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8.0 INTERFACES

8.1 I ntroduction

Interfaces solve the contact and impact conditioetsveen two parts of a model. Contact-impact problare
among the most difficult nonlinear problems to sols they introduce discontinuities in the veloditge
histories. Prior to the contact, the normal velesitof the two bodies which come into contact aseequal,
while after impact the normal velocities must basistent with the impenetrability condition. In teeme way,
the tangential velocities along interfaces are atiiouous when stick-slip behavior occurs in foctimodels.
These discontinuities in time complicate the in&igin of governing equations and influence perforceaof
numerical methods.

Central to the contact-impact problem is the coodibf impenetrability. This condition states thmddies in

contact cannot overlap or that their intersectemains empty. The difficulty with the impenetratyilcondition

is that it cannot be expressed in terms of dispheces as it is not possible to anticipate whictigpaf the bodies
will come into contact. For this reason, it is cenient to express the impenetrability conditiomirate form at
each cycle of the process. This condition can beemras:

— A B
Vn=Vy—Vy <O EQ.8.1.0.1

on the contact surface. common to the two bodies.

V,/\]\ and Vﬁ are respectively the normal velocities in the tlwodies in contact. ), is the rate of

interpenetration.
EQ. 8.1.0.1 simply expresses that when two bodiesira contact, they must either remain in contau a
Yy =0, or they must separate ang, <O.

On the other hand, the tractions must observe #ianbe of momentum across the contact interfaces Th
requires that the sum of the tractions on the tadiés vanish:

th+ty =0 EQ.8.1.0.2
Normal tractions are assumed compressive, whictbeastated as:
t, =ty =-t5 <0 EQ.8.1.0.3

EQ 8.1.0.1 and EQ. 8.1.0.2 can be combined inglesiequation stating that, )\, = 0. This condition simply
expresses that the contact forces do not creatk. Wothe two bodies are in contact, the interpeatén rate
vanishes. On the other hand, if the two bodieseparatedy,, <0 but the surface tractions vanish. As a resuilt,
the product of the surface tractions and the itegpration rate disappear in all cases.

If we notice that the impenetrability conditioneispressed as an inequality constraint, the comditio
tyyn =0 EQ. 8.1.0.4

can also be seen as the Kuhn-Tucker condition Bsedcwith the optimization problem consisting in
minimizing the total energy (EQ. 2.10.0.5) subjecthe inequality constraint 8.1.0.1.

In practice, the solution to a contact problem ésita three steps:

« First, it is necessary to find for each point thpsénts in the opposite body which will possibly
come into contact. This is the geometrical recagniphase.

» The second phase is to check whether or not thiebade in contact and, if the bodies are in
contact, if they are sticking or slipping. Thisgstaeakes use of the geometrical information
computed in the first phase.

* The last step will be to compute a satisfactoryestd contact.
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The geometrical recognition phase is dependenhenype of interface. This will be discussed belowarallel
with the description of interfaces. On the othendhastructural problems with contact-impact comaisi lead to
constrained optimization problems, in which theeahtiye function to be minimized is the virtual pavesibject

to the contact-impact conditions. There are conweatly two approaches to solving such mathematical
programming problems:

e the Lagrange multiplier method
e the Penalty method.
Both methods are used RADIOSS,

8.1.1 Lagrange Multiplier Method

Lagrange multipliers can be used to find the extrenof a multivariate functionf (Xi, Xz,...,xn) subject to the
constraintg(xl, XQ,...,Xn) =0, wheref andg are functions with continuous first partial detivas on the open

set containing the constraint curve, dng # O at any point on the curve (wheké is the gradient).

To find the extreme, we write:

df—idx1+ﬂd +. +idxn 0 EQ.8.1.1.1

Xl axz n

But, becausg is being held constant, it is also true that

og dg dg
d dx, +—=dx, +...+—=dx_ =0 EQ.8.1.1.2
9= 0x, % ox, - ox, Q

So multiply EQ. 8.1.1.2 by the as yet undetermipachmeterd and add to EQ. 8.1.1.2,

O 199 | +[ 94 199 o .+ 94 299 |4k =0 EQ.8.1.1.3
o o, ox,  0x, ox, — 0x,

Note that the differentials are all independent,agy combination of them can be set equal to O thed
remainder must still give zero. This requires that:

of Jg
—+A d 0 EQ.8.1.1.4
[axk axkj o °

for all k = 1, ...,n, and the constan#l is called theLagrange multiplier. For multiple constraintsg, =0

9,=0, ..,

Of =A0g, +A,0g, +... EQ.8.1.1.5

The Lagrange multiplier method can be applied tatact-impact problems. In this case, the multivaria
function is the expression of total energy subgttethe contact conditions:

f(xl,xz,...,xn)E I7(X, X, X) EQ.8.1.1.6

9%, %%, ) = Q(X, %, X) =0 EQ.8.1.1.7
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where X, X, X are the global vectors of d.o.f. The applicatidrLagrange multiplier method to the previous
equations gives the weak form as:

Mx+ f, - f,,+LA=0 EQ.8.1.1.8

with Lx =b EQ.8.1.1.9

This leads to:

ol

The Lagrange multipliers are physically interprededsurface tractions. The equivalence of the rieatifirtual
power principle with the momentum equation, thecttom boundary conditions and the contact cond#ion
(impenetrability and surface tractions) can belga&monstrated [28].

It is emphasized that the above weak form is aguabty. In the discretized form, the Lagrange nplir fields
will be discretized and the restriction of the nafnsurface traction to be compressive will resutinf
constraints on the trial set of Lagrange multigier

8.1.2 Penalty method

In the solution of constrained optimization probggnpenalty methods consist in replacing the comsda
optimization problem with a sequence of unconsadinptimization problems. The virtual power conéguo
be minimized so as to find the stationary condijtiout a penalty term is added to EQ. 2.10.0.5 s &mpose
the impenetrability condition:

Q= f,O(/)(VN )dr EQ.8.1.2.1
LS

where:
¢(yy)=0if y, =0
¢lyy)>0if y, <0

P is an arbitrary parameter known as the penaltgrpater. The penalty functio@ is an arbitrary function of

the interpenetration and its rate. It is emphasthetithe weak form, including the virtual powedahe penalty
term EQ. 8.1.2.1 is not an inequality form. Theaggnfunction will be defined in the descriptioniaterfaces.

8.2 Interface overview

There are several different interface types avhilai RADIOSS. A brief overview of the differentdgs and
their applications is shown below.

01-Jan-2017 5
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I nter face Descriptions
Type |Description
1 Tied contact (boundary) between an ALE part ana@gréangian part.

2 Tied contact.
3 Used to simulate impacts and contacts on shelkalid elements. Surfaces should be simply convex.

Used to simulate impacts and contacts between gemssrface and a list of slave nodes. Best s
for beam, truss and spring impacts on a surface.

6 Used to simulate impacts and contacts betweenitigsurfaces.

7 A general interface that removes the limitationsypes 3 and 5.

8 | Drawbead contador stamping applications

9 ALE lagrange with void opening and free surface.
10 | Tied after impact with or without rebound.
11 | Edge to edge or line to line impact.

Connects 2 fluid meshes with free, tied or periapitons
ALE or EULER or LAG/ ALE or EULER or LAG.

12

14 | Ellipsoidal surfaces to nodes contact.
15 | Ellipsoidal surfaces to segments contact.

18 | Coupling between a Lagrangian material and an Alzfenmal.

General contact interface.
19 | Node to segment contact and Edge to Edge contact.
Equivalent to one interface type 7 + one interfape 11.

Single surface, surface to surface with optionajdeth Edge contact.

20
No time step condition with soft penalty

21 | Specific interface between a non-deformable mastdace and a slave surface designed for stamping

Each of these interfaces was developed for a spegplication field. However, this applicationlfies not the
only selection criteria. Some limitations of théfelient algorithms used in each interface can détermine the
choice.

