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NOVY PRISTUP K ZLEPSENIU AKOSTI OBROBENEHO POVRCHU

NEW POSSIBILITIES FOR MACHINED SURFACE QUALITY IMPROVEMENTS

Ako je zndme, medzi dosahovanou drsnostou obrobeného
povrchu, posuvom a polomerom zaoblenia hrotu plati priblizny vztah:
R,=f 2/8r£, ktory znamend, Ze pri zvicSovani posuvu stiipa drsnost
povrchu podla zdkona paraboly. Tito skutocnost je prekdzkou voci
zvySovaniu vyrobnosti operdcie ststruzenia. Naopak, pri zvicsovani
polomeru zaoblenia hrotu hyperbolicky klesd drsnost povrchu. Preto
Jje potrebné zvicsovat polomery zaoblenia hrotu. Pri velkych polome-
roch v$ak nastdva kmitanie v technologickej stistave. Boli zazname-
nané mnohé pokusy na modifikdciu uvedeného vztahu. Zndamy je
napr. Kolesovov noz, ktory md linedrnu vedlajsiu rezni hranu,
umiestnenii pod uhlom nastavenia 0°. Autor predkladd origindlne
rieSenie tohto problému, vrdtane experimentdlneho overenia.

1. Uvod

Je zname, Ze medzi dosahovanou drsnostou obrobeného
povrchu R,, posuvom f'a polomerom zaoblenia hrotu noza r, plati
priblizny vztah:

R,=— (1)

Tento vztah udava, Ze pri zvacSovani posuvu prudko rastie
drsnost povrchu podla zakona paraboly. To je hlavnou prekazkou
zvySovania vyrobnosti ststruzenia. Naopak, pri zvd¢Sovani polo-
meru zaoblenia hrotu noza drsnost povrchu klesa. Zvacsovanim
polomeru zaoblenia viak stupa dizka styku reznej hrany s obrob-
kom a dochadza ku kmitaniu technologickej sustavy. Tento
problém rieSilo vela autorov. Napr. Kolesov vytvoril linearnu
vedlajSiu rezni hranu, rovnobeZnu s osou obrobku, umiestnenu
pod uhlom nastavenia 0°. Autor predklada originalne rieSenie pro-
blému, podloZené experimentalnymi skuskami.

2. Analyza doterajsich rieseni problému
Historia zaznamenala viaceré pokusy o modifikaciu vzfahu

(1). Jedno z rieSeni predlozili Nestmann a Loos [5] podla obr. 1.
Spociva vo vybruseni dalsich reznych hran, hlavnej S a vedlajsej
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The main relationships governing the machining process include the
relationship between the roughness of the machined surface, the feed and
the curvature radius of the tool tip expressed by the approximate equa-
tion: R, = f 2 8r.. According to this equation, an increase of the feed inc-
reases the capacity of the surface roughness, according to a parabolic law.
This fact prevents large increases in the productivity of machining. There
are certain reserves in increasing the curvature radius of the tip which is
present in the denominator. However, very large increase of the tip dia-
meter increases the length of the cutting edge in engagement and causes
vibration of the system. It is therefore necessary to find other solutions.
One of them is the so-called Kolesov tool, with a section of the secondary
cutting edge with setting angle of 0°. In contrast to these solution, the
author proposes an original concept, together with its partial verification.

1. Indroduction

The main relationships governing the machining process
include the relationship between the roughness of the machining
surface, the feed and the curvature radius of the tool tip expressed
by the approximate equation:

f?

R

v =
8r,

(1

Increase of the feed rapidly increases the surface roughness,
according to a parabolic law. This fact prevents large increases in
the productivity of machining. There are certain reserves in
increasing the curvature radius of the tip which is present in the
denominator of Eq. (1). However, a very large increase of the tip
diameter increases the length of the cutting edge in engagement
and causes vibration of the system. It is therefore necessary to
find other solutions. One of them is the Kolesov tool, with
a section of the secondary cutting edge with the setting angle of
0°. In contrast to these solutions, the author proposes an original
concept, together with its partial verification.

