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A b s t r a c t  
 

T h e  p roc e s s  of  s u rf a c e  g e ne ra t i on i s  c om p le x  a nd  d e p e nd s  on nu m e rou s  
f a c t ors . T h e  g e om e t ry  of  a  s u rf a c e  i s  d e s c ri b e d  b y  t h e  s u m  of  a ll 
i rre g u la ri t i e s  of  t h e  a c t u a l s u rf a c e , i .e . d e vi a t i ons  i n f orm , w a vi ne s s  a nd  
rou g h ne s s . T h i s  s t u d y  f oc u s e s  on d e t e rm i ni ng  t h e  i nf lu e nc e  of  s e le c t e d  
c u t t i ng  p a ra m e t e rs  on t h e  s u rf a c e  g e om e t ry  of  t h re e  m a t e ri a ls . T h e  
la b ora t ory  f a c e  m i lli ng  t e s t s  w e re  c ond u c t e d  u s i ng  a  m i lli ng  h e a d  w i t h  
rou nd -nos e  t ools . 
 
K e y w o r d s :  c u t t i ng , rou g h ne s s , w a vi ne s s , s t ra i g h t ne s s , f a c e  m i lli ng . 
 
Wp ł y w p aram e t ró w skrawan i a n a st rukt urę  
g e o m e t ry c zn ą  p o wi e rzc h n i  f re zo wan e j  
c zo ł o wo  g ł o wi c ą  f re zo wą  

 
S t r e s z c z e n i e  

 
Proc e s  p ow s t a w a ni a  s t ru k t u ry  g e om e t ry c z ne j  p ow i e rz c h ni  ( S PG )  j e s t  
b a rd z o z ł oż ony  i  w p ł y w a  na  ni e g o w i e le  c z y nni k ó w . S t ru k t u rę  
g e om e t ry c z ną  p ow i e rz c h ni   op i s u j e  z b i ó r w s z y s t k i c h  ni e ró w noś c i  
p ow i e rz c h ni  rz e c z y w i s t e j  t j ., od c h y ł k i  k s z t a ł t u , f a li s t oś c i , c h rop ow a t oś c i . 
Pod j ę t o p ró b ę  ok re ś le ni a  w p ł y w u  w y b ra ny c h  p a ra m e t ró w  s k ra w a ni a  na  
s t ru k t u rę  g e om e t ry c z ną  p ow i e rz c h ni  d la  ró ż ny c h  m a t e ri a ł ó w  ob ra b i a ny c h .  
Prz e p row a d z ono b a d a ni a  la b ora t ory j ne  f re z ow a ni a  c z oł ow e g o g ł ow i c ą  
f re z ow ą  z  os t rz a m i  o z a ok rą g lony m  na roż u . 
 
S ł o w a  k l u c z o w e :  s k ra w a ni e , c h rop ow a t oś ć , f a li s t oś ć , p ros t oli ni ow oś ć  
p ow i e rz c h ni , f re z ow a ni e  c z oł ow e . 
 
1 .  In t ro duc t i o n  
 
M a c h i ni ng  i s  s t i l l  t h e  m o s t  c o m m o n o f  t h e  m a nuf a c t uri ng  

t e c h no l o g i e s .  A l t h o ug h  t h e  d i m e ns i o ns  a nd  t h e  o ut e r l a y e r o f   
a  p ro d uc t  o r m a c h i ne  p a rt  c h a ng e ,  i t  i s  e nv i s a g e d  t h a t  m a c h i ni ng  
w i l l  b e  e m p l o y e d  i nc re a s i ng l y  w h e ne v e r p re c i s i o n o r h i g h  
p re c i s i o n i s  re q ui re d  [ 1 ] .   
T h e  a d v a nc e s  i n t h e  d e s i g n o f  num e ri c a l l y  c o nt ro l l e d  m a c h i ne  

t o o l s  a nd  t h e  a p p l i c a t i o n o f  b e t t e r c ut t i ng  m a t e ri a l s  c a us e  t h a t  t h e  
a c c ura c y  o f  t h e  m a c h i ni ng  p ro c e s s ,  e s p e c i a l l y  t urni ng  a nd  m i l l i ng ,  
i s  h i g h e r.  P ro d uc t s  d o  no t  re q ui re  a ny  s up e rf i ni s h i ng ,  w h i c h  m a y  
h a v e  a  d i re c t  e f f e c t  o n t h e i r f unc t i o n [ 2 ,  3 ] .   
I n t h e  l a s t  f e w  y e a rs ,  num e ri c a l l y  c o nt ro l l e d  m a c h i ne  t o o l s  h a v e  

