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Metrology Interoperability "a.

PI’OJ eCt Team (MIPT) l‘ mbMMMANUFACTUHEHs

Consists of a broad base of global corporations and universities
collaborating to resolve metrology system interoperability issues.

Responsibilities Include:

*Development of a Standards Infrastructure

«Coordination of Standards Efforts, US and Europe
» |1++/DME = Any software runs any CMM

»European DMIS Users Group (EDUG)
*Management of (3) Work Groups

25/02/2005 Robert Waite 2
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The project team organized three work groups to resolve the
high priority interface issues.

> Inspection Program Portability
> Common Inspection Results Data Format

> CAD Data Flow to Machine Software

25/02/2005 Robert Waite 3
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Metrology Interoperability y ((
Project Team (MIPT) Id. .m

Yifan Chen Ron Schall Joe Shafer

AIAG
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Co-Chair: Glen Allan Ford
SPC Ad-Hoc: Richard Engel General Motors




@
Design and Planning Id. m:e:s ..

Product Definition

Process Definition
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Standards Infrastructure for
Dimensional Metrology and Machining Systems

DESIGN PLANNING EXECUTION ANALYSIS
T APzz24
Machining === == o s s > Compare actuals (in
feature & - AP219) with specified
't"ili’:hmma‘-’. ?_l'f':lmc i Apzbat >l values (in AP224) and
olerance AP224* | machining plan | AF2387, aching oo display (e.g., Northrup
=~ definition (c.g., [~ - generation (e.g., ==-»|__Machining i AP219 (:;rdmf'nfn';; STEP .
» L H Honeywell's Mastercam) i id:
Part geometry 4 A i Validator)
definition with : FBTol/FBMach) :
initial GD&T | _AP20, __i H
added (e.g., 2n 1 '
Catia,_ edition | Inspection - _“_:’ Reporting & 27 | Business
Unigraphics) : feature & Off-line i Onjlmel % .bd\na]_’.-;;:s_(c.g& € --- > CProv:‘:;cs:i
! inspection AP210%. | inspection plan mspection plan i EO¥ LS TR0
e tolerance LS generation (e.g., QQM‘I‘S> execution (e.g., | 2ML | SPC) (??)
definition (e.g., Tecnomatix” e M- chagqn 's A
Honeywell's Inspector) pcedmis) PP
FBTol/FBMeas) Y T+t R4
: DME Gauge data
h acquisition
CMM _(e.g.,
controller (e.g., WinWedge)
Renishaw's A
UucCcC1) i RS232
CMM (e.g., h 4
Zeiss' Contura, Gages |
LK's Integra)

*and AP238 features ' E

Tfeatures and working steps
*contains reference to part geometry 1/26/05 (Horst)
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Standards Infrastructure for
Dimensional Metrology and Machining Systems
PL G EXECUTION ANALYSIS

DESIGN

Part geometry
definition with

Machining \
feature &
machining
tolerance
definition (e.g.
Honeywell's
FBTol/FBMach)

Off-line
machining |)Ian‘

initial GD&T
added (e.g.,

Catia,
Unigraphics)

Inspection
feature &
inspection
tolerance
definition (e.g.,
Honeywell's
FBTol/FBMeas)

EEE T T ey

generation (e.g., Machining
Mastercam)
Off-line On-line

inspection plan
generation (e.g.,
Tecnomatix” eM-

Inspector)

inspection plan

execution (e.g.,
Hexagon's
peedmis)

........

*“and AP238 features
Tfeatures and working steps
*contains reference to part ge

ometry

A I+
i DME
h 4

CMM
controller (e.g.,
Renishaw's
ucCcCt)

CMM (e.g.,
Zeiss' Contura,
LK's Integra)

Compare actuals (in
AP219) with specified
values (in AP224) and

display (e.g., Northrup
Grumman's STEP
Validator)

Reporting &

Analysis (e.g.,

browsers and
SPC)

A
H 22

w

Gauge data
acquisition
(e.g.,
WinWedge)

A
: RS232
v

Gages

Business
Process
Control

(??)
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CAD Data Work Group ia.(@m::=..

