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(57) ABSTRACT 

A slot armor component for use in a rotor of a dynamo 
electric machine comprises a plurality of pro?le co-eXtruded 
polymer layers. The composite cross-section of the pro?le 
co-eXtruded layers may include a ?rst leg portion and a 
second leg portion disposed at an angle to the ?rst leg 
portion. The plurality of co-eXtruded polymer layers may 
include a glass-?lled polymer layer arranged betWeen tWo 
un?lled polymer layers such as a glass-?lled Ultem layer 
having a glass-?ll concentration equal to or less than 30% 
arranged betWeen tWo un?lled Ultem layers or a glass-?lled 
polyetheretherketone (PEEK) layer having a glass-?ll con 
centration equal to or less than 30% arranged betWeen tWo 
un?lled PEEK layers. 
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MULTILAYER CO-EXTRUSION ROTOR SLOT 
ARMOR AND SYSTEM FOR MAKING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to commonly assigned 
US. application Ser. No. (Attorney Docket no. 
839-1393) entitled “Rotor Slot Insulation for Turbine-Gen 
erators and Method and System of Manufacture”, ?led 
concurrently hereWith and naming IrWin et al. as inventors, 
the content of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a material having a plu 
rality of pro?le co-extruded layers and a pro?le co-extrusion 
system for making the same. 

[0003] Dynamo-electric machines such as poWer genera 
tors include a rotor mounted Within a stator. The rotor is an 
electromagnet that includes ?eld coils typically made of 
copper or aluminum. Abody of the rotor, typically made of 
steel, includes multiple axial slots. The ?eld coils are 
arranged Within these axial slots and produce a magnetic 
?ux pattern When supplied With electrical current. A turbine 
(e.g., a gas or steam turbine) rotates the rotor including the 
?eld coils so that the magnetic ?ux pattern interacts With 
Windings of the stator to generate electrical poWer. 

[0004] The ?eld coils must be electrically and mechani 
cally isolated from the rotor body via rotor slot insulation. 
This insulation is designed to Withstand the electrical, 
mechanical and thermal forces induced during normal 
operation of the dynamo-electric machine for tWenty years 
or more. The rotor slot insulation often includes the folloW 
ing multiple parts: slot armor and a sub-slot cover. These 
parts serve to position and protect the ?eld coils from 
electrical contact With the rotor body. Speci?cally, the slot 
armor insulates the coil’s sides. The slot armor also provides 
electrical creepage distance at the radially inner (bottom) 
portion of the ?eld coils and the radially outer (top) portion 
of the ?eld coils. The sub-slot covers provide additional 
insulation and creepage distance betWeen the radially inner 
portion of the ?eld coils and the rotor body. 

[0005] Various shapes and con?gurations of rotor slot 
insulation are knoWn. For example, US. Pat. No. 4,162,340 
to Fuchs discloses rotor slot insulation having an L-shaped 
pro?le or a U-shaped pro?le of laminated and compressed 
substances. Apartial area of the rotor slot insulation such as 
the shorter leg (i.e., foot) of an L-shaped pro?le or the base 
of a U-shaped pro?le is thickened. US. Pat. No. 5,065,064 
to Kaminski discloses rotor slot insulation Which eliminates 
the need for sub-slot covers through the use of rotor slot 
armors having Z-shaped pro?les. As yet another example, 
US. Pat. No. 4,560,896 to Vogt et al. discloses a composite 
slot armor and sub-slot cover having a one-piece, integrally 
molded construction. 

[0006] There are tWo manufacturing processes Which are 
commonly used to produce rotor slot armor for large turbine 
generators. One process entails an autoclave process Which 
involves producing a laminated composite armor compris 
ing aramid paper (e.g., NomexTM), polyimide ?lm (e.g., 
KaptonTM), Woven glass fabric, and epoxy. The other pro 
cess utiliZes a compression-step-molding process using 
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similar materials. US. Pat. No. 3,974,314 to Fuchs, US. Pat. 
No. 4,473,765 to Butman, Jr. et al., and US. Pat. No. 
4,582,749 to Boulter et al. disclose further examples of 
various materials used to produce rotor slot armor. 

[0007] In addition to these tWo processes, an extrusion die 
system comprising a ?rst die for extruding a material to form 
a ?rst layer and a second die for applying one capping layer 
onto the ?rst layer is knoWn. For example, a die system for 
extruding a loW temperature polymer (i.e., polymer having 
a loW melting temperature (Tg<200° C.) onto another loW 
temperature polymer for forming vinyl house siding is 
knoWn. 

