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DC3: Contact Mechanics

Final Goal (3 years): Solve 2 and 3 dimensional contact mechanics problems with IBRA-type
discretizations and immersed methods (like the Shifted Boundary Method — SBM)

Roadmap:
‘/ Study Isogeometric Analysis
;/ Solve simple 1D truss model in IGA + SBM
Study the basis of Numerical Contact Mechanics

V Solve 1D contact model in IGA and IGA+SBM

Sz

o "'*';,:, /| QS_ a available CM app/ication in Kratos Three-dimensional ironing problem with rotating indenter.

Design tor IGA-type .
discretization workflows From Thomas Cichosz.

Study multipatch coupling


https://www.ibb.uni-stuttgart.de/en/research/completed/contact-modelling/

First steps in IGA: from simple truss to 1D contact

Governing equations

dive + b = pit in Q x [0,7],
u=1up on I'y X [0,T], f
o-n=t onT, x [0, T]. X
PP DT o T
Static
uxy,4t) = Uy Linear Elastic @
Y
0, (Edeu) + f = 0 in [0,1], . — -
u=up on Ip, > - " Uu=1upL>
Edu-n=f, onT;. or or
o*Nn=1F o'n=F
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Testing: MANIFACTURED SOLUTIONS

Desired solution: u(x) = sin(x)/EA given

Distributed load (internal forcing) iy -~
4
E = const sin(x) A = const
f==0(E0w) [—> f=- v C—> f = —sin(x)
2 -
Concentrated load (Neumann Condition) -
0 -
Eou-n=f cosCen) A = const >
U M=In ) fu=— ) F = cos(xy)
__2 -
Imposed Displacement (Dirichlet Condition)
u=u(xp)onT_D ~#[— nks= 5, p=
—== true sol
0 2 4 6 8
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First steps in IGA: Shifted Boundary Method (SBM)

Physical space |:> Parameter space
L STANDARD IGA
X §
— >
Perfect fit Perfect fit
Physical space |:> Parameter space
e IGA + SBM
Xy §
.
Un-fit Un-fit
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[0 SBM: Modified condition at shifted boundary trough Taylor Expansion




First steps in IGA: Shifted Boundary Method (SBM)

Physical space |::> Parameter space
Xp . . Xy
D N
I R IGA + SBM
X_> E
Un-fit > Un-fit
SBM DIRICHLET SBM NEUMANN
u(xp) = u(Zp) + o, u(xp) - d + o(d? o u(xy) = d,u(Xy) M d + o(d?).
—™
—> u(Xp) = ulxp) — du(Xp) - d + o(d>). —> J,u(@y) = dulxy) - d + o(d?).
d=xD_£D d:xN_£N7 Eaxu‘(xN).n:f;l
a G l Neumann BC requires higher derivatives for the same approximation error!
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COMPARISON STANDARD IGA AND IGA+SBM

10-3

103

err

10-7

10~2

10—-11 -
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Standard IGA Convergence Error

p= 1 basis
p= 2 basis
p= 3 basis
vel 2
vel 3
vel 4

mesh

Convergence rate ~ hP*+1




COMPARISON STANDARD IGA AND IGA+SBM

Standard IGA Convergence Error

IGA + SBM (Dirichlet)
Convergence Error

1073

& 103 +
10-11 E; :::; 10_5 7
—~ Shifted Dirichlet Error
(p derivatives available —
£ 1077 1 Taylor expansion of orderp + 1)
9 e Convergence rate ~ hP*1
1077 1
—— p= 2 basis
—— p= 3 basis
i —=—=1yvel 2
107777 —=—=vel 3
i -—- vel 4
103 102

e :{‘ 2 l mesh
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COMPARISON STANDARD IGA AND IGA+SBM

Standard IGA Convergence Error

IGA + SBM (Complete)
Convergence Error

1073 4

b 107 10"1 _;
N e 10-2—; . -
- : Shifted Dirichlet Error
103 3 (p derivatives available —
IGA + SBM (Dirichlet) e Taylor expansion of order p+1)
Convergence Error 10 3
5 105 4 Shifted Neumann Error
? (p derivatives available —
10-5 ]_0—6_E .
ey Taylor expansion of order p)
§ 107 e £ 10—7 3 - Pp= 2 basis
al e SR f —— p= 3 basis Convergence rate ~ h?
i sonams 2078 -—- vell
s E -=- vel 2
. v 1079 3 --- vel 3

10-3 10-2

Gecko et
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Contact Mechanics: Brief Overview

Project title: Application of IBRA-type discretizations in implicit contact mechanics

dive + b = pit in Q x [0,T],
u=1up on FD X [0, T], Governing equations 000000000000
N (object 1,2,...,N)
oc-n=t on [, x [0,T].
gn(X, 1) 2 0, P (X,1) <0, Normal Contact Constraints

p7l(Xl t)gn(X; t) - 0

® = ||t;|| —ulp,| <0, v e1 + Bt; = 0, | Frictional Contact Constraints
B =0, ®p =0 (Coulomb)
Extra: o Re o D _IL\
Material/geometric nonlinearities . e T X i
o Thermal problem o
- Geclko  Adnesionilubrification,... (additional image source:
& https://me.bilkent.edu.tr/7-research/21-projects/348-isogeometric-computational-contact-mechanics-rta3/
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Contact Mechanics: Brief Overview

