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A b s t r a c t  
 

T h e c onc ep t  of  ap p ly ing  t h e ref erenc e m et h od  t o m eas u re c y lind ric t y  
d eviat ions  u nd er ind u s t rial c ond it ions , even on a m ac h ine t ool, w as  
d evelop ed  at  t h e Kielc e U nivers it y  of  T ec h nolog y . T h e res u lt s  of  t h e 
s t at is t ic al analy s is  s h ow  t h at  t h e m ax im u m  error of  t h e new  m et h od  in 
relat ion t o t h e rad ial m et h od  c h arac t eriz ed  b y  h ig h  ac c u rac y  is  1 9 %  f or  
a level of  c onf id enc e of  0.9 5. F rom  t h e analy s is  and  t h e ex p erim ent al 
verif ic at ion it  is  c lear t h at  t h e ac c u rac y  of  t h e ref erenc e m et h od  c an b e 
c ons id erab ly  im p roved  b u t  it  is  nec es s ary  t o s t u d y  t h e p ot ent ial s ou rc es  of  
t h e m et h od  errors . O ne of  t h e m ain f ac t ors  t o b e analy z ed  is  t h e s ens or 
g u id ew ay  s lop e.  
K e y w o r d s :  ref erenc e m et h od , c y lind ric it y , m eas u rem ent  error. 
 B ad an ie  w p ł yw u p oc h yl e n ia p row ad n ic y c zuj n ik a n a w yn ik  p om iaru od c h ył k i w al c ow oś c i m e tod ą od n ie sie n iow ą 

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

 
Konc ep c j a p om iaru  od c h y ł ek  w alc ow oś c i m et od ą  od nies ieniow ą , 
op rac ow ana w  Polit ec h nic e Ś w ię t ok rz y s k iej , u m oż liw ia p om iar 
elem ent ó w  w  w aru nk ac h  p rz em y s ł ow y c h , w  t y m  na ob rab iarc e. 
Prz ep row ad z one b ad ania s t at y s t y c z ne p ok az ał y , ż e m ak s y m alny  b ł ą d  
now ej  m et od y  w  s t os u nk u  d o d ok ł ad nej  m et od y  p rom ieniow ej  w y nos i ok . 
1 9 %  d la p oz iom u  u f noś c i 95,0=P . Analiz a now ej  m et od y  oraz  w y nik i 
u z y s k ane p od c z as  ek s p ery m ent ó w  p oz w olił y  na s t w ierd z enie, ż e j ej  
d ok ł ad noś ć  m oż e z os t ać  z nac z nie z w ię k s z ona. Z  t eg o p ow od u  
p rz ep row ad z ona z os t ał a analiz a p ot enc j alny c h  ź ró d eł  b ł ę d ó w  m et od y . 
J ed ny m  z  analiz ow any c h  c z y nnik ó w  b y ł o p oc h y lenie p row ad nic y  c z u j nik a 
p om iarow eg o, c z eg o d ot y c z y  niniej s z a p rac a.  
S ł o w a  k l u c z o w e :  m et od a od nies ieniow a, w alc ow oś ć , b ł ą d  p om iaru . 
 1 .  In trod uc tion  
 
A s  s t a t e d  i n  t h e  I S O  1 2 1 8 0  s t a n d a r d ,  a  c y l i n d r i c i t y  e r r o r  i s   

