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(67)  Asystemincludes adynamic compressor, a var-
iable frequency drive (VFD), and a controller. The dy-
namic compressor includes a motor having a driveshaft
rotatably supported within the dynamic compressor, and
a compression mechanism connected to the driveshaft
and operable to compress a working fluid upon rotation
of the driveshaft. The VFD includes a sensor configured
to sense a current provided to the motor. The controller
is connected to the motor and includes a processor and
a memory. The memory stores instructions that program
the processor to operate the motor using the VFD to com-
press the working fluid, determine when surge events
have occurred, store in the memory an indication of each
determined surge event, and determine whether or not
to take protective action when the processor determines
that a surge event has occurred.
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Description
FIELD
[0001] The field of the disclosure relates generally to

control systems, and more particularly, to control sys-
tems for machines including dynamic compressors.

BACKGROUND

[0002] Dynamic compressors, including centrifugal
compressors, are used in many applications, such as
HVAC. Centrifugal compressors have a driveshaft oper-
atively connected to a motor between compression
mechanisms or impeller stages that is supported by gas
foil bearings. The driveshaft can be positioned between
impeller stages so the impellers are rotated at a rotation
speed to compress the refrigerant to a selected pressure
in an HVAC system. The compressor bearings are typi-
cally provided with one or more features to reduce friction
between the compressor bearing and the driveshaft.
Once the shaft is spinning fast enough, gas pushes the
foil away from the shaft so that no contact occurs. The
shaft and gas foil bearing are separated by the gas’s high
pressure, which is generated by the rotation that pulls
gas into the bearing via viscosity effects. A high speed
of the shaft with respect to the gas foil bearing is required
to initiate the gas gap, and once this has been achieved,
no contact should occur. These bearings have several
advantages over other bearings including reduced
weight, stable operation at higher speeds and tempera-
tures, low power loss at high speeds, and long life with
litle maintenance.

[0003] Compressor surge events cause accelerated
wear of the compressor and compressor components,
including bearings. Surge is a characteristic behavior of
a dynamic compressor that can occur when the head
developed by the compressor is insufficient to overcome
the system pressure at the discharge of the compressor.
Once surge occurs, the output pressure of the compres-
sor is drastically reduced, resulting in flow reversal within
the compressor. When a dynamic compressor surges,
there is an actual reversal of gas flow through the impel-
ler. The surge usually starts in one stage of a multistage
compressor and can occur very rapidly. Compressors
are especially susceptible to surge events during startups
and shutdowns due to the lower operating speeds. The
severity of surge events and the damage they cause in-
creases with compressor speed.

[0004] This background section is intended to intro-
duce the reader to various aspects of art that may be
related to various aspects of the present disclosure,
which are described and/or claimed below. This discus-
sion is believed to be helpful in providing the reader with
background information to facilitate a better understand-
ing of the various aspects of the present disclosure. Ac-
cordingly, it should be understood that these statements
are to be read in this light, and not as admissions of prior
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art.
SUMMARY
[0005] One aspect of this disclosure is a system in-

cludes a dynamic compressor, a variable frequency drive
(VFD), and a controller. The dynamic compressor in-
cludes a motor having a driveshaft rotatably supported
within the dynamic compressor, and a compression
mechanism connected to the driveshaft and operable to
compress a working fluid upon rotation of the driveshaft.
The VFD includes a sensor configured to sense a current
provided to the motor. The controller is connected to the
motor and includes a processor and a memory. The
memory stores instructions that program the processor
to operate the motor using the VFD to compress the work-
ing fluid, receive signals representing the current from
the VFD to the motor, and determine when a surge event
has occurred based at least in part on the received sig-
nals representing the current from the VFD to the motor.
[0006] Another aspect is a controller for a dynamic
compressor that includes a motor and a compression
mechanism connected to the motor and operable to com-
press a working fluid upon operation of the motor. The
controller includes a processor and a memory. The mem-
ory stores instructions that program the processor to op-
erate the motor to compress the working fluid, receive
signals representing the current provided to the motor to
operate the motor, and determine when a surge event
has occurred based at least in part on the received sig-
nals representing the current provided to the motor.
[0007] Another aspectis a method of detecting occur-
rence of asurge eventin a dynamic compressor including
amotor and a compression mechanism connected to the
motor and operable to compress a working fluid upon
operation of the motor. The method includes operating
the motor to compress the working fluid, receiving signals
representing the current provided to the motor to operate
the motor, and determining when a surge event has oc-
curred based only on the received signals representing
the current provided to the motor and a surge threshold.
[0008] Another aspectis a system includes a dynamic
compressor and a controller. The dynamic compressor
includes a motor having a driveshaft rotatably supported
within the dynamic compressor and a compression
mechanism connected to the driveshaft and operable to
compress a working fluid upon rotation of the driveshaft.
The controller is connected to the motor and includes a
processor and a memory. The memory stores instruc-
tions that program the processor to operate the motor to
compress the working fluid at a motor speed greater than
a predicted minimum surge speed plus a control margin,
determine when surge events have occurred, store, in
the memory, an indication of each surge event that the
processor determined to have occurred, and determine
whether or not to take a protective action when the proc-
essor determines that a surge event has occurred.
[0009] Another aspect is a controller for a dynamic
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compressor including a motor and a compression mech-
anism connected to the motor and operable to compress
aworking fluid upon operation of the motor. The controller
includes a processor and a memory. The memory stores
instructions that program the processor to operate the
motor to compress the working fluid at a motor speed
greater than a predicted minimum surge speed plus a
control margin, determine when surge events have oc-
curred, store, in the memory, an indication of each surge
event that the processor determined to have occurred,
and determine whether or not to take a protective action
when the processor determines that a surge event has
occurred.

[0010] Another aspectis a method for controlling a dy-
namic compressor including a motor and a compression
mechanism connected to the motor and operable to com-
press a working fluid upon operation of the motor. The
method includes operating the motor to compress the
working fluid at a motor speed greater than a predicted
minimum surge speed plus a control margin, determining
when surge events have occurred, storing an indication
of each surge event that the processor determined to
have occurred, and determining whether or not to take a
protective action when the processor determines that a
surge event has occurred.

[0011] Various refinements exist of the features noted
in relation to the above-mentioned aspects. Further fea-
tures may also be incorporated in the above-mentioned
aspects. These refinements and additional features may
existindividually or in any combination. For instance, var-
ious features discussed below in relation to any of the
illustrated embodiments may be incorporated into any of
the above-described aspects, alone or in any combina-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The following figures illustrate various aspects
of the disclosure.

Fig. 1 is a perspective view of an assembled com-
pressor.

Fig. 2 is a cross-sectional view of the compressor of
Fig. 1 taken along line 2-2, with the external conduit
removed.

Fig. 3 is a cross-sectional view through a sleeve of
the bearing housing shown in Fig. 2, illustrating the
driveshaft supported within a foil bearing assembly
maintained within the sleeve of the bearing housing
using a pair of retaining clips.

Fig. 4 is a cross-sectional view of another embodi-
ment of a bearing housing suitable for use in the
compressor of Fig. 1, illustrating the driveshaft sup-
ported within a foil bearing assembly maintained
within the bearing housing between a retaining lip
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formed within the bearing housing at one end and a
retaining clip at an opposite end.

Fig. 5 is an exploded view of elements of the foil
bearing assembly arranged with respect to the bear-
ing housing and the driveshaft.

Fig. 6 is a block diagram of a control system for a
dynamic compressor.

Fig. 7 is a surge current characterization graph for a
dynamic centrifugal compressor.

Fig. 8 is a speed graph for a dynamic centrifugal
compressor.

Fig. 9 is a current graph for a dynamic centrifugal
compressor.

Fig. 10 is a graphical relationship between current
swing percentage and speed percentage for a dy-
namic centrifugal compressor.

Fig. 11 is an operating map of a dynamic centrifugal
compressor.

Fig. 12 is a flowchart of a method of determining
when surge events have occurred for a dynamic cen-
trifugal compressor.

Fig. 13 is a flowchart of an example embodiment of
the method of Fig. 12.

