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Advanced mechanisms for extreme environmnents 
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Harmonic oscillator eigenfrequency (linear motion): 𝒇 = 𝟏
𝟐𝝅
#𝑲
𝑴

      

Harmonic oscillator eigenfrequency (angular motion): 𝒇 = 𝟏
𝟐𝝅#

𝑲𝜽
𝑱

      

 
Grübler modified criterion in 2D: 𝑫𝑶𝑭𝒆 +𝑫𝑶𝑭𝒊 = 	∑𝑴𝒐𝒊 − 𝟑𝑳 + 𝑶𝑪 
 
Grübler modified criterion in 3D: 𝑫𝑶𝑭𝒆 +𝑫𝑶𝑭𝒊 = 	∑𝑴𝒐𝒊 − 𝟔𝑳 + 𝑶𝑪 
 
Kibble balance static mode equation: 𝒎𝒈 = 𝑩𝑳𝑰 
 
Kibble balance static mode equation: 𝑼 = 𝑩𝑳𝒗 
 
Kibble balance virtual powers equation: 𝒎𝒈𝒗 = 𝑼𝑰 
 
Dynamic pressure: 𝒒 = 𝟏

𝟐
𝝆𝒗𝟐  

 
Euler-Bernoulli beam model: 𝒚̈ = − 𝑴

𝑬𝑰
 

 
Tangential and secant stiffnesses: 𝑲𝒕𝒂𝒏 =

𝒅𝑭
𝒅𝒙

 and  𝑲𝒔𝒆𝒄 =
𝑭
𝒙
 

 
Elastic energy and force (Hook’s law): 𝑬𝒆𝒍 = ∫𝑭(𝒙)𝒅𝒙 = 𝟏

𝟐
𝑲𝒙𝟐 and  𝑭 = 𝑲𝒙 

 
Stiffness addition of spring in series: 𝟏

𝑲𝒆𝒒𝒖
= 𝟏

𝑲𝟏
+ 𝟏

𝑲𝟐
 

 
Stiffness addition of spring in parallel: 𝑲𝒆𝒒𝒖 = 𝑲𝟏 +𝑲𝟐 
 
Stiffness conversion (rotative to linear):  𝑲𝒓𝒐𝒕 = 𝒓𝟐𝑲𝒍𝒊𝒏 
 
Buckling load of a beam (both ends fixed):  𝑭𝒃𝒖𝒄𝒌 =

𝟒𝝅𝟐𝑬𝑰
𝑳𝟐

 
 
Surface inertia of a beam: 𝑰𝒚 =

𝒃𝒉𝟑

𝟏𝟐
 

 

Mile’s formula: 𝑮𝑹𝑴𝑺 = #𝝅
𝟐
⋅ 𝒇𝒏 ⋅ 𝑸 ⋅ 𝑨𝑺𝑫𝒇𝒏 

 
Force 3𝝈: 𝑭𝟑𝝈 = 𝟑𝑴𝑮𝑹𝑴𝑺 
 
Euler second law: ∑𝑴 = 𝑱𝜽̈ 
 
Quality factor: 𝑸 = 𝟐𝝅 𝑬𝒕𝒐𝒕

𝑬𝒍𝒐𝒔𝒔𝑷𝒆𝒓𝑪𝒚𝒄𝒍𝒆
 

 
Damping ratio: 𝜻 = 𝒄

𝟐𝒎𝝎
	 

 
Loss factor: 𝜼 = 𝟏

𝑸
= 𝟐𝜻 

 
Lagrangian: 𝑳 = 𝑻 − 𝑽 
 
Kinetic energy: 𝑻 = 𝟏

𝟐
𝒎𝒗𝟐 + 𝟏

𝟐
𝑱𝝎𝟐 

 
Gravitational potential energy: 𝑽 = 𝒎𝒈𝒉 
 
Elastic potential energy:  𝑽 = 𝟏

𝟐
𝑲𝒙𝟐	 

 
Euler-Lagrange equation: 𝒅

𝒅𝒕
S𝝏𝑳
𝝏𝒒̇
T = 𝝏𝑳

𝝏𝒒
 


