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Traceability.

e What is Traceability?

e For what is it implemented?

e How is it performed (activities)?
e Why Traceability in AP-2387?

Current status of the Traceability proposal for AP-
238.

e Traceability nc_Functions as SC4 Dallas meeting.

e Some discussions & progress since SC4 Dallas
meeting.



1. Traceability.

e« \What is Traceability?

e The objective of Manufacturing Traceability is to
provide all the relevant information about a

manufacturing process.
parts

OOO

Traced Traced Traced
Data Data Data

Which Data?

. With what and where has
been manufactured a piece?
raw material, coolant, tools,
machine, software.

e How/how well? Tool paths,
toll paths deviations, actual
velocities, control events.

e Who? Operator
e When? manufacturing timings.

AP-238
File




1. Traceability.

e For What?

e For Quality analysis (and long term data analysis)

To be able to investigate the origin of a manufacturing default
(TRACE). To answer questions like: Why this feature is not ok?

To be able to identify other pieces with the same fault (TRACK). To
answer guestions like: Which other pieces may have also the
same default and should be review?
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1. Traceability.

AP-203

e For What?

e For knowledge capture and optimization (for re-design and

re-planning)

e To answer questions like: How log does it take to machine this

feature?

AP-240
—
A

AP-224
—

Re-design

finished
part

AP-238
e

Re-planning

e For What?

e To provide data for advanced “manufacturing” services.
e Programmed Monitoring.



1. Traceability.

e How is it performed (activities)?

e Before manufacturing (Design phase).
e Definition/Configuration of what to trace, where, how.

e During Manufacturing (Shop floor phase).
e Data recording process (shop floor).

e establishment of the link between the traced data and
the piece.

e After Manufacturing (Quality and re-design phase)
e Data communication.
e Data storage.
e Data analysis, etc.



1. Traceability.

e Activity Model, 3 main activities:

Before Manufacturing

(design phase)

While Manufacturing

Sg;?:(i:fei?:tlil:)tr)\/s Traceability (shop floor phase)
—>| Configuration
Activity After Manufacturing
AO1
(inspection, re-
Traceabilityy | Data acquisition design, re-planning)
Set-Up g
AO2 Traceability
Audit
Analyze —>
Data
Traceability

Collected AO3 ——>

Data Traceability

Data



1. Traceability.

e Why Traceability in AP-2387?

A- Many relevant data is just know by the process controller,
so it has to provide this data.

The CNC controller knows much of this data. The HMI+CNC
controller knows all the data.

B- In Client-supplier relationships, traceability data has to be
understandable, trustable...

e Understandable. In terms of format and meaning.
- The contractor has to understand the requirements with out doubts.
- The client has to understand the data by its own.

e Trustable.
- There shouldn’t be doubts about the recording process.

Traceability DATA (requirements & results) should be
standard & automatically understood:
- Automatically understood by controller.

- Understood by the analysis system (linked to an understandable
specification of the machining process).



2. Proposal: nc-functions as SC4 Dallas.

Current status of the Traceability proposal for AP-238.

e 2. Traceability NC-Functions as SC4 Dallas meeting
(October 2007).

e The AP-238 executable Unit of Functionality and nc-
functions.

e Proposal: Traceability nc-functions.
e How the Traceability nc-functions work: an example.

e 3. Progress since SC4 Dallas meeting.
e New data types for recorded data.
e Redefinition of Block I functions.
e Other comments.
e Open issues.



2. Proposal: nc-functions as SC4 Dallas.

[ (ABS) executable
Eli!v oo
e Executable model (AP- —[_(ABS) program_structure | [

238). (e}

—d non_sequential |
L _stalement s

 (ABS) Program structure:
Control flow for the
machining program.

o while_staternent |

—d assignement |

e (ABS) workingsteps: | workplan
Program Steps that move the

machine axes
—o(_ 4,199 (ABS) workingstep )

——0 (ABS) nec_function |

 (ABS) nc_functions: Program
o o . o
steps that do not move the [program_stop| [optional_stop| [sel_mark | [wait_mark
machine axes. | xchange_pallet]
— indey_pallet |
—d index_table |