[0008] The current processes for manufacturing rotor slot 
armor are laborious. Also, expensive materials and equip 
ment are needed. The current processes are dif?cult to 
control and often produce high scrap rates and/or inconsis 
tent product quality. The current processes also impose 
limitations on the design of the cross-sectional shapes of 
armor that may be produced. Furthermore, composite lami 
nate slot armor produced using these manufacturing pro 
cesses may not possess the mechanical properties that make 
it easy and/or effective to assemble into the rotor body. Also, 
interfaces of the adjacent laminate layers of the slot armor 
may form Weak joints Which may have a loW dielectric 
breakage strength and a loW mechanical strength. The slot 
armor formed by laminated layers may thus break rather 
easily. 
[0009] Accordingly, there remains a need for a system and 
process for manufacturing rotor slot armor Which is rela 
tively inexpensive and Which can accommodate a large 
variety of shapes and thicknesses. There also remains a need 
for a rotor slot armor material Which exhibits long life and 
other bene?cial mechanical properties such as high ?exural 
modulus, ?exual strength, angular strength, electrical creep 
age, and dielectric strength as Well as other properties such 
as reduced crack propagation, loW moisture absorption and 
improved solvent resistance for reducing electrical failures 
due to chemical contamination. 

BRIEF DESCRIPTION OF THE INVENTION 

[0010] In one aspect of the present invention, a slot armor 
component for use in a rotor of a dynamo-electric machine 
comprises a plurality of pro?le co-extruded polymer layers. 
A composite cross-section of the pro?le co-extruded layers 
may include a ?rst leg portion and a second leg portion 
disposed at an angle to the ?rst leg portion, the second leg 
portion being shorter and thicker than the ?rst leg portion. 
Alternatively, a composite cross-section of the pro?le co 
extruded layers may include a ?rst leg portion and a second 
leg portion disposed at an angle to the ?rst leg portion, the 
?rst and second leg portions having a uniform thickness. 

[0011] The plurality of pro?le co-extruded polymer layers 
may include a ?rst polymer layer having a ?rst glass-?ll 
concentration and a second polymer layer arranged on one 
side of the ?rst polymer layer having a second glass-?ll 
concentration Which is loWer than the ?rst glass-?ll concen 
tration. The plurality of pro?le co-extruded layers may 
further include a third polymer layer having a third glass-?ll 
concentration Which is loWer than the ?rst glass-?ll concen 
tration, the third polymer layer being arranged on the 
opposite side of the ?rst polymer layer on Which the second 
polymer layer is arranged. 
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[0012] The plurality of pro?le co-extruded polymer layers 
may include a glass-?lled polymer layer arranged between 
tWo un?lled polymer layers such as a glass-?lled Ultem 
layer having a glass-?ll concentration equal to or less than 
30% arranged betWeen tWo un?lled Ultem layers, or (ii) a 
glass-?lled PEEK layer having a glass-?ll concentration 
equal to or less than 30% arranged betWeen tWo un?lled 
un?lled PEEK layers. 

[0013] The plurality of pro?le co-extruded polymer layers 
may include a ?rst polymer layer having a non-uniform 
thickness and a second polymer layer having a uniform 
thickness. The plurality of pro?le co-extruded polymer 
layers may further include a third polymer layer, the third 
polymer layer having a uniform thickness, and the ?rst 
polymer layer being arranged betWeen the second and third 
polymer layers. 

[0014] In another aspect of the invention, a composite 
material comprises a plurality of pro?le co-extruded high 
temperature polymer layers. The composite material may 
include a ?rst high temperature polymer layer having a ?rst 
glass-?ll concentration and a second high temperature poly 
mer layer arranged on one side of the ?rst high temperature 
polymer layer having a second glass-?ll concentration Which 
is loWer than the ?rst glass-?ll concentration. The composite 
material further may include a third high temperature poly 
mer layer having a third glass-?ll concentration Which is 
loWer than the ?rst glass-?ll concentration, the third high 
temperature polymer layer being arranged on the opposite 
side of the ?rst high temperature polymer layer on Which the 
second high temperature polymer layer is arranged. The 
plurality of pro?le co-extruded high temperature polymer 
layers may include a glass-?lled high temperature polymer 
layer arranged betWeen tWo un?lled high temperature poly 
mer layers such as a glass-?lled Ultem layer having a 
glass-?ll concentration equal to or less than 30% arranged 
betWeen tWo un?lled Ultem layers, or (ii) a glass-?lled 
PEEK layer having a glass-?ll concentration equal to or less 
than 30% arranged betWeen tWo un?lled PEEK layers. The 
plurality of pro?le co-extruded high temperature polymer 
layers may include a ?rst high temperature polymer layer 
having a non-uniform thickness and second high tempera 
ture polymer layer having a uniform thickness. The plurality 
of pro?le co-extruded high temperature polymer layers may 
further include a third high temperature polymer layer 
having a uniform thickness, the ?rst high temperature poly 
mer layer being arranged betWeen the second and third high 
temperature polymer layers. 

