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ABSTRACT

Disclosed are various embodiments for stabilizing a hoisted
object. A hoisted object such as a litter can have a tendency
spin while being retrieved on a lift line. A device may be
connected to the hoisted object to reduce a spin or other
angular velocity of the hoisted object. The device may
monitor stability of the hoisted object and determine that
the hoisted object 1s unstable. The device may be configured
to rotate at least one flywheel to apply torque to an enclosure
of the device.
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DEVICE FOR STABILIZING A HOISTED
OBJECT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of and priority
to U.S. Non-Provisional Pat. Application No. 16/360,075,
titled, “DEVICE FOR STABILIZING A HOISTED
OBJECT”, filed Mar. 21, 2019, to 1ssue as U.S. Pat. No.
11,535,496 on Dec. 27, 2022, which application claims the
benefit of and priority to U.S. Provisional Pat. Application
No. 62/677,177, titled “FLYWHEEL-BASED MECHAN-
ISM FOR STABILIZING HELICOPTER HOISTS,” filed
May 28, 2018; the contents of the foregoing applications
are incorporated herein by reference 1 their entirety.

BACKGROUND

[0002] Hoisted objects have a tendency to spin while
being lifted under a helicopter. This spin 1s particularly pro-
blematic for acromedical evacuations. The existing means
of stabilizing a hoisted object are tag lines and active fins.
A tag line 1s a lime connecting the hoisted object to the
oround. While the tag line can be simple and effective, 1t
requires an 1ndividual on the ground to connect and discon-
nect the line. This limits the use of the tag line m certan
environments. The active fin changes 1ts angle of attack n
response to an internal gyroscope which senses the angular
velocity of an airframe. The protruding nature of the active
fin off the airframe results 1 a tendency for the fin to fall to
the ground mid operation. This 1s especially true when con-
fronted with dense terrain. Existing methods for stabilizing a
hoisted object during a helicopter hoist operation are thus
less than 1deal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Many aspects of the present disclosure can be bet-
ter understood with reference to the following drawings.
The components i the drawings are not necessarily to
scale, emphasis 1nstead being placed upon clearly illustrat-
ing the principles of the disclosure. Moreover, 1n the draw-
ings, like reference numerals designate corresponding parts

throughout the several views.
[0004] FIG. 1 shows an example of a device for stabilizing

a hoisted object 1n accordance with various embodiments of
the present disclosure.

[0005] FIG. 2A shows an example of a device for stabiliz-
ing a hoisted object 1 accordance with various embodi-

ments of the present disclosure.
[0006] FIG. 2B shows an example block diagram of a sta-

bility manager of a device for stabilizing a hoisted object 1n
accordance with various embodiments of the present
disclosure.

[0007] FIG. 3 shows an example flow chart of a stability
manager for a device for stabilizing a hoisted object 1
accordance with various embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0008] The present disclosure relates to a device that
counteracts a spin of a hoisted object during a hoist opera-
tion. The device provides an alternative to a tag line and
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other conventional methods to counteract the spin of a litter
that can occur when the litter 1s hoisted by a helicopter. In
contrast to conventional methods of counteracting spin, the
device described herein does not require hoist personnel to
hold a tag line or otherwise maintain an ascertainable posi-
tion during a hoist operation.

[0009] A hoist operation typically imnvolves a helicopter or
other aircraft with a hydraulic power unit (HPU) that reels a
laft line to the ground so that a hoisted object such as a litter
can be attached to the lift line. In certain environments, the
litter 1s a flexible stretcher such as a Skedco® Sked®
stretcher, or the litter may be a metal frame basket such as
a Stokes basket. The Iift line from the helicopter includes a
hook for connecting to the litter. Once the hook 1s connected
to the litter, the HPU can reel the lift line 1n so that the litter
can be retrieved. The design of a litter, various forces that
ex1st during hoist operations, and other vanables can cause
the litter to spin prior to being retrieved.

[0010] It can be desirable to counteract the spin of a litter
during a hoist operation without using a tag line. A tag line,
such as the Skedco® Helitag Helicopter Tag Line Kit, 1s part
of a manual process that mvolves an individual holding a
rope that 1s connected to the litter. The manual process
usually requires the mdividual to remain at a fixed point or
otherwise ascertainable position, which can be problematic
over water or 1n certain environments.