b e e n us e d  m o re  a nd  m o re  f re q ue nt l y  f o r f a c e  m i l l i ng  a nd  s i m i l a r 
o p e ra t i o ns .  T h e  a p p l i c a t i o ns  i nc l ud e  s i m p l e  f l a t  s urf a c e s ,  c e rt a i n 
d i e s  a nd  e v e n ro t o r v a ne s .  T h e  f a c e  m i l l i ng  p ro c e s s  c o m b i ne d  w i t h  
t h e  num e ri c a l  c o nt ro l  a nd  t h e  C A D / C A M  p ro g ra m s  e ns ure s  h i g h  
e f f i c i e nc y ,  v e ry  h i g h  d i m e ns i o na l  a nd  f o rm  a c c ura c y  a nd  l o w  
ro ug h ne s s  e v e n i n t h e  c a s e  o f  c urv i l i ne a r s urf a c e s  [ 4 ] .  
T h e  s urf a c e  q ua l i t y  i s  o ne  o f  t h e  m o s t  i m p o rt a nt  f e a t ure s  o f   

a  p ro d uc t .  I t  a c c o unt s  f o r t h e  p ro d uc t  d ura b i l i t y ,  f ri c t i o n,  w e a r,  
q ua l i t y  o f  t h e  m a t i ng  p a rt s  a s  w e l l  a s  t h e  f unc t i o na l  a nd  a e s t h e t i c  
p ro p e rt i e s  [ 5 ] .   
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E v e ry  o b j e c t  s ub j e c t e d  t o  m a c h i ni ng  s h o w s  d e v i a t i o ns  f ro m  i t s  

i d e a l  no m i na l  f o rm .  P ro d uc i ng  g e o m e t ri c a l l y  i d e a l  s urf a c e s  i s  no t  
p o s s i b l e ,  a nd  p ro d uc i ng  c l o s e  t o  g e o m e t ri c a l l y  i d e a l  s urf a c e s  i s  
b e c o m i ng  m o re  a nd  m o re  e x p e ns i v e .  D e v i a t i o ns  f ro m  t h e  
g e o m e t ri c a l l y  a c c ura t e  s urf a c e  c a n h a v e  a  s i g ni f i c a nt  e f f e c t  o n t h e  
p ro d uc t  s ub s e q ue nt  c h a ra c t e ri s t i c s ,  e . g .  w e a r re s i s t a nc e ,  s t i c k  a nd  
s l i p  l ub ri c a t i o n p ro p e rt i e s ,  f a t i g ue  s t re ng t h ,  c o rro s i o n re s i s t a nc e ,  
e t c . .   
A s  c a n b e  s e e n,  s urf a c e  f o rm a t i o n b y  f a c e  m i l l i ng  w i t h  m i l l i ng  

h e a d s  i s  a  c o m p l e x  p ro b l e m .  T h e  f i nd i ng s  s h o w  t h a t  t o  d e t e rm i ne  
t h e  f a c t o rs  a f f e c t i ng  s urf a c e  q ua l i t y  i s  e x t re m e l y  i m p o rt a nt .  
E m p h a s i s  s h o ul d  b e  p l a c e d  o n e s t a b l i s h i ng  t h e  e f f e c t  o f  t h e  
m a c h i ni ng  p a ra m e t e rs  o n t h e  s urf a c e  f o rm a t i o n.  
T h i s  p a p e r p re s e nt s  s e l e c t e d  t e s t  re s ul t s  c o nc e rni ng  t h e  

i nf l ue nc e  o f  s e l e c t e d  m a c h i ni ng  p a ra m e t e rs  o n t h e  s urf a c e  q ua l i t y  
i n f a c e  m i l l i ng  w i t h  ro und -no s e  t o o l s .  
 

