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Abstract

The performance change of data grade cables is investigated as a function of an environmental treatment.  It is shown, that 
- the temperature coefficient of attenuation increase, using commercially available jacket materials may be substantially higher than indicated in the standards.

- the sensitivity to humidity of data grade cables is due to the moisture pick-up of the surrounding jacketing material.  This effect is reversible at room temperature and to a large extent also at elevated temperature.

- the aging of the jacket material and a migration of the plasticizer into the insulating materials may substantially increase the attenuation.  It is shown, that primarily polyolefin insulations are susceptible to plasticizer ingress from the surrounding jacketing material, though at low frequencies, up to approximately 5 MHz, also fluorinated ethylene-propylene insulations are affected as well by aging of the cable.  The mechanism leading to this effect could not yet be assessed.
The paper focuses on development of test methods to determine the environmental impacts.  It is mandatory to specify such test methods, in order to obtain comparable data.

Some recommendations are given as to the selection of proper cable designs to minimize the environmental impacts.  
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1.   Background

There are basically three common environmental effects which have a direct influence on the transmission performance of cables, i.e. Temperature, Humidity, and Long-term Exposure to Elevated Temperatures.
To take the impact of temperature of data grade cables into account, a so called temperature coefficient of attenuation increase has been standardized.  This coefficient has been originally based upon the copper losses alone [1].  Later on the coefficient has been increased to nearly twice this amount [2] for high performance data grade cables.  In these cases a flat frequency response has been assumed for the increase of attenuation as a function of temperature.  There is no test method indicated so far yet for the determination of the temperature coefficient of attenuation increase.  
However such a test procedure is being currently submitted to ASTM for incorporation into the ASTM D 4566.
On the impact of humidity on the transmission performance of data grade cables numerous contributions have been made in the past.  However, the relevant standards do not yet reflect this property.  The first reporting on this subject was a contribution by the Belden Electronics Division at a TIA/ICEA meeting in Ottawa in 1995.  At this time the following phenomena has been reported on patch cables:  the attenuation had been measured 24 hours after manufacturing and passed the requirements.  Leaving the cable on a shelf for an extended period of time yielded a substantially higher attenuation.  It has been inferred at that time, that this effect concerns only stranded patch cords, and it has been conjectured that this might be due to a moisture accumulation in between the strands of the conductor.  The effect observed is show in Fig.1.
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Fig.1: Attenuation of patch cable after manufacturing, 4 month later and after a drying at 60 °C for 48 hours.
It will be shown in this paper that this effect is exclusively due to the impact of humidity on the jacketing compounds.  In fact, this effect is due to the water adsorption of the fillers/flame retardants in the jacketing compounds.
The long-term exposure to elevated temperatures is generally simulated by a short-exposure to high temperatures (aging) [3][4].  Thus the aging of cables is a very well established procedure to test their mechanical performance, and the procedures and aging regimes towards this purpose are well reflected in the relevant standards.  They take care as well of the different continuous operating temperatures. 
These methods have been used to predict life time of cables [5]. 
Some articles concerned the longevity of coaxial cables, under inclusion of the transmission performance considerations. [6][7]. However the aging and its impact upon the electrical performance of data grade cables in balanced mode transmission has not yet been considered or standardized. 
Thus there is no method available yet of how to assess these effects experimentally.  
2. Introduction

There are several objectives pursued in this paper.  Thus the following subjects are elucidated with the aim:
· to indicate clearly defined and reproducible test methods for assessing the main environmental effects upon the transmission performance of data grade cables we are concerned with here, i.e. Temperature, Humidity, and Long-term Exposure to Elevated Temperatures.  In this case the emphasis is placed upon the utilization of relatively small air circulating ovens and climate chambers.
· to demonstrate that the behavior of the temperature coefficient of attenuation increase is more complex, than so far reflected in the standards, and that this fact will have to be reflected mainly, if the performance levels are further increased.  Such an increase in performance may be required in the cabling systems for the industrial environment.  It should be mentioned, that this may have also an impact upon the “echo forward” performance, hence upon the noise generated in a cabling system, if the heating of the cable is longitudinally inhomogeneous, i.e. alternating over length
· to show that CM or CMR rated cables are generally more susceptible to plasticizer migration than plenum rated cables.