[0011] According to various embodiments describes
herein, a system, device, or method can include a stability
manager or use thereof that may be employed as a compo-
nent of a helicopter hoist operation to stabilize a hoisted
object. The device of the present disclosure contains a
switch that can be turned on by an individual on the ground
who 18 responsible for connecting an enclosure containing
the stability manager to the hoisted object, and turned off by
an 1ndividual retrieving the hoisted object 1n the helicopter.
[0012] The enclosure 1s connected to the hoisted object,
and therefore spins with the same angular velocity as the
hoisted object. An inertial-measurement unmit (IMU) can
sense angular velocity of the enclosure. The IMU senses
the angular velocity of the enclosure, and therefore by the
nature of the connection between the enclosure and the
hoisted object, the IMU senses a measurement that corre-
sponds with the angular velocity of the hoisted object.
[0013] The device can mnclude any number of motors, dri-
vers, flywheels, and sensors, as well as a processor. The
combination of motors being driven to turn flywheels
induces the necessary stabilizing torque. Sensors read var-
10us measurements such as an angular velocity that corre-
sponds with a hoisted object and provide those measure-
ments to a processor. Acontrol-feedback algorithm uses the
angular velocity, and potentially acceleration, of the enclo-
sure to inform how to control the flywheel. Ultimately, spin-
ning the flywheel 1n the same direction as the hoisted object
can help to stabilize the hoisted object.

[0014] Two categories of control-feedback algorithms can
be used towards this purpose: proactive and reactive. The
proactive algorithm can include the addition of a load sensor
to determine the angular momentum of the hoisted object. A
load sensor can also be useful when aspects of the geometry
and the mass distribution of a hoisted object are known. The
angular momentum informs the selection of the angular
velocity of the flywheel to counteract the angular momen-
tum of the hoisted object. Alternatively, a reactive approach
can be used where the flywheel increases or decreases n




US 2023/0117935 Al

velocity depending on the current rotation of the hoisted
object.

[0015] Turning to the drawings, FIG. 1 shows an example
of a device 100 for stabilizing a hoisted object 1n accordance
with various embodiments of the present disclosure. The
example device 100 includes an enclosure 103, a line attach-
ment 106, a hoisted object attachment 109, and a switch 112.
[0016] As the enclosure 103 can be formed from any sui-
table type(s) of material to meet or exceed United States
Military Standards and/or other design specifications. The
enclosure 103 can resist shock damage, corrosion, and
other environmental effects. The enclosure 103 can be
formed of non-conductive material such as polyvinyl chlor-
1de (PVC). It 1s envisioned that the enclosure 103 can also
include a conductive material such as metal or steel to dis-
charge static electricity. The enclosure 103 provides a line
attachment 106 for connection to a lift line reeled down
from a helicopter, and a hoisted object attachment 109 for
connection up from the hoisted object. A steel wire or other
conductive material connects to a hook of the lift line to
discharge static electricity from the helicopter.

[0017] The lLine attachment 106 includes a connection
point to attach to a hook of a lift line. The hoisted object
attachment 109 includes two or more connection points to
connect to a hoisted object through two or more straps or
lines. The hoisted object can be a Skedco® Sked® litter
with a horizontal lift sling that has a head strap and a foot
strap. This hoisted object provides four attachment points
(e.g., two loops creating four ends).

[0018] In some examples, the hoisted object attachment
109 allows the attachment points of the hoisted object to
collect together and meet at one connection pomnt. Alterna-
tively, the hoisted object attachment 109 allows ends or con-
nections from the hoisted object to connect to the device
100. In either of these examples, the hoisted object attach-
ment 109 thus provides an attachment such that that the
device 100 rotates about an axis formed by the lift line to
the extent to which the hoisted object rotates. The hoisted
object attachment 109 also allows straps of the hoisted
object to be attached to the enclosure 103 without having
to modity the straps.