2 .  L ab o rat o ry  t e st s c o n c e rn i n g  f ac e  m i l l i n g  
wi t h  a m i l l i n g  h e ad 

 
2 . 1 .  Ob j e c t i v e s, m at e ri al s an d m e t h o ds 
 
T h e  a i m  o f  t h e  s t ud y  w a s  t o  e s t a b l i s h  t h e  e f f e c t  o f  s e l e c t e d  

m a c h i ni ng  p a ra m e t e rs  o n t h e  ro ug h ne s s ,  w a v i ne s s  a nd  s t ra i g h t ne s s  
o f  f a c e  m i l l e d  s urf a c e s .  T h e  t e s t s  w e re  c o nd uc t e d  a t  t h e  
l a b o ra t o ri e s  o f  t h e  K i e l c e  U ni v e rs i t y  o f  T e c h no l o g y .   
T h e  s t ud y  w a s  d i v i d e d  i nt o  t h re e  s t a g e s .  T h e  f i rs t  p a rt ,  i . e .  t h e  

m a c h i ni ng ,  w a s  p e rf o rm e d  a t  t h e  L a b o ra t o ry  o f  N um e ri c a l l y  
C o nt ro l l e d  M a c h i ne  T o o l s .  T h e  M A S T E R C A M  p ro g ra m  w a s  
e m p l o y e d  t o  p re p a re  t h e  s p e c i m e n g e o m e t ry  a nd  g e ne ra t e  t h e  
C N C  m a c h i ni ng  p ro g ra m s .  T h e  p ro g ra m s  w e re  t ra ns m i t t e d  t o   
a  C N C  T ri a c  2 0 0  m i l l i ng  m a c h i ne ,  w h i c h  w a s  us e d  f o r t h e  
m a c h i ni ng  p ro c e s s .  T h re e  m a t e ri a l s  w e re  t e s t e d :  s t e e l  1 5 ,  s t e e l  4 5  
a nd  M O 5 8  b ra s s .  T h e  s p e c i m e ns  w e re  c ut  w i t h  a  D O L F A M E X  
2 2 0 . 1 7 -4 0  m i l l i ng  h e a d  [ 6 ]  e q ui p p e d  w i t h  t h re e  B A I L D O N I T  
T P K N  1 6 0 3  P P -R  c a rb i d e  i ns e rt s .  T h e  c o o l a nt  a p p l i e d  d uri ng  t h e  
p ro c e s s  w a s  C a s t ro l  S y nt i l o  R H S .  
T h e  m a c h i ni ng  p a ra m e t e rs  a re  g i v e n i n T a b l e  1 .  T h e  m a c h i ni ng  

p ro c e s s  w a s  p e rf o rm e d  b y  c h a ng i ng  e i t h e r t h e  f e e d  o r t h e  c ut t i ng  
s p e e d  ( t h e  s o -c a l l e d  o ne -f a c t o r-s e l e c t i o n p ro g ra m ) .   
 

T a b .  1 .   Z e s t a w i e n i e  p a r a m e t r ó w  s k r a w a n i a  z a s t o s o w a n y c h  p o d c z a s  b a d a ń  
T a b .  1 .   M a c h i n i n g  p a r a m e t e r s  d u r i n g  t h e  t e s t s  
 

MA C H IN IN G  C ON DIT ION S  F OR  T H E A N A L Y Z ED S P EC IMEN S  
 f e e d  r a t e  fz [ m m / t o o t h ]  0 . 0 4 ;  0 . 0 8 ;  0 . 1 2 ;  0 . 1 6 ;  0 . 2 0 ;  0 . 2 4 ;  0 . 2 8  
 c u t t i n g  s p e e d  vc [ m / m i n ]  8 0 ;  1 2 0 ;  1 6 0 ;  2 0 0 ;  2 4 0 ;  2 8 0  
 c u t t e r  d i a m e t e r  d [ m m ]  4 0  
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A change in the cutting speed was achieved by adjusting the 
r o tatio nal speed o f  the spindle,  while a change in the f eed was 
achieved by adjusting the f eed r ate per  m inute.  
T he seco nd par t o f  the study co ncer ned r o ughness.  T he 

m easur em ent was co nducted with a P M -0 3  pr o f ilo m eter  [ 8 ] .  T he 
f o llo wing par am eter s wer e m easur ed:  Ra (arithmetic mean profile 
d eviation from the mean line) ,  Rq  (mean s q u are profile d eviation 
from the mean line)  and Rm (max imu m heig ht of u nevennes s ) .  T he 
po wer  spectr al density f unctio n (P S D F ) was also  analyz ed.  
T hen,  the tests wer e co nducted by m eans o f  a T aylo r  H o bso n 

