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(57) Abstract

An adaptable rotating rectifier and suppression resistor assembly is designed to fit and mate with state-of-the-art, two-pole generators
with maximum flexibility to accept a variety of known possible diode configurations and a relatively large suppression resistor in a cost
effective manner. A tubular housing of the assembly has an axially extending internal cavity with a plurality of bus bars arranged in fixed,
spaced relation in a radially outer portion of the internal cavity so as to extend axially along the internal cavity. A plurality of diodes of any
one of at least three significantly different configuration diodes and a suppression resistor are arranged in line along the axis of the internal
cavity with radially outwardly extending spring contact plates electrically connecting the diodes and suppression resistor with the bus bars.
A desired preload force is provided on these components between an end cap at one end of the housing and a retainer at the other. The
end cap is rotationally indexed and constrained with respect to the housing by connections of terminals in the end cap with bus bars.
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WO 98/09366 PCT/US97/14872

ADAPTABLE ROTATING RECTIFIER AND SUPPRESSION
RESISTOR ASSEMBLY FOR TWO-POLE, WOUND ROTOR
OF DYNAMOELECTRIC MACHINE
Field of I .

The present invention is directed to an improved, adaptable rotating rectifier and
suppression resistor assembly for a rotor of a dynamoelectric machine and the method
of making the same. More particularly, the plurality of diodes and a suppression
resistor are assembled within a tubular housing designed to fit in and mate with state-
of-the-art two-pole generators with maximum flexibility to accept a variety of known

possible diode configurations and to accept suppression resistors having a resistance

down to 50 ohms, all in the most cost effective manner.

Background and Summary of Invention

The current "diode packs” and suppression resistor manifold for the state-of-
the-art two-pole generators of aircraft integrated drive generators, are limited in diode
space and in suppression resistor thermal capability. These current diode packs were
designed for and are limited to use with diodes of a single configuration made by only
one company, which has announced its intent and desire to discontinue manufacture
and supply. At present there is no alternative supply source for diodes having this

configuration. Alternative diodes of different configurations are available from other
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manufacturers but these do not fit in the existing diode packs. There is a need for an
improved, adaptable rotating rectifier and suppression resistor assembly for the rotor
of a dynamoelectric machine which can accommodate diodes having any one of a
plurality of significantly different configurations so as to avoid the draw back of a
single supply source and the necessity of having to redesign the assembly for each
of these different configuration diodes.

The wire wound suppression resistor in the current manifold and derivatives
thereof are restricted in size and, thus, limited to an approximately 100 ohm value.
The higher main field voltage of more recent aircraft has taxed and possibly exceeded
these resistors' thermal capability. Similarly, reducing the resistor toward a desired
50 ohms value for enhanced suppression capability over taxes the thermal capability
of the current design. There is a need for an improved, adaptable assembly for
accommodating and more effectively cooling resistors having resistance values in the
range of 50 to 100 ohms with large surface areas for sufficient thermal capability.

An object of the present invention is to provide an improved, adaptable rotating
rectifier and suppression resistor assembly for a rotor of a dynamoelectric machine
and a method of making the same which overcome the aforementioned drawbacks
and disadvantages of the current "diode packs" and manifolds and the related
methods of making them. More specifically, an object of the invention is to provide
an improved, adaptable rotating rectifier and suppression resistor assembly which can
accommodate any one of a plurality of significantly different configuration diodes as
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the diodes of the assembly and a relatively large suppression resistor down to 50
ohms value in an assembly designed to fit in and mate with state-of-the-art two-pole
generators, all in the most cost effective manner.

These and other objects of the invention are attained by the improved,
adaptable rotating rectifier and suppression resistor assembly for a rotor of a
dynamoelectric machine, according to the invention, the assembly comprising a
tubular housing having an axially extending internal cavity, a plurality of bus bars
arranged in fixed, spaced relation in a radially outer portion of the internal cavity so
as to extend axially along the internal cavity, and a plurality of diodes and a
suppression resistor arranged in line along the axis of the internal cavity with radially
outwardly extending spring contact plates electrically connecting the diodes and

suppression resistor with the bus bars.

