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Surface of Inconel X-750 alloy after turning with different 
CBN inserts under various cooling conditions

S U M M A R Y

H i g h - p e r f o r m a n c e  m a c h i n i n g  o f  a i r c r a f t  N i - b a s e d  a l l o y s  i s  p o s s ib le  d u e  t o  t h e  u s e  

o f  m o d e r n  c u t t i n g  m a t e r i a l s  s u c h  a s  r e g u l a r  b o r o n  n i t r i d e  a n d  o p t i m i z a t i o n  t o o l s  e n a b l i n g  

t h e  s e le c t i o n  o f  t h e  c u t t i n g  c o n d i t i o n s .  T h i s  s t u d y  d is c u s s e s  t h e  e f f e c t  o f  t h e  c u t t i n g  

s p e e d  v c  a n d  t h e  c o n c e n t r a t i o n  o f  w a t e r b o r n e  s y n t h e t i c  c u t t i n g  f l u i d  o n  t h e  p a r a m e t e r s  

o f  s u r fa c e  r o u g h n e s s  a f t e r  t u r n i n g  o f  t h e  N i - b a s e d  s u p e r a l l o y  I n c o n e l  X - 7 5 0  ( A M S  5 6 6 8 ) .  

T w o  c u t t i n g  m a t e r i a l s  m a d e  f r o m  f i n e - g r a i n e d  r e g u l a r  b o r o n  n i t r i d e  i n  a  c e r a m ic  b i n d e r  

d i f f e r i n g  i n  t h e  c o n t e n t s  o f  t h e  C B N  w e r e  u s e d .  V a r ia b le  c u t t i n g  s p e e d s  v c  i n  t h e  r a n g e  

b e t w e e n  1 5 0 - 3 0 0  m / m i n  w e r e  in v e s t ig a t e d .  T h e  m e a s u r e m e n t s  o f  r o u g h n e s s  p a r a m e t e r s  

R a ,  R z ,  a n d  R S m  w e r e  m a d e  o n  s u r fa c e s  a f t e r  t u r n i n g  w i t h o u t  t h e  u s e  o f  c o o l i n g  l i q u i d  

a n d  a f t e r  m a c h i n i n g  w i t h  f l o o d  c o o l i n g  2 . 5 %  a n d  5 %  e m u ls io n .

K e y  w o r d s :  t u r n i n g ,  s u r f a c e  r o u g h n e s s ,  I n c o n e l  X - 7 5 0 ,  C B N  in s e r t s .

Introduction

I n c o n e l  X - 7 5 0  i s  a  N i - C r  s u p e r a l l o y  t h a t  h a s  b e e n  m a d e  p r e c i p i t a t i o n - h a r d e n a b l e  b y  t h e  a d d i -  

t i o n s  o f  A l  a n d  T i .  T h i s  m a t e r i a l  h a v e  g o o d  r e s i s t a n c e  t o  c o r r o s i o n  a n d  o x i d a t i o n  a l o n g  w i t h  

h i g h  t e n s i l e  a n d  c r e e p  r u p t u r e  p r o p e r t i e s  a t  t e m p e r a t u r e  u p  t o  7 0 0 ° C .  D u e  t o  i t s  e x c e l l e n t  

r e l a x a t i o n  r e s i s t a n c e  i t  h a s  a  w i d e  r a n g e  a p p l i c a t i o n  i n  h i g h - t e m p e r a t u r e  s p r i n g s  a n d  b o l t s  b u t  

a l s o  o n  g a s  t u r b i n e s ,  r o c k e t  e n g i n e s ,  n u c l e a r  r e a c t o r s  a n d  o t h e r  a i r c r a f t  s t r u c t u r e s 1.

1 h t t p : / / w w w . s t e e l f o r g e . c o m ; a c c e s s  o n  2 4 / 0 2 / 2 0 1 8 .
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G o o d  m e c h a n i c a l  p r o p e r t i e s  c a u s e  p r o b l e m s  i n  m a c h i n i n g  o f  I n c o n e l  X - 7 5 0 .  I t s  m a c h i n a -  

b i l i t y  h a s  b e e n  r a n k e d  1 2 %  t o  r e l a t i v e  c u t t i n g  s p e e d  b a s e d  o n  B - 1 1 1 2  s t e e l  a s  1 0 0 % 2 . A l t h o u g h  

a r e a  o f  m a c h i n i n g  o p t i m i z a t i o n  o f  N i - b a s e d  s u p e r a l l o y s  s u c h  a s  I n c o n e l  6 2 5 ,  I n c o n e l  7 1 8  

