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Abstract: This article presents results of experimentalstest internal cylindrical traverse
grinding in which the total machining allowanceré&noved in a single pass. Grinding wheels
with zone-diversified structure made on basis afagive grains from AD; were used in the
process. Such tools are characterized by diffevenstruction of rough and finish grinding zones.
Moreover, conic chamfer is shaped on their activdase that allows for even distribution of
machining allowance on the grinding wheel surfatéat is described in the hereby work is
a device for precise shaping of conic chamfer engifinding wheel active surface (GWAS). The
work also presents results of tests whose aim waketermine the influence of grinding wheel
macrogeometry on the process of internal cylindricaverse grinding of internal cylindrical
surfaces made from steel 100Cr6. Changes of sdlguaeameters of the machined surface
geometric structureRg, Rz, RSn, Rdq and RTp) and values of the grinding pow& were
analyzed. It was proved that the greater the cciméaenfer width, the better the results.

Keywords: grinding wheel active surface (GWAS), conic chamfieternal cylindrical grinding,
traverse grinding

which the total machining allowance is removed in
1. INTRODUCTION a single pass of the grinding wheel [1-9]. Whatnsee

. . exceptionally beneficial in this context is grindin
In modern production processes there is a% P y gring

. . . . . ith grinding wheels with conic chamfer shaped in
incessant drive towards increasing the precision q eir attacking part. It makes it possible to safathe
dimensions, shape and quality of the machine

) N nction of rough and finish grinding into two zane
workpiece surface and towards limiting the cost hanks to the proper shaping of the conic chafer i
through an increase in the machining efficiency an

elation to the thickness of the machining allove&anc
a wide zone of rough grinding is obtained with @yéa

| y hini ‘ h liit number of active grains, which guarantees
values ol machining parameters are, NOWever, e .., jeraple increase of the grinding efficiency in

This refers mainly to the process of internal aytioal relation to the reciprocal grinding process.

gnlndlngz ""I'.‘efe cllnct:easrllng éhe m?‘:h'.m%g par]:a\mr:eter So far expensive superhard grinding wheels from
values is limited by the dynamic ngidity of the o, i poron nitride (CBN) were used in such

grinders and the grinding wr.\(.eels_’ resistance. rocesses, which required specialist grinders with
Therefore, _\/arlous_modlflcatlons are sought, thagignificant rigidty and great grinding speed
would make it possible to overcome the abov v.> 60 m/s) [6]. As the general costs of such

I|m|tat|ons. From among many |nn9vaF|ve solupons,a process are relatively high, it is expected tiaw
high hopes are placed in traverse grinding prosesse

shortening its time. The possibilities of increasthe
efficiency of the operation through an increasehia
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grinding wheel constructions are developed from fathe extreme positions of the table feed. The cotaple

cheaper grains that may be successfully used Bystem was mounted on the top part of the basis in

conventional internal cylindrical grinders. order to maintain unchanged dressing kinematick wit
For this purpose a theoretical and experimentalifferent values of the conic chamfer.

basis of internal cylindrical traverse grinding ngpi

zone-diversified structure grinding wheels, madenfr 3. EXPERIMENTAL INVESTIGATIONS

conventional abrasives on basis of ,@§ were ) . .
Using the developed device, tests were carried out

developed. Such grinding wheels are divided into tw h ) d } h d
functional zones (rough and finish grinding zones)\,N ose aim was to determine the most advantageous

with characteristic and different construction [12} parameters Of_ the conic chamfer 'shaped in thgldgass
cut on the active surface of grinding wheels withe-

2. DEVICE FOR PRECISION SHAPING diversified structure.

MACRO-GEOMETRY OF THE 3.1. Methodology of experimental investigations
GRINDING WHEEL During the realized tests value of the conic
chamfer y was adjusted to the size of the working
cylindrical traverse grinding with zone-diversified contacta in S.UCh a way so as to make the conic part
. . S L of the abrasive tool covered the whole machining

structure grinding wheels is possible if precisapshg .

b . allowance for the machining. The second parameter t
of the used grinding wheel active surface macro- .
which angle y belonged was the chamfer width

eometry is provided. Both the construction of, -
9 Y P With the same working contact, a change of the

ional gri NC all for changi
conventiona grmcjers and C C a_ ows for ¢ a.ngmgchamfer width caused considerable angle differences
the angular location of the grinding wheel SpmdletFig 2), whose values during the tests were

thanks to which it is possible to make conic chamfe

Effective realization of the process of internal

on the grinding wheel active surface. Such chaiges X=0.38-1.13.

the shaping machine settings are, however, labor- 15
intensive and therefore unprofitable if they needé¢ 10 4
performed with each dressing procedure. On top of "5 7
that they don't provide sufficient precision of aay ]

positioning.

