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METAL CLAD ARAMID FIBERS FOR AEROSPACE WIRE AND CABLE

Edward W. Tokarsky, Michael G. Dunham, James E. Hunt,
E. David Santoleri, and David B. Allen
DuPont Company
Wilmington, Delaware

Abstract

High strength, light weight metal clad aramid fibers can
provide significant weight savings when used to replace
conventional metal wire in aerospace cable. This paper
provides an overview of metal clad aramid fiber materials
and information on performance and use in braided
electrical shielding and signal conductor.

Background

ARACON* combines DuPont para-aramid fiber
technology with metal claddings...

(" Para-aramid Fiber )
High Strength

Modulus Similar to Metals
Low Density

Fine Diameter

Thermal Stability

 Dimesions! Skt 3 Mietals

Thermal Conductivity

\ .

light, strong, durable
conductors

* ARACON is a tradename of a product manufactured by the DuPont Company. Trade names or
manufacturers’names are used in this report for identification only. This usage does not constitute an
official endorsement, either expressed or implied, by the National Aeronautics and Space Administration.
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Base P-aramid Fiber Properties

Nominal
Tensile Strength 425 Ksi
Tensile Modulus 12 - 25 Msi
Elongation 3% - 4%
Specific Gravity 14
Filament Diameter 0.6 mil
Decompoasition Temperature 500°C

Comparison of Specific Gravities

85% wetal

Material Specific Gravity
Copper 89
Nickel 89
Tin 73
Silver 105
Aluminum 27
ARACON

65% metal 3.1
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Product Offering

Properties Base Yarn vs. Copper
Individuai Fiber Diameter 0.6 mil _—

(~ 54 AWG)
Fiber Tensile Strength, Ksi 350 min. 35-95

Fiber Tensile Modulus, Msi 12 min. —

Key Benefits of ARACON
Over Traditional Copper
Conductors Include:

* Weight savings

e Strength and durability
 Flexibility

 Tailored electrical/

mechanical property
balance
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Component Weight/1,000 it

Weight Savings Potential for Cables
(Variety of Aerospace Cable Types)
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Cable Designation

Concept

Replace Wire in
Shield and/or Conductor with
Metal Clad Aramid Fiber
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Product Types

ARACON™ No. of Filaments
Size {No. of Conductors) Apprx. AWG
55 24 38
200 89 32
400 178 30
600 267 28
1125 500 26
Metallic clads available: Nickel

Copper

Tin

Silver

Range of metal cladding possible: 15 wt% to 90 wt%
Major interest to date in 65% to 85% metal content

Most Experience to Date in Braided Shielding

Shielding
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Copper Wire Braid

e

ARACON offers greater coverage in
shielding applications without impairing

pushback capability.
e Large number of flexible,
fine diameter conductors
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Twisted Pair Cable Comparison

Cable Component Weights
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Case Study — Shielding
Coaxial Cable Comparison

At very high (GHz) frequencies, ARACON can
improve shielding and reduce weight.

Shislding Eifecti 8
% wi/it 2-46H2 16- 18 GHz

Single Braid

RG58 100 57 52

RG58 ARACON ™ 68 8s

Double Brai?

RG222 100 bl 107

RG223 anacON 72 124 110
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Braid Resistance Before and After
10K amps Lightning Strike Tests

Resistance
Resistance  After Six
After Six Additiona!
initial Strikes, Strikes,
Cable Shield Cable Resistance Waveform 1* Waveform 5SE**

Number Description  Dia. (in) (nOhm/m) nghnIu[ (mOhm/m)
1 Control - Wire 040 % 3
2 Control - Wire 0.68 L70 1.70 1.50

5 ARACON 040 12.00 12.50 11.00
0% - 85%
CuwNi
» ARACON 0.63 46.50 44.00 42.50
70% - 85%
Co/Ni
7 ARACON 040 8050 68.00 §7.50
50% - 9%
Cu/Ni/Sn
8 ARACON 0.68 30.00 30.00 30.50
50% - 69%
~Cu/Ni/Sa
9 ARACON 0.40 11.50 10.50 10.20
70% - 85%
Cu/Ni/Sn
10 ARACON 0.68 14.00 14.50 14.50
70% - 85%
Cuw/Ni/Sn

*Comsmercial aireraft test wavelorm
**Military aircraft test waveform

Minimal effect of lightning strike, variations depend on
metal content and diameter.

Conductor
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Nominal Diameter, mils

ARACON Linear Weilht vs. % Metal

200d Base Product
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* ARACON

offers an opportvaity to

provide lightweight conductors with the
ability to separately tailor weight, strength
and electrical properties.

Comparison of Diameters
Std. Stranded AWG vs. Aracon
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ARACON _Resistivity vs. Metal Conient
Estimated Values

Resistance, Ohm/K ft

Wit% of Metal

ARACON resistivity can be tailored
to mee: design requirements.

