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(57) Abrege/Abstract:
The present application Is directed to a network system for monitoring and storing performance data of more than one
transparency of a vehicle to provide estimated useable life and to provide real life performance of selected transparencies of the
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(57) Abrege(suite)/Abstract(continued):
vehicle. The selected transparencies have a sensor group to measure predetermined characteristics and/or properties of the

transparency. The network system recelves data from the sensor group which a central monitoring system uses to provide real life
performance and an estimated useable life of the selected transparencies. Repair and replacement of the transparencies Is based
on (1) the real life performance of the selected transparencies and (2) the estimated useable life of the selected transparencies.
The estimated useable life Is determined from the real life performance, performance history, and output from different sensors.
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ABSTRACT

The present application is directed to a network system for monitoring and storing performance
data of more than one transparency of a vehicle to provide estimated useable life and to provide
real life performance of selected transparencies of the vehicle. The selected transparencies
have a sensor group to measure predetermined characteristics and/or properties of the
transparency. The network system receives data from the sensor group which a central
monitoring system uses to provide real life performance and an estimated useable life of the
selected transparencies. Repair and replacement of the transparencies is based on (1) the real
ife performance of the selected transparencies and (2) the estimated useable life of the
selected transparencies. The estimated useable life is determined from the real life

performance, performance history, and output from different sensors.
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AEROSPACE INTELLIGENT WINDOW SYSTEM
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{0001] This application claims the benefit of the filing date of United States
Provisional Application Serial Number 61/678,315 filed on August 1, 2012 in the
names of Yu Jiao, Nicolas Duarte and Monroe A. Stone for an "Aerospace Intelligent

Window System’.

BACKGROUND OF THE INVENTION

1. Field of the Invention

10002] This invention relates to an aerospace intelligent window system that
includes performance data of one or more currently mounted windows in an aircraft
(present performance data), and performance data of one or more previously
mounted windows in the same aircraft and/or other aircrafts (past performance data)
wherein the present and/or past performance data is used to determine life

expectance of the one or more currently mounted windows.
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[0003] The present technology relating to sensors for aircraft windows, e.g. an
aircraft windshield provides for mounting one or more sensors on an aircraft window
and connecting the sensor output to a monitoring system mounted on the aircraft to
provide instant performance data of selected properties or characteristics of the
window. For a detailed discussion of sensors monitoring performance of selected
properties and/or characteristics of aircraft windows reference is directed to U.S.
Patent Application Publication Nos. 2010/0163675 A1, and 2013/075,531A1. The
sSensors, €.g. an impact sensor, a rupture sensor, an arc sensor, a temperature
sensor and/or a moisture sensor, mounted on the aircraft window provide information
relating to the performance of the window to determine if the performance (s
operating within acceptable limits. When the window performance is outside of

acceptable limits, the window is repaired or replaced, e.g. as disclosed in U.S.
Patent No 8,155,816 B2.
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[0004] Although the present system to monitor performance of an aircraft
window is acceptable, there are limitations. More particularly, one limitation of the
presently 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 littie, If any, information regarding the useable life or life expectancy of
the aircraft window. Another limitation of the present system is that the data is
presented as information for each aircraft window as a separate unit, and the
iInteraction between aircraft windows is not fully taken into account. As can now be
appreciated by those skilled in the art, it would be advantageous to consider
interconnect output of the sensors of aircraft windows mounted in the body of an
airplane to form a network of windows. In this manner the performance of the

network of windows can be monitored, and the present and past performance of the

network of windows of the aircraft can be considered to determine useabile life or life
expectance of the windows of the network of windows and determine if the window
failure is a result of the window construction or an indication that a portion of the
aircraft body and/or the window mount surrounding the aircraft window is causing the

window to perform outside of an acceptable range.

SUMMARY OF THE INVENTION
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[0005] This invention reiates to a network system for monitoring and storing
performance data of a transparency to provide estimated useable life of the
transparency and/or to provide real life performance of the transparency. The
transparency includes but is not limited to a transparent sheet having a sensor group
secured on a surface of the sheet to measure predetermined characteristics and/or
oroperties of the transparency, wherein the sensor group includes, but is not limited
to at least one sensor selected from the family of sensors including, but not limited to
an arc sensor for measuring arcing of an electrically heatable member mounted on a
surface of the transparent sheet, hereinafter referred to as an “arc 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, hereinafter referred to as a "moisture sensor’; an impact
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sensor for measuring force of impact of objects hitling a surface of the transparent
shaet, hereinafler referred 10 s an "Impact sensor, and a sensor for entifving
fractures in andior on the trangparent sheet, hereinafler referred {0 as a "crack

SENSCr .

[0006] The network system inciudes, but is not limited o a window sensing
hub comprising a2 microprocessor o recsive output of the sensor group of each of
the fransparencies, wherein the microprocessor is programed 1o receive data from
the sensor group of the transparency providing information on the performance of
the property ang characteristic of the transparency associated with the sensor group
and formatting the received data in accordance {0 a presat program, whearein the
program includes at least providing data from the sensor group of the transparent
sheet that measure charactaristics ang properties ¢of the transparency inat are aclive
during the period in which the data {aken is of interest, and a8 cenilral mainienancs
system connecied o the window sensing hub o receive the formatisd information
from the window sensing hub and untiltered information, wherein the unfiitersed
information from the transparant sheet is acted on by the central maintanancea

system {0 provide an estimated ussabie life of the transparency.

