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Abs%T9C% 

A method is developed by which sliding point contact between two moving 

deformable structures may be incorporated within a lumped mass finite element 

formulation based on displacements. The method relies on a simple mechanical 

interpretation of the contact constraint in terms of equivalent nodal forces 

and avoids the use of nodal connectivity via a master slave arrangement or 

pseudo contact element. 

The methodology has been implemented into the EURDYN finite element program 

for the (20 axisymmetric) version coupled to the hydro code SEURBNUK. Sample 

calculations are presented illustrating the use of the model in various 

contact situations. Effects due to separation and impact of structures are 

also included. 

Ius9mmenfassvnq 

Eine neue Methode wurde entwickelt, welche in der Lage 1st, die gieitenden 

Punktkontakte zwischen zwei sich bewegenden, deformierbaren Strukturen durch 

die auf Verschiebungen basierenden "lumped mass finite element"- Formu lie rung 

zu behandeln. Die Methode stutzt sich auf eine einfache mechanische 

Interpretation der durch den Kontakt verursachten Bewegungsbeschrankung, die 

durch aqulvalente Knotenkrafte dargestellt wird. Dadurch konnte die 

Benutzung von Knotenverbindungen mit einer "Melster Sklave" Anordnung Oder 

mit Pseudokontaktelementen vermieden werden. 

Die Methodik wurde in die (2D - axialsymmetrische) Version des Programmes 

EURDYN Implementiert, die mit dem Hydrodynamikprogramm SEURBNUK gekoppelt 

1st. Zur Erlauterung der Benutzung des Model Is wurden fiir verschledene 

Kontaktsituationen Beispiele berechnet. Effekte, die von der Separation und 

der Belastung der Strukturen herruhren, wurden ebenfalls beruckslchtlgt. 
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1 INTRODUCTION 

The EURDYN [1], [2], [I], suite of finite element programs are in common 

usage in Europe for the dynamic analysis of non-linear structural behaviour 

in the fields of reactor design and safety. Elements from the EURDYN library 

are based on the convected co-ordinate formulation [4], [51, in which the 

element displacement is subdivided into a rigid body displacement, both 

translational and rotational, and a deformation displacement assumed small in 

comparison. By utilising a local co-ordinate system which convects with the 

rigid body displacements, a linear relation exists between the strain and 

displacement fields for lsrge displacement, small strain situations. This, 

together with some simplification of the nodal force/stress relations, leads 

to an efficient computational algorithm for non-linear problems. 

Axisymmetric elements from the EURDYN library are coupled via a logical 

interface to the Eulerian hydrodynamics code SEURBNUK [6], [7], IB), [9], to 

provide a fluid structure interaction capability for fast reactor containment 

analysis, e.g. [7], [TO], [11], [12]. At present two elements are accessed: 

a 2-node thin shell element and a 3-node triangular element, though provision 

exists for the inclusion also of a 4-nooe large strain quadrilateral element 

and a 9-node isoparametric element (both axisymmetric) if required. Each 

node of the thin shell element. Figure 1(a), has three degrees of freedom, 

radial displacement, axial displacement and rotation, making six degrees of 

freedom for the entire element. A cubic shape function is adopted for the 

transverse displacement (in the local convected frame), while along the 

length of the element the displacement is assumed linear. The three nodes of 

the triangular element, Figure Kb), have Just the two degrees of freedom to 

allow displacements in the radial and axial directions, so that this element 

too has six degrees of freedom in total; linear shape functions are employed. 

The structure linkages available by coupling together thin shell and 

triangular elements are shown in Figure 2. By this means it is then possible 

to simulate quite complex reactor configurations. (Note that for convenience 

in the EURDYN program, and for graphical purposes, two extra nodes are used 

for the shell element. The nodal pairs across the element thickness have 

identical masses and move under identical forces, so that in effect two 

2-noded elements are placed in parallel.) Structure linkages involving only 

thin shell elements will be stiff since bending moments will be transferred 
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from the matching of the rotational degrees of freedom at the join, see 

Figures 2(a), 2(b). On the other hand, all linkages involving triangular 

elements, including those between triangular and shell elements, see 

Figure 2(c), are hinged - no transfer of moments - though Figure 2(d) 

indicates how a hinged junction may be stiffened using a shell element as a 

brace. 