T alysur f  4  pr o f ilo m eter  o per ating with a pr o gr am  called S U F O R M  
[ 7 ] .  I t was a co m plex  m easur em ent o f  abo ut a do z en r o ughness,  
waviness and str aightness par am eter s.  T he r esults including sets o f  
co o r dinates,  a lo ad capacity cur ve and a po wer  spectr um  wer e 
r epr esented gr aphically as a set o f  diagr am s co r r espo nding to  the 
r egister ed r o ughness pr o f ile.   
S o m e o f  the r esults ar e pr esented belo w in the f o r m  o f  

diagr am s.  T he diagr am s include cur ves illustr ating the co r r elatio ns 
between the sur f ace unevenness heights (the r o ughness 
pr o f ilo gr am ) and the co r r espo nding diagr am s o f  the po wer  
spectr al density f unctio n (P S D F ),  the later al r o ughness Ra,  the 
waviness Wa (arithmetic mean of the w avines s  profile ord inates ),  
the str aightness P a (arithmetic mean of the primary  profile 
ord inates ) at the changeable f eed per  to o th fz and the cutting speed 
vc .  T he diagr am s include co lum ns o f  er r o r s specif ying the scatter  
o f  r esults,  er r o r s o f  f o r m ,  waviness,  r o ughness and the identif ied 
lines co r r espo nding to  the values o f  the f eed per  r evo lutio n and 
f eed per  to o th.  
 
2.2. R e s u l t s  a n d  d i s c u s s i o n  
 
F igur es 1  and 2  sho w a later al pr o f ilo gr am  and the 

co r r espo nding diagr am s o f  the standar diz ed unilater al po wer  
spectr al density f unctio n.  T he spectr al lines in the diagr am  o f  the 
po wer  spectr al density f unctio n sho w which par t o f  the po wer  
co incides with a given value o f  f r eq uency.  
 
 

  
  Ra = 0 .6 8 6 7   Rq = 0 .8 2 3 3   Rm = 3 .0 5 7 5  

 
R y s . 1 .  P r o f i l o g r a m   p o p r z e c z n y . Wa r u n k i  o b r ó b k i :  fz = 0 , 0 8  m m / o s t r z e ,   

vc = 2 0 0  m / m i n ,  ap = 0 , 2 0  m m ,  ś r e d n i c a  f r e z u  d = 4 0  m m ,  m a t e r i a ł   
o b r a b i a n y  s t a l  4 5 ,  f r e z o w a n i e  c z o ł o w e  

F i g . 1 .  L a t e r a l  p r o f i l o g r a m . M i l l i n g  c o n d i t i o n s :  fz = 0 .0 8  m m / t o o t h ,   
vc = 2 0 0  m / m i n ,  ap = 0 .2 0  m m ,  c u t t e r  d i a m e t e r  d = 4 0  m m ;   
m a t e r i a l  - s t e e l  4 5 ,  m e t h o d  - f a c e  m i l l i n g  

 
 I n F igur es 2 a and 2 b pr esenting the po wer  spectr al density 

f unctio n af ter  standar diz atio n.  we identif ied spectr al lines 
co r r espo nding to  the f eed per  r evo lutio n (F igur e 2 a),  spectr al lines 
co r r espo nding to  the f eed per  to o th (F igur e 2 b) and spectr al lines 
o f  their  subseq uent har m o nic co m po nents (specially m ar k ed in 
bo th diagr am s).  T he spectr al line with a f r eq uency o f  4 . 1 5  in 
F igur e 2 a co r r espo nds to  the f eed per  r evo lutio n f eq ual to  0 . 2 4  
[ m m / r ev] .  T hey ar e lo cated in the r o ughness r ange,  which sho ws 
that f o r  the given m achining par am eter s the f eed af f ects the 
sur f ace r o ughness.  I n F igur e 2 b,  wher e the po wer  spectr al density 
f unctio n is am plif ied,  the m ar k ed line with a f r eq uency o f  1 2 . 4 5  
co r r espo nds to  the f eed per  to o th fz eq ual to  0 . 0 8  [ m m / to o th] .  
 
  

a )  
 

  
 
b )  
 

  
 
R y s . 2 .  Wy k r e s  z n o r m a l i z o w a n e j  j e d n o s t r o n n e j  f u n k c j i  w i d m o w e j  g ę s t o ś c i   

m o c y . Wa r u n k i  o b r ó b k i  - j a k  n a  r y s . 1 :  a )  p r o f i l u  z e  z i d e n t y f i k o w a n y m  
p r ą ż k i e m  o d p o w i a d a j ą c e m u  p o s u w o w i  n a  o s t r z e ;  b )  w z m o c n i o n y   
w y k r e s  z n o r m a l i z o w a n e j  j e d n o s t r o n n e j  f u n k c j i  w i d m o w e j  g ę s t o ś c i   
p r o f i l u  z e  z i d e n t y f i k o w a n y m  p r ą ż k i e m  o d p o w i a d a j ą c e m u  p o s u w o w i   
n a  o b r ó t  

