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Intention for the Machine Tools Job Information Model

l||:
)
[ |
~
&

Xx10 | [ (

I How productive |
- ‘I In

© University of Stuttgart, ISW

x 20

How long does
" one job take"

the machme’?L
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What is the
machine doing?

| Slide 2



Machine Tools Information Model Vi all T4

MNamespacelRI MNamespacelndex
http-fopcfoundation.org/UA/ 0
MachineToolType http:fopcfoundation.org/UADI/ 2
http://opcfoundation.org/UAMachinery’ | 3
2:|dentification H  MachineTool http:ffopcfoundation.org/UA/TAS 4
ITT T T T T T T |
Monitoring :: Stackight : + ActveProgram

|jm———————— | Specification online reference

Producti + ProductionPlan | .
roduction '__rf _mi |Err1_ _ai_,' @:'I:.
..I..
=T - --=== [ =T - - 7 77" I -
Equipment —lJI Tools : | Messages :
i I
Motification ' : Prognoses :

e e
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Production

ProductionType

ActiveProgram

=

ProductionActiveProgramType

— — — — ]

— e — — —— — ]

PartsProd ucedlnLifeﬁme]

ProductionJobListType
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ProductionActiveProgramType

ProductionProgramType i

ProductionActive ProgramT ype

MName

e

H 0MNumberlnList

=

MNamespacelURI MNamespacelndex
http:fopcfoundation org/UAS 0
http:#fopcfoundation org/UA/DI/ 2
http:fopcfoundation org/lUAMachinerny | 3
http:fopcfoundation org/UASN A/ 4

=== )
- JobNodeld !

N e _

- T T )
+  Jobldentifier :

e -
' State
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Production

ProductionType

ActiveProgram

L
¥

_—

Production Active ProgramType

¥
L 4

L 2

ProductionJobListType

=

ProductionJobType

HaslrderedCom ponent

0:<OrderedObject=

_—— e —————

ProductionPrograms

e ——

0:=OrderedObject=

zPartSet=

-
Identifier H
RunsCompleted
RunsPlanned :
0:MumberinList H
J

MamespaceURI

MNamespacelndex

http:/fopcfoundation.org/UA/

0

http:fopcfoundation org/UADI

http:fopcfoundation org/UAMachinery/

http:/f'opcfoundation_org/UA/N A/

2
3
4
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ProductionStateMachineType

ProductionStateMachineType
—  OlInitializing |= 8
|
s !
3 Y 5" 4 Aborted
2 1 Runnin
1 I N
Y 3 Interrupted
2 Ended
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ProductionJobStateMachineType

ProductionStateMachineType

A

ProductionJobStateMachine Type

Table 43 - ProductionJobStateMachineType Transitions

ProductionProgramStateMachineType

ProductionPartStateMachine Type

ProductionJobT ransitionEventType

Fa )
H [dentifier

L A

i Y
+  RunsCompleted

L A

' =
i RunsPlanned

5 v

BrowseName | References | BrowseName | TypeDefinition

Transitions

AbortedTolnitializing 0:FromState Aborted StateType
0:ToState Initializing InitialStateType
0:HasEffect ProductionlobTransitionEventT | Event

ype

EndedTolnitializing 0:FromState Ended StateType

0:ToState Initializing InitialStateType

O:HasEffect

ProductionlobTransitionEventT
Ype

Event

InitializingToAborted 0:FromState Initializing InitialStateType
0:ToState Aborted StateType
0:HasEffect ProductionlobTransitionEventT | Event

ype

InitializingToRunning 0:FromState Initializing InitialStateType
0:ToState Running StateType
O:HasEffect ProductionJobTransitionEventT | Event

ype

OPC UA for Machine Tools Job Model 07.05.2021
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Machine Tool unaware of jobs

RetrofitMachine

® Machine Tool only handles program files
® optional ProductionPlan node is not instantiated

® optional Components of ActiveProgram are not
instantiated (JobNodeld and Jobldentifier)

