EXAMPLE OF PROCEDURE OF CALIBRATION - DUAL ARM MACHINE WITH WRISTS
CWA43L_MULTIWIRE. PROBE EXTENSIONS AND TP2/TP6 PROBE. PC-DMIS 2010/2011 + LEITZ
CONTROL (DEA WRISTS CONFIGURATION)

PREMISE:

The following steps represent a sequence of operations likely to calibrate a dual arm machine with different extensions
on the wrists and with tool change. After a full calibration, will be built two programs to automate tasks, so you can
quickly perform all the steps described. Each step is described in a general way, and we assume that the operator is
familiar with the philosophy of individual operations used.

1)
We give for certain the perfect geometric calibration of the machine that should be compensated with the laser
and the thermal probes, and therefore such compensation has to be resident on the Leitz controls, for both the arms.

2)

Besides it owes the perfect assemblage and alignment of the wrists to be insured on the arms.

After the mechanical levelling of the wrists, the technician has to provide to perform a program of Service

to correct the possible skew of the physical assemblage. The data of correction will be memorized therefore in the
control and therefore in the COSDAT. The orientation of the wrists (when these are positioned with specific angles)
it determines the orientation of the head comparative with the axes of the machine. Using the convention DEA,

that is a PRIMA machine (similar to the BRAVO NT) with the wrists directed in this way. An example of the
configuration and some angular positions, what they identify the correct orientation.

3)

It is evident that, according to this configuration, the orientation of the wrists assumes different directions.
Then, in the case of DEA configuration, needs to plan the opportune parameters in the Setup window.

As the machine double arm has been defined with the Setup, it achieves that the orientation of the two heads
it assumes these directions.

COMPUTER 1

Multiple Arm Setup E|

" This computer relays commands From the primary cormputer

Probe Head Wrist Angle Configuration

TCPJIP port to read:
Data port: ML
it : ! : The wrisk's ADBD position poinks in this direction:
% This computer {primary) drives all arms:
Connection sethings For arm: z - The wrist's AQ0E180 position points in this direction: ZPLUS -
o on (1095230105
Direct conneckion: 10,95.234.105 MMz
* Remate connection The wrist's A0EQ pasition paints in this direction: YMINUS -
TCR{IP Port : 6001 i R
The wrist's A20B150 position poinks in this direction: ZMINLS -
[ata Port @ 1111
Delay For TCPIP connection in | |
00
milliseconds: oy Seliedl

™ This computer is not used in a mulkiple arm setting

uls | Zancel |




COMPUTER 2

Machine Options

Multiple Arm Setup

Leitz Protocol Setup | Controller I Wrist I Rotary
& This computer relays commands from the primary computeri Qit Axis | Params I Debug

TCP/IP port to read: I 6001
Data port: I 1111

™ This computer {primary) drives all arms

1=

i
i i
4[4 |

I

ra
4

Connection settings for arm;

" Ditect connection:

1

{* Remote conmeckion

TCP/IP Port : I

Data Port =

Delay for TCPIP connection in I o
SO0
miliseconds: "

" This computer is not used in a multiple arm setting

OK I Cancel |

oK I Cancel Apply Help

A=Y= 800

4)

In the case of use of a machine with DEA wrists, it is necessary to opportunely modify

some keys of the registry of PC-DMIS on both the calculators. (To see the preceding document).
However the keys are displaced in the areas [Option] and [Leitz]:

DEAWrist = 1, RotateWristFromController = TRUE, FlipBAxis = TRUE, AaxisMax = 181, AaxisMin -181,

[AxisX =0, AxisY = 2, AxisY =4 for LEITZ Computer ARM1] and [AxisX = 1, AxisY = 3, AxisY =4 for LEITZ Computer
ARMZ2]



The range of the angle (AaxisMax = 181, AaxisMin -181) depend on the limitation that the user wants to give to the
rotation of the wrist, when on it very long extension is assembled. (+/-125 degrees can be all right with very long
extensions).

When using the machine Dual-Arm Mode, make sure the option DEAWrist is set to 1, even on the computer ARM2.
So you have to use the Settings Editor and insert DEAWTrist = 1. Use the "Find" command to try all DEAWTrist options
and set them to 1.

5)

Before effecting completely the procedure is worthwhile to cancel a certain number of files,

but before this, to make a backup of the registry of PC-DMIS and to save the following files on both the calculators.

* PRB, *.Results, abcalib.dat, abcalib_CMM2.dat, abcomp.dat, abcomps_CMM2.dat, aboutput.dat, aboutput_CMM2.dat,
wristm.dat, wrists_CMM2.dat, armarm.dat, tool.dat, toolc.dat

6)

For a best optimization and functionality of the procedure, to use immediately the machine in double arm.

We consider for now a simple procedure of calibration of the machine with wrists and probe extensions 332 mms.
Three spheres will be used for the calibration, mapping with mediocre accuracy, without the use of the Tool Changer.

7)
To progress therefore with a new program and the definition of two probes for both the arms (PROBE1 and PROBEZ2).
To also define, on Arm 1, arigid probe with the standard sphere 15 mms. (PROBALL).

& PC-DMIS CAD++ 2010 - [Graphics Display Window - C:\Program Files\WANPC-DMIS 2010 QOAXTESTCAL.PRG - Machine1]

Ja File Edit Wiew Insert Operation Window Help =] x|
 [sTarTUP  ~[sTARTUP  ~|[# PROBEY ~lfTiaen =][zPLus - fworkprane = ‘ PO ECHE @@ +COrLmA0BE ALK 2w |
IEERTE : m

Probe description: ¥ User defined calibration order E ’E | $ | d i WB0000E ~ @’i ¢

IlSmmehase,EaII - | & 0

CW43L_Multiwire
Joint:b cw43l angle
Joint:a cw43l angle
Connect:CW43LWRIST _332_Mw

Tip #1:15mm_Chase Bal
r
Probe Utilities C:\Program Files\WAINPC-DMIS 2010 QA\PRG
Probe file! Measura, .,
EESCTARTUP =ALIGHMENT/START,RECALL: , LIST=YES PROBEZ |
ALIGHNMENT fEND Edit... Ad
MODE/MANUAL : Active bip list: e
oI i o ‘ FTTADBD BALL-80,570, 0.001 0,1,04 4 [ __Toerances... &
RETRACT /& ¥ Probe Utilities C:\Program Files\WAINPC-DMIS 2010 QA\PROBE1.PRB
CHECE/&,1 E Setup... ¥
MOVESPEED/ 20 Probe file: ]
TOUCHSPEED/ § B s | EbE | Print List... al
SCANSPEED /20 PROEEL 5 - ]
FORMAT/TEXT,OPTIONS, ; y Edit. . | Acd angles... | =
LOADPROEE fPROEEL Active tp list: : | ‘ | e
TIF/TLAOED, SHANHIJE= *T1ADE0 BALL-80,-570,00,-1,0 4 4 0 0 Ml En, i =
I LOADPROEE /PROBEZ e | T |
TIP/TLAOED, SHANEIJE= SR AR [T Use partial calibration
LOADPROBE/PROBALL : B
I TIP/TLAOEN, SHANKIJIE= Print Lisk... | Global Used | & | 1 [~ Use varist map i availabl
ENT " TR — ¥ Use TRAY calibration
PN=TESTCAL DTG File Farmat... | Probe description: W ]
TOTAL # OF MEAZ =0 # OUT
Reset Tips |
CWH43L_Multivire
[T Use partial calbration Joink:b cw43l angle
U b P bl Joinkia cwd3l angle
< | # [ e el Connect; CW43LWRIST_332_Mwy
T — ¥ Use TRAX calibration Connect:PROBETP2
Probe description: | S S s Tip #1: TIP4BYZ0MM
-
CW3L_Multivire
Jointb cwd 3l angle T I———_—_—
Joink:a cwd3 angle § i T
Conmect: CW43LWRIST_332_MW/ Probe Utilities C:\Program Files\WAINPC-DMIS 2010 QA\PROBALL.PRB
Connect:PROBETPZ
Tip #1:TIP4BYZOMM Prabe file: Measure. .. | Delete |
PROBALL -
_I Edit. .. | Add Angles... |
Active ip list:
#TLAOB0 BALL-50,566,00,-1,0 15,674 1¢ __lolerances... | Resuls... |
bl il Setup. . | Mark Lised |
[ Print Lisk.., | Global Used | Col: 031
y start L8 TR P ; 11:18 41
iy ! R i - R G [T 2 File Format... I o




IMPORTANT NOTE:

The technician and also the user has to personalize the file USRPROBE.DAT, if between the arm and the wrist a flange
is intercalated

Probe description: I¥ User defined calibration order

| -

e —

< PRIMA_TO WRIST FLAMGE_FIVE_14mm
S WAL Tl _.) :

Joink:b cwed3l angle
Joink:a cwd3l angle
Conneck CWELWRIST _332_Mw
Canneck:PROBETRZ
Tip #1: TIP4EYZ0MM

USRPROBE.DAT

Comment ———--—————-———————— - FLANGE PRIMA FOR FIVE
ITEM:PRIMA_TO_WRIST FLANGE_FIVE_14mm ARH

color 38 38 38

ribcount 18

solid &

face 4 36 32.% 8 -36 22.5 8 -36 32.% -4 36 32.5 -4
face 4 36 -32.% 8 -36 -32.5 8 -3Jo -32.5 -4 36 -3J2.5 -4
face 4 36 32.%5 8 36 -32.% 8 36 -32.5 -4 36 32.5 -4
face 4 -36 32.5 8 -36 -32.5 8 -36 -32.% -4 -36 32.5 -4
face 4 36 32.5% -4 -36 32.5 -4 -3Jo -3J2.5 -4 36 -3J2.5 -4

cylinder 8 8 -4 8 8 -14 41.5
connect @ 8 -14 8 @ 1 ARH
Compment ----———-——--———————— -




8)

To effect a preliminary calibration on a central sphere 15 mms. to be able to correlate the two arms (provisionally).
In this way an approximate coherence of the two arms is created in an unique system of reference.