F i g . 2 .  D i a g r a m  o f  t h e  s t a n d a r d i z e d  u n i l a t e r a l  p o w e r  s p e c t r a l  d e n s i t y  f u n c t i o n . 
M i l l i n g  c o n d i t i o n s  l i k e  i n  F i g u r e  1 ;  a )   p r o f i l e  w i t h  t h e  i d e n t i f i e d  s p e c t r a l  
l i n e  c o r r e s p o n d i n g  t o  t h e  f e e d  p e r  t o o t h ;  b )  a m p l i f i e d  d i a g r a m  o f  t h e  
s t a n d a r d i z e d  u n i l a t e r a l  p o w e r  s p e c t r a l  d e n s i t y  f u n c t i o n ; ,  p r o f i l e  w i t h  t h e  
i d e n t i f i e d  s p e c t r a l  l i n e  c o r r e s p o n d i n g  t o  t h e  f e e d  p e r  r e v o l u t i o n  

 
Analyz ing F igur e 3 ,  o ne can see that when the f eed per  to o th fz 

r ises,  the par am eter  Ra f o r  M O 5 8  br ass r ises,  to o .  F o r  steel 1 5 ,  it 
incr eases slightly and f o r  steel 4 5  it stays steady.  T he r o ughness 
Ra f o r  steel 4 5  was the lo west.  F o r  steel 1 5  it was higher ,  and f o r  
M O 5 8  br ass it was the highest.  
F igur e 4  sho ws that ther e is no  visible inf luence o f  the cutting 

speed o n the r o ughness Ra.  F o r  M O 5 8  br ass specim ens,  the 
r o ughness Ra r em ains near ly co nstant,  and f o r  steel 1 5  and 4 5  it 
alter nately f alls and r ises,  with the slightly do wnwar d tr end being 
pr edo m inant.  
 
 

  
R y s . 3 .  Wp ł y w  p o s u w u  n a  c h r o p o w a t o ś ć  R a  p o w i e r z c h n i  d l a  m o s i ą d z u  M O 5 8 ,   

s t a l i  1 5  i  4 5 . Wa r u n k i  o b r ó b k i :  v c =  2 0 0  m / m i n ,  a p  =  0 .2  m m   
F i g . 3 .  F e e d  r a t e  v s . s u r f a c e  r o u g h n e s s  R a  f o r  M O 5 8  b r a s s  a n d  s t e e l  1 5  a n d  4 5 . 

M i l l i n g  c o n d i t i o n s :  v c =  2 0 0  m / m i n ,  a p  =  0 .2  m m  
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Ry s . 4 .  W p ł y w  p r ę d k o ś c i  s k r a w a n i a  n a  c h r o p o w a t o ś ć  Ra  p o w i e r z c h n i   

d l a  m o s i ąd z u  M O 5 8 ,  s t a l i  1 5  i  4 5 . W a r u n k i  o b r ó b k i :   
fz =  0 .1 2  m m / o s t r z ,  a p  =  0 .2  m m  

F i g . 4 .  C u t t i n g  s p e e d  v s . s u r fa c e  r o u g h n e s s  Ra  fo r  M O 5 8  b r a s s  a n d  s t e e l  1 5   
a n d  4 5 . M i l l i n g  c o n d i t i o n s :  fz =  0 .1 2  m m / t o o t h ,  a p  =  0 .2  m m  

 
 

  
Ry s . 5 .  W p ł y w  p o s u w u  n a  l i n i o w o ś ć  P a  p o w i e r z c h n i  d l a  m o s i ąd z u  M O 5 8 ,   

s t a l i  1 5  i  4 5 . W a r u n k i  o b r ó b k i :  v c  =  2 0 0  m / m i n ,  a p  =  0 .2  m m  
 F i g . 5 .  F e e d  r a t e  v s . s u r fa c e  s t r a i g h t n e s s  P a  fo r  M O 5 8  b r a s s  a n d   s t e e l  1 5   

a n d  4 5 . M i l l i n g  c o n d i t i o n s :  v c  =  2 0 0  m / m i n ,  a p  =  0 .2  m m  
 
 

