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ExtremeflexTM Aluminum 

Coaxial Cable: 
Dissimilar Metals Engineering Analysis

Executive Summary
For decades, design engineers in most industries have opted for aluminum

over copper in the design of sophisticated transmission systems. In addition to

being lighter, more flexible, and less expensive than traditional copper, 

aluminum is, pound for pound, twice as conductive as copper1. In fact, 90% of

today's high-voltage transmission lines use aluminum conductors2 and 99% of

all CATV cables are aluminum.

Now, engineers at CommScope have introduced an aluminum-based 

transmission cable into the wireless industry. Known as Extremeflex, it represents

the next generation of CommScope's smooth-wall cable technology, first 

introduced  with the company's Cell Reach line of cables. Today, the 

smooth-wall technology is used by eight of the ten largest wireless providers.

Despite the success of Cell Reach, concerns continue to linger about the use 

of aluminum in wireless applications. 

This report discusses the various concerns. Further, it demonstrates, through

laboratory testing, field trials and application analysis, that Extremeflex 

performs as well as the leading corrugated copper product, while delivering 

the added benefits of aluminum. 



One of the first major markets for
aluminum was wiring for the bur-
geoning electricity industry. By the
end of 1898, the Pittsburgh
Reduction Company (later Alcoa)
had sales commitments for 1.3
million pounds of aluminum wire2. 

From that point forward, wide-
scale commercial production of
aluminum and the electrification of
the United States developed side-
by-side. Today, aluminum is used
in 90% of America's power lines2. 
Aluminum first appeared as part of
a coaxial cable system in the late
1960s. Because it offered a 
significant reduction in cost as
compared to copper with no 
drawbacks in performance it
quickly began displacing copper
coax as the primary transmission
cable. Today an estimated 5 billion
feet, representing 99% of all CATV
cable is aluminum.

The wireless industry is now ready
for the same transition. Since the
first wireless networks appeared in
the 70s, corrugated copper has
been the standard cabling 
material. This was largely due to
copper's successful application in
the early telephone microwave 
systems. However, in recent years,
network engineers appear more
open than ever to significant
design changes in transmission
systems. 

Seven years ago, CommScope
engineers introduced Cell Reach®,
a unique copper smooth-wall
cable that represents a significant 
departure from traditional 
corrugated cable. With its ability to
greatly reduce water migration and
corrosion, the most common
cause of cable failure, the new
design has been widely embraced
and is now employed by eight of
the top ten wireless operators.

As a follow up to the success of its
Cell Reach product, CommScope
has introduced a smooth-wall 
aluminum cable known as
Extremeflex™. The design, based
on the Cell Reach® cable, replaces
the copper outer conductor with
an aluminum outer conductor.
Including the smooth-wall design,
it is nearly identical to cable used
in more than one million miles 
of CATV Broadband networks
throughout the world. The 
most noticeable difference is 
the 50-ohm center conductor
instead of the standard 75-ohm
center conductor used for 
broadband cable. 

While the use of aluminum is
accepted and preferred in the
CATV industry, it represents a 
significant change for wireless 
network engineers who have relied
on copper-based cables since the
development of the first wireless

networks in the early 70s. 

On the one hand, engineers argue
that the use of dissimilar metals in
the cable assembly (aluminum
cables and brass connectors)
leaves it overly susceptible to 
galvanic corrosion. At the same
time, they are concerned that
when attached to a steel tower, the
differing coefficients of thermal
expansion will place too high a
strain on the cable, resulting in the
physical distortion of the cable. 

The remainder of this paper
addresses each of these issues and
shows how it has been possible to
design around these phenomenon.

Historical Use Of Aluminum In Transmission Cable Applications 
Since its commercial introduction in the 1880s aluminum continues to be one of the most valuable and versatile

commercial metals. Weighing in at just 1.172 pounds per square inch per linear foot, it is among the lightest 

commercially suitable metals, one-third the weight of copper1. With an electrical resistance of 13.36 microhms per

square inch per foot1, its mass conductivity is twice that of copper. It is also highly resistant to corrosion due to the

formation of a self-protecting oxide coating. These properties, combined with an extremely high tensile strength

(24,000 pounds per square inch1), and tremendous flexibility have made aluminum the material of choice for many

transmission systems.
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Myth #1 Susceptibility to Corrosion Due To Dissimilar Metals

One of the questions about the aluminum cable in the wireless arena has been the concern that aluminum tends 
to be more susceptible to corrosion. The process, known as galvanic corrosion, occurs when dissimilar metals are 
connected in the presence of an electrolyte. The electrons flow between the two metals causing the more chemically
active metal, in this case aluminum, to corrode3. The same is true of any structure made of dissimilar or identical 
metals, including copper. 

