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METHOD AND SYSTEM FOR DETECTING CORE 
FAULTS 

BACKGROUND OF INVENTION 

0001. The invention relates generally to detecting core 
faults and more particularly to testing laminated cores of 
electric machines for interlamination short circuits. 

0002. A conventional large generator lamination segment 
includes a back iron, teeth and slots. Lamination Segments 
(each about 254 microns to about 508 microns thick) are 
formed into a magnetic core by Stacking. Typically a plu 
rality of lamination segments (eighteen lamination segments 
each being twenty degrees, for one example) are used to 
form a complete first lamination with the next plurality of 
lamination Segments forming a complete Second lamination 
on top of and offset from the lamination Segments in the first 
lamination. The Stacking continues until formation of a short 
stack of about 2.54 centimeters to about 10.16 centimeters 
thick. A plurality of Short Stacks are further joined and/or 
clamped by bolts and/or other mechanical devices to form a 
Stator core. A typical large generator Stator core has a 
diameter ranging from about 1 meter to about 3 meters and 
a length ranging from about 1 meter to about 10 meters. 
0.003 Laminated stator cores are tested for interlamina 
tion shorts during manufacture and during maintenance or 
Service procedures. Core faults, Such as faults caused by 
Short circuited laminations, in large electric machines can be 
highly destructive. 
0004 AS described in commonly assigned Kliman et al., 
U.S. patent application Ser. No. 09/575,715, filed Jul. 28, 
2000, core faults may be detected by positioning a magnetic 
yoke wound by a winding near at least one tooth of the core; 
Supplying current to the winding to inject magnetic flux into 
the at least one tooth; measuring at least one Signal resulting 
from the injected magnetic flux, and using the measured 
Signal to detect core faults. When a Small portion of the core 
is excited, if the laminations are well insulated from each 
other, the flux response to the excitation will be primarily 
due to the permeable core material as modified by normal 
hysterisis losses and eddy currents in the laminations. How 
ever, if faults exist anywhere in the excited region, circu 
lating currents will be induced which will alter the magni 
tude and phase of the response. Such altered phases or 
magnitudes can be used as a core condition indicator when 
used to compare one region of the core with another region 
of the core or to trend a single region over time. Addition 
ally, analysis of the Signal distribution for normal conditions 
and known fault conditions can be used to interpret mea 
Sured signals in order to estimate core condition. 
0005 U.S. patent application Ser. No. 09/575,715 has 
Several advantages as compared to prior embodiments. For 
example, short Stacks of laminations can be tested individu 
ally while Stacking during core fabrication and/or during 
core Servicing So that, if a fault is located, remedial measures 
can be taken immediately on the affected lamination, and, if 
no fault is located, additional Stacks can be formed and 
tested. In contrast, in prior embodiments, if a fault is later 
located in the middle of a completed core, a Substantial 
portion of the core had to be un-Stacked to gain access to the 
fault. 

0006 When the thickness of the magnetic yoke in U.S. 
patent application Ser. No. 09/575,715 exceeds the thickness 
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of about two or three core laminations, Sensitivity and 
Selectivity are reduced since the magnetic yoke itself will 
influence the losses measured along the winding. Physical 
and practical constraints limit minimum yoke thicknesses 
however. Another factor that influences sensitivity is the 
distance between the magnetic yoke and the core lamina 
tions. About 50-75 micrometers of lamination Stagger typi 
cally result from punching tolerances and assembly Vari 
ability when fabricating laminated cores. In machines which 
function as generators, lamination core Stagger is typically 
filled in and covered up by layers of thick paint. Such paint 
would further increase the effective gap between the mag 
netic yoke and the core. 
0007. It would be desirable to have a core fault detection 
method with increased Sensitivity. 

SUMMARY OF INVENTION 

0008 Briefly, in accordance with one embodiment of the 
present invention, a method for detecting core faults com 
prises (a) positioning a magnetic yoke near at least one tooth 
of the core, the magnetic yoke being wound by a winding 
and comprising two core-facing Surfaces and at least one 
flux Sensor Situated on at least one of the two core-facing 
Surfaces; (b) Supplying current to the winding to inject 
magnetic flux into the at least one tooth of the core; (c) using 
the at least one flux Sensor to measure a Signal resulting from 
the injected magnetic flux, and (d) using the measured signal 
to detect variations in flux on the at least one core-facing 
Surface representative of core faults. 
0009. In accordance with another embodiment of the 
present invention, a System for detecting core faults com 
prises at least one magnetic yoke for being positioned near 
at least one tooth of the core, the at least one magnetic yoke 
being wound by a winding and comprising two core-facing 
Surfaces and at least one flux Sensor Situated on at least one 
of the core-facing Surfaces. 

