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Technology Transfer

For further information ondtheé technology and
licensing the patents contact:

Lewis Parrish, Techriélogy. Trafsfer, NASA/KSC
Eewis.M/Parrishi@nasa.gov
321-867-5033
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Background

STS-93 (July 1999)
e Short circuit in 14 AWG polyimide insulated'wire

TWA 800 (July 1996)

* Frayed polyimide wire in center tank area

SwissAir 111 (September 1998)

e Damaged wire in plane’s éfitértalnment system

AS-204 (Apollo.1, Januarys2967]

* Electricalaireshort
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Background

e KSC’s objective — to develop a smart wiring system that

contains:

e A that detects andlocates an electrical compromise

e A that will re-direct eleetrical signals or power to spare
conductors when damage_is-detectéd

e A thatiinifiates self-healing of damaged wir€ insulation

e A that repairs damage to.electrical wire insulation
when the dafage is too large'to self-hedl

KSC seientists and engineers Have been developing novel
wiringtechrelogies formoare than a decade, focusing on
advaneingithe technologies needed for the development of
a truly smart wiring system, with diagnostic and prognostic
capabilities
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Damage Detection

In-line time domain reflectometer
(TDR) with the capability to detect
open, short, and intermittent
faults in either powered or
unpowered cables

Prototype unit — 6” X 1.5”, 200
grams (including connectors)
Design incorporates over 8100
logical gate€srand-was designed
baséd on-3 field programmaldle
gatearray.

Currentyprototype provides the
capability.to evaluate up to 16
wires in'd cable bundle in a single
scan, while acquiring failure
information in real-time.
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Damage Detection

Online Mode

Utilized custom test-box with
a visual light emitting diode
(LED) indicator

LED was powered by a power
source applied to the cable
under test

Breaks or shortsiin the cable
under testrwotldsCatise a loss
of power tasl.ED

Wire was‘tdamaged at 28 feet e
— collected*data tndicated ]

damage at30.feet
POC — P. Medelius DS Length (Feet)

WP2 Basline
Differential

Relative’Amplitude

WP2 Short
Differential
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Re-Routing

Master and Slave Units

Master unit consists of a pulse generator,
a multiplexer, a switch matrix, and a
detector circuit

The slave unit monitors the wire and ence
it receives the signal, it routes’itback to
the master unit thcough a cGmmunication
wire

Pulse generat@rpraogides a step pulse 16
multipléxérawhichdhen routgs to’one.of8
wires, followedsby,propagation.of thé
signal throtighkselected wire to-slave
circuit, whichireceives the signal and
routes back:t6 master unit

Current implementation of the hardware
can monitor up to 8 wires
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Re-Routing

Laboratory testing has demonstrated

the capability of autonomously re-

routing a faulty wire to an alternate

path thus re-establishing the integrity

of the failed circuit

Laboratory testing also demonstrated

that the circuitry was capable.of religbly

determining the onset of faildre and

quickly switchingthe*ailed circuit.té

spare conducters

Futurer/development.efforts will focus

on the uSe of MBIMS switches for - Coom Reeic
increased'reliability, greater current
capacity, wider. voltage range, and

reduced size

POC — M. Lewis

2y, amdy
ans amiyg
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Self-Healing Wire Insulation

Wiring failures are the #1 issue for
aerospace vehicles and aircraft
There are currently no commercially
available self-healing wire insulation
materials

Can utilize microencapsulation
technologies, flowable material
systems, and combinations'théreof
Goal is to praduce high-performante
self-healingavire ifhsulation with
healed/ performanice equivalent to
undamagedyWire

Self-healing Wire insulation is
expectedtoreduce life-cycle costs,
safety requirements, and increase
mission reliability
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Self-Healing Wire Insulation

Microencapsulation of healants for
self-healing damages — optimized
for efficient delivery of healants,
thermal, electrical, and chemical
stability

Self-sealing — utilizes novel low-
melting polyimide chemistry
developed at KSC

Systems can bé@litiliZed individually
or togethér £as.stahd-alone
materials’orfaminates

Self-hedling haSibéen
demonstratéd'in a laboratory
environment but has not beén
scaled-up to produce usable
quantities for production

POC — M. Williams
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Manual Repair

One of the major limitations of current
spacecraft wire insulation is that it tends
to crack and fray as it ages

Current repair methods used include-a
tape-wrap repair and a heat shsink repair
These methods have seweraldrawbacks,
including susceptibility te vibrafion.or
other mechahical stresses

KSC’s goal™was te,producefa manudl
repair techinology the providéd ahighly
flexible, high“performance répairithat
perfarmed, as well as the undamaged
wire

Suppleménts self-healing technology
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Manual Repair

e Evaluation — Thermal, voltage
withstand, electrical, flammability,
mechanical slip testing, t-peel
testing, solvent resistance, and life
cycle evaluation
Repair materials developed-are-low-
melting siloxane-containing
polyimides
Optimized*repatkprocess 10 allow
repairsae be performed using eithér
a custom fabticated or DOD
approvedheatingtool
Repairyprocess takes between 5-20
minutes
POC-T. Gibson

5/15/2014




Overview

Technology Transfer Opportunities
Background

KSC Wiring Technologies

— Damage Detection

— Re-Routing

— SelfrHeatmgWire Ihsulation
— MahualRepair

Conclusions

5/15/2014




In-Situ Wire Damage Detection

Integration of smart wiring
technologies — damage detection,
self-repair, re-routing, and manual
repair

Damage detection utilizes a new wire
construction with a-damage-detection
layer and TDR

Detection lajer-can be applied via
spraying, Sputtering, dip céating, of
wrapping

Multiple pretatype wire constructions
fabricatedy utilizing a variety.of
condugetive materials
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In-Situ Wire Damage Detection

Integrated damage detection (TDR)
and re-routing system developed and
evaluated as part of dust tolerant
connector project (cable diagnostics
system)

Cable diagnostics systems evaltated
under a wide variety of test
conditions Z@pen, short, pdirs of
opens‘and’shorts, etc.

New, Wwipe tonstructions gvaldated
using'tabowatory TDR and SWR

Both réfleetometry methods.detected
damage to detection layer — potential
issues with connection to detection
layer

POC — M. Lewis & T. Gibson
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Conclusions

KSC has made significant progress in @dvancing technologies
needed for development of a smart wiring system

The technologies developed-have been patented and.are
available for technology transter

KSC continues to;advahce-the technalegiesand seek partners
to continue dévelopment éfforts
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Patents

US 8,593,153 B2 — Method of Fault Detection and
Rerouting

US 8,623,253 B2 — Low-Melt-Poly{amic acids) and
Polyimides and Their Uses

US 2011/0210749 A1 =1n=Situ Wire PamageDetettion
System

US 2012/0321828 Al =Sélf<Healing Polymer Materials for
Wire-Insulation;Polyimidées, £latSurfaces, and Inflatable
Structures

13/915,40%7 % Low-Melt Poly(amic acids) and Polyimides
and Their'Uses (Continuation in Part)

14/207,472 — Fluid/Electrical Connector Dust Mitigation
Rotating Cap
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