CONNECTOR FOR HEATER This invention was nade with Governnment support under
NO0019-02- C- 3003 awarded by the United States Navy. The Governnent has
certain rights inthis 5 invention. BACKGROUND OF THE | NVENTI ON The present
invention relates generally to turbine engines and nore particularly to a
connector for a heater for | 1.0l et case of a turbine 10
engi ne. Sone gas turbine engﬁﬂwgﬂéﬁfé{]@@% t ur bi ne engi nes for
mlitary aircraft, include inlet struts in the inlet case in front of the
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pluralisy efveng®bm! el ectrical traces or heating el enents forned t herein.
The mat is installed around the inlet strut. Electrical current through the
heating el enents generates heat in the nmat, which nelts away any snow and

rhe prosent i nventi on pr BN GREROUNHOE BHEANVERENG ot on i nto the heat er

system for inletrhst prebént vensNneiatedr géreedlydes @rhingyedpamdsngn@ farer ed
forward end and an opposite rear end. A plurality of forward el ectrical

t er m nal s ap@icplerlrdel asanmstarfer dheaser forpn awer gruttdiantinlsbeasg ogadurbmep| ural ity
rearmard electrical termnals are formed on the rear end of the body.

The rearwar@ efectrical terminals are in electrical connection with the
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tapered end are in electrical contact
aircraft, include inlet struts in the inlet case in front of the fan. It is possible for

snow and ice to accumulate on the inlet struts and to interfere with operation of the
gas turbine engine. Accordingly, the assignee of the present invention has
15  developed a heater system for the inlet struts. The heater system includes a flexible
polymer mat having a plurality of metal electrical traces or heating elements formed
therein. The mat is installed around the inlet strut. Electrical current through the
heating elements generates heat in the mat, which melts away any snow and ice that
have accumulated on the inlet strut.
20
SUMMARY OF THE INVENTION
The present invention provides a connector for incorporation into the heater
system for inlet struts. The connector includes a body having a tapered forward end
and an opposite rear end. A plurality of forward electrical terminals are formed on
25  the outer surface of the tapered end. A plurality of rearward electrical terminals are
formed on the rear end of the body. The rearward electrical terminals are in
electrical connection with the forward electrical terminals.
The forward electrical terminals on the tapered end are in electrical contact
with a plurality of electrical contacts connected to heating elements formed in a
30 heating mat. The heating mat entirely envelops the connector. The heater mat is

formed within a substantially rigid outer shell.



with a plurality of electrical contacts connected to heating el ements forned
ina 30 heating mat. The heating mat entirely envel ops the connector. The
heater mat is fornmed within a substantially rigid outer shell. 1 The
rearward el ectrical termi nals of the connector make electrical contact wth

a socket forned t he |nI t.strut wh e shel |, and . heater. t _ar
eorted | onto (iR RS oyl Wl of A% S0Beetof Wakd FhSlielonfll . |1
provi ded fnafm ﬁheckeswlﬁﬁs‘d &tHehialet Biret whéd tHe dhbl Q@ mehiee ne@niReaisefted 0 t he
heating elenments in the heater 5 mat. BRI EF DESCRI PTI ON OF THE DRAW NGS
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10 acconpanyin raw ng ere s a sectional View or s gas