BRIEF DESCRIPTION OF DRAWINGS 

0010. These and other features, aspects, and advantages 
of the present invention will become better understood when 
the following detailed description is read with reference to 
the accompanying drawings in which like characters repre 
Sent like parts throughout the drawings, wherein: 
0011 FIG. 1 is a perspective view of a magnetic yoke for 
Sensing core faults in accordance with one embodiment of 
the present invention. 
0012 FIGS. 2 and 3 are respective front and sectional 
Side views of a typical flux Sensor for use with the magnetic 
yoke of FIG. 1 in accordance with a more specific embodi 
ment of the present invention. 
0013 FIG. 4 is a perspective view of a magnetic yoke in 
accordance with another embodiment of the present inven 
tion. 

0014 FIG. 5 is a sectional side view of the embodiment 
of FIG. 4. 

0015 FIG. 6 is a front view of a magnetic yoke in 
accordance with another embodiment of the present inven 
tion. 

DETAILED DESCRIPTION 

0016 FIG. 7 is a perspective view of a magnetic yoke 12 
for Sensing core 10 faults in accordance with one embodi 
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ment of the present invention wherein a method for detect 
ing core 10 faults comprises: (a) positioning a magnetic 
yoke 12 near at least one tooth 14 of the core, the magnetic 
yoke being wound by a winding 16 and comprising two 
core-facing Surfaces 20 and at least one flux Sensor 18 
Situated on at least one of the two core-facing Surfaces; (b) 
Supplying current to the winding to inject magnetic flux into 
the at least one tooth of the core; (c) using the at least one 
flux Sensor to measure a signal resulting from the injected 
magnetic flux, and (d) using the measured signal to detect 
variations in flux on the at least one core-facing Surface 
representative of core faults. The word “near” is meant to 
include actual physical contact or close enough proximity 
(typically less than or equal to about 254 micrometers 
distance, for example) So that the resulting signal has 
Sufficient resolution for fault detection. 

0017 More specifically, in the embodiment of FIG. 1, the 
magnetic yoke is positioned near two teeth, and, even more 
Specifically is a U-shaped (meaning U-shaped or C-shaped) 
yoke positioned near two adjacent teeth. Although adjacent 
teeth are shown in FIG. 1, the two teeth may have another 
tooth or multiple teeth therebetween. Magnetic yoke 12 may 
comprise a laminated, tape-wound, or molded (bonded iron 
or Steel particle composite) yoke. For laminated or tape 
wound yokes, it is useful (but not required) to have the 
direction of lamination or winding of the yoke be the same 
direction as the direction of lamination of core 10. It is useful 
to have the thickness of the yoke be in the range of about 1 
millimeter to about 15 millimeters. 

0.018 Flux sensor 18 comprises a sensor capable of being 
mounted on a core-facing Surface of magnetic yoke 12. Thin 
film type Sensors Such as planar flux coils and Hall effect 
devices, for example, are considered to be particularly 
Suitable for mounting on magnetic yokes. 

0019 FIGS. 2 and 3 are respective front and sectional 
Side views of a flux Sensor for use with the magnetic yoke 
of FIG. 1 in accordance with an embodiment wherein flux 
Sensor 18 comprises a (meaning at least one) planar coil 44. 
An advantage of using a planar coil is that Such coils can be 
fabricated as thin films. In one example, a coil having 
several turns has a thickness of about 0.0762 millimeters 
with each side of the coil being about 0.7620 millimeters 
long. 

0020. In one embodiment, flux sensor 18 further com 
prises a dielectric layer 42, planar coil 44 is situated on a 
dielectric layer 42, and flux sensor 18 further comprises a 
protective layer 54 overlying the planar coil and the dielec 
tric layer. Dielectric layer 42 may comprise any non-elec 
trically conductive material with Sufficient Structural integ 
rity to withstand the fabrication and operating environment 
of the flux Sensor. In one example, dielectric layer 42 
comprises a polyimide such as KAPTONTM polyimide 
(KAPTON is a trademark of DuPont Co.) having a thickness 
of about 25 micrometers. 