Standard for the Exchange of Product Model Data (STEP)

eGeometry STEP 203
e Automotive Design STEP 214
eMachining Features STEP 224
Inspection Features STEP 219*
*NC Information STEP 238

*CD Ballot Review, tentative
completion summer of ‘06

Figure 1: STEP part (AP203) of the connecting rod from
DaimlerChrysler loaded into I-DEAS 8.2.

25/02/2005 Robert Waite
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Pro’s

*Reduces cost of data transfer
*Reduces cost of data repair

*Allows re-use of existing data
*Eliminates cost of custom translators

Con’s

«Complex

Long development times
sAcceptance by suppliers

Robert Waite 10
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Standards Infrastructure for
Dimensional Metrology and Machining Systems

DESIGN PLANNING EXECUTION ANALYSIS
e AP224
Machining  fF-==-="" - e e e > Compare actuals (in
fcatul_‘c_& - AP219) with specified
Itlullchmmg E.ﬂ'-_lmc : Ak > values (in AP224) and
olerance AP224* | machining plan 2381, e e lisplay (e.g., North
--»| definition (e.g., 2y generation (e.g.,|” 7777 > Machining AP219 | N(I;rz:?m{r;fn's é)';'Elt;'up
: y Honeywell's Mastercam) ali
Part geometry FBTol/FBMach) Validator)

definition with
initial GD&T AP.?%’,‘__

added (e.g.. 2n
Catia, edition Inspection Reporting & 29 Business
Unigraphics) feature & Off-line On-line === z:]mzll_\'sis (e.g[.j. € --- > groccssl
inspection + | inspection plan inspection plan - rowsers an ontro
el inlerance  FORRE gen[erﬂtiun [l;c.,t_r,., exccution (e.g., | DML | SPC) (??)
definition (e.g., Tecnomatix' eM- Hexagon's Y
Honeywell's Inspector) peedmis) i PP
FBTol/FBMeas) Erree— A 1+ w
: DME Gauge data
h 4 acquisition
CMM _(e.g.,
controller (e.g., WinWedge)
Renishaw's A
ucCcCa) ' RS232
CMM (e.g., h 4
Zeiss' Contura, Gages I
LK's Integra)

*and AP238 features ' E

Tfeatures and working steps
fcontains reference to part geomeiry 1/26/05 (Horst)
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Dimensional Measurement Interface Standard DMIS 5.0
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Describes a subset of Major / Minor Words and Parameters

Priority 1 Necessary to accurately/completely measure and report a typical powertrain component
Priority 2 Necessary to implement the off-line tool for production
Priority 3 "Nice to have" or not applicable to powertrain - future development
COMMAND PARAMETERS DEYELOPMENT PRIORITY
ACLRAT ACLRAT/var_1 2
var_1 MESACLvar_2 2
POSACL,var_2 2
ROTACL,var_3 2
var_2  MPMM,n 3
WWPSS,n 3
IPRAM, 3
IPSS,n 3
var_d4 2
var_3 RPMM,n 3
var_4 2
var_4 |PCENT,n 2
HIGH 3
LA 3
CEFALLT 3
ALGDEF VA(label)=ALGDEF/var_1 3
var_1 CODEn 3
‘name' var_2 3
var_2 parameter var_2 3
ASSIGN varname=ASSIGN, expr 2
BADTST BADTST/var_1 2
var_1 ©OnN 2
OFF 2
BOUND BOUND/ var_1 var_2 var_3 1
war_1  F(labell) 1
T(labell) 1
var_2? F{label3) 1
Falabeldy 1
25/0z

