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NOVA METODIKA NA ZOSTROJENIE ZAVISLOSTI
TRVANLIVOSTI NASTROJA NA REZNE]J RYCHLOSTI

ANEW METHOD FOR DURABILITY DEPENDENCE OF

A CUTTING TOOL ON A CUTTING SPEED

V celej historii rozvoja tedrie obrdbania sa na opis zdvislosti
medzi trvanlivostou rezného ndstroja a reznou rychlostou pouZiva
Taylorov vztah, ktory vznikol r. 1905. Predlozend prdca analyzuje
doterajsie pokusy o vylepsenie tohto vztahu. Navrh vyiistuje do meto-
diky zostrojenia T~ zavislosti, ktord zabezpecuje vyrazne lepSiu zhodu
s experimentom. V druhej casti prdce je metodika verifikovand expe-
rimentdlne na vyznamnom pocte typickych prikladov.

1. Sucasny stav poznania a pouzitia 7-v zavislosti

Najdolezitejsia zakonitost obrabania-vzfah medzi trvanlivos-
tou rezného nastroja a reznou rychlostou je predmetom zaujmu
vyskumnych pracovnikov v celej historii procesu poznavania obra-
bania ako technologickej metddy.

Uz vr. 1905 American TAYLOR definoval priebeh tejto zavis-
losti a zostrojil ju v dvojitej logaritmickej sustave, priCom jej mate-
matické vyjadrenie malo tvar:

C

T= (1
kde C; je trvanlivost nastroja pri reznej rychlostiv = 1 a m je

tangens zavislosti

V tomto tvare sa traktuje doteraz [2, 3, 5].

Od uvedenej doby bolo zaznamenanych ovela viac uspesnych
alebo menej uspesnych pokusov o presnejSiu definiciu a matema-
ticky opis tejto funkcie. V r. 1933 SAFONOV [4] definoval vztah:

Cr

T="% (2)

kde b je konstanta.
Vztah opisuje 7—v zavislost o nieco presnejsie, je vsak kompli-
kovanejsi pre praktické pouZitie a nezahrnuje klesajicu vetvu krivky.
Za Uspesny pokus mozno oznaéit pristup TEMCINA, ktory
v 1. 1957 vylepsil Taylorov vztah tym, Ze mu v menovateli pridal ¢len:
C
= ©)

v
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In the entire history of the development of the metal cutting theory
Taylor’s whhich appeared in 1905, has been used to describe the
relation between a cutting tool durability and a cutting speed. This
relation was established in 1905. This work presents the analysis of the
up to now attempts carried out to improve the mentioned relation. The
submitted proposal results in the method of creation of the T—v relation,
which provides a much better identity with the experiment. In the
second part of the work the method is verified experimentally on a series
of experimental resullts.

1. The current state of the T-v relation and its use

The most important principle of cutting - a relation between
the durability of a cutting tool and a cutting speed has been the
subject of interest of research workers in the whole history of the
process of a cutting acquisition as a technological method.

As early as in 1905, the American scientist TAYLOR defined
the course of this relation and creatid it as a double logaritmic set;
its mathematical formula was as follows:

— ()

Vm

The formula has been used up to now [2,3,5].

Since that time, there were many, more or less successful,
attempts to provide a more precise definition and mathematical
description of this function. In 1933 SAFONOV [4] defined the
relation:

Cr

T= vbv (2)

The relation describes 7—v relation more precisely, however,
it is more complicated for practical use and it does not comprise
a declining curve.

In 1957 TEMCIN successfully improved the TAYLOR’s rela-
tion by adding a term to a denominator:

- 3)
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kde T,, je maximalna hodnota trvanlivosti v celom rozsahu
sledovanych reznych rychlosti.

Cely vztah potom nadobudne tvar:

C.
r-—1 )
m T
yh+ =

T,

m

Rozdiel oproti klasickému Taylorovmu vztahu je ten, Ze pri
malych hodnotach reznych rychlosti velkostou prevazuje druhy
Clen v menovateli a vzfah konverguje k priamke, rovnobeznej
s osou reznych rychlosti. Naopak, pri dostatoéne velkej reznej
rychlosti je prvy Clen v menovateli vyrazne vacsi ako druhy
a vztah sa transformuje na Taylorov.

Dalsi pokus sa vztahuje k japonskému autorovi VU [8], ktory
v 1. 1963 definoval vztah:
Cr

e )

T=
kde b, a b, su konStanty.
V rovnakom roku GRANOVSKIJ [8] definoval vztah:
T=ay,+a,cosy+a,cos2y+...+a,cosny+

+ b, siny + bysin2y + ... + b, sin ny (6)

2m(v — v,)

Vn = Vo

kde:y = ; prifom: v, = v =,

KONEVSOV a KSJUNINA [5] definovali v r. 1964 nasle-
dovny vztah:

T = 100e V1= b(In v —Inv,g9)

)
Z dalsich pokusov si pozornost zasluizi MATCHISEN, ktory
v 1. 1965 odvodil vztah:
Cr— av + by?
Ir=—— (8)
v
Tym sa vsSak retaz neuzatvara. Spomedzi novsich rieSeni treba
uviest autorov KONIG a DEPEREUX [1] s modifikovanym
vztahom:

k
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where T, is maximal value of durability in the whole range of
cutting speeds.