Notwithstanding the versatility of simulating complex reactor structures by 

means of linked elements, recent applications of the code [11], have brought 

to light the need for a methodology for dealing with sliding contact of 

structures in which reaction forces are transferred. A suitable model for 

point contact of structures is developed in the next Section together with 

detail* cf the implementation of the model in the EURDYN program. In Section 

3 frictional effects are discussed while Section 4 deals with separation and 

impact phenomena. In each case sample calculations are presented to 

illustrate the modelling capabilities. In Section 5 a simulation in reactor 

geometry with fluid structure interaction effects is presented. Finally, an 

Appendix is attached giving further details of the implementation of the 

model and some guidance for SEURBNUK-EURDYN users. 

2 THE SLIDINQ CONTACT MODEL 

The finite element method [13J, is ideally suited to the analysis of 

geometrically complex situations arising in all branches of structural 

engineering, though the method is now expanded into a general numerical 

procedure for the solution of partial differential equations with prescribed 

boundary and initial conditions. Within each element the structural 

properties are determined independently, with elements connected together 

along their periphery by discrete nodal points at which constraint conditions 

are enforced. The linkage of elements by means of nodal connections is then 

implicit to the finite element approach and shows why sliding contact 

presents an intrinsic difficulty within the methodology. 
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A simple way to simulate a sliding condition is in terms of a prescribed 

nodal constraint, be this imposed in accordance with a geometric constraint 

or as a result of a master-slave arrangement between nodes. The movement of 

a node along the axis to preserve symmetry in cylindrical geometry is a good 

example of the former. The master-slave technique works well in fluid 

structure situations allowing the free slip boundary condition for the fluid 

to be accomodated. The enhanced inertia and strength of the structural 

material ensures that there is little conflict of status between the master 

and slave definitions. In structure structure situations however, this may 

no longer be true and the usefulness of the master slave arrangement is 

accordingly impaired. 

Another approach is to use specially constructed "contact" or "gap" 

elements [14], [IS], [16], to connect structures in sliding contact and to 

transfer loads between them. The nodal points comprising the contact element 

are shared between the two sliding structures thus maintaining the concept of 

nodal connectivity, but provision should be made for realignment of the nodal 

connections if relative motion between the structures is large to prevent 

gross distortions of the contact element geometry. Mock-up stress strain 

relations can be introduced for the contact element to simulate separation of 

the structures, and friction forces can be built up from the shear stresses 

if required. 

In the scheme proposed here contact elements and master slave arrangements 

are not required. Instead, the contact constraint between structures is 

interpreted geometrically and converted to a mechanical constraint via the 

(discretised) equations of motion. The imposition of the mechanical 

constraint is then effected by suitably defined nodal forces. A similar 

point sliding strategy is reported for the DYSMAS/L code [17], [18J, used for 

missile studies, though with some differences in the treatment of the contact 

condition. 

Possible point sliding contact situations involving thin shell *nd 

triangular elements in EURDYN are drawn in Figure 3. Making use of the fact 

that EURDYN adopts a mass lumping procedure to diagonallse the mass matrix in 

the code, it is possible to Idealise each of the contact situations in Figure 

3 in terms of a simple mechanical equivalent model, and this is done in 

Figure 4, which also serves to define the sign conventions to be used for the 
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algebra later. Referring to Figure 4(a), three collinear point masses mlt 

m2, /»,, with position vectors r., r2, *,, are subject to line forces X., X2, 

X3, respectively. The masses »lt m2 represent the nodal points bracketing 

the element sliding face, while mass m3 denotes the sliding contact point, 

this being situated at the relative distance 3 on the line m\, mz, as 

indicated in the Figure. Each (nodal) force will be determined according to 

the particular stress states pertaining to the elements to which it is 

attached and, in general, these will not be consistent with a point sliding 

boundary condition for m3. The nodes cannot then be expected to move in a 

manner which preserves their collinear status. 

