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Manufacturing Engineering Laboratory

<SETUP>

Characterization of Machine Tools using XML

<ID>2434</1D> [may, Barsd Copte Mersvsd Beyi Tacf gy ¥ e

<MEASMODE>DY NAMIC</MEASMODE>
<PLANE> <X>X</X><Y>Y</Y></PLANE>
<ROTARYAXIS/>
<CENTER>
<AXISPOSITION><AXIS>X</AX|S><POSITION>400</POSITION></AXISPOSITION>|
<AXISPOSITION><AXIS>Y</AXIS><POSITION>350</POSITION></AXISPOSITION>|
<AXISPOSITION><AXIS>Z</AXIS><P OSITION>50</POS ITION></AXISPOS ITION>
O <ICENTER>
<TOOLVECTOR><X>0</X><Y>0</Y><Z>-100</Z></TOOLVECTOR>
<SPINDLENUMBER>1</SPINDLENUMBER>
<RADIUSMA CHINE>150</RADIUSMACHINE >
<RADIUSREFERENCE> 150</RA DIUSREFE RENCE>
<INCLINATION>0</INCLINATION>
<FEEDRATE>1500</FEEDRATE >
<OVERSHOOT>180</OVERSHOOT>
<TEMPMATERIALCOMP>YES</TEMPMATERIALCOMP>
<TEMPMATERIALSENSOR>
<LOCATION>Table</LOCATION>
<ITEMPMATERIALSENSOR>
<TEMPMATERIALCOEFFICIENT>11.5</TEMPMATERIALCOEFFICIENT>
<POINTMODE>R</POINTMODE:
<INTERPOLATION>LINEAR</INTERP OLATION>
<TARGETSTART>0</TARGETSTART>
<TARGETEND>360</TARGETEND>
<SAMPLERATE>25</SAMPLERATE >
<NCCIRCULARITY>0.5</NCCIRCULARITY >
<ALIGNMENTME THOD>KINEMATIC</ALIGNMENTME THOD>
<ISETUP>
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Goal

Standardized representation of machine tool performance
data that allows for efficient archiving and exchange of
machine information throughout its life-cycle

Provide information to ensure that the right machine tool

" " Analysi
(supplier) is used to manufacture a part ayElE
* +;—-
Internet _—?’ .
» Applications:
— E-commerce JEEE
— Resource allocation / virtual machining Query l I Data
— Maintenance / quality control ——
— Performance verification / comparison
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Virtual machining

* Qutput:

— Verification part program

— Time required to make the part
— Tolerances part

— Tool life
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Virtual machining
Cutting Bits

Design & Plan ﬁ Virtual Inspection
e - Courtesy
B The internet VulcanCraft/N-See
Performance data in a ﬁ B
standardized XML  <xmL> <XML>
format

S
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Virtual machining

— The machine environment

* Machine tool information:

— Data that applies to a machine model:

Classification, number of axes, workspace, feedrate, controller,
tool holder standard, coolant management, ....

— Data that applies to a specific machine:
Performance test data
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Machine tool information

AXxis configuration

AXis range, speeds, ...
Geometric Thermal

Errors Errors (e he e S Spindle speeds, torque, ..
L .. — Table size, loads, ...
HHHHHH Tool changer, coolant, ...
Machine Stiffness W =
Dynamics @
Spindle axis
of rotation

Footprint

Needs to be tested (periodically) “Catalog” data
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Performance tests

— Straightforward interchange of test data
— Communication and storage of all relevant information
— Facilitates development third-party tools for data analysis and archiving

’ PrOblem: Uncalibrated
— Many tests, instruments, and procedures Calibrated
Ballbar Calibrator
Circular disk nclined /\
Gridplate < _
Z Circular test . Not Inclined
Linear Axes Static
28 . G02/G03
Z Dynamic < Sl
1SO-230
\ 2 axis

3 or more
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Information standards

» Results and description performance tests
» Higher order performance test data

— Performance parameters (nominal, actual over time)

— Error model parameters (compensation, virtual machining)

}e

* How:
— Information model D
— Data format specification (XML) D EXPRESS
— SQL calls to generate database schema )
— Prototype web-site for data upload and analysis
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Information Model / Data Dictionary

Date ToolVector

Time Feedrate

Why SpindleNumber

MachinelD RadiusMachine

MachineStatus RadiusReference

Operator Overshoot

Standard :

Equipment [Dynamic, Static]

EquipmentTemperature

Setup

Rundata _

Result Dynamic

Comment TargetStart
TargetEnd
SampleRate
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Information model - XML

ime

Why
MachinelD
MachineStatus
Operator
Standard
Equipment
EquipmentTemperature
Setup
Rundata
Result
Comment
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<SETUP>

<ID>2434</ID>

<MEASMODE>DYNAMIC</MEASMODE>

<PLANE><X>X</X><Y>Y</Y></PLANE>

<ROTARYAXIS/>

<CENTER>
<AXISPOSITION><AXIS>X</AXIS><POSITION>400</POSITION></AXISPOSITION>
<AXISPOSITION><AXIS>Y </AXIS><POSITION>350</POSITION></AXISPOSITION>
<AXISPOSITION><AXIS>Z</AXIS><POSITION>50</POSITION></AXISPOSITION>

