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(57) Abstract: A network system for monitoring and storing data of aircraft intelligent windows or windshields to provide useable
life of, provide real life performance of, and/or measure characteristics and/or properties of, the windshields forwards the data from
sensors mounting the windshield to a window sensing hub having a microprocessor programed to receive and process the data to de-
termine the performance of the windshield and formatting the data in accordance to a preset program, wherein the program includes
providing data from the sensors that measures characteristics and properties of the windshield that are active during the period in
which the data is taken. An aircraft central maintenance system connected to the window sensing hub receives the formatted inform -
ation from the window sensing hub and unfiltered or unformatted information, wherein the unfiltered information from the wind-
shield is acted on by the central maintenance system to provide an estimated useable life of the windshield.
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AERQSPACE INTELLIGENT WINDOW SYSTEM

RELATED APPLICATION

10001} This application claims the benefit of the filing date of United States
Provisional Application Serial Number 61/878,315 filed on August 1, 2012 in the
names of Yu Jiao, Nicolas Duarte and Monroe A. Stone for an "Aerospace Intelligent
Window System”. Application Serial Number 61/678,315 In its entirety is hereby

incorperated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

I6002] This invention relates to an asrospace intelligent window system that
includes performance data of one or more currently mounted windows in an ajroraft
{present performance data}, and performance data of one or more previously
mounted windows in the same alreraft and/or other airorafls (past performances data)
wherein the present andfor past performance data is used o determing life

axpactance of the one or more currently mounted windows.

2. Presently Avallable Technology

{6003} The present technology relating to sensors for aircraft windows, e.g. an
gircraft windshield provides for mounting one or morg sensors on an aireraft window
and connecting the sensor oulput to 3 monitoring system mounted on the aireraft {o
provide instant performance datla of selectad properties or characteristics of the
window. For a detailed discussion of sensors monitoring performance of selected
properties and/or characteristics of aircrafl windows reference is directed to ULS.
FPatent Application Publication Nos. 2010/0183875 AT, and 2013/075,5831A1. The
sensors, e.g. an impact sensor, a rupturs sensor, an are sensor, a temperature
sensor andior a moisture sensor, mounted on the aircraft window provide information
relating to the performance of the window o determine if the performance is
operating within accepiable imits. When the window performance is outside of
acceptable limits, the window is repaired or replaced, ¢.g. as disclosed in US.
Patent No 8,155,816 B2. U.5. Patent No. 8,155,816 B2, and ULS. Patent Application
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Publication Nos. 2010/0163675 A1 and 2013/075,531A1 in their entirety are hereby

incorporated by refersnce.

{00041 Although the present system to monitor performance of an aircraft
window is acceptable, there are limitations. More particularly, one limitation of the
prasently available systems is that the data from the sensors provide information
regarding actual performance of the aircraft window, e.g. but not limited to an aircraft
windshield but little, f any, information regarding the useable life or life expectancy of
the aircraft window. Another limitation of the present system is thattha dala is
oresented as information for sach aireraft window as a separate unit, and the
interaction between aircraft windows is not fully taken into account. As can now be
appreciated by those skilled in the art, # would be advantageocus to consider
interconneact culput of the sensors of aircraft windows mounisd in the body of an
alrplane {o form a network of windows.  In this manner the performance of the
natwork of windows can be monftored, and the present and past performancs of the
network of windows of the aircraft can be considered to determine useable life or life
axpectance of the windows of the network of windows and determine if the window
failure is g result of the window construction or an indication that a portion of the
aircraft body andfor the window mount surrounding the aircraft window Is causing the

window {o perform outside of an acceptable rangs.

SUMMARY OF THE INVENTION

[0008) This invention relates o a network system for monitoring and storing
performance data of a fransparency {o provide sstimated useabls iife of the
transparency andfor 1o provide real life performance of the transparency. The
transparency includes but is not limited {o a transparent shast having a sensor group
sacurad on a surface of the shest to measure predetermined characteristics andfor
properties of the fransparency, wherein the sensor group includes, but is not limited
o at least one senser selected from the family of sensors including, but not limited o
an arc sensor for measuring arcing of an slectrically heatable member mounted on a
surface of the transparent sheet, hereinafter referred to as an "are sensor”; a heat
sensor for measuring temperature of the heatable member, hereinafter referred to as
a "heat sensor”; a moisture sensor for measuring moisture content on a surface of

the transparent sheet, heresinafter referred {0 as a “moisture sensor”’; an impact
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sensor for measuring force of impact of objects hitling a surface of the transparent
sheet, herginafter referred (o 85 an “impact gensor”, and a sensor for identifyving
fractures in and/or on the transparsent sheet, hereinafter referred to as a "¢rack

sensor’,

[00086] The network system Includes, but is not limited {o a window sensing
hub comprising a2 microprocessor o receive output of the sensor group of each of
the transparencies, wheregin the microprocessor is programed {o receive data from
the sensor group of the transparency providing information on the performance of
the property and characteristic of the transparency associated with the sensor group
and formatiing the recsived data in accordance (o a press! program, wherein the
program includes at least providing data from the sensor group of the transparent
shaet that measure characteristics and properties of the transparency that are active
during the pericd in which the dala taken Is of interest, and a ceniral mainisnance
system connected {o the window sensing hub o receive the formatisd information
from the window sensing hub and unfiltered information, wherein the unifiltered
information from the transparent sheet is acted on by the central maintenance

system to provide an estimated useable life of the ransparency.

{0007] This invantion further relates to a transparency network inspecton
system, including, but not limited to a plurality of ransparencies, each transparancy
comprising a pair of sheets laminaied together and a sensor group to measure
predetermined characteristics andfor properties of the transparency, wherein the
Sensor group comprises at least one sensor selected from the family of sensors
comprising an arc sensor for measuring arcing of an slecirically heatable member; a
heat sensor for measuring temperature of the heatable membaer; a molsture sensor
for measuring moisture content between the sheels of the transparency, an impadt
sensor for measuring force of impact of objects hitting outer surface of the
transparency, and a fracture sensor for identifying fractures in a sheet of the
fransparency, and a ceniral monitoring system comprising a microprocessor (o
recelve output of the sensor group of each of the fransparencies, wherein the
microprocessor is programed o recsive data from the sensor group of each
fransparency providing information on the performance of the property and
chargcteristic of the transparency associated with the sensor group and formatting

the received data in accordance to 2 praset program, whersin the program includes

-3-
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at lnast providing data from sensors that measure characleristics and properties of
the fransparency that are active during the period in which the data taken is of
interest, and to act on the formatied information and unfitered information to provide

an estimated useaable life of the transparency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is an isometric view of an aireraft that can be used in the praclice

of the invention.

