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A b s t r a c t  
 

M e a s u re m e nt s  of  rou nd ne s s  d e vi a t i ons  c ons t i t u t e  a n i m p ort a nt  a re a  of  
g e om e t ri c a l m e t rolog y . As  h i g h  a c c u ra c y  i s  f re q u e nt ly  a  m a j or 
re q u i re m e nt , i t  i s  e s s e nt i a l t h a t  a n a na ly s i s  i nvolve  d e t e rm i ni ng  t h e  
p os i t i on of  t h e  c e nt re  of  t h e  a s s oc i a t e d  c i rc le . E x t e ns i ve  s t u d i e s  h a ve  b e e n 
c ond u c t e d  on t h e  a c c u ra c y  of  m e a s u re m e nt s  of  c los e d  rou nd ne s s  p rof i le s . 
M a ny  m a c h i ne  p a rt s , h ow e ve r, h a ve  i nt e rru p t e d  p rof i le s . T h e  re la t i ons h i p s  
p re s e nt e d  i n t h i s  p a p e r c a n b e  u s e d  f or c a lc u la t i ng  t h e  c e nt re  of  t h e  
a s s oc i a t e d  c i rc le  f or i nt e rru p t e d  p rof i le s  b y  a p p ly i ng  t h e  le a s t  s q u a re s  
m e t h od . 
 
K e y w o r d s :  a s s oc i a t e d  c i rc le , rou nd ne s s  p rof i le , i nt e rru p t e d  p rof i le . 
 O b l ic zanie  p aram e tró w o k rę g u sk o j arzo ne g o  d l a p rze ry wany c h  zary só w o k rą g ło ś c i 

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

 
Pom i a ry  od c h y ł e k  ok rą g ł oś c i  s t a now i ą  b a rd z o w a ż ny  ob s z a r m e t rolog i i  
w i e lk oś c i  g e om e t ry c z ny c h . B a rd z o c z ę s t o, w  p om i a ra c h  t e g o t y p u  
w y m a g a na  j e s t  d u ż a  d ok ł a d noś ć . Z  t e g o w z g lę d u  d ok ł a d ni e  ob li c z e ni e  
p oł oż e ni a  ś rod k a  ok rę g u  s k oj a rz one g o j e s t  z a g a d ni e ni e m  s z c z e g ó lne j  
w a g i . Prob le m  t e n j e s t  d ob rz e  roz p oz na ny  w  od ni e s i e ni u  d o z a m k ni ę t y c h  
z a ry s ó w  ok rą g ł oś c i . J e d na k  w i e le  e le m e nt ó w  c z ę ś c i  m a s z y n m a  z a ry s y  
ok rą g ł oś c i  p rz e ry w a ne  ( ni e d om k ni ę t e ) . W  a rt y k u le  p rz e d s t a w i ono 
z a le ż noś c i  u m oż li w i a j ą c e  ob li c z e ni e  ś rod k a  ok rę g u  s k oj a rz one g o m e t od ą  
na j m ni e j s z y c h  k w a d ra t ó w  d la  t e g o t y p u  z a ry s ó w . 
 
S ł o w a  k l u c z o w e :  ok rą g  s k oj a rz ony , z a ry s  ok rą g ł oś c i , z a ry s  p rz e ry w a ny . 
 1 .  Intro d uc tio n 
 
R o t a r y  e l e m e n t s  c o n s t i t u t e  a  l a r g e  a n d  v e r y  i m p o r t a n t  g r o u p  o f  