Preliminary Typicai Properties Comparison

e
Resistancs Wt Break
Dis. Max Max.
AWG  Muterial {mil) Constraction  Type (Obms/M) (IVM ) (D)
2 {Ccan 23.0-23.7 1930 Lailay 236 1.oF iX
N8 23.46-248 19/36 Lty 64 1.5% 4
TS84 23.6-24.% 1934 Lnilay 359 1.82 RE
CudNe 234250 136 Unilyy 232 151 13
ARSLON AL JS0AT-B0 Lalliy 170305 G756 RR-60
SRACON 23.2% F{23dR4-88  Lnilay  HOTC 0824047 4445
ARACON 23.22 $40d90-92 Tnilay 9513 G,62.0.78 L3S
26 Cu/Ag 184-190 1938 Usdlsay 373 0932 9
CS-93 183-200 1%38 Usilsy 574 0973 218
CS-95/Ag 188200 1938 Unllay 56.4 09562 215
CeNi 184-192 1938 Usilsy 41 (K7, ] 9

ARACON 18520 11254/50-70 Usilay  400-1200 0.18-028 40-4S
ARACON' 18.5-20 §404/30-34  Unilsy 210-300 031039 335
ARACON 13520 400d493-95  Unllsy 120160 03906 1613

o /Ay 140149 19:44) Vaitay 63,4 1.582 X
898 144-15.6 1940 Laway 97 0.5 127
C345ag 14156 194 Uiy 944 0599 127
CuNi 144184 9% Lnilay A7TH 0003 X

ARACON 14155 ANd/XS-XY 1 nilay 19k 240 1.2-0.27 1h-18

n Culay 120130 1742 Con v, ! 4,404 3
(s-08 119130 1942 Cun 152 092 8.2
[ B NTS 119130 19/42 Con 3R vy 8.2
Cu/N 11X-14.0 19/42 Cou 1] (172 %
ARACON 12-14 &¥id12.KE Lnlay - Tuh 011402 16-18
ARALON 12-14 SO0OUN2.95 Unilay 2urar 0I%03  TH

1) Cuilyg 9.0-906 Tt Cun 106 0224 <
N8 9.4-10.8 1934 o 82 V.28 L1
CNO8A g v.4-108 19/¢d Con 24 0.20 5.
Cu™Ng 9.0-98 hZ2TH Can ks 0.2 2
ARAUON 41038 288 Latkey OO0 1M Q07052 T8
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Conductance vs. Strength

1
V1,000 ft « 1b/1,000 ft
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Strength (Break St:-en )

Terminatio: Performance

Braided Shield

Soldered:
* Good results from Raychem solder sleeve connection.
* Other soldered connections — no problems.

Crimped:
¢ Excellent results from band-type connecturs made by
Glenair, Inc.

Conductor
Crimped:
¢ Preliminary data from Daniels Mig. Corp. skowed
consistent pull-out strengths with 22 I) contacis with
high setting on crimping tool.

Soldered:
¢ Data not yet complete, 10 problems anticipated.

Experience to date shows that ARACON can be
terminated utilizing present industry procedures.

207

R



e

Conductor Crimped Termination
400d Based ARACON

Polished Cross Sections
Low and High Magnifications

ARACON Crimp Test Resuits

Daniels Manufacturing Corporation
ARACON Yarn Sizes

* 200d, 400d
Contacts
¢ Wire Barrel Size — 22D
* M39029/57-354
¢ Tri-Star Electronics
Tooling
¢ Tool Frame M22520/2-01
¢ Positioner M22529/2-06
Results
Number
Number Broken
Number _Breskload(lb) Numbar Broken Outside
Denior of Tests Low High Avj. of Pullouts at Crimp Crimp
200 45 37 70 52 0 6 39 (87%)
(232 AWG)
400 50 72 123 92 8 0 42 (84%)
(=30 AWG)
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Daniels Manufacturing Corporation

Conclusions

¢« ARACON fibers are crimpable and
void-free terminaticas are achievable.

e Strength of crimp is comparable to copoer
conductors of similar diameter, but with a
far greater strength-to-weight ratio.

* ARACON compresses and becomes more dense
on crimping, whereas metal extrudes from the
crimp joint.

* ARACON s likely to be less sensitive to
flex damage.

* There is no evidence of work hardening
as with copper.

Safety/Handling/Disposal

* Three-day test during braiding, rewinding for
respirables; better than OSHA and DuPont
permissible exposure levels.

* Safe to bury or incinerate.

» MSDS sheets available.
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ARACON Disposal
Recommendation

* Safe to bury.
- P-aramid is not listed as hazardous waste by RCRA.
- No new hazards for metallic components.

¢ Incineration OK where allowed for cable.
- P-aramid can be incinerated.
> High carbon yield, low smoke.
> Off-gases similar to wool.

« Recyclability?

- No defined route at this time.
- Will consider after commercialization.

We do not believe ARACON to be
a worse hazard than current cable disposal.

Summary and Conclusions

ARACON -- New technology for
conductors and shielding in signal cable.

¢ Features:
* Greater strength
* Reduced =eight
* Better flexibility
* Wide temperature capability
« Tailored electrical properties
» High braid coverage with pushback
» Cables can be made with present equipment
 Terminates with existing tools

o Trial test results — better than anticipated
pluc added benefits observed.

¢ Willing to work with you on new trial installations.
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