Fig. 14 is a flowchart of a method of determining
whether or not to take a protective action when a
surge event has occurred for a dynamic centrifugal
compressor.

Fig. 15 is a flowchart of an example embodiment of
the method of Fig. 14.

[0013] Corresponding reference characters indicate
corresponding parts throughout the drawings.

DETAILED DESCRIPTION

[0014] For conciseness, examples will be described
with respect to a centrifugal compressor with gas foil
bearings (GFB). However, the methods and systems de-
scribed herein may be applied to any suitable dynamic
compressor. In a surge control system of a centrifugal
compressor, monitoring for surge event occurrences,
monitoring the number of surge events that have hap-
pened, monitoring severity of surge events, determining
surge thresholds, determining the relationship between
motor speed and surge events, adjusting control margins
to provide larger surge margin, and determining whether
or not to take protective action, such as generating alerts,
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stopping operation of the machine, and the like, when a
surge event has occurred may prevent damage and in-
crease centrifugal compressor life. These steps may fur-
ther prevent catastrophic failure of a centrifugal compres-
sor by enabling more accurate scheduling of preventative
maintenance, increasing sensitivity of surge prevention
controls, improving reliability by limiting surge severity
on start-up by holding the centrifugal compressor at a
lower speed until stable, allowing the system to continue
to provide cooling by increasing runtime on the centrifu-
gal compressor before faulting and shutting down, and
improving reliability by limiting surge severity by operat-
ing an unloading device on surge detection instead of on
estimated maps.

[0015] Referring to Fig. 1, a compressor illustrated in
the form of a two-stage refrigerant compressor is indicat-
ed generally at 100. The compressor 100 generally in-
cludes a compressor housing 102 forming at least one
sealed cavity within which each stage of refrigerant com-
pression is accomplished. The compressor 100 includes
a first refrigerant inlet 110 to introduce refrigerant vapor
into the first compression stage (not labeled in Fig. 1), a
firstrefrigerant exit 114, arefrigerant transfer conduit 112
to transfer compressed refrigerant from the first compres-
sion stage to the second compression stage, a second
refrigerant inlet 118 to introduce refrigerant vapor into
the second compression stage (not labeled in Fig. 1),
and a second refrigerant exit 120. The refrigerant transfer
conduit 112 is operatively connected at opposite ends to
the first refrigerant exit 114 and the second refrigerant
inlet 118, respectively. The second refrigerant exit 120
delivers compressed refrigerant from the second com-
pression stage to a cooling system in which compressor
100 is incorporated.

[0016] Referringto Fig. 2, the compressor housing 102
encloses a first compression stage 124 and a second
compression stage 126 at opposite ends of the compres-
sor 100. The first compression stage 124 includes a first
compression mechanism 106 configured to add kinetic
energy to refrigerant entering via the first refrigerant inlet
110. In some embodiments, the first compression mech-
anism 106 is an impeller. The kinetic energy imparted to
the refrigerant by the first compression mechanism 106
is converted to increased refrigerant pressure as the re-
frigerant velocity is slowed upon transfer to a sealed cav-
ity (e.g., a diffuser) formed within the volute 132. Similarly,
the second compression stage 126 includes a second
compression mechanism 116 configured to add kinetic
energy to refrigerant transferred from the first compres-
sion stage 124 entering via the second refrigerant inlet
118. In some embodiments, the second compression
mechanism 116 is an impeller. The kinetic energy im-
parted to the refrigerant by the second compression
mechanism 116 is converted to increased refrigerant
pressure as the refrigerant velocity is slowed upon trans-
fer to a sealed cavity (e.g., a diffuser) formed within the
volute 132. Compressed refrigerant exits the second
compression stage 126 via the second refrigerant exit
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120 (not shown in Fig. 2).

[0017] Referring to Fig. 2, the first stage compression
mechanism 106 and second stage compression mech-
anism 116 are connected at opposite ends of a driveshaft
104. The driveshaft 104 is operatively connected to a
motor 108 positioned between the first stage compres-
sion mechanism 106 and second stage compression
mechanism 116 such that the first stage compression
mechanism 106 and second stage compression mech-
anism 116 are rotated at a rotation speed selected to
compress the refrigerant to a pre-selected mass flow ex-
iting the second refrigerant exit 120 (not shown in Fig.
2). Any suitable motor may be incorporated into the com-
pressor 100 including, but not limited to, an electrical mo-
tor. The driveshaft 104 is supported by gas foil bearing
assemblies 300 positioned within a sleeve 202 of each
bearing housing 200/200a, as described in additional de-
tail below. Each bearing housing 200/200a includes a
mounting structure (not shown) for connecting the re-
spective bearing housing 200/200a to the compressor
housing 102, as illustrated in Fig. 2.

[0018] Referring to Fig. 2, each bearing housing
200/200a supports the driveshaft 104, the driveshaft 104
projects through the bearing housing 200/200a opposite
the sleeve 202, and the compression mechanism 106 is
connected to the projecting end of the driveshaft 104.
Referring to Fig. 3 and Fig. 5, the gas foil bearing assem-
bly 300 is positioned within a cylindrical bore 206 within
the bearing housing 200. The driveshaft 104 closely fits
within the gas foil bearing assembly 300, which includes
an outer compliant foil or foil layer 302 positioned adja-
centtothe innerwall of the sleeve 202, an inner compliant
foil or foil layer 306 (also referred to as a "top foil") posi-
tioned adjacent to the driveshaft 104, and a bump foil or
foil layer 310 positioned between the inner foil layer 306
and the outer foil layer 302. The foils or layers
302/306/310 of the gas foil bearing assembly form an
essentially cylindrical tube sized to receive the driveshaft
104 with relatively little or no gap as determined by ex-
isting foil bearing design methods. The components of
the foil bearing assembly 300, such as outer foil layer
302, the inner foil layer 306, and the bump foil layer 310,
may be constructed of any suitable material that enables
the foil bearing assembly 300 to function as described
herein. Suitable materials include, for example and with-
out limitation, metal alloys. In some embodiments, for
example, each of the outer foil layer 302, the inner foil
layer 306, and the bump foil layer 310 is constructed of
stainless steel (e.g., 17-4 stainless steel).

[0019] Referring again to Fig. 3, the foil bearing as-
sembly 300 in theillustrated embodiment furtherincludes
a pair of foil keepers 312a/312b positioned adjacent op-
posite ends of the layers 302/306/310 to inhibit sliding of
the layers 302/306/310 in an axial direction within the
cylindrical bore 206 of the sleeve 202. A pair of foil re-
taining clips 314a/314b positioned adjacent to the foil
keepers 312a/312b, respectively, fix the layers
302/306/310 in a locked axial position within the cylindri-
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cal bore 206. Foil retaining clips 314a/314b may be re-
movably connected to bearing housing 200.

[0020] In other embodiments, as illustrated in Fig. 4,
each bearing housing 200a includes a foil retaining lip
214 formedintegrally (e.g., cast) with the bearing housing
200a and projecting radially inward from the radial inner
surface 204 that defines the cylindrical bore 206. In the
illustrated embodiment, the foil retaining lip 214 is posi-
tioned near a compression mechanism end 216 of the
cylindrical bore 206 proximal to the compression mech-
anism 116 (shown in Fig. 2). The foil retaining lip 214 is
sized and dimensioned to project a radial distance from
theradialinner surface 204 that overlaps atleasta portion
of the layers 302/306/310 of the foil bearing assembly
300. The foil retaining lip 214 may extend fully around
the circumference of the radial inner surface 204, or the
foil retaining lip can include two or more segments ex-
tending over a portion of the circumference of the radial
inner surface 204 and separated by spaces flush with
the adjacent radial inner surface 204. Bearing housing
200 (not shown in Fig. 4) is similarly formed.

[0021] The foil bearing assembly 300 of the embodi-
ment illustrated in Fig. 4 further includes a single foil re-
taining clip 314 positioned adjacent the ends of the layers
302/306/310 opposite the foil retaining lip 214 to inhibit
axial movement of the layers 302/306/310 within the cy-
lindrical bore 206 of the sleeve 202. In this embodiment,
the foil retaining clip 314 snaps into a circumferential
groove 212 formed within the radial inner surface 204 of
the cylindrical bore 206 near a motor end 218 of the cy-
lindrical bore 206.