The algorithm limitations concern mainly the seaofithe impacted segment. This search may be peedr
directly (type 7, 10, and 11 interfaces), or vigearch of the nearest node (type 3, 5, and 6 aues).

Apart from the limitation of the nearest node shasome limitations exist for the choice between shgments
connected to the nearest node. These limitatiamgharsame for type 3, 5 and 6 interfaces.

Type 3, 5 and 6 interfaces also have some limitataue to the orientation of the normal segment.

Type 7 interface was written to emulate type 3 aiterfaces without algorithm limitations. Withighinterface,
each node can impact one or more segments, orslueth, on the edges or on the corners of the segnigme
only limitation to this interface concerns high iagp speed and/or small gap. For these situatianntbrface
will continue to work properly, but the time stegncdecrease dramatically.

Types 3, 5 and 7 interfaces are compatible witlRRAIDIOSS kinematic options.
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Type 1 interface is a special option used withdselements to provide mesh transition. Type 1 fater is used
to connect a Lagrangian and an A.L.E. mesh.

Type 2 interface is used to connect a fine andaaseoLagrangian mesh.
All other interface types (3, 4, 5, 6 and 7) aredu® simulate impacts and contacts.

A node may belong to several interfaces.

8.2.1 Surface (Segment) Definition

Surfaces or segments may be defined in differeysywdepending on the type of element being usedaFour
node three dimensional shell element, an elemensegment.

Figure8.2.1 Shell Elements Segment

n4 n3

n2

For a brick element, a segment is one face of tiod.b

Figure 8.2.2 Brick Element Segment

For a two dimensional element, a segment is oree sid

Figure 8.2.3 2D Element Segment

z nl n2

L.,
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8.3 Tied interface (type 2)

Refer to Chapter 6 ‘Kinematic Constraints’ for dailed description.

8.4 Auto contacts

8.4.1 Introduction

The physics of contacts is involved in various gimaana, such as the impact of two billiard ballg, thntact
between two gears, the impact of a missile, thehcadd a car, etc. While the physics of the conitzetf is the
same in all these cases, the main resulting phema@e not.

In the case of billiard balls, it is the shock itsat is important and it will then be necess&wysimulate
perfectly the wave propagation. In the case ofgetis the contact pressure that has to be etedyarecisely.

The quality of these simulations depends mainly tbe quality of the models (spatial and temporal
discretization) and on the choice of the integraicheme. In structural crash or vehicle crash Isitioms, the
majority of the contacts result from the bucklinfgtubular structures and metal sheets. Modelingsthecture
using shell and plate finite elements, the physitshe contact cannot be described in a precise. Wag
reflection of the waves in the thickness is nottesgnl and the distribution of contact pressurdfdnthickness is
not taken into account. The peculiarity of the eotg occurring during the crash of a structure riese in the
complexity of the structural folding and the imgort number of contact zones than in the descripfothe
impact or the contact itself.

During a contact between two solid bodies, theamarfin contact is usually continuous and only $ljgturved.
On the other hand, during the buckling of a striestthe contacts, resulting from sheet folding, many and
complex. Globally, the contact is no longer betweeo identified surfaces, but in a surface impagtm itself.
The algorithms able to describe this type of canéae “auto-impacting” algorithms. Especially adapto shell
structures, they still can be used to simulatdrtigact of the external surface of a solid (3D elethen itself.

The main capabilities of the auto-contact can lmarsarized by the following functionalities:

- capacity to make each point of the surface impagtself

- capacity to impact on both sides of a segmetdrfial and external)

- possibility for a point of the surface to be weddpetween an upper and a lower part

- processing of very strong concavities (will coetelfolding)

- reversibility of the contact, thereby authorizingfolding after folding or the simulation of aidpdeployment.

01-Jan-2017 8
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8.4.2 Modeling of contacts

The contacts occurring between two surfaces afigefelement mesh can be modelled in different ways
- Contact nodes to nodes

The contact is detected based on the criteria sthdce between the two nodes. After detection ofamd, a
kinematic condition or penalty formulation methog\yents the penetration attaining the rebound p@pib-
ball" formulation).

Figure 8.4.1 Contact nodes to surface

7l N contact body 1
= slave side

79 no

Contact body 2
— master side

The contact is detected based on the criteria sithdce between a group of nodes and a meshed esuffae
distance between a node and the surface of a tli@ngr quadrangular segment is evaluated, locally.

Symmetrized contact nodes to surface

The symmetrization of the previous formulation makepossible to model a contact between two sadaas
the group of nodes of the first surface can implaetsecond group and vice-versa.

01-Jan-2017 9
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Figure8.4.2 Contact edges to edges

This formulation makes it possible to model corddwttween wire framed structures or between edgigoe
dimensional structures. Contact is detected basedhe criteria of distance between two segmentss Th
formulation can also be used to describe in anaprate way the surface to surface contact.

Surface to surface contact

Several approaches can be used to detect the tbetacen two surfaces. If the two surfaces areiguegular,
the exact calculation of the contact can be comphek quite expensive. An approximate solution mayrade
by combining the two previous formulations. By exating all the contacts of nodes to surface, a$ agethe
edge to edge contacts, the only approximationdgtrtial consideration of the segment curvature.

8.4.2.1 Choice of aformulation for auto impact

In the case of a surface impacting on itself, pdéssible to use one of the previous formulatidreonsidering
certain specificities of the auto-contact. The choof a formulation will depend on two essentialetia: the
quality of the description of the contact and thbustness of the formulation. The selected fornuarabas to
provide results that are as precise as possildeniormal operational situation, while still workiitga satisfying
way in extreme situations. The node-to-node metpmlides the best robustness, but the quality ef th
description is not sufficient enough to simulateirealistic way those contacts occurring durirgglibckling of

a structure.

The node-to-surface contact is the best comprorkiseiever, it has some limitations, the main onengehat it
cannot detect contacts occurring on the edgessefjment. The most critical situation occurs whés lgads to
the locking of a part of one surface to anothersTghenomenon, being irreversible, might createlémant
behavior during the deployment of a structure (aidhag deployment). An example of a locking simmatis

shown in the above images. To correct this, itdssible to associate a node-to-surface formuldticen edge-
to-edge formulation.

01-Jan-2017 10



RADIOSSTHEORY Version 2017 INTERFACES

8.4.3 Algorithms of search for impact candidates

During the impact of one part on another, it isgdole to predict which node will impact on a cantaegment.
In the case of the buckling of a shell structuteshsas a tube, it is impossible to predict wheffedint contacts
will occur. It is thus necessary to have a fairgngral and powerful algorithm that is able to sedor impact
candidates.

The detail of the formulation of an algorithm, abbesearch for impact candidates, will depend endwoice of

the contact formulation described in the previobnapter. In a node-to-node contact formulations ihécessary
to find for each node the closest node, whose mlistés lower than a certain value. In the caséhefedge-to-
edge formulation, the search for neighboring eegtitoncerns the edges and not the nodes. Howeseshould

note that in some algorithms, the search for neghly edges or segments is obtained by a node rpityxi
calculation. Moreover, an algorithm designed torcedor proximity of nodes can be adapted in ortter
transform it into a search for proximity of segngeat even for a mixed proximity of nodes and segsen

It is possible to distinguish four main types odussh for proximity:
» direct search
» topologically limited search
» algorithms of sorting by boxes (bucket sort)
» algorithms of fast sort (octree, quick sort)

When using direct search, at each cycle the distécalculated from each entity (node, segmergektb all
others. The quadratic cost (N*N) of this algorithmakes it unusable in case of auto-contact.

