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A Frictionless Contact Algorithm for Meshless Methods

R. Vignjevic1, T. De Vuyst2 and J. C. Campbell1

Abstract: An approach to the treatment of contact
problems involving frictionless sliding and separation
under large deformations in meshless methods is pro-
posed. The method is specially suited for non-structured
spatial discretisation. The contact conditions are im-
posed using a contact potential for particles in contact.
Inter-penetration is checked as a part of the neighbour-
hood search. In the case of conventional SPH contact
conditions are enforced on the boundary layer 2h thick
while in the case of the normalized SPH contact condi-
tions are enforced for the particles lying on the contact
surface. The implementation of the penalty based con-
tact algorithm for the explicit time integration scheme is
described and the performance of the new contact algo-
rithm is illustrated with a number of examples.

keyword: Smooth particle hydrodynamics, SPH, Con-
tact, Impact

1 Introduction

The analysis of contact problems raises great interest in
several fields of research: metal forming, crashworthi-
ness, projectile impact, impact on water, post-buckling
response of structures. When considering these problems
it is essential to use a space discretisation method capa-
ble of dealing with large deformations as well as a robust
contact algorithm. When using particle (meshless) meth-
ods it is very difficult to define contact surfaces in a tra-
ditional manner such as used in FE. An efficient contact
algorithm for meshless methods should be able to auto-
matically update the interface geometry as it deforms. If
one had to construct a surface around the SPH domain
to consider contact then the benefit of using meshless
methods for a large number of impact problems would
be significantly reduced. The paper gives an outline for a
frictionless contact algorithm for meshless methods.
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1.1 Contact Conditions

Figure 1 : Schematic representation of two bodies in
contact.

Contact from a mathematical point of view is a constraint
on the solution. The mathematical expressions for the
constraints on the solution by the contact condition are
commonly known as the Kuhn-Tucker conditions. In or-
der to express these conditions mathematically we intro-
duce a gap function, g, defined using closest point pro-
jection to determine pairs of points in contact that belong
to body ΩA and ΩB and lie on their respective contact
surfaces ΓCA and ΓCB (see Figure 1).

g = n̂ΓCA · (xB −xA) , (1)

where xA ∈ ΓCA and

xB = arg min‖xA −x‖ ∀x ∈ ΓCB. (2)

In the case of frictionless contact, the only component of
the contact force of interest is the component normal to
the body, tn. The Kuhn-Tucker Conditions can be written
for this case as:

g ≤ 0, (3a)

tn ≥ 0, (3b)

gtn = 0. (3c)
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These conditions express the impenetrability, the com-
pressive normal traction constraint, and the fact that the
traction is only non-zero when g = 0.

If the rate of change of the gap function is written as ġ,
then the persistency of the contact, also known as the uni-
tary contact condition, can be expressed as:

tn · ġ = 0 (4)

If the equations of motion are expressed in the variational
rate form the contact constraint used to impose the con-
tact is:

δG = δG(tn · ġ) = 0 (5)

where δG is a (scalar) function of the contact persistency.
This equation expresses the fact that the normal compo-
nents of the contact forces do no work. Which is clear
by noting that if the body is in contact and remains in
contact then ġ = 0, if the bodies are not in contact then
tn = 0.

Several studies and investigations have been carried out
in order to achieve a general framework from which to
derive a variational formulation for the contact problem
[Laursen (2002), Wriggers (2002)] . These provide the
necessary general background for contact modelling in-
dependent of the type of spatial discretisation [Simo and
Tarnow (1992)]. To describe the general case of mo-
tion the equations of conservation of mass, conserva-
tion of linear momentum, the constitutive equation and
the thermodynamic second law have to be integrated in
time and space. Simo and Tarnow [Simo and Tarnow
(1992)] demonstrated that the discrete form of the equa-
tions does not necessarily inherit the same conservative
characteristics which, independently from the constitu-
tive law, are intrinsic in the problem analysed. If the con-
servative nature of equations is preserved the scheme is
called energy-momentum conserving.