[0022] Thefoil retaininglip 214 may be positioned with-
in any region of the cylindrical bore 206 near the com-
pression mechanism end 216 including, without limita-
tion, a position immediately adjacent to the opening of
the cylindrical bore 206 at the compression mechanism
end 216. Alternatively, the foil retaining lip 214 may be
positioned within any region of the cylindrical bore 206
near the motor end 218 including, without limitation, a
position immediately adjacent to the opening of the cy-
lindrical bore 206 at the motor end 218. In such embod-
iments, the foil retaining clip 314 snaps into a circumfer-
ential groove 212 formed within the radial inner surface
204 of the cylindrical bore 206 near the compression
mechanism end 216, in an arrangement that is essen-
tially the opposite of the arrangement illustrated in Fig. 4.
[0023] Referring again to Fig. 4, the foil bearing as-
sembly 300 is installed within the bearing housing 200
by inserting the foil bearing assembly 300 into the cylin-
drical bore 206 of the bearing housing 200 at the motor
end 218. The foil bearing assembly 300 is then advanced
axially into the cylindrical bore 206 toward the compres-
sion mechanism end 216 until the layers 302/306/310
contact the foil retaining lip 214. The foil retaining clip
314 is then snapped into the circumferential groove 212
near the motor end 218 of the cylindrical bore 206 to lock
the foil bearing assembly 300 in place.

[0024] In other embodiments, any suitable method for
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affixing the foil bearing assembly 300 within the sleeve
202 may be used. Non-limiting examples of suitable
methods include keepers and retaining clips, adhesives,
set screws, and any other suitable affixing method.
[0025] The bearing housings 200/200a may further
serve as a mounting structure for a variety of elements
including, but not limited to, radial bearings, such as the
foil bearing assembly 300 described above, a thrust bear-
ing, and sensing devices (not shown) used as feedback
for passive or active control schemes such as proximity
probes, pressure transducers, thermocouples, key
phasers, and the like.

[0026] The foil bearing assembly 300 may be provided
in any suitable form without limitation. For example, the
foil bearing assembly 300 may be provided with two lay-
ers, three layers, four layers, or additional layers without
limitation. The bump foil 310 of the foil bearing assembly
300 may be formed from a radially elastic structure to
provide a resilient surface for the spinning driveshaft 104
during operation of the compressor 100. The bump foil
310 may be formed from any suitable radially elastic
structure without limitation including, but not limited to,
an array of deformable bumps or other features designed
to deform and rebound under intermittent compressive
radial loads, and any other elastically resilient material
capable of compressing and rebounding under intermit-
tent compressive radial loads. The bump foil 310 may be
connected to at least one adjacent layer including, but
not limited to, at least one of the outer layer 302 and the
inner layer 306. In some embodiments, the bump foil 310
may be connected to both the outer layer 302 and the
inner layer 306. In other embodiments, the bump foil 310
may be free-floating and not connected to any layer of
the foil bearing assembly 300.

[0027] Referring to Fig. 6, an example embodiment of
a system 400 includes a dynamic compressor 404. In an
embodiment, the dynamic compressor is a centrifugal
compressor. In other embodiments, the dynamic com-
pressoris an axial compressor. The system 400 includes
the compressor 404 with a compressor housing 405, an
unloading device 401, a user interface 415, and a con-
troller 410. The compressorincludes a motor 406, a com-
pression mechanism 407, a gas foil bearing 409, and a
speed sensor 417. The system 400 further includes a
variable frequency drive (VFD) 416 with a current sensor
408 and a motor interface 413 in communication with the
motor 406. In some embodiments, the VFD 416 operates
under the control of the controller 410. In some embod-
iments, the VFD 416 is a part of the controller 410. In the
example embodiment, the compression mechanism 407
is an impeller, and the dynamic compressor 404 is a cen-
trifugal compressor. In otherembodiments, the compres-
sion mechanism 407 is blades, and the dynamic com-
pressor 404 is an axial compressor. The compressor
housing 405 and the compressor 404 including the motor
406, the compression mechanism 407, and the gas foil
bearing 409 may be constructed similarly to the compres-
sor 100 described in Fig. 1-5 or may be constructed in a
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different manner. The compressor 404 is not limited to a
specific construction in the system 400. The compressor
404 includes a controller 410 for controlling operation of
the compressor 404 and determining when a surge event
has occurred and whether or not to take a protective ac-
tion when one or more surge events have occurred. The
controller 410 includes a processor 411, a memory 412,
and an unloading interface 414. The memory 412 con-
tains instructions that are executed by processor 411 to
control the compressor 404 and to perform the methods
of determining if and when a surge event has occurred
and whether or not to take a protective actioninresponse.
[0028] The unloading device 401 in the system 400
removes and/or reduces the load on the compressor dur-
ing start-up and shut-down routines and detected surge
events to limit severity of surge events. In the example
embodiment, the unloading device 401 is a bypass valve.
Bypass valves, such as refrigerant bypass valves, pro-
vide an alternative path for the gas, thereby stopping the
pressure rise of the compressor 404 and limiting any po-
tential surging, no matter how slowly the compressor mo-
tor 406 is accelerating during start-up or decelerating dur-
ing shut-down. In other embodiments, the unloading de-
vice 401 is an expansion valve. In other embodiments,
the unloading device 401 may be a variable orifice or
diameter valve, such as a servo valve, and a fixed orifice
or diameter valve, such as a solenoid valve or a pulse-
width-modulated (PWM) valve configured to control
opening and closing according to a duty cycle. In still
other embodiments, the unloading device 401 may be,
but is not limited to, a variable diffuser, or a Variable Inlet
Guide Vane (VIGV). Although many types of unloading
devices are described here, the unloading device 401
may be any suitable device, or combination of devices,
that reduce the load on the compressor 404.

[0029] The unloading device 401 is operatively cou-
pled to the controller 410, and the controller 410 is con-
figured to control at least one operating parameter of the
unloading device 401, such as opening a bypass valve.
The current sensor 408 measures a current of the motor
406 and the controller 410 determines if and when a
surge event of the compressor 404 has occurred by de-
tecting a spike in the measured current of the motor 406.
The controller 410 further determines when a surge event
is completed and normal operation resumes when the
measured current of the motor 406 is substantially con-
stant. Other embodiments may detect occurrence and
termination of a surge eventusing other techniques, such
as detecting a change in voltage, detecting a change in
pressure, sensing vibrations caused by the surge, or the
like. The controller 410 further determines whether or not
to take a protective action when a surge event has oc-
curred. Non-limiting examples of suitable sensors for use
in the one or more control schemes include temperature
sensors, pressure sensors, flow sensors, current sen-
sors, voltage sensors, rotational rate sensors, and any
other suitable sensors.

[0030] Control system 400 includes a motor interface
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413 for connection of the VFD 416 to the motor 406, an
interface for connection of the controller 410 to the VFD
416, and an unloading interface 414 for connection of
the controller 410 to the unloading device 401. The proc-
essor 411 may then execute instructions stored in mem-
ory 412 to determine when a surge event has occurred
based atleastin partonthe received signals representing
the current from the VFD 416 to the motor 406, and
whether or not to take a protective action when the proc-
essor 411 determines that a surge event has occurred.
[0031] Control system 400 includes a user interface
415 configured to output (e.g., display) and/or receive
information (e.g., from a user) associated with the system
400. In some embodiments, the user interface 415 is con-
figured to receive an activation and/or deactivation input
from a user to activate and deactivate (i.e., turn on and
off) or otherwise enable operation of the system 400.
Moreover, in some embodiments, user interface 415 is
configured to output information associated with one or
more operational characteristics of the system 400, in-
cluding, for example and without limitation, warning indi-
cators such as severity alerts, occurrence alerts, fault
alerts, and motor speed alerts, as well as a status of the
gas foil bearing 409, and any other suitable information.
[0032] The userinterface 415 may include any suitable
input devices and output devices that enable the user
interface 415 to function as described herein. For exam-
ple, the user interface 415 may include input devices in-
cluding, but not limited to, a keyboard, mouse, touch-
screen, joystick(s), throttle(s), buttons, switches, and/or
other input devices. Moreover, the user interface 415
may include output devices including, for example and
without limitation, a display (e.g., a liquid crystal display
(LCD) or an organic light emitting diode (OLED) display),
speakers, indicator lights, instruments, and/or other out-
put devices. Furthermore, the user interface 415 may be
part of a different component, such as a system controller
(not shown). Other embodiments do not include a user
interface 415.