· to highlight the impact of the migration of the commonly used plasticizers into polyolefin insulations.

· to show that mixed insulation types in plenum cables may result in a similar degradation of transmission performance as in the CM or CMR rated cables, as far as it concerns the polyolefin insulated pair(s).

· to show that the majority of commercial jacketing compounds for plenum cables yields a very substantial dependency of the transmission performance to moisture pick-up during long term exposures to higher levels of relative humidity.
-
to show the small impact of the plasticizer exuding from the compound at higher temperatures in FEP insulated cables.

To support the findings on the transmission performance of data grade cables, measurements on slabs of different jacketing materials have been made, before and after exposing them to the same environmental treatment as the cables.
3. Methodology

Here the main focus is given to the attenuation performance of the data grade cables, though the propagation speed and the return loss are impacted upon as well. 
3.1
The measurement of attenuation
As the cables will have to be measured prior and after exposure to the environmental regime, importance has to be attached to the measurement of the attenuation under the geometrical constraints.  Thus the cables need to be coiled due to the dimensional constraints of the air circulating ovens and the climate chambers.  However, coiling of UTP cables generally results in “inter winding cross talk”, which in turn affects directly the measurement.  A typical “attenuation” measurement is shown in Fig. 2.  The result is a relatively rough attenuation curve.

This roughness is not to be confounded with the one encountered due to impedance variations along the transmission line (ILD).  However, it would result also in an echo forward noise, affecting transmission performance.  Therefore it is mandatory to avoid coiled UTP cables in a transmission channel.
As a result it is required to curve fit the attenuation curves, measured before and after exposure to the environmental regime.  This is the more important, as the coiled cables, whose ends are fed out of the air circulating oven or climate chamber no more than approx. 12 inches, may shift during the environmental regime due to the thermal expansion and due to vibration and air movement inside the air circulating oven or climate chamber.  Such a small shifts will in turn shift also the measurements with respect to the occurrence of the extremes over frequency.  
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Fig.2: Typical roughness of the attenuation if the cable is measured in coil form.  The roughness is due to inter winding cross talk coupling.
Hence, in order to be able to compare the values at different exposure points during the environmental treatment, a curve fit of the obtained measurement points is mandatory.   Since the determination of the temperature coefficient of attenuation increase depends also upon the DC resistance, a four term curve fitting function, suitable for UTP cables has been used:
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where:


f
-
is the frequency, and


a,b,c,d
-
are the constants of the curve fit.

Thus we obtain for instance for the measurements of Fig. 2 the curve fit depicted in Fig. 3.

The curve fit functions are well suited to compare the measurement data after the different exposures in the environmental regime.  In fact, these functions may be used directly to calculate the required values.

3.2
The temperature coefficient of attenuation increase
The temperature coefficient of attenuation increase ( is defined as:
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Fig. 3: Curve fit of the measurement data represented in Fig. 2.
where:

Tref 
-
is the starting reference temperature

T 
-
is the temperature for which the
measurement is to be taken

α
-
Is the attenuation measured at the temperature T or the reference temperature                
The reference test temperature for these tests has been set to 20 °C, whereas the temperature to determine the temperature coefficient of attenuation increase has been set to 60 °C.  It should be mentioned however, that the temperature coefficient of attenuation increase, as far as it concerns that portion exceeding the copper loss, is primarily due to the dielectric losses of the jacketing material.  These losses are not necessarily linear with temperature.  Thus the temperature coefficient of attenuation increase, measured over lets say half the temperature span than indicated above, may not yield the same result!
3.3
The humidity exposure regime
The attenuation increase ( is defined as:
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where:

Tref 
-
is the starting temperature at the reference humidity level (20 % RH) 

THum  
-
is the temperature of the humidity exposure regime, here for instance 60 °C at 90 % RH

α
-
Is the attenuation measured at the temperature THum or the reference temperature Tref.               
The cables were placed in coil form into a climate chamber with the ends of the cable extending 12 inches out of the chamber.  They were then conditioned for 24 hrs at 20 % RH, after which time a base line measurement of the attenuation has been made.  This base line measurement is referred to as 20 °C / 20 % RH, or simply 20 / 20.  The temperature was then raised to 60 °C while maintaining the same relative humidity level for 24 hrs.  After this time period, a measurement has been taken, to determine the temperature coefficient of attenuation increase, after curve fitting the measurement data 20 / 20 and 60 / 20.