Unfortunately, mathematically the contact conditions are
not simple to enforce. In particular, the conditions to be
imposed on the contact surface are neither Dirichelet nor
von Neumann since both displacement and stress are un-
known but related to each other through the Kuhn-Tucker
conditions.

1.2 Contact in meshless methods

The contact boundary condition has been largely ignored
in the conventional Smooth Particle Method (SPH), with

contact between two bodies simply handled through the
conservation equations. With this approach there is no
restriction on particles from one body being treated as
neighbour particles of a particle in another body. Inter-
polating over neighbour particles regardless of their ma-
terial type is not only physically incorrect, but also re-
sults in mixing at the contact interface as SPH does not
require the velocity field to be single valued at a point.
Monaghan proposed a modification to the SPH method
to prevent the interpenetration, which he called XSPH
[Monaghan (1989)], where the velocity is single valued.
While Monaghan’s modification does prevent interpene-
tration it does nothing to solve two other problems with
treating contact through the conservation equations:

• Generation of non-physical tensile forces, resisting
separation of two bodies.

• Generation of shear stresses preventing friction-less
or low friction sliding.

Several contact algorithms have been proposed for treat-
ment of contact between particles and an FE mesh. Both
Attaway et al. [Attaway and et al (1994)] and John-
son [Johnson (1994)] use a master slave algorithm and
enforce the particleFE mesh contact constraint with the
penalty method. While this method could be extended
to work with SPH to SPH contact, the drawback is
the necessity to define master and slave surfaces. This
requires the determination of boundary particles, fol-
lowed by the construction of a surface on the boundary
nodes/particles. As connectivity varies in particle meth-
ods this process must be done repeatedly during a calcu-
lation.

Chen and Wang [Chen and Wang (2000)] use a sim-
ilar node to surface contact detection method and use
the mixed transformation or singular boundary kernel
methods to enforce the contact condition. Again a ma-
jor drawback is the need for a contact surface to be de-
fined to calculate the penetration. The applications con-
sidered in this paper are metal forming (punch stretch-
ing and upsetting) where the nodes are in contact with
a, assumed rigid, punch or die. This of course simplifies
the definition of the master segments as they remain con-
stant throughout the calculation. Gunther and Liu [Gun-
ther and Liu (1998)] also use the mixed transformation
method to model fluid-structure interaction.
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The paper by Campbell, Vignjevic and Libersky [Camp-
bell, Vignjevic and Libersky(2000)] describes the devel-
opment and testing of a contact algorithm for SPH. The
boundary is defined using the approach proposed by Ran-
dles and Libersky [Randles and Libersky (1996)]. Af-
ter determining the boundary nodes a particle to parti-
cle penalty contact algorithm is used. This approach re-
moves the need to define the material boundary as a line
in 2D or a surface in 3D, but retains the need to identify
boundary particles. This approach has many similarities
with Belytschko’s pinball contact algorithm [Belytschko
and Neal (1991), Belytschko and Yeh (1993)]. However,
due to non-uniqueness of the surface normal at vertices it
was necessary to calculate two surface normals for each
boundary particle, and detect a corner particle when the
angle between the two normals exceeds a specified an-
gle. The contact algorithm was tested for one and two
dimensional problems for the velocity range between 0.2
and 4.0 km/s to determine the best penalty force equa-
tion and the best approach for applying the contact force.
The examples used to demonstrate the performance of
this technique were a flyer plate impact and the impact of
two rubber balls.

The paper describes a new contact algorithm inspired by
Monaghan’s repulsive stress [Monaghan (2000)]. The
new contact algorithm simplifies the calculation of direc-
tion of contact forces and avoids the problems related to
non-uniqueness of the surface normal at particles. This
is achieved by assigning a contact potential to all bound-
ary particles and defining the contact force for particles
in contact as the gradient of this field.