The whole relation is then as follows:
C
T )
m T
yr 4+ =

T,

m

Compared to the classical Taylor’s relation, the difference lies
in the fact that with small values of cutting speeds, the second in
the denominator prevails and the relation converts to a straight
line which is parallel to the axis of the cutting speeds. On the con-
trary, if the cutting speed is sufficient, the first term in the deno-
minator is considerably bigger than the second term and the
relation converts to the Taylor’s one.

The next is connected with the name VU [8] who in 1963
defined the following relation:

c
T= e )

In the same year GRANOVSKIJ [8] defined the relation:
T=ay,+a,cosy+a,cos2y+..+a,cosny+

+ b, siny + bysin2y + ... + b, sinny (6)

2m(v — v,)

V’l _VU

where: y = , while:v, =v=v,.

NONEVSOV and KSJUNINA [5] defined the following rela-
tion in 1964:

T = 100e V1 = b(In v — In vye0)

(7

MATCHISEN also deserves attention as in 1965 he defined
the following relation:

Cr—av+ b’
I=——— (8)
v

The chain, however, had not been closed by this. Newer solu-
tions are connected with the following authors: KONIG-DEPE-
REUX [1] with a modified relation

k

IT'=—— 9 T=—— 9

v+ ©) v +v) ©)
a polského autora FTOREKA s tromi vztahmi [1]: and Polish author FTOREK with three relations [1]:

7’éav — D 7"e(lV — D

Taav = E (10) Ta”v = E (10)

Te(v + ) — f[o 72,(1/ +v0) — Ho

V r. 1981 BEKES [1] publikoval vztah: In 1981 BEKES [1] published the relation:

1 1 1 1 1 i
Tr=Cy+ Cp'+ Cof” (11) Tr=Co+ Cp' + Cpf” (11)
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Do komplexu treba uviest GRANOVSKEHO [1], ktory v r.
1985 uviedol nasledovny vztah:
T=Cple ™ (12)
Zo sucasnych pozicii predstavuji zaujem najma polynomy,
s ktorymi sa pomerne lahko realizuju vypocty. Bez problémov sa

diferencuju a si zname aparaty na vypocet ich koeficientov a viac
su vhodné na pouzitie vypoctovej techniky.

Napriek uvedenym rieSeniam mozno pretrvavanie Taylorovho
vztahu zdovodnit tym, Ze je jednoduchy pri praktickych aplikaciach
a to napriek argumentu, Ze sucasna vypoctova technika dokaze
pracovat so vztahmi [ubovol'nej zlozitosti. Zakladnym postulatom
pri definicii klasického Taylorovho vztahu je spravna vol'ba krité-
ria otupenia, pri ktorom ho definujeme. Toto kritérium vychadza
Z pouZitia nastroja, ktory pracuje pri reznej rychlosti blizkej opti-
malnej, pre pouzity rezny material. Je zrejmé, Ze pri takejto volbe
nebudu ostatné rezné nastroje vyuzité az do otupenia, teda
nebudu vyuzité ich rezné vlastnosti. Aplikacia NC obrabacich
strojov, ktora vedie k pouZivaniu intenzivnych reznych podmienok
a definovanej frekvencii vymeny nastrojov si ziada uplatnit novy
pohlad na kritérium otupenia. V idealmom pripade treba vyuzit
kazdy nastroj do otupenia. V realizacii tohto ciela postupujeme
v dalsom.

2. T-v zavislost s konStantnym kritériom otupenia

Ako je zname, klasicky pristup k zostrojeniu 7—v zavislosti
spociva v ziskani experimentalnej krivky VB = f(7) pri rozli¢nych
reznych rychlostiach.

Zo sustavy kriviek sa od¢itaju trvanlivosti nastrojov pri kon-
Stantnom kritériu otupenia. Na obr. 1 je sustava takychto experi-
mentalnych kriviek, ziskana za podmienok:

- rezny material: SK P 20
- obrabany material: ocel 12 060.1
- nastrojovy ortogonal-ny uhol cela: y, = 0°

To name all, in 1985 GRANOVSKIJ introduced the following
relation [1]:

T=Cple ™™ (12)

At present attention is especially drawn by polynomals, by the
help of which calculations can be done easily. They are differen-
ciated without any problems and there are apparatures to calcu-
late their coefficients. Moreover, they are suitable for the use of
computer technique.

Leaving out of the account the mentionded solutions, the
topicality of the Taylor’ relation can be explained by the fact that it
is simple for practical applications in spite of fact that the latest
computing technique is able to work with relation of any difficulty.

