
The ar a sen Noise nspection
Method for Detecting Grind-ng

a age in Gear

Printed with
permission of the

copyright holder, the
American Gear
Manufacturers

Association, 1500 King
Street, Suite 201.

Alexandria. Virginia
22314. Copies of the
paper are available

from the association.
Statements

presented in this paper
are thDse of the

authors and may not
represent the position

or opinion of the
American Gear
Manufacturers

Association.

Tension

I
~t

Com pression

Jeffrey S. Ceurter. Chad Smith and Roy Ott

Introduction
When harden d steel component" are ground.

there i: always the possibility of damage I the teel

in the fonn of residual tress or microstructural
changes. Method f r d tecting this rt of damage

ha e alway had one or more drawbacks, such as
o t. tim . complexity. ubj tivity, or the u of haz-

ard u. chemicals.
relative] new method. known a! Barlchausen

n ise anal is, meets the demand for measuring

f in ground st Is in a very reliable, standardized
and cost-effective manner (Ref] . I and 5). Use of thi
technique is simple and can reduce product failures t

0Ck. Scmiautomaied gear inspection sy tems have
been ernpl yed by gear manufacture to tak< advan-
tage of the capabi Iities of Barkhausen instrurnentaii n.

Combined with dimensional inspe ti n, hardness

tests and periodic mctallographic analysis, the
Barkhau 'n n isc analy 'is method can help close the
I p n in. uring produ t quality. Barkhausen noise
analy. i. can be a . t ng link in th chain that ulti-

matel lead! t a I ng nd reliabl gear life.
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Figure 2-Barkllau ell noise amplitude vs. hardness. i a e layers and may cause und sirable effects if n
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e urem n echniqu and trurn ntati n
Bnrkhausen noi e analy i i a rechniqu bas d

around a relati ely imple con ept in 01 ing er-
r rnagn tic materials and a magnetizing f Id.

When a magnetizing field is placed near a fCIT

magnetic material, the material underg s a net

magnetization change. This change is a result f
the micro c pic m ti n of magnetic domain wall,

ithin th material.
Wh n u d main all roo , it emits an el trieal

pulse that can be detected by a il of ondu ring
wi placed near the material. Th se discret pubes

arc me sured in a bulk mann r, re ulting in a c mpi-
lation f th usand of electri al pul referred t

Barkhau n n i Ref: .3,6,7 and 9). The amplitud
of this ignal i metime referred to the ma I -

tocla ••tic param L r (MP). The amplitude i all 'ted

by anything that impede th m tion of d main
walls. om fa to to consider are inclu ion. p -
cipitates, eli 'location , grain boundaries, and residual

"Ires ~.
In the nse f macrometallurgy. we may sum up

these fact rs in two categ ri . hardness and residual

Ire .. In general. Barkhaui n n ise is increased with
decreasing hardn s and increasing tensile Ire ..• and

nvcrsel . Barkhausen noi j decreased with
in ceasing hardnes and in reasing c m
Ire . This principle is iUu urated in Figures I and 2.

TIle instrurncntati n required to dete IBarkhausen

signals is illustrated in Figure . A magnetizing fi Id
is created and applied 10 a ferromagnetic material
through the U.' of an IcetromagneL The material
reactl> to the magnetic field ill described above and

emits Barkhr usen bursts. whi h are aptured by a. n-

r c nsisting f a coil of condu ting wire. The signal
then amplified and filtered. The amplitude i c leu-

lated using an RM equation. and the data i. digitized
for display and output to a computer.

ature of ilaterial
used b rinding

rinding damage i the result of energy ing
nv rted to heat. Thi. heat icon entrated in the su -
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P perl managed. m of the fa t a ecting th
ri in temperature in me surface layer include th
coolant type. c lam ncentrati n, lant age.
coolant now. grinding wheel type. grinding wheel
speed. grinding wheel wear. feed rate and prior proc-
essing of material. e.g. different beat-treat batches,

Wojuu. et at. (Ref. 9) e plain that damage may
start with th partial relaxation f de. ira I compre. -
ive tre. at temperature. Ie than 500DC.

tern ratures in 10 near! 600° ,B 1 mer-
mal damage. also known as reternpcring bum.
occu •. The effect wiII an v rtempering causing
a decrease in urface hardness and the onset or mate-
rializati n of t nsile stre: . Further temperature
in rease to greater than nODe will cause Dsclass
thermal damage, aI. known m rehardening bum.
Thi defect will inclu regions f ery hard and brit-
tle material. well as urrounding area; of B-class
bum." ft" material.

residual tresse will also be compl x due 10

ranging levels of damage ac s th urfa e. me
areas will be comp ive. while thers will be high-
ly len i1 Ref:. 2 and 9).