An end cap at one end of the internal cavity of the tubular housing is rotatably
connected, bayonet style, to the tubular housing by means of a twist lock connection
of cooperating tabs on the end cap and grooves in the adjacent end of the housing.
The end cap has electrical terminals extending therethrough. Respective ones of the
bus bars are connected to the terminals of the end cap for making electrical
connections with the assembly and for rotationally indexing and constraining the end
cap on the tubular housing of the assembly in the locked position of the twist lock

connection.
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In the disclosed, preferred embodiments the axial length of the internal cavity
of the housing is sufficient to accommodate any one of at least three significantly
different configuration diodes as the plurality of diodes of the assembly, and a
relatively large suppression resistor, placed in line along the axis of the internal cavity.
A selected one of several different spacers having different axial lengths is arranged
in line with the diodes and resistor in the internal cavity as a function of the
configuration of the diodes so that the éxial length of the in line diodes, resistor and
spacer can be contained within the internal cavity.

The assembly further comprises means providing a desired axially directed
preload force on the diodes, suppression resistor and spacer in the internal cavity. In
the disclosed embodiment this means includes a spring, a plurality of shims for
obtaining the desired preload, and a retainer which is connected to the tubular housing
at an end thereof opposite the end cap by means of a twist lock connection.

Locator members are provided for radially locating the diodes in the internal
cavity. The diode locator members are a selected one of at least three different
configuration diode locator members for radially locating respective ones of the at
least three significantly different configuration diodes.

The suppression resistor of the assembly is preferably a molded one-piece
ceramic resistor having a passage extending therethrough along the axis of the

assembly. Fluid passage means provided in the assembly circulate a liquid coolant
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through the assembly. The liquid coolant is directed to both the outer surface and to
the passage in the resistor for maximum surface area and cooling the same. A wire
wound resistor can also be employed as the suppression resistor.

A preferred method of the invention for making an adaptable rotating rectifier
and suppression resistor assembly for a rotor of a dynamoelectric machine, particularly
a two-pole generator of integrated drive generator of an aircraft, comprises the steps
of providing a tubular housing having an axially extending internal cavity open at both
ends thereof, an internal surface of the tubular housing defining the internal cavity
having a plurality of axially extending grooves therein for accommodating respective
ones of a plurality of axially extending bus bars. An end cap for one end of the
internal cavity is rotatably connected 1o the tubular housing.

The end cap has electrical terminals extending therethrough. Respective ones
of a plurality of bus bars arranged in the grooves in the tubular housing are connected
with the terminals for rotationally indexing and constraining the end cap and the
tubular housing and for making electrical connections in the assembly. A desired axial
preload force is applied on the plurality of diodes and the suppression resistor
arranged in line along the axis of the internal cavity with radially outwardly extending
spring contact plates electrically connecting the diodes and the suppression resistor

with the bus bar.
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The step of applying the desired axial preload force includes gauging the length
of the components arranged in line along the axis of the internal cavity in the tubular
housing after the end cap has been connected to the housing and the diodes, resistor,
spring contact plates, locator members and appropriate spacer have been inserted into
the housing. A plurality of shims are inserted to finely adjust the length of the
_ stacked components, and a retainer is connected to the end of the housing opposite
the end cap with a spring being located intermediate the retainer and the in line
arrangement of components for applying the desired axial preload force. The retainer
is also preferably connected to the tubular housing by a twist lock connection such
that its axial position when in the lock position of the connection is known for
predictably loading of the spring.

Thus, the present invention provides an improved, adaptable rotating rectifier
and suppression resistor assembly for a rotor of a dynamoelectric machine which is
designed in its external dimensions to fit in and mate with state-of-the-art two-pole
generators while having maximum flexibility to accept a variety of known possible
diode configurations and to accept suppression resistors down to 50 ohms, all in a
cost effective manner. That is, the invention permits use of a variety of diode and
resistor configurations with only a minor change in radial locating and axial length
components of the assembly. The preferred method of obtaining the desired preload
force via shims reduces assembly time, cost, complexity and possibility of error.

6
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These and other objects, features and advantages of the present invention will
become more apparent from the following detailed description of several embodiments

of the present invention taken in connection with the accompanying drawings.