The basis postulate of the definition of the classical
Taylor‘s relation is correct choise of the blunting through which it
is defined. This criterion is based on the use of a tool working at
a cutting speed, which is close to an optimal one for a used cutting
material. It is obvious that which such a choice the other cutting
tools will not be utilized until blunting appears, i.e. their cutting
properties will not be utilized. The application of NC cutting
tools, which leads to the applications of intensive cutting condi-
tions as well as a defined frequency of tool change, requires a new
approach to blunt criterion of blunting. Each cutting tool should
be utilized until it is blunt. The realization of this aim is shown in
the following.

2. T-v relation with constant blunt criterion

As it is known, the classical approach to a creation of the
T—v relation is based on obtaining an experimental curve VB =
f(7) with various cutting speeds.

From the set of curves the tools durability with a constant cri-
terion of blunting is substracted. In Fig. 1 there is a set of such
experimental curves obtained under the following conditions:

- cutting material: P 20
- worked material: steel 12 060.1
- tool orthogonal race angle: y, = 0°

- nastrojovy ortogonalny - tool orthogonal back
uhol chrbta: a, = 8° » mm angle: a, = 8°
- nastrojovy uhol nasta- 14 - tool aproach angle:
venia: k, = 60° = K, = 60°
T . 1’2 +V—80 T ] o
- uhol sklonu reznej —a—vy=60 | - backslope angle: A, =0
hrany: A, = 0° 1 / [ 7r —a—vy=40 | - point radius: r, = I mm
- polomer zaoblenia hro- 0,8 ¥ ,/ =, —evy=100] - 9 x/=1x0.31 mm
tunoza: r, = 1 mm 0.6 11 A - ——v=120
- a,xf=1x0,31 mm 0’4 / = a —o—y=150 In Fig. 2 shows a cor-
B responding T—v relation.
—+—v=200
Na obr. 2 je zodpove- 02 / / — 1 — =250 The curve is substituted by
dajuca T—v zavislost. 0 v_300 Taylor’s relation so that it
nahradena T b is valid within in the range

Krivka je
Taylorovym vztahom tak,
Ze tento plati v rozsahu
reznych rychlosti nad
200 m.min’".

0 20 40 60 80 100 120 140 160 180 200 220 240

of cutting speeds over 200

T, min m.min™.

Obr. 1 Experimentdlne krivky VB = f(1,)
Fig. I Experimental curves VB = f{(7,)
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Ako vidno, exponent m = 5,7, C, = 250.

Odtial: C; = C™ = 4,6.10".

Experiment ukazuje skutoCnost, ze mimo oblasti, kde je
krivka nahradena priamkou, sa pri aplikacii Taylorovho vztahu
dopustame radovej chyby. To je vlastne dovod zaujmu autorov

o tuto problematiku.

3. T zavislost pri variabil-
nom Kkritériu otupenia

O moznosti, zostrojit T—v
zavislost s variabilnymi kritériami
otupenia sa objavuje zmienka
v monografii GRANOVSKICH
z 1. 1985 [3]. Nebola vSak defino-
vana metoda, ako jednotlivé krité-
ria stanovit. Bliz§ie S$tudium
velkého mnoZstva kriviek zavis-
losti VB = f(7) vedie k zaveru, Ze
existuje pomerne presne defino-
vané kritérium otupenia, ktoré sa
aplikuje pri ,optimalnej“ reznej
rychlosti podla metod ZOREVA
a LARINA. Mozno realne ocaka-
vat, zZe tieto metddy sa daju uplat-
nit aj pri neuplnych krivkach
opotrebenia. Z toho vychadzaju aj
dalsie tvahy.

Zvolme si pre pokus stubor
kriviek z obr. 1. Pri reznej rychlosti
80 m.min ! je kritérium otupenia
vizualne zrejmé a je v tom pripade
VB, = 0,4 mm. Ak od tohto bodu
prelozime priamku smerom k po-
dobnému bodu na krivke pre rych-
lost 60 m.min "' a dalej, ohraniili
sme ,intuitivne“ kritérium otupenia
aj pre ostatné rezné rychlosti. Ak
podla nich zostrojime krivku 7—v,
bude sa vyrazne odliSovat od obr. 2.
Jej priebeh je na obr. 3 (trojuhol-
niky). Pri identifikacii uhla sklonu
T—v zavislosti a exponentu m zis-
tujeme, Ze je mensi. Dalsi rozdiel
spo€iva v tom, Ze pri mensich rez-
nych rychlostiach (40 - 60 m.min~ ")
su zaznamenané vysSie hodnoty
trvanlivosti, ako pri klasickom po-
stupe. Maximum trvanlivosti je
menej vyrazné. Vsetky tieto odlis-
nosti s sprievodnym znakom vys-
Sieho kritéria otupenia, prakticky
v celom rozsahu reznych rychlosti.

