MCOSMOS C1
CMM Software Tutorial

MIiCAT -

Witutoyo Intefligent Computer Aided Technalogy Y J
the standard in world -
metrology software
cmm




m MCOSMOS Overview m

+ MCOSMOS:
— Mitutoyo Controlled Open System for Modular Operation Support

+ Modular CMM software system
— For Both CNC and Manual CMMs
— Three Levels: 1,2,3
— Optional Modules Available

* Provides CMM control, measurement and evaluation

+ Runs on Microsoft® Windows® XP Pro or Wondows 7
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Mitutoyo

MCOSMOS 1, 2, & 3

| mcosmos

Performance features of standard
software packages.

mmrm-

Part Manager
The Control center from which the software package

iniatized and the individual part programs are managed L
GEOPAK (Geometry module}
For (online / offline) part program creation using the @

measurement of geometric elements. Extensive tolerance

comparisons and cutput functions are included

Cat 1000 P { CAD based programming moduie)
For (online / offline) part program creation using the
measurement of geometric elements directly from the
CAD model. with collision avoidance.

Cat 1000 S { 3D free form surface evaluation moduie)
CAD model based generation of surface measurement
points and comparison of actual/nominal data. with
graphical output

SCANPAK ( 2D profile evaluation module)
For scanning and evaluation of workspace contours and
3D digitizing of surfaces
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» Level 1 Manual Day 1, and 2

» Level1 CNC Day 3,and 4

» Level2 Day?d

» Level 3 1 additional Day at a later time for Manual

2 additional Days at a later time for CNC

» Note: Level 3 training to take place once lower levels are used, and
understood.
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Miitutoyo

Probe data management
- Calibrate

- Automatic calibration
- Save

- Archive

- Probe builder

- Define probes

- Generate Auto-cal program
- Edit Auto-cal program
Tolerancing Review

- Coordinate

- Size

- Position

- Orientation

i1 2005 Mitutoyo Corporation All Rights Reserved

Content : C1 Geopak

'mcosmos

CNC movement

- Parameters and commands

- Automatic measurement

- Automatic probe calibration
- Drive moves Cartesian/polar

- Scan parameters
(for scanning probes)

Automat part programs

- Manual / CNC program

- Fixture coordinate system
- Conversion to full CNC
Programming Review

- Techniques

- Operator instructions
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Probe Data Management 1
Select

/( Probe

Coorsys. Oupe Contoar Ckudte Progras Gughic ‘Wrdow  Help

(A ewbeegae T )06 & Ko duwn
e—— =

v

Charge probes tree.
Charge e by Lable,
Change probe by romber .
Change probe by andge.

* .\ﬂ‘

Select
Probe Data
Management
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> In order to measure with the CMM, a probe must be defined and calibrated.
# To calibrate see Probe Data Management function.

» You can modify a probe configuration created in the CMM System Msnsger
using
the probe bilder or the CSM
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m Configure probe system 1 lm

i Configure Probe Spatem #1
L T
B paar
9 1P20

e next
nent

@ Show orly oo comporeris

Probe Syztem Set Up Seran Mounl

PobeCtx | Machre Trpe Boe
SeevelLengh | Mot e
I B Lihi O

Preview the
selection

S e Mount Length  d
Argie I = a5
lar Too | B site My Fen|l w | ]
Allunits e this ok bow eve millmetes v | 3 ool | D b |
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» Remove the unwanted components and select new ones to replace the ones
removed

7

\d

Y/

‘7/

v

‘7

Y

‘:/

A\

v




m Configure probe system 2 w

R R Ry © A T R e S R R SR LI L
Apply to '
the probe
% Configure Praba Sptem 1N\ N

¢

! Optiars Levgh, Diammies
# P Wl A-S000- WX TR 750

B pas) : A-SD00-4161 008 400
9 P20 A-S000- 3603 moe 200
P 1P20.5F ———1|] A-5000-7e0s 1000 100

Select the next
component

Senao Mount
Probe Cola Machee Tyoe l Endgs
Preview the LR rorn - L2
solscton Daner wnoe [ ¥ ]
Moorelengh e |
f _:_| & |
o[£ see [l Fenfl @ | o]
Adunts in thes chalog bos e milmeter "4 [ comest | P b |
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m Configure probe system 3 mm

Apply to ]

the probe

o ,
% Configurs Prode Syatem #1 h ¥ =8
Contiguaston Options Longh  Dismetes

§ FHioMn A-SDOG-IE2TISW 750 -
B paa 3 l A-5000-4161 000 400

L 5]
I TP SF —_—
M-S000- 87

Select the next
component

Preview the
selection

|

Sty ange
Angle I = R
g oo |6 e |l Pl ® | @ |
Al i ther chadosy b e e 74 |E Goncel |? Helo J
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m Configure probe system 4 w

Complete list of
probe components
mounted on CMM

Frobe System St Up
Probe Colls

Swavel Length

St angle
Anghe = |
e rm|L suie | g o[l :o|
Allursts i s sl bow s milimaster “ [‘ Cancel l? Help [
@ 2005 Mitutoyo Corporation All Rights Reserved 9

v

Graphic should now show all the probe equipment mounted on the CMM.
On a CNC CMM this graphic is used to calculate CNC motion if it is
incorrect the Calibration could fail or crash.

Select view.

Rt click and drag to Zoom Lf click and drag to zoom click both and drag to
an.
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m Configure probe system 8 m

,‘Problisclnwd E——— — ' _-E

The probe conliguration has been changed
Do you wan to delste previously defmed probes?

Tres] Celele ol masting pobes excapt probe 81,
Mo 4:bng probes dhameter and olfset Al probes need to be recasbvated

Select no to
redefine all probe
orientations

based on the new
swivel length
1\ g

Select yes to

| Yes | o’ N
but probe 1 l:

delete all probes
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Define Probes 1

Select
Define probes

Probe position

and diameter New |
information with E@
no time and date
shows the probe L@ :‘“ |
is not calibrated i

B 2005 Mitutoyo Corporation All Rights Reserved

1"

The first stylus (for a indexable probe head),will be A and B angle O.
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Mitutoyo Define Probes 2 Jl mcosmos

Add remove
Graphic of probe in
selected orientation selected Pl'ObE

) = — —

Graphically
select probes

ﬁm ?;1#;‘“ 2 oo 15; = Z#Lﬁ -lum dnﬂzv
............................. 4 ié g343 5 i
=g e
L) Rt
e o Select OK
= e when finished
.o 0
-re -rs
trag el !
= o =
wra = 5
sans o 11 | -uan
- Tepap— 8 it ol eoie e Uradetied E‘{I_!____;—!J_?—IM
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The Probe Builder will define probe 1. You may now define additional

A\

probe orientations as necessary. Note: probe 1 mustbe atA 0, B 0.
»  Windows selection methods: SHIFT, and CTRL may be used.
» Click on add or double click the probe in the selection window to add
the selected probe to the list.
The graphic will display the selected probe.
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m Probe Calibration 1 m

"Proba data managemaent #1 [Archiv). Swivel length=5.000 -

Diam.  Max diff A B

01575 0 G

01575 -5. 0000

00000

5 0009

Select Calibrate

to start probe
) libration of
Use Windows e
Sclaiiion selected probes
Select the red methods to
check marks select probes

to select all

© 2005 Mitutoyo Corparation All Rights Reserved

» To calibrate these probes, select Checkmarks to select all of the defined
probes and then select Calibrate. Or use alternate Windows selection
method to select specific probes.
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m Probe Calibration 2 mﬂ

me—
Z Offset
Angle
- S
/
F.
//
/ et Zz Oﬂsatj
L | Distance
/XH;‘
\
Masterball
Equator
\\\
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» To adjust the offset from the equator adjust height angle 2. The offset
value will appear below.

» This is used for cylindrical styli with a spherical end and very small styli
( smaller then 1 MM).
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Mitutoyo

Select Auto
Calibration

Calibrate pi

Probe Calibration 3

Select point
on top of
sphere it

.

|

macterhal poston

i Manual port on top of sphete

Nao. of executions

Movement rpeed
Measinement speed
Sal ded tor et e

Sai drst fox tolowang enec
Deflaction (T ouch tigger)
Dreflechon (Scanmng]
75 Irnch 4 g

ﬁ High precroon meassement

—

078

Set CNC
parameters

—
— ]

@000 meis
30000 mese
00200 Inch

Probe change dist. fiom masterhall

DEﬁl'le ﬂbssmm factoin
Calibration hheibe o
settings e p
Q Pont on top of sphere
Hesght angie 1
Hexghl angle 2

Z-0thiet

Select e e
OK
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Select Auto Calibration to automatically calibrate the selected probes.

