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Temperature Profiles of All-Aluminum-Alloy
Conductors near Wedge Tension Clamps
Pascal B. Buehlmann* and Christian M. Franck
High Voltage Laboratory, ETH Zurich, Switzerland

are of lower significance, but might be beneficial for
lifetime predictions of conductors.

Abstract
Conductor temperatures at the wedge tension clamp are
significantly lower than in the free-span. In this paper,
the reasons for the lower temperatures due to the clamp
are investigated. The increased convective and emissive
cooling power as well as the decreased power losses at
the clamp are causing the lower conductor temperatures.
A numerical model is developed and described, which
enables to accurately predict axial and radial temperature
profiles of the conductor inside and close to the clamp.
Experimental measurements of electric resistance,
magnetic flux and temperature are used to verify the
presented model. This developed numerical tool uses
adapted material characteristics that allow to model the
conductor as a simplified bulk cylinder. The tool can be
adapted to other clamps and applications to analyze and
optimize them.

The lifetime of all-aluminum-alloy conductors (AAAC)
and other conductors is significantly influenced by
temperature and mechanical stress. As the stress and strain
is locally enhanced at clamps and other fittings, knowing
the thermal behavior is of special interest to determine
creep and deterioration of the material at these locations.
As shown in [6] [7] [8] [9] and other references, lower
temperatures are beneficial for the conductor lifetime.
Therefore, a study about the thermal impact of a wedge
tension clamp on the conductor is conducted.
First measurements showed that this clamp is cooling
the conductor significantly [10]. It was assumed that the
lower conductor temperature was achieved by enhanced
convective cooling and decreased heating. As presented
in [10], the axial temperature profile can be approximated
when the temperature in the free-span and at the clamp
are known.

1. Introduction
Demand for electric power transmission is increasing but
the opposition to building new overhead-lines persists
or intensifies. Improving the efficient operation of the
existing and future overhead lines is desired. Precise
weather dependent dynamic line rating can enhance
capacity, safety and reliability of the transmission grid.
This can result in close to limit operation of the lines. Thus,
the thermal limit of the line has to be well understood in
order to guarantee a safe and reliable operation.

The hypotheses for causing the lower conductor temperatures are investigated in this study. Therefore, a numerical
model with a conductor simplified as a bulk cylinder
with modified material characteristics was developed.
Different contact configurations in the clamp can be taken
into account for identifying the physical mechanisms that
are responsible for the conductor cooling. This validated
numerical tool can predict the temperature profiles of
AAAC near clamps for the presented example. This tool
shall help to predict the temperature profiles of other
cases with the presented numerical approaches without
the necessity to perform expensive tests.

Models for overhead line conductor ratings are established,
presented, and proved in [1] [2] [3] and other publications.
These investigations as well as [4] and [5] describe the
conductor rating in the free-span without analyzing the
situation near clamps or other fittings. For short term sag
and rating calculations, the thermal behavior near fittings

To validate the model and the hypotheses, the electrical
resistance, the magnetic flux as well as at the radial and
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axial temperature profiles of an AAAC near a wedge
tension clamp are measured and simulated.

low friction coating as provided from the manufacturer is
applied on the sliding surfaces. This coating is insulating
as well but can crack or break at locations with high
contact pressure. Therefore, the low friction coating
contact configuration is not entirely electrically insulating
the contact between the wedges and the body. The
cleaned surface in configuration (c) represents the lack or
degradation of low friction coating and should provide the
best electrical contact.

The manuscript is structured as follows: The approach,
the assumptions as well as the experimental and numerical
methods are presented in section 2. The achieved results
are divided in Ohmic losses in section 3, magnetic flux
profiles in section 4 and the temperature profiles in
section 5. Finally, these results are discussed in section 6
and concluded in section 7.

2.1.2 Electromagnetic-thermal Impact

2. Methods

To determine the electromagnetic-thermal consequences
of the different contact configurations, the following
quantities are measured and simulated:
• Electrical resistance
• Magnetic flux
• Radial and axial temperature profile

2.1. Methodology
The temperature of the conductor in the free-span can be
determined with models summarized in [1], which take
ambient and load conditions into account. It was shown
in [10] that the tension clamp influences the conductor
temperature significantly. The following steps shall
determine, how such a clamp can influence the conductor
temperature in axial and radial direction. It was assumed
in [10] that lower conductor temperatures at the clamp are
caused by increased convective cooling power due to the
larger surface area per unit length and the decreased Joule
heating due to enlarged conductive cross-section.