Then the humidity level has been raised to 90 % RH, while maintaining the temperature at 60 °C.  The cables are then exposed for 120 hrs to these conditions.  A level of 60 °C / 90 % RH for 120 hrs has been selected to accelerate the moisture adsorption of the flame retardant package, based upon the diffusion equation for the moisture adsorption and simulating a long term exposure.  After this time the attenuation has been measured as well, to eventually determine the temperature increase of attenuation under simultaneous exposure to humidity.

Then the temperature was lowered again to 20 °C, while maintaining the relative humidity at a level of 90 %.  The cables are conditioned under these conditions for another 24 hrs, after which time another measurement of the attenuation has been made.  These measurements are referred to also as 20 / 90.
3.4
The aging and the aging regime
As far as the aging concerns, it is logical to use the same aging regime, as used for the mechanical properties.  The aging regimes interesting here have been developed for different operating temperatures, and refer to PVC type jackets.  Here the aging mechanism is mainly influenced by plasticizer loss.  Now it is obvious, that the plasticizer migrating out of the jacket material goes both ways, into the surroundings of the cable as well as to the inside, i.e. towards the insulated wires.  The kinetics of the plasticizer migration into polyolefin insulations depends upon the type of plasticizer used.  Some plasticizers migrate into the polyolefin in amounts affecting already the attenuation at an amazingly fast rate, which exceeds even the migration rate out of the PVC jacket.  Thus it is fully justified, to use the same aging regime as for the mechanical properties also for the electrical transmission performance.

For data grade cable the normally used aging regime is a short term exposure for 168 hours at 100 °C, to simulate a long term operating temperature of 60 °C.

The attenuation increase due to aging η is defined as:
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where:

Tref 
-
is the starting reference temperature

T 
-
is the temperature of the aging regime, here 100 °C

α
-
Is the attenuation measured at the temperature T or the reference temperature                
It could be conjectured that the increase of attenuation due to temperature may become negative, i.e. it might be an “attenuation decrease” especially for FEP insulations at higher frequencies.  This could happen due to an improvement of the cable jacket due to plasticizer loss and due to the fact that FEP does normally not absorb plasticizers, i.e. it represents normally a very effective barrier against plasticizer migration.
3.5
The types of cables investigated

The following types of cables have been investigated:

1. CM and CMR rated cables

2. CMP rated cables

3. LSOH type cables.

On the LSOH cables results will not be reported, but there will be given some general statements.

Emphasis has been placed to also include cables with mixed insulation material.  Such cable designs may be interesting from a cost point of view.  Their inclusion in this study seems interesting to assess their viability and potential regarding the environmental impacts.
Therefore, within the second group additionally cables with mixed types of insulation have been used, i.e. cables with 3 pairs which are FEP insulated while one pair which is polyolefin insulated.  These types of cables are normally referred to as 3/1 type cables as compared to 4 / 0 type cables, having four FEP insulated pairs.

3.6
Dielectric performance of commercial jacketing compounds

Several of the tested cables were produced with different commercially available jacketing compounds.  
In order to obtain a base line behavior of these jacketing compounds as well, their dielectric behavior has been assessed before and after environmental exposure.

Obviously the jacket materials containing a large flame retardant package are very susceptible to water adsorption to these particulate filling materials, if their surface is not treated to become fully hydrophobic.  Therefore one may expect a strong degradation of the dielectric loss of these compounds.  This concerns especially those compounds which are used for plenum type cables, as they contain a relatively high amount of flame retardants.
In order to measure the dielectric properties of the jacketing compounds, slabs of suitable thickness have been produced, and these slabs have then been measured at room temperature after conditioning them at 20 % RH for 24 hours.  Then these slabs were exposed to the same humidity levels, i.e. 90 % RH for 120 hours, as the cables to measure the impact of humidity on attenuation.