8.4.3.1 Topologically limited search

In a simulation in fast dynamics, geometrical misdifions of the structure are not very importantirty one
cycle of calculation. It is then possible to corsideighborhood search algorithms using the inftionaof the
previous cycle of computation. If for a node theamest segment is known at the previous cycle, théen
possible to limit the search for this node to thgrsents topologically close to the previous one @agments
having at least one common node). Furthermoren iélgorithm based on the search of neighboring siésle
used, then the search may be limited to the nofithe&e segments connected to the previous closeks. no

Nt,

It remains however necessary to do a complete lsdxmfore the first cycle of calculation. We wilkalsee that
this algorithm presents significant restrictionattlimit its use to sliding surfaces (it cannot umed for auto-
impacting surfaces).

The cost of this algorithm is linear (N), excepitlae first cycle of computation, during which it gsiadratic
(N*N). The combination of this algorithm with onétbe two following is also possible.

8.4.3.2 Bucket sort

Sorting by boxes consists in dividing space inteady boxes (not necessarily identical) in which lodes are
placed. The search for closest nodes is limiteash® box and the twenty-six neighboring boxes. Tast of this
sorting is linear (N) for regular meshes. For itlag meshes, an adaptation is possible but itsestdecomes
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less interesting compared with the next solutidmis Three-dimensional sorting is of the same kiadae-way
sorting with direct addressing or needle sort.

2

5 e
4

4 jf\ 5 91 6
[eae

|l e <
o| W ~J

0 1 2 3 4 5

]

-

In order to limit the memory space needed, we fimint the number of nodes in each box, therebyingak
possible to limit the filling of those boxes thateaiot empty. In the two-dimensional example shabove,
nodes are arranged in the boxes as described ifoltbesing table. With this arrangement, the caltidn of
distances between nodes of the same box is naitdepn. On the other hand, taking into account tha@es of
neighboring boxes is not straightforward, espegimlithe horizontal direction (if the arrangemesnfirst made
vertically, as in this case). One solution is tesider three columns of boxes at a time. Anothértism, more
powerful but using more memory, would be for eack o contain the nodes already located there thlase
belonging to neighboring boxes. This is shown ia third series of columns in the following tablend@ this
sorting has been performed, the last step is toutzte the distances between the different nodes lbbx,
followed by the distance between these nodes avgktbf the neighboring box. In box 0,3 for examfifegen
distances must be calculated.

11-14, 11-3, 11-8, 11-12, 11-15, 11-16, 11-17, 8144-3, 14-8,
14-12, 14-15, 14-16, 14-17, 14-18.

Box | Nodes Nodes of the neighboring box
0,C 26 21

0,1 21 15({16(17(22(26

0,2 16 8 |11|12|14|15|17|21|22|26
0,3 11114 318 |1215|16|17|18

11 22 15{16(17({19(21|23|26

1,2 15|17 8 [11112(13|14|18|16|19|21|22|23
1,3 8| 1418|3 |5 |11/13({14|15|16({17|19

1.4 3 1|2 |5]1112(13|14|18

1.t 1 2 13 1|5

2,1 23 15|17(19|22

2,2 19 8 |9 |10(12|13|15|17|18|22|23
2,3 13 3 (5(8]9| 1012|15(17|18|19
2,4 5 112 (3|8]|9| 1012|1318
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In this example we have considered a search basewaeal proximity. It is possible to adapt thisaighm in

order to arrange segments or even edges in thesbibxeill be necessary however to reserve more angnior
a segment can overlap several boxes.

8.4.3.3 Quick sort

The octree is a three-dimensional adaptation dfdarting. Space is divided into eight boxes, each being
subdivided into eight boxes. In this way a treehweight branches per node is obtained. An alteraat the
"octree", closer to the quick sort, consists incessively dividing space in two equal parts, acogrdo
directions X, Y, or Z. This operation is renewed éach of the two resulting parts as long as segenents or
nodes are found in the space concerned. The maantadje to this algorithm, as compared to sortinfdxes

lies in the fact that its performance is affecteithrer by the irregularity of the mesh, nor by ttregularity of’
the model. The cost of this algorithm is logaritbrtiN*Log(N)).

Figure 8.4.3 Possible Impacts of Node n

3 ) All possible impacts :

n] - 82
Y nl - 83
A nl - §4 N
(A nl - ST (not retained)
’
[}
!

w’

In order to illustrate the 3D quick sort, let usisimer a search for node-segment proximity. At estep, space
is successively divided into two equal parts, adicgy to directions X, Y or Z. The group of nodestlisis
separated into two subsets. We thereby obtain e drganization with two branches per node. Aftechea
division, a check is made to determine whethefiteeof the two boxes must be divided. If so, itlwe divided

similar to the previous one. If not, the next biaig then checked. This recursive algorithm is idah to the
regular fast sorting one.
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The segments are also sorted using the spatiat. pie result of the test can lead to three pd#sdisi the
segment is on the left side of the pivot, on tlyltriside of the pivot or astride the pivot. In first two cases,
the segments are treated similar to the nodesnkhe third situation, the segment is duplicated placed on
both sides.

Among the different criteria that can be used ¢ she division are the following situations:
» the box does not contain any nodes
» the box does not contain any segments

» the box contains sufficiently few elements that tadculation of distance of all the couples is more
economical

* the dimension of the box is smaller than a threghol

8.4.4 Contact processing

After the choice of a good sorting algorithm, anfiatation for the handling of the contact has tsékected. One
can distinguish three techniques ensuring the ¢iondiof continuity during the contact:

» kinematic formulation of type master/slave.

In a contact node to segment, the slave node tits\@mmass and force to the master segment andetpment
transmits its speed to the node. This formulati®rparticularly adapted to an explicit integratiacheme,
provided that the nodes do not belong to a masgment. A node cannot be at the same time slavenaster.
This approach then cannot be used in the caset@fcantact.

» the Lagrange multipliers ensure kinematic contyaitcontact.

There is no restriction as in the previous formalabut the system of equations cannot be solvezhiexplicit
way. The Lagrange multiplier matrix has to be reeedrat each cycle of computation. In the case tofeontact,
the number of points in contact can become sigaii@nd this formulation then becomes quite expensi

» penalty methods do not ensure kinematic contadiragty, but they add springs at the contact spots.

The first advantage to this formulation is its matuntegration in an explicit code. Each contacireated like an
element and integrates itself perfectly into theleea@rchitecture, even if the programming is veatoand

parallel. Contrary to the kinematic formulatiortse fpenalty method ensures the conservation of mmeand

kinetic energy during impact.

The formulation used in RADIOSS is a penalty typenfulation. The choice of the penalty factor is ajon
aspect of this method. In order to respect kinesragntinuity, the penalty spring must be as rigichassible. If
the impedance of the interface becomes higherttnase of the structures in contact, some numerazdunds
(high frequency) can occur. To ensure the stabititythe integration diagram, without having additib
constraints, this rigidity must be low. With a tmwv penalty, the penetration of the nodes becornesstrong
and the geometrical continuity is no longer ensured

The compromise selected consists in using a stiffré the same order of magnitude than the stdfreéshe
elements in contact. This stiffness is nonlineaft imcreases with the penetration, so that a nodetiallowed to
cross the surface.

These choices provide a clear representation ofipslywithout numerical generation of noise, bujuiee the
contact stiffness in the calculation of the criesf stability of the explicit scheme to be taketoiaccount.

8.4.5 Contact detection

After identifying the candidates for the impactjsitnecessary to determine whether contact talee @nd its
precise localization. If for a formulation of notle node contact the detection of the contact isegeasy, it
becomes more complex in the case of a node to segmedge to edge contact. In the case of edgelge
contacts, a direct solution is possible if the segt® are planar. If not, it is better to triangelane of the
segments, which would then turn it into a nodeegrsent contact problem.
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The search algorithm for candidates is uncouplechfthe rest of the processing of the interfacess iEhnot the
case with regard to the detection, localization pratessing of the contact. These last three tsigksficantly
overlap with each other so we will limit ourselteghe processing of the contact by penalty forpdicity.

