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  ›ṕ 

1.1 ￼ Ю  

ҖѬ ẁѬṆ …Ṽ Җִ֮֮י ∂ Ȳִ֮יᾼὧ ế⁮ ╥ᴫ

Ѝ ȲҖ ЄёѭЍצ Ȳᴯὑִ֮י⁮ ᾼ⁮ȳҖ ☼Ɫ

ἇ ⱢҖѬ ПậѬѬ Ȳ᾿ ȳ  це Ѭ ⱢҖѬ ѻ

ᾼϮЄ Ѭ ȲẔ Ѭᶁậᴞ ἇ ȲẔМ᾿ Ѭ ᴯὑִ֮י⁮

Ȳ 35еѐȲפּ 340CMDȲӂᶁѡҏѬ 200פּ

CMDȲ ∟П Ѭ Ϛц ϡ Ѭ ѿЄ֝Ғ ( פּ

4m)Ɫӭᾼ֮Ȳѿ ϩ☼ѠהἏҖ Ȳ ⇔ ֮ᶮᴖϯȲ Ϥ

Җִ֮יᾼ їӀ ȴ֯ Ϛц ϡ Ѭ ᾘ иᵑ и

П Є₤Ғ Ȳֽȸׄ ȳׄ ȳМếȳе ȳӖӢȳὲЍц

Є֝ Ғ Ȳד Ғ ԛ ᴩҒ ẁѬ Ӏ ȴ֯ Җִי

֮ҖѠ ȲЄ֝Ғ צ ȳ Ӏ ҵȲҫצҖ᷾ ȳЄ᾿ ȳ

ἏҖѠẁѬȲִ֮יҖ Җ᷾ȳЄ⇔ȳщӕצ Ғ Ғ ẁ

Ѭ ȴ 

  це Ѭ ậѬЀⱢ‌ Ȳᴯὑ ἇ ᾿ ϯ Ȳ

‌ Ѭ иᵑ Ϥϡ Ѭ Ȳ Ѭ иᵑⱢ 64 ц41.6

CMDȲϡ Ѭ ᶁ Ғ Ȳ ∟ᾼ Ѭ ֢ Ғ Ғ

ϤӀ ȴ 

ṅשׁ 1.2 цӭᾼ 

ҖѬ Є₤ ПἼѬ ֯ 400HPѿϱᶁ ӣ 3,300V

ȲѿἏ ἼѬ Є и ӣ ẃדȲᵀ֪ῺϡȳϮϫה ’
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Ὃ Ȳ ἼѬה Ӗכ ᶼ Ȳӭ›╠צἼѬ

Є иꞋБḂⱢḛѬהɎḛѬהԚ  84 үȲ ה Ҝ 7 үɏȲ╝

ḛѬהἼѬ ⱢҖѬ Ɫ ПẁѬ ȴ 

Ӑׁשṅ Ӧ ḛѬהἼѬ ⇔ц ᵂ

ạ ד Ȳ ᴖἋ  Пṿӣ Ȳѿ ứ⇔ȴ

ҫ Ӧ ἼѬ ד Ȳ ᴖ ẞ оП ᴕ Ȳ ṿҖѬ

ד ἼѬ Ṿ ȳ ᵅẁѬ ȴ 

ҖѬ ṿӣ ḛѬהἼѬ ᴟЭБϡϫ Ȳד ӦӐׁשṅ

ἼѬ  ế ӣᾼ цכὨȲ ẁ вᴞẃѬṶ

ᴯὑἼѬ П ӣц ᵂ ӣϱПד ᴕȴ 
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  ѝ ֫  

2.1 ᴞẃѬ ѬӣἼѬ и цѩ  

ᴞẃѬ ѬӣἼѬ Ϛ Ӧ♣ ц ϡ и ֥ᴖכȲ♣

Ӑṝ ᾎ Ȳɔ ӣ ♣ ☼ ғȲ Ɫ Ȳ

ṳ ☼ П ⇔Ѭ ȳ ϩѬ ц ⇔Ѭ Ӣ оȴᴖ ϭ

Ȳ֯ ∟ Ӣ Ȳᵓӣ ϩ֯ứІ І Ӣ

Ȳ Ɫכ ӣẃ ♣ ȴ 

ἼѬ ṼẔἤ Ἠ ἤᵂⱢи П ϫи ֵȲṳ֢צ иȲ

ֽṼἼѬ Ὅᴯ Ȳи ϱ₤цḛѬהȲṼἼѬ Ὅᾼᾭ Ҡ

и῝ה( )הἨӴ(ה (ה ֢ Л֝Пи Ȳѿϯ ᴞẃѬ

ἼѬ ӣᾼи Ѡהᵂ Ὑȴ 

(1)ѿἼѬ ׄ ᴯ Ҡ и ϱ₤ἼѬ (Surface pump)цḛѬהἼ

Ѭ ɎSubmersible pumpɏ 

ֿ ϱᵛҠὙ Ẕ и ȲŋѿҖѬ ἬṿӣᾼᴞẃѬἼѬ

ᴖṕȲ֪ῺϡȳϮϫדẃȲ ’ Ὃ ȲҒ Ὼᴰ׃Ȳ

ἼѬ П Ӗכ ᶼ Ȳ╝ӭ›ἼѬ БЄ иḂⱢḛ

ѬהἼѬ ȲἼѬ Ἤ Ӣᾼ ȲЄ иҠ ӦὍ ὑѬМᴖ

Є ᵅȴᵀḛѬהἼѬ П ֵⱢѬ⅔הȲ ϱ₤ ѩ

ᵅȴҫḛѬהἼѬ ֵⱢⅎ ₇Ἠ᷅ Ӣ Ȳ Ϸ Ɫ

Ȳ ד ȴ 

Ϛ ϱ₤ἼѬ ֯♣ ╥Ӧ Ἠ ẃ ᴩ

ϩ Ȳ♣ ҠиᵑӦ Ӣ Ȳ֯ иЏ
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ϯȲ ᶾ ϱҠ сӼҠ ᵅ ȴ  2- 1Ɫ ϱ₤цḛѬה

ἼѬ П ѱȴ 

         

 2- 1 ϱ₤(ҿ)цḛѬה(Ң)ἼѬ  

(2)Ṽ ἼѬ Ѡ֣иⱢ ц(Horizontal shaft)ה  ה

(Vertical shaft)ϡ ȴ 

Ȳϭ(Horizontal shaft)ה Ɫ῝הȲ╓ἼѬ ᶙכ∟Ȳ

їѠ֣ Ѭӂ ӂᴩȲֽ  2- 2Ἤӱȴ 

 

ἼѬה 2 -2   

Ȳϭ(Vertical shaft)ה ⱢӴהȲ╓ἼѬ ᶙכ∟Ȳ

ї Ѭӂ ₣᾿Ȳֽ  2- 3Ἤӱȴ 
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ἼѬה 3 -2   

(3)ḛѬהἼѬ ֪ ц♣ ᾼד ᴯ Л֝ȲṼẔᵮѬЀᾼᴯ

иⱢМᵮה(Center suction)Ἠᵅᵮה(Low suctionȷBottom intake)

ἼѬ  

ѿӴהḛѬהἼѬ ᴖṕȲМᵮḛѬהἼѬ Ẕ ׄ ὑ♣

ϯѠȲᴖᵮѬЀ֯♣ ᾼϯѠȲᵀѿ ἼѬ ᴖṕȲᵮѬЀᴯ

ᴯὑМ Ȳֽ 2- 4ҿ ἬӱȴҫѿᵅᵮḛѬהἼѬ ᴖṕȲ

ׄ ֯♣ ϱѠȲ♣ ᵮϤЀᴯὑ ἼѬ ᾼϯ Ȳ♣ Ғ

ҏ∟ ҵ П Ѭ☼ (Ѭ )Ȳԛ ἼѬ ϱѠ

ҏЀ ҏȲֽ  2- 4Ң Ἤӱȴ 

ѿᵅᵮḛѬהἼѬ ᴖṕȲ ӣὑӑ ἼѬצ ᾼ ѬᴃȲҠ

Ѭᴃ Єᾼצ ȷҫ֪Ẕ ҵ Ѭצ Ȳ ἼѬ

ᾼҵ ЄȲ ᴕ ἼѬ Ѐ ȴᴖМᵮḛѬהἼ

Ѭ ᴖṕȲ ӣὑצ ἼѬ ᾼ ѬᴃȲἨ╥ ἼѬה МҒ

ṿӣȴ 
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 2- 4 Мᵮה(ҿ)цᵅᵮה(Ң)ḛѬהἼѬ ҵ₤  

 

(4)֯ ♣ Ѡ ѿ ☼ ѱѠ֣ и ☼₤ἼѬ ɎCentrifugal 

Pumpɏȳ ☼₤ἼѬ ɎMixed Flow Pumpɏц ☼₤ἼѬ ɎAxial 

Flow Pumpɏ 

Ԓ Ԓ ẞἼѬ ᾼѩ ⇔ɎNsɏ╥Ϛ ᾼἤ Ȳһ

ẁϠ ὑ♣ ᾼ ᴩᾭ ế ᴶ ἤᾼ‒ ȴѩ ⇔ ♣ ᾼ

ἤ йד Ȳ Ҡѿӣẃ ♣ ᴩи ȲϠ Ẕ ӣ ếἤ

ȴ 

ѩ ⇔ᾼ еהⱢȸ.Ó
Ͻ

Ⱦ
 

ẔМN╥ ȲQ╥☼ ȲH╥ ȴѩ ⇔╥Ϛ Ȳ

ѩ ⇔ᾼЄЊȲ Ҡѿ ♣ и ֽϯȸ 
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Aȳ ☼₤ἼѬ ȸ ṷἼѬ Ɫ Ȳᵅ☼ Ȳѩ ⇔ ᵅȲ

♣ ᵮϤЀ Ϥ∟ Ȳ ∟ᵓӣ їϩ

ҏЀ ӤҏȲ ѱҏЀ ☼֣Ɫ ֣ ѿ Ȳ ӣὑ

☼ Ἠᵌὢ ᾼ ӣȲẂֽ УӣἼѬ ȴ 

Bȳ ☼₤ἼѬ ȸ ἼѬ Ẕ ȳ☼ цѩ ⇔Юὑ ☼₤ế

☼₤П Ȳ ᾛ ӣὑЏ ᾼ ₤ȲẂֽᴞẃѬҒ ӣᾼ

ї♣ ȴ 

Cȳ ☼₤ἼѬ ȸ Ɫᵅ ȲЄ☼ Ȳѩ ⇔ Ȳ ᾘ

֣☼ Ȳһ ᾼ ֣ὑ ☼ ếᵅ ϩȲ ӣὑ Є ☼

ᾼ ӣȲֽṮ☻ἼѬ ȴ 

 2- 5Ɫѩ ⇔ ה₤ … ȷ 2-6ⱢЛ֝ ה₤

ȲἼѬ ṼἬ ᾼ ц☼ Ȳṳ ứ ӣ ᾼ

ц ȳᵛҠ ӣᾼ Ȳה₤ ☼₤ȳ ☼₤ц ☼₤Ἴ

Ѭ ᾼи ϱᵛҠ ῀Ҡ ӣᾼ ȴ 

 

 2- 5ѩ ⇔ ה₤ …  
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 2- 6 Л֝ ה₤  

 

(5)ѿ♣ ׄ иⱢ ◕( )ἼѬ ɎSingle-stage pumpɏц

ֵ◕( )ἼѬ Ɏmulti-stage pumpɏ 

◕ἼѬ ҬצϚ ȲѬ☼Ҭ ϚװҒ ȲҏѬ ϩắ Ȳ

ֵ◕ἼѬ ẓֵצ Ȳḕ Ҡѿ Ғ ᾼ ϩȲ

Ṽװ ֵ ᴩֵװҒ Ȳ ӣὑ Ḗ ế ϩᾼ ֥ȴ

ҖѬ ֯ἼѬ ṿӣϱЄ и ἤᾼᴞẃѬ Ȳ ḖЛ Ȳ

╝ֵⱢ ◕( )ἼѬ ȴֵ֯◕ἼѬ ᾼ ӣ юȲ ֯ ֮

ϩ צ ӣֵ◕ἼѬ ᾼҠ ȲT ד ֥ᾼ Ϸ ᾃ
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ṿӣ ϩȲϡ῏ ֽ 2- 7ȴ 

 

 2- 7 (ҿ)цֵ (Ң)ἼѬ ה₤  

 

(6)Ṽ צ ὰ(╥ᵡ⅔ ) и⅔ ₤  (Closed impeller) ȳ

Ὅ₤  (Open impeller)цҙ Ὅ₤  (Semi-open impeller) 

Aȳ⅔ ₤ȸ П ѱ(blade)›∟ϡ ẓצ ὰ(shroud)Ȳֽ 2-8

Ң ἬӱȲϚ ᴖṕȲ⅔ ₤ Ҡѿ юᾑ ☼ ȲẔ ѩ

Ὅ₤ Ȳᵀ ӣὑЛᵶỆ₤ᾬᾼ ֥Ȳֽȸ Ѭ♣ Ȳᾒ♣

ȴ 

Bȳ Ὅ₤ȸ П ѱϱ ḥצ› ὰȲϯ ḥצἨ Њצ

ᾼ∟ ὰȲֽ 2-7ҿ ἬӱȲ Ɫᴕ Ḇ ὔ ế ᴖ

Ȳᵀ֪ ḆЄᾼᾑצ ☼ Ȳ♣ ᾼ ⅔ ₤ ⱢᵅȲ ӣ

ὑ♣ М Ệ₤ᾬᾼצ ֥ȲҠӣὑᴆѬ♣ Ȳ ♣ ȴ 

Cȳҙ Ὅ₤ȸ П ѱϱ ḥצ› ὰȲϯ ẓצЄ П

∟ ὰȲֽ 2-8М ἬӱȲӼ ӣὑ♣ М Ệ₤ᾬᾼצ ֥Ȳ

ҠӣὑᴆѬ♣ ȴ 
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 2- 8 Ὅ₤ (ҿ)ȳҙ Ὅ₤ (М)ц⅔ ₤ (Ң)  

 

 (7) Ṽ І₤הȲҠ иⱢ ȳה цӘה  ȴה

Aȳ ȸה ה ІⱢ ᾼה Ȳ Ɫ Ȳֽ

2-9ҿ ἬӱȴẔ Ɫ ȳ ᴩҠ ȳ Њȳ Ệֹוӣȳ

―ὑ ȳ ếׄ ȳכӐᵅ ȴ Ɫ Њȳғ ֪

ᵅȳ᾿ ☼Єȴ ה ⱢҖѬ Ἤ Ἴ

Ѭ Ἤ╓ứ П₤הȴ 

Bȳ ȸה ה Іᾼ ếứІ דᴿȲϮד ╦כ

ᶮȲϮ ẞ ֯ ϱᾼϮ ϱȲ Ϛ ẚ ҵ

ד Ȳֽ  2- 9Ң Ἤӱȴ Ɫ ֯ І МᴭϤҵ

Ғ  Ȳ ᵅϠ ☼ế Ȳ ҒϠ ȴ Ɫ Ȳ

Ȳ ᴩҠ ἤ Ȳ ȴ 

     