Set CNC parameters as shown CNC Parameters will be discussed latter.
Note: to calibrate automatically here you need an automatic probe head.
Select point on manual point on top of sphere. Otherwise the machine will
use a defined masterball. Calibration defines the masterball.

Define Calibration settings.

For a scanning probe select Determine probe factors and high precision
measurement. Scanning probes require 2 executions.

See Disk styli calibration in the Knowledge base for Disk styli.
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Mitutoyo

Probe Calibration 4

j mcosmos|

Callbrate prabe: Display - T ———y
bl Mo. of probe tree: 1
No. of probe: 1
\Angle A: 0.0
lAngle B: 0.0
Swivel length: 5.000
u "'

Diam  Muoc dif A B s
Q01575 000000 an 00  0ooo0
Q1575 Q00000 a0 300 1.7678 5

b Z
0 000 0 00aa

10619 14545
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» Measure | point on the top of the Masterball and the machine will
calibrate the rest of the probes for a machine with an automatic probe.
Manual probes must be calibrated manually or with a calibration program.

To calibrate individual probes automatically Probe #1 must be included .
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m Probe Calibration 5 mﬂ

| Point#
| Top
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m Generate probe calibration m

program 1

Select
Generate

'm ' Ciam M ol A 8 x
|

P : @ 77 pasrs 000600 900 400 50000
i a8l s 77 0I57 000000 900 00 00000
| ff 1 o T gis7s 000000 900 a00 50000
| <9 5 @ 7T piIs7s 000D 30.0 1800 00000

5 @l 77 @157 000000 %0 wo 17678

e o ]% o]
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To Generate an Automatic calibration program for an indexable probe

Y

or a fixed star probe Select Generate
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m Generate probe calibration m

program 2

Select trees
to calibrate

Select styli
to calibrate

View
selected
probe

Set CNC

| o coltusinn o Ol —
Fatran (ol Mo cond (W00 oy Mestsed oeed (300 i
: | S ge lumemy  [RO00 o, Sal del b ikeengmec 2000 -
el " Osfecton (Touch g [250 o, Delecenfcwnng 150 =
| r— I High precsmon mess et
Prota change dotance above [P 000

[ g = e yswhoie

No afpostipercacie [ ) r

Ho o ey R T P
PO Select
Masterball

P o tugp od e
Hoght whe T ideal |

Mot wghe 20cegl (W 000 Select

Set Parameters Ok

for Calibration @M e [P e |
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Select trees to be calibrated.

Y v

Select probes for each tree to be calibrated.

v

View probe as selected / adjust view as required.

v

Set CNC parameters.
Select Masterball / Masterballs.

A\

1
/

Set Parameters of Calibration.

v

Select OK and MCOSMOS will generate a calibration program placing the
program in the active parts list.
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W Archive probe data m

Archive indicates
probe is not archived

Define
probe name

Archive
probe

00787 000000 £ 3937 Qo000 53937

1= T pore7 000000 an 00 00000 53937 53937

1 4 o " o787 000000 %00 53937 00000  538%
|| s@h T oo oomm probedata 4
b 00787  0.00000
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A\

After calibrating you may want to Archive the probe.
Archiving the probe will create a file for retrieval at a later date with
the probe as built, all of the defined orientations and the calibration data.

Y

Y/

Note: probes to be used should be re calibrated after loading from Archive.
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m Editing Calibration Program m

Select
Program

‘ Select
text

ok Coov, 5y Oubput  Contour "'u v

OHOFf e @& Foul=os - j,m b3,

‘..._ e Commentine... e j‘__.__..__ :

- = 1 Play sound
E Send e-mal ..
=l

"."‘l- o\ e ——r |
Send 5.
e | |HUI-LD PROBES AS SHG‘WEN

Craste drectory. ..
Copry ...
BUILD PROBES AS SHOWEM Deslete Fie.
Picture fie Ingeut head data.
|C\cmmiie=1-2-3-4 bmg Sat head data fekd

Select
Programmable
stop

I Input subiok. .
Sat subliok. ..

| Loops »
| Branch »
| Subprogram. ..

Openjciose window. ..

Select
Picture

comclidoidin det... ! Select location

L St part rume For statishcs,, i i
Browse for Coll progrn... for instruction
¢ Picture *“| picture
C e = 1
- Betaetal = 1
Save probe data
7
= 15 ]
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Once a Probe Calibration program has been generated, it may be helpful

A4

to add instructions.

» From the part program editor select the line were you would like to insert
(lines are inserted above the highlighted line) your instructions.

» Select Program.

» Select Programmable stop.

» Select the instruction type (s) with the check mark.

Input text instructions, or brose for a picture or sound file as preferred.
Select OK.

» If you have a manual probe changer repeat for each probe change.
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m Editing Calibration Program m
.

R R Y T e
e i =T Defirie mastertial ... 1 2
¥ 41 — ehbevagage 1806 Y
= AutoCal * ' ——— o
d_ [ - :d___r_-..-. Change probe by table...

Chisruye probes bry rasmibed ...

Change probes by angle. . :Wm

Probe desrare I

Oefire probe.. ‘L tes 1]

fia-colbeata from memory... i I
W Ok | ¥ caxa| P Hw“

ot fom arehive
Name =

=
gl

Sl probe re-calibr shon
Calitw sbe manualy....
Caitw ste sutomaticaly. .

Sarve probe dats
Catarmine MPP factors

Frobe data from archeve. ..

Select Probe
from archive

ok e Mo of probe ivee = 2
W Calbusie suomancaly .:‘;L;;:‘ v L

15 v Savm probe data
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Y

A generated calibration program will calibrate the current probe.

» To make the correct probe the current probe load it from archive.
» Select the automatic calibration line in your program.

» Selact Probe.

» Selact Probe from Archive.

» Use the pull down to select the appropriate probe from archive.
» Select OK

» If multiple probe trees are to be calibrated repeat for each tree.
>

S

>

.
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m Editing Calibration Program m

Adjust CNC
Parameters

Select probes .
to calibrate  wrdw e

Fie Edt Bemert Muchine Toeraws Probe Coor<ys
V| LT H0

Adjust
Calibration [=e

‘. Frobe sebscton z T (NCpmameles =
Double click Movement wesd s
to edit line Ha of laet probe - Maps.soment mpeed 2000 mev's
Dretenmares sl maball postaon Sl ciat lox firat e 5 000 oen
Ii"tudowlmmdlﬂ“ Sal dnt lor bollowars ssasc ]——m
Cabbration settings Defiechon [T ouch kgger) 050 [
Mo of mastersl 0 v E T
| Dusmter 2000 o ]
Change piobe tiee 1 !JHﬂvmmmi
]A No of ssscutions i -
@ g By Frobe data feom aecheer | Prabe charge dol fom masebal
:“ @ m;‘ﬁ: ’ _.IJ-,. o l"i ﬂbmuaﬁulm:
=t
Numbes of cacle:
LI -1 S '
. Numbss of poirts pes cecle
Ly | - 3 EMmmathae
g yf 13 ; Heghit angle 1
Hesght angle 2
LI select posere |
VA | ZAiet
= 1 OK 2
- T X o | P vew |
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If additional probe orientations are to be added.

Y

v

Archive that probe with the added probe orientations.
Double click on the automatic calibration line.

‘7

A7

Change the number of probes to be calibrated.

A\ %

Adjust the Calibration settings as necessary.

7
[/

Adjust the CNC parameters as necessary.
Select OK
If multiple probe trees are to be calibrated repeat for each tree as

v

\14

necessary.

o
4

Upon completion save the Calibration program and exit.

Y

v

v

23



Define Masterball

mcosmos

[ Prdbe Coorsys. Output Gonto /" gelect Define

| Define masterbaif position... =

Change prabe..

Change prabe (input]...
Change probe by sngie..
Probe clearance...

Probe data management. ..
Change probe tree...

Define probe...

Re-calibrate from memory...
Single probe re-calibration...
Menuai celibration...
Autematic calibration. .

Save probe data

Convert rack data...
PHS head calibration..
Re-reference PHS ..

Probe from archive..
Archive probe data. ..

i) 2005 Mitutoyo Corporation Alf Rights Reserved

Masterball
position

Define masterball position

Select
Masterball #

24

Select Probe.

