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THE CONNECTABILITY STUDY

This study was conducted for the Canadian
Copper & Brass Development Association
(CCBDA) in Toronto, Ontario by Powertech
Labs of Surrey, B.C. The full text of the study
is available on request. Limited space allows
only the results of the intensive testing to

be published here.

The objective of this project was to compare

the connector performance under equivalent

severe environmental conditions for the

following three configurations:

* copper connectors on copper conductor,

+ aluminum connectors on copper
conductor, and

+ aluminum connectors on aluminum
conductor.

The power connectors, conductor, and oxide
inhibitor used to make the samples were
standard commercially available varieties
obtained from several different
manufacturers. The sizes are 2/0 ANG
copper and 4/0 AWG aluminum.

Copper connectors are available for use with
copper conductor, and aluminum connectors
are available for use with copper and
aluminum conductors. Test standards for
power connectors include the CSA C57 or
ANSI C119.4 500 cycle current cycling test,
which is intended to establish long term
performance. There are significant differences
in the material and electrical properties of
aluminum and copper and their oxides which
may affect their long term performance.

Aluminum oxidizes readily when exposed to
air, and a strongly attached hard outer layer
of electrically insulating oxide quickly forms
around the metal. For this reason aluminum
connectors are often manufactured with an
outer tin coating which is intended to prevent
surface oxidation of the connector from
occurring. Aluminum crimp connectors are
also pre-filled with oxide inhibiting compound
to reduce oxidation between the conductor
and connector when in service. Aluminum
conductors must always be wire brushed to
remove the oxide layer, and oxide inhibiting




compound is immediately applied to reduce
oxidation.

Copper also oxidizes when exposed to air,
but the oxide which forms is relatively soft
and conductive, although not as conductive
as the base metal. For this reason copper
connectors can often be installed without
oxide inhibitor. Wire brushing of the
conductor, although recommended, is not
as critical as with aluminum. Copper
connectors are often manufactured with a
tin coating to reduce surface oxidation and
discoloration, but they are also available
without a tin coating.

When copper and aluminum are brought into
direct contact in the presence of moisture, a
strong galvanic reaction takes place due to
the dissimilar properties of the metals.
Therefore aluminum connectors cannot be
used with copper conductors unless an
interface material which is more compatible
with both copper and aluminum is present -
such as tin. However tin is also susceptible to

oxidation, and if the tin layer is compromised,
then galvanic corrosion between the base
metals can still occur.

The differences in properties of copper and
aluminum may result in a significant

performance difference in the various types
of electrical connectors in long term service.

In this study, copper-to-copper, aluminum-to-
copper, and aluminum-to-aluminum
connections were subjected to accelerated
aging which consisted of 2000 hours of
corrosive environmental exposure and

high current, short time testing. The copper-
to-copper connections had very little change
in resistance during testing, and performed
the best in this study.




Connector Samples Used For Testing

Test Samples TABLE 1: Connectors and conductors used
The test samples used in the study were
combinations of copper and aluminum Connegtor Condugtor Connectgr .
conductors and connectors, with all . Material | Material Type Manufacturer | Size | Plating| Model
comppnents being standard off-the-shelf A1/A2  Aluminum  Aluminum = Mechanical A #6-250  Tin ADR 25
varieties. Copper conductor BEE bare A3/A4  Aluminum = Aluminum Compression A 4/0 Tin  ATL40-12
19-strand 2/0 AWG, and aluminum W Ao c - B m = SAI048
conductor was Alcan NUAL 18-strand uminum _ EaTKeE - 0mpression Ll o
compact 4/0 AWG. Conductor sizes were A7/A8  Aluminum  Aluminum  Mechanical C #6-250 Tin TA 350
selected to be approximately the same A9/A10  Aluminum  Aluminum Compression D 4/0 Tin YA28A3
a;‘npaCIty. C(?nnectgrs wer:e a C(I)erlltnzt':)" B1/B2  Aluminum Copper  Compression D 20 Tin  YA26AL
of compression and mechanical bolted type ; - -
1-hole lug connectors. All aluminum B3/B4  Aluminum Copper ~ Compression C 2/0 Tin IACL-2/0
Compression connectors were tin p|ated B5/B6 Aluminum Copper Compression A 2/0 Tin ATL20-12
and supplied pre-filled with oxide inhibitor. A B7/B8  Aluminum Copper  Mechanical © #6-250  Tin TA 350
.Comletﬁ list 3f thehtest Samhplefs }:S prOV'dled BY/B10  Aluminum  Copper  Mechanical A #6250 Tn  ADR25
in Table 1, and a photograph of the samples C1C2  Copper  Copper Compression D 20  Tin  YA1-26T38
before installation is shown in Figure 1.
C3/C4 Copper Copper  Compression C 2/0 Tin CRA 2/0
Connector InstaIIation C5/C6 Copper Copper Compres.smn A 2/0 Tin  CTL-20-12
C7/C8 Copper Copper  Mechanical c #6-250  None  SLU 300
Procedures :
. C9/C10 Copper Copper ~ Mechanical A #2-4/0  None BTC 4102
Connectors were installed onto 50-cm long
conductor segments according to the . . .
manufacturer's recommendations, and using TABLE 2: Mechanical connector torque levels for installation
the following procedures: : :
+ All conductors were wire brushed Conductor Size Screw Size
immediately before installing the AWG
connectors.
2/0 7116 120 13.6
¢ Thomas & Betts Contax® CTB8 Oxide 210410 16 o A
inhibitor was applied to the aluminum :
conductor for installation of mechanical 2/0-4/0 3/4 375 424
connectors.
+ No oxide inhibitor was applied to any of
the copper-to-copper connections. FIGURE 1: Connector samples used for burst testing

+ Compression connectors were crimped
using a Thomas & Betts (Blackburn) model
TBMS crimping tool.

+ Mechanical connectors were installed
using torque levels as shown in Table 2.

* A brazed or welded equalizer was installed
on the other end of each conductor
segment to provide good current
distribution to the conductor for current
testing and resistance measurements.




Copper on Copper

Copper-to-copper samples before testing

C9/C10 C7/C8 C5/C6 C3/C4 C1/C2

Copper-to-copper samples after 2000 hours of testing

C9/C10 C7/C8 C5/C6 C3/C4 C1/C2




Aluminum on Aluminum

Aluminum-to-aluminum samples before testing

W\ .
A9/A10 AT7/A8 A5/A6 A3/A4 A1/A2

Aluminum-to-aluminum samples after 2000 hours of testing

A9/A10 AT7/A8 AS5/AG A3IA4 A1/A2




Aluminum on Copper

B9/B10 B7/B8 B5/B6 B3/B4

Aluminum-to-copper samples after 2000 hours of testing

B9/B10 B7/B8 B5/B6 B3/B4
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