t ur bi nesenghate i n whi ch the present invention could be used. FIGURE 2 is a
perspective view of a section of the inlet case and inlet strut wth the
heat er system expl oded away. 15 FIGURE 3 is a secti onal view through the
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position. Fl GURE 4 IS a rear perspective view o he connector. FIGURE 5 is
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FIGURE 6 is an enl arged rear perspective view of the tab and contacts on the
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FIGURE 1 is a sectional view of a gas turbine engine in which the present
invention could be used.
FIGURE 2 is a perspective view of a section of the inlet case and inlet strut
with the heater system exploded away.
15 FIGURE 3 is a sectional view through the shell, heater mat, connector and
inlet strut of Figure 2 in an assembled position.
FIGURE 4 is a rear perspective view of the connector.
FIGURE 5 is a perspective view of the heater mat in a partially unfolded
position.
20 FIGURE 6 is an enlarged rear perspective view of the tab and contacts on the
heater mat of Figure 5.
FIGURE 7 is an enlarged sectional view of the connector inside the heater
mat and shell.
FIGURE 8 is a sectional view through the heating system of Figure 2 during
25  manufacture on a mold.
FIGURE 9 is a perspective view of the socket of Figure 7.
FIGURE 10 is a perspective view of an alternate heater mat.
FIGURE 11 illustrates the heater mat of Figure 10 connected to an alternate
connector.
30 FIGURE 12 is a sectional view through the connector and heater mat of

Figure 11.



FIGURE 8 is a sectional view through the heating systemof Figure 2 during
25 manufacture on a nold. FIGJURE 9 is a perspective view of the socket of
Figure 7. FIGURE 10 is a perspective view of an alternate heater nat.
FIGURE | | iIIustrates the heater mat of Figure 10 connected to an alternate
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struts 26 is wrapped by a heating system 28. Figure 1 is a somewhat schematic

i

presentation for illustrative purposes only and is not a limitation on the instant
invention, which may be employed on gas turbine engines for electrical power
15  generation, aircraft, etc. Additionally, there are various types of gas turbine engines,
many of which could benefit from the present invention, which is not noted to the
design shown.
Figure 2 is an exploded perspective view of one inlet strut 26 and heating
system 28. The heating system 28 generally includes a heater mat 30 having a
20  plurality of electrical heating elements 32 formed therein. Generally, the heater mat
30 is a flexible polymer, such as Kapton, while the heating elements 32 may be a
foil which may be attached to the heater mat 30 by adhesive or insert molded into
the Kapton. Alternatively, the heating elements 32 may be formed by sputter
deposits onto the heater mat 30. The heating elements 32 may be titanium, copper
25  or other suitable materials. The heater mat 30 is folded to form a folded forward end
34 and an open rear end 36. An electrical connector 38 is electrically connected to
the heating elements 32 and positioned in the forward end 34 of the heater mat 30.
A composite outer shell 40 is formed over the heater mat 30 in the electrical heating
elements 32. The outer shell 40 may be a composite structure formed of numerous
30  plies, where the heater mat 30 is one of the plies.
A forward end of the inlet strut includes a socket 46 or other electrical

connector complimentary to the electrical connector 38 in the heating system 28.



Figure 2 is ah expl oded perspective view of one inlet strut 26 and heating
system 28. The heating system 28 generally includes a heater mat 30 having a
20 plurality of electrical heating elenents 32 fornmed therein. Cenerally,
the heater mat 30 is a flexible polyner, such as Kapton whil e the heating
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curved and angled outer surfaces 60. A plurality of forward terminals 62 are formed

on one of the outer surfaces 60. Each of the forward terminals 62 is in electrical

connection with one of a plurality of rearward terminals 64 formed on a rear end 66

of the body 56 of the electrical connector 38. In the embodiment shown, the forward

20  terminal 62 and the rearward terminal 64 are formed on opposite ends of a plurality

of conductive metal sockets 68 (one shown) insert molded in the body 56 of the
electrical connector 38.

Figure 5 is a perspective view showing the heater mat 30 in a partially

unfolded position. As shown, the heater mat 30 includes a connection tab 74

25  projecting upward from the remainder of the heater mat 30. For simplicity, the

heating elements 32 are not shown in Figure 5, but Figure 6 is an enlarged rear

perspective view of the connection tab 74 of the heater mat 30 of Figure 5. As

shown, the electrical heating elements 32 lead to the connection tab 74 and are

electrically connected to a plurality of electrically conductive contacts 76 on the

30  connection tab 74. There need not be a one-to-one relationship between heating

elements 32 and electrical contacts 76.



system 28 (i.ée. the outer shell 40, heater mat 30 with heating el enents 32
and the electrical connector 38) can be installed, renoved and replaced on
the inlet strut 26. Figure 4 is a rear perspective view of the connector 38
of Figures 2-3. The connector 38 includes a body 56, which is preferably
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t apered forward havi ng curve surfaces
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first folded inwardly into the interior of heater mat 30 as indi cated
by the arr owlding,Firgzing, $ldering, mechanical cnmpmg/staphng or conductive adhesive.

