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PERMANENT MAGNET GENERATOR
BRAKES WITH DUAL WEDGES

BACKGROUND

1. Field

[0001] The present disclosure relates to power generation,
and more particularly to brakes for permanent magnet
generators (PMGs) such as used with gas turbine engines to
generate electrical power.

2. Description of Related Art

[0002] Wound field synchronous machine type generators
have been used for power generation aboard aircraft with
prime mover power input from the aircraft engine, e.g. gas
turbine engines. Permanent magnet generators (PMGs) offer
various operation advantages over synchronous field gen-
erators. However PMGs introduce a novel issue as synchro-
nous machine type generators can simply be de-excited to
stop feeding a fault in a very short time.

[0003] In a permanent magnet generator, any time the
rotor is spinning, a voltage is being applied to the stator. If
a short circuit fault occurs in the stator, the fault will
continue to be active until the generator is at zero speed.
Permanent magnet machines cannot be de-excited, they
must be brought to zero speed to stop feeding the fault. This
is particularly challenging because PMGs can spin two to
five times faster than traditional would field synchronous
machines.

[0004] The conventional techniques have been considered
satisfactory for their intended purpose. However, there is an
ever present need for improved systems and methods for
PMG braking, e.g. in conjunction with aircraft engines. This
disclosure provides a solution for this need.

SUMMARY

[0005] A system includes a permanent magnet generator
(PMG) with a generator shaft defining a longitudinal axis. A
brake system includes a brake shaft with a first end opera-
tively connected to the generator shaft for selectively rotat-
ing with the generator shaft or braking to slow the generator
shaft. A shear shaft is operatively connected to a second end
of the brake shaft axially opposite the first end along the
longitudinal axis. The shear shaft is configured for connec-
tion to a prime mover for rotation of the generator shaft, and
is configured to rotate together with the prime mover and
with the brake shaft under normal conditions, and to dis-
connect the prime mover from the brake shaft if subjected to
a predetermined torque. The brake system includes a wedge
with a first position radially withdrawn from the brake shaft,
and a second position radially pressed against the brake shaft
for applying braking forces to the brake shaft and to the
generator shaft, wherein the brake system includes an actua-
tor operatively connected to the wedge to actuate the wedge
from the first position to the second position.

[0006] A second wedge can have a first position radially
withdrawn from the brake shaft, and a second position
radially pressed against the brake shaft for applying braking
forces to the brake shaft and to the generator shaft. The
actuator can be operatively connected to the second wedge
to actuate the first and second wedges together between the
first and second positions of the first and second wedges. The
second wedge can be radially opposite the first wedge
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relative to the longitudinal axis. In the second position of the
first and second wedges, the first wedge can contact a
position on the brake shaft that is diametrically opposed to
a position on the brake shaft where the second wedge
contacts the brake shaft, relative to the longitudinal axis. The
PMG can be configured to be driven in a rotational direction,
and the first and second wedges can be oriented so that
contact with the brake shaft urges the wedges toward the
brake shaft due to the rotation direction of the PMG. The
brake system can include a housing with a respective
backing surface. The first and second wedges in their second
positions can be wedged between the respective backing
surface and the brake shaft.

[0007] The actuator can include a servo valve. The first
wedge can include a first piston seated in a cylinder. The
second wedge can include a second piston seated in a second
cylinder. The first cylinder can be in fluid communication
with a control line of the servo valve through a first conduit.
The second cylinder can be in fluid communication with the
control line through a second conduit. The servo valve can
have a first state allowing a supply to flow from an inlet of
the servo valve to an outlet of the servo valve to a return, and
a second state connecting pressure from the inlet of the servo
valve in fluid communication with the control line for
pressurizing the first and second pistons to drive the first and
second wedges to their section positions.

[0008] A first biasing member can bias the first piston
toward the first position, wherein the first biasing member is
configured to maintain the first piston in the first position
with no pressure supplied from the servo valve. A second
biasing member can bias the second piston toward the first
position, wherein the second biasing member is configured
to maintain the second piston in the first position with no
pressure supplied from the servo valve. The first wedge can
have a piston surface in fluid communication with the first
conduit in the first position, and the second wedge can have
a piston surface in fluid communication with the second
conduit in the first position.