Brief Description of Drawings

Fig. 1 is an external, exciter connection, end view of an adaptable rotating
rectifier and suppression resistor assembly according to the invention taken from the
left side of the assembly as shown in Fig. 5; |

Fig. 2 is a main field connection, end view taken from the right side of the
assembly shown in Fig. 5;

Fig. 3 is a sectional view through a portion of the assembly taken along the

section line lI-1ll in Fig. 1;

Fig. 4 is a electrical schematic diagram of the adaptable rotating rectifier and
suppression resistor assembly of the embodiment of Figs. 1-6;

Fig. 5 is a sectional view through an adaptable rotating rectifier and suppression
resistor assembly according to a first embodiment of the invention taken along the line
V-V in Fig. 2;

Fig. 6 is an enlarged, sectional view through the tubular housing and end cap

illustrating the twist lock connection therebetween taken along the line VI-Vl in

Fig. 5;
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Fig. 7 is a sectional view taken along the longitudinal central axis of another
assembly of the invention like that in Figs. 1-6 but with a different configuration of
diodes;

Fig. 8 is a sectional view through a further assembly of the invention similar to
the other embodiments but accommodating significantly different configuration diodes
and a different spacer having a different axial length; and

Fig. 9 is a sectional view similar to that in Fig. 8 except that a wire wound
suppression resistor is employed rather than a one-piece molded ceramic resistor as

in the previous embodiments.

Detailed Description of Disclosed Embodiments

Referring now to the drawings, an adaptable rotating rectifier and suppression
resistor assembly 10 according to the invention is for a rotor of a dynamoelectric
machine, particulariy a two-bole generator of an aircraft integrated drive generator.
The assembly of the embodiment of Figs. 1-6 comprises a tubular housing 11 having
an internal cavity 12 extending along the longitudinal axis A-A as shown in Fig. b.
Six bus bars 13 are arranged in fixed, equally spaced relation in axially extending
grooves 14 in a radially outer portion of the internal cavity so as to extend axially
along the cavity. Three of these bus bars are for electrical connection with terminals
15 in an end cap 16 of the assembly for connection with the exciter. A fourth bus

8
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bar is connected with a counterweight terminal 17 in the end cap. The other two bus
bars extend out through the opposite end of the assembly for connection with the
main field, see Figs. 2 and 4.

A plurality of diodes 18 and a suppression resistor 19 are placed in line along
the axis A-A of the internal cavity with radially outwardly extending spring contact
plates 20 electrically connecting the diodes and suppression resistor with the bus
bars. An end cap 16 is positioned at one end of the internal cavity of the tubular
housing. It is rotatably connected to the tubular housing by twist lock connection 30,
see Figs. 5 and 6 formed by tabs in the end cap and cooperating grooves in the
tubular housing. The electrical terminals 15 extend axially through the end cap 16.
Four of the bus bars are connected to respective ones of the exciter connection
terminals after the end cap has been rotatably connected with the tubular housing in
the locked position of the twist lock connection by inserting the end cap in the
housing cavity and relatively rotating the end cap and housing to a position for
connection of the four bus bars to the respective terminals. This position corresponds
to a locked position of the twist lock connection, e.g. where the end cap is axially
retained on the housing.

These electrical connections and the connection of the dummy bus bar to the
counterweight terminal rotationally index and constrain the end cap and tubular
housing with the end cap in this locked position of the twist lock connection once

9
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these connections have been made using suitable threaded fasteners 38 as shown in
Fig. 3. This advantageously permits the axial length of the internal cavity to be
sufficient to accommodate any one of at least three significantly different
configuration diodes and a relatively large suppression resistor placed in line along the
axis of the internal cavity while quickly and accurately securing the end cap to the
housing without having to integrally mold the tubular housing with an end. The
external dimensions of the assembly are such that the assembly fits within the
conventional rotor.

A selected one of several different spacers 21-23, see Figs. 5 and 7-9, in this
case spacer 21 is arranged in line with the diodes and resistor in the internal cavity
as a function of the configuration of the diodes so that the axial length of the in line
diodes, resistor and spacer can be contained within the internal cavity of the same
tubular housing. The end 37 of the spacer is in the form of a pivot. A seat 36 is
located between the spacer and resistor. A desired axially directed preload force is
provided on the diodes, suppression resistor and spacer in the internal cavity by way
of a Bellville spring 24, a plurality of shims 25 and a retainer 26 connected to the
tubular housing at an end thereof opposite the end cap, by a twist lock connection
31. A spacer 40 is also located between the end cap and the adjacent diode contact

plate 20 in this and the other embodiments.
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Diode locator members 27 and a resistor locator member 28 for radially locating
the diodes and resistor are also provided in the internal cavity. The diode locator
members and resistor locator member are selected from a plurality of different
configurations corresponding to respective ones of the different configuration diodes
and suppression resistors that may be selected for use in the assembly.