15  The outer shell 40 is then formed over the heater mat 30 as a series of plies in a
known manner for making composite components. The heater mat 30 is shown as
the innermost ply in the outer shell 40, but could be one of the middle plies. The
mold 49 is then removed from the outer shell 40, heater mat 30 and connector 38 to
leave a formed heating system 28.

20 After removal of the mold 49, the volume below the electrical connector 38
and between the outer shell 40 and inlet strut 26 (previously occupied by the mold)
may be filled with the filler 50, which may be a polymer, composite, polymer foam
or other material as shown in Figure 3. The filler 50 increases the strength and
durability of the heating system 28. The electrical connector 38 and socket 46 is

25  shown located at an upper end of the inlet strut 26 and heating system 28 but could
be located at any point along the inlet strut 26.

One of the sockets 68 from inside the connector 38 of Figure 4 is shown in
Figure 9. The socket 68 is generally a metal conductive tube that is flattened at one
end to form the forward terminal 62 and left open and round at the opposite end to

30 form the rearward terminal 64. The socket 68 may also be bent or formed to
properly locate the forward terminal 62 and rearward terminal 64. The forward

terminal 62 and rearward terminal 64 could be provided in other ways.



5 such that the contacts 76 are exposed to the interior of the heater mat

30, as shown in Figure 7. Referring to Figures 7 and 8, the connector 38 is
placed in a recess at an wupper corner of the nold 49 and the heater mat 30
is wapped around the connector 38 and nold 49. The connector 38 is thereby
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connector 38 _Of Tol &Hﬁm@ct“thhsql&*ﬂﬁw dofinedrdro38’ €0%the T 1808 koht LR 76, @pneral ly a
netal conductive tube that is flattened at one end to formthe forward

t ermi nal 62cramdbleetid-p@énn @hdisrfostdmaved fremape osirteetoe 38 t Bhe3@rectinrt he
rearward term nal 64. The socket 68 may al so be bent or forned to
tab 74’ is then folded down over the mid-portion 60’of the connector 38’, and the

15  portion of the connection tab 74’ with the electrical contacts 76’ is folded back. The
removable mid-portion 61’ is then returned to the connector 38" on top of the
connection tab 74’, thereby retaining the connection tab 74" within the connector 38'.
The mid-portion 61’ may be snap fit or friction fit, or even somewhat loosely
retained in the connector 38’.

20 Figure 12 is a sectional view taken along Line 12-12 of Figure 11 after the
mid-portion 61’ is inserted. As shown in Figure 12, the electrical contact 76" makes
electrical contact with sockets 68" insert-molded in the connector 38’. Again, the
connector 38’ may be joined to the heater mat 30’ by welding, brazing, soldering,
mechanical crimping/stapling or conductive adhesive. The assembly shown in

25  Figure 12 would then be placed on the mold 49 and wrapped with the outer shell 40
as shown with respect to the first embodiment in Figures 7 and 8. The connector 38’
and heater mat 30" of Figures 10-12 could be used in place of the connector 38 and
heater mat 30 of Figures 1-9.