[0019] Next, an example operation of the device 100 sta-
bilizing a hoisted object 1s described. The switch 112, for
example a rocker switch, can be actuated to cause the device
100 to begin stabilizing a hoisted object and to counteract a
spin of the hoisted object during a hoist operation. The
device 100 depicted 1n FIG. 1 includes a flywheel 115 and
various other components that will be described mn further
detail below.

[0020] Operation of the device 100 applies torque to the
enclosure 103 thus reducing angular momentum of the spin-
ning hoisted object. The device 100 can be calibrated so that
operation of the device 100 allows the flywheel 115 to have
a similar angular momentum as the hoisted object, thus stor-
ing the angular momentum of the hoisted object by transter-
ring it to the flywheel 115.

[0021] In operation, the stability manager 118 can be elec-
trically connected to the motor 121 and the switch 112. The
stability manager 118 can be implemented with hardware,
firmware, software executed by hardware, or a combination
thereof. For example, the stability manager 118 can include
processing circuitry mcluding a processor and a memory,
both of which can be coupled to a local interface such as,
for example, digital and/or analog mput- output pins as can
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be appreciated by those with ordinary skill in the art. The
stability manager 118 can include software that configures
the processor to use the mput-output pins to mnterface with
various components.

[0022] A stability application 256 (FIG. 2B) may be exe-
cuted by the processor 233 (FIG. 2B) to monitor stability of
the hoisted object and adjust the angular velocity of the fly-
wheel 113 to stabilize the hoisted object. The stability man-
ager 118 can also include one or more network interfaces for
communicating with the various components. Communica-
tions can be through a network such as, but not limited to, a
WLAN, cellular network, Bluetooth®, or other appropriate
communication network. The stability manager 118 may
comprise, for example, a system such as a microcontroller,
a system on chip, integrated circuit, or other system with
like capability.

[0023] The stability manager 118 reads a measurement
corresponding to an angular momentum of the hoisted
object while the lift line 15 retrieved by the HPU. A proces-
sor 233 (FI1G. 2B) of the stability manager 118 runs the mea-
surement through a PID loop 1n a stability application 256
(FIG. 2B) of the stability manager 118. The stability appli-
cation 256 can select a value for a voltage across the motor
121 that causes the motor 121 to spin. Operation of the
device 100 results 1 a torque to counteract the spin of the
hoisted object.

[0024] The device 100 can stabilize the hoisted object by
using one adjustment or by using multiple adjustments. If
the hoisted object 1s rotating clockwise (or counterclock-
wise), the device 100 can cause the flywheel 115 to rotate
clockwise (or counterclockwise). The stability application
256 can get a measurement for angular velocity from an
IMU of the sensor pack 259 (FIG. 2B) and continue to adjust
the voltage to drive the motor 121, which adjusts the angular
velocity of the flywheel 115. The stability application 256
can continue to get measurements to determine that the
angular velocity of the hoisted object gets closer and closer
to zero. The process can continue until the hoisted object
stops spimning or until the spinning 1s within a defined tol-
erance. The stability application 256 can allow the fiywheel
115 to spin freely.

[0025] Opcration of the device 100 can result 1n a torque
to counteract the spin of the hoisted object, due 1n part to the
motor 121 being rigidly connected to the blind flange 124,
which 1s itself rigidly connected to the enclosure 103. In
some examples, the motor 121 and/or a portion of a stabili-
zer assembly of the device 100 can be rigidly connected
directly to the enclosure 103. The device 100 can cause the
motor 121 to apply a torque to the enclosure 103 and stabi-
lize the hoisted object.

[0026] Retferring now to FIG. 2A, shown 1s an example of
a device 100 for stabilizing a hoisted object 1n accordance
with various embodiments of the present disclosure. The
enclosure 103 mcludes a blind flange 124 which creates a
top compartment 127 and a bottom compartment 130 within
the enclosure 103.