T,min
300 T \
VB=0,4
200 A
AN [
T=
d m
A\
100 / . I
N\ \
\
N/
N
50 X {
1
P10 N\
axf=1x0,3
¥:=0"; atg=8° \
x=60'; «, =30°
A=0"; r.=1
m=5§,7
0
10 80 ) l
20 30 50 100 200 300
v, m.min’*
Obr. 2 T zavislost, ziskand z obr. 1
Fig. 2 T relation, obtained from Fig. 1
T,min
T.=220 VA
200 \ -‘
T 1
AN\,
\ AReN
1
100 // \
X A\
\
VIN
\
1
50 T
\g \
P10 \
a,xf=1x0,3
’Yn=00; 041=80
k=60 x, =30" Al
A=0; r=1 /,\
80° \ /76 \
m=57\ m=4
10 s
20 30 50 100 200 300

|

V. I
Obr. 3 T zavislosti pri konstantnych a variabilnych

kritéridch otupenia

Fig. 3 T relation during constant and variable

wear criteria
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As it can be seen, the exponent m = 5,7, C, = 250.
Hence: C = C™= 4,6.10°,

The experiment shows that outside the areas where the curve
is substituted by a straight line, we make a serious mistake in the
applications of the Taylor’s relation. This is in fact the reason why
many authors are interested in this problem.

3. T relation with a variable
criterion of blunting

The possibility of creation of the
T—v relation with a variable criteria
of blunting appears in the mono-
graph by GRANOVSKICH, 1985
[3]. Howewer the method how to
determine different criteria was not
defined. Closer studies of a large
number of the relation curves
VB = f(7) lead to the conclusion that
there is a relatively precise definition
of the criterion of blunting which is
applied with the “optimal” cutting
speed according to the methods of
ZOREV and LARIN. It can be actu-
ally expected that those methods can
also be used also for incomplete wear
curves. The following approaches are
based on the above mentioned conc-
lusions.

For the experiment, let us choose
the set of curves from Fig.l. With
the cutting speed 80 m.min~ " the cri-
terion the blunting is visually evident,
and in this case it is VB, = 0.4 mm.
If we draw a straight line from this
point towards a similar point on the
curve for speed 60 m-min~ ! and
further on, we also bordered “intui-
tive” criterion of blunting for other
cutting speeds. If we draw a T—v
curve according to this, it will be very
different from Fig. 2. Its course is in
Fig. 3 (triangles). At the identifica-
tion of the slope angle of the T—v
relation and the exponent m, we find
out that it is smaller.

The next difference is that
with smaller cutting speeds (40 to
60 m.min_l), higher durability than
during a classical process are record-
ed. Durability maximum is less signi-
ficant. All the differences is an
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Pokusme sa zvolif VB, mm

accompanying featute of a higher cri-

kritéria otupenia odlisne. 1,4 terion of blunting practically in the
Na obr. 4 je hranicou kri- 1.2 —o—v=80 whole range of cutting speeds.
térii kruznica. Zodpove- —8—v=60
dajiica T—v zavislost je ! F?‘ - —a—v=40 Let us try to choose the criteria
. 0.8 | }/ ——v=100 o :
na obr. 3. Vznikla plynu- R / /: / - e y=120 of blunting differently. In Fig. 4 the
lejsia krivka, pricom ex- 0,6 , s oy border of criteria is a circle. The cor-
/ / 71 s v=150
ponent m ma rovnaku ¢ 4 b, - = ——v=200| responding T—v relation can be seen
hodnotu. Tento postup 11 ——v=250| in Fig. 3. A more fluent curve was
o 0.2 V=300 .
napoveda, ze sa blizime v created, while the exponent m has the
ku spravemu kritériu otu- 0 T same value. This approach indicates
penia. S » € OO & & B smn that we are approaching the correct

Obr. 4 Linedrne a kruhové kritérium otupenia

criterion of blunting.

Fig. 4 Linear and arched weak criterion

3.1. Zovseobecneny opis T-v zavislosti

Z obr. 3 vidno, Ze aplikacia klasického Taylorovho vztahu by
nepriniesla pokrok oproti doterajSim postupom. Preto na opis
T—v zavislosti sa pouzil TEMCINOV vztah (4), ktory bol uspesne
aplikovany aj v dalSich doterajSich pracach [6, 8, 9, 10]. Jeho
prednostou je skutocnost, Ze je postaveny na Taylorovom vztahu,
¢im je jeho uzivatelom blizky.

Dolezité je stanovit hodnotu 7,,,, ako maximalnu trvanlivost,
ktora sa dosiahne v celom rozsahu reznych rychlosti. Jej stanove-
nie suvisi s tym, ako presne sa odhadne rezna rychlost, ktorej zod-
poveda maximalna trvanlivost a pri nej sa vykona experiment.

V predchadzajicom experimente bola tato hodnota reznej
rychlosti pre rezny material P 10 zhodou okolnosti odhadnuta
presne (80 m.min~').