In the case of contact between two solid bodiesateabwith 3D finite elements, contact can only talece on
the segments of the external surface. This exteaurdhce has a certain orientation and the impbatrade can
come only from the outside. Most of the node-tdeee contact algorithms use this orientation topdiiiy
detection of contact. In the case of impact of a-thmensional structure modeled with shell or pititée
elements, contact is possible on both sides oétinice.

For an oriented surface, it is necessary to considietacts of the positive dimension side of théaze on itself,
contacts of the negative dimension side on itself] the contact of the “positive” side on the “rtege one.

This last situation, which is quite rare, can odouthe case of a surface rolled up into itselfloring the impact
of a twisted surface.

8.4.5.1 Node to segment contact

The use of a "gap" surrounding the segment is aneaf providing physical thickness to the surfand enakes
it possible to distinguish the impacts on the topw the lower part of the segment. The contaetctsvated if
the node penetrates within the gap or if the digtefrom the node to the segment becomes smalleitiieagap.

To calculate the distance from the node to the sagmve make a projection of this node on the segraprd
measure the distance between the node and thefaujeoint.

The projected point is calculated using isoparaimemordinates for a quadrangular segment and batsic
coordinates for a triangular segment. In the cdsang quadrangular segment, the exact calculatfothese
coordinates leads to a system of two quadraticteansathat can be solved in an iterative way. Tivsibn of
the quadrangular segment into four triangular segsnmakes it possible to work with a barycentriordinate
system and gives equations that can be solved amalytical way.

From the isoparametric coordinateg)(of the projected poinf\j), we have all the necessary information for the

detection and the processing of contact. The mrlatheeded for the determinationsaindt are as follows: the
vector NiNs is normal to the segment at the pdiif and the normal to the segment is given by theovied
product of the vectors andti.
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Hi=(1-s)(1-t)/4

H2=(1+s)l-t)/4

H3=(1+s)1+t)/4

H4=(1-s)(L+t)/4

ONi =H1ON1+H20N2+ H30N3+H40N4
Si = (1-t)NIN2+ (L+t)N4N3

fi = (1- )NINA+ (L+ ) N2N3

i = (i xTi) /(Si xTi)

NiNs = afii

After bounding the isoparametric coordinates betwee or -1, the distance from the node to the segrard
the penetration are calculated:

D = NiNs

P =maxQ0,Gap- D)

A penalty force is deducted from this. It is apglt® the nodeéNs and distributed between the four nodi4, (
N2, N3, N4) of the segment according to the following shapefions:

8.4.5.2 Edge to edge contact

The formulation of edge-to-edge contact is simitathat of node-to-segment contact. The gap sudiogreach
edge defines a cylindrical volume. The contactetedted if the distance between the two edges @lanthan
the sum of the gaps of the two edges. The distsnten calculated as follows:

2NINi = (1- s)NIN3+ (1+ s)NIN4

[ \
D = ‘NlNi - \NlNi NIN2/N1IN 22)N1N 2‘

0D /ds=0
The force of penalty is calculated as in node-grgent contact. It is applied to the nodes N1, N2, N4 and

therefore ensures the equilibrium of forces and e
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8.5 Type 3 - Solid and Shell Element Contact - No Gap

The main use of this interface is with shell oidplates that are initially in contact.

There are no master and slave surfaces in thidante Each surface is considered as if it welawes

8.5.1 Limitations

The main limitations of type 3 interfaces are:
e The two surfaces should be simply convex.
» The surface normals must face each other.
* A node may not exist on the master and slave dide mterface simultaneously.
» Surfaces must consist of either shell or brick elets.

It is recommended that the two surface meshesddarewith a good aspect ratio. The interface daqukl be
kept small, if not zero.

There are some search problems associated witintargace.

Figure85.1 Surfaces 1 and 2 with Facing Normals

S

8.5.2 Computation Algorithm

The computation and search algorithms used for 8/@terface are the same as for type 5. Howeyee 8
interface does not have a master surface, soht@atigorithms are applied twice, one for each serfa

The surfaces are treated symmetrically, with atlesallowed to penetrate the opposing surface.ifftbeface
spring stiffness applies the opposing penetragaiuction force.

Figure 8.5.2 Contact Surfaces Treated Symmetrically

contact surface 1

contact surface
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Because the computation algorithm is performeddwéccuracy is improved over a type 5 interfacenéir,
the computational cost is increased.

The first pass solution solves the penetrationhefriodes on surface 1 with respect to segmentsiréace 2.
The second pass solves surface 2 nodes with regpsatface 1 segments.

8.5.3 Interface Stiffness

When two surfaces contact, a massless stiffnegstrisduced to reduce the penetration's nodes ofother
surface into the surface.

The nature of the stiffness depends on the typetefface and the elements involved.
The introduction of this stiffness may have consemes on the time step, depending on the intetfg@eeused.

The type 3 interface spring stiffneksis determined by both surfaces. To retain solustability, stiffness is
limited by a scaling factor which is user definedtbe input card. The default value (and recommenadéue) is
0.2.

The overall interface spring stiffness is deterrdibg considering two springs acting in series.

Figure 8.5.3 Interface Springs in Series

Surface 1
K1

K2
Surface 2

The equation for the overall interface spring sgfs is:
KK,

K=s—=
K, +K,

EQ.8.5.3.1

where s = Stiffness Scaling Factor. Default is 0.2.
K1 = Surface 1 Stiffness
K2 = Surface 2 Stiffness
K = Overall Interface Spring Stiffness

The scale factor, s, may have to be increased if:

K, <<K, or K, <<K;

The calculation of the spring stiffness for eactiane is determined by the type of elements.
For example:

1 S 10s
K, =—=K, implies K =—K K=—7+K
Ty , implies 11 , Or TR

8.5.3.1 Shell Element
If the master interface segment is a set of shedhents, the stiffness is calculated by:
K = 0.5sEt EQ. 8.5.3.2
where E is the Modulus of Elasticity
tis the Shell Thickness

The stiffness does not depend on the shell size.
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8.5.3.2 Brick Element
If the master interface segment is a set of brieknents, the stiffness is calculated by:

SBA?

K =05 EQ. 8.5.3.3

where B is the Bulk Modulus
A is the Segment Area
V is the Element Volume

Figure 8.5.4 Brick element

v

8.5.3.3 Combined Elements
If a segment is a shell element that is attacheleadace of a brick element, the shell stiffnesssed.

8.5.4 Interface Friction

Type 3 interface allows sliding between contacfemes. Coulomb friction between the surfaces is etfied.
The input card requires a friction coefficient. Mdue (default) defines zero friction between thedaces.

The friction on a surface is calculated by:
. K—
T EQ.8.5.4.1

where K = Interface Spring Stiffness

C,C, = contact node displacement vector
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Figure8.5.5 Coulomb Friction

Node N

GAP

Co= Contact point at timé

C;= Contact point at timé + At

Figure 8.5.6 Friction on interface type 3

First impact
M ater

Ks

.1._Slave node

Gap

The normal force computation is given by:
F =K,P EQ. 8.5.4.2
where K = KO[GiJ
Gap-P
Ko is the Initial interface spring stiffness (asype 5)
The tangential force computation is given by:

F. =KD EQ. 8.5.4.3
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where K, = %

If the friction force is greater than the Iimititsguation,|Ft| > /1|Fn| , the frictional force is reduced to equal the

limit, || = £4F,|. and sliding will occur. If the friction is leskan the limiting condition)F, < £, the force
is unchanged and sticking will occur.

Time integration of the frictional forces is perfoed by:

IftnaN — Iftold +A|Et EQ.85.4.4

where AIEt = result from equation 8.5.4.1

Figure 8.5.7 Friction on type 3 interface

F
A

HF,

8.5.5 Interface Gap

Type 3 interfaces have a gap that determines whatact between two segments occurs. This gap is use
defined, but some interfaces will calculate an matic default gap. The gap determines the distémcerhich

the segment interacts with the three nodes. If @& rmaoves within the gap distance, such as nodexl12a
reaction forces act on the nodes.

