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6.0 KINEMATIC CONSTRAINTS

Kinematic constraints are boundary conditions #rat placed on nodal velocities. They are mutuailyiusive
for each degree of freedom (DOF), and there cay lmmlone constraint per DOF.

There are seven different types of kinematic ceists that can be applied to a model in RADIOSS:
1. Rigid Body

2. Initial static equilibrium

3. Boundary Condition

4. Tied Interface (Type 2)

5. Rigid Wall

6. Rigid Link

7. Cylindrical Joint

Two kinematic conditions applied to the same nodg tre incompatible.

6.1 Rigid Body

A rigid body is defined by a master node and isoagted slave nodes. Mass and inertia may be addéxd
initial master node location. The master node éntmoved to the center of mass, taking into accthentaster
node and all slave node masses. Figure 6.1.1 stiovdealized rigid body.

Figure6.1.1 Idealized Rigid Body

Input master node ____
localization

N\ Rigid body center of mass

6.1.1 Rigid body mass

The mass of the rigid body is calculated by:

m=m" +> m EQ.6.1.1.1
|

The rigid body's center of mass is defined by:

X

M M (|

m"x" +> 'm'x

6= Z EQ.6.1.1.2
m
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o _ mMyM +Zm|y|
m

EQ. 6.1.1.3

y

M M IS5l
o _m'Z"+> m'z
m

y EQ.6.1.1.4

where
m" is the master node mass

m' are the slave node masses

x®, yG , ¢ are the coordinates of the mass center.

6.1.2 Rigid body inertia

The six components of inertia of a rigid body avenputed by:
L= 2 m (= yoF (-2 e Sy - voF (e - 2] Jeo 6221
1, =J5 +m" ((xM -x. ) +(z, _ZG)2)+iZIiW+mi((Xi -x )\ +(z —zG)Z) EQ.6.1.2.2
1 =3t (o = f o = ve P Lm0 ) o 6222
=3+ {(x, = x5) + (v = ¥e) )+i2"w—mi((>s %) +(y-ve) ) EQ 6124
e =3+ m* (v~ ve) + (2 - 2) )+Zi)|‘yz—mi((yi ~ve) +(z-2) ) EQ 6125

l,=JM +m“"((xM -xs) *+(z, - z) )+Zlixz—m‘((>g -x) +(z - z) )EQ. 6.1.2.6

where |;; is the moment of rotational inertia in thalirection. JijM is the master node added inertia.
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6.1.3 Rigid body force and moment computation

The forces and moments acting on the rigid bodycaleulated by:

F=F"+) F EQ. 6.1.3.1

M=M"+>M'+> SGxF' EQ.6.1.3.2

where
F™ is the force vector at the master node
F' is the force vector at the slave nodes
MM is the moment vector at the master node
M ' is the moment vector at the slave nodes

G is the vector from slave node to the center ofsmas
Resolving these into orthogonal components, trealimnd rotational acceleration may be computed as:

Linear Acceleration

F
= EQ. 6.1.3.3
m
Rotational Acceleration
I1a1 = Ml—(l3—lz)a2a3 EQ.6.1.3.4
Izaz = MZ_(I1_|3)6"10“3 EQ. 6.1.3.5
L, =M, = (1, -1, )a, EQ.6.1.3.6

where

li are the principal moments of inertia of the rigatily

a, are the rotational accelerations in the principaitia frame (reference frame)

G, is the rotational velocity in the principal inerframe (reference frame)

M; are the moments in the principal inertia framéefence frame)
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6.1.4 Timeintegration

Time integration is performed to find velocitiestbé rigid body at the master node:

V(t +Ej =|7(t —Ej+;7(t)At EQ.6.1.4.1

;{t +%j = J{t -%jm(t)m EQ.6.1.4.2

whereV is the linear velocity vector. Rotational veloeitiare computed in the local reference frame.

The velocities of slave nodes are computed by:

v =M + SGx@ EQ.6.1.4.3

@ =a EQ. 6.1.4.4

6.1.5 Rigid body boundary conditions

The boundary conditions given to slave nodes arer&d. The rigid body has the boundary conditianergto
the master node only.