[0027] The top compartment 127 houses a stability man-
ager 118 (as also depicted in FIG. 2B). The stability man-
ager 118 can adjust the voltage that drives the motor 121
(e.g., using a proportional-integral-derivate (PID) control
or other feedback control algorithm, which 1s being repre-
sented by stability application 256 1n FIG. 2B). The stability
application 256 takes data from an IMU of the sensor pack
259 (FIG. 2B), feeds the data into the PID algorithm, and
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determines a desired angular velocity for the motor 121,
which the motor driver 262 can carry out on the motor 121.
[0028] While the stability manager 118 (and the IMU) 1s
depicted on the 1nside of the enclosure 103, the IMU could
also be on the outside of the enclosure 103 or located remo-
tely from the enclosure 103. The IMU can be placed 1n a
location that will allow the IMU to provide accurate mea-
surements, such as near to an axis on which the enclosure
103 and/or the hoisted object 1s rotating. The enclosure 103
can, for example, be spining about an axis formed by the

l1ft line attached to the enclosure 103.
[0029] The device 100 includes a stabilizer assembly

where a portion of the stabilizer assembly can be rotated to
reduce the angular velocity of the hoisted object. The stabi-
lizer assembly mncludes the motor 121 as well as various
components housed within the bottom compartment 130.
The stabilizer assembly 1s configured to transfer a torque
to the hoisted object. For example, the hoisted object 1s con-
nectable to the hoisted object attachment 109 of the enclo-
sure 103. The motor 121 can be mounted to the blind flange
124 that 1s rigidly connected to the enclosure 103. Drive of
the motor 121 can cause a torque to be transferred to the
hoisted object by the nature of the connection between the
enclosure 103 and the hoisted object.

[0030] 'The motor 121 can be mounted so that a first drive
shaft 133 coming off the motor 121 protrudes through the
blind flange 124. The motor driver 262 (FIG. 2B) dnives the
motor 121 based on the output from the stability application
256. The motor 121 1s connected to the flywheel 1135. The
drive of the motor 121 causes the flywheel 115 to spin 1n the
same direction as the hoisted object.

[0031] The bottom compartment 130 houses the portion of
the first drive shaft 133 that protrudes through the blind
flange 124 and connects to the shaft coupler 136. The shatft
coupler 136 1s used to connect the first drive shatt 133 and a
second drive shaft 139 that 1s connected to the flywheel 1135.
The shaft coupler 136 can join the first drive shait 133 and
the second drive shaft 139 to permat transfer of rotation,
while also permitting movement or angular misalignment
between the first drive shaft 133 and the second drive shaft
139. For example, the shaft coupler 136 can permit about
two to three degrees of angular misalignment. A second
drive shaft 139 1s connected to the shaft coupler 136 and
the flywheel 115. An encoder 142 1s provided so that the
stability manager 118 can sense how quickly the second
drive shaft 139 1s spmning. A first shaft collar 145 and a
second shaft collar 148 can hold the flywheel 115 m place.
The bracket 151 mounts the shatt coupler 136 to a head of
the motor 121 and/or the blind flange 124. The shaft coupler
136 counteracts any tilting of components of the device 100.
[0032] A weight of the flywheel 115 can be selected based
on how quickly 1t 1s desired for the flywheel 115 to turn and
how quickly the flywheel 115 accelerates. For example, a
flywheel 115 can be between about five and twenty pounds.
It 1s also envisioned that the device 100 could include multi-
ple tlywheels 115. The device 100 can spin the flywheel 115
in the same direction as the hoisted object 1s spinning. The
device 100 can apply a torque to the enclosure 103 which
will then transter to the hoisted object and counteract the
spinming of the hoisted object. Additionally, controlling
multiple flywheels 115 m multiple axis can lead to stabiliza-
tion 1 multiple axis. Controlling multiple flywheels 115 can
allow the device 100 to stabilize a hoisted object that 1s
oscillating back and forth, spmmning about a fixed axis, etc.
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[0033] Although an electromechanical rocker switch 112
1s depicted in FIG. 2A, other types of switches are envi-
sioned. One purpose of the switch 112 1s to preserve the
battery life of the device 100 (in the off position) and to
start current flowing into the stability manager 118 (in the
on position). The switch 112 could be a wireless or remote
control switch that can achieve an off state when 1t 1s not
desired tor the device 100 to stabilize the hoisted object,
and an on state when 1t 1s desired for the device 100 to sta-
bilize the hoisted object. The switch 112 could determine 1f
the hoisted object 1s being hoisted and then switch to an on
or active position. When the hoisted object 1s no longer
being hoisted, the switch 112 could switch to an off or 1nac-
tive position. Additionally, conductive material runs from
the line attachment 106 to the hoisted object attachment
109 to discharge static electricity from the helicopter.