— display_message]|
— load_tool |

—d unload_toal |

— nc_legacy_function|




2. Proposal : nc-functions as SC4 Dallas.

|
AP 238: Adding Traceability NC-Functions

(ABS) executable

(ABS)
PROGRAM
STRUCTURE

WORKPLAN

\ 4

parallel

\ 4

A\ 4

If_statement

A\ 4

while_statement

Control
Flow
For the machining
Program

(ABS) WorkingSteps

Machinning_workingsteps

Rapid_movement

Touch_probing

(ABS) NC_funtions

Display_message
Program_Stop

NEW

Traceability
nc_functions




2. Proposal: nc-functions as SC4 Dallas.
|

e Three Groups of Functions for data traceability:

e Group I:

< Blocking Functions, take control of the program, collect a punctual or single value of data to be used
in CNC calculations and return control to machining flow.

e Group lI:

= Switching Functions, activate data collection or event information for a period of time. A switching
on functions activates the data monitoring until the corresponding switching off functions id found in
the program.

e Group IlI:
= Synchronous Functions, continuously monitor data to trigger if a condition is fulfilled a series of

actions grouped as a workplan.
(ABS) nc_function

Single Value traceability
functions (BLOCK 1)

( switching (on/off)
L functions (BLOCK I1)

( synchronous
switching (on/off)
functions
(With action)(BLOCK I11)




2. Proposal: nc-functions as SC4 Dallas.

e Group I Functions.

(ABS) nc_function

One Value Is Returned !

nc_variable

get_time

get_operator_.id

get_X_ position

get_y position

get_z position




2. Proposal: nc-functions as SC4 Dallas.

qoettime | i
—qeettime | 477.nc variable )

executable program
flow with group |

modal traceability nc_functions

machining
action
{nc_function or

workinsgteps)

execution nc_functions

flow confinues

WAIT FOR COLLECTED
WALUE

after value modal
is collected traceabiliy

machining
action
{nc_funchion or

workinsgteps)

action
(nc_function or

workinsgteps)

J

= b

ififii’fififiifi’f

id1 1187 W -> main worlcplan

- 10467 2 FM -» dizplay mezsage

10466 ;0 FM -» dizplay message
10471 = FN -» display message
10476 FMH -» dizplay message
i-:H 0788 WS -» line 335 1

; -x get kime
n:IiEIII.'f'Eldr WS line 123°%WSE 2 - PART ONE

50000 FM -» get tinne
10800 ;WS -» line 337 WS 3
id1 0806 WS -2 line 4035 4
T0E12 WS - line 7495 5
102818 WS - line 1271 WS B
id10824 WS > line 1321°WS 7

id30000 :: FM -» start monitoning mas dew. position
30734 WS s ine 123WS 2 - PART TwO
40000 FM -» stop monitoning mas dew. position
40734 WS - line 123WS 2 PART THREE

Program
Sample with
Group |
Functions.



2. Proposal: nc-functions as SC4 Dallas.

(ABS) nc_function e Group Il & Il Functions.

start_measuring_maximum_deviation_position_along_toolpath

maximum deviation values L[0:7] Results Bounded Amount of Values
data Returned following the
same

Toolpath Parametrization !
measured_results

Its threshold_value

: : measured for

{ ..................................... Iength measure S .......................................... Bc)unded_Curve
Its_actions

""""""""""""""""""""""""""" { workplan ] RN | toolpath

stop_measuring_maximum_deviation_position_along_toolpath

e maximum_deviation_values L[0O:?] is used to store in AP-238 a bounded
curve, series of collected values (per toolpath and following the same
parametrization as the corresponding workingstep toolpath).

e its_threshold_value is used only if nc_function acts as a group |11l function
to specify a threshold value for the comparing/triggering condition.

e its_actions is an alternative workplan (a series of actions) to be done in case
the specified condition is fulfilled (Just for group I11).



