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ABSTRACT 

A calorimetric measuring system for measuring the ratio 
between AC and DC resistance, RAC/RDC, of high voltage 
power cable conductors has been designed and 
constructed. An uncertainty analysis predicts that the ratio 
RAC/RDC at 90°C of a 2500 mm2 cable of low loss design 
can be measured with an uncertainty of 1,0%. But the 
uncertainty of an actual measurement was larger due to 
unresolved sources of uncertainty. 
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INTRODUCTION 

The CIGRE Working Group B1.03 recommends that the 
AC resistance of large cable conductors should be 
measured when the cables designs are being type tested 
[1]. Electrical measuring systems measuring both AC and 
DC resistance accurately has been developed e.g. [2][3]. 
For cable conductors of low loss design where lacquered 
wires are used it is not obvious that electrical measuring 
systems will give correct results. Hence, a calorimetric 
measuring system for loss measurement has been 
developed. The measuring system measures the ratio of 
the AC resistance relative the DC resistance.   

CALORIMETRIC MEASURING SYSTEM 

Principle 

The calorimetric measuring system is inspired by AC-DC 
transfer measurement. Two equal samples of a power 
cable are arranged in one AC and one DC current circuit, 
Fig 1. The AC and DC currents are adjusted until the self-
heating increase the temperature of the conductor of both 
samples to 90°C. The ratio of the AC resistance and the 
DC resistance of the conductor, RAC/RDC, can then be 
determined as: 

𝑅𝐴𝐶

𝑅𝐷𝐶
=

𝐼𝐷𝐶
2

𝐼𝐴𝐶
2       [1] 

when ΔT2=0 and TDC=90°C. To assure that the 

temperature rise at the center of the two samples is due to 
self-heating only both ends of the two samples are cooled 
and kept at equal temperature, Fig. 1. 

The cable ends are cooled to approx. 20°C and so that 
ΔT1 = ΔT3 = 0, Fig 2. 

By having two samples the heat loss does not need to be 
measured, just made equal for both samples. So the 
cable samples need to be equally supported and have an 
equal environment so that losses due to convection and 
radiation are equal for both samples. 

 

Fig. 1: Schematic drawing of the calorimetric 
measuring system. 

 

 

Fig. 2: Simulation of the temperature distribution in 
the cable conductor when AC current is applied. 

The pre requisites for the accuracy of the calorimetric 
measuring system when using this procedure are: 

• The temperature rise of the cable is due to self-heating 
only 

• The correlation of the heat loss in the cables by 
maintaining the same ambient conditions during both 
AC and DC measurements 

• The accuracy of the temperature measuring sensors. 
Thermocouples of type T (non-magnetic) are used and 
correction of the cold junction is made with the help of 
a Pt100-sensor. A thermocouple and the Pt100 are 
kept in a small oil bath which also gives a measure of 
the mean temperature of the environment.  
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• The accuracy of the zero flux transformer measuring 
the AC and DC currents 

• As in an electrical measuring system it is necessary to 
have current connectors that assures good contact 
with every wire in the cable conductors 

With these pre-requisites it is expected that the accuracy 
of the calorimetric measuring system could be in the same 
order (1%) as an electrical measuring system. 

Implementation 

The calorimetric measuring system was planned to have 
two equal samples of a power cable arranged in one AC 
and one DC current circuit, Fig. 1. Of different reasons we 
chose to use one sample of a power cable in the 
calorimetric measuring system and made consecutive 
measurements with AC and DC current, Fig 2. The main 
reason was the importance of the connection of the cable 
conductor to the current terminals. By using one sample 
of a power cable the connection to the cable conductor  

 

Fig. 3: Schematic drawing of the calorimetric 
measuring system and consecutive measurement 

with AC and DC currents. 

was equal for both AC and DC measurement (but the 
demand is still good contact with each wire in the 
conductor). Other advantages were that the 
thermocouples, the emissivity and the support of the cable 
were the same at both measurements. So correlation of 
these sources of error could decrease the uncertainty and 
mutual coupling between the AC and DC circuits is no 
issue now. But this procedure also put more emphasis on 
controlling and measuring the ambient temperature and 
avoiding draft as we now don’t have the advantage of 
equal environment as when making parallel AC and DC 
measurements. Note that it is the temperature rise above 
the ambient temperature that is a measure of the power 
dissipation in the cable conductor caused by the current. 

