(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 May 2018 (17.05.2018)

(10) International Publication Number

WO 2018/089228 A1l

WIPO I PCT

(51) International Patent Classification:
HO2K 11/20 (2016.01) GOIR 31/34 (2006.01)

(21) International Application Number:
PCT/US2017/059248

(22) International Filing Date:
31 October 2017 (31.10.2017)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
15/349,563

(71) Applicant: BORGWARNER INC. [US/US]; 3850 Ham-
lin Road, Auburn Hills, MI 48326 (US).

(72) Imventor: ALFERMANN, Timothy J.; 600 Corporation
Drive, Pendleton, IN 46064 (US).

11 November 2016 (11.11.2016) US

(74) Agent: KERNUS, Victor; Cantor Colburn LLP, 20 Church
Street, 22nd Floor, Hartford, Connecticut 06103 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: BEARING FAULT DETECTION SYSTEM FOR AN ALTERNATOR

70
o W

28—

193 T80
39
60
/
&
|.—68

=l
S

\\12

wo 2018/089228 A1 | 0K 00

FIG. 2

(57) Abstract: An alternator system includes an alternator including a housing, a stator having a stator assembly fixedly mounted
relative to the housing, and a rotor rotatably mounted relative to the housing. The stator assembly produces one or more phase voltages.
A rotor fault detection system is electrically connected to the stator assembly. The rotor fault detection system is operable to detect
a rotor fault condition based on a quality of the one or more phase voltages of the stator assembly. An output member is operable to
provide a visual output indicating the rotor fault condition is present.
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BEARING FAULT DETECTION SYSTEM FOR AN ALTERNATOR

BACKGROUND OF THE INVENTION

[0001] Exemplary embodiments pertain to the art of alternators and, more
particularly, to a bearing fault detection system for an alternator.

[0002] Alternators include a number of components which, over time, may fail.
Harsh operating environments, length of operation, and other factors may lead to failure of
one or more alternator components. Failure of an alternator component could lead to an
interruption in charging. If left undetected, the interruption in charging may prove to be
inconvenient to a driver. Various systems exist to detect faults in electronic components of
an alternator. Other systems exist which detect a lack of output. If a failure is detected, a
warning is provided to the driver. Typically, the warning takes the form of an indicator light

or a text message presented on a display.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Disclosed is an alternator system including an alternator including a housing, a
stator having a stator assembly fixedly mounted relative to the housing, and a rotor rotatably
mounted relative to the housing. The stator assembly produces one or more phase voltages.
A rotor fault detection system is electrically connected to the stator assembly. The rotor fault
detection system is operable to detect a rotor fault condition based on a quality of the one or
more phase voltages of the stator assembly. An output member is operable to provide a
visual output indicating the rotor fault condition is present.

[0004] Also disclosed is a method of detecting alternator faults including monitoring
one or more phase voltages output from the alternator, detecting a change in signal quality of
the one or more phase voltages indicative of a rotor fault condition, and outputting an alert

indicating a presence of the rotor fault condition based on the change in signal quality.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The following descriptions should not be considered limiting in any way.
With reference to the accompanying drawings, like elements are numbered alike:
[0006] FIG. 1 depicts an alternator including a rotor fault detection system, in
accordance with an exemplary embodiment;

[0007] FIG. 2 depicts a cross-sectional view of the alternator of FIG. 1,
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[0008] FIG. 3 depicts a block diagram illustrating the rotor fault detection system, in
accordance with an exemplary embodiment;

[0009] FIG. 4 depicts a flow diagram illustrating a method of detecting rotor failure,
in accordance with an aspect of an exemplary embodiment;

[0010] FIG. 5 depicts a graph illustrating output phases employed by the rotor fault
detection system to determine a rotor failure, in accordance with an aspect of an exemplary
embodiment; and

[0011] FIG. 6 depicts a graph illustrating output phases employed by the rotor fault
detection system to determine a rotor failure, in accordance with another aspect of an

exemplary embodiment

DETAILED DESCRIPTION OF THE INVENTION

[0012] A detailed description of one or more embodiments of the disclosed apparatus
and method are presented herein by way of exemplification and not limitation with reference
to the Figures.

[0013] An alternator system, in accordance with an exemplary embodiment, includes
an alternator indicated generally at 10 in FIGS. 1 and 2. Alternator 10 includes a housing 12
having a first housing portion 14 and a second housing portion 16. First and second housing
portions 14 and 16 cover, at least in part, opposing ends (not separately labeled) of a stator
assembly 18 that supports one or more windings 19. A plurality of mechanical fasteners, one
of which is indicated at 22 join first and second housing portions 14 and 16 sandwiching
stator assembly 18 therebetween.

