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Abstract: The aim of this contribution was to assess the ghpécutting speed in grinding quality of the
test samples surface layer of heat-and chemicatiggssed steel. To fulfil these objectives experiahe
and computational methods have been achieved,dimgustatistical evaluation. Technology grinding
was performed without cooling recess manner. Thedgrg wheels-porous A9980K9V and A9980K13V
were used. As machined materials the followingseveetected: tool steel 19436.4, cemented and hard-
ened steel 14109.4 and 16420.4. The steel harda@sshe range of HRC = 61 + 62. The work follows
the qualitative indicators to assess the integoityhe most common finished surfaces. These claigct
tics create conditions for influencing the fatigasteength, wear, corrosion stability, and quality.
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1. INTRODUCTION which is financially far more acceptable in theldief
application.

Finally, the efforts to complete the concept ofldqya
of the surface layer (surface integrity) are startinateri-
alized only in recent decades. It is based on w@olgical
processes and their effect on the depth and dstoof
the surface layer of the workpiece. Extensive @gpithn
possibilities of grinding can be split by fields afplica-
tion, e.g. production of automobiles, turbines, rbegs,
instruments and so on, by the type of grinding pss¢
for example, cylindrical grinding inner and outsuyface
. ..grinding and so on, and type of technology, fornepke
gpIunge, with the reciprocating shift etc. Implensitn

of each operation requires a corresponding grinttiag

- grinding wheel, grinding machine, ensuring dregsin
systems, cooling/lubrication and technological d¢tods
that ensure compliance with user requirements. PBeve
opment of methods of grinding is to be viewed cosnpr
hensively connected to the requirements of thestiigdl
surface (dimensional and shape accuracy, surfaishj
although often it responds to the challenges ofoalyoc-

Grinding is characterized mainly by its machining
capabilities expressed for a number of materiierigoer
time unit and by achieving high quality surface.eDio
the layout and operation conditions of grindingijsita
very complex process. Therefore, the increase ff ef
ciency eventually together with optimization ofrgting
is not an easy task. It requires the assessmeninand
provement not only of individual articles of theeva-
tion, but also of their interaction on the finasuét [3 and

process, particularly regarding the speed. The texiip

of the grinding process and a large humber of imgaut
rameters of the cutting tool and grinding wheellunf
enced the theoretical and experimental study dfifig
cant problems. Research requires not only the Lisewo
cutting materials, tools and new methods, but also-
sistent automation, safety and greening in macbinin
The conventional method of grinding begins slowlgeo
replaced by speed grinding way. Speed grindinghzan

considered for a grinding cutting speed of 35'ms tion area.
Slovakia is currently in an early stage of develepin
and thus, of course, of usage. 2. HIGH STRENGTH STEELS
Another big important factor is the grinding wheel.  gyndamental importance of using steels with high

The idea of seeking estate prices and high qualiyd-  strength lies in reducing the stressed part beagations
ing wheels (diamond and CBN grinding wheels), which 3nq reducing the total weight of machinery and cstru
are now produced by foreign companies is not exactl y,res, Reducing the load-bearing sections is lnibgy
what is needed. Therefore, we seek "compensation'yhe requirement of sufficient rigidity of bodieshd basic
characteristics for the assessment of materials ih
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The demanding for cyclically loaded machine parts, Table 1
which are also reflected in significant loads astifugal ~ The choice of material for planar grinding wheel cicumfer-

and inertia forces, another criterion value r&ig o/ p (p ence

- density) is considered. The maximum value of thig
ratio is an important material requirement, beieguired steel
the lowest mass structure (aircraft, etc.). soft carbon, hardened
The development of advanced technology associatgd hardened carbon and alloy
immediately with the development and use of newainet
lic materials, which have special properties, evgar
resistance to high temperature, high strength amall-
ity in aggressive environments. It is known that th-

Grinded material Grinding wheel quality

A 99 40-32 I-K V
A 98, A99 40-25 I-KKV
A9940J13V
A 99 40-32 I-K V

A 98, A99 40-32 H-JV
A 99 40-25 H-J V

High-speed soft
Hardened high-speed
Corrosion resistant

provements in the properties of metallic materiate
usually worse regarding the technological propsrtieo
reduce the difficulties associated with making comp
nents from these materials, the engineers needvelap

Table 2

Specified cutting conditions for planar grinding wheel cir-

cumference

new technological processes.