(D007 This invention further relates {0 a transparency network inspection
system, including, butl not limited to a plurality of transparencies, each transparency
comprising a pair of sheets laminated together and a SEnsor group {0 measure
nredetermined characteristics and/or properties of the ransgparency, whergin the

SEnser group comprises at isast one sansor selected from the family of sensors

comprising an arc sensor for measuring arcing of an electrically heatable member,; a
heat sensor for measuring temperature of the heatable membaer; a moisture sensor
for measuring moisiure content between the sheels of the transparsncy, an impadct
sensor for measuring force of impact of objects hithng outer surface of the
transparency, and a fracture sensor for identifying fractures in a sheet of the
fransparency, and a ceniral moniloring system comprising a8 microprocessor {o
receive gutput of the sensor group of each of the ransparencies, whearsin the
microprocessor s programad o recsive data from the sensor group of each
transparency providing information on the performance of the property and
characteristic of the transparency associaied with the sensor group and formatiing

the received dals in accordance (o g prasel program, wherain the program includes

-3 -
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at least providing data from sensors that measure characteristics and properties of
the transparency that are active during the period in which the data taken is of
interest, and o act on the formatied information and untiitered information o provide

an estimated useaabie life of the ransparency.

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

FO008] Fig. 1 is an isometric view of an alrcraft that can be used in the practice

of the invention.

FHEBY Fig. 2 is a cross sectional view of a non-imiting ambaodiment of an

aircraft intelligent window used in the practics of the invention,

{004 0] Fig. 3 is a non-limiting embodimeant of a schematic of a network of

aireraft intelligent windows of the invention.

0071 Fig. 4 is another non<limiting embodiment of a schematic of a natwork

of aircralt intslligant windows of the invention.

10014 Fig. 5 is still ancther non-imiting embodiment of a schematic of a

network of airceraft inlelligent windows of the invention.

[0813] Fig. 8 is a schemaltic of a system of the invention for monitoring the
output signsis of sensors or detectors of the airerafl inteliigent wingows in

accordance to the teachings of the invantion,

30141 Fig. 7 is a schematic of & system for scheduling repairs to, or
raplacements of, airoraft intelligent windows that are parforming outside of

accaptable imits.

DETAILED DESCRIPTION OF THE INVENTION

0018 As usad herein, spatiad or directional {erms, such as lsft’, "right’,
“aner”, "outer”, "above”, "below”, and the like, relgte to the invention as it is shown in
the drawing figures. However, { is to be undersiood hat the invention can assums
various allernative orientations and, accordingly, such terms are not to be
considerad as limiting. Further, as used hersin, all numbers expressing dimensions,
physical characteristics, processing parameters, guantities of ingredients, reaction

conditions, and the like, used in the spacification and claims are {0 be undersiond as

_ 4 -
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Deing moditied in ail instances by the term "aboutl”. Accordingly, uniess indicated o
the confrary, the numerical values sst forth in the following specification and claims
can vary depending upon the desired properties sought 1o be oblained by the
present invention. Al the very least, and not as an attempt to limit the application of
the doclring of sguivalents o the scope of the claims, each numerical value should
at lsast be construed in Hght of the number of reported significant digits and by
applying ordinary rounding fechniques. Moreover, all ranges disciosed hersin ars {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 10" should he
considered {0 inciude any and all subranges between {(and inclusive of} the minimum
vaiue of 1 and the madmum value of 10; that is, all subrangsas baginning with a
minimum vaius of 1 or more and ending with a maximum vaiue of 10 or less, e.g., 1
10 3.3, 4.7 to 7.5, 5.5 1n 10, and the like. Further, as used hersin, the terms "formed
over, "applies gver , "deposiied over, or "provided over’ mean formed, applied,
depositad, or provided on put not necessarily in contact with the surfacs. For
exampie, a8 coating iaver “formed over” a substrate does not preciude the presence
of one or more other coaling iayers or Hiims of the same or difterent composition

iocated betweaen the formed coating laver and the substirate.

{0 16] Betore discussing non-limiting smbodiments of the invention, it is
undersicod that the invention is not limited in its application to the delails of the
parficular non-imiting smbodimeants shown and discussed herein since the nvention
is capabie of other embodiments. Furthar, the ferminology usad herein {o discuss
the invention is for the purpose of description and is not of limitation. Sl further,
uniess indicated otherwise in the foliowing discussion, like numbers rafer {o like
siaments, The non-limited embodiments of the invention giscussed herein ars
directed o an intelligent window system for a vehicle, e.g. but not Iimited to an
aircrafl windshield that includes, among other things, a plurality of windows; selecisd
ones of the plurality of windows having one or more sansors o monitor the
nerformance of properties of the window, and an aircrait central monitoring system
(hereinatier aiso reterred 10 as an areraft "OMS”, or an "ACME™) {o receive dala from

the sensors o astimate useabls iite of the selecied ones of the plurality of windows

NaviNg a sensor.
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[0017] With reference to Fig. 1, non-limiting embodiments of the invention will
be directed to an aircraft laminated transparency, e.g. but not limited to a right side
windshield 10, a left side windshield 11 (numbered but not shown in Fig. 1), a right
front windshield 12, and a left front windshield 13, of aircraft 15. The invention,
however, is not limited to any particular type of aircraft transparency, and the
invention contemplates the practice of the invention on aircraft cabin windows 18, e.qg.
but not limited to aircraft windows of the type having a medium responsive to electric
stimuli to increase or decrease visible transmission, e.g. but not limited to the type of
window disclosed in U.S. Published Patent application 2007/0002422A1 and on
aircraft windows of the type having an insulated air space between a pair of
laminated sheets. Further, the invention can be practiced on commercial and
residential windows, e.g. but not limited to types disclosed in U.S. Patent No.
5,675,944, which patent in its entirety is hereby incorporated by reference; a window
for any type of land vehicle; a canopy, and windshield 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 type of containers, for example but not limited to a refrigerator,

cabinet and/or oven door.

