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5a 5-fold star quad twisting equipment

5b Basic unit stranding equipment

Fig. 5 New combined quadding and basic unit stranding machine for insulated conductors
of O.4 to 0.2 mm (0.016 to 0.031 in) diameter. Pull- ff speed: 100 m/min(328 fpm).






twisted in constant angular position includes
a whole number of SZ-sections.

1 0" 80"

Fig. 5 Rotatable lay plate for elimination
of length-proportional unbalances
k9 1o between adjacent star quads

In the SZ-machine shown in Fig. 5 five
quads are twisted in parallel. To achieve here
a good decoupling of all combinations kg to
kqp, @ turning scheme for four lay plates is
used, see Fig. 9.
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Fig. 9 Scheme for turning of rotatable
lay plates (refer to Fig. 8)

This new compensation method has shown so
far the best results independent of the lengths
of lay of the quads and further improvements
seem possible.

Limits of Economy

When the combined twisting/unit stranding
in one single operation is to be more econo-
mical than the twisting and stranding in se-
parate operations, certain prerequisites have
to be fulfilled. For the combined quad
basic unit stranding of local cables with
0.4 mm (0.16 in) conductor diameter as usual
in Germany, the following data have been de-
termined:

The per-shift output rate of a quad twisting/
basic unit stranding machine must be at least
17.5 basic-unit-km fS?.bOO ft) and one ope-
rator has to service two machines. The new
machine developed in cooperation with the
Frisch Company allows - with 100 m/min pull-
off speed - a per-shift output rate of 25
basic-unit-km (52,000 ft) thus exceeding the
basic requirement by more than 40 percent.

The capital expenditure is almost the same
for the combined quad twisting/basic unit
stranding and for the twisting and stranding
in separate operations. However, the wage-
dependent costs are only half as high with
the combined twisting and stranding which
means a clear advantage in favour of the com-
bined process.
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When combining the basic unit/main unit
stranding, comparably high cost savings can-
not be achieved, since with this concept there
would still be the high personnel requirement
of the separate quad twisting prccess.Further-
more, the main unit stranding machine could
not be utilized ogtimally. Frequent replace-
ments of the small quad bobbins and the short
unit lengths bring about undesired long down-
times, unless expensive automatic feeding de-
vices are used: At a pull-off speed of 100 m/
min, the per-shift operation of a main unit
stranding machine for the different conductor
sizes is by about 50 percent higher, when
operating the machine with large basic unit
reels instead of with small quad bobbins.

Comparable reflections apply, of course,
also to the manufacture of cables made up of
wire pairs.
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strand gap to zero is given in Table 3 as 9.05 and is
not seen in practice.

The strand gap illustrated in Figure 10 is drawn
as though it were evenly divided between the twelve
strands of the second layer, In practice, the gap
may be concentrated between two adjacent strands
and the remaining strands may be in contact or the
distribution may be random.

Thermal Considerations7. Even though the
twelve strands of a nineteen strand conductor may
not efficiently add cross-section to the conductor,
it can be agreed that they contribute to the ampacity
rating of the conductor by providing a heat sink for
the core and first layer. This contribution could
increase the capability of the inner strands to pass
current.

Mass

In _d4dit?n to its analysis of lay-resistancc rela-
tionships, NBS Handbook 100 describes an identical
lay-mass equivalence as follows: . -.-the correc-
tion factor to obtain resistance or mass per unit
length of a stranded conductor---." It continues:
UThis correction factor must be computed separately
for each layer of strands when the lay ratio is dif-
ferent for different layers of the conductor.' and
11t should not be forgotten that usually the central
wire (core) is untwisted. "

It establishes a density value of: - copper
density = 0,32117 1b/in3 @ 20°C and 100% ACS.
This constant is convertible to copper density =
0. 003027 1bs/CM/1000 ft. When a nominal 2% in-
crease is applied copper weight = 0, 0030875 1bs/CM/
1000 ft. The circular mil (CM) area is taken per-
pendicular to the strand axis and summed for all the
strands of the conductor,

1=‘lexibi1ity8 and Cylindricality

In at least two respects, stranded conductors
have developed because of their rope-like applica-
tions and not because of their conductivity., To
achieve flexibility, strand diameters have decreased
and strand count (and number of layers) has in-
creased. To achieve a well-defined cylindricality,
the tightness of the lay has increased progressively
with the number of layers. Concomittant with these
increases is a resistance and mass increase., It
seems fundamentally unsound but the axiom seems
to be: 'If you have to use more copper, you will
get less conductivity. "

Conclusion

Concentrically-stranded conductors have from
the beginning developed around a2 mechanical rather
than an electrical model. Their function has con-
tinued to be a carrier of current and yet no effort
to give the user more ampacity for fewer dollars
is apparent.,

This paper raises the question of the possibility
of improvement. It suggests that wire-manufac-
turer's publish measured resistance data as a func-
tion of strand count, This data would be helpful in
analyzing conductor resistance rather than relying
on a doubtful formula, This paper, in the section
on Normal Area Maximization, further suggests
that the contact resistance between strands is more
defineable than current practice would intimate.
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Process conditions

The process conditions have to work in order
to obtain the metal fiber continuous,

The main process phenomena are as follows:
a) the solidification point of the metal has
to occur downwerds the end of the glass

fiber attenuation.

Fig., 5 shows liquid metal breakages inside
the glass capillarv durin~ the spinning in
the case that the metal solidification oc-
curs before the end of the ~'nse emsnillary
attenuation.

b) The atmosvhere inside and o:tside has to

avoid the bubbles formation in the drawing
zone,

Fig., 6
Fig.

atmosphere is not well controlled.
Heating source

The heating source can be /7/:

No correct
pinning or high
ppper Oor glass
irawing zone

surrounding atmosphere
nercentage >f Ooxigen

producse inaesirab.e

1) Resistor heating which softs the glass and
molten the metal,

2) Induction heating
and, b’ heating conduction,

1) Resistor and induction hea
simultaneously,

which molten the metal
f

The heating source has to be optimize for cop-
per, pold, silver and steel and other metals
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mieron, silver up to 10 miecron (0,2, micron
discontinuous), gold and steel to 4 micron,
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sider mainly the copper, vointing out that
similar conclusions can be extrapolated to
other metals /%3/.
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Future experimental relation between
'he stress-stral a verw sharp structure and mech ical oroperties reoulre
transition between ad plastic further investigations 1in order to test the
zone and the rield which olastic influence of spinning velocity and 4
deformation starts nearl:: constant time to oltain finer grained ct
with stress increasing. 'his feature shows should show improved the ter zht
the absence of a lockins mechanism of dis- of the spun metal microwires
location, renerated under the anplied
stress, as expected in f.c.c, metals of
ordinary ourity,
onsenuently the total percentare of elon-
gation is ouite high, almost 157 and in-
creases as @4, decreases, In spite of the mentioned weak mech ical
I+ is worth roting that there is a relation properties of the bare copper microwire 0b-
between svinning velocitr, coolines time, tained from melt by a spinning process wit
and mechanical characteristics of the soun glass, we think worth to mention the han
fibers. Usually as the svinnins velocit and the applications of the glass-coated 1
increases,the cooling time becomes shorter wires which can be exploited as enamelled

\d consequentl: the rield noint 18 higher microwires up to temperature of 500°C,
and the plastic zone is reduced.

We have experimentallv verified what 1s Handling

also reported in literature /7/ that the
ultimate tensile strenght is increased bv
higher spinning velocity as shown 1in Fieg 11,

One of the first question asked about handling
it usually concerns stripping or baring tne
ends and how the wire is ioined to a terminal,
e, 11 Since the glass is relatively brittle 1t ma

be removed by crushing with smooth jawed pliers
30



T
V300 mim Ve 100 m/mn l.. W mimin 1
2ok i j o oy _
|
i P E - .
I
T 4 4
I
w0 | - - 10 -
{ ~ < E -
|
| - - -
- |
: - E
; (
' l
ws © we w0 (3 ws
£rongation

:hoxzng the
£ SIYess

on
for copper

or with a specially
A second method 1
hvdrofluoric acid but
ant method for generzl u
involves the use of the glas
brazing operation,
ne terminal vost
nichrome loop or, wi practice from a
flame. The molten glass runs and acts
a flux for the solder during thne
operation. In order to give added stre
to the ioint, soft solver and bared wire
be used, It is advisable to the end
the glass sheath inside the solver bead.
licrowire mey be wound,with care, in the same
wa as ordinarr wire. The precaution to be
taken 1s that, unnecessz tension has to be
avoided into the wire. This means that the
spool containing the wire must be mourted on
reedle pivots in order to reduce friction.
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as pnssible. Because the glass covering turns
ductile copper into a wire,having a brittle
nature,it is essential to avoid stresses due
to differentizl thermal expansion between the
wire and any bobbin, Ceramic materials having
sppropriate expansion coefficient are availa-
ble and it is usual to employ them wherever
the temperature excursions of more than a few
dezrees are to be expected. With these
precautions microwire 1is asuite easily wound.
Practice suggests to handle the glass covering
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micrograph ot a chemically
microwire. Small argle grain
islocation density are

handling menti

3. insulated copper microwli an be ex-
ploited as 2n enamelled conductor ins

_ intermedizte fresuencr transformers

- coils in pulse circultry

- pﬂlvanometers windings

- aled and hish temperature relar coils

nln:ature electric motors
computer circuits microminiaturisation

1t would appear that desipgner of eleﬂtrOﬂ;c
circuits and components could resuest th
special slass-cozted microwires.

Further applications have been sugzested b
changing the copper core with other metals
or allovs as gold, silver, manganin, chromel
alumel, steel., Their use could be as con-
ductors or resistors or thermocouple workin=s
in corrosive atmosnhere or other similar,
From this point of view the spinning process
shows versatilit~ to orodice all the needed
metal microwires included those which have
not the ductilitr necessary to be obtained
by the cold drawn process.
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TABLE I
PHYSICAL PROPERTIES OF OXIDIZED POLYETHYLENES

Sample Time at Oxygen Denalty' Elo ntionb Yieldb ultln‘teb
100°C Absorbed . nﬁ Strength Strength

hrs. cc/gm psi psi

Low Density o ——— .919 929 1272 239“
07.2 -- in helium .923 607 1448 241
67. - = .923 564 1u2 2241
27.3 .B .92 501 1395 198
47.5 1.6 .926 314 1450 151
67.4 3. .928 144 1471 1340
96.2 7.0 .932 62 1517 1433

High Density G - L948 313 3LH7 2721
29.4 == in helium .950 290 3690 275
47.5 - - .950 412 w72 2538
29.5 .8 .956 36 3606 2254°
31.5 1.8 .959 ~5 3601
34,9 4.4 .963 <5 2254
37.0 5.9 972 - --

s

Average for three specimens

® Average for five specimens
. Single specimen
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sufficient to induce prematJre failure of

the kind found in these experiments occurs
only under extremely vigorous conditions,

as at quite elevated temperatures, and the
phenomenon is probably inoperative under
normal use conditions for these materials.
Fossible bearing on the behavior of polyole-
fins in processing eguipment, particularly
in the presence of catalyst residues or
copper, may be worth considering, however.

Jince the design of the new instrument
is well-adapted to the insertion of & m&ss
spectrographic probe, study of the decom-
position fragments might contribute usefully
to the analysis of oxidation mechanics.

Summary
Sty

A six-specimen isothermal DTA apparatus
designed specifically for rapid gquality
control testing of polyolefins is described
and typical failure times reported for low-
and high-density polyethylenes as well as
for polypropylene. The new instrument is
demonstrated to be equal in precision to
good commercial DTA apparatus designed for
single-specimen use.

It is pointed out that the type of
automation employed for determining the end
of the induction period on & routine basis
with the new apparatus is exactly analogous
to one of the common ways of reporting
oxygen uptake data, the time (ty) required
for the specimen to consume "x" milliliters
of oxygen per gram. Just as this differs
slightly in numerical value from the induc-
tion time (ty) determined by the oxygen
uptake apparatus, so does the failure time
{tr) established by the new instrument in
its semi-automatic operating mode differ
slightly from the induction time as normally
determined by either the new instrument or
by conventional DTA or DSC apparatus through
back-extrapolation of the exotherm on graph
paper.

No evidence is found of stabilizer
migration retween specimens in the new in-
strument as has been reported for other
multi-specimen DTA techniques.

The test data reveal instead & startling
new phenomenon operating in the reverse
direction: the catalysis of premature oxi-
dative failure by reactive fragments charged
into the atmosphere during early decomposi-
tion of one of the specimens. This catalysis
seems to require a moderate "incubation time",
so that it does not interfere excessively
with the use of the new six-place instrument
for its intended purpose of routine control
testing. It does, however, warn of & possi-
ble new kind of interaction between specimens
in any grossly accelerated oxidative testing
of the polyolefins, including oven tests.
Perhaps more importantly, it may have bearing
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on the behavior of these materials in pro-
cessing eguipment under certain conditions
of operation, purt;culavlv in the presence
of pntential activators such as copper,
certain pignents, or adventitious catalyst
residues.
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On the basis of this analysis, it would appear
that the concerns over the use of cellular insulation
for filled telephone ceble in this country can be re-
solved arnd the change will be dictated largely by
aveilability and cost of petroleum-base materials.

At the time of publication, the critical polyolefin
shortege has been eased somewhat but the need for

long term conservation will continue to grow. This
temporary relief is e welcome windfall to the industry
since it allows time for the furt ier testing needed
to more completely establish the overall performance
characteristics of the product.
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effect acts as a plasticizing agent. The
foamed jacket when compared to the standard
jacket manifests more rubberlike character-
istics.

Field Trials

Extended field trials are underway with
direct burial cable. So far, these tests
show an advantage for foam jacket in greater
flexibility. Toughness compared to standard
jacket, appears to be satisfactory. The
abrasion resistance has been found to be
adequate in direct plowing. The crush
resistance indicates an improvement over the
standard jacket in that the foamed jacket
provides a cushioning effect to the cable core
absorbinc some of tne impact. Tests are being
made, both in the laboratory and in the field,
to determine the moisture penetration
characteristics.

Material Savings

The real plus for use of cellular jacket
is the savings in jacket compound. The
savings in compound amounts to a minimum of
108 at higher densities and a saving of up
to 30% at lower densities.

CONCLUSION

1. Communications cable of pair count sizes
6 through 25 have been made with jacket
densities from 0.63 to 0.87.

2. Jacket densities of 0.75, 0.83
had adeguate mechanical properties
superior to the standard jacket in
flexibility, and manifested a more
character.

and 0,87
and were
toughness ,
rubberlike

3. The foam jacket has passed REA PE-39
tests.
4. Field trials are currently in progress

that show promise of a new jacket with
improved toughness and greater flexibility.

5. The use of cellular jacket is projected
to result in a compound savings of 10 to 30%.

Future of Foamed Communications Jacket

The future of cellular jacket for com-
munications usage is dependent on customer
acceptance. At this writing, the field test-
ing is being done in burial applications.

We intend to broaden our investigation
by field testing larger cables. So far, our
considerations have been towards REA appli-
cations with buried cable usage. However,
other possibilities include aerial and CATV
cables and these areas should be examined as
well. The attractive savings in compound
usage should be a significant incentive for
increasing interest in cellular jackets for
communications applications.
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Another thermal property of value for indicating the
amount of antioxidant present is the oxidation induc-
tion time at elevated temperatures, This is performed
as described in two recent l»’l"ers.6 The test is com-
monly performed in a copper pan of a differential ther-
mal analyzer. It was found, however, that the pres-
ence of copper in combination with blowing agent re-
action products interferes with the induction time
test. By using an aluminum pan the interference was
avoided. Figure 5 1llustrates typical tests on poly-
ethylene in copper and aluminum pans. The thermogram
for heating of the material in nitrogen is first re-
corded to show the approximate melting temperature of
the polymer. This helps to identify the polymer, in-
dicating whether it has only one transition or more.
Two or more transitions confirm exampl2s of block co-
polymers or blends. When the sample has reached the
desired temperature the atmosphere is changed to oxy-
gen and the isothermal oxidative induction action is
recorded.
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Raw material pellets tend to vary in oxidative induc-
tion time. More uniform results are obtained by tak-
ing specimens from molded sheets or melt index extru-
date., In the case of polypropylene it was found that
the material from the melt index extrudate yielded
much more uniform induction times than the original
powder blends. The difference is evidently attributed
to mixing in the melt index tests. Typical flow and
}ndclact}on time data for both polymers are listed in
able 1.

Miscellaneous Quality Tests

ch!n? examined resin and additive mixtures for com-
position and properties, there may be questions about
homogeniety of a material. Some tests were carried
out, therefore, to reveal nonuniform mixing of addi-
tives. Such tests are valuable tools in cases where
a correlation with performance cen be shown.

One example of a test that is sensitive to compound
uniformity is oxidative induction time, as mentioned
above. Another example was seen in some of our work
on compounding of low density expandable material.
Several small lots of material were prepared. It was
found that the material could be foamed in a picture
frame type compression mold to reveal some features of
its foaming behavior. Figure 6 illustrates the re-
sults of the moldings. The nonuniformity was found to
arise from poorly mixed compounds in the case of some
of the laboratory lots. Separation of chips into size
ranges was carried out to confirm that the cause was
nonuniformity of the material before it was chopped.

Similar experiments were tried for the high density
polyethylenes, but with little success. The .050 inch
(1.25 mm) solid sheets molded directly from pellets,
however, were found to show differences in composition
in cases of opacity differentials or particle agglom-
erates. These can be useful observations in cases
where processin? problems are encountered and hetero-
geneous material is suspected as a cause.

Conclusion

By assembling test methods such as those described
here, a set of material requirements can be devised
and made the basis for a material specification. We
have not attempted to include all known methods for
examining expandable compositions nor have we attempt-
ed to predict any methods for the future, but have at-
tempted to outline what we consider interesting recent
development work on the subject.
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The results of an experiment to shed some
light on this is shown in Table VII. The
procedure was to prepare an 8" x 8" x 50
mil plaque, weigh it and place it into a

75 mil cavity mold. This was then heated
in a press at the temperature indicated.
The pressing was removed, quickly smeared
with filler as indicated, cooled as shown
and then reweighed after cleaning off ex-
cess filler. The data show that under ex-
treme conditions, as much as 17% of filler
can be absorbed. Of course, the polyethy-
lene cannot really hold this much and sweat-
out quickly occurs at normal temperatures.
The data also show that smearing both sides
is more ..ve . than sr=aring only one side,
and as might be expected, absorption rises
with increasing temperature of contact and
time ~{ contact at the high temperatures.