Longitudinal reciprocating table:

Machining, however, still remains the primary
method for effective production of parts made ofhsu
materials. The principal cause of poor machinabflin

mild steel
hardened steel
cast iron

10 to 18 m.mih
8o 12 m.ntin
10 to 15 m.mth

this case it is characterized by cutting machirngbibte
that corresponds to a defined tool life in machgnivith

Transverse feed motion:

a defined cross section of chip and optimal desigthe
cutting edge on the workpiece) it is the difficutty ma-
chine steels and alloys due to generation of cenale
forces and temperatures in the cutting zone [45nd

for roughing grinding
for finishing grinding

especially for fine grinding

2/3 to 4/5 wheel width

1/2 t02/3 wheel width
1/10 to 1/5 wheel
width

Infeed for stroke:

3. PLANAR TECHNOLOGY OF GRINDING

for roughing grinding
for finishing grinding

0.015 to 0.040 mm
0.005 to 0.015 mm

Grinding is mainly used for machining parts with

Circular movement of table:

higher requirements for shape and dimensional acgur
and surface quality. With the development of eéfiti
grinding wheels and grinding machines, the impaan
of extending is the original field of finishing amaachin-

Peripheral speed of the roughing
grinding

Peripheral speed of the finishing
grinding

20 to 60 m.mith

40 to 60 m.mih

ing to production machining. Grinding is characted

Infeed for stroke:

by specific conditions of chip formation and maghin
surface. As a result of large plastic deformatiod ¢he

for roughing grinding

for finishing grinding

0.005 to 0.015 mm
0.005 to 0.010 mm

external and internal friction is a part of the ghs
heated enough to melt metal and create dropletsyior
ed (arcing). Individual abrasive grains have aagular
geometric shape, high hardness, temperature meststa
irregular cutting edge radiug of a few thousandths of a
millimetre. Abrasive grains generally have a negati
angley, front and back relatively large anglg. As the
cutting speed in grinding is considered the periahe
speed of grinding wheel, which is given to othethoéds
of machining, it is relatively high.

The grain size and hardness of the grinding toel ar
chosen according to the size of contact surfacedest
wheel and workpiece. Generally, the larger the acnt
surface is, the grinding wheel has to be softerthiuker

[3].

3.1. Experimental sample preparation
Peripheral grinding wheel speed is chosen:

« in tough materials from 25 to 32 ths

« for brittle materials from 18 to 25 ms

For the plane grinding wheel circumference the cut-

ting conditions are selected from Tables 1 andcdrak
ing to the type of disc.

BRH 20.03 F (Fig. 1), which is a planar type grirede
with horizontal spindle and rectangular desk.

Fig. 1. Grinding machine BRH 20.03 F (FT UTB Zlin Depart-
ment machining).

They are designed for sanding flat and contoured su
faces of parts made of steel, iron and other metakhte-
rials, which are required to achieve high quality gore-

For the grinding test samples a surface grindercision machining. Sharpening (dressing) is mosthden
in grinding wheel circumference. Samples can be ma-
chined by grinding because of their shape, beiampkd
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directly to the electromagnetic plate or througitadle Steels were chosen for their inferior (low) grade o
clamps to the base table. 20.03 F grinders opémate  grinding machinability in order to verify the exped
closed automatic working cycle. To control the awddic decreases of cutting force components in grindiriy w
cycle, the machine includes a digital indicationG@R high porosity abrasive wheel.

