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CMM — Coordinate Measuring Machine



Mechanical system

syslem

Probing

Service desk

Fig. 5.4. i) Bridge type

i} Column type

{iv} Gantry type

(i) Cantilaver type
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Ball diamater

Overall length

Stermn diameter

Effective working length
M2 =3 mm

M3 =4 mm

M4 =7 mm
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Ball diameater

Owverall length

Stem diameter
Effective working length
M2 =3 mm

M3 =4 mm

M4 =7 mm

M5 =10 mm
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H8, H9, H10
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er of Layers= 5
Inspection Points per layer
Total Number of Probing points= 20
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Four Modes of Operation

Manual Mode
Teaching Mode
Interactive Mode
Programming Mode

- Manual Program

- Automatic Program



Flatness 6faces i

Parallellsm 3

MM - Coordinate Measuring Machine

Perpendlcularlty 12' Ie

Total 21 tolerances_ e
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CMM

Silma XG : -1 - Version XG 10.001 - Serial Number: 13545 - [Simulation View]
: File Preferences CMM Probes CAD Features Poirt Cloud Alignment Program  Simulstion Modules 3D View Windows 7

L Ly e AN & \ s : %N I
el R Ton S N i R | o m—| b gm0 O 7
1 Sy 1 Program ¢
Probing Strategy 1 " E'lit projectiDMIS B Yt __J Q

/ ’—f LS j g S
g[ g Y ‘ - SN
M g . ) \ f"\\t:' $$-> DMIS File Number - 1 O

, K3 $$-> Manifold Part { MF G001
. :]' : 00004 [DMISMN/ DMIS Program |
Nbr of Paths: Do oooos  ITT UNITS /MM, ANGDEC "}
Deptnt: | 0500 00006 S, S(1)= SNSDEF / PROBE, INDE
S 00007 0000000, -1.000000, 0.000000, "
3 Bt 00008 $$-> FEATNO /161
g e _—
RorBris/Een; | - 00008 & MODE/PROG, AUTO i
Total Prs Nbr: ] o010 N, SNSLCT/S() 5
Starting Angle; | 285654 j 00011 gl FEDRAT { MESVEL, MPM, 15C U]
; o , ootz III FEDRAT/POSVEL, MPM, 100 -
Total Angle: | 360,000 s @\
00014

00015 PRCOMP { OFF

Probing Mode ‘ 00016 TIT SMSET/APPRCH, 7.000000 Eq'a
Mode: | static v Y 00017 TIT SNSET/RETRCT, 7.000000

00018 TIT SNSET!CLRSRF, 0000000 v |

"NEOUSY0ANOoLLON %

v horminal @ Outer Error l
: Warning line 014: Major word ighored. -
CNC Distances e Warning line 030: Major word ignored.
Approach: {7 000 j ® ¢ Warning line 032: Major word ighored.
3 N Warning line 034: Major word ignored.
Search: =
7 1.500 =1 W Warning line 036: Major word ignored.
4 Retract: |7 000 3—1 (9 . i = \anTninn line N3R: Mainr wnrd irmr[reri i
W + o oo = (I @ w o e @§ (_j'% PREE s i

x

[ Accept Cancel I L_ I Fem I
W | Actual | Nominal | Iso | Tol- [ Tol + | Dey I Tendency [ Out of Tol. | 9 /‘
[ [DisT 40,000 [rvrrem] t
(i vz @ s
[ | Xav 90.000 [revrrem] e
[~ voz 0.000 o vem | ! 4
|| zox [ ] G
L Fr. ey 4 )
Silma XG metropass MM DEGD =i

' SimaXG: -1 - Versi... r INDEX
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http://www.iq-metrology.com/manager/manager.htm

DMIS

$$* IIT Delhi- DMIS File For Verifying Conicity:

Generated by Bhaskar

$$-> DMIS File Number - 2

$$-> Manifold Part / MFG002

DMISMN / DMIS Program

UNITS / MM, ANGDEC

$$-> FEATNO / 88

$$ Verify Gtol g02

T(CONICITY)=TOL / CNCTY, 0.005000
OUTPUT / FA(M_CNO2), TA(CONICITY)
$$-> END /

ENDFIL




DMIS

$$* IIT Delhi- DMIS File For Measuring A Cone: Generated by Bhaskar
| $$-> DMIS File Number - 2

$$-> Manifold Part / MFG002

DMISMN / DMIS Program

UNITS / MM, ANGDEC

0.000000, 0.000000, 1.000000, 100.000000, 2.000000
$$-> FEATNO / 88

MODE / PROG, AUTO

SNSLCT / S(2)

FEDRAT / MESVEL, MPM, 15.000000

| FEDRAT / POSVEL, MPM, 20.000000

ACLRAT / MESACL, MPMM, 5.000000

ACLRAT / POSACL, MPMM, 10.000000

PRCOMP / OFF

SNSET / APPRCH, 0.249996

SNSET / RETRCT, 0.249996

SNSET / CLRSRF, 0.000000

F(M_CNO02)= FEAT / CONE, INNER, CART, $
0.000000, 0.000000, -44.999981, $

0.000000, 0.000000, 1.000000, 36.870000

| MEAS / CONE, F(M_CN02), 6.000000

RAPID / 1.000000

GOTO / 0.0000000000, 0.0000000000, 2.000000
RAPID / 1.000000

GOTO / 0.000000, 0.000000, 2.000000

RAPID / 1.000000

GOTO / 0.000000, 0.000000, -37.000000

PTMEAS / CART, 6.000008, 0.000000, -37.000000, $
-0.799999, 0.000000, 0.600001

| PTMEAS / CART, 0.000000, 6.000008, -37.000000, $
0.000000, -0.799999, 0.600001

PTMEAS / CART, -0.000000, -6.000008, -37.000000, $
0.000000, 0.799999, 0.600001

FITNMEAS /' CART, 9.19250606, 7.172360, -=2.UU0UUU, 5

0.707107,0.707107, 0.000000




)

.

35

Al
{0 B

=

b bd 2011
pad 1
i |
,.%,if

=
i
!
e
B
ﬁ'ﬂ'. :
de B
=13
-
i
!
e
B

per!
"
s
s
aranagey
e
"»f%
ﬁml
‘lﬂ
i
Sl
b j.;?!
-
el
"
o
e
SRR
RAieaE e
R
8:‘
A
s
gn;q;i
i |

i
i

- §
2
R E .
REEEAN
SR A

o
AL

t
3,
e
AT
e
:;’
|

=Rt
Fe

ikt
7

k|
.

i3
s
HLaa
i
£
!

3
:Pig
g

X
-

L

M

|
elji:

b

ik
5

7

e
E;‘;ﬁ
ST
it
AET
F2 i

F s
i
Thiims
e
Ly
i
23
3
i
<% .
i
120

3
1,
ittt LUl

e
(1

jo2is

1w

B

e

we
AT
Fepess e e~ Rty vy
TS <
n:l;a

ST

L

Fopead

1w

b

b

!
(4 3eers

t8
<
.

v
L,

10

'3
1
i
#
e
13
Stas
i3l l.
1
i
g

Rl

1
i

—é

#

e
513
o

'u
i
Jt
£
B
il
25
B
?’L
7
=
id
1!’; 1+ H s T ". Y
B
?’L
i
=
i
il
25
B
=
i
{{
i

%’?
FHR RN R

Rl
it

. - LS tt ™
=\ v ‘
’ et B Y
e e Tt ll allr hass
| ] : > 1
ety 3 o4 b e -t
> 3 5 -‘- *5 y * »
1 B A0y 1SR g $ . o
IR R it
3
AR
g

ag

%5
o=
e

o

ey
s

et -
3

oS S
"?ifjf%i
-4

e

vl

=

L pedagae

ﬁfﬂ’*fi'
Bl
3

e

vl

B

TRt et T sl mh e T TR 0 it
S Ay bRy s A
'_" s . 10 .-:T\- 2 4 iz g f 4 e o
Auen s i i
Gt ik
b ! H v o Be : .