The condition in the last column of
one-side smearing and cooling immediately
after contact at 190 C is not so far re-
moved from what can actually occur in a
cable jacketing operation. Even with e-
fficent cooling, a jacketinag operation
where the jacket is extruded directly over
an uncovered filled core can be expected
to lead to a 3% or higher absorption of
filler.

CONCLUSIONS

Low density polyethylene jacketing will
absorb significant amounts from petroleum
jelly filler depending upon time, temper-
ature, jacketing thickrness and other con-
ditions of exposure. With Witco 5B filler
and two Union Carbide jacketing compounds,
an ultimate level of 8-9% absorption is
possible. No physical properties are de-
garded sufficiently to impair functional-
ity of the jacket.
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type compound is a little inferior in effect
to the newly designed serving. Tnis comes
from the weaker adhesion characteri: tics be-
tween yarn and compound.

Table 6. SQUEEZE CRUSH RESISTANCE OF

OUTER COVERING

Drawing Times Till

Ouler Covaring Coverings Break

PP Yarn/New Compound 9

PP Yarn/Asphalt Type 6
Compound

Tarrod/Tar-pitch 2

Jute

Type Compound

Actual New Cable Use

The first trial cable was laid in Octo-
ber, 1972. Since then, about 24 km of new

cable nine sections) were laid by July, 1974.

All the cables have been kept in good opera-
tion, except that one length of cable was
damaged by a ship anchor. Besides, the new
type of cable armoring has been used for a
trunk submarine coaxial cable 108 km in
length (two sections).

Conclusion

Improvements and backgrounds have been
described for new multi-pair submarine cable
consisting of jelly filled core, anti
-sulfurizing barrier and anti-corrosive ar-
moring. New cable has been widely applied in
Japanese waters. It is expected that the new
cable will reduce the failure rate and also
the length of replacement cable needed for
failure repair.
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CIRCULAR /PLASTIC--A NEW GENERATION OF CONNECTORS
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Harrisburg, Penna.

Abstract

In describing a new family of all-plastic circular
connectors, this paper demonstrates how a combination
of materials and geometry can lead to better overall con-
nectors with increased reliability for a wide variety of
applications. Although this is the only family of all-
plastic circular connectors on the market today, it is
the forerunner of a new concept in commercial connectors
that combine the desirable advantages of cylindricals with
the cost and weight advantages of plastic-bodied connectors.

The connectors described are molded from heat-
stabilized, flame retardant, Se- 1 thermoplastic, and have
built-in contact protection, positive keying, etc. Both
sealed or unsealed versions for panel mounting or free
hanging applications are covered, as are standard and
reverse sex versions as well as pressurized bulkhead
feed throughs. The stamped-and-formed crimp-type
contacts accept wires from AWG #8 to #28 and either pins
or sockets snap readily into either plug or receptacle
housings. Screw machine and solder contacts are also
discussed.

A technical paper about an all-plastic circular
connector family brings up an interesting pair of ques-
tions--why circular and why plastic?

Why Circular?
easy way out of this question \s 10 state that

these connectors are circular because circulay connec-
tors are the single most widely used multi-pin connec-
tors in the electrical and electronic industry.

Naturally, there are some very sound reasons
for this popularity. One of these reasons is the very
favorable weight-to-strengti: ratio that the circular shape
has over other geometric forms.

Another benefit is that the standard rotating coupl-
ing mechanism of circular connectors eliminates the need
for separate jackscrew hardware. Also, the inherent
mechanical advantage found in rotating couplings elimi-
nates the need for additional mechanical devices as the
contact densities increase and the mating and unmating
forces become greater.

Perhaps one of the most attractive advantages of
circular connectors is their versatility. They can be
modified and changed to a considerable extent without
destroying their basic "standard” characteristics.

Why Plastic?

aturally, circular plastic connectors cannot be
judged “better” when used in applications or environments
where metal is essential, But plastic does have consider-
able advantage over metal in connectors where weight-
savings is a prime or even secondary design consideration.
Molded plastic connector housings are less expensive to

fabricate than their metal counterparts, and modern plastics

have the strength and durability of metal in many cases and
can stand some fairly hostile environments as well.

The light weight of the plastic, which is less than 50%

of the weight of an equivalent metal shell connector, is also
of benefit in many applications.

The Need

A great many industrial and commercial applications
require a connector that is better than the inexpensive soft
shelled connectors used in the appliance industry, vet these
applications do not require connectors built for use in a
military environment. In the past, it has been necessary
to use these inetal shell connectors designed primarily for
military and aerospace applications, as these were the only
choice for a connector to meet the reliability requirements.
The plastic connecior described in this paper is designed
specifically for these high reliability commercial and in-
dustrial applications. The first requirement was 1o design
a low-cost light-weight connector that would satisfy these
commercial and industrial requirements without sacrific-
ing performance and reliability. An additional constraint
was that the connectors should have the same ease of use
by customers as the standard metal cylindrical connectors,
including the features of minimum number of parts, cable
clamps, etc. The result was a product line known as the
CPC connectors or the Circular Plastic Connector family
illustrated in Figure 1. The fact that these connectors
are currently used in aircraft, trucks, tractors, farm
machinery, computers, computer peripherals, business
machines, television sets, test equipment, etc. is an in-
dication that needs for this type of connector exist in the
commercial and industrial marketplace.

Figure 1. The Circular Plastic Connector Family.

105






Size 17-16 in the Series I has a reverse sex version
that is a size 17-14 and the 23-73 in Series Il has a reverse
sex version of 23-57. This is necessary due to the area
occupied when the sex of the contacts is reversed.

The Series III, or 35 ampere contact, versions have
a more limited selection due to the space required. There
are no connectors available in size 11 or 13 versions. The
standard sex versions are:

Size 17 - 3 contacts

Size 23 - 7 contacts

The reverse sex versions of these connectors are
the same as the standard sex or:

Size 17 -
Size 23 -

3 contacts

7 contacts

Of course, as with any product line, there are
specials. Some of these are the 23-22. That is a shell
size 23 with two power or 35 ampere contacts and 20, 13
ampere contacts. As this connector is used in the trucking
and machine industry, the 13 ampere contacts accept #14
AWG wire.with an insulation diameter of .150". Standard
13 ampere connector versions accept a wire insulation
diameter of .125" in order to obtain higher density.

The 17-3C is a size 17 shell with one twinax con-
tact for shielded unbalanced lines and two 13 ampere
signal contacts.

Contacts

The performance of any connector is first depen-
dent upon the contacts being reliable. This entails such
elements as contact resistance, contact retention, contact
life, conductor termination and insulation support. When
designing the Circular Plastic Connectors it was decided
to build a connector line based on proven contacts used in
other large volume product lines rather than design new
contacts. This not only takes advantage of the long his-
tory of proven contacts, but allows the user to introduce
the product into his equipment using the same contacts
he has been applying in his rectangular connectors. This
obviates adding more engineering time, drawing numbers,
testing and approvals. This standardization of contacts
aftects inventory, volume purchases, application tooling
and field repair tooling.

For a complete connector family it is necessary to
have contacts with a broad range of current carrying
capabilities and different densities. As a result, three
contact sizes were selected--a 7 1/2 ampere size, a 12
ampere size and a 35 ampere sizc. Each contact size
was used to designate a series.

The first series uses the 13 ampere size 16 contact,
which many of you know as MIL-C-28748 type. This is re-
ferred to as the II1+ contact when it is stamped and formed
and as the Type II contact when it is the screw machine
equivalent. Both are front release crimp-snap-in contacts.
The three retention tines ensure excellent contact reten-
tion. They are available with many plating options and
cover a large range of wire sizes from #14 AWG through
#30 AWG with insulation diameters up to .150 outside
diameter. The platings available are tin-plated contacts,
gold flash over all the contacts, selectively plated gold
over nickel plate, and heavy gold over nickel plate. A
new low cost one-piece stamped and formed contact is also
available for this connector series. The series using this
contact is designated as Series I or Standard Density .

The high density version was designed using con-
tacts that are also available as screw machine contacts
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Figure 3. Contacts for Series I Connectors.

(MIL-C-24308), stamped and formed versions, and stamped
and formed versions with insulation support. All these con-
tacts are interchangeably used with commercial and military
versions of other connector families. These are 7 1/2
ampere contacts and are on approximately . 109 centers

and are known as the Series Il connectors in the Circular
Plastic Connector family.
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Figure 4. Contacts for Series II Connectors.

The power connectors use a stamped and formed
blade type contact rated at 35 amperes. Heat rise testing
has indicated this contact can actually carry 48 amperes
with a 30°C temperature rise. These are called Series
1II. Automatic application tooling has been well proven
for all these contact types. This tooling includes bench
type crimping machines, stripper crimpers and high speed
AMPOMATOR machines for volume applications.
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Figure 5. Contacts for Series III Connectors.
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Air Lea kage

Not required. Receptacle connectors are subjected 10 a pressure dif-
fcrc-m‘x)al of 30 pounds per square inch at a temperature
of -55°C. Leakage rate shall be measured.

Leakage rate shall not be greater than one
atmospheric cubic inch per hour (4.55 x
10 7 cubic centimeters per second).

Temperature Life

Not required. Mated connectors are subjected to an ambient temperature
of 105°C for a period of 200 hours.

Connectors must meet all subsequent test re-
quirements.

Torque to Couple/Uncouple

Not required. Force required to mate and unmate the plugs from its
counterpart receptacle is measured.

Force must not exceed the value specified
for each shell size.

Impact

Not required. Plug connectors, wired as for service, are dropped from
a height of 32 inches, by a pendulum action, to strike a
steel plate. The number of drops is 8 and the plug is
oriented for each drop to expose a different surface for
test.

Plug and accessories must not break and
plug must mate with receptacle.

Summary

This paper has described a line of connectors that
is complete including standard sex connectors, reversed
sex connectors, flange, flange mounted plug and recep-
tacles, cable mounted plug and receptacles, free hanging
plugs and receptacles, bulk-head feed throughs.

These reliable economical connectors should find
many additional applications in the industrial and com-
mercial market place as well as in “design to cost” mili-
tary applications.

Patrick E. Lannan graduated as an EE from
Rochester Institute of Technology in 1939. He has held
positions as Senior Research Engineer, Stromberg
Carlson Co.; Vice President and Director, Designers
of Industry Inc.: Vice President Frontier Electronics:
Vice President Drexel Dynamics and Division Chief
Engineer, International Resistance Co. In his present
position of Product Manager at AMP Incorporated, he is
responsible for coordinating all marketing efforts relat-
ing to multi-position pin and socket connectors produced
by the Connector Products Division of the Connector and
Component Products Group.













CONCLUSIONS

The many material, design, fabrication, and

analysis factors involved in the successful development

of flat conductor cables capable of operation at
temperatures of 350°C have been assessed in this
program. While it was the original goal of the
program to produce the cables using preinsulated flat

conductors woven together using high temperature yarns,

it is of major significance that, through the innova-
tive application of new adhesive materials and
processing techniques, it was ultimately possible to
provide roll laminated cables similar to those
presently used for lower temperature applications.

The success of the program is attributed to the
cooperative efforts of the industrial team that
supported Martin Marietta Corporation's Orlando
Division in the development of these cables which
essentially double the operating temperatures of
previous cavles. This ceam, consisted of the Parlex
Corporation, Circuit Materials Company, Rhodia Inc.
Polymide Division, and the DuPont Film Department.

This program was sponsored by the Research and
Process Technology Division of NASA Marshall Space
Flight Center under Contract Vo, NAS8-29076,

WALTER S. RIGLING

Mr. Rigling is supervisor of the Electrical
Materials Laboratory of Materials Engineering
Laboratories. He is responsible for the research
and development of electrical and electronic
materials and processes designed to cope with extra-
ordinary requirements of missile and electronic
systems. Some of Mr. Rigling's responsibilities are
printed wiring, thin films, dielectric materials,
molding and insulating compounds, wire and cable,
and micro-module packaging and special installation
techniques.

Mr. Rigling is known in the industry as an
advocate of new techniques and test procedures. He
has presented several papers on the subject of
electrical insulation materials and processes.

Mr. Rigling is a member of the IEEE, and SAMPE
technical societies and a member of several IPC
committees. He received a degree in electronics
from Temple University in 1951 and a BS degree in
Business Management from Florida Southern College in
1971.
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NEW FLAT FLEXIBLE COAXIAL CABLE AND MASS TERMINATION
TECHNIQUE FOR HIGH-SPEED DIGITAL APPLICATIONS

William L. Schumacher
AMP Incorporated
Harrisburg, Penna.

Keeping pace with tomorrow's need for signal
efficiency and shielding is the purpose of a new novel
multiconductor flat flexible ribbon coaxial cable for the
digital processing industry. Disclosed are physical and
electrical attributes with capabilities for mass stripping
and termination, placing this cable into today's need for
economic reality.

Electronic equipment circuit advancements have
already reacled the stage vhere the transmission line is
of prime importance. Cross talk, transmission speed, and
efficiency needs of the equipment are forcing a change to
coaxial cable. In order to achieve thistransition to coax in
the most economical fashion, a newly designed ribbon coax
cable has been produced. Its unique construction permits
mass termination of a true coaxial cable.

Coax cable in single and flat multiple conductor form
has been available for many years. All previous multiple
ribbon forms have been basically ribbonized constructions of
various individual cables.

Coax cable constructed to AMP

Figure 2.
Incorporated design.

varied, to provide different cable characteristic im-
pedances. 5olid wire center conductors are used for
ease of wire stripping and termination. Each center
conductor is located on predictable centerline to cen-
terline spacing. The shield is of a foil and drain wire
construction. The aluminized Mylar TM shield totally
covers the coax core while the solid drain wire acts as
a low resistance path and the shield terminating means.
The drain wire locations are also of prime importance.
They are located on predictable spacings the same as
the center conductors. With both center conductors and
drain wires in known locations, mass stripping and ter-
minating is now possible.

Figure 1. Typical versions of individual coax
cables in ribbon form.

Whether woven, laminated, chemically bonded, FOIL SHIELD
or heat bonded together in order to make a neat, flat
package, the termination of the cables is still an in-

dividual, tedious operation. This high handling cost

CENTER CONDUCTOR

was a contributing reason for the development and use

of open air flat cable having a defined impedance. These
use round and/or flat conductors, and can be mass ter-
minated. Digital electronic equipment speeds are now
near or past the capability of these open constructions.
The new coax cable, described in this paper, has the
mass termination capability of the open zir construction,
along with the inherent coax characteristics and capa-
bilities.

Mechanically, the new ribbon coax uses individ-
ual multiconductor lines. Each individual cable in the
ribbon has its own center conductor, dielectric and
shield. The center conductor size, dielectric material,
and variations of the dielectric outside diameter are

OO\Q}O QC)o:m

DRAIN OUTER — 100
WiRe  DVELECTRIC  ueker vP

Figure 3. Cross section of AMP coax ribbon cable.

The stripping action removes the foil shield with
the cable jacket, exposing the drain wire and center con-
ductor. Depending on the application, the dielectric on
the center conductor may be stripped off or left in place.
Where ihe dielectric is left on the center conductor, the
slotted-beam wire termination technique is used with its
dielectric displacing capability. The same slotted beam
technique can be used on bare center conductors and the
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bare drain wires. he dielectric may be left in pla
1< an insulator to positively prevent shorting at a con

nection.
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Figure 4. Ribbon coax cable stripping machine.

p 1C n ¢xpo ¢ drain wire where
At the time of writing this paper, 50 ohm cable on t can be easily controlled for ter ation. Braid p
. 100 center-to-center spacing and 95-ohm cabie on . 150 not only expensive copper, but also adds bulk. he tec
spacing have been produced. Seventy-five ohm and 93 waque of aluminum foil lding has had about fifteen y¢
ohm on . 100 centers, and 95 ohm on . 125 centers are being f practical use in service Because of the any plu
tooled. Test results on the 50 ohm cable will be used for feature the foil dra 14 1sed.
liscussion in this paper
It has been stated that the spacing of the center con
Cable construction is a blend of decisions based juctors with respect to each other, and the drain wires
upon size considerations for mass termination, cal le with respect to each other, is of prime importance This
electrical efficiency, and economics. Comsidering that oriented spacing provides the key to producing variou
conduction loss in the dielectric and resistive loss in the type terminations onto boards, or into connectors. It
center conductor are the two ma jor sources of loss in a would be appropriate to point out pacing toler-
coaxial cable (1» 2+ 3) these were chosen carefully. A ance is not very critical, providing there is no great
balance between the low characteristic impedance cable accumulative overall tolerance. The stripping action rc
and high impedance construction cable on a given center moves the jacket and foil, leaving the exposed drain and
to-center space of the cable indicated that a %25 (D126 center conductors. These now have the capability to be
Dia. ) center conductor could be used for 50 ohm cables, moved slightly left or right. The teymination techniques
and a smaller size #30 (.010 Dia.) would best function in have the capability for adjusting the conductors to match
the 75 and 93 ohm cables. The larger the center conduc the contact location. The close space tolerance required
tor, the lower the resistive and skin effect losses. Be in an enclosed fixed construction is minimized.
low | GHz, attenuation is mainly resistive loss while skin
effect has increasing effect at higher frequencies. The

conductor material being used is solid copper, tin plated.
The dielectric for the higher impedance cables is a foamed
polypropylene or polyethylene in order to keep the phy sical
size within the . 100 center-to-center spaces. The 50
ohm cable uses solid polypropylene. The balance of

low dielectric constant for high impedance designs with
the high dielectric constant of the low impedance able
makes the dielectric outside diameter more of a COmmon
size. This common size spaces the drain wire to one
side in a smaller tolerance zone areca. The foamed
material gives a propagation delay time about 137 bet

ter than teflon, and the solid polypropylene is about 5
slower. Nominal time delay for the solid material is
1.54 nano seconds /ft., and 1.29 for the foamed.
Generally, rise time degradation is effected by the cable
lenghts(¥), Dielectric loss is dominant in lengths of
approximately 3 ft. or less. In long lengths of over 30
ft.. the dielectric loss has already taken its toll, and
now resistive loss is primary. Between 3 and 30 feet
length, the cable loss is a combination of both. The di-
electric power factor is very close to that of teflon, thus
providing similar transmission capability.