The key to preventing corrosion within the cable, therefore, is not in the type of metal used but in being able to 
prevent water from entering the cable and acting as an electrolyte. Without water there can be no corrosion4.  

CommScope engineers understood this concept 30 years ago when designing CATV cables and applied it seven years
ago when they began developing the smooth-wall design found in CommScope's Cell Reach copper cables. The design
is fully bonded. The waterproof outer layer is fully bonded to the shielding layer that shares a full physical bond with 
the dialectic foam layer, which in turn, is fully bonded to the center conductor. The closed cell structure of the dielectric
foam adds yet another level of protection against water migration. One of the key benefits of the design is that it
ensures a weatherproof connection between cable and connectors; where corrosion is most likely to begin.

In a field test conducted through a major U.S. carrier, from 1996 to 2002, 278 sites were up-fitted with the
CommScope smooth-wall Cell Reach copper cable. Six and half years after installing the first smooth-wall assembly, 
not a single cable-related failure has been reported.5 Previous to the field trial, the carrier had reported a 16% failure
rate in its corrugated cables due to water ingress, which causes corrosion.  Secondly, they experienced a 23% failure 
in corrugated jumpers due to water ingress, which causes corrosion.5 Water ingress is the cause of failure, not the use 
of dissimilar metals.

The Extremeflex, aluminum smooth-wall cable represents the next step in the evolution of the smooth-wall technology. 
It incorporates lightweight, highly flexible aluminum in place of copper. By eliminating water from the system,
CommScope engineers have developed a system that is corrosion resistant.

AAlluummiinnuumm  aanndd  CCooppppeerr  SSmmooootthh-WWaallll  CCaabbllee  VVeerrssuuss  
CCoorrrruuggaatteedd  CCooppppeerr  iinn  AAcccceelleerraatteedd  LLiiffee  TTeessttiinngg

To test the electrical performance
and corrosion resistance of the
Extremeflex smooth-wall 
aluminum cable, CommScope
engineers subjected it to intense
temperature cycling and 
prolonged exposure to highly
corrosive salt fog. This accelerat-
ed life test, also known as military
standard 202F, compared the
Cell Reach smooth-wall copper
cable, Extremeflex smooth-wall
aluminum cable and a leading
corrugated copper cable.  

Identical lengths of cable were
connectorized on both ends using
the manufacturer's recommended
procedures. No secondary 
waterproofing such as tape or
shrink tubing was added.
Engineers then recorded baseline
measurements for return loss, 

distance to fault, and passive
intermodulation. The cable
assemblies were then subjected
to eight thermal cycles, from 
-40 to +170 C. During each
cycle the temperature was held at
the highest and lowest extremes
for four hours. Thermal cycling
was immediately followed by
exposure to a 5% salt fog for 48
hours. Return loss, distance to
fault and passive intermodulation
readings were taken at the end of
each full cycle. The process was 
continuously repeated eight times
for a total of 64 cycles. 

The following tables list the
results from just one of several
accelerated lifecycle tests. This
specific test compared 7/8" Cell
reach, Extremeflex and 
corrugated copper cables. 

Notes:  

1) The accuracy of the test method and set 
up is no better than +- 1 dB.  

2) The aluminum cable used in this test is 
the first prototype design. These 
samples had not been optimized and the 
SRL data is lower/worse than production 
cable.  Production cable typically has 
return loss values of 28-30 dB.

3) The pertinent information for this test is 
the change in the test sample measured 
value from the initial test to the end of 
the test at 64 cycles.

4) Comparisons of actual measurement 
levels are not indicative of the results we 
are testing. Only changes over the test 
period are pertinent.  See table 3.

5) Trained engineers professionally installed 
all connectors under laboratory conditions.