[0018) Shown in FIG. 2 is a non-limiting embodiment of an aircraft intelligent
window (hereinafter also referred to as "AlW") 20, e.g. but not limited to a laminated
aircraft windshield 20 that can be used in the practice of the invention. The AIW or
windshield 20 includes a first glass sheet 22 secured to a second glass sheet 24 by
a first interlayer 26; the second sheet 24 secured to a second vinyl-interlayer or
sheet 28 by a first urethane interlayer 30, and the second vinyl-interfayer 28 secured
to a heatable member 32 by a second urethane interlayer 34. An edge member or
moisture barrier 36 of the type used in the art, e.g. but not limited to a silicone rubber
or other flexible durable moisture resistant or impervious material is secured to (1)
peripheral edge 38 of the windshield 20, i.e. the peripheral edge 38 of the first and
second sheets 22, 24; of the first and second vinyl-interlayers 28, 28; of the first and
second urethane interlayers 30, 34 and of the heatable member 32; (2) margins or
marginal edges 40 of outer surface 42 of the windshield, i.e. the margins 40 of the
outer surface 42 of the first glass sheet 22 of the windshield 20, and (3) margins or

-8 -
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marginal edges 44 of outer surface 46 of the windshield 20, i.e. margins of the ouler

surface 48 of the heatable member 3.

LR Asg is appraciated by those skilled in the arl, and not limiling to the
invention, the tirst and second glass sheets 22, 24; the first and second vinyl-
interiayers 26, 28 and the first yrethans interlayer 30 form the structural part, or inner
segment, of the windshield 20 and the ouler surtace 42 of the windshield 20 faces
the intenior of the aircraft 14, and the sacond urethane laver 34 and the healable
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 3¢ provides heat o remove fog from, and/or 1o melt ice on, the outer

suiface 48 of the windshield 20.

0020] The invention 2 not imited 1o the construction of the AW or windshisla
20 and any of the constructions of aircraft fransparencies used in the art can be usad
in the prachice of the invention. For example and not limiting o the invention, the
windshigid 20 can include a construction wherain the vinyl interlayer 28 and the

urethane interlaver 30 are omitled, and/or the sheels 22 and 24 are plastic shaeis.

00211 Further, the invention is nol limited 1o the design andior construction of
the heatable member 32, and any elactrically condudctive heatable member used in
the art to heat a surtace of a shest (o mealt ice on, and/or ramove fog from the
surface of the sheet can be used in the practics of the invention, In genersl, the
healable member 32 includes a giass sheet 80 having a conductive coating 82
applied o surface 84 of the glass shest 80, and a pair of spaced bus bars 66, 68 in
glectrical contact with the conductive coaling 6£. The invention is not imiled to the
composition of {he conduclive coating 62, for example and not limiting {o the
invention the conductive coaling 682 can be made from any suitable siectrically
conductive material. Non-limiling embodiments of conductive coatings that can be
dsed in the praclice of the invention inciude, but are not limited 10, a8 pyrolviic
deposited Huorine doped tin oxide film of the type sold by PRG Industries, inc. under
the registered frademark NESA; a magnetron sputter deposited tin doped indium
oxide film of the type soid by PP industries, Inc. under the registered trademark
NESATRON; a coating made up of one or more magnetron sputter deposited films,
the films including, but not limited {0 a metal film, e.q. silver batwsen metal oxide

7 -
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films, e.g. zinc oxide and/or zinc stannate, each of which may be applied sequentially
by magnetron sputtering, e.q. as disclosed in U.S. Pat. Nos. 4,610,771, 4,806,220
and 5,821,001. The invention also contemplates a heatable member 32 using
spaced electrically conductive wires. Heatable members to remove ice and snow
from the aircraft windshield are well known in the art, and no further discussion is

deemed necessary.

[0022] Generally the glass sheets 22, 24 and 60 of the windshield 20 are clear
chemically strengthened lithium containing glass sheets; however, the invention Is
not limited thereto, and the glass sheets can be heat strengthened or heat tempered
conventional soda-lime-silicate glass or borosilicate glass sheets. Further as is
appreciated, the invention is not limited to the number of glass sheets, vinyl
interlayers or urethane interlayers that make up the windshield 20 and the windshield

20 can have any number of sheets and/or interlayers.

[0023] Still further, the invention is not limited {o the construction of the
windshield 20 and any of the constructions of aircraft transparencies used in the art
can be used in the practice of the invention. For example and not limiting to the
invention, the windshield 20 can include a construction wherein the second vinyl-
interlayer 28 and the first urethane interlayer 30 are omitted, and/or the glass sheets
22 and 24 are plastic sheets. Further, the cross section of the window 20 shown In

Fig. 1 shows flat or non-shaped sheets, the invention is not limited thereto, and the
window 20 can have a contour to match the contour of the outer surface of the

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

[0024] In addition, the invention is not limited to the material of the {ayers or
sheets of the transparency, and the layers or sheets can be made of, but not limited

to, cured and uncured plastic sheets; annealed, heat strengthened, and heat and
chemically strengthened, clear, colored, coated and uncoated glass sheets. Still
further the invention can be practiced on windows having opaque sheets, e.g. but not
limited to wood and metal sheets, and glass sheets having an opaque coating, ana
combinations thereof. In the preferred practice of the invention, the sheets 22, 24
and 60 are transparent clear glass sheets. By "clear glass” is meant non-tinted or

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

_8 -
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any composition having any optical properties, e.g., any value of visible transmission,
ultraviolet transmission, infrared transmission, and/or total solar energy transmission.
By "float glass" i1s meant glass formed by a conventional float process. Examples of
float glass processes are disclosed in U.S. Patent Nos. 4,744,809 and 6,094,942.

[0025] In the preferred practice of the invention, the AlW or the windshield 20
has one or more sensors to monitor one or more properties of the window to
determine if the window is operating within an acceptable performance range, and to
take 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 selected
from the group of (A) an impact sensor 70 that generates a signal when an object
hits or impacts the windshield, e.g. but not limiting to the invention, hits the outer
surface 46 of the windshield 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
sensor 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) a
sensor or detector 82 to measure the temperature of the conductive coating 62 of the
heatable member 32 to prevent over heating of the heatable member 32, and (E) a
moisture sensor 84 to indicate moisture penetration through or around the moisture

seal 36 and/or between the sheets of the [aminated windshield.

[0026] The term “aircraft intelligent window” as used herein is an aircraft
window having one or more sensors or detectors to measure performance of a
property or characteristic of the window and forward a signal having the data to a

processor.