Application Profiles

»Specific to a domain:
dPower Train
Sheet Metal
L Aerospace

13

Initial Development by David Amstutz
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Pro’s
» Allows the customer to specify what areas of the DMIS
standard a supplier must conform to

» Allows suppliers to self-certify compliance to the DMIS
standard
»Provides a basis for interoperability testing

Con’s
» Acceptance by suppliers
» Acceptance by power train users

» Effectively a competitive machine language

Robert Waite 14
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Standards Infrastructure for
Dimensional Metrology and Machining Systems

DESIGN PLANNING EXECUTION ANALYSIS
= APs24
Machining === == T oo oo s s oo s m s e s s > Compare actuals (in
feature & - AP219) with specified
';“?]ll‘hmmﬂ ‘I_I)_ff-_]m‘-‘ . b »l values (in AP224) and
olerance AP2o4% | machining plan 2387, e jom lisplay (e.e.. North
i==»| definition (e.g., HEERL generation (e.g.,|” >| Machining 1 AP219 i H.Ljr‘:fm(,:',fnrs é]TEf»"p
A ; ! Honeywell's Mastercam) : i
Part geometry ' A i Validator)
definition with : FBTol/FBMach) ;
initial GD&T __4_!’_2_3,3_5 !
added (e.g.. 2n ' H
Catia, edition | Inspection i Reporting & 29 Business
Unigraphies) : feature & Off-line . On-line : [ - ﬁnal}'ﬁis‘fe-al-j. P (I;rm;cssl
! inspection APsig%. | inspection plan inspection plan £ EONESCE LM AR
--»|  tolerance iR generation (e.g., €215y execution (c.g., | DML | SPC) (??)
definition (e.g., Tecnomatix' eM- Hexago, A
Honeywell's Inspector) peedyfiis) E 2P
FBTol/FBMeas) === I+ W
! M Gauge data
h 4 acquisition
CcMM g (e.g.,
controller (e.g., WinWedge)
Renishaw's A
uCcCi1) ‘ RS232
CMM (e.g., h 4
Zeiss' Contura, Gages ]
LK's Integra)

*and AP238 features
Tfeatures and working steps
fcontains reference to part geometry 1/26/05 (Horst)



l++/DME Interface (@mm:=:=_.

< 1++/DME >
e

Inspection
Execution
Controller System

25/02/2005 Robert Waite 16
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Pro‘s

»Sensor and claibration technology remains on the server side.
»Well described
» Allows for integration of a common user interface

con's

»Requires two interfaces one for programming, one for calibration
of tools

»May not support all information required from the planning stage
»May not be accepted by suppliers

25/02/2005 Robert Waite 17
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Standards Infrastructure for
Dimensional Metrology and Machining Systems

DESIGN PLANNING EXECUTION ANALYSIS
e AP224
Machining === ====rmmmommm oo s oo oo s o oo oo s mm o s s o s o s s mm oo > Compare actuals (in
feature & - AP219) with specified
"‘l"illl?h'm“g E_ff—_lmc i ek >l values (in AP224) and
Dierance AP2oqg* | machining plan | AF23& 0, aching display (e.g., Northrup
--»| definition (e.g., poe2ad generation (e.g., >[ Machining (l}n[m{mfn's STEP .
Part geometry Honeywell's Mastercam) Validator)
definition with FBTol/FBMach)
initial GD&T | AP203
added (e.g., 2n
Catia, ¥ Inspection Reporting & 22 Business
Umnigraphics) feature & Off-line On-line Analysis (e.g., € ---> Process
inspection inspection plan inspection plan browsers and C“E,‘,',m]
tolerance generation (e.g., execution (e.g., SPC) (??)
definition (e.g., Tecnomatix' eM- Hexagon's A
Honevwell's Inspector) pesdmis) E 27
FBTol/FBMeas) A W
: DME Gauge data
h 4 acquisition
CMM (e.g.,
controller (e.g., WinWedge)
Renishaw's A
UucCcCi1) | RS232
CMM (e.g., ¥
Zeiss' Contura, Gages |

LK's Integra)

|
L1t
| —

*and AP238 features *

Tfeatures and working steps
*contains reference to part geometry 1/26/05 (Horst)
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» Describes all information required for analysis or re-analysis
of CMM coordinate data.