2. Proposal: nc-functions as SC4 Dallas.

|
executable program
flow with group 1l

non-modal traceability nc_functions = B 11187 WP - mein warkplan ° PI’OQ ram
I* id10461 = FW -+ display messaoge Samp|e with
. I‘- id1 0466 = FM - dizplay meszage G I
miﬂ]—':l']"g e 10471 3 FN <> display messaoe roup -
{nc_function or P dT047E  FM > digplay meszage
warkinsgteps) b dI07EE WS - ine 33 WS 1
o id200005 FH <> gettime
START b d207 WS o fne123WS 2- PART ONME
a concurrent L = FM > start monitoring max dev. position
traceability . "
START process is i H-B id307H WS 2 ine 123WS 2- PART Twil ——
ket created b e idd40000: FN <> stop monitoring max dev. position
ey - BB 40794 WS -5 line 123'WS 2-PART THREE
nc_functions oetes -~ idB0000:: FN <> get time
H-B d10800: WS - Ine 337 WS 3
B d10806 WS - Tne 403°wWS 4
machining TR simple toolpath trajectory (composite segment for example)
action Tool Path End
(nc_function or recorded GEM
workinsgteps) (data collection) e code Block G1
recorded
recorded GEM value
code Block G1
GEM
STOP | the e concurrent code BlockGz
(xlr:mudal ] E. traceability Eoﬁ Block G1

actions
(data collection) Tool path Start

traceability
nc_function

Data Placeholder Structures in AP-238 for collected Data

;
—q start_measu:ing_maximun_devialbn_msitbn_dong_molpathl :
;
L]

| measured for (" 34 (ABS) toolpath
e e mee e e e e ko= results. data d_result:
i - —

| maximum_deviation_values L[0:7]




2. Proposal: nc-functions as SC4 Dallas.

|
executable program
flow with group Il

non-modal traceability nc_functions
= D- id11187 WP -» main workplan

o id104ET s PN > display message
machining o idI04EE T PN > dizplay mescage
(e :ﬂ'&':m o b id10471 =2 FM - dizplay meszage
workinsgteps) e id104TE S PR > display message
H-b d10788 WS > lne 33WS 1
o 20000 FN > gt time
- id20794 W5 o ine 1235 2. PART OME
I- id30000 - rt monitaring max dev.
ACTIVATE ---I- 30734 WS o line 123 WS 2- PART TWEI —
S“U“:“Oda' T COgL'E‘gESLY - I- id40000 = FM- <> stop monitoring mas dew. position
o ctioum condition Eeb 40734 WS 5 line 123W5 2-PART THREE
- until -~ idBO000 = FN 3 get time
_SToR B id10800 WS -5 fine 337 WS 3
monitoring function i . )
is executed B id10806 = WS > ine 4035 4
'
machining simple toolpath trajectory (composite segment for example)

action Tool Path End
(nc_function or

workingsteps)

GEM
code Block G1

max deviation
monitored during

all toolpath

(each interpolation cycle) GEM
code Block G1

GEM

code Block G2
concurrent

machining

action tmceagi::y GEM
(nc_functio or or ute code Block G1
workingstep) ) alternative
actions (alarms stop... Tool path Start
compensation )

___'E:F!fgs_'_“_)!‘_’_—‘_’f'_hf{ 2743, length_measure

its_actions

Program
Sample
with
Group 111
Functions.



2. Proposal: nc-functions as SC4 Dallas.

Integer I
| 0
| __#6.103.»9::
m its_nlarrni : its_text

e Complete Ap-238 nc-Functions s o *
Model.

| pnoglan'ulupl | o;ptiunaLsIup| | SELl'I'Iiﬂil | wail_Tul_malk|

—dlnda_rame}—qm_ind& Integer | |
_q@ — Coenmmi) e

load_tosl — wr ]?‘,l]?,mB\SJmachining_moljg-—qstart_measunrlg_matlmum_dewaﬂnn_pcsa‘tlnn_alang_mapalhl

its_t —T
. : il I _deviation_values L[o:]
-q Uraad_taol|--------+ 17,189, (ABSImachining_tool % 1 el ¥
its o } {1 s threshold_value
!