In reality there will exist an interaction force R between mass m3 and the 

slide line /»i«2 at the point of contact, see Figure 4(b). In the absence of 

frictional effects the interaction force will be in the direction normal to 

the slide line. The reaction to this force on the m\mz system, acting at the 

point of contact, may be represented in equivalent form by the two nodal 

force.: (T-$)R , 0/? respectively for /»j, m2; this arrangement preserving 

total force and moment. The task then devolves to one of finding an 

appropriate expression for the contact force /? such that during their 

subsequent motion the three masses remain collinear. That is, to find /? 

such that 

(*2-*\)x(*T*\) =0 at all times ...(1) 

In order to impose the col linearity condition (1) at discrete time steps in 

EURDYN 't is necessary to examine the time discretisation procedure within 

the code. At time t-n&t all dependent variables are known. To determine the 

(n+Dth state all nodal positions are updated using a second order Taylor 

expansion. Thus, for the kth node: 

r.(t*St) = rJt) + 6trJt)*6t2f(t)/2 ...(2) 
* k k k 

in which the acceleiation and velocity vectors are assumed known. From the 

projected nodal displacements calculated from (2) the stress strain state for 

each element may be anticipated, these leading ultimately to updated 

expressions for the nodal forces X. (t*6t). In the absence of a contact 

condition between the elements the nodal forces would be used to determine 

successively the nodal accelerations and velocities. EURDYN uses the 
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following expressions (2J: 

r\(t*6t) = XJt*6t)/m^ ...(3) 
k k k 

r (t+6t) = i (t)+&t('r\ (t)*i (t*6t))/2 ...(V 
k k k k 

and from these the nodal positions at the succeeding time step could be 

evaluated from the analogue of Equation (2). Thus: 

r (t*2U) = ik(t+6t)*6trk(u6t)+6t2Tk(t+6t)/2 ...(2a) 

In fact, as has already been noted, it will be necessary to augment the nodal 

forces X^(t*6t) by the Interaction forces R^(t*St), so that in place of (3), 

r(t*6t) = (XJt+6t)+RJt*&t))/m^ ...(3a) 
k k k k 

and 

Rx(t*6t) = (1-&)R 

R2(t*6t) = 6 * ...(5) 

R3(t+6t) = -/? 

according to the sign convention adopted in Figure k(b). In these 

expressions &=fl(t+6t) and must be re-evaliated at each structural time step 

since not only will the relative distance of m$ on the line m\m<i change due 

to sliding, but in general the element face will expand or contract. For 

convenience later it will prove useful to eliminate velocities between 

Equations (2), (2a), (3a), (U) to directly relate the nodal positions and 

forces. This gives 

r, (t+26t) = *Jt+26t)*6t2RJt+6t)/m^ ...(6) 
k k k k 

in which 

I (t+2U) * 2r(t+6t)-r (t)+6t2X(t+&t)/m, ...(7) 
k k k k k 

indicate the position vectors the nodes would assume if the structural 

elements were not in contact. 
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Using (6), the col linearity condition (1) reads, omitting for the moment 

specific reference to the time dependence of quantities, 

[(r2-f1)*6t2(R2/m2-K1/m1)] x ((f^-f^^St^R^m^/m^] = 0 ...(8) 

In expanding the vector product, the term of order 6tlf vanishes identically 

since the R are all parallel vectors. Remembering (5), the non vanishing 

component of (8) leaves a linear equation for R=\R\. Solving, we find: 

R(tHt) = (A/6t2)/(BsinQ+CcosQ) ...(9) 

with 

^ = (y2-y1)(x3-x1)-(y3-y1)(x2-x1) ...(10) 
B = (y2-yi)/m3+$(y3-y1)/m2+(1-(i)(y2-y3)/ml ...(11) 

C = (7<2-\)/m3+Mx3-xx)/m2+(1-§)(x2-x3)fmx ...(12) 

and where the T\=(xi,yi) etc. are evaluated at time t+25t. The angle e is 

measured between the line m^m2 and the outward radius, as shown in Figure 4. 

