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𝐸
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휂
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𝐹𝐻

Δ

P

I

𝑀𝑓

𝑏

ℎ

𝐺𝐹

𝑉𝑟

𝑉𝐸𝑋

𝑉𝐶𝐻



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 





 









 

 



𝑀𝑆



 





 

 

 

 

 

 

𝑀𝑠 𝑀𝑓𝐴𝑠𝐴𝑓









 

𝐴𝑓

𝑀𝑠

𝑀𝑠





 



𝐴𝑓



 



 











 

 

 

 



 



 



 



 

 

 

 

 

 

 





𝑀𝑃𝑎

𝑀𝑃𝑎







 



 



 

 



 

 

 



𝑇𝑚

𝑇𝑚





 

𝑚3

ℎ

𝑚𝑚3
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1.000E+03

1.000E+03 1.000E+04 1.000E+05 1.000E+06 1.000E+07 1.000E+08

Lee Rotex Parker Asco Jefferson

y = 8E-06x - 0,0245
R² = 0,7826

]



𝑚3/ℎ 𝑙/𝑚𝑖𝑛

𝑚𝑚3

1.000E+03 5.010E+05 1.001E+06 1.501E+06 2.001E+06 2.501E+06 3.001E+06 3.501E+06

V[mm3]



Kv[m^3/h]
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2012-2014
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𝐸𝐴 = 

𝜈𝐴 = 

𝐸𝑀 = 



𝜈𝑀 = 

휀𝐿  = 

(𝛿𝜎/𝛿𝑇)𝐿 = (δσ/δT) 

 𝜎𝐿
𝑆 = 

 𝜎𝐿
𝐸   =   

T0 =   

(𝛿𝜎/𝛿𝑇)𝑈 = δσ/δT)  

𝜎𝑈
𝑆 = 

𝜎𝑈
𝐸  =   

𝜎𝐶𝐿
𝑆  = 

Y

𝜓(휀, 𝑒𝑡𝑟 , 𝑇) = 𝜓𝑒𝑙 + 𝜓𝑐ℎ + 𝜓𝑡𝑟 + 𝜓𝑖𝑑 + 𝜑𝜀𝐿(𝑒
𝑡𝑟) ٠

𝜓𝑒𝑙 𝜓𝑐ℎ 𝜓𝑡𝑟

𝜓𝑖𝑑 𝜑𝜀𝐿(𝑒
𝑡𝑟) 

m



ε, T 

𝑒𝑡𝑟

{
 
 
 
 

 
 
 
 𝑝 =

𝜕𝜓

𝜕휃
= 𝛫[휃 − 3𝛼(𝑇 − 𝑇0)]                                              

𝑠 =
𝜕𝜓

𝜕𝑒
= 2𝐺(𝑒 − 𝑒𝑡𝑟)                                                            

휂 =
𝜕𝜓

𝜕𝑇
= 휂0 + 3𝛼𝐾휃 − 𝛽‖𝑒

𝑡𝑟‖
〈𝑇 − 𝑀𝑓〉

|𝑇 − 𝑀𝑓|
+ 𝑐 ln

𝑇

𝑇0
        

𝛸 = −
𝜕𝜓

𝜕𝑒𝑡𝑟
= 𝑠 − [〈𝛽(𝑇 −𝑀𝑓)〉 + ℎ‖𝑒

𝑡𝑟‖ + 𝛾]
𝜕‖𝑒𝑡𝑟‖

𝜕𝑒𝑡𝑟

٠  

٠

٠

٠

{
𝛾 = 0     𝑖𝑓     0 ≤  ‖𝑒𝑡𝑟‖ ≤ 휀𝐿       

𝛾 ≥ 0     𝑖𝑓               ‖𝑒𝑡𝑟‖ = 휀𝐿       
٠  

٠  

𝐹(𝑋) = √2𝐽2 +𝑚
𝐽3
𝐽2
− 𝑅 ٠  

𝑒𝑡𝑟̇ = 휁̇
𝜕𝐹(𝑋) 

𝜕휃
  with  휁̇ ≥ 0, 𝐹 ≤ 0, 휁̇𝐹 = 0             

٠  
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𝛿 = −
𝑃𝑙3

3𝐸𝐼

𝐼 =
𝜋𝑟4

4

𝛿 = 2𝜇𝑚

 𝜇𝑚





 



𝑘 =
𝑃

𝛿
=
3𝐸𝐼

𝑙3

𝐼 = 1.2𝑚𝑚4

𝐼 =
𝑏ℎ3

12

ℎ = 1.93𝑚𝑚



휀 =
−2𝑉𝑟
𝐺𝐹

(1 +
𝑅𝐿
𝑅𝑆
)

𝑉𝑟

𝐺𝐹  𝑅𝐿

𝑅𝑆

𝑉𝑟

𝑉𝑟 = (
𝑉𝐶𝐻(𝑠𝑡𝑟𝑎𝑖𝑛𝑒𝑑) − 𝑉𝐶𝐻(𝑢𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑒𝑑)

𝑉𝐸𝑋
)

𝑉𝐶𝐻 𝑉𝐸𝑋

σ=E٠ε 



σ𝑚𝑎𝑥 =
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𝐼
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