2. Analysis of the approaches to solving the problem

The history of the development of machining is characterised
by the effort to modify Eq. (1) in such manner as to ensure that
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S, ktoré sii rovnobezZné s osou
obrobku. Nastroj sa da pouzit
pri dokoncovacom obrabani
s maximalnou hibkou rezu
a,, podla obr. 1.

Na obr. 2 je uprava, ktoru
navrhol Romgnolo [4].

Riesenie spociva v pooto-
Ceni reznej platnicky tak, ze
uhol nastavenia je velmi
maly. Uhol hrotu r, sa blizi
k 180°. Drsnost obrobeného
povrchu je definovana vzta-
hom:

R, =ftan &, =fk, (2)

Nastroj je tiez pouzitelny
na dokoncovacie obrabanie
s obmedzenou velkostou
hibky rezu a,,.

Zaujimavé rieSenie pred-
lozili Escher a Lindl [6]. Je
zobrazené na obr. 3. RieSenie
spociva vo vytvoreni dalSieho
hrotu, ktory zarovnava nerov-
nosti, vytvorené prvym hro-
tom. Poloha druhého hrotu je
definovana  vzdialenostou:
k = nf, kde n je neparne
kladné cCislo. Tym sa druhy
hrot dostane na miesto naj-
vaésej vyvySeniny povrchu,
vytvorenej prvym klinom
(Ciarkovany obrys).

Nevyhodou nastroja je
komplikované ostrenie. Su-
Casne dochadza k nerovno-
mernému opotrebeniu oboch
hrotov.

Eckle a Lochgau [7]
rieSili modifikaciu vztahu (1)
tak, Ze zaoblili vedlajsiu
reznu hranu do vel'kého polo-
meru R, podla obr.4.

Autori definovali opti-
malnu velkost polomeru R =
(0,15 — 0,05)L. Rovnako
v tomto pripade s problémy
s vytvorenim presnych tvarov
jednotlivych hrotov platnicky.

Qn

Obr. 1. Jedna z tiprav geometrie hrotu noza [5]
Fig.1 Modification of the tool tip by producing rake areas [5]

Obr. 2. Rezna platnic¢ka na dokoncovacie obrabanie [4]
Fig. 2 Cutting tip for finish turning of bars [4]
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Obr. 3. Noz s dvoma hrotmi [6]
Fig.3 Tool with two tips [6]
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Obr. 4. Noz so zaoblenou vedlajsou reznou hranou [7]
Fig. 4 Tool with an ,arc"” secondary cutting edge [7]
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the change of the roughness of the
machined surface is marked less under
the effect of a change of the feed.
Nestmann and Loos [5] proposed to
grind two areas, Fig. 1, on the tip of the
tool. One area forms, with the tool tip,
the main cutting edge S and the other
area the secondary edge S’, parallel to
the axis of the workpiece. This causes
a smoothing of the surface and a large
reduction of surface roughness. The
tool is suitable only for very fine
machining with a small depth of cut a,,.

Figure 2 shows a modification
proposed by Romgnolo [4]

It is based on producing a special
cutting sheet with six cutting edges.
The main and secondary cutting edge
(S and S”) form a tip with a large angle
€, close to 180°. As before, the
secondary cutting edge S’ smoothes
the machined surface. A shortcoming
of both solutions is the need to set
accurately the secondary cutting edge
in such a manner as to ensure that the
secondary setting angle k,, is equal to
zero. Any deviation results in a surface
roughness R,.

Fig. 2, whose value is set from the
relationship:

R, = ftan K, = fk, (2)

This solution is suitable only for
finishing machining with small cutting
depths a,,.

An interesting solution is to form
two tips proposed by Esher and Lindl
[6]. According to Fig. 3, the main
cutting tip is followed by another one,
displaced by k = nf, where n is an odd
integer. The radii of both tips can be
identical or different. A condition for
a satisfactory result is to set both tips to
the same level in relation to the axis
workpiece. The position of the second
tip k is selected in such a manner that
the second tip smoothes the
irregularities generated by the first tip
(broken line).