In accordance with the provisions of the patent statutes and jurisprudence,

30 exemplary configurations described above are considered to represent a preferred

embodiment of the invention. However, it should be noted that the invention can be



properly locate the forward termnal 62 and rearward term nal 64. The
forward termnal 62 and rearward term nal 64 could be provided in other
ways. 5 Figures 10 through 12 illustrate an alternate way of making an
electrical connection to a heater mat 30. The el ectrical heating el ement s
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the renai nd@m bf spiicoheaper Alpptndaeric llentifids &l m&&)odfsteph et ot calvenient aCt s 76'
are formed at one end of the connection tab 74 The connection tab 74" is
flexible. FeferEngtinedepgndanhelaimpnaisdagpot sericate a Frsuires giger obperformagce Bhnect i on
tab 74" is it inside the connector
38" as shomﬁ%ﬁmgagae%gql%@%ﬁ?rg)?srelsha&?éoﬁEltggr%&l‘; the al ternate connector
10 38" bncludes a renovable md-portion 61' that is opposite a md-portion
60" and behind a forward portion 59'. To connect the electrical connector
38" to the electrical contacts 76', the renpovable md-portion 61" is first
removed fromthe connector 38'. The connection tab 74" is then fol ded down
over the md-portion 60" of the connector 38, and the 15 portion of the
connection tab 74" with the electrical contacts 76' is folded back. The
renovabl e m d-portion 61' is then returned to the connector 38 on top of
the connection tab 74", thereby retaining the connection tab 74" within the

connector 38'. The nrid-portion 61' may be snap fit or friction fit, or
even somewhat | oosely retained in the connector 38 . 20 Figure 12 is a
sectional view taken along Line 12-12 of Figure | | after the md-portion

61" is inserted. As shown in Figure 12, the electrical contact 76" nakes
el ectrical contact with sockets 68" insert-nolded in the connector 38'.
Again, the connector 38 nmay be joined to the heater mat 30" by wel di ng,
brazi ng, sol dering,



mechani cal crinping/stapling or conductive adhesive. The assenbly shown in
25 Figure 12 would then be placed on the nold 49 and wapped with the outer
shell 40 as shown with respect to the first enbodinment in Figures 7 and 8.
The connector 38 and heater mat 30" of Figures 10-12 could be used in

pl ace of the connector 38 and heatqf gﬁg:SO of Figures 1-9. In accordance
with the provisions of the patent stéf § and jurisprudence, 30 exenplary
configurations described above are considered to represent a preferred
enbodi nrent of the invention. However, it should be noted that the invention
can be 6 pPact i‘ceRIMEEREFMNRESIRGian as specifically illustrated and descri bed
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body having a f@ﬂ&é?h“%ﬁ @Wﬁﬁggﬁﬂp rﬁgkéﬁﬁﬁgﬁﬂﬁsﬁﬁb tapered end 5

i ncluding an outegf ; I j 188 Bhia! Hie & hg t aper ed
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rearward temimalsinselédtried] ectiteciod withnineforwand tevntihals.he forward term nals. 10
2) The connector of claim1 wherein the outer surface of the tapered end
includes a pair of angled surfaces. 3) The connector of claim2 wherein the
plural iipy of fomyardnhedd BRlctuif ¢ whabHeheOson Subice! HE tRAtperl anp! ed

sur f aces.
includes a pair of angled surfaces.

3) The connector of claim 2 wherein the plurality of forward terminals are

formed on one of the pair of angled surfaces.

15
4) The connector of claim 3 wherein the pair of angled surfaces are convex.
5) The connector of claim 1 wherein the tapered end includes a removable
portion removably secured over the forward terminals.

20

6) The connector of claim 1 and a heater electrically connected to the plurality

of forward terminals on the connector.

7) The connector and heater of claim 6 wherein the heater fully envelops the

25 connector.

8) The connector and heater of claim 7 wherein the heater includes a plurality
of electrical heating elements, each connected to at least one of the plurality of
forward terminals.