2 New Contact Algorithm

2.1 Contact Potential and Contact Force

The main problem in treating contact between bodies
discretised with particles is defining the location of the
boundary of the bodies. In an SPH approximation the
particle position can be regarded as the centre of a sub-
domain with radius 2h, where h is known as the smooth-
ing length. Consequently the boundary is diffused over
the distance of 2h, where density varies smoothly from
the material density, ρ, at the particle position to zero
at the limit of the kernel support. In the case of cor-
rected normalised (CN-SPH) [Campbell, Vignjevic and
Libersky(2000)] the boundary coincides with the bound-
ary particle locations.

Consider two particles A and B belonging to two different
bodies, ΩAand ΩBrespectively. Particle Bis the closest
member of ΩB to particle A. In this case the gap function
can be defined as:

gn =
(

x(A) −x(B)
)
·n (6)

Where x(A) and x(B) are position vectors for particles A
and B respectively and n is a unit vector normal to the
contact surface at the location of particle A. In the new
contact algorithm, instead of using the projection onto
the direction of the normal a simplification is made and
the actual distance between the particles is used to define
the gap function,

g =
∥∥∥x(A)−x(B)

∥∥∥− (hA +hB). (7)

Where ‖ · ‖ is a norm representing the distance between
the two particles. The contact between two bodies occurs
when the penetration g becomes > 0, i.e. the distance
between the particles becomes smaller than two times
the smoothing length. This is consistent with the SPH
method.

Following the idea of body forces being defined as the
gradient of a potential field [Zienkiewics (1991)], we use
a similar approach to define contact forces. The contact
potential function has to be carefully chosen in order to
model contact between to bodies accurately. Intuitively
one can see that the potential function should satisfy the
following conditions:

• The potential should be zero in the interior of the
domain.

• The potential should always be positive.

• The potential should become larger as the distance
between to points decreases.

Defining the contact forces in this manner removes the
need to determine and define the boundary surfaces of
the two or more bodies and is more consistent with the
basic SPH method. This is a critical consideration as al-
though determining boundary particles has proved to be
a tough problem, with no approach developed that works
efficiently and reliably in 3D to track the evolving bound-
ary in problems such as impact [Campbell, Vignjevic and
Libersky(2000), Krongauz and Belytschko (1996), Ran-
dles and Libersky (1996)].
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2.2 Contact initial boundary value problem

To consider the motion of two deformable bodies A and B
in contact, one can start from the partial differential equa-
tions with the boundary and initial conditions (strong
form of an initial boundary value problem), given below
with respect to a current configuration.

∇ ·σ+ρb = ρa in Ω = ΩA ∪ΩB , (8a)

σ ·n = t on Γt , (8b)

u = u on Γu, (8c)

where b is the body force, a is the acceleration vector and
t is the external surface force with normal component tN .
With contact conditions:

tA = −tB on ΓC = ΓA ∩ΓB (9a)

tN ≥ 0 (9b)

g ≤ 0 (9c)

tN ·g = 0 (9d)

where Γt ∪ Γto ∪ Γu = Γ, and Γt ∩ Γto = /0,
Γto ∩ Γu = /0, Γt ∩ Γu = /0.

A weak form for the above initial boundary value prob-
lem is defined by choosing trial solution space U and a
weighting space W for every moment in time within re-
sponse time of interest.

U =
{

u : Γ → R
∣∣u ∈ H1(Ω),u = u ∀x ∈ Γu

}
(10)

W =
{

w : Γ → R
∣∣w ∈ H1(Ω),w = u0 ∀x ∈ Γu

}
(11)

where: H1(Ω) is Sobolev space of vector valued func-
tions with square integrable derivatives.