[0009] A gas turbine engine (GTE) can be operatively
connected to the shear shaft to drive the PMG as a prime
mover. A servo valve can be operatively connected to actuate
the wedge between the first and second positions. The servo
valve can be a hydraulic servo connected to an oil system
that provides oil to the PMG and/or to the GTE.

[0010] A generator control unit (GCU) can be operatively
connected to the PMG for controlling electrical output of the
PMG. The GCU can be operatively connected to the servo
valve, which can be operatively connected to actuate the
wedge based on commands from the GCU. A sensor can be
operatively connected to the GCU to provide feedback for
controlling the brake system. The sensor can include a speed
sensor operatively connected to provide feedback to the
GCU indicative of speed of the generator shaft. The sensor
can include a voltage sensor operatively connected to a
voltage output of the PMG to generate feedback to the GCU
indicative of voltage output of the PMG. The GCU can be
configured to output servo current to the servo valve for
control of braking of the generator shaft. The GCU can
include machine readable instructions configured to cause
the GCU to receive input indicative of a fault condition for
the PMG, and enter into a braking mode based on the input
indicative of the fault condition; and output a command to
a servo valve for dynamic control of the brake system for
dynamically applying braking to the generator shaft.
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[0011] These and other features of the systems and meth-
ods of the subject disclosure will become more readily
apparent to those skilled in the art from the following
detailed description of the preferred embodiments taken in
conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that those skilled in the art to which the subject
disclosure appertains will readily understand how to make
and use the devices and methods of the subject disclosure
without undue experimentation, preferred embodiments
thereof will be described in detail herein below with refer-
ence to certain figures, wherein:

[0013] FIG. 1 is a schematic view of an embodiment of a
system constructed in accordance with the present disclo-
sure, showing the brake system between the permanent
magnet generator (PMG) and the gas turbine engine (GTE);
[0014] FIG. 2 is a schematic view of the system of FIG. 1,
showing the wedges of the brake system in the first position
for normal operation of the PMG; and

[0015] FIG. 3 is a schematic view of the system of FIG. 1,
showing the wedges of the brake system in the second
position for braking.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0016] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purposes of
explanation and illustration, and not limitation, a partial
view of an embodiment of a system in accordance with the
disclosure is shown in FIG. 1 and is designated generally by
reference character 100. Other embodiments of systems in
accordance with the disclosure, or aspects thereof, are
provided in FIGS. 2-3, as will be described. The systems and
methods described herein can be used to provide protection
against main stator arcing events for permanent magnet
generator (PMQ) systems such as used with aircraft engines
and the like.

[0017] The system 100 includes a permanent magnet
generator (PMG) 102, e.g. a high speed PMG for power
generation on an aircraft, with a generator shaft 104 defining
a longitudinal axis A. A brake system 106 includes a brake
shaft 108 with a first end operatively connected to the
generator shaft 104, e.g. with a spline, for selectively
rotating with the generator shaft 104 or braking to slow the
generator shaft 104.

[0018] A shear shaft 110 is operatively connected, e.g.
with a spline or the like, to a second end of the brake shaft
108 axially opposite the first end along the longitudinal axis
A. The shear shaft 110 is configured for connection to the
prime mover 112 for rotation of the generator shaft, and is
configured to rotate together with the prime mover and with
the brake shaft 108 under normal conditions. The shear shaft
110 is configured to disconnect the prime mover 112 from
the brake shaft 108 if subjected a predetermined torque
differential between the prime mover and the brake shaft, i.e.
when the brake is applied as described below. The shear
shaft can include a necking down, frangible structure,
burstable structure, or the like, designed to break or burst at
the predetermined torque.