It is worth remarking that in the absence of friction, as here assumed, the 

derivation of the interaction force R is exact within the framework of the 

time discretisation in EURDYN. 

The expression for /?=|/?| in (9) may now be used directly in Equations (5) 

to determine the additional nodal forces /?j, R2, R3. These are the forces, 

deriving from the contact condition at time t*St, necessary to ensure that 

the nodes m\, m2, m3 remain collinear at time t+26t. (Alternatively, R6t2 

may be substituted directly into Equations (6) to give correction factors to 

the nodal position vectors at the next time step.) 

The sliding contact model developed here has been Implemented into the 

EURDYH module of the coupled code SEURBHUK-EURDYH; some details of this 

appear In the Appendix. A standard feature of EURDYN is the user option to 

input for a specified group of nodal points a time dependent concentrated 

load. The sliding contact model makes use of this facility by computing the 

nodal forces /Ij, R2, /?3 from Equations (5), (9), (10), (11), (12), and 

imposing these as concentrated loads at each time step. In this way the 

implementation of the model in EURDYN blends easily with the existing coding. 
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Two examples are chosen to illustrate the use of the model. The first 

involves the non linear transient behaviour of a simply supported elastic 

circular plate under imposed constant pressure loading. A sketch of the test 

<.c>nfiguration is given in Figure 5. Snapshots of the configuration during 

the first cycle of the transient are also displayed. The support, tho>tgh 

modelled using triangular elements, is rigid for this application. The 

displacement history of the centre of the plate is compared in the Figure 

with that obtained using a fixed hinge condition instead of the simple 

support. It can be seen that the maximum deflection of the plate is 

increased by 30% as a consequence of the simple support condition. The 

displacement inwards of the initial point of contact of the plate with the 

support is also drawn on the same scale. 

In the second test the plate rests, and is free to slide, on an elastic 

conical support, as shown in Figure 6(a), and is subject to the same uniform 

pressure loading as before. The plate and support deformations at intervals 

during the first cycle of motion are given in the Figure. Figure 6(b) shows 

the displacement history of the centre of the plate and this is compared with 

the displacement obtained from a parallel calculation in which the plate and 

conical shell are directly coupled by means of a stiff junction, analogous to 

that shown in Figure 2(b). With sliding contact the centre displacement 

increases by 90% compared with tne directly coupled case. Some 60% of the 

increase may be attributed to the added axial displacement of the point of 

contact at the rim, leaving 50% due to greater bending of the plate. This 

value is consistent with the slower plate response, also 30% according to 

Figure 6(b). 

Figures 6(c), 6(d) show the effects of the mode of coupling on the hoop 

strains in the support at locations just above and just below the point of 

attachment. Again there is evidence of strain enhancement with sliding 

contact, and, in the case of Figure 6(c), a change from a compressive to a 

tensile stress state. 

The example emphasises the importance of realistic modelling of the 

coupling between deforming structures if the stress states within the 

structures in the neighbourhood of the Join are to be accurately predicted. 
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3 FRICTIONAL EFFECTS 

Frictional effects on the scale of the element sire are readily 

incorporated in the theory, though local effects on the scale of the surface 

asperities are not treated. As with the reaction force in the normal 

direction, the friction force in the tangential direction, acting at the 

point of contact, will be distributed between the nodes »i, m2 ** either end 

of the element sliding surface. Figure 4(c) shows the equivalent mechanical 

model and it seems appropriate to distribute the friction force on the basis 

of constant acceleration along the sliding element face. The nodal friction 

forces are then given by 

Fl = [-11-JF ^[-J^JixR 

F2 = [-4^]F =v[-J^rJlxR ...(15) 

F3 = -F = -VixR 

where i is the unit normal vector out of the plane of Figure 4(c), y is the 

coefficient of dynamic friction between the surfaces, and the convention i f 

positive relative motion for the direction m\ to m2 has been adopted. 