I d
» Select Define masterball position.
»

Select masterball #.

» Select a measured sphere that represents the masterball location.

» With multiple masterballs you must define their locations.

> With a defined master ball the calibration can be completely automatic
no point on top of the master ball is required unless requested.

» This is only necessary for multiple masterballs and should be part of the
calibration program. Normal calibration defines the masterball loction.
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m CNC Parameters CNC On m

Manually ’

Select
Machine

Emend, o Tolerarcs Probe  Coorsys. Outpat
Safaty plane. ..
® ot
FEfarn  Moreto demance heit...
Tiake mesmumment cont
| e

Move n one am...
'] 0000 ﬁMwamspud
w00z Move coodar 80000

o manually to pant . Measuement speed x N E /s ||
_i.& e - Salety dstance X nch ——

parameters and

VE®w g F

Select CNC
parameters
and CNC on

THC anjuolt.
CNC parameters and CHC ane”
CNC D SIS .

g
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» This option is not recommended. It does not set Measurement Length, or
Positioning Distance. These parameters if not set will remain as they were.

» They may have been adjusted in previous part programs causing your
program to intermittently fail, crash, or run very slow .
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MCcosmos

Setting CNC on / off
Select
Machine

Fils Eemerd Maching  Tolrancs  Fro -wl-_w Cortour  Caiulsle  Progres Graphee  Window  Help
Bl e HOf wbeagae | J86 & “o-Jauwn
EE Mive to dearance heght

Tithsr runytir mimeprd powrd
oLE
. s
— 53 i manusally b pont
0 e
’ Sk, elemert measneTend »
b1
=

|
F ! s
CNC on/off Will
toggle CNC mode
s on/ off
Sy
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“'tﬂhﬂ, g CNC parameter 1 m
(s
Select
Machine
File Cemerd Telwarcn Probe Coor.sys. Oulpk Corbaw  Coulste Progian  Graphss  Windos  Help
e L5 Select CNC b
= [ e parameterto ——————— —
elx o, set or change | CNC parameter —— '§4
~ Merve in one mes, |
parameters | |
s ] | o |
oy (2 :‘-"’m‘tom UE? It‘ Movement speed x . ? 40 0000 s !|
’,r" Measuement speed X uE w 30000 mm/s i
ﬁ / /,/ Salety distance 4 |; Q1000 Inch J
¥ | ot
| T e ——" »)/ 1 Retraction length ila Inch |i
; / / Measuemert length ! W 05000 Trchy !|
Posw&ﬂaruce £ l_.; 010 Inch ‘
Smem«mbynumd ‘; Aadus I—I'nch |
Optimeze scanning by rounded ? ‘
Coimei L = | 1
| Scarning pobe |
Active only with a “M_ Tomhtggel X |'; ‘Jmfﬁ_ N |
scanning probe Dreflection (Scanning) ' [; GE] lnch |
= v s facsc . \_installed in the CMM High preciion messuement o
TN pbe damasbie
B W Ok | M cocel [P Hep |
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» Recommended settings :
» Movement speed

Measurement spe

Safety distance

A A

v

Y/

>
» Once a part program has
movement speed as high

» Set deflection for scannin
travel

for SP25 probe Turn high
>

= 40 mm/s
= 3 mm/s Tp20, Sp25 6 mm/s Tp200
=1.5t02.5mm /.060 tc .100 Inch

(Hole Dia — Probe Dia) /2 Max

ed

Retraction length selec @ to set retraction equal to safety distance
Measurement length
Positioning distance

=12.7mm/ .5 Inch 3 X Safety distance Min
=.25mm/ .010Inch/ 25% safety distance Max
been written and proven, then adjust the

as you feel comfortable.

g and touch to 0.3 MM or .012 inch 2 of the total

precision on.

>
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Mitutoyo CNG Parameter 2 IT.IEEEEQ

Pointto point | T TR e —— r——
speed = . 2 —
Speedtotakea | T Movement speed X N E|w [40.0000 /s
measurement e z
———Measuement speed [=] E3.III]J men/s
r See next slide L——_____ b i : - F W— o
Set equal to safety \L_ _ S — »
distance = Relraction length X |.§l ﬁl Inch
s -4 ! ; =
Distance machine S Measurement lengih X 4y 10.5000 Inch
will searchfor —— e e o
asitioning dist 010 Inch
part contact _ i i x W
without an error //" mm"‘b’“’“‘d"‘d 7 Radus [ Inch
/ A cylindrical “\\/__/, / me scanning by rounded i
tolerance for the // % e viche
straight portion -~ CHARE Y
and spherical Scanning - |;|llﬂ12l] et
tolerance for the - :
probe Deflection (S canning) 013 Inch
target point of a parameters b’ x r"_
move machine High precision measurement ﬂ
% command /}
| L B e |
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» Note: positioning distance has no effect on measurement moves, only on
machine moves and program run time.
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Miitutoyo Safety Distance | mcosmos

S— 1 0
[ Starting position
—~———— of probe

\

—_— End of measurement
Theoretical length, CMM will error if
touch point | contact is not made by

Ny

A
il this position
// HI| \ Moves along
iy | vector at /
Machine \\ | measurement s
movement speed \ \_ speed PART
“ i
- ﬁ,—? I /'|
—— < _E ;
Probe —/ . :5 t
radius . eaam
e l Safety Distance Length |
© 2005 Mitutoyo Corporatien All Rights Reserved 29

Note: measurement length must be longer than the safety distance or the

A\

CMM will error before making contact with the part.

A7

A\

v

v
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Mitutayo crvor Rocovery A

Verify that the

machine has 6 Flease check f your hardware matches to your selected configuration
CNC machane not online (1002)
been homed, Fatal error - leave GEOPAK.
has air,and E

stop is up

Pe %)

Measure command

Eror while execuling command
did not contact part z

" Repaat command

before exceeding ~a " Delete command
the measurement " Save command

length Fepaat element measuzement

==t

Measure or
move command
contacted part
or fixture
before starting
measure mode

CNC: Colksion detected (1070, E470)

® 2005 Milutoya Corporaticn All Rights Rasarved 30

» You will encounter this error message should you attempt to launch the
learn mode or repeat mode before the CMM has been sent home. Simply
acknowledge, correct the problem ie no air, E stop is pressed or home the
machine.

> For Workpiece not found or collision acknowledge and select 1 of the
following

» Repeat command — deletes points coliected with the failed tool and returns
to learn mode.

Delete command — removes command and returns to learn mode.

Save Command - keeps the command in the program with out change.
Repeat Element Measurement — deletes all data for the active feature

and starts element measurement fresh.

_
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CNC: Movement
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A\ 7

Note: It is also possible to record an automatic move by physically locating
the stylus to desired location, then pressing the “GOTQ" button on your
joystick box. The current location will then be recorded and written into the
program.

You can also click on the picture of the CMM bringing the current position
into the dialog then press OK. Or define a move to target.
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m CNC: Automatic Elements
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Notice measurement tools are gray until you select a element type to
measure.
» Automatic element functions may be accessed from the toolbar.

A\

You may run multiple automatic element measurement tools multiple
times as is applicable for the selected element measurement.
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Automatic element functions may be accessed from the menu.

AR

Select Machine then select Autom. element measurement.

4

You may run multiple automatic element measurement tools multiple
times as is applicable for the selected element measurement
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m CNC: Automatic Elements m
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To access Automatic element measurements you must have selected a
feature to measure from the element toolbar.

» Automatic element functions may be accessed from the toolbar, menu or
in the element measurement dialog.

You may rum multiple automatic element measurement tools multiple
times as is applicable for the selected element measurement

A7)
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v

Select a point at the probe center or on the work piece.

Select a coordinate system format (Cartesian, Cylindrical, or spherical).

Machine position allows you to apply the machine position to the start point/target?.

If Machine position was not used then Define the start point/target1 .

Choose Vector direction format or target point direction format.

Vector direction format move the safety distance away from the target in the opposite

direction of the vector then drives in the vector direction toward the start point/target1.
» Normalize Vector will recalculate the vector to reduce it from an incorrect value.

A G 7

A\

v

Reverse Vector will change the sign, or quadrant of the vector per the format.
» Vector direction in the format as defined in Input Characteristics.

Target point direction will move to the start point/target1 then drive toward the target point2.
» Target point2 defines the target point in this format.
» Machine position allows you to apply the machine position to the target point2.

Y/

\ 4

\%
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Auto Measurement Line
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Define the number of points to be collected along the line.

