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GEOMETRICKE ZAKONITOSTI

VYTVARANIA OBROBENEHO POVRCHU

GEOMETRIC RELATIONS OF THE FORMATION OF A CUT SURFACE

Pri posudzovani drsnosti obrobeného povrchu sa doteraz pouziva
zjednoduseny vztah, ktory vyjadruje zavislost' najvicsej vysky nerov-
2

nosti a posuvu v tvare Rz = v
rE

, kde Rz je drsnost obrobeného
povrchu, fje posuv a r. je polomer zaoblenia rezného klina.

Novsie pristupy ukazujii na nepresnost tejto zavislosti. Na zdklade
experimentdlnych merani autori analyzujii nové vztahy medzi reznymi
podmienkami a drsnostou obrobeného povrchu. Tieto umoznuju pre-
dikovat morfologiu obrobeného povrchu pred vstupom polovyrobku
do vyrobného zariadenia a volit optimdline rezné podmienky z hladiska
pozadovanej kvality povrchu.

1. Uvod

Zvysovanie prevadzkovej spolahlivosti strojovych zariadeni si
Ziada zvySovat kvalitu obrobeného povrchu stciastok. Naroky na
zlepSovanie kvality obrobeného povrchu vyvolavaju hladanie tech-
nologickych moznosti, ako tento problém riesit. Rezervy su vo
vyuZiti zakonitosti procesu vytvarania obrobeného povrchu reznym
klinom.

Je vSeobecne zname, Ze obrobeny povrch sa teoreticky vytvara
pohybom rezného klina vo¢i obrobku, podla kinematiky konkrét-
neho stroja. Dochadza ku kopirovaniu hrotu nastroja na povrch
obrobku, pricom participuje plasticka deformacia povrchu a tri-
bologické korelacie trucich sa ploch nastroja a obrobku. Vysledkom
je zlozity tvar obrobenej plochy. Ak berieme do uvahy len geo-
metrické zakonitosti interakcie nastroj - obrobok, mozno odvodit
pomerne jednoduchy vztah medzi posuvom a drsnostou obrobe-
ného povrchu, t. j. Rz = Rz(f).

Zavislost drsnosti povrchu od reznej rychlosti v, a hibke rezu
a,, ktora je Rz = Rz(v,, a,) sa geometricky neda vyjadrit, pretoze
suvisi so zakonitostami plastickej deformacie povrchu obrobku
pri styku s reznym klinom. Takéto vztahy su vsak vel'mi potrebné
na optimalizaciu reznych podmienok. Jednou z ciest ich ziskania
je experimentalne Studium povrchu pri meniacich sa reznych pod-

When assessing the roughness of the cut surface a simplified
relationship is used representing the dependency of maximum devia-
2

tion of a roughness and a representing feed in the form Rz = 5

Te

where Rz is the roughness of the cut surface, [ is a feed and r, is
a radius of the curving of the knife.

The latest approaches illustrate the inaccuracy of this dependency.
On the basis of the experimental measurements the authors analyse
new relationships between cutting conditions and roughness of the
cut surface. These enable to predict morfology of the cut surface to
the accession of the semi-product in the production facilities and to
select optimal cut conditions of the aspect of the required quality of
the surface.

1. Introduction

Increase of the working reliability of machining systems requires
the increase in the quality of the cut surface components. Require-
ments to improve the quality of machined surface evolve search-
ing for new technological means to solve this problem. Reserves
are in utilization of relations of the process of the creation of the
cut surface with the cutting slice.

It is generally known that the cut surface is theoretically gen-
erated by moving the cutting slice according to kinematics of the
machine. The tip of the tool is reproduces on the cut of the work-
piece where the plastic deformation of the cut and the tribologic
correlations of the areas of tool and workpiece participate.The
result is complicated form of the cut plane. When we think of only
geometric relationships of the interaction the tool - the work, we
can deduce simple relationship within the feed and the roughness
of the cut surface, i. e. Rz = Rz(f).