Even if the two probes still not been calibrated, this preliminary procedure is enough for the purpose.

& PCDMIS CAD++ 2010 - [Graphics Display Window - C:\Program Files\WAINPC-DMIS 2010 QA\TESTCAL.PRG - Machine1]

]3 File Edit Wiew Insert Operation Window Help | x|
i [earTUP  w[sTARTUP  +[[ £ PROBEY ~f ~l[zrLus v |[workplane - | ERE HEE GO CC LA |0RL AL 2w |
YovesiewsenaEE PRARYCS| S sK 4K @MAAODS LA OO |

(AW s mssssmsDONONND|B4S |

| DATE=1/12/2010 TIME=1
| rart wamE - TESTCAL

| nEV mmmER :

| sER MMEER -

| srats comwr - 1L

PSSSTALTUT -ALICNMENT/START, RECALL: , LIST=YE
I ALIGNMENT/END SPHERE3
MODE/DCC i

PREHIT/6
RETRACT/&
CHECK/6,1
MOVESPEED/ 20
TOUCHSPEED/ S
SCANSPEED /80

-

¥

FORMAT/TEXT,0PTIONS, ,HEADINGS,
LOADPROEE/PROEEL]
TIP/TLADBO, SHANKIJK=0, -1, O,
LOADPROEE/PROEEZ
TIP/TLAOBO, SHANKIJK=0, 1, 0, 2
LOADDROEE,/PROBALL

TIP/TLADBO, SHANKIJK=0, -1, O,
ST (. SR SPHERE1 # =

PN=TESTCAL DiG=
TOTAL § OF MELS =0 § OUT OF TOL =C

-« & SPHERE2

Probe Readout

Probe Readout

» [fCad View |Laser\.’iew

MM Line: 18, Col: 029

S _ HOMDA_



9)

To effect the procedure Multiple ARM CALIBRATION on the sphere SPHERE3 defined in the dialogue box with

the option "Origin Only". They are produced on both the calculators the files: ArmArm.dat and Tool.dat.

lz/z01
1E

SER ¢
3ER :
JTHT :

o I T I ™ O - T B I I . T

PH=TES
TAL #

WY o

First arm: Second arm;
[CMML | MMz |
Cancel

rs Both arms measure
kool Edit Positions. .. |

¢~ First arm halds taol and secand arm
measures

¢~ Second arm holds kool and First arm
MeasUres

—

* Manual calibration
™ DiCE calibration

Mumber of spheres to measure;

I Orientation and origin

{* Crigin only

First arm probe; Second arm probe:

\PROBE1 | \PROBEZ ~|

First arm Eip: Second arm kip:

T1ADED | TLADED |

List of available toals:

|SPHERE3 SPHERE 0,0,1 15,875 0O |
fdd Toal... | Delete Tool | Edit Toal. .. |

F\l LA™,

‘ﬁr

TOL,ME

Arm 1
1101.664 (X

1410.572 |Y
-981.349

Add Tool

Taol 1o | SPHERES3

Taonl bype: |SF'HERE j
OFfset ¥

OFfset i li
OFfset 2

Shank vectaor It
Shank vector 1:
Shank vectaor K
Search override I:
Search override J:
Search override k:

Diameter | Lenagth;

Arm 2
1367.293
-1432.904
-971.826




10)

To dismount off from the extension of arm 1 the TP2 and to replace it with the caliber of 15 mms.

Then to activate the procedure MULTIPLE ARM CALIBRATION to effect the alignment of the axes between arm 1 and
arm 2.

To select for arm 1 the probe PROBALL and for arm 2 the probe PROBE2. Then to decide to measure 6 positions

of the sphere, three aloft and three in down, on big part of the volume of the Machine and in the middle Y.

To do this use the command "Edit Position" and to manually correct then the 6 positions. Then to press "Calibrate”
with DCC Option and Orientation/Origin Option. Is recreated the file armarm.dat in more accurate way.

Note: To the technician's discretion in base to the dimensions of the Machine, a greater number of spheres can be
measured (9 or 12... or more).

Edit View Insert Op Help

|sTarTUP  ~|[sTARTUR ][ # PROBEZ ~|[r1ace0 ~|[zrLus ~][workptane - [ FEE EEE Q@ celrEAdRl & lhE e w !

BB CH | S K| 4K | HBHIIDDLOOO M |
SRS OCDORNDS 4O

l I | i
d l ‘ Multiple Arm, Calibration

First arm; Second arm:

CMM1 vi i MMz -

Calibrate
i )

DATE=1/12/2010 TIME=11:56:32 AN i .
PART NAME : TESTCAL ST = W
Edit Calibration Posit... [X Bath arms measure
LEV NUMEER : |—| (- tool Edit fositions.. .
SER NUMBER :

Active position:

" Edit Calibration Posit
iSPHERE 3 -

Active position:

STATS COUMT : 1 & Eirst arm holds tool and secand arm

e measures
[SS=TARTUP =ALIGNMENT/START, RECALL: , LIST=Na eI r i o
ALIGNMENT/END

¢~ Zecond arm holds tool and First arrg
measures

» Center; 2000

MODE/DCC :
Active position: Mumber of spheres to measure:

PREHLI/ZE ¥ Center: l 1400

RETRACT/6 : B 5 —

CHECK/S, 1 ¥ Center: e rm—-—-- Orfentatmn and origin

MOVESPEED/ 20 % Center: ¥ Center: " Origin only

TOUCHSPEED/

Read Position
1 oK i Caneel

First arm probe: Second arm probe:

|ProBALL > |proBe2 |

First arm kip: Second arm ip:

Y Center:

Z Center;

Multiple Arm Calibration

Z Center:

Read Position

First arrn: Second arm: ‘ Caliby | Read Position ]TIADBD :_! ’TIADBD :_j
Crr 1 v! I MMz -
I anc List of awailable bools:
EBoth arms measure .
et Ehne h [sHEREs SeHERE 0,01 15875 0 |

o First arm helds tool and secord™s Add Toal... ! Delete Tool i Edit Toal... i

MEasures

~

Edit Calibration Posit... [

¢~ Second atm holds kool and first arm

EEEIHES Ackive position:
Mumber of spheres to measure: ; [ =
¥ Orientation and origin i+ Manual calibration
% Center: 2000
" Crigin anly " DCC calibration e
First arm probe; Second arm probe; ot Gy e 1400
|PROBALL ~| |ProBEZ | o1 (i ¥ Center: 2 Center: 800
First arm tip: Second arm tip: ¥ Center: Z Center:

Read Position l
Ok Cancel i

| 714080 | |T14080 |

List of available tools:
|SPHEREZ SPHERE 0,0,1 15.875 O |

Z Center:

Read Position

Read Position

Add Toal, ., ! Delete Tool i Edit Toal,.. !

L7 N TR ] 3 [)cad View Ili\!ﬁuiawr\e‘ww |
¥ 1100878 v [1842601 Z 931 486 A 0 | [ MM Line: 23, Col 051

‘4 Start o




11)

To remove the sphere 15 mms. from the extension of arm 1 and to put again the TP2. To continue in the measurement
DCC of the calibers SPHEREL and SPEHRE3 with arm 1 and SPHERE2 with arm 2. When the measurement of the
calibers is proposed, to say that the caliber has been moved. Here is an example in figure. To remember to correctly
define the orientation of the calibers 1 and 2. SPHEREL1 (0,-1,0) - SPHERE2 (0,1,0).

They are adjourned therefore the files Tool.dat in both the calculators.