In order to make it possible to quickly shape the
conic chamfer with given geometrical parameters on
the GWAS, it was necessary to construct special

device. The most important element of that device 9
(Fig. 1) is a sliding table on ball slideways, thigh r,n—?:yo/ag'_ T=14 _ T, _ A
a disk mounting of single-grain diamond dresser and L T=20 N

a micrometer screw were mounted. Thanks to the )
latter, given values of the conic chamfer may b&'9 2
applied with high precision (+3%) [13, 14].

The widthb and the anglg of the grinding wheel
conic chamfer shaped in experimental investigations

Internal cylindrical surfaces of bearing rings mad
ingle-grain di S 3 | Limi . . .
Siglegrainidiamondidresser Gt . wwiten  from steel 100Cr6 with internal diametgy= 40 mm
were grinded.

Axis of rotation Table 1 presents the most important parameters of
of upper base

Backing plate

Slide plate the realized experimental tests.

Toothed rack ——4 A l' 1 During the tests, the initial and maximum grinding
N @it S ”74' power P was registered, while after their termination,

Protective —— = = kd_LDriving motor  general axial machined surface roughness profile wa

cover & 4 contactor

registered on basis of which the following paramete
were determined:
Micrometerscrew ~ — Ra — arithmetic mean deviation of the assessed

Upper base turning :
about specified angle

Limit switch Bottom base profile;
Fig. 1. Device for shaping macrogeometry of the grinding ~ 2 — maximum height of the profile within
wheel active surface a sampling length;

- RSm — mean width of profile elements, within
The device was equipped with a table drive system a sampling length;
that consisted of a feeder, drive engine and éhéabt - Rdq — root-mean-square (RMS) slope of the
bar. The reciprocal and traverse movement was profile within a sampling length;
steered using a contactor and limit switches planed — RTp — material ratio of the complete profile.
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Tab. 1. General characteristics of grinding conditions parallel to the mean line runs through, which Bs tibp
Process Peripheral internal cylindrical traverse r0ughnes§ limit;
grinding - T/W (line 2) — the contractual border of vertexes
Universal grinding machine RUP 28P roughness zones (Top Zone) and working zone
Grinding equipped with spindle type EV-70/70- W (Working Zone). The criterion used in
machine 2WB produced by Fisher AG, estimating this border for the cooperating surfaces
Switzerland (max. rpm 60 000 rin 9 . p 9
power of machine cutting 5.2 kW) roughness is such an area of contact where there
Dresser: single grain diamond dresser no mounting galling takes place (the border value
Dressing Qq = 1.25 ktng = 12 000 rpm, of the contact length equaling 2% was adopted);

parameters Vig = 10 m/sae = 0.0125 mm

i4=10, y = 0.38-1.15° = 15-5 mm - ML+Ra (line 3) — the line running on the height

that is the sum of values of the profile mean line

Grinding Vs = 60 m/sy, = 0.6 m/sy, = 1.0 . . .
parameters mm/s,a. = 0.10 mmQc = 5.0 l/min (ML — Mean Line) and the averaga arithmetic
Coolant 5% water solution of Castrol roughhess profile dewatlon;.
Syntilo RHS oil - ML (line 4) — the mean line of the roughness
Internal cylindrical surface of rings, profile;
Workpiece made of 100Cr6 steel, internal diameter: _

ML-Ra (line 5) — the line running on the height of
ML-Ra;
W/Q (line 6) — contractual border of the roughness

dw = 40 mm, widthh, = 18 mm

Analysis of the material ratiBTp of the profile of i ) ) ]
the grinded surfaces was carried out using Z0nes: workingW and quasi-nominal zone,

