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CappsNC Smart Machining Process

1. Programming

CappsNC-PS : Offline Programming System

Create measurement programs offline
.~ including feedback commands using CappsNC-

_ PSin virtual environment
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Engineering Office:
Programming Systems

CAPPSN
OFFLINE

S D

System

All CappsNc program sent directly to
the shop floor machine computer or
control panel via DNC or any other
transfer protocol

> / CappsNC Implementation

Post processed NC program

Machine Shop
Advanced or Execution
Module

asurement projects

DMIS programs

Work Offsets - Tool Offset |
Feedback data

Measurement Reports: all
geometry, GD&T and graphical
reports, NC feedback data
created automatically at the end
of the process.

Measurement Results: real time

feedback from the machine.
Complete inspection reports
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CappsNC Offline Programming

CappsNC Programming System isusedto ... S —

. - File System Probe Measure DMmIS Alignment CNC GDT Report Template SPC Pointclouds Graphics View Help -
create measurement programs with GDT and = e = v 4opDoenresgn <ol
feedback commands for the machine tools. S — —

« Generate measurement programs from the CAD model using
virtual machine models.

» Graphically build probes and laser sensors.

» Complete metrology, GD&T and report programming.

» Automatic collision avoidance and 5 axis programming.
» Create coordinate system and work-offset feedback.

« Program measure-cut-measure strategy.

« Verify program for collision and generate simulated reports

» Postto NC G-Code program
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CappsNC Smart Machining Process

CappsNC-PS

Create measurement
programs offline including
feedback commands using
CappsNC-PS in virtual

¢ ENVironment

2. Probe Calibration

Calibrate Sensors

Automatic Calibrations to remove all probing
errors and adapting to other tools

©
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Probe Calibration
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Calibrate probe to eliminate all probe §§§§§§§§§§§§§§§§§§§§§§
errors and correlate data to other cutting % HEENEEEEEEEEEEEEEEEEEE

tools on the machine
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C - Angles

B - Angles

 Calculate probe electronic length
 Calculate probe effective radius

« Detect lobing errors for kinematic probes
 Auto detect probe run-out offsets

« Calculate errors due to head misalignment

 Create verification reports for quality of
calibrations
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CappsNC Smart Machining Process

° 3. Machine

CappsNC-PS in virtual
bt environment

———

Geometry
CappsNC-PS Check machine
Create measurement ~ Verify machine geometrical
programs offline including accuracy, head and table
feedback commands using . '
- alignments.

Calibrate Sensors

Automatic Calibrations to
remove all probing errors
and adapting to other tools

BAATED)

METROLOGY SOLUTIONS FOR SMART MANUFACTURING



Machine Geometry

« Verify machine tool geometry
to assure all measurements are
correct

» A master artifact such as
tetra-gage ball bar can be
used to quickly check
machine geometry

* Machine linear and
squareness errors are
measured and reported

« Machine head and table
errors are calculated and
monitored over time
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Machine Tool Geometry & Traceability

Metrology data generated by a machine tool is very important to Digital
Manufacturing and 14

This information must be reliable and traceable

Machine Tool Geometrical integrity must be monitored

Simple and effective methods can be developed by using standard gages
Machine geometry changes can be monitored and stored

Machine linear errors, squareness errors, table and spindle errors can be
calculated between the parts and monitored.

PAS verifications between the machine tools and CMM'’s provides the
confidence of the tools, software, and final products

Check Machine Prepare Setup Machining Generate measurement report Final Check of Machine

X B
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CappsNC Smart Machining Process

CappsNC-PS

Create measurement
programs offline including
feedback commands using
CappsNC-PS in virtual

Calibrate Sensors

Check machine

Verify machine geometrical
accuracy, head and table
alignments.

o

®
4. Part Setup

Pre-Process Measurement

Automatic Calibrations to Locate part in 6DOF. Update w
remove all probing errors . offsets. NCFIT cut programs fc

and adapting to other tools

rigid parts or when controller
handle 6DOF work offsets
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Part Setup

Applied Automation Technologies, Inc. - CAPPSNC - 60p2122001u008+b+mf+e+omv.mdl

Precise part setup for 6DOF

Probe Measure DMIS Alignment CNC GDT Report Template SPC Pointcouds Graphics View Help
L CAD 4, 55 ~ [ & Py
: m oy }» i P O gL B s o6 @ b @
Coor I n a e SyS e Recall  Save Setup Ro t te Translat M\rmr 3-2-1 CAD D 3B fetit res ca M del  Leap | Lock |Inv: App\yAIg r'ne nt
Align  MGP  Align Align Align Frog | Part A\g
VN N4ODEoRNPerk AL W IO 2a628LeIQRSEN OIS LETI

[m] X

a4t Graphics: 60p2122001u008+b+mf+e+omv.mdl

= Automatic upload of coordinate systems to work offsets W OC L 0 Q D s 8 C ®
for any work offsets as absolute, incremental and fine
updates.