Multiplication of the local equilibrium equation (8a) for
the two bodies in contact by test/weighting function w
gives:
Z

Ω

w∇ ·σ dV =
Z

Ω

wρ(a−b) dV −
Z

Γc

wtdΓ, (12)

where σ is Cauchy stress and ρ is current density. The
integration by parts of the left hand side yields
Z

Ω

∇ · (wσ) dV −
Z

Ω

∇w ·σ dV

=
Z

Ω

wρ(a−b) dV −
Z

Γc

wtdΓ. (13)

Using the divergence theorem, boundary conditions and
the fact that w = 0 on Γu, (13) can be written as

Z

Γt

wσ ·n dΓ−
Z

Ω

∇w ·σ dV

=
Z

Ω

wρ(a−b) dV −
Z

Γc

wtdΓ. (14)

This equation represents a weak form of the initial
boundary value problem with contact. This equation can
now be discretised in space yielding the familiar form:

Z

Ω

ρNT N dV d̈ +
Z

Ω

BT σ dVd−
Z

Ω

NT b dV

−
Z

ΩCBL

NT bc dV −
Z

Γt∪Γu

(
NT σ

) ·n dΓ = 0. (15)

where:

w = Nd,

u = Nd,

and N is an array of shape functions. In the SPH method
N is written as:

Ni j =
m j

ρ j

Wj(xi)
np

∑
j=1

Wj(xi)
(16)

I = particle at which shape function is evaluated,

J = particle around which the shape function is centred,

Np = number of neighbours for the i particle,

d = nodal displacement vector,

W = SPH kernel function. Throughout this paper this is
the B-spline kernel.

Note that the surface integral in (14) has been substi-
tuted by a volume integral over the volume of the con-
tact boundary layer, ΩCBL, for the SPH formalism. This
is due to the diffused nature of boundary in the conven-
tional SPH algorithm and represents the material within
the support distance of the contact boundary bc. The con-
tact force is now defined as:

fc =
Z

ΩCBL

NT bcdV (17)
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This far, the nature of the force bc has not been discussed
in detail. Having in mind the requirements of the contact
potential it is clear that the artificial stress introduced by
Monaghan [Monaghan (2000)] to prevent tensile insta-
bility could be a good starting point. The artificial stress
is a term that increases as the separation between the two
particles i and j decreases and modifies the SPH momen-
tum equation as follows:

∂vi

∂t
= −∑

j

m j

(
p j

ρ2
j

+
pi

ρ2
i

+R f n
i j

)
∂Wi j

∂xi
, (18)

where R is a scalar factor and:

fi j =
W (ri j)

W (Δpavg)
. (19)

Here Δp denotes the average particle spacing in the
neighbourhood of particle i, and ri j = (xi −x j)/h.

Following this approach the contact potential is defined
as:

φ (xA) =
Z

ΩCBL

K

(
W (xA −xB)
W (Δpavg)

)n

dV , (20)

with W(xA−xB) = 0if xA and xB belong to the same body.
K is a user defined scalar contact stiffness penalty param-
eter. This integral can be approximated by point-wise in-
tegration as

φ (xi) =
NCONT

∑
j

m j

ρ j
K

(
W (ri j)

W (Δpavg)

)n

. (21)

The point-wise integration preserves the completely
meshless character of the method. NCONT defines the
list of neighbour particles that belong to a different body
to particle i. A different numerical integration would
require the definition of a boundary surface, which as
mentioned earlier would result in a significant increase
in complexity of the contact algorithm. Figure 2 shows
how the contact potential varies with ri j.

Using this contact potential the contact force can be de-
fined as:

bc (xi) = ∇φ (xi)

=
NCONT

∑
j

m j

ρ j
Kn

W (ri j)
n−1

W (Δpavg)
n ∇xiW (xi −x j) . (22)
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Figure 2 : Variation of contact potential with distance.

And finally the contact force vector can be evaluated by
substituting Eq. 22 into Eq. 17:

fc (xi) =
Z

NT
i bc (x)dV

=
Z

NT
i

{
NCONT

∑
l

ml

ρl
Kn

W (ri j)
n−1

W (Δpavg)
n ∇xW (x−xl)

}
dV .