Type 3 interface have a gap:
- only normal to the segment, as shown in FigubeB3.

- on the contact side of the segments, which itnddfby the surface normal. The size of the gajnddffor
certain interface types is critical. If the gapgas small, the solution time step may be dramdticaduced or
a node may move across the entire gap in one tiepe However, if the gap is too large, nodes nsbeisited
with the direct contact may become involved.

Figure 8.5.8 Interface Gap

.................... dﬁNT
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8.5.6 Interface Failure Examples

There are a number of situations in which typeedneints may fail. A couple of these are shown below.

Care must be taken when defining contact surfaédsslarge deformation simulations. If the normafidigions
of the contact surfaces are incorrect, node petm@trevill occur without any reaction from eitherrface.

Figure 8.5.9 Improper Normal Direction

INITTIAL

DEFORMED DEFORMED

- THIS NODE IS CONSIDERED
WORKS TO HAVE PENETRATED WHEN
DISTANCE BECOMES SMALL

Referring to Figure 8.5.9, the first situation sisothe mesh deforming in a way that allows the nigrabe
facing each other. However, in the second casejef@mation moves two surfaces with normals alirfg the
same direction, where contact will not be detect@dge rotations can have a similar effect, as showFigure
8.5.10.

Figure 8.5.10 Initial and Deformed Mesh (Before Impact)

—

LI L2,

INITTAL DEFORMED

Kinematic motion may reposition the mesh so thatmads do not correspond. It is recommended thasiples
impact situations be understood before a simulas@ttempted.
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8.6 Type 5 - General Purpose Contact

This interface is used to simulate the impact betwa master surface and a list of slave nodesh@srsin
Figure 8.6.1.

The penetration is reduced by the penalty method.

Another method is possible: Lagrange multipliersit Bpatial distribution force is not smooth and uoes
hourglass deformation.

This interface is mainly used for:
e Simulation of impact between beam, truss and sprodgs on a surface.
e Simulation of impact between a complex fine mesth@simple convex surface.

* Areplacement for a rigid wall.

8.6.1 Limitations

The main limitations of type 5 interface are:
* The master segment normals must be oriented frerméwster surface towards the slave nodes.
» The master side segments must be connected tosdahtll elements.
* The same node is not allowed to exist on both thsten and slave surfaces.
e Some search problems (refer to the problems A1BR1B3, C1, and D1 in chapter)

It is recommended that the master surface meshkdwdar, with a good aspect ratio and that a smatkeco gap
be used to detect penetration.

Figure8.6.1 Surface 1 (nodes) and surface 2 (segments)

bi

Master surface

8.6.2 Computation Algorithm

The computation and search algorithms used for Sypee the same as for type 3. Refer to Chapte2.8.5

8.6.3 Interface Stiffness

When two surfaces contact, a massless stiffnegstrisduced to reduce the penetration's nodes ofother
surface into the surface.

The nature of the stiffness depends on the typetefface and the elements involved.
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The introduction of this stiffness may have consgmes on the time step, depending on the intetfgecused.

For a type 5 interface, the spring stiffnésss determined by the master side only. The stféngcaling factor
default value (and recommended value) is 0.2.

For a soft master surface material and stiff skwdace, the stiffness scaling factor should beeiased by the
elastic modulus ratio of the two materials.

The calculation of the spring stiffness’ is the saams in a type 3 interface.
If a segment is a shell as well as the face oklglement, the shell stiffness is used.

The overall interface spring stiffness is deterrdibg considering two springs acting in series.

Figure 8.6.2 Interface Springs in Series

Surface 1
K1

K2

Surface 2

The equation for the overall interface spring sgfs is:
KiK,
K+K,

K=s EQ. 8.6.3.1

where s = Stiffness Scaling Factor. Default is 0.2.

K1 = Surface 1 Stiffness

K2 = Surface 2 Stiffness

K = Overall Interface Spring Stiffness
The scale factor, s, may have to be increased if:

K, <<K, or K, <<K;
The calculation of the spring stiffness for eactiae is determined by the type of elements.
For example:
10s

1 s
K, =—K, impliesK =—K_ or K="—"K
17y e MPeS R T e 11

8.6.3.1 Shell Element
Refer to Chapter 8.5.3.1.

8.6.3.2 Brick Element
Refer to Chapter 8.5.3.2.

8.6.3.3 Combined Elements
Refer to Chapter 8.5.3.3.
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8.6.4 Interface Friction

Type 5 interface allows sliding between contacfemes. Coulomb friction between the surfaces is etfied.
The input card requires a friction coefficient. Maue (default) defines zero friction between thdeaces.

The friction computation on a surface is the samfoatype 3 interface. Refer to Chapter 8.5.4.
Darmstad and Renard models for friction are alsolable:

Darmstad law:

u=C, &) p? +C, &%) p+c, @ EQ.8.6.4.1
Renard law:
u=C, +(C, —Cl)EI\L [Ez—i] it v O[0,C,] EQ.8.6.4.2
CS CS

2
u=C,- (C3—C4)[EV_C5J [Es—zg\ij it vV O[C,,C,]

p=C,—— itV >C,

where,C, = 14,C, = 4,

CB = :umax’ C4 = :umin
CS :V CG :Vcrz

crl

Possibility of smoothing the tangent forces vidltert
AF, =a [F +(1-a)F? EQ.8.6.4.3

where the coefficier depends on the filtr flag value.

8.6.5 Interface Gap

Refer to Chapter 8.5.5 for type 3 interface.

8.6.6 Interface Algorithm

The algorithm used to calculate interface intetacfor each slave node is:
1. Determine the closest master node.

2. Determine the closest master segment.

3. Check if the slave node has penetrated the msegenent.

4. Calculate the contact point.

5. Compute the penetration.

6. Apply forces to reduce penetration.

For more information, refer to Chapter 8.4.
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8.6.6.1 Detection of Closest M aster Node

The RADIOSS Starter and Engine use different methtoddetermine the closest master node to a pkaticu
slave node.

The Starter searches for the master node with thémam distance to the particular slave node. Thegike
carries out the following algorithm, referring t@ére 8.6.3.

Figure 8.6.3 Search Method

Nt

Ntl ...;....V.A....<.......,..A.V..,..............A...”

1. Get the previous closest segmeptt&node N at timert
2. Determine the closest nodey,Nb node N which belongs to segment S
3. Determine the segments connected to nodé1S;, S and 3).

4. Determine the new closest master nodg,tdinode N at time t1. The new master node musnbeto one of
the segmentseSS;, S or S.

5. Determine the new closest master segmensSSs and 3).

The Starter CPU cost is calculated with the follogvequation:
CPUstarter = a x Number of Slave Nodes x Numbéfadter Nodes

The Engine CPU cost is calculated with the follogvaguation:
CPUengine = b x Number of Slave Nodes

The algorithm used in the engine is less expersiNgt does not work in some special cases. Infei@u6.4, if
node N is moving from Nf} to N(t1) and then to N§), the closest master nodes arg add M. When the final
node movement to Njitis taken, the impact on segment S will not beected since none of the nodes on this
segment are considered as the closest master node.

Figure 8.6.4 Undetected Impact
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8.6.6.2 Detection of Closest M aster Segment

The closest master segment to a slave node N, shovwdgure 8.6.5, is found by determining a refern
quantity, A.

Figure8.6.5 Closest Master Segment Determination Method

N (slave node)

The A value for segment & given by:

A= (MB, xMB M8, x MB ) <0 EQ. 8.6.6.1
where R = Projection of N on plane (M185)

B1 and B = Tangential Surface Vectors along segmaradges.

The A value for segment$ given by:
A:(MI§3><MI52)(M§2><MI32)>O EQ. 8.6.6.2

where B = Projection of N on plane (M2Hz3)

The same procedure is carried out for all mastgmsats that node M is connected to.
The closest segment is the segment for which Anisrémum.