N Figure 6. Mass termirated ribbon coax cable
Shield construction resulted from the desire to showing signal side of connector.
have some means of easy mass termination. Braid is not
easily gang stripped nor terminated. A single solid wire
at a known location can be controlled. The foil completes
the shielding of the coax core. The foil can be easily
removed with the jacket during the gang strip sequence.

Cable of this new construction has been produced
with the foil and drain wire to the inside against the di
electric, as well as foil on the outside with the drain
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wire pressed against it, Both methods show the charac
teristic impedance values, as indicated by TDR, to be
quite stable. Minimal variation was observed along the
length of the cable using either method.

To check the bend or crush resistance of the
cable, the 50 ohm cable was checked for insulation re
sistant, dielectric withstanding voltage, and impedance
on a TDR. A 30 inch length of cable was checked as pro
duced, after being clamped in a 90° bend, and after a 3
hour hold while still being clamped in an 80°C ambient .

Figure 7. Cable clamped in 90° bend position.

All lines passed all 60 second dielectric withstand
ing voltage tests heid at 1.5 Kv dc. The insulation resis
tance was 3.4 x 109 megohms average mn_rmll‘\, 3.7 x 10
megohms average bent 90°, and 5.8 x 10/ megohms

average after the 80°C heat age. The bend caused approxi-

mately a 0.3 ohm rise in characteristic impedance (Zo) at
the bend, a 0.75 ohm increase at the bend while at elevatea
temperature, and a permanent change of 0.3 ohms Zo over
its full length after returning to room ambient. All read
ings were within 50 - 1.75 of the 50 - 3 ohm toleraace of
the cable.
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Figure 8a. Unbent "as produced” cable.
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Figures 8b. Cable bent 90 degrees.
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Figure 8c. Cable bent, at 80°C ambient after
three hours soak.
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Figure 8d. Cable at room ambient after three
hour 80°C soak.

The shielding efficiency between adjacent lines of
the cable was checked by Sweep RF and Digital methods .
Using a Wavetek 2001 and an HP5551, a 11 ft. 10 inch
piece of 50 ohm ribbon coax cable was swept from 0 to
1400 MHz. The spectrum analysis between adjacent
pairs indicated the minimum isolation was approximately
36 db at the 730 MHz level. In the 125 MHz frequency
range of ECL - 10,000, the isolation was greater than
60 db.
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Figure 9. 50 ohm ribbon coax spectrum
analysis of cross talk isolation.

The digital cross talk was checked by using an HP

1415. Braid coax (RG-174) and twisted pair were also
checked at the same time, to give a comparison to the new
foil ribbon coax construction. Using a | nano second rise
time, the backward cross talk coefficient Kg could not be
detected on the braided and ribbon coax, and was consi
dered as being less than 0,04, The twisted pair Kg was
97. The forward cross talk coefficient Kg was 00044
nano second /ft. for the ribbon coax. Braided coax K| was
.00024 and twisted pair K was 030, Where Kg: (ns/ft) x
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rate of rise (volts/ns) x cable length (ft) = volts of cross
talk and Kg (%) x signal (volts) = volts of cross talk.

In logic families that use high speed, such as the
ECL - 10,000, there are four prime contributing factors
in the line interconnections. These are propagatiop delay,
attenuation, cross talk, and mismatch reflections.” Wm.
R. Blood, Jr. states© that in MECL circuits the parts
specified to drive transmission lines will drive coaxial
cables over distances limited only by the bandwidth of the
cable. In addition, he indicates the shielding in coaxial
cable gives good isolation from external noise.

..".‘l.q.

Figure 10. Ribbon coax application to a fixed
printed circuit board.

The objective in developing and producing this flat
flexible ribbon coaxial cable has been to meet today’s and
tomorrow's requirements for high speed applications.
The cable saves valuable material and assembly time,
while providing the excellent transmission capability
required.

Figure 11. Ribbon coax connector application.

The author wishes to acknowledge the excellent
backing of the program by management, Mr. |. L. Boscov
and his staff for providing early productive product, Mr.
J. H. Huber and his ardent development effort, and Mr.
]J. C. Latimer and his test laboratory personnel.
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MASS WIRE INSULATION DISPLACING TERMINATION OF FLAT CABLE

Donald J. Doty and George A. Patton

AMP Incorporated

Abstract

It has been often said that, widespread usage and
application of flat cable has been restrained because of the
lack of a suitable and reliable termination technique. A
highly innovative new development has made possible the
first insulation-displacing, mass terminating connector
that can terminate both round and flat conductor cable.

The same connector can be used to terminate
twisted pair flat cable providing the unique capability of a
single connector that is suitable for every variety of flat
flexible cable used in low and medium frequency signal
termination.

This paper covers the technical aspects of
“Displation”, the insulation-displacing terminatior phe-
nomena and describes the associated tooling that permits
mass wire termination.

Several examples of mass-terminated 50-position
telecommunications connectors are illustrated using lami-
nated, bonded, woven, extruded, etched, and ribbon cable.

Design Objectives

The general requirements for a permanent wire
connection suitable for use in telephone central office
equipment were listed by VanHorn! in the pioneering work
of BTL on the wrapped-wire termination. These require-
ments, with the very slight modifications to make them
applicable to the termination to be discussed, are:

| 18 Intimate contact must be achieved between
wire and terminal.

2.  The points of contact should be gas-tight
to withstand corrosion.

3.  The minimum dimension of the gas-tight
area should be enough so that it does
not decrease appreciably during the expec-
ted life (40 years) because of corrosion or
relaxation of stresses wire and/or terminal.

4. The sum of the areas of intimate contact
should be equal to or greater than the cross
section of the wire, to prevent local heating.

S. The connection should be mechanically
stable so that forces applied during shipping,
handling, installation and subsequent main-
tenance activities will not dislodge the wire
and break the points of intimate contact.

6. The wire should not be excessively deformed
or embrittled so that it may break due to
normal handling and service stresses.

These requirements are equally valid today as they
were 20 years ago, and they form the design objectives
established for the CHAMP wire termination. The following
paragraphs describe this new termination method and how it
meets these objectives.

Basic Termination Concept

Stamped and formed from high conductivity beryllium
copper, the wire terminating area resembles an inverted "U"
as shown in Figure 1. Each leg of the "U” contains a wire
slot with precisely controlled dimensions.

An insulatei wire fits loosely into the uppermost por-
tion of the slot. As the tool pushes the wire deeper into
position, the “funnel shaped™” area of the slot displaces the
insulation and restricts the conductor. Additional downward

Figure 1. In use wire fits loosely into upper
portion of slot (a), "funnel shaped” area dis-
places insulation (b) and, conductor is forced
into narrow bottom portion of slot (c).

movement of the tool forces the conductor to fit into the
confines of the narrow parallel portion of the slot where
electrical contact 1« made. During this process, the con-
ductor deformation d..places oxides or other contaminants
that may exist on the conductor surface producing a clean
metal surface to aid in effecting a stable electrical resis-
tance. The wiping action that takes place as the conductor
is forced deeper into the slot produces a similar cleaning
of the terminal slot walls.

Residual spring energy in the terminal causes the
two side walls of the slot to function like opposing canti-
lever beams maintaining the constant pressure necessary
to ensure intimate metal-to-metal contact.

The two slots (front and rear) are of different
widths. The frant slot functions in the manner just de-
scribed. The rear slot is wider and deforms the conduc-
tor to a lesser degree serving as insulation support and
strain relief. The cross sectional photomicrographs shown
(Figure 2) illustrate the type and amount of deformation
that typically takes place on round conductor solid wire.

IR.H. VanHorn, "Solderless Wrapped Connectiuns--
Part 1II, BST] 32, No. 3, May, 1953, P.591-592.,

CHAMP is a Tradem.ark of AMP Incorporated
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Figure 3. Minimum and Maximum Wire
Neformation.

in the slot region. The real case lies somewhere between

Figure 2a. Relationship of conductor and slot these extremes.
ese extre
iimensions is shown in this view. Front slot is
on the left, rear slot on the right. For either case, we get the expression for the

ratio of contact area to wire Cross section are:

Ao A
4 xD,

Where, For Case |
falk) = 2n 24 k

Case !

L
180(1 k)

The functions f(k) are plotted in Figure 4. It is
pparent that with a terminal stock thickness approxi
mately equal to the wire diameter, a 107 reduction of

[f(K)]
350+ -
Case 2
/
300 4 Ac _ 4 [f(K)] /
j Aw -Dw s
250
! //
! 4
Figure 2b. Figure 2c. 200 4 /
Amount of conductor deformation is readily yd Case 1
seen in this view of front slot (2b), while A~ . s
deformation is somewhat less in rear slot (2¢). e /(/ ;
Wire Deformation and Contact Area i S
100 4 y # ’
When the wire is inserted into the slot of a | /
CHAMP (crminal, plastic deformation of the wire takes | Y
place. The original circular cross section of the wire 50 4
is changed to shapes corresponding to the sketches in |
Figure 3. It is conceivable that the wire deformation
may occur with or without longitudinal extrusion of 04— ; . S . :
the wire. Therefore, to calculate the contact area 0 10 20 30 40 50 60
formed by deformation of the wire two cases are con-
sidered. In Case I, the original circular wire cross K ADW
section is simply truncated in producing the final shape DW
obtained in the slot region, which may alsoimplicitly
assume that longitudinal extrusion occurs. In Case I,
no longitudinal extrusion occurs, and the total cross Figure 4. Deformation and Contact Area
section of the wire remains constant during deformation Relationship.
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Pair-At-A-Time Machine

Desigred specifically to terminate multiple pair
round conductor communication cables to CHAMP con
nectors, the machine showr in Figure 12 simultaneously
cuts to length and terminates two wires, With the con
nector loaded in the machine and the cable clamped in
position, the operator locates the appropriate pair of
wires as indicated by a revolving color-code wheel and
pulls the wires down over a guide bar. Completion of
this action trips the two microswitches that actuate the

machine. After the machine terminates each pair of
wires it automatically indexes the connector and color
code wheel to the next position.

Figure 9. "Stuffer” wires are pre-positioned on
.085" centers by insulating “arriers.

The same testing perf or stranded wire ter-
minating was performed on flat conductor terminations.
The data prescnted in Figure 10 is typical of the results
obtained.
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10 s a0 as 50 55 80 66 10 Figure 12. Pair-At-A-Time Machine for 25-
naied ONITIAL pair Communication Cables.
CUMULATIVE PROBABILITY OFINAL (4 dan
‘ Including the time required to load the machine
Figure 10. Flat Conductor Millivolt Drop. and identify and position the wires, the total time required
to terminate a 25-pair cable is approximately two minutes.
Although the test program is still underway and The machine operates from 110 vac and requires less than
formal results are not yet available, early data indicates WO amperes.
that the same terminal that provides suitable performance
with solid and stranded wire can also be used with flat-con- Mass Termination In The Field
ductor flexible cable.
The manual tool concept used with these connectors
The photomicrograph shown (Figure 11) is typical lends itself readily to mass termination. The manually
of the results obtained by terminating flat conductor cable operated tool illustrated in Figure 13 simultaneously cuts
with the “stuffer” wire. to length and terminates all conductors for a given connec-
tor.
B
Figure 11. The square "stuffer” wire provides
the backup support necessary to bring the thin
flat conductor into intimate contact with the Figure 13. Hand Tool for mass termination of
terminal slot. 25-pair communications cable.
13



In use, a connector is loaded into the tool, all
wires dressed into position in a comb-like holier, the
wire holding fixture swung into place, and a single clos-
ing stroke of the handles terminates all conduciors. For
25-pair communication-cable or other cables requiring
wire positioning, this entire sequence requires 'ess than
six minutes.

For flat cables with round conductors which are
not located on the same centerline spacing as the terminals,
a simple slit and form operation is required in order to fan
the individual wires into the combs for mass termination.

The straight action manual tool shown in Figure 14
is specifically designed to mass terminate flexible flat
cable, flat conductor or round conductor (solid or stranded)
with conductors located on the same centerline as the con-
nector. The tool is totally self containcd and can fully ter-
minate up to a 64-position connector in less than 2 minutes.

Figure 14. Straight Action Hand Tool for
Flat Cables.

Mass Termination in The Factory

For higher production rates a fully automatic mass-
terminating machine is shown in the artist’s conception

of Figure 15. Feasibility of terminating up to a 64
position connector with flat cable having either round
{solid or stranded) wire or flat conductors in less than
10 seconds has been established. For flat conductors,
the square “stuffer” wire as emblies are fed 1o both
sides of the connector. : or round conductors, the
stuffer feed mechanism is uncoupled or the reels re-
moved completely from the machine. Connectors are
magazine loaded. This machine is intended specifically
for cables with conductors on the same centerline spac-
ing as the terminals.

Flat Cable Applications

Although the various types of flat cable (bonded,
woven, extruded, laminated, and etched) pose different
terminating problems, each of these commonly available
types can be successfully mass terminated in the same
CHAMP connector.

Laminated Cable

Since laminated cable is available with conductors
located on the same centerline spacing as the terminals
in standard CHAMP connectors, the termination process
is simple and straightforward. After the insulating web
has been window punched to provide clearance between
the individual conductors, the entire cable is positioned
on the connector and all the conductors terminated simul-
taneously in the manual tool shown in Figure 14. The
cable illustrated in Figure 16 was terminated in this
manner in less than one minute.

Figure 16. Laminated Cable.

Bonded Cable

To terminate parallel-conductor bonded cables,
such as the one shown in Figure 17 it is necessary to
separate and fan the conductors into position with a
simple fixture. Once the conductors are located in their
respective positions, they can all be terminated simul-
taneously.

Figure 15. Fully Automatic Mass Terminating
Machine.
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Figure 17
Cable.

Parallel-Conductor Bonded Flat

Twisted pair bonded cables like the one in Figure
I8
of each pair must be visually identified, separated, and
positioned. However, once the individual wires are prop-
erly positioned the entire cable can be mass terminated
like parallel-conductor cable.

Figure 18. Twisted-Pair Bonded Flat Cable.

Noven Cable

Woven Cabhle, such as that shown in Figure 19 is
al<o available in both parallel-conductor and twisted-pair

, are slightly more complex to terminate since each wire

Figure 19. Woven Cable.

versions and is terminated in a manner basically similar
to that used for bonded cable.

Jacketed Cable

The term “jacketed cable” is meant to include any
flat cable protected with a relatively thick extruded or
laminated plastic jacket such as that illustrated in Figure
20. The cable itself can be either extruded, bonded, or
laminated. Several types are available and some include
a copper or aluminum shield on one or both sides of the

FFigure 200, Jacketed Cable.



cable beneath the outer jacket. Once the outer jacket has
been stripped to the proper length, the cable is terminated
like any other flat cable. Shield continuity is carried
through with a simple grounding clip.

Flat Conductor Cable

The preferred flat-conductor cables which should
be considered for mass-termination are those with con-
ductors located on the same centerline spacing as the ter-
minal with which they are to be used. It is also recom-
mended that the conductors be over .025" wide to produce
adequate contact area. Fortunately these two require-
ments pose no great problem since such cable is readily
available from a variety of sources. Before terminating
the cable shown in Figure 21 a simple punch die cuts
"window" openings between adjacent conductors. These
openings are sized to fit over the insulating barriers be-
tween each terminal, and are located away from the lead-
ing edge of the cable leaving a continuous "tie bar" of
insulation or *he leading edge of the cable. All openings
were cut simultaneously.

Figure 21. Flat Conductor Cable.

An integral strip of square “stuffer wires" (in-
sulated from each other) is then positioned over the cable
and all conductors terminated simultaneously.

The uninterrupted insulation “tie bar" provides the
terminated cable with enhanced tensile strain relief. Ad-
ditional flexure strain relief is provided by a close-fitting
rib inside the rear cover of the connectors.

Etched Cable

Ftched cable, flat flexible circuitry, with conduc-
tors on the same centerlines as the connector can be ter-
minated in the same manner as just described for flat
conductor cable (Figure 21).

Ribbon Cable

Tbbon cable which is essentially individual round
conductor (solid or stranded) wires laminated between two
plastic carrier strips and located on the same centerlines
as the connector is terminated in the same fashion as
laminated cable. (Figure 16).

It is possible to terminate this type of cable (Figure
22) without die cutting windows if the dielectric carrier
strip is of the nroper thickness and durometer.

Figure 22. Spaced Paralled Conductor
"Ribbon™ Cable.

CONC LUSION

The design objectives established at the onset of
the CHAMP connector development program have been
met, and the resultant terminating technique has been
proven suitable for mass termination. Solid wire, stran-
ded wire, and flat conductor cable have demonstrated
satisfactory levels of performance when terminated in
standard CHAMP connectors. Tooling has been developed
to terminate 25-pair communication cable and flexible
flat cable of bonded, woven, extruded, laminated, and
etched construction.

The CHAMP connector concept has brought mass
termination of flat cable, and effective wire management
one step closer to reality.

NDonald J. Doty is Manager of Development Engineer-
ing, Communications Products Division, AMP Incorporated.
A graduate of Rutgers University with a Bachelor of Science
Degree in Engineering, he has more then 20 years ex-
perience in the design and manufacture of electronic com-
ponents and equipment, including microwave and UHF
components, and printed circuits.
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(1) To compensate the increased loss on BOO MHz
band

(2) Not to enlarge cable size to excess, so that
the coaxial transmission mode may be a TEM-mode
and each slot may operate under the nonresonant

condition.

(3) Not to impair the flexibility of = cable.