[0015] In another aspect of the invention, a pro?le co 
extrusion system comprises: a ?rst extruder for receiving 
and melting a ?rst material, a ?rst pro?le extrusion die 
operatively coupled to the ?rst extruder for receiving the 
?rst material melted by the ?rst extruder and providing a ?rst 
pro?le extruded layer, a second extruder for receiving and 
melting a second material, a second pro?le extrusion die 
operatively coupled to the second extruder for receiving the 
second material melted by the second extruder and provid 
ing a second pro?le extruded layer onto one side of the ?rst 
pro?le extruded layer, a third extruder for receiving and 
melting a third material, a third pro?le extrusion die opera 
tively coupled to the third extruder for receiving the third 
material melted by the third extruder and providing a third 
pro?le extruded layer onto a side of the ?rst pro?le extruded 
layer Which is opposite to the side on Which the second 

Jan. 20, 2005 

pro?le extruded layer is provided, and a calibrator for 
receiving and cooling the ?rst, second and third pro?le 
extruded layers. The ?rst pro?le extrusion die may comprise 
a plate having a ?rst slot and a second slot for passing the 
?rst material therethrough and a mandrel inserted into the 
second slot of the plate for restricting a How rate of the 
material passing through the second slot. The second and 
third pro?le extrusion dies may receive the ?rst pro?le 
extruded layer at a ?rst ?oW rate and the second and third 
pro?le extrusion dies may each have a land having a length 
so that the respective ?oW rates of the second and third 
pro?le extruded layers onto the ?rst pro?le extruded layer 
match the ?rst ?oW rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a partial cross-sectional vieW of a rotor of 
a dynamo-electric machine having rotor slot armor compo 
nents according to an exemplary embodiment of the present 
invention; 
[0017] FIG. 2 is a side vieW of a rotor slot armor com 
ponent in accordance With an exemplary embodiment of the 
present invention; 

[0018] FIG. 3 is a front vieW of the rotor slot armor 
component illustrated in FIG. 2; 

[0019] FIG. 4 is a perspective vieW of the rotor slot armor 
component illustrated in FIGS. 2 and 3; 

[0020] FIG. 5 is a side vieW of a rotor slot armor com 
ponent in accordance With another exemplary embodiment 
of the present invention; 

[0021] FIG. 6 is a front vieW of the rotor slot armor 
component illustrated in FIG. 5; 

[0022] FIG. 7 is a perspective vieW of the rotor slot armor 
component illustrated in FIGS. 5 and 6; 

[0023] FIG. 8 is a schematic diagram of a multiple layer 
pro?le co-extrusion system in accordance With an exemplary 
embodiment of the present invention; 

[0024] FIG. 9 is a front vieW of an exemplary spider plate 
of the pro?le co-extrusion system illustrated in FIG. 8; 

[0025] FIG. 10 is a front vieW of an exemplary pre-land 
plate of the pro?le co-extrusion system illustrated in FIG. 8; 

[0026] FIG. 11 is a front vieW of an exemplary land plate 
of the pro?le co-extrusion system illustrated in FIG. 8; 

[0027] FIG. 12 is a vieW shoWing details of a portion of 
the exemplary spider plate illustrated in FIG. 9 Which is 
encircled by circle 120; 

[0028] FIG. 13 is a partial cross-sectional vieW of the 
multiple layer pro?le co-extrusion system illustrated in FIG. 
8; and 

[0029] FIG. 14 is a partial cross-sectional vieW indicated 
by line 14-14 in FIG. 13. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] FIG. 1 illustrates a partial cross-sectional vieW of 
a rotor 10 of a dynamo-electric machine in accordance With 
an exemplary embodiment of the present invention. Rotor 
10 includes a plurality of axial slots 11, one of Which is 
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illustrated. Each of the axial slots 11 receives ?eld coils 12 
Which are utilized to create a ?uX magnetic ?eld. This ?uX 
magnetic ?eld interacts With stator Windings (not shown) of 
the dynamo-electric machine upon the rotation of rotor 10 to 
generate electric poWer. 

[0031] Rotor slot armor mechanically and electrically iso 
lates ?eld coils 12 from the body of rotor 10. The rotor slot 
armor includes rotor slot armor components 20 and 25. 
Rotor slot armor component 20 includes long leg portion 21 
and short leg portion 22 disposed perpendicularly to long leg 
portion 21. Rotor slot armor component 25 includes long leg 
portion 26 and short leg portion 27 disposed perpendicularly 
to long leg portion 26. Long leg portions 21 and 26 of 
respective rotor slot armor components 20 and 25 provide 
insulation to opposing sides of ?eld coils 12 to Withstand 
electrical, mechanical and thermal forces induced during 
operation of rotor 10. Short leg portions 22 and 27 of 
respective rotor slot armor components 20 and 25 eXtend 
adjacent to a radially innermost one of ?eld coils 12. 
Creepage block 13 is arranged Within slot 11 to insulate the 
radially outermost one of ?eld coils 12 and resist the radially 
outWard forces eXerted on ?eld coils 12 When rotor 10 is in 
operation. As can be seen in FIG. 1, no sub-slot cover is 
necessary in this exemplary embodiment of the present 
invention. 