The tool can also be used for rough
machining. One of the disadvantages is
complicated sharpening. According to
the authors, to avoid interference of
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Obr. 5. Noz s linedrnou reznou hranou, tangencidlnou

oproti obrobenej ploche

Fig. 5 A tool with a linear cutting edge not pallalel with

the axis of the workpiece

Dal§im moZnym rieSenim je pouzitie noza s nekonecnym
polomerom hrotu, ktory ma geometrin: A, € (0 — 90°),x. = 0°,
podla obr. 5 [2], [3].

Nastrojom sa dosahuje velmi dobra akost obrobeného
povrchu. Jeho nevyhodou je potreba zna¢ného nabehu a vybehu,
preto sa da pouzit len pri sustruzeni priebeznych valcovych ploch
obrobkov.

the turnings, the second tip is downwards,
below the axis of the workpiece. Ackle and
Lochgau [7] used equation (1) in such
a manner that on the secondary cutting edge
they produced a very high radius R, Fig.4.

According to these authors, the optimum
value is R = (0,15 — 0,05)L. This solution
removes the shortcomings of the previous
solutions associated with the setting and can
also be used for larger cutting depths. There
are a large number of solutions in the
literature for tools with the linear cutting edge
which is oriented away from the axis of the
workpiece with the geometry: A, € (0 —
90°), k. = 0° Fig. 5 [2], [3].

Despite the fact that the solution
generates a highly suitable relationship
between the roughness and the feed, its
disadvantage is that it requires a longer run-
on and run-off of the tool and enables only continnous cylindrical
surfaces to be machined without a step, and is also suitable for
finishing machining.

Taking these solutions into account, investigations were
carried out to find further possibilities which would eliminate
these disadvantages.
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Obr. 6. Navrhovand geometria ndstroja a jeho poloha oproti obrobku
Fig. 6 Geometrical modification of the cutting tool and its setting in relation to the workpiece
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3. Navrh novej geometrie nastroja

Zakladnou poziadavkou je, aby nastroj zabezpecoval vysoku
vyrobnost operacie a sucasne dobru akost obrobené¢ho povrchu.
Pri aplikacii nastroja s polomerom hrotu, kde sa drsnost povrchu
riadi vztahom (1) sa to neda zabezpecif. Efektivne rieSenie
nastroja a jeho poloha k obrobku je na obr. 6.

Podstatou rieSenia je uprava rezného nastroja tak, Ze hrot
noza je nad osou obrobku. Hlavna rezna hrana S odobera hrubo-
vaciu hibku rezu ah |- VedlajSia rezna hrana je umiestnena pod
uhlami: k, = 0°, A, # 0. Tato rezna hrana odobera dokoncovaciu
hibku rezu ah,. Vzajomny pomer medzi hrubovacou a dokonco-
vacou hibkou rezu je dany velkostou prevysenia hrotu noza k.
Medzi drsnostou povrchu a jednotlivymi veliCinami plati novy
vztah [3]:

2
R, = /Ttgz)\ﬁrz—r (3)

4. Experimentalna verifikacia teoretickych predpokladov

V dalSom boli vykonané experimentalne skusky obrabania
navrhnutym nozom. Ako obrabany material bola ocel 12050.5
a titanova zliatina VT 3-1. Cielom experimentov bolo potvrdenie
zavislosti (3).

Na obr. 7 je znazornena experimentalna zavislost medzi drs-
nostou obrobeného povrchu a posuvom pri obrabani nozom
s polomerom zaoblenia hrotu r, = 1 mm. Na grafe je aj teoreticka
krivka, ziskana vypoctom podla vztahu (1).

Z obr. je zrejmé, ze experimentalne krivky sleduju charakter
teoretickej krivky, hodnoty
drsnosti su vsak vyssie, Ry,um
pricom viac u ocele ako

titanu. Je to dané rozdielnou

/— —— 12050.1
12 —f— VT3-1
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3. Proposal of a new tool geometry

The main postulate of the current machining methods is the
division of the allowance of the rough and finishing part. Rough
machining is carried out with a large feed with a requirement of
higher productivity and without any regard to the resultant surface
roughness of the workpiece. On the other hand, the finishing
operations are characteristised by small feeds thus obtaining the
required surface quality according to Eq. (1). This is carried out
using tools with a larger tip diameter of some of the previously
mentioned solutions. The aim of the proposed solution is to
combine the rough machining operations. The principle of this
solution is shown in Fig. 6.