Symmetrical Curve of Geometrical Contact (SCGC) Which runs on the height of contact that equals
[15]. 98% of the measurement section;

The SCGC method may be considered alternative D-D (on line 7) — the depth of SCGC pits, i.e. the
and informative in relation to the material ratibtioe lowest point of the roughness profile, which the
RTp profile using the Abbott-Firestone Curve (AFC) line parallel to the mean line runs through, which
and RTpx, RTps, parameters. SCGC (Fig. 3) is the is the bottom border (_)f the roughnes_s profile.
conversion of the curve in such a way that eachsof ~ The area between lines 1 and 2 is the vertexes
abscissas illustrating the geometric contact is edov 20NeT with height oft, the one between lines 2 and 6
parallel so that the center of its length is foumdthe IS the working are&V with height ofw, while the area
normal perpendicular to the measurement sectigpetween lines 6 and 7 determined the quasi-nominal

midway through its length. zoneQ with heightq.
The SCGC curve is the border between the

material (located under the curve) and the freeepa
(above the curve). For this reason the print-out
contains values of roughness zones surfagesa (of

Top Zone, Area of Working Zone). The surface of the
qguasi-nominal zone is the difference between the
complete surface and the sum of surfaces of the
working and top zones.

3.2. Grinding wheels

Five types of grinding wheels with zone-
diversified structure made using ceramic bond with
glass-crystalline structure were applied. Thesdstoo

Fig. 3. Sample shape of the SCGC for a surface roughness . . .
profile obtained by the traverse grinding usingeeon WeTe made from grains of polycrystalline white filise

diversified structure grinding wheels alumina 99A and microcrystalline sintered corundum
type SG. Table 2 presents the characteristics of
What can be determined using SCGC are heiglgrinding wheels selected for the tests. Designatibn
parameters (including Ra), contact parameters the grinding wheels given in Table 2 is the ablatad
(horizontal), which characterize the expectedechnical characteristic adopted to simplify the
geometrical contact and the developed surface dakirpresentation and description of the investigation
into consideration the surface roughness and thesults.
material volume, as well as the so-called holloies, Both the hardness and the structure of particular
free spaces in the roughness zone. Thanks to thgtinding wheel zones remained unchanged for all
more data for forecasting the behavior of surfacetypes of grinding wheels used during the tests.elLev
when it is used in different conditions are obtdine K of hardness was applied to the rough grindingezon
Figure 3 presents the following SCGC parametersand level | for the finish grinding zone. In botbnes
point P (on line 1) — is the SCGC peak, i.e. thestructure No. 7 was adopted.
highest point of the roughness profile, which time |

a
Tuml
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Tab. 2. Grinding wheels with zondiversified structure
designed for experimental investigations of
traverse internal cylindrical grinding

0
%)
<
(2]
(2}
1 - 35x20x10 99A/F46 K 7 V DG 70%
SG/F80 17 V DG 30%
A
< 1
o3 b
L2
Q
%)
1 - 35x20x10 SG/F46 K7 V DG 70%
99A/F80 17 V DG 30%
0
N
O
%)
1 - 35x20x10 SG/F46 K7 V DG 70%
SG/F80 17 V DG 30%
g
o
S
-
<
[o2}
o
2
o
o
—
O]
0

1 - 35x20x10 SG/F46 K 7 V DG 100

3.3. Results and discussion

The results of the research indicate an increa
values of the parameters describing the heightifes
of the machined surface roughness praRéeand Rz
along with an increase in the value of the ct
chamfer (Fig. 4).

Such a tendency is observed ithe result
registered for surfaces grinded using grinding W
with zonediversified structure (99A/SG, SG/99A a
SG/SG), and for surfaces grinded without the fii
grinding zone (99A 100% and SG 100%).

a)

0 15 10  Chamfer width b, mm 5
5
—e—99AISG
—=—SG/99A
0.4 ——SGISG
—+—99A 100%
—*—SG 100%
0.3
g
3
)
0.2
0.1
0.0
0.38 0.57 Chamfer angle x,° 1.15
b) .
30 15 10  Chamfer width b, mm 5
2.5
2.0
g
=15
51
&
1.0 & —e—99AISG
—=—SG/99A
—&—SG/SG
0.5 ——99A 100%
—%—SG 100%
0.0
0.38 0.57 Chamfer angle 2, 1.15