' PC-DMIS CAD++ 2010

JEiIE Edit Wiew Insert Operation Window Help

[atarTUP ~[[sTARTUP +|[# PROBEY CAfreier T Clfzrus | [workplane j| FERENE@®[cCOLr=A|0R1L &18F = v
PRRBOCE| S SK|4K | IMEATDDLESm

DIAIS 2010 OAPROBET.PRE Measure Probe X

Probe file: IMeasure, ., | Delete | Number of hits: IS " Manual
PROBEL - ; ;
_I Edt... | dd Anges... | Prehit f Retract: IS.DUI
Active tip list: Move speed (%) IEU " Man+DCC
Tolerances. . . | Results... |
Touch speed (%): |5 " DCCHDCC
Sefup... | Mark Used |
< ~ Twpe of operation Calibration mode
Rl | Heliel el | + Callbrate tips " Calibrate MC-100 artifFact & Default mode  fumber of level |2
File Format. .. ™ Callbrate the unit " User defined St I—D
R " Gualification check
eset Tips l—
2 " Home the urit End Angle! s
I~ Wse partial calibration
|- B 3 [~ Use wrisk map if available — irist calibration
= e = ¥ Use TRAY calibration Start: End: Increment: ™ shank qual Mumber shank hits: I 4
inkion: A |-140 140 10
Probe description: ™ User defined calibration order I I I Shank offset: 5.001
E B: | -180 J173.9 |10
3L _Multivire | -180 |17 |10 - Parameter sets
Joint:b cwa3l angle : Save |
Jaint:a cw43l angle £ Create new map Wiew | Delete M. | et |
Connect:CWS3LWRIST _332_Mw 1B DEICLE IHBpS,. . - Dielete
Connect PROBETPZ % Replace closest map I _I

Tip #1: TIP4EYZ0MM

I~ Tool mounted on rotary: bble = Reset bps to Theo at start of calibration

List of available tools:

~Tips ko Use if Mone Explicitly Selected
Lo | £ Used In Frogram

Add Toal.. Delete Taol Edit Toal...

& PC-DMIS Arm 1 WARNING: Tip is about te to T1AOBO ! ' cancel |

Has the gqualification tool heen moved or has the Machine zero point changed?

.. PC-DMIS Armi 1 WARNING: Tip is about to rotate to T1AOBO !
-

& Readout

In order for tips calibrated on the new tool position
to relate to tips calibrated on the prior togl position,
T1AOBO must hawe heen calibrated on the prior tool position -
Pressing OK means that T1ADBO was calibrated on the prior tool position,
orthat you don't care if new tips calibrated

relate back to the prior tool position

Arm 1 Execute Mode Options

Machine errars:

F -

Machine commands:

[Take it at 0,0, 7 936 on sihere ID = T1 ADB0 normal ta proke. |

Cancel |

Ll Wl ] | @Cad View |Laser\fiew |

¥ [10B6 568 ¥ 209122 7

Cancel | Cortinue | Stop

EraseHt | Ship |

8, ol 029
Jump

P& e "% Paint ShopPro-Ima... | @@ _ HOND



12)

Now we can make the maps of the wrists, first arm 1 on SPHERE1 and then arm 2 on SPHEREZ2, with an increment

of 30 degrees for the PITCH (A angle +/- 90) and 45 degrees for the ROLL (B angle +/- 180). If we want greater

precision we can reduce the value of the increment. For enough long extensions to use DCC+DCC. To remember to
select the option: "Create New MAP". After this phase they are created or adjourned the following files:

*. PRB, *. Results, abcalib.dat, abcalib_CMM2.dat, abcomp.dat, abcomps_CMM2.dat, aboutput.dat, aboutput_ CMM2.dat,
wristm.dat, wrists_ CMM2.dat, armarm.dat, tool.dat, toolc.dat, toolc_CMM2.dat

. PC-DMIS CAD++ 2010

JEi\e Edit Yiew Insert Operation ‘Window Help

i [sTARTUP < ][sTARTUP  +][# PROBET | |[zrLos <[ [workptane j|§Eﬁl|.E|@ -CcerEma0Rl .1¢|59$“*2|
r)everewsesaEErRARNCSE| s sK 4K | EMOAO0DDLE SN

Probe file: IMeasure, . I Delete

Number of hits: 5  Manual
PROBE1 |

Prehit | Retract: &.001 " poC

(Ealle s | Add Angles. .. |
Active Hp list: Move speed (%) g0 " Man+DCC
TLADBD BALL-80,-570,00,-1,0 3988 0o | Results... | o I
*T1A0B-135BALLS6 569,-570,56.569 [ . i
*T1A0B135 BALLSE 569,-570,-56,569 i Setup. .. | Mark Used |
*T1A0B179.9BALLE0,-570,-0,14 0,-1,( | e : | i~ Type of operation Calbration mode
# - B - Print List. .. al L
Ji;gg_;ggifll:LsﬁsﬂJsg;D,SDmD,sé,gsg9[ o B © Calibrate tips € Calibrate MC-100 arkifact O Defaultmode  furmber of [evels: |2
\569,-570,56.
*T1ADB45 BALL-56.569,-570,-56,569( File Farmat. .. | & Calibrate the unit  User defined : l—
*T1ADB-90BALLO,-570,80 0,-1,0 3.93 ~ Qualicati e Start angle: a
*T1AOE90 BALLD,-570,-800,-1,0 3.98 P ualificatian ched
*TLA30B0 BALL-80,-517.75,195 0,-0.¢ —IESE i " Home the unit End Angle: [en
*T1A-30B0BALL-50,-517.75,-195 0,-0 =l ial callbrat
*T1A-30B135BALL194.454, 517.75,81 I3z /pz il calligirztian
<*1—1 ATAD 43COAIL 104 ACA C17 70 ;.n_ ¥ Use wrisk map if availabls —WWrist calibration
i
|l = ¥ Use TRAY calibration S Eicl elemenst 1™ Shark qual Murnber shank hits: I +
intion: A -90 a0 30
Probe description: ¥ User defined calibration order I I I Shank offset: W
| - B: [ 180 [180 [45
3L _Mulkivire c: |-180 [179.3 |10 Parameter sets
Joink:b owd3l angls - 5 Save
Joink:a cwd 3l angle | % Create new map ; Mame:
Canneck: CW43LWRIST _332_Mi/ e View | Delete Maps. .. | [ = Delete
Cannect:PROBETF2 e o e
Tip #1:TIP4BY20MM
I™ Tool mounted on ratary bable [ Reset tips to Theo at start of calibration

List of available toals:
ISPHEREI SPHERE 0,-1,0 15.875 0

Lo " Used In Frogram
Add Tool... Delete Tool

LI Tips to Use if Mone Explicitly Selected
Edit Tool... | ’7

{ R

<l 2 ok [t |
e 8 o | s | cos |

Has the gualification tool been moved or has the Machine zero point changed?

* |1 020959 ¥ 361104 Z -1278757A 0 Line: 18, Col: 029

O | ) Cad Yiew |LaserView |

[Exacute mode canceled

'y start ~e B Ce® *% Ppaint Shop Pra o




13)

Now to proceed with the updating of ArmArm.dat repeating the procedure MULTIPLE ARM CALIBRATION with the TIP
rotated to (0,0). This phase is important because it corrects and it sharpens the correlation between an arm and the
other. Is enough to use only the option "Origin Only". Is therefore possible to perform the procedure in way DCC.
Attention to set the number of spheres to measure = 1 and to select the central caliber SPHERE3. To also set the
option that both the arms measure the sphere. (As in the step 8)

Multiple Arm Calibration

First arrn: Second arm; Calibrate
|ammL | MMz |
Cancel

7y Both arms measure
kool Edit: Positions. .. |

¢~ Eirst arm holds tool and second arm
Measures

¢~ Second arm holds tool and First arm

MMEasUres
Mumber of spheres to measure: 1
™ Orientation and origin ™ Manual calibration

{* DCC calibration

Firsk arm probe:; Second arm probe:
\PROBE1 ~| \PROBEZ |
First arm Eip: Second arm kip:

TLADED | T1ADBD |

List of available tools:
\SPHERE3 SPHERE 0,0,1 15.875 O |

add Toal. .. | Delete Tool | Edit Toal. .. |




14)

In the version 2011, the new window of warning appears to the operator, that determines the condition

of move of the Caliber of Qualification. This window reassumes the messages previously seen.

Since the dimension of the Dual Arm Machine and the notable extension of the probes, the Caliber of Qualification
is almost always located in the same position in the volume of the machine (screwed to the plan).

When the operator wants to perform the programs of Calibration, will position the Caliber on the plan.

The position of the spheres will result almost identical to that original (it doesn't care if discordant of some tenth of
millimeter). Then the Option of answer in this window will be always: "NO."

i |

Qualification Tool Moved

Has the qualification tool been moved or has the Machine
zero paint changed?

For a small position change where the last known position
iz still very dose to the current position it may be possible
to locate the tool in DCC mode without needing a Manual
hit.

For a newly defined tool ar a significant position change a
Manual hit will be needed to locate it.

" Yes (Manual hit to locate toal)

" Yes (DCC hits to locate tool)

15)

Now It is possible to effect the measurements to verify the precision with a good approximation.

For example to measure a block of 700 mms. tilted 3D, on some different positions of the volume.
The measurements must have done with the single arm and with both the arms. (Dual Arm Machine).
Analogous measurements must have done then with two separate machines as single arm.

16)

Now we must to calibrate the Tool Changer of every arm and it can be used the probe what was mapped for first.
The shortest probe is normally used, to measure the position of the stations necessary to all the probes.

After the calibration of the Tool Changer, it needs to assign therefore the probes to the stations.

(In the example that will follow, 3 probes are used for every arm).

But to make this assignment, it needs first to define the others 2 lacking probes. (2 for arm = 4 probes)

In this phase is therefore advisable to effect the definition of two probes for arm, to make a second map

with the longest probe (Option: you Create New Map), and then just to make an UPDATE with the Middle probe.