Define the length of the line.

Select the Driving Plane. The Driving Plane is the plane that contains the
line and the approach direction.

Select a coordinate system format (Cartesian, Cylindrical, or Spherical)
Machine position allows you to apply the machine position to the line start
point.

Select an Angle in the driving plane to define the direction to collect the
points on the line.

Select the probing direction.

View the pictorial to verify your line direction, and probing direction.

If you are using a scanning probe set the scanning options.
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m Auto Measurement Plane m
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position

Automatic
Plane
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Coordinate
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Center
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Define the number of points to be measured in this sequence.
Define the diameter that you want to collect the points at.
Choose the driving plane to collect the points in.
Choose a coordinate system format (Cartesian, Cylindrical, or spherical).
Machine position allows you to apply the machine position to the plane center.
If Machine position was not used then define a point at the center of the plane patern.
Define the start and end angle for your plane.
> If the start/ end angle are equal the machine will collect 1 point at the start/end
point and the balance equally spaced.
> If the start/ end angle are not equal the machine will collect 1 point at the start
angle, 1 at the end angle, the balance equally spaced.
Choose the probing direction (see the pictorial).
Choose circular arc move if desired.
Choose direction Clockwise / Counter Clockwise (see gray arrows in the pictorial).
If your machine is incapable of Arc moves and you need a precise path select and define
Slot width.
If you are using a scanning probe set the scanning options.
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> Choose ID or OD to correspond to the measurement task.
» Define the number of points to be measured in this sequence.
#» Defire the diameter that you want to collect the points at.
» Choose the driving plane in which to collect the points.
> Choose a coordinate system format (Cartesian, Cylindrical, or Spherical).
» Machine position allows you to apply the machine position to the circle position
» If Machine position is not used, define a point at the center of the diameter at depth.
» Define the start and end angle for your circle.
» |Ifthe start/ end angle are equal 1 point will be collected at the start/end point and
the balance equally spaced.
~ Ifthe start / end angle are not equal 1 point will be coliected at the start angle, 1 at
the end angle and the balance equally spaced.
» Choose circular arc move If desired.
» Choose direction Clockwise / Counter Clockwise (see gray arrows in the pictorial).
¥ If your machine is incapable of Arc moves and you need a precise path select and
define Slot width.
» Choose and define pitch to spiral up or down to match the thread of a hole. Note: pitch
is the size of 1 thread pitch.
» If you are using a scanning probe set the scanning options.
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Auto Measurement Cylinder
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Choose Id or OD to correspond to the measurement task.

Define the number of points to be measured in this sequence.

Define the diameter that you want to collect the points at.

Define the number of steps ( circles ) in your cylinder.

Choose the driving plane to collect the points in.

Choose a coordinate system format (Cartesian, Cylindrical, or spherical).

Machine position allows you to apply the machine position to the start point/target1.
If Machine position is not used define a point at the center of the diameter at start depth.
Define the height difference from one end to the other of the measured cylinder .

If you are not measuring full cylinders you may use the circle tool multiple times to
collect the data. This manner of data collection may help to avoid a crash should
there be an obstacle.

Choose the probing direction (see the pictorial bottom to top or top to bottom).
Choose circular arc move if desired.

Choose direction Clockwise / Counter Clockwise (see gray arrows in the pictorial).
If your machine is incapable of Arc moves and you need a precise path, select and
define Slot width.

If you are using a scanning probe set the scanning options.
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Manual Coordinate Systems 1 m
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This portion of the class will cover CNC motion and review tolerancing.
To generate meaningful CNC motion you must know what the coordinate
system is.

We will create a manual (approximate) coordinate system on the part.
This coordinate system should collect the least data possible.

This coordinate system may not match your datum structure.

This coordinate system only needs to let the machine know where the part

is within about 72 your safety distance.
Create this coordinate system using the plane line line pattern alignment
on the front left hand corner of the part.
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Manual Coordinate Systems 2
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You collect |@*™

the points

N

You collect
the points

4|

» Measure the features as instructed by the Pattern alignment.

» Upon completion leave the probe the retracted distance away from the last

measured point.
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m Verify Coordinate System 1 mm
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The Graphics of elements shows the features measured.

The features and their orientation in this window may be used to verify
your coordinate system.

It is always a good idea to verify your coordinate system.
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Verify Coordinate System 2
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» The Display axis window is another way to verify your coordinate system.
» Itis always a good idea to verify your coordinate system.
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» CNC on off is a toggle to turn CNC motion on or off.
Note: the machine will move to the home position without CNC motion

\dd

turned on in the learn mode

v
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CNC Parameters allows you to set all of your parameters.

It is preferred to use "CNC on/off” and "CNC parameters” rather then
“CNC parameters and CNC on™ as CNC parameters and CNC on will only
allow you to set three of the parameters. Not setting all the parameters

could cause your part program to crash, fail or run abnormally slow.
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» Recommended settings :
Movement speed = 40 mm/s
3 mm/s Tp20, Sp25 6 mm/s Tp200 Tp7
1.5t02.5mm /.060 to .100 Inch

(Hole Dia — Probe Dia) /2 Max
> Measurementlength =12.7 mm/ .5Inch 3 X Safety distance Min
» Positioning distance = .25 mm/.010 Inch / 25% safety distance

~
r
P

Measurement speed

» Safety distance

Max
» Once a part program has been written and proven, then adjust the
movement speed as high as you feel comfortable.

A

‘j/
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47

» Clearance height is a value in a particular axis that the machine will move
to prior to a measurement.

» The machine will then move over the first point at the clearance height.

» The machine will measure the feature and return to clearance height.

» Clearance height may be turned on or off within an element measurement
to streamline motion.

>

>

>

»

>

>

>
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Mitutoyo Automatic Plane | mcosmos

48
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We will follow the same steps as in manual measurement covered earlier
in class but with automatic motion.

Select Plane.

Set the parameters as shown (auto finish, auto measure, and

voices off).

These settings will allow us to use multiple Automatic element
measurement tools multiple times as is applicable.

Select OK.

We measured plane 1 in with the pattern alignment. It has served it's
purpose. We should over write it to prevent confusion.
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m Collecting data on our Plane 1 m
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Y

We will use the Automatic line measurement tool first.
Set parameters as shown.

v

Y

We are measuring a plane as that was the element we selected.
The Automatic line measurement tool describes data collection method

v

not the element.
We could use multiple line tools to create a grid on a rectangular part.

Y v

Select OK to collect these points.
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m Collecting data on our Plane 2 nm
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v

We will use the Automatic plane measurement tool next.
Adjust the tools to collect their data points in an efficient manor.
Select OK to collect these points.
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m Collecting data on our Plane 3 m

Select Automatic ‘]

Calculste  Program  Grapher  ‘Window  Help

adwn 8 vchbbecanne [0@0e S E-Fad

A —
=] Stut angle W - |

e Mo ol ot

= Davwisr  [F500 Eddoge  [O00 =] |
© g e [atll| raw [N |
. - CMC pares G |5 ‘I]__| |
£ || ovaos @w » F= = g o & : Adjust
<, Clisisie - U kil parameters as
0007 © s 3 shown
e

Scan e [E pov cane) I L.
Annage |
Runout anghe | =

Select OK
to collect
data
© 2005 Mitutoyo Corporation All Rights Reserved 51

~  We will run the Automatic plane measurement tool a second time at the
other end of the part.

A\

Adjust parameters to skip duplicate points.

v/

Select OK to collect these points.

N/

Y

v

v

Y/

A\

v

Y

v

51
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v

We can use the Measurement point tool to fill in any places that may have
been missed

v

Adjust parameters as shown.

A\ 74

Select OK to collect this point.
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Collecting data on our Plane 5
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Select OK
to collect
data

53

o
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We started at one corner let’s finish at the opposite corner.
Adjust the location as the vector remains constant .

Y v

Select OK to collect this point.
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Finish Element
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» Once a sufficient number and distribution of data is reached finish the

element.

» Quantity and distribution of points will very based on tolerance, method
of manufacture and stability of product .