To measure the complex dielectric constant a HP 4291A - RF Impedance / Material Analyzer with HP 16453A Dielectric Material Test Fixture has been used.
As already mentioned, one may expect the dielectric properties of PVC compounds after exposure to an aging regime to improve, as the large part of the dielectric loss of PVC compounds can be attributed to the plasticizer, which migrates out of the jacketing compound upon aging.  To measure the dielectric properties before and after aging, similar slabs have been used as above.  These slabs were aged for 168 hrs at 100 °C in an circulating air oven conforming to ASTM D 5423, Type II [8].
4.   
Results

4.1

Temperature coefficient of attenuation increase
The temperature coefficient of attenuation increase is calculated either based on the measured data or the curve fitted data.  Both values are shown here sometimes, in order to demonstrate the rather strange behavior up to approximately 5 MHz.

A short look at the data indicates, that mainly CMP type cables meet the specified value of the temperature coefficient of attenuation increase of 0.4 % / °C, where as the CMR or CM type cable exceed this value substantially.  This can be attributed to the different types of insulation in conjunction the jacketing materials having very different loss characteristics.
The same is true also for patch cables which show values of up to 0.9 % / °C.  For patch cable this does not seem to be important, as the patch cords are hardly seeing temperatures in excess of approximately 35 °C.
However for all types of cables the standards reflect so far only values of 0.4 % / °C, and this flat over the entire frequency range.  It should be noted that these values will have to be reevaluated to reflect practical realities, if the cables are to be used at elevated temperatures.

Noteworthy also is the fact that cables with mixed insulation types have a slightly different behavior of the temperature coefficient of attenuation increase for those pairs which have an FEP insulation and those insulated with polyolefin.  

In fact the temperature coefficient for polyolefin insulated pairs is markedly higher than the one for pairs insulated with FEP.
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Fig. 4: Temperature coefficient of attenuation increase of a CMR type cable, calculated from measured data and curve fitted data.  
4.2 Attenuation increase due to humidity exposure

The Fig. 10 shows the attenuation of a polyolefin insulated pair exposed to 20 % RH at 20 and 60 °C respectively.  This pair has been prepared with openings in the insulation every 4 inches over the entire length of 100 m.  The holes were approximately 0.25 inch long. The holes in the insulation alternated between the conductors.  Thus the stranded conductors were directly exposed to the humidity.  
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Fig. 5: Typical curve for the temperature coefficient of attenuation increase for a CMR type cable.
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Fig. 6: Typical curve for the temperature coefficient of attenuation increase for a CMP type cable.
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Fig. 7: Temperature coefficient of attenuation increase for a patch cable, based upon measured data. 

The Fig. 11 shows the behavior of a typical CMR type cable, exposed to the humidity exposure regime whereas the Fig. 12 shows the same for a typical CMP type cable.  

The Fig. 13 and Fig. 14 indicate very clearly the importance of treating the flame retardant package to render it hydrophobic.

Thus the Fig. 14 shows the attenuation difference at 60 °C between the conditions at 20 % RH and 90% RH.  It shows clearly the very small difference of attenuation due to moisture
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Fig.8: Temperature coefficient of attenuation increase for the patch cable in Fig. 7, based upon curve fitted data. 
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Fig. 9: Temperature coefficient of attenuation increase for a CMP type cable with 3 / 1 FEP / Polyolefin (POL) pairs
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Fig.10: Attenuation of a patch cable pair without jacket.  The insulation has been perforated every 4 inches for approximately for ¼ of an inch, alternating on the conductors.  The cable has been measured dry and after exposure for 120 hours to 60 °C and 90 % RH.
pick-up typical for compounds with hydrophobic treated flame retardant packages.

It should be clearly noted that the attenuation increase for the ordinary CMP cables is substantially higher, simply due to the fact, that the majority of the commercially available compounds do not use hydrophobic treated flame retardants.

