Lecture 3 :

Potential Energy

Hans Welleman
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Potential Energy
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Total Energy

m Sum of all energy in a system is constant
m Sum of all Potential energy = C

m Potential energy:
— Loads (energy with respect to reference, reduces)
— Strain energie (E,, increases)
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Potential Energy due to Loads
Load Potential

Sore.
F
| . ,
% u displ.
Situation 0 Situation 1 Situation 2 pring ch
V=E,—AE =1xkxu’-FXxu
\% p 2
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Stationary Energy Function at a
Minimum Energy level

m Extreme = derivative with respect to a state
variable ( u) must be zero

m Extreme is a minimum = 2nd deriv > 0

dv dv

—=kxu—-F=0 and =k ( >0 is minimum)

du du®

principle of minimum potential energy
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Application

m Approximate displacement field
m Demand Stationary Potential Energy:

derivative(s) of V with respect to all state
variables a must be zero.
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Example : Beam
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w = da Sin 7
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Solution
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Minimalise
dV_f[4EIa_F_O .
da 203
y - FI° FP
id=span (z*12)EI  48.705EI
F2)3 approximation
T 97.409EI
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Example : Rigid Block
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Displacement field u c@ssumption)

¢ —‘Vk -F‘ state variables u; and u;
U l us
F

U, =u, —(%}Ma

u;

4a 2a u, =%(u1 +2u3)
2
Vv =%kul2 +%k(%(ul +2u3)) +%ku32 —F><(%(u1 +u3)) =
V=20 + kuu, + L ki =L F (u, +u,)
ou, ou, du, ou,
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Result
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exact solution
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Assignment
2EA | 7
EA(x) == S

=
[

Assume a displacement field:
X
u(x) = a(l — 7)
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Application Potential Energy
Buckling ... again

F EI EA

> | just prior to
; —Z_ buckling, only
compression

—_—ty | directly after

compression and
bending

. X
assume: w=asim| —
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Stationary potential energy:

l l l
V= %Eljw"zdx— Fug = %Eljw"zdx— F %j(w’)zdx
0

0 0
y - Z'Ela® x’Fa’
473 41
dv  z%*Ela 7°Fa T2EI
- - =0 = |F, =
da 23 21 12

> restart;
> w:=a*sin(Pi*x/L);

> V:=EI*int ((1/2)*diff (w,x$2)"2,x=0..L)-F*int ((1/2)*diff (w,x)"*2,x=0..L);
> eq:=diff(V,a)=0;
> solve(eq,F);

‘What about a?
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Assigment, F, with Pot. Energy?

BF F

£l Compressive element with
l _ additonal loading at mid span
Zw

/

Approach Potential Enerey: (versus Rayleigh method)

- Assume a kinematically admissible displacement field

- Potential energy due to deformation  answer:

27°El
- Potential energy due to loads NV IEE
. o FeaBE i g
- Apply min Pot. Energy principle e it o=
Ir JJW. Welleman Arbeid, energieprincipes 17
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