䖖ⲴਁኅоਁࣘᵪⲴ䘋↕ᴹ⵰ⴤ᧕Ⲵ㚄㌫Ǆ䲿

⵰ሩ㜭Ⓚ઼⧟؍㾱≲䎺ᶕ䎺ѕṬˈሩਁࣘᵪⲴᢰᵟ㾱≲ҏ䎺ᶕ䎺㤋࡫Ǆ 

ণׯᱟ䘋≄䚃⭥௧ᢰᵟҏᐢ㓿н㜭┑䏣ᰦԓⲴ䴰≲Ҷ Ҿ̍ᱟᴤѪ儈᭸Ⲵ⊭⋩

ᵪ௧ሴᢰᵟ䈎⭏ҶǄԕ⴨਼ᧂ䟿Ⲵਁࣘᵪᶕ䈤ˈ⊭⋩ᵪ㕨޵ⴤ௧ᢰᵟˈ৸〠 GDI

ᢰᵟ∄䘋≄䚃⭥௧ਁࣘᵪࣘ࣋ᙗᴤᕪˈ⋩㙇ᴤվˈ䘉ӋՈ࣯ᗇ⳺Ҿ GDI ਁࣘᵪ

ᤕᴹᴤྭⲴ௧⋩䴮ॆ᭸᷌ˈᴤྭⲴ௧⋩䴮ॆ᭸᷌ቡ䴰㾱ᴤ儈Ⲵਁࣘᵪ⟳⋩঻࣋Ǆ

儈঻⋩⌥ᱟ GDI ਁࣘᵪ儈⟳⋩঻׋࣋㔉ⲴṨᗳ䜘ԦǄഐ↔ᨀॷ儈঻⋩⌥Ⲵਟ䶐

ᙗоっᇊᙗ⴨ᖃҾᨀॷҶᮤњ GDI ਁࣘᵪⲴਟ䶐ᙗоっᇊᙗǄ 

儈঻⋩⌥ᱟањ⭡ࠐॱњ䴦䜘Ԧ㓴㻵㘼ᡀⲴ㋮ᇶᵪỠ䇮༷Ǆ൘儈঻⋩⌥ᐕ֌

ᰦˈ਴䴦䜘Ԧᗵ享㙀ਇ儈⟳⋩঻࣋ǃ㞀㲰ǃ儈⑙ǃ঻࣋ᥟ㦑ㅹ਴⿽ᚦ࣓ᐕߥǄഐ

↔䴦䜘ԦⲴਟ䶐ᙗоっᇊᙗⴤ᧕ߣᇊҶ儈঻⋩⌥Ⲵᙗ㜭Ǆⴞࡽᐲ䶒кᓄ⭘ᒯ⌋Ⲵ

儈঻⋩⌥ᑨ㿱ԕḡຎᔪ঻ᖒᔿᆈ൘Ⲵ 㘼̍ަѝঅḡຎ儈঻⋩⌥⭡Ҿަ䖫ׯǃ儈᭸

ਇࡠҶᐲ൪Ⲵ䶂ⶀǄᴥ ᮷ԕঅḡຎ儈঻⋩⌥Ⲵ䴦䜘ԦѪѫ㾱⹄ウሩ䊑 䙊̍䗷ሩ儈

঻⋩⌥Ⲵཡ᭸⁑ᔿ䘋㹼᷀࠶о⹄ウ ⺞̍ᇊҶ儈঻⋩⌥ཡ᭸Ⲵ䴦䜘Ԧ४ฏ ᒦ̍䙊䗷

䘀⭘ޝ㾯Ṭ⧋ǃ䈅傼᷀࠶ㅹᯩ⌅䘋а↕⺞ᇊҶ䙐ᡀ⋩⌥ཡ᭸Ⲵޣ䭞䴦䜘ԦǄ䲿ਾ

ሩ䘉Ӌޣ䭞䴦䜘ԦᨀࠪҶ᭩䘋䇮䇑ᯩṸ ᒦ̍䙊䗷⴨ޣ㙀ѵ䈅傼 傼̍䇱ҶᯠᯩṸⲴ

ਟ㹼ᙗǄᵜ᮷ѫ㾱䘋㹼Ҷԕлࠐњᯩ䶒Ⲵᐕ֌˖ 

˄˄˄˄1˅˅˅˅～～～～ 儈঻⋩⌥ཡ᭸⁑ᔿ᷀࠶儈঻⋩⌥ཡ᭸⁑ᔿ᷀࠶儈঻⋩⌥ཡ᭸⁑ᔿ᷀࠶儈঻⋩⌥ཡ᭸⁑ᔿ᷀࠶ 

ਁˈҶ儈঻⋩⌥Ⲵཡ᭸⁑ᔿ৺䙐ᡀ⋩⌥ཡ᭸Ⲵഐ㍐᷀࠶ ⧠㓖 80%Ⲵ㿴ᖻᙗ⋩

⌥ཡ᭸⁑ᔿѫ㾱ਁ⭏൘傡ࣘ㓴Ԧǃ䘋⋩䰰㓴Ԧ઼ࠪ⋩䰰㓴ԦǄ20%Ⲵཡ᭸⁑ᔿਁ

⭏൘ᔪ঻㞄㓴Ԧ઼⋴঻䰰㓴ԦǄ⭥⻱䰰㓴ԦⲴཡ᭸⁑ᔿᱟ↓ᑨਁڦфᰐ㿴ᖻᙗ

ⲴǄ⵰᡻᭩ழ⋩⌥傡ࣘ㓴Ԧǃ䘋⋩䰰㓴Ԧ઼ࠪ⋩䰰㓴ԦⲴਟ䶐ᙗо㙀ѵᙗˈ㜭བྷ

བྷᨀ儈⋩⌥Ⲵᐕ֌ᙗ㜭Ǆᵜ᮷䟽⛩ᔰኅҶ䘉й㊫䴦䜘Ԧ४ฏⲴ᷀࠶о⹄ウǄ 

˄˄˄˄2˅˅˅˅～～～～ ⋩⌥傡ࣘ㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ⋩⌥傡ࣘ㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ⋩⌥傡ࣘ㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ⋩⌥傡ࣘ㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ 

䙊䗷઼᷀࠶傼䇱ਁ⧠ 䙐̍ᡀ儈঻⋩⌥傡ࣘ㓴Ԧཡ᭸ᒦᕅ䎧⋩⌥ཡ᭸Ⲵѫ㾱䴦

䜘ԦѪ⋩⌥ࠨ䖞Ǆ䘀⭘ޝ㾯Ṭ⧋ㅹ䍘䟿㇑⨶ᐕާˈਁ 䖞Ⲵ⛩㲰䎺ཊ䙐ᡀ傡ࣘࠨ⧠

㓴Ԧཡ᭸Ⲵ仾䲙䎺儈ˈ㘼ࠨ䖞Ⲵ⺜ᓖ䇮䇑ٿվᱟ䙐ᡀࠨ䖞ਁ⭏⛩㲰Ⲵѫ㾱৏ഐˈ

ᵜ᮷ሩࠨ䖞⺜ᓖᨀࠪҶ᭩䘋䇮䇑Ǆሩ᭩䘋ਾⲴ⋩⌥䇮䇑Ҷ䈅傼ਠᷦᒦ䘋㹼Ҷ㓖

3000hⲴ㙀ѵ䈅傼Ǆ䈅傼ਾ儈঻⋩⌥׍❦ᐕ֌↓ᑨǄ 

˄˄˄˄3˅˅˅˅～～～～ 䘋⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ䘋⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ䘋⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ䘋⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ 

䘋⋩䰰㓴ԦⲴཡ᭸ѫ㾱Ѫ└␵ಘ⹤ᦏˈ⹤ᦏⲴ└␵⭡Ҿᰐ⌅䎧ࡠ䗷└֌⭘ˈ
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֯䗷ཊⲴᵲ䍘䘋ޕ⋩⌥ ᖸ̍ᇩ᱃䙐ᡀ⋩⌥਴њ㋮ᇶ䝽ਸⲴ䴦Ԧཡ᭸Ӿ㘼ᖡ૽ᮤњ

⋩⌥Ⲵᐕ֌⣦ᘱǄ䙊䗷䈅傼৺ᮠᦞਁ᷀࠶⧠ └̍␵ಘ৏ᶀᯉ㙀ѵᙗн֣ᱟሬ㠤└

␵ಘ⹤ᦏⲴѫ㾱ഐ㍐Ǆᴥ ᮷ᨀࠪҶᯠⲴ└␵ಘ৏ᶀᯉ䇮䇑ᯩṸ ᒦ̍䇮䇑Ҷу⭘Ҿ

└␵ಘⲴ㙀ѵ䈅傼ཀྵާˈሩ᭩䘋ਾⲴ└␵ಘ䘋㹼Ҷ 500hⲴ㙀ѵᙗ䈅傼Ǆ䈅傼䗷

ਾ└㖁ᐕ֌↓ᑨˈф└㖁ᶀᯉਟ᢯䖭⹤ൿл䱽ҏ൘㿴ᇊ㤳ത޵Ǆ 

˄˄˄˄4˅˅˅˅～～～～ ࠪ⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウࠪ⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウࠪ⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウࠪ⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ 

ࠪ⋩䰰㓴ԦⲴཡ᭸ѫ㾱Ѫᕩ㉗⼘ᦏᡆᯝ㻲 ਇ̍ᦏⲴᕩ㉗䙐ᡀᮤњࠪ⋩䰰ཡ৫

վлǄ䙊䗷䈅傼઼⨶䇪䇑㇇ਁ⧠ࠪ⋩ਓᕩ㉗ᕪᓖн࣋㜭⋨׋⌥⋨㜭ᒦ䙐ᡀᮤњ࣏

ཏᱟ䙐ᡀᕩ㉗ᔲᑨ⼘ᦏ઼ᯝ㻲Ⲵѫ㾱ഐ㍐ˈᴥ ᮷ᨀࠪҶᯠⲴᕩ㉗䇮䇑ᯩṸ ᭩̍䘋

Ҷᕩ㉗эⲴⴤᖴ઼ᕩ㉗्ᮠ৺ᕩ㉗ⲴᶀᯉǄ䇮䇑Ҷᕩ㉗⯢ࣣᵪˈ䘋㹼Ҷ 1×107
⅑

⯢ࣣ䈅傼Ǆ䈅傼ਾᕩ㉗ᐕ֌↓ᑨǄ 

    ᵜ᮷ᯠ䙊䗷᭩䘋儈঻⋩⌥Ⲵޣ䭞䴦䜘Ԧ㓴Ԧ ᨀ̍ॷҶ儈঻⋩⌥Ⲵਟ䶐ᙗ઼㙀

ѵᙗǄ 

䭞䇽˖GDI˗儈঻⋩⌥˗⋩⌥傡ࣘ㓴Ԧ˗䘋⋩䰰㓴Ԧ˗ࠪ⋩䰰㓴Ԧޣ䭞䇽ޣ䭞䇽ޣ䭞䇽ޣ
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ABSTRACT 

As we all know the engine to be regarded as key part of the vehicle. The 

technical requirement for engine becomes more and more critical with the increasing 

environment protection and clear energy demanding. 

Even MPI system cannot meet the requirement now. Therefore the new engine 

technology invented. It’s called GDI (gasoline direct injection). Compared with MPI 

engine GDI engine has more power and lower consumption. In order to have a better 

injection the system pressure must be higher. The high pressure pump which can 

produce pressure is regarded as the key components for high pressure pump. Improve 

the quality of pump and its components can improve the GDI engine. 

The pump is assembled by dozens of components which should be bear the 

worse working condition, such as high pressure, corrosion, high temperature, and fuel 

damper. The quality of components can influence the quality of high pressure pump. 

On the market the pump is mainly with one piston. The study is focused on one piston 

high pressure pump. Study is: Analysis the failure mode of pumps. Clarify the key sub 

components which will lead the failure of pump. Find the key components by using 

six sigma and validation. Propose a new design of the components. Design the test to 

validate the new design. Details are:  

(1) Analysis the failure mode of high pressure pump 

Almost 80% of pump failure is occurred at pump drive train, inlet valve and 

outlet valve. 20% of pump failure is occurred at pressure chamber and pressure 

release valve. The failure at Coil valve is slight and accidental. Improve the pump 

drive train; inlet valve; outlet valve can improve the quality of pump. The study is 

mainly focused on these 3 sub components.  

(2) Analysis the failure mode of pump drive train and improvement 

The root cause for pump drive train failure and pump failure is the dot on the 

cam. The risk of pump failure will be increased by the number of dots after using six 

sigma and validation. The hardness of cam is the root cause of dots. After increase the 

hardness of cam and applied the new cam by nearly 3000 hours validation. The pump 

drive train works well. No pump failure. 

(3) Analysis the failure mode of inlet valve and improvement 

The filter broken is the failure mode of inlet valve. The particles will fluid into 
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pump and cause pump failure. The root cause for filter broken is the material 

robustness of filter net. After change the material of filter net and applied 500 hours 

validation. The resistance force of material is still ok after validation. The inlet valve 

works well. 

(4) Analysis the failure mode of outlet valve and improvement 

The serial wear and broken of outlet valve spring is the failure mode of outlet 

valve. The efficiency of pump will be decreased if the outlet valve failure. The design 

of spring is not suitable. After re-design the spring and applied 1×107 validation. The 

new spring condition is quite good after validation. The outlet valve works well. 

The study provide the experience of finding the key components which can cause 

pump failure and provide a new design solution which can make pump more 

robustness . The quality of high pressure pump is improved. 

 

Key Words: GDI, High pressure pump, drive train of pump, inlet valve, outlet valve 
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ㅢㅢㅢㅢ 1 ㄖㄖㄖㄖ ᕋ䀶ᕋ䀶ᕋ䀶ᕋ䀶 

1.1 Ᾰ䘦 

㠚ц⭼кㅜаਠ⛩⟳ᔿ޵⟳ᵪ൘ 1876ᒤ⭡ྕᢈਁ᰾ˈㅜаਠ঻⟳ᔿ޵⟳ᵪ

⭡⣴ຎቄ൘ 1892ᒤਁ᰾ԕᶕǄྲӺ޵⟳ᵪᐢ㓿൘ц⭼਴њ亶ฏᗇࡠҶᒯ⌋Ⲵᓄ

⭘ˈ䘉ᗇ⳺Ҿ䘉⿽✝࣋ᵪỠ㔃ᶴާᴹ䖳儈Ⲵ✝᭸⦷઼㢟ྭⲴ䘲ᓄᙗ

 [1]
Ǆ 

ᵪ䘈ᱟ㻛䇔Ѫ⟳޵→ᵪ㻛ᓄ⭘Ҿ⊭䖖кᐢ㓿ᴹкⲮᒤⲴশਢҶǄ䗴ӺѪ⟳޵

ᱟ䳮ԕ㻛ᴯԓⲴ⊭䖖ࣘ࣋ᶕⓀǄྲ Ӻ޵⟳ᵪᢰᵟҏ൘нᯝⲴᨀ儈઼ᆼழ ൘̍᧘ࣘ

⊭䖖㹼ъ伎䙏ਁኅⲴ਼ᰦ ҏ̍ۜࣘҶӪ㊫᮷᰾ⲴнᯝᨀॷǄ俆ݸㆰঅⲴഎ亮ал

ᵪⲴਁኅਢˈㅜаਠ➔≄ਁࣘᵪ൘⟳޵ 1858㻛䟼䈪ਁ᰾ҶǄԕᖰԕ㫨⊭ᓗս傡

ࣘ㜭ⓀⲴਁࣘᵪ㻛➔≄оオ≄␧ਸ≄ᡰᴯԓ 䘉̍⿽ਁࣘᵪ俆⅑֯⭘Ҷ⭥⚛㣡ᕅ⟳

␧ਸ≄փⲴᯩᔿᐕ֌ˈ⭥⚛㣡ᱟ⭡ᝏᓄ㓯സӗ⭏Ⲵˈ䈕ਁࣘᵪᐢ㓿ާ༷Ҷ⍫ຎǃ

≄㕨ǃ伎䖞ǃ䘎ᵶㅹǄ䘉ਠ➔≄ᵪਟԕⴻ֌ᱟ޵⟳ᵪⲴ৏රᵪǄнѵѻਾᴤݸ䘋

Ⲵਁࣘᵪᢰᵟ䈎⭏ҶǄ䟼䈪ਁ᰾Ⲵ➔≄ਁࣘᵪ䘈੟ਁҶྕᢈˈ൘ 1876ᒤˈྕᢈ

ᨀࠪҶഋߢ〻Ⲵ޵⟳ᵪ⨶䇪 䈕̍⨶䇪Ѫᴤ儈᭸⦷Ⲵ޵⟳ᵪྐᇊҶඊᇎⲴส⹰Ǆ൘

ྕᢈѻਾ ᗧ̍ഭӪྕ࿶ं઼঑ቄ྄傠⹄ࠪࡦҶާᴹ⧠ԓ᜿ѹⲴ⊭⋩ਁࣘᵪ 䈕̍⊭

⋩ਁࣘᵪⲴ䈎⭏֯⊭䖖ᐕъᗇࡠҶケ伎⥋䘋ⲴਁኅǄ1886 ㅜа䖶ц⭼кⵏ↓᜿

ѹⲴ⊭䖖䈎⭏ҶˈӪԜԕᆳⲴਁ᰾㘵྄傠ભ਽Ҷ䘉䖶䖖Ǆᰦ㠣Ӻᰕˈ䛓䖶྄傠׍

❦㻛ӪԜ⍕⍕Ҁ䚃Ǆ 

кц㓚ᴰ䟽㾱Ⲵ᭟ḡӗъѻаቡ኎⊭䖖ӗъ

[2]
Ǆⴞޘࡽ⨳Ⲵ⊭⋩䖖؍ᦞ㔏䇑

ᐢ㓿ケ⹤Ҷ 10ӯ䖶Ǆ亴䇑ࡠ 2050ᒤˈޘ⨳⊭⋩䖖Ⲵ؍ᴹ䟿ਟ㜭Պ䗮ࡠ 25ӯ䖶

[3]
ǄᡁഭⲴ⊭䖖؍ᴹ䟿൘ 2015ᒤҏᐢ㓿䗮ࡠҶ 2.6 ӯ䖶ԕкˈ∄ֻ൘؍⨳ޘᴹ

䟿ѝᐢ㓿ঐᴹ㓖 20%̍ ᡁഭᐢ㓿ᡀѪӵ⅑Ҿ㖾ഭⲴޘ⨳ㅜҼབྷ⊭䖖؍ᴹഭǄᡁഭ

Ⲵ⊭䖖؍ᴹ䟿ケ⹤ 5ӯ䖶

[4]
ҏਚᱟᰦ䰤Ⲵ䰞仈ˈᦞуᇦ亴⍻ਟ㜭൘ᵚᶕӄᒤ޵ᇎ

⧠Ǆ 

䲿⵰⊭䖖ӗъⲴ䗵䙏ਁኅ ⊭̍䖖㲭❦ѪᡁԜᨀ׋Ҷׯᦧо儈᭸Ⲵ࡙ׯ ն̍㜭

Ⓚ䰞仈о⧟ຳ䰞仈Ⲵ䍏䶒ᖡ૽ҏоᰕء໎Ǆ 

1.1.1 㜳Ⓠ䰤从 

⸣ॆ⟳ᯉ╄ਈ㘼ᶕⲴ⊭⋩৺Ḥ⋩ ⭡̍Ҿަॆᆖᙗо⢙⨶⢩ᙗ 䮯̍ѵԕᶕаⴤ

ᱟ⊭䖖޵⟳ᵪⲴ俆䘹⟳ᯉˈަሩ⊭䖖Ⲵ⛩⚛⟳✗઼䍏㦧䈳㢲ާᴹ㢟ྭⲴ㺘⧠ᙗǄ
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䲿⵰⊭䖖؍ᴹ䟿Ⲵ໎࣐ˈ㜭ⓀⲴᷟㄝˈӪ㊫ҏ䙀⑀᜿䇶ࡠҶ䰞仈Ⲵѕ䟽ᙗˈ䗷ᓖ

Ҿ׍䎆⸣⋩ӗ૱Ⲵ䰞仈ҏᰕ⑀Ⲵࠨ⧠ࠪᶕ

[5]
Ǆᦞ㔏䇑ޘ⨳⸣⋩ᙫ⎸㙇䟿Ⲵ 58%㻛

⭘ҾӔ䙊亶ฏǄ㘼ࡠ 2010ᒤˈ亴䇑䘉а∄ֻᐢケ⹤ 60%ǄՇᡰઘ⸕⸣⋩⟳ᯉᱟ

нਟ޽⭏Ⲵˈ⸣⋩㓸ሶᴹаཙՊᷟㄝ

[6]
Ǆ 

൘ѝഭ ⊭̍䖖㹼ъᐢ㓿ᱟ᭟ḡ㹼ъѻаǄഭᇦҏሶ⊭䖖㹼ъᇊѹѪᡈ⮕ᙗ㹼

ъˈᡁഭ⊭Ⲵ䖖㹼ъਁኅⲴ↕Հҏഐ↔࣐䙏Ǆമ 1.1 ᱟᡁഭ㠚 1980ᒤԕᶕⲴ⊭

䖖؍ᴹ䟿㔏䇑മ৺ 2020ᒤ亴⍻മǄ⭡മѝਟԕⴻࠪ൘ 2000ᒤࡠ 2010ᒤⲴ⸝⸝

ॱᒤ䰤ˈᡁഭⲴ⊭䖖؍ᴹ䟿੸⧠Ҷ⇿ӄᒤ㘫ؽⲴ䎻࣯ˈᒦ൘ 2010ᒤ䗮ࡠҶ 1 ӯ

䖶Ǆᡚ㠣ࡠ 2015ᒤᓅᡁഭⲴ⊭䖖؍ᴹ䟿ᡀѪޘ⨳ㅜҼǄ 

 

മ 1.1ᡁഭ⊭䖖؍ᴹ䟿㔏䇑৺亴⍻മ 

⭡ҾӪਓՇཊ ൘̍ᵚᶕ㤕ᒢᒤ޵ᡁഭⲴ⊭䖖ӗ䬰䟿ᴹᵋ䎵䗷㖾ഭ ᴹ䟿ҏ؍̍

Պ䎵䗷㖾ഭᡀѪㅜаǄ൘䘉Ӌབྷᮠᦞ㛼ਾ н̍䳮ⴻࠪ㜭ⓀⲴ㍗㕪ᗵ❦ᡀѪҶࡦ㓖

ᡁഭ㓿⍾ਁኅⲴањ䟽བྷ䰞仈Ǆ 

മ 1.2᧿䘠Ҷᡁഭ⸣⋩ᙫ䴰䟿ԕ৺ഭ޵ਟ׋㔉䟿ѻ䰤Ⲵ㚄㌫Ǆᖸ᰾ᱮᡁഭሩ

⸣⋩Ⲵ׍䎆ᓖ໎࣯䗵⥋ˈ2000ᒤਾ੸⧠⠶ਁᔿ໎䮯ˈ൘ 2010ᒤᡁഭ⸣⋩ᒤ䴰≲

䟿ᐢ㓿ケ⹤Ҷ 4ӯ੘Ǆ⴨䖳Ҿ 2005ᒤ 2̍010Ⲵ⎸㙇䟿ᐢ㓿㘫㘫ˈ儈䗮 4.6ӯ੘Ǆ 

ᡁഭᰙᐢᡀѪҶањнᣈнᢓⲴ⸣⋩㓟䘋ਓབྷഭǄ  

ᡚ㠣 2015 ᒤᡁഭⲴ⸣⋩⎸㙇䟿Ѫц⭼ㅜҼӵ⅑Ҿ㖾ഭ

[7]
Ǆ㘼൘ӺਾⲴࠐᒤ

ѝˈᡁഭⲴ⎸㙇䟿ਚՊ੸⧠ᴤབྷⲴ໎ᑵˈ亴䇑ࡠ 2020ᒤሶ䗮ࡠ㓖 6 ӯ੘Ǆ䘉а

㌫ࡇⲴᮠᦞ㔉ഭӪԜᮢ૽Ҷ㜭Ⓚ䰞仈Ⲵ䆖䫏Ǆ 
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മ 1.2ᡁഭ⸣⋩䴰≲䟿ᒤ㔏䇑৺亴⍻മ 

䲿⵰㜭Ⓚ䴰≲Ⲵ໎࣐ԕ৺⸣⋩ԧṬⲴ䎠儈 ਴̍ഭᔰ࿻ࡦᇊҶ⴨ޣⲴ⊭䖖㜭Ⓚ

⌅ᖻԕ৺⴨ޣḷ߶Ǆ൘ 2011ᒤ㖾ഭǃ⅗ⴏǃᰕᵜࡦᇊҶᯠⲴ⋩㙇઼ᧂ᭮ḷ߶ˈ

㾱≲Ӿ 2015ᒤ䎧⇿Ⲯޜ䟼⋩㙇㾱䱽վࡠ㓖 5 ॷˈᒦфᧂ᭮㾱䗮ࡠ⅗ 5 Ⲵḷ߶Ǆ

ѝഭҾ 2004ᒤ䎧ᔰ࿻ᇎᯭ⋩㙇ḷ߶ˈ਼ṧҏ൘ 2011ᒤࡦᇊҶᯠḷ߶ˈ㾱≲ࡠ

2015ᒤ⋩㙇߿վ⋩㙇ᒦф㾱≲ᧂ᭮┑䏣ഭ 4 Ⲵḷ߶Ǆ 

䶒ሩ㜭Ⓚডᵪ઼䎺ᶕ䎺ѕṬⲴ⌅ᖻ⌅㿴 ⊭̍䖖㹼ъҏ൘оᰦء䘋Ⲵнᯝਁኅ

ᯠᢰᵟˈᒦфӾ਴ᯩ䶒֌Ҷᖸཊ⹄ウǄ 

1.1.2 ⧥ູ䰤从 

⊭䖖㹼ъⲴਁኅаᯩ䶒൘䗷ᓖ⎸㙇нਟ޽⭏Ⲵ⸣⋩䍴Ⓚ ਖ̍аᯩ䶒ަᧂ᭮Ⲵ

⊑ḃ⢙ҏᰕ⳺ေ㛱⵰ᡁԜ䎆ԕ⭏ᆈⲴ⧟ຳǄ䴮䵮ྲӺᐢ㓿ᡀҶഠᢠѝഭѫ㾱བྷ෾

ᐲⲴᑨ㿱⊑ḃҶǄѪҶ؍ᣔӪ㊫Ⲵ⭏ᘱ⧟ຳ 㕃̍䀓ഐ⊑ḃᕅ䎧Ⲵᶱㄟ≄ىㅹ᥁ᡈˈ

਴ഭ⴨㔗ࡦᇊҶн਼Ⲵ⌅ᖻ⌅㿴᭯ㆆྲ㺘 1.1Ǆሩᡁഭ㘼䀰ˈ൘ḷ߶Ⲵࡦᇊкഭ

ᇦḷ߶о⅗ⴏḷ߶สᵜབྷ਼ሿᔲˈն൘ᇎᯭ䱦⇥䘈ᮤփ㩭ਾ⅗⍢ањ䱦⇥Ǆ 

⅗⍢⧠൘ᐢ㓿㾱≲⅗ 5 Ⲵᧂ᭮ḷ߶ˈ㘼ᡁഭ⭡Ҿਇࡠ㓿⍾৺ᢰᵟ≤ᒣⲴ䲀

⅗䘈ᢗ㹼Ⲵᱟ⴨ᖃҾࡽⴞˈࡦ 4 Ⲵḷ߶ˈҏ〠Ѫഭ 4 ᧂ᭮ḷ߶Ǆн䗷٬ᗇ⅓ហᗇ

ᱟᡁഭⲴаӋ㓿⍾䖳ਁ䗮ൠ४ֻྲк⎧ेӜㅹᐢ㓿ᔰ࿻䱶㔝ᇎ㹼∄ഭ 4 ᴤѕṬ

Ⲵḷ߶ˈֻྲ⋚ 5ㅹǄ 
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㺘 1.1⊭⋩҈⭘䖖ᧂ᭮⅗ⴏḷ߶˄অս˖g/km˅  