Druhym doéleZitym parametrom je konstanta C. Treba upo-
zornit, Ze v tomto pripade ma iny vyznam, ako u klasickej
Taylorovej zavislosti, teda nie je to uz usek na osi trvanlivosti. Tato
skutocnost Ziada stanovit C; analyticky. Po Uprave Tem¢inovho
vztahu dostavame:

C, = n"T,,
T,—T

(13)

T a v st konkrétne hodnoty trvanlivosti a reznej rychlosti,
odc¢itané z klesajucej vetvy krivky a to z jej useku, kde uz predpo-
kladame platnost Taylorovho vztahu. V sledovanom pripade boli
dosadené hodnoty: v = 300, 7' = 25, T,, = 220, m = 4, ¢o po
dosadeni dava: C; = 2,3.10".,

Po dosadeni do vzfahu (4) mozno pre [ubovolné zvolené v
vypocitat 7. Vysledok je nasledovny:

3.1 Generalized description of 7-v relation

From Fig. 3 it can seen that the application of the classical
Taylor’s relation would not lead to any progress when compared
to the up to now approaches. Therefore, to describe 7—v relation
the Temcin’s relation was used (4). It was sucessfully applied also
in other up to the present works [6, 8, 9, 10]. The avantage of this
relations the fact that it is based on the Taylor’s relation and the-
refore it is well known to the users.

It is important to determine 7,, value as maximum durability
which can be obtained within the entire range of cutting speeds.
Its determination depends on the accuracy of the cutting speed
estimate which correspondens with the maximum durability. The
experiment is carried out under the mentioned conditions.

In previous experiment the value of the cutting speed for the
cutting material P 10 was by a coincidence precisely estimated
(80 m.min ).

Another important parameters is the constant Cp. It should
be noted that in this case it has different meaning when compared
to the classical Taylor’s relation, i.e., this is not a section on dura-
bility axis. This fact requires that C; is determined analyticcaly.
After the Temcin’s relation is modified we obtain:

c, = n"T,
T,—T

(13)

T and v are particular values of both a durability and a cutting
speed which are substracted from a declinning branch range of
the curve in the section where the validity of the Taylor’s relation
is expected. In the observed case, there were thefollowing values
used: v = 300, 7= 25, T,, = 220, m = 4, which after the substi-
tution is C; = 2,3.10".

After substitution to the relation (4), it is possible to calculate
T for any optional v. The result is as follows:

y, m.min ! 39 60 80 100

120 150 200 250 300

T, min 220 219 214 203

185 149 87 40 25

Na obr. 3 je takto vypocitana krivka znazornena plnou Ciarou.
Vidno velmi dobru zhodu tejto krivky s experimentom, neporov-
natel'ne vacsiu, ako pri aplikacii Taylorovho vzfahu. Analyza via-

In Fig. 3, the curve calculated this way is represented by
a bold line. A very good coincidence of this curve with the expe-
riment is evident, it is incomparably higher than with the applica-
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cerych pripadov ukazala, Ze maximalna chyba je len 8 %. Tato sku-
tocnost dava realnu nadej na aplikaciu pouzitého vztahu v praxi.

3.2 Exaktné kritéria otupenia

Vol'ba kritérii otupenia podla predchadzajiceho postupu sa
vyznacuje nepresnostou a subjektivnostou. Preto cielom dalSich
aktivit bolo najst exaktnejsi postup. Navodom sa stal LARINOV
postup stanovenia optimalneho otupenia [7]. Ako je zname, tento
postup spoc€iva v nasledovnom:

Je potrebné definovat hrubku reznej platnicky ,b“, ktort
mozno odstranit pri preostrovani. Pre tento ucel moze byt volena
[ubovolne, pretoze nam nejde o kontrétnu hodnotu poctu preost-
reni, ale hladané lokalne maximum.

Pre zvolené hodnoty kritéria otupenia (napr. 0,1; 0,2; 0,3 ...

mm) sa urCi teoreticky pocet preostreni nastroja ,n“, podla
vztahu:

(14)

Napr.: Ak hodnota, ktori mozno z platnicky odbrusit je 3 mm,
bude pocet preostreni pre jednotlivé VB, nasledovny:
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tion of the Taylor’s relation. The analysis of several cases showed
that the maximum error was only 8 percent. This fact leads to the
conclusion that there is much hope of the application of used rela-
tion in the practice.

3.2 Exact criteria of blunting

The choice of the criteria of blunting according to the previ-
ous methlod is accompanied by inaccuracy and subjectivity.
Therefore, the aim of further activities was to find more exact app-
roach. It appeared that the forgotten Larin’s approach could be
the method of determination of the optimal blunting [7]. As we
know, this approach is based on the following.

It is necessary to define tthikness of the cutting plate “b”
which can be removed during the re-sharpening. For this purpose
it can be chosen freely because we do not consider a concrete
value of the re-shapening number, but the we searached local
maximum.

For the chosen values of the criterion of blunting (e.g. 0.1;
0.2; 0.3 ... mm) a theoretical number of re-sharpenings of a tool

“ %

n” is determined according to the relation:
b (14)
n=-——
VB,

For example: If the value which can be removed from the
plate by grinding is 3 mm, the number of the re-sharpening for the
individua VB, is as follows:

VB, 0,1 0,2 0,3 0,4

0,5 0,6 0,7 0,8 0,9 1

n 30 15 10 1,5

6 5 4,3 338 33 3

Pochopitel'ne, n nemusi byt celé Eislo.