[0032] FIGS. 2-4 illustrate details of the shape and con 
?guration of rotor slot armor component 20, although it Will 
be understood that identical comments apply to rotor slot 
armor component 25. Leg portion 22 of rotor slot armor 
component 20 has a composite thickness that is greater than 
the composite thickness of leg portion 21. That is, thickness 
t22 is greater than t21. Leg portions 21 and 22 are connected 
to each other at a portion of rotor slot armor component 
Which has rounded edges de?ned by radiuses R1 and R2. 
Leg portions 21 and 22 eXtend perpendicularly to each other. 

[0033] Rotor slot armor component 20 comprises a plu 
rality of pro?le co-eXtruded polymer layers. In particular, 
rotor slot armor component 20 comprises three pro?le 
co-eXtruded polymer layers 1-3. Polymer layer 1 is sand 
Wiched betWeen outer polymer layers 2 and 3. Rotor slot 
armor component 25 comprises three pro?le co-eXtruded 
polymer layers 1a-3a. Polymer layer 1a is sandWiched 
betWeen outer polymer layers 2a and 3a. 

[0034] Outer polymer layers 2 and 3 have a uniform 
thickness. That is, the thickness of outer polymer layer 2 is 
uniform in both leg portions 21 and 22. Similarly, outer 
polymer layer 3 has a uniform thickness in both leg portions 
21 and 22. 

[0035] In contrast to outer polymer layers 2 and 3, poly 
mer layer 1 has a non-uniform thickness. In particular, the 
thickness of polymer layer 1 in short leg portion 22 is greater 
than its thickness in leg portion 21. Because the thickness of 
polymer layer 1 in leg portion 22 is greater than that in leg 
portion 21, the composite thickness t22 of leg portion 22 is 
greater than the composite thickness t21 of leg portion 21. 

[0036] Polymer layers 1-3 are chemically bonded together 
through a pro?le co-eXtrusion process. Polymer layers 1-3 
are thus chemically bonded together through a melt stage of 
the pro?le co-eXtrusion process so that no adhesive is 
needed for bonding at the interfaces betWeen polymer layers 
1 and 2 and polymer layers 1 and 3. A rotor slot armor 
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component having a monolithic structure (i.e., a uniform 
composition layer) typically has a high mechanical strength. 
HoWever, a rotor slot armor component having a monolithic 
structure has a tendency to propagate cracks in the structure 
very quickly. In particular, if a crack in the monolithic 
structure forming the rotor slot armor component starts, the 
crack Will often quickly propagate doWn the length of the 
rotor slot armor component. For eXample, if a rotor slot 
armor component has a L-shape, a crack that has started in 
the structure Will often propagate very quickly doWn the 
length of the L-shape because there is essentially nothing to 
stop it. 

[0037] Rotor slot armor components comprising multiple 
laminate layers are knoWn. If a crack in one of the multiple 
laminate layers starts, the crack Will not easily propagate 
into an adjacent laminate layer. Accordingly, crack propa 
gation may be reduced. HoWever, a rotor slot armor com 
ponent having multiple laminated layers has loW mechanical 
strength. A rotor slot armor component comprising multiple 
laminate layers Will therefore break very easily. 

[0038] Since rotor slot armor component 20 of the present 
invention includes a plurality of pro?le co-eXtruded layers, 
rotor slot armor component 20 Will reduce crack propagation 
(as compared With a monolithic layer). A crack Which starts 
in, for eXample, one of outer polymer layers 2 and 3, Will not 
easily propagate into polymer layer 1 or doWn the aXial 
length of the L-shaped pro?le of rotor slot armor component 
20. Also, since layers 1-3 of rotor slot armor component 20 
are pro?le co-eXtruded together, the composite material has 
a high mechanical strength and Will thus not break easily. 
Accordingly, rotor slot armor component 20 having pro?le 
co-eXtruded layers 1-3 is both resistant to crack propagation 
and still mechanically strong. Outer polymer layers 2 and 3 
are formed by a loWer ?lled (e.g., loWer glass-?ll) polymer 
than the (more highly ?lled) middle layer 1. LoWer ?lled 
outer polymer layers 2 and 3 are placed on the outside of the 
more highly ?lled middle polymer layer 1 because their 
crack sensitivity is reduced as compared to the more highly 
?lled middle polymer layer 1. The more highly ?lled middle 
polymer layer 1 is mechanically more robust but more 
sensitive to cracking. Therefore, in addition to reducing 
crack propagation because of the multi-layer structure, outer 
layers 2 and 3 protect against crack initiation and middle 
layer 1 provides great mechanical strength. 