a  c o m p l e x  f o r m  e r r o r .  I n  t h e  g e n e r a l  c a s e ,  i t  i s  a  s u m  o f  t h r e e  
c o m p o n e n t s :  t h e  a x i s  s t r a i g h t n e s s  e r r o r ,  t h e  f o r m  e r r o r  i n  t h e  
l o n g i t u d i n a l  c r o s s -s e c t i o n  a n d  t h e  f o r m  e r r o r  i n  t h e  t r a n s v e r s e  
c r o s s -s e c t i o n .  U n d e r  l a b o r a t o r y  c o n d i t i o n s ,  c y l i n d r i c i t y  p r o f i l e s  
a r e  g e n e r a l l y  a s s e s s e d  w i t h  i n s t r u m e n t s  u s i n g  t h e  r a d i a l  ( n o n -
r e f e r e n c e )  m e t h o d s  o f  m e a s u r e m e n t  b a s e d  o n  t h e  m e a s u r e m e n t  o f  
t h e  c h a n g e s  i n  t h e  r a d i u s  [ 1 ,  2 ] .  M e a s u r e m e n t s  o f  c y l i n d r i c i t y  
p r o f i l e s  w i t h  t h e  r a d i a l  m e t h o d s  a r e  c h a r a c t e r i z e d  b y  a  h i g h  
m e t r o l o g i c a l  l e v e l .  T h e  r a d i a l  m e t h o d s ,  h o w e v e r ,  a r e  s u i t a b l e  f o r  
m e a s u r i n g  s m a l l  e l e m e n t s  a n d  a r e  p e r f o r m e d  m a i n l y  u n d e r  
l a b o r a t o r y  c o n d i t i o n s .  T o d a y ,  i n d u s t r y  r e q u i r e s  t h a t  m e a s u r e m e n t s  
o f  c y l i n d r i c i t y  p r o f i l e s  b e  c o n d u c t e d  d u r i n g  t h e  m a n u f a c t u r i n g  
p r o c e s s ,  a n d ,  i f  p o s s i b l e ,  d i r e c t l y  o n  m a c h i n e  t o o l s  [ 3 ,  4 ] .  T h e  
r e f e r e n c e  m e t h o d s  a r e  r e p o r t e d  t o  b e  m o r e  s u i t a b l e .  I n  a  r e f e r e n c e  
m e a s u r e m e n t ,  t w o - o r  m u l t i -p o i n t  m e a s u r e m e n t  b a s e s  a r e  u s e d .  
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I n  t h e  r e f e r e n c e  m e t h o d ,  t h e  d e g r e e  o f  d e t e c t a b i l i t y  o f  t h e  

p r e d o m i n a n t  t y p e  o f  r o u n d n e s s  e r r o r s  o r  o f  t h e  h a r m o n i c  
c o m p o n e n t  o f  a n  i r r e g u l a r  p r o f i l e  d e p e n d s  o n  t h e  n u m b e r  o f  p o i n t s  
o f  s u p p o r t ,  t h e i r  a r r a n g e m e n t  a n d  t h e  a n g l e  o f  p o s i t i o n  o f  t h e  
s e n s o r  i n  r e l a t i o n  t o  t h o s e  p o i n t s .  T h e  p r e d o m i n a n t  t y p e  o f  e r r o r s  
i s  t e r m e d  t h e  p r e d o m i n a n t  h a r m o n i c  c o m p o n e n t  i n  t h e  F o u r i e r  
s e r i e s  e x p a n s i o n  o f  t h e  p r o f i l e  f u n c t i o n .  T h e  r e f e r e n c e  m e t h o d s  
r e q u i r e  u s i n g  a p p r o p r i a t e  c o e f f i c i e n t s  f o r  e a c h  h a r m o n i c  
c o m p o n e n t ,  w h i c h  a r e  f r e q u e n t l y  c a l l e d  c o e f f i c i e n t s  o f  
d e t e c t a b i l i t y .  I t  s h o u l d  b e  m e n t i o n e d  t h a t  t h e  r o u n d n e s s  p r o f i l e  
o b t a i n e d  i n  t h i s  w a y  d i f f e r s  c o n s i d e r a b l y  f r o m  t h e  r e a l  p r o f i l e .  
T h e  r e s e a r c h  i n i t i a t e d  b y  t h e  K i e l c e  U n i v e r s i t y  o f  T e c h n o l o g y  

( r e s e a r c h  p r o j e c t  N o  7 T 0 7 D 0 4 0 0 8  f i n a n c e d  b y  t h e  S t a t e  
C o m m i t t e e  f o r  S c i e n t i f i c  R e s e a r c h )  d e s c r i b e d  i n  R e f .  [ 5 ]  f o c u s e d  
o n  t h e  i m p l e m e n t a t i o n  o f   t h e  r e f e r e n c e  m e t h o d s  t o  a c c u r a t e  
m e a s u r e m e n t s  o f  c y l i n d r i c i t y  p r o f i l e s .  A  m o d e l  t e s t i n g  f a c i l i t y  w a s  
c o n s t r u c t e d  t o  m e a s u r e  c y l i n d r i c i t y  d e v i a t i o n s  w i t h  t h e  r e f e r e n c e  
m e t h o d .  T h e  p r i n c i p l e  o f  t h e  r e f e r e n c e  m e a s u r e m e n t  o f  
c y l i n d r i c i t y  p r o f i l e s  i s  s h o w n  i n  F i g .  1 .  
 