2.2. Experimental Setup
2.2.1 Test Rig
The experiment is installed in an air conditioned
laboratory at 21°C and 50 % relative humidity. The
conductor is supported by a wedge tension clamp at each
end of an approximately 7.5 m span as shown in Fig. 1.
Alternating current (ac) is used to heat the conductor. For
this study, the root mean square (rms) of the ac current is
chosen to be Irms = 500, 700 or 900 A. The tensile force
F can be controlled and is applied by a motor driven
jack-screw and is measured by a load cell. To make the
experiments comparable, all presented measurements are
performed at F = 15 kN. On the same test-rig and with the
same conductor, it was found that the tensile force has a
negligible influence on the axial temperature profile [10].
Though, the radial thermal conductivity of the conductor
is decreased at small tensile forces. This effect becomes
significant below 10 kN [11]. The highest force at which
no rupture of the thin insulating Teflon foil occurs is
15 kN. Thus, this tensile force was chosen.

2.1.1 Electrical Contact
To investigate the hypothesis of decreased heating in
more detail, the conductive cross-section was varied by
modifying the electrical contact between the two wedges
and the outer body of the clamp as represented by the
green dashed line in Fig. 2. The electrical contact between
the conductor and the wedges is assumed to be ideal, as
the grooved surface of the wedges provide a form fit with
the conductor surface in order to achieve the necessary
friction forces. Hence, the oxide layer of conductor and
wedge surface is cracked.
To investigate the influence of the contact between the two
wedges and the outer body, the following three contact
configurations are chosen:
(a) Teflon foil insulation
(b) Low friction coating
(c) Cleaned surface

2.2.2 Conductor and Clamp
An AAAC with a conductive cross-section of
550 mm2 is used for this study. All wires are made of
the AlMgSi alloy. Four wire layers are stranded crosswise
on the core wire. All wires have the same diameter of
d = 3.39 mm which results in an outer conductor diameter of
D = 30.51 mm.

The Teflon foil in configuration (a) is 0.3 mm thin and
provides similar gliding properties as the low friction
coating. This foil electrically insulates the outer body
completely from the wedges. For configuration (b), a new
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2.3. Thermocouples

The wedge tension clamp is made of forged aluminum
alloy AlMgSiF32 (EN AW 6082). The upper wedge is
straight whereas the lower wedge is beveled by an angle
of 5° as it can be seen on the top of Fig. 2. Both wedge
surfaces in contact with the conductor are grooved. Low
friction coating is applied by the manufacturer on wedge
surfaces in contact with the outer body. The outer body
is connected via steel straps with the tension string. To
eliminate the influence of those steel straps on the magnetic
field near the clamp, experiments and simulations are
performed with textile belts. The back-end of the lower
wedge is not illustrated in Fig. 2 and is not modeled. This
back end is tilted by 45° to guide the conductor.

T-type thermocouples were used to measure the axial
and radial temperature profiles of the conductor as well
as the temperature of the clamp and the ambient air. The
air temperature was measured near the conductor as
described in [3] [11] [12].
To measure the temperature of the conductor wires and
the clamp, holes of 1 mm depth and diameter are drilled
into the part, into which each thermocouple is glued.
Each thermocouple cable is guided in close contact to the
measured region for at least 1 m of cable length to ensure
that the cable is at the same temperature as the sensor.
Thus, the thermocouple is not cooled down due to the
good axial thermal conductivity of the sensor cable.
Eleven thermocouples are inserted on the outermost layer
of the conductor in the free-span over a length of 162.5 cm.
The first six of them are positioned with a spacing of
10 cm and the rest with a spacing of approximately 20 cm.
Within the clamped zone, four thermocouples are installed
on the side of the outermost wire layer at the positions of
z =−0.5, −2.1, −4.6 and −6.7 cm.

Fig. 1. Sketch of experimental arrangement. The continuation of the conductor
at both clamps and the electric circuit to heat the conductor are not shown.