[0039] While any high temperature thermoplastic 
(Tg>200° C.) that is eXtrudable, thermoformable, injection 
moldable or compression-moldable may be used to form 
pro?le co-eXtruded rotor slot armor component 20, the 
inventors have discovered that glass-?lled Ultem, un?lled 
Ultem, glass-?lled PEEK (polyetheretherketone) or un?lled 
PEEK provide favorable characteristics as layers in rotor 
slot armor component 20. In particular, the inventors have 
found that pro?le co-eXtruding a “middle” high temperature 
polymer layer 1 having a glass-?ll less than or equal to 30% 
(0%<glass-?ll§30%) sandWiched betWeen tWo un?lled 
outer high temperature polymer layers 2 and 3 provide 
preferable mechanical, electrical and/or thermal properties 
for use as a rotor slot armor material. For example, the 
inventors have found that pro?le co-eXtruding a middle layer 
of Ultem having a glass-?ll less than 30% (0%<glass 
?ll§30%) sandWiched betWeen tWo un?lled Ultem layers or 
a PEEK middle layer having a glass-?ll less than 30% 
(0%<glass-?ll§30%) sandWiched betWeen tWo un?lled 
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PEEK layers provides preferable mechanical, electrical and/ 
or thermal properties for use as a rotor slot armor material 

such as high ?exural, ?exural modulus, ?exural strength, 
thermal endurance, impact resistance, thermal conductivity, 
dielectric strength, electrical creepage, and voltage impulse 
resistance, as Well as improved Water absorption, shrinkage 
and tensile creep and reduced crack propagation. 

[0040] FIGS. 5-7 illustrate details of the shape, compo 
nents and con?guration of rotor slot armor component 30 in 
accordance With another exemplary embodiment of the 
present invention. Rotor slot armor component 30 includes 
long leg portion 31 and short leg portion 32 disposed 
perpendicularly to long leg portion 31. Rotor slot armor 
component 30 is formed by a pro?le co-extrusion process 
and includes pro?le co-extruded high temperature polymer 
layers 1b-3b. Each of the polymer layers 1b-3b has a 
uniform thickness. That is, each of polymer layers 1b-3b has 
a uniform thickness in both leg portions 31 and 32. The 
composite thickness t32 of short leg portion 32 is therefore 
equal to the composite thickness t31 of long leg portion 31. 
[0041] FIG. 8 is a schematic diagram of a pro?le co 
extrusion system 50 for processing materials to form the 
multi-layered pro?le co-extruded rotor slot armor compo 
nent 20 (or component 30) in accordance With an exemplary 
embodiment of the present invention. Materials processed 
by pro?le co-extrusion system 50 How in the directions 
indicated by arroWs 54, 94 and 104. Pro?le co-extrusion 
system 50 includes an extruder 52, die 60, extruder 100, die 
101, extruder 90, die 91 and calibrator 80. Die 60 includes 
a die reservoir 61, spider plate 62, pre-land 65 and land 67. 
Die 91 includes die reservoir 92, How channel 93 and land 
95. Die 101 includes die reservoir 102, How channel 103 and 
land 105. 

[0042] In operation, extruder 52 receives raW materials 
such as pellets of raW high temperature (Tg>200° C.) 
polymer and optionally a poWder of ?ller material such as 
glass (e.g., chopped glass ?ber or glass beads) in a hopper. 
The raW material may be, for example, Ultem or PEEK. A 
screW element(s) arranged Within a barrel of extruder 52 is 
rotated in order to mix the raW materials. The mixture of raW 
materials may be, for example, an Ultem or PEEK material 
having a glass-?ll of 30% or less (i.e., 0%<glass-?ll§30%). 
While being conveyed through the barrel of extruder 52, the 
raW materials are heated so that they are transformed from 
a solid state into a molten state. The molten material is then 
conveyed and forced at high pressure through die 60. In 
particular, the molten material is conveyed through die 
reservoir 61 to spider plate 62. 

[0043] FIG. 9 illustrates a front vieW of an exemplary 
spider plate 62. Spider plate 62 includes a number of slots 
through Which the molten material may pass. These slots 
include a long thin slot 63 and a cross-shaped slot 64. The 
molten material passing through slots 63 and 64 of spider 
plate 62 is conveyed to pre-land 65. 
[0044] FIG. 10 illustrates a front vieW of an exemplary 
pre-land 65. Pre-land 65 includes a slot 66 Which provides 
shaping to the molten material passing therethrough. Spe 
ci?cally, material passing through slots 63 and 64 of spider 
plate 62 is conveyed through slot 66 of pre-land 65. After 
passing through slot 66 of pre-land 65, the molten material 
is conveyed to land 67. 

