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Abstract: Electric contacts of riveted type are analyzed bysBnulation of their
mechanical, electrical and thermal characteristBecial emphasis was put on
dependencies of contacts’ temperatures on chosetaatomaterial and applied
load conditions. Mechanical characteristics of aotg are considered through
yield stress distributions and their maximum vallependences on contact
material, geometry and dimensions. All simulati@me performed for contacts
within switching device, i.e. together with suitatdupporting structure. Results
are discussed on the basis of appropriate contaaterial selection and
determination of reliable operating time for difet geometry, dimensions and
imposed loading conditions of contacts.
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1 Introduction

Nowadays, with global tendency of miniaturization and massive ptioduc
of more cost effective electric devices, modern eledricuits often exploits
power semiconducting devices for their closing and opening contrspitinthis
fact, for manufacturing of household appliances, automotive, tetecoination
and aerospace engineering switches and relays still playpantant role. Their
basic parts are electric contacts that perform mechanashg and opening of
electric circuits.

Considering the versatility of switches and relays, afectontacts are
available in different forms (rivets, profiles, blanksskd, buttons, etc.) and
types (solid and clad) and can be of different sizes. Solid derdae entirely
made of highly conductive materials (precious metals or #tleiys), while clad
ones are mostly produced of copper with their tops being plated doy il
precious metals.
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During their exploitation electric contacts are subjected gh hurrent
levels, numerous and often on-off cycles, as well as, chemicaltive
environment. Thus, contacts often fail because of material ¢raasfl pitting,
arc erosion, corrosion, sticking and welding and even plastic deformathis
reliability issue of performances of designed contacts is comgie to the lack
of information on all of the parameters affecting contacts undetiplicity of
operating conditions.

Two crucial parameters for electrical contacts charaetioin are their
temperature and vyield stress values under imposed load conditnsvith
nominal current flow and appropriate contacting force appliedmely,
electrical contacts have predefined allowed excess temperatepending on
temperature and type of environment in which contacting is peefibr Thus,
knowing contact temperatures allows limiting of the currenteslthat can be
applied on them [1]. On the other hand, simultaneous influencertéating
force and equivalent electro-thermal strain, cause yield stresssne regions of
the contacts which, due to numerous on-off cycles, leads to adatigeven a
failure of contacts. For that reason, the number of on-off cylbsstill obtain
reliable operation of the contacts is important in desigelagftrical contacts and
switching devices.

Development of electric contacts encompasses several steps,asuc
choosing contact materials, defining shape and size of the cam@dietting
minimum contact pressure. Realization of these steps redknim@sledge of
characteristics of contact materials (electrical andibkeconductivity, hardness
and limit of elasticity, chemical activeness and resistanamechanical wear,
arc erosion and welding), geometrical and dynamic propertiesomfact’s
structure (shape and dimension of contact, force between traacount of
slide, rolling or twisting motion) and properties of the supportitrgcture
(resiliency and tendency to enhance or inhibit bounce). Simulatiaeofric
contacts in mechanical, electrical and thermal domains repsepemterful
CAD-CAE tool in all above mentioned steps. The results of simualanh 3-D
domain enable designed contacts evaluation from proper material ,choice
adopted shape and size and reliability point of view.

In this paper results of 3-D simulation of mechanical,téted and thermal
characteristics of riveted type electric contacts aresegmied with special
emphasis on dependencies of contact's temperatures and vyielé stres
distributions on load conditions. Results are obtained for solid adctal#acts
made of different materials, heaving four characteristic déioms and two
different geometries. Contacts are simulated together wiprogriate
supporting structure that determines degrees of freedom of cométbtin
switching device and conditions of electric load and heat digsipaSteady
state is assumed, where contacts are subjected to constanalncumrent. For
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all simulated contacts distributions of current densitied wield stress are
obtained, as well as, dependencies of contact temperatures gintumastress
on load current values. Obtained results are discussed on the assadriate
contact material selection and determination of reliable Gpgrdime for
adopted dimensions and geometry of contacts.

2 Simulation Procedure and Design of Considered Contacts

Results of the simulation are obtained by software that compulétiphysic
problems solve numerically utilizing finite element analysiSA}and multigrid
approach. It solves Maxwell's equations simultaneously with keakrati-
on/transmission and elasticity equations. Through appropriate iniseface
contact material parameters, geometry and dimensions of comtadtsuppo-
rting structure are given, load conditions are set and obtainatiosols dis-
played graphically. By load conditions, symmetry and degreeseefiém of
contacts are specified, values of potential and pressure on ceutttes are
set, as well as method and areas of heat dissipation are defined.