® Programs can be identified by Name

Name = Duck.nc

O:NumberlnList=0

~

J

2:ldentification

Monitoring
Production ActiveProgram
Equipment

-

.
Notification

State
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Machine Tool unaware of jobs

RetrofitMachine

® Production can be monitored via the State of the ActiveProgram

2:ldentification
Monitoring
Production ActiveProgram
Name = Duck.nc
Equipment
4 )
O:NumberlnList=0
\_ J
Notification
State

Initializing

A

A 4

Running

Ended

——
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Machine Tool unaware of jobs

RetrofitMachine

® Production can be monitored via the State of the ActiveProgram
® To map this information to the jobs, the state changes are monitored

~

J

2:ldentification
Monitoring
Production ActiveProgram
Name = Duck.nc

Equipment

-

O:NumberlnList=0

\_

Notification
State

A
Initializing < <
x 10
15 |
Running 14
14 |
Ended
X 20

——

4/20
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| Slide 11



Example for a static job  Vip)V V4

StaticMachine

“initial”
(Program name known) ® ProductionPlan exists
2 {elRieEien . ® ProductionPlan contains fixed number
M ineJ
ACNINeSo of Jobs (Instances of
Monitoring ProductionPlan : ngzlljdte: 4320 ProductlonJobType); example: 1
® ProductionPrograms contains fixed
Production -+ ActiveProgram | dentifiar ) number of Programs (Instances of
L y ProductionProgramType)
4 N\
o Name = Duck.nc RunsCompleted — in the image: ActiveProgram is
quipment \ J
i _ ] ( b used
#{ O:NumberlnList=0 RunsPlanned =
Notifcation > Z | > 3 — this is technically possible, probably
H JobNodeld = 4320 0:NumberlnList=0 |+ Impractical in most cases
. J . J
{ Jobidentifior ProductionPrograms h - Other Possibility: all values of
N ) : ActiveProgram have the same
content as one of the
State State .
ProductionPrograms
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;|

S WNRE

StaticMachine

Example for a static job

A

3/10

MachineJob

.| Attribute

Name = Duck.nc

( )

2:ldentification X 10
Monitoring ProductionPlan
Production ActiveProgram
Equipment
p
.
Notification
H JobNodeld = 4320

\ /

#H O:NumberlnList = O]

"| Nodeld = 4320

-

Identifier =
YellowDucks

RunsCompleted = 3

RunsPlanned = 10

O:NumberlnList=0

J

Jobldentifier =
YellowDucks

. J
——

ProductionPrograms

State

State

If a job is represented, the ldentifier,
RunsCompleted, RunsPlanned and
State show the appropriate information

the Jobldentifier of the ActiveProgram
IS set

only one job in Example - JobNodeld in
ActiveProgram doesn’t change

RunsCompleted -> state changes don’t
have to be counted
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S WNRE

StaticMachine

@ Example for a static job

A

‘ 4/20

Name = Duck.nc

2:ldentification X 20
Monitoring ProductionPlan
Production ActiveProgram
Equipment
AN-[O:NumberlnList = 0]
Notification

JobNodeld = 4320

Jobldentifier =
RedDucks

o
MachineJob
.| Attribute ]
| Nodeld = 4320

G

Identifier =
RedDucks

RunsCompleted = 4

RunsPlanned = 20

O:NumberlnList=0

J

ProductionPrograms [

State

State

Different job - Identifier,
RunsCompleted, RunsPlanned and
State show new information

Jobldentifier in ActiveProgram shows
new information

OPC UA for Machine Tools Job Model 07.05.2021 | Slide 14



Example for a dynamic job Vi p ]V V4
ﬁ w ey WYy
DynamicMachine
3/10 ® If ajob is represented, the Identifier,
S der it x 10 RunsCompleted, RunsPlanned and State
show the appropriate information
Monitoring — ProductionPlan H{ Machinedob |®@ the Jobldentifier of the ActiveProgram IS
Attribute Set
_ _ Nodeld = 4320 ,
Production H ActiveProgram ® RunsCompleted -> state changes don't
dentfior= ) have to be counted
H Name = Duck.nc
Equipment L YellowDucks J
( N
—N{O:NumberlnList = Oj RunsCompleted = 3
\_ J
Notification ( ) ( h
H JobNodeld = 4320 RunsPlanned = 10
\_ Y, > <
(" Jobidentifier = ) 0:NumberinList = 0
YellowDucks _ D,
\_ J
ProductionPrograms
State
State H—