0021 Planar coil 44 can be fabricated on dielectric layer 
42 by Standard metallization and patterning techniques. In 
one example, the planar coil is applied by metallizing 
dielectric layer 42 with a conventional printed circuit board 
or chip interconnection material Such as copper and pattern 
ing the metallization using conventional techniques. 
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0022 Protective layer 54 may comprise a dielectric mate 
rial such as MYLARTM polyester film (MYLAR is a trade 
mark of DuPont Co.) having a thickness of about 25 
micrometers, for example. 
0023 FIGS. 2 and 3 further illustrate an optional 
embodiment wherein planar coil 44 comprises a first planar 
coil and wherein flux sensor 18 further comprises a second 
planar coil 46 and a conductive via 48 extending through the 
dielectric layer to electrically couple the first and Second 
planar coils. Second planar coil 46 may be formed in a 
Similar manner as discussed with respect to first coil 44. 
Conductive via 48 may be provided by forming a hole in the 
dielectric layer by mechanical punching or laser ablation, for 
example, and by metallizing the hole prior to application of 
the first and Second planar coils or Simultaneously with the 
application of a first or Second planar coil. 
0024 Planar coil 18 may be coupled by coupler 36 to a 
connector terminal 38 (FIG. 1) by any appropriate tech 
nique. In one embodiment, for example, coupler 36 is 
patterned on the same dielectric film 42 as planar coil 44 and 
extends to a connector terminal 38 Situated on magnetic 
yoke 12. In this embodiment, connector terminal 38 may be 
Situated in any convenient location on the yoke with the 
location in FIG. 1 being for purposes of example only. 
Leads 40 can then be coupled to connector terminal 38 for 
transmitting flux Signals to computer 34. 
0025 FIG. 4 is a perspective view of a magnetic yoke in 
accordance with another embodiment of the present inven 
tion wherein an array 50 (meaning “a plurality”) of flux 
Sensors is situated on one core-facing Surface or both 
core-facing Surfaces of the magnetic yoke, and FIG. 5 is a 
Sectional side view of the embodiment of FIG. 4 which 
illustrates a current loop 22 which results from the presence 
of a core fault 24 between two laminations 26. Typically the 
current loop will form between the fault and a key bar 28 and 
along the affected laminations. The resulting current creates 
additional losses as well as a shift in the magnetic potential 
or field of the laminations. Thus, the local field in the gap 30 
between the magnetic yoke 12 and a tooth will be disturbed 
in the vicinity of the affected laminations. By Scanning the 
flux Sensor Voltages, a pattern of gap flux density can be 
recorded. Anomalies in the pattern represent a core fault 
indication with the location of the flux sensors at the 
anomaly points indicating which laminations are affected by 
the fault. 

0026 FIG. 6 is a front view of a magnetic yoke in 
accordance with another embodiment of the present inven 
tion including a staggered array 52 of flux Sensors. Typically 
laminations are about 0.3556 millimeters. If laminations 
(shown as laminations 26 in FIG. 5) are thinner than the 
perimeter dimensions of at least one flux Sensor, the iden 
tification of the precise location of a fault (that is, the 
selectivity) can become more difficult. Selectivity can be 
improved, for example, as shown in the embodiment of FIG. 
6, by arranging two or ore rows of offset flux Sensors and 
moving the yoke in the direction of arrow 56. 
0027 Regardless of which of the one or more flux sensor 
embodiments is Selected, the Steps of Supplying current, 
measuring the resulting Signal, and using the measured 
Signal to detect core faults are typically repeated Such that a 
plurality of measurements are used to detect core faults. The 
measurements can be performed, for example, by axially 
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moving the magnetic yoke relative to the at least one tooth. 
Preferably, measurements are made until all regions of the 
core have been tested. 

0028. While only certain features of the invention have 
been illustrated and described herein, many modifications 
and changes will occur to those skilled in the art. It is, 
therefore, to be understood that the appended claims are 
intended to cover all Such modifications and changes as fall 
within the true spirit of the invention. 