A A VA 4

v v

v VoV

24




Miitutoyo Align Plane. | mcosmos

Select Align
Plane

Mo Eemert Machine Tokrance Frobe Coorsys Cumee Contour Program  Graphe  Window  Help

Clestance be —
W Ll u e
e e |

Ao T8 L7 HNOf webewague | 106 & vo-dun
:;m ——— ———— ———————— —————————————————————— ]
DY TR o g
] x‘umm ‘ e
_ i &tﬂcwme I (dﬂl
r,-_i . i [i1) Fiane ~ g
; Z Coor. piane :
sl " [l .| [

Set parameters
as shown

@ 2005 Mitutoyo Corporation All Rights Reserved g5

~ Align your plane.
K » After any alignment adjustment or probe change with Clearance height set
you will be prompted to adjust your Clearance height.
» If Clearance height needs to be adjusted adjust it.
» If Clearance height is to remain the same you should cancel to avoid
duplicate lines in your part program.
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A\

The next step as you may recall is to create an origin.

We will measure the 1.250 Dia. Datum —A- circle and create an origin.
Select Circle.

Set parameters as shown (Auto measure, Auto project, Tolerance).
Select 6 points with Auto finish.

When measuring features we should generally measure at least 1 more
then the minimum number of points.

With TP2 / TP20 we should measure a multiple of 3 points on circular
features to average the lobbing error of the probe.

With TP 200, tp7, sp25 a prime number of points is preferred as these
probes have little or no lobbing error.

With tighter tolerance, larger diameters and form tolerance more data
should collected.

Select OK.
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Collecting data on a Circle
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YV VY Y V V V

A4

YV V V Vv

v

Set the parameters as shown based on your current coordinate system.
Verify the graphic.
Select OK to collect these points.
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Tolerancing Datum A
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v

Because you selected the tolerance icon in the measurement dialog a
tolerance dialog will appear upon completion of the measurement.
Select actual value. This will populate the nominal fields with the
actual values rounded to a specified number of decimal places.
Define the nominal and tolerance.

Select More.

Define the Datum label. Datum labels are used to store a MMC value
of a feature to be used at a later time in MMC calculations.

Press OK in the further tolerance options dialog.

Press OK in the tolerance comparison dialog.
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Creating an Origin.

|[mcosmos
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Chwarance height

—
It‘[? LLlL w2 o ]

ﬂv_ml?

Select
Cancel

59

s

> Select Create origin tool.
Set parameters as shown.
Select OK.

v

v

After any alignment adjustment or probe change with Clearance height set

you will be prompted to adjust your Clearance height.

A\

duplicate lines in your part program

A7

If Clearance height needs to be adjusted adjust it.
If Clearance height is to remain the same you should cancel to avoid

Y Y

v

v
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w Automatic Cylinder m
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Set parameters
as shown
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Y

The next feature we will measure is our cylinder.
Select Cylinder.

Y v

Set parameters as shown (Auto measure, Tolerance and Auto finish on).
We will collect 18 points 6 points at each of 3 levels
Select OK

A

A7

v

v

Y v

v

Y v

60



Mitutoyo

Collecting data on a Cylinder

Mcosmos
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A%

A

Verify the graphic.

VoV

Select OK to collect these points.

Y/

Set the parameters as shown based on your current coordinate system.
Height difference is a positive value over which data will be collected.

v

Y

Y

\j/

A7

v
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Mcosmos

Tolerancing a Cylinder
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v v v

Y ¥

YV V VvV V V VYV VY

‘,/,r

The tolerance dialog will appear.

Select Actual value.

Select Diameter only as our coordinate system is not complete.
Define Nominal & Tolerance.

Select More.

Define a Datum label.

Press OK in the further tolerance options dialog.

Press OK in the tolerance comparison dialog.
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Creating a Point for Alignment
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Distance
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To align our axis on this feature we must reduced it to a point. To achieve

Y/

this we will intersect it with a plane half way down the feature.
» Select Plane.
» Set parameters as shown.
» Select OK.
» Define the distance from origin.
» Define the plane vector.
» Select OK.
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Creating a Point for Alignment m
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Select
Plane

as shown

Cylinder

(1)Cylinder
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Select Point to create an intersection point between the plane and cylinder.

Y

Set parameters as shown.
Select OK.
Select Plane for first element type.

vV V Vv

Select (2) plane.

Select Cylinder for second element type.
Select (1) Cylinder.

Select OK.

Y V V¥V Y

v

v

i
[/

Y

‘77
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m Align by Point with Offset m
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A7

Complete the coordinate system by aligning the Axis.

v

Select Cord.sys menu. All alignment options are not on the toolbar.
Select Align axis by point with offset.

Select point as Alignment element.

Select (1) Point.

Set offset values from your print requirements .

Select OK.
After any alignment adjustment or probe change with Clearance height set

vV OV V¥

v vV v

you will be prompted to adjust your Clearance height.
If Clearance height needs to be adjusted adjust it.

A

» If Clearance height is to remain the same you should cancel to avoid
duplicate lines in your part program.
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m Save Coordinate System m
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Our coordinate system is complete it's a gocd idea to save it.

\%

» Select save Coord. sys. .

» Define Coord.sys. # (1 to 9999).

» Select OK.

» If this coordinate system number has been used you will be prompted to
Overwrite. In this case select yes.

>

>

>

>

5

5

>
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m Tolerancing Position of an Axis m
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To tolerance a Cylinder for True Position select Position of an axis.

v

The position of an axis dialog will appear.
Select Cylinder as the actual element type.
Select (1) Cylinder in the pull down dialog. This selection can also be

vV

Y

made in the graphics window.
Define the tolerance.
Select the datum label to apply MMC.

Y

Y

Define the nominal location.
Set the length of the feature to define the portion of the feature that

Y

N/

the tolerance zone applies over.
Sefect OK.

%

A7

\%
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m Tolerancing Cylinder Coordinates
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Select Element from the tolerance tool bar.

Y

v

The Tolerance Comparison Element dialog will appear.

v

Select cylinder as the element type.
Select (1) Cylinder in the pull down dialog. This selection can also be

‘///

made in the graphics window.

A%

The Tolerance comparison dialog will appear.
Select the actual value.
Select X & Y as the position tolerancing does not report the actual X & Y

%

location.
Define the Nominals & Tolerances.
Select OK.

vV v

\j/
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Mitutoyo Pr—— | Mcosmos
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A7

Y

Y

Y ¥V V¥

A d

v/

-~
7

Y/

v

To tolerance the circles measure them Select Circle.

Set parameters as shown (Auto measure Auto project Tolerance).
Select OK.

The Automatic circle measurement dialog will appear.
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m Collecting data on a Circle m
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» Set parameters as shown. We will check the .3125 hole closest to the
.500 dia hole it is at 225 or -135 they both have the same value.

Verify the graphic.

Select OK.

We will receive the warning not enough room to measure this element.
We can either lie about the diameter or correct the safety distance.

Select OK

Delete the command as we will correct the safety distance.

Trash the last step (element circle) as you can nor correct the adjust CNC
parameters within an element measurement

\%

Y Y

v

A7 T O

\%

v

A\

v
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m Adjust CNC Parameters 1
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v

We cannot enter CNC parameters with a measurement open.
Close the measurement with the trash can or the red X in the

Y

measurement display.

7

Select Yes to cancel the measurement.
Select Machine.

Y

Select CNC Parameters.
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v
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v
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To tolerance the circles measure them Seilect Circle.

Y

Set parameters as shown (Auto measure Auto project Tolerance).
Select OK.
The Automatic circle measurement dialog will appear.

Y ¥V V¥
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m Collecting data on a Circle m
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v

Set parameters as shown. We will check the .3125 hole closest to the
.500 dia hole it is at 225 or -135 they both have the same value.

Verify the graphic.

Select OK.

We will receive the warning not enough room to measure this element.
We can either lie about the diameter or correct the safety distance.
Select OK

Delete the command as we will correct the safety distance.

Trash the last step (element circle) as you can nor correct the adjust CNC
parameters within an element measurement

v vV
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m Tolerance Circle 1 Position m
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» Because the tolerance icon was selected the tolerance comparison dialog
will appear.

Toggle ABS to off.

Toggle to position.

v

v

Check Diameter and Position.
Select Cylindrical format as that is the print requirement.

v

Select actual value.

A\

Define Nominals & Tolerances.
Select OK.

v

Y v
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m Tolerance Circle 1 Coordinates m
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~ The position tolerance was reported in a Cylindrical format to report B/P
requirements. We should include X &Y values for shop use.
Select Last element from the Tolerance toolbar.

v

Toggle to Single coordinates.
To calculate the X & Y coordinates select X & Y.

\

VoV

Select Cylindrical format.

Select Actual value.