Other reasons for making consecutive AC and DC 
measurements were the total power dissipation of the 
measuring system and the space needed. It was found 
that the AC current generation caused a power dissipation 
that was around 10 kW, which is approx. ten times larger 
than the power dissipation in the cable conductor only and 
the DC current generation was 8 kW. Running both 
circuits in parallel would have been challenging for the 
climate control system in the laboratory. As we found the 
suitable length of the cable samples to be 10 m the 
allocation of laboratory space to run both circuits in 
parallel would also have been a challenge, Fig 4. 

The principle of the calorimetric measuring system is very 
similar, the AC or DC currents are adjusted until the self-
heating increase the temperature of the conductor of the 
sample to 90°C but the ambient temperature, TA, need to 
be kept equal.  The ratio of the AC resistance and the DC 
resistance of the conductor can then be determined by [1] 

but now when T2AC=T2DC=90°C and TAAC=TADC. To assure 

that the temperature rise at the centre of the two samples 
is due to self-heating only both ends of the sample are 
cooled and kept at equal temperature during the AC and 
DC measurements. 
The cable ends are cooled to ambient temperature 
approx. 20°C and so that T1AC = T1DC and T3AC = T3DC. 

 

 

 

Fig. 4: Measurement with AC current in the calorimetric measuring system. 



 

 

 

Preparation before measurement 

The 10 m cable sample has been prepared by partly 
removing the cable isolation of the conductor and screen 
to allow connection of the current terminals. The cable is 
put on the supports (made of non-magnetic material) and 
the current sensor is put on one end. The two conductor 
ends are connected via the water cooled current terminals 
to the AC- or DC-generator, Fig 5. 

 

Fig. 5: Water cooled current terminals and the zero 
flux transformer for current measurement. 

The calibrated thermocouples are placed along the 
conductor to measure the temperature of the cable ends 
and the centre of the cable and two points equally distant 
from the centre (approx. 1,5 m). At the three points in the 
middle the cable isolation need to be opened to allow the 
thermocouple to be connected to the conductor. The 
openings are made “wedge-like” so the wedges can be 
refitted after the installation of the thermocouples trying to 
minimize the influence on the cable isolation and its 
emissivity, Fig 6. 

 

Fig. 6: Connection of the thermocouples to the 
conductor. 

For both AC- and DC-current one should then find how 
much current is needed to heat the cable to 90°C. First an 
estimate based on simulations is made then a 10% lower 
current is applied to the cable (to avoid overheating). 
Monitor the heating of the cable during the warm-up. The 
data is also used to determine the time constant of the 
cable. 

Measurement 

As the power dissipation of cable is non-linear and the 
time constant is long it will be tedious to adjust the 
temperature to exactly 90°C. Instead the current is 
adjusted until the temperature of the cable conductor is 
approximately 90°C (within 3 K). Using a scale factor a 

correction is then applied to determine the current needed 
to get 90°C. 

To determine the scale factor the current is adjusted to 
two different levels, one that gives a temperature a few 
degrees below 90°C and one that gives a temperature a 
few degrees above 90°C. The temperature difference 
could be some 4 K to 6 K. At both levels the temperature 
and current are measured after steady state is reached. 
The waiting times needed to steady state are determined 
by the measured time constant of the cable and the 
temperature step. The “output signal” is the difference 
between the temperature in the middle of the cable 
conductor, T, and the ambient temperature, TA. 

The scale factor (K) is determined by linearity as the 
change in temperature rise divided by the relative change 
in current. 

𝐾 =
𝑇𝐻𝐼−𝑇𝐴𝐻𝐼−(𝑇𝐿𝑂−𝑇𝐴𝐿𝑂)

𝐼𝐻𝐼−𝐼𝐿𝑂
𝐼𝐿𝑂

   [2] 

For cable conductors influenced by skin-effect it is 
necessary to measure the scale factor with both AC- and 
DC-current as the apparent temperature coefficients are 
different. The temperature coefficient of the DC 
resistance, TCDC, is approx. 0,4%/K but in a conductor 
where the AC resistance is affected by skin effect the 
apparent temperature coefficient, TCAC, can be lower. The 
reason is that the skin depth is proportional to the square 
root of the resistivity so when the AC resistance is 
increased due to temperature the skin depth will also 
increase which will decrease the AC resistance. The 
temperature dependence of the resistivity and the 
resistivity dependence of the skin effect will combine to an 
apparent temperature coefficient which is lower for AC 
resistance than for DC resistance.  