[0033] In some embodiments, the system 400 may be
controlled by a remote control interface. For example,
the system 400 may include a communication interface
(not shown) configured for connection to a wireless con-
trol interface that enables remote control and activation
of the system 400. The wireless control interface may be
embodied on a portable computing device, such as a
tablet or smartphone.

[0034] The controller 410 is generally configured to
control operation of the compressor 404. The controller
410 controls operation through programming and instruc-
tions from another device or controller or is integrated
with the control system 400 through a system controller.
In some embodiments, for example, the controller 410
receives user input from the user interface 415, and con-
trols one or more components of the system 400 in re-
sponse to such user inputs. For example, the controller
410 may control the motor 406 based on user input re-
ceived from the user interface 415.
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[0035] The controller 410 may generally include any
suitable computer and/or other processing unit, including
any suitable combination of computers, processing units
and/or the like that may be communicatively coupled to
one another and that may be operated independently or
in connection within one another (e.g., controller 410 may
form all or part of a controller network). Controller 410
may include one or more modules or devices, one or
more of which is enclosed within system 400, or may be
located remote from system 400. The controller 410 may
be part of compressor 404 or separate and may be part
of a system controllerin an HVAC system. Controller 410
and/or components of controller 410 may be integrated
or incorporated within other components of system 400.
In some embodiments, for example, controller 410 may
be incorporated within motor 406 or unloading device
401. The controller 410 may include one or more proc-
essor(s) 411 and associated memory device(s) 412 con-
figured to perform a variety of computer-implemented
functions (e.g., performing the calculations, determina-
tions, and functions disclosed herein). As used herein,
the term "processor" refers not only to integrated circuits,
but also to a controller, a microcontroller, a microcom-
puter, a programmable logic controller (PLC), an appli-
cation-specific integrated circuit, and other programma-
ble circuits. Additionally, memory device(s) 412 of con-
troller 410 may generally be or include memory ele-
ment(s) including, but not limited to, computer readable
medium (e.g., random access memory (RAM)), compu-
ter readable non-volatile medium (e.g., a flash memory),
a floppy disk, a compact disc-read only memory (CD-
ROM), a magneto-optical disk (MOD), a digital versatile
disc (DVD) and/or other suitable memory elements. Such
memory device(s) 412 may generally be configured to
store suitable computer-readable instructions that, when
implemented by the processor(s) 411, configure or cause
controller 410 to perform various functions described
herein including, but notlimited to, controlling the system
400, controlling operation of the motor 406, receiving in-
puts from user interface 415, providing output to an op-
erator via user interface 415, controlling the unloading
device 401 and/or various other suitable computer-im-
plemented functions.

[0036] Referring to Fig. 7, a surge current characteri-
zation graph 600 during start-up is shown including a
speed curve 601 and a motor current curve 602. Fig. 7
shows accelerating the motor speed to a first speed and
running the motor 406 at that first speed for a period of
time 605. While the motor 406 is running at the first speed
for the period of time 605, a region of possible surge 603
has been identified with oscillations in the motor current
curve 602. The compressor 404 is held at the first speed
until the current oscillating pattern of surge has ceased
604 and the compressor 404 is indicated for full start-up.
[0037] Fig. 8 and Fig. 9 are traces of signals used by
the system to detect the occurrence of a surge (e.g., dur-
ing the period of time 605 in Fig. 7). Fig. 8 is a speed
graph 800 and Fig. 9 is a current graph 900. Regarding
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Fig. 8, the actual speed 801 of the compressor’s motor
is shown along with a baseline speed line 803, which
may be used as a reference point to determine whether
a surge occurs. The baseline speed line 803 is also
known as the speed set point or the commanded speed.
Regarding Fig. 9, the actual current 901 provided to the
motor (as detected using the current sensor 408) and the
average current 902 are shown. The average current 902
may be the current detected immediately prior to a surge
event, an average of all current measurements prior to
asurge event, an average of a predetermined or variable
number of current measurements before a surge event,
or any other suitable current average. When the com-
pressor 404 enters a surge event, the mass flow through
the compressor is drastically reduced, thereby reducing
the load on the compressor 404 and causing the speed
of the unloaded motor 406 to rise above the baseline
speed line 803. The VFD 416, via a control algorithm,
then lowers the actual current 901 in response to the
increased speed to bring the actual speed 801 back to
the baseline speed line 803. As the surge ends, the load
onthe compressor 404 (and the motor 406) returns, caus-
ingthe speed 801 to drop rapidly. The VFD 416 increases
the currenttoreturn the speed of the motor to the baseline
speed 803. The result is the characteristic overshoot of
the actual current 901 and the undershoot of the actual
speed 801, seen at the end of the surge event in Figs. 8
and 9, before the speed and current are returned to their
approximate pre-surge levels. The drop in the actual cur-
rent 901 from the average current 902 is used by the
controller to detect the occurrence of the surge event.
When the change in current from the average current
902 exceeds a threshold value, the controller determines
that a surge event has occurred. The speed graph 800
shows the speed surge severity 802 and the current
graph 900 shows the current surge severity 904 during
the surge event. The current surge severity is the differ-
ence between the average current 902 and the minimum
current 903. The severity of each surge event may be
recorded in memory 412.

[0038] Referring to Fig. 10, an example graphical re-
lationship 1100 between the current swing percentage
and the speed percentage is shown to illustrate the
threshold current swing for detection of a surge event. A
linear surge curve 1103 represents the threshold for de-
tection of a surge. A current swing (e.g. surge severity
904 in Fig. 9) on or above the linear surge curve 1103 at
the current speed of the compressor (expressed as a
percentage of maximum speed) is determined to indicate
the occurrence of a surge event. If the current swing is
below the linear surge curve 1103, a surge event is not
detected. Alternatively, only current swings above the
linear surge curve 1103 may be considered surge events,
and current swings below the linear surge curve may be
considered not surge events.

[0039] Referring to Fig. 11, an operating envelope or
operating map 1000 of an example dynamic centrifugal
compressor 404 is shown. The operating map 1000



13 EP 4 249 753 A2 14

graphically estimates and shows a compressor’s per-
formance in terms of flows, heads, and speeds. The map
shows head vs. inlet mass flow rate as a percentage of
their values at the design point of the compressor 404.
Inlet mass flow rate is a measure of the amount of a
working fluid, such as a refrigerant, flowing through the
compression mechanism 407. The head is a total pres-
sure ratio of exit pressure to inlet pressure. The operating
map 1000 shows a plurality of compressor speed lines
1007. In this example, there are five speed lines 1007
that range from 110% design speed down to 70% design
speed, with each line separated by a 10% difference.
Although these particular speed lines are shown in this
example, any number of speed lines at any different per-
centages of the compressor design speed may be shown
for any type of compressor.

