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(57) Abstract: A utility cover for covering an opening in-
cludes an outer frame formed of a first material and an insert
within the outer frame formed of a second material, wherein
at least a portion of the imsert 1s substantially transparent to
wireless communications. A hybrid utility cover includes a
first material forming an outer frame and a second material
formed within the outer frame. The second material 1s sub-
stantially more permeable to electromagnetic waves than the
first material.
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HYBRID UTILITY COVER

REFEHENCE TO RELATED APPLICATION

1he present disclosure is based on and claims benefit from ULS. Provisional Application Serial
Mo, 62/046,688 filed September 5, 2014 and entitled “Hybrid Utility Cover” the entire contenis

of which are herein incorporated by reference.

BACKGROUND

{85} The present disclosure relates generally to utility covers, and more particularly o hybrid

utility covers,

2] Water, electric and gas utilities often use subterranean passages or tunnels as conduits,
with surface access openings. Such surface access openings, sometimes referred 0 as manholes,
are erdinartly covered by utility covers, sometimes referred to as manhole covers, To access the
manhiole, workers would remove the utility cover from an access opening, and subsequently

replace the utibity cover over the gecess opening.

003 Traditional utility covers are constructed from casi-iron or steel and it into a mating
eurface of a manhole ring or frame made from similar metal or concrete, The utility cover

mstatled onto such a frame can typically endure vehicle and pedestrian traffic,

{04 smaller covers are used to cover smaller openings used in other applications. Smaller

OpETings may provide access to sublerranean uttlity meters or service valves at a street or
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sidewalk location. When mstabled, such smaller covers are typically subjected to pedestrian
and/or vehicle traffic, The smaller covers are removed femporarily when workmen want gecess

tos the underiving ulihily melers or service valves and restored when the workmen are done.

B05)  Traditional utility covers cover ground openings and provide a surface {0 support
pedesirian and vehicular trathic. In some cases, utility covers also provide access 1o subterranean
clectronic modules, such as automatic meter reading equipment and associated radio and antenna
systems, However, traditional utility covers are made of metal and therefore interfere with the
transmission of electromagnelic signals, Accordingly, such traditional utility covers are not
suttable in applications where electromagnetic signals are being emitted by an elecironic module
proviged below the ulility cover and which signals are infended o be received by devices above

STOURG.

SUMBMARY OF THE PRESENT BISCLOSURE

{1061 A uiihity cover for covering an opening includes an outer frame formed of a first material

and an msert within the outer frame formed of a second malerial, wherein at least a portion of the

msert 18 substantially transparent (o wireless communications.

B387] A hybnd ulibily cover includes a first maierial forming an outer frame and a second
material formed within the outer frame. The second material is substantially more permeable to

electromagnetic waves than the first matenal,

BRILE DESCHIPTION OF THE DRAWINGS

088]  The higures depict embodiments for purposes of lustration only. One skilled in the ant
will readily recognize from the following description that alternative embodiments of the
struciures tiustrated herein may be employed without departing from the principles described

herein, wherein:

B89 g 1is atop view of a utility cover according to an embodiment of the present

disciosure;

(010} Fig. 2 is a side view of a key used to undock the utility cover of Fig. 1;
>

oy
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{0011} Fig. 3 13 a cross sectional view of the utility cover of Fig. 1 taken along line 3-3;

812} Inp. 415 g cross S{t{:tidn view of a portion of the utility cover of Fig. 1, tsken along line 4-
4

HE3] Ing. 5 18 g bottom view of the utility cover of Fig. 1;

{(#314] Mig. 6 1s atop view of the utility cover of Fig. | installed in an opening;

(BGIS] Fig. 7 18 a top view of g uitiity cover according to another embodiment of the present

disciosure;
[BB16] Fip. B s g bottom view of g utility cover according to an embodiment of the present
disclosure;

{H8I7E Mg Y is 2 botlom perspective view of a utility cover according to an embodiment of the

present disclosure;

BUE8] g 10A is a top view of an ouler ring forming a portion of a utility cover according {6 an

embodiment of the present disclosure;

[B019] Fig. 108 15 5 cross-sectional view of the outer ring of Fig. 10A taken along line 10B-108;

G287 Fig. 100 is a cross-seciional view of a porion of the cuter ning of Fig. 10A taken along

fine 100100

215 g 10D 15 & bottom view of the ouler ving of Fig, 104;
{G022] Mg 10E 1s a side view of the outer ring of Fig. 10A:

{023] Fig. 11 15 a side view of an electronic module according to an embodiment of the present

disciosure:
{824} g 124 is a botlom view of a utility cover according to an embodiment of the present
disclosure:

OG25) Fig. 128 13 2 side perspective view of a utility cover according to an embodiment of the

present disclosure; and

{BULE] Dig. 120 18 3 side view of g utility cover according to an embodiment of the present

disciosyre,

w3
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BETAILED DESCRIFTION

0271 The tllustrative embodiuments of the present disclosure describe systems including those

for providing electronic module capabilities o utility enclosure covers while also providing

iraditionad uhility cover functionality.

{8 28] In certain emboduments, the hybrid wiility cover includes a ring or frame wihich may be
metatlic {e.g., steel, iron, cast iron, €i¢.}, an nsert {£.2., 2 polymer concrete mmsert) and an
clectronic madule mount coupled o the insert within a cavity. In some embodimenis, an
electronic module is coupled o the hybrid utility cover by mating with a tlweaded portion of the
elecironic module mount, Other methods of attaching the electronic module to the hybrd utility

COVer may be used,

FHG291 The electronic maodule may include a radio fransceiver, a power souwree such as g batiery
and an associated antenna for transmitiing and receiving radio signais through the msert, For
exampie, the elecironic moduie may be an [TRON AME auiomated meter reading solution
avariable from [ron of Liberty Lake, Washingion, USA. Alternatively, other types of electronic

moduies may be used for other apphications that wirelessly fransmit and/or receive

{H838] In certamn embodiments, the hyvbnid utihity cover includes a refractable locking mechanism

lockable and uniockable using a kevy.

{3631 In certain embodiments, 8 hybrid utithity cover s formed from cast iron and polymer

concrete and 15 intended for use with water utility enclosures.

{33 The hybrid utility cover may include a module mount that is preferably threaded for
securing an electronic module. In certain illustrative embodiments, the threaded mount has a {op
portion that 18 Hush with or just below a top surface of the hybrid utility cover such that it may be
subject to surface trathic. In an embodiment, the threaded mount has a threaded opening at &
botiom portion that is open to a cavily below the hyvbnd wtility cover. The electronic module may

be secured o the mount such as by engaging threads and preferably includes an antenna,

{33] [n certain illustrative embodiments, the polymer concrete cover also includes one or more
cavities for providing a locking mechanism including a keyway accessible from the lop surface

of the hybrnd utiiity cover.
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8834] In certam Husirative embodiments, the top surface of the nsert 1< covered by a skid
resistant surface that 1s fiberglass reinforced and that is applied {o the top surface of the polymer
concrete msert of the hybnid uiihily cover excluding the kevhole. Addiionally, i cortain
iHustrative embodunents, (he botiom cavities for the msert and lock mechanisim are coversd by a
fiberglass reinforced coating. In an alternative applicable {o any of the embodiments and

alternatives described herein, the botiom fibergiass remnforced faver may be onutted.

138351 Referming to Fig 1, a utibity cover 100 according 10 an exemplary embodiment of the
mresent disclosure 15 shown. In thus embodiment, the utility cover 100 includes an msert 110
within an outer ring 170, According to an embodiment of the present disclosure, the ouler ring
17¢ 15 made of 8 metal such as cast ron. The ouler ring 170 may have rough finishing and/or
inienor profrusions o maie with corresponding features of the insert 110 that hold the ingert 1146
i1 position within the cuter ring 170, Insert 110 may be formed from a sutlable matenal or
combination of matenials that provide sufficient strength as well as the capability of allowing
radic waves to propagate through the material withou! substantial loss of signal power. A non-
hrihing example of g suitable matenal for lorming msert 110 is g polymer containing materal

such as polymer concrete,

{B836] The mmsert 1148 15 preferably subsiantially iransparent to portions of the electromagnetic
spectrum that are used for wireless compmunications. According to an embodiment of the present
disclosure, the maternial forming insert 110 allows at least 50% of incident radio frequency

energy in the 2.4 megahertz band to pass there through.

133371 According to an embodiment of the present disclosure, insert 110 s formed of polymer
concrete and may include g structural-reinforcement such as, {or example, one or more
fiberglass-reinforced surtace lavers 112, According {o an embodiment of the present disclosure,

the fiberglass-remntorced surface laver 112 may provide a skid-resistant surface.

