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Abstract. Higher material removal rates and process capakgitare continuously expected from conventional
grinding tools due to the technological developmmergarding innovative machine tools. Thus thedjrig tools are
often utilized at the limit of their physical prafies and capabilities. This leads to the effeetttbmall variations of
the grinding wheel characteristics can have a digant impact on the grinding behavior and consetlyeon the
accuracy of the workpiece. The aim of this papdoipresent the preliminary experimental resultshaf influence of
different microcrystalline AD; grits in conventional grinding wheels on thermalhthge and profile accuracy of the
workpiece in external profile grinding. Workpiecedéth grinding wheels of different microcrystallirggits were
machined and the profile accuracy of the workpieges monitored by significant parameters. The thérdaamage
values were measured by the Barkhausen Noise Me@Gwmmkrally, this method is based on the physibahpmenon
occurring in ferromagnetic materials during magrzetion. The correspondent values measured wereyaedland
demonstrate how thermal damage and accuracy oitinkpiece are influenced by different microcrystedlgrits of
conventional grinding wheels.
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1. INTRODUCTION

The current scenario on world economy demands flexiole manufacturing systems. In the grindinggess, this
tendency can be perceived on the grinding whegiticagtions. Although the superabrasive grinding @lkeare more
durable, because of their mechanical properties,aae able to be profiled, they are not as suitédl¢he current low-
size inventories, just-in-time minded industries, the conventional grinding wheels, since they oarbe easily
reprofiled. Thus, the former are most commonly eyt for large lots of the same product, while uter are
appropriate for small-lot flexible manufacturing.

There are many conventional grinding wheels froffedént manufacturers on the market. It is impartannote
that the grinding process control is affected wasiderable degree by the grinding tool properéi¢ghe same time,
these are affected by a large number of variahlesgl production:

- phase proportion of grits, bond and pores,

- type of grit, grit geometry, type of bond,

- type and amount of fillers and additives,

- mixing,

- sintering temperature, sintering pressure, singetime.

Unintended changes of the influencing factors teaghcontrolled changes of the grinding wheel ctizristics and
to an altered grinding behavior. The process behnaef the grinding wheels has direct influence be surface
roughness, profile deviation and thermal damagéefvorkpiece. The surface roughness and profiatien are easy
to measure, even with profiled grinding wheels. tTleabecause those parameters don'’t require cormgreipments
and can be measured in short time tests.

In contrary, the thermal damage suffered by thekpiece is difficult to evaluate, since it requirasst of the time
expensive and time consuming tests. At the presmet, the most common methods to evaluate the thlediaimage
are:

- hardness,

- residual stress,

- nital etch.
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Nital etch is basically a qualitative test, hentésidifficult to compare it with quantitative tastAlthough this
method may be suitable for sample inspection itolsappropriated for the evaluation of whole bascbE&production.
This method is time consuming, difficult to automaind requires a subjective evaluation of the sarfguality. In
addition, inspected surfaces attacked by acid ledete to be additionally treated and often requiréhker heat treatment
to avoid hydrogen embrittlement.

The current nital etch techniques are routine nagtHor finding burns, but can be misleading if thens have been
‘removed' by a finishing grinding process, sincmesaamage can still remain even though the etch doereveal this.
Resolution is too low for appraisal of the influeraf different grinding wheel types (Wojtesal. 1998).

Another way to evaluate the thermal damage is byBharkhausen Noise method. This technique is dpplito
ferromagnetic materials, which are composed of smalered magnetic regions called magnetic domairise
Barkhausen Noise method is based on inductivelgatieg a noise like signal generated by ferromagneaterials
submitted to an alternating external magnetic fidlhgnetic domains walls forced to move back amthfby the
exciting magnetic field, will pin to crystal latBadefects and dislocations only to jump furthereofarced by sufficient
excessive energy of the magnetizing field. Eachpjuwill generate a pulse in a coil placed near tidase of the
sample. Pulses generated in a finite volume of nadtelose to the coil will add to a noise like s&j called Magnetic
Barkhausen Noise. The intensity of this signal, BWAfurther used to characterize the integrityhef stress state and
the microstructure of the ground surface (Garsta82 Giret al. 2009, Kesavaet al. 2005, Silva Jret al. 2000, Ting
et al 2006, Wojtaet al.1998).