: H ..z threshold_value { 2743, length_measure )
ended i a6, 103, text : )
B _nefunction demim\;) o dmadens e 3, 59, [AES) workplan
........................................................................ oy sy e Aevabon. poiin ows Sovipwh |
—q ael_time Wq'??' nc_variahle _} —(,'_)1 sta:'I;Tmeasur'|ngmmimum_deﬁminn_a:is_ahng_mulpalh |
1 get_operator_id = 1 maximum_deviation_values L[0:7]
get_cutting_tool_id — !
its_id | its_aetions
1 get_raw_material_id T seemssdEasssastesasannsnnaneeeed 3,59, (ABS) workplan
Grou p I | getran coolantid - =) stop_measuring_maximum_deviation_axls_along_toolpath |
. > : A getmachine id : =Cf start_measuring_maxirmum_devistion_fesdrate_skng_tes|psth|
NC_Functions = it d Do maximum devistion valves o)
- - et i
i e T s treshold e~
Q] get_y location_data y_position :_____r!s___a_gpp_r!s:________________ %, 58, [ABS) workplan
=0 stop_measuring_maximurn_deviation_teedrate_along_toakpath | !
Cf gelimis data | T _dstart_lmem ring_maximum_deviation_spindle_speed_along_toolpath] !
R e

' | maimum_deviation_valses L[0?]
get_k_axis_data

‘ '.'?.E'_"!‘?"_t_‘_”_k_'_‘_"_a_":'.e{ 27,95, plane_angle_measure )

p—

e tmshold, velug

i 27,143, ro0t_speed_measure )

H 5 i
] get_sensor_data g L 3, 54, [ABS) workplan

sengar_id

S8

A STRING I .-d stop_measuring_maximum_deviation_spindle_speed_along_toolpath

;

-O| start_mantaring_sansor_data_slong toolpath ] H

. :
o e o T ]

i m_thre-snnad_ualu_e_ e “I
its_actions
3,59, [ABS) workplan

sensor_values L[0:7)

Group Il & 111
NC_Functions

A 4

masred for
measured_results
41,27 bounded _curve




2. Proposal: nc-functions as SC4 Dallas.

How nc_functions
Work?

Configuration:
requirements are
translated into
nc_functions in the
AP238 executable.

nc_functions are
automatically executed
when they are found in

the executable sequence.
2.1 Data can support run-time.

2.2 Data can be logged when
machining finish

Logged data is used.

(AUTOMATION)
STANDARDIZATION
High Level e thrc;ugh AP-238 CAD/CAM  capture Shop-Floor
Enterprise-Level administrative RIS Level shop-floor Level
(MES,ERP, Data AP-238 knowledge
Process Planning at configuration
e Level |
Traceability
\  Requirements
ir Automatlon v
-4 shop floor
customer | A b S . requirernents,
;i a3 o 3 R
requirements, 30 3N optimization,
administrative data, S =5 & adaptative,
process planning, - § = § compensation,
scheduling § > S
- Ap -238
.;—ﬁ_.—h—lﬂ _°r _ __.I
B = = ! — | 21
requwements ﬂow traceablllty -
. group |l
1 nc_functions
ST
Sk i) ﬁ monitoring)
level
machining process
In-process
data collection
group|
capture nc_functions
ff- 7
3 shopfloor off-process
Administrative L) Knowledge
& process Data yYvey
logged data flow log format ?
=T AN PN =
L ——< +— sl - >
AP-238 or f
STEP-based :
Format ;
(DATA FORMAT) :
STANDARDIZATION .
through AP-238 .

nc_functions




2. Proposal: nc-functions as SC4 Dallas.

 How the Traceability nc_functions work: An example.

Acquisition
AO02

Analyze
AO03

1. Traceability requirements are specified by inserting nc_functions in the executable

sequence
{8 SMTRACE [b 1.3] - cdsSaml

le Edit Wiew Graphic Display Options Help DEBUG

= B id11187 WP > ain workglan -~
P id10461 : FMN -> display message =1
id10466  FN -> display message

id10471 2 FMN - display message

P id10476 : FMN -> display message

id10788 WS -> line 33WS1
w-id10501 2 OF > Freeform_milling_oj

LA 4

v

g

Control Dialog

Get Time

et X Position

Get ¥ Position
Get Z Position
Get Axis I
Get Axiz 1
Get Axis K

Freeform_milling_operation

WorkingStep OperationData

“isualization Control

Show Toolpath

‘WorkingStep Toolpaths

Toolpath Mode
(| Control Points

Max Deviation Along Pos, Toolpath
Feed Deviation Along Toolpath
Spinde Dewviation Along Toolpath
Sensor Data Along Toolpath