HEZE] Insert 110 may include one or more orifices as reqguired. For example, insert 110 may
mchude a keyway 190 for permitting key access to a locking mechanism {shown in Figs. 3 and 5)
proviged on an opposite side of the keyway 190, The kevway 190 is suitably dimensioned io
receive a key and may be about 15/16 of an inch by 1-9/16 inches across the extreme ends of the

opening of the Keyway 190, An example of a kev 195 utilized for locking and unlocking is

-y
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shown in Fig 2. Key 195 is dimensioned to {if through the keyvway 190 and engage a locking

mechanism provided on the other side of the keyway 190,

(3839] According to an embodiment, key 195 unlocks the locking mechanism 10 allow the ulihily

cover 100 to be removed from a8 mounted position as wiil be described later below.

0401 According io an embodiment of the present disclosure, insert 110 spans the mterior of the
puter ring 170 and provides g load carrying capacity suttable for pedesinian and/or vehicular
traffic, The one or more hiberglass-reinforced surtace lavers 112 provide additional lead
handling capacity and shear resisiance even when there are cavibies or openings formed within

the cover 114,

88411 According to an embodiment of the present disclosure, an elecironic module mount 120
may be mounted on the bottom side of the insert 110, An electronic module may be affixed to
the electronic module wount 12 such that the electrome moduie 15 within a cavity when the
hybrid uttity cover 100 15 used to cover an opening of g cavity, For example, the cavily may
coniain a meier such as, for example, g water meter and the elecironmc module may mnchude g

radio frequency (KE) antenna for fransmitting and receiving electronic wircless communications

s¢ that the meter can be electromically read through the wsert 116,

iB842] As shown in Fig. 3, insert 110 has an outer diameter similar {0 an inner diameter of outler
ring 170 such that ynsert 110 ifs snugly within the outer ring 170 and rests on the lower ledge
184 of outer ring 170, According to this embodiment, insert 118 inclndes an upper fiberglass-
remdorced surtace layer 112 and a lower fiberglass-reinforced surface laver 112, According o
an embodunent of the present disclosure, insert 110 i3 a polymer concrete which, during
manutacture of the unlity cover 108, 13 poured 1nto the outer ring 170 and conforms 1o the shape

thereof.

1 80043] As shown in Figs. 3 and 5, a locking mechanism is contained within a locking-

mechansm cavity 188 formed in insert 110, The locking mechanism includes a retraciable pin

182 which is threaded at one end for receiving coupling nut 185, A distal end of retractable pin
182 extends though onfices provided in insert 118 and the lower edpe of outer ring 170, This is
the iocked position. In the locked position, the distal end of retractable pin 182 engages a

iocking member formed in 2 wall of a member in which utility cover 1860 is mounted. The

£
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threaded end of retraciable pin 182 extends through another opeming innsert 110, The threaded
end of retractable pin 182 hag g threaded fastener 187 atiached thereto for maimniaining the

refractable pin 182 in position. A compression spring 186 is provided on the threaded end of

retractable pin 142 between insert 110 and coupling nut 185 and biases retractable pin 182 in the

iocked position.

3044) Referring to Fig. 5, when key 195 is inseried in keyway 190 1t engages coupling nul 183,
When key 195 i< tumed, key 195 urges coupling nut 185 in a leftward direction as depicted in
Fig. 5 compressing compression spring 186 and retracts retractable pin into the orifice provided
in the lower edge of outer ring 170, This is the unlocked position. In this unlocked position,
utitity cover 100 can be readily {ifted from its mounted position thereby exposing the cavity

being covered.

B045) An elecironie module mount 120 is embedded mn the msert 118, According fo this
embodiment of the present disclosure, the mount 120 has threads for receiving and securing an

electronic module through a cavity 122 exposed at the bottorn of the nsert 114, According to

other embodiments, an adapter (not shown) may be threaded into mount 120 and an electrome

module may be attached {0 an end of the adapier exiending from the cavity 122

{13441 According o an embodiment of the present disclosure, electronic module mount 120 may
he provided /n-3ify when insert 110 18 formed. According o this embodument, mount 120 may

inciude external surface frregulartiies or protrusions (o fix s location in the mnsert 110 when

formed. For example, one or more quarter-inch radius semicircular channels may be molded or
formed in the exterior surface of the electronic module mount 120 m order t0 ix the elecironic

moduie mount 128 m place.

{3471 According to an embodiment of the present disclosure, the cavity 122 may be formed by
a mold used (o form the insert 110, Altemnsgtively, cavity 122 may be formed mn nsert 118 after
partial or full curing of the material forming insert 110 by, for example, drilling appropriate sized
openings in insert 1184, The electronmic module itself may be permanently attached (o the

underside of utility cover 1430 by, for example, gluing the module into cavity 122, In the

alternative, the electronic module mount 120 may be glued inio the cavily 122 using an

appropriaie adhesive, For example, if the electronic module mount 120 15 plastic, then

7

s
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appropriate ghue for adhering such plastic © the insert 110 may be utilized, Electronic module
mount 120 may be formed from any swiable type of material including plastics such as HDPE or
polystyrene. Of course, other methods may be used to mainiain the elecironic module mount
128 position. Utilizing the electronic module mount 128, the electronic module which is

removably athixed in the mount can be readily replaced as required.

{80481 An exampie of g sustable electronic module that may be mounied to electronic module
mcunt 12013 shown in Ing. 11 and inchudes elecironic module 282 having elecironic cireuttry for
reading a mgoter, a power source such as a battery and RF circuitry for generating signals what
may be transmified utilizing antenna 283 and/or a receiver for receiving and processing signals
received by anlenna 283, The module also ncludes g threaded mount 280 dimensioned to be
screwed nto mount 120 in msert 110, The elecironic module may be, for example, an [TRON
AMHE automated meter reading soiufion avatlabie from Hron of Liberty Lake, Washington, USA.
According to an embodiment of the present disclosure, the clectronic module 15 an automatic

meter reading module with radio transceiver and associated antenna,

B84 Figure & 18 a top perspective view of a hybrid ulibity cover 160 according (o an
embodinent of the present disclosure. According to this embodiment, hvbrid utility cover 106 is
removably mounied within a larger uttlity cover 175, The outer ring 170 of hybrid utility cover
104 15 dimensioned 1o mate with a larger outer ring 175 which may also be cast iron. According
io this embodiment, retractable pin 182 (Figs. 3, 5) engages a locking member surface provided
on an mnner abutiing wall of farger utility cover 175 to lock the hybrid utility cover 100 in place
With the arrangement shown in ¥ig. 6, larger outer ring 175 would normally be permanently
atiixed over g cavily having, for example, a water meter installed therein, Hybrid utility cover
100 would then be removably installed in larger cuter ring 175, In this way, a meter reading
moduie alfixed io the lower side of insert 110 can be elecironically read without the need of

removing the hybrid utility cover 100, If access to the water meter or water reading module is

necessary, hyvbnd wiihily cover 100 can be unlocked using key 195 and removed.

ORG] Figure 7 18 a lop perspective view of the hybeid utility cover 100 according (o another
embodiment of the present disclosure. The hybrid utility cover 109 includes insert 110 which
may be formed from a polymer concrete within a cast-iron outer ring 1780, The hybrid utility

cover 100 also ncludes g keyway 190 and an clectronic module insert 120, Ag shown, the insert
8
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110 may be tormed within cuter ring 170 utilizing & mold that forme identitving information on
the surface of msert 110, For example, the identifying information may include the type of meter

{e.g., WATER) and a company or tradename {e.g., QUAZITEY In some embodimentis, an

clectronic module s coupled to the botiom of the insert 110 utilizing the electronic module insert
P26 such that the clectronic module is withun the cavity being covered. The electronic module
mchudes a iransceiver and antenna for wirelessly transmitiing and receiving information io and

from appropriate devices

{3851] Reterning to FIG. B, a bottom perspective view of a partially assembled hvbrid utility
cover T according io an embodiment of the present application 13 shown., Here, outer ring 170
is shown with msert 110 which may be polvimer concrete. A lower {iberglass reinforced layer
112 s also shown. Referring io Fig. 9, according to this embodiment, the next steps of
manuiacture would include forming electronic module insert cavity 122, locking-mechanism
cavily 188 and keyway 190 in msert 118 as well as retractable pin orifice 277 in outer ring 170,
tThe locking componenis 182, 185-187 may then be appropriately positioned as shown.
According o various embodimenis of the present disclosure, the lower fiberglass retnforeed

taver 112 may be omuilted if desired.