The exi ting te hniqu for detecting the dam-
age de eribed ab ve includ vi ual in pection ia
nital tching (Ref. 4, mi rohardne te ting,
residual stre: s pr filing with x-ray diffracti nand
Barkhauscn noise analysis. Each of the defe Is
d cribed abo e can be detect d ia Barkhausen
noie analy is and can be d n in a t taJ! nonde-
stru live manner. The -ruy diffra tion technique
can also be used in ea h case; h w ver, it i
e tremel.y time-con uming, expeni e. and
destructive. Th nital et hing and rnicrohardness
te hnique. are quick and easy, but they can nly
det ct B- and D-c1a. damage. Furthermore.
hardn te ting i de tructi e and nital etching L
ubjective. igure h w orne of th features of

Barkhau en noi analy i compared 10 the m t
widely u ed grinding-bum detecti n technique.
nital (temper) tching (Ref: . 2 and 9).

Il e n in Figure I and 2 Ihat the
Barkhausen signal increas d for de rea ing hard-
ness and for in reasing tensil tre . Thi is th
exa t . enario for reternpering grindin bum as
se n in Figure 5. inee grinding damage aITe ts th
hardne. s and stress in way hich in rease th
Barkhausen signal. detection of grinding damag
by the Barkhauscn noise analy is i quite sirnple.ff
the arnplitud in rease ,th n there i burn.

Th c ception to this rule i f r rehardening
zone'. In me case f rehanl ning zon • me ignal
may d rease, bUIthese z n . are always surround-
ed by verely retempered z ne.• whi he hibit large

Central Unit Sensor

Comparison of Inspeclion Methods
Barkhausen Nital

Method Etch Microhardness

• Nondestructive Yes No Yes
• Use of Chemicals No Yes No
• Automated Yes No No
• Reliable Yes No No
• Evaluation Through Coatings Yes No No
• Danger of Hydrogen Embrittlement No Yes No
• Influenced by Both Stress and Microstructure Yes No No

Figure 4-Compari on of nitaI (temper) etch to Barkhau en noise analy i .

Amplitude Grinding Damage: Retempering Grinding Burn
Amplitude

Hardness Stress +
TensionRetempering Softening Compression

Amplitude Up Amplitude Up
Aetem erin Burn Increases Am Iitude

Figure 5-Effect of grinding burn on Barkhau ell 110; e signal.
amplitud of Barkhausen D i (MP).

Instrumentation for ars
Th re are everal different m thods to make th

Barkhausen m uremen. They arc manual meas-
urement by gen raJ-purpose r U lorn n rs, man-
ual measurement mad with the aid of fixturing, and
semiaut mated r fully automated methods.

Here we introduce erniautomated Barkhausen
noise evaluation of tran rnis ion gears.

Outline of Instnunentation and y tern
peration

Theinspecti n sy tern, h wn in igures 6 and 7,
con i. ts f a linear x-y m tion c ntrolled sen r a
live center. a three-jaw chu k with software-con-
trolled rotation a Barkhausen noi analyzer, a com-
puter, and data acquisition and analy i ftware.
Param ters for rotation and x-y m ti n are pro-
grammed into the computer f r each individual gear
type. Th operator then in tall a gear manually,
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toelastic parameter (MP).
By examination of the correlation, a criterion for

rejection i, established. The rej tion criteri n i then
entered into the computer program for the type of
gear being used. Once the rejecti n criteri n has been
entered, Barkhau n noise analy is of producti n
ample may begin. An example of the . etup used f r

one gear type on a m torcyclc Iran mi. i n gear ys-
tern is hOWD in Figure 10.