[0045] FIG. 11 illustrates a front vieW of an exemplary 
land 67. Land 67 includes a slot 68 Which provides a ?nal 
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pro?le shape to the molten material. Speci?cally, slot 68 
includes a long thin slot portion 68a and a short Wide slot 
portion 68b arranged at an angle to slot portion 68a so that 
molten material passing through slot 68 Will have an 
L-shaped pro?le. This L-shaped pro?le extruded material 
forms the polymer layer (i.e., polymer layer 1) of rotor slot 
armor component 20 Which Will later be co-extruded 
betWeen outer polymer layers 2 and 3. 

[0046] It is bene?cial for the material forming polymer 
layer 1 to exit land 67 at a substantially uniform rate. For 
example, it is bene?cial for the How rate of the material 
exiting slot portion 68a to match the How rate of the material 
exiting slot portion 68b so that the molten material exiting 
slot 68 Will not tWist or bend over (after exiting land 67). If 
the respective ?oW rates of the material exiting slot portions 
68a and 68b are not uniform, the material may bend and 
tWist over after leaving slot 68 and thus the desired pro?le 
extruded shape of polymer layer 1 Will not be obtained. 

[0047] Because the dimensions of slot portion 68a are 
different than the dimensions of slot portion 68b, the molten 
material exiting these respective slot portions Will tend to 
How at different rates. In particular, the How resistance 
offered by Wide slot portion 68b is less than that offered by 
thin slot portion 68a. If an unregulated amount of molten 
material Was provided to slot 68, the material may not 
completely ?ll up and How out of thin slot portion 68a. The 
How rate of material exiting thin slot portion 68a Would 
therefore be sloWer than the How rate of material exiting 
Wide slot portion 68b because the How resistance provided 
by thin slot 68a is greater than that offered by Wide slot 68b. 
Because the respective ?oW rates are non-uniform, the 
material forming polymer layer 1 may bend and tWist after 
leaving slot 68 of land 67 and thus the desired pro?le shape 
of polymer layer 1 Would not be obtained. 

[0048] In order to ensure that the respective ?oW rates 
from slot portions 68a and 68b are uniform, additional ?oW 
resistance must be provided to that portion of the material 
that Will pass through slot portion 68b. That is, the How of 
molten material provided to Wide slot portion 68b must be 
sloWed (or the How rate of material provided to slot portion 
68a must be increased) so that the How rate of material 
exiting from all portions of slot 68 (e.g., slot portions 68a 
and 68b) is uniform. 

[0049] In order to sloW the How rate of material exiting 
slot portion 68b, the rate of material being provided to slot 
portion 68b is sloWed. The How rate of material being 
provided to slot portion 68b may be sloWed through the use 
of spider plate 62 Which is located upstream from land 68. 

[0050] FIG. 12 illustrates details of a portion of spider 
plate 62. Spider plate 62 includes slot 64. At least some of 
the material passing through slot 64 of spider plate 62 Will 
ultimately be provided to slot portion 68b. That is, slot 64 
and slot portion 68b are positioned so that at least some of 
the material exiting slot 64 ultimately enters slot portion 68b 
via slot 66 of pre-land 65. By controlling the How rate of 
material passing through slot 64 of spider plate 62 (upstream 
of land 67), the How rate of material entering slot 68b may 
be controlled and thus the How rate of material exiting slot 
68b to form polymer layer 1 may be controlled. 

[0051] As can be seen in detail from FIG. 12, mandrel 74 
is inserted and held in slot 64 of spider plate 64. Speci?cally, 
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mandrel 74 includes tWo horizontally-extending “arms”74a 
Which are inserted tightly in a correspondingly shaped 
portion of slot 64 so that mandrel 74 is held Within slot 64. 
The tWo arms 74a extend from a body portion 74b of 
mandrel 74. The dimensions on the top, bottom and lateral 
sides of body portion 74b, hoWever, are not as extensive as 
the corresponding portions of slot 64. Accordingly, slot 64 
still contains openings (e.g., see the top and the bottom 
portions of slot 64) through Which molten material may pass. 
The rate at Which molten material passes through slot 64 is 
controlled by the siZe of body portion 74b. For example, in 
order to increase the How rate through slot 64, the siZe of the 
top and bottom portions of body portion 74b can be 
decreased so that the How openings de?ned in slot 64 Will be 
larger. 

[0052] The position of slot 64 having mandrel 74 inserted 
therein is aligned With slot portion 68b of land 67. Slot 63 
of spider plate 62 is aligned With slot portion 68a of land 67. 
At least some of the molten material originating from slot 63 
of spider plate 62 Will therefore pass through slot 66 of 
pre-land 65 and then to slot portion 68a of land 67. HoWever, 
the How rate of material exiting from slot 64 is restricted by 
mandrel 74 (body portion 74b in particular) so that the How 
rate of material exiting from slot 64 Will be sloWed even 
before it reaches slot portion 68b. Since the How of material 
reaching slot portion 68b is sloWed, the How rate of material 
exiting slot portion 68b Will be sloWed. The How rate of 
material ?oWing out of slot portion 68b can thus be sloWed 
so that it matches the flow rate of material exiting slot 
portion 68a. Auniform ?oW velocity of material exiting slot 
portions 68a and 68b may therefore be obtained. Undesired 
tWisting and deformation of the molten material exiting slot 
68 may therefore be avoided and the desired pro?le shape of 
polymer layer 1 may be obtained. 