Temperature and yield stress characterization were obtainegdtad type
of electric contacts with rounded head since they are commonly mdexrie
appliances, products of consumer electronics and in power swgtdbivices as
relays [2]. Cross-sections of rivet contacts with rounded headtb types (so-
lid and clad) are shown in Fig. 1, while values of charackewstnensions are
listed inTable 1

Table 1
Dimensions of rivet contacts [2].
Contact dimension Value (mm)
solid clad
Head diameter -.d 3 5;5.5;6
Total head height — k 0.7 1
Shank diameter -.d 1.5 2.5
Contact layer height — s - 0.5
Shank length — | 0.7 1
Head and contact radii ¢ Ir» 10; 0.5 10
Head taper anglex 15° 0°;15°

Head diameter of simulated solid contact was 3 mm, while l&at cnes
they were 5; 5.5 and 6 mm. For clad contact with head diarBetem two
geometries are considered (head taper arfigd@® 15).

Contact materials (kind and composition) were chosen accordidgto
from catalogues of the major world manufacturers [3-5] and kenhar
requirements. Silver with purity of 99.99% was selected to keriabfor solid
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contact, while copper and alloys: 90%Ag-10%Ni and 97%Ag-3%Cu (hard
silver) for clad one. By electrical and thermal condugtidtioys Ag-Ni and
Ag-Cu are very close to the pure silver but they have mudkrb@echanical
characteristics. Values of physical, mechanical, electandl thermal parame-
ters of considered materials are summarizethiole 2
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Fig. 1— Cross-section of solid (a) and
clad (b) rivet electric contacts with rounded head

Table 2

Physical, mechanical, electrical and thermal paeders of(_():ontact materials [3-5].
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Cu 1356 130 0.34 40 1.6930 4.29-1¢ 16.5-1F 401

Ag 1234 83 0.37 26 1.62Ff0 4.1.16° 189.1F 419
90%Ag -10%Ni 1234 83 0.37 65 1.89%0 18.9-1¢ 310
97%Ag - 3%Cu 1173 83 0.37 45 1.75%10 18.9-16 350
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As a supporting structure of contact is used copper plate with dionensi
(10mm x 4mm x 0.5mm) for solid and (15mmx 6mm x 0.5mm) for clad
contact. Cross-section of the system contact-supporting strustgt@own in
Fig. 2, with noted contacting surfaces (1 and 2) on which appropozdéeng
conditions are applied.

Fig. 2 —Cross-section of the system contact-supportingistre.

Loading conditions of the contacts are primarily determinechbyatea of
their utilization. Thus, solid Ag contact is simulated for &atlon in devices of
consumer electronic and household appliances, where supporting strisctur
fixed only at contact surface 2 and nominal currents are ko Contacting
force is applied on contact surface 1, with values of 0.15N/Adaents up to
1A and 0.2 N/A for higher current values. Simulated clad contagts dr@ater
dimensions since their application is in high power switches forrasreg to 50
A. Two sets of simulation results are obtained concerning supgastiucture
(plate) of clad contacts: a) plate is fixed only at consarface 2 (Cu/Ag-Ni
contact) and b) plate is fixed at contact surface 2 and at the bottom sulnfabe
disables its bending (Cu/Ag-Cu contact). For both sets contactsutfavas
subjected to contacting force of 0.36 N/A.

During the simulation, contact surface 2 was kept at the petential,
while potential of contact surface 1, for different contaués] taken value from
the range of M0°+3010° V. According to these potential differences currents in
contacts were ranged from 0.15A up to 45.5A.

For heat dissipation from free contact’s surfaces and suppsttingfure (it
is assumed that system is in the air) convection regimeassismed. Thus,
convection coefficient of 28.4 WAK and ambient temperature of 300 K were
used in thermal simulation.
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3 Results and Discussion

Structural deformation of the system Ag contact-supportingtaneievhen
contact pressure of 99KPa (for nominal current of 1.5A) on cairfais applied
is shown in Fig. 3. Displacement of the system is determinditkég contact
surface 2 and contact pressure is mostly compensated by elagiarties of
contact material of the supporting structure and contact. iBybfore the
deformation is also shown and value of a maximum bending of thetusis
0.012mm. This deformation can be of importance in design of switclgviges
since for higher contact pressure i.e. higher currentahee of bending can be
even 1 mm.

o . Z277E-05 -553E-05 .G30E-05 .111E-04
. 135E-05 .415E-05 .691E-05 . 968E-05 .124E-04

Fig. 3—Deformation of the system Ag contact — supporting-ture.