[0027] The impact sensor 76, 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 because the invention is not limited to the design or
operation of the sensors 76, 78, 80, 82 and 84, and sensors well known in the art
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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LS. Patent Application Publication Nos, 2010/3163675 A1 and 2013/075,531, ang

O further discussion is desmsd necassary.

30281 Non-limiting smbodimants of the invention will be discussed using the
ight side windshield 10, the left side windshield 11, the right front windshield 12, and
the left front windshield 13, of the aircraft 15, As can be appredciated, each of the
right side windshield 10, the lefl side windshigld 11, the right front windshislg 12, ang
the lefl front windshield 13, of the aireralt 15 can havs the design of tha

windshield 20 shown in Fig. 2 and discussed above, or selected ones of the right
side windshield 10, the lofl side windshield 11, the right froni windshield 14, and the
ot front windshield 13, of the aircraft 15 can have the design of the windshielg 20
and the remaining ones of the right side windshisld 10, the left side windshiald 11,
the right front windshield 12, and the left front windshield 13, of the arerafl 156 can

have different designs, £.g. but not limiled any prior art design of an airgraft

windshieid,

02 The discussion is now directad to non-limiting embodiments of aircraft
window sensing networks (hereinafter also referrad o as "AWSN") of the invention {0
raceive input from selecied ones of the sensors 78, 78, 80, 84 and 84 of the aircraft
intalligent windows or windshislds 10-13, and compars the presant culput of the
sensors o previous osutput of the sensors andfor the culput from diferent sensors of
diffarent windows meaasuring the same paramster 1o estimate iife axpaciance or
remaining ussable life of the aircrafl intelligent window for sach of the properlies
measured by the sensors. In the preferred practice of the invention, the aircrait
intslligent windshields 10-13 are considerad windshislds of an aircraft window
sansing network (hereinafter also referred o as "AWSN") discussed in delall below
instead of individual independsnt operaling windshislds. In this manner, indiviaual
performance of the windshields can be considerad, and performancs of the
windshield opsrating as a windshisid of a network can be considersd. As will bs
appreciated, moniforing a nelwork of windows insisad of one window may provids
nformation {o indicate that the aircraflt opeaning or window mount may be contributing
{0 8 window defedl, or the design of the window may be ussabils for one iocatlion but
not for a different location. By way of #lustration and not limiting to the discussion, i
nast performance and present performance of 8 window in a nelwork of windows

that usually deveiops defects, e.g. moisiurg penelration is w "posilion x™ ot the

- 10 -
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aircraft, the typs of failure of the windows {moisture penetration} in "position ) may

be an indication that a window design s not useabie in "position X

O30T in the praferred practice of the non-limiting embodiments of the
nvention, the sensor 786 provides data relating o impacts to the windshisld; the
Sansor 78 provides data relating to the pressncs of cracks in the giass and plastic
sheets; the sensor 80 provides data relating o arcing of the heatable mamber 32,
the sensor 82 provides data relating o the temperature of the heatable member 32,
and the sensor 84 provides data relating o moisture penstration. The sensors usad
i the practice of the invention include, but are not limiled {0 the sensors ang

deteclors disclosed in U.S. Patent Application Publication Nog. 201070183875 A1,
and 2013/075531,

0031} in one non-imiting embodiment of the invantion, each of the arcrait
nislligent windows monilored have the same sensors, and in another non-imiting
smbodiment of the invention, the gircrafl intelligent windows have sansors hat
measura a proparty that is expscied to be sfiacted by the continued operation of the
airgraft having the aireraft intelligent window. By way of llustration and not imiting {0
the invention, airerafl intelligent windows al the rear of the aircrall may not have
impact sensors because impacts o the windows at the rear of the plane are €85
ikely to have impagcts during take off and landings than the front windshields of the

airgrafl. The sensors mounted on the aircrafl intelligent window are coliactivaly

reforred 10 as a group of SENSOIS OF SBNSOT Qroup.

0032 Shown in Fig. 3 is a non-imiting embodiment of an gircraft window
sensing network or AWSN 85 of the invention. The AWSN 85 inciudes, but is not
imitad o the right side windshisld 10 having sensor group 86 connected o 2 window
sansing hub (WESH) 88 by way of cable 80, the lefl side windshield 11 having
sansor group 92 conneclsd to the WSH 88 by way of cable 84, the right front
windshisld 12 having sensor group 88 connected o the WSH 88 by way of cable B8]
the left front windshigld having sensor group 100 connscled {0 the Wok 88 by way
of cable 102, and AW 117 having sensor group 116, The communication between
the WEH 88 and the sensor groups 88, 82, 96 and 100 of the AlWs 10-13,
respectively, is provided by cables 80, 94, 88 and 104, respeactively, and the sensgor
agroup 118 of the windshield 117 is connectad {o the WSH 88 by a transmitler and

N
= E’i -
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amtenna combination 144 mountad on the windshield 117, and a fransmitter ang

antenna combination 126 is positioned in the WESH 88,

F033] As can now be appreciated by those skilled in the arl, passing
information befwaen the sensor groups 86, U2, 86,100, ang 1186, and the WsH 838
can be by wirsless transmission as shown for windshisld 117or can be by wirg or
cable ransmission as shown tor the AlWs 10-13 as discussed above. Wireless
commiinication and wire commaunication {0 pass information batwesan fwo or mora
iocations or positions s wall Known in the art and no further discussion is geemed
necessary. ror additional discussion directed {0 wirelgss communication and wire
communication o pass information betwsen two or more locations, reference fo U.S.
Hublished Malent Publication No 2013/0075531 Is recommended. Based on the
gresent discussion, # can now be appreciated that the invention s not limited o the
method of passing the informalion between the sensor groups 86, 92, 96, 184G, 104,