[0034] With reference now to FIG. 2B, shown 18 an exam-
ple block diagram 2350 of a stability manager 118 of a device
100 for stabilizing a hoisted object 1n accordance with var-
1ous embodiments of the present disclosure. The stability
manager 118 can include a processor 253, a stability appli-
cation 256, a sensor pack 2359, a motor driver 262, and a
battery 265 or other power supply. The motor driver 262 1s
the connection point from the processor 233 to the motor
121. For example, the motor driver 262 can be a hardware
interface that the processor 253 uses to control the speed and
the direction of the motor 121 by controlling an mput vol-

tage to the motor 121.
[0035] The sensor pack 259 can include one or more sen-

sors. In some examples, the sensor pack 2359 includes an
inertial measurement unit (IMU) that comprises the one or
more sensors. Sensors can include an accelerometer, a gyro-
scope, a magnetometer, or a device that measures a force,
angular rate, or magnetic field. The sensor pack 259 can also
be electrically connected to the encoder 142 that detects
rotation at some sensor point such as around the second
drive shaft 139. The IMU of the sensor pack 259 detects
angular velocity and angular acceleration. The stability
manager 118 can thus sense rotation of the enclosure 103
via the IMU and detect rotation of the filywheel 115 using
the encoder 142.

[0036] The stability application 256 can include a propor-
tional-integral-derivative (PID) controller that implements a
control algorithm. The stability application 256 recads at
least one measurement (angular velocity) from the sensor
pack 259 and outputs a voltage based on a velocity and/or
direction to cause the flywheel 115 to spmn. The stability
application 256 can continue to get measurements to deter-
mine that the angular velocity of the hoisted object gets clo-

ser and closer to zero.
[0037] With reference to FIG. 3, shown 1s a lowchart 300

that shows steps of a method implemented by the stability
manager 118. Alternatively, FIG. 3 provides one example of
the execution of a stability application 256 of a device 100
for stabilizing a hoisted object 1n accordance with various
embodiments of the present disclosure. FIG. 3 can also be
seen as example flowchart 300 for a control system for a
device 100 for stabilizing a hoisted object in accordance
with various embodiments of the present disclosure.

[0038] Accordingly, at box 303, the stability manager 118
can perform a calibration process for stabilizing the hoisted
object. For example, the stability application 256 can use a
calibration process to obtain a reference point or calibration
constants. For example, a point relative to an iitial orienta-
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tion (relative orientation), a position (absolute position), or
relative to magnetic north (absolute orientation) can be
obtained by mput from an operator or by reading one or
more values from the sensor pack 259. Prior to the hoist
operation while the device 100 1s stable, the device 100

can be calibrated.
[0039] At box 306, the stability manager 118 can set a

threshold for the stability operation. For example, the stabi-
lity application 256 can set a defined number of revolutions
per second below which a hoisted object 1s deemed to be
stable. The stability application 256 can monitor the sensor
pack 259, as calibrated 1n box 303. For example, the stabi-
lity application 256 can obtain from the sensor pack 259 a
measurement that corresponds with the angular velocity of
the hoisted object. Accordingly, with the sensor pack 259 n
place, the rotation of the enclosure 103 and/or the hoisted
object can be sensed.

[0040] At box 309, the stability application 256 can per-
form a noise reduction analysis on one or more measure-
ments obtamed from the sensor pack 259. The analysis
uses the processor 253 to compute one or more reduced
samples based on measurement(s) obtained from the sensor
pack 259. For example, a sensor pack 259 having a 200 Hz
IMU would have a sample period of 5 milliseconds. The
reduced samples can be based on a sample period that 1s
oreater than 5 milliseconds. One benefit of the noise reduc-
tion 1s to reduce the likelithood that the device 100 will over-
compensate for a spin or jerk the hoisted object.