The suppression resistor 19 in one form of the invention is a molded, one-piece
ceramic resistor having a passage 32 extending therethrough along the axis A-A of
the tubular housing, see the embodiments of Figs. 5 and 7-9. A liquid codlant,
typically oil, is circulated through the assembly from one end to the other by way of
axially directed passages 33, 34 and 35 in the end cap, spacer and retainer for cooling
the resistor and diodes. Liquid coolant is directed to the passage 32 in the resistor
for improved cooling of the resistor. In another form of the invention, as depicted in
Fig. 9, the suppression resistor 29 is a wire wound resistor of NiCr, for example. The
resistors can have a resistance value in the range of 50 to 100 ohms, for example,
with large surface areas for sufficient thermal capability. A resistor seat 39 is
employed in the embodiments of Figs. 7-9.

From the above, it can be seen that the method of making the adaptable
rotating rectifier and suppression resistor assembly of the invention comprises
providing a tubular housing having an axially extending internal cavity open at both
ends thereof, an internal surface of the housing defining the internal cavity have a

11
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plurality of axially extending grooves for accommodating respective ones of a plurality
of bus bars. The end cap for one end of the internal cavity is rotatably connected
with the tubular housing by a twist lock connection with the end cap and tubular
housing being rotationally indexed and constrained by connections of the bus bars to
terminals in the end cap.

The diodes, suppression resistor and radially outwardly extending contact plates
are assembled in line in the internal cavity with the spring contact plates electrically
connecting the diodes and suppression resistor with the bus bars according to the
electrical schematic diagram in Fig. 4. A desired preload force is applied to the
plurality of diodes and suppression resistor as well as the spring contact plates by
way of the spacer, Bellville spring and retainer at the end of the tubular housing
opposite the end cap.

The preferred method of obtaining the desired preload force is via shims. That
is, before applying the force by connecting the retainer 26 to the tubular housing 11
with the Bellville spring 24 intermediate the selected spacer and the retainer, the
height of the in line components in the tubular housing, including the spacer, is
determined directly through the use of an assembly gauge with direct readout. The
plurality of shims 25 are selected to have the correct height for obtaining the desired

compression of the spring and the desired clamping force when the retainer is

12
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connected to the housing. This preferred approach reduces assembly time, cost,
complexity and possibility of error while permitting use of any one of a plurality of
different diode configurations and resistors with only changes in the radial locating
members and the spacer of the assembly.

Thus, the improved, adaptable assembly of the present invention includes a
sihgle assembly of the diode pack and suppression resistor in lieu of a separate
resistor manifold assembly and diode -assembly as in the aforementioned known
assembly. Nevertheless, the assembly of the invention has external dimensions
designed to fit in and mate with state-of-the-art, two-pole generators with maximum
flexibility to accept a wide variety of known possible diode configurations and to
accept suppression resistors having a resistance down to 50 ohms, all in a cost
effective manner. Electrical connection points between the assembly and the exciter
and the main field of the generator are also compatible with the existing two-pole
generators.

The assembly of the present invention can accommodate a conventional, NiCr
wire wound resistor, but it has been found that a molded one-piece, ceramic resistor
offers a substantial cost reduction due to the elimination of the winding and
termination labor. Both types of resistors are sized to permit resistance values in the
range of 50 to 100 ohms with large surface areas for sufficient thermal capability.
The diode and resistor electrical connections and their axial restraint are accomplished

13
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by the Bellville spring washer and the twist lock arrangement of both the end cap and
the retainer at respective ends of the internal cavity, the assembly being formed in
bayonet fashion by means of the twist lock connections.

The disclosed embodiments of the invention employ a six bus bar arrangement,
one of them being a dummy bus bar as a counter balance as noted above. As an
alternative, only five bus bars could be used, two main field bus bars and three exciter
bus bars, thus eliminating the sixth bar shown in the illustrated embodiments. The
transverse layout of such a five bus bar arrangement would be the two field bus bars
180° apart and the three exciter bus bars 120° apart with one exciter bus bar 90°
from each of the two field bus bars. The planar configuration of the diode plates in
such an assembly would require rotational adjustment of their four outer diameter
protrusions, e.g. 90° apart and two 45° from the bus bar spring contact leg, to
preclude electrical short circuiting with the other bus bars. This arrangement
eliminates one bus bar, screw, and terminal and their associated cost and weight
while producing a more naturally balanced arrangement.