Fig. 4. Effect of the grinding wheel conic chamfer angle
on the roughness profile elevation features of the
machined surface: a@yithmetic mean deviation |
the assessed profiRa; b) maximum height of th
profile within a sampling lengtRz

This is caused by the chamfer widitshorteninc
along with an increase of theangle. The short cor
hinders effective realization of the rough grind
through the limited number of active grains that
simultaneously subject to increased strain. Acc-
lation of large-sized chips on a alharea, despite tF
significant porosity, causes high intensity of dow
the abrasive tool active surface. FigBrepresent
SEM micrographs of the chips (Figa and 5b) and tr
cloggings (Fighc and 5d) registered in the co
rough grinding zone fothe grinding wheel activ
surface 99A/SG, SG/SG and SG/99A.

In such a case deformations of the machii
system increase, because of which the cylindriea
of the wheel, apart from the function of rough drirg
and sparking out, must also remove tteenaining
layer of the material. As a result, despite thegl
cylindrical smoothing out zone, the obtained sw
roughness expressed with parameRasandRz adopt
the highest level for anglexy=1.15, which
corresponds to the conic chamfer wibth 5 mm.

The chart of changes of tiRSm parameter whicl
describing longitudinal parameters of the machi
surface roughness reveal a decreasing tendente
values of anglg (Fig. 6a) drop.
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d 3

Mag.: 400x © "Accelerating voltage:

Fig. 5. SEM micrographs of the chips and the smears orhrgugding zone of the GWAS obtained by JEOL JSN@S5/
for: a) 99A/SG grinding wheel; b) SG/SG grindingeeh c) SG/SG grinding wheel; d) SG/99A grindingeeh

The decrease of the value of the mean roughness
distance corresponds to the greater surface pe®
density, i.e. lesser smoothness of the obtainedcir
The root-mean-square slope of the praRéle changes
in the function of conic chamfer zone analogicatly
Ra and Rz parameters taking lowest values for
x=0.38 (Fig. 6b).

What can be observed on charts of param&ars
Rz, RSm and Rdq are clear separation of lines
representing results obtained during machining witt
grinding wheel SG/SG and SG 100% from lines
presenting results of the remaining abrasive tohie
grinding wheels made solely from microcrystalline
sintered corundum grains were characterized in th
research by almost identical changeability of theb)
results and visibly lower level of the aforemengdn
roughness parametershis may be explained by the
microcrystalline structure of such grains and their
capability for self-sharpening. Even though in the
remaining abrasive tools there were also zones mac
from grains S& (except for tool 99A 100%),
combined with polycrystalline grains of white fused
alumina 99A, these grinding wheels did not provide
equally smooth surfaces of the workpiece.

While analyzing charts of changes of participation
of particular SCGC zones in the function of tje
angle (Fig. 7), it may be noticed that the greates.

Rdq,”

6.0

4.0

3.0

2.0

0

15 10  Chamfer widths, mm 5

—e—99A/SG
—=—SG/99A
—&—SG/SG
——99A 100%
—*—SG 100%

g —

0.38 0.57 Chamfer angle ¥, 1.15

15 10  Chamfer width 5, mm 5

!

—e—99A/SG
—=— SG/99A
—&—SGISG
——99A 100%
—%—SG 100%

0.38 0.57 Chamfer angle?,” 1.15

participation of the top zone and at the same timee Fig. 6. Effect of the grinding wheel conic chamfer angle

lowest participation of the quasi-nominal zone. (ite
least favorable conditions) was measured on swsface
grinded with the greatest conic chamfer angle
(x=1.15).

on the machined surface roughness parameters:

a) mean width of profile elements, within a samglin
lengthRSm; b) root-mean-square slope of the profile
within a sampling lengtRdq
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a) T - top zone of the SCGC
40%

99N/SG
35% R —
SG/99A
_

30% N SGISG

25% 99A 100%

BaNnmO

SG 100%

20%

15%

10%
5%

0%

0.38 0.57 3 1.15
Chamfer angle 2, °

b) W - working zone of the SCGC

80%

70%

60%—— NS S b

50%

40%

Working
zone

30%

Symmetrical Curve
of Geometrical Contact (SCGC)