Define / adjust the nominals in Cylindrical format

Select Cartesian format this will recalculate the Nominals in the

Y Vv

7

Cartesian format.
Verify nominals and tolerances.
» Select OK.

v

Y
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» Repeat the above steps for the other 3 holes in the bolt circle
>

4

>

v

v

vV oV Vv
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v

v v
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This is what the field for results should look like.
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Vv V Vv

A

r

Measure the lines around the periphery.

Select Line.

Set parameters as shown (Auto measure, Auto projection, Tolerance
Auto repetition on and auto finish off).

With Auto finish off we can easily change the number of points and tools

used.

B

Y VvV ¥

YV V¥V V V¥

\%

Don'’t forget to overwrite the lines from your Pattern alignment.
Select OK.
Select Yes.
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Collecting data on Line 1
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» Select the number of points to be measured on this line.

v

Select the drive plane (the plane parallel to the line and the retraction
direction for that line).

» Define the start point.

The calculator found at start / all programs / accessories / calculator

v

might be handy as it has copy past capability.

v

Define Angle and probing direction.
Select OK.
Finish the element.

v

v
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Y

Upon completion of measurement a tolerance dialog should open.

v

Select Actual value.
Check Angle, & Distance.

v v

Define Nominals & Tolerances.
Select OK.

v
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m Collecting data on Line 2 m
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Graphic
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» Select the number of points to be measured on this line.
Select the drive plane (the plane parallel to the line and the retraction

v

direction for that line).
» Define the start point.

Y/

The calculator found at start / all programs / accessories / calculator
might be handy as it has copy past capability.

A%

Define Angle and probing.
Select OK.
Finish the element.

A1

'
/

Y Vv V¥

v
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VoV

v

Y v

Select Actual value.

Select Cancel.

Upon completion of measurement a tolerance dialog should open.

This value is not a B/P requirement. We will tolerance this feature later.

A\

Y/

v v

Y/

v

v
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w Collecting data on Line 3 mm
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~» This line is interrupted we will use the line tool 2 times to collect the data.

Select the number of points to be measured on this portion of the line.

Y

» Select the drive plane (a the plane parallel to the line and the retraction
direction for that line.
» Define the start point.

» The calculator found at start / all programs / accessories / calculator
might be handy as it has copy past capability.

» Define Angle and probing.

» Select OK.

5

-

.
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m Collecting data on Line 3 m
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v

v

\4

v

YV ¥V VYV VYV

\

Select the number of points to be measured on this portion of the line.
Select the drive plane (a the plane parallel to the line and the retraction
direction for that line.

Define the start point.

The calculator found at start / all programs / accessories / calculator
might be handy as it has copy past capability.

Define Angle and probing.

Select OK.

Finish the element.

84




Miitutoyo s oleramcs lina [EEEEEEq

Fie obe Coorsys. Oupd Cortow Calodste Program Graphe Window Help
. | HOf wobevenne [ 7860 U ¥~ Jauwn
- 00000
— w
O Lw " | Honel Uil Lowwial Tipe Mo
[ =
) D e >
B || oo T T e | T | »)
4 || oms ::1- e | =1 i | =] »
it e e o ' e 1)
Distance doesn’t i J: J’_jl . J;ﬂﬁ
apply but angle = ks
does [ =i | = = =] ]
[ =1f =1 =l =l »
X Cocd | P hew |
© 2005 Mitutoyo Corporation All Rights Reserved 85

Upon completion of measurement a tolerance dialog should open.

Y

Select Actual value.

Y

Y

This value is not a B/P requirement. We will tolerance this feature later.
Select Cancel.

Y

;

4

v

v

Y/

v

Y
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Y
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m Collecting data on Line 4 m
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Y

Select the number of points to be measured on this line.

Select the drive plane (a the plane parallel to the line and the retraction
direction for that line.

Define the start point.

To avoid calculations place the probe approximately over the start point.
Press position of machine to define the start point.

Correct the Z axis location.

Define Angle and probing.

Select OK.

Finish the element.

A7

A%

A\
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vV v

Y
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v

Y

v
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VoV

v

Select Cancel.

A7 %

Select Actual value.

Upon completion of measurement a tolerance dialog should open.

This value is not a B/P requirement. We will tolerance this feature later.

s
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Y OV ¥ v V¥

G
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m Collecting data on Line 5 M
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» Select the number of points to be measured on this line.

» Select the drive plane (a the plane parallel to the line and the retraction
direction for that line.

» Define the start point.

» Define Angle and probing.

» Select OK.

» Finish the element.
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»
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>
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Tolerance Line 5 mm
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Y

Upon completion of measurement a tolerance dialog should open.
Select Actual value.

Check Angle, & Distance.

Define Nominals & Tolerances.

\%

A %

v

Prior to selecting OK in the tolerance dialog, Cancel the Automatic line
measurement tool and the measurement display. Otherwise you will
need to tolerance this line twice.

Select OK.

A7

Y

Y/

\%

v

v
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m Construct Intersection Point m
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» To Tolerance the distance between 2 lines it is best to construct
intersection points.

Select Point.

Set Parameters as shown.

Select OK.

The Intersection element dialog will appear Select Lines as element types.
Select (1) Line and (2) Line.

Select OK.

Repeat with (2) Line & (3) Line, and (3)Line &(5) Line.

vV v

A A 4

vV VYV

\v4

A\
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Construction Exercise
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v

A7,

Repeat with (2) Line & (3) Line, and (3)Line &(5) Line.

v

\
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v v
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Y

v
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m Construct & Tolerance Distance hﬂm
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v

Now you can construct & tolerance the distances Select Distance.
Select Tolerance.

Select Line and Point as Element type.

Select (1) Line, and (3) Point.

Select OK the Tolerance Distance Dialog will appear.

Y OV V¥

Y

Select Actual value.
Check Distance.

v VvV Vv

Define the Nominal and Tolerance.

Select OK.

Repeat with (1) Line & (4) Point, (5) Line & (2) Point, and
(5) Line & (3) Point.

v

\vd

Y/
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m Construct & Tolerance D|stance m
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~ Repeat with (1) Line & (4) Point, (5) Line & (2) Point, and

(5) Line & (3) Point.
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m Reverse Element Direction mm
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v

When we measured (4) line the angle answers were not what the print
required. To correct this we will reverse the direction of the line.

Select Line.

Set parameters as shown (memory recall).

Select OK Line. Recalculate \ copy from memory dialog will appear

YoV

v

Select line as element type.

Select (4) line (the 30 deg line).

Select reverse direction option.

Select XY projection this option is not necessary but simplifies tolerancing.
Select OK.

YV V V V ¥V

v

A

A%
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m Tolerancing Line for Angle m
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Because we had tolerance selected a line tolerance dialog will open.

v

Select Actual value.

Select Angle X.

Define nominal and tolerance .
Select OK.

\

N/

v v

v
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\

v oV Y

Y/

A\

v
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Select Probe data
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Y Y

VoV

A 4

‘77

Y

v

\

Y/

We have now inspected all of the features that we inspected manually.
On a CNC machine we inspect features on multiple sides of the part.
To do so we need to change the probe. Select the change probe icon.
Select the appropriate probe. In this case probe 5.

Select OK

You will be warned that the probe will move if safe select Yes.

After any alignment adjustment or probe change with Clearance height set
you will be prompted to adjust your Clearance height.

If Clearance height needs to be adjusted adjust it.

If Clearance height is to remain the same you should cancel to avoid
duplicate lines in your part program.

In this case we will change it to the Y axis and -2.000.
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Miitutoyo Partial Circle meosmos
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> We will now check 1 of the partial circles on the front of the part.
» Clearance height will take care of GOTO moves.
» Automatic projection will take care of projection.
» Set parameters as shown.

» Select OK.

.
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m Partial Automatic Circle m
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» Set the parameters as shown.

» YourY axis value defines the measurement depth in the current
coordinate system.

» Note the start angle allows for misallocation within tolerance.

» Verify Graphic.

» Select OK.

»

>
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5
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m Tolerance Circle 6 ZX Position l”m
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» If the dialog is not in position format toggle to position.
» Select Cartesian format.

» Select Actual Value.

» Select Diameter and Position with the red checkmarks.
» Select the ZX plane for tolerancing position .

» Define Nominals and tolerances.

» Select OK.
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» We will now check the second of the partial circles on the front of the part.
» Clearance height will take care of GOTO moves.
» Automatic projection will take care of projection.
» Set parameters as shown.

» Select OK.

»

»

>

>

>

>
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m Partial Automatic Circle m
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» Set the parameters as shown.

» YourY axis value defines the measurement depth in the current
coordinate system.