The dependence of the roughness of the surface on the cut
speed v, and on the depth of the Rz = Rz(v,, a,) cut is impossible
to be described geometrically, because it is related to the plastic
deformation relationships of the surface while in touch with the
cut slice. These relations are necessary to a great extent for
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mienkach. Nasledujuce analytické vztahy su ziskané uvedenym
spdsobom. Prispevok je parcialnym vysledkom rieSenia grantovej
ulohy VEGA 1/7446/20

2. Charakter geometrie
tvorby obrobeného
povrchu

Ak analyzujeme exaktny geo-
metricky vztah medzi reznym kli-
nom nastroja a obrobenym povi-
chom, mozno drsnost povrchu
ur€it z obr. 1.

VDO? - CO?

Rz=CE—-DC=CE—-

dalej plati

!

CE = DO, = DO, = r_, CO, =

Odtial
7

Rz=r.— rﬁ - —.
4
o
e Dalsie upravy vedu ku
2
kvadratickej rovnici Rz* — 2Rzr, + 7 =0.

Po umocneni Rz> — 2Rzr, + r?

Mnohi autori v snahe zjednodusit tento vztah zanedbavali
¢len Rz%, ¢im vznikol frekventovany vztah:
f2
Rz=—-.

8r, (D

€

Jeho graficka interpretacia vyjadruje parabolickt zavislost
medzi posuvom a drsnosfou obrobeného povrchu. Z poslednej
kvadratickej rovnice vyjadrime Rz vztahom:

2_ 42
reX 4. f

RE=——"—,
2
f
kde 4r§ — 220, teda re= E Po tuprave je
f2
Rz=r.=* rz——. 2
4
fZ
Hodnota Rz = r_+ _[r? — ) nie je technicky mozna. Preto
2
plati vzfah pre drsnost povrchu Rz = r, — rﬁ 7 alebo po
dalsej uprave:
1 2_ 2
Rz=r€—5 4r.— f°. (2a)

Nech nezavisle premenna je posuv f, mézeme zobrazif graf
funkcie Rz = Rz(f) pre rozli¢né r,, €o je znazornené na obr. 2.

is the experimental study of the surface in the variable cutting con-

ditions. The following analytic relations are obtained by the pre-

sented method. The paper is a partial result of the solution of the
grant work VEGA 1/7446/20.

Character of geometric

Obr. 1. Interakcia zaobleného rezného klina a obrobku
Fig. 1 Interaction of the curving knife and of the workpiece

R-
e T 2
\Q creation of cutting surface
\ When we analyse an exact

geometric relation between the
knife of the tool and the cut sur-
face it is possible to determine the
roughness of the surface from the
Fig. 1.

VDO? - CO3

Rz=CE—-DC=CE—

further holds
f
CE=D0,=D0,=r,., CO, =—.
Hence
2
Rz=r_— rﬁ — f—
4

f2
After squaring Rz? — 2Rzr_+ r2 — e Next modifications
2
lead to a quadric equation Rz> — 2Rzr, + i 0.

Many authors, trying to simplify this relation ignored the term
Rz, which resulted in a frequent relation
f2
Rz=—

8r M

€

Its graphic interpretation expresses parabolic dependence
between the feed and the roughness of the cut surface. We describe
Rz from the last quadratic equation

22
reXA4r.—f

Re=——"—"7"—,
2
where 4r — 2= 0 then re=— After modification it is
f2
= - — 2
Rz=r, T (2)

f?
Value Rz=r,+ \/ re— iy is not possible technically.