ḷ߶ㅹ㓗 ᇎᯭᰕᵏ PM CO NOX HC HC+NOX 

Euro 1 1992ᒤ 7 ᴸ - 2.72 - - 0.97 

Euro 2 1996ᒤ 1 ᴸ - 2.2 - - 0.5 

Euro 3 2000ᒤ 1 ᴸ - 2.3 0.15 0.2 - 

Euro 4 2005ᒤ 1 ᴸ - 1.0 0.08 0.1 - 

Euro 5 2009ᒤ 9 ᴸ 0.005 

䘲⭘ GDI 

1.0 0.06 0.1 - 

਴བྷ⊭䖖ল୶ҏ䜭൘㠤࣋Ҿᔰਁᴤ㢲㜭⧟؍Ⲵ⊭䖖ਁࣘᵪ㌫㔏 ԕ̍䶒ሩᰕ⳺

ѕጫⲴ㜭Ⓚо⧟ຳডᵪǄ⭡Ҿ⊭⋩ᱟ⧠൘㔍བྷ䜘҈࠶⭘䖖ᡰ䟷⭘Ⲵࣘ࣋ᶕⓀ ⴨̍

䖳ҾḤ⋩ ⊭̍⋩Ⲵ⟳⋩㓿⍾ᙗ㾱ᐞаӋ ഐ̍↔߿վ⊭⋩ਁࣘᵪⲴ㜭㙇ᐢ㓿ᡀѪҶ

⧠Ӻ⊭䖖㹼ъањ⛉᡻ਟ✝Ⲵ䈍仈Ǆ 

1.2㕮޻⴪௭ᢶᵥ 

㕨޵ⴤ௧ᢰᵟ˄ Gasoline direct injectionㆰ〠 GDI Ǆ˅ަ ާᴹಚ丣ሿǃᧂ᭮վǃ

བྷǃ⟳⋩㓿⍾ᙗྭㅹ⢩ᙗǄㆰঅᶕ䈤䈕ᢰᵟቡᱟ൘Ր㔏䘋≄䚃௧ሴਁࣘᵪⲴ⦷࣏

ส⹰к䘋㹼Ⲵ᭩䘋 ᐕ̍֌৏⨶оḤ⋩ᵪ⴨䘁 ⟳̍⋩㻛ᆹ㻵൘⟳✗ᇔⲴ௧⋩┶ⴤ᧕

௧ሴ ⟳̍⋩оオ≄ⴤ᧕䖭㕨޵䘋㹼␧ਸ〠䉃ਟ⟳␧ਸ≄ G̍DI ᢰᵟ൘ḀӋᛵߥл

䘈㜭ᇎ⧠㕨࠶޵ቲ⟳✗Ǆྲമ 1.3ᱟᴰިරⲴ GDI ਁࣘᵪ㕨޵⽪᜿മǄ 

 

മ 1.3 ިර㕨޵ⴤ௧ਁࣘᵪ㕨޵⽪᜿മ 

GDI ᢰᵟ⭡Ҿަ㋮⺞ᙗഐ↔䴰㾱ањ༽ᵲⲴ㌫㔏ᶕ᭟ᤱˈྲമ 1.4 ᡰ⽪ˈ

GDI ㌫㔏ѫ㾱⭡⟳⋩㇡ǃվ঻䗃⋩⌥ǃվ঻䗃⋩㇑ǃ儈঻⋩⌥ǃ儈঻䗃⋩㇑ǃ儈

঻⋩䖘ǃ䖘঻Րᝏಘǃ儈঻௧⋩ಘǃ⭥ᆀ᧗ࡦঅݳ ECUㅹ㓴ᡀǄ 
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മ 1.4⊭⋩ⴤ௧ਁࣘᵪ⟳⋩㌫㔏⽪᜿മ 

㕨޵ⴤ௧ᢰᵟഐަݸ䘋Ⲵⴤ௧ᢰᵟ 〰̍㮴⟳✗઼儈᭸⦷ ᐢ̍㓿ᡀѪҶᯠаԓ

⊭⋩ਁࣘᵪⲴѫ㾱ਁኅ䎻࣯Ǆᡁഭ⧠䱦⇥൘ GDI 亶ฏ㓿傼∄䖳ቁ൘ਁࣘᵪ亶ฏ

ҏ⋑ᴹṨᗳ⸕䇶ӗᵳˈ䘉ҏ൘ᖸབྷ〻ᓖк䲀ࡦҶᡁഭⲴ⊭䖖ᢰᵟਁኅ

[8]
Ǆԕ GDI

ᢰᵟᶕ䈤ᡁഭ㾱∄ഭཆݸ䘋ᢰᵟ㩭ਾྭࠐᒤˈ⹄ウ᭩ழ㕨޵ⴤ௧ᢰᵟॱ࠶ᴹ᜿

ѹǄ 

㕨޵ⴤ௧ᢰᵟᱟ⭡ࠐࡽԓᢰᵟ╄ॆ㘼ᶕⲴ ণ̍ॆ⋩ಘ઼䘋≄䚃⭥௧ᢰᵟǄॆ

⋩ಘᴰᰙ䈎⭏൘ 19ц㓚 90ᒤԓ ⭡̍㖾ഭӪᶌ䟼ෳਁ᰾Ǆॆ ⋩ಘⲴᐕ֌৏⨶ᱟሶ

⊭⋩≄ॆ ≄̍ॆⲴ⊭⋩оオ≄᤹∄ֻ␧ਸᡀਟ⟳␧ਸ≄ ṩ̍ᦞਁࣘᵪ൘н਼ᛵߥ

лⲴ׋≄䴰≲ ৺̍ᰦ䘲䟿䘋ޕ≄㕨Ǆ䘋≄䚃⭥௧ᢰᵟਟԕ䘭ⓟࡠ 20ц㓚 60ᒤԓ

ᵛˈ俆⅑ᨀࠪ䘉аᢰᵟⲴᱟ؍ᰦᦧޜਨˈ䲿ਾ㻛བྷՇᒯ⌋䘀⭘Ǆնᱟ䈕ᢰᵟӽ❦

ᆈ൘ᡀᵜ儈ǃ㔃ᶴ༽ᵲㅹ㕪⛩Ǆ䪸ሩ䘉Ӌ㕪⛩ˈа⿽᭩㢟රⲴ L ර⭥ᆀ᧗ࡦ⊭⋩

௧ሴ㻵㖞⭡ᗧഭ BOSCHޜਨ⹄ਁᡀ࣏ ˈᆳਟԕ᤹➗䘋≄⍱䟿઼ਁࣘᵪ䖜䙏ᶕ

⺞ᇊ䘋≄䟿ˈᦞ↔௧ሴࠪ⴨ᓄⲴ⊭⋩Ǆ䘉⿽㻵㖞⭡Ҿᐕ֌ਟ䶐ǃ䇮䇑ਸ⨶ǃ֯⭘

ᒯ⌋Ǆ䈕ᢰᵟᱟ⧠Ӻ⭥ᆀ᧗ࡦ⟳⋩௧ሴ㻵㖞Ⲵ৏රǄ䘋≄䚃⭥௧㌫㔏Ⲵ ECU ᐢ

㓿╄ॆࡠҶՊ䲿ᰦז⍻ਁࣘᵪ⑙ᓖǃ䖜䙏ਈॆǃ䘋≄⍱䟿ㅹˈ׍➗ᇎ䱵䴰≲䈳ᮤ

䗃ࠪǃ⟳⋩㓿⍾оᧂ⊑㺘⧠кਆᗇ⴨ᖃн䭉Ⲵᒣ㺑Ǆ࣋䟿о⛩⚛ᰦ䰤ˈ൘ࣘ⋨׋

਼ᰦѪҶ໎ࣘਁ࣐ᵪ䘋≄䟿 ᨀ̍儈⟳⋩᭸⦷ˈਁ ࣘᵪӾᰙᵏⲴঅ⛩௧ሴ╄ॆ㠣ཊ

⛩௧ሴˈ≄䰘ᮠҏਟ໎࣐㠣ཊњǄ 

䘋≄䚃⭥௧ᢰᵟ㲭❦ާᴹਁࣘᵪ䘀䖜⍱⭵ǃ⟳⋩׋㔉㋮⺞ㅹՈ⛩ ն̍ᱟ䘋≄

䚃⭥௧׋⋩㌫㔏ᒦнᱟᴰᆼ㖾ⲴǄ䘋≄䚃⭥௧׋⋩㌫㔏Ⲵ⭥௧௧౤㻛ᆹ㻵൘≄䰘

ᯱ ਚ̍ᴹᖃ≄䰘ᢃᔰᰦ௧౤᡽㜭ᐕ֌ 䘉̍ṧⲴ㕪⛩ᱟ௧౤௧ሴ⭡Ҿਇࡠᔰਸᖡ૽
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㘼ӗ⭏ᔦ䘏ˈ䘋㘼ᖡ૽ ECU ሩ௧ሴᰦ䰤Ⲵ᧗ࡦǄн䗷ྭ൘䘉а䰞仈ᐢ㓿㻛㕨޵

ⴤ௧ᢰᵟ䀓ߣҶǄ 

о䘋≄䚃⭥௧ਁࣘᵪ⴨∄ G̍DI ਁࣘᵪⲴ௧⋩౤ⴤ᧕ᆹ㻵൘≄㕨޵䜘 ഐ̍↔

௧⋩౤Ⲵ׋⋩нՊਇ≄䰘ᔰਸⲴᖡ૽  ̍ ECU㜭ߣᇊ௧⋩ᰦᵪоԭ䟿ˈオ≄Ⲵ䘋

ᰦ䰤⭡≄䰘䍏䍓ޕ オ̍≄о⟳⋩ⴤ᧕൘≄㕨޵䘋㹼␧ਸǄGDI ୟаⲴ⸝༴൘⭡⟳

⋩оオ≄Ⲵ␧ਸᰦ䰤∄䖳⸝Ჲˈഐ↔ GDI ㌫㔏ᗵ享׍䶐儈঻ሶ⟳⋩Ӿ௧⋩౤௧

儈ᓖ䴮ॆⲴ᭸᷌ˈӾ㘼ᴤྭⲴ䘋㹼⋩≄␧ਸࡠ㕨ˈԕ䗮⊭ޕ

[9]
Ǆ␧ਸ⋩≄Ⲵ঻㕙

∄䎺ߣᇊҶਁࣘᵪⲴࣘ࣋ᙗ ঻̍㕙∄䎺儈ਁࣘᵪࣘ࣋䎺ᕪབྷҏ䎺㢲㜭Ǆ㕨޵ⴤ௧

ᢰᵟᴰབྷⲴᢰᵟ䳮⛩൘Ҿྲօᦼ᧗㕨޵ⴤ௧ਁࣘᵪⲴ㌫㔏঻࣋ ⭘̍ԕ┑䏣௧⋩ಘ

Ⲵ঻࣋䴰≲Ǆ 

а㡜㘼䀰 ⴨̍∄䖳਼ᧂ䟿Ⲵ䘋≄䚃⭥௧ਁࣘᵪ G̍DI ਁࣘᵪⲴጠ࣏٬⦷㜭ᨀ

儈 10%ԕкˈጠ٬䖜⸙㜭ᨀॷ 5%㠣 10%Ǆ䘉ṧⲴᨀॷঅ䶐໎࣐≄䰘ᮠ䟿ᱟ䳮ԕ

䗮ࡠⲴˈGDI  䍘ਈǄࡠӾ䟿ਈࡠڊ

նᱟ㕨޵ⴤ௧、ᢰҏᒦ䶎ᆼ㖾 ഐ̍ѪӾᙗԧ∄ᶕⴻ 䟷̍⭘㕨޵ⴤ௧Ⲵ׋⋩㌫

൘⹄ਁ䗷〻䴰㾱㣡䍩ᴤབྷᡀᵜˈᔰਁઘᵏҏ䖳䮯ˈ㘼ф䴦䜘Ԧ䇮䇑ᴤѪ㋮ᇶˈ࣐

ᐕᐕ㢪༽ᵲˈ਼ᰦⴤ௧㌫㔏঻࣋䙊ᑨ൘ 150bar৺ԕкˈ䘉њ঻࣋ᱟᲞ䙊䘋≄䚃

௧ሴਁࣘᵪⲴ 30 ཊؽˈഐ↔䴦䜘ԦⲴԧṬҏ∄䎧Ր㔏׋⋩㌫㔏ᶕᗇᰲ䍥Ǆ䘉Ӌ

䜭ᱟᵚᶕ㕨޵ⴤ௧ਁࣘᵪቊᖵݻᴽⲴ㾱㍐Ǆ 

1.3儎ু⋯⌫ᢶᵥ 

GDI ㌫㔏ᗵ享׍䶐儈঻ሶ⟳⋩Ӿ௧⋩౤௧ޕ⊭㕨ˈԕ䗮ࡠ儈ᓖ䴮ॆⲴ᭸᷌Ǆ

GDI ਁࣘᵪⲴ儈঻⟳⋩ᱟ䙊䗷儈঻⋩⌥໎঻Ⲵ ഐ̍↔儈঻⋩⌥Ⲵᢰᵟਟ䂹Ѫ GDI

Ⲵޣ䭞ᢰᵟѻаǄ儈঻⋩⌥Ⲵਟ䶐ᙗоっᇊᙗሩҾ GDI ਁࣘᵪⲴ䘋а↕ਁኅާ

ᴹ䟽བྷⲴ᜿ѹǄ 

儈঻⋩⌥Ⲵѫ㾱֌⭘ᱟሶ⋩㇡⋩⌥ᨀ׋Ⲵ 5bar ᐖਣⲴ঻࣐࣋঻ᮠॱؽਾ௧

֯ˈ儈঻⋩䖘ѝޕ ⋩䖘঻࣋нᯝᤱ㔝໎䮯ࡠ㌫㔏䴰㾱Ⲵᐕ֌঻࣋ 䈕̍儈঻޽⭡௧

⋩ಘ௧ሴޕ≄㕨Ǆ൘ᐕ֌䗷〻ѝ儈঻⋩⌥䴰㾱᢯ਇⲴ঻࣋ᐞᱟ䶎ᑨᐘབྷⲴ а̍ᰖ

儈঻⋩⌥ࠪ⧠᭵䳌ሶ֯ᮤњਁࣘᵪཡ৫ࣘ࣋Ⓚ ⊭̍䖖ሶᰐ⌅࣐䙏઼儈䙏䘀㹼Ǆഐ

↔ᨀ儈儈঻⋩⌥Ⲵਟ䶐ᙗо䱽վⲮзԦ᭵䳌⦷ቡᱮᗇቔѪ䟽㾱Ǆ 

ⴞࡽ儈঻⋩⌥ѫ㾱࠶Ѫєབྷ㊫ 䖜̍䖤ᔿ઼ḡຎᔿ

[10]
Ǆ⭡Ҿḡຎᔿ儈঻⋩⌥Ⲵ

儈᭸⦷㺘⧠৺վ䟽䟿ㅹՈ⛩ ঐ̍ᦞҶᐲ䶒к㔍བྷ䜘࠶⊭⋩ᵪ㕨޵ⴤ௧Ⲵᐲ൪ 㘼̍

ަѝ৸ԕঅḡຎ儈঻⋩⌥Ѫ֬֬㘵ˈ䈕⋩⌥Ⲵ⢩⛩Ѫփ〟ሿǃ䟽䟿䖫ǃ׋⋩᭸⦷

儈ǃᆹ㻵䘲ᓄᙗ儈ǃᐕ֌ਟ䶐ᙗ儈ǃ㙀ѵᙗ֣ㅹ⢩⛩Ǆᵜ᮷ѫ㾱⹄ウⲴ䴦䜘Ԧ᭩
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රҏᱟสҾঅḡຎᔿⲴ儈঻⋩⌥Ǆ 

а㡜ᶕ䈤н䇪䖜䖤ᔿ儈঻⋩⌥઼ḡຎᔿ儈঻⋩⌥ˈ䜭ᱟᶱަ㍗ᇶⲴᵪỠ䜘

Ԧ ॱњሿⲴ䴦䜘Ԧ㻵䝽㘼ᡀǄྲࠐ̍⭡ മ 1.5 অḡຎᔿ儈঻⋩⌥᤹➗࣏㜭࠶ࡂਟ

Ѫ࠶ 6བྷ䴦䜘Ԧ४ฏˈ࡛࠶ᱟ˖䘋⋩䰰㓴Ԧǃ⭥⻱䰰㓴Ԧǃᔪ঻㞄㓴Ԧǃ傡ࣘ㓴

Ԧǃࠪ⋩䰰㓴Ԧǃ⋴঻䰰㓴ԦǄ 

 

മ 1.5 অḡຎᔿ儈঻⋩⌥㔃ᶴ 

儈঻⋩⌥Ⲵ䴦䜘Ԧѻ䰤䜭ᱟ㋮ᇶ䝽ਸ ഐ̍↔䴦䜘Ԧѻ䰤Ⲵޜᐞ䝽ਸ৺䴦䜘Ԧ

ᵜ䓛Ⲵਟ䶐ᙗǃ㙀ѵᙗǃᕪᓖቡߣᇊҶ儈঻⋩⌥ᵜ䓛Ⲵਟ䶐ᙗǃ㙀ѵᙗǃᕪᓖǄ

儈঻⋩⌥Ⲵਟ䶐ᐕ֌ਆߣҾ䴦䜘ԦⲴ㋮ᇶ࣐ᐕǃ䴦䜘Ԧ䰤Ⲵᖒսޜᐞǃ䝽ਸ䰤䳉

ᶕ؍䳌ⲴǄѮֻᶕ䈤䙊ᑨḡຎоḡຎ྇䰤Ⲵᖴੁ䰤䳉䴰㾱؍⮉ӵॱࠐњᗞ㊣ н̍

㜭䗷བྷҏн㜭䗷ሿˈഐ↔ḡຎⲴശḡᓖо㻵䝽ᰦىⲴ඲ⴤᓖቡᱮᗇ㠣ޣ䟽㾱Ǆ 

1.3.1儎ু⋯⌫ሯ⴪௭ਇࣞᵰᙝ㜳Ⲻᖧଃ 

儈঻⋩⌥൘ GDI ㌫㔏ঐᦞ⵰Ѯ䏣䖫䟽Ⲵս㖞ˈ儈঻⋩⌥Ⲵࡦ䙐ᐕ㢪༽ᵲˈ

儈঻⋩⌥ਇ ECU ᧗ࡦ䴰㾱ᶱަ㋮⺞Ⲵ௧ሴ⟳⋩䚃⟳✗ᇔˈ䘉⿽ᐕߥ䴰㾱ᕪབྷⲴ

⟳⋩঻࣋᭟ᤱ ഐ̍↔儈঻⋩⌥ᗵ享൘ᰐ᰾ᱮ⋴┿Ⲵᛵߥлᐕ֌ ᒦ̍ф㜭ӗ⭏ᒦᇊ

䟿Ⲵᨀ׋儈঻⟳⋩Ǆ 

਼ᰦ儈঻⋩⌥䘈ᗵ享؍䳌௧ޕ⟳✗ᇔⲴ⟳⋩࠶ݵ䴮ॆ ൘̍⟳✗ᵏ޵⟳⋩ᗵ享

оオ≄࠶ݵ␧ਸǄ儈঻⋩⌥Ⲵ↓ᑨᐕ֌ҏ؍䳌Ҷ⟳⋩оオ≄Ⲵ␧ਸ∄ ҏ̍ߣᇊҶ

ਁࣘᵪⲴಚ༠ǃ⟳✗᭸⦷઼࣏⦷Ǆ൘⟳✗ࡍᵏˈ㢟ྭⲴ⟳⋩оオ≄Ⲵ␧ਸ䘈ਟ؍

䇱⭏ᡀⲴ⻣✏൘ᧂ≄䰘ᢃᔰࡽ㻛✗ᦹǄ䘉ቡ䴰㾱儈঻⋩⌥ᨀ׋ᕪབྷⲴ঻࣋᭟ᤱǄ

[11]
Ǆ 

GDI ਁࣘᵪⲴ௧ሴ঻࣋↓㻛нᯝൠᨀ儈 ᱟ̍ѪҶެ亮ਁࣘᵪⲴ⟳⋩㓿⍾ᙗ઼
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⊑ḃ⢙ᧂ᭮⟳⋩ 䘉̍ҏሩ儈঻⋩⌥Ⲵᔪ঻㜭࣋ᨀࠪҶᯠⲴ᥁ᡈǄⴞࡽᐲ䶒к⊭⋩

ਁࣘᵪ儈঻⟳⋩ⴤ௧㌫㔏Ⲵ⟳⋩௧ሴ঻࣋ᐢ㓿ਟԕ䗮ࡠ 250bar̍ 䲿⵰Ӝ 6 ᧂ᭮

ḷ߶Ⲵ䙀⑀᧘ᒯ ਴̍བྷ⊭䖖⭏ӗ୶↓൘ᔰਁᴤ儈௧ሴ঻࣋Ⲵਁࣘᵪ㌫㔏 ঻̍࣋ਟ

ԕ儈䗮 350bar̍ ⊭䖖ਁࣘᵪḤ⋩ॆⲴ䎻࣯ҏ䎺ᶕ䎺᰾ᱮ ᗵ̍ሶᡀѪ⊭⋩ⴤ௧ਁࣘ

ᵪⲴਁኅᯩੁǄ 

௧⋩㌫㔏㠚䓛䴦䜘Ԧᐕ֌㜭ࡦ࣋㓖Ҷ⟳⋩௧ሴ঻࣋Ⲵᨀ儈ˈֻ ྲ儈঻⋩⌥Ⲵ

ⷜᰦՐࣘ䖜⸙൘ᨀ儈௧⋩঻઼࣋௧⋩⦷ਾՊਈབྷˈഐ↔傡ࣘ儈঻⋩⌥Ⲵ傡ࣘ㓴

Ԧˈֻ ྲᥪḡ઼ᴢ䖤Ⲵࡊᙗҏᓄ䘲ᖃ䈳ᮤǄቔަ٬ᗇаᨀⲴᱟ儈঻⋩⌥Ⲵѫ㾱䴦

䜘ԦⲴࡊᓖ઼ᇶሱᙗߣᇊҶᮤњ GDI ਁࣘᵪⲴᴰ儈䇨⭘௧⋩঻࣋ˈ䙊ᑨѪ֯儈

঻⋩⌥᢯ਇ⟳⋩儈঻㘼нӗ⭏䗷࠶Ⲵ⑇┿ 䇮̍䇑儈঻⋩⌥ᰦᗵ享㘳㲁䴦䜘ԦⲴਈ

ᖒǃ䰤䳉ǃ䝽ਸㅹഐ㍐Ǆഐ↔ᰐ䇪ᱟ儈঻⋩⌥Ⲵ䘋⋩䰰㓴Ԧǃࠪ⋩䰰㓴Ԧᡆᱟ傡

ࣘ㓴Ԧ䜭ᗵ享ާ༷ᣇ⋴┿Ⲵ䰞仈Ǆ 

1.3.2 儎ু⋯⌫Ⲻ㔉ᶺфᐛ֒৕⨼ 

൘ GDI ਁࣘᵪ亶ฏⴞࡽᐲ൪кᑨ㿱Ⲵ儈঻⋩⌥ѫ㾱࠶Ѫḡຎᔿ઼䖜䖤ᔿǄ 

䖜䖤ᔿ儈঻⊭⋩⌥ᖸ㊫լҾḤ⋩儈঻⋩⌥Ⲵ䇮䇑ྲമ 1.6ǄᇒᡧⲴ喯䖞ᑖࣘ

⋩⌥Ⲵ䖜䖤䘀ࣘ 䖜̍䖤ᱟа⿽ٿᗳ㘼н㿴ࡉⲴ䇮䇑Ǆ䙊䗷ٿᗳ䖞Ⲵ䖜ࣘᑖࣘᖴੁ

ḡຎа䎧䘀ࣘǄ 

 

മ 1.6䖜䖤ᔿ⊭⋩儈঻⋩⌥ 

䖜䖤ᔿ儈঻⋩⌥ᱟа⿽փ〟བྷˈ䟽䟿䟽Ⲵ儈঻⋩⌥ˈঅњ䟽䟿䗮ᖰᖰ䗮ࡠ 4

ᯔ⭊㠣ᴤ䟽ǄሩҾ㾱≲ᰕ⳺ѕ㤋Ⲵᐲ൪ᶕ䈤ᐢ㓿н㜭┑䏣䖫䟿ॆǃሿරॆ䇮䇑ޜ

㾱≲ˈ䖜䖤ᔿ儈঻⋩⌥↓൘ᐲ൪Ⲵབྷ⌒⎚ѝ䙀⑀䬰༠९䘩ѝ

[14]
Ǆ 

ⴞࡽᐲ൪к䘈ᆈ൘ਖа⿽ᖒᔿⲴ儈঻⋩⌥ 䘉̍⿽儈঻⊭⋩⌥㜭ӗ⭏⴨ᖃҾ䘋

⋩঻࣋ᮠॱؽⲴ䗃ࠪ঻࣋ˈ਼ ᰦ䈕⋩⌥ᐕ৏⨶ӵӵ䶐ањḡຎᖰ༽䘀ࣘ㘼ӗ⭏儈
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঻ˈഐ↔䈕⋩⌥ާᴹփ〟ሿˈ䟽䟿䖫˖а㡜䟽䟿н䎵䗷 ᯔޜ1

[27]
ˈф䘀㹼ಚ丣䖫

ㅹ⢩⛩Ǆ䘉⿽儈঻⊭⋩⌥ণѪঅḡຎᔿ儈঻⋩⌥Ǆ 

অḡຎ儈঻⋩⌥㓴Ԧ࡛࠶Ѫ˖䘋⋩䰰㓴Ԧǃ⭥⻱᧗ࡦ䰰㓴Ԧǃᔪ঻㞄㓴Ԧǃ

⋩⌥傡ࣘ㓴Ԧǃࠪ⋩䰰㓴Ԧǃ⋴঻䰰㓴ԦǄ 

䘋⋩䰰㓴Ԧѫ㾱⭡䱫ቬಘǃᕩ⡷ǃ└␵ಘǃ䘋⋩ਓǃᇶሱസㅹ䴦䜘Ԧ㓴ᡀǄ

䟷⭘✺᧕ǃ঻㻵ㅹ㻵䝽ᐕ㢪Ǆѫ㾱࣏㜭ᴹ˖䗷└վ঻⟳⋩ǃっ䘋⋩ਓ⟳⋩঻࣋⌒

ࣘǄ 

⭥⻱䰰㓴ѫ㾱⭡䰰䰘ǃᕩ㉗ǃ⭥䭰ਇ⻱䴦䜘Ԧǃ㓯സㅹ㓴ᡀǄ䟷⭘⌘ກǃ◰

㜭ᴹ˖᧕ਇ࣏᧕ㅹᐕ㢪㻵䝽㘼ᡀǄѫ㾱✺ݹ ECU ⭥⍱᧗ؑࡦਧǃሶ⭥⍱䖜ᦒѪ

⻱൪ǃ⭡⻱൪ӗ⭏⻱ᝏᓄ࣋傡ࣘ޵䜘䘋⋩䰰䰘Ⲵᔰо䰝Ǆ 

ᔪ঻㞄㓴Ԧѫ㾱ᱟ⭡༣փǃᇶሱ⧟ㅹ䴦䜘Ԧ㓴ᡀǄ䟷⭘঻㻵ǃ✺᧕ㅹᐕ㢪㻵

䝽㘼ᡀǄѫ㾱࣏㜭 䘎̟᧕ḡຎⲴ᭟᫁ᓗਇࡠᴢ䖤ⲴᑖࣘӾ㘼ڊᖰ༽Ⲵ⍫ຎᔿ䘀ࣘˈ

䙊䗷䘋⋩䰰㓴Ԧ઼⭥⻱䰰㓴ԦⲴ⟳⋩ਇࡠḡຎⲴ঻㕙 ൘̍⟳⋩ᇩ〟нਈⲴᛵߥл

փ〟㻛঻㕙ˈ⟳⋩঻࣋Պ໎࣐Ǆ 

⋩⌥傡ࣘ㓴Ԧवᤜḡຎǃᥪḡ઼ࠨ䖞Ǆ䟷⭘঻㻵ǃ✺᧕ㅹᐕ㢪㻵䝽㘼ᡀǄ⋩

⌥傡ࣘ㓴Ԧᱟ⋩⌥оਁࣘᵪަԆᵪỠ䜘Ԧ䝽ਸⲴୟа४ฏ ⋩̍⌥傡ࣘ㓴Ԧоਁࣘ

ᵪᴢ䖤⴨䘎᧕Ǆѫ㾱࣏㜭ᴹ˖ਇਁࣘᵪ䖜䙏ᖡ૽傡ࣘ⋩⌥ᔪ঻Ǆ 

ࠪ⋩䰰㓴Ԧѫ㾱⭡ࠪ⋩䰰ᕩ㉗ǃᇶሱ⨳ǃ䰰ᓗǃ→᧘ᓅᓗㅹ㓴ᡀǄ䟷⭘঻㻵ǃ

✺᧕ㅹᐕ㢪㻵䝽㘼ᡀǄѫ㾱࣏㜭ᴹ˖ᇶሱ֌⭘৺䟺᭮儈঻⟳⋩䘋ޕ⋩䖘Ǆ 

⋴঻䰰㓴Ԧѫ㾱⭡⋴঻䰰ᕩ㉗ǃᇶሱ⨳ǃ䰰ᓗㅹ㓴ᡀ䟷⭘঻㻵ǃ✺᧕ㅹᐕ㢪

㻵䝽㘼ᡀǄѫ㾱࣏㜭˖ᖃ⋩䖘঻ٿ࣋儈ˈᔰ੟䰰䰘⋴䲔ཊ։঻࣋Ǆᱟањ䖵ࣙᆹ

 䰰䰘Ǆޘ

 