= (G54.4,G68.2, Cycle800, TCP, Traori and any Euler
coordinate system configurations.

= Apply offsets to table offsets to physically bring part in
position with tool

= Re-Post NC programs into exact profile and locations of
non-rigid parts

METROLOGY SOLUTIONS FOR SMART MANUFACTURING



NCFIT NC Program Reposting

Process:

1) Measure part to detect exact position and shape
2) Re-post original NC program to adapt to current part
3) Use new cutting program

MNC-FIT (C) Applied Automation Technologies, Inc. x

Input File Name _
Qutput File Name |D \Dropbox_AAT_DOCS\CUSTOMERS\CAPPSNC_CUSTOMERS\GE |:|

AlignmentFile ID\CappSNC\Capp s\ProjectsiG E\Dernol Inchidernolinch dat D

Alignment Narme |T2 . B[ Sitzine i el el iFASI
Head Rotatio

Machine Type ® No Rotatio MaxwmumAg\
Afs” O Bt Hea dAgI o
ol 0O Only A

owru O Orly ¢

NCFIT
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CappsNC Smart Machining Process

)
1. Programming

- CappsNC-PS

3. Machine
Geometry

Check machine Initial cutting

Create measurement Verif hi :
; y machine geometrical . N .
. programs offline including accuracy, head and table Rough cutting and initial cutti

. feedback commands using alignments. bring part to desired shape
- CappsNC-PS in virtual f
enwronment

J—J—J—J—J—J—

2. Probe 4. Part Setup
Calibration

Calibrate Sensors Pre-Process Measurement
Automatic Calibrations to Locate part in 6DOF. Update
remove all probing errors work offsets. NCFlT.C.Ut

. and adapting to other tools ~ programs for non-rigid parts

® e or when controller can’t

handle 6DOF work offsets

RAATED)

METROLOGY SOLUTIONS FOR SMART MANUFACTURING



Machining

Part cutting may include rough
cutting and finish cutting to finish a
part at desired shape

« After part location is calculated and work
offset is updated, machining process can
start.

* Measure-Cut-Measure process can be created
directly from CappsNC or organized by the
CAM process

» Feature by feature machining can be used to
control each feature to be finished within its
tolerance

» Iterative machining leaves logical decision
making on CappsNC to decide if the feature is
completed

« Datum locations can be controlled and
updated between features to achieve a part

that confirms with multi-datum requirements ﬁ.ﬁ AATE]]
<>
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CappsNC Smart Machining Process

)
1. Programming

- CappsNC-PS

3. Machine
Geometry

Check machine

: Initial cutting
Create measurement
programs offline including
. feedback commands using
CappsNC-PS in virtual

J—J—J—J—J—]—

2. Probe 4. Part Setup B 6. Measurement
Calibration

Calibrate Sensors Pre-Process Measurement - In Process Measurement

Verify machine geometrical
accuracy, head and table
alignments.

Rough cutting and initial
cutting to bring part to
desired shape

ocate part in 6DOF. Update te mach'ne
) el NCE| Measure part to C3|CU|a |
remove all probing errors wor .

. . correction parameters for dynamic
. and adapting to other tools . programs for non-rigid parts P y
® e or when controller can’t o tool offsets and other feedback

handle 6DOF work offsets

Automatic Calibrations to
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In Process Measurement

Measure part to calculate part
errors and convert correction
parameters such as dynamic
tool offset

= Measure part to detect if finishing is
completed

= (Calculate dynamic tool offset corrections
and update controller for final finish

= Decide if features are completed within the
tolerance specs and iterate if needed

= Complete part to always within the
configured tolerances in automated cycle
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CappsNC Smart Machining Process