In some special cases (curved surfaces), it iSigedhat:

1. All values of A are positive.

2. More than one value of A is negative.

8.6.6.3 Detection of Penetration

Penetration is detected by calculating the voluimiae tetrahedron made by slave node N and theemaeties
of the corresponding master segment, as showrguré&i8.6.6.

For a given normal n, the sign of the volume shifyenetration has occurred.

01-Jan-2017 27



RADIOSSTHEORY Version 2017 INTERFACES

Figure 8.6.6 Tetrahedron used for Penetration Detection

VOLUME >0 —» NO PENETRATION

Figure 8.6.7 Negative Volume Tetrahedron - Penetrated Node

VOLUME <0 —» PENETRATION

8.6.6.4 Reduction of Penetration

The penetration, p, is reduced by the introductbra massless spring between the node, N, andahiaat
point, C.
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Figure 8.6.8 Forces Associated with Penetration

N =SLAVE NODE

C = CONTACT POINT

M; = ELEMENT CORNER NODES

m; = MASSES OF ELEMENT CORNER NODE S
K = SPRING STIFFNESS

p = PENETRATION

The force applied on node N in directide is:
F=Kp EQ. 8.6.6.3

whereK = Interface Spring Stiffness

Reaction forces 4 F,, s and R are applied on each master node (as shown in &ig.8) in the opposite
direction to the penetration force, such that:

F+F,+F+F,=-F EQ. 8.6.6.4

ForcesF (i = 1, 2, 3, 4) are functions of the positiortloé contact point, C. They are evaluated by:

F=—F EQ. 8.6.6.5

Ni(S,.t)

Z m
PILHERN
=1

J

whered, =

or more simply:

F = Ni(S t )|: EQ. 8.6.6.6

clc
where N = Standard linear quadralateral interpolation fioms
S and t = Isoparametric coordinates contact point
The penalty method is used to reduce the penetrafitus provides:
e Accuracy
* Generality
e Efficiency

» Compatibility

8.7 Type 6 - Rigid Body Contact

This interface is used to simulate impacts betweanrigid bodies. It works like type 3 interfacecept that the
total interface force is a user defined functiontibé maximum penetration. The input and computation
algorithms are the same as for type 3 interfacdss Thterface is used extensively in vehicle ocaiipa
simulations, eg. knee bolsters.
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8.7.1 Limitations

Some of the main limitations for this interface éygre:

» Surface 1 must be part of one and only one rigiibo

» Surface 2 must be part of one and only one rigiibo

« The interface stiffness (user defined function) mduce the time step.
Other limitations are the same as for type 3 iat§.

Figure8.7.1 Surfaces 1 and 2 with Facing Normals

~—

8.7.2 Interface Stiffness

When two surfaces contact, a massless stiffnegstrisduced to reduce the penetration's nodes ofother
surface into the surface.

The nature of the stiffness depends on the typetefface and the elements involved.

If a segment is a shell as well as the face okllement, the shell stiffness is used.

8.7.3 Interface Friction

Type 6 interface allows sliding between contacfemes. Coulomb friction between the surfaces is etfied.
The input card requires a friction coefficient. Malue (default) defines zero friction between thefaces. The
friction computation on a surface is the same asyfoe 3 interface (refer to Chapter 8.4.4).

8.7.4 Interface Gap

Refer to Chapter 8.4.5 for type 3 interface.

8.7.5 Time Step Calculation

The stable time step used for time integration 8qus is computed by:

At = O.L/M EQ.8.7.5.1
K

where M = min(Mrigid body 1 , M rigid body 2 )

K = Tangent of user force function
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Time stepAt is affected by the actual stiffness derived friamction f:

M
A< |—r EQ. 8.7.5.2
t'(p)
The functionf refers to a function number given in input and niesprovided by user.
8.7.6 Contact force
Figure 8.7.2 Specially suited for rigid bodies
RIGID BODY 1 N3 RIGID BODY 2
Q
b \ .
Q, (B
By N
_ — P +0y; IR
Fy = e £ (MAX pk||,qu”)) EQ.8.7.6.1

2p-2a

qu is the contribution to nodd ; of vector G, distributed on the segment penetrated by H@de

8.8 Type 7 - General Purpose Contact

This interface simulates the most general type aftacts and impacts. Type 7 interface has the \iitig
properties:

1. Impacts occur between a master surface anddd skive nodes, similar to type 5 interface.

2. A node can impact on one or more master segments

3. A node can impact on either side of a mastdaser

4. Each slave node can impact each master segxmaitef it is connected to this segment.

5. A node can belong to a master surface and @f sé&ve nodes, as shown in Figure 8.8.1.

6. A node can impact on the edge and corners adsiansegment. None of the previous interfacesvatis.

7. Edge to edge contacts between master and slgneesits are not solved by this interface.

8.8.1 Limitations

All limitations encountered with interface typesA3and 5 are solved with this interface.

It is a fast search algorithm without limitations.
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Figure8.8.1 Slave and Master Node Impact

Master surface

There are no search limitations with this interfaoacerning node to surface contacts. All possibletacts are
found.

There is no limitation on the use of large and $m@gments on the same interface. This is recomate il
have a good aspect ratio elements or a regular toedtain reasonable results; however, it is moblaigation.

There is no limitation to the size of the spriniffisess factor. The spring stiffness is much gretttan interfaces
3 and 5, with the default stiffness factor set 10. This is to avoid node penetrations larger ttiengap size,
removing problems that were associated with therdtiierfaces.

8.8.2 Interface Stiffness

When two surfaces contact, a massless stiffnéagr@gluced to reduce the penetration of one sunfiacke to the
other surface.

The nature of the stiffness depends on the typetefface and the elements involved.
The introduction of this stiffness may have consgmes on the time step, depending on the intetfgecused.

The interface spring stiffness calculation is rosenple as for types 3, 4 and 5. The initial séffs is calculated
using the methods for type 3 interfaces. Howeier dnitial penetration, the stiffness is givenafunction of
the penetration distance and the rate of penetratio

A critical viscous damping coefficient given on theput card Yisc) allows damping to be applied to the
interface stiffness.

F = f(p)+viscV2KM % EQ.8.8.2.1

The stiffness is much larger than the other int&s$ato accommodate high speed impacts with mingneelsing
of surfaces. The consequence of this is that destiambe step is calculated to maintain solutiorbitay.

8.8.3 Interface Friction

Type 7 interface allows sliding between contacfaaes. Coulomb friction between the surfaces is efied.
The input card requires a friction coefficient. Maue (default) defines zero friction between thdaces.

In type 7 interface a critical viscous damping ¢ioefnt is defined, allowing viscous damped sliding
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The friction on a surface may be calculated by tmethods. The first method suitable for contact ¢amigl
velocity greater thatnvs consist in computing a viscous tangential growth b

AF, =CV, EQ.8.83.1

In the second method an artificial stiffnessi&input. The change of tangent foreag-obtained the following
equation:

AF, =K J, EQ.8.83.2

where (5t is the tangent displacement.

The normal force computation is given by:

F,= KSP+C§ EQ. 8833

where K, =K, _Gap_
Gap-P
C=VIS,J2KM

Ko = Initial interface spring stiffness (as in type 5

VIS; = Critical damping coefficient on interface stifse(input)

Figure 8.8.2 Coulomb Friction

Node N
Fx

GA

CO0 = Contact Point at time t

C1 = Contact Point at time=1 + At
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Figure 8.8.3 Friction on type 7 interface - scheme

A )

Ks.—~ C P
<>
Gap
T 1
>_ _____

j 1 Vit

Ct

Vn

y

The tangential force computation is given by:

F, =min(FRIC* F, ,F,,) EQ.8.8.3.4

where F,, =C)V,

t

C=VIS. /2K M

F., = adhesion force

VIS; = Critical damping coefficient on interface friti (input)

If the friction force is greater than the limitisguation,

Ft‘ = ,u\ F.|. and sliding will occur. If the friction is leshan the limiting conditionF, < F, the force

is unchanged and sticking will occur. Note that fhietion coefficient 4 may be obtained by Coulomb,
Darmstad and Renard models as described in setoh

, the frictional force is reduced to equal the

F|> 4F,

limit,

Time integration of the frictional forces is perfoed by:

F™ = F% +AF, EQ. 8835

whereAlEt is obtained from EQ. 8.8.3.1 or EQ. 8.8.3.2.