The frictional nodal forces in (13) must be added to the normal reaction 

forces in (5) to obtain the nodal position /ectors at time t*26t. Thus, in 

place of Equations (6), 

rjU2&t) = r1(U2&t) + 6t2RJt+5t)/m+6t2F,(t+6t)/m, (14) 
k k k k k k 

where, as before, the r. refer to the nodal positions in the absence of 

contact effects. The col linearity condition (1) now takes the more general 

form 

f(t2-T1)*&t2((R2*F2)/m2-(Rl+F1)/ml)J x 

f(r3-T1)*6tz((R3*F3)/m3-(R1*Fl)/m1)J = 0 ...(15) 

The vector product simplifies considerably since 

F2/m2-F\/m\ * 0 
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according to (13). and the only non linear terms are OfSt**) which can be 

discarded. This leaves a linear equation for R=\R\. Solving, we have 

R(t+6t) = (A/6t2)/f(B+B')sinQ*(C+C')coseJ ...(16) 

where A, B, C are defined in Equations (10), (11), (12), and 

B' = -]i(1/(m1*m2)-H/m3J(x2-x1) ...(17) 

C = )i[1/(ml+m2)*1/m3](y2-yl) ...(18) 

Thus, with only minor additions to the formulae, an approximate treatment of 

dynamic friction may be incorporated in the sliding contact model. 

4 SEPARATION AND IMPACT 

In order to bring the notions of separation and impact of structures into 

the model it is necessary in the first instance to have a measure of the 

distance between the contact node m3 and the element face /»./»,. This is most 

easily irtroduced in terms of the area A of the triangle /n1/n2">3 derived from 

the vector product of the relative position vectors. That is, from 

2A = \(r3-rl)x(r2-r1)\ ...(19) 

If A=0, the structures are in contact and will remain in contact provided the 

reaction force R is compressive, that is R>0 for the convention adopted in 

Figure 4. If the force is tensile, R<0, then R=0 is set for Equations (5) 

and the structures are allowed to separate under the action of the remaining 

nodal forces X. derived from the stress states within the elements. If LjO, 

the structures are already separated, and if further h(t+6t), b(t+2H) have 

the same sign, the structures remain separated during the time step. Again 

R-0 is needed in Equations (5). The criteria for separation are checked at 

each time step. 
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An illustrated example of separation, T' st 3, is shown in Figure 7. The 

geometry of Test 2 has been retained in that an elastic circular plate rests 

on a conical elastic support and is subject to a uniform pressure loading on 

its upper face. This time however, at the time of maximum plate deflection, 

t = 22.5 msec, the pressure is suddenly reduced to zero and maintained at 

zero for the remainder of the transient, see inset to Figure 7. The test 

configurations at 5 msec intervals are given in the Figure. Separation 

occurs under elastic recoil at about t ~ 33 msec after which time the two 

structures are seen to perform independent elastic oscillations with the 

plate in free flight above the support. 

If L(t*6t), L(t*26t) are non zero but of opposite sign it means that an 

impact has occurred during the time step. (Note that the time step under 

consideration is always from t+6t to t+26t since the nodal forces X^(t*6t) 

are evaluated on the basis of the extrapolated position vectors rk of 

Equation (2).) Linear interpolation is used to deiern ne the fraction of the 

time step at which impact occurs; that is 0<f<1 is found such that 

L(t+6t+f6t) = 0 ...(20) 

Up until the impact time t+(1+f)&t the structures are still separated, so the 

reaction force R must remain zero. At time t+(1+f)$t the position vectors of 

the three nodes mlf m2, m$, being instantaneously collinear, are determined 

from a slight generalisation of Equation (7) thus, 

r^tt+U+f&t) = (1+f)Tk(U6t)-flk(t)^(nf)/tyt2Xk(t+6t)/mk ...(21) 

from which $(1+6t+f6t), the relative distance of the impacting node /»3 along 

the element face m^m1 (see Figure b) is evaluated. This value is used 

Instead of &(t+$t) in Equations (9)~(12) and the reaction force R necessary 

to maintain col linearity of the nodes following impact is derived In the same 

way as before. 