 

  
F i g .  1 .   P r i n c i p l e  o f  t h e  r e f e r e n c e  m e a s u r e m e n t  o f  c y l i n d r i c i t y  p r o f i l e s   

(L,  α a n d  β - t h e  m e t h o d  p a r a m e t e r s )  
R y s .  1 .   Z a s a d a  p o m i a r u  w a l c o w o ś c i  m e t o d ą  o d n i e s i e n i o w ą   

(w i e l k o ś c i  L,  α i  β t o  p a r a m e t r y  m e t o d y )  
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In a reference measurement, a cylindrical object is placed in  
a centre dev ice. Tw o connected prisms are in contact w ith  th e 
object surface. Th e element connecting  th e prisms functions as th e 
g uidew ay, and th e inductiv e sensor mov es along  it.  
A  measurement of cylindricity inv olv es scanning  th e object 
surface w ith  th e sensor along  a predetermined trajectory by 
controlling  th e ang le of rotation of th e object and th e sensor sh ift. 
Th e sensor indications are dependent on th e v alue of th e dev iation 
at th e point of contact w ith  th e object surface, th e dev iation from 
th e real ax is and oth er instrument errors, such  as non-straig h tness 
of th e sensor sh ift or unparallelism of th e sh ift ax is to th e object 
ax is. It w as necessary to dev elop th e th eoretical fundamentals of 
th e reference cylindricity measurements for th e proposed 
measurement system. Th is req uired performing  a math ematical 
transformation of th e measured profiles and a math ematical model 
of th e reference assessment of cylindricity. Th e model w as used 
for computer simulations, on th e basis of w h ich  it w as possible to 
determine th e optimal parameters assuring  h ig h  accuracy of  
a cylindricity measurement and v erify th e proposed concept of 
math ematical transformation. 
Th e concept w as tested in practice by performing  a statistical 

analysis. Th e results sh ow  th at th e accuracy error of th e reference 
meth od in relation to th e radial meth od k now n to be  of v ery h ig h  
accuracy is approx . 1 9 %  for a lev el of confidence of 0 .9 5 . A s th e 
accuracy is sufficient, th e testing  facility can be applied to 
measurements under industrial conditions.  
D ue to th e fact th at th e concept h as considerable practical 

importance, ex tensiv e research  is being  carried out on th e 
possibility of improv ing  th e accuracy of reference measurements 
of cylindricity profiles. Th e analyses focus on th e potential 
measurement errors and th e meth ods of th eir elimination. O ne of 
th e potential sources of errors is th e slope of th e sensor g uidew ay 
ax is in relation to th e measured element. 
 

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

 
F ig ure 2  sh ow ing  a frag ment of a cross-section of a cylindrical 

object being  measured w as used to illustrate th e problem of th e 
g uidew ay ax is slope in relation to th e nominal cylinder ax is. 
 
 

 Fig. 2.  A  s y s t e m  o f  c o o r d in a t e s  r e l a t e d  t o  t h e  s e n s o r  gu id e w a y  
R y s . 2.  U k ł a d  w s p ó ł r z ę d n y c h  z w ią z a n y  z  p r o w a d n ic ą  c z u j n ik a  
 
L et us assume th at th e point of intersection of th e sensor ax is 

and th e base prism is th e orig in of th e orth og onal, spatial 
coordinate system ( X Y Z ) , w h ere Y  ax is coincides w ith  th e sensor 
ax is, and th e Z  ax is is parallel to th e nominal cylinder ax is. In th e 
ideal case, w h en th e g uidew ay ax is is not dev iated from th e 
nominal cylinder ax is, th e Z  ax is is parallel also to th e g uidew ay 
ax is. A  local coordinate system, associated w ith  th e sensor ax is, is 
rotated in relation to th e g lobal coordinate system, associated w ith  
th e nominal cylinder, at ang le β  being  one of th e meth od 
parameters. If th e g uidew ay ax is slopes in relation to th e Z  ax is, 
th en, if th e orientation coordinates of th e ax is in th e initial ( for 

0=z )  and th e final ( for Lz = )  cross-sections are k now n, w e can 
calculate th e orientation coordinates of th is ax is in th e X Y Z  
system for any g iv en z using  th e follow ing  formula:  
 

L
zLxzLxzx )())(0()( +−

= ,              ( 1 )  
 

L
zLyzLyzy )())(0()( +−

= .              ( 2 )  
 
In th e g eneral case, th e g uidew ay ax is slopes in relation to th e 

nominal cylinder ax is both  in th e X Y  plane and in th e Y Z  plane. 
F or better clarity, th e tw o cases w ill be considered separately. 
 