V dalsom sa zostroji zavislost: nT=fVB,) pre kazdu reznu
rychlost, pricom T je vidy zodpovedajuca trvanlivost pri konkrét-
nom VB, av.

Tento postup bol uplatneny pre niektoré krivky z obr. 1.
Vysledok je na obr. 5. Ide v podstate o zavislost Zivotnosti nastroja
na zvolenom kritériu VB,. Z kazdej krivky je vyhodnotené
maximum a jemu zodpovedajice optimalne VB,. Hodnoty kon-
krétnych VB, su spitne vynesené na krivky opotrebenia a dosta-
vame situaciu podla obr. 6.

Of course, n does not have to be a whole number.

In the following the relation is determined for each cutting
speed: nT = f(VB,) whereas T is always a corresponding durabi-
lity of a concrete VB, and v.

This approach was applied to some curves from Fig. 1. The
result is shown in Fig. 5. Bassicaly, it refers to the depen dence of
the tool durability upon the chosen VB, criterion. Of each curve,
the maximum and a corresponding optimal VB, is evaluated. The
values of concrete VB, are given back on the curves of wear and
we obtain a situation according to
Fig. 6.

It can be seen that previous tests

80 mv/mim were only approaching this situation.

—8— 60 m/min So far the aim is not to create the

——100 m/min| equation of this line. It is important

—— 40 m/min

that this approach can be considered
—%— 120 m/min

as an exact one because into account

—e—250 m/min
—— 300 m/min

the realistic principles of the cutting

process.

nT, min
Je vidiet, ze predchadzajice 1200
pokusy sa len priblizili k tejto situ- 1000 -~y
acii. Zatial nie je cielom uréit /, >
rovnicu tejto Ciary. Dolezité je, ze 800 1+
tento postup mozno povazovat za 600 T P =
. . . | L x"]
exaktny, pretoze berie do uvahy 4 ] T
realne zakonitosti procesu obraba- 200 i
nia.
- . [ = b O
Komplexny vysledok je na 0

obr. 7, kde je krivka zavislosti
T—v vytvorena na zaklade obr. 6
a jej vyhodnotenie podla uvede-

03 04 05 06 07 08 09 1

Obr. 5 Krivky zdvislosti Zivotnosti ndstroja od kritéria otupenia
Fig. 5 Relation curves of tool durability on wear criterion

A complex result can be found
in Fig. 7, where the curve of T—v is
created on the base of Fig. 6 and its
evaluation is done according to the

VB, mm
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VB, mm

o9 2201 25 300! 150 120
W 57 =

07 [ /| 100
0,6 [ / / / / \%0
T an 4 2 P

04 _ /lé
0,3 —/ —" 80 m.min"
02 e

0,1

40 80 120 160 200 240

T, min

Obr. 6 Zavislost VB = f(1) s kritériami otupenia z obr. 5
Fig. 6 Relation VB = f{r) with wear criteria from Fig. 5

ného postupu. Chyba nie je véacSia, ako je rozptyl nameranych
hodnét trvanlivosti.

V stvislosti s tymto vysledkom sa natiska moznost aplikovat
tuto novi T—v zavislost na bezné vypocCty v technolégii obrabania.
Takto by bolo mozné spresnif pojem obrabatelnost materialu
a reznost nastroja.

V dalsej sérii skusok sa budeme venovat verifikacii naznace-
ného postupu v rozliénych pripadoch obrabania a stanovenia
metodiky zostrojenia exaktnej 7—v zavislosti.

3.3 Verifikacia postupu zostrojenia 7-v zavislosti
a navrh metodiky

Na obr. 8 je priebeh piatich kriviek opotrebenia, ktoré boli
ziskané v uvedenych podmienkach. V spodnej Casti je diagram
zavislosti: nT = f{VB), s vyhodnotenim jednotlivych VB,.

Na obr. 9 je vysledna T—v zavislost, pricom krizkami su zna-
zornené experimentalne hodnoty. Vysledok je v podstate zhodny
s predchadzajucim. Napriek men§iemu poCtu reznych rychlosti je
T—v zavislost dostato¢ne presna. Naznacuje to moznost zmensit
rozsah experimentalnych skusok.

Na obr. 10 je subor Styroch kriviek opotrebenia, ziskanych
podrobnym meranim (po 10 minutach obrabania).

V dolnej Casti je diagram nT = f{VB) pri troch reznych rych-
lostiach. Zhoda je podobna ako v predchadzajucich pripadoch.

T, min
300

Tu=220

200

100

50 ¥

76°
20 m=4
10
40 60 80 100 200 300
v, m.min

Obr. 7 T zavislost, ziskand z obr. 6
Fig. 7 T relation obtained from Fig. 6

given method. The error is not more important then the disper-
sion of the measured durability values.