Problem: 1D contact between trusses

dive + b = pit in Q x [0,T],
> < )
u = uD on FD X [0; T]; Governing equations gn((§; lf)) _((; t) —0 Pn (Xr t) - Or Normal Contact Constraints
) (object 1,2,...,N) Pt U Gn{ A, L) = 7.
oc-n=t on [, x [0,T].
f1 f2
PR D — > S— < —F—
@ In | @
= Ul = Up u=upls = u=up =
or or or
on=F G- =T o=
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Contact Mechanics: Brief Overview

Constraint enforcement: Lagrange and Penalty methods for the frictionless model

Hyp. Linear Elasticity Governing Equations: 9I1 = 0

Contact Governing Equations: 911¢ =
Mne=m+1 re

e
m 11 nir

- - -

h u h u h

General formulation A i

P
7D
O
Sk
73 7

©.  Design for IGA-type
& discretization workflows

Lagrange formulation Penalty formulation




IGA + SBM: Contact Discretization

Physical space |:> Parameter space 1 Parameter space 2
1 2
] L STANDARD IGA
X Xeq Xe
| 1 2 'fll fZI
Physical space |:|'> Parameter space 1 Parameter space 2
1 2 gc,l gc,z
I I I I | I I I l |
I | | | | | | | . — IGA + SBM
X o 5
— Xe1 Xe2 51| le
g 0 SBM: Modified condition at shifted boundary trough Taylor Expansion
e G In(X) = gno + (U2(xc2) —ug(xc1)) 1 ul(xc,l) = ul(%c,l) + Vul(%c,l) : (xc,l - ’ic,l) + ..

X, Design for I1GA-type
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uz(xc’z) = uz(fxvc’z) + Vuz(fxvc’z) . (xc’z - %C,Z) + ...




Testing: MANIFACTURED SOLUTIONS

Desired solution: u,(x), u,(x), F~- qgiven

Distributed load (internal forcing)

0.10 A N e —== true sol
E; = const A; = const g N
— — 2 ’ 1
fi=—0x(E 0w) Ty fi=—Eiluhil———) fi,=—-AEd%y / |
0.08 A u. :
1 /
/ I
] |
/
/ 1
Concentrated load (Neumann Condition if not contact boundary) 0.06 - i :
A = const '/l : In
L
Ei Ou; n=fo; > F, = AE; Oyu; - n 5 / !
0.04 - ¥ I
/ I
: l
/
Imposed Displacement (Dirichlet Condition) 0.02 4 7 - y
3 / -‘s\ 2
/ o
u; = u;(xp) onIjp i =
0.00{ ' T
Contact condition =g

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Gecko fo1Ay =Fy — Fc & G54, =F, + F¢ :

In = uy(Ly) — u(0)
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COMPARISON STANDARD IGA AND IGA+SBM

0.10 A

0.08 A

0.06 -
!

0.04 4

0.02 4§

0.00

—== true sol

<

u

0.100 -

0.075 A

0.050

0.025

0.000

—0.025 4

—0.050 A

—_p= 1
—_p= 2
— p= 3
—=—=- true sol

STAN DARD IGA- 00 05 10 1.5T 20 z.sl 30 35 40 00 05 1.'03 klf;Otz.':Spazf;S 30 35 40
CONVERGENCE e

0.10 4 —p= 1 0.10 4 —p= 1
—p= 2 — p= 2
: — p= 3 — p= 3
0.08 : === true sol 0.08 —== true sol
i
0.06 H 0.06
1
.-CI i .CI
? 0,041 - > 0.04 1
1
1
1
0.02 L 0.02 4
G W 0.00 0.00 -
Design for 1GA-type 00 05 10 15 20 25 30 35 40 0 1 2 3 4
discretization workflows x

20 knot spans 50 knot spans




err

COMPARISON STANDARD IGA AND IGA+SBM

Standard IGA

102

10—4 .

1078 1

10—8 .

1010 4

10—12 -

- -—- vel 4

102
mesh
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err

1074 4
1075 5
1076 4

1077 4

IGA + SBM (Lagrange)

—— p= 1 basis

—— p= 2 basis

—— p= 3 basis

===yel
-=- vel 2
-=- vel3

mesh

1072

err

10-1;
10—2;
10—3£
10—4;
10-5;
10-5;

1077 3

p= 1 basis
—— p= 2 basis
—— p= 3 basis
-=-=- vell
-—- vel 2
-—-- vel 3

mesh

102




DC3 — Close term development plan

Application of IBRA-type discretizations in implicit contact mechanics

Supervisors: Riccardo Rossi, Alejandro Cornejo Velazquez

Upcoming steps

» Understand available CM application in Kratos I<RAT’...
N
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« Develop an IGA contact mechanics application in
2D

« Extend the analysis with the Shifted Boundary
Method
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Thank you!
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