2.1 . A x i s  s l o p e  i n  t h e  X Z -p l a n e  
 
If th e g uidew ay ax is slopes in relation to th e nominal cylinder 

ax is in th e X Z  plane, th en y coordinates eq ual zero. Th us, only th e 
x-coordinates w ill be tak en to account in furth er considerations. 
Th e influence of th e g uidew ay ax is slope in th e X Z  plane w ill be 
studied basing  on F ig . 3 . 
 
 

  
Fig. 3 .  G u id e w a y  a x is  s l o p e  in  t h e  X Z -p l a n e  
R y s . 3 .  P o c h y l e n ie  p r o w a d n ic y  w  p ł a s z c z y ź n ie  XZ 
 
L et th e centre of th e nominal cylinder cross-section be denoted 

by 'O . P oint A  is th e contact point of th e w ork piece surface and 
th e tip of th e sensor, displaced from its nominal position by  
a certain v alue )(zx , w h ich  can be calculated from relationsh ip 
( 1 ) . P oint C  is th e point of intersection of th e line perpendicular to 
th e nominal sensor ax is g oing  th roug h  point B  and th e line 
perpendicular to th e sensor slope ax is in th e nominal position.  
Th us:  

0ROAOB == ,    ( 3 )  
 

w h ere 0R  is th e radius of th e nominal cylinder, and 
 

)(zxBC = .                ( 4 )  
 
W e can see th at AC  is th e v alue of th e ch ang e in th e sensor 

indications caused by th e slope of th e ax is in th e X Z  plane. F or 
better clarity, let us denote AC  by F∆ . Th is v alue can be 
calculated from th e follow ing  relationsh ip:  
 

22
00

22 )()( zxRRBCOBOAzF −−=−−=∆ .         ( 5 )  
 
F rom relationsh ip ( 5 )  it is clear th at th e ch ang e in th e sensor 

indications caused by th e ax is slope depends on th e z  coordinate. 
Th erefore, th e cylindricity profile for w h ich  th e measurement 
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results are influenced by the guideway axis slope in the XZ plane 
can be defined by:  
 

)(),(),( zFzFzFXZ ∆−+= γϕϕ ,                ( 6 )  
 

where ),( zFXZ ϕ  is the cylindricity profile when the guideway axis 
slopes in the XZ-plane, ),( zF ϕ  is the nom inal cylindricity profile, 

)(zF∆  is the v alue of the change in the sensor indications caused 
by the guidway axis slope in the XZ-plane, and γ  is the phase shift 
of the ),( zF ϕ  profile.  
A  com puter sim ulation was perform ed to analyz e the influence 

of the guideway axis slope in the XZ-plane.  T he coordinates of the 
guideway slope in the XZ plane in a cross-section were assum ed 
to be:  0=z  and Lz = :  1.0)0( −=x m m  and 1.0)( =Lx m m .  T he 
other sim ulation param eters were as follows:  the cylinder length, 

100=L m m ; the angular m ethod param eters, °=β 90  and 
°=α 60 ; the num ber of cross-sections, 11=K ; the num ber of 

m easurem ent points on the circum ference of the cylinder, 
1024=N ; and the radius of the nom inal cylinder, 200 =R m m .  

T he sim ulation inv olv ed generating the nom inal cylinder profile 
and then determ ining the influence of the assum ed guideway axis 
slope on the nom inal cylinder using relationships ( 1 ) -( 6 ) .  F igure 4  
presents the sim ulated ideal cylindricity profile recorded by the 
sensor m ov ing along the guideway sloping in relation to the 
nom inal cylinder in the XZ plane.  A s can be seen, the m easured 
profile has the shape of a barrel.  
 