  
Ry s . 6 .  W p ł y w  p r ę d k o ś c i  s k r a w a n i a  n a  l i n i o w o ś ć  P a  p o w i e r z c h n i  d l a  m o s i ąd z u  

M O 5 8 ,  s t a l i  1 5  i  4 5 . W a r u n k i  o b r ó b k i :  fz =  0 .1 2  m m / o s t r z ,  a p  =  0 .2  m m  
F i g . 6 .  C u t t i n g  s p e e d  v s . s u r fa c e  s t r a i g h t n e s s  P a  fo r  M O 5 8  b r a s s  a n d  s t e e l  1 5   

a n d  4 5 . M i l l i n g  c o n d i t i o n s :  fz =  0 .1 2  n m m / t o o t h ,  a p  =  0 .2  m m  
 
F r o m  F i g u r e  5  i t  i s  c l e a r  t h a t  a  c h a n g e  i n  t h e  f e e d  p e r  t o o t h  fz 

h a s  a n  e f f e c t  o n  t h e  s u r f a c e  s t r a i g h t n e s s .  A n  i n c r e a s e  i n  t h e  f e e d  
r a t e  r e s u l t s  i n  a n  i n c r e a s e  i n  t h e  p a r a m e t e r  P a  f o r  M O 5 8  b r a s s .  F o r  
s t e e l  1 5  t h e  i n f l u e n c e  i s  n o t  c l e a r l y  d e f i n e d .  I n  t h e  c a s e  o f  s t e e l  4 5 ,  

t h e  i m p a c t  i s  s m a l l .  T h e  v a l u e  o f  t h e  p a r a m e t e r  P a  f o r  s t e e l  4 5  
c h a n g e s  s l i g h t l y ,  b y  a b o u t  0 . 1  µ m .  
A s  o n e  c a n  s e e  i n  F i g u r e  6 ,  t h e  i n f l u e n c e  o f  t h e  c u t t i n g  s p e e d  o n  

t h e  s t r a i g h t n e s s  P a  i s  d i f f e r e n t  a n d  d e p e n d s  o n  t h e  m a t e r i a l .  F o r  
M O 5 8  b r a s s ,  a n  i n c r e a s e  i n  t h e  c u t t i n g  s p e e d  l e a d s  f i r s t  t o  a  s l i g h t  
i n c r e a s e  a n d  a  f a l l  o f  t h e  p a r a m e t e r  P a ,  a n d  t h e n  t o  a  s l i g h t  y e t  
g r a d u a l  i n c r e a s e .  F o r  s t e e l  1 5  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  o n  t h e  
s u r f a c e  s t r a i g h t n e s s  i s  n o t  c l e a r .  F o r  s t e e l  4 5 ,  t h e r e  i s  a  v i s i b l e  
d r o p  i n  t h e  p a r a m e t e r  P a  w h e n  t h e  c u t t i n g  s p e e d  r i s e s .  
T h e  l a s t  t w o  F i g u r e s ,  7  a n d  8 ,  s h o w  t h e  i n f l u e n c e  o f  t h e  f e e d  

a n d  t h e  c u t t i n g  s p e e d  o n  t h e  s u r f a c e  w a v i n e s s ,  W a .  I n  F i g u r e  7 ,  w e  
c a n  s e e  t h a t  t h e  f e e d  c o n s i d e r a b l y  a f f e c t s  t h e  s u r f a c e  w a v i n e s s  o f  
t h e  M O 5 8  b r a s s  s p e c i m e n s .  I n  t h e  c a s e  o f  s t e e l  1 5  a n d  4 5 ,  t h e  
i n f l u e n c e  i s  s m a l l .  S t e e l  1 5  i s  r e p o r t e d  t o  b e  s l i g h t l y  m o r e  
s e n s i t i v e  t o  a  r i s e  i n  t h e  f e e d .  
A s  c a n  b e  s e e n  f r o m  F i g u r e  8 ,  a n  i n c r e a s e  i n  t h e  c u t t i n g  s p e e d  