Referring to this results, the possibility of the application of
this new T—v relation with the common calculations of the cutting
technology appears. Thus, is would be possible to specify the term
“cutting” of the material as well as a “cutting tool efficiency”.

The following series of tests deals with the verification of the
outlined procedure with the various cases of cutting and the deter-
mination of the methdology of the creation of the exact 7—v rela-
tion.

3.3 Verification of the creations procedure of the
T-v relation and the methodology proposal

Fig. 8 shows the course of the five wear curves which were
obtained under the given conditions. In the lower part, there is
a diagram of the relation nT = f{VB) with the individual VB, eva-
luation.

In Fig. 9 there is a final 7—v relation while the circles mark
the experimental values. The result is, in fact, identical with the
previous one. In spite of a lower number of cutting speeds, the
T—v relation is sufficiently precise. It shows the prossibility of
decreasing range of experimental tests.

In Fig. 10 there is a set of four wear curves obtained by a detail-
ed measuring (after 10 minutes of cutting).

In the lower part, there is a diagram nT = f{(VB) with 3 cutting
speeds.
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nT, min

600 b=1 mm

500 A n=b/VBy

400 ’/ /h:-h —o— v=50 m/min

/ 4 —a—v=80

300
/ / —A—y=120

200 * }: At —¢v=150

100 e —

0 ot

0 o1 02 03 04 05 06 0,7 VB, mm

Obr. 8 Experimentdlne krivky VB = f(t) a nT = f(1)
Fig. 8 Experimental curve VB = f(1) and nT = f(1)

VB, mm
1,2
g r
_—-f MN‘\\ , -
0,8 r ] —&— v=60 m/min
0.6 Y W TS| |- v=90
’ /f ,:...-«’ y ——v=160
0.4 F;ﬁg: P20 == v=200
fxa,=0,31x2
0+ ™ T T 11
0 20 40 60 80 100 120 140 T, min
nT, min
700
600 —
A TN
50 / T
400 A L = —&— y=60m/min
300 24 yd . | |—e—v=90
v ¥ —t— =200
200
100
L atato AT T%
0 ||

Dali priklad experimentu je na obr. 11. Ukazuje na dalsiu

02 03 04 05 06 0,7 08 09 1 VB;, mm

Obr. 10 Iny priklad experimentdlnej zdvislosti
Fig. 10 Other case of experimental relation

moznost skratenia skusok, ktora spociva v nasledovnom:

- zostrojit krivku opotrebenia pri reznej rychlosti, ktort pre dany
rezny material podla skisenosti a udajov vyrobcu mozno pova-
Zovat za optimalnu, davajuicu maximalnu trvanlivost. Z tejto

krivky mozZno stanovit 7,, a VB,,
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T, min
200 \
100 H‘\,,
. N
60
40
Tm= 140
m= 5,67
T=55
v =150
Cr=1,9.10" \-
80° \
40 50 70 100 200
v, m.min™
Obr. 9 Zdvislost T = f{v)
Fig. 9 Relation T = f(v)
T, min
200
100 ‘b
80 \
60
50 \\
40 ot
30 §
C=18.10" i
20 + m=5,68
v=160
T=40
Tw=132 80°
10 1 {
40 60 80 100 200 300

v, m.min"

Obr. 11 Dalsi priklad experimentdinych vysledkov
Fig. 11 Next case of experimental results

Another example of the experiment is in Fig. 11. It shows
another possibility of the tests shortening which lies in the following:
- to set a wear curve at a cutting speed which for a given cutting

material, according to the experience as well as the information
from the producer, can be considered as optimal and, at the
same time, providing a maximum durability. This curve is used
to derive T,, and VB,,
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- zostrojif dve krivky opotrebenia pri reznych rychlostiach,
vyrazne vys§ich od v,. Z kriviek moZno urcit VB, (pre obe
rezné rychlosti) a m.

Na obr. 12 je T—v zavislost.

V dalSom priklade je pokus o overenie metodiky s pouZitim
troch kriviek opotrebenia. Na obr. 13 st krivky opotrebenia pri
roznych reznych rychlostiach: 70, 100 a 130 m.min . Ako obra-
bany material bola pouzita vyvojova ocel pre valivé loZiska (NLO),
ktora ma vysSiu pevnost a asi o triedu horsiu obrabatel'nost sustru-
Zenim ako klasicka (14 109.3) - obr. 9. Z hladiska metodiky skusok
vidno, Ze nebolo potrebné sledovat krivku opotrebenia nad VB =
= 0,4 mm. Skusky pri vyssich reznych rychlostiach vyzadovali
pomerne kratky cas.

Krivky pre Z = nT = f{VB) boli zostrojené len prvé dve rezné
rychlosti, ¢o na zaklade skusenosti postaCuje na zostrojenie
T—v zavislosti, ktora je na obr. 14.