20%

10% Quasi-nominal

zone

0%

0.38 0.57 1.15
Chamfer angle ¥, °

©) O - quasi-nominal zone of the SCGC
40%

35% ]

i

30%

25%
20%
15%
10%

5%

0%

0.38 1.15

057
Chamfer angle 2, °

Fig. 7. Effect of the grinding wheel conic chamfer anglen the shares of the SCGC zones of the groundcirbughness:
a) top zon€; b) working zonéW\; c) quasi-nominal zon@

While the height of the working zone remained orsignificant influence on the course of the examined
more or less the same level, the participatio® ahd process and the quality of the workpieces. Such
Q zones indicates obtaining the highest surface loagdiversification of the y angle did not, however,
capacity during machining withy= 0.57. Further influence the registered values of the current pafe
decrease of the conic chamfer angle value causéde grinding wheel spindle, which remained constant
minor deterioration of the load capacity of theover the whole range of variability of the examined
machined surfaces. parameter (Fig. 8).

A change in the conic chamfer of the examined The obtained results of the research allows to
grinding wheels ranged from 0.38 to 1°1& had, as conclude that the most advantageous values of the
indicated by the roughness parameter resultparameters describing grinded surface roughness, we
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obtained for the process realized with the conitraverse internal cylindrical grinding process @on
chamfer of the abrasive togi= 0.38". This value of with a drop in the value of the grinding wheel @ni
the angley corresponds to the greatest chamfer widtighamfer value.

b= 15 mm. This means that the even distribution of The even distribution of the machining allowance
the total machining allowance on a greater arethef Over a greater surface of wider conic chamfer agidw
grinding wheel conic chamfer allows for morefor more effective removal of the material in tioeigh
effective operation of the rough grinding zone. Asgrinding zone and despite shortening of the cylaadr
aresult, the shorter cylindrical part of the giimgl part of the grinding wheel contributed to improverne
wheel removes a smaller volume of the materialpf the smoothness of the grinded surfaces. Simulta-
which further guarantees lower roughness of thgeously, modification of the chamfer parameters did
machined surface. not have any significant influence on the grinding

power.
a) ) The obtained research results form the basis for
15 10  Chamfer width 5, mm 5 .. . .
1400 determining recommendations in terms of the
suggested width of the conic chamfer performed on
1200 the abrasive tools’ active surface in such grinding
1000 > processes. It may be assumed that the chamfer width
should equal 90% of the rough grinding zone width
5800 b = 0.9T;. Such a value allows for maximum usage of
5600 T the grinding wheel zone width designed with a vtew
intensive removal of material and leave a margin fo
400 :if;%ii motion towards the end of the chamfer in the dioect
200 iy of the cylindrical part, caused by progressive wafar
—%—SG 100% the grinding wheel. The final value of the chamfer
0 0.38 0.57  Chamferanglex,® 1.15 angle y will result from the chamfer width and the

working engagement valug.
b 15 10 Chamfer width b, mm 5 9 9ag
800
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Fig. 8. Effect of the grinding wheel conic chamfer angle Nomenclature

on the grinding poweP (a) and the grinding power

gaindP (b) Symbols
EN — machining allowance (working engagemepit),
b — conic chamfer width, mm
4. CONCLUSIONS by — workpiece width, mm
The carried out research on the influence of thé«  — workpiece diameter, mm

— number of dressing passes
— grinding wheel rotational speed while dressing,
rpm

value of the grinding wheel conic chamfer angle or¢
the roughness parameters of the machined surfac®

and the grinding power prove that it is possible tq,
optimize the conditions of the realization of theeg Qe
process using anglg. It must be, however, noticed Q,
that precise realization of conic chamfer in tledfiof Ra
low values of the angle requires application ofcide
device. Re

The measured parameters of the geometric
structure of the machined surfaces and the grindin%
power indicated, without any exception, that thees Rdq
an improvement in the conditions of realizatiortod

— grinding power, W

— coolant flow rate, I/min

— diamond dresser mass, kt

— arithmetic mean deviation of the assessed profil
pum

— maximum height of the profile within a sampling
length,um

— mean width of profile elements, within a samglin
length,um

— root-mean-square (RMS) slope of the profile
within a sampling length, °
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