We know that with PC-DMIS can use more than one map. Philosophically it would be fair to say that if each probe
has its own map, the whole metrological architecture should be more reliable. But using many maps, you need a lot
of work and a lot of attention in procedures. So, where possible, groped to use a single map, which can satisfy

all the lengths of the probes. Use more than one map, only if the range between the extension is very large.

Recapitulating (for the following example):

ARM1 and ARM2 have 3 Probes: 1 = Short, 2 = Middle, 3 =Long

With the Probe 1 (Short) the first two maps are effected (one for every arm) and performed the procedure of ARM-ARM.
With the Probe 3 (Long) the other two maps are effected (Option: "Create New Map™).



With the Probe 2 (Middle) the UPDATE are effected (just "Calibrate TIP" with at least 9 angular positions).
Then we are able to proceed for the Calibration of the Tool Changer.

NOTE:

A station of the Tool Changer could be used for lodging a Laser Probe (if foreseen on the machine).

In this case, the station will owe to be devoted to this type of sensor and therefore in the Registry of PC-DMIS
it will owe to be planned the number of the Slot to the key: "CW43LThirdAxisTCSlot"

Probe Changer Arm 1

L

A @R AR
CLELIEIETY)

Type Calibrate IMourrt Polntl Slots I

Probe Changer Arm 1 e R

Active probe changer: Probe Changer 1: TYPE=CW43|
Type | Caliorate Mount Point | Siots |
Active probe file: ARM1_1 vl
Active tip T1ADBD 'I Active probe changer:
Probe changer port: TC_SLOTT:ARMT1 <] |Probe Changer 1: TYPE=CW43L =
Probe head wrist angle: Machine position:

Aangle: -90 x 1087697

B angle: 180 Y: 328.38
1 Full calibration z (510,302

" Single port calibration

-
Probe Changer Arm 1
n i . A

| Type | Calirat | Mourt Pont Slots |

=Tl = S — =

MODE /MANUAL Active probe changer: Probe Changer 1: TYPE= CW43L ;I
PREHIT/10
RETRACT/L0 o BSiot 1 408,640, 424 267, -595.620 CD:0.0 E
CHECE/10, 1 R J - ARM1_1
MOVESDEED/ 100 n
TOUCHSPEED/ § fno probe)
FORMAT/TEXT, OPTIONS, ,HEADINGS,SYMBOLS, ;NOM,TOL,MEAS,DEV,OUTTOL, , - Slot 2 407.434, 424.874,-954.745 CD:0.0
LOADPROBE/ARML_1 i~ ARMT_Z
TIP/T1R0BO, SHANKIJE=0, -1, 0, ANGLE=0 i {no probe)

I LOADPROBE/RRMZ 1 E-Slot 3 410.486, 425306, -1275.277 CD:0.0
TIE/T1A0BO, SHANKIJK=0, 1, 0, ANGLE=180 i ARM1 3 El

END OF MEASUREMENT FOR H i
EN=RAA DHG= SH=
TOTAL § OF MERS =0 § OUT OF TOL =0 § OF HOURS =00:00:00 Edit Slet Data | Mumber of slots: 3

Probe Changer Arm 2

Type | Calibl?.ﬂel Mourt Point  Slots |

Active probe changer:

Probe Changer 1: TYPE= CW43L

BSlot 1 406152, 2603531, -704.651 CD:0.0

ARMZ_1

{no probe)

Slot 2 405873, 2503 235, -354.349 CD:0.0

ARMZ_2

{no probe)

Slot 3 405769, 2503.890, -1276.489 CD:0.0
i ARM2_3 -

Edit Slot Data MNumber of slots: |3

0K I C MM Line: 18, Col: 051
b R

m

17)

Now the Machine Dual ARM is ready for the use. Her maps have been produced and all the probes are calibrated.
The continuity of the operations, is not certainly rapids, because all the operations have manually been effected.
Therefore is opportune to create at least a couple of programs that allow to automatize the phases that are used.
The suggested programs (how application example) are: AUTO_MAPS and AUTO_UPDATE and they make use of the
commands of AUTOCALIBRATE.

Now is possible to create the Set of Parameters that will be used in the commands of AUTOCALIBRATE.

Then every probe will contain the options to automatically make the operations of Map or Update,

according to the request of the user.

In the 4 following figures are visible the creation of the Sets of parameters to manage the creation
of the Maps (Option: "Calibrate the Unit"). Her Maps are 2 for arm and is used the option

"Replace Closest Map". Is used this option because the maps already previously was been created.
The used probes are that shortest and the longest.



@Elle Edit View Insert Operation Window Help

“[sTaRTUP  ~|[sTARTUP || £ ARM1_1 ~|[T1a080

~|[zPLus _<|[workplane - | PFEA |

)oveilewseea

Probe Utilities C:\Users\Public\Documents\WANPC-DMIS\2011\ARM1_1.PRE

EE >RA8°C |8 A0S (gn

Measure Probe

Probe file: Measure..,, I Delete
[arm1_1 =l

Edt... | Add Angles. . |
Active tip list:
T1A-80B-20 BALL -150,961, Toererces.., | | Resis.. |
T1AS0B40 BALL-203.714,
3 Setup.., | Mark Used |
T1AS0B-40BALLE1.1% .
T1A-80B40BALLE1.1%6 ] pritlit.. |  Goballsed |

File Format, .
Reset Tips

[T Use partial calibration

¥ Use wrist map if available
¥ Use TRA calibration
Ba Sy [™ User defined calibration order
| =
PRIMA_TO_WRIST_FLANGE_FIVE_14mm
Connect:CW43L_Multiwire
Joint:b cw43l angle
Joint:a ow43l angle
Connect:CW43L_DEACONN_MW
Connect:PROBEPHSAD
Connect: COMVERT30MM_TO_METHR
Connect:PROBETPS
Connect:CONVERT _TO_MITHRD
Tip #1:TIP4BY20MM

Number of hits: I 5 " Manual
Prehit | Retract: |1n " pcc

Move speed (%): I 100 ¢ Man+DCC
Touch speed (%): | 5 & DCC+DCC
Type of operation Calibration mode
" Calibrate tips € Calibrate MC-100 artifack (% Defaultmode  Mumber of levels: 3
+ Calibrate the unit " User defined Start Angle: IU—
" Qualification check
" Home the unit € Calibrate ScanRDY End Angle: %0
—Wrist calibration
Start: End: Increment: I~ shank qual Mumber shank hits: 4
As | -120 120 20
I I I Shank offset: 5.001
B: | -130 | 179.9 |20
c: [-180 [175.3 [-0.000000 Parameter sets
: Save
" Create new map /el Name: _I
View lete May
{+ Replace dosest map = I ARMI_1_MAP LI Delete

I™ Tool mounted on rotary able I™ Reset bips ko Theo at start of calibration
List of available tools: r~Tips to use if none explidtly selected
= ISPHEREI SPHERE 0,-1,0 15.875 0 ;I & all € ahort execution
add Todl... Delete Tool EditTool.. | | 7 Usedinprogram

—
i Measure Cancel |
4 L3 O Cancel |
g
TD OF WERSTRENT FoT
PN=AUTO_ UPDATE DHG= SN= e
TOTAL § OF MEAS =0 § OUT OF TOL =0 § OF HOURS =00:00: PC-DMIS Arm 1

{11}

Mew set. ARM1_1_MAP
has been created

+ M cad View |.Laser Yiew |

X 0052 vy poo7  Z 0026 A0 B0 50D | [0 |




e
OEiIe Edit View Insert Operation Window Help

“|sTARTUP  ~||sTARTUP  ~|[ £ ARMZ_1 | ~|lzPLus  ~|fworkplane j|§EEI\.E @gorecelrEaAEGRRL AR
i P O vwd o= 06 & I|'b-“')r("|‘|§ﬁﬂgﬂ@ﬂ®:'I|§ii.»3d|..ﬂﬂl]l]ﬂ

! Probe Utilities CA\Users\Public\Documents\WAT\PC-DMIS\2011VARM2_1PRE Measure Probe [ =
|
Probe file: Measure. .. I Delete | Number of hits: I 5 " Manual
ARMZ_1 - ) .
| _| — | Add . | Prehit / Retract: |1o " DCC
Active tip list: | | N | Move speed (%): | 100  Man+DCC
= = Tolerances. .. Results,
| T1A-B0B-20 BALL -150.961, .
T1AB0B40 BALL-203.714,2 4 Touch speed (%): B PlocEaes
‘ T1A-80B-40 BALL 203,714,233, Setup... | Mark Used |
T1AB0B-40BALL 81,146 . | T | i Type of operation Calibration mode
| T1A-80B40BALL 81,146 TS =  Calibrate tips € Calibrate NC-L00 artfact & Defautmode  Humber of levels: 3
| . File Format. .. @ calibrate the unit " User defined Shart Angle: I—O
. Reset To " Qualification check
: eset Tips .
204.324,233.071,- " Home the unit  Calibrate ScanRDY End Angle: 20
e D I” Use partial calbration
-
: ¥ Use wrist map if available r~Wrist calibration
¥ Lise TRAX ralibration EEE R CEENEE I™ Shank qual Number shank hits: 4
. A: |-120 120 0
Probe description: ™ User defined calibration order I I I Shank offset: 5.001
[ | 8 180 [170 [0
PRIMA_TO_WRIST_FLANGE_FIVE_14mm c: [-180 | 179.9 | -0.000000 ~Parameter sets
Connect:CW43L_Multiwire Name: Save |
Joint:b cw43 angle " Create new map View | Delete :
Joint:a cw43 angle =0 laps | ARM2_1_MAP - Delete
Connect:CW43L_DEACONN_MW ¥ Repiace dosest map | =l