Toolpath 14
> line 337 W3S 3
B 10806 ©WE -> line 403WS 4
B id1081Z2 2WS - line 749'WS 5
B 1081 WS > [ine 1271 WEE
B id10824 WS o> ine 1321 WS 7 [he']
< i 1 >

(&) Segments
(| Segmant + Points

5. Mex Path Deviation = 0.0254000000007076

Selected Toolpath
id3070 C : Composite_ =

¥ ShowrHide Workpiece
" ShowHide Tool
Toolpath Source
(o) AP_238

[IeNe

Simulation Contral

Active Traceshilit MC Functions
" Maximum Dewiation Position
[ ] Maximum Dewiation Axis
" Maximurm Devigtion Feed

7 Maximum Deviation Spindle

Encoder=:--
Encodery -~
EncoderZ:--

Step Over

Workingstep/ Toolpath

WarkFlan

Ready




—p Configure Arz;)éze >
2. Proposal: nc-functions as SC4 Dallas. l

« How the Traceability nc_functions work: An example.
e 2. Accessing the Data while machining:

e 2.1 With Current Technology:

e nc_functions have to be translated to G&M codes. Limitations: current
CNC resources (Memory, file access mechanism, etc).

N100 $AC_TIMER[1] =0 ...

;RESET R[] variables

;R[1] WILL Hold the threshold value

;START SINCHRONYZED ACTION threshold set for each segment
ID=1 WHEN $R[1] < $AC_TIMER[1] DO (ACTION: stop, alarm .. log data)
G1....

WRITE(“ERROR”,”LOGFILE”,”"SEGMENT 1 TIME: “ << $AC_TIMER[1]);
$AC_TIMER[1]=0;

G1...

WRITE(“ERROR”,”LOGFILE”,”"SEGMENT 1 TIME: “ << $AC_TIMER[1]);
$AC_TIMER[1]=0;

G1...

CANCEL(1)

e Through the HMI interface (Accessing to the PLC internal variables with,
for instance OPC communication) (Experiments at NIST)

e 2.2 With a AP-238 controller (TODAY, Simulation): The controller access its
internal variables, computes the values, stores them in memory. When
mechanization ends (or when cycles ends), it writes the values into a file.



2. Proposal: nc-functions as SC4 Dallas.

Configure
AO01

Acquisition
AO02

e How the Traceability nc_functions work: An example.

e 3. Review of Logged Data.

3 SIM TRACE [b 1.3] - edsS-Parsed.xml

* Hle Edit

View Graphic Display Options Help DEBUG

=R

LY YR YYYYYYY

¥FVvY¥vYY

AP238 Executable Tree

id11187 2 WP -> main workplan

id10461 = FN -» display message

id10466  FN -» display message

id10471 = FN -» display message

id10476  FN -» display message

10786 WS -> line 33W31

id20000: FN -> gettime

id20794 WS -> line 123 W3 2 - PART ONE

B id20807 : QP -» Freeform_milling_operation
icd30000 : FM -» start monitoring max dew. position
id30794 WS > line 123 WS 2 - PART TWO

b id30507 : OF -> Freetorm_milling_operation
id3066 :: Toolpath 1

ic40000:: FN -> stop monitoring max dewv. position
idd40794 WS > line 123 WS 2 -PART THREE
idR0000: FN -> gettime

i 10AND - S¢S - line 337 %405 3

I[£3

xcel = Monitoring Results

i@mmkmmmmmzmh:u

> x

.8 Xx

Simulation Results

Toolpath Deviation Report
Max Deviation Value —>»
0.007236

Measured Values :

1 +26.4058 v -91.6570

1 +245407 v:-893.2900

1 +22 5096 v:-94.6036
1+21 5755 ¥ -95 5118
+206375 v -96.1894
+19.47685 v -86.8285
c+16.3983 Yo -A87 4377
1 +17.3036 v::-898.0093