A kinematic condition is applied on each slave nddeall directions. A slave node is not allowedhave any
other kinematic conditions.

No kinematic condition is applied on the masterenddowever, the rotational velocities are computea local
reference frame. This reference frame is not coiblpatvith all options imposing rotation such as ospd
velocity, rotational, rigid link.

The only exception concerns the rotational boundamyditions for which a special treatment is cafr@it.
Connecting shell, beam or spring with rotationfiséés to the master node, is not yet allowed either

6.2 Tied Interface (Type 2)

With a tied interface it is possible to connectdig a set of slave nodes to a master surface.

possible gap slave node

projection point

master surface

A tied interface (Type 2) can be used to connefihea mesh of Lagrangian elements to a coarse mesivam
different kinds of meshes (for example spring tellstontacts).
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Figure 6.2.1 Fine and coarse mesh

SLAVE SIDE
S
& 0. o J) ‘8
MASTER SIDE
\ T
S - - T

A master and a slave surface are defined in thefatde input cards. The contact between the twiaces is
tied. No sliding or movement of the slave nodealiswed on the master surface. There are no vaidsept
either.

It is recommended that the master surface hasraeoaesh.

Accelerations and velocities of the master nodescamputed with forces and masses added from &we sl
nodes.

Kinematic constraint is applied on all slave noddwey remain at the same position on their mastgments.

Tied interfaces are useful in rivet modeling, whitney are used to connect springs to a shell @ swsh.

6.2.1 Spotweld for mulation

The slave node is rigidly connected to the mastefase. Two formulations are available to describis
connection:

* Default formulation

e Optimized formulation

6.2.1.1 Default spotweld for mulation

When the flag is set to 0, the spotweld formulai®a default formulation:
* based on element shape functions.
» generating hourglass with under integrated elements
» providing a connection stiffness function of slanele localization.
» recommended with full integrated shells (master).

« recommended for connecting brick slave nodes tokbmaster segments (mesh transition without
rotational freedom).

Forces and moments transfer from slave to mastgqis described in Figure 6.2.2. :
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Figure 6.2.2 Default tied Interface (Type 2)

The mass of the slave node is transferred to treemaodes using the position of the projectiorthensegment
and linear interpolation functions:

mmaster = m:naster + mslave Dq)| (p) EQ- 6.2.1.1

where p denotes the position of the slave point 8hdis the weight function obtained by the interpalati
equations.

Figure 6.2.3 Transfer of slave node efforts to the master n¢88©Tflag=0)

e S: rr},!ave
e M:m

i
slave

R * ®i(P)

The inertia of the slave node is also transfereeithé master nodes by taking into account the mistd between
the slave node and the mater surface:

I_rinaster = Irinaster + (I dave + mslave Ddz)DcD| (p) EQ- 6.2.1.2

The termm,, . (0d* may increase the total inertia of the model espigcivhen the slave node is far from the
master surface.

The stability conditions are written on the mastedes:
Kmas,ter = Kmasler + Kslave chi (p) EQ.6.2.1.3

1/ rotation _ rotation rotation
Kmaster - Kmaster + (Kslave + Kslave

0d?) 00, (p)
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The dynamic equilibrium of each master node is gtedied and the nodal accelerations are compiitezh the
velocities at master nodes can be obtained andteghda compute the velocity of the projected péirity the
following expressions:

V;rans!ation — zvntjr;::a}tionq)i () EQ.6.2.1.4
Vprotation — an;ZséirOinq)i ) EQ.6.2.1.4

The velocity of the slave node is then obtained:

Vtrans!ation :thranslation +Vprotation D FS EQ. 6.2.1.5

save

rotation _—y 7 rotation
Vs| ave - VP

With this formulation, the added inertia may bewkrge especially when the slave node is far ftbenmean
plan of the master element.