цה 9 -2  ה І 
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CȳӘ ȸӘה ֝Ḕ ᾼ Іᴞ Ȳ╥ṿӣӘϵ Ȳכ

Л צ ᾼ Ȳ І иḥצ ц Ȳ ḆюȲ

Ḇ ȲϷצᵗὑ Њ Ȳ ҏϩḆ᾿ ᶶ ȴᵀ

ІϱᾼӘ Ḋ Ё  Ȳ ὑ Ȳד Ӑכ ȴ

ІṼӘ Ὅ Ѡהиῶ цв(SPM)ה Ȳֽ(IPM)ה  2- 10

ἬӱȲв ᾼה Ҡѿắẞ Іᾼ’ Ȳ֯ Л צ

ᾼ ȴ 

 

 2- 10 Ә ֝Ḕ в ▐  

(8)ἼѬ Ṽ ᾃϤв ᵂⱢ⅔ ᾼЮ ȲҠ иⱢѬ⅔הȳᾒ⅔

цה  ȴה

AȳѬ⅔הȸ в ѿѬᾃ Ȳױ Ѡה Ἥ╥ӣѬᵂⱢ

ȴ ṿӣֹוѬП Ȳ ᾿ Ѭ ȴἨѿЛ ὰ

ԛᾃϤЛ Ἠ Ѭȴ  

Bȳᾒ⅔הȸ в ᾃϤ ᾒȲв ⱢֹוᾒἤᾼḊ Ȳ ֯

֮ϱṿӣЄ ȴᵀ֝ד ᾃ ѬԌ Ϥᴖṿ ֕оȲἬѿ ⅔֯

ṮѬᾼ ϱ Ḗ Ɫ ȴ  

Cȳ ȸה ӣ֯ ֮ϱᾼ ᾼᾒ⅔ᶙԓϚ Ȳҵ ᾼѬԌ

Л Ϥ вȲ֪–Ϥв ᾼѬԌ ṿ ЛṏȲἬѿᾒ⅔ᾼ

https://zh.wikipedia.org/wiki/%E7%A8%80%E5%9C%9F%E9%87%91%E5%B1%9E
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ϱ ᾒ⅔ה ᾼ Ḗᶙԓ֝דȴ 

ѿϱи ⱢҖѬ ṼẔἤ Ἠ ἤ ӣПἼѬ и ѠהȲ Ἴ

Ѭ ‍аԈכ ֵаȲи П Ӽϫи ֵȲắ ὑ Ȳ ѿ

ӣПи ᵂ Ὑȴ 

 

2.2 вҵἼѬ ד  

ἼѬ Ӧ♣ ц ϡ и ֥ᴖכȲ֯ ᵅ ἼѬ и֪Џ

Ḗ ЄȲⱢḖϚứ₇ Ȳד П♣ ц ֵȲᵀᴞẃ

Ѭӣ ḛѬהἼѬ ֪ юЄ иⱢ ₇Ȳѹ Ḗ ⅎљ

ḖᴖצЛ֝Ȳ ϚứПצ Ȳᵀ ᴕד ᾼ ȲҠ ᵗ ứ

ḛѬהἼѬ ᾼ ȴѿϯẂ Ɫ ứ ᴕṿӣП ȴ 

2.2.1 вד ἼѬ ПCNS ȸ 

(1) CNS 8080 A4007Џ ӣḛѬ♣  

(2) CNS 9813 C4384Џ ḛѬ♣ ӣᵅ Ϯד  

(3) CNS 9814 C4385Џ ḛѬ♣ ӣᵅ Ϯד  

(4) CNS 11327 B4064УӣḛѬ ♣  

(5) CNS 11330 C4428ᵅ Ϯד ₤ ( УӣḛѬ

♣ ӣ) 

(6) CNS 2138 B4004Њ₤ Ẫ♣ ( ᴕISO 2858) 

(7) CNS 10680 B4062ᵮה Ẫ♣ ứ 

(8) CNS 1373 C4040(3.3kV)Ϯד  



31 
 

(9) CNS 14400 C4482ᵅ Ϯד ₤ (Ϛ ӣ) 

(10) CNS 659 B7015Ѭ♣ ᾎ( ⁄) 

(11) CNS 661 B7017Ѭ♣ ҏѬ ᾎ 

(12) CNS663 B7019Ѭ♣ ϩц ᾎ 

(13) CNS 16017 B7311ϩ♣ ἤ бן -1 ȳ2 ц

3  

ѿϱCNS ȲЄ иᶁ ᵅ Ȳ H CNS 1373 C4040

(3.3kV)Ϯד ȲᴿѾ ḛѬהἼѬ דצ Ȳᵀ

CNS 1373 C4040֯ ṅПϯȲ ╓Ϛ Џ ӣȲ ᴕ

Пῶ6Ẕẕ₤IP IP22ȳIP23ȳIP 44ȳIP 55Ȳ ᴞẃѬӣᾼ

ḛѬה в ӣѬ⅔הȲϡ῏֯ ϱ צ Єᾼ ᵑȲẔ

╥ ᾎѩ ᾼȴ 

2.2.2 ᾼи  

Ϛ ᴖṕȲ и ╥┬ Ϥғ ҏғ

ᾼѩẂ ᴩи ᾼȴ Ȳ юᾼ ȴ ϱ

ṿӣIEṆԝ ẃῶӱ ȲIE1ȳIE2ȳIE3ȳIE4ȳ

IE5ếIE6иᵑ҅ῶЛ֝ᾼ ȴ ֿ Є҅ῶ ȴ 

IE1 ╥ ᾼ ᵅ ȲϷ Ɫ" "

ɎStandard Efficiencyɏ ȴIE2 ╥ ᾼМ

ȲϷ Ɫ" "ɎHigh Efficiencyɏ ȴIE3 ╥

ᾼ ȲϷ Ɫ" "ɎPremium Efficiencyɏ ȴ

IE4 ╥╓ ֥  (IE4) ᾼ ȲϷ Ɫ

ȴһ ֥ ϱ ᾼ ḖȴIE1~IE4
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ᾼ Ӧ IEC Џ Ầ ᾼ IEC 60034-30-1 ứ Ȳ ц

ғ פ ֽ 2-11ȴҫ IE5Пד Бὑ ֯ד2016 IEC 

60034-30-2 ứȴ 

IE Ẕ ȲᵀḆ ֯ ᵂ ⇔ϱ

Ḇ Ȳ Ϸד Є сȴT ϱ ế ’ Ȳ

ẃ ֵᾼеҨӔ֯ ṿӣ Ȳѿ ע ế ᵅṿ

ӣכӐȴ 

 

 2- 11 -ғ פ  

2.2.3  

(1) IEC60034-30-1 

IEC 60034-30-1 ╥ Ӧ Џ ỗ Ɏ International 

Electrotechnical CommissionȲIECɏạứᾼϚ ȲҔᵶϮדӻ

☼ ᾼ ế Ѡᾎȴ ⱢIECὑ2014ד Ӂ(IEC 

60034-30Ɫ ד2008 Ӂ)Ȳ Ɫ ứ ҏғ 0.12 kW~1000 

kWȲ ứ 50 V~1000 VȲ 2Pȳ4Pȳ6Pȳ8PȲ и
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ⱢIE1 (Standard,)ȳIE2 (High,)ȳIE3 (Premium,)цIE4 (Super 

Premium,) ȲҫҵIE5Пד ὑ2016֯דIEC 60034-

30-2 М ứȲῶ 2- 1цῶ2- 2Ɫ П ῶȴ 
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ῶ 2- 1 IEC 60034-30 ứ ῶ_1 
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ῶ 2- 2 IEC 60034-30-1 ứ ῶ_2 



36 
 

(2) NEMA MG-1 

NEMA MG-1ɎNational Electrical Manufacturers Association Motor 

and Generator, Part 1ɏ╥Ӧּר Ầ ạứᾼ Ȳ

Ϡ ế ᾼ ȳἤ ế Ḗȴ Table 12-13ц

Table 20-C ứϠ ứ 601~5,000VȲ 2Pȳ4Pȳ6Pȳ8Pṳ

и Ὅ₤ (Open motors)цԓ⅔ ₤ (Enclosed motors)

и П Ȳῶв ӱ ứ (Nominal Efficemcy)ԝҏȲ

Ӽ ᵅ (Minimum Efficemcy)ẁ ᴕȴ ֽῶ2- 3 цῶ2- 4 

NEMA MG-1 ứ ῶȴ 

ῶ 2- 3 NEMA MG-1 ứ ῶ_1 

 

 

 



37 
 

ῶ 2- 4 NEMA MG-1 ứ ῶ_2 

 

(3) CNS 1373 C4040 

֯CNS 1373 C4040(3.3kV)Ϯד в ԓ⅔

₤ѿҵП ה (  1)цԓ⅔ ₤ ה
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(  2) иЛ֝ғ ȳ (2ȳ4 ȳ6 ȳ8 ȳ10ȳ

12) и Ȳ ứ П ᵅ цғ ֪ ȴҫῶ4Ɫ

І₤ цῶ5 І₤ (ԓ⅔ ҵ ₤)Ȳ֪ ה₤

Ȳ ᴩҠ ἤ ֪ ȲҖѬ ӑ דצ ṿӣ Ȳ

∟ ṿӣ ḖӼЛ Ȳ╝Л Ϥ∟ ȴ 

צ IEC60034-30-1ȳNEMA MG-1цCNS 1373 C4040֯

иέѩ ֽῶ 2- 5ȲẔи Ѡהȳ ҏғ ȳ ứ ᶁ

ЄПЛ−צ Ȳ֝ҫ֯ ϱCNS 1373 C4040⁄ֵϠ10Pц12P

ᾼ ԝῶȴ 

ῶ 2- 5 ѩ ῶ 

Ὑ IEC60034-30-1 NEMA MG-1 CNS 1373 C4040 

и Ѡה 

ѿIE ȳẁ

ȳ ҏғ

ц и  

ѿ ȳה₤

ẁ ȳ ҏ

ғ ц и

ȴ 

ѿ ȳה₤

ҏғ ц

и ȴ 

ứ ҏ

ғ  
0.12 ~1000 kW 250~2500Hp 

37~4480kW 

(50~6000Hp) 

ứ  50 V~1000 V 601V~5,000V 3,300V 

 2Pȳ4Pȳ6Pȳ8P 2Pȳ4Pȳ6Pȳ8P 
2Pȳ4Pȳ6Pȳ

8Pȳ10Pȳ12P 

ѿ 400Hp (300kW) ӣ Ɫ 6 П ⱢẂȲ

IEC60034-30 ᴖṕȲIE1ȳIE2ȳIE3П иᵑⱢ94.1%ȳ

95%ц95.8%ȴ ▲NEMA MG-1 ứ Ɫ95%Ȳ Њ

Ɫ94.1%ȴҫ▲ CNS 1373 C4040₤ П

Ɫ 90%ȲCNS Ἤ ḖП ד  IECц

NEMA ᵅȴ ᾼ Ḗ ṿӣ῏ᴖṕȲ

∟ ӣ ЄЊȲяẔ֯  ṿӣϱ5%ᾼ ᾼד20֯



39 
 

Ғ∟ ╥Ϛ ЛЊᾼӣ ҷц ӣᾼ ȲяẔ֯ӭ› ϱ

ᾼ ц ḖϯȲ֯ ϱ ᾼ Ḗ╥‍ ᾼ

ȴ 

2.2.4 Ṇ с  

רּ Ầ (NEMA)MG 1-2009-12.43ứ Ϡ

⇔Ɫ 40oCᾼ с Ȳ֯ AȳBȳFцH

֢ Л֝ …цṿӣה ᾓϯП Єб сȲֽῶ 2- 6ȴ 

ῶ 2- 6 NEMA MG 1сῶ 

 

ҫṼCNS 1373 C4040(3.3kV)Ϯד П3.4с

ȲṼ ⇔ ᾎἨ  ᾎἬ П с ֯ῶ 2- 7 ứ ѿϯȴ 

ῶ 2- 7 CNS 1373 C40403.3kVϮד П Є с 
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וֹ 2.2.5   

ᾼ ⇔ἏἏ╥ Ṇ М Ḋ ֕о

ᾼѻ ֪ ȲֽὨ╓ứϠֹו Ȳ⁄һ╥╓ ᾼ Ḋ ֥ᾼ

∂ Є Џᵂ ⇔ȴ֯ ὑ ứֹו ᾼ ⇔ϯ ᾼ

Ṇ ᾼ Ễ ȴῶ 2- 8Ɫ IEC 60085ᾼ ᾼֹו

ц Є Џᵂ ⇔ (ÁC) ȴӭ› ḛѬהἼѬ Ȳ ▲

INDARȳPLEUGERȳANDRITZцУ ( в ) ֯

П וֹ ᶁ Y Ȳ֢ Лẓ ἤȴ 

ῶ 2- 8 IEC 60085ֹו ῶ 

╓ϵἤוֹ Ἠד

╓ϵἤוֹ (ÁC) 

וֹ  

(ÁC) 
҅ῶֿӕ 

ʿ90 <105 90 Y 

ʿ105 <120 105 A 

ʿ120 <130 120 E 

ʿ130 <155 130 B 

ʿ155 <180 155 F 

ʿ180 <200 180 H 

ʿ200 <220 200 N 

ʿ220 <250 220 R 

ʿ250  250 ī 

2.3 ḛѬהἼѬ Ӑ ц₤ה 

ḛѬהἼѬ Ṽ ֢ᴞᾼ цⅎљ ḖȲẔв

Л֝Ȳᵀצ ԈЄ ᾼȴӐѝ֝ד╥ ҖѬ צ

цṿӣ ᾼINDARȳPLEUGERȳANDRITZцУ ( в Ȳӭ

› М) 4 ₇ᵂϚ Ὑȴ 
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2.3.1 ȸINDAR 

 (הМᵮ)ȸSP UGPה₤ (1)

♣ כ Ԉ 2-12Мצȸ (Impeller)ȳ♣ (Pump shaft)ȳ

♣ (Pump bowl)ȳ ֣ Ἥ(Radial bearing)ȳᵮѬ (Suction body)ȳ

ᵮѬЀ (Suction strainer)ȴ 

כ Ԉצȸ І(Rotor)ȳứІ(Stator)ȳ ֣ Ἥ(Radial 

bearing)ȳ (Friction disc)ȳ ⅔(Mechanical seal)ȳϱ Ἥ

(Upper bearing housing)ȳ (Windings)ȳ ҵ (Motor case)ȳ

(Membrane)ȳв ᵐ⁯ (Internal cooling impeller)ȴ 

♣ ц П Ӑ ѿᾎ (Flange)Ȳ ѿ

(Coupling)ȴҫҵ֯ вἬ Пв ᵐ⁯ ⱢѬ⅔ה

ᵐ⁯ ṿӣȲҠ ᵅ ⇔ Ғṿӣ ỄȲᴖ Ἁ

Ὲ ẁ֪ ⇔ц ϩ כ оП ғ ȴ 
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 2- 12 INDAR/SP UGPḛѬМᵮהἼѬ  