[0040] A surge limit line 1004 indicates the maximum
loading condition before surging occurs in the surge re-
gion 1006 (i.e., to the left of surge limitline 1004). A surge
control line 1003 roughly indicates the maximum loading
condition under which the compressor 404 can safely
operate without risk of slipping into surge. The surge con-
trol line 1003 is defined by a surge margin 1005 from the
surge limitline 1004. By operating to the right of the surge
control line 1003, the compressor should avoid surging.
One operating point 1009 of the operating map 1000 for
the compressor 404 is shown as the intersection of a
speed line, inlet mass flow rate, and total pressure ratio.
For example, the operating point 1009 shown in operat-
ing map 1000 is at 80% inlet mass flow rate, 108% head,
and 100% speed. If a surge occurred when operating at
operating point 1009, the surge margin 1005 may be in-
creased, for example, by an amount 1008 to shift the
surge control line 1003 to a new surge control line 1002.
The choke line 1001 is shown in the operating map 1000.
[0041] Referring to Fig. 12, a method 1200 is shown
for determining when a surge event has occurred. The
method 1200 begins with operating 1201 the motor 406
using the VFD 416 to compress working fluid. In some
embodiments, the working fluid is a refrigerant. Once the
motor is operating 1201, the method 1200 continues with
receiving 1202 signals representing current from the VFD
416 to the motor 406. The method 1200 concludes by
determining 1203 when a surge event has occurred
based atleastin part on the received signals representing
the currentfrom the VFD 416 to the motor 406. The meth-
od 1200 is implemented on the control system 400,
shown in Fig 6. Specifically, the controller 410 imple-
ments the method 1200 via the processor 411 using in-
structions stored on the memory 412. The measurement
of the current to the motor 406 is provided by the current
sensor 408 included with the VFD 416. Other embodi-
ments may use any other suitable detection or estimation
of the current provided to the motor 406. The compres-
sion of the working fluid in operating 1201 the motor 406
is done by the compression mechanism 407.

[0042] Determining 1203 that a surge event has oc-
curred includes determining a difference between a pre-
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vious currentand a present currentbased on the received
signals representing the current from the VFD 416 to the
motor 406. In some embodiments, the previous current
is determined by averaging a plurality of the signals rep-
resenting the current from the VFD 416 to the motor 406
that are received by the processor 411 before receiving
a signal from the VFD representing the present current
from the VFD 416 to the motor 406. A surge event has
occurred when the difference between the previous cur-
rent and the present current exceeds a surge threshold.
For example, the surge threshold is a variable threshold
(e.g., as shown in Fig. 10) and may be pre-loaded onto
the controller 410 by a user and subsequently changed
via the user interface 415. The variable surge threshold
is determined based atleastin parton the detected speed
from the speed sensor 417 of the motor 406 when the
signal representing the present current is received. In
other embodiments, determining a difference between a
previous current and a present current based on the re-
ceived signals representing the current from the VFD 416
to the motor 406 includes determining a magnitude of
the surge based on the difference between the previous
current and the present current. The processor 411
stores an indication of an occurrence of a surge event
and the determined magnitude of the surge in memory
412.

[0043] Referring to Fig. 13, a flow chart 1300 of an
example embodiment of the method 1200 from Fig. 12
for determining a surge event is shown. The flowchart
1300 begins when the compressor 404 is starting up.
The flowchart 1300 shows cases of both normal opera-
tion and start-up operation of the compressor 404 when
determining whether a surge event has occurred. The
compressor404 begins operating, and the current sensor

408 continuously measures the present current |, esent
and the speed sensor 417 continuously measures the
speed S, 4+ As the compressor 404 is operating, N
number of the previously measured currents leyioys are
stored in the memory 412 in a rolling data set /g =

lorevious2: -+ lpreviousnt- The rolling data set
lroiing May include any N number of currents |

viously measured before |

{Iprevious1 ’
previous pre-
present OVer a period of time to
create a subset. Once a rolling data set /4 is created

and stored in memory 412, a roling average

— \\N
Iaverage - i=1(1rolling) is generated for the pe-
riod of time associated with the rolling data set /,;,,. The
"rolling average" is an average of a series of measured
current values with a fixed subset size. Once the first
average /ayerage is taken by the controller 410 of the first

subset of current values /,,;,, for a period of time, the

subset is modified by shifting forward or excluding the
first current value in the rolling data set and adding a new
(e.g., the most recent) current value, so a new subset

Irolling2 = {Ipreviou52’ Iprevious3’ IpreviousN+1] is then gen-
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erated and stored in memory 412 over a different time
interval. This is done continuously over the entire current
data set for the life of the compressor 404. The rate at
which subsets /), are created and stored may be set

by an OEM or may be tuned by a user via user interface
415. The controller 410 calculates the difference / yigg ronce

between the rolling average /,,4r,4¢ and the present cur-
rent /,esent- 1he controller 410 then checks whether the

compressor 404 is in start-up operation. If the compres-
sor 404 is in start-up operation, the difference /o ence

=] - loresent!S compared to a pre-set start-up current

average
Istart-up- 1N sOmMe embodiments, the start-up current

Istart-up IS 2 amps. In other embodiments, the start-up cur-
rent lgsa1.4p is @any other suitable fixed or variable current.
If the difference ! geonce IS greater than or equal to the
start-up current /g, 1. ,, then a surge event has been de-
tected. If a surge event has been detected, then the oc-
currence of the surge event is stored in memory 412. If
the compressor is in normal operation, the controller 410
determines a surge threshold current /,,osh01g Pased on
the detected speed S, Of the compressor 404. The
surge threshold current /y,op0q IS found by using the

graphical relationship 1100 between the current swing
percentage and the speed percentage of the compressor
404 described above in Fig 10. That is, in the example
embodiment, the surge threshold current Iy, o5h01q i the

current swing percentage of the linear surge curve 1103
at the speed percentage of the detected speed S,

Other embodiments may define the threshold in terms of
absolute speed, absolute current swing, or any suitable
combination. Some embodiments may list the surge
threshold currents in a lookup table, or any other suitable
format. If the difference /isorence iS greater than or equal

to the surge threshold current /4,010 then a surge event

has occurred and been detected. If a surge event has
occurred, thenthe occurrence of the surge eventis stored
in memory 412 and magnitude of the associated differ-
ence ! yiarence 1S stored in memory 412 as the surge se-

verity. In both start-up operation and normal operation of
the compressor 404, if a surge event is not detected, the
compressor 404 continues with the start-up operation or
normal operation until a surge event is detected in the
future with a new subset of measured currents.

[0044] Referring to Fig. 14, a method 1400 for deter-
mining whether or not to take a protective action when
the processor 411 determines that a surge event has
occurred is shown. The method 1400 occurs after the
method 1200 shown in Fig. 12 determines that a surge
event has occurred. Although the previous method 1200
may be used concurrently to determine the occurrence
of surge events, the method 1400 may be utilized in any
situation wherein a surge event has been detected (by
any detection means) in a dynamic compressor. The
method 1400 begins with operating 1401 the motor 406
to compress working fluid at a motor speed greater than
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a predicted minimum surge speed plus a control margin.
The method continues with determining 1402 when surge
events have occurred. In some embodiments, this step
may utilize the method 1200 to determine the surge event
has occurred. The method 1400 continues with storing
1403, in the memory 412, an indication of each surge
event that the processor 411 determined to have oc-
curred The method 1400 concludes with determining
1404 whether or not to take a protective action when the
processor 411 determines that a surge event has oc-
curred. In some embodiments, the protective action in-
cludes generating an alert. The alert may be a warning
signal transmitted to a remotely located system control-
ler, a visual or audible alert located near the compressor,
or any other suitable alert. In some embodiments, the
protective action includes stopping the motor 406. In
some embodiments, the protective action includes ad-
justing the control margin. Similar to the previous method
1200, the method 1400 is implemented on the control
system 400, shown in Fig. 6. Specifically, the controller
410 implements the method 1400 via the processor 411
using instructions stored on the memory 412. The com-
pression of the working fluid in operating 1401 the motor
406 is done by the compression mechanism 407.
[0045] If the determining 1404 step of method 1400
concludes that generating an alert is the protective action
needed after the processor 411 determines a surge event
has occurred, then the following steps are further taken
in various embodiments. Generating an alert may include
generating an occurrence alert when a number of surge
events having an indication stored in the memory 412 is
greater than or equal to an occurrence alarm limit. Gen-
erating an alert may include generating a fault alert when
the number of surge events having an indication stored
in the memory 412 is greater than or equal to a fault limit
that is greater than the occurrence alarm limit. When the
fault alert is generated, then a control margin, such as
the control margin 1005 ofthe operating map 1000 shown
in Fig. 11, is increased for the dynamic compressor 404
in some embodiments. In some embodiments, the indi-
cation of each surge event includes an indication of a
magnitude of the surge event, and generating an alert
includes generating a severity alert when a sum of the
magnitudes of the determined surge events stored in the
memory 412 is greater than or equal to a severity alarm
limit. Generating the alert further includes generating a
fault alert when the sum of the magnitudes of the deter-
mined surge events stored in the memory 412 is greater
than or equal to a severity fault limit that is greater than
the severity alarm limit in some embodiments. Then, as
described above, when the fault alert is generated, the
control margin may be increased. In some embodiments,
generating an alert occurs if a speed of the motor 406
during the surge event exceeds a sum of the predicted
minimum surge speed, the control margin, and a charge
margin, when the working fluid is a refrigerant. Then, as
described above, when the alert is generated, the control
margin is increased.
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[0046] If the determining 1404 step of method 1400
concludes that stopping the motor 406 is the protective
action needed after determining a surge event has oc-
curred, with the indication of each surge event including
a magnitude of the surge event, then the method may
include the following. In some embodiments, stopping
the motor 406 occurs when a number of detected surge
events is greater than or equal to an occurrence shut-
down threshold. Alternatively or additionally, the motor
406 may be stopped when a sum of the magnitudes of
the determined surge events is greater than or equal to
an accumulation shutdown threshold.