An example of the use of the impact treatment Is given as Test U In 

Figure 8 . The now familiar configuration of an elastic circular plate 

resting on an elastic conical support Is again used for the Impact test. The 

plate, initially In contact with the support, is first subjected to a 

negative pressure on the upper surface from time t = 0 to t - 10 msec, but an 
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equal positive pressure is maintained thereafter, see inset to Figure 8. 

Under this loading the plate first lifts off the support, but is then driven 

back towards it to produce an impact. Test configurations are shown in 

Figure 8 at various times from t - 20 msec when the downward motion of the 

plate begins. The plate impacts the conical support at about t = 32 msec, 

the two structures remaining in sliding contact until separation finally 

occurs under elastic recoil at t = 58 msec. 

5 LMFBR COMTAJNMFHT APPLICATION 

The applications of the sliding contact model presented in the previous 

Sections have been to simple, purely structural situations in which only 

elastic deformations have been considered, and in which the loading functions 

have been prescribed. An example of the use of the model in a fluid 

structure interaction context in which there are material non-linearities is 

given in this Section. 

The example is taken from the analysis of the LMFBR primary containment 

experiment MARA-04 [11], the fourth in a series of ten 1/30th scale tests 

performed in Super Phenix I geometry by CEA/DRNR Cadarache, [19]. The 

MARA-04 geometry, seen in Figure 9, comprises a roof supported cylindrical 

tank with a toro-spherical base partially filled with water and enclosing a 

spherical low density explosive charge. Surrounding the charge some details 

of the Super Phenix core geometry are simulated including a diagrid, core 

support structure, and inner tank which extends upwards from the top of the 

core support, then outwards towards the outer vessel via a conical redan. 

The inset to the Figure shows that the redan at its outer rim is attached to 

a cylindrical sleeve free to slide on the inner surface of the vessel. 

In the MARA-04 test the diagrid rests under gravity on the inner flange of 

the core support, Figure 10(a), there being no other means of attachment. 

Under fluid pressure loading on the upper surface of the diagrid plate 

following charge detonation, the diagrid Is deflected downwards and will 

slide tangentially on the core support flange. Figure 10(b) shows the 

diagrid/support orientation according to the post test measurements; the 

depression of the plate centre with respect to the rim is 16.7 mm. 
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In the SEURBNUK-EURDYN simulation of the MARA-04 experiment reported in 

[11J a hinge condition was used to couple the diagrid to the core support, 

see Figure 10(c), this being the only option available in the code at the 

time the calculation was performed. The hinge arrangement adds, 

unrealistically, membrane stiffness to the diagrid plate reducing its 

deformation to the 8.5 mm indicated in Figure 10(d). 

With the sliding contact model in SEURBNUK-EURDYN a more realistic 

representation of the diagrid/core support coupling is possible, see 

Figure 10(e), and a repeat calculation for MARA-04 has since been performed. 

The diagrid deflection in this case, shown in Figure 10(f), is 15.1 mm, much 

closer to the measured value. The factor 2 change in diagrid deflection is 

consistent with work carried out using the CASSIOPEE code, [20J. 

6 CONCLUSIONS 

A method has been developed within the finite element formulation to treat 

point sliding contact between two moving, deformable structures, and has been 

implemented into the EURDYN module of the coupled code SEURBNUK-EURDYN. By 

making use of a simple mechanical analogy, it has been shown how a contact 

condition between structures may be interpreted in terms of additional nodal 

forces, these being handled easily within the existing program methodology. 