The effective voltage (RMS) of the generated sigakso referred to as MP (Magnetoelastic Parametes) strong
function of the microstructure and residual stretsde of a material, making the Barkhausen Noisthockeideal for
detecting grinding abuse. Wojtas al. (1998) found in his work a increasing behavioitted Barkhausen Noise as a
consequence of the incresing grinding damage, th@agforming experiments in special conditions. Ti@ease in
the Barkhausen Noise was most likely due to aremsing residual stress and a decreasing hardnéise workpiece

The Barkhausen Noise method has already been eulbysthe American Society of Automotive Enginegnsl
the Federal Administration of Aviation. In a shqmeriod of time since its endorsement many compairiethe
automotive and aerospace industry have introducedd many have already included it in their speaifons and
quality assurance standards. Its sensitivity tchksitesses and hardness, combined with its signifipenetration
depth, enables it to detect grinding burns that tnaye been partially ‘removed' in finish grindifgso, it allows
measurements through coatings, e.g. chromium gléivojtaset al. 1998).

Currently, there is no known correlation betweesidal stress and hardness with the measured Ba&ha\oise,
because of complex overlapping of these paramelées.Barkhausen Noise method is not extensivekgdeand the
influences of different characteristics are notlwabwn.

2. EXPERIMENTAL SETUP

Experiments in external cylindrical profile grindirwere carried out to appraise the potential of Bagkhausen
noise measurement (Fig. 1) for a quick-test mettfothermal damage at the workpiece. For this pwemsiniversal
cylindrical grinder Schaudt Pf 51 came in operatidhe test machine is equipped with a rotatingigtforce
dynamometer and offers high stiffness and accuagayell as a powerful spindle drive.

Barkhausen Signal Conditioning

Figure 1. A view of equipments for BN method
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Three different vitrified grinding wheel specifitats were tested in the experiments, which are skow Tab. 1.
The grinding wheels were conditioned with a staignMKD dressing plate before each test series.eWiaiixable
solution in a concentration of 5% was used as ngdlibricant. Hardened steel rings were used agpiexes (Fig. 2).

Table 1. Grinding wheel specifications.

Grinding wheel Microcrystalline AD; White fused AJO3
Reference (ref.) 0% 100%

A 30% type A 70%

B 30% type B 70%

dw

bw

Figure 2. Representative workpiece

The experiments were executed in a three-stagegplgninding process. In the roughing phase the biilthe
material stock was ground with a high removal ratiter the elastic deformations were reduced inaasgition phase,
the smoothing process ground the surface with an@terial removal rate. No dressing took placeheeibefore the
finishing process nor between rings, so the impétte increasing material removal could be evadal o analyze the
impact of the different grain types the grindingcies of the roughing steps, the surface roughnedstte profile
deviations after finishing were measured. The gnigd¢onditions are specified in Tab. 2.

Table 2. Grinding conditions.

grinding parameters

cutting speed 35 m/s
specific material removal rate roughi€g’y, 12 mm/mms
specific material removal rate finishigy 0,5 mm/mms
speed ratio roughing -60

speed ratio finishing- -120

grinding wheels

geometry

500 x 30 x 203,2 mf

grit sizedy

F 80
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Norton hardness / structure Jot 6

bond type vitrified

workpiece

material 100Cr6

hardness 60+2 HRC

diameted,, 87,5 mm

width b, 25 mm

2.1. Technological investigations

Several mechanical and thermal properties are déedafnrom the abrasive grains used in grinding mses. High
values of tenacity and hardness facilitate the &nimation and provide a better condition of th&tiog edges. Because
of the high temperatures at the grinding processesvell as the fast temperature changes, a hagm#i resistance is
also necessary on the abrasive grains. Likewisgp@d chemical resistance is required to avoid weidkening
reactions, since the grinding wheel operates witih temperatures while in contact with componemtsmf the
workpiece material, air and cooling lubricant.

In order to satisfy all those conditions, many naltand synthetic materials, and different combares of them as
well, are used for different grinding processeswieer, the influence of different grain mixtures the external
cylindrical grinding process is not well known. Tlege number of tests that are needed to preciselgsure the
profile accuracy and thermal damage on the worlpietakes those influences hard to evaluate. Besidesder to get
accurate results, the thermal damage demands tuegs to be followed by a quick test whereas mbstuorent
thermal damage tests are long and destructive.

Thus, in this study, the above-mentioned influenads be analyzed with two microcrystalline & grits on
conventional grinding wheels, using Barkhausen &laisd nital etch techniques. The Barkhausen Neg&eaé¢sults can
be converted into information about the residuadsstes and thermal damage, since they are cladated. However,
in this study, only the direct RMS values were usedvaluate the correlation between the Barkhaussults and the
different thermally affected areas.