110 and 116, and the WSH 88,

R34S The windshisld 117 was added {0 the AWSN 85 o illusirate a non-
imiting embodiment of a wireless connection of the invention. The windshield 117 is
not shown in the other non-iimiting embodimenis of the mvention, howsver, s
understood that wireless connections can be ussad with other non<imiting
ambodiments of the invention. Further, unless indicated otherwise, the discussion

directed one or more of the IAWs10-13 is gpplicable o the AW 117,

{035] With continued reference o Fig. 3, the WSH 88 includes a
micraprecessar 130 {0 process the information received rom sensor groups 86, 92,
48, 100 and 116, {o determine the performancs of properties of each of the windows
of interest. in one non-limiting empodiment of the invention, the Wi 88 includes
software and data {o format the information from the sensors groups 86, 82, 86, 100
and 1186 to presant 3 represantation of the parformancs of the Alws 180-13 and 117,
The invention is not limiled to the formatting of the information received by the WEH
88, e.¢. in one non-limiting embodiment of the invention, the dala from the sensor
groups 88, 84, 88, 100 and 118 recaivad by the WSH 88 is formatiad {o show
psarformance of the AlWws 10-13 and 117 In the calsgories of windows performing at
the boltom guartie, the {op guartiie and the middie half of the accapiable rangs for

gach of the propearties of the AW being monitorsd.  In ancthar non-imiting
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smbodiment of the nwention, the formatting includes assigning windows o natworks
of windows, 8.¢. a network of side windshiglds, and a network of front windshigids,

and noting and comparing their performancs.

LR Y AR can be apprecigted, the invention Is not limifed 1o 8 MICroProcsssor
and any equipment for processing information can be used in the practice of the
nvantion, .4, but not imiled o g fully programmabis gale array {3180 known in the

art as "FPGA™} and/or an application spacific integrated airouit,

{G837] i one non-imiting embodiment of the invention, and as shown in Fig. 3,
the WSH 88 can be an independent unit used o monitor and control the airerait
winaow system, or the VWSH 88 can be connected t© an aireraft ceniral maintenances
system 134 (hereinatier &iso referred t© as "aircrafl UMS 1347) of the aircrait 12 by
wire or cable 136, and/or wireless. The aircraft CMS 134 includes sofbvare and
Mistorical dala o provide expecied ussabie life of the windshisids 10-13 ang 117,
through 8 mathematical framework and when nscessary, set up repsiv or
raplacement of the aircratt intslligent window, &.g. but not limited to the procedures
disciosed in U.S. Patent No. 8,155,818, When the windshield sensing hub 88 is
usea with the aircratt CMS 134, the formatied information is Torwardsed from the
WHS 88 1o the aircraft CME 134 of the aircrall by the cable 138, The airoraft

ChS 134 acts on the formatied information {0 determing health and useabls life of

the AW 10413 and 117, .. as discussad in datail balow,

TO038] Ag can now be apprecigted, he invention is not limiled o the number
of windows connecied 0 the window sensing hub 88, and ail the windows of the
aircratt 15 can be connected o the WSH 88, Further, the invention is not limited o
the numbser of sensors provigaa on sach of ihe AN 10-13 and 117 of the aireraft 15,

F003Y] An agdvantage of the aircrall window sensing network 85 shown in

Fig. 3 is the capability of setling up the microprocassor 130 of the WEH 88 {o format
only gdata of interest and forwarding the formatisa data of interest {o the asircraft
central monitonng system 134 {o delerming the hasahlth and usasgble life of the AlWs
af inferest, e.g. but not imited {0 windshields 10-13 and 117, The filtered dafa is
stored for reference, €.¢. but not limited o the invention {© detarmine expected iifs
axpectance of the AlWws 10-13 and 117 as discussed below., By way of lustration

and not iimiting o the invention, the microprocassor 13D ofthe WSH 88 is
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programed based on a mathematical model to format the data of interest from the
data coliected on the activily of the aircraft. For example and not imiting {o the
discussion, it the plane is scheduied for take off, before take off, data from all the
SSNsSOr grouns 88, 92, 86, 100 and 116 of the aircraft windshields 10-13 and 117 is
coliected by the aircraft central maintenance system, or gircraft CMS 134 and
evaluated by a model based microprocessor 130 o show performance of the aircraft
intetligent windshiglds 12-13 and 117, and the resuiling data sent to the aircraft CMS
134 to determine expecied useabis life of the AlWs 10-13 and 117, If the expecisd
useable life of an AW 12-13 and 117 is less than the flight imea 1o the imtial
destination or less than a scheduled flight time fo an airport having an AW io replace

the AIVY of interes!, the AW of inlerest is replaced befors take off.

00401 in another non-imiting embodimeant of the invention, during taks off of
the aircraft 15, the microprocessor 130 of the WEH 88 is programed {o process dats
from the impact sensor and the crack sensor of the windshields 16-13 and 117, and
o forward the data from the impact sensor and the crack sensor of the windshields
to the aircrall CMS 134 (o determing any changs in the expected usseable life of the
AlWs 10-13 and 117.

00413 in still another non-iimiting embodiment of the invention, during flight
time, the microprocessor 130 is programed {0 svaluate data from the sensors at &
frequency based on is importance during the flight. For exampie and not imiting o
the discussion, the temperature sensor and the are sensor are checked at the
nighast frequency; the orack or rupture sensor and the moisture sensor are
measurad at a freguency iess than the frequency check of the arc and temperaturs
SEnsors, and e impact sensor is measured at a frequancy iess than the freguency

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

100421 Further, in another non-limiting embodiment of the invention, during
anding of the aircrall, the microprocassor 130 of the WEH 88 is programed {o
nrocess data from the impact sensor and the crack sensor and to forward the data
from the impact sensor and the crack sensor to the ACMS 134 {0 be part of the
window nistory database and wilh 3 matheamatical model {0 delermine any change in

the expected useable life of the AlWs 10-13 and 117.
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G043 The microprocessor 130 of the WSH 88 can also be programed o
display immediately any sensor reading that has a drop in parformance of a

predeterminad parcent, a.g. butl not limited v 25% of more drop i parformance.
Data collectad and not used during take-off, flight and landing. is forwargeg o a

storags faciity and ussed to delermine life expeciance as discussed bealow.