80608} Fig. 2 is a cross sectional view of a non-limiting ambaodiment of an

afroraft intslligent window used in the practice of the invention.

0040} Fig. 3 is a non-limiting embodiment of a schematic of a network of

gireraft intelligent windows of the invention.

10011} Fig. 4 is another non-imiting embodiment of a schematic of a network

of alrcraft intslligent windows of the invention.

8613} Fig. 5 is still another non-limiting embodiment of a schematicofa

naetwork of aireraft intelligent windows of the invention.

f0013] Fig. 8 is a schemalic of a system of the invention for monitoring the
output signals of sensors or detectors of the airoraft intelligent windows In

accordance to the teachings of the invention,

10014 Fig. 7 is a schematic of a system for scheduling repairs to, or

replacements of, airoraft intelligent windows that are performing oulside of

accaptable limits,

DETAILED DESCRIPTION OF THE INVENTION

[0018] As used herein, spatial or directional {erms, such as "left’, right®,
“nnert, "outer”, "sbove”, "below”, and the like, relate to the invention as it is shown in
the drawing figures. However, it is to be undersiood that the invention can assume
various allernative orientations and, accordingly, such terms are not to be
considered as limiting. Further, as used hersin, all numbers exprassing dimensions,
physical characteristics, processing parameters, guantities of ingredients, reaction

conditions, and the like, used in the specification and claims are to be understood as
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being modified in all instances by the term "aboutl”. Accordingly, unless indicated to
the contrary, the numerical values set forth in the following specification and claims
can vary depending upon the desired properties sought to be oblained by the
present invention. At the very least, and not as an attempt to Himit the application of
the doctrine of equivalents o the scope of the claims, each numerical value should
at least be construed in light of the number of reported significant digits and by
applying ordinary rounding technigues. Moreover, all ranges disciosed hersin are o
be understood o encompass the beginning and ending range values and any and all
subranges subsumed therein. For example, a stated range of ™1 to 18" should be
considerad to include any and all subranges bstween {and inclusive of) the minimum
value of 1 and the madmurm value of 10; that is, all subrangas baginning with a
minimum valus of 1 or more and ending with a maximum value of 10 orless, e.g., 1
{0 3.3,4.7t0 7.5, 5.5 {0 10, and the like. Further, as used hersin, the terms "formed
over' “applies over”, "deposited over”, or "provided over” mean formed, applied,
deposited, or provided on but not necessarily in contact with the surface. For
gxample, a coaling layer “formed over” a substrate does not preclude the presence
of one or more other coating lavers or films of the same or different composition

located betweaen the formed coating layer and the substrate.

0018} Before discussing non-imiting embodiments of the invention, # is
undersicod that the invention is not limited in its application o the detalls of the
particular non-limiting embodimeants shown and discussed herein since the invention
is capable of other smbodiments. Further, the {erminology used herein {o discuss
the invention is for the purpose of description and is not of limitation. St further,
untess indicated otherwise in the following discussion, like numbers refer to ke
aslaments. The non-limited embodiments of the invention discussed herein arg
directed fo an intelliigent window system for 2 vehicle, .9, bul not imited to an
airgraft windshield that includss, among other things, a plurality of windows; sslecisd
gnes of the plurality of windows having one or more sensors (o monitor the
performance of propertiss of the window, and an airoraft central monitoring system
{hereinafter also referred {o as an aireraft "CME”, or an “ACME™ {o raceive dala from

the sensoers to estimate useabls life of the selecied onas of the plurality of windows

having a sensor,



WO 2014/022188 PCT/US2013/052002

0017 With reference to Fig. 1, non-limiting embodiments of the invention will
be directed to an aircraft laminated transparency, &.¢. but not limisd {0 a right side
windshield 10, a left side windshield 11 {(numbered but not shown in Fig. 1), & right
front windshiald 12, and a left front windshisld 13, of aireraft 15. The invention,
however, is not imited o any particular fype of aircrgh transparency, and the
invention contemnplates the practice of the invention on aircraft cabin windows 18, e.g.
but not limited to aircraft windows of the type having a medium responsive to slectric
stimuli to incraase or decrease visible transmission, e.g. but not fimited (o the type of
window disclosed in U8, Published Patent application 2007/0002422A1 and on
aircra® windows of the type having an insulatad air space betwesn a palr of
laminated shests. The entire disclosure of U.S. Publishad Patent Application
2007/000242241 is hereby incorporated by reference. Further, the invention can be
practiced on commercial and residential windows, e.g. but not limited {o types
disclosed in U.B. Patent No. 5,875,844, which patent in its entirely is hereby
incorporated by reference; a window for any type of land vehicle; a canopy, and
windshiald for any type of air and space vehicle, a window for any above or below
water vessel, and a window for a viewing side or door for any typs of containers, for

example but not limited {0 a refrigerator, cabinet andfor oven door.