Since the Barkhausen Noise is a quick non-desteictést, an evaluation of its potential for a iogess
application was also made. The nital etch method a@plied in the same samples with the purposeualitgtively
comparing both methods of thermal damage evaluation

3. RESULTS

Since no dressing took part before the grinding néw ring, the specific material removal, increased with each
machined workpiece. The normal forces were meadoregach ring. The results are shown in Fig. 3erehithe normal
forces depend on the specific material removalo AdsFig. 3 are the used parameters, which remaimedame for all
the tests.

Ve

test wheels: workpiece: {
f A A 0O Reference 100Cr6 60+1 HRC
g mB dy = 78,5mm
§ 36
| N grinding wheel:
€
s — ..80Jot6 V..
2 mm grinding process:
= 18 Ve = 35 m/s
5 Qw = 12 mm3mms
£ g = -60
S 9 dressing process:
= U = 37
cza_ 0 Qg = 15 pm
@ 0 180 360 mm3¥mm 720

specific material removal V °,

Figure 3. Grinding normal forces versus the maltegiaoves rates
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A recently dressed grinding wheel presents in its fing higher normal forces, because of theadhirain wear.
However, in the reference grinding wheel this ooence is barely noticeable, because the grindingeWimaintains an
almost constant force behavior throughout the nmayiof all rings.

It is noticeable that different proportions of graypes cause different forces during the firshdjng process. The
reference grinding wheel, with 100% white fused@| presented the lowest initial forces, while thimding wheel A,
with 30% microcrystalline AD; type A, presented the highest ones. Likewise, ghiading wheel B, with 30%
microcrystalline AJO; type B, presented a very similar behavior, stgrtiith high initial forces, right below grinding
wheel A. Therefore, it is shown that the preserfamiorocrystalline A}JO; demands higher forces for the first grinding
process after dressing, with the same process paeesn

After the first process, the grinding wheel A notrfarces quickly decrease, becoming the lowest obefore
entering a constant behavior. The grinding wheetnB reference presented a similar, linear buessing tendency
after the first rings, with grinding wheel B showgithe highest normal forces.

In Fig. 4 are shown the profile deviation resultsl ahe process parameters. The upper graph sheweothelation
between surface roughnd’sand the material removal.

test wheels: workpiece: ve
A A © Reference 100Cr6 60+1 HRC
N . H B dy = 78,5mm
(]
§ grinding wheel:
< um A ..80Jot6 V..
3 grinding process:
= Ve = 35 m/s
§ 4 o Qw = 12 mm¥mms
E Qw= 05 mm3mms
(] 2 q = -60
> qg- = -120
g dressing process:
= 0 U = 37
0 180 360 mm3mm 720 dq = 15 um

specific material removal V °,

36

g o
joy
5 v 4
T 7
> 18
° —A
o z
= © =11 """
o 9w
o
workpiece
0 I
0 180 360 mm3mm 720

specific material removal V °y,
Figure 4. Profile deviation versus the material oges rates

As shown in the graph, grinding wheel B produced Htlighest values of surface roughness for everyenat
removal. It is also shown that though the surfameghness values are quite different from one gnimdivheel to
another in the first rings, they are very similathee end, with a high material removal. Finallye difference between
different grain types is clear, since the grainetyp produced a better surface roughness than thia gmpe B. The
microcrystalline splitting and topography changes tihe main reason for the nearly linear behaviothe surface
roughness produced on the workpiece by each ggnahreel.

The obtained results for profile deviation weretd on the lower graph, above shown. In contrarthe surface
roughness, the profile deviation presented verfediht behaviors for each grinding wheel. It isaclthat the reference
grinding wheel produced the highest values of f@adeviation, since it is made completely from whitised AJOs,
therefore suffering more grain wear. In comparismgrinding wheel B, the reference grinding wheadl hmost of the



Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

time, a 50% higher profile deviation. The grindiwheel A presented a completely different behaviwereasing its
value until a material removal of about 300 mm3/rtimen slowly decreasing with higher removals.

In light of the above-mentioned results, it is atameaable that the grinding wheel A is more suitatd the process
since it demands lower machining forces, produckstter surface roughness and a profile deviatirilas or lower
than grinding wheel B.

Figure 5 shows the thermal damage evaluated byBérkhausen Noise in two locations: the perimetat tre
profile of the workpiece.