 

  
F i g .  4 .   B a r r e l i t y  d e v i a t i o n  c a u s e d  b y  t h e  a x i s  s l o p e  i n  t h e  X Z -p l a n e  
R y s .  4 .   O d c h y ł k a  b a r y ł k o w o ś c i  s p o w o d o w a n a  p o c h y l e n i e  o s i  w  p ł a s z c z y ź n i e  X Z  
 
I t was found that the barrelity dev iation between the nom inal 

profile and the one resulting from  the axis slope is 0 . 2 5  µ m  for the 
predeterm ined sim ulation param eters.  T his v alue was obtained for 
a v ery large axis slope.  I n practice there is little probability of such 
a large slope, so it can be assum ed that the guideway axis slope in 
relation to the axis of the nom inal elem ent is negligible and does 
not affect the m easurem ent results.  
 
2.2. A x i s  s l o p e  i n  t h e  Y Z -p l a n e  
 
E v en a cursory analysis rev eals that the guideway axis slope in 

the YZ-plane has a direct im pact on the m easurem ent results.  
U sing relationship ( 2 ) , we can calculate the )(zy  coordinate of the 
guideway axis slope in the YZ-plane.  T he )(zy  coordinate is eq ual 
to the difference between the sensor indications caused by the 
guideway axis slope in the Y Z plane.  B asing on this relationship, 
we can write the eq uation of the cylindricity profile which is 
influenced by the guideway axis slope in the Y Z plane:  
 

)(),(),( zyzFzFYZ += ϕϕ               ( 7 )  
 

where:  ),( zFYZ ϕ  is the cylindricity profile m easured when the 
guideway slopes in the Y Z-plane, ),( zF ϕ  is the nom inal 
cylindricity profile, and )(zy  is the coordinate of the guideway 
axis slope in the plane Y Z; ( )(zy  is also the v alue of the change in 
the sensor indications caused by the guidway axis slope in the Y Z 
plane.  
A s )(zy  is linearly dependent on z, it will hav e a linear 

influence on the v alue of the cylindricity profile in consecutiv e 
cross-sections of the cylinder.  A s a result, the ideal profile 
m easured with an instrum ent whose guideway axis slopes in the 
YZ-plane contains an apparent error of conicity, which was 
confirm ed by the com puter sim ulations.  T he coordinates of the 
guideway axis slope in the YZ-plane in the cross-section were 
assum ed to be as follows:  0=z  and Lz = :  1.0)0( −=y m m  and 

1.0)( =Ly m m .  T he other sim ulation param eters were the sam e as 
in the case of the axis slope in the X Z-plane.  T he sim ulation 
results are shown in F ig.  5 .  
 

  
F i g .  5 .   C o n i c i t y  d e v i a t i o n  c a u s e d  b y  t h e  g u i d e w a y  a x i s  s l o p e  i n  t h e  Y Z -p l a n e  
R y s .  5 .   O d c h y ł k a  s t o ż k o w o ś c i  s p o w o d o w a n a  p o c h y l e n i e  o s i  w  p ł a s z c z y ź n i e  Y Z  
 
I f  )(zy  changes linearly in relation to z, then it will hav e  

a linear influence on the v alue of the profile in the consecutiv e 
cross-sections.  T his will result in the occurrence of v irtual ( not 
real)  conicity of the profile, as shown in F ig.  5 .  T he v alue of the 
slope in the YZ-plane will affect the observ ed conicity in a direct 
way, in accordance with relationship ( 7 ) .  
 
3 . A  m e t h o d   o f  i d e n t i f i c a t i o n  o f  t h e  g u i d e w a y  

s l o p e  o n  t h e  b a s i s  o f  t h e  m e a s u r e m e n t  d a t a  
 
A s the guideway slope in the YZ–plane m ay considerably 

influence the m easurem ent accuracy, it was necessary to dev elop  
a procedure for its identification and elim ination.  B asing on 
relationship ( 7 ) , we can write that:  
 

zzFzF pYZ ⋅+= λϕϕ ),(),( ,             ( 8 )  
 

where:  ),( zF ϕ  is the nom inal cylindricity profile, ),( zFYZ ϕ  is the 
cylindricity profile registered when the guideway axis slopes in 
the YZ-plane, and pλ  is the coefficient of correction of the 
guideway axis slope in the YZ-plane.  F rom  relationship ( 8 )  it is 
clear that the v alue of  coefficient pλ  needs to be determ ined so 
that the guideway axis slope in the YZ-plane can be identified and 
elim inated.  T his can be achiev ed by using the factor of q uality 
described by relationship ( 9 ) :  
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wh e r e :  iF  i s  a  s a mp l e  o f  t h e  s t a n d a r d  p r o f i l e , ),( zF ϕ  f o r  t h e  
),( ii zϕ  c o o r d i n a t e s , 