The figure illu trate a correlation between the
magnetoelastic parameter, MP. and the vi.ual indica-
ti n of bum from nital etching. The left graph i a

Figure 6-Gear inspection system, with gear inspec- correlation for the maximum MP value mea ured on
lion stand and compute,./ROlLSCA M cabinet. all scan f a gear, while the right graph i a correla-
selects the type of gear from the software and pres - tion for the difference between maximum and mini-
es Start. The remaining operations are all automatic. mum MP values me ured on all scan of a gear. On

The sen r moves into place on the gear tooth- each graph, a eros has been added to indicate the
Figures 8 and 9--then axially scan the preset rejection criterion. In each case, the lower left quad-

locations on the tooth, up to four radial locations per rant indicate acceptable samples while th upper
tooth. The gear then rotates lightly. allowing the right quadrant indicate unacceptable ample.

nsor to contact the opposite flank.,which i then Therefore, by tting the maximum rejection limit t
scanned in the ame manner a: the first flank. Next, 60 MP and the difference rejection limit t 20 MP, all
the sen or mo es away from the gear and the gear parts rej led by nital etching will aI be rejected by
rotate , allowing the sensor to move in to te t the the Barkhausen noise analysi .
next tooth. Thi continues for the preset number of The example given indicate orne scatter in the
teeth and the results for each scan are presented on data. and it i only f r a relatively mall group of
the computer monitor with the statu of ACCEPTED parts. Based upon thi exampl , it would be wi to
or REJECTED, based upon programmed rejection choose rejection criteria that are lightly I wer than
condition. those indicated. Thi would be taking a conservative

The y t m can be t up to measure one tooth or stance, but you w uld be 100% positive that n
all teeth, and it can be programmed to mea ure one rejectable parts are pa sed. In order to increase confi-
t th, then kip five and test the venth tooth and so dence in ults, all fmal correlations arc being d ne
on. A typical setup is to use two an per flank and with 60 ample group te ted by three different u rs.
to measure a total of four teeth at approximately 90° This technique will further increase confid nee in the
from one another. This type of etup drastically rejection criteria and limit the need for further analy-
decreases the measurement time, compared with i of the gears.
measuring each tooth, without sacrificing reliability. When a gear measure near or above the rejection
When the measurement is completed, the results can criteria, it i comm n practice to check th gear fur-
be ved to a me or output to a printer. ther u ing nital etching. Thi type of "extra" analy i

Getting Started with Barkbausen i excellent for confidence building, e pecially if th
o nal is rejection criteria were tablished u ing a mall group

In order to gel started with Barkhausen noise of part . Over time, operate w uJd bee me m re
analy is, one mu t first obtain a correlation between confident that the analysi sy uem and th tabli hed
the Barkhau n noise ignal and me other mea- rejection criteria are reliable and true.
ure of the everity of bum, e.g. nital etching. Based Benefits of utomated

upon the correlation data, a criterion for rejection Barkhausen oi Inspection
can be tabli hed for the Barkhau en in trument. Early detection of damage. Grinding damage
One imple in ipection method is based upon the usually occurs as a result of wheel wear, but mayal
fact that the MP value can be directly related to the occur du to incorrect feed rate, wheel speed. or var-
re ults of a vi ual nital etch in pection. By measur- iou other change . mentioned before. In a pro-
ing a variety of production part. and comparing duction cycle that outputs large numbers of parts
them with nital etch in.pection, a correlation can be every hour, it i essential that errors are detected
made and the level of bum can be quantified u ing quickly. ital etching techni lU can take vera!
the magnitude of the Barkhau en ignal, or magne- minutes and are n t alway con eniently I ated with
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respect ~ the grind !'S. Beca f thi . etching i typ-
ically d ne once an hour or Ie ; there • detecting
errors i by no m an f t. Thi can be a hug I in
time and mon y n damaged product. Th
Barkhausen techniqu can be tablished uch that
detecti n i alway. within a matter of minu of th
error, resulting in lhousan of dollars in ving.

orne u have reported a return on in tment in 3!

little as three month .
Record of re ulls. The Barkhauscn n ise ampli-

tud (MP valu ) are recorded for hindi iduaJ
gear and the data can aved and recalled f T

revie • if necessary, ital et bing has no record of tbe
re ul un1 the pemtor Ie! a 1 k, and !he
etch ults till are ubjeet to human error.