m a c h i n e  p a r t s .  T h e y  a r e  c o m m o n l y  f o u n d  i n  s u c h  i n d u s t r i e s  a s  
a u t o m o t i v e ,  p o w e r  e n g i n e e r i n g  o r  p a p e r  m a k i n g .  H i g h  a c c u r a c y  o f  
m e a s u r e m e n t  o f  r o u n d n e s s  d e v i a t i o n s  i s  o n e  o f  t h e  p r i o r i t i e s  o f  
i n d u s t r i a l  m e t r o l o g y .  I f  a  r o u n d n e s s  p r o f i l e  i s  t o  b e  m e a s u r e d  
u s i n g  a n  i n s t r u m e n t  w i t h  a  r o t a r y  s p i n d l e  o r  t a b l e ,  t h e  o b j e c t  n e e d s  
t o  b e  c e n t r e d  i n  s u c h  a  w a y  t h a t  i t s  a x i s  c o i n c i d e s  w i t h  t h e  a x i s  o f  
r o t a t i o n  [ 1 ] .  I t  s h o u l d  b e  m e n t i o n e d  t h a t  s u c h  m e a s u r e m e n t s  c a n  
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b e  p e r f o r m e d  a t  a  h i g h  a m p l i f i c a t i o n  r a t e ,  w h i c h  r e d u c e s  t h e  l e v e l  
o f  m e a s u r e m e n t -r e l a t e d  n o i s e  a s  w e l l  a s  e r r o r s  r e s u l t i n g  f r o m  t h e  
s i g n a l  q u a n t i z a t i o n .  T h e  c e n t r i n g ,  h o w e v e r ,  i s  a  l a b o r i o u s  
p r o c e d u r e  w h i c h  r e q u i r e s  g o o d  m a n u a l  s k i l l s ,  e s p e c i a l l y  i f  a n  
i n t e r r u p t e d  p r o f i l e ,  i . e .  a  f r a g m e n t  o r  s e v e r a l  f r a g m e n t s  o f  a  c l o s e d  
p r o f i l e ,  i s  t o  b e  m e a s u r e d .  H i g h  n o n -c e n t r i c i t y  o f  a  p r o f i l e  m a y  
o c c u r  i n  a  m e a s u r e m e n t  o f  c o n c e n t r i c i t y  o f  o n e  p r o f i l e  i n  r e l a t i o n  
t o  a n o t h e r  i f  b o t h  p r o f i l e s  a r e  c l e a r l y  n o n c o n c e n t r i c .  
R a p i d  d e v e l o p m e n t s  i n  e l e c t r o n i c s  h a v e  l e d  t o  t h e  i m p r o v e m e n t  

i n  t h e  d e s i g n  o f  m e a s u r i n g  a m p l i f i e r s .  T h e y  a r e  n o w  c h a r a c t e r i z e d  
b y  h i g h  m e a s u r e m e n t  r e s o l u t i o n  a n d  a  l o w  l e v e l  o f  n o i s e .  A c c u r a t e  
c e n t r i n g  o f  a n  o b j e c t  i s  n o t  r e q u i r e d  [ 2 ] .  I f  t h e  o b j e c t  c e n t r e  d o e s  
n o t  c o i n c i d e  w i t h  t h e  c e n t r e  o f  r o t a t i o n ,  i t  i s  i m p o r t a n t  t h a t  t h e  
a n a l y s i s  o f  t h e  m e a s u r e m e n t  r e s u l t s  t a k e  a c c o u n t  o f  t h e  
n o n l i n e a r i t y  o f  t h e  f u n c t i o n  l i n k i n g  t h e  r e a l  a n d  t h e  m e a s u r e d  
p r o f i l e s .  
 2 .  De te rm ining  th e  c e ntre  o f  th e  asso c iate d  c irc l e  f o r c l o se d  p ro f il e s [ 3 ]  

 
L e t  u s  c o n s i d e r  a n  XY c o o r d i n a t e  s y s t e m  w h o s e  o r i g i n  O i s  t h e  

p o i n t  o f  r o t a t i o n  o f  t h e  t a b l e  o r  s p i n d l e  ( s e e  F i g .  1 )  
 

 F i g .  1 .   R e c i p r o c a l  p o s i t i o n  o f  t h e  c e n t r e  o f  r o t a t i o n ,  O,  a n d  t h e  c e n t r e   
o f  t h e  n o m i n a l  p r o f i l e ,  O’  

R y s .  1 .   W z a j e m n i e  p o ł o ż e n i e  ś r o d k a  o b r o t u  O o r a z  ś r o d k a  z a r y s u   
n o m i n a l n e g o  O’  