3 7. Machining

Finish Cutting

° o .
1 1. Programming
B Geometry

. CappsNC-PS .
PP Check machine Initial cutting . .
Cutting with updated parameters to
- Create measurement Verify machine geometrical

 programs offline including sccuracy, head and table Ro;gh CtUttki)n'g and i:ittial bring part. in perfe.ct cond@on. N
 feedback commands using  alignments. - cutting Oh ring part to Iterate this step with 6 until partis in
- CappsNC-PS in virtual desired shape - perfect condition.

enwronment

J—J—J—J—J—J—J—J—>

2. Probe 4. Part Setup
Calibration

In Process Measurement

Calibrate Sensors Pre-Process Measurement |

Automatic Calibrations to  Locate part in 6DOF. Update l\/Ieasgre part to-calculate

remove all probing errors work offsets. NCFIT cut machine correction .
 and adabtine to other tools . programs for non-rigid parts . parameters for dynamic tool
o pting 6 or when controller can’t o offsets and other feedback

handle 6DOF work offsets
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CAM Automation with Metrology

CUT-MEASURE-CUT-MEASURE

Rough Cut Dynamic
Measure Size —>  Tool Comp
Finish Cut - Dynamic
Measure to Check _ ) Tool Comp
Final Report
MESURE-CUT-MEASURE —
Measure —» Set Datum - Work offset
Finish Cut - Dynamic
Measure to Check ) Tool Comp
Final Report

CUT-MEASURE-CUT

Rough Cut
Measure ___, Update NC parameters
Finish Cut Repost G-Code

METROLOGY SOLUTIONS FOR SMART MANUFACTURING



> CAPPS[[®

CLOSED LOOP METROLOGY

PART SETUP
A

T

Work Offsets
Multiple datum

A :
T 100%

Manufacturing Quality
parameters

Closed loop smart machining with metrology feedback

Create metrology information on the machine with automated programming cycle

CAD based CMM software able to calculate advanced measurement results and able to make decisions
Calculated measurement data are converted into machining parameters and correction values
Machining process adjustments are made, and machining performed in efficient automatic loops

Parts are finished meeting dimensional specifications at lowest cost and minimum time with complete
measurement reports generated
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CappsNC Smart Machining Process

7. Machining

- CappsNC-PS ; . :

PP Check machine Initial cutting Finish Cutting

Create measu.rerr.]ent . Verify machine geometrical Rough cutting and initial Cutting with updated parameters
 programs offline including accuracy, head and table cutting to bring part to . to bring part in perfect condition.
 feedback commands using alignments.  decired chane . Iterate this step with 6 until part

)
1. Programming

3. Machine
Geometry

fect condition.
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2. Probe 4. Part Setup
Calibration

In Process Measurement

8. Final

Inspection

Calibrate Sensors Pre-Process Measurement
Ul : Post Process Measurement
Automatic Calibrations to Locate part in 6DOF. Update I\/Iea;ure part to calculate
machine correction - . .
remove all probing errors work offsets. NCFIT cut o dunamic oo | Finalinspection reports and
. and adapting to other tools . programs for non-rigid parts perameters for dynarm e oo - SPCdata generated for the
® e or when controller can’t o Offsetsand other feedback ® completed part
handle 6DOF work offsets P P
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¢S CAPPS[[# Final Inspection

Applied Automation Technologies, Inc. - CAPPSNCS - [Graphics: aat_test.mdl] - a8 x
File System CAD Probe Measure DMIS Alignment CNC GDT Report Template SPC Pointclouds Graphics View Help - &8 X
it ] z fr = c e
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Execute complete inspection A R TR T EEa e ey WY | CEFYFT | TXRETYELLETICLL
programs and create full AATOnEe
metrology and GDT reports |
directly on the machine.

1 2
Creates a template for the selected nominal(has nominal information only) [ AUTO ][ wm | [APEC_RPS | [ PRB53 | [PrType |
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z2 DX X | 2.7489

X | 3.0647
Part Number:123456 x| 2
Measurement Reports ==
p —22.2382 1.9070 X
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« CMM Style Inspection Results ~14.0890 1.9119
« Complete measurement report capability on NC -12.4654 1.5004
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0 CCD T ) O O )
* ISO & ANSI compliant GDT Analysis . : '
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Applied Automation Technologies, Inc.
Email: sales@aat3d.com @]s:[=]

Phone: +1 248 656 H'H :

Web: www.aat3d.com [=]f*=
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