This also means that the apparent temperature coefficient 
of the AC resistance (and the scale factor) will have a 
temperature dependence while the temperature 
coefficient of the DC resistance is approx. 0,4%/K and 
rather independent of the temperature in the range 20°C – 
90°C.  

The determination of the ratio between the AC resistance 
and the DC resistance is made according to the following 
procedure. From the AC and the DC measurements the 
temperatures in the middle of the cable conductor, TAC 
and TDC, the ambient temperatures, TAAC and TADC, and 
the currents IAC and IDC are recorded. 

Then the temperature in the middle of the cable conductor 
during the DC measurement is corrected for any 
difference in the ambient temperature during the AC and 
the DC measurements as: 

𝑇𝐷𝐶1 = 𝑇𝐷𝐶 + 𝑇𝐴𝐴𝐶 − 𝑇𝐴𝐷𝐶    [3] 

The correction for the difference in ambient temperature is 
made for the DC measurement as the temperature 
coefficient for DC resistance is rather independent of the 
temperature. Then the temperature correction relative 
90°C is determined: 

∆𝑇𝐷𝐶 = 90 − 𝑇𝐷𝐶1     [4] 

The DC current needed to get a temperature of 90°C in 
the middle of the cable conductor, IDC90, is then 



 

 

determined as: 

𝐼𝐷𝐶90 = 𝐼𝐷𝐶 (1 +
∆𝑇𝐷𝐶

𝐾𝐷𝐶
)    [5] 

The temperature correction for the temperature in the 
middle of the cable conductor during AC measurement 
relative 90°C is determined as: 

∆𝑇𝐴𝐶 = 90 − 𝑇𝐴𝐶     [6] 

The AC current needed to get a temperature of 90°C in 
the middle of the cable conductor, IAC90, is then 
determined as: 

𝐼𝐴𝐶90 = 𝐼𝐴𝐶 (1 +
∆𝑇𝐴𝐶

𝐾𝐴𝐶
)    [7] 

Finally the ratio of the AC resistance, RAC, relative the DC 
resistance, RDC, is determined as: 

𝑅𝐴𝐶

𝑅𝐷𝐶
=

𝐼𝐷𝐶90
2

𝐼𝐴𝐶90
2       [8] 

To determine the AC resistance the DC resistance need 
to be measured by some other method, e.g. our electrical 
measuring system for measuring loss in high voltage 
cables. 

The DC resistance measurements can be affected by 
thermal emfs and by the Thomson effect hence one ought 
to measure with both polarities of the current and after 
determination of the DC resistance at 90°C with positive 
and negative polarity the mean value of the magnitude of 
IDC+90 and IDC-90 is calculated and used as IDC90. 

Estimated uncertainty analysis 

Based on the measurement procedure an uncertainty 
analysis is made with estimates of uncertainty 
contributions when measuring on a low loss cable. It is 
assumed that all wires in the cable conductor are 
connected to current connectors. The uncertainty analysis 
is made according to GUM. Further down an uncertainty 
analysis of the actual measurement is done. 

The difference compared to the measurement of a cable 
of standard design is that the influence of the skin-effect is 
less in the cable of low loss design. Hence, the scale 
factors will be approx. equal for AC and DC current so the 
uncertainty due to the measurement of the temperatures 
in the middle of the cable, approx. 90°C will be smaller, 
thanks to correlation. 

Scale factors: 

Eq. [2] for the scale factor can be rewritten as: 

𝐾 =
𝑇2−𝑇𝐴2−(𝑇1−𝑇𝐴1)

𝐼2−𝐼1
𝐼1

=
∆𝑇

∆𝐼
𝐼    [9] 

which is used as the model equation for the measured 
scale factor. The ambient temperatures TA1 and TA2 are 
measured with the same thermocouple and approx. the 
same temperature so uncertainty contributions which are 
constant will cancel, e.g. calibration. Only the contribution 
due to the repeatability needs to be considered (the 
standard deviation of the mean). The temperatures T1 and 
T2 are measured with the same thermocouple and in a 
small temperature range so uncertainty contributions 
which are constant will cancel, e.g. calibration. Only the 
contribution due to the repeatability needs to be 
considered. And the same goes for the currents I1 and I2.  