The radial temperature profile was measured in three
cross-sections at the locations z =−4.6, −0.5 cm and in
the middle of the span. The thermocouples are placed in
all wire layers by manually opening the conductor and
inserting the sensors individually in one wire of each layer.
The clamp temperature was measured at z =−5.5 cm on
the top and side of the clamp body as well as on the under
surface of the lower wedge as illustrated by the three red
circles in Fig. 2.
2.4. Hall Probe
The magnetic flux Bx in x-direction is measured with
transversal Hall-probes1 on the conductor surface and on
the clamp surface on three paths a, b and c as illustrated in
Fig. 2. Bx is measured at a distance of rprobe = 2 ± 0.1 mm
to the specific surface. This length rprobe is the distance
between the point of measurement and the front face of
the probe.

Fig. 2. Simplified clamp assembly sketch. On the top, the cross-section along
the symmetry yz-plane is shown. The paths a, b and c for measuring the
magnetic flux are illustrated in dotted blue lines and sliding faces with different
contact configurations are presented as dashed green lines. Path a and b are in
the yz-plane. Path c is shifted by x = 30 mm to the yz-plane. The z-axis points
towards the free-span and its origin is located at the ultimate point of full contact
with the both clamp wedges. The red circles illustrate the locations of the three
thermocouples to measure the clamp temperatures at z = −55 mm.

2.5. Modeling
The finite element modeling was performed in COMSOL.
1

HS-TGB5 for FH54 from Magnet Physics Inc.
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This model shall help to better understand the distribution
of the electric current within the clamped region and shall
serve to predict the temperature profiles in similar cases
without measurements.

(3)
which reduces the electrical and thermal conductivity of
the bulk conductor model in axial direction.

2.5.1 Geometry

The conductivity in axial direction has to be reduced
furthermore, as the wires on different layers are of
different length per unit length of the stranded conductor.
Therefore, the uncoiled length for each wire is taken into
account and averaged over all wires. Thus, the length
correction factor Clength is the ratio between one unit of
conductor length and the averaged uncoiled length of
each wire with lay angle γi of each layer i.

The three parts of the wedge tension clamp were
modeled from blueprints provided by the manufacturer.
Simplifications are the neglected tilted back-end of the
lower wedge as well as the steel straps. Various edge radii
are not precisely modeled like the real clamp parts.
The major simplification of the model is the conductor
geometry. It is modeled as a squeezed bulk cylinder with
the same cross-section including air-gaps as the real
conductor. But it is squeezed from the top and bottom
in the vertical direction y to achieve the same indent in
z-direction of the wedges into the outer body, as it is in the
experiment when tensile force is applied. To model the
properties of the bulk squeezed conductor as it would be a
stranded one, the material characteristics are corrected to
the new geometry.

(4)
In radial direction thermal and electrical conductivity
are significantly reduced due to the limited contact by
inter-layer points. This reduction is expressed by the
radial correction factor Cradial and is the ratio between the
measured radial thermal conductivity λr,measured and the
thermal conductivity λ of the material. λr,measured can be
derived from the temperature difference between core and
outermost layer ∆Tr , the electric current I and the electric
resistance Rel as presented in [4].

2.5.2 Material Properties
The corrected conductor material properties of the
aluminum alloy AlMgSi are the thermal conductivity
λ = 218 W/(m K) and electrical conductivity
κ = 3.227e7 S/m. Both of these characteristics are corrected
in the same manner. To correct for the bulk cross-section,
the total cross-section Atot is compared to the conductive
cross-section Acond of the stranded conductor. The total
cross-section is calculated by the outer diameter D of the
conductor including all air-gaps.

(5)
(6)
Cradial = 0.0157 is kept constant in the free-span and the
clamped zone, resulting from the averaged thermal radial
conductivity λr,measured = 3.43 W/(m K) in the free-span (see
section 5.3).

(1)
The total conductive cross-section Acond is the sum of the
cross-sections of wires ni per layer i with corresponding
diameter di over all layers m. In our case, all 61 wires have
the same diameter d = 3.39 mm.

The material characteristics for the aluminum-alloy
E- AlMgSi of the conductor and AlMgSiF32 of the clamp
are listed in Table I.

(2)

The electrical conductivity κ is temperature dependent
and can be determined with the temperature coefficient α.