Quality-Performance 'ontrol hart. Th
Barlchausenresul can be used for stati ti anal i. ,
if necessary.

Deer. me wammty repairs. Barkhausen n i
analy i can aid in m nitoring and preventin the
ibility of generating undesirable urface nditi in

manufa tured c mponen . Thi . due I th in cease
in confidence when measuring bum. By liminating
etching and using a proper Barkhausen n i analy i •
one can ignificanllyenhanc p cap ility, thu
reducing ri k of producing p that challenge peci-
fication c mpliance.

o consumables, low maintenance cost.
Barkhau n noise uses no chemicals c n umable
of any n, whe th acid etch technique require
clo e m nitoring and i difficult to maintain with
today' increasing environm ntal tandards,

tting P th Grindln Proc
utomated Barkhausen olse Inspection

For an applieati n uch 3'1 tran rnissi n g , it i
not unlikely for the am grinding rna hinc t be u ed
to grind veral different type of gears. Thi i tru f
many application, e pecially when ne facility i
required to produce hundreds f different type of
imilar parts, In these ,quickly tting up th

grinder and changing from part to part i e ntial,
rnenti ned earlier, nital etching takJ ral

minut ,and the etch facility may be located hundreds
of feel from the grinder. A typical tup requi that
the perat r t up the grind r for a particular part
number and then run a t sample. Then th part i
etched and. based upon the re ulu of the etching,
chang are made to the grinder.Thi iterative p
continu until the operan r i satisfied with the results
of the etching. This procedure can tak from v ral
minut to an hour or e n more. even for an e peri-
enced operator,

Setting up a grinder u ing
analy i i based u n the

•

4

•

6
l. Gear-stand frame
4. Horizontal motion
7. Control logic box ISll

2. Sensor
5. live center
B.Operation panel

3. Axial motion
6. Drive head
9. Sample

Figur 7-Gear inspection land.

Gear Tooth

Figure 8-Sensor contact wilh gear tooth.

Figur 9-Pllotograph of gear contact with helical-
type gear. (Pllotocourtes of tressteeh0, Finland.)

ViIU I Ch"lctlnlltJon 01 Bum on G", Tood!
IE:]
2~ •
I~ ~ 1II
4~ ~ 2!

I i 1II

• i "1 ~ ID
I III!•
II • • II

u. _u .• uO.
o 0 ~

.yo 0

II 12

Nn.1 Etch Indlc.lion or Bum

Barkhau n n i Figure 10 -Maximum MP correlation wilh nltal et h (left) and maximum-min-
principl . But the imum correlation with nita! etch.
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based upon the amount of damage d ne in grinding.
Intuitively, it make 0 that the wo I def

will occur near the tip of th gear tooth. in there
i I s material there to di ipate the heat gen rated
in grinding. Figure II how th data utput n th
computer screen. The output represent II m u-
men! on a gear u ing four scan per flank on a total
offour teeth. The data i p nted in a way thai mir-
rors the image of a tooth.

The graph con i ts of two curv '. One .. for the
maximum data poin and the other i f the mini-
mum data points. If we focus n one plot, the f t
data point on the far left i for the out t int,
radially, of the first flank.Then, mo ing I the right.
the next three points are for the 2nd, 3rd and 4th scans
of the first flank. Continuing rightward, we 010 e t
the innermost point on the opposite flank and then
out to the tip of the oppo ite flank with the 8th point
of the pI L That completes m urcmcnt f the first
flank of tooth J and the opposite flank n t th 2.

Mo ing n, the ne t tooth m ured i the first
flank of tooth 7 and then the oppo ite flank n tooth
8. Thi continue, until the final point on the ppo-
ite flank of tooth 22. This gear happens I have 27

teeth, and the setup is to t t between t th I and 2,
7 and 8, 14 and 15, and finally 21 and 22. Thi c r-
re pond to te ting at about every 90". w, return-
ing to the type of damage we would expect on a gear
tooth and reviewing the plots. it j evident that the
larger MP values come from the tips of the gear
teeth.Thi w uld validate the expectati n th t m
bum will be evident near the tip. due to decreased
beat di ipation.