NV 300E company, which serves to track vertical and Steel 14 109 belongs to a group of steels for the
lateral displacement at work in manual mode. Th@-ma manufacture of rolling bearings. It contains abbui%

agement of vertical displacement is in automatidecy C, 0.8 to 1.6% Cr and about 1% Mn to enhance harden
Technical parameters of the machine tool are: ing penetration. It is characterized by high hassne

* Working surface: 208 630 mm. wear resistance and high compressive strength [3].

+ Dimensions of grinding wheeli 250x 20— Steel 16 420 contains 0.14% C, 0.27% Si, 0.75% Cr
050% 76 mm. and 3.7% Ni. It is characterized by good formayikis

« Infinitely speed adjustment: 1 to 30 m. fin vyell as h_eat a_nd good machinability in cons_idermldd:—

« Maximum grinding spindle speed: 2 550 fhin tions. It is suitable for the production of highlyaded

In the process of experiments we used two types off@chine parts, which are subject of hardening ard-h
grinding wheels-type A99 K80 9V and 13V with dimen- €Ning to high strength and toughness up to the, core
sions of 250x 76 x 10. It is an electro corundum grind- namely shafts and gears [3 and 4].
ing wheel with ceramic binder with difference inrps- Steel 19 436 belongs to the alleychrome tool steel.
ity. Samples used were made of steel 14 109.420644 !t contains 1.80 to 2.05% C, then 0.20 to 0.45% M@0
and 19 436.4. Each of these samples was drawrzéo si 10 0-45% Siand 11.0 to 12.5% Cr. The propertieghisf
50 x 50 x 8 mm. Sample preparation was carried out insteel are as follows: very high compressive stigrigiv

the company Ltd KONSTRUKTA Industry Trencin, and toughness, good dimensional stability during hesatt
the grinding of samples, measurement and evaluation
cutting force components at TBU Faculty of Techgglo
Selected types of grinding wheels from Best Comgmni
Ltd Kunstat Morava were used.

ment. This steel is used for highly stressed afffitialit
to shape tools, shaping tools and cutting toolsef@am-
ple broaching or extrusion mandrels, knives, cstfer
lower cutting speeds, etc. [5].

4. MEASUREMENT OF THE CUTTING FORCES
IN GRINDING

When operating with the grinding abrasive wheel,
cutting and centrifugal forces occur. Since thetiogt
forces are small due to centrifugal forces, whemsuer-
ing the strength of the grinding wheel they areleetgd.
The process component operates as the resultaetFor
which is the sum of the elemental forces of indinat
grains. It is decomposed into three components:

« tangential forcé-;
+ radial forceF;
* axial forceF;.

These components are used to calculate:

« power to the wheel spindle and workpiece (fdfge
« stiffness of the machine systemworkpiece- tool,

Fig. 2. Surface grinding of the sample circuit blade clathm precision machining (forcey);

a two-component strain-gauge dynamometer. * the power stroke (force). _
Since the abrasive grains have negative face gngles

we can assume that the cutting fofgewill always be
greater than the forc€. Experimental measurements
confirm that the radial forc&, is about 1.5 to 3 times
larger than cutting forc€.. ForceF; is quite a little bit
smaller than the forcE.. It is considered that the cutting
force in grinding is the sum of elementary forcgsereed
on the material by the individual abrasive graimsli-
vidual grains extend to different depths, elemefuades
are therefore substantially different.

The cross-section area has a complex shape, unlike
the cutting tools with defined geometry. It is dbks to
determine the analytical calculation of cuttingcies in
grinding. We start from identifying the actual cses
cutting of one layer by the abrasive gr&jrspanning the
same number of grains in the desired depth of etut,
grain size and structure of the disc. The measunewie
Fig. 3. Replacement of the A99 K80 9V OPEN F 20.03 grind- cutting forces in grinding was done on two-compdnen

ing wheel in the process of experimentation. strain-gauge dynamometer (Fig. 4).
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Fp dependence of v at 0.03 mm depth of cut for BK9
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Fig. 4. Two-component strain gauge dynamometer validating 20 19436.4| 5

the tangential and radial component of the resuttatiing 0 i i i i

force. 0 5 10 15 20 25
Feeding speed [m.min!]