Extension of the method to Include frictlonal effects, separation and impact 

of structures has been described and illustrated by test problems Involving 

simple structural configurations. The relevance of the method to 

fluid-structure situations in LMFBR safety analyses has been demonstrated by 

application to the complex containment experiment MARA-04 and shown to lead 

to more realistic simulation. 
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Appendix: Programming Details 

Most of the changes occur in subroutines PINPTE, where the geometry input 

cards are read, and EDO!, where the finite element computations are 

performed. Access to the sliding contact model is gained via the JUNCTIONS 

data card as described on the attached sheet which replaces the corresponding 

page in the input manual. 

The contact element may be either a shell or triangular element in which 

case the sliding junction J will be respectively a "free-end" junction. 

Type 6, or "hinged" junction (moving under forces), Type 3, as the following 

Figures indicate: 

Figure A1 Type 6 Junction Figure A2 Type 3 Junction 

Associated with the sliding junction J, and coincident with it (though drawn 

separately in the Figures for clarity), is a Type 4 junction J' separating 

the simple lines 1 and 2 of the boundary line along which J is to slide. The 

correlation between J and J' is defined on the JUNCTIONS card for J, as 

explained on the attached sheet. Initially the junction J (and hence J') 

must lie exactly on the line between Xj, the last marker particle of simple 

line 1, and K2, the first marker particle of simple line 2, though later 

separation might occur as described in Section 4. In order to be able to 

recognise separation and Impact it Is necessary to know whether J lies on the 

left of the line K\K2t as shown in Figure A1, or on the right, as in Figure 

A2. This information is also input via the JUNCTIONS data. 
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As an example, if J and J' are the first and second junctions as defined by 

the user, the JUNCTIONS cartfs needed to represent the configuration in 

Figure Al might be 

6 -3 102 0 0.015 0.145 

4 - 1 2 0 0.015 0.145 

where it has been assumed that the direction of simple line 3 is towards the 

junction J. Note the identical co-ordinates for J, J'. The number 102 for 

the first data card signifies: 

(1) A sliding junction ( >100 ) 

(2) Touching the lef% face of contact boundary ( <200 ) 

(3) Associated with junction 2 (final digit) 

Sample data cards for the situation shown in Figure A2, where the sliding 

junction touches the right face of the contact boundary, would be 

analogously: 

3 - 3 4 202 0.015 0.145 

4 - 1 2 0 0.015 0.145 

Frictional effects are not coded at present. 

For slicing contact situations involving shell elements, particularly where 

these are generated automatically within the program [21J, it is worth taking 

some care to define the simple line directions appropriately for the best 

graphical effects. Figure A3 below shows two graphical representations of 

the same contact situation involving shell elements. The two situations are 

treated identically within the code though clearly the first has the superior 

graphical appeal. (Note that elements generated automatically in the code 

lie to the right of the SEURBNUK boundary.) 
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Figure A3 Alternate Graphics for Sliding Junction 

Within subroutine PINPTE, after the JUNCTIONS, SIMP LINES and COMP LINES 

data have been read, a search is made for sliding junctions. For each one 

found the associated junction J' is picked up and from there the particle 

numbers K\, K2 found, reference Figures A1, A2. A check is then made to see 

whether the sliding junction J lies, within close tolerance, directly on the 

line 1̂̂ 2- I? not an eTror message is given and the particle positions for 

K\ and K2 printed. The co-ordinates of J, J' may then be modified for a 

repeat run. 

If the problem contains only thin shell eleirients, and the automatic 

numbering scheme is being used, the standard case, the nodes hi, N2, N$ 

associated with particles K\, K2 and J will have already been set up. The 

nodal forces referred to in Section 2 as Xj, X2, X3 will be stored in the 

arrays XLOAD(N), YLOAD(N) as for all other nodes. The additional nodal 

forces needed to enforce sliding, /?j, /?2, /?3 of Section 2, will eventually be 

stored as concentrated loads in the arrays XLOADC(N), YLOADC(N). 