3. CABLE STRUCTURE OF THE NEW LCX

Figure 2 shows the cross-sectional view of the
newly developed LCX (72D) for 800 MHz band, as the
result of the investigation described the above. The
inner conductor is a corrugated copper pipe (av. dia-
meter; 27.5mm), and the outer coaductor is a corruga-
ted aluminum tape with the advanced slot array which
is longitudinally applied to the coaxial structure
(av. diameter; 65mm). In uide. to protect the slot
parts from deformation and cracks through the manu-
facturing process and the cable installation, the
outer conductor is backed by a lamination of plastic
films. As the insulation structure of the coaxial,
the natural polvethyvlene string of a square cross-
section spirally wound on the inner conductor and the
plastic tapes wound around the spiral string struc-
ture are applied. The spiral polyethylene string has
comb-like cuts periodically, which assist the winding
operation and give flexibility to the cable. The
cable jacket is sheathed by the black polyethylene,
and the overall diameter of the cable is 72mm,

Slot marker

_~ Slot

Corrugated aluminum

outer conductor

Black P.i .
sheath

&P

“N.
NaaonanS g

Corrugated copper
inner conductor

P

Comb—11ke
P.E.string

Wound plastic
tapes

Fig. 2 Cross-sectional view of the new LCX (72D)

Figure 3 shows the manufactured cable samples of
the 72D and 50D LCX.
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Fig. 3 Manufactured cable samples of 72D

and 50D LCX

4, SLOT ARRAY DESIGN

4-1 Basic Theory of Radiation Condition

As a typical example of the former slot arrays,
the zig-zag slot array (1) js shown in Fig. 1. It is
well known that a coaxial structire with closely
spaced slots on its outer conductor conveys surface
wave modes, while that with properly spaced slots
conveys leaky wave modes. On this, the subject of
great interest to us is a leaky wave transmission.

In general, these periodical slot structures on
the outer conductor induces many kinds of space har-
monic modes of different phase constants in the outer
space around the cable. For the conventional zig-zag
slot array, the radial phase constant n of the n-th
order space harmonic mode is given by;

where 4 y4g s vy P and n represent a wavelength in free
space, a waveguide wavelength, a contraction ratio of

igtod (v=4ig/i), a repetition interval of slots and

an arbitrary integer, respectively.

The n-th order space harmonic mode begins toradi-
ate outwards in the radial direction when /'n is a real
number, so that the radiation regions (or the leaky
wave regions) of space harmonics are illustrated in
Fig. 4.

2w n f

P / (1)

Single-beam
region

Radiation regions of space harmonic
modes in case of a zig-zag slot array






Figure 8 shows the property of radiation beam angle f
vs. 2/P, owing to Eq.(3). In the figure, the dotted
line indicates the angle of the next higher order mode
of space harmonic wave in the case of the zigzag slot
array of uniperiodicity P, which means the limitation
of the single beam radiation region. In the case of
the advanced slot array of dual periodicity Py, Py the
undesired radiation of the above mentioned higher mode
is inherently suppressed, and the superior wide band
radiation characteristics can be realized. Figure 9
shows the example of the radiation pattern in the hor-
jzontal plane including the cable axis measured by
using the mew 72D LCX of 2 meter length at 860 MHz.
The measured radiation beam angle is good consistent
wvith the caculated value.

Fig. 9 Example of measured radiation pattern
of the new 72D LCX

The frequency accorded with the condition of the
radiation angle f§ =0, the broadside radiation, means
the resonance in the array of slots, and is represen-
ted as the following relation.

v C =

=
Ir -y (C : light velocity) (4)
Vhen such a resonance occurs, the value of the input
reflection coefficient of the cable exceeds the
allowable limit, and the transmission and radiation
characteristics may be unstable close to the resonance
frequency. These resonances will occur at all inte-
gral times of the basic resonance frequency indicated
in Eq.(4). In designing the advanced slot array, care
must be taken such that these resonance frequencies
are not included in its operating frequency band.

5., EXPERIMENTAL EVALUATION OF LCX

Four types of the 72D LCX with different leak-
ages have been manufactured on the basis of the cable

and slot designs described above. In this chapter,
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the basic characteristics of their test cables are
mainly discussed.

5-1 Coupling Loss Characteristics

Figure 10 shows the frequency characteristics of
the coupling loss concorning four types of the LCX.
The amount of coupling losses are usually defined as
the ratio of the transmitted power inside the cable to
the coupled power by a mobile antenna in a decibell
unit. The coupling loss measurements vere done by the
standard construction method as shown in Fig. 11.

x
=

(dB)

loss
-3
=)

Co;pl ing
)

50

300 500 700

Frequency (MHz )
Fig. 10 Coupling loss characteristics of the 72D LCX

Pr(Received Power)
-~

Dipole antenna
—7——— ‘C\
: O

LCX

~— Pt(Transmitted Power)

777777777777 777777777777

Concrete floor

Fig. 11 Standard construction method of
coupling loss measurement

It can be seen from the experimental result in
the figure, that the new 72D LCX has a coupling loss
of about 85, 80, 75 or 55 dB just as expected, and
that the wide band and the flat coupling characteris-
tics is realized from 300 Miz to 1,000 MHz.

Figure 12 for example shows the recorded charts
of coupling loss measurement, whose coupling level
changes can be seen as very small and stable, as for
both 400 MHz and 800 MHz bands.
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Figure 16 and 17 show the appearance of the field
test system, and a part of the cable joint, respec-
tivelv. The new train antenna for B00 MHz band as
shown on the left hand side in Fig. 16 is equipped
for good coupling with the new ICX line., The antenna
consists of B elements of radiation slots in a plane
which are cooperated-fed so as to get a good beam-
natching with the ILCX in whole BOO MHz band. Its
isotropic gain comes up to 12 dB,
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Fig.5 Coupling loss of various slot
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Fig.6 Wide band slots arrangement

When the excited field is expressed with
equation (9), its higher harmonic components
are expressed by the following equation

jnm

En = A(n,b,l,p)Eéxp()géﬂkpc)(l-e- )
¢
n1~exr>(]gl£spo)
= A(n,8,1,p) * (1-e’") £
1-exp(]—;—po1

«es (17)

in which

Spc<§

A (n,8,1,p): Constant determined by slot

inclination and dimensions

The second modulus of equation (17) shows
that En is equal to zero for an even number
n because of the symmetry of the slots.

The third modulus shows the effect of multi-
slots. The following condition must be
satisfied to obtain En = 0 at n = -3,

Z%Espe = 2rn(r = 0,41,42+++)

’P°=§ i niie E e e e R

Therefore, a wide band region can be used by
selecting such numbers of slots (s) and slot
intervals (po) that satisfy equation (18).

3. Description of the cable

Various sizes of leaky coaxial cable are
tabulated in table 1. The series is similar
to 500 type Antenna Feeder cable, but a
little different in means of permittivity.

Table 1

Inside dia. of
outer conductor

Frequency band

20D type LCX ab.2lmm 150MHz
32D u ab. 32mm -

43D - ab. 4 3mm 150, 400MHz
77D - ab.69mm 400, BOOMHz

Smaller cable has already been used in
practical application, but it causes more
attenuation in 800MHz band than occurs in
400MHz band. Therefore cable like the 77D
type is required. This paper reports a new
77D type leaky coaxial cable. The details of
its physical structure are shown in Fig. 7,8,

LCX LARGE LCX

Fig. 7 Photograph of the LCX

Fig. 8 Photograph of PE-disks



LCX CORE

W

rig.9 Photograph of the LCX core

It has Ail-pipe made by the tape forming
method as the inner conductor which may be
corrugated if easy bending is required.
Insulation formation is a combination of PE-
disk inlaid at suitable interval and extruded
onto PE-pipe. PE-disks are made by injection
molding method. The outer conductor is
wrapped longitudinally with laminated 0.2mm

thick Al-tape and is covered with a PE-sheath.

The zigzag arrangement of two parallel
slanted slots(s=2, p =p/6) made in the outer
conductor, is able to suppress spacial har-
monic waves, so that the available fregquency
is from 350MHz to 900MHz, while the radiation
angle is kept within +30 degrees. The cal-
culated radiation angle is shown in Fig.l0.
The specially designed machine for punching
slots in Al-tape is capable of making slots
for the 150-800MHz band and others.
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Fig.l10 Radiation angle from the large LCX

A comparison of the cable design be-
tween the new 77D type leaky coaxial cable
and the popular 43D type leaky coaxial cable
is shown in Table 2. The equivalent relative
permittivity of new LCX is lower than conven-
tional 43D LCX because of disk insulation.
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Table 2 Cable Design

43D LCX 77D LCX
pDia. of I.C. 17.2mm 27.8mm
Dia. of PE-string PE-disk
Insulation 39mm 6 3mm

PE-pipe PE-pipe

4 3mm 6 9mm
Cable 0.D ab 50mm ab 76.5mm
Permittivity 1.27 237
Characteristic 50¢ 500
Impedance
4. Electrical performance
Fig. 11 shows one example of measured

coupling level. It is clearly seen that the
field fluctuation is very small.
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Fig.ll Radiation uniformity along the cable

Coupling loss defined by the equation (12)

is measured to be graphed in Fig. 12 for the
cables with four different values of coupling
loss. The real line shows a cable on the
ground and the dotted line shows one on a
concrete surface. It is evident from Fig. 12
that a difference depending upon frequency is
observed at about a 6dB decrease in the
800MHz band compared to the 400MHz band for
cables which radiate great amounts of energy.
But, this phenomenon does not occur strongly
in less radiating cables which have short
radiating slots. So, this frequency charac~-
teristics of coupling loss seems to depend

on the radiating slot length. Some differ-
ence of coupling loss due to the places where
the cable is laid is considered that the
effect of reflected waves appeared.
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When a cable is suspended beside a
metallic fence, fluctuation increases sharply
probably due to complicated radiation mode
generated between the metallic surface and
the cable. Radiation field fluctuation also
increases when a cable without a messenger
wire is supported by metal or lashing wire.

Another effect of a wall is some in-
crease of cable attenuation. When the leaky
coaxial cable approaches a wall, cable
aitenuation increases mainly due the loss of
surface wave component, and a cable of larger
leakage is more influenced by earth or wall.

6. Conclusion

This paper outlined the basic properties
of the leaky coaxial cable especially for 400
and 800MHz bands. In some measurements,
adeguate results were obtained for extending
the frequency range up to 900MHz by using a
new large size leaky coaxial cable. These
cables have been developed for use in various
fields and are ready for practical applica-
tion. Further development and application
are expected in the future.
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arplies to the fixture in question, except
that there is no terminating resistor in the
outer system of the IEC fixture, i.e. 2 is
omitted. Since its absence has no effegl on
V,, equation (7) applies equally in this case:
V.2 ,2wee, @

0 £
80 012 =

v2=_._2..———
which is Equati-

(4).

e
applies to the forward
fixture in question except that, when the
velocit.es in the Lwc systems are matched,
there is no restriction on the length. Thus:

v,2.8 v, 22
1 2 1
v, = _?,2__ (Eq. 8), 80 Z, = -]?-
2 “01 : 7T
which is BEquation (5).
APPENDIX 11
NSERTION LOSS BETWEEN THE TE NALS
OF TWO HALF-WAVELENGTH DIPOLE

;n Free Space:
. power density at a distance due to any

transmitting antenna is given by:
4‘1?‘.‘):n
PD is the power density in wattse
per square meter

is the power gain of the antenna
relative to an isotropic radiator.
is the radiated power

is the distance in meters

-

Py (9)

Where:

G

P
T
D

The effective "capture area" of any receiving
antenna is given by:

)

A is the capture area in square
meters.

A is the wavelength in meters

FHH: is the corresponding frequency
in megaherz

Where:

The output power from the receiving antenna
is found by multiplying the power density

by the capture areu:
2
(10)
m MHz

GP,, - (;99 2
fr,m)
For half-wavelength dipoles G = 1.64 so

2
and the power ratio is ,ﬂ =
T
this reduces to:
B Y - @)
4 m MHz ft" MHz
and the insertion loss = 2010310(12§#L—§d3
thFMHz
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A, represents the transmitting antenna

Figure 2

AR the receiving antenna, and
A, an "image" antenna hypothesized to allow

i convenient treatment of the reflected wave.
is the perpendicular aistance from each
antenna to the reflector

is the spacing between Llhe transmitting
and receiving antenna

is the spacing between the image antenna

and the receiving antennsa
R ='D= + (2n)°

The output of the receiving antenna was com-
puted by assuming that AI and AI radiated
equally, the resulting “output™ power from
A, being determined by summing the two com-
pOnents at A,. The magnitude of each com-
ponent was found by using Equation (10)
for each frequency and for the two paths.
The phase cf each component was found by
assuming a delay equal to the electrical
distance in each path, with an assumed 180
phase reversal at the point of reflectioun.
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FIG. 1 - Cost comparison between PCM systems cn microcoax. cable and conventional FDM
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= SYMMETRIC PAIR CABLES

= MICKOCOAXIAL CABLE WITH REPEATER SPACING OF 4 KM
= MICKOCOAXAIAL CABLE WITH REPEATER SPACING OF 2 KM
 1.2/4.4 MM COAXIAL CABLE WITH REPEATER SPACING OF 2

s LN

= ON-OFF RADIO LINK AT 1) GHZ

® P N O OO

= RADIO LINK WITH 4-PHASE SHIFT KEYING (4-PSK) AT 13 GHZ
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FIG. 3 - Digital multiplexing plane and relevant carrier systems.
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FIG. 4 - Microcoaxial cables, aluminium FIG. § = Pulse echo impedance distribution
or lead alloy sheathed (45 coax. (50 ns pulse).

pairs).
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FIG. 10 - Front view of a cage ol the stranding machine.
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X-Y recorder connected to the output terminals of
the digital memory The digital memory is equip~
ped with a calculating function which can compute
without delay, the r.m.s. value of the coupling dis-
tribution as well as its autocorrelation function,

using the memorized data

Disturbing circuit

Pulse
g 1400
Generator
500 : 140Q
Amplifier 14002
l - Disturbed circuit
Sampling Digital r.m.s. value
Converter [ Memory
@(x

Fig. 4 Circuit for measuring pulse near-end

crosstalk

2 mV /div

50 ns /div

Applied pulse amplitude = 20V
Fig. 5 Typical pulse near-end crosstalk
wave-form

Figure 5 shows a typical wave-form example
of pulse near-end crosstalk between pairs of pro-
perly selected twist lengths. Its normalized auto-
correlation function is given in Fig.6, from which
it is seen that approximation of the function can be
made by Egq.(7)

The longitudinal variation of r.m.s. values
of measured crosstalk couplings along a 500 meter
length are plotted in Fig.7 Each dot represents
the r. m. s, value per every 50 meters, being
converted in the form

Si = 20 log i #)
r

value at the fth section and
r average value of all 7; values.

As compared with wide variations, such as
6 to 10 dB, seen in crosstalk attenuations them-
selves, the longitudinal variations of measured
r.m.s. values are very small. In addition to the
sampling length of 50 meters, examinations of the
effect of sampling section length on variations f

where 7, is r.m. s.
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correlation function can be written in the form

x
- Tx
T cos = (A-7)

o

pld)=e

Autocorrelation length, defined as the change
of (1/49, )with variation of twist length (/4 ) is
given in Fig.A-3, from which the following approx-

imate relation is obtained.

(T )(-Z-)*=0.14 (A-8)
90 "
10

>
L 10 3
o E

1 bbbl dededbidd A

10" 1072 107!

(/@ )"

Fig.A-3 Twist length variat.on effect on

the autocorrelation lengths
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2.6 mm wire annealer | 2nd wire clean | cooling capstan / spooler
supply wire drawing drawing | preheater trough /
| accumulator
cooling ddncer plastic
insulating
Fig. 3 = An example of manufacturing line of
aluminum conductor cable
Table 8 - Core structures F
Moy | To
Number —=
of pairs [ ] 25 | S0 Remarks
Center] Ist | 2nd |qud quad
layer layer layer unit | unit
600 pairs B E 12 *: 25-quad unit
1,000pairs| *4 | 8 4| 8 | The restare
1,800 pairs 1 6 ] 11 l 18 1 50-quad unit.

(2) Sheath structure:

The cable core is wrapped with paper and then covered
with a laminated aluminum polyethylene (LAP) sheath. In
manufacturing LAP sheath, 0,2 mm thick aluminum tape

bonded with 1 - 2 layers, 0.05 - 0,06 mm thick, of ethylene-

copolymer film (called "laminated tape") on one side, is
applied longitudinally with the film side outward over the
cable core and a polyethylene jacket is extruded onto it,
The heat resulting from the extruded polyethylene firmly
fuses the aluminum tape to the inner surface of the poly-
ethylene jacket. The quality of the laminated tape is con-
trolled so that the peel strength of the plastic film of the
laminated tape may be 0.3 - 0.5 kg/10 mm in width, and
that of the aluminum tzpe of the laminated sheath may be
3 - 5km/10 mm in width,

Because the mechanical properties of the cable
deteriorate due to springing back of the overlap of the
laminated tape, the overlap should be bonded tightly by
hot jet, etc. after tape forming. Along with its excellent
mechanical properties even higher moisture-proofness can
be obtained. Fig. 4 shows the construction of the cable
and Table 9 shows the size, weight, etc. of the cable,

Fig. 4 - Cable structure

Table 9 - Cable sizes

ltem | Cable core|LAP sheath | Cable ‘c.ble

diameter | thickness |diameter we ight

Kind of cable: (mm) (mm) (mm) .Y(kglm)
0.8 mm 600 pairs 58 3.1 64 | 3.2
0.65mm 1000 pairs 60 3.2 67 : 34
0.5mm 1800 pairs 62 33 69 | 3.6

6. ELECTRICAL CHARACTERISTICS

One of the greatest differences between aluminum con -
ductor cable and copper conductor cable lies in conductivity.
Therefore, resistances of 0.8 mm, 0.65 mm, end 0.5 mm
aluminum conductor cables correspond to those of 0,65 mm,
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9 SHEATH JOINTING METHOD

(1) Jointing method:

LAP sheaths are jointed by the conventional auxiliary
lead sleeve squeezing method used for paper insulated stal-
peth sheathed cables. However, it is differeut in that instead
of using wire squeezing tools for the auxiliary lead sleeve,
roller squeezing tools are used to ensure uniform squeeze
and to prevent buckling of the sheath, and inner taping is used
to obtain more reliable air-tighmess. Furth rmore, a glass
sheet is used to protect the conductor insulation and the con-
nectors at the jointed part from plumbing heat, and a bond for
jointing aluminum tape is used for electrical connection of the
shield. Fig. 12 shows the construction of the sheath jointing
part. The jointing part made by this method is very stable
and its air-tightmess remains entirely unaffected when sub-
jected to a thermal shock test - 30°C ~ 70°C of 100 cycles
and a vibration test, 106 cycles.