{B852] A hybnd utility cover wcluding a locking mechanism according 1o another embodiment

of the present disclosure is shown n Fig, 12A-12C. Ouler ring 370 is shown with insert 310

which may be polymer concrete. A lower fiberglass reinforced laver {not shown) may also be

f

provided. The lower boltom side of insert 310 includes a locking-mechanism cavity 302 and

keyvway 3006, According to this embodiment of the present disclosure, a circular ring 308 is

dimensioned to shidably & within cavity 302, A locking pin 312 extends from one side of

circular ring 338 mnto an onifice provided along the side of outer ring 370, A slide pin 314 (see
Fig. 120} extends from an opposite side of circular ring 308 and shides within cavity 316
provided inmsert 310, Shde pin 314 holds a compression spring 330 which biases locking pin
312 so that leckang pin 312 s mamisined in the orifice o the side of cuter ring 370 as shown.

A pair of fixed lock pins 304 extend from an opposite side of outer ring 370 as shown. Locking
pin 3127 and fixed lock pins 304 are dimensioned and positioned (o it within corresponding
orifices or noiches provided 1o a ring in which the utility cover 1510 be secured. A kev 195 such
as that shown in Fig. 2 may be utilized for unlocking the utility cover shown tn Figs. 12A-12C

4G
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and for removing the utility cover from the position in which it is mounted. The distal end of

key 195 15 inserted in keyway 306 from the top side of the utility cover and engages circular ring
308, Turning key 193 encages circular ring 308 causing circular ving 308 1o move in a direction
compressing compreasion spring 330 and causing locking pin 312 to retreat into outer ring 370
in ths position, the key 195 can be used to B up the oility cover and remove the utility cover

from its mounted position.

{0055] Figs, 10A-10F lustrate various views of an outer ring 270 according to an embodiment
of the present disclosure. Cuter ring 270 is substantially similar to outer ring 179 described
above and 1s shown in more detatl in Figs, 10A-10E. Ouler ring 270 may be formed of, for
cxampie, cast ron. As shown in Figs. 104 and 10D, outer ving 270 includes one or more support
structures 279 exdending from the inside wall of outer ring 278, The support structures 279 may
e integrally formed by casting as part of the mold used for forming outer ring 270 using, for
exampie, 3 sand mold, An insert similar to the insert 110 deseribed above, will be formed within
the mner walls of outer ring 270, The insert may be formed, for example, from a material
subsiantiaily transparent to wireless signals including, for example, polyvmer conerete. The
support structures 279 provide additional support to the insert material and prevent the insert
from moving within outer ring 270, As shown in Fig. 100, support structures 279 extend from
the inner wall of cuter ring 270 such that the insert material will be locked in place within onter

ring 274

{8854} As shown in Fig. 10E outer ring 270 includes a retractable pin orifice 277 that is formed
i a lower portion of outer ring 270 for receiving the reiractable pin 182 described above with

respect to the locking mechanism.

HHISE] According to an embodiment of the present disclosure as shown in Figs. 10A-10F, the
cuter diameter of the ring 270 is approximaiely 12 9/16 inches and the outer diameter of the
corresponding msert as i rests on the inner ledge of the ring is approximately 10 7/16 inches and
the bottom portion of the insert that rests adjacent 1o the ledge is approximately 9 % inches,
Accordingly, the outer diameter of the insert is approximately 83% of the outer diameter of the
ring 270, The lower ledge of ring 279 may be taken into account and an average diameter of
approximately 10 inches may be used to determing a ratio of the diameters as above. According

to anotiher embodiment, a much wider ring 270 may alternatively be used and conseguentiy a
0
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much smaller diameter insert for a ratin of as low as 30% may be wsed. According o another

embodiment, a simaller width ring 270 may be viilized to provide a ratio of £5% - 85 9%,

{08536] According o an embodiment of the present disclosure, the hybrid utility cover is disc-
shaped, has a diameter between 10-15 inches and is about 1.5 inches thick. In other
ernbodunents the hybrid ulilily cover may have a square shape, rectangular shape, a prism shape,
or other surtable shape. In some embodiments, an exierior cast iron frame having a rectangular
prisin shape may be {illed with polymer concrete with corresponding cavities and other
struciures and components as described herein. The square shape may be 10 by 10 inches. The

rectanguiar shape may be 10 by 20 inches. Other shapes and sizes may be utilized as appropriate.

{O057] When the hybrid-utiiity cover takes on other shapes besides a dise, the external ving, may
be referred 1o as an external frame or frame, since these components may take on other shapes

bDesides rings.

{058] i he iliustrated embodiments are described with reference o cast-iron rings or frames. OFf

course, other malerials capable of providing structural support may be used,

{OB5%] According 1o another embodiment of the present disclosure, insert 110 may include g

surface to which an electronic module can be adhesively bonded.

[H60] T he present discloswre describes exemplary embodimenis of utility covers for
subterrancan utibity enclosure systerns that provide aceess to underground uiilities and that may
mncinde electronic modules that wirclessly communicate through the cover to above-ground

FRCLIVRrR.

[B861] In some embodiments, the utility cover may include a polymer concrete insert mated to a
cast-iron 1ing. In some embodiments an electronic module mount is molded into the polvmer
concrete msert. In other embodiments the elecironic module mount is glued or otherwise
tastened o a cavity within the polymer concrete insert. In some embodiments, the elecironic
moeduie mount has a threaded opening that is accessible within a cavity at the botiom of the
polymer conerete insert. The electronic module is secured to the electronic module mount by
engaging the threaded opening of the electronic module mount. The threaded interface allows
the electronic module (0 be removably attached to the hybrid utility cover. Other methods of

attaching the clectronic moedule 1o the hybrid cover may be used.
il
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{62] The electronic module may include a fransceiver coupled to an anienna for iransmitling
and receiving wireless communications, The electronmie module is postiioned (o receive and

tranismil wircless commumications through the insert.

el In some emboduments, the utibily cover also includes one or more caviiies for providing a

tocking mechanism, and a keyway accessible from a top surface of the utility cover.

G064] In cortam llustrative embodiments, the top surface of the insert is covered by a skid
resistant surface that s fiberglass remforced. Additionally, in certain embeodiments, the botiom

cavities for the insert and lock mechanism are covered by a fiberglass-reinforced laver

HO6S] While iHusirative embodiments have been described and Hlustraied above, it should be
undersicod that these are exemplary and are not to be considered as Hmiting., Additions,
deletions, substifutions, and other modifications can be made without departing from the spirit or
scope of the present wvention. Accordingly, the invention is not 1o be considered as limited by

the {foregoing description.

5 Ay,
3
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CLAIMS
What 18 claimed is:
i. A utihity cover for covering an opening, the utility cover comprising:

an guier frame formed of a first material: and

an msert within the cuter frame formed of 3 second material, wherein at least a

portion of the insert 18 substantiaily trapsparent 1o wireless communications,

2. The utility cover of claim 1 wherein the at least portion of the insert is substantially

fransparent 1o radio frequency signals,

3. The vithiy cover of claim | wherein the at least portion of the insert allows al least 50%

of incident radio frequency energy in the 2.4 megahertz band to pass there through.

4 The uttlity cover of claim 1 wherein the at least portion of the insert substantially

transparent to wireless communicalions comprises a non-conductive material.

S. The utility cover of claim 4 whersin the non-conductive material comprises a polvimer
COnCrete.
i fhe utiity cover of claim 4 wherein the non-conductive material comprises a

structuralty-remiforced portion.

7. Fhe utility cover of claim 4 wherein the structurally-reinforced portion comprises a

fiberglass-reinforced portion.

K. e uithity cover of claim 1 wherein the outer frame comprises a ring, and the insert is

secured within the ning.

3, Fhe utility cover of ¢laim 1 further comprising a locking mechanism for securing the

uliisly cover 10 an extemnal frame.

1. The utiiity cover of claim 9, wherein the locking mechanisrn comprises a spring-loaded

retractabie pin,

b, The undity cover of claim 10, wherein the spring-loaded retractable pin engages the

external frame when locked.

i3
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i2.  The unlity cover of claim 1, further comprising an electronic module mounted to the
1nsert.

13, The utility cover of claim 12, wherein the electronic module comprises at least one of a

transmutter and receiver for sending and/or receitving wircless communications through the at

ieast portion of the msert that 1s substantially transparent to wireless communications,

14, Phe utility cover of ¢laim 12, wherein the electronic module is removably mounted {o the
insert.
£3. The utility cover of claim 14 wherein the electronic module removably mounted 1o an

elecironic module mount formed within the insert,

16, Phe uliliy cover of clatm 12, wherein the electronic module comprises auiomatic meter

reading equipiment,

17, The utility cover of claim 1, wherein the outer frame further comprises at least one

support strocture {or maintaining the insert within the ower frame.
18, A hybrid utility cover comprising:

a first matenial forming an outer frame; and

a second material formed within the outer frame,

wherein the second material is substantially more permeable to electromagnetic waves

than the hirst material,

18, The hybrid utility cover of claim 18, wherein the first material comprises cast iron and

the second material comprises polymer concrete.