[0044] Shown in Fig. 4 is another non-limited ambodiment of an aircrafl
window sensing network of the invention identified by the number 140, The aircraft
window sensing network 140 includes, but is not imited {0, the windshields 10-13
having sensor groups B, 82, 98, and 100, respectively, connected o aircraft central
monitoring sysiem 142 by the wires 80, 84, 98, and 102, respeciively. in this non-
imiting smbodiment of the invention, the aircraft CMS 142 can include the formatling
features of the WHS 88 s.g. but not limited to having the microprocessor 130
pasitioned in, or being part of, the aircralt CMS142, The airgraft OMS 142 of (he
airoralt window-sansing network 140 shown i Fig. 4 oparates in a simiiar manner a8s
the WSH 88 and aircraft CMS 134 of the aircraft window sensing network 85 shown
N Fig. S

0451 Fig. 5 shows still another non-limiting embaodiment of an aircrafl
window-sensing natwork CAWSENT) of the invention designated by the number 150
in general, the aireraft window-gensing network 150 includes, but is not imilsd 1o,
any combination of single or multiple units, including any or all of the AW 10-13, ang
20 {see Figs. 1-4}, the WSH 88 {sse Fig. 3}, andfor the aircraft CME 1534 {Fig. 3) and
142 {(Fig. 4. In the non-limiting embodiment of the invention shown in Fig. §, the
aircraft window sensing network 150 includses, but is not limited o, the sensor

group 88 of the right side window 10 and the sansor group 82 of the st side
window 11 connecisd to the WEH 88 by wires 80 and 84, regpectively. The

sensor 92 of the left front window 13 Is connecied o the aircraft CMS 134 by

cable 102, and the sirorafl OMS 134 and the WSH 88 are connected by cable 101 O
gxchangs information betwean the alrgrafl CMS 134 and the WHH 88 relaling o
nerformance of the windows, ¢.g. but not imited {0 airerall history and maintenance
of thae aircraft intsiligent windows 10, 11 and 13. The aircraft CMS 142 is connecled
by cable 152 {o a window sensing HUB 153 to exchange information betwesn the
ACMS 142 and the window sensing hub 153 relating o performancs of the

windows 10, 11 and 13. With condinued reference fo Fig. 5, the sensor 86 of the
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windshieid 12 8 connecied by wire 48 {0 sensor 1506 of the wingdow 204, and the
sensors 98 and 156 are conneclad to an aireralt CMS 158 by cable 158, Ags can be
appreciaied, the information from the sansor 88 of the window 12 can be nisgrated
with the information of the sensor 1588 of the window 20 and forwardead {o the airgraft
CMS 142 by the cabls 158, or the information from the sensor 88 of the window 12
can be forwarded by cabie 88 o the window 20 and forwarded wilh the information

from the sansor 156 by cable 158 1o the afroraft UMS 1424,

1 3046] The AWSN 150 of Fig. 5 provides the option o compare the
parformance of the AlWs 10 ang 11 {o one another, and {0 compars the performancs
of the AV 13 o the AlWs 10 and 11 as individua! windows or as a group of windows,
or {0 the compination of windows and o compars the parformancs of the AW 14
and 20 o ong another. Optionally and not imiting to the invention the airerafl

CME 142 can be connecisd 1o the airerait G 134 and/ior the window sensing

nulk 153 by wires 160 and 182, respeclively {(shown in phantom). In {his manner, the
performancs of the windows can be comparsd 0 one ancther. For exampie and not
Hmiting o the invention, the output of the are sensor and temperalure sensor for the
windows 10, 11 and 13 can be comparad {0 one another (o see if the deterioration of
the AW foliows a pattern or s random. if a faillure patltamn s followad, the fallure of

the AW may be due o an effect acting on the window as contrasted o an effect of

the window.

04T As can now oe appreciated, the invention is not iimidad o the
connactions of the intelligent aircratt windows (HIAW"} 10-13 as shown in Figs. 3-5,
and the invention contemplates any 1AW connection configurgtions, e.g. but not
imitad {o 1AW directly or indirectly connectad {0 the WSH or the aircralt CME; 1AW
inter-connscted fo another 1AW for information sharing or nebworking, and any
combination of IAWS inter-connected first and then connected as a group o either
AWH or integrated alrcrait OMS. Further, connactions of the intslligent aircraft
windows 10-13 {0 the aircrafl central maintenance systems 134 and 144 in Figs. 35,
respectively, and the invention contemplates any individual 1AW directly integrateg
inio the aircratt OMS o be part of the airerait maintenance and aircraft reliabiiity
caloulation/oredictions, any combination of IAWs can be inler-connecied andior

grouped together and then connscled to the aircrait UM as part of the aireratt
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nistory and mainienance recording system, and the Window Sansing Hub (WSH)
integrated into the aircratl CMS as part of the UMS for the aircrall monitoring sysiem.

FO048] As discussed above, any ACMS integration from AW system o airoraft
LMS can be made either by wired connaclion or wirgless connection whan
acceptable. In the praclice of the invention, svary AW can be independently used o
shuidown the window heatl controller as disclosed in U.S. Publishag Patant
Anplication oernal No. 2013075,681 or other window reiaiad coniroliars as disciosad
in U5, Patent Application Publication No 2010/0163875 A1, The invention i not
Himited to reasons to shut down the sansors of the infelligent aireralt windows 10-13
and 20 {shown only in Fig. 5, and the windows can be shiut down for any reason
including, but not imited {0, & window operating outside of an accepiable rangs for
the property being monitored, or the sensor of the window is not needed bscause the
property being monilored is not aclive, e.9. & sensor {or impadct monilonng can be

naadad on take off but may not necessarily be needed when the aircraft is in flight.

{GO44] The non-imited embogiments of the invention provide, among other
things, the opportunity (o make an intelligent decision for the aircrall contral actions,
such as shuldown the intelligent alrcralt window hest controlier, alarm the piiol, gata
input fo the alrorgft ACMS based on the window conditions, such as, the window life
pradiction, window longevily, window arcing condition, window muoisture ingression,
window impact status, ang other wingdow reiated measurement, will be institulag
gither by the airerall ACMS system, by WSH with connsction o the alroraft contral
systam inputfouiput modules system, or individually in any AV with direct or indirect

connection to the aircraft conlrol system inputouiput modules system.