[0047] Referring to Fig. 15, a flowchart 1500 of an ex-
ample embodiment of the method 1400 from Fig. 14 for
determining whether or not to take a protective action
when a surge event has occurred in dynamic compressor
404 is shown. The flowchart 1500 begins when a surge
event surge-4 ,  is detected. Once detected, a surge
count N is incremented N = N + 1. Simultaneously, as
the surge count N is incremented N = N + 1, a surge
severity accumulation is calculated. The surge severity
accumulation is the sum of the magnitudes of all of the
N detected surge events ?’:1|5u7’g8i| . Next, the
surge count N and the surge severity accumulation

§V=1|Su7'g€i | are checked to see if a shut-down con-
dition for the compressor 404 is met. If the surge count
N is greater than or equal to a shut-down surge count
limit Ngpytdown (N = Ngputdown), OF if the surge severity

N
accumulation Zi=1|5urgel| is greater than or equal
to a shutdown surge severity limit |surgep,,| (

N
i=1|SuTg6i| 2 |surgemax| ), then the control

system 400 initiates shut-down and the compressor 404
is locked out. If the conditions for shut-down as described
above are not met, then a fault check is conducted using
thresholds lower than those used in the shut-down de-
termination. If the surge count N is greater than or equal
to a fault surge count limit Ngy s (N > Ng, ), or if the surge
N
severity accumulation Zi=1|5urgei| is greater than
or equal to a fault surge severity limit |surgeg,ul (

N
Zi=1|5urgei| = |Surgefault| ), then the control

system 400 increases the surge speed control margin of
the dynamic compressor 404, as indicated by the control
margin shift 1008 of the operating map 1000 shown in
Fig. 11. The surge speed control margin may be in-
creased by a fixed amount, by a fixed percentage, or by
a variable amount. After the surge speed control margin
is increased, a surge fault is issued to the controller 410.
In some embodiments, the surge fault is an alarm issued
to a separate system controller (not shown in Fig. 6) of
an HVAC system of which the dynamic compressor 404
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is a part. If the fault conditions as described above are
not met, then an alarm limit check is conducted using
thresholds lower than those used in the fault check. If the
surge count N is greater than or equal to an alarm count
limit Ny am (N = Ngam), or if the surge severity accumu-
lation é\,:llsurgei |
alarm

is greater than or equal to an

surge  severity  limit |surge

alarml (

N
i=1lsurge;| 2 |surgeqqrm| ), then the control

system 400 issues a surge warning to the controller 410.
In some embodiments, the surge warning is an alarm
issued to a separate system controller of an HVAC sys-
tem. Further, when a surge event is detected, the speed
S of the dynamic compressor 404 is measured and com-
pared to a predicted surge speed S Plus a charge

margin Sp.qin- Ifthe speed Sis greater than the predicted
surge speed S+ Plus the charge margin S5 (S >

Spredict * Smargin)» then the surge speed control margin

is increased. When this occurs, a low charge warning to
the controller 410 is issued indicating that the system
may need additional working fluid (e.g., refrigerant). In
some embodiments, the low charge warning is an alarm
issued to a separate system controller (not shown in Fig.
6) of an HVAC system of which the dynamic compressor
404 is a part. Other embodiments may perform the above
comparisons in reverse order. That is, the alarm limit
check may be conducted first, the fault check second,
and the shutdown check last. In such embodiments, if
the alarm limit check determines not to issue a surge
warning, the comparisons may be stopped, because the
thresholds for the fault check and the shutdown check
are larger than the threshold for the alarm limit check,
and they cannot be exceeded if the lower alarm limit
threshold (N 4m) is not exceeded.

[0048] In some embodiments, when a surge event is
detected, the unloading device is actuated as the protec-
tive action to unload the compressor to reduce the se-
verity of the surge. In the example embodiment, the un-
loading device is a load balance valve and reduces the
load onthe compressor 404 for time Ty, minutes before
returning the load on the compressor 404.

[0049] Technical benefits of the methods and systems
described herein are as follows: (a) continuous monitor-
ing of the number of surge events and surge severity as
seen by a compressor in a HVAC system, (b) comparing
the surge events and surge severity to the maximum
number of surges a compressor can handle in an HVAC
system, and (c) comparing compressor speed during
surge events to predicted surge speed at a current pres-
sure ratio.

[0050] When introducing elements of the present dis-
closure or the embodiment(s) thereof, the articles "a",
"an", "the" and "said" are intended to mean that there are
one or more of the elements. The terms "comprising,"
"including," "containing" and "having" are intended to be
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inclusive and mean that there may be additional elements
otherthanthelisted elements. The use oftermsindicating
a particular orientation (e.g., "top", "bottom", "side", etc.)
is for convenience of description and does not require
any particular orientation of the item described.

[0051] Asvariouschanges could be made inthe above
constructions and methods without departing from the
scope of the disclosure, it is intended that all matter con-
tained in the above description and shown in the accom-
panying drawing(s) shall be interpreted as illustrative and
not in a limiting sense.

[0052] The present disclosure includes the following
features:

1. A system comprising:
a dynamic compressor comprising:

a motor having a driveshaft rotatably sup-
ported within the dynamic compressor; and
a compression mechanism connected to
the driveshaft and operable to compress a
working fluid upon rotation of the driveshaft;

a variable frequency drive (VFD) including a
sensor configured to sense a current provided
to the motor; and

a controller connected to the motor, the control-
ler comprising a processor and a memory,
wherein the memory stores instructions that pro-
gram the processor to:

operate the motor using the VFD to com-
press the working fluid;

receive signals representing the current
from the VFD to the motor; and

determine when a surge event has occurred
based atleastin partonthe received signals
representing the current from the VFD to
the motor.

2. The system of feature 1, wherein the memory
stores further instructions that program the proces-
sor to determine the surge event has occurred by
determining a difference between a previous current
and a present current based on the received signals
representing the current from the VFD to the motor.
3. The system of feature 2, wherein the memory
stores further instructions that program the proces-
sor to determine the previous current by averaging
aplurality of the signals representing the current from
the VFD to the motor that are received by the proc-
essor before receiving a signal from the VFD repre-
senting the present current from the VFD to the mo-
tor.

4. The system of feature 2, wherein the memory
stores further instructions that program the proces-
sor to determine the surge event has occurred when
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the difference exceeds a surge threshold.

5. The system of feature 4, wherein the surge thresh-
old is a variable threshold.

6. The system of feature 5 further comprising a speed
sensor configured to detect a speed of the motor,
and wherein the memory stores further instructions
that program the processor to determine the surge
threshold based at least in part on the detected
speed of the motor when the signal representing the
present current is received.

7. The system of feature 2, wherein the memory
stores further instructions that program the proces-
sor to determine a magnitude of the surge based on
the difference between the previous current and the
present current.

8. The system of feature 7, wherein the memory
stores further instructions that program the proces-
sor to store an indication of the occurrence of the
surge event and the determined magnitude of the
surge in the memory.

9. The system of feature 1, wherein the dynamic
compressor is a centrifugal compressor, and the
compression mechanism is an impeller.