ey
5t
HAS
)
My
=i
o
"3

4
HE!
=
ane
s
SiiE
'.-: oS S
»ngﬂn
B
=
EE]
»n
i
R

N
"y
i

2411
5’#‘%:“ :
i
i
e
s e
e
i e et T Ll
HES
=
e
s
i

%
48
=

=
=

S e e
5

; §:‘
Srasg

‘w 1 A-v "
P gy
=
HiE
£
3
I
i
i
i
-az
R RE
 vired
b
heles
i
f
I
i
i
i
-az
R RE
£
3
3 £

b
b

*,.l
e
b

s
.:';1:2:
i
i’:‘*ﬁ:
i

=heai
% _-'r,?
s&
=

Nraia

poad =
miw
g
]
e

.
&

i
;:

Sl 3 t=e
it
ST FSga: AR L S e ot

b S s S S A S R T
TR L b 05 L ke b AR ST e

:

¢
s
‘1%

mos iy

:gbg% 1 o4
s
»
g‘

ﬁ.iw

PR o

ey

=
i
!
a5
B
?L
7
=
i
!
a5
B
?L
i
=
i
!
a5
B
ol
:
'&’
i
!
a5
B
?‘L
7
£
i
{{
[

i, :::‘ :“-
g AL
'.Hi_ ety 7
=41

HTAn gy
e
E.!.%E:
i

1! Ba ‘o |
At
%
&“

-
e
ol
6-:555
HTAn gy

b

1
o
SR Ene
S EIAME
..4 4
ol " 3
.'ig,.“‘
ik

&z

~A oS S
.gﬂ% £
y ,‘

,
neaey
ks

=
'pzk
=
i

= 3

i

HET=S
Tl

i
‘Y
5

G v Ly " - -y
: - -
ramagen B30 {oe i3 -y 3 sk
e i 4.2 i :* o S b = 2
oo ST % $
'_" i, Mot e A8 s L. L[35
”Mh i 04 by et 123
Sl :
, 1od g
2

s

y i ‘:.-" ’ ;.'x
H i et
=
5
e
$ ;% E

=i

i
Q"
2 ‘,ﬁ
e
i
AL

;‘[1,

fe

e

- 23 ', % ey
: 4 GIE AT T P ) )
Th¥ A limare ) 131 Yhea Tl -~£1.:3.'."-4€§’3-‘ { e R
Ch il Sl e et S 3 R
3 b 3

=
i
il
5
B

RN ce il il 3 :
?1'31. :
> B ] . - ks L 4 =
R 3t st el Shiat

[
i
il
i
()
fE =3 .u 1
b et S
:;._;1;:...5-55.'
s
B

s
LT

T
i
Y

]
5t
";k

:

»

! 2 ;.j '

g
by
"ﬁ‘

b
B

Sy aace il Sl ==
- L g
'_" ooy QUTZ on B 4 2T
AN o4 |
ey 1
FAEL 4
SH AR W
i
i

=
dizig

i
EA SR ) e e v
= L i
'_" ooy QUTZ on B 4 2T
i z 3 o4 v
PR o] 1
? s X
;i s e e g

£
»

*,.l
i
. r%“‘ Ll
S

A e
i
G ‘.‘_-. ,.::.v g

e
e

Sk
it
- ’ A'O‘ -J s

1h15

3
th
iz
=
i

tht

SiAHER
“"‘“"'ww
L

ra'f‘:
i
1A

3
Sher
2
1
3
i

M= <ig
i
N

il

i

-
-
P

=S

0

13
i
LS
i

9§§
HERES

1%
1;.
W3
i

£y
‘:glﬂ
:{!‘.
e
&
:{".
e

i

S




)

.