VB, mm
1,2
1 o ,._ °
0,8 { g u —o— v=70 m/min
0.6 +— ( ‘/‘ —&—v=100
’ ‘,o‘" —8—v=130
0,4 —¢— v=160
1| P20 Y
0,2 s 14109.3
fxa,=0,31x2
0 LA BN R B B B B
0 10 20 30 40 50 60 70 80 90 T,min
Obr. 12 T v zavislost
Fig. 12 T relation
T, min
60
50
40 —— o
30 ) \
TTIREY
\
20} Tw=40 \\
Cr=1,67.10"
m=2,7
T=18 o
v=130 70
10
40 60 80 100 200
v, m.min™!

Obr. 13 Experimentdlna zavislost VB = f(1) a nT = f{(VB)
Fig. 13 Experimental relation VB = f(1) and nT = f(VB)

4. Zaver
Naznaceny postup na ziskanie 7—v zavislosti mozno uspesne

pouzit miesto klasickej skusky pri konstantnom kritérii otupenia.
Pritom casové a materialové naroky na jeho realizaciu zodpove-

- to set two wear curves with cutting speeds which are much
higher than v,. The curves are used to determine VB, (for both
cutting speeds) and m.

In Fig. 12 there is the 7—v relation.

Tho following example presents a test which was carried out
to verify the methodology with the use of three wear curves. In
Fig. 13 there are wear curves at different cutting speeds 70, 100
and 130 m.min~'. As a cutting material, research steel for bearing
parts (NLO) was used. This steel has a higher strength and is app-
roximately one class worse as regards worse workability by turning
than the classical one (14209.3) - Fig. 9. From the point of view
of the methodology of tests it follows that is was not necessary to
observe the wear line over VB = 0.4 mm. The tests with higher
cutting speeds required relatively short time.

Curves for z = f{VB) were created only for two cutting speeds
which is sufficient for creation of the 7—v relation which is in
Fig. 14.

VB,mm
16 P20
1, f

: / NLO
1,2

fxa,=0,31x2

1 }( » —o—v=70 m/min
0,8 ~ ] —=—v=100
0,6 [N | —av'130

) J \ /
0,4 e
0,2 'r x*

0 14

0 20 40 60 80 100 t,min
nT,min
4
4(5)3 b=3 mm
AN
350 7 ~
300 [T
250 / —o—v=70 m/min
200 —a—v=130
150 f
100 /
50 ¢ ol S oty
a1
0 B
0 0,2 0,4 0,6 0,8 1 VB,mm

Obr. 14 T zavislost
Fig. 14 T relation

4. Conclusion
The outlined procedure of obtaining the 7—v relation can be

succesfully used instead of a classical test with a constant criterion
of blunting. At the same time, the material and the time require-
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daju napr. znamej skuske BEZPROZVANNEHO, alebo skuske pri
zmenSenom Kriterii otupenia. Oproti nim sa vSak navrhnuty
postup vyznacuje vyrazne vac¢Sou presnostou.

Recenzenti: J. Zongor, J. Salaj
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ments for its realization correspond with, for example, a well
known test of BEZPROZVANNY]J, or a test with a lower criterion
of blunting. Comparing to them, the suggested approach shows
a considerably higher accuracy.

Reviewed by: J. Zongor, J. Salaj

[1] BEKES, I.: InZinierska technoldgia obrdbania kovov. Bratislava Alfa, 1981, 398 s.

[2] BUDA, I., SOUCEK, J., VASILKO, K.: Teéria obrdbania. Bratislava Alfa, 1988, 391 s.

[3] DMOCHVSKI, J.: Podstawy obrobki skawanijem. Warszawa. Panstwowe wydawnictvo naukowe, 1987, 586 s.

[4] GILMAN, A. M.et all.: Optimizacija reZimov obrabotki na metallorezuscich stankach. Moskva: Masinostrojenije, 1975, 304 s.

[5] GRANOVSKI, G. I, GRANOVSKIJ, V. G.: Rezanije metallov. Moskva: Masinostrojenije, 1975, 304 s.

[6] KLUSIN, M. 1.: Obobscennyje zavisimosti dlja razéeta rezima rezanija. In: Fizika rezanija metallov. AN Armenskoj SSR, Jerevan, 1971

[7] LARIN, M. N.: Osnovy frezerovanija. Moskva. Masgiz, 1947

[8] PODURAIJEYV, V. N.: Avtomaticeskije regulirujemyje i kombinirovannyje processy rezanija. Moskva: Masinostrojenije, 1977, 302 s.
[9] VASILKO, K., HRUBY, J., LIPTAK, J.: Technologia obrdbania a montdze. Bratislava: Alfa, 1991, 494 s.

[10] VASILKO, K., BOKUCAVA, G.: Presnejsie vyjadrenie Twv zdvislosti. Naradie 19, 1989, &. 4

[11] ZOREYV, N. N.: Metod opredelenija optimalnogo iznosa i optimalnoj stojkosti po krivym iznosa. Stanki i instrument, 1949, ¢. 8.

KOMUNIKACIE / COMMUNICATIONS 3/2000 o 29