 (הɑᵮ)ȸSP UGP-Mה₤ (2)

2-13МҠכҏ֯ҵ₤ϱ SP UGP(Мᵮה) Ὑ П

╥ ֯ϱѠȲ♣ ֯ϯѠȲҫ ҵ צ Ѭ☼ᾼᵐ⁯

(Cooling shroud)Ȳҵ ᾿ ЄȲᴖ ϯ צ (Union body)

ϱϯѠ֢ ᵐ⁯ ц♣ ֥ȴ 
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 2- 13 INDAR/SP UGP-MḛѬᵅᵮהἼѬ  

2.3.2 ȸPLEUGER 

 2- 14МҠכẞ ПḛѬМᵮהἼѬ П♣ (Pump 

bowl)ȳ♣ (Pump impeller)ȳ♣ (Pump shaft)ȳᵮѬЀҵ

(Suction casing)ᶁדᴿȲᵀ INDARḛѬהἼѬ ֯ҏЀ ֵϠ1
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Ѧ (Non-Return valve)Ȳ Ѧ ᾼ Ҡ ᵅἼѬ Ἤ

ӢᾼѬ ȲѬ Ҡ כ ϩ ἭᾼҒ Ἠ ȴҫ֯ ֣

Ἥ Ẕ ӱ(Highly wear-resistant Journal bearing)ῶӱẔḊ ӣ

וֹ П Ἥȴ 

 

 

 2- 14 PLEUGERḛѬМᵮהἼѬ  

 2- 15ⱢPLEUGERѬ⅔ה Ȳ INDARἼѬ
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П ᴿȲֽȸד (Rubber diaphragm)INDAR в

П (Membrane)ғ ד Ȳ֝ ẁ֪ ⇔ц ϩ כ оП

ғ ȴҫ֯֯ ӱҠ ה (Rewindable Winding)Ҡ ע

ӣȴҫ֯ ӣϱ֯ 2-16ҿ Ὑ Ϡ ᾼ

(Induction motor)ӣ ה І(Squirrel cage rotor)ҵȲҫБ Ә

֝Ḕ (Permanent magnet motor)ԝⱢ П Ȳѿ Ṝⅎљ

ὑἼѬ Ḇ П Ḗȴ 

 

 2- 15 PLEUGERѬ⅔ה  
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2.3.3 ȸANDRITZ  

֯ ₇₤ ֽ  2- 16ϱ ֢◕ ҵ ӣ

(Single-thread interstage casing)ҠҒᶶ цὊẫȲҫ ӣЄ₤

᾿ (Large shaft diameter)Ҡצ ᾼ Ȳԛẃצ Ἥ

(Incremental bearing)ẁׄ ṳ’ ṿӣ ỄἋ ȴ ᶠ

гṔᶮ(Hexagon)ḥצ Ѐ (Notch effect)צ ᾼ᷁ϩ ȴ 

 

 2- 16 ANDRITZḛѬהἼѬ  
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ANDRITZḛѬהἼѬ Ϡצ ᾼ ה ₇Ȳ

Ϸ ẁϠӘ ה ᾼ ֽ  2- 17Ȳ Ɫ ᾼ

(Extremely high efficency)Ȳ ѐЉ‍֝Ḕ֝ד ѩ Ȳ ֵҏ

100%ѿϱᾼ ҏғ Ȳғ ֪ (Power factor)Ὼὑ1Ȳ Ḇᵅȷ

Ἤ ᾼ ḆЊ(Smaller cable cross-section) ȷ о І

(Modular rotor)Ҡ ╝ ᴩḆ ȷ ᶾ (Sensorless 

motor technology)в І ἤȴ 

 

 2- 17 ANDRITZӘ ה  
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2.3.4 ȸУ   

У ԍ ῖԌצ еҨ╥ в ю Ӣ 3,300Vḛ

ѬהἼѬ ᾼ Ȳ֪Ɫ ҵ ᵅ Ȳ ֥⇔ṾȲҖѬ

צ еҨ ḛѬהἼѬ ₇ Ȳᵀӭ› еҨ֪╝ МȲ

БЛԛӢ ד ₇ȴ Ӧ еҨ ₇ ҠϠ в Ɫ

᾿ ѬᵐהȲ Ἥц ϩ Ἥ ⱢѬ ȲṮѬה ӣY

Ȳ › ҵ ѩṳד ᵑП Ȳ ֽ  2- 18ȴ 
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 2- 18 У ᵅᵮה ḛѬהἼѬ  

2.3.5 ֢ ḛѬהἼѬ ѩ  

› 4 П ₇Пѻ ֽῶ 2- 9Ȳᴖӭ›֯

ϱ ПӘ ה Ȳ3 ҵ ᶁҠ Ȳѿ

ПἼѬ ȴҫҵPLEUGERцANDRITZ2 в∂Ѧצ

֫ Ҡצ ’ Ѭ ᾼ ȴҫҵȲ3 ҵ ֯ в

ᶁצ ạ ᵐ⁯Ṇ ȲҠצ ю ֪ ☼ц ⇔ ӢП╝

ȲҠ Ɫѿ∟ҖѬ ӣ ᴕȴ 
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ῶ 2- 9 ḛѬהἼѬ ѻ ӭ ῶ 

ѻ ӭ INDAR PLEUGER ANDRITZ У  

╥ᵡצӘ ה

 
  צ צ צ

в∂Ѧ֫   צ צ  

в ╥

ᵡצ ạ

ᵐ⁯Ṇ  

  צ צ צ

› INDARȳPLEUGERцANDRITZḛѬהἼѬ

Әצ ה П ȴᵀ ϚḔ▲ Ữӑ ӣ֯ 3,300Vᾼ

ϱȲẔМ ANDRITZӭ›֯Ӣ ϱ ЄҬצ ẞ

690V/450kW/2poleПᵅ ȷPLEUGERЄҬצ ẞ200kWȲ

INDAR̔ ⁄ῶӱӑӢ 3,300VᾼӘ ה ȴ֯PLEUGER

ד МҠṓẞ ϱҠ 94%ȲANDRITZᾼӘ ה

ӼҠ ẞ93%Ȳ ֽ  2- 19Ȳ Ѭ҉ה (Water filled 

motor) 3%ѿϱȲБפּ Ὼ ‍҉Ѭ(ḛѬ)ה П Ȳ

∟ Ә ה ֯3,300Vᾼ ӣ צ ϚḔᾼ ₇ȴ 

ⱢἼѬ ѻ ᾼ╝ ֪ПϚȲᴖ в Ғ

ѿ ạ ᵐ⁯Ѡה ᵅ ⇔ȲҠ ᵅ ᾼ ц

ᴔоᾼ Ȳ֯ ҵПINDARȳPLEUGERцANDRITZḛѬה

ἼѬ ᶁБ֯Є ϩḛѬה в צ ц Ȳ

ᵐ⁯Ѭ Ҡ ᵅ ⇔ṳἋ ṿӣ Ễȴᴖ вУ е

ҨἬ ᾼ ḛѬהἼѬ ⁯ӑצ П ӣȴ֯ ṿ

ӣ ϱȲҖѬ Ἤ ҵ ḛѬהἼѬ INDARц

PLEUGERϡ ₇Пṿӣ Ễ в ПἼѬ Ɫֹו

ӣȴ 
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 2- 19  ANDRITZӘ ה ‍Ә ה   

2.4 ḛѬהἼѬ ἼѬ ѩ  

ҖѬ ֢и Є₤Ғ ѻ ᵂⱢӀ ẁѬ ṿӣȲ

ПἼѬ ֯ 400HP(ᵶ)ѿϱᶁ ӣ 3,300Vẁ ȲѿἏ

ἼѬ Є и ӣ כȲиה ♣ ϡ иȲ ֯

ϱѠȲ♣ ϤѬᴃв ἼѬȲМ ѿ ȴT ֪Ὼϡȳ

ϮϫדẃȲ ’ Ὃ ȲӖ Ȳ ἼѬ П

Ӗכ ᶼ Ȳ╝ҖѬ ӭ›Є и ἼѬ БḂⱢḛѬהἼѬ ȴ 

ḛѬהἼѬ ἼѬ ᾼ иέֽῶ 2- 10Ȳ֯ἼѬ

ҵ ֽ 2-20Ȳѿϡ῏ ᴖṕȲ ἼѬ ֯ ϱ ḛ

ѬהἼѬ ⱢṾȲ Ӽ ᵅȲᵀ ╥ҖѬ ӭ› ѻ

ӭȲ ֯ ᶾ ϱ ᵌὢ ȲἨ ӣӭ› ᴩПѻ

ה (ANC ; Active noise Cancellation)ᶾ ṿӣ Ṇ ẃ юד

ȲᴖЛ ȲҠ Ɫ∟ Ҡׁשṅ ᾼѠהȴ 
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ῶ 2- 10 ḛѬה ϱ₤ ἼѬ ѩ  

     ḛѬהἼѬ  ϱ₤ ἼѬ  

 

 

в 400Hpѿϱ6

֯ 81%

ѿϱȲ8

֯85%ѿϱȲҫ ϩ

ҒȲ Ɫ

( 1)ȴ Ӧ ҵ

П Ϛ

в

  2%ѿϱȴפּ

вҵ Ɫ

Ȳѿ в У

еҨᴖṕȲ

ϢЏѠה Ȳ

ᴖ ҵ ֣҅

Ẕ П

…ѿ ᴩ

Ȳ╝Л֝ᾼ Ӣ

ѠהᵛצҠ

ӢП Ȳ ᴖ

ϱП ȴҫ

֯῁ ѱ ӣϱȲ ҵ

ἼѬ Ӣ ֯Ḋ

ϱ ⱢֵаȲ

ӣ Ṿ ἤ П῁

ѱȲ Ḇצ ֮і

ế ȲϷ כ

ϱП ȴ 

400Hpѿϱ6

֯95%ѿϱȲ8

֯94.1%ѿϱȲҫ

ϩ ҒȲ

Ɫ ȴ( 2) 

Ѡה

ц  

ц♣ ѿ

֥Ȳ ϩ᾿

Ȳ ȴ 

ц♣

Ȳ ḛѬ

ἼѬה ד ȴ֝

ϩȲ

 ⇔ ᵅȴ 

 

( ) 

ἼѬ Ɫ

ц♣ 2 и П

ȲḛѬה Ϛ

ḛѬהἼѬ ц

ἼѬ ֯♣ П ⇔ц

ῶ ֝ד⇔ ԈϯȲ
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ᵅ(ֽ ›

Ἤ )ȴ֯ ♣

иӭ› ӣӢ Ѡה

Ɫ+ ц

2 ȲẔ Ѡ

ה ⇔цῶ

⇔Ȳ

Ӣ П Ԉῶ

Ɫԏ ѹ ⇔

Ȳ юϠῶ  

ϩȲצᵗὑ ♣ ᾼ

ȴ ♣ и֯

⇔цῶ ֝ד⇔

ԈϯȲ ѿ

Ɫѩ ȴ 

ѿ Ɫѩ

Ȳ ἼѬ П

Ṿȴ 

ӣ 

(ѿ ᴖṕȲҵה

ḕ ϩ ӣ ю

֯1.8аѿϱȲ

ӣӘ ה Ḇ

ȴ) 

в צ Ӣ

ϩȲϚ ḛѬהἼѬ

Ɫᵅȴ 

ѡ  

ᴞẃѬӣḛѬהἼѬ

ד Ἥ Ѭ Ѡ

ה ȲṼṿӣ ц

ἼѬ ₤

ѡ ’ ȴ 

ц ứ

ц ’ ȴ 

 ѬМ ᵅ 

Ȳғ

֯220~550kWȷ ứ

Naʾ960rpmȲṼ

ᵐ⁯ѠהȲ ֯

98~102dB(A)ȲП∟

ц ҏғ ҒȲ

Ϸ П Ғȴ( 3)  

вӢ

 
вӢ юȲ

Ҡ ἤ ᵅȴ 

вҠӢ

Ȳֵ Ҡ

IE4 ₇ȴ 

1ȸ ᴕМ Ӗ ᴞẃѬẦ 11ѣ23ѡד112 вЄ ϩḛѬ
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ה ἼѬ ᶾ שׁ 3-CP-C24ц3-CP-C25 Ϯד

6 ц8 (3.3kV) ȴ 

2ȸ ᴕNEMA MG 1ȴ  

3ȸ ᴕCNS 1373 C4040ῶ6 Є A ᴯ LWȴ 

   

 2- 20 ḛѬהἼѬ ἼѬ ҵ  

2.5 ҖѬ ṿӣ ḛѬהἼѬ Ẃ 

ҖѬ ֢и Є₤Ғ ПἼѬ ֯400HP(ᵶ)ѿϱᶁ ӣ

3,300Vẁ ȲϭṼҒ ╥ᵡ  Ѭᴃ иѬᴃҒ ц

МҒ Ȳӭ›Є и ѬᴃҒ П ἼѬ ӣḛѬᵅᵮהἼ
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Ѭ Ȳֽ  2- 21Ȳׄ ᾼ ȸЄ֝ȳӖӢȳϮצ ȳὲЍ Ғ

ȳ  Ѭ Ғ це Ѭ Ғ ᶁ ӣױ ἼѬ ȲⱢ

ҖѬ ӣ ֵП ἼѬ ȴ 

 

 2- 21 ḛѬᵅᵮהἼѬ ׄ ӱ  

ҫҵ МҒ Ṇ ắ ὑ ֮ ạϭ иӴהἼѬ ц ה

ἼѬ ϡ ȲἼѬ в ḛѬהἼѬ Ȳ Ѭ ᾿ Ғ ȲἼ

Ѭ Ҡ ᵅṳ ע ϩ ӣȲֽ  2- 22ⱢӴהἼѬ Ȳׄ

ᾼ щӕȳҖ᷾цЄ⇔Ғצ ȴ 
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 2- 22 ӴהἼѬ в ḛѬМᵮהἼѬ ׄ ӱ   

ҖѬ Мếцׄ Ғ Ɫ МҒ Ȳϡ Ғ ПḛѬהἼ

Ѭ ᵅᵮהȲ ἼѬה ȲᵀἼѬ в ἼѬ ♣

и ὑ вȲ Ԍ֪ Ӑҵ ᵛצѬ☼ Пҵ ȲѹẔҵ

ЄȲЛ ὑ ϤἼѬ вȲѿ Ὲע Ȳֽ  2- 23ȴѿϱϮ

ḛѬהἼѬ ׄ ѠהⱢҖѬ ӭ› ӣᾼ Ѡהȴ 

 

ἼѬה 23 -2  цḛѬᵅᵮהἼѬ ׄ ӱ  

∂Ғ Ϛ иⱢЁ∂ȳ ȳ ȳἼѬ ȳ ц

и Џ Ȳ Ɫ иЏȲᵀҒ ἼѬ ᾼ ӣ Ё∂Џ

 
 
 
 
 
 
 
 

 