</CENTER>

<TOOLVECTOR><X>0</X><Y>0</Y><Z>-100</Z></TOOLVECTOR>

<SPINDLENUMBER>1</SPINDLENUMBER>

<RADIUSMACHINE>150</RADIUSMACHINE>

<RADIUSREFERENCE>150</RADIUSREFERENCE>

<INCLINATION>0</INCLINATION>

<FEEDRATE>1500</FEEDRATE>

<OVERSHOOT>180</OVERSHOOT>

<TEMPMATERIALCOMP>YES</TEMPMATERIALCOMP>

<TEMPMATERIALSENSOR>

<LOCATION>Table</LOCATION>

</ITEMPMATERIALSENSOR>

<TEMPMATERIALCOEFFICIENT>11.5</TEMPMATERIALCOEFFICIENT>

<POINTMODE>R</POINTMODE>

<INTERPOLATION>LINEAR</INTERPOLATION>

<TARGETSTART>0</TARGETSTART>

<TARGETEND>360</TARGETEND>

<SAMPLERATE>25</SAMPLERATE>

<NCCIRCULARITY>0.5</NCCIRCULARITY>

<ALIGNMENTMETHOD>KINEMATIC</ALIGNMENTMETHOD>

</SETUP>

XML




XML - Database

<| d>2434</ | d>
<Manuf act ur er >XYZ</ Manuf act ur er >
<Mbdel >ABC</ Model >

<Seri al Nunber >123</ Seri al Nunber > machinedef
<Locat i on>Shops</ Locati on> machi nedef _id | id manufacturer | nodel serial nunber [ location
</ Machi ne> 254 2434 XYZ ABC 123 Shops

<Condi ti ons>
<Conpensat i on>Yes</ Conpensati on>

<TenpEnvi ronnment >22. 5</ TenpEnvi r onment >
</ Condi ti ons>

conditionsdef

condi tionsdef _id conpensati on t enpenvi r onnent
255 yes 22.5
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Prototype repository web-site

Translators Server

(Perl)

Database
- Interface
N \1 > (Perl)
5| XML —
<~ XSL <~ [
SQL
(ODBC) Database
—>
< HTML| < Analysis | «<— ———
Software
> | (Matlab)

NH Mational Institute of Standards and Technelogy * Technology Administiration = LS. Depariment of Commerce



o
Eaacundy

#'T—ll

3 Tests match your criteria.

Please select the test(s) that you want to analyze
Select Machine Performance Test
[iect  Pilenams  Machine Date  Ogpersler  Plane Radius Pesdrate  Difecton
Test Class ‘:T "nnﬂ!":! Tesi Class ‘;Tf ":Iﬁh
DSAS9T03 iy Mackine11 (SM5M7T Hane Sasng XY 5040 3A500 CWECOW
Environmerial besis Accurscy rotary axes
D&1EET0 bk Mackine!? 041887 Hans Soons Y2 2800 40000 (O A COW
ETVE ™ . FosBoning and repaatnbity . ™
T T ~ - ey . = B D5156711.ribs Mackined1 DSH5G7 | Hans Saons (TX 7500 40000  CW & COW
Esgchical - . dixin of rotation . ™ [
: 3 & o o 1
Liskty a . ®  Epindle axis of rotation . . - A - B 4
Accuracy lmear axes Thermal jests haski | - B [es 5 iy ppied o vk 1he Wbisdaiee o ket -|
Postioning and ropeatnhity. @ . Spindia tharmal stabiliy 8 ™ : =l
Bl ae - - Spindie tharmal stabity - = Ly -Plane, Best Canter Removed, Best Radius Remowed
Angular amor motons . L Mowing mins a L
Srughiness ™ . Composite . ™ . bl L £
I Hans Soons L) »
Subsysiems repeatability ™ ®  Critical alignments & ™ e | B =
CHC performance besls . L Elr:rhiTmM L] @ pEnamy =] .
Multi-function cycle best . & Cutting tests . e [mmémin]: 3500 ; : ]
argth ] 2400 - Pl
2 Ta 5P lan [degl 0.0 ! 2 - g »
- Return To Machining Ceniers Page Sl e B o \
" ) Cvrnind Cuen ke gm | |
3 T rcularily fim): 0.6
Select Whieh Clrcular Test R:n"-ilﬂ'm Was Ulse Min Exror [pmi: 47 _|-
To Gather The Performance Data of the Machin ¥ax Emror fur: 4 !
Then Pick the '"NEXT" Button. RITO( Sat radhue ond: i
KenMsas [um]: 8B
~ APl Formai Y-offset ] 127
fyunaged Runs CUW z _
~ Heidenhain Format Avmraged Runs CCW: 2 —p——
# Renishaw Format Y¥Z-Plane, Bast Canter Removed, Best Radius Removead

- are#_"ll
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Example: Internal repository

Evaluation

Machine tool

builder

/ Machine tool

user

 Classification data (number of axes, etc.)

» Results and description performance tests

» Higher order performance test data
« Performance parameters (nominal, actual)
« Error model parameters Virtual Machining

NH National Institute of Standards and Technolegy * Technology Administration = U5 Department of Commerce



Project partners

Boeing
Seattle _—
Lion Precision

Renishaw

Heidenhain —;* '
TechSpex mé- >
___ll University Makino m
Caterpillar £ of ||linois
|

LLNL

—- Arizdna mﬂa AII| naIGE Aircraft » i R
Optodyne  State oelng Engines <= ,

Wichita

Raytheon/
Texas Instruments

|
Machine tool user
g Machine tool manufacturer

«w=mam.. Test equipment manufacturer ﬁ National Lab
;l Software manufacturer q- Universit
y
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respective XML format

— (e.g., positioning accuracy, geometric errors, compliance,
circular contouring, diagonal positioning, thermal errors,
spindle axis of rotation, critical alignments, etc.)

* [nformation model, database, and prototype web-
based repository

o Unification effort for classification data

« ASME B5-TC56 Committee “Information Technology
for Machine Tools” established with NIST leadership
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