28, The hybrid utility cover of claim 18, further comprising at least one reinforeing layer

provided on at least the second material,



CA 02959571 2017-03-01

WO 2016/036943 PCT/US2015/048329

174

100

170

»
-1(" > -
LR TN 1 -
. v.. P - Q" ’..’
ALy s ® T Torw -, va »
.” . LI ¢ b x o N rq‘*
~."L " h.nj - o
.Lr + ‘,' : e ~
v ¥ w - - -
i A L« A
At | o } .
. o .. . ',
##### o L \"1"
WE EEETE T
v e+ -~ -y
L N

L
- ~
. bt ~
. -
" o‘ . a -
. -
L e ay p L g .l. T ".,. -
- e r ‘A
v ? 4 - .9
A L] -d‘ a ™ » <
o“i...j.’ e * Y 4 S A
,q"\.‘ t\ - L B
LW T4 L - y
- ’
- q'bru -®
v ! lb » [N
b 1
5
LJ
LJ

?2{3‘“‘ “gga

1495




CA 02959571 2017-03-01

WO 2016/036943 PCT/US2015/048329

o -.um-..
T — -, :
g, g, VW v

. J‘ > - . * » "‘ ‘ . h
. s ; KR A Q’\"!."l."!."!.‘l."!."!.‘l."\KK"\"‘.‘.’\"‘.‘.’\"‘.‘.’\"‘.‘.\“‘L’!.\

s : N
112 112

'“}-“}




CA 02959571 2017-03-01

PCT/US2015/048329

WO 2016/036943

34




PCT/US2015/048329

&%

CA 02959571 2017-03-01

WO 2016/036943

TR e
‘2
-\‘\\\hl'»
‘e

-
Yq\!\\\\\
F

i P g
\K‘\\ii\-

? I 2k o o
\1‘\\\\\\&

fu

i wwwrwraa

fy

-
.
LU

I O

. A a A
a——— -

-

e R R REBE " =™
LN R R

e ey b R Ed
b

P ol
e

- Wy yENEn
s

LRI N

Pl R ko
v

> PRIV

P PR R

D o 2 o o i

2
-
VOO

FrE R

o . - M
P I - . T

4 s 44 o -
vewwm

o ]

R L
. v . » 0 /f -

3 . 4 Bl o ]

P T B W W
e tRlRRAN T T TR NN
K

¢
: T Bl o R P R a
. ‘
- ‘. s " » F

P Y AT P o L g, .
"’

.
‘v
ey
P
Bl It it gt g g g e i)
- Lab b B g 2 B I o o ™ I e

Y - . . F W I g g g g *
¢ )
¢ I SRR RRR N, YRR .,

Eadi L L g O O I QO O ¥
v -+
L ’ ”
»
-

" e .
- ¢ { -
L ¥ PN F . - a* g - *

’ * ..‘\“\\\“““““\..‘ W
Ll I & I N ' } -.
e P P e P R e 3
Ll e i g Sl

v
Tl NN EEEE e ol o v & A a '
LA I I b B B 2B Vo

WD D EE T i o
R B L S "

~
*
L g gl o o o o g SRR
it g ¥ O o rEEEE LT

-
: Eabaa oo o o o o
P RN gy

P a
O rrs ittt I T A R,

- -
re s w» \\\\\\‘5\\\-!..1

~a

.“\\QIil‘\‘tit““\\\\\\‘\S

e P e i

Yo X REN gy
- -
".\‘\\“‘*‘-\

- -

-
bl R R " P g

P
) A

!
(o

- g




CA 02959571 2017-03-01

WO 2016/036943 PCT/US2015/048329

W R e U R R G N
annt™ LR “\\\\\
“_"“‘ S

TN
R EERARRER R R R R R W, ot R
*t’dg*\t"‘ R \\\_\\ M T

’
7
s’

¥

»
R
'1

-.'-"-'-'"-"j

L Rt o

’
,'.'.r.'.'.r.r,.
#
’
’.{
H

’-“'- -w
’
H L N

L ‘:‘\“:‘1“‘1I\1“\\.\‘.\.\
&t‘t“’i‘
LR
4’*“

*
» »
- -
‘g_‘ .

a®
o . . ;\\“\%‘“\“‘\‘\ R
Q.‘ Y L ‘ - % ‘g“k-‘-k‘-tln-‘.‘..&-. “.\ \
2 ' “’\\-‘. i ,..\ ..., am sy A\.L‘\'-.-‘\ \Q‘\f"\ | i Bainais | :"\. \
" ~ : ‘ J h - :11.-: Q\# L NN k“‘\\\:‘\\

»
ak »” "_ ~\\ . -..-51 - h-.'-.:\ ] ‘
\-.‘ Lmw &= \‘."-‘ -

g »

aF L.
a - o ]

» el N \ | S S, g, 1.0,

"L“\.-o\ it '"‘*““1':;-‘-3::““»;: "‘.a"ﬁ.""‘\"“"\"“"" 1 \ \
N ‘ik‘O\‘O\- \ \
e $.aaen B e i
\ \
t

;..II.’.II.’.II ’
"""""’

wwwwwawaas
—
7
7

;f,
s
;

e wwwwyw

-+ . - \\‘ LT
o SR S I | l ’-\\ﬂr
o i \‘ 5\‘\ 't\j 'Lt-.\ -

‘0 ” ’..-*‘ ‘.:‘: - - 1 ~y --.q --.tv- e 'l‘ »
4 » LY -'ﬁ ‘.."1 Ty h\ \ a ...‘ - 1.*"‘ *
445 ” i - - i ; ‘:b \11 L‘lLI:\.‘ b.‘ "“"‘t"’.\&‘ t"":ﬁa:: ‘:‘h‘:.‘\\‘:.::-w :—:—;:\ :“\ y“.&‘;Q‘-\ )
Pad » * 1. S ghnfiriplaptigngnyigirily t'“"-'““"""“"l ol ‘\' TN T L I " ‘...,;...4.\-..-;
& » ” oy '! b NN WLy \ (AL P R, B, 1.4 g‘-.t“\‘-“‘
& o ot NI R h"""‘.:!"::}::! R T o T T L B T T T
Pl * Cal g ki gy e Nt ey SR Y N \ Y o W \{.‘..,\g...... x;- \-- ~--
& » "$ 2 Fanan i '\ \ ) \ W \ i L M \ L \‘1‘\ \-hg‘-.\‘-.\““"
& & N n.‘}:“l‘k..ak‘h\.h'n'i"“*\*'\“'":‘:‘.‘:f::f -1'-‘-'-‘:'-':::“"‘\‘ W ‘1“"""?.1“\1“‘\““ R R \ h
s * o ?.‘:,:1..:{,-: FIEST W T AT TR T R W S L “‘*n" = '::.,:.‘::.
i 3 $$$ ﬂ* ~\ ... \‘ L :L .\_ i’b :‘I—“‘k‘-‘.\hw.k‘. ""“~l"‘.\‘1.~‘:h g :: ::\ ‘:‘"“""-‘14.-51-1-\1-.1:\'"“‘\ 1' “l .1
\‘bl‘v‘ ) S, - - it aglere ‘114‘-;\-.‘;1-.“* “ ‘. \l ~\ ) ,‘ §l‘ zh‘ Aol .l..‘\’h.
.{kil\\‘,.l k-..l \I. - ‘:‘-:":1"‘1 ’\1 *\1 4-“.‘:‘ .\

\J "
> + ‘x o W T
’\ [ VN -~ - _—mn - - ‘-“ t-‘j . » L
N -\\ ~\ “‘ ’ :~ \. e h\ .: -..:'-u-: '1-.“- - ‘*“"‘. L‘.k‘h,“.':\'\ A AW R wRY hait I ainan | § ‘n \ 5 \l
nmy mmY ) Y ), Loy 2
ol .y\-.-s\-.-s Amdtudbe