  
( ) 
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צ йᾼ ȴϚ Ɫ ᴕ ȲҠ ӣ МҒ ȲἼѬה ׄ

ὑἼѬ вȲἼѬ ѿ ᵅᾼ צ ᾼ ѬҒ ᴟἬ Ѭ ∟

ҏѬȲ֪ Ѭ ҉иᵓӣȲἼѬ ѿ ᵅᾼ ȲἬѿד ὑ

ѬᴃҒ ȲἼѬ ᵅȴᴖἼѬ ᾼὍ Ѡהᴕ Ғ ֮

ϭҠ иӴהц ἼѬה ȲЁ∂Џ ⁄ ֥ἼѬ цד

П цỆứү ᴩ ֥ ⇔П ц╟ᵂȴ 

ѬᴃҒ ֯ἼѬ ׄ ϱȲЁ∂Џ ϭצẔ҃ ᾃ ᾼ ֥ Ȳ

֪ ḛѬהἼѬ ȳ Ѭ ц Ҡ 10פּ Ȳ

ṳѹ ѿ ֞Ѡה▐ ὑ ὰϱȲἬѿЁ∂ ὰἭ Ӈ ᵑ

ᴕ ȲϚ ᴯ Ȳѿᵌὢ ȴҫἼѬ צ

ᵮѬ NPSHɎNet Positive Suction HeadȲἨ ӔᵮѬ ɏᾼ

ᴕ ȲѹⱢצ ᵓӣ Ѭᴃ Ѭ ȲЁ∂Џ ֯ ừ ᵅὑ

ѬᴃЄἉПἼѬУ Ȳ Ѭᴃ ЄПצ ѬᴯȲṳ Ṝ

ἼѬ NPSHrП Ḗц ᵅэ (Cavitation)П Ӣ ȴ 

ҫ֯ ∂Ғ ϱ юЄṔ⇔ Ȳ Ӈ

Ȳ פ ҙ ЄȲ Ṕ⇔ ЊȲѬ ҷ Њȴҫ ҏ

Ѭѻ ἼѬ Пиќ Ҡ 45⇔ Ȳᴖ

‍ 90⇔₣᾿ Ϥȴ ἏἏắ ὑ Ὲ ЄЊȲᵀЬừ

ѿ☼ ϩ П ю ᾼѬ ҷȲ כ ẃ−ЊᾼѬ

ҷ֯ ϱϚ −Єᾼ ȲἬ ᾼ ϩц  ╥ЛҠЊ ᾼȴ 
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  ᾓ ӣ Ẃц ᵺ  

3.1 ḛѬהἼѬ  

3.1.1  

Ɫ ḟҖѬ נ МЄ₤ П ֮₤ἼѬ

ӢП ц Ἢ ȲҖѬ ד88 Ởі ṿӣ ḛѬה

ἼѬ ȲṤ112דБד24צПϵȴ88דᴟ112דҖѬ ḛѬה

ἼѬ Ȳ 10ȲѿϯἼѬצ Пד …ᴟ112דἉȴ 

ҖѬ ֢Є₤ Пצ╠ ḛѬהἼѬ Ȳ Є֝Ғצ 18

үȲҖ᷾Ғ 5үȲщӕҒ 2үȲЄ⇔Ғ 4үȲὲЍҒ

6үȲӖӢҒ 7үȲϮ Ғ 7үȲМếҒ 10үȲׄ

Ғ 5үȲ  Ѭ 9үȲе Ѭ 11үȲ 12МЄ

₤ 84үȴ 

ҖѬ ӭ› צ ֮₤ἼѬ П Ȳ Є֝Ғצ 1000

ϩ2үȲе Ғ Ғ 1000ϩ5үȲ 2 Ғ 7үȲ

֮₤ἼѬ ṿӣҜѩҬ  9%ȴפּ

3.1.2 ṿӣи  

ҖѬ ѬᴃҒ ПḛѬהἼѬ ᶁⱢᵅᵮהȲ МҒ ПḛѬה

ἼѬ ἼѬ ӴהἨ ⁄Ȳה ȴⱢהἨМᵮהᵅᵮצ ᵍӴהἼ

Ѭ ѬȲ ἼѬהМᵮכ ⅍ҵ ᾎצ ᶮכ ☼Ȳ

כ ЛṏП ȲἼѬ Ӽ צ ӣᵅᵮהП ᶮȴ ἼѬה ᶁ
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ӦἉ ѬȲ ⅍ҵ Ҡ ẞצ П ☼ Ȳ Ϛứ ṿӣᵅ

ᵮ₤הП ȴ 

ḛѬהἼѬ ѿᵮѬЀᴯ иȲ הᵅᵮצ 65үȲМᵮה

15үȲѿᵅᵮה ֵȲҜѩ 80%ѿϱȴ 

ḛѬהἼѬ ѿ ϩ иȲ 500ϩ29үȲ600~700~400צ

ϩ 35үȲ800ϩצ 1үȲ1000~1100ϩצ 15үȲѿצ

400~700ϩ צ 64ү ֵȲҜѩ 80%ȴ 1100~1000צ

ϩἼѬ П ҔᵶЄ֝Ғ ȳӖӢҒ ц  Ѭ Ȳ Ɫ

ϩҏѬ ЄП ȴ 

ҖѬ Ӧὑ Ḃ цẁѬ Ѭ ╜ Ḃ ȴ Ѭ БӦנ

Ѭ Ɫ ⇔ ᵅѬ Ȳ ПἼѬ ứ Ϸ צ

ϯ ȲῺẃ ἼѬ ứ ЄֵⱢ 20~30mȲḆ €֥ צ

ḖȲѿҠ Ṝ ẁѬⱢ ⁄ȴ 

ḛѬהἼѬ ѿ ứ иȲ 30m 30үȲ40~45m~20 צ

8үȲѿ40~45mצ42үȲ50~62mצ ֵȲҜѩ 52%ѿ

ϱȴ 

ѿḛѬהἼѬ иȲӭ› צ PLEUGER 21үȳᴫ

ѲINDAR 25үȳ Є 2үц вУ 32үȲѿ вУ

ֵȲῺדẃ ἼѬ Бצ ֵᾼ ȴ 
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3.2 ἼѬ ╝  

3.2.1 ἼѬ ╝ ᶮ 

Ṽ П Ԉ ᴩи ȸ 

Ϛ иȸ   ȳ ц І ứІ Фד

(  3- 1) 

ϡ ♣ иȸ цᵮѬ аԈ Ӣэ (  3- 2)ȴ 

Ϯ Ԉ иȸ Ἥц ⅔ (  3- 3)ȴ 

 

 3- 1  

  

  

 3- 2 ♣ э  
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֣ Ἥ ( ) 

 

֣ Ἥ (֥ כ ) 

 

֣ Ἥ ( ֥ ) 

 

⅔  

 3- 3 Ἥц ⅔  

3.2.2 ἼѬ ╝ ֪ 

Ṽ П Ԉ ᴩи ȸ 

Ϛ иȸ ⅔ כ ⅍ᵐ⁯Ѭ☼ҷ ȳ

І ї ứІФד ȳ ṿӣ ϩּטᾌ זּ ȴ 

ϡ ♣ иȸ ứ ȲҏѬ☼ ЄȲ ᵮѬכ Ѭϩ

ҒȲ Ӣэ ȴ 

Ϯ Ԉ иȸ ᾎᶮצכ Ѭ П᾿ ц Л

ӂ П Є ȴ 
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3.2.3 ἼѬ ѻ Ԉ 

(1)  

ḛѬהἼѬ П ᶁ ὑѬМ ה Ȳ ֮

₤ἼѬ П ᶁҵ ὑῈ М ה ȴ֯ᶾ ϱц ϱȲ

֮₤ ֯ в כ ₇Ȳ Ɫ ṿӣה Ễ  Ȳ

’ Ḇ ὔȲ Ḇ ὙȴᴖḛѬהἼѬ П ᶁ ֢

Ȳצ Ȳ Ḇ Ҭ ṿӣӀ ҅₇Ȳ ᾎ’

ᶙԓ ᴟ צ ȴ 

ҖѬ П ḛѬהἼѬ П צ PLEUGERȳ

ᴫ Ѳ INDARȳ Є ц вУ ȲẔМ Є ПḛѬהἼѬ

ӣὑϮ Ғ Ȳ 7ү700ϩἼѬצ Ȳ ѾḕүἼѬ צ

Ȳᴫ ѲINDARḛѬהἼѬ Ȳю үӼצ׀

Ȳ PLEUGERц вУ Ȳӭ›ṳ

ȴ ╥ἼѬ ᾼ ₇Ȳ֪ ד ֯ѬМȲ

ṿӣדϵᴔоȲ צ  ЛṏȲἼѬ ᾎ Ȳṳ

ᾎ в ẞ ḟȴ 

(2) ⅔ 

ὑḛѬהἼѬ П ⅍Ἁ ȲҠ ⅍ ҵЮ Ȳ

⅍Пᵐ⁯Ѭ’׀Л☼ҷȲѿ ᵐ⁯ Ὠȴ ⅔

П ⅍ᵐ⁯Ѭ☼ҷȲ ṿ ᾎ ẞ҉иṜ Пᵐ⁯Ȳ

⇔ Ȳṿ ֕оц ȴḛѬהἼѬ

ṿӣП ⅔Ҭצ ⅔Ȳ ӐП  ȴЛ МЄᴆ

Ѭ₤ ѬἼѬהḛה ȲṿӣП צ⁄⅔ ⅔Ȳ
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᷂ Ȳ Ḇצ вҵ Ȳ ᵍ ה ȴ ὑѬᴃѬᴯ

ᵅὑ ⅍ПḛѬהἼѬ Ȳ ⅔Ϸ ⅔ Ȳ

Ϸ ╥Ϛ ẁׄԓᾼҫ ȴ ⅔ Л ╥Ệứ Ἠ

Ȳ ẓֹו ἤȲ ṓПḊ Ɫ о῁Ἠ о ȴ 

(3)Ѭ Ἥ 

֣ ἭПḊ Ҕ╗ ֥ ȳ ȳ֥כ ц Ȳנ

ṿӣ ֥ ȲῺדẃֵצ ӣ ȳ֥כ ц Ȳ ϩ Ἥ

Лצ⁄ ц ȴḛѬהἼѬ ֯ צ ЄП ֣ϩȲ

ױ֪ ϩ Ἥ᷊ − Ṕᴥȴ ֣ Ἥ֯ ֣ ПἼѬ Ἥắ

ЄПἼѬ Ȳ ἭП צ Ѭ ᶮכ Ẕ Ȳ

ᾎצ ᶮכ כ Ԉ᾿ Ȳ− ὔ ԈȲ ἼѬ Ӣ

ȴ 

֣ Ἥ ЛС ȲϵᴖϵП ṿ І ї ҒҽȲ

ᴖ ứІФד ȲԒ╥῁ ѱȲԛ Ϥ ╥ứІ ц І ȴ

П ӫȲ ȲἼѬ ╝ ᾎ ȴ 

♣ ֣ Ἥ ЛС ȲϵᴖϵП ṿ ї Ғ

ҽ ♣ ҵ Фד Ȳ ♣כ וֹ ц ѱ Ȳ♣

Ѭϩἤ ц Ȳꜙ қᴰȲἼѬ ╝ ᾎ ȴ 

ἼѬ ҒȲяẔ╥ ӑ֯ ứ Ȳ

Ԉ Ӣ Ȳ ֣ Ἥ ҒȲ І ứІ ЊȲ

♣ ц І ứІФד Ȳ ὔ Ӣ╝ ȴ 

3.2.4 э  

Ѭ֯1Є П ϯȲҒ ẞ ⇔ ӗ100⇔ Ȳᵛ Ởᾐ
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ӢѬ Ȳ1Є ᵛⱢ ѫ100⇔ѬП ế ȴ֝ ӗ

25⇔ᾼѬȲ֯ᵅὑ0.323Є ϯȲӼ Ӣᾐ Ȳ0.323Є

ᵛⱢ ѫ25⇔ѬП ế ȴ 

Ѭ֯ ᵮѬ М☼ Ȳ ПѬϩ ҷȲ Ѭ ᵅȲֽ

Ѭ ᵅὑ ⇔ѬП ế Ȳ ᾚ Є Ӣȴ֯

♣ Ѭ ғҒ ∟Ȳ Ѭ ֫сȲ ᾚ ᵛ ҷȲ

ҷ П ϩ ϱⱢ ЄȲ ϱҠ Ϸ ϫẞϱᴍЄ

ȲֽὨ ᾚ ҷ Ȳ ֻ֯ᵮѬ Ἠ   ῶ Ȳ

ῶ ᵛ ȲϵᴖϵПȲ ᶮכ ᾭ Ȳױᵛэ ȴ 

э ҷҟ ӂ Ȳ צ ᶮ ӢȲ ṿ ֣

Ἥ Ẕ҃ Ԉ Ȳ І ứІФ ắ ȴ ԈḊ ᾼ ӣϷ−

ȲЛ ᶼэ ὑ ȲЛ Ḋ юצэ

Ӣȴ֪ױᵮѬ ȳ ц♣ ᵮѬ ☼ П ԈȲ֯כӐ Ҡϯ

ӣЛ Ḋ ȴ 

ἼѬ ֯ ᵅὑ ứ ϯП ᵅ ϯ ȲӦὑѬП☼ Ғ

ЄȲᵮѬ ѬПϚ и Ѭ Ɫ ⇔ Ȳ ᵮѬ Ѭ

ᵅȲḆ ὔ Ӣэ ȴᵮѬ ☼ П ԈПэ Ở

Ȳ צ П ԑȲӂ П ▲ ᵑ ȴ 

3.2.5 ἼѬ ӢП  

ἼѬ ѻ ẃᴞ♣ ᾼ Ѭ☼ᾼй ц ȲҫҒ

ϱἼѬ ♣ вѬ ≡ ᷉ ӢḆЄП Ȳ ḆЄȴ

Ҭױ֪ ╥ҏѬ цἼѬ ҏП иȲ ҏ−ЄП ȴѬ

ᴃȳҙ ה МҒ ҏ и ЊȲᴖԓ ה МҒ ἼѬ Ȳ
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ἼѬ ᶁԓ ҏȲ Єȴ 