[0014] Alternator 10 includes a driven end 28 and a load or output end 30. Driven
end 28 includes a pulley 36 that may be driven by a belt (not shown) associated with a prime
mover, such as an engine (also not shown). Output end 30 includes a cover 38 that may
support an output system 39 that may take the form of a voltage regulator 40 that controls an
electrical output by controlling field coil current inducing voltage in stator assembly 18 to
charge a battery (not shown).The electrical output may pass through one or more stator coils
52, 53, and 54 in the form of first, second and third phase voltages. Of course, it should be
understood that the number of phase voltages produced by alternator 10 may vary.

[0015] A rotor 60 is rotatably supported in housing 12 relative to stator 18. Rotor 60
includes a rotor winding 62 and is supported by a shaft 64 having a first or driven end 66
coupled to pulley 36 and a second end 68. First end 66 is supported at driven end 28 of
housing 12 by a first bearing 70. Second end 68 is supported at output end 30 through a
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second bearing 72. Over time, first and/or second bearing 70, 72 may fail leading to an
impediment to rotation of rotor 60. The impediment to rotation may also lead to undesirable
contact between rotor windings 62 and stator windings 19 which, if left unchecked, will lead
to an operational failure of alternator 10.

[0016] In accordance with an aspect of an exemplary embodiment illustrated in FIG.
3, output system 39 is electrically coupled to a rotor fault detection system 80. Rotor fault
detection system 80 is operable to detect a rotor fault condition of rotor 60 based on a quality
of the one or more phase voltages produced by alternator 10. Specifically, rotor fault
detection system 80 may detect a faulty bearing that may cause a rubbing of rotor 60 and
stator 18 or other anomalies indicating that one or more of first and second bearings 70, 72
may be failing. The term “rotor rubbing condition” should be understood to describe a
condition of rotor 60 that may result in a corruption to output signals. The corruption, if left
unchecked, could result in alternator failure.

[0017] In accordance with an aspect of an exemplary embodiment, rotor fault
detection system 80 includes a fault detection module 84 having a processor 86, a memory 88
and a phase voltage monitoring module 90. Rotor fault detection system 80 may also include
an alternator speed input 92 that senses an operation speed of alternator 10. In this manner,
rotor fault detection system 80 may monitor for faults by comparing a phase voltage
waveform to an ideal or expected phase voltage waveform at a selected speed.

[0018] Phase voltage monitoring module 90 evaluates a quality of the one or more
phase voltages output from alternator 10 to determine whether a fault condition exists. Ifa
fault detection is detected, an alert may be provided through an output member 94 warning a
user of a possible maintenance requirement or other action. The alert may be a visual alert,
and/or an audible alert provided to a user. It should be understood that the term “quality of
the one or more phase voltages” describes a signal quality of the one or more phase voltages
output by alternator 10. It is to be understood that “signal quality” may be evaluated to
determine the existence of signal anomalies which lead to a conclusion that a fault condition
has developed. It is to be understood that the term “signal anomalies” describes undesirable
or abnormal signal attributes.

[0019] FIG. 4 depicts a method 120 of detecting rotor faults in accordance with an
aspect of an exemplary embodiment. In block 122, rotor fault detection system 80 monitors
the one or more phase voltages output from alternator 10. In block 124, rotor fault detection
system 80 determines whether output signal quality is acceptable. If output signal quality is

not acceptable, an alert may be provided in block 126. The alert may be a visual output in the
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form of a warning light, a text based message or the like. An audible alert may take the form
of a tone, a simulated voice or the like. The alert may be output in the event that a number of
fault conditions exceed a predetermined number of faulty signals for a selected time duration.

[0020] In accordance with an aspect of an exemplary, phase voltage monitoring
module 90 may implement a HI/LO mismatch review as shown in FIG. 5. In a HI/LO
mismatch review, a HI value 132 may be set at a first voltage value and a LO value 134 may
be set at a low voltage value. The HI value 132 may represent a value that is slightly lower
than nominal output voltage of alternator 10 and the LO value 134 may represent a voltage
value near zero volts. In the HI/LO mismatch review, a time duration a signal exists at HI
value 132 is compared against a time duration the signal exists at LO value 134. If the time
durations are substantially similar, such as with signals 135, no fault condition is seen to
exist. However, if signals such as those shown at 136, having a time duration at HI value 132
that is different from the time duration at LO value 134 are detected, a fault condition is
indicated.

[0021] In accordance with an aspect of an exemplary embodiment, if there is a rotor
fault condition may be indicated based on a percent difference between a time duration for a
first predetermined voltage value, e.g., HI value 132 and a time duration for a second
predetermined voltage value, e.g., LO value 134. In accordance with an exemplary aspect, a
fault condition may exist if the percent difference is between about 5% and 40%. In
accordance with another exemplary aspect, a rotor fault condition may exist if the percent
difference is no more than about 30%. In accordance with yet another exemplary aspect, a
rotor fault condition may exist if the percent difference is about 10%.