0018} Shown in FIG. 2 is a non-limiting embodiment of an aircraft inteliigent
window (hereinafler also referred {0 as "AIW™ 20, e.g. but not limited to a laminated
aircraft windshisld 20 that can be used in the practice of the invention. The Al or
windshisld 20 includes a first glass sheel 22 secured 1o a second glass sheet 24 by
a first interlayer 28; the second sheet 24 secured {0 a second vinvl-intarlayer or
sheet 28 by a first ursthane interdayer 30, and the second vinyl-interlayver 28 securad
to 8 heatable member 32 Dy a second urethane interlaver 34. An sdgs mamber or
moisture barrier 38 of the type used in the art, e.g. but not limited o a silicone rubber
or other flexible durable moisture resistant or impervicus material is secured to {1}
peripheral edge 38 of the windshield 20, i.e. the peripheral edge 38 of the first and
sscond sheetls 22, 24; of the first and second vinvl-interlayers 28, 28; of the first and
sacond ursthane interlayers 30, 34 and of the healable member 32; (2} margins or
marginal edges 40 of outer surface 42 of the windshisld, i.e. the margins 40 of the
outer surface 42 of the first glass sheet 22 of the windshield 20, and {3} marging or



WO 2014/022188 PCT/US2013/052002

marginal edges 44 of outer surface 48 of the windshield 20, i.e. margins of the outer

surface 48 of the heatable member 32.

[0618] As is appreciated by those skilled in the art, and not limiting fo the
invention, the first and second glass sheets 22, 24; the first and second vinyl-
interlavers 26, 28 and the first urethane interlayer 30 form the structural part, or inner
segment, of the windshield 20 and the ouler surface 42 of the windshisld 20 faces
the interior of the aircraft 14, and the sacond urethane layer 34 and the heatable
member 32 form the non-structural part, or outer segment, of the windshield 20, and
the surface 48 of the windshield 20 faces the exterior of the aircraft 15. The heatable
member 32 provides heat o remove fog from, and/or to melt ice on, the outer

surface 48 of the windshield 20.

[6020] The invention is not limited {o the construction of the AlW or windshisid
20 and any of the constructions of aircraft transparencies used in the art can be used
in the practice of tha invention. For example and not Iimiting fo the invention, the
windshield 20 can include a construction wherain the vinyl interlayer 28 and the

urethane interlayer 30 are omitted, and/or the sheets 22 and 24 are plastic shaets.

{6021} Further, the inveniion is not limited to the design andfor construction of
the heatable member 32, and any slactrically conductive heatable member used in
the art to heat a surface of a shest to melt ice on, and/or remove fog from the
surface of the shest can be used in the practice of the invention. In genersal, the
healable member 32 includes a glass sheet 80 having a conductive coating 62
applied to surface 84 of the glass sheet 80, and a pair of spaced bus bars 66, 68 in
electrical contact with the conductive coating 82, The invention is not limi{ed {o the
composition of the conductive coating 62, for example and not limiting fo the
invention the conductive coating 62 can be made from any suilable slactrically
conductive material. Non-limiting embodiments of conductive cosatings that can be
used in the praclice of the invention include, but are not limited o, a pyrolytic
deposited fluorine doped tin oxide film of the type sold by PRG Industries, Inc. under
the regisiered trademark NESA,; a magnetron sputter deposited tin doped indivm
oxide film of the type sold by PPG Industries, Inc. under the registered trademark
NESATRON; a coating made up of one or more magnetron sputter deposited films,
the films including, but not imited to a metal film, e.g. silver betwsen metal oxide

-7 -
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films, .g. zinc oxide and/or zine stannatle, each of which may be applied sequentially
by magnetron sputtering, e.g. as disclosed in U8, Pal. Nos. 4,810,771, 4,808,220
and 5,821,001, the disclosures of which in their entirely are hereby incorporaled by
reference. Ths invention also contempiates a heatable member 32 using spaced
siectrically conductive wires. Heatable members 1o remove ice and snow from the

airorafl windshield are well known in the art, and no further discussion is deemed

necessary.

0023} Genearally the glass sheels 22, 24 and 60 of the windshield 20 are clear
chamically strengthened lithium containing glass sheets, however, the invention is
not limited thereto, and the glass sheels can be heat sirengthened or heat tempered
conventional soda-lime-siticate glass or borosilicate glass sheels. Furtherasis
appreciated, the invention i not limited to the numbaer of glass sheets, viny
interlavers or urethane interlayers that make up the windshield 20 and the windshield

20 can have any numbaear of sheels and/or interlayers.

{00231 Sl further, the invention is not iimited to the construction of the
windshield 20 and any of the constructions of aircraft fransparencias used in the art
can be used in the practice of the invention. For example and not limiting {o the
invention, the windshisld 20 can include a construction wherein the second vinyl-
interfayer 28 and the first urethane interlayer 30 are omitled, andfor the glass sheets
22 and 24 are plastic shests. Further, the cross section of the window 20 shown in
Fig. 1 shows flat or non-shaped sheetls, the inveniion is nof imiled thereto, and the
window 20 can have a contour {0 maleh the contour of the outer surface of the

airoraft in which the window is mounted, e.g. the gircrafl 15 shown in Fig. 1,

10024] in addition, the invention is not limited fo the material of the layers or
shests of the transparency, and the layers or shests can be made of, but not limited
to, cured and uncured plastic sheets; annsaled, heat strengthened, and heat and
chemically strengthened, clear, colored, coated and uncoated glass sheets. St
further the invention can be practiced on windows having opaque sheets, e.g. bul not
fimited {0 wood and metal shesis, and glass shests having an opagus coatling, and
combinations thereof. In the preferred practice of the invention, the shesls 22, 24
and 80 arg transparent clear glass shests. By "clear glass” is meant non-tinted or

non-golored glass. The glass sheets can be conventional float glass, and can be of

-8 -
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any compaosition having any optical properties, e.g., any valus of visible transmission,
uitraviolet transmission, infrared transmission, and/or fotal solar energy transmission,
By "float glass” is maant glass formed by a conventional float process. Examples of
float glass processes are disclosed in U8, Patent Nos. 4,744,808 and 6,084,942,

which patenis in their entirety are hereby incorporated by reference.