മ 1.7অḡຎᔿ儈঻⋩⌥⟳⋩⍱ੁമ 

অḡຎ儈঻⋩⌥⟳⋩⍱ੁྲമ 1.7ᡰ⽪Ǆ⟳⋩䙊䗷䘋⋩䰰㓴Ԧਾˈᖃ⋩⌥⭥

⻱䰰㓴Ԧ⋑ᴹ᭦ࡠ ECU ؑਧᰦˈ䘋⋩䰰䰘⭡Ҿᕩ㉗Ⲵᕩ࣋㘼؍ᤱᑨᔰ⣦ᘱˈ⟳

⋩ᰐ໎঻Ǆᖃ⭥⻱䰰㓴Ԧ᧕ਇࡠ ECU 㔉ࠪ⭥⍱ؑਧਾˈ⋩⌥޵䜘Ⲵ⭥⻱㓯സഐ

⭥⍱㘼ӗ⭏⻱ᝏᓄ ⭡̍⻱ᝏᓄ㘼ӗ⭏⻱൪࣋ ⻱̍൪࣋Պ᧘ࣘ⋩⌥޵䜘⻱ᙗ䜘Ԧݻ

ᴽᕩ㉗࣋㘼ޣ䰝䘋⋩䰰䰘ˈ↔ᰦа䜘࠶⟳⋩㻛ሱ䰝൘ᔪ঻㡡㓴Ԧ޵Ǆ 

ᖃਁࣘᵪ䘀㹼ᰦˈᴢ䖤㻛ᑖࣘ᯻䖜ˈ⋩⌥䙊䗷ᥪḡ઼ᴢ䖤⴨᧕䀖Ǆᖃᴢ䖤䖜

ࣘᰦ ᥪ̍ḡਇᴢ䖤Ⲵ傡ࣘ㘼ڊ඲ⴤⲴᖰ༽䘀ࣘǄᥪḡⲴ䘀ࣘᑖࣘ⋩⌥ḡຎ䘋㹼䘀

ࣘǄ൘䘋⋩䰰䰘ޣ䰝Ⲵᛵߥл㻛ഠ൘ᔪ঻㡡Ⲵ⟳⋩਼ᰦਇࡠḡຎⲴᥔ঻ ⟳̍⋩঻
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 ቡՊॷ儈Ǆ࣋

ᖃᔪ঻㡡Ⲵ⟳⋩঻࣋ॷ儈ࡠаᇊ〻ᓖᰦ ᔪ̍঻㡡⟳⋩঻࣋ՊབྷҾ⋩䖘⟳⋩঻

 䖘ѝǄ⋨ޕⲴ⟳⋩䘋࣋㻛᧘ᔰˈᴤ儈঻ׯǄࠪ⋩䰰࣋ᕩ㉗Ⲵᕩ઼࣋

ㆰ㘼䀰ѻ儈঻⋩⌥ਟԕ࠶Ѫྲлഋњᐕ֌⧟㢲˖⟳⋩੨ޕ䗷〻ˈḡຎ䘀ࣘˈ

⟳⋩໎঻ˈ儈঻⟳⋩௧ࠪǄ 

1.3.3 ള޻ཌ儎ু⋯⌫⹊ガ⧦⣬ 

᭮⵬ޘ⨳ⴞࡽ㜭⭏ӗঅḡຎᔿ⊭⋩儈঻⋩⌥Ⲵল୶ޘ⨳ਚᴹ 6ᇦ ѫ̍㾱䳶ѝ

൘⅗㖾઼ᰕᵜǄԆԜᱟᗧഭⲴঊц䳶ഒ઼བྷ䱶䳶ഒˈ㖾ഭⲴᗧቄ⾿䳶ഒˈ᜿བྷ࡙

Ⲵ傜⪎࡙ˈᰕᵜⲴ⭥㻵઼ᰕ・Ǆ 

൘⊭⋩儈঻⋩⌥亶ฏᗧഭⲴঊц䳶ഒਟ䉃ᱟ⤜ঐ勼ཤǄަ ᐲ൪ঐᴹ⦷䗮⨳ޘ

Ҷࡠ 40%ԕк

[32]
Ǆྲ മ 1.8ᡰ⽪Ѫঊц䳶ഒ↓൘⹄ਁⲴ䎵儈঻⋩⌥৏රᵪǄ䈕⊭

⋩⌥঻࣋ਟ䗮ࡠ 350barѳ㠣ᴤ儈ˈᴤ儈Ⲵ঻࣋᜿ણ⵰ᴤ֣Ⲵ௧⋩ಘ䴮ॆ઼ᴤ㓿

⍾Ⲵ⟳⋩᭸⦷Ǆ 

 

മ 1.8ঊц䳶ഒ䎵儈঻儈঻⋩⌥⽪᜿മ 

❦㘼䈤ࡠ⧠Ӻᐲ൪кྲ↔ሿᐗ䖫ׯն৸нཡ儈᭸Ⲵঅḡຎ儈঻⋩⌥Ⲵਁ᰾

ਢቡнᗇн䈤ࡠ᜿བྷ࡙Ⲵ傜⪎࡙Ҷ 䈕̍⋩⌥Ⲵу࡙ᱟ⧋⪎࡙ޜਨᡰᤕᴹ 傜̍⪎࡙

ਨⲴ⹄ਁӪઈ൘ޜ 2006ᒤ俆⅑⹄ࠪࡦҶঅḡຎ儈঻⋩⌥Ⲵ৏රᵪǄྲമ 1.9 Ѫ

䘲⭘ 150bar৺ 200bar⊭⋩ⴤ௧ਁࣘᵪⲴ儈঻⋩⌥Ǆ 
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മ 1.9傜⪎࡙儈঻⋩⌥⽪᜿മ 

ᗧഭབྷ䱶䳶ഒਟ䉃ᱟ儈঻⋩⌥Ⲵаᢩ唁傜 བྷ̍䱶䳶ഒُࠝ⵰ަ䳴৊Ⲵ䍴䠁৺

ᢰᵟᇎ࣋൘⋩⌥䘉њ䀂ᯇ൪ᔲߋケ䎧Ǆⴞࡽབྷ䱶䳶ഒⲴ儈঻⋩⌥ѝഭӗ㓯ᐢ㓿൘

䮯᱕↓ᔿᣅӗˈ㜭བྷᢩ䟿Ⲵ⭏ӗ঻࣋䗮 150bar઼ 200barⲴ儈঻⊭⋩⌥Ǆᗧഭ⇽

ਁ⹄⌥⋨Ҿᴤሿᴤ䖫ᴤ儈᭸Ⲵ࣋ਨ↓൘㠤ޜ

[33]
ˈྲമ 1.10ᡰ⽪Ѫ䈕ޜਨᯠаԓ

儈঻⌥Ⲵ৏රᵪǄ䈕⋩⌥঻࣋ਟ䗮 350barԕкǄ 

 

മ 1.10བྷ䱶䳶ഒᯠර儈঻⋩⌥⽪᜿മ 

ᡁഭሩҾ儈঻⋩⌥ᢰᵟⲴ⹄ウቊ༴൘ࡍ↕Ⲵ䎧↕䱦⇥ˈᢰᵟ䘈ॱ࠶Ⲵࡍ㓗Ǆ

⭡Ҿ⋩⌥኎Ҿ㋮ᇶᵪỠ㔃ᶴⲴ䴦Ԧ ᡁ̍ഭⴞࡽቊн㜭㠚ѫൠࡦ䙐Ǆ䜭ᱟԕਸ䍴ᡆ

㘵⤜䍴䓛ԭᔪ・ᐕল о̍ഭཆ⊭䖖䴦䜘Ԧᐘཤਸ֌⭏ӗǄⴞࡽѫ㾱൘ѝഭⲴ⋩⌥

ਸ䍴ᡆ⤜䍴ᐕলѫ㾱ᴹ ᰐ̟䭑㚄ਸ⊭䖖⭥ᆀᴹ䲀ޜਨ 㣌̍⒆傜⪎࡙⊭䖖䴦䜘Ԧᴹ

䲀ޜਨˈབྷ䱶⊭䖖⭥ᆀ˄䮯᱕˅ᴹ䲀ޜਨǄ 

൘⋩⌥Ⲵᮤ䖖ᓄ⭘ᯩ䶒 ᡁ̍ഭ㠚ѫ૱⡼ҏ֌ࠪҶаӋ〟ᶱⲴቍ䈅ˈֻ ྲᡁഭ

Ⲵㅜа⊭䖖䳶ഒᢰᵟѝᗳ↓൘㠚ѫൠ⹄ਁ儈঻⋩ NVH 䈅傼ᒣਠˈ䈕ᒣਠѪ⋩⌥

䘋а↕᭩䘋ࠪڊҶ䍑⥞Ǆਖཆ␵ॾབྷᆖⲴ⊭䖖ᆹޘо㢲㜭ഭᇦ䟽⛩䈅傼ᇔ൘䘉ᯩ

䶒ҏᴹ⹄ウǄަԆ⊭䖖䳶ഒֻྲਹ࡙ǃ䮯ᆹǃཷ⪎ǃ䮯෾ㅹ⊭䖖ޜਨҏ↓൘࣐བྷ

GDI ਁࣘᵪⲴᓄ⭘о⹄ウǄ 
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1.4 䈴从Ⲻѱ㾷⹊ガ޻ᇯૂᝅѿ 

ᵜ᮷Ⲵ⹄ウሩ䊑สҾঅḡຎᔿ⊭⋩儈঻⋩⌥ 䈕̍儈঻⋩⌥ᱟа⿽㋮ᇶ䝽ਸⲴ

ᵪỠ䴦䜘Ԧ 䴦̍Ԧѻ䰤Ⲵ䰤䳉䝽㍗ᇶ 䝽̍ਸ䗷བྷо䗷ሿ䜭Պᖡ૽⋩⌥Ⲵ↓ᑨ䘀䖜

о֯⭘ሯભǄ਴њ䴦䜘ԦⲴᶀᯉ䘹රǃቪረ䇮䇑ǃ࣐ᐕᐕ㢪ǃ㻵䝽䝽ਸㅹഐ㍐Ⲵ

᧗ࡦቡᱮᗇቔѪⲴ䟽㾱Ǆ 

ᵜ᮷สҾⴞࡽᐲ൪кḀаⅮঅḡຎ儈঻⋩⌥৺䈕⋩⌥ѫ㾱ᆈ൘Ⲵཡ᭸⁑ᔿ

䘋㹼Ҷ᷀࠶о⹄ウ ᢮̍ࡠҶ䙐ᡀཡ᭸Ⲵ䴦䜘Ԧ४ฏ઼ޣ䭞䴦䜘Ԧ ᨀ̍ࠪҶ᭩䘋ᯩ

Ṹ ᒦ̍䍻ҸҶ䈅傼傼䇱Ǆᴥ ᮷Ⲵ⹄ウѪሶᶕⴤ௧ਁࣘᵪ儈঻⋩⌥䇮䇑о᭩රᨀ׋

Ҷ৲㘳Ǆᵜ᮷ѫ㾱⹄ウ޵ᇩवᤜ˖ 

˄1˅儈঻⋩⌥ཡ᭸⁑ᔿ⹄ウ 

Ҷ儈঻⋩⌥Ⲵཡ᭸⁑ᔿ৺䙐ᡀ⋩⌥ཡ᭸Ⲵഐ㍐᷀࠶ ᙫ̍㔃ࠪҶ䙐ᡀ⋩⌥ཡ᭸

ѫ㾱䴦䜘Ԧ४ฏѪ傡ࣘ㓴Ԧǃ䘋⋩䰰㓴Ԧ઼ࠪ⋩䰰㓴ԦǄ 

˄2˅⋩⌥傡ࣘ㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ 

⋩⌥傡ࣘ㓴Ԧཡ᭸ᱟ⭡ࠨ䖞⛩㲰䙐ᡀⲴǄᴥ ᮷൘ࠨ᷀࠶䖞਴⢩ᙗਾሩࠨ䖞ᶀ

ᯉ⺜ᓖᨀࠪ᭩䘋ᯩṸǄ䇮䇑䈅傼ਠᷦሩ儈঻⋩⌥䘋㹼㙀ѵ⍻䈅Ǆ 

˄3˅䘋⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ 

䘋⋩䰰㓴Ԧཡ᭸ᱟ⭡└␵ಘ⹤ᦏ䙐ᡀⲴǄᴥ ᮷ሩཡ᭸└␵└㖁ǃ᭟ᷦᶀᯉ࠶

᷀Ǆ䘀⭘ޝ㾯Ṭ⧋⴨ޣᐕާ᢮ࠪ└␵䈅傼ਾᕪᓖл䱽৏ഐǄᨀࠪᯠ└㖁ᶀᯉ䘹රǄ

䇮䇑䈅傼ਠᷦ⍻䈅ᯠ└␵ಘǄ 

˄4˅ࠪ⋩䰰㓴Ԧཡ᭸⁑ᔿ᷀࠶о᭩䘋⹄ウ 

ࠪ⋩䰰㓴Ԧཡ᭸ᱟ⭡ࠪ⋩䰰ᕩ㉗ѕ䟽⼘ᦏᡆᯝ㻲䙐ᡀⲴǄᴥ ᮷ሩਇᦏᕩ㉗࠶

᷀ਾᨀࠪᯠⲴᕩ㉗䇮䇑Ǆ໎࣐Ҷᕩ㉗㓯ᖴ৺्ᮠǄ䇮䇑䈅傼ਠᷦᒦሩᯠᕩ㉗䘋㹼

㙀ѵ⍻䈅Ǆ 
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ㅢㅢㅢㅢ 2 ㄖㄖㄖㄖ 儎ু⋯⌫ཧ᭾⁗ᕅ儎ু⋯⌫ཧ᭾⁗ᕅ儎ু⋯⌫ཧ᭾⁗ᕅ儎ু⋯⌫ཧ᭾⁗ᕅ⹊ガ⹊ガ⹊ガ⹊ガ 

儈঻⋩⌥Ⲵཡ᭸⁑ᔿѫ㾱փ⧠൘ਠᷦ䈅傼઼ᮤ䖖䈅傼ѝˈᴥ ㄐቡѫ㾱Ⲵ儈঻

⋩⌥ཡ᭸⁑ᔿ䘋㹼Ҷ⹄ウǄ 

2.1 儎ু⋯⌫ཧ᭾⁗ᕅ㺞⧦ 

2.1.1儎ু⋯⌫ਦᷬཧ᭾⁗ᕅ㺞⧦ 

൘ 2014ᒤ㠣 2015ᒤࡍⲴ䈅傼ਠᷦཡ᭸৽侸㔏䇑ѝ 儈̍঻⋩⌥ᑨ㿱Ⲵཡ᭸㺘

⧠ᱟ䖘঻н↓ᑨ վҾ㌫㔏䇮ᇊ٬Ǆ᭵䳌⧠䊑ਟ䙊䗷䖘঻Րᝏಘ৽侸ᱮٿ儈ᡆٿ̟

⽪᭵䳌⸱Ǆ⋩⌥ཡ᭸ਾ䙊ᑨՊ䘋ޕ䐋㹼⁑ᔿˈ儈঻⋩⌥ᰐ⌅↓ᑨᔪ・঻׋ˈ࣋⋩

䟿ҏՊਇࡠᖡ૽Ǆ儈঻⋩⌥᭸⦷վлǄ 

2.1.2儎ু⋯⌫୤੄ཧ᭾⁗ᕅ㺞⧦ 

ᵜ᮷ᡰ䘠儈঻⋩⌥ᓄ⭘൘аⅮ 1.4Tഋ㕨ਁࣘᵪкǄ䈕䖖ᐢҾ 2015ᒤ 8ᴸк

ᐲǄ൘୞ਾ䖖䖶䘄؞৽侸ᙫ㔃ѝ 儈̍঻⋩⌥ᑨ㿱Ⲵཡ᭸㺘⧠Ѫ˖ਁ ࣘᵪ᭵䳌⚟Ӟˈ

⢥ᕅ࣋⚟Ӟˈؑ ᚟ѝᗳ㹼傦ࣘ࣋л䱽 㹼̍傦ᰐࣘ࣋ ѕ̍䟽ᰦᰐ䇪ਁࣘᵪօ⿽䖜䙏ˈ

䖖䖶ᰦ䙏䜭ሶᰐ⌅䎵䎺 40km/hǄGDS䇺ᯝᴹᖃࡽᴹ⴨ޣ᭵䳌⸱ǄѮֻᶕ䈤ˈᮠ

ᦞᱮ⽪ᵏᵋⲴ⟳⋩࠶䝽㇑঻࣋ՐᝏಘᮠᦞѪ 48barǄ㘼ᇎ䱵⟳⋩࠶䝽㇑঻࣋Րᝏ

ಘᮠᦞᱮ⽪ 160bar̍ 䖘঻ᱮ⽪䗷儈Ǆ൘ӂᦒ⋩䖘঻࣋Րᝏಘਾ᭵䳌׍ᰗˈᤄ儈঻

⋩⌥ᨂཤ঻࣋⋑ᴹਈॆˈᴤᦒ儈঻⟳⋩⌥ਾ᭵䳌ᧂ䲔Ǆ 

2.2儎ু⋯⌫ཧ᭾৕ഖ᷆࠼ 

⋩⌥ѫ㾱䴦䜘Ԧ࠶Ѫޝབྷ४ฏˈྲമ 2.1ᡰ⽪࡛࠶Ѫ䘋⋩䰰㓴Ԧǃ⭥⻱䰰㓴

Ԧǃᔪ঻㡡㓴Ԧǃ⋴঻䰰㓴Ԧǃࠪ⋩䰰㓴Ԧ઼傡ࣘ㓴ԦǄӾ䘉Ӌ䴦䜘Ԧ४ฏᙗཡ

᭸㘼䙐ᡀⲴ儈঻⋩⌥ཡ᭸ਟԕ䈤ॳਈзॆⲴ Ӿ̍⨶䇪䀂ᓖ᷀࠶ѫᴹԕлࠐ⿽ਟ㜭

ᙗ˖˄ 1˅⋩⌥ḡຎ঑┎ˈḡຎᰐ⌅䘀ࣘᡆ䘀ࣘᖒᡀਈ⸝ˈሬ㠤⋩⌥ᰐ⌅↓ᑨᔪ঻ 

˄2˅⋩⌥䘋⋩䰰᭵䳌ሬ㠤䘋⋩䰰ᑨᔰᡆᰐ⌅↓ᑨᇶሱˈӾ㘼䙐ᡀ⋩঻ᰐ⌅ᔪ・

˄3˅⋩⌥ࠪ⋩䰰᭵䳌ˈሬ㠤ࠪ⋩䰰ᇶሱн㍗ᇶˈ䙐ᡀ仍ཆ⋴঻ ˄4˅⋩⌥⋴঻

䰰᭵䳌ˈ֯⋴঻䰰ᇶሱн㍗ᇶˈ䙐ᡀ䶎↓ᑨ⋴঻Ǆ
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മ 2.1 儈঻⋩⌥䴦䜘Ԧ⽪᜿മ 

䘋⋩䰰㓴Ԧѫ㾱वᤜҶ䘋⋩䰰䱫ቬಘǃ䘋⋩䰰└␵ಘǃ䘋⋩㇑઼䘋⋩䰰→᧘

⡷ㅹǄ⭥⻱䰰㓴Ԧѫ㾱वᤜҶ㓯സǃപᇊ㓯സ⭘Ⲵ༣փǃPin䪸ㅹˈ⭡Ҿ⭥⻱䰰

䴦䜘Ԧѫ㾱䟷⭘⌘ກᖒᔿ㔃㔃ਸ൘а䎧 ഐ̍↔ਟԕሶ⭥⻱䰰㓴Ԧ๚〠ањᮤփ䴦

䜘ԦǄᔪ঻㡡㓴Ԧѫ㾱࠶Ѫḡຎ㺜྇ǃ⋩⌥༣փㅹ㓴ᡀǄ⋴঻䰰㓴Ԧѫ㾱⭡⋴঻

䰰ᓅᓗǃ⋴঻䰰⨳ǃ⋴঻䰰ᕩ㉗ㅹ㓴ᡀǄࠪ⋩䰰㓴Ԧѫ㾱⭡ࠪ⋩䰰ᓅᓗǃࠪ⋩䰰

⨳ǃࠪ⋩䰰ᕩ㉗ǃࠪ⋩㇑ㅹ㓴ᡀǄ⋩⌥傡ࣘ㓴Ԧᱟ⋩⌥оਁࣘᵪަԆᵪỠ䜘Ԧ䝽

ਸⲴୟа४ฏˈ傡ࣘ㓴Ԧवᤜḡຎǃᥪḡ઼ࠨ䖞ԆԜоਁࣘᵪᴢ䖤⴨䘎᧕ǄѪҶ

䘋а↕Ҷ䀓⋩⌥ཡ᭸Ⲵ४ฏ ᗵ̍享ሩሩ⋩⌥ޝབྷ䴦䜘Ԧ४ฏ䘋㹼᣶নǄ⭡Ҿ⋩⌥

ѫ㾱⭏ӗᐕ㢪ᱟ঻㻵઼◰ݹ✺᧕ˈഐ↔᣶䀓⋩⌥Ⲵ䇮༷ѫ㾱⭘ࢢ࠷ࡠᵪˈ䖖ᒺˈ

䬓ᒺㅹǄ 

ѪҶᴤ㋮⺞ൠ᢮ࡠ䙐ᡀ儈঻⋩⌥ཡ᭸Ⲵޣ䭞䴦䜘Ԧ ሩ̍ 2013ᒤᓅࡠ 2015ᒤ

㓖 500ཙ޵ᡰ⭏ӗⲴཡ᭸⋩⌥ཡ᭸䰞仈֌Ҷ㔏䇑઼᷀࠶Ǆ䙊䗷਴њ⑐䚃ᙫޡ᭦䳶

ࡠ 181Ԧཡ᭸⋩⌥Ǆ˄ 1˅䘋⋩䰰㓴Ԧ˖䘋⋩㇑ཡ᭸ 2 Ԧˈ䘋⋩䰰└␵ಘཡ᭸ 26

Ԧˈ䘋⋩䰰䱫ቬಘཡ᭸ 3Ԧ˗˄ 2˅⭥⻱᧗ࡦ䰰㓴Ԧཡ᭸ 6Ԧ˗˄ 3˅ࠪ⋩䰰㓴Ԧ˖

ࠪ⋩㇑ཡ᭸ 2Ԧˈ䰰ᓗཡ᭸ 2 Ԧˈᕩ㉗ཡ᭸ 43Ԧˈ→᧘ᓗཡ᭸ 10Ԧˈᇶሱ⨳ཡ

᭸ 2Ԧ˗˄ 4 ᔪ˅঻㞄㓴Ԧཡ᭸ ᔪ̟঻㞄༣փཡ᭸ 5Ԧ ᔪ̍঻㞄㺜྇ཡ᭸ 6Ԧ˗˄ 5˅

⋩⌥傡ࣘ㓴Ԧཡ᭸˖ḡຎཡ᭸ 55Ԧˈ᭟᢯ᓗཡ᭸ 5 Ԧˈѫᕩ㉗ཡ᭸ 6 ԦǄ˄ 6˅

⋴঻䰰㓴Ԧཡ᭸˖ᕩ㉗ 4Ԧˈᇶሱ⨳ 2Ԧˈ䰰ᓗ 2ԦǄ਴䴦䜘Ԧ४ฏཡ᭸Ⲯ࠶∄

㿱മ 2.2Ǆ 
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മ 2.2 䴦䜘Ԧཡ᭸Ⲯ࠶∄㔏䇑മ 

Ӿമѝਟԕਁ⧠⋩⌥傡ࣘ㓴Ԧ᭸⦷ঐ 37%̍ ࠪ⋩䰰㓴Ԧཡ᭸⦷ঐ 35%̍ 䘋

⋩䰰㓴Ԧཡ᭸⦷ঐ 17%Ǆ䘉йབྷ䴦䜘Ԧ४ฏⲴཡ᭸ᙫਸঐҶ⋩⌥ޘ䜘ཡ᭸Ⲵ 80%

ԕкǄӾᮠᦞкⴻˈ䘋⋩䰰㓴ԦⲴ└␵ཡ᭸ǃࠪ⋩䰰㓴ԦⲴᕩ㉗ཡ᭸ǃ⋩⌥傡ࣘ

㓴ԦⲴḡຎཡ᭸ঐᦞҶ䴦䜘Ԧ४ฏཡ᭸Ⲵ㔍བྷཊᮠǄഐ↔᷀࠶⹄ウ䘉йབྷ䴦䜘Ԧ

४ฏⲴཡ᭸⁑ᔿ઼ཡ᭸৏ഐ ৺̍䙐ᡀཡ᭸Ⲵޣ䭞䴦䜘Ԧާᴹॱ࠶䟽㾱Ⲵ᜿ѹǄ᭩

ழ䘉Ӌ䴦䜘Ԧ४ฏⲴཡ᭸㜭བྷᨀ儈⋩⌥Ⲵਟ䶐ᙗо㙀ѵᙗǄ 

2.3ᵢㄖቅ㔉 

ᵜㄐѫ㾱᧿䘠Ҷ儈঻⊭⋩⌥Ⲵཡ᭸㺘⧠Ǆᖃ⋩⌥ཡ᭸ᰦਟԕਁ⧠ਁࣘᵪሶ

ཡ৫ࣘ࣋ˈѕ䟽ᰦ䖖䖶Ⲵᰦ䙏ሶਇ䲀Ҿ 40km/hԕ޵ˈ䘉ᱟ⭡Ҿ⋩⌥ᐢ㓿ᰐ⌅ਇ

ECUᤷᥕ㘼↓ᑨⲴᐕ֌ˈӵӵ䶐ㆰঅⲴᵪỠ䰰䰘׋ᓄሿ䟿Ⲵ⟳⋩ˈ㔤ᤱ⊭䖖Ⲵ

վ䙏䘀㹼ˈԕ؍䳌傮傦㘵нՊ㻛ഠ䙄ѝ᢮нᮁࡠᨤǄ 

㓿䗷ᮠᦞ㔏䇑ᗇࠪ⋩⌥Ⲵᇎ᭸४ฏѫ㾱䳶ѝ൘傡ࣘ㓴Ԧཡ᭸ǃ䘋⋩䰰㓴Ԧ

ཡ᭸ǃࠪ⋩䰰㓴ԦǄ⋩⌥傡ࣘ㓴Ԧ᭸⦷ঐ 37%̍ ࠪ⋩䰰㓴Ԧཡ᭸⦷ঐ 35%̍ 䘋

⋩䰰㓴Ԧཡ᭸⦷ঐ 17%Ǆ䘉йབྷ䴦䜘Ԧ४ฏⲴཡ᭸ᙫਸঐҶ⋩⌥ޘ䜘ཡ᭸Ⲵ 80%

ԕкǄഐ↔᷀࠶⹄ウ䘉йབྷ䴦䜘Ԧ४ฏⲴཡ᭸⁑ᔿ઼ཡ᭸৏ഐ ৺̍䙐ᡀཡ᭸Ⲵޣ

䭞䴦䜘Ԧާᴹॱ࠶䟽㾱Ⲵ᜿ѹǄ᭩ழ䘉Ӌ䴦䜘Ԧ४ฏⲴཡ᭸㜭བྷᨀ儈⋩⌥Ⲵਟ䶐

ᙗо㙀ѵᙗǄ
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ㅢㅢㅢㅢ 3 ㄖㄖㄖㄖ ⋯⌫傧ࣞ㓺Ԭ⋯⌫傧ࣞ㓺Ԭ⋯⌫傧ࣞ㓺Ԭ⋯⌫傧ࣞ㓺Ԭཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガ 