[0041] Atbox 312, the stability application 256 can deter-
mine whether the hoisted object 1s unstable. The hoisted
object attachment 109 of the enclosure 103 1s connected to
the hoisted object, and therefore spins with the same angular
velocity as the hoisted object. The IMU of the sensor pack
259 can sense angular velocity of the enclosure. The IMU
senses the angular velocity of the enclosure 103, and there-
fore by the nature of the connection between the enclosure
103 and the hoisted object, the IMU senses a measurement
that corresponds to the angular velocity of the hoisted
object.

[0042] For example, 1f the sensor pack 259 detects a mea-
surement that 1s above a threshold defined 1n box 303, this
condition can be associated with an unstable hoisted object.
The stability application 256 can determine that the hoisted
object 1s unstable because 1t 1s spinning 1 one axis. If the
stability application 256 determines that the hoisted object 1s

unstable, the process continues to box 3185.
[0043] If the stabality application 256 determines that the

stability of the hoisted object 1s within a threshold, this con-
dition can be associated with a hoisted object that 1s stable.
The stability application 256 can determine that the hoisted
object 1s no longer spinning, or that the hoisted object 1s
spinning within a tolerance of at least one sensor making
up the sensor pack. The stability application 256 can also
determine that the hoisted object 1s spinning less than a
fixed number otrevolutions per second. If the hoisted object
1s stable, then the process can return to box 306. Alterna-
tively, 1n some mmplementations, the process can end 1t the
hoisted object 1s considered stable.

[0044] At box 3135, the stability application 256 can adjust
voltage of the motor 121. The stabality application 256 can
istruct the motor driver 262 to drive the motor 121 and
rotate at least one drive shaft attached to the flywheel(s)
115. Dniving the motor 121 can result in the application of
torque to the enclosure 103. The stability application 256
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integrates measurements from the IMU of the sensor pack
259 so that angular velocity mput informs the velocity and
direction of the tlywheel 115.

[0045] The stability application 256 can implement a PID
controller to adjust the voltage of the motor 121 due to at
least one measurement detected by the sensor pack 259. For
example, the voltage of the motor 121 can be adjusted based
on the direction and the angular velocity of the hoisted
object. The voltage of the motor 121 can be controlled so
the angular velocity of the flywheel 115 counteracts the
angular momentum of the hoisted object. For example, the
PID controller can implement a control equation (1) where
V 1s the output voltage to the motor 121, m 1s the difference
between the angular velocity of the hoisted object about the
z-ax1s compared to desired angular velocity. The kp, k, and
kd values can be selected. Thereatter, the process can return
to box 306. Alternatively, 1n some implementations, the pro-
cess can proceed to completion.

dw (1)
V =k o+k|lodt+k, —
2 zj el df

[0046] Although the flowchart of FIG. 3 shows a specific
order of execution, 1t 18 understood that the order of execu-
tion may differ from that which 1s depicted. For example,
the order of execution of two or more blocks may be
scrambled relative to the order shown. Also, two or more
blocks shown 1n succession m FIG. 3 may be executed con-
currently or with partial concurrence. Further, n some
embodiments, one or more of the blocks shown in FIG. 3
may be skipped or omitted (1in favor, €.g., conventional scan-
ning approaches). In addition, any number of counters, state
variables, warning semaphores, or messages might be added
to the logical flow described heremn, for purposes of
enhanced utility, accounting, performance measurement, or
providing troubleshooting aids, etc. It 1s understood that all
such varnations are within the scope of the present
disclosure.

[0047] Also, any logic or application described herein,
including the stability manager 118, and the stability appli-
cation 256, can be implemented using dedicated circuitry or
implemented using hardware and software such as a micro-
controller and software running on the microcontroller.
[0048] The device 100 can be formed from any suitable
type(s) of materials to meet or exceed United States Military
Standards and/or other design specifications. While the
device 100 1s depicted as attached above the litter or hoisted
object, the device 100 could also be connected to (or mside
of) a bottom of the litter. The device 100 can thus be fitted to
any litter.

[0049] Although embodimments have been described herein
in detail, the descriptions are by way of example. The fea-
tures of the embodiments described herein are representa-
tive and, 1n alternative embodiments, certain features and
elements may be added or omitted. Additionally, modifica-
tions to aspects of the embodiments described herein may be
made by those skilled 1n the art without departing from the
spirit and scope of the present invention defined 1n the fol-
lowimng claims, the scope of which are to be accorded the
broadest interpretation so as to encompass modifications
and equivalent structures.