h a s  t h e  m o s t  f a v o u r a b l e  e f f e c t  o n  s t e e l  4 5 ,  w h i c h  i s  d u e  t o  t h e  f a c t  
t h a t  o n l y  f o r  t h i s  m a t e r i a l  d i d  w e  o b s e r v e  a  f a l l  i n  t h e  v a l u e  o f  t h e  
p a r a m e t e r  W a .  F o r  s t e e l  1 5 ,  i t  w a s  f o u n d  t h a t  t h e  i n f l u e n c e  o f  t h e  
c u t t i n g  s p e e d  w a s  n o t  c l e a r ;  t h e  p a r a m e t e r  W a  f l u c t u a t e d  a r o u n d  
0 . 2  µ m .  T h e  r e s u l t s  o b t a i n e d  f o r  M O 5 8  b r a s s  s h o w e d  t h a t  w h e n  
t h e  c u t t i n g  s p e e d  e q u a l l e d  2 0 0  m / m i n ,  t h e  v a l u e  o f  t h e  p a r a m e t e r  
W a  w a s  t h e  h i g h e s t .  F o r  t h e  o t h e r  v a l u e s  o f  t h e  s p e e d  r a n g e ,  W a  
r e m a i n e d  s t e a d y  a t  a b o u t  0 . 1 5  µ m .  
 
 

  
Ry s . 7 .  W p ł y w  p o s u w u  n a  fa l i s t o ś ć  W a  p o w i e r z c h n i  d l a  m o s i ąd z u  M O 5 8 ,   

s t a l i  1 5  i  4 5 . W a r u n k i  o b r ó b k i :  v c  =  2 0 0  m / m i n ,  a p  =  0 .2  m m  
F i g . 7 .  F e e d  r a t e   v s . s u r fa c e  w a v i n e s s  W a  fo r  M O 5 8  b r a s s  a n d  s t e e l  1 5   

a n d  4 5 . M i l l i n g  c o n d i t i o n s :  v c  =  2 0 0  m / m i n ,  a p  =  0 .2  m m  
 
 

  
Ry s . 8 .  W p ł y w  p r ę d k o ś c i  s k r a w a n i a  n a  fa l i s t o ś ć  W a  p o w i e r z c h n i  d l a  m o s i ąd z u  

M O 5 8 ,  s t a l i  1 5  i  4 5 . W a r u n k i  o b r ó b k i :  fz =  0 .1 2  m m / o s t r z ,  a p  =  0 .2  m m  
F i g . 8 .  C u t t i n g  s p e e d  v s . s u r fa c e  w a v i n e s s  W a  fo r  M O 5 8  b r a s s  a n d  s t e e l  1 5   

a n d  4 5 . M i l l i n g  c o n d i t i o n s :   fz =  0 .1 2  m m / t o o t h ,  a p  =  0 .2  m m  
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3. C o n c l u si o n s 
 
T h e f o l l o w i n g  c o n c l u s i o n s  w er e d r a w n  f r o m  t h e a n a l y s i s  a n d  

t h e t es t  r es u l t s :  
1 )  T h e f eed  r a t e h a d  a  s i g n i f i c a n t  ef f ec t  o n  t h e s u r f a c e q u a l i t y  o f  
b r a s s  s p ec i m en s .  A f t er  i n c r ea s i n g  t h e f eed ,  o n e c o u l d  o b s er v e  
a  r i s e i n  R a ,  W a ,  a n d  P a .   F o r  s t eel  1 5  a n d  4 5 ,  t h e i n f l u en c e w a s  
eq u a l l y  h i g h .  T h e b es t  s u r f a c e q u a l i t y  f o r  s t eel  w a s  o b t a i n ed  
w h en  t h e f eed  w a s   a p p r o x i m a t el y  0 . 1 5  m m / t o o t h .  

2 )  T h e ef f ec t  o f  t h e c u t t i n g  s p eed  o n  t h e p a r a m et er s  d es c r i b i n g  t h e 
s u r f a c e g eo m et r y  i s  n o t  t h a t  c l ea r .  T h e a n a l y s i s  s h o w s  t h a t  t h e 
b r a s s  s p ec i m en s  w er e l es s  a f f ec t ed  t h a n  t h e s t eel  o n es .  
H o w ev er ,  w h en  t h e c u t t i n g  s p eed  w a s  a b o u t  2 0 0  m / m i n ,  t h e 
p a r a m et er  W a  w a s  t h e h i g h es t .  F o r  s t eel  1 5  n o  c l ea r  t r en d  w a s  
o b s er v ed .  A n a l y s i n g  t h e s a m p l es  m a d e o f  s t eel  4 5 ,  o n e c o u l d  
s ee t h a t  t h e h i g h er  t h e c u t t i n g  s p eed ,  t h e l o w er  t h e p a r a m et er s  
R a ,  W a  a n d  P a ,  t o  a  d i f f er en t  d eg r ee t h o u g h .   