Connect:PROBEPHSAD
Connect:CONVERT 30MM_TO_MSTHR

Connect:PROBETFG I™ Tool mounted on rokary table ™ Reset tps to Theo at start of calibration
Connect: COMVERT_TO_M2ZTHRD
Tip #1.TIP4BY20MM List of available tools: ~Tips to use if none explidty selected
ISPHEREZ SPHERE 0,1,0 15.875 O =l | & € Abort execution
Add Tool... Delete Tocl EdtTool.. || © Usedinprogram

—
i Measure | Cancel
d E 3 o Cancel
k T
- END OF MEASUREMENT FOR
FN=AUTO_UPDATE DHE= SH=
TOTAL # OF MEAS =0 § OUT OF TOL =0 § OF HOURS =00:00:00
PC-DMIS Arm 2
New set ARM2_1_MAP
has been created
4 n r M cad View |. Laser View |

X 285963 Y [2928116 Z [15488 A [0 B L0004 D | [0 MM |Line: 19, Col: 029

o |I. I%Ijk |



JEHE Edit View Insert Operation Window Help

“|STARTUP  ~||sTARTUP  ~|[# ARM1_3

|

~||zPLus  ~|fworkplane

J/PeRENE

gorecelrEmAEORRL AR Y

AT A XK S 1Y

Em:maacc s A6®

E Probe Utilities C:\Users\Public\Documents\WAD\PC-DMIS\2011VARM1_3.PRB

8080 @n |

X X YA Y J-B-0 NN,

Measure Probe

L=

Probe file:
| ARM1_3

El

Active tip list:

112,-395 8

1B-40BALL 190.659,-2

0B40BALL 190,559,

1640 BALL-313.225

0B-40 BALL -31:

JB-G0BALL 299. 442,

0BSOBALL 299.442,
50 BALL-3

|
‘ T1A-80B20BALL 58.881, -
|

BALL 372.107,
BALL -399.891,-;

112,-19

=

13

Probe description:

| =l

PRIMA_TO_WRIST_FLANGE_FIVE_14mm
Connect: CW43L_Multiwire
Joint:b cw43l angle
Joint:a cw43l angle
Connect: CW43LWRIST_332_MW
Connect:PROBETPG
Connect: CONVERT_TCO_MZTHRD
Tip # LTIP4EY 20MM

[ weaswe.. | Dekte |
Edt.. |  Addangles... |
Tolerances.. | Resis.. |
s | Markused |
Prtlist.. |  GobalUsed |

File Format. .,
Reset Tips

I™ Use partial calbration

¥ Use wrist map if available

¥ Use TR calibration

[ User defined calibration order

 f————
oK Cancel

Murmber of hits:

e

Prehit [ Retract: I 10
Move speed (%%): I 100

Touch speed (%)

—

Type of operation
" Calibrate tips
* Calibrate the unit
" Qualification chedk
" Home the unit

 Calibrate NC-100 artifact

 Calibrate ScanRDy

= Manual
 pcc
 Man+DCC
¥ pCc+DCc

Calbration mode
* Defaultmode

" User defined

Mumber of levels:
Stark Angle:

End Angle:

—Wrist calibration

Start: End: Increment:
Az [-120 | 120 |20
% o oMisAm:

MNew set: ARM1_3 MAP
has been created

™ Shank qual Mumber shank hits:

3

1]

a0
|4—
Shank offset:

5.001

Save |
LI Delete |

~Parameter sets
MName:

| ARM1_3_MAP

x|

ISPHEREI SPHERE 0,-1,0 15.875 0

=

Add Todl... Delets Tool EdtTool... |

I™ Reset tps to Theo at start of calibration
~Tips to use if none explidty selected

o Al

€ Used in program

 Abort execution

' Jor_wovep=nc,

Measure | Cancel

SHOW_SUMMRRY=NC, OVERWRITE_RESULTSFILE=NC
AUTOCALIBRATE/PROBE, DPRRAMETER SET=ARMZ 1 MRE, QUATTOOL MOVED=NC,
SHOW_SUMMRRY=NC, COVERWRITE_RESULTSFILE=NC
MOVE/SYNC
LOADDROBE/REM1 3
TIP/T1R0BO, SHANEIJE=0, -1
LOADPROBE/ROMZ 2
TIP/T1R0BO, SHRNEIJE=0, 1
AUTOCRLIBRATE/FPRCBE,
SHOW SUMMRRY=NC,
AUTOCRLIBRRTE/PROBE,
SHOW_SUMMRRY=NC,

, 0, ANGLE=0

, 0, ANGLE=180

OVERWRITE RESULTSFILE=NC

OVERWRITE_RESULTSFILE=NC
MOVE/SYNC
END OF MEASUREMENT FOR
DWE= BN=
& OUT OF TOL =0 ¢ OF HOURS =00:00:00

DN=RAUTO_MRDS
TOTAL # OF MERS =0

PARAMETER SET=ALL-TIPS-WITH-DEFRULTS, QUALTOOL MOVED=NC,

PRREMETER SET=ALL-TIPS-WITH-DEFRULTS, QUALTOCOL MOVED=NC,

-

B Cad View | Laser view |

X [0.053

Y |0.008

Z 0026 Al B0 5D [0 [0 MM |Line: 35, Col: 029
i W __ 7

<=1 o



PC-DMIS CAD++ 20

e e e
-~ = =

JEHE Edit View Insert Operation Window Help

[sTARTUP  ~||sTARTUP ~|[# ARNM2 3 | ~||zPLus  ~|fworkplane j|§ PER EEE S8 Cce A @dPaiibrs
PovwilewseeeFEECRARNC S| ACM@NORL M | pimrsssoDONOR
Probe Utilities C:\Users\Public\Documents\WADPC-DMIS\2011'ARM2_3.PRB Measure Probe | P9 ‘

Probe file: IMeasure. .. I Delete

Murmber of hits: I 5  Manual
ARM2_3 -~

Prehit / Retract: | 10 i pCC

Edit... | Add Angles. .. |
Active tip list: Move speed (%6): I 100 ' Man+DCC
Tolerances... | Results... |
Touch speed (%): | 5 % DCC+DCC
Setup.., | Mark Used |
~Type of operation Calibration mode
Print List... | Global Used |

" Calibrate tips € Calibrate ME-100 arkifact % Defaultmode  Mumber of levels:

3
File Format. .. & Calibrate the unit " User defined e IU—
Te=T " Qualification check
set Tips. ;
" Home the unit  Calibrate ScanRDY End Angle: 50
4

I” Use partial calbration

¥ Use wrist map if available r~ Wrist calibration
¥ Use TR calibration Bl Enik L I Shank qual Mumber shark hits:
EbE s ™ User defined calibration order CE I—].Zﬂ I 120 I20
- Shank offset: 5.001
I LI B:

PC-DMIS Arm 2 (S J

PRIMA_TO_WRIST_FLANGE_FIVE_14mm
Connect: CW43L_Multiwire
Joint:b cw43l angle
Joint:a cw43l angle
Connect: CW43LWRIST_332_MwW
Connect:PROBETPG
Connect:COMVERT_TO_MZTHRD
Tip # LTIP4EY 20MM

~Parameter sets

MName: Save |
[aRM2_2 Map ~|  Delete |

™ Reset tips to Theo at start of calibration

MNew set: ARM2_3_MAP
has been created

List of available tools: ~Tips to use if none explidty selected

|sPHEREZ SPHERE 0,1,0 15875 0 | & © Abort exection

Add Todl... Delets Tool EdtTool.. || © Usedinprogram

—
Measure | Cancel
1 r [o]'s Cancel

h
IkL_I{OV'E D=HNC,

1. SHOW_SUMMARY=NG, OVERWRITE RESULTSFILE=NG
I AUTOCALIBRATE/DROBE, DRARAMETER SET=ARMZ 1 MAE, QUALTOOL MOVED=NC,
| SHOW_SUMMARY=NC, OVERWRITE RESULTSFILE=NC

- MOVE/ SYNC

| LOADDROBE/ARML 3
| TIP/TLAOB0, SHANKIJE=0, -1, 0, ANGLE=0
I LOADDROBE/ADMZ_3
e i TIP/T1AOB0, SHANKIJK=0, 1, 0, ANGLE=180
| I AUTOCALIBRATE/PROBE, PARARMETER SET=ALL-TIPS-WITH-DEFAULTS, QUALTOOL MOVED=NC,
SHOW_SUMMARY=NGC, OVERWRITE RESULTSFILE=NG
AUTOCRLIBRATE/PROBE, PRRARMETER SET=ALL-TIP5-WITH-DEFAULTS, QUALTOOL MOVED=NG,
SHOW_SUMMARY=NG, OVERWRITE_RESULTSFILE=NG
- MOVE/SYNC
END OF MEASUREMENT FOR
PN=AUTO_MADS DHE= SN=
TOTAL # OF MEAS =0 § OUT OF TOL =0 § OF HOURS =00:00:00 L3
-
< . ] (3 ¥ cad View |. Laser Yiew |

A D B -0.004

X 285962 Y [2028.116 Z [15.488




18)

Then a program will be built for making automatically the Maps, defined with the Sets of parameters.