Bty The discussion is now direciad v the use of the nelworks o monior
the performances of the windows having the sensors. The network shown in Fig. 3
uses the WESH as a filter to take gl of the information and dala provided by the
SENSOr groups to study thoses properties of interest for the aclivity of the aircrall. By
way of Hustration and not limiling o the invention, dunng take off the information
from the impact sansors s monilored (o identify any impact having force sufticient to
cause a sheet of the windshield to fracture. Atter take off the oulput of the orack
sensor and the impac! sensor are saved inlo the WEH and evaluaied by a math

modal o delermineg if 2 reading is oulsids of normal low impact, With the plans in
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flight the monitoring of the impact sensor is reduced {0 read impact data only ¥ a

reading is outside of an acceplabls range.

0057 Consider the arcing sensor and the temperature sensor, For planes
fiving in high temperalure zones, the healable member may have imiled use. More
narticularly, the dalg from the temperaturs sensor and the are sensor can be taken
for historica! purposss and not processed because the heatable member may be
furned off. As can now be appraciated, the guiput of the arc sensor and the
tempersture sensor is only used when the data indicates that the heatable membey

is arcing andfor the temperaturg sensor indicates a temperature outside an

acceptabls range.

i0352] As can be appreciagted, the invention is not limited 0 the software
nrogram o evaluate the performance of the windshield, and to determine and/or
astimate ussable iife of the windshields, and any of the types known and /or used in

the art can be used in the practice of the invention

Control System

B0531 With referance to Fig. 8, there is shown one non-limiting embodiment
of the inverntion o monitor the performancs of the AW 10-13 ang 20 shown in Hig. 5
af the invention and {o timely schedule mainienance of, 8.¢. repars o, or
replacement of, iransparencies, s.g. AlWs that are performing outside accepiabie
Hmits andfor have g short life axpectance. The sensor groups 86, 82, 96, and 100, of
the IAWs 10-13 of the network 140 shown in Fig. 4 are connecled by wirgs 80, 84,
88, and 102, respectively to the aircraft UMS 142, mountsd in 8 console 170
mounted in the airplane 15 {Fig. 1), The arcraft OMS 142 is connecied 10 3

monitor 178 to provide visual display, and speaker 180 {o provide audible information
regarding the performance of the AlWs 10-13. The console 178 can includs an
alarm 182 o bring attention {o the monilor 178, Placing the console 17 inine

aircraft 15 provides the personnel within the aircraft 15 with real time performancs of

tha AW 10-13

10054] With reference to Figs. 8§ and 7, in another non-limiting embodiment of
the invention, the console 176 has s wireless transmitler and receiver 184, the

transmitter 184 transmits signals 186 to a tfransmitling fower 188, The signais 186
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carry data on the performance of the AlWs 10-13. The tower 188 transmits a
signal 190 carrying the data on the performance of the AIW 10-13 to a satellite 192.
The satellite 192 transmits a sighal 194 carrying the data on the performance of the
AlWs 10-136 to a control center 186. The data received is studied and the
appropriate action to be taken is scheduled. In one non-limiting embodiment of the
invention, based on the information received, personnel at the control center 196
determine what action, If any, is needed. [f action such as repairs to the AlW or
replacement of the AW is needed, a signal 198 providing a repair schedule is
transmitted to the satellite 192. The satellite 192 transmits a signal 200 having the
repair schedule to the tower 188. The tower 188 fransmits a signal 204 having the
repair schedule to the console 176 and to a maintenance center 208 geographically
close to the designated repair location (usually the next scheduled stop for the
aircraft) to arrange to have all parts, equipment and personal need at the designated

repair location,

[0055] In still another non-limiting embodiment of the invention, if the data
from the sensor groups indicate that an AV has to be replaced, the repair schedule
can include shipment of an AW replacement windshield to the next scheduled stop
of the aircraft; if the AIW has to be replaced with some urgency, the repair schedule
would include a change to the flight plan to land immediately and an AIW scheduled
to be delivered to the repair area. The passengers can optionally be fransferred to
another plane or wait until the repair 1s completed. If a repair is scheduled, and the
repair can be made without removing the unacceptable AIW, the repair schedule can
provide for personnel and repair parts to be provided at the designated repair

location.

10056} As can be appreciated, the invention is not limited to wireless
transmission of signals carrying information and the transmission can be made by

land-lines. Further, the signals can be transmitted between locations salely by

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

[0057] The invention is not imited to the embodiments of the invention
presented and discussed above which are presented for illustration purposes only.

The scope of the claims should not be limited by particular embodiments set forth
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nerein, but should be construed in a manner consistent with the specification as a

whole.
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CLAIMS:

1. A network system for monitoring and storing performance data of a transparency
to provide estimated useable life of the transparency and/or to provide real life
performance of the transparency, the transparency comprising a transparent sheet
having a sensor group secured on a surface of the sheet to measure predetermined
characteristics and/or 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 electrically heatable member mounted on a surface of
the transparent sheet, hereinafter referred to as an “arc 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, hereinafter referred to as an “moisture sensor”, an impact sensor for
measuring force of impact of objects hitting a surface of the transparent sheet,
hereinafter referred to as an “impact sensor”, and a sensor for identifying fractures in
and/or on the transparent sheet, hereinafter referred to as an “crack sensor’, the
network system comprising;

a window sensing hub comprising a microprocessor to receive output of
the sensor group of each of the transparencies, wherein the microprocessor is
programed to 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 formatting the received data
in accordance to a preset program, wherein 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 monitoring system connected to the window sensing hub to

receive the formatted information from the window sensing hub and unfiltered

information, wherein the unfiltered information from the transparent sheet is
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acted on by the central monitoring system to provide an estimated useable life of
the transparency,