{0025] in tha preferred practice of the invention, the AIW or the windshield 20
has ona or more sensors (o monitor one or more properties of the window to
determine if the window is operating within an acceplable performance range, and o
{ake appropriate action based on the performance of the window as indicated by the
sensor. In one non-limiting embodiment of the invention, the sensors are selacted
from the group of (A} an impact sensor 76 that generates a signal when an object
hits or impacts the windshield, e.g. but not limiting o the invention, hits the outer
surface 48 of the windshisld 20 during take off; (B} a rupture or crack detector, or
sensor 78 that generates a signal when a portion of the sheet cracks; (C) an arc
sansor 80 which generates a signal indicating that the heatable member is arcing
which indicates that the heatable member 32 has or is developing a defect; (D} &
sensor or detector 82 {0 measure the temperature of the conductive coating 62 of the
heatable member 32 o pravent over heating of the heatable member 32, and (E) a
moisture sensor 84 to indicate moisture penetration through or around the moisture

seal 36 andfor batween the sheats of the laminated windshield.

[0028] The term “aircraft intelligent window” as used herein is an aircraft
window having one or more sensors or detectors {o measure performance of a

property or characteristic of the window and forward a signal having the datato a

DIOCeSSOr.

100271 The impact sensor 78, the rupture and crack sensor 78, the arc
sensor 80, the temperature measuring sensor 82 and the moisture sensor 84 are
shown in Fig. 2 as blocks without showing specific designs, components and/or or
operation of the sensors bacause the invention is not limited to the design or
operation of tha sensors 76, 78, 80, 82 and 84, and sensors well known in the ant
can be used in the practice of the invention, e.g. sensors that can be used in the

practice of the invention are disclosed in detail in U.S. Patent No. 8,155,816 B2, and
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U.S. Patent Application Publication Nos. 2010/0183875 A1 and 2013/075,531, and

no further discussion is deemesd necessary.

0028 Mon-limiting embodiments of the invention will be discussed using the
right side windshisld 10, the left sids windshisld 11, the right front windshield 12, and
the left front windshield 13, of the aircraft 158, As can be appreciated, sach of the
right side windshield 10, the lefl side windshigld 11, the right front windshield 12, and
the left front windshisld 13, of the airoraft 15 can have the design of the

windshisld 20 shown in Fig. 2 and discussed above, or selected ones of the right
side windshield 10, the lefi side windshiald 11, the right front windshield 12, and the
fofl front windshield 13, of the airoraft 15 can have the design of the windshield 20
and the remaining ones of the right side windshisld 10, the loft side windshiald 11,
the right front windshield 12, and the left front windshield 13, of the alreraft 15 can
have different designs, e.g. but not limited any prior art design of an gircraft

windshield.

[0028] The discussion is now directad to non-imiting embodiments of aircraft
window sensing networks (hersinafier also referred o as "AWSEN" of the invention io
raceive input from selected ones of the sensors 78, 78, 80, 82 and 84 of the alrcraft
intelligent windows or windshislds 10-13, and compare the present oulput of the
sensors {o previcus oulput of the sensors andfor the cutput from different sensors of
differant windows measuring the same parameter to estimale life expecltance or
remaining ussable life of the aircrafl intelligent window for each of the properiies
measured by the sensors. In the preferred practice of the invention, the aircraft
intelligent windshields 10-13 are considerad windshislds of an aircraft window
sensing network (hereinafter also referred to as "AWSN") discussed in detall below
instead of individual independent operating windshislds. In this manner, individual
performance of the windshislds can be considerad, and performance of the
windshield operating as a windshisld of a network can be considersd. As will be
appreciated, monitoring a network of windows instead of one window may provide
information to indicate that the aircraft opening or window mount may be contributing
o & window dafedt, or the design of the window may be ussable for one location but
not for a diferent location. By way of Hlustration and not limiting 1o the discussion, if
nast parformance and present performance of a window in a network of windows

that usuaily develops defects, e.g. moisture penetration is in “position x” of the
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aircraft, the typs of failure of the windows {moisture penetration) in “position }” may

be an indication that a window design is not useable in “position X",

{00301 Iy the preferred practice of the non-limiting embodiments of the
invention, the sensor 78 provides data relating to impacts to the windshield; the
sansor 78 provides data relating to the pressence of cracks in the glass and plastic
shests: the sensor 80 provides daia relating {0 arcing of the heatable mamber 32;
the sensor 82 provides dala relating o the temperature of the heatable member 32,
and the sensor 84 provides data relating fo moisture penetration. The sensors usad
in the practice of the invention include, but are not limited o the sensors and
deteciors disclosed in U8, FPatent Application Publication Nos. 2010/0183875 A1,

and 2013075531,

10031 in one non-imiting embaodiment of the invention, each of the aircraft
intelliigent windows monifored have the same sensors, and in another non-limiting
smbodiment of the invention, the aircralt intelligent windows have sensors that
measure a praperty that is expecied to be sffected by the continued operation of the
airgraft having the aircraft intelligent window. By way of llustration and not limiting fo
the invention, airerafl intelligent windows at the rear of the aireraft may not have
impact sensors because impacts to the windows at the rear of the plane are less
fikely to have impacts during take off and landings than the front windshields of the
airoraft. The sensors mountad on the alrcraft intefiigent window are coliectively

reforred 10 as a group of SensSOrs O SBNSOT Qroup.

10032] Shown in Fig. 3 is 2 non-limiting embodiment of an alroraft window
sensing network or AWSN 85 of the invention. The AWSN 88 includes, but is not
limited fo the right side windshisid 10 having sensor group 88 connected o 2 window
sensing hub ("WSH") 88 by way of cable 80; the laft side windshield 11 having
sensor group 92 connecisd to the WSH 88 by way of cable 84; the right front
windshield 12 having sensor group 88 connected o the WSH 88 by way of cable 88;
the left front windshield having sensor group 100 connected o the WSH 88 by way
of cable 102, and AW 117 having sensor group 116, The communication betwesn
the WSH 88 and the sensor groups 86, 82, 86 and 100 of the AlWs 10-13,
respectively, is provided by cables 80, 94, 88 and 102, respectively, and the sensor
group 118 of the windshield 117 is connected fo the WESH 88 by & transmitter and

1 -
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antenna combination 124 mountad on the windshield 117, and a fransmitter and

antenna combination 126 Is positioned in the WESH 88.