(2) Jointing tools and materials:

Unlike the wire squeezing method in which the auxiliary
lead sleeve is squeezed by a wire squeezing tool, the roller
squeezing method squeezes it by coupled rollers. Fig. 13
shows the appearance of the tool. The number of rollers
suitable for the size of the auxiliary lead sleeve are selected,
and after the rollers are fitted onto the lead sleeve, they are
turned around the sleeve. The sleeve is then squeezed gra-
dually, and when a suitable squeeze depth is reached, a warn-
ing is sounded, indicating the end of squeezing. The glass
sheet is a laminated sheet consisting of glass wool, aluminum
foil and a glass cloth, It has a heat shielding effect that does
not permit the surface temperature of the conductor splicing
part to go beyond 70°C at the time of plumbing, and it also
has good operational efficiency. The bond for jointing alu-
minum tape is directly compression-bonded to the LAP sheath,
thus ensuring a low-resistance stable electrical connection.
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_ Main Lead Sleeve
Wiping

L AP Sheath Cable

Perforated Lead Sleeve

Sealing Tape

Adhesive
Glass Tape

(

Fig. 12 - The improved auxiliary lead sleeve squeezing
method using a roller squeezing tool

B(;uding Connector
Auxiliary Lead

Sleeve

Three position are \
squeezed with a roller
squeezing tool

Taping (Sealing Tape
and PVC Tape)
\ Glass Sheet
-/ Cotion Tape

Fig. 13 - Roller - squeezing tool

CONCLUSION

As explained previously, various problems of aluminum
conductor junction cable have been solved, and the cable has
become feasible for practicable application as a substitute for
copper conductor cable. However, with the goal of abolishing
the necessity for test splicing and establishing aluminum con-
ductor cable manufacturing technology, further commercial
tests will be conducted from the autumn of 1974.

It is thought that aluminum conductor c.ble will prove
economical when installed in a cable tumnel, but additional
duct construction may often be necessary for installation in
a duct., The economical considerations in the latter case are
to be further studied, but in view of current soaring copper
prices, aluminum conductor cable is economically promis~
ing.

NTT began commercial tests on the connector and the
automatic conductor splicing machine in 1972, ar. ‘hey are
expected to operate commercially in 1974,
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FIGURE 4

DUAL INSULATED CONDUCTOR

Additional features commend the
choice of DEPIC for expanded insulation:

a. Pigment can be eliminated from the ex-
panded core of color coded conductors.
The dielectric properties of the foam
are thus improved since a source of "de-
gradation” is eliminated; furthermore,
possible interaction between blowing
agent and pigment is ayoided, and less
pigment is required for given color in-
tensity. Color quality in production
wire is comparable to that of solid in-
sulation. Since pigment is confined to
the skin where it is relatively ineffec-
tive in altering insulation properties,
limitation of maximum concentration is
less critical.

Improved capacitance and diameter con-

trol is possible at insulating, Fig. Sy
resulting in reduced capacitance unbal-
ance for finished cable.

An offsetting factor of considera-
ble importance in comparing DEPIC to other
expanded designs, is the initial investment
in additional extruders, specialized die
tooling and process control equipment.

Following review of the comparative
features mentioned above, DEPIC design was
selected for use in waterproof cable within
the Bell System. That choice is due in large
measure to the process capability which has
been developed by the Western Electric PECC
organization.
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FIGURE 5

GENERAL DEPIC CABLE DESIGN CONSIDERATIONS

Degree of core expansion and thick-
ness of solid skin are important variables
in establishing the physical and electrical
characteristics of dual insulation, as well
as n determining the economics with respect
to solid insulation. Preliminary analysis
was made using computer techniques to eval-
uate a design and cost model for various
combinations of conductor diameter,
diameter-over-dielectric (DOD), number and
spacing of conductors, and the related di-
electric constants of the insulation and the
surrounding medium.

Based on the analysis and on eval-
uation of experimental and production wire,
nominal expansion levels of 40-to-45% and
skin thickness of 2 mils were selected for
wire sizes from 17 ga. to 26 ga. From the
dielectric properties thus determined and
coaxial capacitance values reguired to meet
design mutual capacitance of 0.083 uf/mi,
values of DOD were obtained. Typical cross
sections of insulated wires are shown in
Fig. 6; Western Electric has been able to
maintain skin thickness of .002 + .00025-
inch on a production basis. .

——









gauge wire have been insulated. Manufac-
turing feasibility has been demonstrated
and detailed evaluation has shown the de-
sign to be practical and reliable. Instal-
lation of facilities for DEPIC copper will
commence early in 1975.

SUMMARY

The technical feasibility of
waterproof DEPIC exchange cable with copper
and aluminum conductor has been adecuately
demonstrated. Important material savings
are made possible, reducing demands on
available supplies and offer.na attractive
cost savings. Waterproof DEPIC cable offers
the user:

1. Reduced cable size with improved handl-
ing flexibility,

2. An optiona. aluminm design which

a. provides a practical alternate con-
ductor material,

b. ernhances the savings potential of
aluminum substitution, and

C. reduces the increase in cable size
for eguivalent conductivity.

3. Continued reliability in buried plant.
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TABLE 3

VF ATTENUATIONS (dB/kft)

NON H-B88* OTHER
LOADED LOADED LOADING
24-GA. PULP 0.44 0.23
26-GA. MAT 0.46 0.29 0.26 (H-125)
25-GA. MAT 0.43 0.25 0.23 (H-110)

*88mH at H(=6000') spacing

what are the penalties in this in-
crease in conductor size? While a 26-ga.
conductor saves 60% of the copper compared
4ith the 22-c., conductor it seeks to replace,
the 25-ga. conductor saves only 50%. Next,
a glance at Figure 1 will show that the 25-ga.
cable is, not unexpectedly, larger than that
of 26-ga. Fortunately, the increase is less
than 2% in diameter. Such a small increase
turns out to be insignificant because of the
necessary gquantization to cable counts in
even round hundreds of pairs which will com-
fortably accommodate a bisecting screen.

Prospects

The Tl carrier system has enjoyed
unparalleled success because it could in-
crecase twelvefold the traffic carrying capa-
city of the 22-ga. pulp cables generally
available in cities. No less important it
is a rugged and reliable system. But 22-ga.
83 nF/mile pulp cables are far from optimized
for Tl transmission. The proposed MAT cable
is optimized for it in much the same way as
LOCAP cable?r> is optimized for the T2
system. Moreover, MAT cable can make effi-
cient use of city ducts and, with some com-
promise (to 25-ga. conductors) can provide
acceptable and still needed VF trunks.

Questions to be answered are: At
what point in the growth of Tl carrier sys-
tems in cities is it worth the time and ex-
pense to proliferate repeater designs to
match MAT cable? What are the costs of
adapting all the VF and signaling egquipment
which will need to use MAT cable? What is
involved in the documentation and training
of operating company personnel in the use of
the new cable? The monetary rewards of
utilizing MAT cable look attractive but the
"initiation fees" are high.

Another aspect not previously men-
tiorned is that MAT cable is an air-core plas-
tic insulated cable now being proposed for
use in ducts where pulp cables have been
supreme for upwards of 40 years. Other
papers at this Symposium®s’/ will cover new
water detection and removal techniques for
PIC cables to ease at least some gqualms.

Conclusion

Fine gauge, low capacitance, ex-
panded plastic insulated cables have been
designed which can provide both the VF and Tl
carrier transmission needs of metropolitan

area trunks. Copper savings will be 50 or
60% and duct savings will accrue from a cable
having at least 30% more pairs. A major
drawback is that virtually all transmission
systems using the cables need equipment or
instructional modifications. However, if the
long term trend of lower electronics costs
relative to cable costs continues, and as
ducts become more scarce and expensive, the
eventual changeover to some type of MAT cable
appears inevitable.
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Waveshapes

The transient aperiodic current as a
function of time is a fundamental expression
for an RLC series circuit. For the over-
damped case:

B E [exp (-a,t) - exp (-a,t)] (1)
i Llaz-al) . ’

where:

current at time, t, in kA
source voltage kV
resistance in ohms
inductance in uH
capacitance in uF

O X me
LN B B B

R/2L - [(R/2L)? - 1/1c)1/2

w
—
i

a; = R/2L + [(R/2L)? - 1/1c)}/2
R > 2(L/c)1/2
t = time in us
If no series resistance is introduced in
the circuit, a wide range of damped sinusoi-

dal frequencies can be generated by choosing
appropriate values of inductance and capaci-

tance, For the underdamped case:
i=E/BL exp [-at] sin Bt (2)
where:

8 = [1/1C - (R/2L)?)1/2
a = R/2L
and the units are the same as in (1).

If 1/LC >> (R/2L)

then 8 = [1/1C1Y/2 = 4,

where is the resonant frequency.

“o
Expressions (1) and (2) are introduced
here merely to illustrate that the current
wave forms can be readily predicted and
checked by a programmable calculator.

To generate the desired range of both
damped sinusoidal and aperiodic transient
currents, two inductors were constructed
(Figure 2). The small coil had an overall
inductance of 75 uH while the much larger
coil had a total inductance of 45 mH. Both
coils were suitably tapped to provide a set
of intermediate values. The circuit con-
stants of the transient current source had
the following range of nominal values:

Capacitance - 0.5 uF to 4.0 uF
Inductance =~ 8 uH to 45 mH

Resistance - 0 to 45 ohms
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FIG. 2. GENERAL VIEW OF TEST CIRCUIT

Test Assembly

The test assembly was arranged in a co-
axial configuration as shown in Figure 1.

Such a coaxial system simulates the
sheath earth circuit of buried cable where
the cable sheath is one conductor of a sheath
earth circuit having some value of surge im-
pedance to a lightning stroke, say about 25
ohms. The coaxial configuration has other
advantages; (a) the self-inductance is very
low so that the waveshape is independant of
the test sample, (b) since the magnetic field
is enclosed within the circuit induced ground
currents are minimized, (c) current distrib-
ution is essentially uniform, and (d) current
measurement is simplified because the entire
test circuit is maintained at low voltage
relative to the generator terminals.

It becomes apparent that the coaxial
circuit is similar to a radio frequency sur-
face transfer impedance test configuration
where the rf generator is replaced by an im-
pulse current source.

The test specimen was centered inside
the 4-inch (10.2 cm) diameter aluminum pipe
coaxial return by suitable spacers and short
circuited to it at the far end. The length
of the coaxial return was made as long as
practical (11.0 metres) to minimize end
errors. The test specimen consisted of a
multi-pair coaxial cable having a corrugated
tubular steel sheath (Figure 3) 0.020 inches
(0.51 mm) nominal thickness and a mean dia-
meter of 5.97 cm. The entire core assembly,
outer coaxial conductors and aluminum longi-
tudinal shield, was short circuited at both
ends so that the core assembly was electri-
~ally one conductor, short circuited to the



steel sheath at the far end and open cir-
cuited at the near end. The terminals of
the core assembly were enclosed in heavy
aluminum caps (Figure 4). The active length
of the test specimen (steel sheath) was
11.1 metres.

The driving current was measured by
either of two wide band current transformers
as appropriate, i.e. (a) maximum peak cur-
rent 5000 amperes, sensitivity 0.l volt per
ampere, rise time 20 nanoseconds and (b)
maximum peak current 50,000 amperes, sensi-
tivity 0.01 volt per ampere, rise time 20
nanoseconds.

The output of the current transformer,
(i), and the voltage response, (e), of the
test specimen were fed to a dual channel
storage ouscilluscope thrnuth suitably ter-
minated coaxial leads. The guantity (e/i)
is the surface transfer impedance A cam-
era attachment was used to record both the
transient current and the voltage response.
The impulse generator and oscilloscope were
triggered by a conventional trigatron cir-
cuit.

FIG 3 CORRUGATED STEEL SHEATH TEST SPECIMEN

Measurement Errors

As a verification of the accuracy of
the test method a coaxial cable test speci-
men having a seamless tubular aluminum outer
conductor was subjected to a series of
measurements similar in the range of current
amplitudes and frequencies as that of the
steel sheath. The transfer impedance of
such a nonmagnetic tubular shield may be
calculated by the expression due to Schel-
kunoff? where the thickness of the shield
is small compared to the radius:

ip = Z
Zwvab sxn“ Yt

where Z,

(3)

intrinsic impedance of
the shield.

Y = intrinsic propagation

constant of the shield.
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FIG.

4. NEAR END OF TEST CIRCUIT

This expression may be converted to the rorm:

Zq =[ _AB _ ,]q[ o - 2] (4)
2novabé (A“+B°) 2rov/abé (A +B%)
where:
ZT = surface transfer impedance,
ohms per metre
a and b = inner and outer radii (metres)
¢ = conductivity (mhos per metre)
u = permeability (4=x 1077 H/m)
t = thickness (metres)
§ = (2/o0uw )l/2 (skin depth, metres)
A = sinh t/6§ cos t/§
B = cosh t/§ sin t/§

The values calculated by (4) were in
good agreement with the measured values.
Further checks were performed including com-
parison of recorded currents to values cal-
culated by (1) and (2) and conventional open
circuit and short circuit measurement lead
techniques to determine interference and
ground loop errors. To eliminate voltage
response errors due to ground currents in
the voltage measurement lead it was necess-
ary to introduce a high impedance between
the CRO and ground. For this purpose an
isolating transformer was inserted in the
CRO power supply lead. Other methods of in-
troducing the necessary impedance can be
used’. Suitable modifications were similar-
ily required to the triggering signal circuit,
The pulse current transformer, unlike conven=
tional current viewing resistors, is effect-
ively isolated from current carrying parts
of the circuit and ground therefore does not
introduce group loop problems.






time of
were
procedur
transfer
vol-

to the current front time e front
both
measured in accordance
for impulse current 1

pedance (Z,) is the

nes

the current and voltage wav
with

=

1 an

tage to the peak current.

FIG. 5. EXAMPLE OF PRONOUNCED PHASE DELAY
amps/cm
volts/cm
s/cm
Saturation Effects
At 60 Hz, the current density in the
test specimen previously described is essen-
tially uniform and the effect of saturation
can readily be predicted. A normal u-H

curve, (Figure 6) typical of the shield mat-
erial indicates a muximum value of the per-

meability at a magnetizing field H® of
400 amperes per netre., From Amperes Law:

I = H¢nD (10)
where:

H? = magnetic field strength
(amperes/metre)
I = sheath current (amperes)
D = mean diameter of sheath (metres)

and I ~>~75 when Ymax~2.7 x 1073 H/m

or Uy (max) ™ 2150

Furthermore, approximate values hold as
given in Table 1.

I (amps RMS) My
<20 300

20< 1<500 300< kr <2150
>500 <300

e

03
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These values, in general agreement with known
data from 60 Hz shielding factor measurements,
illustrate the usual wide excursion of ur as
the B-H function is taken over the knee of
the curve.

when the freguency is increased slightly
beyond 60 Hz (say) the 3rd, 5th, 7th ...
harmonics the curren. density begins to be
non-uniform so that there are, in effect, an

infinite number of B-H curves as a function
of the thickness of the shield. A mean value
of permeability has little meaning, however
it is to be expected that saturation effects
would be most pronounced in the current range
of 20 to 500 amperes. Such saturation effects

can be discerned in Figure 7 where the tran-

sient current varies from about 170 to less
than 20 amperes. The response of the first

half cycle, to be discussed later, should be
disregarded. The current density and pr can
be readily calculated only at the inner sur-
face of the shield, and in this case pr at
the inner surface lies on the linear part of
the .-H curve. The distorted response at the
higher current values shows that the current
density at the outer surface must be over the
k of the curve. At the lower values of
rrent the response becomes linear and the
shielding effectiveness less because ur is
now on the lower portion of the u-H curve.

1072

10_4 1 1 ; On | i 1 g g
30 100 1000
H
FIG, 6, TYPICAL ¥ . u=H CURVE
OF TEST MATERIAL
U o= 4n x 10'7 Henries/metre
H = Amperes/metre
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FIG. 7. NONLINEAR RESPONSE AT 362 Hz

i = 100 amps/cm
e = 2 volts/
t = 2 ms/cm

Residual Magnetic Effects

Where an aperiodic current ulse is
applied to a ferromagnetic shield the magne-
tizing force (H) rises to some maximum value
from zero and finally falls back to zero.
The result of the unidirectional field i
some residual value of magnetic flux dens
(B) say 1.8, as indicated on a typical
B-H curve (Figure 8). If the pulse is now
repeated the resultant B-H curve excursion
will be different and the residual will tend
to be increased. If the polarity is reversed
the residual will tend to be reduced to zero.
The magnitude and direction of the residual
magnetism have pronounced effect mn the

transfer impedance (Figjure 9).
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Fic. 10. RESIDUAL MAGNETISM EFFECTS ON THE
RESPONSE TO AN OSCILLATORY TRANSIENT
i = 1000 amps/cm
e = 2 volts/cm
t = 20 us/cm

EXPERIMENTAL RESULTS

The experimental data wiil now be dis-
cussed in some detail.

Aperiodic Transients

The generated aperiodic transients were
chosen to simulate lightning currents. Since
the available current source has a maximum
stored charge of 0.8 coulombs and individual
lightning strokes may have a charge magnitude
about one order of magnitude greater the ex-
perimental aperiodic transients are eguiva-
lent to rather modest lightning strokes.
Statistical data indicate that about half of
the lightning strokes are less than 30 kilo-
amperes. If a stroke occurs to a location
on a cable remote from its ends the shield
current is half the stroie current, or 15
kilo-amperes. A waveshape* of 5/65 micro-
seconds is often used to be respresentative
of the wide range of lightning current
values. In terms of this data the gener-
ated transients are roughly equivalent to
50 per cent of the shield transient currents
that occur in practice.

The response to the disturbance or cur-
rent transient may be characterized by (a)
the peak voltage, (b) the energy conten% and
(c) the waveshape or frequency content. 1In
practice the maximum value of shield current
is limited by the dielectric strength to
earth of the protective jacket. The surge
impedance of the sheath earth circuit is
sufficient to cause dielectric breakdown
(pinholes) of the jacket for guite low sheath
currents® It is shown in Ref 9 that in such
cases the lightning transient diminishes rap-
idly along the cable because of leakage to
the surrounding earth, thus the maximun
effect of the sheath current only occurs
over a short length of cable. The core to
sheath voltage is also attenuated both in re-
spect to magnitude and eguivalent frequency
as it travels along the cable. Travelling

wave effects are not considered; the criteria
is simply a comparison to nonmagnetic shields.