&
i‘ *4 -.In. 1-". F‘
y Y N R
d ” '1\ ] t‘ Ik i\.'.,\ ““‘ k‘l\-,..\ CR SN L Y
n‘._n't“.n"...-h\‘\’sd ..N\‘:“: e L T aer L e u T A A T N S Al ot iy .
> ra R '\\““‘gn ’.;1“'..‘?"" ol O \,.‘ :}_ 4 :L W h..!s.,m...u...a.u..nnmn*}:*}:'}.:.:E.:.;':::,.:\.:\n\»m- \-“n‘\"“\:‘"\""\' MR
& o » [‘ v "" LI . 3 ‘_qk‘,l\....i\.-. I L —— :'-‘ ‘-:1-.‘\-.-.qv‘i"i“’\:"“'\"‘\*“l ‘\’ ‘\ .‘ T L L \ ol l‘ ‘..\\11\\11'.‘-.5\-1-
#’ g 54 “‘\ -— - - AR = o e el Wb e Tt v “““\“'" ‘f ‘l \b \, \‘ pb ol ‘ 4 ~£ ~\ . +huerawbm— bt I'-.\ =2 “\“-‘1
» x W \»‘\r“\l“‘:“n: -: -: ‘L :. \ “ A q_“_:\“., ‘,.\'..\'I“Ag..a\....- L‘o\:b}:_:}:;}:;:‘:{,t{,.:...,u.,--.q"\q"'ﬁ,r"\n*‘\t“u“ ': - “‘ hL oy
J ‘.l‘::":-‘;\";\k:;~::‘§.::':::::;;:‘ “:h ‘;;-::: ;-:‘|~“;“‘;. \. ‘r‘:i‘h\}-‘:“;“; -‘L -:{ _‘.k 2:‘ }.L }h‘zlnol"-:\\wl - \‘-\ *aw \-‘-\\\::\ _:'_‘5“.‘::5\::\’:‘ 0‘:1:':‘ \ \ .
- ™~ - - ] . ) 1. -t -l - - - - -~ _:- oy - - - .,1 -‘-hs -t W LW Y M h
Ha- K AL 1'1 —— !‘F.l“ ~‘-\‘"‘-‘ ‘;‘:‘ \‘::\:.:: amm P ey pwy RRY ""\"'\:‘\“\: -\: .\' "\t “t ‘:: .\ ~ L et \ :\.\k‘}\-‘l\.li‘\nl’\"\" \
i \'] N :L.b\.tl,-!\.‘q‘.:_-_:\.-\\-#\"" k:':’,\:: \\:-.::-: \::i‘v:i 9':'\"""'\ ;"“'\:"\:‘\:‘-\.‘-}" \
e L mie 1 i A ¥ Y ¥ i‘_‘*‘.‘\.‘.. —
\ xg -

o)
e k-‘-p\\-t\\-l- \-“ ‘:“:" - ity e -
e e L TS R S P e T ., N Yoy » o _ \ \
v e WP V) TRl TN ey ' )
N o diaMadd s "t.‘;‘:.\:::}f;r"-"n“n"‘nt“n*"'\'l "\Lﬁl R \ AN
A NN
\ O\

R Y

»
2y, J‘.:
A

"’ o
’v;fl‘..r

s
ey,
»

Yoy

- b bw

.l.’
-
I

\J

A 5 ) Veatlew
5 & - hi i. “ » § h | I\“““\.‘.‘ ‘-..-\ - - - AR
% & g 4 .. .q [y 4 - meh et i mnhas bt b iy iy - e ‘h'h\ " ’ *e ‘ B
.g h Y e ‘i s Wy WY R R ) “‘_“g‘--\r"\: 'l\! \l "\l : h \t \‘ : :L .&. :L’:L“bk‘*.\‘_.‘\..\..v‘ gy :‘_‘_‘
*.L‘T\t \ y .\ » ‘ ‘l ‘~ ““\\1" ‘\\‘ ~\ ~~.‘.~ = 'iu-h - - ..‘.\.-‘-\.*-.\.LI.\. \ \ AL ~., .‘ .‘ . Ak .:."\ ‘ “'\
) LN \ ‘k k—-‘k-..‘\.l’\ e bt b -:‘ ooy awm ORI N \ r N J ] ] ] L WL e Q.-.-b\.-.’t-0~\11“‘* \:: —— Y WY \"\
i o 1, 10, O Y tu ot pmiy ey W B WP PR PRSI YL \ ) S | ‘ \ \ \‘ _‘\“-\ A= ey “\ 1
» pa b —— L Wy RTRY ‘1 - Faame il b L-hq.\_-.i\“\"' - ammanw s "\0""\0 "\1 "\I. R qs Y
& ‘,“, B 3 L} ) [ \l \ \t ~t ~i h ~i ~i \ l\‘.l\‘,.lk‘.k"\‘b b St - g CS ‘.-.\ ‘.-.\ -y -\' ‘. ‘ .‘ L Ahmbdhw .\.
\J A ) L 9 e = St -.*-.sﬂ“ﬁ""‘"\" h""\' \. h' h:‘ " \ \ \._ \ ‘ '.“ I- ’-. ‘ X -~ s - -\
+ N ‘\-.‘\-‘-‘\\-‘-“ Ahadbadbuws --s »wy \"“' Iy \' -‘\ .‘: \

b 1} ’
)‘ 5\‘111" lti ‘ - \\

iy 11. ‘h'h\'h'h‘\ \ .
JDARIT Y \

“:-‘:“\: N -\1 nwon N |,. ;g,;g...ai-.o -t -0\1"' -~ g
\1_2\*1.\.‘\.“;“'\“\--" oy -::.;--3-‘-\;"\*‘\{"\\“' A SR S 'L‘ 'L.. A mshiath -A. 4.\ -n-- '-u- A=A "'\\" Wy h".
~ N [ ] ~ » RSN TR R R -: : : : ‘ !-L-.‘ -y .w -
.o‘h =y s\ \ “\"‘;f‘;\“}\‘ -:: '=: '=* \l.:":“...:{.-":}h. % n y N 52“1,!1 g!‘_gg__
\

- - [ [ 2 I- t“ I‘.t
mATS YRS FRAPTNY =TT k, ....g‘.s.,..\. N
-
v - - - [ N RN L-.‘ \ - “-

‘n '
wbhat bt inn bu — e B Wy AR
" W .3“.\. A
\ Ay Ry e
" '\ P
" \r... Aah bt b
)

e
- wthuthashne hun S ey ey Wy BTy ey \ et - - ¥
;\: :}-:5‘\~11*"'\"“\" "'\ ‘\" VAN RN g N o e Femte Tt e al n" n' \
. 'l' oy 'l' o LT S L A .5.'\‘\\‘ e mwy mmy AR Ry YR ' (S R N (L] T w
. " ¥ 'll oo L ...l\....i\. L e P 4
L‘ B 9"'\!"\'{“\& W N \'-\' \s r

3

-p

[
ol -
=p

r
/
U.r

25 Raini e |
:’ l Wy
l

\‘.\-‘- k-h

\" 'il

\
-h
n |
]
-t hae
-“:1-\-‘« t‘{;‘h%.i\..ﬁﬂmwlnu\:i \:-\ \:1. ey __‘1..‘.._ a \
-~ ,.:.‘ ".‘!:.\ -ﬂr\“‘":;“"‘\\""‘:‘\: 1\: ‘\' ‘.\. “ W l.. ;:‘ Ryl A ‘i’\,‘i‘h-:ﬁ.h:"‘:‘:““ ‘.‘.‘. s mma ‘-\9-‘1 Vo ‘} ‘:z
\ \ \ \ \ \1‘\,.1‘1.1"1."' - g - - - ‘\ “\“'\"‘ "’ b | \'- Il Il “ Ay ‘b N tni“’\"‘
::—;—:L‘Ji-\.— t-.v '-‘“ “.\"‘*k“"—:"-:‘t-. t“ t""‘ """ ""“1""\"\' Y ."" ‘\l \? “ N N '&-‘l L-\.l Smshmetm hmn tur Y RE D"'\“" e ;Q’
N s Tule a r" EEITI A W ™ 4 Mt e e dias \...M.‘w.w.skﬁk-**“ Rt q*“n""\’“\f“\ Y :
- A T TR L .'1-\“\--‘- “‘“1‘;“‘}2‘““’:{:“\1“‘: HTUTUTE TN O SO L L
n \JLE ‘.5\..5\-‘4\‘4.1'-*\-“"“‘::‘ ‘:\ "‘1"""\*"\"‘!\ MATITTRY A ‘\ M N N ‘\-u':--.\ dhm e T Ay Ry A
] hJog ~ -lqw‘\*‘ 9*\»"\» e 3 X =F LY \h S, [, 1 -.‘\'\-*"h\*\\*\"* L S e Lt ‘\t WY WY
3 i:. ) l"-.. h\ ot Q\ o\.."'k—--a---"'%-l \"':\"'.“:‘J\':".\-‘.ﬂ*:‘ '-::"::":;’:"\ RPN “\:‘}:“::' :‘ W " I \..-..-. "__u'...iks
t“‘.:‘ ;‘:“\.‘:‘t‘:‘.‘:'r:“;“:“\:.‘\k“}‘ 1#‘-"\0 \: 1}: -\ .L‘ 2 :L zL :L_‘J‘ “l‘_“k.fk14\\;:_:::::-: :_:.:-.
1 2 z N ‘.\g.‘J;\q.aL.n\.-.-\--\ __:‘.:' S ey, (W RRY R m S S Y
\ " ::::::\‘;}:‘-:; :‘-‘ .:“. “;\"ﬁ "-}’:‘-\':‘ﬁ :l Ei 1.L 1:‘ ‘:i :: t:\ .; L\‘b\\d‘- \.-I-I.:“.:"‘:
[ Iy _“_“ Q— -t s hae :-_:- i e L .. AR s AW
\ !-‘.».u.,ﬂ...!h.-!..-&::‘ ,.:‘::‘{¢-‘-§?-' o T A MR
N v -y -"\" .‘-\.*\ I: p) \L ‘ \ ‘]‘ W .k_‘ ‘L\..‘l v"\.*‘t1*\";.{-:—: :—:-:q'-.-.\
t ) a ‘_h“q‘.\“h mthaae ..-u k;‘- k:: ‘: - e N T A Ny
R T .a:t..tuninh--m“:::':-::}: :~ R T T L L R T L N L S
T R e AL i L At
£ L L L e e TE T e
&

y

M

’
be ot bt

] ‘l .