[0053] FIGS. 8 and 13-14 illustrate co-extruding outer 
polymer layers 2 and 3 onto opposite sides of polymer layer 
1. For clarity, only details of die 101 are illustrated in FIG. 
13 for applying outer polymer layer 3 onto polymer layer 1. 
HoWever, those skilled in the art Will appreciate that a 
similar details Would apply to die 91 for applying outer 
polymer layer 2 onto the opposite side of polymer layer 1. 

[0054] Extruders 90 and 100 each receives raW materials 
such as pellets of raW high temperature polymer and option 
ally a poWder of ?ller material such as glass in a hopper. The 
raW material may be, for example, Ultem or PEEK Without 
any glass-?ll. The respective raW materials, Which may be 
the same or different from each other, are conveyed through 
respective barrels of extruders 90 and 100. While being 
conveyed through extruders 90 and 100, the respective raW 
materials are heated so that they are transformed from a solid 
state into a molten state. The molten material from extruder 
90 is conveyed and forced at high pressure through die 91. 
In particular, the molten material from extruder 90 is ?rst 
conveyed through die reservoir 92 to How channel 93 as 
indicated by arroW 94. Similarly, the molten material from 
extruder 100 is conveyed and forced at high pressure 
through die 101. In particular, molten material from extruder 
100 is ?rst conveyed through die reservoir 102 to How 
channel 103 as indicated by arroW 104. 

[0055] How channels 93 and 103 pass the molten mate 
rials to lands 95 and 105, respectively. FloW channels 93 and 
103 provide some pro?le shaping to the respective molten 

Jan. 20, 2005 

materials received. FloW channels 93 and 103 provide a loW 
?oW resistance and an almost uniform pressure to the 
respective molten materials. Lands 95 and 105 provide 
further pro?le shaping to the respective molten materials and 
offer a pressure gradient (pressure drop) via the length of the 
lands. Lands 95 and 105 also provide a higher ?oW resis 
tance to the respective molten materials received. The length 
of lands 95 and 105 may be adjusted to adjust the How 
velocity of the molten materials output from the lands 95 and 
105. For example, a longer land length Will provide a greater 
amount of How resistance and thus reduce the How velocity 
of the molten material passing therethrough. Since polymer 
layer 2 has an L-shaped pro?le Which is smaller than the 
L-shaped pro?le of polymer layer 3, the How resistances 
provided by lands 95 and 105 must be different. 

[0056] As illustrated in FIG. 14, pro?le extruded polymer 
layer 1 exiting land 67 is received by dies 91 and 101. A 
pro?le extruded polymer layer 2 having a smaller L-shaped 
pro?le is applied to one side of polymer layer 1 via die 91. 
Apro?le extruded polymer layer 3 having a larger L-shaped 
pro?le is applied to the opposite side of polymer layer 1 via 
die 101. The How rate of polymer layer 2 is controlled by the 
length of land 95 of die 91 so that it matches the How rate 
at Which polymer layer 1 enters die 91. Polymer layer 2 is 
therefore evenly applied to one side of polymer layer 1. The 
How rate of polymer layer 3 is controlled by the length of 
land 105 of die 101 so that it matches the How rate at Which 
polymer layer 1 enters die 101. Polymer layer 3 is therefore 
evenly applied to the other side of polymer layer 1 on Which 
polymer layer 2 is applied. The three polymer layers 1-3 are 
heated so that they are chemically bonded together Without 
the need for adhesive at the interfaces betWeen polymer 
layers 1 and 2 and polymer layers 1 and 3. The composite 
pro?le co-extruded rotor slot armor component 20 compris 
ing layers 1-3 then exits dies 91 and 101. The pro?le 
co-extruded rotor slot armor component 20 enters calibrator 
80. Calibrator 80 cools the pro?le co-extruded layers and 
?ne tunes the dimensions and then outputs pro?le co 
extruded rotor slot armor component 20. 