Figure 8.8.4 Friction on type 7 interface

R
A

HF,
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8.8.4 Interface Gap

Type 7 interfaces have a gap that determines whatact between two segments occurs. This gap is use
defined, but some interfaces will calculate an matic default gap. Shown in Figure 8.8.2 is a saurhge 7
interface with three nodes in close proximity. Tap, as shown, determines the distance for whiels¢igment
interacts with the three nodes. If a node movekiwithe gap distance, such as nodes 1 and 2, sadotices act

on the nodes.

Figure8.8.5 Type 7 Interface Gap

o n3 (not impacted)

Gap n2

nl

Type 7 interface has a gap that covers both edgbe segments, as shown in Figure 8.8.5.

8.8.5 Time Step

A time step is calculated to maintain stability wheetype 7 interface is used.

P
The kinematic or interface time step is calculateng >0 by:

Gap-p
dp
dt

The stable time step or nodal time step is given by

At :\/% EQ. 8.8.5.2

where,M = Nodal mass

K= Z(Kimer + Ka) = Nodal stiffness

At . =0. EQ. 8.8.5.1

min

The time step used for the interface is the smalfi¢he two. If the interface spring stiffnessae igreat, the time
step can be reduced dramatically. If the two makgiinvolved in the contact are the same, the deifaterface

stiffness factor can be retained. This is the selsen modelling sheet metal. However, the stiffrfassor may

need adjustment if the two materials stiffnessyvano much; for example, steel and foam.
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8.8.5.1 M ethods to I ncrease Time Step

The time step can be altered by two different méshby altering the size of the gap and by incregasie initial
stiffness. Figure 8.8.6 shows three force-penetnatiurves for a type 7 interface. Both methods ghathe
nature of the stiffness which affects the time step

Figure8.8.6 Force - Penetration Curves

A Y I

Ks K, Ks

Ko Penetration

»

Gap 0 Gap 1

Using a larger gap size, curves 1 and 2 keep thee saitial stiffness; hence the initial time stepmains the
same. Since the impact slowing force is appliegr @vgreater distance, the stiffness is not changeduch, but
increases.

Increasing the initial interface stiffness, althbudecreasing the time step initially; will increake time step if
penetration is large.

8.8.6 Detection and Gap Size

A slave node can be detected near a master se@roendall directions, as shown in Figure 8.8.7.

The size of the gap can be user defined, but RABI@&tomatically calculates a default gap size, asethe
size of the interface elements. For shell eleméhé&scomputed gap is the average thickness. Fok bBlements
it is equal to one tenth of the minimum side length

8.8.7 Variable gap

By default the gap is constant on all master sedgnéithe variable gap option is activated, aeatént gap is
used for each contact taking into account the glyshickness on the master and slave sides.
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Figure 8.8.7 Variable gap

(not impacting)
slave

¢Gap master

Al

w

For shell elements, the master gap is equal tdhatieof the shell thickness. The slave gap is etpahe half of
the largest thickness of all connected shell elemen

For solid elements, the master gap is zero. Ifstage node is only connected to solid elementssldnee gap is
zero.

For beam or truss elements connected to the slade, the slave gap is one half of the square rotbteosection
area.

If a slave node is connected to different eleméstisll, brick, beam, and truss) the largest gapevad used.

The total gap is the sum of the slave and masies.gehe total gap cannot be smaller than a minirgam(user
input gap).

8.8.8 Gap correction for nodeswith initial penetration

Type 7 interface is very sensitive to initial peatibns. One method for solving the resulting peofs is to use
an automatic gap correction (INACTI = 5).

With automatic gap correction the effective gapdsrected to take into account the initial penérat The
correction is only applied to the initially pend&d nodes. If the node penetration decreases,dtnection is
reduced. The computed penetration is illustrateeiguire 8.8.8.

Figure 8.8.8 Corrected gap

t=t4

Initial
penetration

t=0

Initial
corrected
Initial gap

gap
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8.8.9 Penetration Reaction

Like the other interface types, type 7 has a spstiffness as a slave node penetrates the integiagdprevious
section). However, there are some fundamental rdifes in the determination of the reaction fokigure

8.8.9 shows a graph of force versus penetrati@araide on a master segment. This figure also shquictorial

diagram of node penetration and the associateégorc

Figure 8.8.9 Penetration Reaction Force

A Force

Gap  Penetration p

The reaction force is not a linear relation like @revious interfaces. There is a viscous dampinigiwacts on
the rate of penetration.

The force computation is given by:

F= KSP+CE EQ.8.8.9.1
dt
where K, =K, _Gap
Gap-P
C=VIS,/2KM

Ko = Initial interface spring stiffness (as in type 5
VIS; = Critical damping coefficient on interface stifge(input)

The instantaneous stiffness is given by:

2
K, =K, G¢2 EQ. 8.8.9.2
(Gap-P)
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Figure 8.8.10 Force - Penetration Graph

Force Computation in interface type 7
, Force -

K,

K, Penetration

-
L

P Gap

F
K, =K, Gap /(Gap— P)

= K, Gap* Gap - P

A critical viscous damping is required to be defiren the type 7 input card for both damping on gpeng
stiffness and for interface friction damping.

8.8.10 Force Orientation

Due to the gap on a type 7 interface extendingratdbe edges of a segment, the reaction forcesasarface
will be smooth. Figure 8.8.10 shows the reactiortde on a node at various positions around twoiridp
segments.
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Figure8.8.11 Force Orientation

Position 1 in Figure 8.8.11 shows the force actagjally from the edge of the segment. The sizéhefforce
depends on the amount of penetration. At posititimeZorce is normal to the segment surface. litipos3 two
segments intersect and their gaps overlap. Thétieshat each segment applies a force to the ,nodienal to
the respective segment, this may double the fancehe distance of gap overlap.

8.8.11 Interface hints

8.8.11.1 Main problem

One main problem remains namely:

* deep penetrations are not easily tolerated
They lead to high penalty forces and stiffnessi aonsequently to a drop in time step.
When such a problem occurs, you may see:

* avery small time step

* an infinite loop message (most likely due to diesrce)

* alarge contact force vector in animation
Deep penetrations (i.e. close to gap value) capmaeivoided in most car crash simulations.
They occur in the following cases:

» initial penetrations of adjacent plates

* edge impacts: wrong side contacts

» full collapse of one structural region

* rigid body impact on another rigid body or on fixealdes or on very stiff structures

» impact between heavy stiff structures

* high impact speed

« small gap
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The elastic contact force is calculated with thefalation:

F=k gp EQ.8.8.11.1
g-p)
With k= 0.5 STFAC *E * t

The elastic contact energy is calculated with grenfulation:
CE= kg(— p- gLnM] EQ.8.8.11.2
g

When node to element mid-plane distance is smigltar 16'° gap, the node is deactivated.
The maximum potential contact energy is:

elastic contact energy CE = 23 kg
Drastic time step dropping is mostly due to caskere node is forced into the gap region.

8.8.11.2 Remedies to the main problem

There are several ways to resolve this problem:

1- Increase Gap
Increasing the gap is the best remedy, but cheatkidninitial penetrations result from this.
2- Increase Stiffness

Increase STFAC dimensionless stiffness factor ovige an appropriate effective global stiffnessuea(v23
and up).