 
L e t  t h e  e q u a t i o n  o f  t h e  r e a l  p r o f i l e  i n  t h e  p o l a r  s y s t e m  w i t h  

o r i g i n  O b e  e q u a l  t o  )(ϕmR .  L e t  O’  b e  a n  a r b i t r a r y  p o i n t  i n  t h e   
XY-p l a n e .  L e t  t h e  e q u a t i o n  o f  t h e  p r o f i l e  i n  t h e  p o l a r  s y s t e m  w i t h  
o r i g i n  O’  h a v e  t h e  f o r m  o f  )(' αR .  T h e  e q u a t i o n  d e p e n d s  o n  t h e  
c o o r d i n a t e s  o f   p o s i t i o n  o f  p o i n t  O’  i n  r e l a t i o n  t o  p o i n t  O .  T h e  
c o o r d i n a t e s  o f  p o i n t  O’  i n  t h e  XY s y s t e m  a n d  i n  t h e  p o l a r  s y s t e m  
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will be denoted by ),( yx ee  or  ),( δe , r es p ec tiv ely, wh er e 
22
yx eee += , ),arctan( yx ee=δ . C oor dina tes  ),( yx ee  a nd ),( δe  

will be u s ed inter c h a ng ea bly dep ending  on th e c ir c u m s ta nc es . 
W h en th e obj ec t c entr e is  deter m ined on th e ba s is  of  r ela tiv e 

r ea ding s  of  th e ins tr u m ent, th e a bs olu te v a lu e of  th e dis ta nc e of  
th e obj ec t p r of ile f r om  th e c entr e of  r ota tion, O, is  not k nown. W e 
k now, h owev er , th a t:  

 
mam RRR ∆+=                   ( 1 )  

 
f or  c er ta in 

aR , bu t th e v a lu e is  not ex a c tly k nown [ 4 ] . I n th e 
m a j or ity of  c a s es , we k now th e nom ina l v a lu e of  th e obj ec t r a diu s , 
oR . T h e v a lu e c a n be identif ied ba s ing  on th e v a lu e of  th e m ea n 

r a diu s . T h e ta s k  of  deter m ining  th e c entr e of  th e a s s oc ia ted c ir c le 
( h er ea f ter  r ef er r ed to a s  th e m ea n c ir c le)  u s ing  th e lea s t-s q u a r es  
m eth od c a n be f or m u la ted a s  f ollows :  deter m ine c oor dina tes  

),( δe  of  p oint O ’  a nd th e m ea n v a lu e of  th e m ea s u r ed p r of ile 
aR , 

in s u c h  a  wa y th a t f or  a  g iv en v a lu e of  
oR , th e integ r a l:  

 
 ∫ −=

π

ααδ
2

0

2d))('(2
1),,( oa RRReJ                 ( 2 )  

 
r ea c h es  a  m inim u m  in r ela tion to v a r ia bles  e , δ  a nd 

aR . 
T h e s olu tion of  th e ta s k  s im p lif ies  c ons ider a bly wh en th e 

a s s u m p tion th a t th e r ou ndnes s  dev ia tion is  m u c h  s m a ller  th a n th e 
nom ina l r a diu s  

oR  is  f u lf illed. F ig u r e 1  will be u s ed to illu s tr a te 
th e p r oblem  in th e c ons ider a tions . A s  wa s  a s s u m ed, th e 
c oor dina tes  of  p oint O’  in th e XY -s ys tem  a r e eq u a l to 

xe , ye , 
wh ile th e dis ta nc e of  p oint O’  f r om  th e s ys tem  or ig in a nd th e 
a ng le of  inc lina tion between s eg m ent 'OO  a nd th e X-a x is   is  e  
a nd δ , r es p ec tiv ely ( th u s :  δcoseex = , δsineey = ) . T h e a ng les  
between s eg m ents  OD  a nd O'D  a nd th e X-a x is   will be denoted 
byϕ  a nd α , r es p ec tiv ely. T h e r ela tions h ip  between s eg m ents  OD  
a nd O'D  a nd a ng le ϕ  will be denoted by )(ϕmR  a nd )(ϕR , 
r es p ec tiv ely, wh ile th e dis ta nc e of  s eg m ent O'D  in th e f u nc tion of  
a ng le α  will be denoted by )(' αR . T h e f ollowing  r ela tions h ip s  
c a n be der iv ed f r om  F ig . 1 :  

                                        
)(sin)()cos()( 222 δϕϕδϕϕ −−+−= eReRm
,            ( 3 )  

 

 )(
sin)sin(sin ϕ

δϕϕα
R

eRm −
= ,           ( 4 )  

