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Rotation of Material Properties

❖ Rotation of Material Properties

~

In general, use tensor transformations

- good for any tensor material property rotations

(   ) : material coordinate system

(   ) : structural coordinate system
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❖ Matrix
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❖ 2-D specialization

1

1

       0    0

0    0    -    

           0    0

0    -    -    0      A

S

E

t

S S

E E

t t

eF D F E

A T B Se c

e eF F

Be c e c



 −

−

        
=        
         

      
=      

         

         1      2      3

 1            s      0 

 2     -       c      0

 3     0      0      1

c

s

E

E

D R D FD

E R E FE

= =

= =

      s      0 

-      c      0

0      0      1

E

c

R s

 
 

=
 
  

SS BS R S= =

1

12

2

Rotation of Material Properties

1-70



Active Aeroelasticity and Rotorcraft Lab., Seoul National University

2 2

3 3

2 2

    s    0     0     0     cs

    c    0     0     0    -cs

 0    0     1     0     0      0

 0    0     0     c    -s       0

 0    0     0     s      c      0

-cs  cs     0    0      0   c - 

S

c

s

R

s




=


1

1

1

( )

  ( )

( )

       

     

t

t

t t

t t

T s

T

E E

S

E E E S

E

S t E S S

R R

T R

R R

R R R eRD E

T SR e R R c R





−

−

−




 
 
 
 
 
 
 

=

=

=

    
=     

−     

Rotation of Material Properties

1-71



Active Aeroelasticity and Rotorcraft Lab., Seoul National University

❖ Plane stress & strain

- Plane Stress
→ reduction of material properties
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❖ Plane Strain
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