[0057] By utiliZing the pro?le co-extrusion manufacturing 
process, rotor slot armor components having multiple poly 
mer layers can be formed in a large variety of shapes and 
thicknesses. For example, the L-shaped pro?le of rotor slot 
armor components 20, or 30 may be formed to accurate and 
precise dimensions. UtiliZing the pro?le co-extrusion pro 
cess to manufacture the rotor slot armor components also 
enables these components to have a relatively high ?exural 
modulus, ?exural strength, angular strength, electrical 
creepage and dielectric strength. For example, since the 
multiple layers are chemically bonded together by a pro?le 
co-extrusion process, the rotor slot armor component has a 
high mechanical strength. Moreover, crack propagation may 
be avoided. The properties of the materials formed using a 
pro?le co-extrusion process also provides a loWer moisture 
absorption, high dielectric strength and electrical creepage 
as Well as improved solvent resistance. This improved 
solvent resistance reduces electrical failures due to chemical 
contamination of the pro?le co-extruded materials forming 
the rotor slot armor component. 

[0058] While the invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed 
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embodiment, but on the contrary, is intended to cover 
various modi?cations and equivalent arrangements included 
Within the spirit and scope of the appended claims. 

1-12. (canceled) 
13. A composite material comprising a plurality of pro?le 

co-extruded high temperature polymer layers. 
14. A composite material as in claim 13 Wherein the 

plurality of pro?le co-extruded high temperature polymer 
layers includes a ?rst high temperature polymer layer having 
a ?rst glass-?ll concentration and a second high temperature 
polymer layer arranged on one side of the ?rst high tem 
perature layer having a second glass-?ll concentration Which 
is loWer than the ?rst glass-?ll concentration. 

15. A composite material as in claim 14 Wherein the 
plurality of pro?le co-extruded high temperature polymer 
layers includes a third high temperature polymer layer 
having a third glass-?ll concentration Which is loWer than 
the ?rst glass concentration, the third high temperature 
polymer layer being arranged on an opposite side of the ?rst 
high temperature polymer layer on Which the second high 
temperature polymer layer is arranged. 

16. A composite material as in claim 13 Wherein the 
plurality of pro?le co-extruded high temperature polymer 
layers includes a glass-?lled high temperature polymer layer 
arranged betWeen tWo un?lled high temperature polymer 
layers. 

17. A composite material as in claim 16 Wherein the 
glass-?lled high temperature polymer layer is a glass-?lled 
Ultem layer, the glass-?lled Ultem having a glass-?ll con 
centration equal to or less than 30%. 

18. A composite material as in claim 17 Wherein the tWo 
un?lled high temperature polymer layers each comprises an 
un?lled Ultem layer. 

19. A composite material as in claim 16 Wherein the 
glass-?lled high temperature polymer layer is a glass-?lled 
polyetheretherketone (PEEK) layer, the glass-?lled PEEK 
having a glass-?ll concentration equal to or less than 30%. 

20. A composite material as in claim 19 Wherein the tWo 
un?lled high temperature polymer layers each comprises an 
un?lled PEEK layer. 

21. A composite material as in claim 13 Wherein the 
plurality of pro?le co-extruded high temperature polymer 
layers includes a ?rst high temperature polymer layer having 
a non-uniform thickness and a second high temperature 
polymer layer having a uniform thickness. 

22. A composite material as in claim 21 Wherein the 
plurality of pro?le co-extruded high temperature polymer 
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layers further includes a third high temperature polymer 
layer, the third high temperature polymer layer having a 
uniform thickness, and Wherein the ?rst high temperature 
polymer layer is arranged betWeen the second and third high 
temperature polymer layers. 

23. A pro?le co-extrusion system comprising: 

a ?rst extruder for receiving and melting a ?rst material; 

a ?rst pro?le extrusion die operatively coupled to the ?rst 
extruder for receiving the ?rst material melted by the 
?rst extruder and providing a ?rst pro?le extruded 
layer; 

a second extruder for receiving and melting a second 
material; 

a second pro?le extrusion die operatively coupled to the 
second extruder for receiving the second material 
melted by the second extruder and providing a second 
pro?le extruded layer onto one side of the ?rst pro?le 
extruded layer; 

a third extruder for receiving and melting a third material; 

a third pro?le extrusion die operatively coupled to the 
third extruder for receiving the third material melted by 
the third extruder and providing a third pro?le extruded 
layer onto a side of the ?rst pro?le extruded layer Which 
is opposite to the side on Which the second pro?le 
extruded layer is provided; and 

a calibrator for receiving and cooling the ?rst, second and 
third pro?le extruded layers. 

24. A pro?le co-extrusion system as in claim 23 Wherein 
the ?rst pro?le extrusion die comprises a plate having a ?rst 
slot and a second slot de?ned therein for passing the ?rst 
material passing therethrough and a mandrel inserted into 
the second slot of the plate for restricting a How rate of the 
material passing through the second slot. 

25. A pro?le co-extrusion system as in claim 23 Wherein 
the second and third pro?le extrusion dies receive the ?rst 
pro?le extruded layer at a ?rst ?oW rate and the second and 
third pro?le extrusion dies each has a land having a length 
so that the respective ?oW rates of the second and third 
pro?le extruded layers onto the ?rst pro?le extruded layer 
match the ?rst ?oW rate. 