The relative standard uncertainty of the measured scale 
factor u(K)/K is determined as: 

𝑢(𝐾)

𝐾
= √(

𝑢(∆𝑇)

∆𝑇
)

2
+ (

𝑢(∆𝐼)

∆𝐼
)

2
+ (

𝑢(𝐼)

𝐼
)

2
   [10] 

For the estimation of the uncertainty the change in 
temperature ΔT is 5 K with an estimated standard 
uncertainty u(ΔT) = 0,4 K (the RSS of the standard 
deviation of the mean of the four temperature 
measurements). The change in current ΔI is 100 A with an 
estimated standard uncertainty u(ΔI) = 3 A. The relative 
standard uncertainty of the current u(I)/I is 0,1%. This 
gives u(K)/K = 9% and is used for both AC and DC 
current. 

Temperature difference relative 90°C when DC or AC 
current is applied: 

For a low loss cable the scale factors will be quite equal 
for both AC and DC current as the influence of the skin-
effect is small. Hence, the ratio Rac/Rdc will have a quite 
small temperature coefficient and it will be less critical that 
the measurement is made at exactly 90°C. 

The model equation for DC current is given by combining 
eq. [3] and [4]: 

∆𝑇𝐷𝐶 = 90 − 𝑇𝐷𝐶 + 𝑇𝐴𝐴𝐶 − 𝑇𝐴𝐷𝐶   [11] 

and the model equation for the AC current is given by eq.  
[10]: 

∆𝑇𝐴𝐶 = 90 − 𝑇𝐴𝐶     [12] 

The ambient temperatures TAAC and TADC are measured 
with the same thermocouple and approx. the same 
temperature so uncertainty contributions which are 
constant will cancel, e.g. calibration. Only the contribution 
due to the repeatability needs to be considered (the 
standard deviation of the mean). The temperature logger 
and the thermocouple measuring the temperature in the 
middle of the cable conductor is calibrated at 90°C and is 
measuring a temperature near 90°C but the calibration 
and the measurements are made in two different locations 
and at different times. To correct for possible changes in 
the compensation for the cold junction the ambient 
temperature is measured by both a thermocouple and a 
Pt-100 thermometer in a bottle of oil (to lag the 
temperature changes). Thanks to correlation it will only be 
necessary to consider the differences of the temperature 
differences.  

The standard uncertainty of the differences of the 
temperature differences relative 90°C, u(ΔTDC-ΔTAC), is 
determined as: 

𝑢(∆𝑇𝐷𝐶 − ∆𝑇𝐴𝐶) = 

√𝑢(𝑇𝐷𝐶 − 𝑇𝐴𝐶)2 + 𝑢(𝑇𝐴𝐴𝐶 − 𝑇𝐴𝐷𝐶)2  [13] 

 

Any difference in the temperature measured by the 
thermocouple and the Pt-100 is corrected for. The 
standard uncertainty of the difference in ambient 
temperature is estimated to u(TAAC-TADC) = 0,3 K and the 
standard uncertainty of the difference in the measured 
temperatures is estimated to u(TAC-TDC) = 0,3 K. This 
gives u(ΔTDC-ΔTAC) = 0,42 K 

  



 

 

Ratio of the AC resistance, RAC, relative the DC 
resistance, RDC 

The equation [8] is first combined with eq. [5] and [7]: 

𝑅𝐴𝐶

𝑅𝐷𝐶
=

𝐼𝐷𝐶90
2

𝐼𝐴𝐶90
2 = [

𝐼𝐷𝐶(1+
∆𝑇𝐷𝐶
𝐾𝐷𝐶

)

𝐼𝐴𝐶(1+
∆𝑇𝐴𝐶
𝐾𝐴𝐶

)
]

2

= (
𝐼𝐷𝐶

𝐼𝐴𝐶
)

2
[1 + 2 (

∆𝑇𝐷𝐶

𝐾𝐷𝐶
−

∆𝑇𝐴𝐶

𝐾𝐴𝐶
)]  [14] 

As the influence of the skin effect on the cable conductor 
is very small the apparent temperature coefficient will be 
quite equal for both AC and DC resistance. So the scale 
factors for AC and DC are approximately equal and we 
write: 

𝐾𝐴𝐶 ≈ 𝐾𝐷𝐶     [15] 