wherein the window sensing hub is a first window sensing hub, the central
monitoring system is a first central monitoring system, further comprising a
second window sensing hub and a second central monitoring system, wherein
the first sensing hub is connected to the first central monitoring system, and the
first central monitoring system is connected to the second window sensing hub,
the transparency is an aircraft windshield comprising a left side windshield; a
right side windshield; a right front windshield; and a left front windshield; and a
fifth aircraft windshield, wherein the sensors of the right side windshield and the
left side windshield forwards data to the first window sensing hub, the sensor of
the left front windshield forwards data to the first central monitoring system, the
sensor of the right front windshield is connected to the sensor of the fifth aircraft
windshield and the data from the sensors of the right front windshield and the fifth
windshield are forwarded to the second central monitoring system, and

wherein the data from the sensor of the right front windshield is mixed with
the data from the fifth windshield and forwarded as combined data to the second

central monitoring system.

2. A network system for monitoring and storing performance data of a transparency
to provide estimated useable life of the transparency and/or to provide real life
performance of the transparency, the transparency comprising a transparent sheet

having a sensor group secured on a surface of the sheet to measure predetermined
characteristics and/or 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 electrically heatable member mounted on a surface of
the transparent sheet, hereinafter referred to as an “arc 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

.22 .
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transparent sheet, hereinafter referred to as an “moisture sensor”; an impact sensor for

measuring force of impact of objects hitting a surface of the transparent sheet,
hereinafter referred to as an “impact sensor”’, and a sensor for identifying fractures in
and/or on the transparent sheet, hereinafter referred to as an “crack sensor’, the
network system comprising;

a window sensing hub comprising a microprocessor to receive output of
the sensor group of each of the transparencies, wherein the microprocessor is
programed to 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 formatting the received data
iIn accordance to a preset program, wherein 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 monitoring system connected to the window sensing hub to
receive the formatted information from the window sensing hub and unfiltered
information, wherein the unfiltered information from the transparent sheet Is
acted on by the central monitoring system to provide an estimated useable life of
the transparency,

wherein the window sensing hub is a first window sensing hub, the central
monitoring system is a first central monitoring system, further comprising a
second window sensing hub and a second central monitoring system, wherein
the first sensing hub is connected to the first central monitoring system, and the
first central monitoring system is connected to the second window sensing hub,
the transparency is an aircraft windshield comprising a left side windshield; a
right side windshield; a right front windshield; and a left front windshield; and a
fifth aircraft windshield, wherein the sensors of the right side windshield and the
left side windshield forwards data to the first window sensing hub, the sensor of

the left front windshield forwards data to the first central monitoring system, the
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sensor of the right front windshield is connected to the sensor of the fifth aircraft
windshield and the data from the sensors of the right front windshield and the fifth
windshield are forwarded to the second central monitoring system, and

wherein the data from the sensor of the right front windshield is forwarded
to the sensor of the fifth windshield and the data from the right front windshield

and the fifth windshield is forwarded to the second central monitoring system.

3. The system according to claim 1 or 2, wherein the first and the second central

monitoring systems are interconnected.

4. The system according to claim 3, wherein the second central monitoring system

IS connected to the second window sensing hub.

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

alarm.

6. A network system for monitoring and storing performance data of more than one
transparency of a land, air, space, above water and/or below water vehicle to provide
estimated useable life of selected ones of the transparencies of the vehicle and to
provide real life performance of the selected ones of the transparencies, wherein the
selected ones of the transparencies each comprises a transparent sheet having a
sensor group co-acting with the transparent sheet to measure predetermined
characteristics and/or properties of the transparent sheet 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 electrically heatable member
mounted on a surface of the transparent sheet, hereinafter referred to as an "arc
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
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surface of the transparent sheet, hereinafter referred to as an "moisture sensor”; an
impact sensor for measuring force of impact of objects hitting one or more of the
selected ones of the transparencies , hereinafter referred to as an "impact sensor”, and
a sensor for identifying fractures in and/or on the transparent sheet, hereinafter referred
to as an "crack sensor”, the network system comprising;

a window sensing hub comprising a microprocessor programed to receive
output of selected ones of the sensor group of selected ones of the
transparencies, wherein the microprocessor is programed on command to
receive data from the sensor group of selected ones of the transparencies,
wherein the data provides information on the performance of the property and
characteristic of the sensor group of selected ones of the transparencies
associated with the sensor group and formatting the received data in accordance
to a preset program of the microprocessor, wherein the preset program includes
at least providing data from the sensor group of the selected ones of the
transparencies 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 monitoring system connected to the microprocessor of the
window sensing hub to receive the formatted information from the window
sensing hub and raw sensor data, wherein the raw sensor data from the selected
ones of transparencies are acted on by the central monitoring system to provide
the real life performance of the selected ones of the transparencies and an
estimated useable life of the selected ones of the transparencies, wherein the

repair and replacement of the selected ones of the transparencies is based on
(1)  the real life performance of the selected ones of the transparencies and
(2) the estimated useable life of the selected ones of the transparencies,
wherein the estimated useable life of the transparency is determined from the
real life performance of the selected ones of the transparencies, performance

history of the selected ones of the transparencies, and output from different
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sensors of different windows of the vehicle measuring output from similar types

of sensors.

7. The system according to claim 6, wherein the selected ones of the
transparencies of the vehicle are each aircraft windshields having glass and plastic

sheets laminated together.

8. The system according to claim 6, wherein the selected ones of the
transparencies are selected from the family of vehicles comprising aircraft windows,

automotive windows, and windows for underwater vehicles.

0. The system according to claim 8, wherein the transparencies are aircraft

windshields.

10. The system according to claim 6, where the window sensing hub and/or the

central monitoring system is connected to a monitor, an alarm and/or a voice activated

alarm.

11. The system according to claim 6, wherein the selected ones of the
transparencies comprise a laminated aircraft windshield and the sensors are mounted
between outer surfaces of the laminated windshield and/or on periphery of the

laminated windshield.
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