Therefore the relation is valid for the roughness of the cut surface

Rz=r_— _[r} —— or after further modification

Rz_r——\/rz— (2a)

Let independent variable be the feed f, we can describe the
graph of the function Rz = Rz(f) for various r, what can be seen
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Zavislost nie je parabolicka, je
vyjadrena castami elips, dosa-
huje kone¢né hodnoty pre zvo-
lené hodnoty parametra r,.
Technicky to znamena, Ze v oka-
mihu, ked' sa kon¢i priebeh za-
vislosti pre prislusné r,, pricha-
dza do zaberu vedlajsia rezna
hrana. Vzfah (2a) presnejsie vy-
jadruje zavislost Rz = Rz(f),
ako zjednodus$eny vztah (1).

Na obr. 3 je graf funkcie
Rz = Rz(r,). Systém zavislosti
je ziskany na zaklade vztahu
(2a), kde predpokladame, Ze
posuv f je parameter. Zavislosti
su ohranicené zhora. Pre r,
bliziace sa k 0, Rz vel'mi rychle
rastie.

Z povodnej aj zo zavislosti
(1) pre drsnost obrobeného po-
vrchu vyplyva, Rz Ze velmi rych-
le rastie so zvySovanim posuvu.
Preto akékolvek zvySenie posu-
vu ma nepriaznivy vplyv na mor-
fologiu obrobeného povrchu.
Z priestorového diagramu funk-
cie Rz = Rz(r,, f) by bolo mozné
uréit hodnoty r,, ktoré pri zvyse-
nom posuve daju rovnaku hod-
notu Rz. Prakticky by to zname-
nalo pri kazdej zmene posuvu
zmenit polomer zaoblenia hrotu
nastroja, ¢o vsak nie je mozné.
Vyrobcovia reznych nastrojov
vyrabaju rezné platnicky s defi-
novanymi polomermi hrotu. Ako
priklad mozZno uviest vytah
z normy ISO 1832, podla ktorej
napr. vyraba SANDVIK Coro-
mant, kde pre vymenitelné sus-
truznicke platnicky s definova-
né polomery r. = 0,4; 0,8; 1,2;
1,6 a 2,4 mm. Okrem toho sa vy-
rabaju kruhové platnicky s polo-
mermi 8 a 12 mm. Dalsie zvicso-
vanie polomeru hrotu noZa nie je
vhodné z dovodu predlzovania
aktivnej dizky styku reznej hrany
s obrobkom a sklonu ku kmita-

‘mm

Obr. 2. Graf funkcie Rz = Rz(f) pre r. € {0,5; 1; 2; 3; 4; 5} mm
Fig. 2. Graph of function Rz = Rz(f) for r, € {0.5; 1; 2; 3; 4; 5} mm
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Obr. 3. Graf funkcie Rz = Rz(r,) zo vztahu (2a).
f€1{0,1;0,2; 0,3; 0,5} mm
Fig. 3. Graph of function Rz = Rz(r,) of the relation (2a).
f€1{0.1;0.2; 0.3; 0.5} mm

Obr. 4. Postupnd zmena profilu rezného klina s casom rezania

Fig. 4. Consecutive change of the section of the cutting slice with the

cutting time

niu technologickej sustavy. Preto zlepSovanie drsnosti povrchu je

potrebné riesit inym spésobom.

K modifikacii teoretickych vztahov pre drsnost povrchu pri-
stupuje aj dalSia skutocnost. Realny tvar hrotu nema presny kruhovy
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in Fig. 2. The dependence is not par-
abolic, it is described by segments of
the elipses, it reaches final values for
the selected values of the parameter
1. Technically it means that in the
moment when the relation for
selected finishes r, there side cutting
edge comes to feed. The relation
(2a) represents more precisely the
dependence Rz = Rz(f) than the
simplified relation (1).

In Fig. 3 there is a graph of the
function Rz = Rz(r,). The system of
dependencies is obtained by the fol-
lowing relation (2a) where we expect
that the feed is a parameter. Depen-
dencies are limited by the upper
parameter. For r, approaching 0, Rz
increases very quickly.