o r  W a s p a l o y  h a s  b e e n  w i d e l y  i n v e s t i g a t e d 3 , s t i l l  i t  i s  a  p r o b l e m  o f  e f f e c t i v e  t u r n i n g  p a r a m -  

e t e r s  s e l e c t i o n  f o r  I n c o n e l  X - 7 5 0 .  F o r  e x a m p l e  t h e r e  i s  a  l a c k  o f  i n f o r m a t i o n  a c c o r d i n g  c u t 

t i n g  p a r a m e t e r s  i n f l u e n c e  o n  s u r f a c e  r o u g h n e s s .  I n  a d d i t i o n ,  t h e  w i d e l y  d e s c r i b e d  p r o b l e m s  

a s s o c i a t e d  w i t h  s h a p i n g  t h e  r o u g h n e s s  i n  t h e  r a n g e  o f  s m a l l  f e e d s  f <  0 . 1  m m / r e v  f o r  t h e  a l l o y  

o f  s u c h  I n c o n e l  7 1 8 4 c a n  a l s o  b e  e n h a n c e d  d u r i n g  t h e  t r e a t m e n t  o f  t h e  X - 7 5 0  a l l o y .

O n e  o f  t h e  e m e r g i n g  f i l e d  i n  m e t a l  m a c h i n i n g  t e c h n o l o g y  i s  n e w  m a t e r i a l s  d e v e l o p m e n t  

f o r  c u t t i n g  t o o l s 5 . R e c e n t l y ,  r e s e a r c h e s  h a v e  f o c u s e d  o n  n e w  m a t e r i a l  g r a d e  s u c h  a s  r e g u -  

l a r  b o r o n  n i t r i d e  i n  v a r i o u s  t y p e s  o f  b i n d e r s .  A  s t r o n g  c o r r e l a t i o n  b e t w e e n  t h e  p e r c e n t a g e  

o f  b i n d e r  a n d  C B N  c o n t e n t  o n  t o o l  l i f e  o f  c u t t i n g  i n s e r t s  d u r i n g  I n c o n e l  7 1 8  w a s  p r o v e n 6 . 

I t  w a s  s h o w n  t h a t  d o m i n a n t  f o r m  o f  t o o l  w e a r  i s  a d h e s i o n  a n d  d i f f u s i o n 7 . T h e  d e v e l o p m e n t  

o f  s u p e r h a r d  m a t e r i a l s  s u c h  a s  C B N  i n  v a r i o u s  t y p e s  o f  b i n d e r  i s  t h e  m a i n  a r e a  o f  t h e  d e v e l -  

o p m e n t  o f  t o o l  f o r  m a c h i n i n g  o f  N i - b a s e d  s u p e r a l l o y s .

I t  i s  w i d e l y  k n o w n  t h a t  i n s e r t  w e a r  f o r m  a n d  b e h a v i o u r  a r e  i n f l u e n c e d  b y  f a c t o r s  s u c h  a s  t y p e  

o f  c o a t i n g ,  p r e - c o a t i n g  p r e p a r a t i o n s  t e c h n o l o g i e s  a n d  t o o l  m i c r o -  a n d  m i c r o g e o m e t r y 8 . V a r i -  

o u s  i n s e r t  p r e p a r a t i o n  t e c h n o l o g i e s  l e a d s  t o  d i f f e r e n t  e d g e  g e o m e t r y .  C u t t i n g  e d g e  g e o m e t r i c  

p a r a m e t e r s  h a v e  i m p o r t a n t  i m p a c t  o n  m a t e r i a l  d e c o h e s i o n .  O n e  o f  t h e  m o s t  i n t e r e s t i n g  a s p e c t s  

o f  m e t a l  m a c h i n i n g  i s  r e l a t i o n s h i p  b e t w e e n  c u t t i n g  e d g e  r a d i u s  a n d  m i n i m a l  d e p t h  o f  c u t 9 .