 

 )(
cos)cos(cos ϕ

δϕϕα
R

eRm −
= .           ( 5 )  

 
I f  th e r ou ndnes s  dev ia tion is  m u c h  s m a ll th a n th e nom ina l 

r a diu s , it c a n be a s s u m ed th a t:  
 

),,(
)(sin1)cos((

)(sin)()cos()(

0

d

22
0
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ϕδε
δϕεδϕε

δϕϕδϕϕ

fR
R

eReR

f

m

=

=−−+−≅

≅−−+−=
          ( 6 )  

 
wh er e:  

)(sin1)(cos),,( 22
d

δϕεϕδεϕδε −−+−=
f

f , 
oR
e

=ε .    ( 7 )  

 
T h en, th e m ea n v a lu e of  p r of ile )(ϕmR  in th e r a ng e )2.0( π  c a n 

be deter m ined u s ing  th e f ollowing  r ela tions h ip :  
 

∫
∫∫

π
=−−

π
=

=
π

≅
π

=

π

ππ

εκϕδϕε

ϕϕδεϕϕ
2

0

22

2

0

2

0

)(2d)(sin12
1

)d,,(2
1)d(2

1)

o

o

oma

RR

fRR(eR
,          ( 8 )  

 
wh er e )(εκ  is  a  c om p lete ellip tic  integ r a l of  th e f ir s t k ind [ 5 ] . 
S inc e c om p onent )(sin1 22 δϕε −−  of  f u nc tion ),,( ϕδεf  is  

p er iodic  with  p er iod π  in r ela tion to v a r ia bleϕ , we c a n wr ite th a t:  
  

0dsin)sin(1
2

0

2
=−−∫π ϕϕδϕε , 

0dcos)sin(1
2

0

2
=−−∫π ϕϕδϕε .   ( 9 )  

 
T h u s , u s ing  th e a s s u m p tion th a t th e r ou ndnes s  dev ia tion is  

m u c h  s m a ller  th a n th e nom ina l r a diu s  a g a in, we g et 
 
 xm eeR =−

π
≅

π ∫∫ ππ 2

0

2

0

)dcos(1d)cos(1 ϕϕδϕϕϕ ,          ( 1 0 )  

 

 ym eeR =−≅ ∫∫ ππ

ϕϕϕδπϕϕϕπ
2

0

2

0

d)(sin1d)sin(1 .         ( 1 1 )  
 
F r om  r ela tions h ip s  ( 1 0 )  a nd ( 1 1 )  it is  c lea r  th a t th e c oef f ic ients  

of  th e f ir s t h a r m onic  c om p onent of  th e m ea s u r ed p r of ile a r e 
a p p r ox im a tely eq u a l to th e c oor dina tes  of  th e c entr e of  th e p r of ile 
m ea n c ir c le, des p ite th e c om p lex  nonlinea r  r ela tions h ip  des c r ibing  
th e m ea s u r ed p r of ile. 
F r om  th e a bov e it is  c lea r  th a t th e c entr e of  th e m ea n c ir c le a nd 

th e r ea l p r of ile c a n be deter m ined ba s ing  on th e m ea s u r ed p r of ile, 
mR∆ , in th e f ollowing  wa y:  
 

1 . C a lc u la te th e c oor dina tes  of  th e m ea n c ir c le f r om  f or m u la s  ( 1 0 )  
a nd ( 1 1 ) :  
 

∫π∆π
≅

2

0

d)cos(1 ϕϕϕmx Re , ∫π∆π
≅

2

0

d)sin(1 ϕϕϕmy Re . 
 

2 . C a lc u la te th e p r of ile m ea s u r ed in a bs olu te v a lu es    
 

m

a

mam R
R
eRReRR ∆+





π=∆+= κ02)(  

 
3 . C a lc u la te th e r ea l p r of ile f r om  r ela tions h ip  ( 3 ) , th en  
 

22 )cos()(2)()( eeRRR mm +−−= ϕδϕϕϕ , 
 

)sin)sin(,cos)cos(arctan()( δϕϕδϕϕϕα eReR mm −−= . 
 