[0050] Disjunctive language such as the phrase “at least
one of X, Y, or Z,” unless specifically stated otherwise, 1s
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otherwise understood with the context as used 1n general to
present that an item, term, etc., may be either X, Y, or Z, or
any combination thereof (e.g., X, Y, and/or Z). Thus, such
disjunctive language 1s not generally intended to, and should
not, imply that certain embodiments require at least one of
X, at least one of Y, or at least one of Z to each be present.
[0051] It should be emphasized that the above-described
embodiments of the present disclosure are merely possible
examples of implementations set forth for a clear under-
standing of the principles of the disclosure. Many variations
and modifications may be made to the above-described
embodiment(s) without departing substantially from the
spirit and principles of the disclosure. All such modifica-
tions and vanations are intended to be mcluded heren
within the scope of this disclosure and protected by the fol-
lowing claims.
1. An apparatus to transfer an angular momentum between
a hoisted object and a flywheel, comprising:
an enclosure, an inertial measurement unit (IMU), the fly-
wheel, a motor, a proportional-integral-derivative (PID)
motor controller, a hoisted object attachment, a line
attachment, a computer processor and a memory, and
instructions for a stability application 1n the memory;
wherein the enclosure 1s to be coupled to the hoisted object
via the hoisted object attachment, the enclosure 1s to be
coupled to a hoist via the line attachment, the IMU 1s to
detect at least one of an angular acceleration and an angu-
lar velocity of the enclosure, the motor 1s coupled to the
flywheel, and wherein the flywheel 1s within the
enclosure;
wherein to transfer the angular momentum between the
hoisted object and the flywheel, the stability application
1s to obtain the angular acceleration or the angular velo-
city of the enclosure from the IMU, determine a ditfer-
ence between a setpoint and the angular acceleration or
the angular velocity of the enclosure trom the IMU, pro-
cess the ditterence with a proportionate term, an integral
term, and a derivative term of the PID motor controller,
determine an output voltage to be sent to the motor
according to the proportionate term, the integral term,
and the derivative term of the PID motor controller,
send the output voltage to the motor, and thereby change
an acceleration of the flywheel and transter angular
momentum between the hoisted object and the flywheel

to drive the hoisted object toward the setpoint.
2. The apparatus according to claim 1, wherein the motor 1s

mounted to a blind flange within the enclosure, wherein a dri-
veshalt of the motor and an axis of rotation of the flywheel are
aligned with the hoisted object attachment and the line
attachment.

3. The apparatus according to claim 2, wherein the IMU 18
located on the axis of rotation of the flywheel aligned with the
hoisted object attachment and the line attachment to provide
an accurate measurement from the IMU.

4. The apparatus according to claim 1, wherein further com-
prising a shaftt coupler between the motor and the flywheel,
wherein the shaft coupler permits two to three degrees of
angular misalignment between the motor and the flywheel.

S. The apparatus according to claim 1, wherein the setpoint
comprises one of a target angular rate of the enclosure or an
orientation of the enclosure.

6. The apparatus according to claim 1, wherein to transfer
the angular momentum between the hoisted object and the
flywheel, the stability application 1s further to determine a
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desired angular velocity of the tlywheel, wherein the desired
angular velocity ot the flywheel 1s to transter angular momen-
tum between the hoisted object and the flywheel to drive the
hoisted object toward the setpoint.

7. The apparatus according to claim 6, wherein the appara-
tus further comprises an encoder, wherein the encoder 1s to
detect an angular velocity of the ftywheel relative to the enclo-
sure, wherein the desired angular velocity of the flywheel 1s to
transter angular momentum between the hoisted object and
the flywheel to drive the hoisted object toward the setpoint.

8. The apparatus according to claim 6, wherein the stability
application 1s further to obtain a measurement corresponding
to an angular momentum of the hoisted object and 1s to use the
measurement corresponding to the angular momentum of the
hoisted object to determine the desired angular velocity of the
flywheel.

9. The apparatus according to claim 8, wherein the mea-
surement corresponding to the angular momentum of the
hoisted object comprises a measurement from a load sensor.