⋩⌥傡ࣘ㓴ԦⲴཡ᭸∄ࡇ㓖ঐ 37%Ǆᴥ ㄐ䪸ሩ⋩⌥傡ࣘ㓴ԦⲴཡ᭸⁑ᔿ䘋㹼

Ҷ઼᷀࠶᭩ழǄ 

3.1⋯⌫傧ࣞ㓺Ԭཧ᭾ᨅ䘦 

⋩⌥傡ࣘ㓴Ԧᱟ儈঻⋩⌥оਁࣘᵪަԆᵪỠ䜘Ԧ䝽ਸⲴୟа४ฏ 傡̍ࣘ㓴Ԧ

वᤜḡຎǃᥪḡ઼ࠨ䖞ԆԜоਁࣘᵪᴢ䖤⴨䘎᧕Ǆަ֌⭘ᱟਇਁࣘᵪ䖜䙏ᖡ૽ˈ

ᑖࣘ⋩⌥ᔪ঻㞄㓴Ԧᔪ঻Ǆᖃਁࣘᵪ䘀䖜ᰦˈᴢ䖤ᔰ࿻䖜ࣘᑖࣘࠨ䖞᯻䖜ˈ઼ࠨ

䖞⴨䝽ਸⲴᥪḡਇࠨࡠ䖞ṳቆⲴ傡ࣘՊ䘛֯⋩⌥ḡຎ䘋㹼кл䘀ࣘǄ 

⭡Ҿަ䇮䇑⢩ᙗ ⋩̍⌥傡ࣘ㓴Ԧ൘䘀ࣘѝ ᥪ̍ḡᖰᖰՊ㔉ḡຎՐሬࠨ䖞Ⲵח

മྲˈ࣋ੁ 3.1ᡰ⽪ˈՐሬ㔉ḡຎⲴ࣋ੁחՊ֯ḡຎ઼ᔪ঻㞄Ⲵ㺜྇ਁ⭏᪙ᬖˈ

᪙ᬖнնՊӗ⭏䇨ཊ仇㋂ᙗᵲ䍘 ѕ̍䟽ᰦ䘈Պሬ㠤ḡຎཡ᭸Ǆഐ↔⋩⌥傡ࣘ㓴Ԧ

Ⲵཡ᭸⁑ᔿ䙊ᑨ㺘⧠൘ḡຎཡ᭸кǄ 

 

1-⋩⌥ḡຎ 2-ᥪḡ 3ࠨ- 䖞 

മ 3.1 儈঻⋩⌥ḡຎ䘀ࣘ⽪᜿മ 

ᡰ䉃ḡຎཡ᭸ҏቡᱟḡຎ㹼〻ਈ⸝⭊㠣ḡຎ঑┎Ǆ儈঻⋩⌥ḡຎⲴ↓ᑨ㹼〻

ᓄѪ 5mmǄྲമ 3.2ᡰ⽪ˈᖃḡຎཡ᭸ᰦ㹼〻ਈ⸝ˈ儈঻⋩⌥ᕩ㉗൘㠚⭡⣦ᘱл

ḡຎᵛㄟࡠ⌅ḿⲴ儈ᓖሿҾ 5mm̍ മ⽪㓖Ѫ 4.4mmǄㅜҼ⿽ᴤѕ䟽Ⲵḡຎཡ᭸

㺘⧠Ѫḡຎ঑┎ ᡰ̍䉃Ⲵ঑┎ণḡຎо⋩⌥ᔪ঻㞄㺜྇ᒢ⎹фḡຎᰐ⌅എսᒦ䘀

ࣘˈ䙊ᑨᛵߥлྲḡຎ㹼〻࿻㤕㓸ሿҾ 1mmণਟᇊѹѪḡຎ঑┎Ǆ 

儈঻⋩⌥ḡຎ঑┎ਾ ⋩̍⌥ḡຎࠐѾᰐ⌅㻛傡ࣘǄɵ ሿⲴḡຎ㹼〻Պሬ㠤⋩
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⌥঻㕙䗷⋩䶒〟ᶱሿˈ儈঻⋩⌥ᔪ঻վлǃ׋⋩᭸⦷ѕ䟽н䏣Ǆ৽侸ᮤࡠњ GDI

㌫㔏ѝՊ䙐ᡀ௧⋩ಘഐ⋩঻н䏣㘼ᰐ⌅௧⋩Ǆ㺘⧠൘ᮤ䖖к 䖖̍䖶䙀⑀ཡ৫䙏ᓖˈ

ф䑙䐿⋩䰘ҏᰐ⌅࣐䙏Ǆ䖖䖶ᴰབྷᰦᮠሶнՊ䎵䗷 40km/hǄ 

 

മ 3.2 ḡຎ঑┎⽪᜿മ 

3.2⋯⌫傧ࣞ㓺Ԭཧ᭾৕ഖ᷆࠼ 

⋩⌥傡ࣘ㓴ԦⲴḡຎ઼⋩⌥ᔪ঻ᕪⲴ㺜྇ѻ䰤൘㻵䝽䗷〻ѝ⮉ᴹ䶎ᑨ㓶ሿ

Ⲵ䰤䳉ˈа㡜ӵѪ 0.005mmࡠ 0.012mmǄ↔䰤䳉Ⲵ֌⭘䶎ᑨ䟽㾱ˈ䰤䳉䗷བྷՊ

䙐ᡀ儈঻⋩⌥Ⲵ⟳⋩⋴┿ࡠ⧟ຳ 㘼̍䰤䳉䗷ሿՊࡉ໎࣐ഐ࣋ੁחᑖᶕⲴḡຎо⋩

⌥փⲴ᪙ᬖǄྲമ 3.1ᡰ⽪ḡຎ⭡ᥪḡ઼ࠨ䖞傡ࣘˈ൘䘀ࣘ䗷〻ѝᖸᇩ᱃ӗ⭏ח

⋨ᵲǄ༼࠶Ⲵ৏ഐॱ࣋ḡຎкǄ㘼ӗ⭏⍻䟿ࡠ൘䘀ࣘ䗷〻Պ㻛Րሬ࣋ੁחˈ࣋ੁ

⌥傡ࣘ㓴ԦⲴᥪտ઼ࠨ䖞Ⲵ䍘䟿䰞仈䜭ᴹਟ㜭ӗ⭏࣋ੁח ഐ̍↔䴰㾱ሩᮤњ⋩⌥

傡ࣘ㓴ԦⲴ䴦䜘Ԧ䙀а䘋㹼䍘䟿⹄ウо᷀࠶Ǆ 

3.2.1 ⋯⌫ᥰḧ䍞䠅⹊ガ 

儈঻⋩⌥оਁࣘᵪⲴࠨ䖞䙊䗷⋩⌥ᥪḡⴤ᧕᧕䀖 ⋩̍⌥ᥪḡⲴ䍘䟿Պᖡ૽⋩

⌥Ⲵ⼘ᦏ⣦ᘱǄ俆ݸሩ⋩⌥ᥪḡ᧕䀖㺘䶒䘋㹼Ự⍻᷀࠶ˈ⍻䟿㔃᷌㿱㺘 3.1Ǆ൘

ỰḕҶᥪḡ㺘䶒䍘䟿ਾˈ޽ሩ⋩⌥ᥪḡⲴॆᆖᡀ࠶Ự⍻ˈ⍻䟿㔃᷌㿱㺘 3.2Ǆ 
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㺘 3.1 ᥪḡ⺜ᓖ⍻䈅㺘 

Ự⍻亩ⴞ 䇮䇑٬/HRC Ự⍻٬/HRC 㔃䇪 

㺘䶒⺜ᓖ 60-64 62 ਸṬ 

㋇㌉ᓖ Ra0.4 Ra0.1 ਸṬ 

ᒣ䶒ᓖ 0.05 0.021 ਸṬ 

     

㺘 3.2 ᥪḡॆᆖݳ㍐Ự⍻㺘 

亩ⴞ C/% S/% Si/% Mn/% 

ḷ߶٬ 0.95-1́ 05 ≤0.025 0.15-0.35 0.25-0.45 

⍻䟿٬ 1.01 0.01 0.22 0.32 

ṩᦞԕк⍻䟿ᮠᦞਟ⸕ˈᥪḡⲴ⺜ᓖ઼৏ᶀᯉॆᆖݳ㍐ਜ਼䟿൷ㅖਸമ㓨䇮

䇑Ǆᒦ⋑ᴹਁ⧠ᔲᑨǄ 

䘀⭘Ҷޝ㾯Ṭ⧋Ⲵ Minitab 䖟ԦⲴ DOE(Design Of Experiments)࣏㜭ᶕ᷀࠶

ଚњഐ㍐ሩḡຎ঑┎Ⲵ“䍑⥞⦷”ᴰབྷǄٷ䇮ሶḡຎо⋩⌥㺜྇Ⲵ䰤䳉བྷሿ઼ࠨ䖞

㺘䶒⛩㲰ᮠ䟿֌Ѫഐᆀণєഐᆀ XǄᇊѹ A ഐᆀѪ䰤䳉ˈަѝ䰤䳉བྷ٬ᇊѹѪ

12µmˈ䰤䳉ሿ٬ᇊѹѪ 10µmǄᇊѹ B ഐᆀѪࠨ䖞кⲴ⛩㲰ᮠ䟿ˈަѝ⛩㲰ᮠབྷ

Ҿ 5њԕкᇊսབྷ٬䗃ࠪ 1ˈ⛩㲰ᮠሿҾ 0 ࡠ 5 њᇊѪሿ٬ˈ䗃ࠪ 0Ǆྲമ 3.3Ǆ 

 

മ 3.3 DOEഐᆀᇊѹമ 

ᇊѹ Y 䗃ࠪѪḡຎ঑┎ѕ䟽ᓖǄ᤹➗ḡຎ⼘ᦏⲴѕ䟽ᓖሶḡຎ঑┎࠶Ѫ 11

њㅹ㓗Ǆ᤹➗⼘ᦏਾⲴᴰᓅ⛩䐍⿫䮯ᓖ 5µmԕлѪ㓗࡛ 0 1̍0µmѪ㓗࡛ 1ˈ⇿໎

࣐ 10µm㓗ᮠкॷа㓗 ҏ̍ቡᱟ䈤ॱ㓗ѕ䟽ᓖⲴ⼘ᦏᴰվ⛩㠣ቁ䗮ࡠҶ 0.1mmֻ

ྲമ 3.4ণѪḡຎ঑┎Ⲵᴰѕ䟽⣦ᘱǄ 



਼⍾བྷᆖ ⺅༛ᆖս䇪᮷ Ḁ GDI ਁࣘᵪ儈঻⋩⌥Ⲵཡ᭸⁑ᔿоᙗ㜭᭩䘋⹄ウ 

21 

മ 3.4 ḡຎ঑┎ѕ䟽ᛵߥ 

൘ᇊѹҶഐᆀѻਾˈᢺᓄ⭘Ҷ DOE䇑㇇ˈަѝਆṧаޡ 30њˈ᤹➗ DOE

㠚ࣘᧂࠪࡇн਼ഐᆀⲴᧂࡇ㓴ਸˈᒦᗇࡠⲴ DOEⲴ㔃᷌ྲമ 3.5 Ǆ 

 

മ 3.5 ḡຎ঑┎⴨ޣᙗ DOE⽪᜿മ 

⭡മ 3.5DOEḡຎ঑┎⴨ޣᙗ DOE 㔏䇑㔃᷌ਟ⸕ˈḡຎо⋩⌥ᵜփⲴ䰤䳉

ⴤ㓯ᯌ⦷䖳ሿ 䘉̍㺘᰾䈕ഐ㍐ሩ⋩⌥ḡຎ঑┎ᒦн᭿ᝏ ণ̍⋑ᴹࠪڊԫօᇎ䍘ᙗ

Ⲵ䍑⥞Ǆ 

ਖањഐ㍐ࠨ䖞Ⲵ⛩㲰ᮠ䟿ⴤ㓯ᯌ⦷䖳བྷ 䘉̍㺘᰾䈕ഐ㍐ሩ⋩⌥ḡຎ঑┎᭿

ᝏˈণ䈕ഐ㍐䎺བྷ⋩⌥ḡຎ঑┎ਟ㜭ᙗ䎺儈Ǆ 

⭡Ҿѻࡽᐢ㓿傼䇱Ҷ⋩⌥ᥪḡⲴ䍘䟿ᒦᰐ䰞仈 ഐ̍↔ሶ⹄ウѝᗳ䖜ੁḡຎо

⋩⌥ᵜփѻ䰤Ⲵ䰤䳉઼о⋩⌥ⴤ᧕᧕䀖Ⲵࠨ䖞Ⲵ䍘䟿Ǆ䙊䗷ԕк DOEਟԕᗇ⸕ˈ

䖞Ⲵ⛩㲰ᮠཊቁሩ⋩⌥ḡຎ঑┎Ⲵ䍑⥞ᴰབྷࠨ ഐ̍↔᧕л৫ሶ㋮࣋ѫ㾱䳶ѝҾࠨ

䖞Ⲵ䍘䟿᭩ර⹄ウǄ 

 䖤䍞䠅⹊ガ࠮⌫⋯ 3.2.2
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俆ݸҶ䀓лӰѸᱟࠨ䖞Ǆ൘ GDI ㌫㔏ѝˈ儈঻⋩⌥а㡜ᆹ㻵ҾਁࣘᵪⲴ≄

㕨ⴆкᒦ⭡ࠨ䖞䖤傡ࣘˈѪ↔ࠨ䖞䖤൘ࡦ䙐ᰦ␫࣐Ҷࠨ䖞ࠨඇ˄৸ਛṳቆ˅⭘ԕ

傡ࣘঅḡຎ儈঻⟳⋩⌥Ǆྲ മ 3.6ᡰ⽪ѪаⅮ 4 㕨ਁࣘᵪ ഐ̍↔ࠨ䖞Ѫ 4 ṳቆ㊫

⸙ᖒࠨ䖞Ǆᖃࠨ䖞᯻䖜ᰦࠨˈ 䖞䖤кⲴṳቆቡՊᑖࣘਛᥪḡ઼অḡຎ儈঻⟳⋩⌥

Ⲵḡຎкл〫ࣘ Ӿ̍㘼傡ࣘঅḡຎ儈঻⟳⋩⌥ᐕ֌Ǆ⋩⌥ࠨ䖞ॷ〻Ⲵ㋮⺞ᙗⴤ᧕

ᖡ૽儈঻⋩⌥Ⲵᙗ㜭ˈ䘋㘼ᖡ૽⋩䖘䖘঻Ǆ 

 

മ 3.6 ḀаⅮ 4 㕨ਁࣘᵪࠨ䖞о⋩⌥⽪᜿മ 

ⴞࠨࡽ䖞ѫ㾱ᆈ൘Ⲵ䰞仈ᱟ⛩㲰ˈྲമ 3.7Ǆ㘼⛩㲰ᱟᐢ㓿㻛䇱ᇎᱟ䙐ᡀḡ

ຎ঑┎ᕅ䎧⋩⌥ཡ᭸Ⲵѫ㾱৏ഐǄ 

 

മ  䖞⛩㲰⽪᜿മࠨ3.7

䖞ਁ⭏⛩㲰Ⲵ৏ࠨ⌥⋨Ҷᡰᴹਟ㜭ሬ㠤ࠪࡇ⌅ᯩ᷀࠶㾯Ṭ⧋Ⲵ劬僘മޝ⭘

ഐྲമ 3.8̍ ԕׯҾ䘋а↕᷀࠶Ǆ 
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മ  䖞⛩㲰৏ഐ劬僘മࠨ 3.8

䙊䗷ԕк᷀࠶ਟ⸕ሬ㠤⋩⌥ࠨ䖞⛩㲰Ⲵѫ㾱৏ഐᴹ˖˄ ᐕ㕪䲧ˈᶀᯉ䰞࣐˅1

仈Ǆ˄ 2˅⋩⌥ᥪḡ䍘䟿䰞仈 ˄3˅⋩⌥ࠨ䖞✝༴⨶䰞仈Ǆ 

䖞䖤∋ඟ⣦ᘱᧂḕࠨ 䪸̍ሩ׋ᓄ୶Ⲵᓃᆈ䟽ᯠቪረỰ⍻ 䖞∋ඟॷ〻ࠨ⌥̍⋨

ਟԕ┑䏣࣐ᐕоєⲴ㾱≲ ൘࣐̍ᐕ䗷〻ѝнՊਁ⭏ࠨ䖞䖤࣐ᐕнࡠսⲴᛵߥǄሩ

 ǄߥսⲴᛵࡠᐕн࣐⧠䖞䖤ᡀ૱⣦ᘱҏ䘋㹼Ҷᧂḕˈᒦ⋑ᴹਁࠨ

ሩࠨ䖞䖤৏ᶀᯉᧂḕ ሩ̍⛩㲰Ⲵࠨ䖞䖤䘋㹼ਆṧ Ự̍⍻ᶀᯉᡀ࠶ᱟ੖оമ㓨

㾱≲Ⲵа㠤ˈྲ㺘 3.3 Ѫ⍻䟿㔃᷌Ǆ 

㺘  ㍐㺘ݳ䖞ᶀᯉॆᆖࠨ 3.3

亩ⴞ S/% C/% Mn/% Si/% 

ḷ߶٬ ≤0.035 0.52-0.60 0.5-0.8 0.17-0.37 

⍻䟿٬ 0.003 0.59 0.69 0.22 

ṩᦞк䘠㔃᷌ࡔᯝࠨˈ 䖞Ⲵᶀᯉㅖਸമ㓨㾱≲ ᒦ̍䶎䙐ᡀ䖤⛩㲰ਁ⭏Ⲵѫ㾱

৏ഐǄ 

❦ਾሩ⋩⌥ࠨ䖞䖤✝༴⨶ࠨ᷀࠶ˈ 䖞✝༴⨶нਸṬՊࠨ⌥⋨࣐ࢗ䖞䖤Ⲵ⼘ᦏ

⣦ᘱ 䖞䖤Ⲵ⢩ᙗࠨ⌥⋨䖞ᵜ䓛Ⲵ✝༴⨶ⴤ᧕ᖡ૽Ҷࠨ⌥̍⋨ ᭵̍䴰㾱ሩ⋩⌥ࠨ䖞

䖤Ⲵ✝༴⨶ᛵߥ䘋㹼᷀࠶Ǆ俆ݸሩ␜⚛ቲỰ⍻˖ྲമ 3.9ᱟሩ⋩⌥ࠨ䖞Ⲵ␜⚛ቲ

␡ᓖ䘋㹼Ự⍻᷀࠶⽪᜿മˈާփỰ⍻㔃᷌㿱㺘 3.4Ǆ 
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മ  䖞䖤␜⚛ቲ␡ᓖࠨ 3.9

㺘  䖞␜⚛␡ᓖᮠ٬㺘ࠨ  3.4

Ự⍻亩ⴞ 䇮䇑٬ Ự⍻٬ 㔃䇪 

ṳቆ␜⚛ቲ␡ᓖ/mm 1.5-5 1.7   ਸṬ 

สശ␜⚛ቲ␡ᓖ/mm 1.6 

    ṩᦞԕкⲴỰ⍻ᮠᦞ᷀࠶ ⨶䖞䖤㓿䗷Ҷ␜⚛༴ࠨ⌥̍⋨ 㘼̍ф␜⚛ቲ␡ᓖ┑

䏣㾱≲ 䖞⛩㲰Ⲵ৏ഐǄ❦ਾሩ䠁⴨㓴㓷ࠨ⌥⋨䖞䖤␜⚛ቲ␡ᓖнᱟ䙐ᡀࠨ⌥̍⋨

Ự⍻Ǆ䠁⴨ᱟа⿽Ự⍻ᢰᵟˈҏ㇇а⿽⹄ウᯩ⌅ˈᡰ䉃Ⲵ䠁⴨ᱟ⨶ॆỰ傼㤳⮤Ⲵ

а䰘Ự⍻ᢰᵟǄሩҾ⴨ޣᐕলԱъ㘼䀰 䠁̍⴨Ự傼ᱟⴁ᧗䠁኎ӗ૱޵൘䍘䟿Ⲵᴹ

᭸䇴ࡔḷ߶ ᆳ̍൘⭏ӗ⧟㢲ѝҏᱟнਟᡆ㕪Ⲵ䜘࠶ǄਟԕỰ⍻৏ᶀᯉߦ䠁䍘䟿઼

䭫䙐䍘䟿ˈ䇴ԧ䠁኎ᶀᯉ൘㓟߰ᓖǃ൷रᓖǃ㠤ᇶᓖ䈨ᯩ䶒Ⲵ≤ᒣˈҏਟԕỰ⍻

䫒䫱ᶀᯉ✝༴⨶ਾⲴ䍘䟿ˈԕ᰾⺞ᵪỠᙗ㜭ᤷḷᡆ儈ᡆվ৽᱐൘㓴㓷кⲴ৏ഐǄ

Ự⍻㓴㓷മྲമ 3.10ᡰ⽪ˈỰ⍻㔃᷌ྲ㺘 3.5ᡰ⽪Ǆ 

 

മ  䖞䠁⴨㓴㓷ࠨ 3.10

㺘  䖞䠁⴨㓴㓷Ự⍻㺘ࠨ3.5

Ự⍻亩ⴞ 䇮䇑٬ Ự⍻٬ 㔃䇪 

䠁⴨㓴㓷 ᗞ㓶傜∿փ+ቁ䟿ᶱ

㓶ݹփ+ቁ䟿䫱㍐փ 

ᗞ㓶傜∿փ ਸṬ 
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ṩᦞԕкⲴ⍻䈅㔃᷌ਟ⸕ 䖞䠁⴨㓴㓷ㅖਸമ㓨㿴㤳ࠨ⌥̍⋨ 䖞ࠨ⌥̍⋨

䠁⴨㓴㓷нᱟ䙐ᡀ⋩⌥ࠨ䖞⛩㲰Ⲵ৏ഐǄሩࠨ䖞㺘䶒⺜ᓖỰ⍻ ⺜̍ᓖỰ⍻⛩

㿱മ 3.11̍ ާփỰ⍻㔃᷌㿱㺘 3.6Ǆ 

 

മ  䖞⺜ᓖỰ⍻⽪᜿ࠨ 3.11

㺘  䖞⺜ᓖỰ⍻㺘ࠨ 3.6

Ự⍻亩ⴞ 㺘䶒⺜ᓖ 

⍻䟿ᐕާ ⍋∿⺜ᓖ䇑 

䇮䇑٬/HRC 35-45 

⍻䟿٬/HRC 1# 2# 3# 4# 

31 31 33 31 30 32 26 27 

㔃䇪 нਸṬ 

ṩᦞԕкⲴỰ⍻ᮠᦞ᷀࠶ 䖞㺘䶒⺜ᓖվҾ䇮䇑٬ࠨ⌥̍⋨ ⮕̍ሿҾ䇮ᇊ

٬Ǆ᭵ࡍ↕ᘰ⯁⌥ࠨ䖞㺘䶒⺜ᓖнਸṬᱟ䙐ᡀ⋩⌥ࠨ䖞⛩㲰Ⲵањѫ㾱৏

ഐǄ޽ᣭṧ 20Ԧḡຎ঑┎ࠨ䖞䘋㹼⺜ᓖỰ⍻ˈ䘀⭘ޝ㾯Ṭ⧋ਟ㿶ॆമᗇࡠ

㔃᷌ྲമ 3.12Ǆ 
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മ 3.12 20Ԧࠨ䖞⺜ᓖ⍻䈅㔃᷌ 

⭡⍻䈅㔃᷌ਟ⸕ˈᣭṧ䴦Ԧ⺜ᓖ४䰤䳶ѝҾ 35-45HRCǄ᧘ᯝࠪ䙐ᡀ⋩⌥ḡ

ຎ঑┎Ⲵ⋩⌥ࠨ䖞⺜ᓖ䇮䇑ٿվǄഐ↔ਟԕ⺞ᇊࠨ䖞⺜ᓖ䇮䇑ٿվᱟ䙐ᡀ⋩⌥ḡ

ຎ঑┎ሬ㠤⋩⌥ཡ᭸Ⲵޣ䭞৏ഐǄ 

 䖤Ⲻ᭯䘑䇴䇗࠮ 3.3

᤹➗ѻ᷀࠶ࡽⲴ㔃᷌ਟ⸕ ቁ⛩㲰ǄӾ⋩⌥Ⲵ䀂ᓖࠪਁ߿ᕪᥪḡ⺜ᓖਟԕ࣐̍

䴰㾱┑䏣˖Ӿ 35-45HRC໎ࡠ࣐ 55-65HRCǄ 

3.4 䈋僂਀㔉᷒ 

3.4.1 ⋯⌫㙆ѻᙝ䈋僂ਦ䇴䇗 

⋩⌥ḡຎཡ᭸Պሬ㠤ᮤњ⋩⌥нᐕ֌ ഐ̍↔ѪҶ⺞؍ᯠ᭩䘋Ⲵਟ䶐ᙗ 䴰̍㾱

ሩᮤњ⋩⌥䘋㹼㙀ѵᙗ䈅傼Ǆ⋩⌥㙀ѵ䈅傼৲ᮠ䇮䇑Ѫˈ䈅傼ᰦ䰤 2875h̍ ⋩⌥

䖜䙏˄ণ⋩⌥ࠨ䖞䖜䙏˅࡛࠶Ѫ 250r/minǃ1250 r/minǃ2190 r/minǃ3000 r/min

ഋ䙏ˈྲമ 3.13઼㺘 3.7Ǆ䈅傼⭘⋩䇮䇑Ѫˈᑖᵲ䍘Ⲵഭ III ⡼ਧ⋩ˈਜ਼䞂㋮䟿

85%Ⲵ⟳⋩ˈਜ਼䞂㋮䟿 22%Ⲵ⟳⋩Ǆঅ⅑ᗚ⧟ᰦ䰤㓖 䫏࠶690 11.5h̍ 䖞ࠨ⌥⋨

䖜䙏Ӿ ᴰབྷࡠ0 3000䖜⇿࠶䫏ˈ䈅傼⑙ᓖѪᇔ⑙Ǆ⭡Ҿᐕ઼ߥᰦ䰤Ⲵ䲀ࡦˈ൘

ᮤ䖖к䈅傼᰾ᱮн⧠ᇎǄഐ↔䇮䇑ањ⋩⌥㙀ѵᙗ䈅傼ਠቡᱮᗇቔަ䟽㾱ҶǄ 
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മ 3.13 㙀ѵ䈅傼অ⅑ᗚ⧟⽪᜿മ 

㺘 3.7 㙀ѵ䈅傼অ⅑ᗚ⧟㺘 

↕僔 ⋩⌥ࠨ䖞䖜䙏 

r/min 

䘋⋩ਓ঻࣋ 

bar 

⋩䖘঻࣋

bar 

ᤱ㔝ᰦ䰤 

min 

1 250 2.5 40 120 

2 1250 3 80 180 

3 2190 3 150 360 

4 3000 5 200 30 

䈅傼ਠѫ㾱⭡⁑ᤏ㕨ⴆǃ⌅ޠǃ䖜䖤ࠨǃ 䖞䖤ǃപᇊ㷪ṃㅹ㓴ᡀǄྲ മ 3.14Ǆ  
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1-⋩⌥ 2̍-ᥪḡ⁑ᤏԦ 3̍-ᆹ㻵⌅ޠ 4̍-പᇊ㷪ṃ 5̍-ᑖ㷪㓩പᇊ䰙 6̍-M16㷪ṃ 7̍-പᇊ⧟ˈ

8-䖤᢯ˈ9-Oරസˈ10ࠨ- 䖞ˈ11-䖜䖤ˈ12-༣փˈ13-പᇊ䰙ˈ14-ᇶሱ⧟ˈ15-傡ࣘ━ඇˈ16- 

Oරസˈ17-പᇊ䬰ˈ18- Oරസˈ19-ᇊս䬰 

മ 3.14 䈅傼ਠᷦ⽪᜿മ 

3.4.2 䈋僂ਦᷬരᇐ䬶Ⲻ䇴䇗ᕰᓜ僂䇷 

പᇊ䬰оപᇊ㷪ṃᱟᮤњ䈅傼ਠⲴޣ䭞㍗പ䴦䜘Ԧ പ̍ᇊ䬰ѫ㾱֌⭘ᱟ䘎᧕

䖜䖤઼ࠨ䖞ˈᖃ䖜䖤᯻䖜ᰦࠨ䖞䙊䗷പᇊ䬰а䎧о䖜䖤᯻䖜ˈྲമ 3.15Ǆⴞࡽപ

ᇊ䬰䇮䇑৲ᮠѪ˖ᶀᯉ 1.0543н䬸䫒ˈᡚ䶒儈ᓖ H=6mm̍ 䮯ᓖ L=26mmǄ 
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മ 3.15 പᇊ䬰⽪᜿മ 

⺞ᇊപᇊ䬰୞࣋ᱟ੖Ѫᕩᙗᖒਈቡᱮᗇॱ࠶Ⲵ䟽㾱ҶǄྲമ 3.16Ѫᇊս䬰

ᡚ䶒മˈᐢ⸕⍻ᗇⲴ䖜䖤䖜⸙Ѫ C=30Nm̍ 䖜䖤ॺᖴ R=8.5mmǄ 

N
R

C
F 3530

0085.0

30 ===                       (3-1) 

⭡ᔿਟᗇ䖜䖤ਇ࣋Ѫ 3530NǄ❦ਾ䇑㇇ᇊս䬰ᡚ䶒〟˖ 

2156266 mmLHS =×=×=                    (3-2) 

2/25.45
78

3530
mmN

s

F
P ===                   (3-3) 

ྲ㺘 3.8᤹➗ EN10277-2ḕ㺘ᗇ 䇮̍䇑ᗇപᇊ䬰ⴤᖴ൘ 5 ࡠ 10mm४䰤㤳ത

٬⭼ᗇ⸕ກᙗᓄਈቸᴽᶱ䲀Ѥˈ޵
02PR =540 N/mm²̍ 㘼䇑㇇٬Ѫ 45.25 N/mm²ഐ

↔䇮䇑ㅖਸḷ߶Ǆ 

 

 

 

മ 3.16 ᇊս䬰ᡚ䶒ਇ࣋മ 
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㺘 3.8 EN10277-2 1.0543ກᙗᓄਈ઼ቸᴽᶱ䲀ᮠ٬മ 

 ✝䖗઼৫Ⳟ (+SH)b ߢߧ঻ᵪỠᙗ㜭 

৊ᓖ˄mm˅ ᐳ∿⺜ᓖ 

HBW 

Rm MPa Rp0.2d MPa 

min. 