iYZF  i s  a  s a mp l e  o f  t h e  ),( zFYZ ϕ  p r o f i l e  f o r  
t h e  ),( ii zϕ  c o o r d i n a t e s , a n d  pλ  i s  t h e  a b o v e  me n t i o n e d  
c o e f f i c i e n t  o f  c o r r e c t i o n  o f  t h e  g u i d e wa y  a x i s  s l o p e  i n  t h e   
Y Z-p l a n e . 
A s s u mi n g  t h a t  a l l  t h e  d a t a  a r e  wr i t t e n  i n  t h e  f o r m o f  v e c t o r s , we  

c a n  wr i t e  r e l a t i o n s h i p  ( 9 )  a s :  
 

)()()( ZDZDJ pF
T

pFp λλλ −−= ,                ( 1 0 )  
 

wh i l e :  
YZF FFD −= ,                ( 1 1 )  

 
wh e r e :  F  i s  a  c o l u mn  v e c t o r  c o n t a i n i n g  s e l e c t e d  v a l u e s  o f  t h e  
n o mi n a l  p r o f i l e , YZF  i s  a  c o l u mn  v e c t o r  c o n t a i n i n g  s e l e c t e d  v a l u e s  
o f  t h e  p r o f i l e  d e t e r mi n e d  f o r  a  g u i d e wa y  a x i s  s l o p e  i n  t h e   
Y Z-p l a n e , Z i s  t h e  c o l u mn  v e c t o r  c o n t a i n i n g  t h e  p r o p e r l y  g r o u p e d  
z-c o o r d i n a t e s  o f  t h e  p r o f i l e  p o i n t s , a n d  pλ  i s  t h e  c o e f f i c i e n t  o f  
c o r r e c t i o n  o f  t h e  g u i d e wa y  a x i s  s l o p e  i n  t h e  Y Z-p l a n e . C o e f f i c i e n t  
pλ  c a n  b e  d e t e r mi n e d  b y  mi n i mi z i n g  t h e  f a c t o r  o f  q u a l i t y  

d e s c r i b e d  b y  r e l a t i o n s h i p  ( 1 0 ) . T h e n , we  o b t a i n :  
 

F
TT

p DZZZ 1)( −

=λ .     ( 1 2 )  
 

A  c o mp u t e r  p r o c e d u r e  wa s  d e v e l o p e d  i n  t h e  M A T L A B  p r o g r a m 
b a s i n g  o n  r e l a t i o n s h i p s  ( 9 ) –( 1 2 ) . T h e  p r o c e d u r e  c a n  b e  u s e d  t o  
d e t e r mi n e  t h e  c o e f f i c i e n t  o f  c o r r e c t i o n  o f  t h e  s e n s o r  g u i d e wa y  
s l o p e  i n  t h e  Y Z-p l a n e  wh e n  t h e  s t a n d a r d  p r o f i l e  a n d  t h e  me a s u r e d  
p r o f i l e  a r e  k n o wn . T h e  c o r r e c t n e s s  o f  t h e  p r o c e d u r e  wa s  v e r i f i e d  
u s i n g  c o mp u t e r  s i mu l a t i o n s  a n d  t h e  r e s u l t s  we r e  p o s i t i v e . 
 
4. C o n c l u s i o n  
 
B a s i n g  o n e  t h e  c o n c e p t  o f  r e f e r e n c e  me a s u r e me n t  a p p l i e d  t o  

c y l i n d r i c i t y  p r o f i l e s , wh i c h  wa s  d e v e l o p e d  a t  t h e  K i e l c e  
U n i v e r s i t y  o f  T e c h n o l o g y , i t  i s  p o s s i b l e  t o  a s s e s s  t h e  q u a l i t y  o f  
c y l i n d r i c a l  e l e me n t s  d u r i n g  t h e  ma n u f a c t u r i n g  p r o c e s s , e v e n  
d i r e c t l y  o n  a  ma c h i n e  t o o l . A l l  t h e  r e q u i r e me n t s  c o n c e r n i n g  
i n d u s t r i a l  p r o c e s s e s  a r e  me t . T h e  s t a t i s t i c a l  v e r i f i c a t i o n  o f  t h e  
me t h o d  s h o ws  t h a t  t h e  ma x i mu m e r r o r  o f  t h e  n e w me t h o d  i n  
r e l a t i o n  t o  t h e  r a d i a l  me t h o d  i s  a p p r o x i ma t e l y  1 9 %  f o r   
a  p r e d e t e r mi n e d  l e v e l  o f  c o n f i d e n c e  o f  0 .9 5 . 