3 )  T h e s p ec t r a l  l i n es  s h o w  t h e r a n g es  o f  f eed  i n  w h i c h  t h e s u r f a c e 
i r r eg u l a r i t i es  f o r m .  T h e d i a g r a m s  o f  t h e p o w er  s p ec t r a l  d en s i t y  
f u n c t i o n  o f  a  s u r f a c e p r o f i l e c o n f i r m  t h a t  t h er e i s  s o m e i n d i r ec t  
r el a t i o n s h i p  b et w een  t h e m a c h i n i n g  p a r a m et er s  a n d  t h e g eo m et r y  
o f  s u r f a c es  w h en ev er  t h e m a c h i n i n g  p r o c es s  i n v o l v es  v i b r a t i o n s .  

4 )  T h e d i a g r a m s  o f  t h e s p ec t r a l  p o w er  d en s i t y  f u n c t i o n  s h o w  l i n es  
w i t h  a  f r eq u en c y  c o r r es p o n d i n g  t o  t h e v a l u e o f  t h e f eed  p er  
t o o t h  a n d  t h e f eed  p er  r ev o l u t i o n .  T h e l i n es  o f  t h e s u b s eq u en t  
h a r m o n i c s  p r o v i d e u s  w i t h  i n f o r m a t i o n  o n  t h e r a n g es  o f  f eed  f o r  
w h i c h  t h e m a c h i n i n g  p r o c es s  r es u l t s  i n  t h e f o r m a t i o n  o f  s u r f a c e 
r o u g h n es s ,  w a v i n es s  o r  i n  a  f o r m  er r o r .  
 
T h e w o r k  w a s  p r es en t ed  a t  t h e I V .  I n t er n a t i o n a l  C o n g r es s  o n  

P r ec i s i o n  M a c h i n i n g  – I C P M  2 0 0 7 ,  S a n d o m i er z -K i el c e,  
S ep t em b er  2 0 0 7  
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Studia Podyplomowe 
 
 
 W yd z i a ł  E l e k t r yc z n y P o l i t e c h n i k i  Ś l ą s k i e j  w  G l i w i c a c h , I n s t yt u t  M e t r o l o g i i , E l e k t r o n i k i  i  A u t o m a t yk i   o g ł a s z a  n a b ó r  n a  D w u s e m e s t r a l n e  Z a o c z n e  S t u d i a  P o d yp l o m o w e  
 

 

 

O r g a n i z a c j a  i  A k r e d y t a c j a  L a b o r a t o r i ó w  
 
 

 
S t u d i a  p r o w a d z o n e s ą  n a  W y d z i a l e E l ek t r y c z n y m  P o l i t ec h n i k i  Ś l ą s k i ej  w  G l i w i c a c h ,  w  s y s t em i e z a o c z n y m  w  k a ż d ą  s o b o t ę  l u b  w  c o  d r u g i  w eek en d  ( d o  w y b o r u )   p r z ez  d w a  s em es t r y .  Z a j ę c i a  p r o w a d z o n e s ą  p r z ez  n a u c z y c i el i  a k a d em i c k i c h  z e s t o p n i em  c o  n a j m n i ej  d o k t o r a  o r a z  p r z ez  z a p r o s z o n y c h  G o ś c i  o  u z n a n y m  d o r o b k u  i  a u t o r y t ec i e.  S t u d i a  o b ej m u j ą  2 0 0  g o d z i n  d y d a k t y c z n y c h .  R o z p o c z ę c i e S t u d i ó w  n a s t ą p i  p o  s k o m p l et o w a n i u  o d p o w i ed n i ej  l i c z b y  k a n d y d a t ó w  n a  d a n y  r o d z a j  s t u d i ó w .    

O r g a n i z a t o r  s t u d i ó w :   I n s t y t u t  M et r o l o g i i ,  E l ek t r o n i k i  i  A u t o m a t y k i  P o l i t ec h n i k i  Ś l ą s k i ej ,  4 4 -1 0 0  G l i w i c e,  u l .  A k a d em i c k a  1 0 ,  t el .  0 3 2  2 3 7  1 2  4 1 ,  f a x :  0 3 2  2 3 7  2 0  3 4 ,  e-m a i l :  r e2 @ p o l s l . p l   l u b  a g n i es z k a . s k o r k o w s k a @ p o l s l . p l ,  h t t p : / / i m ei a . el ek t r . p o l s l . p l    
K i e r o w n i k  s t u d i ó w :   P r o f .  d r  h a b .  i n ż .  T a d eu s z  S K U B I S  
 