6) Look for changes between initial test and 
after 64 thermal and salt spray tests.



TECHNICAL ARTICLES

Return Loss
.80-1.00 GHz

Return Loss
1.7-2.11 GHz

Return Loss
2.3-2.7 GHz

Return Loss
0.05-5.0 GHz

DTF 1.8-
2.0 GHz

PIM

Corrugated Copper 32 dB 32 dB 28 dB 18 dB 39/39 dB 126 dBm

Corrugated Copper 35 dB 29 dB 32 dB 21 dB 41/39 dB 131 dBm

Corrugated Copper 35 dB 30 dB 29 dB 20 dB 38/39 dB 127 dBm

Corrugated Copper 35 dB 30 dB 31dB 21 dB 38/40 dB 117 dBm

Corrugated Copper 33 dB 28 dB 28 dB 20 dB 35/41 dB 130 dBm

Average 34 dB 30 dB 30 dB 20 dB 38/40 dB 126 dBm

Smooth-wall Copper 37 dB 36 dB 35 dB 21 dB 44/49 dB 126 dBm

Smooth-wall Copper 38 dB 33 dB 32 dB 22 dB 44/45 dB 129 dBm

Smooth-wall Copper 37 dB 32 dB 33 dB 21 dB 44/41 dB 129dBm

Smooth-wall Copper 37 dB 33 dB 33 dB 21 dB 42/45 dB 129 dBm

Smooth-wall Copper 37 dB 32 dB 31 dB 22 dB 43/44 dB 129 dBm

Average 37 dB 33 dB 33 dB 21 dB 43/45 dB 128 dBm

Smooth-wall Aluminum 33 dB 27 dB 26dB 22 dB 36/39 dB 117 dBm

Smooth-wall Aluminum 33 dB 27 dB 26 dB 21 dB 36/38 dB 133 dBm

Smooth-wall Aluminum 34 dB 25 dB 25 dB 22 dB 36/38 dB 118 dBm

Smooth-wall Aluminum 32 dB 27 dB 26 dB 20 dB 36/38dB 119 dBm

Smooth-wall Aluminum 32dB 27 dB 26 dB 21dB 36/38 dB 126 dBm

Smooth-wall Aluminum 34 dB 26dB 25 dB 22 dB 36/38 dB 126 dBm

Smooth-wall Aluminum 31 dB 28 dB 26 dB 21 dB 36/38 dB 129 dBm

Smooth-wall Aluminum 32 dB 27 dB 27 dB 22 dB 36/39 dB 131 dBm

Smooth-wall Aluminum 33 dB 25 dB 24 dB 21 dB 36/36 dB 125 dBm

Smooth-wall Aluminum 32 dB 28 dB 27 dB 22 dB 36/38 dB 127 dBm

Average 33 dB 26 dB 26 dB 21 dB 36/38 dB 125 dBm

Std Deviation 1 1 1 0.6 0.3/1 5

Specification 26 dB 26 dB NA NA 34 dB 112 dBm

Table 1 Initial Test Results (See Notes pg. 4)
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Table 2 Test Results After 64 Thermal Cycles And Salt (See Notes pg. 4)