10. The apparatus according to claim 1, wherein the stabi-
laity application 1s further to perform a noise reduction on at
least one of the angular acceleration and the angular velocity
detected by the IMU 1n order to reduce a likelihood of over-
compensation for a transient movement of the hoisted object.

11. The apparatus according to claim 10, wherein to per-
form the noise reduction comprises to sample the IMU at a

sample period that1s greater than a sample period of the IMU.
12. A computer implemented method for transferring an

angular momentum between a hoisted object and a flywheel,
comprising:
with a computer processor and a computer memory and
instructions for a stability application in the memory,
processing the mstructions for the stability application 1n
the memory with the computer processor and thereby
obtaining an angular acceleration or an angular velocity
of an enclosure from an IMU, determining a ditference
between a setpoint and the angular acceleration or the
angular velocity of the enclosure from the IMU, proces-
sing the difference with a proportionate term, an integral
term, and a denvative term of a proportional-integral-
dertvative (PID) motor controller, determining an output
voltage to be sent to a motor according to the proportion-
ate term, the integral term, and the derivative term of the
PID motor controller, sending the output voltage to the
motor, and thereby changing an acceleration of the fly-
wheel and transferring angular momentum between the
hoisted objectand the flywheel to drive the hoisted object

toward the setpoint.
13. The method according to claim 12, wherein the setpoint

comprises one of a target angular rate of the enclosure or an

orientation of the enclosure.
14. The method according to claim 12, wherein transterring

the angular momentum between the hoisted object and the
flywheel further comprises processing the mstructions for
the stability application in the memory with the computer pro-
cessor and thereby determining a desired angular velocity of
the flywheel, wherein the desired angular velocity of the fly-
wheel 1s to transter angular momentum between the hoisted
object and the flywheel to drive the hoisted object toward the
setpoint.

15. The method according to claim 14, wherein transferring
the angular momentum between the hoisted object and the
flywheel further comprises processing the imstructions for
the stability application 1n the memory with the computer
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processor and thereby obtaining a measurement correspond-
ing to an angular momentum of the hoisted object and deter-
mining the desired angular velocity of the flywheel based on
the measurement corresponding to the angular momentum of
the hoisted object.
16. A computer apparatus to transfer anangular momentum
between a hoisted object and a fitywheel, comprising:
with a computer processor and a computer memory and
instructions for a stability application 1n the memory;
means to process the mstructions for the stability applica-
tion 1 the memory with the computer processor, and
means to thereby:
obtain an angular acceleration or an angular velocity of an
enclosure from an IMU, determine a difference between
a setpoint and the angular acceleration or the angular
velocity of the enclosure from the IMU, process the dif-
terence with a proportionate term, an integral term, and a
dertvative term of a proportional-integral-derivative
(PID) motor controller, determine an output voltage to
be sent to a motor according to the proportionate term,
the mtegral term, and the derivative term of the PID
motor controller, send the output voltage to the motor,
and thereby change an acceleration of the flywheel and
transfer angular momentum between the hoisted object
and the flywheel to drive the hoisted object toward the
setpoint.
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17. The computer apparatus according to claim 16, wherein
the setpoint comprises one of a target angular rate of the enclo-
sure or an orientation of the enclosure.

18. The computer apparatus according to claim 16, wherein
means to transfer the angular momentum between the hoisted
object and the flywheel further comprises means to process
the mstructions for the stability application 1n the memory
with the computer processor and means to thereby determine
a desired angular velocity of the fiywheel, wherein the desired
angular velocity of the flywheel 1s to transter angular momen-
tum between the hoisted object and the flywheel to drive the

hoisted object toward the setpoint.
19. The computer apparatus according to claim 18, wherein

means to transfer the angular momentum between the hoisted
object and the flywheel further comprises means to process
the mstructions for the stability application 1n the memory
with the computer processor and means to thereby obtain a
measurement corresponding to an angular momentum of the
hoisted object and determine the desired angular velocity of
the flywheel based on the measurement corresponding to the
angular momentum of the hoisted object.

20. The computer apparatus according to claim 19, further
comprising means to obtamn the measurement corresponding
to an angular momentum of the hoisted object from a load
SENSOT.
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