Consequently, nodes N^, N2, N^ are flagged via the internal array NPC(N) to 

indicate that concentrated loads are to be applied to them as the global 

nodal forces are assembled in subroutine EDO!. The nodal group variable 

NCLOAD Is set for each sliding junction found (max 10). 

If triangular elements are to be input and/or the automatic numbering 

scheme is not in use, the node numbers corresponding to Xj, K2 and J may not 

be known at the time of the sliding junction search. In this case the 

particles are flagged and the concentrated load variable NPC(N) reserved 
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until after the nodal data have been read in subroutine ED01. 

At calculation time the concentrated loads XLOADC(N), YLOADCfN) need to be 

computed for nodes *j. #2, N$ at each structural time step. This is carried 

out in subroutine ED01 after the nodal forces have been assembled, including 

the contributions from any applied pressure forces, but before any user input 

concentrated loads have been applied. A search is made of the junction 

storage and for each sliding junction J found the associated Type 4 junction 

J' is picked up and the particles A(j, K2 of Figure Al determined. The node 

numbers N^, N2, N$ corresponding to #Cj, K2, J are next found via the internal 

NDXP(K) array and the additional nodal forces, /?lt Jt2. "3 of Section 2, are 

calculated and stored as concentrated loads in the arrays XLOADC(M), 

YLOADCfN). Checks are made for separation and impact in the manner described 

in Section 4, and then the structural calculation proceeds as usual. In the 

current version, frictional effects have not been included. 
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Card 
Type 

5.3.2 

Columns 

1 - 5 

Format 

15 

FORTRAN 
Name/Code-Word 

JTYP 

If a sliding junction, KCP-lOO (or 

KCP-200) is the Type 4 junction on 

the sliding boundary. Contact is 

on the left (or right) of the 

boundary 

If a sliding junction, JCP-100 (or 

JCP-200) is the Type 4 junction on 
the sliding boundary. Contact is 
on the left (or right) of the 

boundary. 

_ 

Description 1 

JTYP - 0, the particle is a 
corner particle that Is at 
rhe top of the right hand 
corner of the cell (ICP, 
JCP); 

JTYP = 1, the particle is a 
stationary junction particle 
(pivot-end); 

JTYP - 2, the particle is a 
junction particle moving 
vertically; 

JTYP = 3 , the particle is a 
junction particle which 
moves under forces (pin-
jointed); 

JTYP = 4, the particle is a 
junction particle at the 
intersection of two lines 
(sliding); 

JTYP = 5, end sliding 
horizontally; 

JTYP = 6, free end; 

JTYP = 7, built-in end; 

JTYP = 8, massless particle 
at the intersection of a 
shell (extrapolated if 
necessary) and the hori
zontal through its initial 
position (useful for 
describing volumes). ICP-20 
is the junction point at the 
end of the shell; 

JTYP - 9, fixed massless 
particle which represents 
the top-end of a collar in 
which a shell freely slides. 
The shell can exit the 
collar at ths bottom end but 
cannot penetrate beyond the 
top end. ICP-20 is the 
junction point at the end of 
the shell and JCP-20 Is the 
junction particle defining 
the bottom end of the collar; 
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Figure 1 

Axisymmetric Elements in SEURBNUK-EURDYN 
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Figure 2 

A Selection of Structure Linkages in 
SEURBNUK/EURDYN 
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Typical Sliding Contact Configurations 
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Figure 4 

Equivalent 3-Body Problem 
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TEST 1: Fixed Support 
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TEST 2: Conical Support 
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Figure 7 

TEST 3: Separation 
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Uniform Pressure Load 

Figure 8 
TEST 4: Impact 
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Figure 9 
MARA-04 Test Geometry 
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EXPERIMENT 
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Figure 10 
TEST 5: MARA-04 