[0022] In accordance with another aspect of an exemplary embodiment, phase voltage
monitoring module 90 may implement a HI time voltage vs. expected frequency review 140
as shown in FIG. 6. The phrase “HI time” should be understood to describe a time duration a
signal exists at a desired voltage level, such as slightly lower than nominal output, during a
single cycle. In the HI Time Voltage vs. Expected Frequency review, a HI value 142 may be
set at a voltage value that may represent a nominal output of alternator 10. Rotor fault
detection system 80 evaluates a time duration a signal exists at HI value 142. A voltage value
may be compared against an expected time value that may be stored in memory 88. If the
time duration is as expected, such as seen in signals 145, no fault condition is seen to exist.
However, if signals such as shown at 146, having a time duration at HI value 142 that is

different from what which is expected, a fault condition is indicated.
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[0023] Expected HI time value may be derived from prime mover (engine) speed and
a relationship through a pulley ratio and machine pole count to phase frequency. Hi value
142 should be consistent with the expected time value at a given frequency.

[0024] It is to be understood that exemplary embodiments provide a system for
detecting an alternator fault condition based on signal quality. That is, in contrast to prior art
systems in which a fault is indicated based on an absence of output, or a non-nominal output,
the exemplary embodiments can detect a fault even when output voltage is at desired levels
and differentiate between other failure modes. Detecting faults early may provide a user with
time to initiate a maintenance cycle before being stranded by a power loss. Identifying
bearing failure modes can help limit failure severity by taking appropriate action.

[0025] The terms “about” and “substantially” are intended to include the degree of
error associated with measurement of the particular quantity based upon the equipment
available at the time of filing the application. For example, “about” can include a range of £
8% or 5%, or 2% of a given value.

[0026] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms “a”, “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, element components,
and/or groups thereof.

[0027] While the invention has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of the

claims.



WO 2018/089228 PCT/US2017/059248

CLAIMS
What is claimed is:

1. An alternator system comprising:

an alternator including a housing, a stator having a stator assembly fixedly mounted
relative to the housing, and a rotor rotatably mounted relative to the housing, the stator
assembly producing one or more phase voltages;

a rotor fault detection system electrically connected to the stator assembly, the rotor
fault detection system being operable to detect a rotor fault condition based on a quality of
the one or more phase voltages of the stator assembly; and

an output member operable to provide a visual output indicating the rotor fault
condition is present.

2. The alternator system according to claim 1, wherein the rotor fault detection
system determines whether a corruption of the one or more phase voltages exists.

3. The alternator system according to claim 2, wherein the corruption results
indicates contact between the rotor and the stator.

4. The alternator system according to claim 2, wherein the corruption results
from a faulty bearing rotatably supporting the rotor relative to the stator.

5. The alternator system according to claim 1, wherein the rotor fault detection
system includes a phase voltage monitoring module operable to detect the quality of the one
or more phase voltages from the alternator.

6. The alternator system according to claim 5, wherein the phase voltage
monitoring module detects a phase voltage waveform of the one or more phase voltages.

7. A method of detecting alternator faults comprising:

monitoring one or more phase voltages output from the alternator;

detecting a change in signal quality of the one or more phase voltages indicative of a
rotor fault condition; and

outputting an alert indicating a presence of the rotor fault condition based on the
change in signal quality.

8. The method of claim 7, wherein detecting the rotor fault condition includes
determining the presence of contact between a rotor and a stator.

9. The method of claim 7, wherein detecting the rotor fault condition includes
detecting a faulty bearing rotatably supporting the rotor.

10. The method of claim 7, wherein detecting the change in signal quality includes

sensing a change in a phase voltage waveform.
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11. The method of claim 7, wherein detecting the change in signal quality includes
indicating a faulty signal based on a percent difference between a time duration for a first

predetermined voltage value and a time duration for a second predetermined voltage value.

12. The method of claim 11, wherein the percent difference is between about 5%
and 40%.

13. The method of claim 12, wherein the percent difference is no more than about
30%.

14. The method of claim 13, wherein the percent difference is about 10%.

15. The method of claim 7, wherein outputting the alert includes presenting the

alert if there are a predetermined number of faulty signals in a selected time duration.

16. The method of claim 7, wherein detecting the changes in signal quality
includes indicating a faulty signal based on a deviation from an expected phase voltage
waveform at a selected speed.

17. The method of claim 16, wherein outputting the alert includes presenting the
alert if there are a predetermined number of faulty signals in a selected time duration.

18. The method of claim 7, wherein monitoring the one or more phase voltages
output from the alternator includes detecting one or more phase voltages produced above a

selected speed.
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