6.2.1.2 Optimized spotweld for mulation

When the flag is set to 1, the spotweld formulai®an optimized formulation:

* based on element mean rigid motion (i.e. withouiteng deformation modes)

* having no hourglass problem

* having constant connection stiffness

» recommended with under integrated shells (master)

» recommended for connecting beam, spring and slh&k iodes to brick master segments
This spotweld formulation is optimized for spotwelat rivets.
The slave node is joined to the master segmenteatgr as shown in Figure 6.2.4.

Figure 6.2.4 Relation between slave node and master node

Slave
Node

e
\
\
1
\
\

Master
Master node barycenter Node 2
Node 1 of the segment

Forces and moments transfer from slave to mastens described in Figure 6.2.5. The force appiethe
slave nodeSis redistributed uniformly to the master nodesthis way, only translational mode is excited. The

momentM +CS F is redistributed to the master nodes by four fefesuch that:

F OAOCM, EQ.6.2.1.6
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> CcM,0F =M +CSOF

where A is the normal vector to the segment.

Figure 6.2.5 Optimized tied Interface (Type 2)

F1 "2

In this formulation the mass of the slave nodedsadly distributed to the master nodes. In confoymyith
effort transmission as described in 6.2.1.2, theedpal inertia is computed with respect to theteemwf the
master element C:

Iélave = Save mS!ave.dZ EQ.6.2.1.7

whered is distance from the slave node to the centetevfient. In order to insure the stability conditisithout
reduction in the time step, the inertia of the slaode is transferred to the master nodes by aivaent nodal
mass computed by:
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Yi2 + Zi2 - XY, - XiZ
| Save + mSave.dZ ) _ ) )
Am= = , with | = - XY, X +Z -Y,Z, EQ.6.2.1.8
I loxz vz Xy

For this reason the formulation causes an increfiseass which may become very important especialign
the node is far from the mean surface of the mastelt element.

6.2.2 Formulation for search of closest master segment

The master segment is found via 2 formulations:
- Old formulation

- New improved formulation

6.2.2.1 Old sear ch of closest master segment formulation

When the flag is set to 1, the search of closestengdegment was based on the old formulation:

A box with a side equal to dsearch (input) is bigilsearch the master node contained within this bo

Figure 6.2.6 Old search of closest master segment

master

‘/ node

The distance between each master node in the lwbtharslave node is computed.

The master node giving the minimum distance (dnsimgtained.

The segment is chosen with the selected nodehdifselected node belongs to 2 segments, one estlat
random).
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Figure 6.2.7 Old search of closest master segment

d2 < dl = m3ischosen M1

6.2.2.2 New impr oved search of closest master segment for mulation
| search=2

When the flag is set to 2, the search of closestengdegment is based on the new improved fornounlad box
including the master surface is built.

The dichotomy principle is applied to this box ead as the box contains only one master node aftshgsas
the box side is equal to dsearch.

Figure 6.2.8 New improved search of closest master segment

Nearest Nearest
Master node Master segment

\

Slave nod

There are two solutions to compute the minimumadisg, dmin:
1- The slave node is an internal node for the masigment, as shown in Figure 6.2.9.

The slave node is projected orthogonally on thetenaggment to give a distance that may be compeitbd
other distances. Select the minimum distance:
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Figure 6.2.9 Orthogonal projection on the master segment

slave node

ms

The segment that provides the minimum distancédsen for the following computation.
2- The slave node is a node external to the mastgnent, as shown in Figure 6.2.10.

The distance selected is that between the slave aiod the nearest master node.

Figure 6.2.10 .Nearest master node

slave node

The segment is chosen using the selected nodthe(ifelected node belongs to 2 segments, one sechat
random).
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6.3 Rigid Wall

There are four types of rigid walls available in RI®SS:
1. Infinite Plane

2. Infinite Cylinder with Diameter D

3. Sphere with Diameter D

4. Parallelogram

Each wall can be fixed or moving.

A kinematic condition is applied on each impactéales node. Therefore, a slave node cannot havehanot
kinematic condition; unless these conditions agieg in orthogonal directions.