Tadeusz Chwalczuk, D am ian Przestacki, A g a ta  Felusiak, M artyna  Wiciak,,

2 I b i d e m .

3 J . P. C o s t e s ,  Y  G u i l l e t ,  G .  P o u l a c h o n ,  M .  D e s s o ly ,  Tool-life and wear mechanisms o f CBN tools 
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and surface damage in high-speed turning o f Inconel 718, „ J o u r n a l  o f  M a t e r i a l s  P r o c e s s in g  T e c h n o l 
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4 T .  C h w a l c z u k ,  M .  K a w a l e c ,  P . S z a b l e w s k i ,  Wybrane właściwości warstwy wierzchniej po toczeniu 
tradycyjnym i ukośnym ostrzami ceramicznymi nadstopu niklu Inconel 718po nagrzewaniu laserowym, 
„ M e c h a n i k ”  2 0 1 2 ,  7 - 8 ,  p p .  4 0 9 - 4 1 4 .

5 P . N i e s ł o n y ,  K .  Ż a k ,  R .  C h u d y ,  Ocena energetyczna wybranych parametrów stereometrii ostrza 
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E n g i n e e r i n g ”  2 0 1 5 ,  I s s u e  6 ,  V o l .  7 ,  p p .  1 - 9 .

6 J . P. C o s t e s ,  Y .  G u i l l e t ,  G .  P o u l a c h o n ,  M .  D e s s o ly ,  o p .  c i t .

7 R .  S . P a w d e ,  S . S . J o s h i ,  P . K .  B r a h m a n k a r ,  M .  R a h m a n c ,  An investigation o f cuttingforces and sur
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2 0 1 4 ,  6 3 ,  p p .  6 3 1 - 6 5 3 ;  B .  S t r o c h ,  A .  Z a w a d a - T o m k i e w i c z ,  Distribution o f unitforces on the tool edge 
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The machining process is connected with the formation o f large quantity o f  heat. 
The increase in temperature during the process result in increased tool wear, loos o f  mechani- 
cal properties due to microstructure changes. What is more a geometrical dimensions o f  final 
element may change when heat expansion will influence on cutting zone parameters. Constant 
thermal conditions o f  the cutting process can be ensured by the use o f cooling lubricants. 
Current development trends o f cooling methods relate to lubrication with a minimum quan- 
tity o f  lubrication (MQL) or cooling with gases. The use o f CO2 in gaseous form makes it 
possible to reduce the process temperature by more than 50% compared to dry turning10. 
Bearing in mind the modern problems o f  ecology a significant factor should be the reduction 
o f the impact o f  conventional processing emulsions on the environment. Minimal lubrication 
o f the treatment zone is not only the fulfilment o f this postulate but also brings important tech- 
nological benefits. It was proven that various methods o f MQL allows to reduce friction coef- 
ficient when turning stainless steel11. Despite many works both in the fields o f  MQL and gas 
cooling those techniques have limited industrial applications in the aircraft industry.

Considering the previously mentioned areas o f  development in the field o f  metal cut
ting, the problem o f surface roughness shaping with the use o f  different cutting emulsions 
and CBN tools was investigated.

Surface o f  In co n e lX -7 5 0  a lloy a fter turning w ith d ifferent C B N in serts  under various...

Experim ental details

External turning was carried out on the CTX 310 ECOLINE lathe. The investigated mate- 
rial was Ni-based superalloy Inconel X-750 according to AMS 5668 (Table 1.). Two cutting 
materials were used from fine-grained regular boron nitride ceramic binder by Sandvik with 
the designations CB7015 and CB7025. Those two materials is differing mainly in CBN den- 
sity, respectively 50% and 60% volume fraction. A  different manufacturing process involves 
forming a different form o f the cutting edge, including, but not limited to, rounding radius 
rn. This fact strongly effects on surface quality and cutting edge performance. Radius meas- 
urements carried out in the area o f  cutting edge radius on the device o f  Alicona EdgeMaster 
at ITA Polska showed that for the insert with the designation 7015 the value o f rn = 18.3 ^m 
and for the blade 7025 rn=27.5 ^m. Measurements o f  the geometric surface structure param
eters were carried out using the Hommelwerke Tester T500 profilometer in accordance with 
the ISO standard for the adopted measuring section L t=4 .8  mm.

The cutting fluids Cimtech M 21-02 and Cimtech A31F by Cimcool were investigated. 
In the further research they have been coded respectively CF1 and CF2. In addition, the per- 
centage value o f  emulsion was evaluated. Concentration o f  CF1 was studied o f  2.5% and 5%.

Statistical analysis was based mean values after performing four measurements. Confi- 
dence interval based on /-Student distribution for a = 0,05 was shown in figures. The Design  
o f experiment and its analysis were performed with Statistica 13.3 software by Statsoft.