֯ ϱҠ Ȳצ ᶈ ПἼѬ ⅍ȲЄ иᾼ Ҡ

⅔ὑᶈ МȲҠ ю ẞᶈ Ȳ֯ᶈ ҵ ЛὙ Ȳᴖᶈ

в⁯╥‍ ᾼЄȲֽМếҒ ȴ צצ ᶈ Пԓ ה

МҒ ἼѬה ⅍Ȳ ẞ Ȳ Ὑ −ЄȲֽׄ Ғ ȴ

Ϯ Ғ ȳ  Ѭ цӖӢҒ ἼѬ ѬᴃҒ ȲҒϱה

ἼѬ Ἢ╚ Ὲ ЄȲ Њὑϱ Ғ ȴ 

ḛѬהἼѬ ֮₤ἼѬ ѩ ẃȲḛѬהἼѬ ֪ үᶁ

ὑѬМȲ ӢП ᶁҠӦἼ ПѬ ṛȲ ὍᴟἼѬ

⅍╥Ẕ ȴḛѬהἼѬ П ᶁ ὑѬМȲᴖ ֮₤ἼѬ

ᶁҵ ὑѬ ϱȲḛѬהἼѬП Ӣ ЊȲ ᴖ

֯ ֮₤ἼѬ ᶁ צ ὨḆṾṮ Ȳἒױ ӢП

Б ЛЄȴ 

3.2.6 ἼѬ  

ṷצ ПḛѬהἼѬ ⅍ ֝צ ᵐ⁯Њ♣ Ȳצ

⅍вᵐ⁯Ѭ ȲѿḆצ ᴩ ȲҫҵϷצὑἼ Ѭ

ᵐ⁯Ѭ (  3- 4)Ȳ ⅍ ȲҠ ϚḔ с ϩȴ

֝ ᵐ⁯Њ♣ П ѩҵἼפּ⇔ Ѭ פּ 25⇔Ȳ

צ ֝ ᵐ⁯Њ♣ П ѩҵἼפּ⇔ Ѭ פּ 10⇔Ȳ

ֽѬ ϭצ ᵐ⁯Ѭ П ѩҬѩҵἼפּ⇔ Ѭ פּ 5

⇔ȴҠṓ ⅍ ֝צ ᵐ⁯Њ♣ цѬ ϭצ ᵐ⁯Ѭ Ȳ

ҠḆצ ṛ ӢП Ȳ ᵅ ⅍ ⇔Ȳ

ṿӣ ỄҠḆ ȴ 
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 3- 4 ⅍ҵ ᵐ⁯Ѭ  

3.2.7 ἼѬ ѩ  

ἼѬ Ӧ ц♣ ד ᴖẃȲ֯ Ѡ Ȳ

֪ ֵȲֽ֯֝ד ϩϯȲ ӣᾼ₤הȲ ȳ цҒ

Џ ⇔ ᾼῶ Ȳֽ֯₤הϱ ӣḛѬהἼѬ Ȳ֪Ɫ

ᴕ ᴞẃѬӣѬׄԓȲ Ϛ ӣѬ⅔הȲẔв ѿѬᾃ Ȳṳ

ѿѬᵂⱢ Ἥ цᵐ⁯ᵂӣȲ ӣֹוѬП ȲҠ᾿

Ѭ Ȳᵀ в ᾼᾃѬ ᾼ כ Єᾼ ϩȲᴖ

ϱ₤ Ϛ Ɫ ᵐהȲв ⱢῈ ȲἬѿὙ ᾼ ϱ₤ἼѬ

ѩḛѬהἼѬ פּ 5%ѿϱȴҫ֯ ϱȲ

› NEMA MG-1П ԝῶ Table 12-13ц Table 20-CМȲṳѿ

400Hp ⱢẂȲҠ 4 ц6 95% Ȳ2

ПȲ8װ94.5% צ 93.6%ɑȲ ғ Ғẞ

600Hpѿϱ∟Ȳ4 ϭ ὑ6 ȴᵀ֯ᴞẃѬӣ

ПḛѬה Ѡ Ȳ֪Ɫӭ›ṳӑדצ Ἠ в Ҡẁ ᴕȲ

ᵀ ᴕМ Ӗ ᴞẃѬẦ 11ѣ23ѡד112 вЄ ϩḛѬה

ἼѬ ᶾ שׁ 3-CP-C24ц 3-CP-C25 Ϯד 6

ц 8 (3.3kV) ȲҠ ѿ֝ד 400HpП ᴕ

6 Ɫ81%Ȳ8 ⁄Ɫ85%Ȳ NEMA MG-1
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вП 6 ц8 ᵅчᴖᶙԓדчȲẔМἬ כ

ᾼ Ữ∕Ḇ ϚḔᾼ Ϥׁש ȴ 

֯ ᾼ ἤϱȲѿ 6 500Hp ⱢẂȲ֯ᵅ

и ᴕIEC 60034-30-1 ứ ῶҠ▲ẞ Ɫ94%Ȳ

֯ и NEMA MG-1Пԝῶ Table 20-CМ Ҡẞ 95%Ȳ֯

ғ֝ד ϱ Л֝ ц ṷצ ᾼ ȴ 

֯ѿἏ Ȳ в ПἼѬ רּ П

ἼѬ ⱢᵅȲ֯ ϱ₤ דצ П ứȲҠṼ

ứ ȲT ֯ḛѬהἼѬ П ϱ֪Ɫ דצ

ứȲ֯ ứϱ Ṽғ ц Ȳ ᴕ NEMA 

MG-1Ἤ ứП Ȳԛ Ϛ Ȳṳ Ἠ҅

₇Ҡ ẞП Ȳ ד֥ ᴖ ứ П ȴᵀ

ϱȲӦ ҵ П Ϛ в 2%ҿҢȲפּ

ⱢҒЏ ⇔ ֕Ἤ ᾼכ ȴ 

֯♣ Ѡ ѻ ậḟὑ☼ ᾼ ֕цῶ ⇔ ϡ

ЄѠ ᾼ Ȳ֯ ☼ ϱ Є Ԍᵓӣ ᵗ и

έȲ֯♣ ц ԈБ о Ȳ ϱᾼ ЛЄȴᵀ֯

Ӣ ϱȲ в Є Ԍ + Ȳᴖ ҵ ⁄ ӣ

Ȳ֯ῶ ⇔ϱ⁄צ ᾼ Ȳד ϡ῏П Ҡ כ 2%

ѿϱᾼ ȴ 

֥› ֢ ֪ ᾼ ȲϚ ᴖṕȲ ḛѬהἼѬ

Ҡ 70%ѿϱȲ ֮₤ἼѬ Ҡ 78%ѿϱȴ 
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3.2.8 ἼѬ ▲ 

(1)ἼѬ  

ҖѬ ἼѬ П ứ… ᴕЏ ἼѬ цֵ

ẁἼѬ ứȲḕϚ ṳ ᴕ ҟᾼ ᴩ

Ȳѿ ẞ֥Ѿ ḖПἼѬ ȴ 

ҖѬ ᴞӖ ד88 Ở ḛѬהἼѬ П Ȳנ Ꞌ

▲ ᵅ Ȳ Б Ḗ᷾ ṳ ᴩ ▲Ȳ

⁯ ᾨצ ӢȴᴞӖ ד112 Ḃ ᵓצ ȲӦ вҵỗ

Ԛ֝ ȲԚ֝Ɫ ₇ ᷂ Ȳ ᵍҖѬ ֝Ч ᴿ П

ϩцᵺ ȴҫҵἼѬ ’Ệד ᶁứⱢ3דȲ  Пד ṳЛ ừȲ

ᴖ ᵓצ Ȳ֯ҖѬ ֥ ԝвȲ᷾ צ

Ȳᴞ ẁ ₇ ПἼѬ Ȳṳ ẁḆ П’Ệד ȴ 

ἼѬ ᶾ Ѭ ȳṿӣḊ ₇ ȳҒЏц Џ ᶁ Ἴ

Ѭ ₇ṏ ד ȴЛ֝ ἼѬ ᾼἤ Ȳ ṿϚ ỞЛ ֯

Џ Ἠ П ц Ṟᶁ ֥ ứȲṳ ֥ן ȴᵀ֯

Ϛ◕ ṿӣ∟ȲЛ֝ ₇ П₇ ҏẃȲצᾼ

╝╥⁯ᾼצӣȲוֹ− Ȳ ṿӣϱПᵺכ ȴ֪ ױ П᷂ Ȳ

᷊ − ПṔᴥȲϚứ Ϡ ἼѬ ֯ ҟᾼṿӣ ц ȴ

ἼѬ ╝ ӭц ⇔ȲѿцἼѬ ṿӣ ỄȲ ╥−ֻᾼ

ᴕ ȴ 

Ϛ ẃ Ȳ ПἼѬ ₇ Ӕѩכ…ӐȲכ …ȴ

ḛѬהἼѬ П ӐϚכ ꞋЄὑ ֮₤ȲѿМϱ ₇ѿ Ἇ

ẃ ѩ ȲḛѬהἼѬ 400~1100ϩḕ ϩכӐּפⱢ 1.5~2
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Ȳ ֮₤ἼѬ ḕ ϩכӐּפⱢ 1.0~1.5ȲḛѬהἼѬ פӐּכ

ѩ ֮₤ἼѬ ֵ40~50%ȴ 

(2)ἼѬ  

ҖѬ ṿӣדϵ╝ П ḛѬהἼѬ ȲἼѬ ϩ

Юὑ 400~1100П Ȳ ѻ ӭⱢ Ȳ ϵᴔоד Пכ

  ЛṏҵȲ ֢צ ֪ Пכ ц ȴ֯

ҫҔ╗ Ԉ ἭḆ ц ȲẔМ ֣ Ἥ Ḇ Ȳ

ϩ Ἥѩ Л ȲҬ ᴩ ȴᴟὑ צ э Ȳ

ᴩᵐ Ȳṳ ᴩӂ Ӕȴ ἼѬצ П ⇔ц ⇔

’ ғ аԈȲϚứ ȴ 

ԓ ПἼѬ Ϛ Ɫ70%Ȳ ∟ПἼѬ Ϛ

ứⱢ 85%צ ᴕȲ פּ Ɫ150~180ѡ щȴϚ П

’Ệד Ɫ Ȳד 1 ḛѬהἼѬ ’Ệד ⁄Ɫ Ȳѿד 2 ’

ἼѬ П₇ ȴ ∟ПἼѬ Ȳ֯ӭ› вḛѬהἼ

Ѭ ПӢ ϯȲṳ ᾎứ ы Ȳ ṿצ ϩȲϷЛ Ἥ

Ȳ Ɫṳ ᾎᶙԓ Ἤצ ȴ 

ḛѬהἼѬ Ӑѿכ Ἇ Ҕᵶ ȳ♣

ц Ԉ Ȳ400~500ϩḕүּפⱢ250Ȳ600~800ϩḕ

үּפⱢ350Ȳ1000~1100ϩḕүּפⱢ450Ȳḕ ϩכӐּפⱢ5

Ҙаȴ ֮₤ἼѬ ӐҔᵶ ȳ♣ ц Ԉ

цḆ Ȳ400~500ϩḕүּפⱢ150Ȳ600~800ϩḕүּפ

Ɫ250Ȳ1000~1100ϩḕүּפⱢ350Ȳḕ ϩכӐּפⱢ3Ҙаȴ 

ḛѬהἼѬ ц ֮₤ἼѬ ⱢפӐᶁּכ Ӑכ

25%Ȳ ϱ ֮₤ἼѬ П ѾЛ Ȳל ∟П
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֮₤ἼѬ ӐḆҠכ ᴟ Ӑ10%ȲὙכ ḛѬהἼѬ כ

ӐЄὑ ֮₤ἼѬ Ȳ  Ӑכ ȲҫḛѬהἼѬ Ἤ

ȲӼὙ Єὑ ֮₤ἼѬ Ȳ ԝϤѩ ȴ 

(3)ἼѬ ▲ 

֯ ϱҖѬ ṿӣМПḛѬהἼѬ ӂ Пѡ ▲Ȳѻ Ҕ

╗ ☼╥ᵡӔ ȳ   ╥ᵡӔ цϢ

ắצ Ӣ Ӑ ӭȲṳ ứ ᴩὊ ▲’ цḆ

ד ԈȲ ה Ȳצ ԑ ӢȲИ ậᴩ ȴ

ѿӭ›ḛѬהἼѬ П Ȳ ᴩи ’ Ȳ Є−צ ПἼѬ

ᾎṿӣȲ ḆὙ ЛṜȴӭ›ҖѬ ֮₤ἼѬ ᶁצ

ᴩứ ▲’ Ȳ Ϡứ Ḇ Ἥ ᾒḆ ҵȲṳ ᴩ

Ȳ ḛѬהἼѬ ╝צѩȲẓד ᵅц ὔП ȴ 

3.3 Л֝ ϯᾼ Ẃ 

3.3.1 ἼѬ Ѭϩἤ ӣ 

Ѭϩἤ €֥ ḖҵȲ Ӽ ᾼ

ц Ȳ ἼѬ Ṿо ȴҖѬ ἼѬ Пṿӣד Ɫ8דȲ

ֽᶔ ṿӣȲᾭᾓṏֻȲϚ ӼҠṿӣ ѿϱȴἼѬד20 П ϩ

ЄЊцѬϩἤ ȲḄ ӑẃ П  ȴҖѬ ἼѬ ПѬϩ

ἤ ṳ‍Ӧ֢ ᴞᴩḟứȲᴖ╥ӦҖѬ ẁѬּדṼ П ֯цӑ

ẃ Ḗ ᴩ ᴷȴ 

Л ȲᵡצἨ Ȳ үἼѬ ȲἼѬ ứ

ᾼ ứ Єὑ ׆ ◕ ϩ 0.5~1kg/cm2ȲֵүἼѬ ṳ
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ȲἼѬ ṳ Ӽ Єὑ ׆ ◕ ϩ 0.5~1kg/cm2ȴἼ

Ѭ ПҏѬ ПẁѬ ϩפ ד Ȳ֯ ᾼ

ᾓϯṳ ᶙԓ€֥ ḖȲ צ ẁП Ȳᶮכ ᾎ ᵍП

ϩцẁѬ Ȳ֯צ ᾼ ᾓϯȲἼѬ Ӧ

Ṽ Ḗ ᴩᴩ ȲṳЛ צ ẁП Ȳ צ

ц ю Ѭᾼ ȴ 

3.3.2 ἼѬ ạ 

נ ҖѬ Ɫ Ṝ Л֝ ◕П ϩцҏѬ ḖȲ֪

ȲἼѬ ᴩ ȴ֯ ЭҖѬ

∟ȲӦ ạἼѬ ȲЛӣԛ ᵂἼѬ Ȳ

ἼѬ Ḇ ȴ 

ẁѬ  ϩפ ֯ẁѬ Ȳӣљ ḆֵѬ

 ϩ ЄȲẁѬ ϩפ ȲҏѬ юȲҏѬ ϩ Ȳ

כ ⇔ ṜẁѬ ḖȲױ ᵅἼѬ Ȳ ю

ҏѬ ц ᵅҏѬ ϩȲ ẁѬԛװ ẞ Ṝȴױᵛ Ἴ

Ѭ Ȳ Ṝ ḖȲ ẁ ẁѬ ӣѬ ḖȴẁѬ

 ϩפ ֯ẁѬ׆ ȲӣљӉ ḆֵѬ ẁѬ  

ϩ ЊȲẁѬ  ϩפ ӂ ȲҏѬ ҒȲҏѬ ϩ Ȳɑ

כ ᾎᶙԓ ṜẁѬ ẁѬ ḖȲױ ҒἼѬ

Ȳ ҒҏѬ ц сҏѬ ϩȲẁѬ ẞ Ṝȴ 

ἼѬ ᾼ ӣȲ ᴕ ╥ᵡצἨ ȴֽצ

Ȳ ᴕ ᵅ ц Ԉ П Ȳ

ᾌḆטּ☼ ᵑ ȴἼѬ п ц ạ Ԉ
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4.3.2ц5.1ȴ 