[0019] With continued reference to FIG. 1, the actuator
116 of the brake system 100 includes a servo valve 114. The

Aug. 8,2024

prime mover 112 is a gas turbine engine (GTE) that opera-
tively connected to the shear shaft 110 to drive the PMG 102.
The servo valve 114 is a hydraulic servo connected to an oil
system 118 that provides oil to the PMG 102 and/or to the
GTE for cooling and/or lubrication. The oil system 118
provides actuating oil to the servo valve 114 for use in
actuating the braking system 100 as described below.
[0020] A generator control unit (GCU) 120 is operatively
connected to the PMG 102 for controlling electrical output
of the PMG 102. The GCU 120 is operatively connected to
the servo valve 114, which is operatively connected to
actuate the brake system 106 based on commands from the
GCU 120. A sensor 122 is operatively connected to the GCU
120 to provide feedback for controlling the brake system
106. The sensor 122 includes a voltage, current, and/or
electrical fault sensor operatively connected to the output of
the PMG 102 to generate feedback to the GCU 120 indica-
tive of electrical output of the PMG 102 and/or a fault in the
PMG 102. It is also contemplated that in addition to or in
lieu of the sensor 122, a sensor 124 can be a speed sensor
operatively connected to provide feedback to the GCU 120
indicative of speed of the generator shaft 104, or the PMG
102 itself can be used as a speed sensor. The GCU 120 is
configured to output servo current to the servo valve 114 for
control of braking of the generator shaft 104.

[0021] With continued reference to FIG. 1, the GCU 120
includes machine readable instructions, e.g. digital code,
digital logic components, analog circuitry, and/or the like,
configured to cause the GCU 120 to receive input, e.g. from
the sensors 122, 124, indicative of an electrical fault con-
dition for the PMG 120, e.g. a main stator short, wherein
PMG 120 needs to be stopped, and enter into a braking mode
based on the input indicative of the fault condition; and
output a command, e.g. servo current, to the servo valve 114
for dynamic control of the brake system 106 for dynamically
applying braking to the generator shaft 104.

[0022] With reference now to FIGS. 2-3, the brake system
106 includes a first wedge 128 and a second wedge 130. The
first and second wedges have a first position, shown in FIG.
2 that is radially withdrawn from the brake shaft 108 for
normal operation of the PMG 102 (labeled in FIG. 1). The
wedges 128, 130 have a second position, shown in FIG. 3,
radially pressed against the brake shaft 108 for applying
braking forces to the brake shaft 108 and thereby to the
generator shaft 104 (labeled in FIG. 1), for slowing and
stopping rotation of the PMG 102 labeled in FIG. 1. The
shear shaft 110 ruptures due to torque applied by the braking
forces, then the PMG 102 is brought to zero speed.

[0023] The actuator 116 of the brake system 106 is opera-
tively connected to the wedges 128, 130 to actuate the
wedges 128, 130 from the first position (in FIG. 2) to the
second position (in FIG. 3). The actuator 116 includes the
servo valve 114, which is operatively connected to actuate
the wedges 128, 138 between the first and second positions
based on commands from the GCU 120 labeled in FIG. 1.
[0024] The second wedge 130 is radially opposite the first
wedge 128 relative to the longitudinal axis A, in other words,
the first wedge 128 extends to the left of the shaft 108 and
the second wedge 130 extends to the right as oriented in
FIGS. 2-3, radially opposite directions from the longitudinal
axis A. In the second position of the first and second wedges
128, 130 shown in FIG. 3, the first wedge 128 contacts a
position P1 on the brake shaft 108 that is diametrically
opposed to a position P2 on the brake shaft 108 where the
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second wedge 130 contacts the brake shaft 108, relative to
the longitudinal axis A. The PMG 102 (labeled in FIG. 1) is
configured to be driven in a rotational direction indicated by
the rotation arrow in FIGS. 2-3. The first and second wedges
128, 130 are oriented so that contact with the rotating brake
shaft 108 urges the wedges 128, 130 toward the brake shaft
108 due to the rotation direction of the PMG 102 (labeled in
FIG. 1). The brake system 106 includes a housing 132 with
a respective backing surface 134, 136 for each of the wedges
128, 130. The first and second wedges 128, 130 in their
second positions as shown in FIG. 3 are wedged between the
respective the respective backing surfaces 134, 136 and the
brake shaft 108.