Rmd  MPa A % min. 

[5 ,10] ---- ---- 540 700㠣 1050 5 

(10,16] ---- ---- 480 680㠣 970 6 

(16,40) 169 㠣 211 570 㠣 710 390 640㠣 930 7 

(40,63) 169 㠣 211 570 㠣 710 340 620㠣 870 8 

(63,100) 169 㠣 211 570 㠣 710 295 570㠣 810 8 

3.4.3 䈋僂㔉᷒ 

᭩䘋ࡽਾⲴࠨ䖞䖤⼘ᦏ⣦ߥሩ∄ ൘̍ᨀ儈Ҷ⋩⌥ࠨ䖞Ⲵ⺜ᓖਾ 䖞㺘ࠨ⌥̍⋨

䶒⼘ᦏᴤ䖫ᗞˈྲമ 3.17ǄaമѪᮤ᭩ࡽⲴࠨ䖞൘㙀ѵ䈅傼ਾṳቆਁ⭏⛩㲰ˈമ

b Ѫ᭩ழ⺜ᓖਾⲴࠨ䖞ˈ൘⴨਼Ⲵ䈅傼ਾᒦ⋑ᴹਁ⧠᰾ᱮ⛩㲰⧠䊑Ǆᮤ᭩⺜ᓖਾ

Ⲵࠨ䖞൘ᴤѕ㤋Ⲵ⋩⌥㙀ѵ䈅傼ਾᒦ⋑ᴹਁ⧠⋩⌥ḡຎ޽঑┎⧠䊑Ǆ 

 

മ 3.17 ᮤ᭩ࡽਾⲴࠨ䖞䖤⼘ᦏ⣦ߥሩ∄ 

3.5 ᵢㄖቅ㔉 

⋩⌥傡ࣘ㓴ԦⲴཡ᭸ѫ㾱㺘⧠൘ḡຎ㹼〻ਈ⸝ᡆ঑┎ ѕ̍䟽ᰦ⋩⌥ḡຎṩᵜ
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ᰐ⌅޽⅑⍫ࣘǄḡຎ㹼〻ׯㄟՊሬ㠤⋩⌥׋⋩঻࣋н䏣ԕ৺⋩⌥᭸⦷վлㅹ䰞

仈Ǆ⋩⌥ḡຎ঑┎Պ䙐ᡀ⋩⌥׋⋩঻࣋僔䱽ˈ⋩⌥׋⋩᭸⦷վлǄ௧⋩ಘᰐ⌅௧

⋩ˈ䖖䖶ᰦ䙏ਇ䲀Ҿ 40km/hㅹ⧠䊑Ǆ 

ḡຎ঑┎ѫ㾱ᱟ࣋ੁחᖡ૽ ⋩̍⌥傡ࣘ㓴ԦⲴ䍘䟿䰞仈䜭Պᕅ䎧࣋ੁח ഐ̍

↔ᵜㄐሩᡰᴹ傡ࣘ㓴ԦⲴ䴦䜘Ԧ䘋㹼Ҷ䙀аᧂḕǄ 

˄1˅～䙊䗷䘀⭘ޝ㾯Ṭ⧋ਁ᷀࠶⧠ḡຎ঑┎ᱟ઼⋩⌥ࠨ䖞൘䮯ᰦ䰤䘀㹼ਾՊਁ

⭏⛩㲰ѕ䟽ᓖ੸⧠㓯ᖒޣ㌫ˈণࠨ䖞⛩㲰䎺ѕ䟽ˈḡຎ঑┎仾䲙䎺儈Ǆ 

˄2˅～䘋а↕⹄ウਾਁ⧠ࠨ䖞Ⲵ⺜ᓖнਸṬᱟ䙐ᡀࠨ䖞⛩㲰Ⲵṩᵜ৏ഐǄᨀ儈

 䖞⛩㲰ᗇ仾䲙Ǆࠨቁ߿䖞Ⲵ⺜ᓖਟԕᴹ᭸ࠨ

˄3˅～ᔪ䇞ሶࠨ䖞⺜ᓖ㾱≲Ӿ 35-45HRC໎ࡠ࣐ 55-65HRCǄ 

˄4˅～䇮䇑Ҷ䪸ሩ⋩⌥Ⲵ㙀ѵ䈅傼ਠᒦ䘋㹼Ҷ䈅傼Ǆ 

˄5˅～傼䇱Ҷ䈅傼ਠޣ䭞䴦䜘Ԧപᇊ䬰ⲴᕪᓖǄ 

˄6˅～䈅傼ᆼᡀਾࠨ䖞⛩㲰⧠䊑н᰾ᱮˈ⋩⌥ᐕ֌↓ᑨǄ 
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ㅢㅢㅢㅢ 4 ㄖㄖㄖㄖ 䘑⋯䰶㓺Ԭ䘑⋯䰶㓺Ԭ䘑⋯䰶㓺Ԭ䘑⋯䰶㓺Ԭཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガ 

⋩⌥䘋⋩䰰㓴ԦⲴཡ᭸∄ࡇ㓖ঐ 17%Ǆᴥ ㄐ䪸ሩ⋩⌥䘋⋩䰰㓴ԦⲴཡ᭸⁑ᔿ

䘋㹼Ҷ઼᷀࠶᭩ழǄ 

4.1䘑⋯䰶㓺Ԭཧ᭾ᨅ䘦 

䘋⋩䰰㓴Ԧѫ㾱वᤜҶ䘋⋩䰰䱫ቬಘǃ䘋⋩䰰└␵ಘǃ䘋⋩㇑઼䘋⋩䰰→᧘

⡷ㅹǄ䘋⋩䰰ᱟ儈঻⋩⌥Ⲵ⟳⋩ޕਓ ѫ̍㾱䍏䍓㔉儈঻⋩⌥ᔪ঻㞄ᨀ׋վ঻⟳⋩Ǆ

਼ᰦ䘋⋩䰰㓴Ԧ䘈䎧ࡠањ䗷└⟳⋩ᵲ䍘Ⲵ֌⭘ ѫ̍㾱֌⭘ᱟᢺਜ਼൘⟳⋩ѝⲴ≗

ॆ䫱ǃ㊹ቈㅹപփᵲ⢙ᤖᡚǄ└␵ሩ儈঻⋩⌥ᶕ䈤⴨ᖃҾа䚃䱢㓯ˈ䱢→儈঻⋩

⌥㻛仇㋂ᵲᘇ⹤ൿǄ 

ᑨ㿱Ⲵ䘋⋩䰰㓴Ԧཡ᭸㺘⧠൘└␵ಘ⹤ᦏǄ⹤ᦏਾⲴ└␵ಘᰐ⌅䗷└⟳⋩ᗞ

ሿᵲ䍘Ǆ䘋⋩䰰㓴Ԧᱟањ㋮ᇶ䝽ਸⲴᵪỠ䴦Ԧᙫᡀˈަ 䜘Ⲵ䴦䜘Ԧѻ䰤Ⲵ䰤޵

䳉䶎ᑨⲴᗞሿǄ儈঻⋩⌥൘ᐕ֌䘀䖜ᰦ 䗷̍ཊⲴ仇㋂ᵲ䍘Պⴤ᧕઼䘋⋩䰰㓴ԦⲴ

䴦䜘Ԧ⼘ᦏǄ䙐ᡀ䴦䜘ԦⲴᦏՔˈ䭰ቲ㝡㩭ㅹǄ㘼䘉ӋᦏՔ䴦䜘Ԧ㝡㩭лᶕⲴᵲ

䍘ࡉՊ䙐ᡀᴤѕ䟽Ⲵ⹤ൿ 䘉̍ṧቡᖒᡀҶањᚦᙗᗚ⧟ ѕ̍䟽Ⲵᖡ૽Ҷ䘋⋩䰰Ⲵ

ᐕ֌ሯભǄ 

└␵ಘⲴ㔃ᶴྲമ 4.1̍ ⭡ањ䠁኎঻㻵⧟ˈањ޵ᴹ└㖁Ⲵກᯉ઼аᕐ൘

᭟ᷦк㻵ᴹ儈᭸Ⲵ└㖁㓴ᡀǄ└㖁Ⲵᆄᖴ㓖 35µmǄ 

 

മ 4.1└␵ಘ⽪᜿മ 

    മ 4.2ᡰ⽪ѪਇᦏⲴ└␵ˈ└␵ਇᦏՊ䙐ᡀ䘋⋩䰰㓴Ԧཡ᭸ˈ㘼䘋⋩䰰㓴Ԧ

ཡ᭸৸Պᕅ䎧Ⲵ⋩⌥ཡ᭸ˈ⁑ᔿѫ㾱ᴹ˖˄ 1˅⋩⌥䘋⋩䰰㻛ᵲ䍘঑┎ሬ㠤䘋⋩䰰

ᰐ⌅ޣ䰝ˈ⋩⌥ᔪ঻᭸⦷վлˈ⋩䖘঻࣋վҾ䇮ᇊ٬Ǆ˄ 2˅⋩⌥䘋⋩䰰ᕩ㉗㻛ᵲ

䍘⹤ൿˈሬ㠤儈঻⋩⌥䘋⋩䰰ཡ᭸ˈ⋩⌥ᔪ঻нਇ ECU ᧗ࡦˈ⋩䖘঻࣋儈Ҿ䇮
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ᇊ٬Ǆ˄ 3˅⋩⌥ࠪ⋩䰰㻛ᵲ䍘঑┎ᡆ⹤ൿሬ㠤ࠪ⋩䰰ᰐ⌅ޣ䰝ˈ⋩⌥ᔪ঻᭸⦷վ

лˈ⋩䖘঻࣋վҾ䇮ᇊ٬Ǆ˄ 4˅⋴঻䰰㻛ᵲ䍘঑┎ᡆ⹤ൿሬ㠤⋴঻䰰ᰐ⌅ޣ䰝ˈ

⋩䖘Ⲵ঻࣋㻛ᤱ㔝Ⲵ⌫⍱䘄എ⋩⌥ˈሬ㠤⋩䖘঻࣋վҾ䇮ᇊ٬Ǆ 

 

മ 4.2 ਇᦏ└␵ಘ⽪᜿മ 

4.2䘑⋯䰶㓺Ԭཧ᭾৕ഖ᷆࠼ 

䙐ᡀ└␵ಘ└㖁⹤ᦏⲴ৏ഐѫ㾱ᴹє⛩ 俆̍ݸ└㖁㻵䝽ᐕ㢪㕪䲧ˈަ ⅑└㖁

৏ᶀᯉ㕪䲧Ǆᵜ᮷ᡰ䘠儈঻⋩⌥Ⲵ└␵ಘⲴ᭟ᷦᶀᯉѪ PBT 㚊ሩ㤟Ҽ⭢䞨бҼ

䞷䞟ˈ㤡᮷਽ polybutylene terephthalateǄ└㖁ᶀᯉѪ PA66㚊䞠㜪ṁ㜲ˈ㤡᮷਽

〠Ѫ polyamide̍ ㆰ〠 PA؇〠ቬ嗉Ǆ঻㻵⧟ⲴᶀᯉѪ 1.4305н䬸䫒Ǆ 

俆ݸỰḕҶ└㖁㻵䝽ᐕ㢪ˈ᤹ ➗䇮䇑㾱≲└㖁㻛ᕪ㹼࢕⿫᭟ᷦⲴ࣋н㜭ሿҾ

35Nˈ㺘 4.1Ѫ└㖁 30㓴Ự⍻ᮠᦞǄ 
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㺘 4.1 └㖁࢕⿫࣋Ự⍻㺘 

䴦Ԧ㕆ਧ ࢕⿫࣋ N 䴦Ԧ㕆ਧ ࢕⿫࣋ N 

1 55  16 58  

2 58  17 57  

3 58  18 58  

4 53  19 56  

5 55  20 55  

6 54  21 53  

7 55  22 52  

8 58  23 51  

9 56  24 58  

10 57  25 56  

11 56  26 57  

12 52  27 55  

13 51  28 55  

14 53  29 54  

15 55  30 56  

⭡㺘 4.1ਟԕ᧘ᯝˈ⋩⌥㻵䝽ᒦᰐ䰞仈ǄҾᱟሶ⹄ウ䟽⛩䳶ѝࡠҶ৏ᶀᯉ䍘

䟿кǄѪҶ傼䇱৏ᶀᯉⲴ㙀ѵᙗ䘹ਆҶ䜘࠶ṧԦ⁑ᤏᮤњሯભઘᵏⲴ⟳⋩㙀ѵ䈅

傼Ǆᇎ傼৲ᮠྲл˖˄ 1˅⋩૱⑙ᓖ 85℃Ǆ˄ 2˅⎨⌑ᰦ䰤 500hǄ˄ 3˅⋩૱⿽㊫˖

ਜ਼䞂㋮ 15%Ⲵ⟳⋩˄E15˅ ˈਜ਼䞂㋮ 26%Ⲵ⟳⋩˄E26˅ ৺␫࣐ 6%≤Ⲵ≤ⓦ䞂㋮Ǆ 

䈅傼ਾՊሩ└␵ಘ䘋㹼䈅傼傼䇱ˈ⭘ᶕỰḕަᕪᓖᱟ੖䘈ㅖਸ৏ݸⲴ䇮䇑Ǆ

঻࣋⍻䈅ᵪѫ㾱ᴹഋ⿽˖⏢঻ᔿ঻࣋⍻䟿Ԛǃᙗᔿ঻࣋⍻䟿Ԛǃ䍏㦧ᔿ঻࣋⍻䟿

Ԛǃ⭥⍻ᔿ঻࣋⍻䟿ԚǄ 

⏢ḡᔿ঻࣋䇑䙊ᑨ㻛〠Ѫ⏢঻ᔿ঻࣋⍻䟿Ԛ ᐕ̍֌৏⨶Ѫаᇊ儈ᓖⲴ⏢ḡᡰ

ӗ⭏Ⲵ঻࣋ о̍㻛⍻঻࣋⴨ᒣ㺑Ⲵ৏⨶⍻䟿঻࣋ⲴǄ঻࣋⍻䟿Ԛ᤹ᐕ֌৏⨶࠶Ѫ

ᕩᙗᔿǃ⏢ḡᔿǃ⭥⍻ᔿ઼䍏㦧ᔿㅹǄབྷཊᱟаᕟᖒ⧫⪳㇑ᡆⴤᖒ⧫⪳㇑Ǆ঻࣋

⍻䟿Ԛᑨ⭘Ⲵᐕ֌⏢փѪ≤䬦઼䞂㋮ᡆ㓟≤Ǆᡰ⍻঻࣋а㡜н䎵䗷 3bar̍ նަާ

ᴹ儈⚥᭿ᓖ ഐ̍↔ѫ㾱⭘֌ᇎ傼ᇔѝⲴվ঻ส߶Ԛ㺘 ԕ̍ṑ傼ᐕ֌⭘঻࣋⍻䟿Ԛ

㺘Ǆ 

ᕩᙗᔿ঻࣋⍻䟿Ԛࡉᱟᓄ⭘঻࣋ӗ⭏ਈᖒⲴ৏⨶ᶕ⍻䟿н਼ᖒ⣦Ⲵᕩᙗݳ

ԦǄ࣏᤹㜭н਼࠶Ѫᤷ⽪ᔿ঻࣋㺘ǃ⭥᧕⛩঻࣋㺘઼䘌Ր঻࣋㺘ㅹǄ᤹н਼Ⲵᕩ

ᙗݳਟ࠶Ѫ㟌⡷঻࣋㺘ǃᕩ㉗㇑঻࣋㺘ǃ⌒㓩㇑঻࣋㺘ǃ㟌ⴂ঻࣋㺘ㅹ˗䘉㊫Ԛ

㺘ⲴՈ⛩ᱟ㔃ᇎ㙀⭘ǃ㔃ᶴㆰঅˈ⍻䟿㤳തᇭǄᱟ֯⭘䖳ѪᲞ䙽Ⲵа⿽঻࣋⍻䟿
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䇮༷Ǆ 

䍏㦧ᔿ঻࣋⍻䟿Ԛ㺘ᑨ〠Ѫ䍏㦧ᔿ঻࣋䇑ˈᆳᱟⴤ᧕᤹঻࣋Ⲵᇊѹࡦ֌Ⲵˈ

ᑨ㿱Ⲵᴹ⍫ຎᔿ঻࣋䇑ǃ⎞⨳ᔿ঻࣋䇑઼䫏㖙ᔿ঻࣋䇑ǄަՈ⛩ᱟ⍻䟿㋮⺞ˈѫ

㾱֌Ѫ঻࣋ส߶Ԛ㺘֯⭘ˈ⍻䟿㤳തӾᮠ 1bar㠣 25000barǄ 

⭥⍻ᔿ঻࣋⍻䟿Ԛ㺘ᱟⴤ᧕ሶ঻࣋䖜ᦒѪ⭥঻ǃ⭥⍱ؑਧᡆ仁⦷ؑਧ䗃ࠪˈ

࡙⭘䠁኎ᡆॺሬփⲴ⢙⨶⢩ᙗˈሶᕩᙗփⲴᖒਈ䖜ᦒѪ⭥঻ǃ⭥⍱ؑਧ䗃ࠪǄԓ

㺘ᙗӗ૱ᴹ঻䱫ᔿǃ঻⭥ᔿǃ⭥ᇩᔿǃᥟ仁ᔿǃᓄਈᔿㅹǄަ⢩⛩ᱟ㋮⺞儈ˈਟ

䗮 0.02㓗ˈ⍻䟿㤳തӾᮠॱᑅ㠣 7000barнㅹǄ 

สҾԕк⍻䈅ᵪⲴՈ㕪⛩ˈᵜ䈅傼䟷⭘⭥⍻䈅঻࣋⍻䈅ᵪˈྲമ 4.3ᡰ⽪Ǆ 

 

മ 4.3  └␵ಘ঻࣋⍻䈅ᵪ 

⺞ᇊ঻࣋⍻䈅⛩ ṩ̟ᦞѻਁࡽ⭏⹤ᦏս㖞઼䇮༷᧒䪸ᐕ֌⧟ຳ㾱≲䘹ᇊྲമ

4.4 ᡰ⽪й⛩֌Ѫᶀᯉ㙀ѵ঻࣋⍻䈅⛩Ǆ㔏䇑Ⲵӄ㓴ᮠᦞ㿱㺘 4.2 ⎨⌑䈅傼ਾ└

㖁৺᭟ᷦਟ᢯ਇᴰབྷ⹤ൿ࣋Ǆ 



ㅜ 4 ㄐ 䘋⋩䰰㓴Ԧཡ᭸᷀࠶о᭩䘋⹄ウ 

36 

 

 

മ 4.4 └␵⍻䈅⛩ 

㺘 4.2 └␵⎨⌑䈅傼ਾ└㖁৺᭟ᷦਟ᢯ਇᴰབྷ⹤ൿ࣋ᮠ٬ 

 ᭟ᷦ(PBT) └㖁(PA66) 

䈅傼ࡽᮠᦞ 32N 64N 

E15⎨⌑ਾ ᴰབྷਟ᢯ਇ⹤ൿ࣋

N 

ᦏཡ⦷ % ᴰབྷਟ᢯ਇ⹤ൿ࣋

N 

ᦏཡ⦷ % 

29N 9% 19N 70% 

30N 6% 20N 69% 

30N 6% 23N 64% 

29N 9% 20N 69% 

29N 9% 19N 70% 

E26⎨⌑ਾ 29N 9% 32N 50% 

28N 12% 33N 48% 

27N 16% 33N 48% 

29N 9% 32N 50% 

26N 19% 32N 50% 

6%≤ⓦ䞂㋮⎨

⌑ਾ 

27N 16% 28N 56% 

29N 9% 30N 53% 

26N 19% 29N 55% 

29N 9% 28N 56% 

30N 6% 28N 56% 

䙊䗷ԕкᮠᦞਟԕਁ⧠└␵ಘ᭟ᷦਟ᢯ਇᴰབྷ⹤ൿ࣋л䱽儈䗮 70%Ǆᦞ↔ਟ

ԕ᧘ᯝ└␵ཡ᭸ѫ㾱৏ഐѪ└㖁ᯉᇩ᱃⹤㻲 ሬ̍㠤䈕└␵ಘᰐ⌅൘⋩⌥⭏ભઘᵏ

⦷ᤱ↓ᑨᐕ֌᭸؍޵ ഐ̍↔⧠ᴹ└㖁䇮䇑ᰐ⌅┑䏣⋩⌥Ⲵ䇮䇑֯⭘ሯભ㾱≲Ǆ䴰
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㾱䟽ᯠ䘋㹼䇮䇑Ǆ 

4.2.1 ┚㖇ᶆᯏⲺ㘷ौስળ䇺ԭ 

ⴞࡽ└␵└㖁֯⭘Ⲵᶀᯉᱟ PA66̍ ҏਛڊቬ嗉ᆳ֌Ѫབྷ⭘䟿Ⲵᐕ〻ກᯉˈ

ᒯ⌋⭘Ҿ⊭䖖ǃᵪỠǃ⭥ಘǃॆᐕ䇮༷ǃ㓪㓷ಘᶀǃߦ䠁ǃ㡚オㅹ亶ฏǄަѫ㾱

⢩⛩ྲл˖˄ 1˅㠚⏖ᙗǃ㙀᪙ᬖᙗྭǄቬ嗉ާᴹᖸྭ䝼㠚⏖ᙗˈ᪙ᬖ㌫ᮠሿˈӾ

㘼ˈ֌ѪՐࣘ䜘Ԧަ֯⭘ሯભ䮯Ǆ˄ 2˅Ո㢟Ⲵ࣋ᆖᙗ㜭Ǆቬ嗉ⲴᵪỠᕪᓖ儈ˈ丗

ᙗྭǄ˄ 3˅ՈᔲⲴ⭥㔍㕈ᙗ㜭Ǆቬ嗉Ⲵփ〟⭥䱫ᖸ儈ˈ㙀ࠫク⭥঻儈ˈᱟՈ㢟Ⲵ

⭥≄ǃ⭥ಘ㔍㕈ᶀᯉ˄4˅Ո㢟Ⲵ㙀✝ᙗǄਟ൘ 150℃л䮯ᵏᵏ֯⭘Ǆྲቬ嗉 46

ㅹ儈㔃Ღᙗቬ嗉Ⲵ✝ਈᖒ⑙ᓖᖸ儈ˈPA66 㓿䗷⧫⪳㓔㔤໎ᕪԕਾˈަ✝ਈᖒ⑙

ᓖ䗮ࡠ 250℃ԕкǄ˄ 5˅੨≤ᙗǄቬ嗉੨≤ᙗབྷˈ൘аᇊ〻ᓖᖡ૽ࡦԦⲴቪረっ

ᇊᙗˈ価઼≤ਟ䗮ࡠ 3%ԕкǄ 

䈅ṧ⍻䈅ᰦሶк䘠└␵ṧԦ俆ݸ䈳䈅༴⨶ 24h̍ ༴⨶⑙ᓖѪ˄23±2˅ ℃ˈ⴨

ሩ⒯ᓖѪ˄50±5˅ %ǄสҾ ISO527-2઼ ISO178⍻䈅ᶀᯉࡍ࿻᣹ըᕪᓖ઼ᕟᴢᕪ

ᓖǄ޽ሶк䘠ഋ㓴⍻䈅ṧ޽䈳䈅༴⨶ 24h, ༴⨶⑙ᓖѪ˄23±2˅ ℃ˈ⴨ሩ⒯ᓖѪ

˄50±5˅ % Ǆ̍ᴰਾ࡛᭮࠶㖞Ҿᴹ㙀儈⑙喯䖞⋩Ⲵ✗ᶟѝˈ࡛࠶޽㖞Ҿ⑙ᓖѪ

120℃ǃ140℃ǃ160℃ǃ180℃Ⲵ㘱ॆ䈅傼㇡ѝ䘋㹼㘱ॆ䈅傼Ǆ䈅傼ᰦ䰤Ѫ 100hǃ

120hǃ144hǃ192h̍ ᴰਾ⍻䈅ṧ૱ᙗ㜭Ǆԕ⴨਼Ⲵᯩ⌅޽䘋㹼㘱ॆ䈅傼ˈ䈅傼ઘ

ᵏѪ 100hǃ120hǃ144hǃ192h̍ ᴰਾ⍻䈅᣹ըᕪᓖ઼ᕟᴢᕪᓖǄ 

4.2.2 ⎁䈋㔉᷒ 

ྲമ 4.5ᡰ⽪ˈቬ嗉 66ᶀᯉ൘ 120℃ǃ140℃ǃ160℃ǃ180℃Ⲵ⟳⋩㘱ॆ䗷

〻ѝ ᕟ̍ᴢ⁑䟿؍ᤱ⦷઼᣹ըᕪᓖ؍ᤱ⦷䲿⵰ᰦ䰤໎࣐੸䙀⑀㿴ᖻᙗл䱽 ҏ̍ቡ

ᱟ䈤ᰦ䰤䎺䮯ˈᙗ㜭л䱽䎺᰾ᱮˈ㘱ॆ⑙ᓖ䎺儈ᙗ㜭лሶ䎺᰾ᱮǄ 

  