The program is: AUTO_MAPS.PRG and it contains the commands of AUTOCALIBRATE.

To watch out, if it was necessary, to insert some safety movements (for every arm) after the end of every map.
These movements avoid the collision of the probes with the spheres of calibration and therefore

they allow with safety the following LOADPROBE toward the Tool Changer.

JE“E Edit View ln.;.er‘t Operation ‘

| |sTaRTUP  ~|[sTARTUP  ~[ # ARM2_3 _~|[T1a080 ~|[zrLus ~|[workplane j| PEE ERE @ ¢+CL /A=@K AR

(V)oveiews@ss OEN YRAAOC|E| IOBDOIFDLEN Siosr0sss00NUMND|B40|
HEWW | S0 6 K| 4K |

@ g
s | Calibrate Probe &
DATE=3 /1 C:{hbsate e d WM o ; Qualification tool has moved ————————
EART K; E : & i
REV glification tool has moved ————— 3
ey Q(‘j o i  Yes (Manual hit for location)
STATS ’ " Yes (DEC hits for location
" Yes {Manual hit for location) e )
S=TARTUE " Yes {DCC hits for location) [~ Show summary I
) [~ Querwrite results logfile |
| ™ Show summary i : | Calibrate Probe
: Parameter set:
™ Qverwrite results logfile l—_l
ARM2_1_MAP - -
P -t Qumﬁahon tool has moved
: i
o - o] =
: ., #MOM, TOL, M i " “es (Manual hit for location)
e || o e || o | ves ccris riotn)
| -0000115, p€Te. i = s s - (]
i | |
nsor o ]
L Axls n 1538, ¥ 20.263, ZA0ris Temp=20.057,Part Temp=20.163 |g| I™" show summary
— MOVE/ e o [ Qverwrite results logfile
TEM JORIGIN=0,0,0, Material Coeff=g#0000115, Reference Temp=20 parameter set:
,Hi Fhreshold=40,Lc Threshold=10,#nsor num3 : I
,X Afis Temp=,Y Exis Temp=,Z s Temp=, Part Temp=13 357 ARM1_3_MAP vl
— MOVE/SENC
e i [ ]_onm |
| e s, 4, ma-o TO insert MOVES here... ..
LOADEYOBE/RRMZ 1 ] = 7
HANKI , 1, 0, aN
AUTOCALIBRATE/PROPY, PARAMETE] TARM1_1 MAF, QUALTOOL_MOVED=NC Calibrate Probe
g . OVERWRITE RESULTSFILE=NC
AUTOCALIBRA: ROBZ = 20T
I o —— - Qualification tool has moved
— MOVE/S¥NC Probe f £ figh
LOADPROBE/REM1 3
I TIE/T1A0BO, SHANKIJE=0, -1, 0 i € Yes (Manual hit for locatior)
LDRDPRDBE/AEM( 3 ™ Yes (DCC hits for location)
ANEZ#®Z0, 1, 0, ANGLE=130 | i
FROBE, PARRMETER_SET-ARM1_3_MAF, QUALTOOL_MOVED=NG, I~ Show summary
SHOW_SUMMARY=NC, OVERWRITE_RESULTSFILE=NC - )
----- ARAMETER SET=ARMZ 3 MAF, QUALTOCL MOVED=NG, I™ ouerwrite results logfile
SHOW_SUMMARY=NC, OVERWH = LE=NC Parameter set:
_— MOVE/ S¥NC| I
END OF MEASUREMENT FOR IARMZ_E_MAP =l
EN-AUTO_MAES Die= i
TOTRL # OF MEARS =0 §# OUT OF TOL =0 # OF HOURS =00:00:00 4 E Cancel
A =
r 8 Cad View | ™ paservi
X 206574 v 2335517 Z 15816 A i NM |L|ne 43, Col- 022

=t 4t

Is also possible, in alternative, to create the Set of parameters with the option: "Create New Map."
In this case, before performing the program AUTO_MAPS, to cancel completely the existing maps.
For this operation to use the command: "View/Delete Maps... "

19)

Now is possible to build the program AUTO_UPDATE.PRG that will contain the commands of AUTOCALIBRATE

for all the probes used by the machine. For every probe it needs therefore to create a Set of parameters with

the option: "Calibrate Tips". We can effect the UPDATE of all the probes using a number of angular positions

not inferior to 9, as illustrated in the example. This distribution and’ sufficiently precise.

([0,0] [90,90] [90,-90] [-90,0] [90,0] [45,45] [45,-45] [-45,-45] [-45,45]).

A greater number of anglings could be 17. Obviously it increases the precision, but it lengthens the time of execution
of the update. ([0,0] [90,0] [90,-45] [90,-90] [90,-135] [90,45] [90,90] [90,135] [-90,0]

[45,-20] [45,-65] [45,-110] [45,-155] [45,25] [45,70] [45,115] [45,160])



The 2 following figures, is the example of the definition of the 9 anglings (Add Angles...)
and the creation of the Set of parameters for the shortest probes. These operations also owe to be effected
for the other Probes and for both the arms.

R

Probe file: Measure | Delete |
[t = sit. | rddseges.. | ||IZPUS <[Workolane j|z EEl ENE @@ ceraAE@vRar dibEe
Active tip list: R .
i, || v (B OOB@OD L[| bbmssslasDOnON
T1ADBO BALL-79.596,-418.543,0.1530,-1 & | |1
Measure Probe L E |
Setup... | Mark Used |
Print List... | Global Used | Number of hits: 5 € Manual
Prehit / Retract: 10 ™ bcc
File: Format. .. | refit /
Move speed (%): 100 € Man+DCC
Reset Tips
4| Touch speed (%): 5 % DCC+DCC
[~ Use partial calibration
8 y ~Type of operation Calibration mode
v
. D ¥ Use wrist map if available ) ) p i 3
7 Lise TRAX calibration ¢ Calibrate tips 7 Calibrate NC-100 artiFact * Defaultmede  Mumber of levels:
Probe description: W e ¢ Calibrate the unit " User defined Start Anle: I—U
| | ¢ Qualification check
PRIMA_TO_WRIST_FLANGE_FIVE_14mm £~ Home the unit € Calibrate ScanRDY End Angle: IgU
Connect:CW43L_Multiwire
Joln_t:l? w43l angle \rist calibration
Joint:a cw43 angle
Connect:CW43L_DEACONN_MW Start: End: Increment: I~ Shank qual Number shark hits: | 4
Connect:PROBEPHSAD A: [-30 |20 |30
Connect:CONVERT30MM_TO_M3THR Shank offset: I 5.001
Connect:PROBETPS B: | -180 | 1798 | &0
G H:CONVERT_TO_MZTHRD
%:niclmp%vmm - c: [-180 [17s.5 [-0.000000 Parameter sets
z Save
€ Create new map Dl Name: _I
View [ Delete Maps... |
& Replace closest map 2 I j Delete
G
s : 3 3 *
‘ Add New Angles g ‘% : s
| [ el ande e Hem anoles st BBl B3RreR98RY _ogpoggpp 8288388 RE
; fewE |45 :gggg?goooo A_11Dmmmmmmmmmmmmmmmmmmﬁ\mmmmmmmmmmmmmmmmmm
. ! ' T
MOy B angle: [4s A-S0.080.0 A-100) |
Lo A90.080.0 A-90 n
TIE A45.0 B45.0 AB0
LORE,! A45.0 B-45.0 A-70
TIEY | Add Angle A-45.0B-45.0 A-60
A-45.0B45.0
y-2uT0_§) A-50
rotaz. ¢ odll Equally spaced angles dats A-40 | |
Starting A: | A-30
: A-20
Ending A: I A-10D
Increment in A: I A0 u
A10
Starting B: I A20
Ending B: | ﬁg
Increment in B: I Clear A50 | |
A-105.0 6-180.0 AE0
ATO
AB0
A% x . .
- = | — x| a0 H H H
] T I
Add Angles Cancel | A110

ine: 26, Col: 029



Probe file: Measure... | Delete |
[arm1_1 = e | ddnges. | [zPLus ™ ~][workplane j| Pl EENE e®CcCetraAm@Pat Al
Active tip list: -~
Tolerances. ., | Results... | L |‘ ﬁ @ g ﬂ @ ﬂ @ -’i ]
T1A45B45 BALL-169.069,-353.099,55.93 Measure Probe
T1A-458-45 BALL-169.069,-353.099,-55.9 Setup... | Mark Used |
T1A45B-45BALL 55.931,-353.099,169.069
T1A-45B45BALL 55.931,-353.099,-169.0 Print List... | Glabal Used | Number of hits: |5

T1A90B90 BALL-225,-194,-80 -1,0,0 3.9¢ ) .
T1AS0B-30BALL 225,-194,30 1,0,0 3. Ele Format... | Prehit / Retract: [0

T1A-90B90BALL 225,-194,-80 1,0,0 3. Move speed (%6): 100
T1A-90B-50 BALL -225,-194 3.3 ResetTips |
| Touch speed (%): I 5