Ve
test wheels: workpiece: {

A A © Reference 100Cr6 60+1 HRC
H B dy = 78,5mm
50 T
o
S profile grinding wheel:
% 375 | . .80 Jot6 V..
g grinding process:
8 ve = 35 mils
g & Qw = 12 mm3¥mms
2 g = -60
o 12,5 dressing process:
& Ug = 37
€ 0 8q = 15 pum
0 180 360 mm3/mm 720
specific material removal V °, perimeter
50 profile
o
S
T 37,5
(O]
S
s
© 25 .
o perimeter .
c 125 S
e
S workpiece
0
0 180 360 mm3/mm 720

specific material removal V 'y,
Figure 5. Magnetic parameters versus material remates

The results of the Barkhausen Noise tests wererisimg. The magnetic parameter values on the pégimeere
higher than in the profile, indicating a more sevénermal damage at the former. Usually, the thedamage is
supposed to be higher on the profile, since biggechanical and thermal loads are applied to thuation because of
the workpiece geometry.

These results are shown in Fig. 5. In additiois #hown in the upper graph that the rings machimethe grinding
wheel B presented the lowest magnetic parameteesatontradicting the normal force measurementmdst cases,
higher machining forces can produce higher residirases and a worse thermal damage. Hence eitmathmagnetic
parameter values were supposed to be higher as well

At the perimeter measurements, there was an oyenigpof results, which makes difficult to get a coste
conclusion about the thermal damages with diffeggain types. It is hard to observe any relatiorthef magnetic
parameter values with different thermal damagesrasitiual stresses caused by different grindingelghel hus, the
Barkhausen Noise method was not conclusive byfitsad therefore, other methods like nital etch ardness tests
were required to reach an adequate conclusion.

In this study, the nital etch technique was appliedthe samples, in order to find an improvementtoa
understanding of thermal damage behavior. To da sample machined wit “,, =32 mm3/mm was submitted to the
nital etch procedure. The nital etch method is #blielentify the most thermally affected areashhighting them with
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different colors. The magnetic parameter valuethefworkpiece were then measured, in differentredl@reas of the
sample, to find a correlation between them.

Figure 7 (a) shows the sample after the nital etdtedures (Reichenbach 1999, Bauch 1982). Acaprdirthis
method, the orange areas indicate the most thermfiicted parts, while the gray color represemslowest affected
areas. As shown, the profile and outermost arezsepted the highest thermal damages, accordifg tméthod.

N
o

w
o

=
o

magnetics parameters mp
N
o

o

1 2 3 4 5 6 7
measuring position

"

// /.

@ (b)
Figure 5. Nital echt measurements

Seven different regions were then chosen to havéhdérmal damage measured by the Barkhausen metaot.
region had its magnetic parameter values measnaréuige different spots, in order to get an averadee. Figure 7 (b)
points, in a simple sketch of the workpiece, wheaeh measurement took place, and shows its magueatianeter
results.

An increase of about 50% can be observed on thetfiree columns. The highest magnetic parametaevavere
obtained at the regions 4 and 5. It becomes cledirthe magnetic parameter values present muctudition, which
may explain the overlapping of results on Fig. 5.

Another likely reason to the overlapping of resuttse the measurements conditions. The later tests made in
laboratory conditions, gathering more data forraglei sample, and already showed a considerablauéition of the
magnetic parameter values. The earlier tests wenfermed at workplace conditions, right after maaig, with much
less measuring points. Thus, the former results naay even more fluctuation, being unacceptablydueate. Finally,
some other possible reasons are the angle of tHdh@#sen measurements, and the chemical proceduredcout on
the workpiece.

4. CONCLUSIONS

Three grinding wheels were used in the experimematying only the proportion of different microctgine grains
with the white fused ADs;. With the experiments results, it is ascertained:

- The type of microcrystalline AD; grit has influence over the machining forces. T¥#@rains demand higher
forces than the type A grains.

- The type of microcrystalline grit has little inénce over the surface roughn&ss since the results presented
similar values of surface roughness. Also, allghieding wheels presented a nearly linear increpbighavior a¥ ',
increased.

- Regarding profile deviation, the reference gnmgdiwheel showed the highest values. Thus, the iadddf
microcrystalline grains type A and B decreasesdbigation, by reducing the grinding wheel wear.

- Examining the forces and profile deviations oe firocess, the grinding wheel A is the most usefice it
requires lesser forces, produces a smaller pridfiléation and obtains a better surface roughness.

- The thermal damage results obtained by the Baddramethod showed a complex overlapping of difitefactor,
like stress residual and hardness, which must beusted. It is necessary to optimize the measurepracedure as
well as gather more data from complementary methadsder to achieve better conclusions.
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- A complementary experiment showed that fluctuegiorere also present at laboratory conditions. Tihwgas not
possible to achieve a good picture of the therraalabje behavior on the workpiece during the expertisne

- It is necessary to optimize the current thernzahdge tests, the measurement procedures or efiad ttew more
reliable tests in order to be able to implementritaé damage evaluation in the industry.
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