From the original and from the
dependence (1) for the surface rough-
ness of the cut it can be seen that Rz
increases very quickly with incresing
feed. Therefore any increase in feed
has unfavorable effect on morpho-
logy of the cut surface. From the
three dimensional graph of the func-
tion it would be possible to get the
equivalent value Rz.

The producers of cutting tools
produce cutting plates with a defined
radius of the tip. As an example we
can introduce a piece of ISO stan-
dard 1832 according to which, e. g.
SANDVIK Coromant produce their
goods, where for convertible lathe
plates radiuses are defined r, = 0.4;
0.8; 1.2; 1.6 and 2.4 mm. Apart from
it, round plates are produced with
radiuses of 8 and 12 mm. Further
increase of the radius of the tip of
knife is not applicable due to the
expansion of active contact of cutting
edge with workpiece and of inclina-
tion to the vibration of the techno-
logical system. Therefore, the impro-
vement of the roughness of the
surface need to be solved in a differ-
ent way.

Another fact joins the modification of theoretical relations for
the surface roughness. The real shape of the tip is not of accurate

round profile and with the wear it changes considerably. It is
mainly the creation of a hole in side edge according to Fig. 4. This
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Kz,

profil a opotrebenim sa znacne meni.
Ide najmai o vytvaranie zliabku na ved-
lajSom chrbte podla obr. 4 . Pri ma-
lych opotrebeniach moze toto “prelo-
menie” vedlajSej reznej hrany viest
v niektorych pripadoch aj ku zahladzo-
vaniu nerovnosti povrchu. Vznika jeden,
alebo viac dalSich hrotov. Pri vysSich
opotrebeniach sa vSak tento efekt rusi
a drsnost povrchu s opotrebenim ras-
tie.

ESte nazornejSie vyjadruje sledo-
vanu zavislost priestorovy graf Rz =
= Rz(r.,f) na obr. 5.

3. Zavislost drsnosti obrobeného povrchu Rz od reznej
rychlosti v. a posuvu f

Na urcenie drsnosti obrabaného povrchu mame vztah (1)
a (2a). Pre zavislost drsnosti od reznej rychlosti v, teoreticky vztah
neexistuje, preto ju mozno zistit experimentalne. Z experimental-
nych hodnét pri obrabanom materiali: ocel 12050.1, reznom
materiali SK P20 reznych podmienkach: r. = 1 mm, y, = 10°,
Kk = 60°, k, = 30° a z grafickej zavislosti Rz = Rz(v,) je mozné
vyjadrit vztah

Rz=av.’, (3)

kde a a b su konstanty, ktorych vel’kost sa meni so zmenou posu-

vuf.

Uvazujme rovnost (1) a (3), teda

£
8_ =av, b,
r€
z ¢oho
2
Fe = f —b>
8av,
potom je:
£ Y
Ri=——=—-— /|4 —| -1
8av, 2 8av,
alebo
. r _i . 16a2vc—2b
T\ 8av 2 16a?v; 2 )
teda
f? _
e av, b,
rE
z ¢oho
f2
€ Sav?’

Obr. 5. Graf funkcie Rz = Rz(r,, f)
Fig. 5. Graph of the function Rz = Rz(r,, f)

“snap through” of the sub-
sidiary of the cutting edge
allows to smooth the uneve-
ness in some cases.

One or more tips occur.
This effect, however, does not
occur at higher wear and the
roughness of the surface
increases with the wear.

The three dimensional
graph represents the observed
dependence Rz = Rz(r,, f) in
Fig. 5.

3. Dependence of the roughness of the cut surface Rz
on the cutting speed v, and on the feed f

To determine the roughness of the cut surface we have the
relations (1) and (2a). For the dependence of the roughness on
the cutting speed v, the theoretical relation does not exist, there-
fore it is possible to find it experimentally. From the experimental
values at the cutting material SK P20, cutting conditions: r, =
=1 mm, y, = 10°, k = 60°, k., = 30° and from the graphic
dependence Rz = Rz(v,) it is possible to define the relation

Rz=av.", (3)

where a and b are constants, the value of which change with the
feed f.