l ‘\r‘ \-;;‘ prarns
. =t - - \-. -‘- e

‘:-‘ﬁs::\.“' ..;..—;.\ . -.-.:‘9.:: -‘{-‘

‘k \. \ \. l-.-:‘. L‘-‘.k“.t‘.’h

gl 1.1 \\- &“.‘ "v-'\‘ -\ \

N

- -
’ '
,i bt

/

"f’*
2% .
I

f"’:f'

ahmsnn g :::\ R AR =

/

r f-u- e

‘-i -
-F

IS SR\

'S
VR TR ‘l'I h

-t ™ s-‘h -:-‘-‘ ‘-' \:’ \.: .k"
N.'“‘ “;:‘:‘ -\’ -‘:; :L \! Phaah e b b e
e E“{E"‘.\::“ik::"“‘“-::v‘ e TR R ;-: N
Y -4 sl - \ 4 “w bilmm ‘e
ST A R S L
\-- . - _:- “‘_‘ - ’.‘ ' ." ' :
."h )-h\- m‘-\'l'“"‘ .“‘.b\' ..-\‘~‘-I\"\’ \. \ h.' :r ‘. .\ \h :h :)-_‘_‘\.‘J&‘-.\Ib‘~ LSO \
-.! -\ \ " L 'u.11 4 N ‘ ! “‘ S \_‘. -, k-‘ ~wmiimw bW o ‘ S “_‘4."\\
-k-‘- \u‘i -0\-0 amy ey W *% %4 ] -l‘-.-..b\..-..a sabha - e “—my mwmy & -‘, , ‘\t NES N
' . .\ ‘\“h‘ = '.‘\ -\ . | b ) ‘lk ] PN XY - ‘1\’ ~ [ ] ]
h.-\.-\ - - - a-s-‘t'\'l-'\-'\'i ‘\t )} 1) \ y b h i~ \‘ HL “w e ) ‘_‘“‘ ’_‘ Srarecy - '. T i N
) ) ‘.“ “‘ ‘11"‘ ‘.\t ' . \ h : .‘ “ ‘\h-‘-b\‘*t“\“ Py - : G e o e T b ‘\t ‘ -1 ‘\ h ht ~\ \ t k-‘-‘\ ‘-"b ‘\‘. ‘\
\ ‘ ‘: .\, ‘\. o ’.‘ .\ \‘ -“"l..b\-‘*“*\“‘.' s Tedhe T ""-\“"! R EEERTT Ay N y! - \_-.0\-.5-‘-‘ -..'l\.go - __.‘ 1?"-"\111- e y
N \h‘ '\ \: . | ‘__h.".\‘.k-‘-\\‘m".‘."_‘:’ 1‘ - Amn e = u“.\:‘xﬁ ﬁ‘:* ‘ \ \‘ \: yt .t‘ h\_.‘\h““."_‘,JL.‘)\-_.\::.\::‘ e "“.“" "‘\“_“. ,\. \
:1 03 \“h TN LN ey l‘"\""‘““:-:-‘-:v‘v‘ TN R N W N \.-...\'_...-\.-.\.-s~-“ <
T C " " LI\'I" -\’ t h " \ i. .hl ‘0\“5":“::‘:’: ':_‘\.-_-‘qr‘-\’-‘ '\-\l-‘l‘ \
N
h
5

[
.
-

-v 'r.'

]
’

f"’:f'{‘

] Wooal u‘.q\‘.‘u .._.;a‘-s-—

’
. -

/

[ ’I.'.‘

) & } \\ Y gy
> \-. \‘i - e, -
y \‘-11;\".‘;“}:-.‘:t
[} 1
\.“qub\gﬁ\-‘ N-o'l.\tv -
-q.\-‘.\.‘\.sm.! ‘

AR \-"hﬁ\

]
—
'v‘:"%;"-;p-vp-o
191

Y -y A= oy o

)

— - - “‘\k‘11-“‘:.". \ \ k ‘. N
N ") “q ] oy N SR L W \.‘.Lg._,ﬁ = wdhant A :1 (o amn e = ' ey aal
55’..z‘s-‘-:\-‘-.\-—t\\.tr.\“'*};‘*L“v-::ﬁ-\\*‘;"\"‘|l“-' " \. ht :' \\ -\h:. N A .\‘ ‘s--\.-.\-"-‘\"““h‘:::’::‘}':‘:‘ t"“""-‘-\"‘\.‘ \ \‘ 0\-
e T ke T T W q'- N l‘ bhadbhadbias vee! Radleaanmmt s ‘1\.*'\ ‘ ™ ‘h P \ . - ._...l\-o\--\“t*‘*
Y 1 LN \Y i. Mol \L “..l .,.h\‘-.d -.-s‘.-\-- - ’.‘ .... t.uu-a-!\ﬁ!\. ALY N N . .).__\‘__\ O 1 Sy ........s--
N J\.-\‘-“.\h"‘k"""‘~“ -:4 gt """“"\.*\“* ¥ ‘ \ N ' L \. h--t-nws.\h'v. ‘-‘““‘: - b “'\"'."‘N*‘\ \-“'1 B
Al Al b Y S () \9 1] ,.1 a\ 2 .\ L h__\\‘.‘l - arw pA gt Y . \t N 'l 13 .\ s
- »W —\1.1 - - awwyam
» \r‘-'\t“"‘ N, -\ ‘\ X ¥ - _u.‘l\._..o\-. e el e \-“‘\q"‘" '\ T N . LI, .‘lk-.: R N
W n \ I | L. S AN et P'\'. ~ \! _'l“_,.b\....o e e e & TN A \
r"";t“" W ‘\* ‘\ 1 .\‘ :{._..“.b\....s\-.os--\*\'E‘:'}:‘::~ --\o-'\b""“‘ “‘:{"'\' -\' LY .}\ §: N
I\-.l\“h“ - - ‘I‘F“’-‘\:*\ " }k -\ .\‘ ‘t ‘.-.\ ‘k“ ‘\11lk:‘ﬁ::.:\:‘
e B TR y
PR, U ) S x
»
\]

I

"‘-’III
AR
TR
ODJ

""' J

w
9

[
orm o
h

RN Al .
1 \ G =, w.\-“\‘ k"‘ g -.:" - _-—my e T ”“
\::_J‘:.:.:E.:-:::-k ‘:‘.‘._-‘-‘v\-\’¢-.\ -‘\ 1’ \' : :i. ‘ \k ‘-:L‘: ““* - - - -““"ﬁ\t
oy N n‘ Ad o .\..;1..\“.-“&.-0\--\ ""'"‘::’_:.:,:":: ‘n-\"“v l"‘;“‘f .\' Wrooal :\‘ .‘..5_ i\...hk-.it--\-" Sy
seotnr amy mmY RSBy ‘ ' N ‘\ \. o L S c-..-d\t i -y p= . \""\""!"‘" kH ‘. ‘ 3
' g._.J et _,.", '...-.\--s- '\n ~N Y ' z \b h\.. P ,41-.-s«-- o
e \ N . .‘__“._l\.q.hknn\_::“::‘.:q.l-"-..:rt\o--‘.;‘*'“""\:":

[}
2\ LR
.k-‘-"kq.-xut.'b by hgingelcaling """\""‘""‘ k e . N h" \ k
e rhs “ = - k\
k-‘- s"h" b = ’-‘.\l‘-‘:r \h h:. «.\hmdll.-.\‘ - am
Al ar e van '\Q"-D'\“'\‘. !r-;"‘ 1 ‘\‘

;\_‘4._.._ v*‘b.i\x‘::-‘ e e T ‘\1“'\""'\:"'\4“\'“ r N q-. \
h \"‘ oo .‘-.. -..-L CR N y ] ‘ ‘.‘\ ...-J mt*haaw - = -y om r
\\' \-.‘\‘\"‘;\"-}:‘-\.“qr q. 1\: :~ ‘\ ~?‘,}\-‘4\\-.'1‘-"*“.:\1-:“::\!‘::.::;t:“ﬁ:::?‘:{" k-‘\;s\" ?"-'\["“;: :\’ ‘}' :‘ 3‘ -3\“-‘\