3.3.3 ἼѬ Ѧ ạ 

ἼѬ ҏѬ ϱ ṿӣП Ѧ ȲӼה₤ ╥ᵡ ᵓȴ

Ѧ ҠиⱢЛҠה₤ ạה(Ѭϩ цҠ(ה ạה(ҵ )Ȳ

ה Ѧ ϱ ϩЄὑϯ  ᵛ ṣ ᴞ Ӊ Ȳֽ ἼѬ

ҏѬ ϩ ᾎצ ∂ӴȲ ᾎ М ϩ ᶼȲ   ϭ ȲϚԛ

ч Ȳ כ ҷ ȴ ạה Ѧ Ҡ֯ἼѬ ∟Ȳ ҏѬ

ϩצ ∂Ӵ∟ȲҠ ạה Ѧ  ԛ Ӊ ȲЛ ӢҏѬ ☼

Ȳ ἼѬכ ☼ Єᴖ ȴ ֯ ЛҠ ạה

Ѧ Ȳ⁯Ҡᵛ ṮѦѬ ☼Ȳ ᵍѬ☼Ḥ Ȳ ἼѬ

Ȳ ἼѬ Ӣ ȴ 

ὲЍҒ נ Ѭצ Ѭϩקּ ♣ ạ Ȳ Ɫ

Ҡ ạה Ѧ ғ ṿӣҵȲҫὑἼѬ ҏЀӼ צ ה Ѧ Ȳ

ӦὑѬᴃ צ⇔ 12ᴏȲἼѬ ᴯὑѬᴃἉ Ȳ Пכ ☼Ѭ֫

ḤȲ ᴟ Ȳṳὑ כ ȲҒ ЛӇ ѹ

Лה₤ П Ѧ ȲӼ ἼѬכ ЛӇ ᾼ ╝ ȴצṷἼѬ

ҏЀ צ ה Ѧ Ȳ╥Ϛ ד ṓᾼ Ȳ⁯Ϸ ֚

ȴ ᾼѬᴃȲἼѬ ֫ḤᾼѬ☼Ȳ╥ᵡḤ ה Ѧ ȳ

♣ ц ἭȲ Пכ ц ᴯ ᵑ ȴ 

Л֝ ПἼѬ Ẕ ц♣ П ἘꞋЛ ד Ȳ֝Ẕ

ἼѬ ἤӼЛ ȴἼѬ֝ד Ӑṝ П ἤц Ȳ

ἼѬ ᵡ ᵓ ȴἼѬ Ȳֽṿӣ ֣

☼ Ѧ ȲצṷἼѬ ᾎӔ ᶙכ ȴ  Ѭ П600ϩ
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ἼѬ Ȳ› ὑԓ ᴯ Ȳṳ ᾎᶙכứ ȴ֯Ἇ

∟ Ȳ › ᴟ 30⇔И ᵓᶙכ Ȳᴖѹ

⇔ Ɫ 55⇔Ȳ ⇔ϷЛҠ ЄȲ ҒϠѬϩ ȴ ἼѬ

Ϛứ ᷂ ṿӣП Ѧ цה₤ ԝҏȲה ἼѬ

҉иϠ Ȳ ẁӔ ừ ПἼѬ ȴ 

3.3.4 Ԉ 

ḛѬהἼѬ ṿӣ Ȳ ṼἼѬ ᵂњҌ

ὙȲ ứ ᶧ Ȳ ἼѬ ẞứ Ȳԛ ẞ Ȳ

ṣ Ӧᵅ ᴟ ѿ ẁṜ П Ȳ ἼѬ ȴ

ҫ ◕П ᵅ Ӽ ᵂњҌ Ὑц ᴕ

ҏѬ ϩ ἤȲ ЛҠṿἼѬ ὑ ᾎצ ҏѬПᾭᾓϯ═ Ȳ

ἼѬ ᾎ Ṝ ᴖắ ȴ 

ḛѬהἼѬ ҵ₤ẃиҠиⱢ  ₤(  3- 5ҿ)ц )₤אל  

3- 5Ң)ϡ ȲֽὨѬᴃ ⇔Ṝ Ȳ  ₤ἼѬ ȲҠ ᵍ

⅍֪ ⅔ ҷѬȲ כ ᾎᵐ⁯ ȴֽὨѬᴃ

⇔Л Ȳ⅓ὑ ȲҬ ӣ ἼѬ₤אל Ȳṳ ֻ

⅍ᵅ ᴯц ⇔’ Ȳצ ’ ȴ МҒ ἼѬה Ȳֽ

 ₤ȲἬ ἼѬ  ⇔Ӽ  Ȳ П ᾓ ȴ ҖѬ

֢Є ḛѬהἼѬ Пṿӣᾭᾓ ѩ Ȳ  ₤֪ׄ П Ѭᴃ

⇔цἼѬ  ⇔Ȳ ѩ ╝Ȳֻ₤אל Ὑ ᵅȴ 
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 3- 5  ц ἼѬהḛѬ₤אל  

Ѭᴃ ȲẔ Ѭᴃ 6ᴏѿϱȲṳצ⇔ 3ᴏѿПἼѬ~2צ

УȲ ḛѬהἼѬ ẃ Ȳ╥‍ ừ ᾼ ȴֽὲЍҒ ȳ

ӖӢҒ ц  Ѭ Ȳ ⅔ і П ⅍ҷѬц

›Ѭ Ѭ ᵅі Пэ ȲҠ ю Ӣȴ֪ױ ‍ Ἢ

֞ ⇔ắ ạȲ  ₤ἼѬ ╥ Ṿ ȴ 

Є֝Ғ Ϛцϡ ѬᴃἼѬУП ⇔Ɫ4.8ᴏȲϚ ḛѬהἼ

Ѭ ӣ  ₤Ȳϡ ḛѬהἼѬ ӣ ȲӔ₤אל ѬᴃѬᴯⱢ3.6

ᴏȲ׆ ѬᴃѬᴯḆ ᵅẞ3ᴏȲ׆ ἼѬ ⅍БЄ

ҏὑѬ ϱȲ֯ ∟П Ȳ ᵑᾃ ⅍╥ᵡצҷ

Ѭ Ȳ ∟ ⇔ ═ Ϛ◕ ȴᵡ⁄ἼѬ П

−ὔ Ӣ ȴϡ ḛѬהἼѬ Ở∟Ȳ

ṓᾼ ╥ ⅔ ѬȲ ⅍ ᾎ’ ᵐ⁯ѬȲ ᴩ

Ѭȴ ἼѬ ᾼ ᾭᾓᾼ ᾃϩȲ ῧᾼḆЄȲϷ╥Ϛ ᶮϢ

ϩכӐȴ 

3.3.5 Џ ἤ  

֯ ᴩЏ ἤ ȲẔҏѬ ṳ Ѧ Ȳ Ҭ צ



75 
 

ȴ ‍ԓ ϩ‍ ЄȲ֯ἼѬ › ҵȲϚ

֯ ∟И Ӊ Ȳ ᶮ֝Ҡ ạה Ѧ Ȳ֯צ ∂ӴҏѬ

ϩȲИ ỞӉ ᴩҏѬȲѹ ∟ṳЛ ￼צ׀ ȴ֪

ἤױ ᾭᾓṳЛϚ ȲИ ֯צ ᾎᶙכӔ

П ᾓ Ӣȴo ἼѬ П ἤȲὙ Ҡ ᵅὑ Ḗȴ

ᶙכἼѬ Ȳ ӣ ᴿЏ ἤ ᾼѠהẃ ḟȴЏ

Ȳ֪Ἤ ⅎ ԈЛ֝Ȳϡ῏Ҡ ṳЛ╥ᶙԓ

֝ד Ԉϯᾼ ȴ ∟ϡ ◕П ȲἬ ╥

Л֝ᾼȴЛ֝ ПἼѬ Ẕ ᾼ ἤ Л ᶙԓ֝דȲ

ᾼ ἤ ᶙԓ Ṝϡ ◕ᶙ П ḖȲЛ ╥ ∟Ȳ

Ӽ‍ ȴ ᾼ Ѧ Ȳה₤ Ϛứ Ὑ

ẁȴ 

3.3.6 ἼѬ ᾭᾓ 

ҖѬ е Ѭ цד90 ד92 үҖצ 8үḛἼѬ

ц ἇ 4үἼѬ Ȳṿӣᴟ112דἉּד 22צפȲҬ1צүἼѬ

֪ᵮѬ Ӣэ Ӣ Ȳѿц1үἼѬ ֪ ֣ Ἥ

қײȲ ᴩ Ḇ ҵȲẔ 10үᶁ Ӕ ṿӣ Ȳᴖ Ӣ

╝ ȴᴖЄ їᾼ   ᶁҠ 500MɋѿϱȲ

Л ♣ э Ȳ ϩ Ἥц ⅔ ₇ᶁ ṿӣẞȴ 

֯ ᵂ ϱȲֽ ⇔ ȳ Ἠ ᶼ ṿӣᶙכ

 Ȳ ᾎᶙכ ȲӼ ṿ Ȳ ἼѬכ ╝

ȴӖ Җ᷾Ғד99 П1 ἼѬ Ȳ֪ ạ ╝ Ȳ ỗ

Ϣ ȲБ֯ в ᴩ ứ ᵂȲװ Бֵ Ϛᴍ

Ȳװֵ Ὂ ▲Ȳ צ (  3- 6)ȴ 
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צ 6 -3   

Ӗ ҖѬד101 МếҒ 4ц 5 ה МҒ ḛѬהἼ

Ѭ ⅍ ắ Ȳ   Ɫ Ȳứ ṳ ᾎ

Ȳᵀ ⁯ Ҡ 20~30и Ȳ ᴩ ⅍ ⇔

Ȳ ⇔Ҡ ѫ80~90⇔ȴ ∟ ᴩЏ Ὂ ▲Ȳ

и (  3- 7)Ȳ ᴩᶝ Ἴ Ȳ֯ ֫ׄ ∟Ȳ֝

ᶮ ╥ ӢȲҠṓ ắצ Ȳ Ɫ

вהּ֯ ᶙכ ᶧȲ   ᾼ ᶧȲ

ὑ ☼Ȳ ắכ ȴ 

ҖѬ   Ѭ ὑӖ иᵑדц108ד101 Ӣ 4ц 1

ḛѬהἼѬ ╝ Ȳ иὊ ▲Ȳѻ ╥  Лṏ

ц эצ ӢȲӖ ד102 4 ἼѬ ╝ צ

Ȳ ӣ֯Ҕᵶ П ᾓϯ 800аȲ֪ᴕ

Ҭ 1100ϩ 3үȲ צ ӣ 1100ϩ 2үц 600ϩ 3үҠ

ӣȲᴖ ȴ108ד ϭ Ӣ 4 ἼѬ ╝ Ȳᴕ 1100ϩ

ѻϩἼѬ Ҭ 1үҠ ӣȲԛҒϱ֯ в ḛѬהἼѬ П

ц ᶾ Б כ Ȳ֯ ♣ Ҭ ᴩᵐ ṳ ᴩӂ Ӕ

ПѠ֣Ḃ › ϯȲ ү ӣ ᴟ280аȲᶙ2כү1100

ϩḛѬהἼѬ ȴ 
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ҖѬ ὲЍȳЄ֝цМế Ғ ὑ112ד ᴩ ᴩ5ү

ḛѬהἼѬ Ȳ иὊ ▲Ȳѻ Ӽ ╥  Л

ṏȲ Ḇ ӭѻ Ɫ ȳ ֣ Ἥц ἭḆ Ȳ ϩ

Ἥц Ȳ ’ аԈц ϩҏ Ḇ Ȳ цḆ ӭȲ

Ẕ҃ Є  ȴ֝ד

 

 3- 7 и  

ἼѬ П ֽѿ Ӑцכ ᴕ Ȳ Ӑ ЛҠ ὑ ҵ

╟Ȳ ֵҬ╥ ӣ Ԉȴ 

вҵἼѬ Ӑכ ѩ Ȳ ҵἼѬ ֽԓ ₇Ȳּפ

Ɫ ӐП50%Ȳֽכ ӣ ҅₇ȲּפⱢ ӐП25%Ȳῶ3 -1цכ

ῶ 3- 2иᵑⱢҖѬ 3.3kVḛѬהἼѬ ῶц╝

ῶȷῶ3- 3Ɫү ᴞẃѬеҨ 3.3kVḛѬהἼѬ ╝

נּ ῶȴ 

ῶ3- 1 ҖѬ 3.3kV ḛѬהἼѬ ῶ 

INDAR У ⇔ד  PLEUGER 
Є Џ

ה ῂ 

90 - - 600HP*4 - 

92 - - 
400HP*4 

500HP*4 
- 
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93 

400HP*1 

600HP*3 

1000HP*3 

- - - 

94 - - 

400HP*7 

500HP*5 

600HP*3 

- 

96 
600HP*3 

1100HP*6 
 1100HP*4 700HP*7 

99 - 700HP*3 - - 

100 
700HP*6 

1000HP*3 
- - - 

104 - 

400HP*5 

500HP*5 

600HP*3 

- - 

106 - 600HP*4 - - 

108 - 600HP*4 - - 

109 - 

400HP*1 

500HP*2 

600HP*2 

- - 

110 - 
500HP*1 

600HP*2 
- - 

 

ῶ3- 2ҖѬ 3.3kVḛѬהἼѬ ╝ ῶ 

 Ԍד Ԍד
  ϩц  Ḇ Ԉ 

99 94 Җ᷾Ғ  PLEUGER 400HP*1 (1)(2)(3) 

104 100 МếҒ  INDAR 800HP*1 (1)(2)(3) 

109 96   Ѭ  INDAR 1100HP*2 (1)(2)(3) 

109 90 е Ѭ  PLEUGER 600HP*1 (2)(3) 

109 92 е Ѭ  PLEUGER 400HP*1 (2)(3) 
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111 93 Є֝Ғ  INDAR 600HP*2 (1)(2)(3) 

111 100 ὲЍҒ  INDAR 700HP*1 (1)(2)(3) 

111 94 МếҒ  PLEUGER 600HP*1 (1)(2)(3) 

∕  108 Є֝Ғ  У  600HP*1 (1) 

∕  104 МếҒ  У  600HP*1 (1) 

ȸѻ Ḇ Ԉ҅ ȸ (1)Ȳ ֣ Ἥ(2)Ȳ Ἥ(3)ȴ 

ῶ3- 3ү ᴞẃѬеҨ 3.3kVḛѬהἼѬ ╝ נּ  

ῶ 

 Ԍד Ԍד
  ϩц  Ḇ Ԉ 

107 107 Ѝ Ѭ  Ә  600HP*2 (1)(2)(3) 

112 104 Ѝ Ғ  У  1500HP*1 (1)(2)(3) 

113 104 Ѝ Ғ  У  1500HP*1 (1)(2)(3) 