{60331 As can now be appreciated by those skilled in the art, passing
information between the sensor groups 86, 82, 886,100, and 116, and the WSH 88
can be by wirsless transmission as shown for windshield 117or can be by wire or
cable transmission as shown for the AlWs 10-13 as discussed above. Wireless
communication and wire communication (o pass information hetwesan two or more
iocations or positions is well known in the art and no further discussion is deemed
necessary. For additional discussion directed {o wireless communication and wire
communication to pass information betwsen two or more locations, reference fo U.S.
Fublished Palent Publication No 2013/0075531 is recommended. Based on the
present discussion, it can now be appreciated that the inverntion is not imited to the
method of passing the information between the sensor groups 86, 92, 96, 100, 104,
110 and 116, and the WSH 88,

13034] The windshisld 117 was added o the AWSN 85 to illusirate a non-
limiting embodiment of a wireless connection of the invention. The windshield 117 is
not shown in the other non-limiting embodimenis of the invention, however, it is
understood that wireless connections can be used with other nonlimiting
ambodiments of the Invention. Further, unless indicated otharwise, the discussion

directed ons or more of the IAWs10-13 is applicable to the IAW 117,

10035] With continued reference o Fig. 3, the WSH 88 includes a
microprocessor 130 {o process the information recelived from sensor groups 86, 92,
48, 160 and 118, fo determine the performance of properties of each of the windows
of interest. in one non-limiting embodiment of the Invention, the WEH 88 includes
software and data fo format the information from the sensors groups 88, 82, 98, 100
and 118 to present 8 representation of the performance of the AlWs 10-13 and 117,
The invention is not limited o the formatting of the information received by the WEH
88, e.g. in one non-limiting embodiment of the invention, the data from the sensor
groups 88, 92, 98, 100 and 118 recsived by the WSH 88 is formattad to show
performance of the AlWs 10-13 and 117 in the categories of windows performing at
the bottom guartiie, the {op quartile and the middie half of the acceplable rangs for
each of the properties of the AW being monitored. In ancther nor-limiting
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smbodiment of the invention, the formatting includes assigning windows to networks
of windows, 8.¢. a network of side windshields, and a network of front windshialds,

and noting and comparing their performance.

{60387 As can be apprecigted, the invention is not limited to a microprocsssor
and any equipment for processing information can be used in the practice of the
invention, &.g. but not limited o a fully programmabile gate array {also known in the

art as "FPGA"} and/or an application specific integrated cirouit,

186371 in one non-limiting embodiment of the invention, and as shown in Fig. 3,
the WESH 88 can be an Independent unit used {o monitor and control the aireralt
window system, or the WSH 88 can be connecled to an aireraft ceniral maintenance
system 134 (hereinafier also referred to as “sircraft CMS 1347 of the aircraft 15 by
wire or cable 136, and/or wirsless. The aircraft CME 134 includes software and
historical data o provide expected ussable iife of the windshislds 1013 and 117,
through a mathsmatical framework and when necassary, set up repair or
raplacement of the aircraft intalligent window, e.g. but not limited to the procedurs
disclogsed in U.S. Patent No. 8,155,818, When the windshield sensing hub 88 is
used with the airoraft CME 134, the formatied information is forwarded from the
WHS 88 1o the alrcraft TMS 134 of the aircraft by the cable 138, The alroraft
CME134 acts on the formatied information to determine health and useabls life of

the AW 10-13 and 117, e.g. as discussed in detall below.

[0038] As can now be appreciated, the invention is not limited to the number
of windows connected (o the window sensing hub 88, and all the windows of the
aircraft 18 can be connected to the WESH 88, Further, the invention is not limited to
the numbser of sensors provided on sach of the AIW 10-13 and 117 of the aircraft 15.

[0038] An advantage of the aircrafl window sensing network 85 shown in

Fig. 3 is the capability of setling up the microprocessor 130 of the WSH 88 {o format
only data of interest and forwarding the formatted data of interest o the aircraft
central monitoring system 134 {o determing the heslth and useaable life of the AlWs
of interast, e.g. but not limited fo windshislds 10-13 ard 117, The fillered dala is
storad for reference, e.g. but not limited to the invention to determine expected life
asxpecltance of the AlWs 10-13 and 117 as discussed below. By way of Hlustration

and not limiting to the invention, the microprocessor 130 of the WSH 88 is
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programed based on a mathematical mode! to format the data of interest from the
data collectad on the activity of the aircraft. For example and not limiting to the
discussion, If the plane is scheduled for take off, before take off, data from all the
sansor groups 88, 92, 86, 100 and 118 of the aircraft windshields 10-13 and 117 is
collected by the aircraft central maintenance system, or aircraft CMS 134 and
avaluated by a modsl based microprocessor 130 to show performance of the aircraft
intelligent windshiglds 12-13 and 117, and the resulting data sent to the aircraft CMS
134 to determine expected useable life of the AlWs 10-13 and 117, If the expecisd
useable life of an AW 12-13 and 117 is lass than the flight time 1o the initial
destination or less than a scheduled flight time fo an airport having an AW {o replace

the AW of interest, the AW of interest is replaced before {ake off.

10640} in ancther non-imiting embodimeant of the invention, during take off of
the aircraft 15, the microprocessor 130 of the WSH 88 is programed o process data
from the impact sensor and the crack sensor of the windshields 10-13 and 117, and
to forward the data from the impact sensor and the crack sensor of the windshields
to the aircraft CMB134 to determine any changs in the expected useable life of the
AlWs 10-13 and 117.

G041 In still another non<dimiting embodiment of the invention, during flight
time, the microprocessor 130 is programed o svaluate data from the sensors at a
frequency based on its importance during the flight. For axample and not iimiting {o
the discussion, the temperature sensor and the arc sensor are checked at the
highest frequency; the crack or rupture sensor and the moisture sensor are
measured at a frequency less than the frequency check of the arc and temperature
sensors, and the impact sensor is measured at a frequancy less than the frequency

check of the moisture sensor, and the crack sensor of the AlWs 10-13 and 117.