The ratio between conductive and total cross-section
result in the section correction factor Csection of

(7)
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Table I

(11)

Material characteristics of the aluminum alloy e-Almgsi of the conductor and
almgSif32 of the clamp parts

(12)
(13)
The convective heat transfer coefficient h is implemented
in the simulation to determine the convective heat transfer.
For the conductor, hcond is calculated by the following
formulas suggested from [5]:
(14)
(15)
(16)
(17)

These corrections enable to model the conductor as one
bulk volume with the modified material characteristics λ
and κ .

(18)
(19)

(8)

(20)
(21)
(22)

(9)

For calculating the natural convection heat transfer
coefficient hclamp on the clamp surface, the clamp is
approximated by a long horizontal cylinder, with a
constant diameter Dclamp = 70 mm. The coefficient hclamp
is applied on all outer body surfaces and lower surface of
the bottom wedge and is calculated as suggested by [19]:

These corrections enable to model the conductor as one
bulk volume.
2.5.3 Thermal Equilibrium
Convective Pc and emissive Pe heat transfer power are
cooling the conductor, whereas the electric losses Pj heat
the conductor. As the experiment was performed indoors,
the radiative heating Pr is neglected.
Pj = Pc + Pe

(23)

(10)

2.5.4 Convection

(24)

All measurements are conducted inside in an air
conditioned laboratory at an ambient temperature of
Tamb = 21 ± 0.7 °C. In the closed laboratory, zero wind
conditions are assumed. Thus, only natural convection
cools the conductor and clamp. To model the convective
heat transfer, the formulations of [5] are applied as it
was proven suitable for this setup by [3]. The convective
cooling power P'c per unit length is dependant on the
thermal conductivity of air λf at film temperature Tf and
the Nusselt number .

2.5.5 Emission
It is assumed that all walls, the ceiling and floor are at
ambient temperature. As suggested by [1], the emissivity
ε for new conductor is between 0.2 and 0.3. The conductor
used for this experiment is the same as in [3], where the
the emissivity was assumed to be ε = 0.28. As the surface
of the conductor is aged and not as shiny as new, a slightly
higher emissivity of ε = 0.4 is assumed to calculate the
emissive cooling power per length P 'e :
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configuration [10]. In the free-span, the same result was
achieved. The resistance of the conductor in the clamp
with low friction coating was slightly higher at 34 µΩ/m.

(25)

3. Ohmic Losses and dc Resistance

In all observed cases, the electrical resistance decreases
with improved electrical contact between clamp wedges
and body. This results from the increased conductive
cross-section. In case of dc, the reduced ohmic resistance
is directly linked to decreased Joule heating. For ac, the
skin effect could have an impact, as the clamp is increasing
the cross-section significantly.

To assess the Ohmic loss reduction due to the clamp, a
micro-Ohm meter was used to measure the dc resistance
of the conductor in the free-span and within the wedge
tension clamp. Therefore, the conductor was detached from
the transformer and the micro-Ohm meter was attached. A
dc current of 200 A was applied in both directions by the
measurement device, which measures simultaneously the
voltage drop between the potential probes. To measure the
dc resistance of the conductor in the clamp, the potential
probes are mounted on the conductor just in front of the
bottom wedge and behind the top wedge. The results are
summarized in Tab. II.

4. Magnetic Flux
To understand how this variation of electrical contact
between the wedges and the body influences the electrical
losses and thus the Joule heating, the current density
profiles are investigated. It is not possible to directly
measure how the current is flowing through the clamp and
conductor. Thus, the magnetic flux B is used to infer the
current density in nearby locations. If the current paths
change, the magnetic field is varying as well. The Bx component of the field is measured at different locations
in the three configurations as explained.

Table ii
Measured and simulated dc resistance of the conductor in the free-span
and in the clamp assembly

4.1. Free-Span

The measured resistance in the free-span of 58 µΩ/m is
conform with the calculated value of R21 = 57.85 µΩ/m at
ambient temperature of 21 °C and R20 = 57.64 µΩ/m at a
temperature of 20 °C [1] [10].

The situation in the free-span is used to confirm, if the
measured and simulated magnetic field agree with analytic
models. The analytic value can be derived from the law of
Biot-Savart. B generated by a cylindrical conductor can
be calculated by the magnetic constant µ0, the electric
current I and the distance Rcenter = R + rprobe to the center
of the conductor, which is the radius of the conductor
R = D/2 = 15.26 mm plus rprobe.