ȸѻ Ḇ Ԉ҅ ȸ (1)Ȳ ֣ Ἥ(2)Ȳ Ἥ(3)ȴ 

ҖѬ ḛѬהἼѬ Ṽ ᶙדכԌẃ иȲṼᶧⱢ

PLEUGER(90ד)ȳᴫ ѲINDAR(93ד)ȳ PLEUGER(94ד)ȳ

Є ȳᴫ(ד96) ѲINDAR(96ד)ȳ PLEUGER(96ד)ȳ

вУ ȳᴫ (ד99) ѲINDAR(100ד)ȳ вУ ц(ד104) вУ

נȴ(ד111~107) ПἼѬ ֪БṿӣדϵȲ Ởצ╝ ᶮ
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ӢȲ ᴩ ȴ Ҡ ῶҠ Ȳ PLEUGER₇

ȴ PLEUGERПἼѬ נ ₇Ȳṳ

П Ȳᴫ ѲINDARѻ ╥ П Ȳ Є ԓ ╥

П ȴ 

ҖѬ ḛѬהἼѬ П П›ᶁⱢУד109 еҨȲ111

П∟֪Уד еҨ ḇ Ȳ Ɫ◙ еҨȲϡ еҨᶁצ

ᴩḛѬהἼѬ ц Пᶾ ϩȴ ∟ Ȳ ∟П

ἼѬ Ȳӭ›ṳ П ᶮ Ӣȴ 

ἼѬ ѻ П ԈⱢ ȳѬМ Ἥц ⅔Ȳ

♣ ⁄ ᴩ цӂ ӔȲᵮѬ צ э Ӽ Ғѿ

ȴẔМ ЀҵȲѬМ Ἥц ⅔ ᶁҠӦ в

ẁ ȴ вḛѬהἼѬ Ӧὑ צ ȲҒϱḕүḛѬהἼѬ

П ṳЛ Ȳ֝ד Ӑᴕכ֪ ȲṳЛ Ԓ

ȲҬצ֯צ ṿӣ Ḗ ȲИ ᴩ ȴ ἏἏ ҳ

ѣѿϱȲ ṳ ᾎ ȴᴖ в ֮₤ἼѬ Є

ὑḛѬהἼѬ ȲẔ Ɫכ ₇Ȳ֯ вậ ὔȲ

ҠЄЄ ȴ 
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  иέ  

ἼѬ ᶙכ Ở ᵂȲ ԈП Ϸ֝ Ȳ Ϸ

Ằ П Ȳ֯ẞ ẔаԈП Ể ȲӇ ᶙכ ’

ᶧȲѿ ’Ẕ∟ ПӔ ᵂȴᵛ― П ѹׄ Ӕ Ȳ

Ϸ╥ ᾎ ᵍᾼȲᵀἼѬ ⇔ц ᵂ ạȲҠ

ứ⇔Ȳ ױ ᵅаԈП ⇔Ȳ ᴖἋ  Пṿӣ ȴ

ҵȲ֪ױ П … Ẕ ẁѬ ᶮ ᴩиέц ӣȲ֪ױ

ẁѬὢ Ḃ ȳἨ֪ Ḗ ᴩ ȲẔṆ  ϩПḂ Ȳ

Ӽ Ẕ Ṿ ᵂ ȴ 

ṿӣ Ȳ ϚḔ Ϥиέ ᾓ Ҡ ֪ṳ∂ Ҡᴩ

ȲẃḂ צ╠ ứ⇔ц Ɫ∟ П ᴕȲ

иέֽϯȸ 

4.1 ἼѬ Є 

֯Лᴕ ҵ ᵂ М ὑ Ἠ Ԉׄ Л Ἤ П

› ϯȲἼѬ Ṿ ᵂ П ⇔Ȳ Ɫ Є

ЊП ѻ ȴ ӣἼѬ ứ ЄὑṆ Ḗ ȲҠ

ҏ ϚṷЛᵓ ᶮֽϯ: 

4.1.1  

ⱢϠḀạ ЄП ҏ☼ ȲӇ ҏЀ ⇔Ȳ ᴖױ ṿ

ᵂὑ П Ȳ֪ᴖṿẔ ֣ҿ Ṿ ᵂ ȴױ

ї ắẞ ֣ϩПᵂӣᴖ Ȳꜙ ᴟ Ẕכ ќ Ԉ
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П  (Boundary Lubrication)ȴҫҵȲⱢϠ ю П ҏ Ȳ

ү ᵂ╥ ᾼᵂᾎȲᵀ֪Ɫ үἬ ᵅП ҏ Ȳ⁯ ҫ

ϒ М ἏҢ Ṿ ᵂ Ȳꜙ ᴟצҠ ῺẞẔ

ҏ (Run-out Point)Ȳױ э Ҡ ӢȲ ᴖ כ ԈП ȴ

› Ẓ ᾓᶁ Ӣ−Єᾼ ц Ȳ ᴖҒ ԈП Ȳ

ֽ  4- 1ȴ 

 

 4- 1 ♣ ἤפ  

4.1.2 ȳ ᵂ  

ЄȲ ᵍЛϠ ֥ ẁѬ ḖП ȳ ȴ 4.1 

♣ ἤפ Osborne ReynoldsᾼׁשṅѿцStribeckפ Ȳ֪

ἤ ֪ȲἼѬ ṳЛ ֥ ᴩы ֮ ȳ ȴStribeckפ ѿ

Ϯ ◕ Ϡ ϩ ⇔ᾼ …ֽϯ: 

ᵅ ◕Ɏ ɏȸ ϩѻ ӦỆ П ᾼ᾿ і Ȳṳ

⇔ᾼ Ғᴖ ἤ Ғȴ 

М ◕Ɏ ֥ ɏȸצỆ ȲϷצ Ȳױ ϩד
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ứȴ 

◕Ɏᶙԓ ɏȸ ᶙԓ  ϠỆ ῶ ᾼ Ȳ

ϩ ⇔ᾼ Ғᴖ ЊȲ ֣ὑϚ Њ ȴ 

 

 4- 2 Stribeckפ  

Stribeckפ Ҡ῀Ɏ  4- 2ɏȲ ᴩ Ȳ ϩ Ӣ

Ȳ Ҡ Ԉ ế ȴἼѬ ⅔Ἠ ἭП

⇔Ȳ Ѭ (Hydrodynamic Lubrication)╥ᵡ ứצ᾿ ᾼ Ȳᴖ

Ѭ ∂Ӵѹ ӢṜ ᾼ ϩҟи ї ἭἨ ⅔П Ȳ⁄

╥ ֯ϒứᾼ Пϯȴ֪ױȲ ȳᵅ ẞ ѦȲἨ Ѧȳ

ᵅ ẞ Ȳ֯ ᵅ ◕Ȳ╥ἼѬ Ԉ ᾼ ȴ

ȲⱢϠױ֪ Є ⇔֮ ю ế ᾼ ӢȲ ֻ ֯  ᾼ

ᴩ в’═ ứ Ȳѿ ю ế Ԉᾼ ȴֽὨ

֮ Ѧế Ȳ ϩ ֯ḕװ ӢכȲҠ

ᾼἤ ế ỄȴױҵȲ ȳ Ϸ Ғ Ȳ

֪Ɫ֯ М ҵᾼ ẃᵌὢ Ѧ ȴ 

4.1.3 ḟ  

1. ᴷ ₤ȸ Ḗ ἼѬ ᾼ ứ Ȳ
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’Ẕ Ṇ Ḗדп ȴ 

2. о ᵂ ȸ ю ᾼ ȳ ᵂȲ∂ ֯   в’

═ ứ ᴩȲѿ ᵅ ế Ӣȴ 

3. ׄ ȸṿӣ ἼѬ ᾼ Ȳѿ Л֝ᾼ☼

ḖȲ ᵍ ⇔ Ṿ ᵂ ȴ 

4. ᴷ ẁѬ ḖȲ ӣ֥ ᾼἼѬ ȴ 

5. ӣ ạȲ ἼѬ ѿ Ὼ Ṿ ȴ 

6. Ḃ ᵂ Ȳ юЛӇ ᾼ ȳ ȴ 

4.2 ⇔ЛṜ 

Єֵ Ɫ ֯ԓ ᴩ ẞ Є Ȳ ϱ ѾἬצ

֥NEMA ᾼ Є ԓ֯פּ ᾼ65%ᴟ80%П ȴ

ứ Ɫԓ ᾼ80%Ȳ ϱҠ ᵅ ⇔ȳ Ғ

ỄᴖЛ Ⱬ Ȳ Ҡ ’ Ҡὑ ⇔ȳ ϯ ế

ᴯЛӂד ᾼ ᾓϯӔ ȴדчᾼȲ ᾼ ứ Њὑ

Ἤ ᾼ Ȳ ȳ Ғ ṳ ᾼ ỄȲẔ

ֽ֪ϯȸ 

4.2.1  

ЛṜѿ Ἤ ᾼ Ȳ ὑ ⇔

ᾼᾭ Ȳ ☼Ȳ Ẕכ ȳ Ḋ ᴔоȲ ᴖ Ғ

ᾼ Ȳֽ  4- 3ȴ 
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 4- 3 - פ⇔  

4.2.2 ᵅ 

֯ ᾼ Ȳɑ Ằ Ḇֵᾼ

оⱢ ᴖЛ╥ Ȳ Ȳֽ  4- 4ȴ 

 

 4- 4 М  



86 
 

4.2.3  

⇔ Ғ в ᾼ Ȳ Ϡ כ П Ȳ

ҷᾼ ϭ ѿҫϒ (Ẃֽ ц )ɲ Ȳה ᴖҒ

ԈП ȴ ṷ Ԉ Ѿ ╥ᵡ ứ ȲẔѻ Ҕᵶ

⅔ц Ἥȴ ⅔…╓ӣὑ П ⅔аԈȲẔѻ ғ ╥

ṮѦ ївἨ їҵᾼᾼ☼ Фד☼ ȲẔѻ ԈҔᵶ І ȳ

ứІ ц ἤаԈȲ ֽ  4- 5Ἤӱȴ 

 

 4- 5 І ȳứІ ц ἤаԈ 

ἭⱢ МᾼỆứ ԈȲẔғ … Ẕ҃ Ԉ֯ ϱἒױ Ӣ

ד Ȳӣẃ’═ᴯ ц ᵅ … ȴ֯ḛѬהἼѬ МȲ

ṿӣ Ю (Ẃֽ Ἠ ▀)П ἭȲẔ ֽ  4- 6Ἤ

ӱȴ 
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 4- 6 Ἥ цѬ  

 Osborne Reynolds ׁשṅȲ ї֯ ⅔Ἠ ἭМ Ȳ

Ẕ ᶮ1פּ⇔⁴כumПѬ Ȳֽ 4- 6Ἤӱȴ֯ ᾭᾓ

ϯȲѬ ӢṜ П ϩ ᵍ  ῶ ᾿ ȴᵀ М

Ӣ Ȳ Ѭ П ứᾭ Ȳ֪ᴖ  כ ῶ П᾿ Ȳ

Ẕ֪ Ӣᾼ Ȳ ϚḔḀạѬ ᾼ∂Ӵȴ 

4.2.4 ḟ  

1. Є ȸ ’ ᾼ ứ Ṝ

ḖȲ ᵍ ᴩȴ 

2. ứ ▲ȸứ ▲ ᾼ ᾭ ế ᴩ Ȳц

ṳ ֯ ȴ 

3. ṿӣ ȸᴕ ṿӣ Ȳѿ ṳ

ᵅ ҷȴ 

4. ӣ ứ Ɫ 80%ҿҢᾼ ȴ 

5. ứ ▲ ᾓȲӇ Ḇ ḆЄ ȴ 

6. Ғ Ṯἤ Ȳц Ḇ Ԉȴ 
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4.3 Ṇ  ϩ  

ҖѬ Ȳ ὍṆ ѬᴃṆצ) ) ⅔ Ṇ ( ѬᴃṆ )

֥ ȲṆ  ϩפ ắ׆ȳ ӣѬ ◕цѬᴃצ Ѭ ᶮП

Ӣ ᾌ Ȳֽ  4- 7Ἤӱ( ҅ῶ☼ Ȳ ҅ῶѬ )ȴ

Ϸ҅ῶ Ṇ  ϩפ ᾼḂ ȲẔ ╠ ἤפ Пӻ

צ╠ П ȴ 

 

ȳ׆7 -4  ◕ϯПṆ  ϩפ о 

  

Ȳױ֪ ѿḂ ἼѬ ἤפ Ѡהẃ ṜṆ о ḖȲ

Л֝ ᵂѠה Ὑֽϯȸ 

4.3.1 ֵ ṳ  

Ẇ ᾼӭᾼ╥ Ɫ☼ ӣ ȲṆ פ ᾼ₤ Ὑ

Ẇ ᾼכ ȴ Ẃẃ Ȳ  ⇔ ȳ ЊПṆ פ

Ɫӂ ȴẂֽȲ ֮ῂ ѬᴟϱѬᴃПҒ ȲẔЄ и╥

Ѭ Ȳ֝ צ ЊП ȴֽ  4- 8ἬӱȲ֯ױ ԈϯȲἼѬ

Ẇ Ҡ −כ П☼ Ὠȴ 
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 4- 8 ӂ Ṇ פ ϯẆ  

чᾼȲד  ⇔ ȳ ЄПṆ פ ᵧ П ᶮȴ

ẂֽȲМ Ғ ᴟ ᾼҒ ȲẔ Ѭ ᵅȲЄ и╥ ȴֽ

 4- 9ἬӱȲ֯ױ ԈϯȲἼѬ Ẇ ☼ Ὠ−

ᵅȴᵀ ╥ѿ ᴕ Ȳױ Ṇ פ ϯПẆ Є

сṆ П Ҡ ⇔ȴ֪Ɫ 1 ╝ ȲẔ

ҏ Л ыЄПכ ȴ 

 

 4- 9 Ṇ פ ϯẆ  
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Л֝ ἤᾼἼѬ Ẇ ṳЛ Ȳ֪ Ɫ֯ ᵅ☼

◕Ȳ Њ Ҡ צ ὑԓ (Shut-off head)ᾼ ᶮȴ

ȳ цҒ ԈП (bearing and seal)Ȳ ᴖ ᵅ

Ẕ דПṿӣצ ȴֽ  4- 10ἬӱȲЛ֝ЄЊ₤הᾼἼѬ Ẇ

ᶮϯȲ֯ ᵧ вᾼ ҏԓ╥ӦP1ἼѬ ᾼȲ

ᴖױ P2ἼѬ ⁄╥ ֯ԓ ϯȴ ᾓ Ϛ᾿═ ẞ

H ẞP2 ѿϯȲ ҏ ἤפ И ╥P1+P2ᾼ֥כ

פ ȴ 

 