Return Loss
.80-1.00 GHz

Return Loss
1.7-2.11 GHz

Return Loss
2.3-2.7 GHz

Return Loss
0.05-5.0 GHz

DTF1
.8-2.0 GHz

PIM

Corrugated Copper 35 dB 30 dB 29 dB 22 dB 39/37 dB 115 dBm

Corrugated Copper 34dB 28 dB 29 dB 24 dB 38/36 dB 115 dBm

Corrugated Copper 34 dB 28 dB 27 dB 21 dB 36/38 dB 117 dBm

Corrugated Copper 34 dB 28 dB 28 dB 24 dB 37/37 dB 121 dBm

Corrugated Copper 33 dB 27 dB 27 dB 22 dB 34/38 dB 115 dBm

Average 34 dB 28 dB 28 dB 22 dB 37/37 dB 117 dBm

Smooth-wall Copper 36 dB 42.0 dB 41 dB 22 dB 42/52. dB 123 dBm

Smooth-wall Copper 37 dB 36 dB 36 dB 23 dB 44/39 dB 118 dBm

Smooth-wall Copper 37 dB 36 dB 37 dB 22 dB 44/45 dB 116 dBm

Smooth-wall Copper 36 dB 37 dB 36 dB 22 dB 42/48 dB 116 dBm

Smooth-wall Copper 35 dB 36 dB 33 dB 23 dB 44/48 dB 125 dBm

Average 36 dB 38 dB 37 dB 23 dB 43/46 dB 120 dBm

Smooth-wall Aluminum 32 dB 24 dB 26 dB 22 dB 35/32 dB 119 dBm

Smooth-wall Aluminum 31 dB 25 dB 27 dB 22 dB 33/37 dB 118 dBm

Smooth-wall Aluminum 30 dB 24 dB 26 dB 23 dB 35/32 dB 119 dBm

Smooth-wall Aluminum 35 dB 23 dB 26 dB 21 dB 35/33 dB 119 dBm

Smooth-wall Aluminum 32 dB 25 dB 27 dB 22 dB 33/37 dB 114 dBm

Smooth-wall Aluminum 30 dB 24 dB 26 dB 23 dB 33/35 dB 119 dBm

Smooth-wall Aluminum 31 dB 24 dB 26 dB 22 dB 33/34 dB 112 dBm

Smooth-wall Aluminum 33 dB 24 dB 28 dB 22 dB 32/38 dB 128 dBm

Smooth-wall Aluminum 31 dB 23 dB 24 dB 23 dB 31/34 dB 123 dBm

Smooth-wall Aluminum 32 dB 23 dB 24 dB 20 dB 34/35 dB 120 dBm

Average 32 dB 24 dB 26 dB 22 dB 33/35 dB 119 dBm

Std Deviation 1 1 1 1 1/2 4

Specification 26dB 26 dB NA NA 34 dB 112 dBm
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Table 3 Summary changes from Table I (initial test) to Table II (end test). 

Myth #2 The Effects of Thermal Expansion And Contraction 
Within The Transmission System 

Return Loss
.80-1.00 GHz

Return Loss
1.7-2.11 GHz

Return Loss
2.3-2.7 GHz 

Return Loss
0.05-5.0 GHz

DTF
1.8-2.0 GHz

PIM

∆VXL5 0.2 dB 1.7 dB 1.7 dB 2.6 dB 1.4/2.5 dB 9.4 dBm

∆CR1070 1.2 dB 4.2 dB 3.8 dB 1.4 dB 0.4/1.8 dB 8.8 dBm

∆FXV700PE 1.0 dB 2.5 dB 0.1 dB 0.6 dB 2.6/3.3 dB 6.1 dBm

The results indicate that the aluminum cables perform as well as copper cables in how they change over time
and respond to adverse environmental conditions. Additional tests on various sizes of cable and varying 
production runs of aluminum cable yielded comparable results. These findings  support the hypothesis that,
without an electrolyte, galvanic corrosion becomes a non-issue even in the presence of dissimilar metals. 

Another concern about aluminum
cable is the constant thermal 
expansion and contraction of 
aluminum when attached to 
structures of different materials. At
issue is the thermal co-efficient of
expansion: a measure of the 
dimensional change of a material
due to a change in temperature. This
coefficient is commonly expressed in
terms of centimeter per centimeter
per degree Celsius or inch per inch
per degree fahrenheit6. For reference,
the following thermal coefficients of
expansion may be useful. 

Steel: 0.0000063
Copper: 0.0000094
Aluminum: 0.000013

For decades, engineers have used
expansion joints in buildings, 
highways, etc. to compensate for
expansion and contraction in 
structures that are subject to 
temperature change. The same holds
true for transmission systems.  CATV

lines are installed with an excess of
several feet of cable at each pole.
During the cold winter months, the
lines absorb the excess as the cable
contracts. In the hot summer months,
the cable expands under the heat
and the lines relax, as it were.
Without the ability to draw on this
"reservoir" the cable would come
under intense strain as it contracted.  

When the aluminum or copper cable
is attached to a steel tower there is
also the additional concern due to
the different thermal coefficients of
expansion. If each component is not
allowed to move freely a strain
develops which can be destructive if
the strain exceeds the strength of
either of the component materials.
In addition to the temperature
change, coefficients of expansion,
and component materials, length is a
major defining condition because it
effectively increases the strain. 