Ny \-.a\uus-—u»‘* g .\........ --.q,---\qi*.;‘": = WO e ::,, ;.‘ \ 'lt...-b'*-.-o\- Al S B h::‘- ~ ’.::1.......‘- e Y e . R *‘_‘_‘
M oo . ‘:‘-v“"ﬂ“\“‘:: .._.:.*;‘-‘ --xv‘h\v‘-‘\““"‘-\' e }\ W . o ;\_ jt;-’s..\‘-xabk::_‘\:_: ghorkes 't“*
k 1‘ S hl § . .‘.‘\.‘.‘l\ - ﬁ.::.\:: 2t *‘_‘_'.“1L“!! ~~ -\ ‘\ \
- .y ‘ | § \l y h 2 [y
X \-‘5\"“‘\

&
'\ . ‘\a.’t“ ~"" “\ \s
N, '\‘;t;‘:‘l. v - -‘:f‘—\'*\. hadteeilaph bt ran . ]
Y PO I S S ;\-.;;:*‘E::E:;::-g.‘-‘-‘fv:w N T O S T WRERATION oAl d
. \' \ -" - bmw Vaw i gy \" ".‘ e . h S - Lmw "* ying :‘: Y -
stbaadhad o Adhd ‘:.:,\:-2‘.“‘- A e Yl Tt St N N
¥ N
N
s
W
5

-'

"‘5

-
Tl

‘ﬂ'

]

I
\_‘.\ - u--h.s\h-»

\
A\\\‘\\-'-“.{i.i‘-"’ \ .\“ 2 Py __‘1--_‘4-. ,1 Iy
I \!‘_' \‘.k1.‘ “ \. Qh’ ::' “ - d.‘.‘" o~ q"‘-\ ‘ -&‘ N \ ] .\ h“_ \‘ k\ - . - o
\"“‘*}::n-‘}.r"'*' AR WA i n...x\“l-‘-!l..!h“*"“:::‘.““"“‘"‘ .3:"‘:1.'“% AR I R 23,.'4\,1' "'--*‘-“‘::.
4 - \‘ - mA R a- \::": :-- gy - q---..\-l- a - * z Y - “\‘_‘. -dhm- \."-t :‘ :'_: —— ] ™ 11‘5\,.. \'
n--“--'b:;:::", PRl Taa e Ha R I o N Hop eyt .:“::'f*:"{‘.‘“,;.-“;-v‘ The T AR R
;l =\ ::‘ 1“\\_’_.\_‘3.‘._\\\5..0\.:-\:::'_:' "i"::"“""\\“\.:“ﬂ“i' -:; -\: \L .1 ‘. :\. -....!L._,.\\\-x-bk--.\. - - -“.ﬂ‘*
A \!".\“k"1.\~. e V. ’. ;—:-:\‘-. 10"““\""\“.'.“:{ ' b \1..-33...;\_‘_‘;‘ \\.‘Ot.:\‘:: ’:‘ ..::n. . AT
- --\r’ - -\ Al ) ooy \ al-_-\-"“ nging PR o 1 ‘\n ‘ N N ]
-11\"‘\‘ ] \ . -.-,-\\& “'§.“.\.“¥ h‘."* k::‘ :"‘_\.‘L v‘\.u‘\.\ ';:' \‘ \. .\ \‘_ h-"\‘~:h.‘_‘\.‘§k14l:._:. — Ty -y . ' “
o ST N L e --:o'\r‘"‘\'“’ CTHOR N b b AL .. &N
s (R \‘-.-l. k‘d- \-.v - b ‘::“L:.:‘ "‘.\ | ": &’ \
N ™
A >
o
F
o
~Q
’ﬁ

P
Wittt
\. 4\ -
\.:.: ‘: - -\-‘Q.L 1‘.\\-‘-‘, -\
AR AT N \““;-\\\\\\

[ ]
4
‘ ¥' ~~ ‘\\""\1‘.\-“.‘\‘03::“ \ d

)
-y "‘* "“*"‘\"’\l
\ .~ ‘. L .!:.-.‘

B
-

-~
",

b h ‘ - \“\‘!a — - -
h‘ - \-‘-\ \sb\\-. :“ -\ - e . \q bt ' ‘*’ ‘\ | y chapid
. -\’ i %'l. : *J!":\‘ 51.‘3 :l .. “\" » e q.-.-“.-_q! t-s-‘-\ r\-‘t ‘\ '

s S HER S E-"‘}“;"":‘?‘::-Ts-- el T N
\ \ Y z 5‘\.:=~1‘~!“"\"&“¥k"

3
\ \." - - -
\ \ q“\‘l\*“i.- —:{ \' ‘L h\-..d.ltr - -’
\\ \h. ’ -.-*‘s-‘ L"“\"‘" '::‘:‘“ r&“ ’:‘-\ l“‘ "n‘ ™ r“ ' “\k -: - ' ‘\ \ 3\-..‘ bm "\“""‘ "“"’ =iy - "‘\0""‘ .
W R N -1‘-‘\--\1 \“*" “‘:: Sk Y ahe L wie, Fohnie % I N Al ——
\ wnt -'-1"‘-'\n WY, l} Ay \‘\ __ll“‘\_.;__\\.-.ah.u- ‘e .;‘:.q_...\ T, -"\9"-'\t Y "\
\ 3 4\.-..-. \.-.-- B ‘\,..-.\‘--\v‘\\ \ ~~ h '\“\\_.0\--\:1*

nd hww
AR

W ‘w:“':-‘* 2} % -
N . ‘_51“,\_.‘.\.‘--0\-15-:* gl ~¢\-- A=Y ¥
\:\ '““?:“:‘\:-‘ 1"'-'»“‘-1““‘“%' B} W :‘;““..-\1}!--'\-512::1‘:‘3' -
z‘.“‘:p:‘:::“:\'“n S T T L A I R u’:..u...,h p
\ 'L al Im-..'u--'*--u“'\:*“; Sagparery ~SUTNE TN -'i NG '.{_ bh vt
Nl m e s == """\\"’“f \’ W N Ny Ao et b anraattantha iny s 00 \-"\r-'\ q“'\"'.:
qh \ It‘.‘-ytu.w a my FRE RS Y ‘ ‘ .\‘ \ !.‘. ‘k\" g“h - e ., -y '\ ".‘ -\ ‘h
——t -.o\- e -.--.-.--“ \ ~ ¥ Y a \ M ‘\ Alibmtien g N LN v Y 'l\. \J
““-‘".‘.\t‘ -\'Q A h a1 E 4\. J‘t‘.v*k"‘ Slas “ :-.\ 1-‘ l""\ et 1 Dttty | »r \' o [ A ~~ *h ‘\.I.k‘- "“\’
4 ah ¥\ .k_‘__i\‘...b.,.. . - __‘\q_-_ *-‘\tv'\f WA % e\ \ AL mn . - ey Ta e
g, N At L st b e S ST T N N .n“.s“ i e e )
" anlimn -y - -\ L 5 \ L NN - » ey = ] 4
S TN v “L M \l ‘l S L w._;h:’: :;:::\\:‘.,,-- *-1.-'“ WA ay "
LY .. g.q.-h = "‘ “‘ - .-q.\“."i"\ Rainaine % dand N t-‘.\ AR tw-
-1 - ‘-"' -‘-‘\ - e, .. -
-\ \ ‘ ar '\q ‘h‘..k \ -.“0 ~h Y \. e h ‘L

_“._-‘4‘.:-. tlﬂ‘\‘.k-“ ‘ -\.-5;-\-.0\;‘.

--t\.-hl-.
\ ;-_'i.h‘.k"‘ _‘."L \'

.“‘ L-. "‘*\"‘-" -y - - 1

,‘ --:P“\f"“";"‘l‘- \ -" ‘\ — .h.j\. . \“"'"

' ] 5‘...\-“\&-&"\‘ k-‘w-‘

,-'
'
L
¢
[
’
r
’
]
;-
v
A

L“h \.‘ h FE XY ""\ "‘“‘\ I- . ‘k A N
o~ .s-.\ -y g AR T A + \ 2 -, -‘-.5\5-50 Saat Rt R ey ¢ET P"\

." .\ ' h 4 J‘\q-.\.‘.‘ \‘!".‘ *\:1-£.:~ :i‘\ P"\)""‘ -"‘: 11 .:: h} ‘\ ‘:‘ ’.

4 > ;h .\4\.\‘ "-“h‘- g - ‘t

by -u-.q:--q':: ';. :

"y \# \ .
N N B :
\ “‘ i . \*ﬁ"‘.t“‘r Nt " -\~ Ay by :.‘ :1“h\_‘~.\\‘¢~\~‘t:_: gl -.sp\\. v
&+ "n‘**“‘. < “'h“—\"m' o IR Ay " N L ‘s
.k\-&i\.:*“‘ - -‘q.gnihﬁ"l’"\l:i ..