35

Al
{0 B

=

b bd 2011
pad 1
i |
,.%,if

=
i
!
e
B
ﬁ'ﬂ'. :
de B
=13
-
i
!
e
B

per!
"
s
s
aranagey
e
"»f%
ﬁml
‘lﬂ
i
Sl
b j.;?!
-
el
"
o
e
SRR
RAieaE e
R
8:‘
A
s
gn;q;i
i |

i
i

- §
2
R E .
REEEAN
SR A

o
AL

t
3,
e
AT
e
:;’
|

=Rt
Fe

ikt
7

k|
.

i3
s
HLaa
i
£
!

3
:Pig
g

X
-

L

M

|
elji:

b

ik
5

7

e
E;‘;ﬁ
ST
it
AET
F2 i

F s
i
Thiims
e
Ly
i
23
3
i
<% .
i
120

3
1,
ittt LUl

e
(1

jo2is

1w

B

e

we
AT
Fepess e e~ Rty vy
TS <
n:l;a

ST

L

Fopead

1w

b

b

!
(4 3eers

t8
<
.

v
L,

10

'3
1
i
#
e
13
Stas
i3l l.
1
i
g

Rl

1
i

—é

#

e
513
o

'u
i
Jt
£
B
il
25
B
?’L
7
=
id
1!’; 1+ H s T ". Y
B
?’L
i
=
i
il
25
B
=
i
{{
i

%’?
FHR RN R

Rl
it

. - LS tt ™
=\ v ‘
’ et B Y
e e Tt ll allr hass
| ] : > 1
ety 3 o4 b e -t
> 3 5 -‘- *5 y * »
1 B A0y 1SR g $ . o
IR R it
3
AR
g

ag

%5
o=
e

o

ey
s

et -
3

oS S
"?ifjf%i
-4

e

vl

=

L pedagae

ﬁfﬂ’*fi'
Bl
3

e

vl

B

TRt et T sl mh e T TR 0 it
S Ay bRy s A
'_" s . 10 .-:T\- 2 4 iz g f 4 e o
Auen s i i
Gt ik
b ! H v o Be : .

ey
5t
HAS
)
My
=i
o
"3

4
HE!
=
ane
s
SiiE
'.-: oS S
»ngﬂn
B
=
EE]
»n
i
R

N
"y
i

2411
5’#‘%:“ :
i
i
e
s e
e
i e et T Ll
HES
=
e
s
i

%
48
=

=
=

S e e
5

; §:‘
Srasg

‘w 1 A-v "
P gy
=
HiE
£
3
I
i
i
i
-az
R RE
 vired
b
heles
i
f
I
i
i
i
-az
R RE
£
3
3 £

b
b

*,.l
e
b

s
.:';1:2:
i
i’:‘*ﬁ:
i

=heai
% _-'r,?
s&
=

Nraia

poad =
miw
g
]
e

.
&

i
;:

Sl 3 t=e
it
ST FSga: AR L S e ot

b S s S S A S R T
TR L b 05 L ke b AR ST e

:

¢
s
‘1%

mos iy

:gbg% 1 o4
s
»
g‘

ﬁ.iw

PR o

ey

=
i
!
a5
B
?L
7
=
i
!
a5
B
?L
i
=
i
!
a5
B
ol
:
'&’
i
!
a5
B
?‘L
7
£
i
{{
[

i, :::‘ :“-
g AL
'.Hi_ ety 7
=41

HTAn gy
e
E.!.%E:
i

1! Ba ‘o |
At
%
&“

-
e
ol
6-:555
HTAn gy

b

1
o
SR Ene
S EIAME
..4 4
ol " 3
.'ig,.“‘
ik

&z

~A oS S
.gﬂ% £
y ,‘

,
neaey
ks

=
'pzk
=
i

= 3

i

HET=S
Tl

i
‘Y
5

G v Ly " - -y
: - -
ramagen B30 {oe i3 -y 3 sk
e i 4.2 i :* o S b = 2
oo ST % $
'_" i, Mot e A8 s L. L[35
”Mh i 04 by et 123
Sl :
, 1od g
2