This proposal is based on the fact that the main cutting edge
S of the cutting tool is normal or inclined in relation to the axis of
the workpiece but is directed above the axis of the workpiece and
the extent to which the tip A is extended is detoned k, the main
cutting edge removes the rough machining allowance ak,. The
secondary cutting edge of the tool S” is normal to the main cutting
edge is not parallel with the axis of the workpiece and is set under
the angles: k, = 0°, A, # 0. This cutting edge removes the
finishing cutting depth ah. The ratio between ahl and ah,
depends on the value of k and the radius of the workpiece . We
shall now try to derive the individual relationships

Relationship for the roughness of the machined surface [3]:

_ e, >
R, = Ttg A+ —r (3)

4. Experimental verification of theoretical assumptions

From a practical viewpoint, it is important to know the
dependence of R on the cutting conditions and the angle of
inclination of the cutting edge. Therefore, experimental
machining tests were carried out. Their aim was mainly to
confirm the validity of equation (3).
The tests were carried out on two
materials with different ductility
properties: 12050.1 steel and VT 3-1

plasticitou oboch kovovych /

titanium allow.

Ae— theor (1) Figure 7 shows the experimental
| dependence of the roughness of the

zliatin. 10
8 .4

Na obr. 8 su rovnaké /

|

/A machined surface on the tool feed for

zavislosti, ziskané pri obra- 6
bani nozom podla obr. 6. 4

ol

both materials. We used a conventional
tool with the tip radius of r, = 1 mm. It

Teoreticka  krivka bola

may be seen that dependence corre-

zostrojena podla vzfahu (3).

sponds to the theoretical equation (1).

0] 1 }

Vidno, Ze
hodnoty drsnosti su vyrazne
mens§ie ako pri obrabani kla-
sickym nozom.

Dalsie experimenty boli
zamerané na objasnenie
funkcie R, = AX). Vy-
sledok je na obr. 9.

absolitne 0 0,1 0,2 03 04
f, mm

Obr. 7. Teoretickd a experimentdlne krivky zavislosti drsnosti
povrchu na posuve, pri obrdabani nozom so zaoblenym hrotom
Fig. 7 Theoretical and experimental dependence of the mean
arithmetic value of the profile on feed in machining with
a tool with a rounded tip

The roughness values in the entire range
0,7 are considerably better in the titanium
alloy where the copying of the tool tip on
the machined surface is more accurate.
Figure 8 shows a similar dependence
obtained in cutting with the tool in Fig.6.
Repeated tests obtained scattered values.
It may be seen that the results, especially
for the steel, differ from the theoretical

0,5 0,6
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Ry,um
4,5

4 | | 4‘ —e@— 12050.1
3,5 —fl— VT3-1

3 =——gh— theoret.

61 02 03 04 05

0,6 0,7 0,8
f, mm

Obr. 8. Teoretickd a experimentdlne krivky zavislosti drsnosti povrchu od posuvu, ziskané pri obrabani upravenym nozom
Fig.8 Theoretical and experimental dependence of the mean aritmetic deviation of the profile on feed in machining with a modified tool

Rovnako tento experi-
ment potvrdil teoretické pred-
poklady. Treba povedat, Ze
pri uhle nastavenia blizkom
nule obrabanie nie je mozné,
pretoZze dochadza k styku
celej vedlajSej reznej hrany
s obrobenou plochou. Pri
zapornych uhloch nastavenia
dochadza ku kmitaniu tech-
nologickej sustavy. Preto tieto
uhly nemozno odporucat