10. The system of feature 9, wherein the system is
an HVAC system, and the working fluid is a refriger-
ant.

11. A controller for a dynamic compressor including
a motor and a compression mechanism connected
to the motor and operable to compress a working
fluid upon operation of the motor, the controller com-
prising:

a processor; and
a memory, wherein the memory stores instruc-
tions that program the processor to:

operate the motor to compress the working
fluid;

receive signals representing the current
provided to the motor to operate the motor;
and

determine when a surge eventhas occurred
based atleastin parton thereceived signals
representing the current provided to the mo-
tor.

12. The controller of feature 11, wherein the memory
stores further instructions that program the proces-
sor to determine the surge event has occurred by
determining a difference between a previous current
and a present current based on the received signals
representing the current provided to the motor.

13. The controller of feature 12, wherein the memory
stores further instructions that program the proces-
sor to determine the previous current by averaging
a plurality of the signals representing the current pro-
vided to the motor that are received by the processor
before receiving a signal representing the present
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current being provided to the motor.

14. The controller of feature 12, wherein the memory
stores further instructions that program the proces-
sor to determine the surge event has occurred when
the difference exceeds a surge threshold.

15. The controller of feature 14, wherein the surge
threshold is a variable threshold, and the memory
stores further instructions that program the proces-
sor to determine the surge threshold based at least
in part on a detected speed of the motor when the
signal representing the present current is received.
16. The controller of feature 12, wherein the memory
stores further instructions that program the proces-
sor to:

determine a magnitude of the surge based on
the difference between the previous current and
the present current; and

store an indication of the occurrence of the surge
event and the determined magnitude of the
surge in the memory.

17. A method of detecting occurrence of a surge
event in a dynamic compressor including a motor
and a compression mechanism connected to the mo-
tor and operable to compress a working fluid upon
operation of the motor, the method comprising:

operating the motor to compress the working flu-
id;

receiving signals representing the current pro-
vided to the motor to operate the motor; and
determining when a surge event has occurred
based only on the received signals representing
the current provided to the motor and a surge
threshold.

18. The method of feature 17, wherein determining
when a surge event has occurred comprises:

determining a difference between a previous
current and a present current based on the re-
ceived signals representing the current provided
to the motor; and

determining the surge event has occurred when
the difference exceeds the surge threshold.

19. The method of feature 18, wherein determining
the previous current comprises averaging a plurality
of the signals representing the current provided to
the motor that are received by the processor before
receiving a signal representing the present current
being provided to the motor.

20. The method of feature 18, wherein the surge
threshold is a variable threshold, and determining
when a surge event has occurred comprises deter-
mining the surge threshold based at least in part on
a detected speed of the motor when the signal rep-
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resenting the present current is received.
21. A system comprising:

a dynamic compressor comprising:

a motor having a driveshaft rotatably sup-
ported within the dynamic compressor; and
a compression mechanism connected to
the driveshaft and operable to compress a
working fluid upon rotation of the driveshaft;
and

a controller connected to the motor, the control-
ler comprising a processor and a memory,
wherein the memory stores instructions that pro-
gram the processor to:

operate the motor to compress the working
fluid at a motor speed greater than a pre-
dicted minimum surge speed plus a control
margin;

determine when surge events have oc-
curred;

store, in the memory, an indication of each
surge event that the processor determined
to have occurred; and

determine whether or not to take a protec-
tive action when the processor determines
that a surge event has occurred.

22. The system of feature 21, wherein the protective
action comprises generating an alert.

23. The system of feature 22, wherein the memory
stores further instructions that program the proces-
sor to determine to generate an occurrence alert as
the alert when a number of surge events having an
indication stored in the memory is greater than or
equal to an occurrence alarm limit.

24. The system of feature 23, wherein the memory
stores further instructions that program the proces-
sor to determine to generate a fault alert as the alert
when a number of surge events having an indication
stored in the memory is greater than or equal to a
fault limit that is greater than the occurrence alarm
limit.

25. The system of feature 24, wherein the memory
stores further instructions that program the proces-
sortoincrease the control margin each time the proc-
essor determines to generate the fault alert.

26. The system of feature 22, wherein the indication
of each surge eventincludes an indication of a mag-
nitude of the surge event, and the memory stores
further instructions that program the processor to
generate a severity alert as the alert when a sum of
the magnitudes of the determined surge events
stored in the memory is greater than or equal to a
severity alarm limit.

27. The system of feature 26, wherein the memory
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stores further instructions that program the proces-
sor to determine to generate a fault alert as the alert
when a sum of the magnitudes of the determined
surge events stored in the memory is greater than
or equal to a severity fault limit that is greater than
the severity alarm limit.

28. The system of feature 27, wherein the memory
stores further instructions that program the proces-
sor to increase the control margin each time the proc-
essor determines to generate the fault alert.

29. The system of feature 22, wherein the system is
an HVAC system, the working fluid is a refrigerant,
and the memory stores further instructions that pro-
gram the processor to:

determine to generate the alert when a speed
of the motor when the surge event was deter-
mined to occur exceeds a sum of the predicted
minimum surge speed, the control margin, and
a charge margin; and

increase the control margin when the processor
determines to generate the alert.

30. The system of feature 22, wherein the alert com-
prises a warning signal transmitted to a remotely lo-
cated system controller.

31. The system of feature 21, wherein the protective
action comprises stopping the motor, the indication
of each surge event includes an indication of a mag-
nitude of the surge event, and the memory stores
furtherinstructions that program the processor to de-
termine to stop the motor when:

a number of surge events that the processor de-
termined to have occurred is greater than or
equal to an occurrence shutdown threshold; or
a sum of the magnitudes of the determined
surge events stored in the memory is greater
than or equal to an accumulation shutdown
threshold.

32. The system of feature 21, wherein the system
further comprises an unloading device, and the pro-
tective action comprises actuating the unloading de-
vice to unload the compressor to reduce a severity
of the determined surge event.

33. A controller for a dynamic compressor including
a motor and a compression mechanism connected
to the motor and operable to compress a working
fluid upon operation of the motor, the controller com-
prising:

a processor; and
a memory, wherein the memory stores instruc-
tions that program the processor to:

operate the motor to compress the working
fluid at a motor speed greater than a pre-
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dicted minimum surge speed plus a control
margin;

determine when surge events have oc-
curred;

store, in the memory, an indication of each
surge event that the processor determined
to have occurred; and

determine whether or not to take a protec-
tive action when the processor determines
that a surge event has occurred.

34. The controller of feature 33, wherein the memory
stores instructions that program the processor to de-
termine whether or not to take a protective action
when the processor determines that a surge event
has occurred by:

generating an occurrence alert when a number
of surge events having an indication stored in
the memory is greater than or equal to an oc-
currence alarm limit;

generating a fault alert when a number of surge
events having an indication stored in the mem-
ory is greater than or equal to a fault limit that is
greater than the occurrence alarm limit;
increasing the control margin each time the
processor determines to generate the fault alert;
and

stopping the motor when a number of surge
events that the processor determined to have
occurred is greater than or equal to an occur-
rence shutdown threshold.

35. The controller of feature 33, wherein the indica-
tion of each surge event includes an indication of a
magnitude of the surge event, and the memory
stores further instructions that program the proces-
sor to determine whether or not to take a protective
action when the processor determines that a surge
event has occurred by:

generating a severity alert when a sum of the
magnitudes of the determined surge events
stored in the memory is greater than or equal to
a severity alarm limit;

generating a fault alert when a sum of the mag-
nitudes of the determined surge events stored
in the memory is greater than or equal to a se-
verity fault limit that is greater than the severity
alarm limit;

increasing the control margin each time the
processor determines to generate the fault alert;
and

stopping the motor when a sum of the magni-
tudes of the determined surge events stored in
the memory is greater than or equal to an accu-
mulation shutdown threshold.
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36. The controller of feature 33, wherein the dynamic
compressor is part of an HVAC system, the working
fluid is a refrigerant, and the memory stores further
instructions that program the processor to determine
whether or not to take a protective action when the
processor determines that a surge event has oc-
curred by determining to generate a charge alert
when a speed of the motor when the surge event
was determined to occur exceeds a sum of the pre-
dicted minimum surge speed, the control margin,
and a charge margin.