Distribution of electric potential and vector representatibourrent density
inside the system with Ag contact while current of 1.5 A is agdpdire presented
in Fig. 4 and Fig. 5, respectively. From Fig. 4 is evident #wtipotential
surfaces are determined by geometry of the structure, Hsasyeby high
electrical and thermal conductivity of used materials. Fram3-regions where
current density reaches maximum and local Joule’s heatitigeafontact is the
most pronounced can be easily obtained. These regions are ‘fast’ iar¢he
structure, where initialization of different thermally timated degradation
processes, such as welding and material migration, can be exkpkecthis case
these regions are boundary of contact surface on contact headiratidn
between the contact's head and shank. Similar distributiontheofcurrent
density are obtained for contacts made of Ag-Ni and Ag-Cusaboyce values
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of their electrical and thermal conduction parameters arg clese to each
other.

Distribution of temperature in the contact depends on load camslitio
temperature coefficient of specific electric resisgivithermal conductivity of
the material, areas and regime of heat dissipation. Simgashowed that, due
to high electrical and thermal conductivity of used materiad large heat
dissipating areas of the contact, temperature distributieontacts for adopted
load conditions is uniform [6]. Dependencies of the contact tempesabur the
current intensity for simulated contacts are given in Figt i6.dvident that clad
Cu/Ag-Cu contact has higher temperature values than clad Qu/égntact for
same current levels. This is due to different fixing metrafdfeir plates since
both clad contacts have the same geometries and their nsagggakith similar
electrical and thermal conducting properties. Namely, Cu/Agedtect plate is
additionally fixed at its bottom side and areas of heatightion are reduced.
Therefore, for the analysis of contact application from thartakpoint of view,
knowledge of their assembling characteristics in the switcdiegces is of
importance.

|
0 .222E-04 . 444E-04 .B66TE-04 .B89E-04
.111E-04 .333E-04 .556E-04 . 778E-04 . 100E-03

Fig. 4 —Electrical potential distribution in system with &gntact.

Moreover, on the basis of dependencies from Fig. 6 and allowed excess
temperatures respecting to the ambient temperature, linttingnt levels for
contacts and therefore areas of their application can be detelmAllowed
excess temperatures are defined by appropriate standardsr agildefo plated
contacts made of copper operating in the air it is 50 K [1].
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Distribution of yield stress (induced by contact pressure #edmial
expansion of the contact due to Joule’s heating) in solid Ag contact when current
of 10.75A is applied is shown in Fig. 7. Point of maximum vyield sti®a place
of potential structural deformation of the contact andait be easily obtained
from the given figure. In this particular case it is at tentact edge
along the supporting structure in the direction of maximum ntidensity and
has a value of 2.4-1@Pa. Simulation show that this is the place of maximum
stress for all applied current values and dependence of tivesguantities is
given in Fig. 8 (for d1=3mm).

Almost linear dependence of maximum stress on current visladserved.

It is a consequence of direct proportion between contact pressdrapplied
current (system is fixed only at the contact surfaceresyield stress is mainly
caused by mechanical load while electro-thermal effects are obadserder.

—
1578 311463 621349 931234 . L24E+07
156520 466406 776292 . 109E+07 . L40E+07

Fig. 5—Current density distribution in system with Ag @t
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Fig. 6 —Contact temperatures vs. current intensity.
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Fig. 7—Yield stress distribution in solid Ag contact.
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Fig. 8 —Dependence of maximum vyield stress on current galue

In Fig. 8 dependencies of maximum yield stress on current vétues
Cu/Ag-Cu clad contacts with 3 different head diameters stdgjeto the same
contact force (0.36 N/A) and fixed at contact surface 2 arepatsented. As for
solid contact, points of maximum stress are at the contige @long the
supporting structure in the direction of maximum current dersity there is
linear dependence between stress and current values. Howieeeto clad
structure, where two materials of different mechanicalGtetal and thermal
parameters are in contact there is no straight connectionedrethead diameter
and maximum stress values.