 4- 10 Л֝₤הἼѬ Ẇ ἤפ  

4.3.2  

ᾛṿӣὑҖѬ Ғ Ȳ ẓ ϩПғ

ҵȲ֪ἼѬ ὑ ₤ Ȳ╝Ẕ֯ Ṝדᴿứ (Affinity 

Laws)› ϯȲғ Ӕѩὑ ѠȴϷװ3 ╥ Ȳ

ᵅ1/2ȲἬ ғ Ҭ ứ П1/8ȲҠЄ ᵅἼѬ ȴֽ

 4- 11ἬӱȲ֯Л ҒṆ  ϩ ԈϯȲ ᵅἼѬ ȲẔ ἤ

פ ἏҿϯѠӂ ȲẔ☼ Ӧ ӐП160gpmɑᴟ80gpmȲ Мᴊ

ᴥ ҅ῶἬ ғ ȴ 
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 4- 11 ᵅἼѬ Ḃ ҏѬ  

› Ẓ Ѡה Ҡ כ ☼ ᾼӭᾼȲT ѿ ѠהẃḂ Ἴ

Ѭ ἤפ Ҡע ᾼ ϩ ҵȲἼѬ ϷЛ ⇔ Ẕ

Ṿ ᵂ (BEP)ȴҫҵȲṳ‍ἬצҒ ֥ѿ ẃ ☼

ȴ֪ⱢȲדᴿứ ӣὑѿ ҷѬ ⱢѻᾼṆ פ ȴֽὨὑѿ

Ѭ Ɫѻ(Ẃֽ ֮ῂ ӉᴟϱѬᴃПҒ )ᾼṆ Мѿ

ẃ ☼ ȲẔ ц כ ṿӣ ҏЀ ᾼ ᾎṳЛ

Ὑ−צ ᾼ ȴ 

4.3.3 ḟ  

1. о ȸ ᴩ ᴷế оȲ юЛӇ ᾼ ϩ ҷȲ

’☼ ứȴ 

2. ֵ ṳ ᴩȸ Ḗ ᴩֵүἼѬ ṳ ᴩȲѿ Ṇ

ᾼ ♄ἤếҠ ἤȴ 

3. Ṇ ἤ ᾼ ṳ)ה Ἠ )ȴ 

4. оṆ Ȳи ὍṆ ế⅔ Ṇ ȴ 

5. ӣ֝ד ἤᾼἼѬ ᴩṳ ȴ 
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4.4  

╥╓ ϩṆ М Ѭӂᾼ оȲҠ ╥ ᾼȲϷҠ

╥═ ᾼȲҠѿ╥Ể ἤᾼἨЛ ⁄ᾼȴ ѿᴍиѩᶮ

ῶӱȲvה ד ὑ ứ ᾼ о ⇔ȲҠ Ӧѿϯ ֪ і ȸ 

4.4.1  

טּ ᾼ оɎẂֽЄ₤ טּ ɏȲ ϩṆ Ҡ

ᾎӴᵛ Ȳ Ҡ ҏ ἤᾼ ȴױҵȲ  ᶼӼ

ϩṆ Мᾼ ȴ 

4.4.2 ϩṆ  

ϩṆ Мᾼ╝ ɎẂֽ Ἠ ɏҠ ᾼ≡ ϯ

ἨЛ ứȴױҵȲ ЛṜ ᾓϯȲϷҠ ᾼ

ȴ 

4.4.3 ᴞ  

Ӊ Ἠ Ҡ і Ȳ ἨẔ҃щ ḳ ϷҠ

ϩ כ Лӂ Ἠѥדȴ 

о ӻ☼ ἤ כ (  4- 12)Ȳ

ԝ Ὑֽϯ: 
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 4- 12 ὑӻ☼ ἤ ֥  

(1) ế ᴩ ȸ ϯ ю ᾼ ế Є ᴩ Ȳ

Ҡ ế ᴩᾼ ϩȴ 

(2) ȸ ᾼ ю ᵅϯȲ ᵑ╥֯ Лӂ ᾼ

ᾓϯȲӦὑ ⇔ Ғế І ҷ ҒȲ ϯ ȴ 

(3) ғ ֪ ȸ Ғ ғ ֪ Ȳᴖ ю⁄ Ӣדч

ᾼ Ὠȴ ᴖȲ оҠ Л ᾼғ ֪ ѬӂȲ

Ṇ ȴ 

(4) сȸ ╟ҒЛӂ Лӂ ☼ᾼ☼ Ȳ

☼ ЄᾼדᴯМᾼ сЄּפ╥ Лӂ ᴍиѩӂѠᾼẒ Ȳ

Лӂ ⇔ ҒȲ כ ᾼ Ễ

юȴ ҰἨ Ȳ ⇔ḕ Ғ10ÁCȲ ᾼ Ễ

ҙȲֽ  4- 13Ἤӱȴ 
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 4- 13 Џᵂ ὑ сᾼ  

(5) ế ȸ Лӂ Ғ ᾼ ế ѬӂȲ Ҡ

ϩế Ễ юȴ 

(6) Ễ ȸ о Ԉϯ ᴩ Ғ Ṇ ế Ἥᾼᴔ

оȲ נ ἤ╝ ȴ 

(7) ứ Іế (breakdown torque)ȸ Лӂ ю ứ

І᷁ ế ȲҠ ṿ Л ֥█ṷ ӣȲ ᵑ╥֯

᷁ ᾼ ᾓϯȴ 

о ӻ☼ Ӣֵ ȲҔ╗Ẕ ȳἤ

ế ỄȲ∂ ϩеӣṶ ч Ȳ Ḗ сẁ ₇ Ȳ ᵅ

Лӂ ȴ Ӑ ẁ ц Ḗ Ȳ

ẁ ЛҠ 10% ֥ ứȴ֯ ᾓϯȲ с

Ҡ ⱢϚ ȲW Ɫ ֯ẁ Лӂ ᾭ ᴩ ᾓ

ϯȲ Ἤ ȴ Лӂ ֽ  

4- 14Ἤӱȴ 
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 4- 14 Џᵂ ὑ сᾼ  

4.4.4 ḟ  

1. ׄ ȸᵛ Ѭ Ȳц ṳ ᾌ

ȴ 

2. Ḃ ϩẁ Ṇ ȸ ϩеҨẦ Ȳ ’ ϩẁ ᾼ ứἤȲ

ю֪ ϩ╝ ᾼ ȴ 

3. ṿӣ ȸᴕ ṿӣ ἨЛ ẁ Ṇ ɎUPSɏẃ’

ếẔ҃ ᵍắ ᾌ ᾼ ȴ 

4. ϩеҨ Ȳ ḖḂ ẁ ₇ ȴ 

5. ӣẓצḆ ⇔ᾼ ȴ 

6. ׄ ứ Ἠ ғ ȴ 

7. ứ о ᾓ,ц ᴩ ȴ 
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4.5 ἼѬ э  

ϱ ֪ἼѬ Є ἼѬכ Ṿ ᵂ

Ӣэ ПҵȲ֪ ἼѬ ׄ ᴯ Л Ἠ ц Лṏ

֪ ȲϷצҠ ἼѬכ Ӣэ ᾼ ȴ 

4.5.1 э Ӣᾼ ֪ 

э (Cavitation)ϭ ⱢḦ ȳῈ Ἠӳ Ȳ ╥♣ ֯ṿӣϱ

ẞᾼϚ ȴ♣ Ӣэ ᾼѻ ֪Ȳ╥♣ ֯

ᾼ МȲ ♣ в ᾼ☼ █צ ᾼ ϩᵅὑ ֯

⇔ϯἬẓצᾼ ế Ḧ Ȳױ Ἤ ᾼ ֯ Ӣᶝ

Ḧо(ᾐ )ᾼ ᴖᶮכ ḦᾚȲױᶮכᾼ ḦᾚȲ֯ М ╥

Ϛ ᾼῈ♂Ȳ ᾼ☼ Ȳ ḦᾚϷ ᵅױ ȴ 

Ḧᾚ֯ ᵅ ∟ȲӦὑắẞỂ ϩṣ ϱсᾼ

( ὑ ᾼ ế Ḧ )Ȳױ Ḧᾚ ≡ ᾼ ᴖ ȴ

Ḧᾚ֯ ᾼ Ȳ Ḧᾚ ᾼ Ɫ Ὲ טּ Ϥ Ӧ

ḦᾚἬ ӢᾼῈ♂вȲױ ֪ᴖ Ғ ȴ 

ᴖ ֯ Ϥᾼ МȲ ᾼ ױ) ϩᾌҠ

Ͼᴟ 104atm) ᾼ♣ Ԉῶ ȲẂֽ ♣ ȳ

ϱᾼ ѱỄ ȲӦὑ ḦᾚᾼӢכ Ẓ῏ᶁ֢ᴞ֯♣ в ᾼ█

ᾼ ᴩȲ֪ ֯ױ Ḧᾚ ᾼ♣ Ԉῶ

ắ ϩᾌᾼ ױ) ПⱢᶝ Ѭ )Ȳᴖ ױ

Ȳ צֽ֝ ќᾼЊ׆ ѿ ᾼ ═ ᾼ ♣ ᾼ Ԉῶ

Ȳ֯  ắ ᾼ ϯȲ ֯♣ ᾼ Ԉῶ і ἤᾼ
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Ȳ ᴖ ṷ Ԉῶ Ӣ ᾭᶮᾼ Ȳ ∟ ♣ Ԉᾼ

ȴ 

э ֯ἼѬ Ѐ Ȳֽצᶝ ἤ Ὲ ӢȲѬМᾼῈ

Ӣ ᾚȲ ᾚ Ѭ☼ Ϥ Ȳ֯

ᴖ ҷȲֽױ ᾚ ҷȴṿἼѬ Ӣ ȳ ȳ

ȲϚ Ɫӳ Ȳ ṿἼѬ ᵅȲꜙἨЛ ἼѬȴ 

֯ ἼѬ ᾼэ ȲӇ ԒϠ ᴶ צ ᵮѬ

NPSHɎNet Positive Suction HeadȲἨ ӔᵮѬ ɏȴ֯ἼѬ ӣ

ϱȲצϡ צ ᵮѬ  NPSHȲϚ ⱢҠӣצ ᵮϤЀ

NPSHaȲҫϚ Ɫ ӣצ ᵮϤЀ NPSHrȴ 

1. Ҡӣצ ᵮϤЀ NPSHa(available Net Positive Suction HeadȲ

ҠᵓӣП Ӑ ᵮѬ )ȸ 

ἼѬ ׄ ֯Ṇ ᴩ ȲὑᵮϤЀ ἬӢ

צᾼҠӣכ ᾼᵮϤЀ ȷϷ ╥ἼѬ ᾼᵮϤЀ Ἤẓ

ᾼצ ϩȲ֯ל Ӑṝᾼ ế Ḧ Ɏ֯ ⇔ϯɏ∟Ἤẓ

ᾼֵצ ȴױ ᾼЄЊ Ṇ ᾼӁ ц ᾼἤ צ Ȳ

♣ ᾼ ȴ 

NPSHa=ПЄ ϩ+ᵮϤЀ П ϩ ɎᵮϤЀ

ὑ ϩ ӣɦ-ɧᾼȲ ᵮϤЀᵅὑ ⁄ ϩ ӣɦ+ɧ

ᾼɏʟ ҷɎ ứ☼ ɏ- Ӑṝᾼ ế Ḧ Ɏ֯

⇔ϯɏ 

NPSHa= HatʞHsʟHLʟHvpȲֽ  4- 15Ἤӱ 
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 4- 15 NPSHaӱ  

ứ ȸ 

HatʦἼѬᴃἭắᾼЄ ȲѿѬ mῶӱȲ Ἤ ᴯ ц

צ Ȳֽῶ 4- 1ȸ 

ῶ 4- 1 ἼѬᴃἭắᾼЄ Ἤ ᴯ ц צ  

(m) 0 100 200 300 400 500 

(m) 10.33 10.21 10.09 9.97 9.85 9.75 

Є Hat 

(m) 

10.33 10.13 9.93 9.73 9.53 9.35 

 

HsʦᵮѬ (m)ȴ ἼѬ ᴯ ὑἼѬᴃѬᴯȲἼѬ ᷂Ѭᵮὡ

ȲẔ Ɫ ȴ 

ἼѬ ᴯ ᵅὑἼѬᴃѬᴯȲἼѬ ᷂Ѭᵮ Ẕ ⱢӔȴ 

HLʦᵮѬ М֢ ҷm 

Hvpʦ ᵂ ⇔ ᾼ ế mȲֽῶ 4- 2ȸ 

ῶ 4- 2 ⇔ ᾼ ế  

⇔  0 10 20 30 40 

Ѭ

hvp(m) 
0.06 0.13 0.24 0.43 0.75 

 

Ẃȸ 
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Ѭᴃ Ɫ0mȲἼѬᴃἭắᾼЄ Hatʦ10.33m 

⇔20Ȳ ế Ḧ Hvpʦ0.24m 

ᵮѬ М֢ ҷыЊἕ Л HLʦ0 

ἼѬ ᵮϤЀ Ѭ 1.6mȲHs=1.6m 

⁄NPSHa= HatʞHsʟHLʟHvp=10.33ʞHs-0-0.24=10.09ʞHs 

ẂA.ṿӣḛѬהἼѬ Ȳ֪ᵮϤЀ֯Ѭ ϯɎHs=1.6ɏȲἬѿ

NPSHa=10.09ʞ1.6=11.69m 

ẂB.ṿӣᵮϤЀ֯Ѭ ϱᾼἼѬ Ȳ֪ᵮϤЀ֯Ѭ ϱɎHs=-

1.6ɏȲἬѿNPSHa=10.09-1.6=8.49m 

 

2. ӣצ ᵮϤЀ NPSHr (required Net Positive Suction HeadȲ

Ӈ П Ӑ ᵮѬ )ȸ 

Ἤ ᾼ ӣצ ᵮϤЀ ╥╓ⱢḀạɎἨṮѦɏэ ᾼ

ӢȲἼѬ ӐṝἬ ẓצПצ ᵮѬ ᾼ ᵅ ȴױ ᾼЄЊ

♣ ᾼ צ Ȳᴖ Ӂ ȲἼѬ ӐṝἬ צ

ᵮѬ NPSHrȲҠӦἼѬ ᾼἼѬ Пἤ פ Ἠ

ᶾ ₤ ▲ Ȳ Њ ֻȴ 

NPSHr = (N*Q1/2/NSS)4/3 

ứ  

NSSȸ♣ ϤЀѩ (m3/minȵmȵrpm)ȲϚ Юὑ 900̡1800 

m3/minȵmȵrpmП Ȳů֝ד Ἠדᴿ ♣ ϤЀѩ NSS

 ֝ד

Nȸ♣  
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QȸҏѬ☼  

ѿҖѬ Ὼ ᾼḛѬה ἼѬ ⱢẂȲҖѬ ứᾼ ứ

☼ ʿ83,000CMDȳ ứ Ɫ35mȴA Ἤ ᾼἼѬ Ẕ

NPSHr ּפⱢ8.7̡8.9mȲᴖB Ἤ ᾼ♣ ẔNPSHr ּפⱢ9mȲ

ֽ 4-16ȴ 

 

 4- 16♣ ПNPSHrפ  

 
















































































































