0042} Further, in another non-limiting embodiment of the invention, during
landing of the aircrall, the microprocessor 130 of the WEH 88 is programed {o
process data from the impact sensor and the crack sensor and to forward the datla
from the impact sensor and the crack sensor to the ACMS 134 to be part of the
window history database and with a mathematical model {o determine any change in

tha expected useable life of the AlWs 10-13 and 117,
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{6043] The microprocessor 130 of the WSH 88 can also be programed to
display immaediately any sensor reading that has a drop in performanca of a

oredeterminad parcent, e.g. buf not limited t© 25% or more drop in parformance.
Data collected and not used during take-off, flight and landing, is forwarded o a

storage facility and ussd to delermine life expectance as discussed below.

{00441 Shown in Fig. 4 is another non-limited embodiment of an aircraft
window sensing network of the invention identified by the number 140, The alreraft
window sensing network 140 includes, but is not imited to, the windshields 10-13
having sensor groups 88, 82, 96, and 100, respectively, connected to alrcraft central
maonitoring system 142 by the wires 80, 84, 88, and 102, respectively. in this non-
fimiting embodiment of the invention, the aircraft CMS 142 can include the formatting
features of the WHS 88 s.g. but not limited to having the microprocassor 130
positioned in, or being part of, the aircraft CM&142. The gircraft CMS 142 of the
airoraft window-sensing network 140 shown in Fig. 4 operates in a similar manner as

the WSH 88 and alrcraft CMS 134 of the afroraft window sensing nefwork 85 shown
in Fig. 3.

{0045] Fig. 5 shows still another non-imiting embodiment of an sirorafl
window-sensing natwork ("AWSN") of the invention designated by the number 150,
in general, the aircraft window-sensing network 180 includes, but s not limited to,
any combination of single or multiple units, including any or all of the (AW 10-13, and
20 (see Figs. 1-4}, the WSH 88 {see Fig. 3}, and/or the aircraft CMS 134 (Fig. 3) and
142 (Fig. 4). In the non-limiting embodiment of the invention shown in Fig. §, the
alreratt window sensing network 150 includes, but is not limited o, the sensor

group 88 of the right side window 10 and the sensor group 92 of the lofl side
window 11 connecied fo the WBH 88 by wires 80 and 84, respactively. The

sensor 82 of the left front window 13 is connected to the aircraft CMS 134 by

cable 102, and the aircraft CMS 134 and the WESH 88 are connected by cable 1581 (o
gxchangs information between the alroraft CMS 134 and the WEH 88 relating to
performance of the windows, 8.9. but not limited to alrcrafl history and maintenanas
of the aircraft intelligent windows 10, 11 and 13, The aircraft CMS 142 is connected
by cable 182 to & window sensing HUB 153 {o exchange information between the
ACMS 142 and the window sensing hub 1583 relating (o performancs of the

windows 10, 11 and 13. With continued reference to Fig. 5, the sensor 88 of the
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windshield 12 is connecied by wire 88 fo sensor 156 of the window 20, and the
sensors 88 and 156 are connected to an alrcraft CMS 158 by cable 158, As can be
appreciated, the information from the sensor 98 of the window 12 ¢an be intsgrated
with the information of the sensor 186 of the window 20 and forwarded {o the alreraft
CME 142 by the cabls 158, or the information from the sensor 88 of the window 12
can be forwarded by cable 88 {o the window 20 and forwarded with the information
from the sensor 156 by cable 159 to the alroraft CMS 142,

F3048) The AWSN 150 of Fig. 5 provides the option o compare the
performance of the AlWs 10 and 11 o one another, and {o compare the performance
of the AIW 13 to the AlWs 10 and 11 as individual windows or as a group of windows,
or to the combination of windows and o compars the performance of the AW 12
and 20 to one ancther. Optionally and not imiting to the invention the airerafl

CMS 142 can be connacisd to the aireraft CMS 134 and/or the window sensing

hub 183 by wires 180 and 182, respactively (shown in phantom). In this manner, the
parformance of the windows can be compared to one another. For example and not
fimiting to the invention, the output of the arc sensor and temperature sensor for the
windows 10, 11 and 13 can be compared {o one another o ses if the deterioration of
the AIW foliows 2 paltern or is random. if a failure patiem is followad, the failure of

the AIW may be due to an sffect acting on the window as contrasted to an affect of

the window.

{00471 As can now be appreciated, the invention is not limited o the
connactions of the intelliigent aircraft windows (1AW} 10-13 as shown in Figs. 3-5,
and the invention contemplates any 1AW connection configurations, e.g. but not
limitad to 1AW directly or indirectly connacted o the WSH or the alrcraft CMS; 1AW
inter-connected fo another AW for information sharing or nebworking, and any
combination of lAWSs inter-connected first and then connecled as a group to either
AWH or integraisd alreraft CMS. Further, connections of the intelligent alreraft
windows 10-13 to the airorafl central maintenance systems 134 and 142 in Figs. 3-5,
respectively, and the invention contemplates any individual 1AW dirgotly integrated
inito the alroraft CME (o bs part of the aireraft maintenance and siroraft reliability
calculation/predictions, any combination of IAWSs can be inter-connected andfor

grouped together and then connecled to the aircraft CMS as part of the aireraft
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history and maintenance recording system, and the Window Sensing Hub (WSH)
intagrated into the aircraft CMS as part of the CMS for the aircraflt monitoring system.

{6048} As discussed above, any ACMS integration from AW system to aireraft
CMS can be made either by wired connection or wirgless connection whan
accepiable. In the praclice of the invention, svery AW can be independently used to
shuidown the window heat coniroller as disclosed in U.S. Published Patent
Application Serial No. 2013/075,631 or other window related controliers as disclosed
in U8, Patent Application Publication No 2010/0183875 A1, The invention is not
fimited to reasons to shut down the sensors of the intelligent alroraft windows 10-13
and 20 {shown only in Fig. §, and the windows can be shut down for any reason
including, but not imited {o, a window operating outside of an accepiable range for
the property being monitored, or the sensor of the window is not nesded because the
property being monilored is not aclive, .. & sensor for impagt monitoring can be
needed on take off but may not necessarily be needed when the aircralt is in flight

{0049 The nondlimited embodiments of the invention provide, among other
things, the opportunity to make an intelligent decision for the aireraft control actions,
such as shuldown the intelligent airoraft window hest controlier, alarm the pilot, data
input to the aircraft ACMS based on the window conditions, such as, the window life
prediction, window longevity, window arcing condition, window moisture ingression,
window impact status, and other window related measurement, will be instituted
gither by the alreraft ACMS system, by WEH with connsction to the aireraft contral
systam inputioutput modules system, or individually in any AW with direct or indirect

connaction to the aircraft control system input/output modules system.