[0025] Each first wedge 128, 130 includes a piston 138
seated in a cylinder 140, e.g. as a glide ring seal, tight
clearance, or the like where some leakage may be accept-
able. The cylinders 140 are each in fluid communication
with a control line 142 of the servo valve 114 through a
respective conduit 144, e.g. inside the housing 132. The
servo valve 114 has a first state shown in FIG. 2 allowing a
supply from the oil system 118 to flow from an inlet 146 of
the servo valve 114 to an outlet 148 of the servo valve 114
to a return of the oil system 118. The servo valve 114 has a
second state shown in FIG. 3, connecting pressure from the
inlet 146 of the servo valve 114 in fluid communication with
the control line 142 for pressurizing the first and second
pistons 138 to drive the first and second wedges 128, 130 to
their section positions.

[0026] Each cylinder 140 includes a respective biasing
member 150, e.g. spring, Bellville washer, complaint
mechanism, or the like, which biases the pistons 138 toward
the first position shown in FIG. 2. The biasing members 150
are configured to maintain the piston 138 in the first position
when there is no pressure supplied from the servo valve 114
to the conduits 144. Pressure supplied from the control line
142 with the servo valve 114 in the second state, shown in
FIG. 3, overcomes the biasing members 150 to move the
wedges 128, 130 into the second position. Rotation of the
brake shaft 108 pulls the wedges in-between the backing
surfaces 134, 136 of the housing 132 and the brake shaft
108, potentially plastically deforming the wedges 128, 130.
Each of the wedges has a respective piston surface 152 in
fluid communication with the respective conduit 144, even
in the first position. This can be maintained in the first
position, e.g. with the standoffs 154 or by having the
conduits 155 feed into axial ports onto the surfaces 152.

[0027] With reference again to FIG. 1, systems and meth-
ods as disclosed herein can operate by first disconnecting the
PMG rotor from the prime mover and second by bringing the
rotor to zero speed as quickly as possible. A high-speed
PMG can be connected to a separate brake system, or the
brake system can be integral to the PMG 102. The shear
shaft 110 ruptures at a specified torque that is be high enough
such that it does not rupture during normal operation but
does rupture when the brake is applied as described above
with reference to FIG. 3. Once the brake is applied, the shear
shaft 110 ruptures, and the PMG 102 is disconnected from
the prime mover 112. After this disconnection, the brake
system 106 quickly slows the high speed PMG 102 down to
zero speed.

[0028] Under normal operating conditions, the servo valve
114 is in constant bypass mode as shown in FIG. 2, where
no oil pressure is applied to the pistons 138, i.e. there is zero
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control pressure. The biasing members 150 of FIG. 2 keep
the wedges 128, 130 pushed back from the brake shaft 108
and thus not engaged.

[0029] Under a main stator failure in the PMG 102, for
example, the servo valve 114 is set, e.g. by the GCU 120 to
zero bypass mode, where the return port is completely
blocked off and flow is directed to pressure the control line
142. This control pressure pushes the wedges 128, 130 into
the second position shown in FIG. 3. The drag torque created
by this wedging ruptures the shear shaft 110 of FIG. 1. After
the rupture occurs, the wedges 128, 130 continue to be
pulled into the gap between the brake shaft 108 and the
housing 132 and quickly bring the rotor of the PMG 102 to
zero speed.

[0030] The methods and systems of the present disclosure,
as described above and shown in the drawings, provide for
main stator arcing protection for PMG systems such as used
with aircraft engines and the like. While the apparatus and
methods of the subject disclosure have been shown and
described with reference to preferred embodiments, those
skilled in the art will readily appreciate that changes and/or
modifications may be made thereto without departing from
the scope of the subject disclosure.

What is claimed is:

1. A system comprising:

a permanent magnet generator (PMG) with a generator
shaft defining a longitudinal axis;

a brake system, wherein the brake system includes a brake
shaft with a first end operatively connected to the
generator shaft for selectively rotating with the genera-
tor shaft or braking to slow the generator shaft; and

a shear shaft operatively connected to a second end of the
brake shaft axially opposite the first end along the
longitudinal axis, the shear shaft being configured for
connection to a prime mover for rotation of the gen-
erator shaft, and being configured to rotate together
with the prime mover and with the brake shaft under
normal conditions, and to disconnect the prime mover
from the brake shaft if subjected to a predetermined
torque;

wherein the brake system includes a wedge with a first
position radially withdrawn from the brake shaft, and a
second position radially pressed against the brake shaft
for applying braking forces to the brake shaft and to the
generator shaft, wherein the brake system includes an
actuator operatively connected to the wedge to actuate
the wedge from the first position to the second position.