The model equation is then given by eq. [14] combined 
with eq. [15]: 

𝑅𝐴𝐶

𝑅𝐷𝐶
=

𝐼𝐷𝐶90
2

𝐼𝐴𝐶90
2 = (

𝐼𝐷𝐶

𝐼𝐴𝐶
)

2
[1 +

2

𝐾𝐷𝐶

(∆𝑇𝐷𝐶 − ∆𝑇𝐴𝐶)]   [16] 

The relative standard uncertainty of the ratio 
u(RAC/RDC)/(RAC/RDC) is determined as: 

(
𝑢(

𝑅𝐴𝐶
𝑅𝐷𝐶

)

𝑅𝐴𝐶
𝑅𝐷𝐶

)

2

= (
2𝑢(

𝐼𝐷𝐶
𝐼𝐴𝐶

)

𝐼𝐷𝐶
𝐼𝐴𝐶

)

2

+ (
2(∆𝑇𝐷𝐶−∆𝑇𝐴𝐶)

𝐾𝐷𝐶

𝑢(𝐾𝐷𝐶)

𝐾𝐷𝐶
)

2

+

(
2𝑢(∆𝑇𝐷𝐶−∆𝑇𝐴𝐶)

𝐾𝐷𝐶
)

2

      [17] 

The relative standard uncertainty of the ratio DC current 
relative AC current u(IDC/IAC)/ IDC/IAC is 0,1% and with 
temperature difference ΔTDC <2 K, scale factor KDC = 2,13 
K/% and temperature difference ΔTAC - ΔTDC <1 K and the 
uncertainties above. 

Considering also an estimated standard uncertainty due 
to repeatability 0,3% gives u(RAC/RDC)/(RAC/RDC) = 0,51%. 
With a coverage factor k=2 the expanded uncertainty is 
1,0%, table 1.  

Table 1. Uncertainty budget with predicted values for 
the measured ratio RAC/RDC at 90°C for the 2500 mm2 
cable conductors of low loss design. 

Contribution Standard 
uncertainty /% 

 Low loss cable 

2𝑢 (
𝐼𝐷𝐶
𝐼𝐴𝐶

)

𝐼𝐷𝐶

𝐼𝐴𝐶

 

0,10 

2(∆𝑇𝐷𝐶 − ∆𝑇𝐴𝐶)

𝐾𝐷𝐶

𝑢(𝐾𝐷𝐶)

𝐾𝐷𝐶
 

0,08 

2𝑢(∆𝑇𝐷𝐶 − ∆𝑇𝐴𝐶)

𝐾𝐷𝐶
 

0,39 

Repeatability 0,3 

Standard uncertainty 0,51 

Expanded uncertainty, k=2 1,0 

 

Uncertainty analysis of an actual measure-
ment 

An uncertainty analysis of the measurement with the 
calorimetric measuring system based on the actual 
measurement of the cable of low loss design is made 
below. 

Scale factor: 

For the estimation of the uncertainty the change in 
temperature ΔT is 4,4 K with an estimated standard 
uncertainty u(ΔT) = 0,4 K (the RSS of the standard 
deviation of the mean of the four temperature 
measurements). The change in current ΔI is 125 A with an 
estimated standard uncertainty u(ΔI) = 3 A. The relative 
standard uncertainty of the current u(I)/I is 0,1%. This 
gives u(K)/K = 9% and is used for both AC and DC 
current. 

Temperature difference relative 90°C when DC or AC 
current is applied: 

The standard uncertainty of the difference in ambient 
temperature is estimated to u(TAAC-TADC) = 0,5 K and the 
standard uncertainty of the difference in measured 
temperature is estimated to u(TAC-TDC) = 0,5 K. This gives 
u(ΔTDC-ΔTAC) = 0,7 K 

Current connectors: 

Considering also that the wires in the conductor are not 
welded together an additional standard uncertainty of 3% 
[4] is added based on measurements of the cable of 
standard design with the electrical measuring system, 
before and after welding and the design of the low loss 
cable. 

Repeatability: 

Due to the long time periods needed to reach steady state 
it takes two weeks to get a measuring result so only one 
measurement has been made by the calorimetric 
measurement system. The standard uncertainty due to 
repeatability is estimated to be similar, 1,4%, as for 
measurement of a cable of standard design. 

