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Outline of the presentation

~ Equations with the uncertain parameters
and their applications

~ New approach for the solution of the
equations with the interval parameters

~ Generalizations and conclusions
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Mathematical model of a machine

Such simulations are possible since early 1970s
O.C. Zienkiewicz, lIvo M. B a b u gPiGaCiarlet, P.
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Mathematical models
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Truss structure with uncertain forces
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Perturbated forces
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Vibrations of beams
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E = E(z),J =J(z)
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Vibrations of beams

vibration.mpeg
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vibration.mpeg

Vibrations with uncertain parameters

vibrations-uncertainty.mpeqg
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vibrations-uncertainty.mpeg
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Random vibrations

vibrations-random.mpeq
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vibrations-random.mpeg
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Interval displacements

vibrations-interval.mpeq
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vibrations-interval.mpeg
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Dynamics of plates

http://andrzej.pownuk.com 12



Dynamics of plates

plate-vibrations.mpeq

http://andrzej.pownuk.com 13


plate-vibrations.mpeg
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Uncertain solution

~ Set-valued parameters

ux tp)={uxt p: d p}

u(x t,p)=[u(x 9, x 9]
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Uncertain solution

~ Set-valued parameters
and the optimization methods

u(xt)=min{U xt p: d p}

a(x,)=max{u(xt p: d p}
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Uncertain solution

~ Set-valued parameters

u(x, =u(xt ")
U(xt)=u(xt p=)

sargminu (Xt Aargmaxd Kt ,
F 9 x,t,p) _ ?g" kKt p

istplp

http://andrzej.pownuk.com 16



http://andrzej.pownuk.com 17



P 0,) (53

http://andrzej.pownuk.com 18



Probabilistic solution

- Random parameters

p:W'w -p( Wl R
u(x W w- u(xt,p(ml R
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Interval and probabilistic solution

~ Probabillistic interpretation
of the interval solution.

{f(z): zl [z,7]}
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Set-valued and probabillistic solution

Riw:iu(x y, gl [ x) U x), w W=1
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Interval and probabilistic solution

~ Width of the solution
Interval solution (worst case analysis)

width(nX) =n Width(X)

Probabilistic solution

width(nX) =n Gidth(X)
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Taylor method

http://andrzej.pownuk.com 23



Graphical representation of the solution

Gmpth’screte(w, g),L Ho,g' ,nxgzt,p) =
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System of linear interval equations

2(A,b)={z: Az =5,A1 A b |Ib}
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Solution set in 3D
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Solution set In 3D
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Uncertainty

Problem with real parameters

2r =14

x:é =
2

Problem with interval parameters

8,3 g=[3,5

r ="
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Algebraic Solution

1, 2]x =[1, 4]

X=[1, 2]

because

[1,2]q1,2] R 4]




United Solution Set

[1,2]x =[1, 4]
X_[14] el ,

1, 2] sz

because

x={x:ax @ a[L2], b [14]}




Comparison of the solution sets

1, 2]x =[1, 4]

X =1, 2]

Algebraic Solution United Solution Set

There are many ways how it is possible
to extend equations with the real parameters
into equations with the interval parameters.
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Stochastic differential equations

€y' = pcos(pt)
I

19(0)=0

:'p - N(Oal)
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Interval equation
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Practical applications

~ Presented approach can be applied for
the solution of practical engineering
problems.

_ Itis possible to solve nonlinear and large
scale problems.
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Post-processing

-~ PDE
L(p)u = f(p)
~ Set-valued solution
K(p)u =Q(p),pl p Y u(p)
~ Post-processing
jl'ée:Du v F@p) . Du(p)
is=Ce [(® .C (p&
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Post-processing
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eneral interval FEM

Examples
Choose one example
© Tension - 2 elements (static solution)

© Tension - 2 el (endpoi Ibinati hod)
© Tension - 2 elements (functional derivative method)

a@ @B http://andrze). pownuk.com/ph O ~ B ¢ X & pownuk.com

o |

Calculate I

Start new calculations ] [ Home ]

Insert a description of FEM model and press "Calculate” button. [ USER'S MANUAL ]

* | 5.7 51

¥

¥

start_clock

parameter

O
2

(© Truss - 3 elements (static solution)
Truss - 3 el (endpoi bi
(© Truss - 3 elements (functional derivative method)

1
2
3
4
1)

o
1
1

# Mesh

The result is:

# Data for the program FEM

analysis_type linear static_interval_combinatoric

[0.1,0.3] sensitivity # A
[0.1,0.3] sensitivity # &
[0.1,0.3] sensitivity # &
[210E9,212E8] sensitivity % E
[1,3] sensitivity # P

¥y 0
¥y 0
¥ 1

line 1 points 1 2 parameters 4
line 2 points 2 3 parameters 4
line 3 points 1 3 parameters 4

boundary condition fixed poinc
boundary_condition fixed point

boundary condition fixed point

load point_load point 3 fx 5

node 1 point 1

globalDisplacements[ 1

globalDisplacements[ 2

http://andrzej.pownuk.com/php/FEM?2/
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Automatically generated test problems

List of examples

Truss examples

Truss 1x1. 1 force, 5 interval parameters

Truss 1x1. 3 force, 13 interval parameters
Truss mxn

Truss benchmark 1 Compare Truss benchmarks
Truss benchmark 2 Compare Truss benchmarks
Truss benchmark 1a Compare Truss benchmarks
Truss benchmark 2a Compare Truss benchmarks

Truss example (similar to benchmark 2
Truss example (similar to benchmark 2)

Truss example (page 185 from prof. Muhanna paper's

Frame examples

Frame (2 elements
2D examples

2D-Elasticity point load

2D-Elasticity point load (2 loads only)

2D-Elasticity point load (2 loads only). dependent case
2D-Elasticity point load (2 point support)

2D-Elasticity point load (2 point support) - uncertain geometry
2D-Elasticity gravity force

2D-Elasticity surface load

Truss example geometric uncertain age 185 from prof. Muhanna paper's

http://webapp.math.utep.edu/Pages/IntervalFEMExamples.htm
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