മ 4.5 ቬ嗉 66ᶀᯉ⟳⋩㘱ॆ䈅傼㔃᷌ 
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4.3 ┚␻ಞᶆᯏ᭯䘑 

└␵ಘ└㖁ⲴᯠᶀᯉᇊѹѪѪ PEEK㚊䟊䟊䞞ˈᱟа⿽࠶ᆀѫ䬮ѝਜ਼ᴹ䬮

㢲Ⲵ㣣俉᯿儈࠶ᆀॆਸ⢙ˈ㤡᮷਽〠 polyetheretherketoneǄPEEKᱟа⿽ॺ㔃Ღ

ᙗ৺✝ກᙗກᯉǄӗ૱㙀⑙ǃ✝っᇊᙗ֣ǃ䎵儈㙀✝ᙗྭǄф⭡Ҿަާᴹ儈⁑䟿ǃ

儈ᕪᓖǃ㙀䗀ሴǃ㙀儈⑙ǃԕ৺ቪረっᇊᙗྭㅹа㌫ࡇՈ⛩ ഐ̍↔൘⭥ᆀǃᆷ㡚ǃ

㜭Ⓚǃؑ᚟ㅹ儈ᢰᵟ亶ฏᓄ⭘ᒯ⌋Ǆ 

PEEK ᶀᯉާᴹⲴ⢩ᙗѫ㾱ᴹ˖(1)χ Ỡ⢩ᙗˈPEEK ᱟ丗ᙗ઼ࡊᙗެ༷ᒦ

ਆᗇᒣ㺑ⲴກᯉǄާᴹՈ㢟Ⲵ㙀⯢ࣣˈ⭊㠣ਟоਸ䠁ᶀᯉტ㖾Ǆ(2)㠚⏖━ᙗˈ

PEEK൘ᡰᴹກᯉѝާᴹࠪՇⲴ━ࣘ⢩ᙗˈ䘲ਸ⭘Ҿվ᪙ᬖ㌫ᮠᡆ㙀᪙㙇⭘䙄Ǆ

(3)㙀ॆᆖ㦟૱ᙗ P̍EEKާᴹՈᔲⲴ㙀㞀㲰ᙗˈ䙊ᑨⲴॆᆖ䈅ࡲሩ PEEKⲴⓦ䀓

ᙗнབྷˈਚᴹ儈ᕪᓖ䞨ˈྲ⎃⺛䞨ਟԕⓦ䀓 PEEK̍ ਟԕ䈤䈕ᶀᯉⲴ㙀㞀㲰ᙗо

䭽䫒⴨ტ㖾Ǆ(4)䱫⟳ᙗ PEEKᱟ䶎ᑨっᇊⲴ㚊ਸ⢙ˈн࣐ԫօ䱫⟳ࡲⲴ 1.45mm

৊Ⲵṧ૱ቡਟ䗮ࡠᴰ儈䱫⟳ḷ߶Ǆ(5)㙀࢕⿫ᙗˈPEEKⲴ㙀࢕⿫ᙗᖸྭˈഐ↔ਟ

ᶑԦл֯⭘Ǆ(6)㙀⯢ࣣᙗˈ൘ᡰᴹṁ㜲࡫ᡀव㾶ᖸ㮴Ⲵ ᡆ⭥⻱㓯ˈᒦਟ൘㤋ࡦ

㊫ӗ૱ѝ PEEK ާᴹᴰྭⲴ㙀⯢ࣣᙗǄ(7)㙀䗀➗ᙗˈ൘ᡰᴹ㊫ṁ㜲ӗ૱ѝާᴹ

ᴰྭⲴ㙀䗀➗ᙗ ⭊̍㠣䎵䗷Ҷ㚊㤟҉✟Ǆ(8)㙀≤䀓ᙗ ≤઼̍儈঻≤㫨≄Ⲵሩ PEEK

৺ަ༽ਸᶀᯉࠐѾн䙐ᡀᖡ૽Ǆ(9)㙀儈⑙ˈPEEKⲴ⟄⛩ਟ儈䗮 343℃ˈ⧫⪳ॆ

䖜ਈ⑙ᓖѪ 143℃ˈ䘎㔝֯⭘⑙ᓖѪ 260℃ˈ␫࣐ 30%⧫㓔Ⲵ໎ᕪ⡼ਧⲴ䍏䖭✝

ਈර⑙ᓖ儈䗮 316℃Ǆ 

4.4 䈋僂਀㔉᷒ 

4.4.1 ┚␻ಞ㙆ѻ䈋僂ਦᷬ䇴䇗 

䘀⭘ ProE䖟Ԧ䇮䇑অ⤜䪸ሩ䘋⋩ਓⲴ㙀ѵ䈅傼ਠᷦǄྲമ 4.6 ᡰ⽪Ǆ䈅傼

ਠᷦѪклሩ〠㔃ᶴǄަ ѝ└␵ಘ㻛ᆹ㻵൘⋩౤ѝ 䘋̍⋩㇑㻛ᆹ㻵൘кл༣փѝˈ

кл༣փ䙊䗷㷪ṃപᇊ൘а䎧Ǆ਼ᰦєњ⋩౤䰤፼ޕҶᇶሱෛ䱢→⟳⋩Ⲵ⋴┿Ǆ

ྲമ 4.5䈅傼ਠ⟳⋩എ䐟മᡰ⽪ˈᮤ њ└␵ಘ䈅傼ਠᷦ㻛ᆹ㖞൘а྇⋩䐟㌫㔏ѝˈ

⟳⋩䙊䗷⋩㇡䘋⋩ਓ৺ަ㇑䐟ੁ䈅傼ਠᷦⲴ䘋⋩౤ᨀ׋⟳⋩ ⟳̍⋩൘䙊䗷єњ└

␵ಘਾ⭡ਖањ⋩౤䘄എ޵㇡⋨ࡠǄԕ↔ᖰ༽нᯝⲴሩ└␵ಘ䘋㹼ࡧߢ ⭘̍ԕ傼

䇱└␵ಘⲴ㙀ѵǄ 
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1-к༣փ 2-л༣փ 3-кപᇊ⡷ 4-лപᇊ⡷ 5ˈ6-പᇊ㷪ṃ Ø3×20 7-ᑖ└␵Ⲵ䘋⋩ਓ 

8-M8×70 പᇊ㷪ṃ 9-ᇶሱസ 

മ 4.6 └␵ಘ䈅傼ਠᷦ⽪᜿മ 

 

മ 4.5 䈅傼ਠ⟳⋩എ䐟᜿മ 

4.4.2 ⎁䈋㔉᷒ 

൘᭩රѻਾ䟽༽ 500h㙀ѵ䈅傼ˈᒦ䟽༽⴨਼Ự⍻ᴰབྷਟ᢯䖭⹤ൿ࣋ˈᒦ㿲

ሏᮠ٬ˈ㔃᷌ྲ㺘 4.2Ǆ 
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㺘 4.3 䈅傼ਾ⍻䈅࣋㔃᷌㺘 

⎨⌑䈅傼⭘ⓦࡲ └㖁˄PEEK˅  

ᴰབྷਟ᢯ਇ⹤ൿ࣋ N ᦏཡ⦷ 

M15 53N 17% 

E26 55N 14% 

E100+ 6%≤ 56N 12.5% 

䈅傼ࡽ└㖁ਟ᢯ਇᴰབྷ⹤ൿ࣋Ѫ 64NǄ㺘 4.3ᮠᦞਟ⸕˖└␵ಘᦒᶀᯉਾަ

㙀ਇᙗ᰾ᱮ᭩ழˈ└㖁ਟ᢯ਇᴰབྷ⹤ൿ࣋ᦏཡ⦷䖳ሿˈ┑䏣᭩ර䴰≲Ǆ䘹ᤙҶᯠ

ᶀᯉⲴ᭟઼ᷦ└㖁Ⲵ└␵ಘ⋑ᴹਁ⭏⹤ᦏ ф̍ᴰབྷਟ᢯ਇ⹤ൿ࣋л䱽٬䜭൘ 20%

ԕ޵Ǆ 

4.5 ᵢㄖቅ㔉 

䘋⋩䰰㓴ԦⲴཡ᭸ѫ㾱ᱟ└␵└㖁⹤ᦏᕅ䎧ⲴǄཡ᭸Ⲵ䘋⋩䰰㓴ԦՊ䙐ᡀ⋩

⌥਴њ䰰䰘ਁ⭏᭵䳌Ӿ㘼ᖡ૽⋩⌥Ⲵ׋⋩঻׋઼࣋⋩᭸⦷Ǆ 

˄1˅䙊䗷঻࣋⍻䈅ᵪ⍻䟿㻛⟳⋩⎨⌑ਾⲴ└␵ಘਁ⧠ˈ└␵ಘ└㖁ਟ᢯ਇ

ᴰབྷ⹤ൿ࣋л䱽儈䗮 70%Ǆ൘⍻䈅ѝ਼ṧਁ⧠ ф̍└㖁ըᕪᓖ؍ᤱ⦷оᕟᴢ⁑䟿

੸䙀⑀㿴ᖻᙗл䱽࣐ᤱ⦷䲿⵰ᰦ䰤໎؍ ᰦ̍䰤䎺䮯ᙗ㜭л䱽䎺᰾ᱮ 㘱̍ॆ⑙ᓖ䎺

儈ᙗ㜭лሶ䎺ᱮ㪇Ǆ└㖁⧠ᴹᶀᯉ㙀ѵᙗн֣Ǆ 

˄2˅䟽ᯠ䘹ᤙ└␵ಘ└㖁ᶀᯉѪ㚊䟊䟊䞞ˈҏ〠 PEEKǄ䈕ᶀᯉ⢩ᙗ㔍㕈

ᙗっᇊǃ㙀䗀➗ᙗǃᣇ঻ǃ㙀≤䀓ǃ㙀㞀㲰ˈަㅖਸᶀᯉࡦ֌ᡀⲴᵪỠ䴦Ԧާᴹ

㠚㙀⑙ǃ⏖━᭸֣᷌ǃ✝っᇊᙗ֣Ǆ 

˄3˅䇮䇑Ҷ䘲ਸ└␵ಘ㙀ѵᙗ⍻䈅Ⲵ䈅傼ਠᷦᒦᇎᯭҶ䈅傼Ǆ 

˄4 ൘˅㓿䗷Ҷ 500hⲴ㙀ѵᙗ䈅傼ਾ޽⅑⍻䟿ᴰབྷਟ᢯ਇ⹤ൿ࣋ 䟽̍ᯠ⍻䟿

Ҷ└␵└㖁ਟ᢯ਇᴰབྷ䖭㦧࣋ 㔃̍᷌ᱮ⽪ᮠ٬൷൘ਟ᧕ਇ㤳ത޵Ǆ䘋⋩䰰㓴Ԧᐕ

֌↓ᑨˈ⋩⌥ᐕ֌↓ᑨǄ 
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ㅢㅢㅢㅢ 5 ㄖㄖㄖㄖ ࠰⋯䰶࠰⋯䰶࠰⋯䰶࠰⋯䰶㓺Ԭ㓺Ԭ㓺Ԭ㓺Ԭཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガཧ᭾᷆࠼ф᭯䘑⹊ガ 

⋩⌥ࠪ⋩䰰㓴ԦⲴཡ᭸∄ࡇ㓖ঐ 33%Ǆᴥ ㄐ䪸ሩ⋩⌥ࠪ⋩䰰㓴ԦⲴཡ᭸⁑ᔿ

䘋㹼Ҷ઼᷀࠶᭩ழǄ 

 䰶㓺Ԭཧ᭾ᨅ䘦⋯࠰ 5.1

ࠪ⋩䰰㓴Ԧѫ㾱⭡ࠪ⋩䰰ᓅᓗǃࠪ⋩䰰⨳ǃࠪ⋩䰰ᕩ㉗ǃࠪ⋩㇑ㅹ㓴ᡀǄྲ

മ 5.1ᡰ⽪ˈࠪ⋩䰰Ⲵ֌⭘ᱟሶ儈঻⋩⌥ᔪ・Ⲵ儈঻⟳⋩䗃䘱ࡠ⋩䖘ѝǄᱟ儈঻

⋩⌥Ⲵ䟽㾱㓴ᡀ䜘࠶ѻаˈҏᱟ儈঻⋩⌥ⲴࠪਓǄࠪ⋩䰰ᱟањ㓟ᵪỠᔿ䰰䰘ˈ

ަнۿ⭥⻱䰰䛓ṧਇ ECU ᫽᧗ˈ᫽᧗ࠪ⋩䰰ᔰޣᱟ⋩⌥о⋩䖘Ⲵ঻ᐞ৺ࠪ⋩䰰

ᕩ㉗Ⲵ᭟᫁࣋Ǆ 

ࠪ⋩䰰ᐕ֌৏⨶Ѫ˖䙊䗷ᇶሱ⨳Ⲵ䘀ࣘˈᖒᡀ䰰䰘ⲴᔰоޣǄ൘⋩⌥нᐕ֌

Ⲵᛵߥлᡆվᐕ֌⣦ᘱлᇶሱ⨳൘ᕩ㉗Ⲵᕩ࣋о⋩䖘޵⋩঻ৼӾ֌⭘࣋л ᇶ̍ሱ

⨳оࠪ⋩䰰ᓗᇎ⧠㍗ᇶ䝽ਸ ↔̍ᰦ䰰䰘༴Ҿޣ䰝⣦ᘱǄᖃ⋩⌥ᐕ֌ᰦᖃࠪ⋩䰰䰘

аㄟ঻࣋བྷҾਖаㄟ঻࣋˄ᕩ㉗ᕩ࣋о⋩䖘঻࣋ᙫ઼˅̍ 䰰䰘ণ㻛ᔰ੟Ǆ 

 

മ 5.1 儈঻⋩⌥ࠪ⋩䰰й㔤⁑රമ 

ࠪ⋩䰰Ⲵཡ᭸Պ䙐ᡀ⋩⌥ᔪ঻н↓ᑨ 䙊̍ᑨ㺘⧠Ѫ䖘঻ٿվǄ൘ᮤ䖖кⲴ㺘

⧠Ѫ ECUᣕվ঻᭵䳌⸱ˈ㹼䖖࣐䙏ᰐ࣋Ǆ 

 ᷆࠼䰶㓺Ԭཧ᭾৕ഖ⋯࠰ 5.2
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㓿䗷ሩཊњ਼а䖘঻ᣕ䆖᭵䳌⸱Ⲵ儈঻⋩⌥᣶নਾਁ⧠ ⴨̍ᖃа䜘ࠪ࠶⋩䰰

ཡ᭸ᱟ⭡ࠪ⋩䰰ᕩ㉗䙐ᡀⲴ ৏̍ഐѫ㾱ᱟഐѪࠪ⋩䰰ᕩ㉗ᯝ㻲Ǆᕩ㉗ᯝ㻲࠶䙊ᑨ

Ѫй䜘࠶ˈྲമ 5.2Aᡰ⽪Ѫᯝ㻲ᕩ㉗Ⲵ俆സˈྲമ 5.2Bᡰ⽪Ѫᯝ㻲ᕩ㉗Ⲵ࢙։

䜘࠶Ǆᕩ㉗Ⲵᯝ㻲䙊ᑨ⭏൘䶐䘁ࠪ⋩䰰→᧘⡷ྲമ 5.2Cᡰ⽪Ⲵᵛㄟㅜаസᡆㅜ

Ҽസ༴Ǆ 

 

മ 5.2 ᯝ㻲Ⲵᕩ㉗ 

ࠪ⋩䰰㓴ԦᱟިරⲴ⨳䰰䇮䇑ˈ䈕㔃ᶴާᴹㆰঅǃᇶሱᙗ㜭ྭǃ䟽䟿䖫ǃᶀ

ᯉ㙇⭘ቁǃᆹ㻵ቪረሿˈᒦф傡ࣘ࣋⸙ሿˈ᫽֌ㆰׯǃ᱃ᇎ⧠ᘛ䙏੟䰝ˈ⨳䰰ᱟ

䘁ॱࠐᒤᶕਁኅᴰᘛⲴ䰰䰘૱⿽ѻаǄ⢩࡛ᱟ൘㖾ǃᗧǃ⌅ǃ᜿ǃ㾯ǃ㤡ㅹᐕъ

ਁ䗮ഭᇦ ⨳̍䰰Ⲵ֯⭘䶎ᑨᒯ⌋ ቔ̍ަᱟ൘Ṩᐕък৺⊭䖖ᐕъкᴹ⵰ᴤᒯ⌋Ⲵ

ᓄ⭘Ǆ 

൘⊭䖖䘀㹼䗷〻ѝˈਁࣘᵪⲴ䖜䙏ਟ䗮ࡠ 800r/min㠣 6000r/min̍ ᴹᰦ⭊㠣

ᴤ儈Ǆ൘⋩⌥↓ᑨ䘀䖜ᛵߥлˈਁࣘᵪ⋑䖜аസቡՊ᧘ࣘࠨ䖞᯻䖜аസǄ㘼ࠨ䖞

䙊ᑨ䇮䇑ᡀйњṳቆᡆഋњṳቆǄ 

䘉ቡ᜿ણ⵰ᖃਁࣘᵪ⇿᯻䖜а⅑ࠨˈ 䖞ҏ᯻䖜а⅑ 㘼̍սҾࠨ䖞кᯩⲴᥪḡ

ሶ䘀ࣘ 4⅑Ǆᥪտ᧘ࣘ⋩⌥ḡຎҏሶ䘀ࣘ 4 ⅑Ǆ൘⋩⌥ޘᐕⸯлˈḡຎ⇿⌥а⅑

⋩ˈࠪ⋩䰰ণՊᔰޣа⅑Ǆ⭡㓿傼ਟᗇˈањ⋩⌥ޘ䍏㦧ᐕⸯⲴ˄ਁࣘᵪ䖜䙏

6000r/min˅ ᰦ䰤Ѫ 2875ሿᰦǄᡁԜਟԕᶕ䇑㇇л⋩⌥⭏ભઘᵏࠪ޵⋩䰰Ⲵ䘀ࣘ

⅑ᮠ˖ 

  20700000004
2

6000
602875 ⅑=×××=N

           ˄ 5.1˅  

㓿䗷䇑㇇ਟ⸕ࠪ⋩䰰൘ަ֯⭘ሯભѝሶᔰ䰝ਟ䗮 20 ӯ⅑ѻཊǄ֌Ѫࠪ⋩䰰

Ⲵѫ㾱䘀ࣘԦѻаᕩ㉗Ⲵ㙀ਇᙗቡᱮᗇቔަⲴ䟽㾱ҶǄ 

ᕩ㉗ᱟа⿽࡙⭘ᕩᙗᶕᐕ֌ⲴᵪỠ䴦ԦǄ⭘ᕩᙗᶀᯉࡦᡀⲴ䴦Ԧ൘ཆ࣋֌⭘

лਁ⭏ᖒਈˈ䲔৫ཆ࣋ਾ৸ᚒ༽৏⣦Ǆᕩ㉗Ⲵ⿽㊫༽ᵲཊṧǄ᤹ਇ࣋ᙗ䍘ˈᕩ㉗

ਟ࠶Ѫ঻㕙ᕩ㉗ǃ᣹ըᕩ㉗ǃᕟᴢᕩ㉗ǃᢝ䖜ᕩ㉗Ǆ᤹ᖒ⣦ਟ࠶Ѫ⻏ᖒᕩ㉗ǃ⧟

ᖒᕩ㉗ǃᶯᕩ㉗ǃ㷪᯻ᕩ㉗ǃᡚ䭕⏑ধᕩ㉗ԕ৺ᢝᵶᕩ㉗ㅹǄ᤹ᖒ⣦࠶ˈѫ㾱ᴹ
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ᶯᕩ㉗ǃ㷪᯻ᕩ㉗ǃᔲරᕩ㉗ǃ⏑ধᕩ㉗ㅹǄ᤹ᐕ㢪࠶ਟ࠶Ѫߧধᕩ㉗о✝ধᕩ

㉗ǄᕩᙗݳԦ൘Ӕਈ䖭㦧֌⭘лˈ㓿㤕ᒢ⅑ࣘ֌ӗ⭏㻲㓩ਛ⯢ࣣᯝ㻲ǄᕩᙗݳԦ

ਟ䘀ࣘ⅑ᮠ䎺ཊ᜿ણ⵰⯢ࣣሯભ䎺ྭǄᇎ䱵кᕩᙗݳԦ⯢ࣣሯભо䖭㦧Ⲵᯩੁǃ

བྷሿ৺ᰦ䰤ਈॆᴹᖸབྷޣ㌫Ǆ 

ᵜ᮷ᡰ䇹Ⲵ儈঻⋩⌥ࠪ⋩䰰䘹⭘Ⲵᱟശḡ㷪᯻঻㕙ᕩ㉗Ǆ঻㕙ᕩ㉗Ⲵസоസ

ѻ䰤ՊᴹаᇊⲴ䰤䳉ˈᖃਇࡠཆ䖭㦧Ⲵᰦىˈᕩ㉗ۘᆈਈᖒ㜭᭦㕙ਈᖒǄ 

൘儈঻⋩⌥ࠪ⋩䰰㓴Ԧѝᖡᕩ㉗⯢ࣣᕪᓖⲴഐ㍐ᴹ˖˄ 1˅ ቸᴽᕪᓖ˖ᶀᯉ

Ⲵ⯢ࣣᶱ䲀઼ቸᴽᕪᓖѻ䰤ᴹ⴨ӂᖡ૽ˈֻ ྲᶀᯉⲴቸᴽᕪᓖ䎺վ ⯢ࣣ̍ᕪᓖҏ

䎺վˈ৽ѻӖ❦Ǆᨀ儈ᕩ㉗ᶀᯉⲴቸᴽᕪᓖ㜭ᨀ儈ᕩ㉗Ⲵ⯢ࣣᕪᓖǄ˄ 2˅㺘䶒⣦

ᘱ ᕩ̟㉗ᶀᯉⲴ㺘ቲ㓿ᑨᴹᴰབྷᓄ࣋ ᡰ̍ԕᕩ㉗Ⲵ⯢ࣣᕪᓖਇ㺘䶒䍘䟿ሩⲴᖡ૽Ǆ

ᕩ㉗ᶀᯉ൘᣹ᤄǃ䖗ࡦǃধ㔅䗷〻ѝ䙐ᡀⲴ㓶ᗞՔᇣ⪅⯥⛩ㅹҏᱟ䙐ᡀᕩ㉗⯢ࣣ

ᯝ㻲Ⲵ⯢ࣣⓀǄᶀᯉ㺘䶒䍘䟿䎺བྷˈᓄ࣋䳶ѝ䎺བྷˈ⯢ࣣᕪᓖҏ䎺վǄ˄ 䠁ߦ˅3

㕪䲧˖ᱟᤷ䶎䠁኎ཀྵᵲ⢙ǃݳ㍐≄⌑ㅹཀྵᵲޕᶀᯉѝǄ↻൘Ҿ㺘䶒Ⲵཀྵᵲ⢙ᱟᓄ

˄䳶ѝⓀˈՊሬ㠤ᕩ㉗䗷ᰙൠӗ⭏⯢ࣣ㻲㓩Ǆ࣋ 4˅ቪረ᭸ᓄ˖✝࣐ᐕ઼࣐ߧᐕՊ

ഐѪᶀᯉቪረⲴ໎࣐㘼䙐ᡀ㕪䲧Ⲵ仾䲙໎࣐ 仾̍䲙໎࣐ⲴᶀᯉՊ䙐ᡀᕩᣇ㉗⯢ࣣ

ᙗ䱽վǄ˄ 5˅㞀㲰ӻ䍘˖ᖃᕩ㉗ਇ㞀㲰ᰦˈ㺘䶒Պഐ㞀㲰䙐ᡀᶀᯉׯ䶒Ⲵ⛩㲰ᡆ

㓶ᗞᦏՔˈ䘉ሶՊ֯ᶀᯉ㺘䶒Ⲵᓄ࣋䳶ѝˈᇩ᱃ሬ㠤ᕩ㉗Ⲵᣇ⯢ࣣᙗ䱽վ˄6˅

⑙ᓖ˖⑙ᓖ䎺儈ˈᕩ㉗ᶀᯉⲴᣇ⯢ࣣᙗ䎺վǄ 

ṩᦞԕкᙫ㔃ˈ俆ݸሩᕩ㉗ᯝ㻲ᡚ䶒᷀࠶˖൘ᕩ㉗ᯝ㻲༴ˈ俆ݸሏⴻҶᶀᯉ

Ⲵᯝ㻲䶒ˈ᭮བྷ 㔃᷌ྲമؽ100 5.3ᡰ⽪Ǆᕩ㉗ᯝ㻲ᡚ䶒᷀࠶˖൘ᕩ㉗ᯝ㻲༴ˈ

᭮བྷ 㔃᷌ྲമؽ500 5.4ᡰ⽪Ǆ 

 

മ 5.3 ᭮བྷ  ᕩ㉗ᯝ㻲ᡚ䶒മؽ100
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മ 5.4᭮བྷ  ᕩ㉗ᯝ㻲ᡚ䶒മؽ500

䙊䗷ᱮᗞ䮌᭮བྷ ઼ؽ100 ਁˈ㿲ሏؽ500 ⧠ᕩ㉗ᯝ㻲ᡚ䶒仌㢢䖳൷र ᒦ̍ᵚ

ਁ⧠≗ॆ唁⛩Ⰵ䘩ǃ⛩㲰ǃ㺘䶒Ღ⭼㻛㞀㲰Ǆ❦ਾሩ䈕ᕩ㉗ڊҶ EDX ॆᆖݳ㍐

㔃᷌ྲമˈ᷀࠶ 5.5Ǆ 

 

മ 5.5ᯝ㻲ᕩ㉗ॆᆖݳ㍐᷀࠶മ 

ᐢ⸕ᕩ㉗Ⲵ৏ᶀᯉѪ⭡㺘 5.1 ਟ⸕᷀࠶㔃䇪˖̍ EDX ᶀᯉ᷀࠶ҏ䇱ᇎҶᶀᯉ

ᵜ䓛ᒦᰐ䶎䠁኎ཀྵᵲ⢙ˈ≄⌑ˈݳ㍐Ⲵ᷀ٿǄਟԕᧂ䲔ࡽ⇥ 2ǃ3ǃ5ǃ6Ⲵ㿲⛩Ǆ

 ᒦ֌⭘㘼ӗ⭏Ⲵᯝ㻲Ǆˈ࣋Ҷ䎵䗷䇮䇑䍏㦧Ⲵᓄࡠᘰ⯁൘ᯝ㻲⛩ˈᕩ㉗ਇ↕ࡍ

ᕩ㉗޵ᖴ᷀࠶ 䙊̟䗷䘋а↕᷀࠶ㅜйඇᯝ㻲ᕩ㉗ᰦਁ⧠ ൘̍ᕩ㉗Ⲵ޵໱ࠪח

⧠Ҷ䖫ᗞ⼘ᦏⲴⰅ䘩Ǆྲമ 5.6 ᡰ⽪Ѫ᭮བྷ 35 ⧠ࠪח໱޵᜿മǄ൘ᕩ㉗Ⲵ⽪ؽ

Ҷ䖫ᗞ⼘ᦏⲴⰅ䘩Ǆ䲿ਾ᭮བྷ മྲؽ200 5.7ᡰ⽪Ǆ൘ᕩ㉗Ⲵ޵໱ࠪח⧠Ҷ䖫ᗞ

⼘ᦏⲴⰅ䘩Ǆྲമ 5.8ᡰ⽪Ѫ᭮བྷ ᦏⰅ⼘ࡠ᜿മǄਟԕӾമѝ␵ᲠⲴⴻ⽪ؽ350

䘩Ǆ 
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മ 5.6ᕩ㉗޵ᖴ⼘ᦏ  മ᷀࠶ؽ35

 