+27.3000 v::-30.8000 Z:-84.7408 Dewiation: +0.0000
£:-84.7408 Deviation:: +0.0064
+25.4898 Vv -32.4899 Z:-84.7408 Dewiation: +0.0056
£:-84.7408 Deviation:: +0.0068
+235835 V:-94.0657 Z:-84.7408 Deviation: +0.0018
2:-84.7406 Deviation: +0.0048
Z::-84.7408 Deviatian: +01.0043
Z:-84.7408 Deviation: +0.0024
Z::-84.7408 Deviatian: +0.0048
7 -Rd 74NR Meviatinn +NNN45
£:-84.7408 Deviation:: +0.0035
+16.1876 Vv -38.5436 Z:-84.7408 Dewviation: +0.0063

H 4 » ml\Hojal /Hoja2 / Heja3 /
List

L

s

Ready

JJHJJJA?Q&«N} Fo 0 B8 L8] 5l 00
i ard - [N|& s EI@_ggg%mtu.‘iﬂliru,j«an“ i~ 2|
K14 - SJ 0.007858
Bl ) e (S T 1 =—o) P | o R s |13
37| -102,098217 -B4,740750 0.004B62
38| -102,102452  -B4.740750  0.000584
39 -102,063190  -B4.740750  0.p00082
40| -101,982713  -§4.740750  U.U01356
41 -101.860792 -B4,740750 0.004111
42| -101.705760 -84.740750 0.000%71
435 ~-101,509430 -04.740750 0.001000 In simutafion, lnear foojpath ane programmed {o suffer dewviafions, so only for curve-based foojpalhs ke
44 -101,271831 -84, 740750  0.000073 arcs or spiines simulsled encoder posfions are different from CNC inferporisted posifions (red valses in
45| -100.993628  -84.740750 _ 0.003119 Hac e risiu; colar]
The figure bekow shows the selecled foolpath, a5 a composde curve and the comesponding segments as
46| -100.679405 -84.740750 0.003904 programmed in the AP-238 fie
47 -100,329100 -P4.740750 0.00039%
48 -99,936231 -B4.740750  0.003478
49 =-99.511435  -04.740750 ﬂ.l'lllD?lEl
50 -99,049517  -84,740750  0.001170
51 -98.547615  -04.740750 0.001001
52 -98,007830  -84.740750  0.000BHEA
53 -97.439067 -84.740750  0.001231
54 -96,829471  -84,740750 _ 0.000798
55 -96.189B852 -B4.740750  0.001263
56 -95,514717  -84,740750  0.002527
57 -94,807015  -84.740750  0.003717
58 -94,064216  -B4,740750  0.001484
59 -93.290231  -84,740750 0.003723
&0 -92,4B8293  -B4,740750  0.002600
&1 -91,659693  -B4,740750  0.000563
62 -90.794607  -04.740750  0.000745
63 -50,799979 -84, 740750 u,um
&4 -09.504060 -04.740750 0.000000
65 -BE.208142  -B4.740750 _ 0.000000)
5 BE.0912224 B4.740750 0.000000
67 -85,616305  -64,740750 n,nnnnn
68 B4.320387 B4.740750 0.000 1




2. Proposal: Progress since SC4 Dallas meeting.

e Logged Data format (model)?

e Is it ok the Bounded Curve approach for data from Block
11/1117...should it be improve?

e More points than the programmed ones are needed to save
traceability records.

e Problem of the amount of data.

e Should be improve the nc_variable approach for data
from Block 1?

e Need to define data types to hold the data
values... Administrative data? Machine software
version? Etc...



2. Proposal: Progress since SC4 Dallas meeting.

e Block I nc_functions issues:

e Block I nc_functions more like Block 11: Most Block |
nc_function will become as block 11 to store data in the same way.

e Nc_function to start/stop getting execution times of toolpaths.

e Nc_function to start/stop getting (along toolpath): operators
involved.

e Nc_function to start/stop getting (along toolpath): manual
override intervention.

e Nc_function to start/stop getting (along toolpath):
e Used tools ldentification.
e Used machines identification?.

e Still, may be some Block | nc_functions returning single
values???



3. End.

e Conclusions.
e Traceability nc-Functions seems to be a good mechanism??

e To log data as standard format ....more data types
definitions?

Thank you for your attention