 

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

 
I nter r u p ted p r of iles  a r e r ec or ded, f or  ins ta nc e, in th e 

m ea s u r em ent of  tooth  wh eels , tr a ns v er s e c r os s -s ec tions  of  bea r ing  
r ing s , etc .. T h e s olu tion of  th e p r oblem  of  deter m ining  th e c entr e 
of  th e a s s oc ia ted c ir c le f or  inter r u p ted p r of iles  wa s  div ided into 
two p a r ts . I n th e f ir s t s ta g e, th e p r oblem  wa s  s olv ed f or  th e c a s e 
wh en q u otient 

0R
e

=ε

 
is  neg lig ible. I t wa s  nec es s a r y to dev elop   



260    PAK vol. 54, nr 5/2008 
 

a special algorithm to determine the centre of the associated circle 
for an arb itrary  v alu e of 

0R
e

=ε : 
 
a)  the case of a low  v alu e of coefficient ε 
 
D enote the set of angles for w hich the profile 

mR∆  is k now n b y  
Φ . L ineariz ing E q . ( 3 )  arou nd 0=e , w e ob tain: 
 

)sin(cos)()cos()()( ϕϕϕδϕϕϕ yxm eeReRR ++=−+= .   ( 1 2 )  
 
T hu s, the u nk now n coordinates of the centre of the mean circle, 
oR , 

xe , ye , w ill b e determined b y  minimiz ing the index  nu mb er: 
 

∫ −−−∆=
Φ

ϕϕϕα d)sincos)((),,( 2
yxomoyx eeRRReeJ .    ( 1 3 )  

 
C omparing the partial deriv ativ es 

oR
J

∂
∂ , 

xe
J

∂
∂ , 

ye
J

∂
∂  to z ero, w e get: 
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   ( 1 4 )  
 

b )  the case of an arb itrary  v alu e of coefficient ε 
 
F or a giv en point O’ w ith coordinates ),( δe , let ΑR ∈αα :)('  

b e the profile eq u ation in the polar sy stem w ith origin O’. W e 
need to determine the v alu es of e , δ  and 

aR  in su ch a w ay  that 
the integral: 

 ∫ −=

Α
oa RRReJ ααδ d))('(),,( 2            ( 1 5 )  

 
can reach a minimu m in relation to v ariab les e , δ  and 

aR . A ngle 
α  is a fu nction of angle ϕ  and it depends on the v alu es of ε , δ , 
thu s ( E q s.( 3 -5 ) ) : 
 

 )cos)cos,,(,sin
)sin,,(arctan(),,(

δϕϕδεδ
ϕϕδεϕδεα

efe
fg
−−

−==               ( 1 6 )  
 
S et Α , on the b asis of w hich the profile )(' αR is determined, is 

eq u al to ),,( Φδεg  for a certain set of Φ . 
T his method is iterativ e in natu re. L et ê , δ̂  and 

aR̂  b e certain 
estimates of u nk now n v alu es of e , δ  and 

aR . I n the first step, 
assu me that 0ˆ =e , 0ˆ =δ  and 0

ˆ RRa = . D etermine integral ( 1 5 ) . 
A s the measu red profile is giv en b y  the fu nction of angle ϕ , 
v ariab le α  w ill b e su b stitu ted w ith ϕ  in relationship ( 1 5 ) . F irst, 
w e w ill determine the relationship b etw een differentials αd  and 
ϕd . I f w e assu me that the rou ndness dev iation is smaller than the 

radiu s, then from relationships ( 4 )  and ( 5 ) , w e get: 
 

 δεϕϕδεα sin)sin,,(sin −= f ,           ( 1 7 )  
 

     δεϕϕδεα cos)cos,,(cos −= f .               ( 1 8 )  
 
B y  differentiating E q s. ( 1 7 )  and ( 1 8 ) , w e ob tain: 
 ( ) ϕϕϕδεϕϕδεαα ϕ d)cos,,()sin,,(dcos ff +=           ( 1 9 )  

 

( ) ϕϕϕδεϕϕδεαα ϕ d)sin,,()cos,,(dsin ff −=−          ( 2 0 )  
 
A fter sq u aring the tw o eq u ations, adding to b oth sides and 

ex tracting roots, w e finally  ob tain: 
 
 ϕϕϕϕδεϕδεα ϕ )d(d),,(),,(d

d
22 hff

f
=+= .     ( 2 1 )  