Nastroj ma niektoré
dalsie zvlastnosti. Napr. tym,
Ze dochadza k rozdeleniu pri-
davku na obrabanie medzi
hlavnu a vedlajSiu reznu
hranu, dochadza k prirodze-
nému stacaniu triesky do
skrutkovice. Trieska od

hlavnej aj vedlajSej hrany ma totiz tendenciu odchadzat vo smere
kolmo k reznej hrane. Tym sa pretinaju vektory pohybu triesky.
Tvar odchadzajucej triesky je zrejmy z fotografie obrobku, ktora

Raaum

5

\ —e@— 12050.1

4,5

N\ il \/T3-1

4

3,5

‘\ e Rat

3

N$ —

2,5

=

2

1,5
1

0,51
0

-80

-60 40 -20 O

20 40 60°
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Obr. 9. Teoretickd a experimentdlna zavislost drsnosti obrobeného

povrchu od uhla nastavenia vedlajsej reznej hrany, ziskand

pri obrdbani upravenym noZzom

Fig. 9. Theoretical and experimental form of the dependence
of the main arithmetic deviation of the profile on

bola ziskana pri zastaveni obrabania.

Obr. 10. Fotografia odchddzajiicej triesky
Fig. 10 Turnings formed on the side of the tool face

the angle of inclination of the cutting edge

assumptions. However, the absolute
roughness values are considerably lower
in the entire range than in machining
with a conventional tool.

Another set of the results was
obtained for the second parameter in
the equation (3) - the tool angle of
inclination of the cutting edge. For this
purpose, the tools were sharpened with
negative and positive angles (at
negative angles the tip of the tool was
above the axis of the workpiece).

Fig.9 shows the dependence
obtained in machining the steel.

As stated previously, the experimen-
tal values are higher than the theoretical
values. At negative angles of inclination
the roughness values are higher. This
can be explained by an unfavourable
change of the angles (negative angle of
inclination and the face) resulting in
oscilation of the system.

Better results were obtained in machining titanium. In the
region of feasible positive angles of inclination, the average scatter
was only 0.2 wm and the values were close to theoretical.

An interesting experimental dependence is the form of the
turnings in relation to the cutting speed. Figure 10 shows a set of
turnings obtained at cutting speeds of v, =

140 m.min, machined material steel
12050.1. It may be seen that in accordance
with the theoretical assumptions, the turn-
ings are compressed and break up into diffe-
rent length sections, despite the fact that the
tool face is flat, without any shaping device.
The mechanism of formation of the turnings
may be seen partially in Fig.10 which shows
the view of the lower side of the turnings
(from the side of the tool) interrupt-ing the
machining process.
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5. Zaver

Vidno, ze nové pristupy k rieSeniu geometrie nastroja mozu
priniest pozitivne vysledky, prejavujice sa na akosti obrobenej
plochy. Bol odvodeny novy vztah medzi drsnosfou povrchu
a posuvom (3), ktory umoznuje zvySovat posuvy, bez vyrazného
vplyvu na drsnost obrobeného povrchu. Tym, Ze mozno pri
pouziti upraveného noza vyrazne zvysit posuv , pricom sa dosa-
huje vyhovujuica drsnost povrchu, mozno vyrazne skratit strojovy
¢as 7, a tym zvySit vyrobnost operacie sustruZenia.

Okrem toho riesenie umoziuje zIucit hrubovanie a dokonco-
vanie do jedného pracovného prechodu, ¢o za predpokladu dosta-
tocnej tuhosti stroja je dalsim prinosom pre vyrobnost operacie.
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5. Conslusions

The search for new approaches to the geometrical parameters of
the tool has resulted in deriving an efficient relationship between the
roughness of the machined surface and the feed (3). On the basis of
the theoretical and experimental analysis, the examined tool has
certain positive characteristics which support its application in
practice. The practical importance of the tool is indicated by
reducing the machining time. This result is important and enables
the productivity of machining to be increased proportionately.

Another important effect is that it is not required to divide the
operation into tough machining and finish machining because the
resultant surface roughness does not depend on the system. It is
possible to obtain the required surface quality in a single passage
of the modified tool. For this reason, the tested tool can be
referred to as the roughing-smoothing tool.
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