[003540] The discussion is now directed 1o the use of the netwurks to monitor
the performance of the windows having the sensors. The network shown in Fig. 3
uses the WSH as a filter to take all of the information and dala provided by the
sensor groups to study thoss properties of interest for the activity of the airoraft. By
way of Hustration and nct limiling to the invention, during take off the information
from the impact sensors is moniiored to identify any impact having forcs sufficient to
cause a sheet of the windshield o fracture. After take off the output of the crack
sensor and the impact sensor are saved info the WSH and evaluated by a math

modal o delermine if a reading is oulside of normal low impact, With the plane in
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fiight the moniforing of the impadt sensor is reduced o read impact dataonly F a

reading is outside of an acceptable range.

{00513 Consider the arcing sensor and the temperature sensor. For planes
fiving in high temperature zones, the heatable member may have limited use. More
particularly, the dala from the temperature sensor and the are sensor can be taken
for historical purposes and not processed because the heatable member may be
turned off. As can now be apprecialed, the oulput of the arc sensor and the
temperature sensor is only used when the data indicates that the heatable member

is arcing andfor the temperaturs sensor indicates a temperature cutlside an

aceaptable range.

{G052] As can be appreciated, the invention is not limited to the software
program to evaluate the performance of the windshisld, and to determine and/or
estimate useable iife of the windshields, and any of the types known and for used in

the art can bs used in the practice of the invention

Control System

18083} With raferance to Fig. 8, there is shown one non-limiting embodiment
of the invention to monitor the performance of the AW 10-13 and 20 shown in Fig. 5
of the invention and o timely schedule maintenance of, e.g. repairs to, or
replacement of, transparencies, e.g. AlWs that are performing outside accepiable
limits and/or have & short life expectance. The sensor groups 88, 82, 86, and 100, of
the IAWs 10-13 of the network 140 shown in Fig. 4 are connecled by wires 80, §4,
98, and 102, respactively to the airoraft CMS 142, mounted in a console 176
mounted in the airplans 185 (Fig. 1), The aireraft OMS 142 is connected to a

monitor 178 to provide visual display, and speaker 180 to provide audible information
regarding the performance of the AlWs 10-13. The conscle 178 can include an
alarm 182 to bring atiention to the monilor 178, Placing the console 176 in the
aircraft 15 provides the persornel within the aircraft 15 with real ime performancs of

tha AW 10-13

{30584] With reference to Figs. 6 and 7, in another non-limiting smbodiment of
the invention, the console 178 has a wireless fransmitier and receiver 184; the

fransmitter 184 transmits signals 186 to a fransmitling tower 188, The signals 188
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carry data on the performance of the AlWs 10-13. The tower 188 ransmils a
signal 190 carrying the data on the performance of the AW 10-13 {0 a satellile 184
The satellite 192 transmils a signal 184 carrving the data on the parformancs of the
AlWs 10-136 1o 2 control canter 196, The daia received is studied and the
appropriate action {o be taken is scheduled. In one non-limiting embodiment of the
invention, based on the information received, personnel at the conlrol center 186
determine what aclion, i any, is nesded. If action such as repairs 1o the AW or
raplacement of the AW is needed, a signal 198 providing a repair schedule is
transmitted to the satelliie 182, The satelliie 192 fransmits a signal 200 having the
repair schedule to the tower 188, The tower 188 transmils a signal 204 having the
repalr schedule to the console 176 and {o a maintenance center 208 geographically
close to the designated repair location {usually the next schedulaed stop for the
aircraft) o arrange o have all parts, squipment and personal need at the designated

repair location.

[0055] in still another non-limiting embodiment of the invention, if the dala
from the sensor groups indicate that an AIW has to be replaced, the repair scheduls
can include shipment of an AlW replacement windshield {0 the next scheduled slop
of the alrcraft; if the AW has (o be replaced with some urgency, the repair scheduls
would include & changs to the flight plan to land immediately and an AlW scheduled
{0 be delivered to the repair area. The passengers can optionally be fransfered fo
ancther plane or wall until the repair is compleled. If a repair is scheduled, and the
repair can be mads without removing the unacceptable AW, the repair schedule can
provide for persennel and repair parts to be provided at the designated repair

location.

[G058] As can be appreciaied, the invention is not imited o wirgless
transmission of signals carrying information and the transmission can be made by
land-lines. Further, the signals can be transmitted between locations solsly by

satellite, or solely by transmission towers, and by combinations thereof.

{O087Y The invention is not limifed o the esmbodiments of the invention
prasented and discussed above which are presented for Hlustration purposss only,

and the scope of the invention is only limited by the scope of the following claims and
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any additional ciaims that are added to applications having direct or indiract linage to

this application.
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WHAT IS CLAIMED &:

1. A network system for monitoring and storing performance data of 3
transparency to provide estimated useable life of the transparency and/or to provide
real life performance of the transparency, the ransparancy comprising & {ransparent
sheet having a sensor group secured on a surface of the shest to measure
predetermined characteristics and/or properties of the transparency, wherain the
sensor group comprises at least one sensor selected from the family of sensors
comprising an arc sensor for measuring arcing of an electrically heatable mamber
mounted on a surface of the transparent sheet, hereinafter referred 1o as an “arc
sensor’; a heat sensor for measuring temperature of the heatable member,
hersinafter referred to as a “heat sensor”; a moisture sensor for measuring moisture
content on a surface of the transparent shest, hereinafter referred to as an “moisiure
sensor”; an impact sensor for measuring force of impact of objects hitting a surface
of the transparent shest, hersinafier referred o as an “impact sensor”, and a sensor
for identifying fractures in andfor on the transparent sheet, hereinafter referred to as

an "crack sensor, the nefwork system comprising;

a window sensing hub comprising a microprocessor (o receive ouiput
of the sensor group of each of the ransparencias, wherein the
microprocessor is programed o recelve data from the sensor group of the
fransparency providing information on the performance of the property and
characteristic of the fransparency assoclated with the sensor group and
formatting the received dala in accordance fo a presst program, whersin the
program includes at least providing data from the sensor group of the
transparent sheet that measure characteristics and properties of the
transparency that are active during the period in which the data taken is of

interest, and

a central maintenance system connected to the window sensing hub to
recaive the formatted information from the window sensing hub and unfiltered
information, wherein the unfilfered information from the transparent sheet is
acted on by the central maintenance system to provide an estimated useable

life of the fransparsncy.
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2. The system according to claim 1, wharsin the transparvency is a first alreraft
windshisld having glass and plastic shestls laminated {ogether, and the system
further comprising a plurality of aircraft windshislds, each of the windshields of the
plurality of windshields having a sensor group sscured on the windshield o measure
predetermined characteristics andior properties of the windshisids, wherein the
sensor group comprises af least one sensor selected from the family of sensors
comprising an arc sensor; a heat sensor; 2 moisture sensoer; an impact sensor, and
crack sensor, wherein the first alroraft windshisld is one of the plurality of windshislds.

3. The system according o claim 1, whersin the fransparsncy is selectad from

the family of aircraft windows, automoctive windows, windows for underwater vehicles.

4. The system according to claim 3, whersin the ransparencies ars airgraft
windshisids.
& The system according to claim 4, wherein the aircrafl windshislds comprise a

ieft windshield portion and a right windshield portion, wharein the sensor groups of
the left windshield portion and the right windshield portion forwards data {o the
microprocessor of the window sensing hub, whersin the data is formatiad to quartile
data by performance of the lefl windshield portion and the right windshield portion,
and the performance daia and unfiltered datla is forwarded {0 the aircraft central

monitoring sysiem, whersin unfiltered data comprises data received from the sensor

Groups.

6. The system according to claim 5, wherein the left windshield portion is a left
front windshield and the right windshigld portion is a right front windshigld and further
comprising a left side windshield and a right side windshisld, wharein the sensor
groups of the loft side windshisid and the right side windshield forwards data to the
microprocessor of the window sensing hub, wherein the data is formatied o guartile
data by performance of the left side windshisld and the right side windshisld; and the
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verformance data and unfiitered data is forwarded {o the aircrafl central monitoring

system, wherein unfillered datla comprises dats received from the sensor groups.

7. The system according to claim 1, wherein the window sensing hub is a first
window sensing hub, the ceniral monitoring system is g first central monitoring
sysiem, furthar comprising a second window sensing hub and a second central
monitoring system, whersin the first sensing hub is connected {o the first central
monitoring system, and the first central monitoring system s connecied to the
second window sensing hub, the transparency are aircralt windshields comprising a
left side windshiald; a right side windshield; a right front windshield; and a left front
windshield; and a fifth aircraft windshield, whersin the sensors of the right side
windshield and the left side windshield forwards data to the first window sansing hub,
the sensor of the left front windshisld forwards data 1o the first central monitoring
system, the sensor of the right front windshield Is connected {o the sensor of the fifth
alroraft windshield and the data from the sensors of the right front windshisld and the

fifth windshield are forwarded o the second central monitoring sysiem.

8. The system according to claim 7, wherein the data from the sensor of the right
front windshield is mixed with the data from the fifth windshisld and forwarded as

combined data o the second central monitoring system.

8. The system according {o claim 7, wherein the data from the sensor of the right
front windshield is forwarded to the sensor of the filth windshield and the data from

the right front windshisld and the fifth windshisid is forwarded to the second central

monitoring system.

10.  The syslem according to claim 8, wherein the first and the second central

monitoring systems are interconnecied.
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11.  The system according to claim 9, wherein the second central moniioring

system is connected o the second window sensing hub.

12. The system according to claim 1, wherein the window sensing hub and/or the
cantral monitoring system is connected to 2 monitor, an alarm and/or a voice

activated alarm.

13.  The system according to claim 1, wherein the transparency is a laminated
aircraft windshisld and the sensors are mounied betwsen ouler surfaces of the

windshield and/or on periphery of the laminated windshield.

14. A iransparency network inspection system, comprising:

a plurality of ransparencies, each ransparency comprising a pair of
shaets laminated together and a sensor group to measure predetermined
characteristics and/or properties of the ransparency, wherein the sensor
group comprises af least one sensor selected from the family of sensors
comprising an arc sensor for measuring arcing of an elecirically heatable
member; 3 heat sansor for measuring temperature of the hestable member; a
moisture sensor for measuring moisture content bebwaen the sheels of the
transparency, an impact sensor for measuring force of impact of objects
hitling outer surface of the transparency, and a fracture sensor for identifving

fractures in a sheet of the transparency and

a ceniral monifoning system comprising a microprocessor (o receive
output of the sensor group of each of the transparencias, wherain the
microprocessor is programed o receive data from the sensor group of each
fransparency providing information on the performance of the property and
characteristic of the fransparency associated with the sensor group and
formatting the received data in accordance to a preset program, wherein the
program includes at least providing data from sensors that measure

characteristics and properties of the transparency that are active dwring the
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pariod n which the data taken is of inferest, and {o aot on the formatised

information and unfiltered information 1o provide an estimated useable life of

the {ransparency.

15.  The system according to claim 14, wherein the transparencies are selectad

from the family of alreraft windows, airoraft cabin windows and aircraft windshislds.

16.  The system according to claim 15, wherein the transparencies are aircraft

windshieids.

17.  The system according to claim 18, wherein the aircraft windshislds comprise a
lett side windshisld; a right side windshield; a low right front windshisld: a low left
front windshield; a high right front windshisld; a high left front windshield, and a
middis front windshisld betwsen the high right front windshield and the high left front

windshiald.
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