There are two other observati n that. can
made with respect to the measurement in figure 1J .
One is that the data for the maximum and minimum
at any given point are very cI . Thi indicates that
at any given radial position. th hang in the
Barkhau n noise ignal is negligible and theref re
the change in microstructural properti and idual
tresses, at that radial po ition, are aI negligibl.

The second ob rvation is that the data from flank to
flank and from tooth to t th are very imilar. Thi
indican that the Barkhau n noi ignal doe not
vary from tooth to tooth or on op ite fl

Th oil ati can be very im rtant in
determining the cause of damage. F r in tan • i
there i a variation from flank to flank that rej ts
one flank and n t the other, it may be that th grind-
ing wheel i not centered between the te th and one
tooth has more material removed than the ther,

Figure II-Measurement creen and data from a These types of observation and th ught p
typical etup using four scans per flank 011 four can be a very valuable troubleshooting I I, resulting
teeth from tresstech : GE R oftware. in time vings,
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instrumentation i u ually located very near the
grinder and the feedback i immediate. Change can
be made to th grinder within a minute or two of the
grinding perati n n the t t sample, and the time it
t.ak lO c mpl te th iterativ process i drastically
reduced. In additi n, the data i quantified, 0 that
the operat r has In id a of th change necessary.
rather than gu swork based upon etch re ults. 11 is
not hard to that u. ing Barkhau n noise analy i
imply for tup can ve a I t of time and money.

Monit ring th riDdingProcess iog
utomated Barkha n o' Inspection

After the initial p of a grinding machine, it .
wise to monitor the machine by t ring production
sampl at periodi interval or by as much as 100%
in peeti n, if fea. ible. This type f analy is can be
done quickly and ea i1y u ing an automated
Barkhausen n ise analy i y tern. By testing
many parts as deemed necessary, based on the rate of
produ tion, thi type f ring i used to insure that
quality parts are being produced and to find any
problems, u h a worn-out wheel, before they
becom stly.Th typical Barkhausen noise analy-
i y tern can be an in aluable tool for monitoring

fini h-grinding operation during production,
whether th throughput i two part per hour or 200.
It i a fa r, easy and nonde tructive technique of
determining wh th r th grinder is correctly per-
forming its fun tion.

Interpreting th Results
Interp ling the data from the analy is y tern is

done by falling back n me of the basic theory of
Barkhau n n i and the influential parameters that
affect the ignal. Ith a light knowledge of gear
design and p . ing, and a basic understanding of
Barkhausen noise, a pe n can make me observa-
tions regarding the ul f the analysi y tern.
first, we know that Barkhau n n i increases when
hardn decreases and when omp sive tresse
are relieved. In general, Barkhausen noise increases

http://www.powerlrensmlsslon.com


Another observation that can be made during
m urement i an increase in the overall ignal
level of a part. The difference between the maximum
and minimum value may remain mall but the
level may increase from normal level of 40-50 up
to level of 70-80. If thi type of change occu ,it
may not be the result of grinding damage. In fa t,
thi type of change may be the result of prior proc-

ing. era! parameters could hange, but the
most comm n is a change in heat treatment. If the
heat treatment chang ,affecting the hardne or the
amount f retained au tenite. the Barkhausen ignal
ob rved after grinding will be changed (Ref. ). If
these kinds of chang are common, the difference
between maximum and minimum rejection criteria
becomes the be t tool for detecting grinding damage.

But, if the maximum rejection criterion i u d.
these ty of chang will be flagged. U ing thi
type of rejecli n i preferred, becau it scan for
other changes in ping that could be potential
problem . Once a potential problem i identified, it
i then up to the proces engineer to revie the plots
and trouble boot the probable ca

For e ample, a gear i tested that indicate high
reading . The operat r ignal the proc engineer,
who requ IS that the gear be etched for further
analy i . The gear doe not have any vi ual indica-
tion of burn u ing the nital etching technique. The
proce engineer then evaluates the plots to find that
the maximum alu have exceeded the rejection
criterion, but the maximum-minimum rejection
condition' well within limits. The proce engineer

Refe n
then decid to have a hardness te t d ne. I. Fill. Robert M. "Application of Barkhausen ise

Th I..~..A__ ~ t i di lightl I hard Anal>:: i, (B A). A Review of Three Having lndu trial
IIWWIQOl t LO at a I y ower - Significance:' First International onference on Barkhausen

ness than usual. Thi may be the reason for the oi and Micromagnetic Te ting, September 1-2. J998,
Hannover. German .

increase in ignal. The proces engineer then deci 2. Griffiths. CA." 10 ing the Loop on Produ I Integrity on
Bearing. with 'Engineering Source Approval.": Published by

to heck the retained tenite level and to cut a sam- Split Ballbearing. Division of MPB Corp .. July 19 9.