-~ ,-. ™~ - ‘ 'l“ e N NP \ \-
\ h. SL - 1-.' ..\“ gy -— - “-\*
.‘.,_g ma'h mmt e e Al - ..‘ =" %4 ¥ el
;...w---p“;.;"\! NN N *{_ NN NN L un‘\:““”“-‘ --u*\,r“"\\ ¥l 1
\.\ \ Ny ;\,J\.--. \. amdiad :-.'.'\..-. “ep !W'\""“" ST T T | T T T \\....-.0\-; "
§k.ak-‘1.\h'b“.‘ -ty me ""‘"‘\'. \* '# ‘. \ ’\.-s-‘w‘k'h Ve - -y =R ) .‘
. ey PR { - \, .-"‘\-‘; r‘\“ 4 » N * k -h &.0 \11. \“_ vewd k:‘ \\:-:‘ ’_‘\‘ ‘ N .1-.\‘ \-‘;’ :. o » ..
2 \ 4 N \\“_\\‘..g“ \.. g\-- ‘: :_‘_‘,.., - L {--ﬂp‘.* Y1 A \ \k st o
1,‘3-....‘.‘1-“ iy -y - oy Wy N ‘It [} “ §f \ ~\ \\ .‘qt-_,- Tmwh 't »
\p aay pren, W g WA B ) N Nl ] \I " I\ e tmw Bt e O >
TN, ) v N )\ NI | T N et dapdnim 4--“‘1\0 "‘{“\' ';h )\ -~
. 1 Nt ) .!t-.-.““““' ti “-: ’"‘ ‘-‘-"‘-“"-“.‘-‘." ‘~ ] Nt ] vy Aa W o
-L-.’“".‘,: “-‘-\4;-51*-‘\ "‘\0‘ :' ‘.\ '~ 2 Nt .\‘ h\ ‘\._.‘k-‘*.\uq. \“ - ‘4-
A m“\ \ 4 : b » \. 5 k-..-!‘t-.-t ] A k-:“-:- ey " .=y T 'u.\\“*‘ e ¥ ,”
. \ y \g-.l \_I.'l-~ - - &“' ‘:‘ ‘::\ - \q""‘l SRS :.:.‘ Q LR ?“ t"c N LA T * 4‘5
» \ \\ ’1‘“' -“ \. . 5\\t\1‘\?‘*‘*§\.‘: A -\ 4 . y 1:'\ "X LN Woalr o q.""
vy ! : \ i \\\ LR tt‘ R, Ve em m, .’ . & ‘: . & . . o
] : : : N z k w* Nl . Ty 3 N W "2 ’.’:‘
P Yoo :\\ e A s N .-_t;u.aw\‘ o
A N N a tart Yy N »* »
b : ' : ' : : : r\\ L . T T Y :: ’*‘,. . * G 4""
A r 4 N 4 y P \ ] \ \ s av Rl R B \.‘: ’*"' ’i‘
B U T T T B T \\ * . e o -
SIS S S S B S T ane® o
T N A N S N A . A Y e o
o \ \ ) \ RN as ~
. M \ Y ‘ . » \ N A Y \\\ "bt‘ ..'
L S T - R R M e . N B w+*
B O - J SR T . S T T R 2 XX R SR i o
R R T T T T o
I R
\ b \ y b »*
ST .
\\;\\ ) ! ,.ct‘"'.‘ o
\\l “"‘ a »
\. - . Y
" RO +* "
s \ 3 B SN aanan S »*
\ \ ; ¥ : y ; > ‘: ‘?‘}\\\\?\\5\\\ ‘R ‘.4.‘ _"«.ﬁ'
. N N Y Y g o 2 y 0 \ at »
. ) \ ] X z -* -
\ \\ yoy oy : . : \ : I : o) R
. \\ - T AT S S - ar ¥
- ‘\{\ A S R A A D G S-S R - »! e
= ! ! : I T (e "
S S O S B S S aar a
“w, M I ' 2 ot o
SO N TR
ow W L oy y ! e an
B L T PR Yoy naawet® et
\\\;‘ A N L ST UL Y *"-\w\
T \‘\'\\.\-‘-‘_ -ws-s\n:vb*-’*“
e R S e s




CA 02959571 2017-03-01

WO 2016/036943 PCT/US2015/048329

- PETRTRETe W W W W W W™ W % .
R L L L L L L L NN e - '
.~ < L A aesannnnwnwm 5 SN
- . ’ 1
o & AN ‘_‘ . S e P
. W -t &~ .
\ . o - . R prgii-= M R R R R R R
L J L) L
\‘\ B . . Lu B N N N N PR,
. A
- . a ™ . .o \ A E
v4 sV o - i N
.’( .- }.5'. . b" L *RNY Ly, _— \ N e E E E E R R e ! s =
a » - rmey st ! \
*y L‘.’ o A \' v . - . A 4w oW wm
oy .t - :
- hA ; W on L e .~
(X . = ] s”Rd \ - . -
‘\l'\.‘.,‘ L) ‘b“b 3 e 31
-« * e .\ - y - -
.4 € 3 LY o U
> + - % ' ﬂ “ ] . ’ * 3 o
a % e P - D Y
ol | & " s < ' - . | .
C».‘ iy t ‘-. L § . * - 4
v - | 4 4 4 Lo ‘ ] . -
« 1. .
‘\.,‘. e . * N . ~ - ‘.t ; L
> - - N RS N |
. * .‘ .~ .8 . 4 -
> a1l . 3 h Ny \ \ 1\ : .
o ¥ A \ % \ NI
s T N \ * \
. . \ \ \
2 \
>
| ]
B
\
. .
»
\ . h
W, ot N
- - ' .
- ™~ \
-
- ~ A N
\\\‘\‘\
.~
-
et
oy
o
\..' *
.
b NS
.
s‘ -~
‘o
w
*
‘
\
- O
L ]
L]
L 4
- N
L
L
L L L L L L YL w W W e e S W e
\::\s\‘\t\t‘\h‘\\\\\\\\\\x‘\.s.‘.‘.\1.1.\1.- . .

-
‘\\\\. L A A A A A A e L AR TR e T EE T . T A AR A AR R R ERER m o oy

-
\\ \\\‘-\\‘-‘1'\\"\\"\\‘i\--v.‘.ntc.utlntl.-\‘

- -
\\\\\“"\\ adio i B B B B B B JL JE S O B B O B B B N S

- -,

-
RS SRR
>~

"\\
~ -
e S e L L — .
oy "'I\\.“\ R “- - r* tTE T T E.. -
‘\-‘.‘“.“‘h\\\“‘-“‘---“ e et “““.‘- "" -t \ 1 g
e L R B E R T e - e ) ‘.0‘ T e R W W W v o
ST R TR TR TR TR TR TR TR W W m ‘b'
TR TR R W W '!.“
P e
»
-
‘.s' L e W e -~
- L L L L L L L LW e
"\.\ ™o
™~ - -
.-

N R

|
|
|
|
e




CA 02959571 2017-03-01

WO 2016/036943 PCT/US2015/048329

7




CA 02959571 2017-03-01

WO 2016/036943 PCT/US2015/048329

G4

THREADED

- / MEMBER

£80

ELECTRONIC
MODULE
282

2 T




CA 02959571 2017-03-01

WO 2016/036943 PCT/US2015/048329

8/

g

-ﬁr%.'

L An ARy,

31

330

314

316

310




100

- )
L
- L)
L
L
J
-
J
L
»
L)
L)
-
L)
¢ ‘e
TP - - * »
l"-Or. » + 7 “I' -
- .
LR T 1 PR ) *._,
v e +-l»' by 0“
[} - ¢ ~y " -~ "’ﬂ
y - o e ?*r U: 1*&'1-."‘ ’ ‘4; ‘ae o«
: w 7 - -
= vr 38 r L, v il B L~
.*1._- L' v PAA' h"j * "' ! bl
4 - N VL L ad 2
L | lf“ i - s " w r 2
% 3 'y . W - - A
) rt*" * o I, r -9, }
P P *a am +
an 4w 'Kq-..a.p*» oL F
*f“:Vf'-" bt v = ~ ..
Comrar e, T Y L, T
v A58 4w '
A . '.J’ rme " o e T1° s » s
. - v iy - aa L S
I ™ e
[} i 2. s a ™ <
R B T - ® e -
,q‘\.‘ t\ - L B
4w T4 L . "t o, " »
L Y  uw, L.
PR i v
" 1
-
L]
-
L]
-
L]
L} L}
L
L
-
-
L)
L
L]
L ]
-
L}
L ]
L
L]
-
-
]
L
»
U ol Lo
» gl ™

"&
f




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - abstract drawing