It is obvious, that this effect can be substantially reduced, by
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Fig.11: Attenuation increase for a CMR type cable before, during and after exposure to humidity regime.
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Fig.12: Attenuation increase for a CMP type cable before, during and after exposure to humidity regime.
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Fig. 13: Attenuation difference at 60 °C between the condition at 20 % RH and 90% RH.  It shows clearly the large increase of attenuation due to moisture pick-up typical for compounds with untreated flame retardants.
using hydrophobic treated flame retardant packages.  This is shown very clearly in the Fig. 14, where a compound with such treated flame retardants has been used.
4.3 Attenuation increase due to aging

Fig. 15 and Fig. 16 show the results obtained on the same CMR type cable.  The attenuation increase is calculated in the first case 
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Fig. 14: Attenuation difference at 60 °C between the condition at 20 % and 90 % RH.  It shows the small difference of attenuation due to moisture pick-up typical in compounds with hydrophobic treated flame retardants.
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Fig.15: Attenuation increase for a CMR type cable due to aging after 168 hour aging at 100 °C.  Calculation based upon measured values.
based upon the real measurements, whereas in the second case the data are curve fitted.  It seems to be important to show these values in both representations, to demonstrate the validity of the curve fitting for the proposed test methods.
The Fig. 17 and Fig. 18 show similar results, but for a CMP type cable.  The Fig. 19 and Fig. 20 show the difference of results obtained using the same jacketing compound on pairs insulated with FEP and polyolefin, respectively (CMP and CMR cables).
Fig. 21 and Fig. 22 show the behavior of a CMP type cable with mixed insulations.  Noteworthy here is the similarity between the results obtained with the same jacket material on the different insulation types.
The Fig. 23 and Fig. 24 indicate the results obtained when aged cables are additionally subjected to a humidity exposure regime.  The CMP type cables showed the normal behavior which is to be expected, falling back to a relatively low value after cooling to 20 °C at 90 % RH.  However, the moisture retention of some of the CMP type cables is noteworthy.  Thus the value after 24 hours at 20 °C and 90 % RH just falls below the value obtained at 60 °C and 90 % RH.  It takes a   substantial amount of time to get back close to the original attenuation by drying the cable at 20 °C and 20 % RH.

4.4 Dielectric performance of commercial jacketing compounds

The reporting on the complex dielectric constant is limited to two typical compounds one for each type of cables, i.e. CMR or CMP.
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Fig.16: Attenuation increase for a CMR type cable due to aging after 168 hour aging at 100 °C.  Calculation based on curve fitted data of Fig. 15.
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Fig.17: Attenuation increase for a CMP type cable due to aging after 168 hour aging at 100 °C.  Calculation based upon measured values. 
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Fig.18: Attenuation increase for a CMP type cable due to aging after 168 hour aging at 100 °C.  Calculation based on curve fitted data of Fig. 17.
The reporting will be limited to the complex dielectric constant, and will not elaborate upon the loss tangent.  Hence we have for the dielectric constant:
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Though LSOH compound have been measured as well, their results are not reported here.  
It should be mentioned that major differences may be found in commercial LSOH compounds.  For EVA based compounds little impact 
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Fig.19: Attenuation increase for a CMP and CMR type cables due to aging after 168 hour aging at 100 °C.  Calculation based upon measured values.  
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Fig.20: Attenuation increase for a CMP and CMR type cables due to aging after 168 hour aging at 100 °C.  Calculation based on curve fitted data of Fig. 19.
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Fig.21: Attenuation increase for a CMP type cable in a 3/1 FEP/Polyolefin (POL) pair design due to aging after 168 hours aging at 100 °C.  Calculation based upon measured values. 

from aging or humidity should be expected.  This is often not the case.
As far as it concerns the CMR jacketing compounds, they show a relatively limited sensitivity to the humidity.  This is obvious, as they contain also relatively small amounts of fillers and/or flame retardants as compared to the CMP jacketing materials.

Therefore they show also much less water adsorption to the particulate matter in the compound.  Fig. 25 indicates practically no increase of the real part of the dielectric constant, while Fig. 26 indicates a slight increase of the imaginary part of the complex dielectric constant, responsible for increased losses.  Also the aging affects only to a very minor extent the imaginary part of the complex dielectric constant of CMR type compounds, while the real part is not affected at all.  See Fig. 27 and Fig. 28.