Table 2. Uncertainty budget for the measured ratio 
RAC/RDC at 90°C for the 2500 mm2 cable conductor of 
low loss design. 

Contribution Standard 
uncertainty /% 

2𝑢 (
𝐼𝐷𝐶
𝐼𝐴𝐶

)

𝐼𝐷𝐶

𝐼𝐴𝐶

 

0,10 

2(∆𝑇𝐷𝐶 − ∆𝑇𝐴𝐶)

𝐾𝐷𝐶

𝑢(𝐾𝐷𝐶)

𝐾𝐷𝐶
 

0,43 

2𝑢(∆𝑇𝐷𝐶 − ∆𝑇𝐴𝐶)

𝐾𝐷𝐶
 

1,11 

Current connection 3 

Repeatability 1,4 

Standard uncertainty 3,5 

Expanded uncertainty, k=2 7,0 



 

 

 

Ratio of the AC resistance relative the DC resistance, 
RAC/RDC: 

The relative standard uncertainty of the ratio DC current 
relative AC current u(IDC/IAC)/ IDC/IAC is 0,1% and with 
temperature difference ΔTDC <3 K, scale factor KDC = 1,26 
K/% and temperature difference ΔTAC - ΔTDC <3 K and the 
uncertainties above the relative standard uncertainty of 
the ratio u(RAC/RDC)/(RAC/RDC) = 3,5%. With a coverage 
factor k=2 the expanded uncertainty is 7%, table 2. 

Temperature of cable ends: 

As the cooling of the current connectors was not able to 
keep the cable ends at the ambient temperature this can 
also introduce an uncertainty in the measured value. If the 
increase of the temperature of the cable ends above 
ambient are equal for both AC and DC current correlation 
should decrease the influence on the measured value. To 
further investigate the influence one should need current 
connectors with a cooling capacity that allows the 
temperature of the cable ends to be adjusted to below 
ambient temperature. This uncertainty contribution should 
need to be further investigated in the future. 

Comparison of results 

The ratio of the AC resistance relative the DC resistance, 
RAC/RDC, of a cable of low loss design has been measured 
with both the calorimetric and our electrical measuring 
systems. In table 3 the results are given. 

Table 3. Comparison of the resistance ratio, RAC/RDC, 
at 90°C of a 2500 mm2 cable of low loss design 
measured by the calorimetric and the electrical 
measuring systems. 

Cable 

design 

Calori-

metric 

RAC/RDC 

Exp. 

unc 

[%] 

Elect-

rical 

RAC/RDC 

Exp. 

unc. 

[%] 

Diff. 

 

[%] 

Low loss 1,019 7,0 1,056 0,6 -3,5 

 

The difference of the measured value of the calorimetric 
measuring system relative the measured value of the 
electric measuring system is -5%. The uncertainty of the 
value measured by the electrical measuring system is 
0,6% (estimated to be same as for a cable of standard 
design) and the uncertainty of the value measured by the 
calorimetric measuring system is 7%, see the uncertainty 
budget above. More correctly expressed -0,3% to +7% as 
the AC resistance cannot be less than the DC resistance. 
The uncertainties of the two measured values overlap so 
it is not possible to determine if the difference is 
significant. 

CONCLUSIONS 

A calorimetric measuring system for measuring the ratio 
between AC and DC resistance of the conductor of high 
voltage power cables has been developed and used to 
measure the ratio of the AC resistance relative the DC 
resistance, RAC/RDC, of a cable of low loss design. An 
uncertainty analysis predicts that the ratio RAC/RDC at 
90°C of a 2500 mm2 cable of low loss design can be 
measured with an uncertainty of 1,0%. 

The ratio between AC and DC resistance of a cable of low 
loss design has been measured by both an electrical and 
the calorimetric measuring systems. The value of the ratio 
RAC/RDC at 90°C measured by the calorimetric measuring 
systems is 5,0% lower than the value measured by the 
electrical measuring system. Unfortunately the uncertainty 
the calorimetric measuring system, 7%, is much larger 
than predicted so no conclusion can be drawn if the 
difference is significant. 

The influence of the temperature of the cable ends 
relative the ambient temperature and its uncertainty 
contribution need to be further investigated. 

The importance of the connection of all wires in the 
current connectors is further emphasized not only for 
measuring the loss in power cables of low loss design but 
also for making this type of cable a commercial product. 
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