We consider equation (1) and (3), therefore
LA
8r,
from which
f2

re = =y
€ 8av®

then

Lo 2y
Rz = -— |4 -
: 8av.? 2 8av.® s

or
s 1 [f*— 16a%,
Rz=f EE 2 —2b
8av, 2 16a°y,
thus
7 ,
8r, B
from which
f2
fe™ 8av, "’
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potom je:
Lo Y
Rz = -— /4 -1
: 8av, % 2 8av,? 4
alebo
' 1 [f* = 16a%, %
Rz=f f—b Y ! 2 —2lb ;
8av, 2 16a°v,
teda
f 2 2.—2b
Rz = P f = VfT = 16a7v. ™). 4)

Existencia vyrazu vo vztahu (4) je zaruCena pre hodnoty
posuvu a reznej rychlosti, ktoré spifiaji nerovnost

A= 16a* v * =0,

priCom uvazujeme len technicky rea-
lizovateIné hodnoty, teda f = 4avc_b.
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then it is
o Y
Re=———— [4|==] -1
8av, 2 8av,
or
f 12— 16a>]%
Rz=f 5 5 2 —2b
8av, 2 16a”v,
SO
f 2 2. —2b
Rz = — (f = Vf" = 16a’v, ) 4)
8av,
The existence of the term in the relation (4) is guaranteed for
the values of the feed and cutting speed that satisfy the unequality
A= 16a>* =0,

when we consider only the techni-
cally possible values, so /= 4av, °.

Pre a =200,78 a b= 10,9995
mame graficku zavislost na obr. 6.
Graf je podla vztahu (4) upraveny na
Ra = Ra(v,, /).

Experimentalnym Studiom zavis-
losti drsnosti povrchu od hibky rezu
a, je zavislost takmer linearna, s ma-
lym poklesom R, smerom k vySSim
hibkam rezu. Preto nie je potrebné
tento parameter uvazovat.

25

Obr. 6. Graf zavislosti drsnosti Ra od reznej rychlosti v,

4. Zaver

Poznanie zakonitosti vzniku drs-
nosti obrobeného povrchu dava real-
nu moznost optimalizovat rezné podmienky vo vztahu k pozado-
vanej kvalite povrchu suciastok. Vyrazna zmena R, v zavislosti v,
na ziada pri obrabani oceli vysSie rezné rychlosti. ZvySovanie po-
suvu je jednoznacne nepriaznivé a musi sa realizovat iba pri stcas-
nej Uprave geometrie rezného klina (zva¢Sovanie polomeru zaob-
lenia hrotu). Zavislost drsnosti obrobeného povrchu od hibky
rezu je nevyrazna, napriek tomu bude analyzovana v nadvaznych
pracach.
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For a = 200.78 and b = 0.9995
we have a graphic dependence in
Fig. 6. The graph is adjusted by the
relation (4) to Ra = Ra(v,., /).

With experimental study of the
dependence of the roughness of the
cut surface on the depth of the cut
a, the dependence is almost linear,
with the short regress R, in the
direction of bigger depths of the cut.
Therefore, it is not necessary to con-
sider this parameter.
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4. Conclusion

a od posuvu f
Fig. 6. Graph of the dependence of roughness Ra on the cutting
speed v, and on the feed f.

Knowledge of the relations of the
formation of the roughness of the cut
surface gives a real possibility to opti-
malize cutting conditions in relation to the required quality of the
surface of components. A considerable change R, in the depen-
dence on the v, requires higher cutting speeds in machining steels.
The increase in the feed is thoroughly unfavourable and must be
realised only when geometry of the cutting slice is adjusted
(increase of the radius of tip curving). The dependence of the
roughness of the cut surface on the depth of the cut is dull, in spite
of this it will be analysed in further works.
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