 
I f definition ( 7 )  is applied, then: 
 

 
ϕε

ϕεϕ
22sin1

cos1)(
−

+=h       ( 2 2 )  
 
S u b stitu ting v ariab leα  in ( 1 5 )  w ith ϕ , w e get: 

 

( ) ( )∫
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Φ
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)d())sin()cos((
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hReReR

hRRRRReJ
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o
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oa

  ( 2 3 )  
w here: ))( ϕϕ R(RR am ∆+= . L et: 
 

 
xxx eee ∆+= ˆ ,             ( 2 4 )  

 
 

yyy eee ∆+= ˆ ,             ( 2 5 )  
 

 
aaa RRR ∆+= ˆ .             ( 2 6 )  

 
w here 

xê , yê  and 
aR̂  are the cu rrent estimates of 

xe , ye   
and 

aR , w hile 
xe∆ , ye∆  and 

aR∆  are the corrections  
of the cu rrent estimates. L et u s denote b y  

( ) ( )22 )sin()cos(),,( ymxmayx eReRReep −+−= ϕϕϕϕ  . 
A fter lineariz ing the ),,( ϕyx eep  fu nction arou nd point 

),ˆ,ˆ,ˆ( ayx Ree  w e get: 
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( 2 7 )  
T hu s: 
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hReew

RReeeeJReeJ

ayx
T

aayyxxayx

 ( 2 8 )  
 

w here 
 

oRRw −= )(ˆ)( ϕϕ ,                ( 2 9 )   
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 )ˆ(sinˆ1
)ˆcos(ˆ1)(ˆ

22 δϕε
δϕεϕ
−−

−
+=h ,         ( 3 1 )  

 
 )(ˆ)(ˆ ϕϕ mam RRR ∆+= ,                  ( 3 2 )  

  
( ) ( )22 ˆ)sin(ˆˆ)cos(ˆ)(ˆ ymxm eReRR −+−= ϕϕϕϕϕ .        ( 3 3 )  
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By minimizing the functional  1J  after  e∆ ,  δ∆  and  
aR∆ ,  w e 

finally hav e: 

 ∫∫
−
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


=
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


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ΦΦ

ϕϕϕϕϕϕϕ )d(v)()d()(v)(v
1

wh
R
e
e

T

a

y

x
.      ( 3 4 )  

 
Bas ing on the d er iv ed  r elations hip s ,  w e can d efine the algor ithm 

for  d eter mining the unk now n p ar ameter s  of the as s ociated  cir cle 
e ,  δ  and  

aR . T he algor ithm is  iter ativ e in natur e and  w e can 
d es cr ib e it in the follow ing w ay: 
 

1 . A s s ume that 0ˆ =e ,  0ˆ =δ  and  
ao RR =ˆ . 

 
2 . F r om r elations hip s  ( 3 2 ) ,  ( 3 3 ) ,  ( 3 0 ) ,  ( 2 9 ) ,  ( 3 1 ) ,  d eter mine 

)(ˆ ϕmR ,  )(ˆ ϕR  and  )(v ϕ ,  )(ϕw ,  )(ˆ ϕh . 
 

3 . F r om r elations hip  ( 3 4 ) ,  d eter mine the cor r ections  
xe∆ ,  ye∆  and  

aR∆  of the cur r ent es timates ,  
xê ,  yê  and  

aR̂ . 
 

4 . A s s ume that  
xxx eee ∆+= ˆ:ˆ ,  yyy eee ∆+= ˆ:ˆ ,  

aaa RRR ∆+= ˆ:ˆ . 
 

5 . S top  the algor ithm if the s top  cond ition is  s atis fied  
ξ≤∆+∆+∆ ayx Ree  for  a p r op er ly s elected  s mall numb er  of 

ξ . O ther w is e,  mov e on to p oint 2  of the algor ithm. 
 
I t s hould  b e noticed  that the fir s t s tep  of the d efined  algor ithm 

coincid es  w ith that of the tr ad itional method  d es cr ib ed  in the 
p r ev ious  s ection. 
 