Radial cutting force component Fp [N]

Fig. 6. Graphic representation of the radial componermuof
ting forceFp depending on the traverse speed.

Fp dependence of vf at 0.03 mm depth of cut for BK13
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Fig. 5. Measuring device for cutting forces in machinipget
Conmes Spider along with evaluation software and®&®@po-

Radial cutting force component Fp [N]

nents of cutting forces depending on cutting patarse —
. . : B0

This device was mounted on a desktop machine an
test specimens of hardened steel were clampeddy-he 40 Where: |_o—141004]-
namometer was connected by wires to the measurin = 1F4204
system Conmes Spider, who was connected to a BC (Fi 20 19436.4| ]
5), where the registration and evaluation of mestsu 0
data were achieved. 0 c 10 15 20 0s

Feeding speed [m.min!]
5. RESULTS AND EVALUATION

The measurements were performed on the presente(fig-_7-GraphiC represer_ltation of the radial com_ponem:uof
surface grinder. Regarding the technological camit ting forceFp depending on the traverse feeding speed.
of plane grinding for the experimental measurenwnt
cutting forces, we opted for the normal conditiarsed Fp dependence of vrat 0,04 mm depth of cut for BK9
in practice. For all three types of steel they wesame
(foe a easier processing)), namely the cutting dept
and feeding speeg:

* a,=0.01, 0.02,0.03, 0.04 mm;
« V=7,125,16.5,23.5 m.niin

For example, for the traverse speed of 7 m’nine
changed the depth of caf = 0.01 toa, = 0.04, doing
this for all four traverse speed.

From Figs. 6 and 7 to see at the depth obget 0.03
mm the decrease in cutting forces for the wheel 80R
13 V (Fig. 7), while for steel 14 109.4 it occulsast
linear to the curve for both curves (Figs. 6 andSteel
16 420.4 also has a linear shape of both curvesdé¢h
crease of cutting force$ (), about 8N. Curves for steel
19 436.4 are of square (Fig. 6) and logarithmiay(Fi) 0
shape with a strong decline of about 20 N. Sizeutting Feeding speed [m.min!]
forces (Figs. 8 and 9J) for a depth of cut 0.04 mm for

steel 14 109.4 is nearly the same for both grinding Fig. 8. Graphic representation of the radial componermuof

Whee_ls. An acc_entuateed force decrease in higrsiipro ting forceFp depending on the traverse feeding speed
grinding wheel is seen for steels 16 420.4 and3®4 v measured in [mm.mif.
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Fp dependence of vrat 0,04 mm depth of cut for BK13
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Fig. 9. Graphic representation of the radial componercubf
ting forceFp depending on the traverse feeding spged

Fc dependence of vf at 0,03 mm depth of cut for BK9
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Fig. 12.Graphic representation of the tangential compoaént
cutting forceFc depending on the traverse feeding speed.

Fc dependence of vf at 0,04 mm depth of cut for BK13
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Fig. 10.Graphic representation of the tangential compoanént
cutting forceFc depending on the traverse feeding speed.
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Fig. 11.Graphic representation of the tangential compoangént
cutting forceFc depending on the traverse feeding speed.
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Fig. 13.Graphic representation of the tangential compoogént
cutting forceFc depending on the traverse feeding speed.

The size difference between the tangential compione
of cutting forceF. (Figs. 10 and 11) at 0.03 mm depth of
cut is noticeable when comparing the graphs (Fi@s.
and 11). Radial component of cutting force exhiltlits
lowest values for steel 16 420.4 for the four deleeices
(Figs. 6, 7, 8, and 9) which can also be causetidiyer
content of nickel (Ni = 3.7%). Conversely, the &tee
19 436.4 shows the highest values of cutting fqfg
due to the high content of chromium (Cr = 12.5%jl an
carbon (C = 2%), what it is seen in the steel 19.4.(1].