The peak core to sheath voltage is, of
course, of prime importance because it deter-
mines the necessary dielectric strength,
core to shield, however the energy and equiv-
alent frequency content may be of interest
in the more sophisticated communication cir-
cuits. As indicated previously residual mag-
netic effects must be taken into account .n
the measurement procedure. Polarity of the
charging voltage was reversed several times
during the test procedure to demonstrate the
pronounced attenuation on the initial rever-
sed polarity transient. In all cases the re-
sponse was checked for stability by repeti-
tion of the pulse so that the recorded re-
sults are a worst value. Such procedure was
considered to be the better approximation
of field conditions. Transfer impedance,

(ZT = E/I where E and I are peak values), is

shown in Figure 11 as a function of current
density (J) with waveshape* as the parameter.
The plot indicates that the transfer imped-
ance rises to the limiting value of the dc
resistance from significantly lower values
at low current densities. Only the short
pulse is highly attenuated.

For purposes of comparison, an 8-mil

(0.20 mm) aluminum tape of the same mean
diameter has a transfer impedance (dc resis-
tance) of 0.75 ohms per kilometer. The 20

mil (0.50 mm) steel shield, because of its
significantly lower conductivity appears to
perform less well, in general, than the alum-
inum tape, although the differences are prob-
ably not very significant particularly if
current leakage to earth due to sheath pin-
holes at the higher transient currents is
assumed. It should be noted that the steel
shield (sheath) is corrugated for adequate
mechanical properties, a process that in-
creases the unit length resistance by about
10 per cent. The results confirm that the
wave tail primarily determines the value of
the transfer impedance.
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FIG. 11. TRANSFER IMPEDANCE (Zp) AS A FUNCTION

OF CURRENT DENSITY (J); I(Amperes) = 0.0953 J

*Waveshape: (t;)/(t,)

front time (us)

where: t;
time to half value (us)
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TABLE 2

Shield Equivalent Inner Surface Current
Current Io (RMS)
I (rMS) f=1,6kHz f=3.lkHz f=17.3kHz
70 37 28 -
140 50 35 -
210 59 40 --
350 81 48 -
390 -~ - b
2000 - - 12.3

when these values (Table 2) are compared
to values of permeability versus current
(Table 1) it is found that the inner surface
of “he sheath is operating from about the

initial permeabilicy to maaimuwn values of per-

meability for currents of 70 to 350 amperes
respectively. The tabulated values are in no

sense an analytical confirmation of the effects

of current density (Figures 15a and 15b) but
they do have a certain consistent relative
order.

The shielding effects at frequencies up
to 500 Hz or so are modest and not a strong
function of current. In a practical situa-
tion harmonics or noise interference is app-
licable normally to steady state power line
currents where the magnetizing force is small
therefore the 70 ampere plot is probably re-
sonably representative,

FIG. l6a

RESPONSE WHEN RESIDUAL MAGNETISM IS SMALL

2000 amps/cm
0.5 volts/cm
10 us/cm

-
LB B )

"o
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In Figure 15b the frequency range is ex-
tended to 85 kHz. For these additional values
a procedure of reversing the polarity for con-
secutive pulses was used. The difference in
response (Figures l6a and 16b) is very pro-
nounced, particularily at the higher current
values. The driving currents in (a) and (b)
are identical but the voltage scale is quite
different, 0.5 volts/cm and 10 volts/cm re-
spectively. The phase delay in 16b is evid-
ent (v90°) at a peak of about 40 volts. The
initial flat response has a value of about
one volt at 17us. This response appears as
a peak value of 1.35 volts in Figure l6a. It
is clear that there should be no voltage re-
sponse until the driving current has pene-
trated the shield so there is an error for
at least the initial 17us. The possibility
that the observed response during the whole
transient is a resultant of an error signal
from test specimen end effects, non-uniform
current distribution and the like, cannot
be discounted, however, the results do not
support this concept, including the initial
phase relationships and the fact that the
response is fairly constant for quite differ-
ent levels of current, It is thought that the
error is associated with initial high freg-
uency effects when the generator is fired and
these effects disappear when the response be-
comes symmetrical. Appendix 1 includes a
series of typical responses.

FIG. 16b

RESPONSE WHEN RESIDUAL MAGNETISM IS LARGE

2000 amps/cm
10 volts/cm
10 us/cm
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APPENDIX

Volts Amps Volts Amps Volts Amps

per per per per Sweep per per
Photo f(kHz) cm cm f(Hz) cmn cm us/cm cm cm
1(top) 34.5 0.5 500 382 1.0 50 10 20 2000
2 17.3 0.5 1000 752 0.5 50 50 10 1000
3 19.3 0.5 500 1570 0.5 20 100 10 1000
+ 85.0 1.0 1000 3110 0.5 50 50 50 2000

NOTE: Column 1 illustrates typical responses
when (Photo 1 & 2) residual magnetism I
(Photo 3 & 4) i " " ctrong

weak
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and National Bureau of Standards (NBS) in
which over 50 cable types having xai'ous
shielding materials were buried.20" The
cable specimens had an annular ring and
lateral window exposing the shielding as
shown diagramatically in Figure 5. Various
underground test sites were chosen according
to soil type. Table VIII is a list of these
sites along with the soil properties. 1In
this 6-year program, cable specimens are
retrieved yearly and rated according to

the system in Table IX.
of reported results av,ilable through the
fourth year retrieval.

NIPRINL WP

SEAL BOTH ENDS WITH WAX AND VINYL TAPE

Table ¥ is a summary

severe localized corrosion and undercutting
of the aluminum occurs. This effect 51 rep-
resented diagramatically in Figure 7.

The most severe corrosion of aluminum
occurred in galvanic couples with other
metals and alloys such as copper, steel, and
stainless steel. In these tests, the

aluminum was susceptible to corrosion in

. w [y &

| ALUMINUM FILLED CABLE |

- J oo .
| i MR £t
Diagramatic representation of Cable )32
Specimen for Soil Burial Test ) " -
Aluminum Shielding Specimens from
FIGURE 5 REA-NBS Soil Burial Corrosion Test
Program
FIGURE 6
TABLE VIII
PROPERTIES OF SOILS AT TEST SITES
Internal
Drainage
Site of Test Resistivity
Ident. Soil Location Site (Ohm - Cm) pH
A Sagemoor sandy loam Toppenish, Wash. Good 400 8.8
B Hagerstown loam Loch Raven, Md. Good 5,200 5.8
Cc Clay Cape May, N.J. Poor 300 4.0
D Lakewood sand Wildwood, N.J. Good 30,000 7.3
E Coastal sand Wildwood, N.J. Poor 55 7.1
G Tidal marsh Patuxent, Md. Poor 300 7.1

The data clearly shows that bare aluminum
shielding, even after one year exposure,

is susceptible to severe corrosion in
certain soils (sites C and G). Attempts

to substantially improve the performance

of aluminum by coating both sides with
plastic or by using filling compound also
resulted in severe corrosion of the
shielding material (see Figure 6). These
results are in complete a .T-‘ th
those reported olscwh.ro.gsv l.!&,’i For
example, Schick found that filling compound
(petroleum jelly) prevented the passivation
of aluminum, and, therefore, the lhioi?ing
performed worse than with no coating.
Damage sites on coated aluminum provide
locations of differential aeration so that
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even the milder soils and in many cases the
aluminum in the shield was almost completely
dissipated th‘°§8h99t the full length of

the test cable.“"”

As expected from previous work, copper and
alloy 194 perform well in most soil sites.
The ratings in Table X show that the acid
soil site (site C) is the most damaging
followed by the tidal marsh site (site G).
In contrast with aluminum, copper and
alloy 194 do not undercut and corrosion is
limited to areas exposed at the annular

and lateral windows as represented diagram-
atically in Figure 7.44
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FIGURE 2
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FIGURE 3
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(a) Input Pulse Width = 2.4 ns

Figure 9

FIGURE 8
TYPICAL PULSE DISPERSION IN LOW LOSS OPTICAL FIBER
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Figure 4 - Experimental Cable Unit - Design #2
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Twist Test Fixture Figure 11- Impact Test Fixture

Figure 10-
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Abstract

Typically, conductors are joined by brazing, a high
temperature fusion process that uses an intermediary
alloy for the juncture. However, in addition to re-
quiring skilled operators for the technique, brazing
can be the source of defects resulting from reduced
tensile strength in the conductor adjacent to the
splice.

A high energy joining method, which uses the con-
trolled deposition and detonation of an explosive mix-
ture to produce metallurgical bonds, has been developed
to splice conductors. This method of joining, is a
safe, reliable method of producing bonds between
metals on a microscale. In contrast to typical fusion
joining methods, this solid phase bonding system does
not produce enough heat to deteriorate the conductor
insulation or weaken the wire adjacent to the splice.
Initial feasibility studies, have shown that splices
produced by this method have tensile strengths ex-
ceeding those of the parent conductors and that the
joining does not increase the electrical resistance

of the conductors. Both copper and aluminum splices
were examined metallographically to verify solid

phase bonding.

Figure 1. Explosive bonding, top view: glowing tung-
sten filament at left initiates detonation
producing explosive reaction; resulting im-
pact bonds an 0.005-in-thick copper strip
to a piece of nickel.

Explosive bonding mechanisms as related to conductor
splicing will be briefly reviewed and data presented
to confirm the integrity of the bond. Also, proto-
type equipment designed and constructed to meet all
OSHA requirements, will be discussed. Advantages
and disadvantages are cited which could influence
potential users.

has produced solid phase bonds of greater strength
than either parent material. The method is particu-
larly attractive because materials can be kept well
below their melting points, minimizing the changes in
Introduction material properties common in fusion bonding.

Bonding Mechanism

Although explosive energy has been used for a number
of years to produce large scale, solid phase bonds,
its small scale use entails unique problems. Current
studies have dealt with these problems and produced

a bonding method scaled to the needs of the electron-
ics industry.

In a typical explosive bonding system the materials
to be bonded are positioned parallel with a space
between them and a layer of explosive charge placed
on the upper plate. Upon initiation of the explosive
reaction, a pressure disturbance propagates outward
through the explosive from the point of detonation.
The energy released by the detonating explosive
accelerates the upper plate, progressively deflecting
it toward the base plate to produce a collision. As
the explosive reaction proceeds, large transient
pressures at the collision point produce severe sur-
face strains inducing intimate contact between the
materials. The combination of upper plate mass, the
magnitude of its velocity on impact and surface flow
characteristics must exert a pressure at the metal
surfaces exceeding the dynamic yield point of the
materials.

Explosive wixtures have been developed by the Western
Electric Engineering Research Center to produce
microscale bonds in a safe, reliable manner. (See
Figure 1). The joining method, capable of forming
bonds between materials usually considered difficult
or impossible to join, contrasts sharply with more
familiar joining processes. Costly bonding tools

and equipment usually used in solid phase bonding are
eliminated, the need for ultra-clean conditions and
precious metal coatings to facilitate bonding are
minimized by a unique cuntamination removal system
inherent in the process, and fewer limitations are
imposed on the process by the plastic properties of Two conditions are required to produce strong bonds:
the materials being joined. This approach to bunding (1) the velocity of the induced pressure wave in the
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bond material (i.e., the sonic velocity) must exceed
the detonation velocity of the explosive and (2) the
pressure generated by the explosive ahead of the
collision point must exceed a critical value, related
to the mechanical properties of the material. During
bonding, extreme pressure exceeding the dynamic
elastic limit in both plates causes the surfaces to
deform plastically and behave 1ike non-viscous fluids
for a short interval forcing them to spurt out between
the plates.3,6 (See Figure 2). This "jetting"

(After Holtzman and Cowan)

Figure 2. High velocity jet emanating from collision
point.

phenomenon removes surface contaminants such as oxides,
nitrides or absorbed gasses, bringing the underlying
metals into direct contact.

The dynamics of the explosive bonding process can be
described by three separate velocities of the overall
system: (1) the detonation velocity (V4), a property
of the explosive material; (2) the collision point
velocity (Vcp), the velocity with which the juncture
of the plates moves in the direction of the detonation
wave; and (3) the plated velocity (Vp), a function of
the detonation velocity and the ratio of the explo-
sive mass to the upper plate mass. Figure 3 is a
representation of these velocities and &, the dynamic
bend angle on impact. The ¢ value, velocity compon-
ents and mass ratio can be varied to produce dif-
ferent types of bond interface characteristics.

There are basically three types of metallurgical bonds
that can result from high velocity collisions®: (1)

straight solid phase metal-to-metal bond, (2) a
molten and resolidified layer between the metals, and
(3) a wave or ripple pattern which is basically a
solid phase bond that under certain conditions can
exhibit small resolidified zones. The ripple inter-
face is preferred in most commercial cladding appli-
cations for physical strength. The amplitude and
period of this wavy interface, unique to explosive
joining, is a function of the material beina joined
and the velocity of the impinging metals.

A correlation between bond interface structures and
the system dynamics is illustrated in Figure 4. ihe
parameters are cited in the figure captions. Mass
ratios as referred in the captions defines the mass of
explosive divided by the mass of the plate being
accelerated.
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(After Holtzman and Cowan)
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Figure 3. Parallel plate velocity components.
- explosive detonation velocity
Vep - collision point velocity

Vp - upper plate velocity

g - dynamic bend angle
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(a)

Figure 4 {a). Copper (0.005-in-thick) to nickel
(0.030-in-thick) at 500X magnification. Vp =
985 ft/s; V. = 10,800 ft/s; mass ratio c/m =
0.3503. ¢
(b). Copper (0.005-in-thick) to nickel
(0.030-in-thick) at 500X magnification. Vp =
3037 ft/s; Vy= 13,000 ft/s; mass ratio ¢/m =
1.2351.






(a)

(b)

Figure 6 {a). A high energy spliced 22 gauge copper
wire cross section at 10X.
(b). (Upper) cross section of conductor ends
and bonded sleeve; (lower) interface struc-
ture is visible in the magnified section.

conductors extending from each side sealing the detona-
tion chamber from the atmosphere. A spark is genera-
ted between the electrodes to detonate the explosive.
Simultaneously a small vacuum motor in the Tower
section of the box begins a 2-second evacuation cycle
of the chamber. The air is recycled through a filter,
removing any particulate matter or other contamination
dispersed as by-products of the detonation. To
ascertain this, extensive environmental tests were
designed to determine the amount of air-borne lead
resultina from detonation of the lead azide explosive
mixture.® The general procedure, test results and
NIOSH standards are reported in Appendix 1 68

A cut away drawing of the unit is shown in Figure 7
which illustrates the filtration and detonation system.

The shell of the box is lined with a sound absorbing
medium. Sound measurements were recorded at a
position comparable to that of a machine operator.

The sound level did not add to the ambient noise

level and is safely below the requirements specified
by OSHA. A safety interlock prevents detonation un-
less the door is closed. The basic design, which is
intended for installation on a wire twister, can be
modified for a specific installation or made portable.

Summar:

A basic understanding of primary explosives has been
developed which allows these materials to be used as a
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HIGH
ENERGY
CONDUCTOR
SPLICING

Figure 7. A cut away illustration of the high energy

splicing unit designed for cable manufacture.

reliable energy source tc bona metals on a miniature
scale. These principles have been appliec to join
conductors as required in the manufacture of cable.
The advantagesof using a high energy spiice are listed
below:

- The highly localized energy application does
not degrade either the insulation or the mech-
anical strength of the adjacent conductor.

. The bondina cycie is much shorter than the
fusion processes.

. The strength of the union always exceeds the
parent conductor strength, which should reduce
"down-1ine" repair.

. The capital eguipment cost is comparatively low.

. High Energy Splicing is equally effective with
either aluminum or copper conductors.

Disadvantages of the process are summarized as follows:

. Caution is required when using explosive
materials.

. Contamination of the work pieces could possibly
result from by-products of the reaction.

New technigues such as this will require train-
ing of the users, related to procedures and
safety.

The disadvantages as listed above, have been minimized
by the prototype equipment descritad in this paper.
Further, slecve packaging schemes are being developed
with the cooperation of E. I. DuPont to insure that
the product will be safe.
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Figure 2 - Pulse-Echo Reflections Table 2
from typical wire sample Modulii of Experimental Wires
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| Semple | omlec | (X10°ps)

{ Continuously Plated |

|Wire 8.12 26.458
Molten-Welded Wire 8.10 26.877 |
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{and Drawn Wire | 8.11 27.382
‘iPredrdwn Steel* {

{Substrate Wire | 7.86 | 28966 |

*Unplated Substrate of Continuously Plated Wire

Figure 3 - Staircase data for wire continuously
plated to final size from predrawn steel

Of = 50,700 psi
s = 2,900 psi
n = 1X107
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Figure 10 - Fatigue Damage in

Figure 12
Continuously Plated Wire

Fatigue Damage in Continuously
Plated & Drawn Wire

Figure 11 - Fatigue Damage in Figure 13 - Tensile failure of fatigue-damaged
Molten-Welded Wire Continuously Plated Wire
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Figure 14 - Fatigue fracture in Figure 16 - Fatigue at Cladding/Base
Continuously Plated Wire Metal Interface

Figure 15 - Striations formed by Figure 17 - Terminatingductile
fatigue crack propagation fracture of steel
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Figure 18 - Fatigue and cleavage in
Continuously Plated &
Drawn Wire
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0.15 wavelength can be made with an accuracy compara=
ble to the accuracy of most portable bridges.

Mutual conductance values can be calculated utilizing
Ea. 13 with reasonable accuracy in the 3.3 micromho/
mile range and measurement length up to 0.05 wave=-
length.

Measured data is presented in Appendix 1.

Acknowledgements

The authors gratefully acknowledge the assistance of
Mr. John Micol of Superior Continental Corporation

in data gathering, Mr. Ken Bedard of Brand-Rex
Company in data reductionm, and the Communications
Engineering Product Center of Anaconda Wire and Cable
Company and Mr. H. D. Hoiberg and Mr, R. J. Peterson
of the Rural Electrification Administration in
Computer Prug.amr..g.

References

H. H. Skilling, Electric Transmission Lines, New
York: McGraw-Hill Book Company, Inc., 1951.

2. J. V. Buscemi and A. E. Widmer, "Apparent Errors
in the Measurement of Mutual Capacitance on
Longer Lengths of Cable Pair at 1000 crs.”
Prepared for Thirteenth Annual Wire & Cable
Symposium, December 2, 1964.