(23)

Which using after linearising and point-wise integration
becomes:

fc (xi) =
Z

NT
i bc (x)dV

= bc (xi)
Z

mi

ρi
W (ri j)dV

= bc (xi)
mi

ρi

=
NCONT

∑
j

m j

ρ j

mi

ρi
Kn

W (ri j)
n−1

W (Δpavg)
n ∇xiW (ri j) . (24)

It is important to notice that direction of the contact force
is determined by the SPH approximation of the gradi-
ent of the contact potential. For the conventional SPH
method it is acting along the line connecting the pair of
particles in contact and in the case of CN-SPH it has the
direction of normal to the contact surface. The contact
force is applied to boundary particles as soon as they
get within 2h from each other, where h is the smoothing
distance. The approach is in keeping with the meshless
techniques in general and its implementation in 3D is not
complex. The contact algorithm allows surfaces to come
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Figure 3 : Velocity Profile for Wave Propagation Problem, at time = 128.8µs.

Figure 4 : Velocity Profile for Block Wave Propagation Problem, at time = 128.8µs.

together and separate in a physically correct manner. Fur-
thermore this approach does not require the identification
of boundary particles (hard to do robustly in 3D). The
algorithm is numerically efficient because of its consis-
tency with the general SPH approach and the fact that it
utilises the already generated existing neighbour lists.

With respect to the variational consistency the contact
force itself is derived using Galerkin method approach.

No assumptions were made about the contact potential
function except that it depends on the distance between
the two bodies. The contact constraint is imposed di-
rectly through the shape functions of the particles in con-
tact, which control the penalty stiffness at the same time.
Within a time step contact forces are evaluated at the time
of integration of constitutive equation i.e. t = t

n+ 1
2

.
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Figure 5 : Schematic representation of the 1D test prob-
lem

3 Numerical Examples

In order to test the performance of the contact algorithm
a number of contact problems were analysed. The fol-
lowing analyses are described in detail: 1D wave prop-
agation test, 1D bar impact, 2D plate impact, breaking
dam in 2D, 3D hypervelocity impact.

3.1 1D Wave Propagation

This problem tests the ability of the contact algorithm to
propagate a compressive wave across the contact inter-
face, two versions of this problem are used. The first sim-
ply applies a fixed velocity to one side of a bar. The re-
sulting stress wave is a step-function that travels through
the bar. In the second version the prescribed velocity
is only applied for a limited period of time. This re-
sults in a stress pulse (square wave) travelling through
the bar. These tests are used in [Sauer (2000)] to test tied
coupling between FE and SPH, along with a masterslave
contact algorithm.

The problem consists of a steel bar 1 meter long split into
two halves which interact thought the contact interface.
The left end of the bar is given a prescribed velocity of
0.001 cm/µs. The material model is a linear elastic model
with a Young’s modulus of 2.1 Mbar, Poisson’s ratio of
0.28 and density of 7.83 g/cm3. The bar is discretised in
1D with 100 particles and the smoothing length is equal
to the particle spacing. In the second case the prescribed
velocity is only applied for 35µs.

The results of the wave propagation test are very simi-
lar to the results of the master-slave algorithm tested by
Sauer [Sauer (2000)] (see Figure 3). The results also
show the reflected wave observed by Sauer when using
a standard master-slave algorithm. The reflected wave is
slightly less pronounced with the contact algorithm based
on a contact potential. Using a smoothing length equal to
1.2 times the particle spacing results in slightly smoother
results. However in this case the oscillations at the con-

tact surface are more pronounced.

The second test is identical in setup to the first test, but
the prescribed velocity is set to 0 after 35µs. The results
are shown in Figure 4. Again the results are similar to
the ones reported in [Sauer (2000)].

These results show a similar accuracy compared to a
standard masterslave penalty contact algorithm. How-
ever the main purpose of this contact algorithm is to use
it to simulate impact problems mainly characterised by
large displacements and deformations. The tests in this
paragraph are wave propagation problems characterised
by small deformations.

3.2 1D Bar Impact

The performance of the new contact algorithm can be fur-
ther tested by simulating a 1D elastic bar impact. The aim
of this was to further test the effectiveness of the contact
force algorithm, in exclusion from any effect that could
occur in 2D from the calculation of the vector along
which the contact force was applied.