30



15 4) The connector of claim 3 wherein the pair of angled surfaces are
convex. 5) The connector of claim1l wherein the tapered end includes a
renmovabl e portion renovably secured over the forward termnals. 20 6) The
connector of claiml and a heater electrically connected to the plurality
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6 wherein the heater y envelops t connecto e connector and
heater of ¢kaing clembifts @icludeba pleatier of dubkdetiein dirept Usrahdttwith e bty i cal
heating el enents, each connected to at |east one of the plurality of
forward tePhfei¥red tegpinglsgf thagonaetitlect or and heater of claim 8 wherein the
plurality of electrical heating elenents includes a plurality of contacts
in direct contact with the plurality of forward term nals of the connector.
5 10) The donnedhercoancttdremideticatd of |cdimm @ whiaetieithe hdaeerheduedes a shdlldes a
shell in which the connector is nounted. 11) The connector and heater of
clai m 10 where the camnesiog s mPW@Fﬁ?Jdes a pair of spaced apart walls joined by
a forward end, the connector nounted in the forward 10 end of the shell.
12) The connector and heater of claim 11 wherein the shell is a conposite
shel | andltithe Mhateennéatml ardieseaternefatl@im h@itwHekeah thes sleell mygkides n paiveofShel | . 15
13) The connector and heater of claim6 mMunted to a turgi-ne engi ne

struct ure. SPAAY aPRE WIS ARIBEGPY sy e heLropNeRIOTMGPREd 48 (R EARMEDf ¢l ai m
13 whefgi N chdBf the shell.

12)  The connector and heater of claim 11 wherein the shell is a composite shell

and the heater includes a heater mat that is a layer in the shell.
15 13)  The connector and heater of claim 6 mounted to a turbine engine structure.

14)  The connector, heater and turbine engine structure of claim 13 wherein the

turbine engine structure is a strut.

20 15) A turbine engine including the connector, heater and strut of claim 14,

wherein the strut is an inner strut of an inlet case.

16) A heater for a turbine engine strut comprising:
a heating element; and
25 a connector in connection with the heating element, the connector having a
contact at a rearward end for mating with a complementary connector on a turbine

engine strut.

17)  The heater of claim 16 wherein the heating element is one of a plurality of

30 heating elements formed in a pair of spaced-apart walls joined at a forward end.



turbi ne enginé structure is a strut. 20 15) A turbine engine including the
connector, heater and strut of claim14, wherein the strut is an inner
strut of an inlet case. 16) A heater for a turbine engine strut conprising:
a heating elenent; and 25 a connector in connection with the heating
el enent, t co I t 4 Wﬂ,g ing with a
conpl enent 2??/ cgﬁgg%?@ Qgﬁlaggtlzr%h%g%ﬁ ﬁ%ncgoﬁlh%&%{lgﬁ. %Sf}ﬂ%ffﬁggﬁgéﬁd& claim
16 wher ei n of le gagradfiwgdlsel enent is one of a plurality of 30 heating el enents
formed in a pair of spaced-apart walls joined at a forward end. 9 18) The
heater of claim 17 wherein the connector is nounted in the forward end of
the pair ofiopal the rbler et iechnghincheinthtdh ABFER R diedtf I'HEQti(gé ement is
an electrical heating 5 elenent. 203 A nmethod o rmng a heatindg system
for a sbrutelanmena turbi ne engine including the steps of: a) placing a
connector adjacent a nold; 10 b) placing a plurality of heating el enents
over the nold; c) connecting the plurality of heating elenents to the
connect or; z0f) TONAG: A Rthfl §NRLlin®(SiehNRrCORELRT Millidkengid 0: and
e) renoving ?he rmrﬁéc} ?C%omt e gut er asl?él ?.615 2rl The rreat %ﬁggl of claim 20
wher ei n at ihdedihg thepoapsiofn of the outer shell is forned over the plurality
of heating el ene tls in said steap.d). 10
a) placing a connector adjacent a mold,

10 b) placing a plurality of heating elements over the mold;

c¢) connecting the plurality of heating elements to the connector;

d) forming an outer shell over the connector and the mold; and

e) removing the mold from the outer shell.

15 21)  The method of claim 20 wherein at least a portion of the outer shell is formed

over the plurality of heating elements in said step d).
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