മ 5.7ᕩ㉗޵ᖴ⼘ᦏ  മ᷀࠶ؽ200

 

മ 5.8ᕩ㉗޵ᖴ⼘ᦏ  മ᷀࠶ؽ350

䙊䗷䘋а↕ަ᷀࠶Ԇ֌䗷䈅傼Ⲵᕩ㉗ਾ ਟ̍ԕਁ⧠ᕩ㉗ח޵ѝㄟ઼վㄟ䜭ᴹ

н਼〻ᓖⲴ㓶ᗞ⼘ᦏⰅ䘩Ǆ਼ ᰦਁ⧠оᕩ㉗䝽ਸᆹ㻵Ⲵࠪ⋩䰰ᓅᓗⲴѝㄟоᓅㄟ

ҏᴹ᰾ᱮⲴ⼘ᬖⰅ䘩Ǆ䘉㺘᰾Ҷ⋩⌥൘ᐕ֌ᰦᕩ㉗༴Ҿа⿽䶎↓ᑨⲴ䘀ࣘ⣦ᘱˈ

൘↓ᑨᛵߥл ᕩ̍㉗ᓄо䰰ᓗ؍ᤱ㢟ྭⲴ䰤䳉 ᕩ̍㉗о䰰ᓗⲴ᧕䀖䶒ӵӵ൘䰰ᓗ
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ⲴᓅㄟǄ㘼㓿䗷㙀ѵ䘀䖜ਾ൘䰰ᓗᓅㄟⲴ⼘⁚ҏᓄ䈕੸⧠ࠪ㿴ࡉⲴശ⧟⣦ྲമ

5.9ᡰ⽪Ǆ 

 

മ 5.9ࠪ⋩䰰ᓅᓗ⼘ᦏ⽪᜿മ 

㘼ྲമ 5.9ᐖമᖸ᰾ᱮᓅᓗⲴ⼘ᬖᚂสᴤ␡仌㢢ᴤ᳇ˈ↔᳇⽪⵰ᕩ㉗൘䘀ࣘ

䗷〻ѝӗ⭏Ҷ䶎਼а㡜Ⲵਇ࣋ᛵߥǄ㘼㜭ሬ㠤ᕩ㉗ਇ࣐࣋䟽Ⲵ৏ഐᖸਟ㜭ᱟᕩ㉗

䘀ࣘ䖘䘩ਁ⭏Ҷਈॆ 㘼̍䙐ᡀ䘀ࣘ䖘䘩ਁ⭏ਈॆⲴѫ㾱৏ഐᱟᕩ㉗Ⲵ਼䖤ᓖо䰰

ᓗⲴ਼䖤ᓖࠪ⧠ҶٿᐞǄ䘉Ӌഐ㍐Ⲵਐ࣐ᴰ㓸ሬ㠤ᕩ㉗޽䘀ࣘ䗷〻ѝо䰰ᓗӗ⭏

Ҷ⻠ᫎ㘼ᯝ㻲Ǆ 

䙊䗷ሩᴤཊ⋩⌥ࠪ⋩䰰Ⲵᮠᦞ᭦䳶઼ᙫ㔃Ǆਟԕᙫ㔃ࠪᕩ㉗⼘ᦏս㖞ѫ㾱ս

㖞ˈྲമ 5.10ᡰ⽪ˈս㖞 1ሩᓄࠪ⋩䰰४ฏѪᕩ㉗оࠪ⋩䰰ᓗкㄟᡰ䝽ਸ४ฏˈ

ս㖞 2ᡰ⽪४ฏѪᕩ㉗оࠪ⋩䰰ᓗѝㄟᡰ䝽ਸ४ฏ ս̍㖞 3ᡰ⽪४ฏѪᕩ㉗оࠪ

⋩䰰ᓗᓅㄟᡰ䝽ਸ४ฏǄ 

 

മ 5.10ᕩ㉗⼘ᦏ䳶ѝ४ฏ⽪᜿മ 

 䰶㓺Ԭᕯ㉝᭯䘑䇴䇗⋯࠰ 5.3
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䙊䗷к䘠᷀࠶ਟ⸕ ⧠̍䱦⇥ᕩ㉗䇮䇑ᆈ൘䰞仈 ሬ̍㠤ᕩ㉗൘ḀӋᛵߥлՊ઼

ઘ䗩ࠪ⋩䰰䴦䜘Ԧਁ⭏⼘ᦏˈ⭊㠣ᯝ㻲Ǆഐ↔䴰㾱䟽ᯠ䇮䇑ࠪ⋩䰰㓴Ԧᕩ㉗Ǆ 

а㡜ശḡ㷪᯻঻㕙ᕩ㉗Ⲵࠐօᖒ⣦੸ശḡ㷪᯻ᖒˈྲ മ 5.11Ǆ㷪᯻ᕩ㉗Ⲵᶀ

ᯉⴤᖴѪ dˈᕩ㉗Ⲵ㠚⭡儈ᓖ˄㠚⭡䮯ᓖ˅Ѫ H0ˈᕩ㉗ѝᖴѪ Dˈᕩ㉗޵ᖴѪ

D2 ˈᕩ㉗ⲴཆᖴѪ D1ˈᕩ㉗Ⲵ㷪᯻䀂ᓖѪ αˈᴹ᭸㢲䐍Ѫ nǄ 

 

മ 5.10ᕩ㉗ࠐօ৲ᮠ⽪᜿മ 

ᕩ㉗৲ᮠⲴࠐօޣ㌫ྲл˖ 

               ᕩ㉗Ⲵཆᖴ˖D1=D+d                          ˄ 5.2˅  

               ᕩ㉗Ⲵ޵㓿  ̟ D2=D-d                          ˄ 5.3˅  

               ᕩ㉗㷪᯻㓯Ⲵ㢲䐍˖t=πDtanα                  ˄ 5.4˅  

               ᕩ㉗Ⲵ儈ᓖ˄ᡆ䮯ᓖ˅̟ H=nt                    ˄ 5.5˅  

⭡ѻ᷀࠶ࡽ㔃᷌ਟ⸕˖䙐ᡀᕩ㉗ᯝ㻲ѫ㾱єњ䰞仈˖ㅜаᕩ㉗Ⲵࡊᓖнཏˈ

൘䘀ࣘ䗷〻ѝᕩ㉗䘀ࣘሬੁਁ⭏Ҷ〫ٿሬ㠤оઘ䗩䴦Ԧਁ⭏⻠ᫎᰦ ᰐ̍⌅ᣥᗑᓄ

ᕡˈሬٿо᪙ᬖˈӾ㘼֯ᕩ㉗⼘ᦏѕ䟽⭊㠣ᯝ㻲Ǆަ⅑⧠ᴹᕩ㉗э৏ᶀᯉᕪᓖ࣋

㠤৏ᶀᯉᕪᓖᰐ⌅ᣥᗑഐ䘀ࣘ䖘䘩ٿᐞ㘼䱴࣐Ⲵ仍ཆᖴੁ࣋Ǆᰐ⌅↓ᑨ؍ᣔᕩ

㉗Ǆഐ↔ሩᕩ㉗ⲴՈॆ䇮䇑઼৏ᶀᯉ䟽ᯠ䘹ර䘛൘ⴹ⶛Ǆ 

5.3.1ᕯ㉝Վौ⨼䇰䇴䇗 

ᐢ⸕ⴞࡽঅḡຎ儈঻⟳⋩⌥ࠪ⋩䰰ᕩ㉗ᴰሿ䖭㦧 FMin=0.55N̍ ᴰབྷ䖭㦧

FMax=2.07N̍ ᐕ֌㹼〻 h=1.2mm̍ ਈᖒ䟿 λ2=5.2mm̍ ᕩ㉗Ѫ I ㊫ᐕ֌ᕩ㉗˄ᰒ

㙀ѵᓖሯભᓄབྷҾ 106
⅑˅̍⧠ᴹᕩ㉗ཆᖴᴰབྷѪ 3.87mmᙫസᮠ n=7фㄟ䜘ᒦ㍗

⼘ᒣǄ⭡Ҿࠪ⋩䰰ަԆ䴦䜘Ԧቪረ䲀ࡦˈ㾱≲ᯠⲴ᭩රᕩ㉗ཆᖴ D1 нᗇ䎵䗷

4mm̍ ф⋩⌥Ⲵ䲀ࡦ㾱≲ᯠ䇮䇑Ⲵᕩ㉗൘ᓄ⭘ਾ ∆P<3barǄ 

ާփ䇮䇑↕僔Ѫ˖ݸṩᦞᐕ֌ᶑԦǃ㾱≲ㅹˈ䈅䘹ᕩ㉗ᤷᮠ CǄ⭡Ҿᕩ㉗䫒
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эⲴ᣹ըᕪᓖᶱ䲀 бbоᕩ㉗䫒эⴤᖴ d ᴹޣˈᡰԕᖰᖰ䘈㾱һٷݸᇊ d Ⲵ٬Ǆ

᧕лᶕ䇑㇇ dǃᕩ㉗्ᮠ n Ⲵ٬৺⴨ᓄⲴަᆳࠐօቪረˈྲ᷌ᡰᗇ㔃᷌о䇮䇑ᶑ

Ԧнㅖਸˈԕк䗷〻㾱䟽༽䘋㹼Ǆⴤࡠ≲ᗇ┑䏣ᡰᴹ㓖ᶏᶑԦǄ 

(1)䘹ᤙᕩ㉗ᶀᯉ઼䇨⭘ᓄ࣋Ǆ䘹⭘⢩↺⭘䙄⛝㍐㉗䫒эǄṩᦞཆᖴ㾱≲ˈ

Ӿ㺘 5.3ѝࡍ䘹ᕩ㉗᯻㔅∄ C=8̍ ਆ D2=3.6mmǄ 

d

D
c 2= ～                        ˄ 5.6˅  

⭡ᔿ 5.6ਟᗇᕩ㉗䫒эⴤᖴ d=0.4mm̍ ⭡㺘 5.2ѝ⢩↺⭘䙄⻣㍐ᕩ㉗䫒эḕ

ᗇᕩ㉗䫒эⲴ᣹ըᕪᓖᶱ䲀 бb=2844MPa̍ Ӿ㺘 5.1 ѝḕࡠ䇨⭘࠷ᓄ࣋ I ㊫

[ ]=0.3 бb˖ 

[ ] MPab 2.85328443.03.0 =×== στ ～           ˄5.7˅  

㺘 5.1ᕩ㉗ᑨ⭘ᶀᯉ৺ަ䇨⭘ᓄ࣋˄᪈㠚 GB1239˅  

਽〠 㓴࡛②  

䇨⭘࠷ᓄ࣋ 

[τ] (MPa) 

䇨⭘ᕟᴢᓄ࣋ 

[σb] (MPa) 

⁑ਈ࠷

䟿 

G 

(MPa) 

ᕩᙗ⁑䟿 

E 

(MPa) 

᧘㦀

⺜ᓖ 

(HRC) 

᧘㦀

֯⭘

⑙ᓖ 

(℃) 

⢩ᙗ৺⭘䙄 
ᕩ㉗㊫࡛①  ᕩ㉗㊫࡛①  

I ㊫ II ㊫ III ㊫ II ㊫ III ㊫  

⻣㍐

ᕩ㉗

䫒э 

I 㓴,II,IIa

㓴,III 㓴 

0.3σB 0.4σB 0.5σB 0.5σB 0.625σB 

0.5≤d≤4 

81400̚

78500 

d>4 

78500 

0.5≤d≤4 

203000̚

201000 

d>4 

196000 

 
-40̚

+120 

ᕪᓖ儈 丗̍ᙗ

ྭ 䘲̍⭘Ҿڊ

ሿᕩ㉗  

⢩↺

⭘䙄

⻣㍐

ᕩ㉗

䫒э 

⭢㓴ˈ҉

㓴ˈщ㓴 

⹵䭠

ਸ䠁

ᕩ㉗

䫒э 

 471 628 785 785 981  78500  196000  
45̚

50  

-40̚

+200 

ᕩᙗྭ എ̍⚛

っᇊᙗྭ ᱃̍

㝡⻣ ⭘̍Ҿࡦ

䙐བྷ䖭㦧ᕩ

㉗  
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㺘 5.2ᕩ㉗䫒эⲴ᣹ըᕪᓖᶱ䲀 бb(MPa) ˄᪈㠚 GB1239˅  

⻣㍐ᕩ㉗䫒э  ⢩↺⭘䙄⻣㍐ᕩ㉗䫒э  䟽㾱⭘䙄ᕩ㉗䫒э  

䫒эⴤᖴ 

d(mm) 
I 㓴  II 㓴 IIa 㓴 III 㓴 

䫒эⴤᖴ 

d(mm) 
⭢㓴 ҉㓴 щ㓴 

䫒эⴤᖴ 

d(mm) 
65Mn  

0.32̚ 0.6 

0.63̚ 0.8 

0.85̚ 0.9 

1 

1.1̚ 1.2 

1.3̚ 1.4 

1.5̚ 1.6 

1.7̚ 1.8 

2 

2.2 

2.5 

2.8 

3 

3.2 

3.4̚ 3.6 

4 

4.5̚ 5 

5.6̚ 6 

6.3̚ 8 

2599 

2550 

2501 

2452 

2354 

2256 

2157 

2059 

1961 

1863 

1765 

1716 

1667 

1667 

1618 

1569 

1471 

1422 

2157 

2108 

2059 

2010 

1912 

1863 

1814 

1765 

1765 

1667 

1618 

1618 

1618 

1520 

1520 

1471 

1373 

1324 

1226 

1667 

1667 

1618 

1618 

1520 

1471 

1422 

1373 

1373 

1373 

1275 

1275 

1275 

1177 

1177 

1128 

1079 

1030 

981 

0.2̚ 0.55 

0.6̚ 0.8 

0.9̚ 1 

1.1 

1.2̚ 1.3 

1.4̚ 1.5 

～  

～  

～  

～  

～  

～  

～  

～  

2844 

2795 

2746 

～  

～  

～  

～  

～  

～  

～  

～  

～  

～  

～  

～  

2697 

2648 

2599 

2599 

2501 

2403 

～  

～  

～  

～  

～  

～  

～  

～  

～  

2550 

2501 

2452 

2452 

2354 

2256 

～  

～  

～  

～  

～  

～  

～  

～  

～  

～  

～  

～  

1̚1.2 

1.4̚ 1.6 

～  

1.8̚ 2 

2.2̚ 2.5 

～  

2.8̚ 3.4 

3.5 

3.8̚ 4.2 

4.5 

4.8̚ 5.3 

5.5̚ 6 

～  

～  

1765 

1716 

～  

1667 

1618 

～  

1569 

1471 

1422 

1373 

1324 

1275 
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㺘 5.3 ᑨ⭘᯻㔅∄ C ٬˄᪈㠚 GB1239˅  

d(mm)  0.2̚ 0.4  0.45̚ 1  1.1̚ 2.2 2.5̚ 6  7̚16  18̚ 42  

dDc /=  7 ̚14  5̚12  5̚ 10  4 ̚9    4̚8  4̚ 6 

᧕лᶕ䇑㇇ᕩ㉗эⴤᖴ dˈ俆ݸ䇑㇇ᕩ㉗ᴢᓖ㌫ᮠ K 

18.1
615.0

44

14 =+
−
−=

CC

C
K

～                                ˄ 5.8˅  

mm
CKF

d Max 23.0
2.853

707.218.1
6.16.1 =××=≥

τ  ～              ˄ 5.9˅  

d ᓄབྷҾㅹҾᔿ 5.9ᡰᗇ٬Ǆᡰԕᡰᇊᕩ㉗эⴤᖴ d=0.4mm┑䏣ᕪᓖ㓖ᶏᶑ

ԦǄ 

᧕л৫䇑㇇ᕩ㉗സᮠ nǄ≲ᕩ㉗ࡊᓖ Kp˖  

mmN
LL

FF
K p /22.1

2.1

55.007.2

12

12 =−=
−
−=

～              ˄ 5.10˅  

⭡㺘 5.1ਆ ࠷ਈ⁑䟿 G=78500MPa 

8.11
07.288

2.34.078500

8 33
=

××
××==

Max

Max

FC

dG
n

λ
～              ˄ 5.11˅  

ਆ n=12̍ 㘳㲁єㄟ਴ᒦ㍗аസˈࡉᙫസᮠ n=n+2=14Ǆ㠣↔ˈᗇࡠҶањ┑

䏣ᕪᓖоࡊᓖ㓖ᶏᶑԦⲴਟ㹼ᯩṸǄ 

ն㘳㲁䘋а↕߿ቁᕩ㉗ཆᖒቪረо䟽䟿 䘋㹼䈅㇇Ǆ䘹⭘⢩↺⭘䙄⛝㍐⅑̍޽

㉗䫒эǄṩᦞཆᖴ㾱≲ˈࡍ䘹ᕩ㉗᯻㔅∄ C=10Ǆ 

dd

D
c

6.32 == ～ ～              ˄ 5.12˅  

⭡ᔿ 5.12 ᗇ d=0.36mm 

14.1
615.0

44

14 =+
−
−=

CC

C
K

～              ˄ 5.13˅  

mm
CKF

d Max 22.0
2.853

707.214.1
6.16.1 =××=≥

τ  ～              ˄ 5.14˅  

5.5
07.2108

2.336.078500

8 33 =
××

××==
Max

Max

FC

dG
n

λ
 ～              ˄ 5.15˅  
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ਆ n=5.5̍ 㘳㲁єㄟ਴ᒦ㍗аസˈࡉᙫസᮠ n=n+2=7.5Ǆ㠣↔ˈᗇࡠҶањ

┑䏣ᕪᓖоࡊᓖ㓖ᶏᶑԦⲴਟ㹼ᯩṸ ф̍Ӿཆᖒቪረ઼䟽䟿ᶕⴻ ҏ̍ᱟањ䖳Ո

Ⲵ䀓ˈਟሶ䘉њ䀓ࡍ↕⺞ᇊлᶕˈ޽䇑㇇ަᆳቪረᒦ֌っᇊᙗṑṨǄ 

⺞ᇊਈᖒ䟿 λMaxǃλMinǃλLim ઼ᇎ䱵ᴰሿ䖭㦧 FMin ᕩ㉗Ⲵᶱ䲀䖭㦧Ѫ˖ 

N
F

F Max
Lim 59.2

8.0

07.2

8.0
===

～                        ˄ 5.16˅  

Gd

nFC38
=λ

～                                     ˄ 5.17˅  

⭡ᔿ 5.17ਟᗇ˖ 

mmmm
Gd

nFC Lim
Lim 03.4

36.078500
5.559.21088 33

=
×

×××==λ
～              ˄ 5.18˅  

mmmm
Gd

nFC Max
Max 22.3

36.078500
5.507.21088 33

=
×

×××==λ
～              ˄ 5.19˅  

mmhMaxMin 02.22.122.3 =−=−= λλ
～                          ˄ 5.20˅  

NN
nC

Gd
F Min

Min 3.1
5.5108

36.07850002.2
8 33

=
××

××== λ

～                   ˄ 5.21˅  

    ≲ᕩ㉗Ⲵ㢲䐍 pǃ㠚⭡儈ᓖ H0ǃ㷪᯻ॷ䀂 γ઼㉗эኅᔰ䮯ᓖ LǄ൘ FMax֌⭘

л⴨䛫єസⲴ䰤䐍
mmd 036.036.01.01.0 =×=≥δ

ˈਆ
mm04.0=δ

⭘ᰐ䖭㦧֌ࡉ

лᕩ㉗Ⲵ㢲䐍Ѫ˖ 

mm
n

d
p Max 65.0

04.05.5
22.336.0 =

+
+=

+
+=

δ
λ

～              ˄ 5.22˅  

ㄟ䶒ᒦ㍗⼘ᒣⲴᕩ㉗㠚⭡儈ᓖѪ 

mmdnpH 415.536.05.165.05.75.10 =×+×=+=
～              ˄ 5.23˅  

ਆḷ߶٬ H0=5.5mmᰐ䖭㦧֌⭘лᕩ㉗Ⲵ㷪᯻ॷ䀂Ѫ 

°=
−×

=
×

= 5.3
)36.04(

65.0
arctanarctan

2 ππ
γ

D

p
～              ˄ 5.24˅  

ᕩ㉗㉗эⲴኅᔰ䮯ᓖ 

mm
CosCos

nD
L 9.85

5.3

64.35.72 =
°

××=××= π
γ

π

～              ˄ 5.25˅  

っᇊᙗ䇑㇇ 
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3.551.1
64.3

5.5

2

0 <===
D

H
b

 ～              ˄ 5.26˅  

⭡ᔿ 5.26ਟ⸕ˈ᭩රᕩ㉗䇮䇑нՊཡっǄ 

5.3.2᭯ශᕯ㉝⨼䇰䇴䇗僂䇷 

᭩රᕩ㉗൘ࠪ⋩ਓ㔃ᶴ⽪᜿മǄ⭡Ҿ㌫㔏Ⲵ㾱≲ ᕩ̍㉗ࠪ⋩ਓᓄ؍ᤱ൘঻ᐞ

∆P<3barⲴᛵߥл㜭ᔰ੟Ǆҏቡᱟ䈤ᕩ㉗൘ަᐕ֌४䰤޵ᗵ享┑䏣ࠪ⋩ਓ䘉а㾱

≲Ǆ 

ྲമ 5.10ᡰ⽪Ѫࠪ⋩ਓ㔃ᶴ⽪᜿മǄᐢ⸕䗷঻䶒ⴤᖴ D=3.2mmǄᐢ⸕ᕩ㉗

F=0.55N 

 

മ 5.10ᕩ㉗ࠐօ৲ᮠ⽪᜿മ 

s

F
P = ～              ˄ 5.27˅  

～                                                          

～              

barkPaPa
N

D

N

S

F
P 684.04.686.68421

)0032.0(25.0

55.0

)(
4

1
55.0

2
2

===
××

===∆
ππ

˄5.28˅  

⭡ᔿ 5.28ਟᗇˈ᭩රᕩ㉗┑䏣ࠪ⋩ਓ㾱≲ ∆P<3barǄ 

5.3.3᭯ශᕯ㉝ᶆᯏ䘿ශ 

ᕩ㉗⧠ᴹᶀᯉѪ 1.4438˄ Cr17Ni14Mo3˅ ˈ䈕ᶀᯉਜ਼ᴹ䬜ǃ䭽ǃ䫬ㅹݳ㍐ާ

ᴹ㙀✝ᙗྭˈн᱃⟳✗˗䲿⵰⑙ᓖਈॆˈᙗ䍘ਈॆሿ˗ቪረっᇊᙗ֣ㅹՈ⛩Ǆ  
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ᑨ⭘ਸ䠁ݳ㍐ሩᕩ㉗䫒ᣇᕩ߿ᙗⲴᖡ૽ਟ࠶Ѫє⿽˖⹵ǃ⻣ǃ⺬ǃ䫂Ⲵᖡ૽