6.3.1 Fixed rigid wall

A fixed wall is a pure kinematic option on all ingted slave nodes. It is defined using two pointsad M1.
These define the normal, as shown in Figure 6.3.1.

Figure 6.3.1 Fixed Rigid Wall Definition

Fixed rigid wall
defined with coordinates
of point M and M1

6.3.2 Moving rigid wall

A moving rigid wall is defined by a node number,ahd a point, M1. This allows a normal to be calted, as
shown in Figure 6.3.2.

The motion of node N can be specified with fixedoegy, or with an initial velocity. For simplifidédon, an
initial velocity and a mass may be given at thel @efinition level.
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Figure 6.3.2 .Moving Rigid Wall Definition

Maving rigid wall
defined with noda N
and coordinates

of point M1

A moving wall is a master slave option. Master ndeéines the wall position at each time step angoses
velocity on impacted slave nodes. Impacted slaw#erforces are applied to the master node. The slade
forces are computed with momentum conservation.fies of the slave nodes is not transmitted tarthster
node, assuming a large rigid wall mass compar¢idetdmpacted slave node mass.

6.3.3 Slave node penetration
Slave node penetration must be checked. Figur8 stibws how penetration is checked.

Figure 6.3.3 Slave Node Penetration

n
slave node V2t

N
VR

If penetration occurs, a new velocity must be coragu This new velocity is computed using one ofé¢hr
possible situations. These are:

1. Sliding
2. Sliding with Friction
3. Tied

For a node which is allowed to slide along the fafctne rigid wall, the new veIocitV' is given by:

V' :\7—(\7 [ﬂi)ﬁ EQ. 6.3.3.1
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A friction coefficient can be applied between adisig node and the rigid wall. The friction modelse a
developed in section 8.6.4.

For a node that is defined as tied, once the stade contacts the rigid wall, its velocity is there as that of
the wall. The node and the wall are tied. Therefore

V'=0 EQ. 6.3.3.2

6.3.4 Rigid wall impact force

The force exerted by nodes impacting onto a rigidl 8 found by calculating the impulse by:
_ N N R ~
=2 Fat =ZA”1(Vi ‘W) EQ.6.3.4.1
i=l i=l

where
N is the number of penetrated slave nodes

W is the wall velocity

The force can then be calculated by the rate afigéan the impulse:
- d
F=— EQ. 6.3.4.2
dt

6.4 Rigid Link

A rigid link imposes the same velocity on all slax@des in one or more directions. The directioesdmfined to
a skew or global frame. Figure 6.4.1 displays ariigk.

Figure 6.4.1 .Rigid Link Model

* o
) kewfrsﬂé: v=2n¥

// " Emi

01-Jan-2017 16



RADIOSSTHEORY Version 2017 KINEMATIC CONSTRAINTS

The velocity of the group of nodes rigidly linkedgether is computed using momentum conservation (EQ
6.5.0.1.). However, no global moment equilibriumngspected.

N
2my,

Vi=ds EQ. 6.4.0.1

_gm

Angular velocity for the't DOF with respect to the global or a skew referdname is:

(8]

W=7 EQ. 6.4.0.2

)

For non-coincident nodes, no rigid body motionasgible.
Arigid link is equivalent to an infinitely stiffpging type 8.

6.5 Section

A section is a cut in the structure where forced mmments will be computed and stored in outpesfillt is
defined by:

¢ A cutting plane

¢ Areference point to compute forces

« Adirection of the section.

Figure 6.5.1 Definition of a section for an oriented solid

In RADIOSS the cutting plane is defined by a grafpelements and its orientation by a group of nodes
shown in Figure 6.5.2.
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Figure 6.5.2 Definition of a section for a shell mesh

Then, a point is defined for the center of rotatddrihe section and a reference frame is attachékiis point to
compute the internal efforts.

Figure 6.5.3 Center of rotation and its associated frame fegcion

The resultant of all forces applied to the elemants its application point are computed by:

F=>f EQ. 6.5.0.1

M=>m+) ONxf EQ. 6.5.0.2

Figure 6.5.4 Resultant of force and moment for a node | wighribtation point O
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