It is interesting to 19 436.4 high speed steel tha
radial component of cutting force (Figs. 6, 7, 810, 11,

12, and 13) is the largest one compared with attesls,
since the tangential component is the smallest.

In Figs. 14 and 15 the records from the monitor of
measuring device SPIDER 8 are shown, where for the
sample measured field (50 mm) there is a high shear
strength at the initial contact with the grindindpeel of
cropped area. In a further stroke there is a digamf
decrease in cutting forces (result of sharpenify [2
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Fig. 15.Chart of cutting forces for ground steel 14 109.diSc
displacement at 12.5 and 0.02 mm depth of cut.

5.1. Creation of mathematical model of measured

values of cutting forces in a plane grinding

In developing a mathematical model based on th
readings, we have several options. The choice away
depends on the shape and structure of the procéksed
i.e. the number of input parameters to their djrexgpec-
tively, indirect dependencies. In seeking to manbge
tween several variables as in this case, it cavebedif-
ficult to estimate the form of the model and therefthe
methods such as the method of least squares and mi
max method. For this reason, we have to estimae th
chosen mathematical model by using a combination o
two statistical methods, namely "Monte Carlo" [1]da
point estimators [2]. As model formula we used [1]

_ 07 ¢ 0, 06
F.=Cyv,'f%a . (1)

We decided to create a model in the form:
F.=pCV.'v,a”. )

We identified the material constant for the shaipg
for a particular material. For example, for the enetl 16
420.4, as well as for other materials, we used retac
chemical composition and hardness of steel, 164420.

steel has a hardness after hardening about 62 HRQ3]

which is about 745HV. Constantly, we get multiptase
stants of chemical composition and constant haslnes
Kene andKny, For steel 16 420.4 we g6 = 13.73 [1].

The coefficienta. was gradually chosen 0.2, 0.3, to
0.8, 0.9 in the Eq. (3) to get a solid set of passoutputs

F

P pC\VV*

pcf

®3)

x=log,

€
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We designed this method of parameter estimation an
calculated the standard deviation. We consideratits
an acceptable model, where the standard deviaidimei
smallest. The situation in the porosity of disc weced
for a cutting depth of 9 mm, thus the model we aeldp
for this situation is:

F, = 53245Cv,”. (4)

Two-component strain gauge dynamometer was cali-
brated to a value of 9.81 N on a mass of 1 kg. Wthen
components of cutting forces are measured, the -meas
urement error must be taken into account. Readags
various depths of cut depending on changing travers
rate raise almost linearly. While our main aim dseix-
perimentally demonstrate, then to calculate (tleatton
of a mathematical model) that the cutting force pom
nents decrease in porous discs. The expected mqreri
tal and simulation aim has been to prove that tlaénm
cause for this decrease of cutting forces is aebéitat
dissipation in the cutting zone.

6. CONCLUSIONS

The work deals with grinding hardened steel 14
109.4, 16 420.4 and 19 436.4, and measuring cutting
forces by changing the depth of cut and speed.eXie
periment revealed a visible impact of the workpieta
terial properties on the structure of the grindimbeel
and also of the technological conditions on thalfsize
of the cutting forces. Overall, the larger the dept cut
material and also feed rate, the higher the valuth®
cutting forces. Also, the conducted experiment show
that with the increasing depth of cut also the &slaf the
axial component of cutting forcg, and the tangential
component of increase in all species of studied steels.
In addition, all these are confirmed by the faetttthere
is a decrease of cutting forces in grinding witghhpo-
rous grinding wheel, unlike the disc with a lowegdee
of porosity. This is due to a smaller number ofivect

r,(r:]rains, better heat dissipation from the point ofting

zone and better chips because of higher porosig di

ﬁhigher unit volume = cutting more dissipated miatgr
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