
CONNECTOR FOR HEATER This invention was made with Government support under
N00019-02-C- 3003 awarded by the United States Navy. The Government has
certain rights in this  5 invention. BACKGROUND OF THE INVENTION The present
invention relates generally to turbine engines and more  particularly to a
connector for a heater for an inner strut of an inlet case of a turbine  10
engine. Some gas turbine engines, particularly gas turbine engines for
military  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. 1 The
rearward electrical terminals of the connector make electrical contact  with
a socket formed on the inlet strut when the shell and heater mat are
inserted  onto the inlet strut. Electrical power to the heater mat is thus
provided from the  socket on the inlet strut through the connector to the
heating elements in the heater  5 mat. BRIEF DESCRIPTION OF THE DRAWINGS
Other advantages of the present invention can be understood by reference to
the following detailed description when considered in connection with the
10 accompanying drawings wherein: FIGURE I 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 I I 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. 2 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 shows a gas turbine engine 10, such as a gas turbine used for power
generation or propulsion, circumferentially disposed about an engine
centerline or  axial center line axis 12. The engine 10 includes a fan 14, a
compressor 16, a  5 combustion section 18 and a turbine 11. As is well
known, air compressed in the compressor 16 is mixed with fuel that is burned
in the combustion section 18 and  expands in the turbine 11. The turbine 11
includes rotors 13 and 15 that rotate in  response to the expansion, driving
the compressor 16 and fan 14. The turbine 11  includes alternating rows of
turbine blades 20 and vanes 19. The fan 14 is 10 surrounded by an inlet case
24, which is supported by a plurality of inlet struts 26,  which are
positioned inside the inlet case 24 in front of the fan 14. Each of the
inlet  struts 26 is wrapped by a heating system 28. Figure 1 is a somewhat
schematic  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.  3 Power is supplied to the socket 46 and the electrical
connector 38 by a power cable  48 passing through inlet case 24 into the
inlet strut 26 in connecting to the socket 46. Although illustrated in an
exploded view in Figure 2, the heating system 28  is shipped and installed
with the outer shell 40 attached to the heater mat 30. For  5 assembly, the
heating system 28 is slid onto the inlet strut 26 by inserting the inlet
strut 26 into the open rear end 36 of the heater mat 30 until the electrical
connector  38 makes electrical connection with the socket 46 on the inlet
strut 26 as shown in  Figure 3. Filler 50 in the forward end of the outer
shell 40 may abut the inlet strut  26, thereby improving the stability of
the heating system 28. The heating system 28 10 may be further fastened to
the inlet strut 26 by fasteners or adhesive. The heating  



system 28 (i.e. the outer shell 40, heater mat 30 with heating elements 32
and the  electrical connector 38) can be installed, removed 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
formed of a non-conductive  15 polymer or composite. The body 56 includes a
tapered forward end 58 having 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. 4 Figures 6, 7 and
8 illustrate how the connector 38 of Figure 4 and the heater  mat 30 of
Figures 5-6 are used to make the heating system 28 of Figures 2-3.
Referring first to Figure 6, the connection tab 74 of the heater mat 30 is
first folded  inwardly into the interior of the heater mat 30 as indicated
by the arrow in Figure 6, 



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  upper corner of the mold 49 and the heater mat 30
is wrapped around the connector  38 and mold 49. The connector 38 is thereby
inserted into the forward end 34 of the 10 interior of the heater mat 30
until the forward terminals 62 of the connector 38 make  electrical contact
with the contacts 76. The tapered forward end 58 of the connector  38, with
curved and angled outer surfaces 60, fits snugly within the forward end 34
of the heater mat 30. The connector 38 may be joined to the heater mat 30 by
welding, brazing, soldering, mechanical crimping/stapling 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 Figures 10 through 12 illustrate an alternate way of making an
electrical  connection to a heater mat 30. The electrical heating elements
are not shown for  simplicity. Referring to Figure 10, the alternate heater
mat 30' includes an alternate  5 connection tab 74' projecting upward from
the remainder of the heater mat 30'. A  plurality of electrical contacts 76'
are formed at one end of the connection tab 74'.  The connection tab 74' is
flexible. In Figure 10, the connector 38' is not shown, but  the connection
tab 74' is shown folded twice as it would be to fit inside the  connector
38' as shown in Figure 11. Referring to Figure 11, the alternate connector
10 38' includes a removable mid-portion 61' that is opposite a mid-portion
60' and  behind a forward portion 59'. To connect the electrical connector
38' to the electrical contacts 76', the  removable mid-portion 61' is first
removed from the connector 38'. The connection  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 nrid-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 I I 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  6 practiced otherwise than as specifically illustrated and described
without departing  from its spirit or scope. Alphanumeric identifiers in
method steps are for convenient  reference in dependent claims and do not
indicate a required order of performance of  the method steps unless
otherwise specified in the claims. 5 7 CLAIMS  1) A connector compri sing: a
body having a forward tapered end and a rear end, the tapered end  5
including an outer surface; a plurality of forward terminals on the tapered
end; and a plurality of rearward terminals on the rear end of the body, the
rearward  terminals in electrical connection with the forward terminals. 10
2) The connector of claim 1 wherein the outer surface of the tapered end
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 8 9) The connector and heater of claim 8 wherein the
plurality of electrical  heating elements includes a plurality of contacts
in direct contact with the plurality  of forward terminals of the connector.
5 10) The connector and heater of claim 6 wherein the heater includes a
shell in  which the connector is mounted. 11) The connector and heater of
claim 10 wherein the shell includes a pair of  spaced apart walls joined by
a forward end, the connector mounted in the forward  10 end of 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. 9 18) The
heater of claim 17 wherein the connector is mounted in the forward end  of
the pair of walls. 19) The heater of claim 18 wherein the heating element is
an electrical heating  5 element. 20) A method of forming a heating system
for a strut in a turbine engine  including the steps of: 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). 10 