I™ Use partial calibration

W Use wrist map if avaiiable | Type of operation Calibration mode
4 3 . . g § & 3 I 3
7 Lise TRA calibration i Calibrate tips € Calibrate NC-100 artifack *+ Defaultmode  Mumber of |zwels:
Probe description: I~ User defined calbration order ™ Calibrate the unit " User defined Start fngle I—U
| |  Qualification check
PRIMA_TO_WRIST_FLANGE_FIVE_14mm © Home the unit € Calibrate ScanRDY ) e E
Connect:CW43L_Multiwire
Joint:b cw43l angle —\irist calibration
Joint:a ow43l angle
Connect:CYW43L_DEACONN_MW Start: End: Increment: ™ shank qual Number shank hits: |4
Connect:PROBEPHEAD Az [-30 0 |20
Connect:CONVERT30MM_TO_M&THR shank offset: | 5.001
Connect:PROBETPS B |-
Connect:CONVERT_TO_MZTHRD
Tip #1:TIP4BY20MM C: — Parameter sets
= ==
i Existing set ARM1_1_UPDATE ame
has been updated IARMl_l_UPDATE ~| Delete

I™ Reset tips to Then at start of calibration
i~ Tips to use if none explicty selected

—_—
4 III 3 oK Cancel |

TEWECONE/ORIGIN=0, 0,0, Material Coefr=0 0000115, Reza| |5pHERE1 SPHERE 0,-1,0 15.875 O =l | & € abort exacution
 Hi Threshold=40,Lo Threshold=10,Sensor num=3
¥ Bxis Temp=,Y Bwis Temp=,Z Axis Temp=, Part Temp Add Todl... Delet Tool Edit Toal... | € Usedin program
MOVE/S¥NC
I LORDPROBE/ARML_1 Measure | Cancel
TID/T1R0BO, SHANKIJE=0, -1, 0, ANGLE=0
| LORDPROBE/ARMZ_1
i TIP/T1R0BO, SHANKIJE=0, 1, 0, ANGLE=130
END OF MZASUREMENT FOR
EN=AUTC_UBDATE DHE= SH=
TOTAL # OF MEAS =0 $ OUT OF TOL =0 & OF HOURS =00:00:00
] [ " v ¥ Cad View |. Laser View |

X [79649 v 418552 zZ 0179 A B0 SD D [o MM |Line: 26, Col: 029
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Then a program will be built for making the automatizzazione of the UPDATE of all the probes.

The program is: AUTO_UPDATE.PRG and it contains the commands of AUTOCALIBRATE.

Also in this program to watch out to insert some safety movements (for every arm) after the end of every UPDATE.

Calibrate Probe i

ENE OO +rCel/rEAm@PRUAIERS
EO0ES0L@N SspA 0 zs0000RMND|D 49

Qualification tool has moved
& o

~ Yee (Manual hit for location)
" Yes (DCC hits for location)

Calibrate Probe

Qualification tool has moved
i Hg
" Yes (Manual hit for location)
" Yes (DCC hits for location)

I~ show summary
I overwrite results logfile

Parameter set:

IARM]LLUPDATE hd I
o] _cot ||

Calibrate Probe

[~ show summary
[~ Overwrite results logfile

Qualification tool has moved

Parameter set:

ARMZ_1 UPDATE Vl

" Yes (Manual hit for location)
" Yes (DCC hits for location)

I show summary

™ overwrite results logfile

CHECK/10, 1
MOVESEEED/ 100
TOUCHSEEED/ 5
FORMAT/TEXT, OPTIONS, ,HEADINGS, SYMBOLS, ;NOM,TOL,MERS, DEV,OUTTOL,
MOVE/SYNC
TEMECOME/ORIGIN=0,0,0, Material Coeff=0.0000115, Reference Temp=z0
 Hi Threshold=40,Lo Threshold=10,Senscr num=3
X Bxis Temp=19.735,Y Axis Temp=20.258,Z Axis Temp=13.381,Part Temp=
MOVE/SYNC
TEMBCOME/ORIGIN=0,0,0, Material Coeff=0.0000115, Reference Temp=20
,Hi Threshold=40,Lo Threshold=10,Sensor num=3
,X Bwis Temp=,Y Bwis Temp=,Z Anxis Temp=,Dart Temp=19.504
MOVE/SYNC
LOADPROBE/ZEML 1
TIB/T1Z0B0, SHANKIJE=0, -1, 0, ANGLE=0
LOARDFROBE/ERMZ_1
TID/T1Z0B0, SHANKIJE=0, 1, 0, ANGLE=180
AUTOCALIBRATE/PROBE, BARAEMETER SET=ARM1_1_UFDATE, QUALTOOL_MOVED=NG,
SHOW_SUMMARY=NC, OVERWRITE RESULTSFILE=NC
AUTCCALIBRATE/PROBE, PARAMETER SET=ARM2_ 1 UPDATE, QUALTOCL_MOVED=NC,
SHOW_SUMMRRY=NG, OVERWRITE RESULTSFILE=NC
MOVE/SYNC -
LORDPROBE/REM1 Z
TID/T1R0B0, SHANKIJE=0, -1, 0, ANGLE=0
LORDEROBE/REMZ_2
TIP/T1R0B0, SHANKIJE=0, 1, 0, ANGLE=180
AUTOCALIBRATE/PROBE, DARAMETER SET=ADM1 2 UPDATE, QUALTOOL MOVED=NC,
SHOW_SUMMARY=NG, OVERWRITE_RESULTSFILE=NC -
AUTOCALIBRATE/PROBE, DARAMETER SET=ADM2Z 2 UPDATE, QUALTOOL MOVED=NC,
SHOW_SUMMARY=NC, OVERWRITE_RESULTSFILE=NC
MOVE/SYNC .
LOADPROBE/ARML 3 ™
TIB/T1R0B0, SHANKIJE=0, -1, 0, ANGLE=0
LORDPROBE/ZEMZ_3
TIB/T120B0, SHANKIJE=0, 1, 0, ANGLE=180
AUTOCALIBRATE/PROBE, PARRMETER SET=RBEM1_3_UPDATE, QUALTOOL MOVED=NC,
SHOW_SUMMARY=NC, OVERWRITE RESULTSFILE=NC
AUTOCRLIBRATE/PROBE, BAREMETER SET=ARMZ_3_UFDATE, QUALTOOL_MOVED=NG,
SHOW_SUMMARY=NC, OVERWRITE RESULTSFILE=NC
END OF MEASUREMENT FOR
PN=AUTO_UPFDATE DHE= SN=
TOTAL ¢ OF MEAS =0 # OUT OF TOL =0 £ OF HOURS =00:00:00 L4

Parameter set:

IARMI_Z_UPDATE -

Calibrate Probe

Qualification tool has moved

" Yes (Manual hit for location)
" Yes (DCC hits for location)

[~ Show summary
[~ overwrite results logfile

Parameter set:

ARM2_2_UPDATE
Calibrate Probe

m

Qualification tool has moved
oy

" Yes (Manual hit for location)
i~ Yes (DCC hits for location)

[ Show summary
[~ overwrite results logfile

Parameter set:

Calibrate Probe

Qualification tool has moved ———————— !
=

" Yes (Manual hit for location)
~ Yes (DCC hits for location)

I~ Show summary

™ averwrite results logfile

=

T ] r ¥ cad view |. Laser View |
X 206574 Y 2336517 Z 15916 A

Parameter set:

IAR.MZ_3_UPDATE -
I T
9]
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In the program AUTO_UPDATE.PRG is opportune the last command of AUTOCALIBATE that allows to perform the
procedure ARM-ARM

| File Edit View Insert Operation Window Help

|sTARTUP  ~|[sTARTUP  ~|[ # ARM2_1 ~|[T1s080 ~llzrLus ~||workplane =l | ‘PE0|
Povewd oo es e EE
| mmwm | sz x| 4K|

o@ctceraEAmoRaL ARE S
H*RAA9C|8 00808000 0N | sisrsssas0DONANDR 40|

| Edit Window - AUTO_UPDATE.PRG x
I ALIGNMENT /ENL 3
MODE/DCC

DREHIT/10
RETRACT/10
CHECK/10,1
MOVESEEED/ 100
TOUCHSPEED/ 5
FORMAT/TEXT, OPTICNS, ,HEADINGS,SY¥MBOLS, ;NOM,TOL,
MOVE/ SYNC
TEMDCOME/ORIGIN=0,0,0,Material Coeff=0.0000115,Re
,Hi Threshold=40,Lo Threshold=10,Sensor num=3
,X Buis Temp=19_.735,Y Axis Temp=20_258,Z Ruis
MOVE/S¥NC
TEMPCOME/ORIGIN=0,0,0,Material Coeff=0_000011§
,Hi Threshold=40,Lo Threshnld=10,Sensor nux

AutoCalibrate Multiple Arms

ﬂ:vst arm: Second arm: Read Position
[EE =] [omz o]
(" Both arms measure tool

™ First arm holds tool and second arm measures
#® | " second arm holds tool and first arm measures.