2. The system as recited in claim 1, wherein the wedge is

a first wedge and further comprising a second wedge with a
first position radially withdrawn from the brake shaft, and a
second position radially pressed against the brake shaft for
applying braking forces to the brake shaft and to the gen-
erator shaft, wherein the actuator is operatively connected to
the second wedge to actuate the first and second wedges
together between the first and second positions of the first
and second wedges.

3. The system as recited in claim 2, wherein the second
wedge is radially opposite the first wedge relative to the
longitudinal axis.

4. The system as recited in claim 2, wherein in the second
position of the first and second wedges, the first wedge
contacts a position on the brake shaft that is diametrically



US 2024/0266911 Al

opposed to a position on the brake shaft where the second
wedge contacts the brake shaft, relative to the longitudinal
axis.

5. The system as recited in claim 4, wherein the PMG is
configured to be driven in a rotational direction, wherein the
first and second wedges are oriented so that contact with the
brake shaft urges the wedges toward the brake shaft due to
the rotation direction of the PMG.

6. The system as recited in claim 5, wherein the brake
system includes a housing with a respective backing surface,
wherein the first and second wedges in their second posi-
tions are wedged between the respective backing surface and
the brake shaft.

7. The system as recited in claim 2, wherein the actuator
includes a servo valve, wherein the first wedge includes a
first piston seated in a cylinder, wherein the second wedge
includes a second piston seated in a second cylinder, wherein
the first cylinder is in fluid communication with a control
line of the servo valve through a first conduit, wherein the
second cylinder is in fluid communication with the control
line through a second conduit, and wherein the servo valve
has a first state allowing a supply to flow from an inlet of the
servo valve to an outlet of the servo valve to a return, and
a second state connecting pressure from the inlet of the servo
valve in fluid communication with the control line for
pressurizing the first and second pistons to drive the first and
second wedges to their section positions.

8. The system as recited in claim 7, further comprising:

a first biasing member biasing the first piston toward the

first position, wherein the first biasing member is
configured to maintain the first piston in the first
position with no pressure supplied from the servo
valve; and

a second biasing member biasing the second piston

toward the first position, wherein the second biasing
member is configured to maintain the second piston in
the first position with no pressure supplied from the
servo valve.

9. The system as recited in claim 8, wherein the first
wedge has a piston surface in fluid communication with the
first conduit in the first position, and wherein the second
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wedge has a piston surface in fluid communication with the
second conduit in the first position.

10. The system as recited in claim 1, further comprising
a gas turbine engine (GTE) operatively connected to the
shear shaft to drive the PMG as a prime mover.

11. The system as recited in claim 10, further comprising
a servo valve operatively connected to actuate the wedge
between the first and second positions, wherein the servo
valve is a hydraulic servo connected to an oil system that
provides oil to the PMG and/or to the GTE.

12. The system as recited in claim 1, further comprising
a generator control unit (GCU) operatively connected to the
PMG for controlling electrical output of the PMG.

13. The system as recited in claim 12, wherein the GCU
is operatively connected to a servo valve, which is opera-
tively connected to actuate the wedge based on commands
from the GCU.

14. The system as recited in claim 13, further comprising
a sensor operatively connected to the GCU to provide
feedback for controlling the brake system.

15. The system as recited in claim 14, wherein the sensor
includes a speed sensor operatively connected to provide
feedback to the GCU indicative of speed of the generator
shaft.

16. The system as recited in claim 14, wherein the sensor
includes a voltage sensor operatively connected to a voltage
output of the PMG to generate feedback to the GCU
indicative of voltage output of the PMG.

17. The system as recited in claim 16, wherein the GCU
is configured to output servo current to the servo valve for
control of braking of the generator shaft.

18. The system as recited in claim 12, wherein the GCU
includes machine readable instructions configured to cause
the GCU to:

receive input indicative of a fault condition for the PMG,

and enter into a braking mode based on the input
indicative of the fault condition; and

output a command to a servo valve for dynamic control of

the brake system for dynamically applying braking to
the generator shaft.
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