3- DT/INTER/DEL (Engine option)
Some nodes will be allowed to cross the impactefhee freely before penetration reaches (12)1@ap.
4- IDT/INTER/CST (Engine option)

Nodal mass will be modified to maintain time stemstant. This option should be avoided when rigidyb
slave nodes are slaves of a type 7 interface.

The initial penetrations are mostly due to diseadion and modelization problems.
They result in high initial forces that should h@@ed.
5 Modify geometry

New coordinates are proposed in the listing filedl initially penetrated nodes. These are therdioates used
in the automatic coordinate change option. Howetrgs, might not suffice. Several iterations are stimes
necessary. RADIOSS will create a fiReotDOA containing the modified geometry.

6- Reduce gap

When there are only small penetrations with a g@p,should be reduced; otherwise care shouldkentas this
will reduce potential contact energy.

7- Deactivate node stiffness

This solution is the simplest. It will generally tnonduly affect your results. For sake of precisiase this
option only for initial penetrations remaining afgeeometrical adjustments.

Edge contact problem
A special algorithm is developed for this purpose.

Modelization should eventually be adapted to prégénations where 2 nodes of an element move posife
sides of a surface.

For solid to solid contacts, the external closadieses may be used.
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8.9 Type 14 - Ellipsoidal surface to node contact

This interface simulates impacts between a hygarseidal rigid master surface and a list of slaagles. This
interface is used for MADYMO to RADIOSS coupling.

The hyper-ellipsoidal surface is treated as anygioal surface (hyper-ellipsoidal surfaces are mized only
for post-processing).

The interface allows user defined behavior.
- User defines total elastic force versus maximamegbration of nodes.

- A local friction coefficient is computed at eaithpacted node, depending upon elastic force cordpatéts
location by scaling the total elastic force by tokbowing factor: penetration of the node dividegl sum of node
penetrations.

- A local viscosity coefficient in the normal ditean to the surface is computed at each impactede no
depending upon this node's velocity or the compatastic force at its location.

It is also possible to only define a constant s&ffs factor, a constant friction coefficient oromstant viscosity
coefficient. A time step is computed to ensureifitgb

8.9.1 Type 14 interface: Hints

As the interface is defined as nodes impacting up@urface, impact cannot be detected if the mggbd
coarse. In general, use a mesh which size is fivger the lowest semi-axis of the master surface.

Figure8.9.1 No impact is detected

ST

The interface is designed to allow penetrationla¥es nodes. However, the contact algorithm doesenstire
that a node will not cross the ellipsoid when slgfinodes may slide along the ellipsoid until thaly cross the
ellipsoid, resulting in that the structure itselfly crossing the surface and contact force isamgér applied to it
(as shown in Figure 8.9.2, where perfect slidingassidered).

Increase interface stiffness or friction to avditproblem.
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Figure 8.9.2 Sliding until structure fully crosses surface

Intitial Velocity I I I

Contact force applied to

8.10 Type 15 - Ellipsoidal surface to segment contact

Type 15 interface between surfaces made up of 4-mod3-node segments and hyper-ellipsoids is altyena
contact interface without damping.

It applies to type 14 interface, especially whemitiesh is coarser than the ellipsoid size. Remethbéin such

a case, type 14 interface is able to compute loalityucontact forces even if it fails to find contaas shown
below.

Figure 8.10.1 No contact is detected

r-
i

Interface Type 14 :
No contact is detected between heel and coarse ohdistor

Interface stiffness is a non-linear increasing fiorcof penetration, computed in order to avoid gieations up
to half the ellipsoid:

K = Ko[ Depth

- where KO is an input stiffness factor.
Depth — Penetration
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Figure 8.10.2 Penetration is detected

Depth

P realizes maximum penetration
upon the element at tim

Penetration )
Fn normal force = K Penetration

A Kinematic Time Step is computed so that the el@rdees not cross the line Lt within one time step.
A friction coefficient m is input.
Interface takes into account sliding/rolling effect

Coulomb Friction condition is expressed as:

F. <mF, for each penetrated element

8.11 Type 16- Node to Curved Surface Contact

Interface type 16 will enable to define contactditons between a group of nodes (slaves) and &ecsurface
of quadratic elements (master part) as shown inrEi@.11.1 for a symmetric contact. The master pay be
made of 16-node thick shells or 20 node-bricks. Thgrange Multiplier Method (LMM) is used to applye
contact conditions. By the way that the LMM is used gap is necessary to be applied. Some applicatf
this interface are sliding contacts without gapsagear box modelling.

Figure 8.11.1 Node to curved surface contact in interface type 1
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8.12 Type 17- General Surfaceto Surface Contact

The interface is used in the modelling of surfagsirface contact. It is a generalized form of t§penterface
in which the contact on the two quadratic surfaaesdirectly resolved without needs of gap as tagrange
Multiplier Method is used (Figure 8.12.1). The aitis supposed to be sliding or tied.

Figure 8.12.1 Quadratic surface to quadratic surface contact

8.13 Some Common Problems

The following sections contain examples of some mom problems in the contact interfaces and solstion
overcome them.

8.13.1 Incorrect Nearest Master Node Found

If the interface surface is not simply convex, gimplified master node search may find an incorresrest
master node.

This problem occurs with interface types 3, 6 arfth&ster side only).

The solution to this problem is to use type 7 ifstes.

Figure8.13.1 Incorrect Master Node Found

—» : SLAVE NODE DISPLACEMENT
— : NEAREST MASTER NODE

M2
CROSS SECTION VIEW  n
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8.13.2 Incorrect Nearest Master Segment Found - B1

In some cases the nearest master node is not dedrteche nearest segment.
This problem can occur with interface types 3, 8 &fmaster side only).

The solution is to either use type 7 interfaceoarefine the mesh.

Figure 8.13.2 Wrong Nearest Master Segment 1

—» : NEAREST MASTER SEGMENT
——= : NEAREST MASTER NODE

S1 MO
MS
M7 A
M6
& \‘ Ml
S S
M4 M3 M2

CROSS SECTION VIEW

8.13.3 Incorrect Nearest Master Segment Found - B2

In some cases the nearest master node is not dedrteche nearest segment.
This problem can occur with interface types 3, 8 &fmaster side only).
The solution is to either use type 7 interfacetmnge the mesh (for initial mesh problem).

Figure 8.13.3 Incorrect Nearest Master Segment 2

— : NEAREST MASTER SEGMENT
—= : NEAREST MASTER NODE

TOP VIEW

8.13.4 Incorrect Nearest Master Segment Found - B3

If the angle between segments is less than 90 dggifee incorrect nearest segment may sometimésibd, as
in Figure 8.13.4.

This problem can occur with interface types 3, 8 én

The solution is to use a type 7 interface or ttneethe mesh. With a finer mesh, the shape is dmeoot
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Figure 8.13.4 Master Segment Angle to Acute

—» : NEAREST MASTER SEGMENT
—= : NEAREST MASTER NODE

M5

CROSS SECTION VIEW

8.13.5Incorrect Impact Side- C1

A node can only impact on the positive side of gnsent for interface types 3, 6, and 5 (master sidihg
solution is to use a type 7 interface.

Figure 8.13.5 Wrong Normal Direction

—» :NODE DISPLACEMENT
—4> : NODAL FORCE

S1
o positive side
n
l M1 M2
O
\1 WRONG FORCE
o
\ LL

CROSS SECTION VIEW

8.13.6 No Master Node Impact - D1
With type 5 interface, only slave nodes impact maségments; master nodes cannot impact slave segme

This can be solved by either inverting the slave araster sides, or by changing the type of interféaterface
types 3 and 7 will solve this problem adequately.
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Figure 8.13.6 Master Node Penetration

—» : DETECTED IMPACT
—— : UNDETECTED IMPACT

CROSS SECTION VIEW

01-Jan-2017 48