3 X center:
fl " Manual calibration

IO
X Bxis Temp=,Y Axis Temp=,Z Axis Temp=, Paft Temp
MOVE/S¥NC ¥ center: |°
LOADPROBE/REM1_1 ¥ DCC calibration
TID/T1R0BO0, SHANKIJE=0, -1, 0O, ANGLE=0 £ center: I0
LOADEROBE/AAMZ 1
TIP/T1R0B0, SHANKIJE=0, 1, 0, ANGLE=180 ~Information only
AUTOCALIBRATE/DROBE, PARAMETER SET=anM1f1 UPDATE, g \
SHOW_STMMERY=NG, OVERWRTfz_mzsurrsrrr| | (fredvalueor determined by part program content)
AUTCCALIBRATE/PROBE, PARRMETER SET=ARyz 1 UPDATE, @l | & orgnonly
SHOW_SUMMRRY=NGC, OVERWJITE RESULTSFIL{)
MOVE/S¥YNC Mumber of spheres to measure: 1
e First arm probe: Second arm probe:
TID/T1R0BO, SHRNKIJE=0, -1, 0, ANGLE=0
LORDPROBE/ARMZ_2 |ARM1_1 ﬂ |ﬂP-MZ_1 LI
TIP/T1R0B0, SHANKIJE=0, 1, 0, ANJLE=180 R 5 -
AUTOCALIBRATE/PROBE, PARAMETER JET=ARM1 2 UPDATE, gl
SHOW_SUMMARY=NC, JOVERWRITE_RESULTSFIL| |T1AUEU ;I ITIAUBU ;I
AUTOCALIBRATE/DROBE, PARAMETERSSET=ARMZ 2 UPDATE, g
SHOW_SMEARY=NCf OVERWRITE_RESULTSFIL ) ipie Took:

MOVE/S¥NC
LORDPROBE/RRM1 3
TID/T1ROBO, SHANKIJE=O,
LOADPROBE/RRMZ 3
TID/T1ROBO, SHANKIJE=O,

AUTOCALIBRATE/PROBE, DARJMETER SET=ARM1_3_UPDATE, I —
SHOW_ 5 =NC, OVERWRITE RESULTSFL —
AUTOCALIBRATE/PROBE, E & —

SHOW_

ISPHERES SPHERE 0,0,1 15.875 0

L

AddTool... | DeleteTool | EditTool.. |

MOVE/S¥NC

LORDPROBE/REM1 1
TIP/T1ROBO, SHANKIJ)
LORDPROBE/RRMZ 1
TID e k=, 1, 0, ANGLE=180

AUTOCALIBRATE/MULTIPLEARM, RRM THAT MEASURES=BOTH, CALIBRATION MODE=DCC,
T D=SDHEREZ, MEASURE AT CENTER=<0,0,0>

ARM 1=CMM1, ARM 2=CMMZ

PN=AUTO_UPDRTE DHG= SH=
TOTAL § OF MEAS =0 § OUT OF TOL =0 # OF HOURS =00:00:00

4 M 1 3 ™ Cad View |. Laser View |
% [205987 v 2508195 Z 15718 A

Blooos  sD o [0 MM Line: 57, Col




SOME CONSIDERATIONS.

The program AUTO_MAPS must be used every time that there is requires to repeat completely the calibration of the
machine.

The reconstruction of the Maps could be useful to resolve problems of various kind.

(Loss or Uncertainty of the Data, Thermal Compensation ON/OFF, reparation and substitution of the wrist, etc. etc.)

The program AUTO_UPDATE is able to be used more frequently, especially to update small variations environmental,
substitution of the TIP because has a crash or normal updating of the probes, after along period of use.

In the example here described, has used three types of probes.

Normally the machine is furnished of a least standard extension that is encoded with the name:
CW43L_DEACONN_MW

This extension is used for doing the verification of the geometric compensation of the machine and others
measurements.

The supply of additional equipment foresees three extensions however, fit for the measure of SHEET-METAL
or very great parts, where the accessibility to the Features it has to be good.

Then the association of the probes could become this:
Short Probe = CW43LWRIST_200_MW, Middle Probe = CW43LWRIST_332_MW, Long Probe = CW43LWRIST_573_MW.

¢ ‘!'{. .m ﬁ ' . Active tip list:
= - TIADBD BALL-78.764, 824.619,2, 1860,-1 __1O/rances. .

1 1
— _— | Results. .. |
Il Probe Utilities C:\Users\Public\DocumentsiWANPC-DMIS\2011\ARM1_1.PRB 1 T1A-45845BALL 259.149,-640.954,-371.02
E ] T1A45B-45BALL 262.093,-638.378,373. 22 Setup... | Mark Used |
e IZF‘LUS _~||workplane j| FENRH T1A-453-45 BALL -370.064,640.643,-258.
l robe e Measure. .. | Delete | ’_ — | | T1A45845 BALL-372.961,-637.793,361.1¢ Print List... | Global Used |
AosLL Bl & geBE0E0L@n | &l
I Edit... | Add Angles... | | - = File Format...
i Active tip list: i
T1AOBD BALL 79,506, 418.543,0, 1560, 1 __lorances... | Results... | Reset Tips
T1A45B45 BALL-169.069,-353.099,55.931 oot | Mork Used | .
T1A-45B-45 BALL -169.063,-353.099,-55.5 emp. .. ark Lise: Use partial calibration
T1A45B-45BALL 55.931,-353.099, 169,069 Probe Utilities C:\Users\Public\Dog 7
T1A-45B45BALL 55.931,-353.099,-169.065 Print List... | Global Used | f @ T v ¥ Use wrist map if available
T1AS0B90 BALL-225,-134,-80 -1,0,0 3.96 - ¥ Use TRAX calibration
T1AS0B-S0BALL 225,-194,80 1,0,0 3.981« File Format. .. | . Probe description: -
T1A-80B90BALL 225,-194,-80 1,0,0 3,981+ I » ARML 3 |cw431_WR15T —T 3 I™" User defined calibration order
T1A-50B-00 BALL-225,-194,80 -1,0,0 3.98 ResetTips | ! e 573
ve tp list: PRIMA_TO_WRIST_FLANGE_FIVE_14mm
™ Use partial calibration T1AOBO BALL-79.202,-591.349,-0.0 Connect:CW43L_Multiwire

T1A455-45BALL 142.431,-475.428, Jont:h ow43l angle

[ v ¥ Useuristmap if available T1A-45B45BALL 142.431,-475.428, —J"‘”t:ﬁ cwd3l angle
¥ Use TRAX calibration 18 CnnectC"T 573 MW
L ) onnect:
Brizieme I User defined calibration order TIASCESD BALL 358 ioa a ' Tip £ L:TIP4BY20MM
|cwasL_DEaCONN_Mw - ,-194,80 -1

T1A90B-90BALL 398,-194,80 1,0,0
|| | Ta-oss0BALL 338, 134,50 1,0,0 2|
T1A-908-30 BALL -338,-154,80 -1,0,

PRIMA_TO_WRIST_FLANGE_FIVE_14mm
Connect: CW43L_Multiwire

Joint:b cw43l angle

Joint:a cw43l angle
]
Connect:PROBEPHSAD 3 -
Connect: CONVERT30MM_TO_M&THR ]
Connect:PROBETPS
Connect: CONVERT_TO_MZTHRD
Tip #L:TIP4BY20MM

1

Probe file:

Probe description:
JowazwrisT_332_Mw

Active tip list:

T1AOBO BALL-73.889,-459.349
T1A45B845 BALL-189.569,
T1A-458-45 BALL -189. 569
T1A45B-45BALL 76.431,-382.09
T1A-45B45BALL 76.431,-382.08,
T1A90B90 BALL-266,-194,-80 -
T1A90B-S0BALL 266,-194,80 1,
T1A-S0B90BALL 265,-194,-80 16
T1A-50B-50 BALL -266,-194,80 -

PRIMA_TO_WRIST_FLANGE_FIVE_14mm
Connect:CW43L_Multiwire
Joint:b cw43l angle
Joint:a cw43l angle
Connect: CW43LWRIST 332 MW
Connect:PROBETPS
Connect:COMVERT_TO_MZTHRD
Tip #LiTIP4BY20MM

] 1 r oK (

4 T

Probe description:
CW43LWRIST_200_MW

PRIMA_TO_WRIST_FLANGE _FIVE 1< mim
Connect: CW43L_Multiwire
Joint:b cw43l angle
Joint:a cw43l angle
Connect:PROBETPS
Connect:CONVERT_TO_MZTHRD
Tip #LTIP4BY20MM

MM Line: 17, Col: 029
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FINAL NOTES:

A best accuracy would be had if the increment of the angles were of 20 degrees (or 15 degrees).
The range of angles A and B: (A = +/- 120, B = +/- 180). With the wrist CW43L_MULTIWIRE_170

But this involves very long time in the procedure of Calibration and Qualification.

Regularly however it is correct to use a StepGauge to make the Accuracy Check.

An automatism of the Qualification program and therefore the regular distribution of the points with
the same speed improves notably the precision of the measures.

We consider that the maps of the wrists can be made with different extensions and can be manifold.
The cycle of calibration could need the Thermal Compensation, If we are using the machine under
different conditions of temperature from when the machine had been calibrated by the technician.
Remember that the use of temperature compensation must be for all the steps described above.

It is important that the coefficient of expansion of the part (in this case is the Tool Sphere) is zero.