Fig. 29 and Fig. 30 indicate the complex dielectric constant for a typical plenum rated compound.  The real part shows a marked increase which is relatively very high towards the lower frequency end.  The imaginary part shows an extreme increase also with a substantial sloping up towards lower frequencies.
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Fig.22: Attenuation increase for a CMP type cable in 3 / 1 FEP / Polyolefin (POL) pair design due to aging after 168 hours aging at 100 °C.  Calculation based on curve fitted data of Fig. 21.
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Fig.23: Attenuation increase for a CMR type cable exposed to the humidity regime after aging.  The values are indicated before, during and after exposure to humidity, and after conditioning for 14 days at 29 % RH and 20 °C for drying.
The aging alone of the compounds has practically no impact on the dielectric properties, as is shown in Fig. 31 and Fig. 32.  This is also normal.  There is no interaction with any insulating material, be it FEP or polyolefin.  The aging of the jacketing compounds alone is of little importance, as only the interaction with the insulating material yields the impact on the attenuation and results in an increase.

Work in this direction is under way.
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Fig.24: Attenuation increase for a CMP type cable exposed to the humidity regime after aging.  The values are indicated before, during and after exposure to humidity, and after conditioning for 14 days at 29 % RH and 20 °C for   drying[image: image31.emf]0.0
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Fig. 25: Real part of the dielectric constant before and after exposure to a humidity regime for a typical CMR compound.
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Fig. 26: Real part of the dielectric constant before and after exposure to a humidity regime for a typical CMR compound.
5. Discussion of Results

The results presented indicate very well that the impact of the roughness created by the coiling of the UTP cables can be eliminated by curve fitting.  The presented equation (1) to do this is very well suited towards this purpose.

The measurements of the temperature coefficient of attenuation increase indicate furthermore very clearly, that this coefficient 
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Fig. 27: Real part of the dielectric constant before and after exposure to an aging regime for a typical CMR compound.
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Fig. 28: Imaginary part of the dielectric constant before and after exposure to an aging regime for a typical CMR compound.
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Fig. 29: Real part of the dielectric constant before and after exposure to a humidity regime for a typical CMP compound.
goes up from a value approaching the value of the copper losses at low frequencies to relatively high values at higher frequencies.
It is indicated furthermore, that the value of 0.4 % / °C flat over the entire frequency range is for CMP cables sufficient, see Fig. 6.  However for CMR and CM type of cables this coefficient has to be raised to approximately 0.6 % / °C if only one value over the entire frequency range is intended to be specified, see Fig. 5.

Alternately the temperature coefficient of attenuation increase may be specified as a function of frequency.  Also for patch 
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Fig. 30: Imaginary part of the dielectric constant before and after exposure to a humidity regime for a typical CMP compound.
[image: image37.emf]0.0

1.0

2.0

3.0

4.0

5.0

6.0

050100150200250

Frequency   [ MHz ]

Before Aging

After Aging



'

CMP Compound


Fig. 31: Real part of the dielectric constant before and after exposure to an aging regime for a typical CMP compound.
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Fig. 32: Imaginary part of the dielectric constant before and after exposure to an aging regime for a typical CMP compound.
cables the coefficient has to be raised to approximately 0.75 or 0.8 % / °C if specified flat over the entire frequency range, see Fig. 8. 

A problem of course may occur with mixed types of insulations, where the coefficient for plenum rated cables will have to be raised to 0.6 % / °C.