In order to avoid the potentially

harmful effects of differential 
coefficients of expansion,  each
material must be allowed  to expand
and contract at its own rate, without
attempting to constrain one by the
other.  In the case of a copper cable
installed on a steel tower, the cable
must be allowed to move differential-
ly to the tower.  In the case of 
corrugated cables, some expansion
benefit may be derived from the 
corrugation.  However, even in the
case of the Cell Reach smooth wall
cable, the years of experience have
shown that the cable / tower system
design allows the differential 
movement to take place without
damage to the cable.  How does 
this happen?

Had the transmission cable been
completely fixed to the tower, the
concerns may be valid. However, this
is not the case. In the typical tower
installation the ends of the cable are
not affixed to the steel tower but are,
in effect, floating with respect to the
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tower. The cable is held loosely in place along its length with hangers or other hardware. The expansion and con-
traction of the cable is accommodated by very small movements in the hangers or by the ability of the hanger to
move with respect to the tower structure. As the cable makes its turn at the top and at the bottom of the structure
the bend in the cable forms a natural expansion and contraction joint, which compensates for movement during
the seasonal temperature changes. 

The ability of the system to accommodate the length change may be better understood by calculating the 
potential change in the length of each material and evaluating the difference. The following calculations represent
approximations only. The actual degree of contraction and expansion will vary based one the precise design and
composition of the tower and cable as well as the fluctuation in temperature.  

Example Of Thermal Expansion 

Example of a 150 foot tower:
Steel - .0113 in/degree °F
Copper - .016 in/degree °F
Aluminum - .023 in/degree °F

In the case of a test site in Utah, we have temperature changes between 
-20 °F and 100 °F (a 120 °F change).  In the worst  case scenario, we would 
have the following change in length if there were a simultaneous change in 
weather (using the formula DL =aL1DT):

∆L = Change in Length

α = Thermal Coefficient of Expansion

L1 = Initial Length

∆T = Change In Temperature

At 150 Foot:
Steel- 1.356"
Copper- 1.92"
Aluminum- 2.76"

Field Tests Yield Positive Results For Using Aluminum Smooth Wall 
Cable and Connectors On Wireless Transmission Line Systems

To test its performance in the field, engineers selected a cellular site on the coast of Brazil. The site was chosen on the
high failure rate of traditional corrugated cables due to galvanic corrosion. The trial began in 2000 and involved
installation of 7/8" Extremeflex aluminum cable.   After three years, not one single performance problem has occurred.

A second, more detailed trial took place in Utah and involved Extremeflex cable situated on an exposed rooftop. The
site experiences temperature swings from -20 F to +100 F and is exposed directly to all the elements. 

When the site was erected, engineers recorded baseline measurements for the cable/connector system to be compared
with subsequent findings. Engineers also photographed the installation providing a visual comparison of the effect of
thermal contraction and expansion. Since then, they have returned at one-, five-, eight-, and eleven-month intervals
with additional visits planned at 18 and 24 months. (See site photos on following page)
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During each visit engineers documented the cable assembly's electrical performance and photographed it in order to
compare it to previous findings. To date no change in performance, dimensional measurements, or photographic 
evidence has been detected. 

These pictures show the aluminum cable fastened to the steel trays at various chronological 
times over a one-year period. 
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CONCLUSION 

Based on the laboratory and field test results, the Extremeflex aluminum smooth-wall cable offers all the electrical 

performance of copper cables. With the performance requirements satisfied, engineers can now turn their attention to

the ancillary benefits of the aluminum smooth-wall cable. 

In addressing the major concerns regarding the use of aluminum in transmission cables, we have not even touched

upon the various benefits that aluminum offers.The fact that aluminum is one-third the weight of copper reduces the

effects of tower loading  and the overall strains on the cable during long runs. Aluminum also holds its shape better

than corrugated copper, placing less internal stress on the cable where severe bends are required. Finally, aluminum

may offer potential cost-savings compared to corrugated cable. The added benefits of greater flexibility, lighter weight,

and cost savings provide a compelling argument for the new technology. 

As the technologies driving the wireless industry continue to accelerate and applications continue to converge, it is 

precisely this willingness to embrace new designs and materials that will determine the degree to which wireless lives 

up to its potential. 