I d i . the d th The ". di 3. Karpu hew ki, B. "Introdu tion to Mi romagnetip e an LOvengate case ep. resuns in cate Techniques:' First International Conference on Barkhausen
that the austenite levelhas decreased fromnormal I - oise and Micromagnetic Te ring, epternber 1-2, 199 .

Hannover. Germany.
el and case depth i cl to normal. The engineer 4. SUAGMA2007·B92, "Surface Temper Et h Inspection

After Grinding," February 1992.
conclud that the gears can be passed through quali- 5. Pro. Richard J. "Grinding Burn Detection During

Production sing Magnetic Barkhau en Noise
ty control, but the furnace houJd be checked and Mea, urements."Materials Evaluation, Vol. 45. o. 6, pp.
retained austenite level should be monitored. 610-612.

6. Seppi. Fred, "Finding ofBarkh usen oise Te IS LO Detect
As you can see from thi example, ucb a y tern Grinding Bum and Residual S~ in High Strength Steel."

He dquarte Ogden Air Logistics Center (AA-G. Hill Air
can be much more than a "grinder bum" detection Force Base,Oct. J. 19 6.
ystern. That i preci Iy why it I' referred to as a 7. haw. B.A., T.R. Hyde and J.T. Evans, "Detecti n of••••..• Grinding Damage in Hardened Gear Steel. Using

Barkhausen noise analy i sy tern. Barkhau noise naly i .' First International onference
on Barkhausen oise and. icromagn tic T ling. ptember

Other uce I pplicatio ofBarkhausen 1-2. 199 . Hannover. G nnany.
. Suominen. L.. K. Tiitro and R. Ehman, "Effects of

oise naly i Retained Austenite on the Evaluation of Grinding Damage by
Barkhausen Noise in Carburized Steels," Thirteenth Annual

Barkhausen noise M been ucce fully applied Conference on Properties and pplicationi of Magnetic
in many areas, of which grinding i the mo 1 wide- aterials, ay 17-JlJ. 1994.9. Wojta . A.S .. L. u minen, B.A. haw and J.T. van.
pread application. Other applications include "Detection of Thermal Damage in reel Components Afler

Grinding U ing the Magneti Burkhausen Nois Method."
detecting defect in hard turning and heat treating, First International Conference on Barkhausen Noise and

Micromagnetic Testing. September 1-2. 1998. Hannover.
measuring the effectiveness of hot peening, meas- Germany.
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uring re idual stresses. and predicting fatigue life.
Some example are detecting grinding damage on
cam lobe , crankshaft journal , racks and pinion .
bearing , and aircraft landing gear (even through
chrome; measuring hot peen ffectivene. on
welds; and measuring the effect of traightening on
cam. hafts and crankshafts.

Conclusio
Barkhau n noi analy i i a very useful tool

for rneasuring damage in ground teel components.
The principles behind the rn urement technique
are und, and application to measuring g has
proven 10 be not only useful f r determining the
amount of grinding damage, but al 0 as a trou-
ble h ting tool for process quality control.
Barkhausen noi analy i i mu h faster than th
exi ling method of nital etching, in addition to being
a uperior technique in term' of sen itivity to dam-
age and objectivity of results.

The measurement techniqueand software are very
user friendly.The ystem can save time and m ney in

tup and monitoring. as well as in troubleshooting.
When the Barkhausen y tem i fully impl mented,
etching faciliti can be reduced to mall quantiti for
use in a metallurgical laboratory.Overall it has been
hown that an aut mated Barkhausen noi analy i
y tern can effectively monitor undesirable urface

effec caused by grinding in a manner superior to any
other in an easy-to-use, cost-effectivedevi e that has
been hown to gi .e a return on in estrnent in as little
as three months. 0
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