The test problem used was the impact of two 0.4 cm
long bars, see Figure 5. The bar on the left-hand side
was given material properties of steel, while the bar on
the right-hand side was given material properties of alu-
minium. A total of 100 particles were placed along the
1D line, 50 particles in each bar. The smoothing length
was 0.01 cm with the initial inter-particle space equal to
the smoothing length. The space between the two end
particles was 0.01, so there was no initial penetration.
Each bar was given an equal but opposite initial velocity
of 0.02 cm/µs.

To provide a reference point the problem was initially run
without the contact algorithm, using the standard SPH
kernel sums to allow interaction between the two bod-
ies. This is shown in the figures as the no contact case.
With the kernel sums the two end particles were initially
in contact. Figures 6 and 7 shows the resulting stress
and velocity profiles at time 48µs, and are in good agree-
ment with the analytical solution. The stress waves are
propagating away from the point of contact. At this point
no significant differences can be seen between the two
sets of results. Figure 8 shows the velocity profiles at
time 300µs, with the profiles for kernel contact shown for
comparison. At this point the release waves have reached
the point of contact. One can see that with the contact
algorithm, apart from a small elastic wave, the bars are
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Figure 6 : Pressure profiles with and without contact at 48µs.

Figure 7 : Velocity profiles with and without contact at 48µs.

unloaded and no non-physical tensile stresses have been
generated. This is in contrast with the use of kernel con-
tact where non-physical tensile stresses and tensile insta-
bility around the point of contact develop, resulting in an
error termination of the simulation around 270µs. From
the velocity plot it can be seen that when the contact al-
gorithm is used the bars are travelling away from each
other with a speed almost equal and opposite to the ini-

tial impact speed. Considerable oscillation can be seen
in the stress and velocity at the interface for kernel con-
tact. This oscillation was described by Swegle [Swegle
and et al (1996)] who observed it when modelling the
1D impact of two initially separated bodies using ker-
nel contact. This oscillation corresponds to a zero energy
mode, for which stress field does not cause particle accel-
erations that would reduce the stress amplitude. Swegle
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Figure 8 : Velocity profiles with and without contact at 300µs.

Figure 9 : Kinetic - and Internal Energy Time Histories without contact.

showed that this was a characteristic of the SPH method,
as the SPH estimate to the stress field has its local max-
ima and minima at the particles giving the stress field
gradient of zero. In the SPH method no acceleration will
be produced at a particle if the stress at the two neighbour
particles is equal, this is independent of the stress at the
particle itself. This is the stress version of the SPH zero-
energy mode where an alternating velocity field does not

generate stresses in the material to resist the particle mo-
tion. Figure 9 and Figure 10 shows the exchange between
kinetic - and strain energy as a function of time.

3.3 2D Plate Impact

As the 1D tests showed that the contact based on the con-
tact potential performs satisfactorily, its performance was
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Figure 10 : Kinetic - and Internal Energy Time Histories with contact.

then tested in 2D. The contact algorithm was tested in 2D
by modelling the normal symmetrical impact of two steel
blocks, and a fluid sloshing simulation. The block impact
test allows for the evaluation of the capability of the con-
tact algorithm in dealing with corner contact, where at
one side the material is in contact, and the other side is a
stress-free surface. The fluid sloshing problem evaluates
the ability to deal with frictionless sliding at the contact
interface, and extreme deformations and change in con-
tact surface.

For the symmetrical block impact each block was 1 cm
by 0.4 cm and consisted of 50 particles by 20 particles,
giving a total of 2000 particles in the whole model. The
two blocks have an initial relative velocity of 0.04 cm/µs,
see figure 11. The contact boundary particles in each
body were initially spaced h apart, so the initial pene-
tration was zero. The materials were modelled with an
elastic-plastic material model, with material properties
that are typical for steel.