By comparing the values between the electrical resistance
of the conductor in the free-span and the clamp it can be
seen that the clamp reduces the resistance significantly.
If only the wedges are contributing to the enlarged crosssection in configuration (a) with the Teflon foil insulation,
the resistance is reduced by 40 %. The low friction coating
is insulating the clamp body to the wedges as well. But
at the beginning and endings of the sliding surfaces, the
coating cracks and breaks. At these locations, there is an
electrical contact established and the body contributes to the
conductive cross-section. Thus, the resistance is reduced
furthermore. If all insulating material is removed as in
contact configuration (c), the electrical contact between
the wedges and body is improved. This results in an even
lower resistance, which is measured to be decreased by
48 % compared to the resistance in the free-span.

Table III
Magnetic field bx in the free-span tangential
to conductor surface at distance Rcenter

(26)

The same measurements were performed on the same test
rig for the free-span and the low friction coating contact

The results of the magnetic flux component in the freespan are summarized in Tab. III.
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The three different approaches to determine the magnetic
field component Bx are consistent. Thus, this measurement
method can be used to verify the B-field in the simulation.
4.2. At the Clamp
The magnetic flux Bx is measured at the clamp on the
paths a, b, and c as shown in Fig. 2. The measured field
and values taken from the simulation are presented in Fig.
3, 4, and 5. To simplify the illustrations, the B-field for
all three currents is only shown for path a in Fig. 3. In
this figure it can be seen that the B-field depends linearly
on the different currents, as assumed from equation (26).
This is the case for the other paths as well. Therefore, the
B-field for path b and c is only shown for 900 A in Fig. 4
and 5, respectively. In almost all situations, the measured
values are smaller than the simulated ones. Except for
path b below the wedge with the contact configuration
(b) with cleaned contacts, the measured and the simulated
values agree well.
For path a, the contact configuration has no significant
influence on the simulated and the measured values of Bx.
The measured magnetic flux is lower for all positions on
this path. Towards the positive direction of the z-axis, the
Bx -values are increasing due to the inclination of path a.

Fig. 4. Magnetic field component Bx below wedge along path b at 900 A. The
lack of values between z = −4 and z = 1 cm is due to the reinforcement of the
lower wedge, visible on the top of Fig.2

Along path b, the most significant influence of the contact
configuration can be observed. Both clamp wedges are in

Fig. 5. Magnetic field component Bx on the ridge of the clamp body along path
c at 900 A. Contact configuration (a) with Teflon in red and
(c) with cleaned contacts in blue.

contact to the outer clamp body between z = −17 cm
and z = 3 cm. As the conductive cross-section geometry
is changing most in this zone near path b, the current
paths are substantially influencing the magnetic flux in
the contact zone. In the region between z = −25 cm and
z = −17 cm, the clamp body is not in contact with the
wedges in any configuration. Therefore, Bx is not
influenced by the contact configuration in this region.

Fig. 3. Magnetic field component Bx on top of the clamp body along path a. Bx
for all three currents of 500, 700 and 900 A and contact configuration (a) with
Teflon in red and (c) with cleaned contacts in blue.
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For path c, the contact configuration has an impact on the
magnetic flux on all locations except from z = 3 cm on,
where the clamp body is no longer in contact to the wedges.

configuration (a) with insulation between the wedges and
body. As the simulations show the same tendency as the
measurements, the thermal insulation by the thin Teflon
foil can be excluded from reasoning for the increased
temperature. The difference in temperature between
different contact configurations is very small in all cases.

5. Temperature Profiles
To quantify the impact of the different contact
configurations, the resulting temperature profiles are
measured and simulated. The conductor temperature is
significantly decreased near the wedge tension clamp, as
already shown in [10].

The thermal transition zone and the thermal characteristic
length l̂ can be approximated for all cases as shown in
[10]. The disadvantage of this approach is the required
temperature Tcond (0) at the clamp to determine the constant
C2.

5.1. Clamp Temperature
The temperature of the clamp is in all cases approximately
0 to 3 °C lower than the temperature of the conductor in
the clamp. This temperature variation is larger at higher
currents and better electric insulation. In all cases, the
smallest temperature difference is the one between
conductor and lower wedge, which is maximum 1.3 °C.
The temperatures on the top and side of the outer body are
the same within the measurement tolerances of 0.2 °C.