37. A method for controlling a dynamic compressor
including a motor and a compression mechanism
connected to the motor and operable to compress a
working fluid upon operation of the motor, the meth-
od comprising:

operating the motor to compress the working flu-
id ata motor speed greater than a predicted min-
imum surge speed plus a control margin;
determining when surge events have occurred;
storing an indication of each surge event that
the processor determined to have occurred; and
determining whether or not to take a protective
action when the processor determines that a
surge event has occurred.

38. The method of feature 37, wherein determining
whether or not to take a protective action when the
processor determines that a surge event has oc-
curred comprises:

generating an occurrence alert when a number
of surge events having an indication stored in
the memory is greater than or equal to an oc-
currence alarm limit;

generating a fault alert when a number of surge
events having an indication stored in the mem-
ory is greater than or equal to a fault limit that is
greater than the occurrence alarm limit;
increasing the control margin each time the
processor determines to generate the fault alert;
and

stopping the motor when a number of surge
events that the processor determined to have
occurred is greater than or equal to an occur-
rence shutdown threshold.

39. The method of feature 37, wherein determining
whether or not to take a protective action when the
processor determines that a surge event has oc-
curred comprises:

generating a severity alert when a sum of the
magnitudes of the determined surge events
stored in the memory is greater than or equal to
a severity alarm limit;

generating a fault alert when a sum of the mag-
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nitudes of the determined surge events stored
in the memory is greater than or equal to a se-
verity fault limit that is greater than the severity
alarm limit;

increasing the control margin each time the
processor determines to generate the fault alert;
and

stopping the motor when a sum of the magni-
tudes of the determined surge events stored in
the memory is greater than or equal to an accu-
mulation shutdown threshold.

40. The method of feature 37, wherein the dynamic
compressor is part of an HVAC system, the working
fluid is a refrigerant, and determining whether or not
to take a protective action when the processor de-
termines that a surge event has occurred comprises
determining to generate a charge alertwhen a speed
of the motor when the surge event was determined
to occur exceeds a sum of the predicted minimum
surge speed, the control margin, and a charge mar-

gin.

Claims

A system (400) comprising:
a dynamic compressor (100, 404) comprising:

amotor (108, 406) having a driveshaft (104)
rotatably supported within the dynamic
compressor (100); and

a compression mechanism (106, 116, 407)
connected to the driveshaft (104) and oper-
able to compress a working fluid upon rota-
tion of the driveshaft (104); and

a controller (410) connected to the motor (108,
406), the controller (410) comprising a proces-
sor (411) and a memory (412), wherein the
memory (412) stores instructions that program
the processor (411) to:

operate the motor (108, 406) to compress
the working fluid at a motor speed greater
than a predicted minimum surge speed
(1004) plus a control margin (1005);
determine when surge events have oc-
curred;

store, in the memory (412), an indication of
each surge event that the processor (411)
determined to have occurred; and
determine whether or not to take a protec-
tive action when the processor (411) deter-
mines that a surge event has occurred.

2. The system (400) of claim 1, wherein the protective
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action comprises generating an alert.

The system (400) of claim 2, wherein the memory
(412) stores further instructions that program the
processor (411) to determine to generate an occur-
rence alert as the alert when a number of surge
events having an indication stored in the memory is
greater than or equal to an occurrence alarm limit.

The system (400) of claim 3, wherein the memory
(412) stores further instructions that program the
processor (411) to determine to generate a fault alert
as the alert when a number of surge events having
an indication stored in the memory is greater than or
equal to a fault limit that is greater than the occur-
rence alarm limit.

The system (400) of claim 4, wherein the memory
(412) stores further instructions that program the
processor (411) to increase the control margin
(1005) each time the processor determines to gen-
erate the fault alert.

The system (400) of claim 2, wherein the indication
of each surge event includes an indication of a mag-
nitude of the surge event, and the memory (412)
stores further instructions that program the proces-
sor (411) to generate a severity alert as the alert
when a sum of the magnitudes of the determined
surge events stored in the memory (412) is greater
than or equal to a severity alarm limit.

The system (400) of claim 6, wherein the memory
(412) stores further instructions that program the
processor (411) to determine to generate a fault alert
as the alert when a sum of the magnitudes of the
determined surge events stored in the memory is
greater than or equal to a severity fault limit that is
greater than the severity alarm limit.

The system (400) of claim 7, wherein the memory
(412) stores further instructions that program the
processor (411) to increase the control margin
(1005) each time the processor (411) determines to
generate the fault alert.

The system (400) of claim 2, wherein the system is
an HVAC system, the working fluid is a refrigerant,
and the memory (412) stores further instructions that
program the processor (411) to:

determine to generate the alert when a speed
(1007) of the motor (108, 406) when the surge
event was determined to occur exceeds a sum
of the predicted minimum surge speed (1004),
the control margin (1005), and a charge margin;
and

increase the control margin (1005) when the
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processor (411) determines to generate the
alert.

The system (400) of claim 1, wherein the protective
action comprises stopping the motor (108, 406), the
indication of each surge eventincludes an indication
of a magnitude of the surge event, and the memory
(412) stores further instructions that program the
processor (411) to determine to stop the motor (108,
406) when:

a number of surge events that the processor
(411) determined to have occurred is greater
than or equal to an occurrence shutdown thresh-
old; or

a sum of the magnitudes of the determined
surge events stored in the memory (412) is
greater than or equal to an accumulation shut-
down threshold.

The system (400) of claim 1, wherein the system
(400) further comprises an unloading device (401),
and the protective action comprises actuating the
unloading device (401) to unload the compressor
(100, 404) to reduce a severity of the determined
surge event.

A method (1400) for controlling a dynamic compres-
sor (100, 404) including a motor (108, 406) and a
compression mechanism (106, 116, 407) connected
to the motor (108, 406) and operable to compress a
working fluid upon operation of the motor (108, 406),
the method (1400) comprising:

operating (1401) the motor (108, 406) to com-
press the working fluid at a motor speed greater
than a predicted minimum surge speed (1004)
plus a control margin (1005);

determining (1402) when surge events have oc-
curred;

storing (1403) an indication of each surge event
that the processor (411) determined to have oc-
curred; and

determining (1404) whether or not to take a pro-
tective action when the processor (411) deter-
mines that a surge event has occurred.

The method (1400) of claim 12, wherein determining
whether or not to take a protective action when the
processor (411) determines that a surge event has
occurred comprises:

generating an occurrence alert when a number
of surge events having a stored indication is
greater than or equal to an occurrence alarm
limit;

generating a fault alert when a number of surge
events having a stored indication is greater than
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or equal to a fault limit that is greater than the
occurrence alarm limit;

increasing the control margin (1005) each time

the processor (411) determines to generate the
fault alert; and 5
stopping the motor (108, 406) when a number

of surge events that the processor (411) deter-
mined to have occurred is greater than or equal

to an occurrence shutdown threshold.

10
14. The method (1400) of claim 12, wherein determining
whether or not to take a protective action when the
processor (411) determines that a surge event has
occurred comprises:
15

generating a severity alert when a sum of the
magnitudes of the stored determined surge
events is greater than or equal to a severity
alarm limit;

generating a fault alert when a sum of the mag- 20
nitudes of the stored determined surge events

is greater than or equal to a severity fault limit
that is greater than the severity alarm limit;
increasing the control margin (1005) each time

the processor (411) determines to generate the 25
fault alert; and

stopping the motor (108, 406) when a sum of

the magnitudes of the stored determined surge
events is greater than or equal to an accumula-

tion shutdown threshold. 30

15. The method (1400) of claim 12, wherein the dynamic
compressor (100, 404) is part of an HVAC system,
the working fluid is a refrigerant, and determining
whether or not to take a protective action when the 35
processor (411) determines that a surge event has
occurred comprises determining to generate a
charge alert when a speed of the motor (108, 406)
when the surge event was determined to occur ex-
ceeds a sum of the predicted minimum surge speed 40
(1004), the control margin (1005), and a charge mar-

gin.
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