R. A. Frisch, 1. Kolodny and J. A. Olszewski
"Simplified Determination of Low Frequency
Mutual Capacitance o? Long Lengths of
Telephone Cabics." Presented at Sixteenth
International Wire and Cable Symposium,
November 29, 30 and December 1, 1967.

M. P. Weinbach, Principles of Transmission in
Telephony, New York: The MacMillan Company,
1924.

312

Biography

T. Lamar Moore received the Associate in Science
Degree in electronics and communications technology
from Southern Technical Institute, Marietta, Georgia,
in 1958. He joined the Transmission Branch of the
Rural Electrification Administration in 1958. He is
a Communications Specialist and since 1965 has been
responsible for trunk and subscriber carrier rejquire-
ments and specifications.

Kenneth W. Brownell, Jr. joined the Telecommunications
Cable Division of Brand-Rex Company earlier this year
as Manager of Engineering and Development. He holds
B.S.E.E. (1971) and M.S.E.E. (1972) degrees from the
University of Tennessee. Prior to his present posi-
tion he served as an electronics technician in the
U.S. Navy, as an instrument technician at Oak Ridge
National Laboratories and as a research and develop-
ment engineer at Superior Continental Corporation.

































Daniél J. Dekker was born in Rotterdam in 1923 and
joined the PTT-Administration of the Netherlands in
1939

He has been active in the field of telecommunication
cables for about ten years and is now leader of the
cable development group.

Mr Dekker is a graduate of the Higher Technical School

in Rotterdam and a member of CCITT and I1EC.

S. Dijkhuizen received his electrical engineering
degree in 1963 from Delft Technological University.
He joined the NKF Delft and engaged in research aud
development of telecommunication cables and automatic
telephone cable t:st instruments.

Since 1970 he is chief of the Telecommunication Cable
Design Department.

323

H.L. GCorissen received his electrical engineering
degree in 1971 from Delft Technical Univ rsity.

He joined NKF in 1960 and worked in the Telecommuni-
cation Cable Development.

Since 1971 he is head of the Telecommunication Cable
Lab, responsible for the development of telecommuni-
cation cables and electronic test and measuring equip-
ment.

J.P. Hartwijk joined NKF in 1966 and worked in the
pilot plant. In 1969 he is transfered to the Tele-
communication Cable Laboratory and is working on the
development of automatic measuring equipment and test
sy~tems for symmetrical telecommunication cables.

He is a graduate of the Higher Techmical School in
Rotterdar since 1971.









USING A LASER MICROMETER FOR PRECISION CONTROL
OF WIRE DIAMETER AND POSITION ON A CV LINE

by
F. M. Taylor
Autometrix Division

Dayton,

Laser Micrometer - Operating Principles

A laser micrometer performs a function similar
to that of vernier calipers. But instead of
precision mechanical jaws, a precisely

aligned parallel beam of laser light is used.
This parallel beam is rapidly scanned over the
measurement aperture and any object in the
measurement region will interrupt the beam as
illustrated in Figure 1. Because the beam is
perfectly parallel and because the sweep rate
is constant, the time 3ur:tion of the shadow
cast by the object is directly proportional

to the dimension casting the shadow. The
rising and falling edges of this signal are
used to gate a high frequency oscillator whose
digital pulses are counted, converted to BCD

Ohio

(Binary-Coded Decimal) and displayed on the
front of the readout head. Any of the
segments of the shadow can be measured by
this method. Thus, the position of object
can be measured as well as its diameter.
Figure 2 illustrates the block diagram of the
instrument. A precise and stable drive
frequency for the scanner motor is obtained
by subdivifing the pulses from the oscillator
and shaping them into a sine wave. This
technique "locks" the scan velocity and phase
of the motor to the bit count rate used to
deternine distznce. This technigue provides
excellent repeatability.

LINEAR
EEP
COLLECTOR i ROTATING
LENS SCAN MIRROR
/ LENS
7
I
CIRCULAR |
SWEEP Ay
l -
I 1 - of
A s ' M
- _.=_;_ 9. peepil | - o e e I - y
[
/" A LASER (F-------~
4 FIXED
7 MIRROR
//:>DIGITAL
CONTINUOUS DIAMETER
;/CABLE ouT
7
(10024 | 1
CTTrTrr-ry
L =4 N
Figure 1. Laser Micrometer System.
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Figure 5. Multi-line diameter monitoring system.

Instrumenting for the uture

In this day of shortages and ever-increasing
costs, every effort must be made to run an
efficient, lean operation. Shipping excess
product out the door in the way of oversize
wire and cable doesn't really buy you any
friends. Of course, it's preferable to
running undersize and making enemies. But
the point is that you should avoid both these
extremes. Manufacture a product which does
meet minimum specs, but without a layer of
fat to be "safe". To do this will often mean
that the sensors, controls, and/or monitoring
systems on wire lines must he nnaraded +n
modern standarcs. Many, if not most,
continuous manufacturing processes in the
United States are already totally automated,
operating under computer control. This is
true in the paper industry, sheet plastic,
refineries, etc. The wire and cable industry
is behind the times in this respect. In the
past, we've been able to afford the wastage.
Not so today. The instruments described in
this paper were specifically designed for
integration into a fully computerized line.
It is time to start moving in that Airection.
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FIGURE 10: COOLING RATE OF OCEAN
CABLE CORE
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Photo. ]| Cable Samples and Cross Section of Cores of PEF-LAP City Junction

Cables Insulated by New Technique.

Conditions

1) Line speed=1700 m/min.

2) Injected gas-N,

3) Quantity of m];cmd gas
175 Std.cc/min.

(a) 0.4 mm (26 AWG)
2400 pairs.

Conditions

1) Line speed=1700 m/min,

2) Injected gas-N,

3) Quantity of unc-uu-d gas
250 Std.cc/min.

EF - LAP

(b) 0.5 mm (24 AWG)
1800 pairs

o + 99 .
Sy AT

3 Y Y~ R
Pt N

x Conditions
« 1) Line speed=~1500 m/min.

2) Injected gas-N,
3) Quantity of injected gas
390 Std.cc/min.

(c) 0.65 mm (22 AWG)
1000 pairs
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Figure 1 presents a photograph of the controller front
panel. Presently this controller is being installed
on all applicable Western Eleciric jacketing lines.

SUMMARY

New cable jacketing equipment which monitors and con-
trols jacket thickness and eccentricity has been
developed. Improved quality of the jacket has been
achieved while reducing the jacket material used.
Furthermore, the better process control has permitted
the specified cable jacket thickness to be raduced

thus allowing additional material savings. Automatic
operation of the quipment has reduced operator atten-
tion to the jacketing process, and eliminated difficult
start-up procedures.
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facilities is to classify those Toll Connect-
ing Type trunks and inter-local overflow
trunks to which diversity should be accorded.
These are the trunks which provide access to
and from the outside world, either directly
disled or operator assisted, via the DDD
Network together with the overflow trunks
wnich serve as back-up to all of the locsal
high usage trunk groups.

The next step reguires examination eof
the various trunk complements with particaiar
reference to geographic routing, separate
cable sheaths, transmission loss if physicel
and if carrier, system availability to the
home Toll Center. These trunk complements
should then be graded for each Central Office
as first choice, second and so on, preferably
in order of reliability.

The procedure to be followed next is to
ensure that each type of traffic circuit
group is equitably assigned to the primary,
secondary or other route up to the limits of
facility availability. It is most desirable
that the separate facility tr nsmission
losses should be closely matched, although
adherence to standard design limits should
ensure that no more than two db disparity
occurs in circuits of similar category i.e.
toll connecting trunks design conforms to Via
Net Loss + 2.5 db maximum I} db and direct
interoffice trunks VNL + 5 db maximum 8 db.

The form shown in Figure 5, is represen-
tative of the record used to effectively
control the assignment and displasy the dis-
tribution of the various circuits among the
available transmission media. 1In the event
of disruption of a route, the circuits
remaining intact will be readily discernible.

What has been expected, and so far has
been achieved, of the foregoing measures is
that the loss of a trunk cable in the Metro-
politan Network will neither result in
dislocation of traffic flow nor complete
isolation of a Central Office from the outside
world. It is not intended that the Busy Hour
grade of service - usually .01 probability -
will obtain in these emergent circumstances
but this is & small price to pay for contin-
uity of service.

Constant surveillance must be exercised
in maintaining diversity, once established, as
rearrangements and changes in the trunk plant
could very well undo a well thought out plan.

The principle of diversity need not be
costly to implement but should be superimposed
on the plan for provision of growth in trunk-
ing facilities.

SUBURBAN TRUNK NETWORK

The suburban trunk network poses a
different problem, for the multiplicity of
cable routes of the Metropolitan area does not
prevail. The routes depicted in this Sketch
No. 6, mostly carrier routes, mainly utilize
cables 100 pair or less and because the growth
rate is small there are seldom requirements
for parallel cables. In these circumstances,
the position is taken that a damaged color

coded cable can be quickly restored by cable
repair forces. Despite this approach, an
opportunity to provide diversity will occa-
sionally be presented and it is proposed to
conclude this talk by describing a means of
exploiting an existing network configuration
by closing & ring at small cost, as shown in
Sketch No. 7.

The various community dial offices are
served by N analog carrier routes from the
Toll Center in a clockwise pattern. The
first cable route in a clockwise direction
carries 18 carrier systems and with two more
to be added in 1975, the carrier complement
approaches exhaust.

Expansion of cable plant for subscriber
service between the Toll Center and the first
office in the counterclockwise direction,
offered the means of establishing & ring main
of trunk cable pairs as shown.

The next Diagrem No. 8 demonstrates the
proposed plan for the addition of carrier
systems which will, in the ultimate, serv
each CDO with cable carrier systems routing
to the Toll Center over clockwise and counter-
clockwise routes.

The protection derived from this arrange-

ment and the economy of plant and eguipment
achieved will be readily apparent from the
sketch. The slow grow rate of toll

cuits characteristic of these Community
0ffices should ensure that this plan
provide for the development of the area
for many years.

In conclusion, it is hoped that this
description of Management of & large Indepen-
dent Telephone Company's Trunk Network will
serve as a guide to others in the industry
seeking to provide the most reliable
telephone service possible.

John M.
109 South Union Street
Rochester, New York 14607

Robertson

Born in Ayrshire, Scotland in 1915, John M.
Robertson attended Glasgow Royal Technical and
Nottingham University Colleges. He received
telecommunications training in the British
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and Traffic Divisions in Glasgow and Loridon
from 1938 to 1953. He served in the Royal
Corps of Signals during World War 2. Employed
since 1955 with Rochester Telephone in various
capacities, he is presently Engineering
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time in relation to re-entering even one splice
and appears to be the optimum method both in
terms of time and accuracy.

IV. ANALYSIS OF A PASS-FAIL FAULT DETECTOR FOR

SIMULTANEOUS SPLICING AND TESTING.

In order to detect the cable irregularities dis-
cussed previously with a PASS-FAIL system, a
measurement method must be used that will

measure Cm for cable lengths from 300 to 40,000
feet and the test needs to be fast enough to

avoid slowing down the splicing operation.

The steady state solution of the general trans-
mission line equations defines the propagation con-
stant of a pair as

y = N(R + j¥L) (G + jwC) = a+ jB

= series resistance

= gseries inductance

= Parallel conductance
= mutuel capacitance

= attenuation constant
phase constant

where:

wR OO

The cheracteristic impedance of def'ined as

(2)

a pair is

Zo

R + jwL/G + jwC

The line
of cable

impedance can be represented as a function
length as

)
=Zo|—1*rR(e°~e"‘ )_] (

N ~2q9 -23BL —]
L} T (e ‘e )

reflection coefficient
cable length

3)

where:

TR
J

"

As a pair approaches its characteristic im-

pedance, it can be observed that faults such

as splits, opens, grounds and crosses, which are
capacity dependent will not give a uniform percent
capacitance variation with respect to length.

See Fig. 6. One method of reducing the propa-
gation effect is to operate at a frequency where the
maximum cable length is less than 20% of the
wavelength. The wavelength is defined as

A = 2n/B = VP/T
Vp = veloeity of propagation
f = frequency

()

If the maximum operating length is set at 40,000
feet for 26 AWG, using HB8 loading, Fig. 7 demon-
strates that the maximum frequency should not be
greater than 200 Hz.
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If the measuring frequency is decreased to 200 Hz

or less, we need to consider the effects of inter-

facial polarization on the measured results.

Interfacial polarization will exist in most

dielectrics that are made up of two or more substances
having different dielectric constants and conductivities.
In most multi-pair cable the dielectrics would be
represented by either paper-air or polyethylene-air.

In composite dielectric syst the capacity is
dependent upon the charging time due to the
accumulation of charge at the interface between
two layers and whose registance may be high
enough so that the interface does not become
ecnarged during the time allowed for charging.

ma
ms,

completely

If absolute capacity magnitudes had to be mea-
sured such effects would need to be considered

in more detail. However, if the measurement sys-
tem worked on the ratio of pair capacity, inter-
facial polarization could be minimized.

The PASS-FAIL system described in the next sec-
tion uses a very low frequency charge integration
technique to measure the pair capacity. A sys-

tem block diagram is shown in Fig. 8. The mea-
sured value is compared against a digitally stored
reference value to determine if the pair is defec-
tive. The total splice and test operation requires
less than 250 milliseconds. OSystem linearity is
better than 1% over the range from 300 feet to
40,000 feet.

V. OPERATION OF A SIMULTANECUS SPLICING AND

TESTING SYSTEM.

There are a couple of systems available today
which are capable of testing some of the modu-

lar type of splices, but the system I am going

to describe operates with the Taped B-Wire Con-
nector. The splicing machine is a pneumatic
operated presser as shown in Fig. 9 which is
eguipped with 2 probes for metallic contact to

the B-Wire Connector. The taped connectors are fed
into the machine and precisely aligned.

After the wires are inserted into the connectors

and the presser button depressed, the probes

enter the small holes in the back of the connec-

tors as the presser completes the crimping cycle.

At the end of the cycle, the probes are with-

drawn and the connector tape cut ailowing the

crimped pair to be ejected. The presser also has

a sensory switch which activates the PASS-FAIL tester
when the probes have engaged the connectors. The
system has been in field operation for over four years.

Gary H. Knippelmier has been employad by Automation Products Company for the
past four years as s Design Engineer for outside plant test equipment. Prior
to Joining APC he was involved in the design of automatic fault isclation
equipment for Collins Hadio Company. He received his B.S. of Electrical
Ergineering degree from the University of Houston in 1966 and s & member of

the IEEE and Eta Kappa Nu.
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Choice of Fusion Technigue

The success of polyethylene as a cable
jacketing material has been due in part to
the fact that it is largely chemically inert
and therefore not subject to corrosion in
the same way as the earlier metal jacketed
cables using lead, aluminium or steel.
Unfortunately this very property makes it
difficult to achieve a satisfactory bond to
polyethylene with the result that the splic-
ing of polyethylene jacketed cables is still
the subject of much development work in which
no single technique has yet received universal
acceptance. Resins, particularly of the epoxy
type, have been used extensively. They
attempt to obtain a satisfactory key to poly-
ethylene by mechanical means relying on the
contraction which takes place when the resin
cures. Unfortunately differential expansion
between the resin and polyethylene which
occurs on temperature cycling reduces their
effectiveness and usually it has been found
necessary to roughen the polyethylene jacket
or flame treat it, prior to the application
of the resin, to improve the adhesion.

Similarly due to the high temperature
coefficient of expansion of polyethylene
coupled with its cold flow properties, designs
of the pot and bung type which attempt to
obtain a seal to the polyethylene by mechani-
cal compression have achieved only limited
success and usually a secondary closure such
as a compound filled box has been found
necessary to achieve adequate performance.

In the light of the above experience it
was considered that systems which merely
attempted to stick polyethylene splicing
components to the polyethylene cable jacket
would be inferior to a true fusion technique
as a means of achieving a high integrity
closure, particularly against the probable
advent of hich capacity coaxial cables
jacketed in polyethylene. Accordingly it was
decided to proceed with the development of a
fusion type splice involving the forming of a
mould cavity around the cable jacket/splicing
sleeve interface and injecting molten poly-
ethylene into this mould so as to weld the
jacket to the sleeve.

Initial Design of Fusion Closure

The initial arrangement comprised an
injection gun, splicing jig, transparent
acrylic thermoplastics mould boxes and
splicing components consisting of a cylind-
rical polyethylene sleeve and two sleeve to
jacket adaptors. The foregoing items are
shown in Figures 1-4. The jacket adaptors
are necessary to avoid the need for massive
moulc 3 to bridge the relatively large dia-
meter step between the cable and splice
sleeve respectively.

Figure 2

Figure 1

Electrically heated Injection gun

Splicing Jig
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Figure 3 Transparent acrylic thermoplastics
mould box
Figure 4 Polyethylene sleeve and two sleeve

to jacket adaptors












Testing Jacket Closure

A significant advantage cf this method
over those involving the use of resin, where
appreciable cure times are usually involved,
is that the completed closure may be
immediately air pressure tested through a
Schrader valve fitted in the splicing sleeve.
A transparent plastic sheet water bath formed
round the welds enables the presence of any
leaks to be detected.

Reopening and Reclosing

In the event of the completed welds
proving faulty they may be removed by rasping
off the formed mouldings which restores the
components to their original form and enables
reclosure to be carried out by the procedure
already described.

Further Developments

Whilst the above method served to
establish the technical feasibility of this
fusion technique and was used for a decade up
te 1967 nevertheless it became apparent that
in its existing form it possessed several
weaknesses which would need to be overcome if
the technigue was to gain general acceptance.
The features requiring further examination
are listed below.

a) The need for a 230V ac 50 Hz supply
to heat the injection gun detracted
from its flexibility.

b) Twenty transparent acrylic thermo-
plastics moulds were required to
cover the range combination of
cable diameters and splicing
sleeves.

c) A correspondingly large range of
cable jacket/splicing sleeve
adaptors were required.

d) Possible reduction of closure time.

e) Possibility of dispensing with the
jointing jig.

The above points were resolved in the
following manner.

a) Alternative heating arrangements € r
the injection gun

It was realized that the necessity
to provide an electricity supply arnd a
control unit for the gun represented a
complication and cost penalty. Further-
more with the existing heating element
design, at least an hour was required to
heat the initial charge, and even this

was subject to ambient weather conditions

e.g. wind shielding was essential.