1. A method for detecting core faults comprising: 
(a) positioning a magnetic yoke near at least one tooth of 

the core, the magnetic yoke being wound by a winding 
and comprising two core-facing Surfaces and at least 
one flux Sensor Situated on at least one of the two 
core-facing Surfaces, 

(b) Supplying current to the winding to inject magnetic 
flux into the at least one tooth of the core; 

(c) using the at least one flux Sensor to measure a signal 
resulting from the injected magnetic flux, and 

(d) using the measured signal to detect variations in flux 
on the at least one core-facing Surface representative of 
core faults. 

2. The method of claim 1 further comprising repeating 
(a)-(c) and using the plurality of resulting measured signals 
to detect core faults in (d). 

3. The method of claim 2 wherein, when repeating (a)-(c), 
positioning comprises axially moving the magnetic yoke 
relative to the at least one tooth. 

4. The method of claim 1 wherein the at least one flux 
Sensor comprises at least one planar coil. 

5. The method of claim 4 wherein the at least one flux 
Sensor further comprises a dielectric layer, wherein the at 
least one planar coil is situated on the dielectric layer, and 
wherein the at least one flux Sensor further comprises a 
protective layer overlying the at least one planar coil and the 
dielectric layer. 

6. The method of claim 1 wherein the at least one flux 
Sensor comprises a plurality of flux Sensors on each of the 
two core-facing Surfaces. 

7. A method for detecting core faults comprising: 
(a) positioning a magnetic yoke near two teeth of the core, 

the magnetic yoke being wound by a winding and 
comprising two core-facing Surfaces and at least two 
flux sensors with at least one of the at least two flux 
Sensors being situated on each of the two core-facing 
Surfaces, 

(b) Supplying current to the winding to inject magnetic 
flux into the two teeth of the core; 

(c) using the at least two flux Sensors to measure Signals 
resulting from the injected magnetic flux, and 

(d) using the measured signals to detect variations in flux 
on the two core-facing Surfaces representative of core 
faults. 
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8. The method of claim 7 wherein each of the at least two 
flux Sensors comprises at least one planar coil. 

9. The method of claim 8 wherein the at least two flux 
Sensors comprise a plurality of flux Sensors on each of the 
two core-facing Surfaces. 

10. A System for detecting core faults comprising: at least 
one magnetic yoke for being positioned near at least one 
tooth of the core, the at least one magnetic yoke being 
wound by a winding and comprising two core-facing Sur 
faces and at least one flux Sensor Situated on at least one of 
the two core-facing Surfaces. 

11. The system of claim 10 further comprising 
a current Supply for Supplying current to the winding to 

inject magnetic flux into the at least one tooth of the 
core, and 

a computer for using Signals from the flux Sensors to 
detect core faults. 

12. The system of claim 10 wherein the at least one flux 
Sensor comprises at least one planar coil. 

13. The system of claim 12 wherein the at least one flux 
Sensor further comprises a dielectric layer, wherein the at 
least one planar coil is situated on the dielectric layer, and 
wherein the at least one flux Sensor further comprises a 
protective layer overlying the at least one planar coil and the 
dielectric layer. 

14. The system of claim 13 wherein the at least one planar 
coil comprises a first planar coil, and wherein the at least one 
flux Sensor further comprises a Second planar coil and a 
conductive via extending through the dielectric layer to 
electrically couple the first and Second planar coils. 

15. The system of claim 13 wherein the at least one flux 
Sensor comprises an array of flux Sensors on each of the two 
core-facing Surfaces. 

16. The system of claim 10 wherein the at least one flux 
Sensor comprises an array of flux Sensors on each of the two 
core-facing Surfaces. 

17. The system of claim 10 wherein the at least one flux 
Sensor comprises a Staggered array of flux Sensors. 

18. A System for detecting core faults comprising: at least 
one magnetic yoke for being positioned near at least one 
tooth of the core, the at least one magnetic yoke being 
wound by a winding and comprising two core-facing Sur 
faces and at least two flux Sensors each comprising at least 
one planar coil situated on a respective one of the two 
core-facing Surfaces. 

19. The system of claim 18 wherein each of the at least 
two flux Sensors further comprises a dielectric layer, wherein 
the at least one planar coil is situated on the dielectric layer, 
and wherein the at least one flux Sensor further comprises a 
protective layer overlying the at least one planar coil and the 
dielectric layer. 

20. The system of claim 18 wherein the at least one planar 
coil comprises a first planar coil, and wherein each of the at 
least two flux Sensors further comprises a Second planar coil 
and a conductive via eXtending through the dielectric layer 
to electrically couple the first and Second planar coils. 
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