s

y i ‘:.-" ’ ;.'x
H i et
=
5
e
$ ;% E

=i

i
Q"
2 ‘,ﬁ
e
i
AL

;‘[1,

fe

e

- 23 ', % ey
: 4 GIE AT T P ) )
Th¥ A limare ) 131 Yhea Tl -~£1.:3.'."-4€§’3-‘ { e R
Ch il Sl e et S 3 R
3 b 3

=
i
il
5
B

RN ce il il 3 :
?1'31. :
> B ] . - ks L 4 =
R 3t st el Shiat

[
i
il
i
()
fE =3 .u 1
b et S
:;._;1;:...5-55.'
s
B

s
LT

T
i
Y

]
5t
";k

:

»

! 2 ;.j '

g
by
"ﬁ‘

b
B

Sy aace il Sl ==
- L g
'_" ooy QUTZ on B 4 2T
AN o4 |
ey 1
FAEL 4
SH AR W
i
i

=
dizig

i
EA SR ) e e v
= L i
'_" ooy QUTZ on B 4 2T
i z 3 o4 v
PR o] 1
? s X
;i s e e g

£
»

*,.l
i
. r%“‘ Ll
S

A e
i
G ‘.‘_-. ,.::.v g

e
e

Sk
it
- ’ A'O‘ -J s

1h15

3
th
iz
=
i

tht

SiAHER
“"‘“"'ww
L

ra'f‘:
i
1A

3
Sher
2
1
3
i

M= <ig
i
N

il

i

-
-
P

=S

0

13
i
LS
i

9§§
HERES

1%
1;.
W3
i

£y
‘:glﬂ
:{!‘.
e
&
:{".
e

i

S




observations

CMM

least squares straight line fit

T Y T T
‘ .

) L]

......................................

* observations
estimated straight line

T I

.......................................

N
............................................................................... a+bx
i : ; i . ; ;
0 2 4 B 8 10 12 14 16
X axis

CMM — Coordinate Measuring Machine


http://www.flickr.com/photos/8649381@N03/809038180/

Straightness

ry—a-+thbx

H
Z[JJE i I::cI —|—.EI'IE::I]E = mih.

i=1
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Straightness

SE

; e i=l
M M M
z;ﬁg =|:IZ1.-|-E:'ZIE
i=l1 i=l] i=l
H 4 M
ZIEFE =|:IZ ¥ ‘|‘-EI'ZIEE
i=l1 i=l i=l]




Straightness

[ n ¥ .
p vi=ay 1+b} %
i=l] ] i=l




Compute straightness for following data
captured using CMM

(10.03, 29.98)
(12.96, 39.02)
(40.05, 119.89)
(14.94, 45.1)
(50.0, 149.88)



(X=X) T+ (Y=Y +(2-2) =1

XS EYoF7e L X Sy 27 S b oK L DA D77 =i

(X2 Y2 +2.2 - 12)[2 — XX — VY. - 2Z, + (X2 +y? +Z22)[2 = 0
Let (x22+y2+2z2—12)2=K

Then xx. +yy. +zz.— K= (x?+y?+z?%)/2

X Xc t Y1y + 22— K= (X2 +y,%+2,%)/2
XoXe + Yoo+ 22 — K= (X2 +Y,% +2,%) /2



Y
Y,
Y3

Ya

X Eaea T
2
XC e
yc :
ek e R R Tt
K 2
Syl 4
; 2
A*X=B
ATAX = ATB

X = (ATA)1ATB




A*X=B
ATAX =A'B

X = (ATA)1ATB