Ѫ↓᭸ᓄˈণᨀ儈ᣇᕩ߿ᙗ˗䬜ǃ䭠ǃ䫼Ⲵᖡ૽Ѫ䍏᭸ᓄˈণ䱽վᣇᕩ߿ᙗǄਸ

䠁ݳ㍐ሩᣇᕩ߿ᙗⲴᖡ૽ྲ㺘 5.4ᡰ⽪Ǆ 

㺘 5.4 ਸ䠁ݳ㍐ሩᕩ㉗߿ᣇ࣋Ⲵᖡ૽ 

ਸ䠁ݳ㍐ C Si V B Nb Mn Cr 

ᧂࡇ⅑ᒿ 1 2 3 4 5 6 7 

㓗ᐞ R +86.36 +55.90 +43.64 +25.86 -17.84 -15.30 -1.42 

⴨ሩⲮ࠶∄% 

˄⻣Ѫ 100%˅  

100 64.7 50.5 29.9 20.7 17.7 1.6 

 “ˇ”㺘⽪ᣇᕩ߿ᙗᨀ儈ˈ“ˉ”㺘⽪ᣇᕩ߿ᙗл䱽ˈᮠ٬䎺བྷ᭸ᓄ䎺ᱮ㪇 R

ᱟ⭘劽䗋Ṭᢝ䖜䈅傼⌅⍻ᗇⲴᮠᦞǄ 

⻣ᱟᕩ㉗䫒ѝᗵнਟቁⲴݳ㍐ˈ൘ᕪॆ䫱㍐փⲴ਼ᰦ䘈㜭ᖒᡀབྷ䟿⻣ॆ⢙ˈ

ӗ⭏⊹⏰⺜ॆ֌⭘ˈᨀ儈䫒Ⲵᣇ᣹ᕪᓖǃ⯢ࣣᶱ䲀ǃᱮ㪇ൠᨀ儈ᕩ㉗䫒Ⲵᣇᕩ߿

ᙗǄ 

䬜ᱟн䬸䬌㧧ᗇ㙀㞀㲰ᙗ㜭Ⲵѫ㾱ਸ䠁ݳ㍐ ሩ̍㙀㲰ᙗ䎧⵰ߣᇊ֌⭘ ᖃ̠䫒

ѝਜ਼䬜䟿䗮ࡠ 12ˁ ᐖਣᰦˈ䬜о㞀㲰ӻ䍘ѝⲴ≗֌⭘ˈ൘䫒㺘䶒ᖒᡀаቲᖸ㮴

Ⲵ≗ॆ㟌˄㠚䫍ॆ㟌˅̍ 䬜৸㜭ᨀ儈䫒൘⭥ӻ䍘ѝⲴ⭥ᶱ⭥սˈ㜭ᴹ᭸ൠᨀ儈䫒

Ⲵ⛩㲰⭥ս٬ˈ䱽վ䫒ሩ⛩㲰Ⲵ᭿ᝏᙗǄ䠁኎䜭㜭઼བྷ≄ѝⲴ≗≄䘋㹼৽ᓄˈ൘

㺘䶒ᖒᡀ≗ॆ㟌ˈ䬜ਟ䱫→䫒Ⲵสփ䘋а↕㞀㲰Ǆ 

䫬൘ਸ䠁䫒ѝⲴѫ㾱֌⭘ᱟˈ֯ 䖳վਜ਼⻣䟿Ⲵਸ䠁䫒ҏާᴹ䖳儈Ⲵ⺜ᓖ ᆳ̍

ާᴹ䖳ᕪⲴ⻣ॆ⢙ᖒᡀ㜭࣋Ǆ㘼ф䫬㜭ཏ䱫→ྕ∿փॆⲴᲦ㋂㋇བྷǄ䫬ҏ㜭ᨀ儈

␜䘿ᙗǄ䫬֯ਸ䠁䫒൘ᑨ⑙лᨀ儈Ҷަ⺜ᓖ઼ᕪᓖ,ᒦфᱮ㪇Ⲵᨀ儈Ҷ䫒Ⲵ儈⑙

ᕪᓖǄ䫬ሩᣇᕩ߿ᙗⲴ᭩ழ֌⭘㾱བྷҾ⹵઼䫂ˈӵ࣐ 0.2%Ⲵ䫬ˈᣇᕩ߿ᙗਟᨀ

儈аؽǄնᕩ㉗䫒ѝⲴ䫬བྷ䜘࠶ⓦҾ⻣ॆ⢙ѝˈᇎ䱵кн䎧പⓦᕪॆ֌⭘ˈሩ᭩

ழᕩ߿ᙗ֌⭘нབྷǄ 

สҾԕк㔃䇪৫䲔ሩᕩ㉗߿ᣇ࣋н䎧ᖸབྷ֌⭘Ⲵ䫬ݳ㍐ᴯᦒᡀ䍘䟿䖫ඊപ

ᓖྭⲴ䬍ݳ㍐֌ѪᯠᯩṸⲴ俆䘹Ǆ 

䬍ݳ㍐Ⲵѫ㾱Ո⛩ᴹ˖ 

1. 䲿⵰䬍ݳ㍐Ⲵޕ࣐㜭֯н䬸䫒Ⲵ⺜ᓖ઼ቸᴽᕪᓖՊᨀ儈ˈн䬸䫒ᣇ᣹ᕪ

ᓖสᵜнਈ,ਸ䠁Ⲵກᙗ䜭᰾ᱮл䱽Ǆ2.䬍ݳ㍐Ⲵޕ࣐㜭֯儈䬍н䬸䫒Ⲵ㙀Ღ䰤㞀

㲰ᙗ㜭л䱽,പⓦ༴⨶ਾ㙀Ღ䰤㞀㲰ᙗ㜭ᨀ儈Ǆ儈䬍н䬸䫒䬨ᘱᰦ㙀Ღ䰤㞀㲰ᙗ

䲿䬍ਜ਼䟿Ⲵ໎࣐䙀⑀䱽վ ,പⓦ༴⨶ਾ䲿䬍ਜ਼䟿Ⲵ໎ݸ࣐ᨀ儈ਾ䱽վ ,ਜ਼䬍

2.0wt.%ᰦ㙀㞀㲰ᙗᴰྭǄ3. 䫒Ⲵ⺜ᓖ઼ቸᴽᕪᓖ䲿⵰䬍ਜ਼䟿Ⲵ໎࣐੸кॷ䎻࣯,

ᕪᓖ᰾ᱮ∄䬨ᘱᰦᨀ儈,ກᙗ⮕ᴹᨀ儈Ǆ4. 䬍൘儈䬍н䬸䫒ѝབྷ䜘࠶ᱟԕ㖞ᦒപ



਼⍾བྷᆖ ⺅༛ᆖս䇪᮷ Ḁ GDI ਁࣘᵪ儈঻⋩⌥Ⲵཡ᭸⁑ᔿоᙗ㜭᭩䘋⹄ウ 

55 

ⓦփⲴᖒᔿᆈ൘Ⲵ, 䬍ޕ࣐ਾਸ䠁㺘䶒ᖒᡀ䗵䙏ᖒᡀ≗ॆ䬍؍ᣔ㟌,儈⑙≗ॆਾ

ᣔ㟌㺘䶒㢟ྭ,ᨀ儈Ҷ㙀㞀㲰ᙗ઼儈⑙ᣇ≗ॆᙗǄަ⅑൘䬍৏ᆀઘതᖒᡀᲦṬ؍

⮨ਈᓄ࣋൪,᣹ը䗷〻ѝ䱫⺽ս䭉䘀ࣘ,䎧ࡠᕪॆ֌⭘,ቁ䜘࠶䬍ԕ䬍Ⲵ⻣ॆ⢙仇

㋂ᆈ൘,ሩสփ䎧ㅜҼ⴨ᕪॆ֌⭘  ̠ 5. 䬍ݳ㍐Ⲵޕ࣐ᨀ儈Ҷ儈䬍㙀✝䫒Ⲵᣇ儈⑙

≗ॆᙗǄ 

สҾԕк䇪⛩⺞ᇊᯠᕩ㉗ᶀᯉ䘹Ѫ 1.4568˄ X7CrNiAl17 Ǆ˅ 

5.4 䈋僂਀㔉᷒ 

5.4.1⯨ࣩ䈋僂ᵰⲺᵰỦ㔉ᶺ਀ᐛ֒৕⨼ 

ᕩ㉗䈅傼ᵪⲴ䖭㦧ᱟ⭡⭥⻱䈳䙏⭥ᵪ䗃ࠪⲴˈᒦՐ䙂ࡠ䈅傼ᵪⲴѫࣘ䖤кˈ

ᴢᷴ━ඇᵪᶴ㻵䝽Ҿѫࣘ䖤кǄᴢᷴ⴨ሩ䴰䇮䇑ᗇ䖳⸝ ഐ̍↔൘а㡜ᛵߥлՊሶ

ᴢᷴ䇮䇮䇑ᡀٿᗳ䖞ᵪᶴǄ傡ࣘᵶ઼ٿᗳ䖞ᱟ᧕൘а䎧ⲴˈᆳԜ䙊䗷䘎ᵶ䬠᧕Ǆ

ྲമ 5.11 ᡰ⽪ˈ䈅傼ᵪᶴѫ㾱⭡ѫ䖤ǃབྷᑖ䖞ǃᵪᷦǃٿᗳ䘎ᵶᵪᶴǃᕩ㉗঻

ⴈᓗㅹ㓴ᡀǄᖃѫࣘ䖤ᑖࣘٿᗳ䖞䘀ࣘᰦ 䘎̍ᵶᢺٿᗳ䖞Ⲵ᯻䖜䘀ࣘਈѪ傡ࣘᵶ

Ⲵᖰ༽ⴤ㓯䘀ࣘˈӾ㘼ᑖࣘ亦ㄟⲴᕩ㉗঻ⴈڊ䘀ࣘǄ 

 

 ㉗ᗳ䖞ǃ2-䘎ᵶǃ3-傡ࣘᵶ━ඇǃ4-ᕩ㉗঻ⴈǃ5-傡ࣘᵶǃ6-ᕩٿ-1

7-ሬ䖘ǃ8-ѫ䖤ǃ9-䖤᢯ᓗǃ10-䖤᢯ǃ11-χ ᷦǃ12-བྷᑖ䖞ǃ13-⿫ਸಘ 

മ 5.11 ᕩ㉗⯢ࣣ䈅傼ᵪᵪỠ㔃ᶴㆰമ 
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5.4.2⯨ࣩ䈋僂ᵰⲺ⭫≊᧝࡬㌱㔕 

䇮㖞⭥Ⓚᙫᔰ઼ޣ⭥ࣘᵪⲴڌ→ǃ䎧᤹ࣘ䫞ˈ؍䇱⭥ࣘᵪ↓ᑨ䘀䖜ǃ੟ࣘǃ

ᣔ㻵㖞ˈ䱢→⭥ࣘᵪᦏൿ˗മ؍✝ᣔ઼䗷؍Ǆ਼ᰦ⭥䐟ѝ䘈䇮䇑Ҷ䗷䖭→ڌ 5.12

ᡰ⽪Ѫ䈅傼ᵪⲴ⭥≄᧗ࡦ㌫㔏৏⨶മǄ 

 

 

 

FU1ǃFu2-؍䲙эˈQF-ᙫᔰޣˈSB1-ڌ→᤹䫞ˈSB2-੟᤹ࣘ䫞ˈKM-Ӕ⍱᧕䀖ಘˈFR-✝㔗

⭥ಘˈSQ-㹼〻ᔰޣ 

മ 5.12 䈅傼ᵪ⭥≄᧗ࡦ㌫㔏ㆰമ 

5.4.3⯨ࣩ䈋僂ᵰⲺՖ᝕ಞ䘿᤟ 

൘ࠪ⋩䰰㓴Ԧᕩ㉗Ⲵᣇ⯢ࣣ䘀㹼䗷〻ѝ ᕩ̍㉗䖭㦧ᰦⷜᰦਇࡠⲴ঻઼࣋ᕩ㉗

ਈᖒᰦىⲴս〫ᱟ䴰㾱䟷䳶ⲴᮠᦞǄ↓⺞Ⲵ䘹ᤙս〫Րᝏಘ઼঻࣋Րᝏಘᱟ䈅傼

Ⲵޣ䭞ഐ㍐ѻаǄ 

ս〫Րᝏಘ৸ਛڊ㓯ᙗՐᝏಘˈᆳⲴ⿽㊫㑱ཊˈѫ㾱࠶Ѫ⭥ᇩᔿǃ⭥ᝏᔿǃ

䎵༠⌒ᔿǃݹ⭥ᔿǃ䴽ቄᔿ䘉ࠐ⿽Ǆ⭥ᝏᔿՐᝏಘᱟа⿽኎Ҿ䠁኎ᝏᓄⲴ㓯ᙗՐ

ᝏಘԦǄ൘᧕䙊⭥ⓀਾˈањӔਈⲴ⻱൪൘ᔰޣⲴᝏᓄ䶒ӗ⭏ˈ↔ᰦྲᴹ䠁኎⢙

᧕䘁ᝏᓄ䶒ᰦ 䠁̍኎ѝቡՊӗ⭏⏑⍱Ӿ㘼੨ਆҶᥟ㦑ಘⲴ㜭䟿 Պ̍֯ᥟ㦑ಘ䗃ࠪ

ᑵᓖⲴ㓯ᙗ㺠ᕡ ṩᦞ㺠ᕡ䟿Ⲵਈॆ䇑㇇ᗇࠪս〫䐍⿫̍޽ 䗮̍ࡠᰐ᧕䀖ⴁ⍻⢙փ

ⲴⴞⲴǄ 

⭥ᝏᔿս〫ՐᝏಘⲴՈ⛩ᱟ˖ᰐ━ࣘ᧕䀖⛩ˈ䮯ሯભǃվ࣏㙇ǃᐕ֌ᰦнਇ
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⚠ቈᵲ䍘ㅹഐ㍐ᖡ૽фਟԕ൘ཊ⿽ᚦ࣓⧟ຳл֯⭘Ǆഐ↔㔃ਸᇎ䱵ᛵߥ䘹ᤙҶ᜿

བྷ࡙ GEFRANޜਨⲴ PY3ս〫Րᝏಘ֌Ѫᵜᕩ㉗䈅傼ᵪⲴՐᝏಘˈྲമ 5.13Ǆ 

䈕ՐᝏಘⲴѫ㾱⢩⛩ᴹ˖˄ 1˅㹼〻 ࡠ10 50mmǄ˄ 2˅ਟ࡙⭘ M2.5㷪㓩䘋㹼

䘎᧕Ǆ˄ 3˅⤜・㓯ᙗਟ䗮,±0.05%Ǆ˄ 4˅ᐕ֌⑙ᓖᒯ˖-30℃ࡠ 100℃Ǆ˄ 5˅֯⭘

ሯભབྷҾ 108
⅑Ǆ 

 

മ 5.13 PY3 ս〫Րᝏಘ 

঻࣋Րᝏಘᱟа⿽䖳Ѫᑨ㿱ⲴՐᝏಘ ᒯ̍⌋Ⲵ䘀⭘о਴⿽㠚᧗⧟ຳ ⎹̍৺ࡠ

ᯩᯩ䶒䶒ˈྲ≤࡙ਁ⭥ǃᔪㆁᲪ㜭ǃ䫱䐟Ӕ䙊ǃߋ᧗㡚ཙǃ⭏ӗ㠚᧗ǃ⸣⋩⸣ॆǃ

㡩㡦ǃ⭥ਁ࣋⭥ǃᵪᒺㅹㅹǄ俆ݸㆰঅӻ㓽аӋᑨ⭘Ⲵ঻࣋ՐᝏಘǄ 

ᓄਈ⡷঻࣋Րᝏಘ৏⨶оᓄ⭘࣋ᆖՐᝏಘⲴ⿽㊫ᖸཊ ∄̍ྲ঻䱫ᔿ঻࣋Րᝏ

ಘǃॺሬփᓄਈ⡷঻࣋Րᝏಘǃ⭥䱫ᓄਈ⡷঻࣋Րᝏಘǃ⭥ᝏᔿ঻࣋Րᝏಘǃ䉀

ᥟᔿ঻࣋Րᝏಘǃ⭥ᇩᔿ঻࣋Րᝏಘǃ⭥ᝏᔿ঻࣋ՐᝏಘㅹㅹǄնᱟަѝᓄ⭘ᴰ

ᒯ⌋Ⲵ㾱ᮠ঻䱫ᔿ঻࣋Րᝏಘˈᆳާᴹ㋮ᓖ儈ǃԧṬվǃ㓯ᙗ⢩ᙗྭㅹՈ⛩Ǆഐ

↔㻛ᐲ൪ᒯ⌋ᓄ⭘Ǆ 

ѪҶ䘋а↕Ҷ䀓঻䱫ᔿ঻࣋Րᝏಘ 䇔̍䇶ал⭥䱫ᓄਈ⡷Ǆ⭥䱫ᓄਈ⡷Ѫ䈕

ՐᝏಘⲴṨᗳ䜘Ԧ ᆳ̍ᱟа⿽ሶ㻛⍻ԦкⲴᓄਈਈॆ䖜ॆѪ⭥ؑਧⲴа⿽᭿ᝏݳ

ಘԦǄ⭥䱫ᓄਈѫ㾱䘈࠶Ѫє⿽ а̟⿽ᱟ䠁኎⭥䱫ᓄਈ⡷䘈ᴹа⿽ᱟॺሬփᓄਈ

⡷Ǆ䠁኎⭥䱫ᓄਈ䙊൘ਇࡠ঻࣋ᥔ঻ᰦӗ⭏ᖒਈ 䘉̍⿽ᖒਈՊ᭩ਈᓄਈ⡷Ⲵ⭥䱫ˈ

㘼⭥䱫Ⲵ᭩ਈ৸Պ֯ᯭ࣐൘ՐᝏಘкⲴ⭥঻ਁ⭏ਈॆǄ䈕ਈॆ䙊䗷᭮བྷಘሶؑਧ

Ր䗃㔉༴⨶⭥䐟ˈֻྲ A/D 䖜ᦒ઼ CPUǄ 

ᵜᕩ㉗㙀ѵ䈅傼ਠ䘹ᤙⲴᱟ Omega PX409঻䱫ᔿ঻࣋Րᝏಘˈྲമ 5.14Ǆ

䈕Րᝏಘާᴹඊപ㙀⭘ˈ߶⺞ᓖ儈ǃっᇊᙗᕪԕ৺✝᭸ᓄ֣ㅹՈ⛩Ǆަ⤜⢩Ⲵ䇮

䇑֯Րᝏಘᴤ࣐ඊപǄަѫ㾱৲ᮠᴹ˖˄ 1˅ 䚥ᗚ RoHS㿴ᇊǄ˄ 2˅ཆ༣઼䗃ࠪ

㓸ㄟѻ䰤Ⲵᴰሿ㔍㕈  ̟ 100M Ω @ 50 VdcǄ˄ 3˅঻࣋ᗚ⧟  ̟ 㠣ቁ 100з⅑Ǆ˄ 4˅

ᑖᇭ  ̟ DC ~ 1 kHz˄ ᑨ㿴˅˄ 5˅૽ ᓄᰦ䰤  ̟ <1 msǄ ˄6 㔍˅ሩ঻࣋ˋ≄঻  ̟ 0.3 
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~ 69 bar˄ 7˅᧕⏢䜘Ԧ˖ 316н䬸䫒Ǆ˄ 8˅঻࣋ㄟਓ˖ ¼–18 NPTཆ㷪㓩Ǆ 

 

മ 5.14 Omega PX409঻䱫ᔿ঻࣋Րᝏಘ 

 䰶ᕯ㉝⯨ࣩስળ䈋僂⋯࠰5.4.4

൘⺞ᇊᕩ㉗Ⲵ⯢ࣣሯભᰦˈ䈅傼䗷〻ѝˈਟਆᗚ⧟֌⭘⅑ᮠ N Ѫ 1×107
Ǆ൘

ᕩ㉗䗮ࡠ 1×107
ᰦн⹤ൿˈቡڌ→䈅傼䈅傼ਾ㔃᷌ྲമ 5.15Bമᡰ⽪Ǆ5.15Aമ

Ѫ㘱ᕩ㉗Ǆ 

 

 

മ 5.15 ᯠᰗᕩ㉗㙀ѵ䈅傼ਾሩ∄മ 

5.4.5 䈋僂㔉᷒ 

䈅傼㔃᷌˖䈅傼ਾਁ⧠ᕩ㉗Ⲵ⼘ᦏ᰾ᱮ߿ቁˈࠐѾ⋑ᴹ⼘ᦏˈ⋑ᴹਁ⧠ᯝ㻲

ⲴᛵߥǄ 

5.5 ᵢㄖቅ㔉 
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ࠪ⋩䰰ཡ᭸ѫ㾱㺘⧠൘ࠪ⋩䰰ᕩ㉗Ⲵ䶎↓ᑨ⼘ᦏоᯝ㻲Ǆᕩ㉗൘⼘ᦏѕ䟽Ⲵ

ᛵߥлᡆᯝ㻲ਾሶ䙐ᡀࠪ⋩䰰࣏㜭ཡ᭸ Ӿ̍㘼֯⋩⌥䘋ޕ䐋㹼⁑ᔿ ⋩̍⌥ᰐ⌅↓

ᑨᔪ・儈঻ˈECUᣕվ঻᭵䳌⸱Ǆਁࣘᵪཡ৫ࣘ࣋ᰐ⌅࣐䙏Ǆ 

˄1˅൘᷀࠶Ҷᕩ㉗ᯝ㻲㺘䶒઼ᯝ㻲ਓⲴݳ㍐㓴ᡀਾˈࡍ↕ᗇࠪᕩ㉗൘ᯝ㻲

⛩ਇࡠҶ䎵䗷䇮䇑䍏㦧Ⲵᓄ࣋ ⭡̍Ҿ䎵䍏㦧䘀䖜ᕩ㉗ਁ⭏Ⲵѕ䟽⼘ᦏ仾䲙઼ᯝ㻲

仾䲙䜭ᶱާॷ儈Ǆ 

˄2˅ሩᕩ㉗Ⲵ䇮䇑䘋㹼Ҷ᭩㢟䇑㇇ˈሶ᭩䘋ਾⲴᕩ㉗эⴤᖴᇊѪ 0.36mm̍

ᕩ㉗സᮠᇊѪ 7.5സǄᒦф䙊䗷⨶䇪䇑㇇傼䇱Ҷᕩ㉗ⲴっᇊᙗǄ਼ᰦሶᕩ㉗Ⲵ৏

ᶀᯉӾ 1.4438˄ Cr17Ni14Mo3˅ ᦒᡀ 1.4568˄ X7CrNiAl17 Ǆ˅ 

˄3˅䇮䇑Ҷᕩ㉗⯢ࣣ䈅傼Ⲵ䈅傼ᵪᒦ䘋㹼Ҷ䈅傼Ǆ 

˄4˅㙀ѵ䈅傼ਾࠪᕩ㉗ᐕ֌↓ᑨˈᰐ᰾ᱮ⼘ᦏǄ⋩䰰㓴Ԧᐕ֌↓ᑨˈ⋩⌥

ᐕ֌↓ᑨǄ 
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ㅢㅢㅢㅢ 6 ㄖㄖㄖㄖ 㔉䇰фኋᵑ㔉䇰фኋᵑ㔉䇰фኋᵑ㔉䇰фኋᵑ 

6.1 㔉䇰 

ᵜ᮷᷀࠶Ҷঅḡຎ儈঻⋩⌥ཡ᭸⁑ᔿ ⺞̍ᇊҶሬ㠤ཡ᭸Ⲵ䴦䜘Ԧ४ฏ ᢮̍ࡠ

Ҷሬ㠤ཡ᭸Ⲵޣ䭞䴦䜘Ԧ ᨀ̍ࠪҶ䴦䜘ԦⲴ᭩ර䇮䇑ᯩṸǄᒦ䇮䇑Ҷ⴨ޣ㙀ѵᙗ

䈅傼઼䈅傼ਠᷦˈ傼䇱Ҷ᭩ර䴦䜘ԦⲴਟ䶐ᙗо㙀ѵᙗǄᗇࡠⲴާփ㔃䇪ྲл  ̟

˄1˅䙐ᡀ儈঻⋩⌥ཡ᭸Ⲵѫ㾱䴦䜘Ԧ४ฏѪ傡ࣘ㓴Ԧǃ䘋⋩䰰㓴Ԧ઼ࠪ⋩

䰰㓴ԦǄ䘉йњ䴦䜘Ԧ४ฏ䙐ᡀ儈঻⋩⌥ཡ᭸Ⲵ∄ֻঐޘ䜘⋩⌥ཡ᭸∄ֻⲴ 80%

ԕкˈ᭩ழԕкйњ䴦䜘Ԧ४ฏ৺ަޣ䭞䴦Ԧ㜭བྷབྷᨀ儈঻⋩⌥Ⲵਟ䶐ᙗǄ 

˄2˅⋩⌥傡ࣘ㓴ԦⲴ᷀࠶о᭩䘋˖㓿䗷᷀࠶ਾਁ⧠⋩⌥傡ࣘ㓴Ԧཡ᭸ᱟ⭡

䖞кⲴ⛩㲰ᮠ䟿䎺ཊ䙐ࠨਾਁ⧠о儈঻⋩⌥᧕䀖Ⲵ᷀࠶↕䖞⛩㲰䙐ᡀⲴǄ䘋аࠨ

ᡀ傡ࣘ㓴Ԧཡ᭸Ⲵਟ㜭ᙗҏ䎺儈 㘼̍ሬ㠤ࠨ䖞ࠪ⧠⛩㲰Ⲵ৏ഐᱟࠨ䖞ᶀᯉ䇮䇑⺜

ᓖнᖃǄ൘ᨀ儈Ҷࠨ䖞৏ᶀᯉⲴ⺜ᓖ㾱≲ѻਾˈࠨ䖞⛩㲰ᛵߥ᰾ᱮ᭩ழǄᒦф⋩

⌥傡ࣘ㓴Ԧཡ᭸Ⲵ仾䲙ҏབྷབྷൠ䱽վҶǄ儈঻⋩⌥Ⲵᮤփਟ䶐ᙗᗇࡠҶ᭩ழǄ 

˄3˅䘋⋩䰰㓴ԦⲴ᷀࠶о᭩䘋˖䘋⋩䰰㓴Ԧཡ᭸ᱟ⭡└␵ಘ⹤ᦏ䙐ᡀⲴǄ

䙊䗷䈅傼ਾਁ⧠䘋⋩ਓ└␵ಘⲴ└㖁ᶀᯉ㙀ਇᙗн֣ˈሶ⧠ᴹ└㖁ᶀᯉᴤᦒᡀ

PEEKѻਾˈ└␵ಘ㙀ਇᓖᗇࡠҶᨀ儈Ǆ⋩⌥䘋⋩䰰㓴ԦⲴਟ䶐ᙗᗇࡠҶ᭩ழǄ 

˄4˅ࠪ⋩䰰㓴ԦⲴ᷀࠶о᭩䘋˖ࠪ⋩䰰㓴Ԧཡ᭸ᱟ⭡ࠪ⋩䰰ᕩ㉗ѕ䟽⼘ᦏ

ᡆᯝ㻲ᕅ䎧ⲴǄ㓿䗷᷀࠶ਾᗇࠪ䙐ᡀᕩ㉗ᯝ㻲Ⲵѫ㾱৏ഐᱟࠪ⋩䰰ᕩ㉗䇮䇑нਸ

⨶ ᕩ̍㉗ᰐ⌅᢯ਇ儈䙏䍏㦧⣦ᘱлⲴᐕ֌ᕪᓖǄ൘䟽ᯠ䇮䇑Ҷᕩ㉗ⴤᖴ઼्ᮠѻ

ਾˈᕩ㉗Ⲵ⼘ᦏᛵߥ᰾ᱮ᭩ழǄ儈঻⋩⌥ࠪ⋩䰰㓴ԦⲴਟ䶐ᙗᗇࡠҶ᭩ழǄ 

6.2 ኋᵑ 

ᵜ᮷Ⲵ⹄ウਆᗇҶаᇊⲴᡀ᷌ ն̍䘈ᴹаӋൠᯩ䴰㾱䘋а↕᭩䘋Ǆѫ㾱ྲл  ̟

˄1˅～ᵜ᮷ѫ㾱⹄ウҶ䙐ᡀ⋩⌥ཡ᭸⦷㓖 80%Ⲵ䴦䜘Ԧ४ฏˈ㲭❦࢙лⲴ

४ฏཡ᭸⦷н儈ˈնሩ⋩⌥Ⲵᐕ֌ਟ䶐ᙗҏॱ࠶䟽㾱ˈሶᶕ䘈䴰㾱

ሩ䘉Ӌ䴦䜘Ԧ䘋㹼⴨᷀࠶ޣо⹄ウǄ 

˄2˅～ᵜ᮷⹄ウⲴঅḡຎ儈঻⋩⌥䴦䜘Ԧ४ฏݱ䇨Ⲵᐕ֌঻࣋Ѫ 200bar̍

䲿⵰ᵚᶕ GDI ਁࣘᵪ䎺ᶕ䎺儈Ⲵ௧⋩঻࣋䴰≲ˈ䴰㾱ᔰኅᴤ儈঻࣋

ྲ 350bar儈঻⋩⌥⴨ޣ䴦䜘ԦⲴ⹄ウǄ 
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㠪䉘㠪䉘㠪䉘㠪䉘 

䙴ተⲺᵣ䇦ૂ⹊ガ㓠ᖋࠓ㚐ᡆ䘏Ѿ㮺㮺Ⲻжᵢθ儎ުૂ⅙ឦҁ֏θу⾷᝕ឞ

㌱ҁȾ䇦ᗍ劷䗻൞жㇽᮽㄖ䠂ߏ䚉φ“Ӱ㊱Ⲻཱྀᡎࢃ㺂Ⲻ়ਨθ↙ྸ➚Ⲻᖘᡆθ

ᖉᰬ⭞ཝ䠅Ⲻᵞᶆθ㔉᷒পਠᱥжቅඍ”Ⱦَ㤛䘏жቅඍᴿ⛯ᝅѿⲺ䈓θࡏᱥᡇ

䈱Ҝ⭕⍱Ⲻᴶླ㓠ᘫθҕԚᡇሯӄ঩ሼ䗾ޛⲺ᯦⭕⍱ᴪࣖݻ┗ؗᗹȾ 

䖢⵲пᒪᐨ㔅䗽ৱθഔ俌൞㚂⹊ガ⭕⭕⏥θᒮ䘆Ⲻਇ⧦ઞപᴿ䛙ѾཐӰ䲠ժ

ᡇ䎦䗽ᣎᯣᰬݿθ䶔ᑮᒮ䘆ᡇ㜳ᡆѰ䉣ыᕰᮏᦾⲺᆜ⭕θ㲳❬ਠᴿ⸣⸣ᮦᒪθռ

ᱥ䉣ᮏᦾћ䉞䑅ᇔᗍ⹊ガ֒伄θᒩ᱉䘇Ӱᗍᘷᓜԛ਀ѦሂⲺ㔅僂ж⴪ᕋሲᡇᗍᐛ

֒ᆜҖȾቚެᱥ㕌ߏ⹊ガ⭕䇰ᮽᗍ䘇жᒪѣθ䉣ᮏᦾⲺ㙆ᗹ਀⑀ঐ䇟ᡇ਍ⴀॠ⍻Ⱦ

∋ѐ൞঩θ䉞൞↚ੇ䉣ᮏᦾ㺞⽰ᡇᴶ㺭ᗹⲺ᝕䉘έ 

ੂᰬҕ䶔ᑮ᝕䉘ੂ⎄ཝᆜ⊳䖜ᆜ䲘ⲺެԌ㘷ᐾ൞ᵢ䈴从ᇂᡆ䗽ぁѣ㔏фⲺ

ᑤࣟȾ 

䘑ੂޛ⎄ཝᆜԛᶛθ␧␧䞿ᗹӄж⍷ᆜᓒⲺཝᇬ伄㤹Ⱦ੃ᐾᐞᬎθ਺ޭ⢯⛯χ

ѣ㾵㷃ਾθᮽ䍞⴮亴Ⱦ༺ྸ↚ູ֩ԛ䲬䬮㠠ᡇθᇔѹӰ⭕ᒮӁȾ 

 
                                                 2016ᒪ 04ᴾ
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