Fig. 9 represents distributions of yield stress in theegystith clad Cu/Ag-
Cu contact additionally fixed at the bottom side, for two currehtega(I=1.67
A and 1=30.9 A). It can be noted that for lower current values. (8%{g))
maximum stress is in the shank of the contact and itdensequence of the
contact force acting on materials with different elastic eriogs. Namely, as it
is shown in Fig. 6, for this current level thermal expansion doesave effect
since the temperature of the contact equals referent otlee base presented in
Fig. 9(b) thermal expansion takes place and point of maximum stresshe
contact edge along the supporting structure in the direction ofmaaxicurrent
density.
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Fig. 9—Yield stress distribution in the system with Cuygeontact
with head diameter of 5 mm for current of (a)7L46 and (b) 30.9 A.

Values of maximum stress for the range of applied load csreand three
different head diameters for the above mentioned systemivame i Fig. 10.
These values are lower then one shown in Fig. 8 due to redigir of contact
pressure from contact surface 1 to the whole contact structure.
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Fig. 10— Dependence of maximum yield stress on currenegdbr contacts
additionally fixed at the bottom side.

Reliable operating time of the contacts under defined load camslitan be
determined from so-called S-N curve of given material (dependeotieduced
stress on applied number of loading cycles). For silver and cogipesen con-
tact materials) these curves are given in Fig. 11 [7, Bkdnparison of Figs. 8
and 11 it can be concluded that considered solid Ag contact should provide
reliable operation up to fCcontacting cycles. On the other hand, for clad
contacts reliable operation is limited to*1ycles for g=5mm and even less for
d;=5.5mm and ¢g=6mm. Long term reliability is not fulfilled by this value whi
make this type of fixing of contacts unsuitable for massive production. However
additional fixing of supporting structure at the bottom side upgradabifigy of
the system in grate extend (up td &9cles), as can be concluded from Figs. 10
and 11. Head diameter is not a critical parameter singgnmen stress values
are close for all diameter values and they can not bécilppredetermined.
These considerations on reliability issue of contacts detertin@rieapplication
areas and economical parameters of their massive production.sign def
contacts they impose necessity of finding compromise between aofoused
materials and obtained contact resistivity.
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Fig. 11— S-N curves for silver and copper [7, 8].
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Fig. 12— Distribution of maximum stress in clad contact with5mm and
a=15 °for current of 9.9 A.

89



A. Priji¢, B. Pe&, Z. Priji¢, D. Pantt, Z. Pavlové

30x10

25x10¢ { —e— (=0°

20x1C A

15x10 A

S(N/m?)

10x10 A

5x10° 1

0 10 20 30 40 50
I(A)
Fig. 13— Maximum stress dependencies on current for cladaobn
with two geometries and<bmm.

Clad contact with head diameter 5 mm was additionally stexldor
geometry with head taper anglewf15° and distribution of maximum stress in
this structure for current value of 9.9 A is representedgn F2. Point of maxi-
mum stress is in this case at the junction of copper body ar@usajloy, while

for lower current values it is in the shank as éor0°. This point is critical since
there alloy plate can detach from solid copper body causing contact failure.

Maximum stress dependencies on current valuesi#0f anda=15" are
given in Fig. 13. Values foo=15 are little lower and this fact should be
considered in design of switching devices that uses thisafypentacts. In this
case compromise should be find between lower material costdoamed
maximum stress values against possibility of alloy detachiomg the body of
contact.

4 Conclusion

3-D simulation of electric contacts in mechanical, electraoad thermal
domain provides data necessary for optimal design of contactswatahing
devices. For given geometry, dimensions and contacting mode ofcisoitta
enables proper choice of contact material for imposed load condi@onthe
other hand, at pre-set contact material, thermal characienizztables defini-
tion of the limiting electrical conditions for the contact exploitatiod therefore
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its area of application. Moreover, on the basis of the res@ilmulation in
mechanical domain some changes in geometry of contacts and supporting
structure can be suggested.

From the reliability point of view, values of maximum yieldess induced
by mechanical and electro-thermal loading of contacts determingber of
switching cycles for whom reliable operation of contactciewved. Simulation
results obtained for different geometries and dimensions ofacisntand
different fixing methods, while knowing S-N curves of contactamals enable
definition of optimal design parameters and exploitation conditions of ¢entac
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