An alternative approach was adopted.

This consisted of placing the gun in a
special muffle and heating it with a gas
torch as in Figure 10.
the need for an electricity supply and
control unit would be eliminated and the

Using this method

time required to heat a polyethylene

stick charge reduced. By carefully
observing the temperature of the thermo-
meter embedded in the injection gun
satisfactory performance has been obtained
using this method and the heating time

per charge reduced to 10-15 minutes with
associated cost reductions in time and
egquipment.

b)
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Figure 11

Figure 10 Injection gun heated by gas
torch

Reduction in the number of moulds
reguired

The capital cost of providing a
range of transparent acrylic thermo-
plastics moulds which required
individual machining was appreciable
and contributed significantly to the
high capital cost of the equipment. It
was realized that the provision of a
more flexible mould arrangement was
required which would enable the range
of necessary moulds to be substantially
reduced. Although in the early develop-
ment it was believed that visual
inspection of the operation was essential
for a satisfactory weld, it was soon
realized that operators in fact were
rapidly becoming experienced in the
technique and only rarely inspected the
weld for voids during the cooling period.

Consequently design effort was
concentrated on the introduction of
metal strip moulds (See Figure 11),
incorporating tubular metal stems to
permit connection of the injection gun
or insertion of metal rams as previously
described.

Strip moulds



Figure 12

c)

By increasing the use of paper or
aluminium cape build ups in conjunction
with these strip moulds, which were held
in position with worm drive clips, a
satisfactory mould box was formed (See
Figure 12) and only five sizes of mould
strip were necessary to meet all require-
ments. This new arrangement effected a
substantial reduction in both the cost
and the bulkiness of the splicing equip-
ment.

dse)

(assembled)

Strip moulds

Reduction in required range of adaptors

In order to accomodate the required
range of cable diameters and splicing
sleeves the technique requires the
provision of appropriate polyethylene
adaptors with single and multiple entry
facilities. A reduction in the number
of designs to a minimum was clearly
desirable to reduce tooling and thus
component costs. With this purpose in
mind multiple concentric ring adaptors
were developed.

Figure 13 shows how a number of
combinations of cable and splicing
sleeve diameters could be provided by
one size of adaptor. By suitable
machining of a given size of adaptor
unwanted rings of material could be
removed leaving only the required
combination of diameters. Such adaptors
have been in general use over the past
seven years.
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Figure 13

Figure 14

Multiple concentric ring adaptor

Reduction in time to effect sheath
closure and elimination of splicing
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The original equipment involved the
use of a splicing jig to support the
jacket closure and mould box during the
welding process, and each weld was a
separate operation. In congested man-
holes the splicing jig proved inflexible
and difficult to set up and was clearly
undesirable.

The introduction of the relatively
cheap metal mould strips also enabled
the splicing jig to be eliminated.
Sufficient mould strips could now be
available without cost penalty to
enable all the required moulds to be
fitted prior to commencing the first
polyethylene injection. The moulds
themselves serve to align and secure
the complete closure in position. (See
Figure 14).

Set of moulds assembled on joint



This obviously assisted the
sequential operation of injecting molten
polyethylene into each mould in turn,
since it obviated the need to wait for
the cooling of the mould before setting
up for the next operation. Using this
method the closure time was reduced to
less than an hour when using one
injection gun.

Performance

Some 33,000 splices have now been
installed using the techniques described and
a very low fault rate has been experienced.
The significant faults which have occurred
have been associated with mechanical stresses
and environmental pollutants and in this
context the materials used in the splicing
process together with environmental stress
crack resistance (ESCR) need to be considered.

Materials

Considerable development work has been
expended on polyethylene polymers for cable
jackets over the past few years and low
density high molecular weight polyethylene
with an MFI of 0.13 and possessing good
tensile properties. resistance to cracking
and low brittleness temperature is now
available. Similar polymers with an MFI less
than 0.3 and otherwise compiying with thke
same specification as the cable jacketing
materials are used for the manufacture of
both the splicing sleeves and the adaptors.
The polyethylene stick charges used for the
injectant are however made from a Grade 2.0
MFI homopolymer since as indicated earlier a
material with an MF.I less than 0.8 cannot be
extruded with a hand operated injection gun
without the use of excessive pressure and
unusually high temperatures. The optimum
injectant, jacket and splicing sleeve
material to give the best overall system
performance is considered later.

Weld and Closure Performance

It is clear that a means of establishing
jacket closure performance other than by long
term field assessment is desireble. 1In
addition to the application of guality
assurance specifications to the splicing
materials and components three tests have
been developed for determininag the quality of
the welds and completed closure. One test is
used to confirm that true fusion of the cable
jacket and adaptor to the injectant has
occurred (Weld Test) the second to establish
that the ESCR performance of the weld is
adequate (ESCR Weld Test) and the third to
prove the ESCR performance of the complete
closure is adequate (ESCR Closure Test).

(a) Weld Test

Weld strength is assessed by means
of a peel test. On completion of a
jacket closure several longitudinal
sections of the adaptor to jacket weld
are taken “rom around the cable weld
circumference as Figure 1l5a.

———&

(b)

Figure 1l5a Peel strength sample - before

test

The acdjacent jacket and adaptor ends
of the sample are gripped between jaws
and tension applied until the sample
breaks. (As shown in Figure 15b).

Figure 15b Peel strength sample - broken

Failure should occur in the cable
jacket or adaptor material, not in the
weld area and should not be of a brittle
nature.

A similar test can be applied to
the adaptor to sleeve weld or the sleeve
weld on a divided sleeve.

ESCR Weld Test

The sample is prepared as previously
described and bent into a 'U' shape of
radius approximately 6 mm, the ends of
the 'U' being tied together. The sample
is immersed in Shell Teepol GD53 conta&n-
ing 40% solids, at a temperature of 50 C
for a period of 5 days as Figure 16. No
failure of the weld should be observed.

Tied ‘U’
Teepol

Figure 16 sample in beaker of



(c)

ESCR Closure Test

The cable ends should be bent to a
diameter of 12D, (where D is the overall
diameter of the cable jacket) and tied
together. The complete sample should
then be immersed in Teepol GD53 as
previously specified at 50 C for a
period of 5 days during which period no
fracture of the closure or jacket should
occur, (see Figure 17). This test is
considered extremely severe and much
more onerous than the stress likely to
be experienced by the cable or closure
during its normal life expectancy.

N

/

Teepol GD52

Figure 17 Bent splice immersed in Teepol

The latest form of ESCR test
provides a quicker method of determining
the performance of materials used for
the splice than the closure test
described above.

Figure 18 shows the test rig which
provides a combination peel and tensile
test in a stress cracking environment,
simulating the compound stress produced
by a closure test. It consists of a
number of tanks contaiging Teepol GD53
at a temperature of 50°C, which are
indirectly heated by water, each tank

Figure 18 ESCR test rig

accommodating up to 8 strain jigs hold-
ing one sample each. These strain jigs
consist of a frame which houses two
pairs of jaws, one fixed and one adjust-
able, into which one of the 6 equal
segments of a weld section is placed and
tensioned. A micro switch is used to
sense failure of a specimen, which is
recorded in terms of minutes on an
impulse recorder.

Many tests have been conuucted using
this method and table I indicates the
improvements in performance which can be
expected using EVA co-polymer jacketing
materials compared with homopolymers.

Discussion of Test Results

It will be appreciated that the tests
enumerated are extremely severe and hence
should give a reliable indication of any
inherent weaknesses of the system together
with a performance rating. In fact the
injection welding technique described enables
these tests to be met using a preferred
combination of injectant, splice and jacket
materials whereas it has been found that
techniques which merely depend on melting of
the components to be spliced, without any
displacement of the component materials, are
unable to pass even the peel test. Similarly
an unsuitable combination of materials for
the system components will result in failure
to meet these tests.

A further indication of the severity of
the ESCR closure test is indicated by the
fact that although the field performance of
the sleeve adaptor system has been very
satisfactory the time to failure in relation
to the table is shown to be the lowest.

As might have been expected, step
diameter changes in the splice profile give
rise to points of appreciable stress and some
failures were experienced in the early stages.
Vulnerable points are the adaptor jacket weld
edges, the wall thickness of the adaptor and
diameter step on the adaptor. By increasing
thickness margins and adjusting profiles
improved performance has been obtained. How-
ever further development work has been carried
out with a view to increasing safety margins
and reducing the cost of the technigue even
further and these are outlined below.

Modification to Weld Profile

When a completed closure is subject to
the ESCR test already described, the point of
maximum stress is the outer edge of the
adaptor jacket weld as shown on Figure 19a.
Unfortunately this tends to be a weak point
because the polyethylene in this area has
become more highly crystalline and more
brittle, due to the fact that the injectant
is allowed to cool naturally as opposed to
quench cooled. The area so affected is within
3-4 mm of the weld itself. When the weld is
made a naturally formed integral collar is
produced at each side of the weld over a
distance of approximately 0.75 mm. It was
apparent that by increasing the length of this
collar the applied stress could be removed
from the crystalline area. This is achieved
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by applying a heat resisting tape such as
mylar, over the cable jacket in this region
and extending this natural collar in the weld
over it (See Figure 19b). No weld occurs to
that portion of the jacket covered by the

tape but in effect it provides a close fitting
supporting polyethylene collar which transfers
the point of maximum stress away from the
immediate weld area.

Annealed Area

Point of Maximum

Stress

Figure 19a Weld profile showing maximum

stress point within annealed area
of weld

Annealed Area

-

Mylar Tape

b

b -

Point of Maximum Stress

Figure 19b Weld profile showing maximum
stress point outside annealed area
of weld

This procedure effectively increased the
time to failure on the ESCR closure test as
far as splices on small diameter cables were
concerned but was only marginally effective
on the larger cable diameters.

Development of Cone Ended Sleeve

Although the sleeve acdaptor system has
proved very successful, the need to achieve
the best possible ESCR performance together
with further cost reductions, has led to the
consideration of those aspects of the
technique where these parameters might be
improved.

Some consideration was given to the
reduction of inherent stress in the splicing
components, and to see whether changes in the
splicing sleeve or adaptor profile would be
beneficial. It was further noted that in the
current adaptor design the diameter steps
preclude minimizing the weld volume, where
the cable does not exactly fit the nearest
adaptor diameter. Similarly the use of a
sleeve and adaptors implies a four weld
system, whereas if the adaptor facility could
be combined with the main splicing sleeve a
three weld system would result with an
inherently increased reliability.

These considerations have led toc the
development of a cone ended splicing sleeve,
manufactured by a rotational moulding process,
which results in an essentially stress free

sleeve using Grade 2 MFI compound. Although
the use of a rotational moulding process
necessitates the use of Grade 2.0 or higher
MFI materials with consequent reduction in
ESCR performance this is offset by the nature
of the manufacturing process and by using
compounded materials (See Figure 20). This
splicing sleeve has no sharp diameter steps,
eliminates the need for adaptors and can be
trimmed to fit the cable diameter precisely
thus avoiding the need for internal jacket to
sleeve tape barriers and resulting in a weld
of consistent size and optimized dimensions.
The improved ESCR performance obtained with
these splicing sleeves is shown in Table I.

Cone ended splicing sleeves

Figure 20

Cone ended splicing sleeves have been in
general use since 1972 and a full range of
single and multiple entry splicing sleeves up
to 174 mm diameter is available. To date some
8,000 splices have been installed with very
satisfactory results. Figure 21 shows a
typical jointing installation using these
sleeves.

Cone ended sleeve splice
installation

Figure 21
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Cable Design Alternatives to
Reduce Steam Related Failures

General

A number of sheath and insulating
materials have better high temperature
properties than pulp and polyethylene, but
high temperature performance is not the
only significant factor in developing a
steam resistant cable. Other points to be
considered include (1) material cost and
availability, (2) compatibility of designs
with existing manufacturing equipment,
(3) efficient use of duct space, and
(4) compatibility with installation and
maintenance procedures.

Sheath Materials

One solution to the high tem-
perature polyethylene sheath cracking
problem is to return to a lead sheath.

But compared with stalpeth, lead sheath
increases the cable cost about 20% and
nearly doubles the cable weight. Lead's
bend and friction characteristics also
serve to increase the force needed to pull
the cable into ducts; this sometimes
necessitates smaller diameter cables
(reduced pair counts) and/or shorter reel
lengths (more splices). However, the main
disadvantage to the lead sheath is its
susceptibility to corrosion. Thus in
cities with both steam and corrosion pro-
blems, the lead sheath alternative only
gives the Outside Plant Engineer an option
of how sheath failures will occur, it will
not solve his problem.

Polybutylene, a plastic which has
exceptional resistance to environmental
stress-cracking and superior high tempera-
ture performance, has also been suggested
to replace the polyethylene jacket.
Polybutylene can be processed on existing
equipment, and its long term hoop stress
resistance at 150°F is compared with tha
of low density polyethylene in Figure 1.

2000+
1500+
4
2
g 1000
§

%i i0 0 100 T900 ~ [idpo0 100000
MONTH YEAR
FAILURE TIME, HOURS
FIGURE |

LONG TERM HOOP STRESS RESISTANCE 150°F

Samples of polybutylene-jacketed
and polyethylene-jacketed cables have been
tested under various conditions and
typical results are shown in Table 1.

TABLE 1

H;gh Temperature Sheath Tests
Straight, Pressurized Sections -

10-20 psi
Failed within Surviving
2 days After a Year
Polybutylene
Jacket 248°F 230°F
Polyethylene
Jacket 185°F 170°F

The polybutylene jacket is still
withstanding 230°F under 20 psi after 12
months. As mentioned earlier, polyethylene
jacketed cables at 185°F and 9 psi failed
in 3 days; this is in line with polyethy-
lene's accepted temperature limit of 170°F.
Thus 45°F to 60°F improvement in jacket
protection is indicated. It is estimated
that the polybutylene jacket will withstand
212°F for 20 years.

The handling characteristics of
polybutylene and polyethylene jacketed
cables differ at low temperatures. Samples
7' long and 2.8" in diameter were bent at
temperatures ranging from 0°F to 75°F. The
efforts required to bend the cables were
similar, but both materials stiffened at
low temperatures to the extent that at 0°F
it took twice as much force to bend the
samples around a wheel with a 13" radius as
it took at 75°F. However, the rolybutylene
cracked when sharply bent at low tempera-
tures. As shown in Figure 2, a "free" bend
at 20°F to about a 4" radius of curvature
caused some polybutylene samples to crack;
at 0°F a free bend to about a 10" radius
caused samples to fail. No polyethylene
jacketed cables cracked during these tests.

FIGURE 2

STEAMPETH SHEATH SAMPLE THAT CRACKED
DURING A 4" RADIUS BEND

Polybutylene jacket will not
crack if the bending operation is per formed
above 32°F and then subjected to cold tem-
peratnwres. However, an investigation is
underway to find a grade of polybutylene
having better low temperature bending
properties and with good high tempera-
ture per-formance.



Insulating Materials

To prevent cable failures related
to pulp insulation, a different material is
required. It should not absorb or give off
moisture, and it should withstand high tem-
peratures for a long period of time. The
material's cost and dielectric constant are
also of prime importance.

Dupont's Teflon FEP-Fluorocarbon Resin is
nonhydroscopic and will withstand high
temperatures for extended periods. It has
an attractively low dielectric constant of
2 but the material and insulating costs
would be prohibitive.

Fortunately, other less expen-
sive plastics, polypropylene, low and high
density polyethylene, are available which
will solve the low insulation resistance
problems. Of these plastics, polypropylene
has the best high temperature properties,
and oxygen uptake tests indicate that it can
be made to withstand 212°F for 5 years.
Because of its high-temperature longevity,
low price, low dielectric constant, and
processability, well stabilized polypropylene
is the current choice of insulating materials
for steam exposed cables.

Recommendation for a Steam Resistant Cable

A cable with well stabilized
polypropylene insulated conductors and poly-
butylene-jacketed sheath is recommended to
reduce high temperature steam related cable
failures. This design is referred to as
©IC STEAMPETH cable.

PIC STEAMPETH Cable

Cable Construction
Figure 3 summarizes the PIC
STEAMPETH cable design:

Polypropylene
Insulated

Soldered
Steel Alumint ..

S

FIGURE 3

Polybutylene

Jocket \
”’"’I/f/./// Qs

Wrap

PIC STEAMPETH CABLE

The STEAMPETH sheath is similar
to stalpeth; it has a corrugated aluminum
shield, a soldered steel barrier, and a
plastic jacket. Of course, the plastic
jacket for STEAMPETH is polybutylene and
not low density polyethylene. The steel is
coated with a flooding compound to prevent
corrosion and water flow in case of sheath
cracking. “STEAMPETH" is printed on the
jacket to distinguish it from other plas-
tic sheaths.

PIC STEAMPETH cables follow the
standard PIC color-code except the multiunit
binder colors follow a scheme like Bell Sys-
tem pulp cables to prevent crossover splices.

The cable consists of 100 pair multiunits and

25 pair primary units. For identification

within a multiunit, each of the 4 primary
units has a different binder; these binders
are blue-white, orange-white, green-white,
and brown-white as shown below. Pairs with-
in each 25 pair primary unit follow the
standard PIC color code.

Primary Binder Color

Pair Count
Within Multiunit

7/ 7~ ."\
B-w G-w |
A\ 76-100 51-75 /
.—/ -
.\\\ -'__
FIGURE 4

Each multiunit has a two color
binder. One color, alternately yellow and
black, is used to identify all the multi-
units in a layer; the segquence starts with
yellow on the outside layer. One multi-
unit in each layer has green as the second
binder color, and this is the marker unit
for the layer. These green units are placed
over each other, and each one is flanked
alternately by red and blue bound multi-
units until each desired layer component is
reached. The 1800 and 2700 pair cores are
shown below:

2700 Pair Coble

FIGURE 5
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in the cable did not
of spare pairs. How-
due to large amounts

the amount of water
require the heating
ever, in the fourth
of water and to low temperatures during

the restoration process, raising the cable
core temperature by heating several pairs
was necessary.

Although the water removal
technique is capable in restoring completely
waterlogged cables, it is believed that
cables completely filled with water will
not be typical; gas pressurization and
water sensors should keep the amount of
water entering a cable to a minimum.
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