> Note the start angle allows for misallocation within tolerance.

» Verify Graphic.

Select OK.
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m Tolerance Circle 6 ZX Position m
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o
v

If the dialog is not in position format toggle to position.
Select Cartesian format.

A 4

Select Actual Value.
Select Diameter and Position with the red checkmarks.

vV v

Select the ZX plane for tolerancing position .
Define Nominals and tolerances.
Select OK.

Y V¥V V¥

v
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m Safe Move Probe Change
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if we change our probe here it may hit the table.

v

We will make a safe move first. Select Move machine.

Y

o

4

Select Absclute position and position of machine.

v

To find a safe location for a probe move select Change probe.
Set the Z axis value to your swivel length.

A%

o
|/

Select OK for the machine to move.

Select the desired probe. In this case probe 6.
Select OK

Select Yes to aliow the probe to move.

Y

4
/

‘//
7

v

Adjust clearance height as required. In this case turn clearance height cff.
Select OK

’
|/

v

v
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Y vV Vv

Y/

v VvV VvV

YV V VvV

Y/

Our next topic is a Compound angle hole .
Move the probe close to the hole.

Move the probe to the hole entry (Pearce Point).
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ilitutoyo Verify Move | mcosmos
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\

Verify probe position graphically and on the machine.

v

v

Y

Vv VvV Vv

Y

A%

v

v

\%

\%

105



Mitutoyo

Cylinder at Compound Angle
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Y

Select Cylinder.
Set parameters as shown.
Select OK.
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v

YV V VWV ¥V ¥V ¥V VYV ¥V V¥V V¥

Y v

Select XY Driving plane.

Note: the axis of the cylinder on the part doesn’t match the graphic.
Select YZ Driving plane.

Note: the axis of the cylinder on the part doesn’t match the graphic.
Select ZX Driving plane.

Note: the axis of the cylinder on the part doesn’t match the graphic.
There for we can not use the Automatic Cylinder. So Cancel.

That leaves Calculating points and vectors, or using the Joy stick
Both poor choices. So cancel the element.
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m Adjust Coordinate System M'El
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» We can move and rotate the part per the print requirements to make the
theoretical axis of the hole parallel to our coordinate system.

» To move and rotate your coordinate system select Move and rotate.

» Define the move and rotate values based on the print requirements.

» Select OK.

» Use the Graphics of elements to verify the move and rotation.

» This may require multiple views.

>

e

>

>

5
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m Adjust Coordinate System 2 m
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Fie Demant Machre Towrarce Probe Coorgys. Oupel Contowr Calodabe Pregam aghs Windos MHep
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To rotate the 2" axis of your coordinate system select Move and rotate.
Select the 2" axis Define the rotate value based on the print requirements.
Select OK.

Use the Graphics of elements to verify the move and rotation.

This may require muitiple views.
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m Compound hole as Cylinder m
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v

Now with the coordinate system adjusted we can easily measure the
cylinder.
Select Cylinder from the toolbar.

YoV

Set the parameters as shown.
Select OK.

A7

A

Y

A7

\%

A\d

v

\%
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Compound hole as Cylinder m
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Set the parameters as shown.

Al

» The 3 axis of the driving plane (Z axis) should be the lesser of, effective
working length or the hole depth - probe radius - depth tolerance - a
safety margin.

» Height deference is the distance from the measurement depth to the
opposite end of the hole — a safety margin.

» We want to spread our points over the longest length possible to

minimize projection errors.

Select OK.

A

‘7‘

v

v
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File Elerert Machwm Tomeancs Probe Coorsys. Outpr Confour  Caloulste Program  Graphe:  Window  Help

HOM woberawas | J8e v

i

A8 «F 47

Toggle
ABS to off

Select
Diameter,

Tolerancing Position of an Axis

MCOSMoS|

o -odmw

[mwQ

LEN
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' -] =3 L AT
jooooe  =ffooto0  <]lao0e ;{i =] l Faslion B H
S sleew i ») o e

| | = =l = El |

Define nominals
& tolerances

Select

12

v

Select Actual values.

Y YV VY

of the feature.

vV V VYV

Toggle Absolute value off.

The tolerance dialog will open.

Define nominals and tolerances.
Select More tolerance options.

Select OK in the tolerance dialog.

As we found earlier Position of an axis does not report the actual location

Select Diameter, X Coordinate and Y coordinate.

Define a datum label. This is necessary should you apply MMC.
Select OK in the More tolerance options dialog.

Y V. V¥V V Y
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Fle Eewart Moctwie Toerace Probé Coorsys. Culped Contowr Caulste Frogiam Graphe Windor Help
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Tolerancing Position of an Axis
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— | of axis .| Cylinder (2)Cylinder label for MMC
ol [ < s

Of/‘ B

Y | Dvameses " Peaition af a

A o

S gl | Posben Co s )|

@ | omay F O [21 Crence

-1 Define | wahud

=" Tolerance V2 N 7/ |

& 2005 Mitutoyoe Corporation Al Rights Reserved

value

SalactActu% oom o L[E
Define -l
Nominals ir

Select

|

Set distance to
apply
tolerance over

o | % Concel | P Heo |

113

Y Y ¥V VY

To tolerance a Cylinder for True Position select Position of an axis.
The position of an axis dialog will appear.

Select Cylinder as the actual element type.

Select (2) Cylinder in the pull down dialog. This selection can also be

made in the graphics window.

Y V¥V YV Y

Define the tolerance.

Select the datum label to apply MMC.

Define the nominal location.

Set the length of the feature to define the portion of the feature that

the tolerance zone applies over.

v

v

Select OK.

v
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w Plain for Pierce Point m

Select
Tolerance

s DOemerdk Machoe Toeancos Fobe  Coor

A8 w8 47T

Conbowr  Cakadate Program Graphs Window  Help

HOF woberen 1 38®m % of - dfmw

w5 ervm ol mkabe oo ppvtes

Select
Absolute
move Define

move to

B 2005 Mitutoyo Corporation All Rights Reserved 114

» The print requirement is for the pierce point.

We will measure a plane and intersect it with the cylinder to collect the
pierce point.

Select Plane.

Set parameters as shown.

Be sure to set tolerancing to evaluate the profile of .010 of the plane.
Select OK.

When we select OK we are ask to set an intermediate point.

We are ask this because we have turned clearance height off.

Select Yes. As the machine will crash if we don’t a move dialog opens.
Select an absolute move.

Define the move machine (Go To) point.

Select OK in the move machine dialog.

Select OK in the Element Plane dialog.

v

Vv

A7

YV ¥V V. V

A\

Y v

A7
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m Automatic Plane Measurement
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Automatic Plane measurement dialog will open.

v

v

Set diameter (hole dia. + tolerance of size + tolerance of position + edge
brake + safety factor).

v

Set pattern center point per the current coordinate system.

Set stare end angle for maximum clearance.

v

Verify graphic.
Select OK.

A\

\%

v Vv

v

Y/

v
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Profile of a Planer surface
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» In this coordinate system the profile applies in the Z axis.

» We could tolerance distance but tolerancing the Z coordinate will provide
a positive deviation relating to plus stock or a negative deviation relating to
minus stock. Distance always shows a positive deviation.

» Define nominal (0) and tolerance (2 profile tolerance).

» Select OK.

>

>

>

>

>

>

»
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m Saving / Loading a Coordinate System m
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~ To evaluate the pierce point we must load coordinate system 1.

» Prior to loading coordinate system 1 we should save the current
coordinate system.

» Select save coordinate system.

» Define the coordinate system number (2).

» Select OK. If a coordinate system exists for the number you chose,
you will be prompted to overwrite. Select yes.

» Select Load coordinate system.

» Select coordinate system 1.

Select OK.

7

\

‘7/

Y
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m Pierce Point
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» We have measured and toleranced the features in the local coordinate

system.

A7

This information is very helpful in providing information for corrections out
on the machine.

» The print requirement is for the pierce point. An intersection between the
Cylinder and Plane.

Y/

To create the pierce point select Point.
Select Intersection.

Select OK.

Select (3) Plane and (2) Cylinder.
Select OK.

v

v
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A\

A%
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m Tolerance Pierce Point
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» Because we had the tolerance button pushed the tolerance dialog will
appear.

v

Define Nominais, and tolerances.
Select OK.