10 Ł. Żyłka, R. Babiarz, M. Płodzień, P. Sułkowicz, M. Pasierb, Zastosowanie CO2 jako chłodziwa 
w procesie toczenia, „Zeszyty Naukowe Politechniki Rzeszowskiej” 2017, 295, „Mechanika” 89, 
„RUTMech”, t. XXXIV, z. 89 (3/17), pp. 401-408.

11 R. W. Maruda, G. M. Królczyk, P. Niesłony, J. B. Królczyk, S. Legutko, Chip formation zone 
analysis during the turning o f austenitic stainless steel 316L under MQCL cooling condition, „Procedia 
Engineering” 2016, 149, pp. 297-304.
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T a b l e  1 .  C h e m i c a l  c o m p o s i t i o n s  l i m i t s  o f  I n c o n e l  X - 7 5 0

o/ u N i e mo t iia f f Sr N b + ( m) A i Mn Po oei so oe P
m i n . eo fot s 2 , 2 5 0,f 0,-4 o - - o a o
m a x . b s l s a c e 1 7 9 2 , 7 5 1 ,2 1 l 1 1 0 , 5 0 , 0 8 0 ,0 1

S o u r c e :  o w n  e l a b o r a t i o n  b a s e d  o n  h t t p : / / w w w . s t e e l f o r g e . c o m ; a c c e s s  o n  2 4 / 0 2 / 2 0 1 8 .

Results rnd discussioil

The Re  parameter is one of the most frequently studied surface roughness indicators. Figure 1a 
sdow s the effect r f tlie s;d1ring spssd out tOe salue oh the -fe osd figun; 2 0 value of tOe RSm deram- 
eter after turning with two different tool materipls. It cen be noticed that the influence of the cut- 
tiog gaeed on Oo vhues of aOe anatys^ rm n ie-er  iw iiot moisoSf̂ ŝ c;. The S-wet (ecurded 'g rSiŝ  
o U  Re  wes noted for a cuiiing speed equpe to 300 m/min when turning wiih ipoeri of materipe 7025 
(ri)0/ o  C B N conientS. R^dm somd deeey o?otup, die °015 msep shou' ad ^̂a’ios£0 maoen timrs w oisc  

surOace qupei0y. The smpeler gpeues of ihe Re  uprpmeter for lower content CBN inseri wero found 
p- ps() mAiun. oooe ebio pe( onuudmenon is related to ihe edge of ihe cutiing edge.

M eaio s»aiâ t widtn RSm paramths is assoc-atsd widi PPo deed Yinue. F o r ihe asoumed vd(us 
o U f  = 0.08 mm/reg, the gpeues of RSm should be consistent with the feed. Tue to the progres- 
sivu wecr of the eugliag inaaft tlie luttiod ledmi: pcnmrt]Iy eeangen ĵyII kirds od ehech w m  
and flpnk wear can reduce mean uepk wideh of rougnpess profile.

TeS-ng in-o mSprpacteOrnboth.nc, a n d  jc.Cps nslueo, (t conb c uoIidu)lee ̂ / f̂al tac m(f sf favom•- 
able arrangement has place for the gdue of v i  = 150 m/min and v i =250 m/min. The turning 
dfoooss wos trls s^oot staWm Ttere wore mo aydffeliles aieoeiPtee  with the rapk- e reekpwop 
ofbmld-up msScria( ot a rasę face; oR cutringinsen. mre masroeeometsy of ths eutt-ns ey;;e 
remained unchnnged. These nnomalies cen be obserged at speeds of 200 and 300 m/min 
and ihey aro illustrated by the height of 0he error bar.
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F i g .  1 . C u t t i n n  s p n n d  vc i n f l u e n c e  o n  s u r f a c n  r o u n h p n s s  p e r e m - t e r s :  

a ) a r i t n m n t i c a l m n a n r o u n h p n s s g a l u n  R m ^ m n a n p n a k w i d t h  RSm 
S o u s c e :  o w a  e l s b o s a t i o a .
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T a k i n g  i n t o  a c c o u n t  t h e  v a l u e s  o f  t h e  c u t t i n g  e d g e  r a d i u s ,  i t  c a n  b e  c o n c l u d e d  t h a t  

t h e  s m a l l e r r a d i u s  o f  t h e  i n s e r t  a l l o w e d  s h a p i n g  t h e  m o r e  f a v o u r a b l e  r o u g h n e s s .  U n d o u b t e d l y ,  

t h i s  i s  r e la ^ t e d  t o  t h e  p h e n o m e n o n  o f  g 0  m i n i m u m  g ć c k n e s s  o f  t h e  m a c h i n e d  l5 ^ y e r .
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c m e  f s c  h d m n a  w i g e u C  c o o l m g  ( d e e  h r n m n g )  i c  o o t k r a b l e .  T g o u s e  g ^ o d E c i t  w i g  a r o n c e n t a -  