(27)
(28)
The best agreement of axial temperature profiles between
measurement and simulation is observed for the case of
900 A. For 700 and 500 A, measured temperatures are
between 1 and 4° C lower than simulated ones.

As these described temperature differences are
insignificant and very similar for all analyzed cases,
the clamp temperatures are not illustrated but briefly
discussed here.
The smaller difference between the lower wedge and the
conductor in the clamp can be explained by the distance
and contact conditions. The lower wedge is in direct
contact with the conductor and the distance from the
conductor to the surface of the lower wedge is the shortest,
compared to the other measurement locations at the outer
body. The outer body is in contact with both wedges but
not with the conductor. In general, these low temperature
differences between the conductor and the clamp can be
explained by the very good thermal conductivity of the
solid aluminum parts.
5.2. Axial Temperature Profile
For all three measured electric currents and contact
configurations, the axial temperature profile is of
equivalent shape (see Fig. 6). By increasing the current,
the temperature is higher at all points. The conductor
temperature in the free-span is not influenced by the
contact configuration.

Fig. 6. Axial temperature for all three currents and the two contact
configurations (a) and (c)

Except for the measurement at 700 A, the conductor
temperature within the clamp is higher for contact
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reasonably be taken into account in the simulation, as the
occurring minuscule variations of air flow can significantly
influence convective cooling at wind speeds below 0.5 m/s.
This sensitivity of cooling power to small wind speeds is
more relevant at low conductor temperatures because
natural convection is more dominant at higher conductor
temperatures. Thus, this slight variations of forced
convective cooling is more relevant at lower temperatures
and can change the cooling power by several watts per
meter. This effect can cause the deviation between our
measured and simulated conductor temperatures at low
conductor temperatures. A similar application is illustrated
and explained for a Drake conductor at 100 °C in [1]. A high
sensitivity of cooling power as a function of wind speed is
shown in that case for a similar range of wind speeds.

Table IV
Measured thermal radial conductivity λr,measured in the free-span, calculated
according to equation (5)

5.3. Radial Temperature Profile
The radial temperature profiles of the conductor are
measured in the middle of the span and in two sections
within the clamp. To compare the radial temperature
differences with existing literature, the radial thermal
conductivity λr,measured (see equation (5)) is used to compare
the different cases. In the free-span, averaged for each
current, λr,measured is between 3.0 and 3.7 W/(mK) as shown
in Table IV.

6.1.2 Cooling Effect of the Clamp:
For the 900 A case (see Table V), the increased conductive
cross-section due to the clamp wedges and body
decreases the Ohmic heating by 27 to 39 %. Furthermore,
conductor temperatures at the clamp are lowered by
increased convective and emissive cooling power of
37 to 45 % compared to the cooling power in the freespan. Even though the temperature and thus the cooling
power is lowered at the clamp, the total cooling power is
enhanced by the much larger surface area. In both contact
configurations at 900 A, the net power per length at the
clamp is approximately −40 W/m.

Within the clamped zone, λr,measured can not reasonably
be determined. On the one hand, the electric resistance
is significantly influenced by the contact configuration.
On the other hand, the radial temperature difference ∆Tr
of the clamped conductor is measured to be within the
measurement error and is therefore negligible.
Table v
Simulated cooling and heating power per unit length at 900 A. At the clamp,
the total power is divided by the length of the clamp to derive the averaged
power per length. The net power
is the difference
between heating and cooling.

6.1.3 Different Contact Configuration:
The temperature differences at varied contact
configurations are very small in all investigated cases. In
Fig. 6, only contact configurations (a) and (c) are shown,
which both are rather extreme cases. The real case would
lay in between, at which the body is in electric contact
with the wedges, but not as well as with cleaned surfaces
as in configuration (c). When comparing the electrical
resistance for dc Rdc in Table II, the averaged resistance
per unit length is compared to the free-span approximately
8 % lower for case (c) than for case (a). For 900 A ac, the
difference in heating power for the same comparison is
12 %, as shown in Table V. The net power for this example
is approximately 2 W/m lower for the cleaned contact,
which explains the slightly lower temperatures.