4. S i m u l a t i o n  r e s u l t s  o f  t h e  a l g o r i t h m  f o r  

i n t e r r u p t e d  p r o f i l e s  
 
C ons id er  the follow ing for m of the r eal p r ofile: 

001.0,)2/50sin(2.0)10cos(5.0)3(sin(1)(' =π++++= kkR αααα

 d efined  in the r ange of angle Α=∈ ],[ 21 ααα . A s s ume that 
1.0=ε ,  4/π=δ ,  2/1 π−=α ,  2/2 π=α . 

F igur e 2  s how s  s ome other  s amp les  of the meas ur ed  p r ofile. 
 
 

  
F i g .  2 .  O t h e r  s a m p l e s  o f  t h e  m e a s u r e d  p r o f i l e  )(ϕmR  o b t a i n e d  b y  s i m u l a t i o n  
R y s .  2 .  K o l e j n e  p r ó b k i  z a r y s u  z m i e r z o n e g o  )(ϕmR  u z y s k a n e g o  w  w y n i k u  s y m u l a c j i  
 
By ap p lying the ab ov e mentioned  algor ithm,  w e ob tained  the 

follow ing v alues  of the cor r ections  ),,( ayx Ree ∆∆∆ : 
1 . F ir s t iter ation: 

)0449252.0,0727162.0,0706799.0( =∆=∆=∆ ayx Ree . 
2 . S econd  iter ation: 

)00239817.0,00208172.0,0001163442.0( −=∆−=∆=∆ ayx Ree . 
3 . T hir d  iter ation: 

)1080133.2,1049451.2,10006325.3( 676 −−− ⋅−=∆⋅=∆⋅−=∆ ayx Ree . 

4 . F our th iter ation: 
)1057539.8,1045832.1,104454.1( 1099 −−− ⋅=∆⋅−=∆⋅=∆ ayx Ree . 

A s  can b e s een,  w e ob tain the ex act v alues  of the p ar ameter s  
),,( ayx Ree ∆∆∆  after  the fir s t tw o iter ations . F igur e 3  s how s   

a gr ap h of the )(α'R∆  p r ofile d ev iation after  the fir s t and  s econd  
iter ations . 
 
 

  
F i g .  3 .  D e v i a t i o n  o f  t h e  )(' αR∆ p r o f i l e  a f t e r  t h e  f i r s t  a n d  s e c o n d  i t e r a t i o n  
R y s .  3 .  O d c h y ł k a  z a r y s u  )(' αR∆  p o  w y k o n a n i u  p i e r w s z e j  i  d r u g i e j  i t e r a c j i  
 

 
5. C o n c l u s i o n  
 
M eas ur ements  of r ound nes s  d ev iations  cons titute an imp or tant 

ar ea of geometr ical metr ology. A s  high accur acy is  fr eq uently  
a maj or  r eq uir ement,  it is  es s ential that an analys is  inv olv e 
d eter mining the p os ition of the centr e of the as s ociated  cir cle. 
E x tens iv e s tud ies  hav e b een cond ucted  on the accur acy of 
meas ur ements  of clos ed  r ound nes s  p r ofiles . M any machine p ar ts ,  
how ev er ,  hav e inter r up ted  p r ofiles . A n ex amp le is  the tr ans v er s e 
cr os s -s ection of a b ear ing r ing. Bas ing on the r elations hip s  d er iv ed  
ab ov e,  one is  ab le to calculate the p os ition of the centr e of the 
as s ociated  cir cle for  inter r up ted  p r ofiles  b y ap p lying the leas t 
s q uar es  method . I t is  imp or tant to note that the as s ump tion that the 
r atio of non-centr icity to the nominal r ad ius  is  negligib le d oes  not 
hav e to b e fulfilled . T he concep t of calculating the centr e of the 
as s ociated  cir cle for  inter r up ted  p r ofiles  w as  v er ified  b y comp uter  
s imulations . T he r es ults  confir med  the cor r ectnes s  of the 
r elations hip s  d er iv ed . I t w as  als o s how n that accur ate r es ults  can 
b e ob tained  after  the s econd  iter ation is  comp leted . 
 
T he p ap er  w as  p r es ented  at the 3 rd I nter national C onfer ence on 

“ M etr ology in M anufactur ing T echnologies ”  at Biał ys tok  
U niv er s ity of T echnology in S ep temb er  2 0 0 7 . 
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