The moisture pickup of the jacketing materials, especially of the plenum rated commercial compounds, subjected to higher humidity levels over an extended period of time or in an accelerated test at higher temperature could not be detected gravimetrically.  However, it could be easily detected by measuring the complex dielectric constant.  The resultant increase of the imaginary part of the dielectric constant is substantially higher at lower frequencies.  Together with a slight increase of the real part of the dielectric loss constant, this yields a substantial increase of attenuation in the higher frequencies.  This increase of attenuation may be kept very limited, if compounds are used which have inherently hydrophobic flame retardant packages.
The accelerated aging of the cables yields different effects, depending upon the type of plasticizers.  The effect of accelerated aging is more pronounced on CM and CMR rated cables, see also Fig. 16.  It has been verified with IR-spectrometry that this effect is due to plasticizer migration primarily into polyolefin type insulations.  Of course this depends upon the type of plasticizer used in the compound.  The increase of attenuation is at low frequencies relatively high, drops off to a minimum at about 5 MHz and increases from there on steadily over frequency, as may be seen in Fig. 16.  
On the other hand FEP insulations are affected only in the lower frequency range up to approximately 5 MHz, while the attenuation increase drops asymptotically to zero over increasing frequency, as may be seen very clearly in Fig. 18.  The same jacketing compound on the two types of insulation yields nearly an identical attenuation increase at low frequencies below 5 MHz, as can be seen in the Fig. 20.  This may suggest a similar mechanism leading to this attenuation increase in both cases.  However, a verification using IR-spectrometry yielded on FEP no result.  There may be a deposit of plasticizer on the wires or on the inside of the jackets.  However this could not yet be confirmed.  Therefore the mechanism on FEP insulations yielding the increase at low frequencies remains unanswered.
Interesting in this context is the behavior of mixed insulation materials, i.e. cables with a 3/1 design.  Here the attenuation increase of the FEP pairs drops off also asymptotically over frequency to zero, while the polyolefin insulated pairs are affected by plasticizer migration, and increase in their attenuation over frequency after going through a minimum at about 5 MHz.  In these cases extreme care has to be taken for the selection of such wires with respect to their jacketing compounds in environments where the cables are extendedly exposed to higher temperatures.
Major problems may be encountered with some compounds, when the cables are run under elevated continuous duty temperatures and at higher humidity levels.  In fact, under these conditions the attenuation increase may attain such high levels that channel failures are unavoidable.  This is shown very clearly in the fig. 23 and Fig. 24.  Mainly in the latter case, i.e. for plenum rated cables there may be a serious problem, depending upon the type of compound used.

The measurements on the slabs of the jacketing material are interesting only if they are submitted to an humidity exposure regime.  Then the plenum rated jacketing compounds show a very market increase of the imaginary part of the dielectric constant, see Fig. 30.  In fact this part goes up substantially towards lower frequencies.  But also the real part of the dielectric constant goes up in a similar fashion, however proportionally to a much lesser extent, see Fig. 29.  The compounds using hydrophobic treated flame retardants show only a very minor variation.
6. Conclusion 

Based upon the results obtained the following conclusions can be drawn:

· The relevant standards should be updated with respect to the incorporation of suitable test methods to determine the addressed parameters.
· The values so far specified for the temperature coefficient of attenuation increase will have to be revised at least as far as they concern CM and CMR type cables as well as patch cables.

· A permissible level of attenuation increase due to long term exposure to elevated relative humidity levels should be specified.  Suggested is the use of an accelerated test regime for 120 hours at 60 °C and 90 % relative humidity.
· Hydrophobic treated fillers and flame retardants should be used for compounding purposes, especially for CMP rated jacketing compounds
· A permissible value of attenuation increase due to aging has to be specified.  The aging regime is already prescribed to test the mechanical properties of cables, which are to be used at a continuous duty temperature of 60 °C.  This level has to be specified as a function of frequency.
· The mechanism of attenuation increase at low frequencies due to aging, primarily with respect to FEP insulations will have to be investigated in more detail.  Also the mechanism on polyolefin insulations leading to an attenuation increase at lower frequencies will have to be investigated.  Suggested is the use of modeling techniques under consideration of the effects of the dielectric behavior of the jackets and their impact on the attenuation of the pairs.

· Cables with mixed insulation types should be avoided for operations under higher environmental demands if they are made with the usual commercial jacketting compounds.

· The interaction of plasticizer of the jacket material with the polyolefin of the insulation will have to be investigated in more detail.  A laboratory test towards this purpose will have to be developed.
· Low migrating plasticizers should be used in plenum rated jacketing compounds.
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