While we have shown and described several embodiments in accordance with
the present invention, it is understood that the same is not limited thereto but is
susceptible to numerous changes and modifications as will be readily apparent to the
skilled artisan. Therefore, we do not wish to be limited to the details of the
embodiments disclosed herein but by the scope of the appended claims.

14
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CLAIMS
We claim:
1. An adaptable rotating rectifier and suppression resistor assembly for a
rotor of a dynamoelectric machine, said assembly comprising:

a tubular housing having an axially extending internal cavity;

a plurality of bus bars arranged in fixed spaced relation in a radially outer
portion of said internal cavity so as to extend axially along said internal cavity;

a plurality of diodes and a suppression resistor placed in line along said
axis of said internal cavity with radially outwardly extending spring contact plates
electrically connecting said diodes and suppression resistor with said bus bars;

an end cap at an end of said internal cavity of said tubular housing, said
end cap being rotatably connected to said tubular housing and having electrical
terminals extending therethrough, respective ones of said bus bars being connected
to said terminals for making electrical connections with said assembly and for

rotationally indexing and constraining said end cap and said tubular housing.

2. The assembly according to claim 1, wherein said end cap and said tubular
housing are rotatably connected by a twist lock connection therebetween, said
electrical connections of said bus bars and terminals of said end cap rotationally
indexing and constraining said end cap in a locked position of said twist lock
connection for securing said end cap on said tubular housing.

15
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3. The assembly according to claim 1, wherein the axial length of said
internal cavity is sufficient to accommodate any one of at least three significantly
different configuration diodes as said plurality of diodes and a relatively large

suppression resistor placed in line along said axis of said internal cavity.

q. The assembly according to claim 3, further comprising a selected one of
several different spacers having different axial lengths arranged in line with said
diodes and resistor in said internal cavity, the length of said spacer being selected as
a function of the configuration of said diodes so that the axial length of the in line

diodes, resistor and spacer can be contained within said internal cavity.

5. The assembly according to claim 4, further comprising means providing
a desired axially directed preload force on said diodes, suppression resistor and spacer

in said internal cavity.

6. The assembly according to claim 5, wherein said means includes a spring

and a plurality of shims between said spring and said spacer for obtaining said desired

preload.
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7. The- assembly according to claim 6, further comprising a retainer

connected to said tubular housing at an end thereof opposite said end cap.

8. The assembly according to claim 7, wherein said retainer is connected

to said tubular housing by a twist lock connection therebetween.

9. The assembly according to claim 3, further comprising diode locator
members for radially locating said diodes in said internal cavity, said diode located
members being a selected one of at least three different configuration diode locator

members for radially locating respective ones of said at least three significantly

different configuration diodes.

10. The assembly according to claim 1, wherein said suppression resistor is
a molded, one-piece ceramic resistor having a passage extending therethrough along
said axis, and wherein fluid passage means are provided in said assembly for

circulating a liquid coolant therethrough, said liquid coolant being directed to said

passage in said resistor for cooling the same.

17
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11. The assembly according to claim 1, wherein said suppression resistor is

a wire wound resistor.

12. The assembly according to claim 1, wherein said bus bars extend in
axially directed grooves on an inner surface of said tubular housing defining said

internal cavity.

13. A method of making an adaptable rotating rectifier and suppréssion

resistor assembly for a rotor of a dynamoelectric machine, comprising:

providing a tubular housing having an axially extending internal cavity
open at both ends thereof, an internal surface of said housing defining said internal
cavity having a plurality of axially extending grooves therein for accommodating
respective ones of a plurality of axially extending bus bars;

rotatably connecting an end cap for one end of said internal cavity to said
tubular housing, said end cap having electrical terminals extending therethrough;

connecting respective ones of a plurality of bus bars arranged in said
grooves in said tubular housing with said terminals for rotationally indexing and
constraining said end cap and said tubular housing and for making electrical

connections in said assembly; and

18
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applying a desired axial preload force on a plurality of diodes and a

suppression resistor arranged in line along said axis of said internal cavity.

14. The method according to claim 13, wherein said step of applying a
desired axial preload force includes gauging a length of the components arranged in
line along the axis of the internal cavity in said tubular housing, inserting a plurality
of shims to adjust said length, and connecting a retainer to an end of said housing
opposite said end cap with a spring being located intermediate said retainer and said

in line arrangement of components for applying said desired axial preload force.

15. The method according to claim 14, wherein said retainer is connected to

said tubular housing by a twist lock connection.
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