O m n  o f  2 . 0 %  o e d e r a f c 0  t h e  l e a e f  m e a e h h h k  e g e r t o .  0c  u d d i t i o n ,  ot  t r  n o a c e c a c 2  t o  to T re  m i o  f C f e o 2 l  

t c  ^a.<ot t i w  h o e  a  l c w e i  n e I m s n t r a U o a  o C  e m h c i o n  m a y  i a u m  a  c o r r o e i o f  i n  g e  m e n h i n e .  T h g  C F 1 

c o o t a n t  nee^th i n a e f  s e o  c o n c e n t a t i D n  r e e d t e d  C c e d e  s m c f e  i !  Y a ^ u m r r ^ f  O m  h o n e g iu g e tc  p e r c m u t e r s  

i n t h e  e d a  a m g e  o d  w m l y s o O  C h g o g  s p e e O .  O T i  u m o f  C g 2  f e e r t n t  g d  n o t s t i 2 C i ( h u t l g  i m d t o o l  
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t i n m  a p e e d  n g g g t  o t o a a  i n  a  g a v o a r  f o r  c h i p .  B e C C e r  C h e r h a S  c e n d i t i e n  m i g h t  b e  r e f l e c t e d  i n  l o w e r  

y g u e s  r f  te e g C t^ £ .^ 5 t  p t r e m c t e I c  ( F 0g . r  o a d  F i g .  t  a ) .
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F i m r i r e  3  s f o w s  t O e v a l u e s  c ^ f t h e  p a n m i e t e r  Ra a e O n e m  a f t a t  t u m i n g  w i %  v a r i o u s  o ^ c ^ l i i a g  

e m u l s i o n s .  A g a i m  th m  RSm v a l u e  s h o u l d  b e  c l o s e  t o  t h e  f e e d  v a l u e  f  T h e  m o s t  s t a b lm  f o r m  

i a  v n m u g e ;h m w R h  i s  o b a e a e d t im r  c o o l r n i t  c m  dî d CT! a t u  t o m e u t ^ ^ ^ ^ o i i c f̂  5 % .  As m e n t i o n e d 
m a r l im r ,  r m d n e i n g  th m  v a l n m  u f  t h m  RSm p a r a m m f m r  m a y  b e  r m la fm d  f u  t h m  e n n d i f i n n  u f  t h m  t u f t i n g  

h d g m  a n d  i t s  c h a r t i n g  i n  t h m  r u n g O m h s s  p r u f i l m .
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Fig. 4.Cnttimesphhd vc influmncmun snrgaehruneOmhssparamhthrs fur digghrhmteuulimeeumditiums 
a) grmatmst hmight uf thm runeOmhss prufilm Rz

S o u r c e : o w n e l a b o r a t i o n .

T h m  a n a l y s i s  u f  m a n y  i n p n t  f a c t u r s  a n d  th m  a s s m s s m m n t  u f  t h m i r  i n t h r d h p h n d h n e i h s  i n f l u -  

m n e i n g  th m  r m s u l t  c a n  b m  a  t h e O n O e a l  e h a V lh n g h .  O n m  u f  t h m  s i m p l m  u p t i m i z a t i u n  m m t h u d s  i s  

t h m  m m t h u d  u f  n t i l i t y  p r u f i l m s .  D h f im O n g  l u w  v a l n m s  u f  r u u g h n m s s  p a r a m m t m r s  a s  th m  m u s t  d m s i r -  

a b lm ,  w m  a s s i g n  t h m m  a  v a l n m  u f  1 .  T h m  n s m lm s s  i n  t m r m s  q n a l i t y  u f  t h m  m a e O O m O n g  p r u c m s s  i s  

s u r f a e m  w i t h  h i g h  r u u g O n h s s  p a r a m m t m r s  i a l u m s .  I n  t h i s  m m t h u d  th m  u s a b i l i t y  u f  s u c h  c u m b i n a -  

t i u n s  u f  i n p u t  p a r a m m t m r s  i t  h a s  b m m n  a s s i g n m d  w i t h  0 .  R h p r h s h n t a i 0 u n  u f  d a tm  w i t h  t h i s  m h i h u d  

a l l u w s  t u  f u r m u l a t m  g m n m r a l  c u n c l u s i u n  a b u u t  c u m b i n a t i u n s  u f  i n p u t  p a r a m m t m r s .