T h e  r e s u l t s  o f  t h e  a n a l y s i s  a n d  t h e  e x p e r i me n t s  c o n f i r m t h a t  t h e  
a c c u r a c y  i s  mu c h  h i g h e r . I t  wa s  n e c e s s a r y  t o  d e t e r mi n e  a n d  
a n a l y z e  t h e  p o t e n t i a l  s o u r c e s  o f  e r r o r s  f o r  t h e  r e f e r e n c e  me t h o d  o f  
me a s u r e me n t . O n e  o f  t h e  f a c t o r s  t h a t  ma y  h a v e  a n  e f f e c t  o n  t h e  
r e s u l t s  wa s  t h e  s l o p e  o f  t h e  s e n s o r  g u i d e wa y  i n  r e l a t i o n  t o  t h e  
o b j e c t  me a s u r e d . T h e  s l o p e  wa s  d i v i d e d  i n t o  t wo  c o mp o n e n t  
c a s e s :  s l o p e  i n  t h e  p l a n e  d e t e r mi n e d  b y  t h e  a x i s  a n d  t h e  s e n s o r  
s h i f t  d i r e c t i o n  a n d  t h e  s l o p e  i n  t h e  p l a n e  p e r p e n d i c u l a r  t o  i t . A s   
a  r e s u l t , i t  wa s  p o s s i b l e  t o  d e r i v e  ma t h e ma t i c a l  r e l a t i o n s h i p s  
d e s c r i b i n g  t h e  i n f l u e n c e  o f  t h e  g u i d e wa y  s l o p e  o n  t h e  c h a n g e  i n  
t h e  v a l u e  o f  a  s i g n a l  r e g i s t e r e d  b y  t h e  s e n s o r . T h e s e  r e l a t i o n s h i p s  
we r e  u s e d  f o r  c o mp u t e r  s i mu l a t i o n s . T h e  e x p e r i me n t s  s h o w t h a t  
t h e  g u i d e wa y  s l o p e  c a u s e s  t h e  o c c u r r e n c e  o f  t wo  t y p e s  o f  e r r o r s :  
b a r r e l i t y  a n d  c o n i c i t y . B a r r e l i t y  wa s  r e p o r t e d  t o  b e  a  n e g l i g i b l e  
e r r o r  wi t h  n o  e f f e c t  o n  t h e  me a s u r e me n t  r e s u l t s  i n  p r a c t i c e . 
C o n i c i t y , o n  t h e  o t h e r  h a n d , h a d  a  s i g n i f i c a n t  i n f l u e n c e  o n  t h e  
me a s u r e me n t  r e s u l t s . I t  wa s , t h u s , v i t a l  t o  d e v e l o p  a  p r o c e d u r e  f o r  
t h e  i d e n t i f i c a t i o n  o f  t h e  g u i d e wa y  s l o p e  b a s i n g   o n  t h e  
me a s u r e me n t  d a t a  u s i n g  t h e  o p t i mi z a t i o n  me t h o d . C o mp u t e r  
s i mu l a t i o n s  s h o w t h a t  t h e  p r o c e d u r e  i s  s u i t a b l e  f o r  i d e n t i f y i n g  a n d  
e l i mi n a t i n g  t h e  e f f e c t s  o f  t h e  g u i d e wa y  s l o p e  r e s u l t i n g  f r o m t h e  
a p p l i c a t i o n  o f  t h e  r e f e r e n c e  me t h o d  t o  me a s u r e  c y l i n d r i c i t y  
p r o f i l e s . 
 
T h e  p a p e r  wa s  p r e s e n t e d  a t  t h e  3 rd I n t e r n a t i o n a l  C o n f e r e n c e  o n  

“ M e t r o l o g y  i n  M a n u f a c t u r i n g  T e c h n o l o g i e s ”  a t  B i a ł y s t o k  
U n i v e r s i t y  o f  T e c h n o l o g y  i n  S e p t e mb e r  2 0 0 7 . 
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