The simulation results for this problem are shown in fig-
ure 12 to figure 13. Again the same simulation was per-
formed without contact. These results are shown (on the
LHS) for comparison. In figure 12 one can see the pres-
sure in the blocks after 1µs. The block is at this point in
compression, the release waves have not yet reached the
centre of the block. From these results it is clear that the
contact algorithm has no problems in dealing with con-

 1 cm 

0.4 cm 

0.4 cm 

1 cm 

200 m/s 

200 m/s 

Figure 11 : Symmetric Block Impact in 2D: Problem
Setup

tact on corners. In figure 13 the pressure in the blocks is
shown just after the point where the release waves have
reached the contact line (after 2µs). One can see the typ-
ical tensile stresses generated when no contact algorithm
is used, while the results on the RHS show the beginning
of the separation between the two unloaded blocks.

3.4 Fluid Sloshing in 2D

The break simulation is the second 2D test that was per-
formed. The test setup is identical to the experiment and
simulation results reported in [Idelsohn, Storti and Onate
(2001), Koshizuka, Nobe and Oka (1999)]. The dimen-
sions of the container are 58.4cm long by 29.2cm high.



A Frictionless Contact Algorithm 45

 
Figure 12 : Pressure plots 1µs after impact, without contact (LHS) and with contact (RHS)

Figure 13 : Pressure plots 2µs after impact, without contact (LHS) and with contact (RHS)

 

 
Figure 14 : Breaking Dam State Plots at 0.00, 0.20, 0.70, 1.00 s.

The volume of water is 14.6cm long by 29.2cm high.
The fluid is modelled as a viscous fluid with the follow-
ing equation of state to ensure that the material behaves

quasi-incompressible:

p = B

[(
ρ
ρ0

)γ
−1

]
, (25)

where B and γ are user defined constants. The volume
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Figure 15 : Isometric View of 3D Hypervelocity Impact at 0.0 and 0.2µs.

 

 

 
Figure 16 : Cross Section Plots of 3D Hypervelocity Im-
pact at 0.0, 0.1 and 0.2µs.

of fluid is initially at rest and moves under the influence
of a gravity field. The response time considered was

1.00s, and plots of the results are shown at 0.00, 0.20,
0.70 and 1.00s. The results, figure 14, compare well with
the published experimental and simulation results [Idel-
sohn, Storti and Onate (2001), Koshizuka, Nobe and Oka
(1999)].

3.5 3D Hypervelocity Impact

In order to demonstrate that this contact algorithm per-
forms in 3D a hypervelocity impact of a sphere on a plate
was simulated. This type of problem is a severe test for
the robustness of the contact algorithm as both objects are
subjected to extremely large deformations. The radius
of the sphere is 0.3mm, the plate thickness and radius
is 0.2mm and 0.15mm. The material of both objects is
aluminium and an elasticplastic hydrodynamic material
model with Gruneisen equation of state was used. The
sphere has an initial velocity of 7km/s. Due to the sym-
metry of the problem a quarter model was created (see
figure 15). Cross section plots after 0.0, 0.1 and 0.2µs
are shown in figure 15 and figure 16. From these plots it
can be seen that the algorithm does not cause any mixing
of particles, even at very large deformations. No experi-
mental data, such as hole diameter or debris cloud angle,
was available to perform a more qualitative validation of
the simulation results.

4 Conclusions

A conceptually simple and computationally efficient
method for modelling contact in the SPH method has
been proposed. The main advantages of this algorithm
are:
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The detection of contact and the calculation of the con-
tact force are based on quantities that are already calcu-
lated within an SPH algorithm.

There is no need to construct contact surfaces, or to ex-
plicitly define normals to the surface and to calculate sur-
face interpenetration.

The proposed approach can be used with the collocated
and non-collocated normalised SPH method.

These features preserve the meshless nature of the solver.
The new contact algorithm was successfully applied to
several 1D, 2D and 3D problems. The results demon-
strate the accuracy and robustness of the algorithm for a
wide range of problems.
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