T h m  h % h c t  u f  c u t t i n g  s p m m d  a n d  c u u l i n g  c u n d i t i u n s  ( d m f in m d  a s  e u n e h r t a t i u n  u f  m m u l s i u n )  

u n  u s a b i l i t y  u f  s u r f a c m  i s  p r m s m n tm d  i n  th m  f i g .  4  a n d  5 .  I t  w a s  f u u n d  t h a t  i n  t m r m s  u f  c u t t i n g  

p a r a m m t m r s  u p t i m i z a t i u n  w i t h  u t i l i t y  v a l u m  f n n e i O u n s  th m  b m s t  r a n g m  u f  c u t t i n g  p a r a m m t m r s  

m i g h t  b m  f u u n d  f u r  h i g h ! !  i a l u m  u f  c u t t i n g  m m u l s i u n  c u n c m n t r a t i u n  a n d  h i g h ! !  c u t t i n g  s p m m d s .  

T h i s  f a c t  i s  i m p u r t a n t  d u m  t u  th m  p u s s i b i l i t y  u f  O O g h - s p h h d  t u m i n g  u f  C B N  i n s m r t s .  I t  i s  p u s -  

s ib lm  t u  h g % h e t i v h l y  m a e O O m O n g  u f  I n c u n m l  7 1 8  w i t h  p r u p m r  r u n g O m h s s  p a r a m m t m r s  i n  O O g h h r  

r a m g h s  u f  c u t t i n g  s p m m d  i a l u m s .
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F i g .  5 .  P r o f i l e s  o f  a p p r o x i m a t e  v a lu e s  o f  Rz p a r a m e t e r s  a n d  u s a b i l i t y  

f o r c u t t i n g s p e e d  a n d  c u t t i n g f l u i d c o n c e n t r a t i o n  

S o u r c e :  o w n  e la b o r a t i o n .

Conclusions

A n a l y s i s o f  t h e  o b t a i n e d  r e s u l t s  a l l o w s t o  f o r m u l a t e t h e  f o l l o w i n g c o n c l u s i o n s :

•  c u t t i n g  w i t h  a  6 0 %  c o n t e n t s  o f  C B N  i n s e r t s  a l l o w s  o b t a i n i n g  m o r e  f a v o u r a b l e  r o u g h -  

n e s s  p a r a m e t e r s  t h a n  a n  i n s e r t  w i t h  a  c o n t e n t  o f  5 0 %  b o r o n  n i t r i d e .  T h i s  m i g h t  b e  r e l a t e d  

t o  s u c h  f a c t o r s a s t h e  v a l u e o f  c u t t i n g  e d g e r a d i u s  rn.
•  o p t i m i z a t i o n  o f  c u t t i n g  p a r a m e t e r s  u s i n g  t h e  u t i l i t y  f u n c t i o n  s h o w e d  t h a t  t h e  s m a l l e s t  v a l -  

u e s  o f  t h e  Ra  a n d  Rz  p a r a m e t e r s  c a n  b e  o b t a i n e d  f o r  a  c u t t i n g  s p e e d  o f  3 0 0  m / m i n  w i t h  

s i m u l t a n e o u s  f l o o d i n g  a t  5 %  c o n c e n t r a t i o n  o f  t h e  e m u l s i o n .

•  v a l u e s  o f  r o u g h n e s s  p a r a m e t e r s  a f t e r  d r y  t u r n i n g  a r e  s t a t i s t i c a l l y  c o m p a r a b l e  w i t h  p a r a m 

e t e r s  a f t e r  t u r n i n g  u n d e r  c o o l i n g  c o n d i t i o n s  i n  t h e  r a n g e  o f  c u t t i n g  s p e e d  1 5 0 - 2 5 0  m / m i n ,

•  t h e  c o n c e n t r a t i o n  v a l u e  o f  t h e  u s e d  c o o l i n g  l u b r i c a n t  a f f e c t s  t h e  v a l u e s  o f  t h e  s u r f a c e  p a 

r a m e t e r s ,  l o w  c o n c e n t r a t i o n  c o n t r i b u t e s  t o  t h e  d e t e r i o r a t i o n  o f  s u r f a c e  q u a l i t y  e x p r e s s e d  

b y r o u g h n e s s p a r a m e t e r s .
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