6. Discussion
6.1. Axial Temperature Profile
6.1.1 Different Electric Currents:
For the investigated case of 900 A, the simulation is in
accordance to the measured case. For the case of 700 and
500 A, the simulated temperatures are higher than the
measured ones. This could be caused by the zero wind
assumptions in the simulations. Only natural convection
and emission is cooling the conductor in the numerical
model. But as the laboratory is air-conditioned, air is
slightly flowing along the conductor with an attack
angle of approximately 0° . This small air flow can not

6.2. Radial Temperature Profile
The radial thermal conductivity λr,measured in the free-span
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is between 3.0 and 3.7 W/(mK) well in accordance with
[2] [20] [4]. Compared to previous measurements on the
same conductor [11], the radial thermal conductivity is
increased. This can be caused by the improved thermal
contact conditions due to operation time and loading
cycles.

the sides of the clamp body. But for contact configuration
(a) the current paths are further away from path c.
Therefore, the magnitude of Bx is higher for cleaned
surfaces.

Within the clamp the radial thermal conductivity is
larger than in the free-span as temperature difference
between core and outer-most layer is negligible. This
can be explained by the compressing force caused by
the clamp. This enhances the inter-layer contact forces
and increases the contact area between conductor layers,
which influences the thermal conductivity.

The developed numerical tool with a stranded AAAC
modeled as a bulk cylinder with modified characteristics
can predict conductor temperature in the free-span and
in the clamp. The model is validated by measuring the
main objective parameter temperature as well as the
measured Ohmic losses and magnetic flux B. Measured
and simulated values of all three parameters are in good
agreement.

7. Conclusion

6.3. Magnetic Flux B

Thus, this tool serves to investigate the causes for
the significant cooling effect of the clamp. The lower
conductor temperatures result from the increased cooling
and the decreased heating power of the clamp.

As the current density can not be measured, the magnetic
flux serves as a reference to verify the simulation
results. The shape of measured and simulated magnetic
flux profiles are in agreement with each other. At most
compared locations, there is a slight offset between the
measured and simulated case. This can be caused by
the change of direction of the magnetic flux. To ensure
a constant measuring, the magnetic flux was always
measured in horizontal x-direction. Thus, if the direction
of the magnetic flux field is slightly different in the
simulation compared to reality, the simulated projection
to the x-axis is varied by a certain offset.

The developed tool could be adapted to investigate other
conductors and clamps. Therefore, it can be used to optimize
the thermal impact of clamps or fittings on conductors.
Furthermore, the conductor temperature near clamps can
be determined without performing expensive tests.
The main results of the study are summarized in the
following list:
• The axial temperature profile in the thermal transient
zone between the clamp and the free-span is of similar
shape in all measured and simulated cases. With
increasing currents, temperatures are higher at all
locations.

The contact configuration has only a minor impact on
B-field on path a, because the distance to the center of
current flux is not changing much. This effect is different
for path b and c.
The largest deviation between measured and simulated
magnetic flux can be observed between z = −17 cm and
z = 3 cm on path b, where the clamp body can be in electric
contact with the wedges. The contact configuration
drastically influences the magnetic flux in this zone. In
case of cleaned contact surfaces (c), current can flow
beside and underneath path b through the sides of the
clamp body. In case of electric insulation (a), current
flows mostly above path b. Thus, the direction and
magnitude of the B-field in this region is very sensitive
to little variations in geometry and contact configuration.

• The temperature rise after three times the characteristic
length l̂ can be neglected. Thus, the thermal transient
distance is approximately 120 cm in all studied cases.
• The significant lower conductor temperature at the
clamp can be explained by the decreased power losses
of approximately 27 to 39 % and the increased cooling
power of approximately 37 to 45 %, both compared to
the free-span for case (a) and (c) at 900 A ac.
• Within the clamp, the radial temperature difference
between the core and the outermost layer of the
conductor can be neglected. The surface temperature
of the clamp is by 0 to 3 °C lower than the conductor
temperature within the clamp.

Similar to path b, the B-field on path c is influenced if
current flows through the sides of the clamp body. For
cleaned contact surfaces (c), the current can flow through
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• Changing electric contact characteristics between
clamp wedges and body is only slightly changing the
clamp and conductor temperatures.
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