»Moves single file packages of inspection results

»Format is directly compatible with next generation web
technology

25/02/2005 Robert Waite 19
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Pro’s

» All data required for analysis or re-analysis of a

single inspection run
»Harmonized with STEP AP219 and DMIS
» Directly compatible with latest web technology

con’s

> Increased data file size

»Not efficient at hauling SPC data requirements

25/02/2005 Robert Waite 20



Ad-Hoc Committee y WERMTO
“SPC Data Hauling Requirements” 'a' m“’

Standards Infrastructure for
Dimensional Metrology and Machining Systems

DESIGN PLANNING EXECUTION ANALYSIS
e AP224
Machining  fF-==-="" - e e e > Compare actuals (in
f{:atur_‘c_& - AP219) with specified
Itlullchmmg E.H'-_Ime : Ak > values (in AP224) and
olerance APo25.4% | machining plan 2381, prrarEa S lisplay (e.g., North
--»| definition (e.g., "'""4'> generation (e.g.,|” """ 77 > Machining AP219 | NE::J}m{r;fn's g".l.'Elt;up
: y Honeywell's Mastercam) ali
Part geometry FBTol/FBMach) Validator)

definition with
initial GD&T AP.?%’,‘__

added (e.g.. 2n
Catia, edition Inspection 8 | Reporting & Business
Unigraphics) feature & Off-line _ On-line : - ?nﬂly!ﬂﬁ (1‘-2[-1. gl'm;cssl
inspection + | inspection plan inspection plan i rOESELS an ontro
--»| tolerance -4'{?59"> gen[cratiun [n;c.g.. <PMI3y| execution (e.g., | DML ﬁ;a (??)
definition (e.g., Tecnomatix' eM- ch‘dﬂﬂ_“ 's A
Honeywell's Inspector) peedmis) Y &4
FBTol/FBMeas) A .. H
i DME Gauge data
h 4 acquisition
CMM _(e.g.,
controller (e.g., WinWedge)
Renishaw's A
ucCcCa) ' RS232
CMM (e.g., ¥
Zeiss' Contura, Gages I
LK's Integra)

*and AP238 features ' E

Tfeatures and working steps
*contains reference to part geomeltry 1/26/05 (Horst)
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“SPC Data Hauling Requirements”
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“The value of speaking
In a common language.”
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Determine process
capability

Summarize quality
problems
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Correlate multiple
gage results

Investigate specific

data files

Graphical display of
feature data
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»Completion of I++/DME integrations and testing
»Publish Dimensional Markup Language
»Publish DMIS Application Profiles
»Consensus of an SPC industry standard
»Two standards demonstrations

s Quality Expo April, 2005

ssControl Show in Germany April, 2005

»Proof of concept test for CAD data standards

Robert Waite 25
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Ad-hoc committee collaborating on SPC data hauling
requirements

Community acceptance of one standard
*Determine user requirements
eHarmonization issues

Status

»AIAG ad-hoc committee formed Feb 15, 2005
Committee meeting March 2005
*Next meeting Is in mid May
QML, DML, ?

25/02/2005 Robert Waite 26
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Collaboration is enabled by standard practices..........

25/02/2005

»Users must agree to support a standards infrastructure
even if they do not intend to use a particular standard.

» The infrastructure must support a wide variety of different
processes for different corporations

» There must be objective testing and integration support

» There must be enforcement by purchase contracts to only
buy interoperable solutions

Robert Waite 27



Metrology Standards Demonstration

Quality Expo 2005
Chicago, lllinois USA
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smartcm
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Robert Waite
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