Y

A 4

Y

A\ V4

A7

Y/

A7 " 4
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m Local Vs Part Coordinate System
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Y

If we review the results in the part coordinate system, and the local

coordinate system we can see how the part coordinate system results

may be misleading to the machinist making corrections.

vV VvV Y

‘7’

\%

Y

Y v
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Tolerance Orientation 1
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Y

YV V¥

YV VY YVYVYYVYV

A\

We have checked the feature and reported it's location.
To report the orientation select Tolerance element.
Select Plane.

Select (3) Plane.

Select OK.

Select Actual value.

Select Angle Z.

Define Nominal and tolerance for this angle (45 Deg.).
Select OK.

To report the orientation select Tolerance element.

Select Cylinder. As both features are not at exactly the same angle.

Select (2) Cylinder.
Select OK.
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Tolerance Orientation 3
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OK
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» To report the orientation select Tolerance element.

Select Cylinder. As both features are not at exactly the same angle.
Select (2) Cylinder.

Select OK.

Y V V V
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m Tolerance Orientation 5 m
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s T v T e G G ol P gt
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Y/

o
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We have evaluated both Elements for the 45 Deg. requirement.

To measure the 30 deg requirement we will intersect the angle plane with
the top plane and evaluate the resulting line.

Select Line.

Select Intersection and tolerance.

Select OK.

Select (1) Plane and (3) Plane.

Select OK.
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m Tolerance Orientation 6 m
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Select Actual value.

Select Angle X.

Define Nominal and tolerance for this angle (30 Deg.).
Select OK.

A 74
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vV v
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Tolerance Orientation 7
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» The only angle left is the 30 deg angle for the Cylinder.
» The Cylinder should be 30 deg from the Y axis projected into the XY plane.
» We will create a line parallel to the Y axis.

» Select Line.

» Select Theorefical.

» Select OK.

» Define the length, start point and vector.

» Select OK.

5

5
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M Tolerance Orientation 8 m
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Now that we have a line parallel to the X axis we can construct the angle.
Select Element Angle.

Select (8) Line.

Select (2) Cylinder.

Verify results.

Select OK.

Because we had tolerance selected a tolerance dialog will open.

vV V VY

7
[/

\%

\4

Select Actual value.

Select XY Angle.

Define nominal and tolerance.
Select OK.

vV V. V V¥V VY
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m Home the Machine M‘m
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» We have now completed our inspection.
To remove this part and load the next one it would be a good idea to clear

v

the machine.
Select Move machine.

A\d

Select Absolute move.

Y/

Select Machine Position.

A7

Define a safe z value to move to (swivel length).

Vv

Select Change probe to obtain swivel length.

7
o

Select OK in the Move machine dialog.
Select Probe 1 in the Change probe dialog.
Select OK in the Change probe dialog.

Y Y

v

v
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Select
Move
machine

A7

We have cleared the probe from the part and Returned to probe #1.

It is now safe to send the machine to the home position.

Select Move machine.

Select CMM in home position.

Select OK.

We are now done so select Exit.

Select Save part program.

It is not necessary to select save data for relearn as we will be editing the
part program. Editing corrupts the relearn data.

V¥ ¥V V¥

vV v
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m Manual to Fixture Based m
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v

Select Create new part.

v

Define new part name or except default.
Select OK.
Select the new part just created from the parts list.

\ARY

Select Learn mode.

vV V¥
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Manual Coordinate Systems 1

Select
Weiopakel COOTI-SYS.  giiion 17 in HCOSHOSTS T bil

Set dialog
as shown

Select Plane line
line pattern

Select Pattern
alignment

Polo =
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n.lma:spualzlma S,

Wammmpuﬂ..,
Align as by point wath of fset. ..

Crasts ongn...

Move and rotate coord. system...

Load coord. system. ..
Save coord. system. ..
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Select OK.

v v

Y

Select OK.

VY

Select Coor.sys.

Select Pattern alignment.

Define the number of points desired per element.
Define FCS (Fixture Coordinate System) Number.

We have already used the pattern alignments to create part coordinate

We will now create a coordinate system on our fixture.

\dd

v

L%
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Mitutoyo

Manual Coordinate Systems 2

You collect

Pattern alignment
provides the
instruction

I

Pattern alignment
provides the
instruction

(1) Plane

(1) Line
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You collect
the paints

the points

Pattern alignment
provides the
instruction

You collect
the points

(2) Line

131

A

Measure the features as instructed by the Pattern alignment.

Y

v

Y

\

v

v

Y

v

N/

v

‘,’/
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FCS to PCS m

l’nletm(a Ptobe Coor.5vs. Qutpat  Contowr Cakdate quan

[/0|n|al=je|#] < wiw!

| Document your
X, Y &Z values

Select auto
repetition

q Select Delete |
part program

o ——

- w9 (v

Wﬁﬁ o]
| 5| nme

Select a| P
I Side point A Mesreany 1
Heip | | 1

Select
OK ; o | ¥ E.ancd|?’ Hey |J
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Collect points on the surfaces that the initial coordinate system used.
Select point.

Select side point.

Select auto repetition.

Select OK.

Collect a point in X, Y and Z axis.

YV V V VYV

Cancel the measurement display.

v

Document your findings rounded to 2 dismals is ok.

v v

Exit and delete the part program.

‘;1

v

\ 4
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m Editing to full CNC '.I.lmllﬂ

Fia Edt Element Machne Tolerance Probe Coor.sys. Output Contowr Calculste Program  Window  Help

ale| | olinonameicl 1 dovisiomee
ﬂﬂmpanmﬂp.,.)-‘—' r———— ———

II H Selfng: stion ,Ewmon P

Highlight and delete the
machine coordinate system
and the pattern alignment
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!Dn
|
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JEEEs e . = | K=0X500Y = 025007 = 00000 Angle = 00000
1] o | Aubom, elemant meatsemant 'Hnth-BF‘Mmphu-wphu
laxl | T P M= 18900 =1 75002 = 00000 Dizrostes = 2 5000
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» To convert our part program from Manual / CNC remove the initial
coordinate system and the pattern alignment.

v

Highlight the Machine coordinate system and Align coordinate system
lines.

Y

Delete these lines press the Scissors or Trash can tool or Delete key.

A4

Y

v

A4

A %

‘7/

A\
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M Ilhuhu, g Editing to full CNC m
Select Move
and rotate part
Pl Ek Henet Machie Towacs Frobe Couw.sys. Ouipik Cotow Caodsle Progam Window Fep

Select Load
Coordinate
system
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3
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%

Select Load coordinate system,

v

Select 9999 (Your fixture coordinate system).

Select OK.

Select Move and rotate.

Define the translation from the FCS to PCS (as measured earlier).
Select OK.

YV VvV Vv

Y v

‘7/

Y

v
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Editing to full CNC m

[ SelectMove | /
machine

Select ngra '
Programmable
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%

v

YV V V V

N

VoV vV

A4

To complete our part program we will add an in home command.

We will provide instruction on |loading the part.

We will move the machine to a conspectus location relative to the part.
We will allow the inspector to verify that the setup is correct.

We should now save our program. Saving periodically is also advised.
We are don you may exit and run your program.

135



Miitutoyo rie¥lodge Base 1 MCOSMOS

: lPé‘G-r’aﬁéd form, fit,
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Knowledge Base 2 l.l.llﬂ.Efl.l.LEl

Precision Is our Profession

Select
Register
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Knowledge Base 3

Farst mammie:
Yous Tt narme for ddemtliceton

Lant e

]

Touwr Last ruee for sdentiloaton pusrposss

Company name:

Company Phone with arce code:

Company Strect Addross:

City:

State:

Zwp Cade:

Select Product Type @

Provide all
requested
information

Seled i @ for CHM, Vieor O Form Product .
Hilulovo Hachine Mamo and Hodel Huamber: -
(ew BATSO4, QUitals, Cis3008)
Mitutoyo Machinme Saroel Muntber -
Mitutoye Saltware Hame and Version: .
Solftwars Lock Ro: -
Usarname:
Urequs wesmames userd o dennfy you withn The BIUPEOT Conter. . LNQue ueername uled o | -
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| mcosmaos
m Contacts

MitUtO}j’O Software Support Services Tothritoal Sandcee
Telephone 1888-MITUTOYO (648-8869)
Support (8:00AM-5:00PM Central)

Email Support Software.Support@Mitutoyo.com

Fax (630)723-3597

Knowledgebase | nup kb mitutoyo com/Capital/default aspx
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Y

This phone number 1 888 — MITUTOYO (1 888 — 648 — 8869) is for
Software Support, Hardware Support, and Field Service
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