OPC UA for Machine Tools Job Model 07.05.2021 | Slide 15



DynamicMachine

Example for a dynamic job

A

4/20

State

o
2:ldentification X 20
. )
t Monitoring ProductionPlan t MachineJob MachineJob
Attribute Attribute
_ ) Nodeld = 4320 Nodeld = 6413
f Production H ActiveProgram ®
Identifier = | Identifier =
_ Name = Duck.nc ( YellowDucks | L RedDucks )
Equipment - S - S
_ RunsCompleted = _
0:NumberinList = 0 10 —H RunsCompleted = 4
k J k J
Notification ) ( )
JobNodeld = 6413 RunsPlanned = 10 —H RunsPlanned = 20
\ J . J
~ i 2 N s N
Jobldentifier = O:NumberinList =0 —H  O:NumberlnList = 1
L RedDucks P S J \ V,
ProductionPrograms —H ProductionPrograms
State

State

OPC UA for Machine Tools Job Model 07.05.2021

New Job is created as
new Node

Jobldentifier in
ActiveProgram shows
new information

JobNodeld in
ActiveProgram shows
updated information
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@ Usage with Data Access 17MNAf

ProductionStateMachineType

® Every State node instantiates
ProductionStateMachineType

—  Olnitializing 8 ® Read/Subscription as simple method to
0 9 J access the state information
3 L 6P 4 Aborted _ _
RetrofitMachine 2 |_.. 1 Running 1“%-_5 ﬁ? o Shortcomlng: faSt'paced JObS
1 [ N
2:Identification Y 3 Interrupted
2 Ended

Monitoring

Production —H ActiveProgram

Equipment | Name = buckne Solution: Events along with the
’O;Numbennuwo} State Machine Transitions
Notification ‘
State

OPC UA for Machine Tools Job Model 07.05.2021 | Slide 17



Using Events i7M\As

StaticMachine

® works in all three presented configurations (Program only, static jobs,
I+ 2:ldentification — dynamlc JObS)

.| Attribute

e [ i | @ With SourceTimestamp of every event, the client can reconstruct fast-

ActiveProgram YI:I(IeonvtviﬁDi::is |-_ paced JObS
i R R e 2} @ for calculations like KPI, it doesn’'t matter when the server sends/client
e ovmernin=o] | (aesrenes=1 receives the data as long as all data is available in the end

JobNodeld = 4320 [ 0:NumberinList =0 }w—

Jobldentifier = ProductionPrograms H—|
) : YellowDucks
DynamicMachine
State I State IQ—

T

|—+ Production

4

2:ldentification

il

ActiveProgram
Identifier = Identifier =
Name = Duck.nc YellowDucks RedDucks
RunsCompleted = _
0:NumberinList = 0 10 RunsCompleted = 4

RunsPlanned = 10

—«{ Monitoring ‘ ProductionPlan }—L MachineJob MachineJob
Attribute Attribute
] Nodeld = 4320 Nodeld = 6413
Production

Equipment

Notification

i

i
I
{1

JobNodeld = 6413 RunsPlanned = 20

Jobldentifier =
RedDucks

0:NumberlinList = 0

ProductionPrograms
I State }»F State

0:NumberlinList = 1

ProductionPrograms
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Facets

Tool Life

Monitoring

O

o 9)5)

Production

®)
)

Production Plan

®)
oS e

Errors and Alerts

0
2

Prognoses

0
)

Basic

O®E)

Identification
Monitoring
Production

Notification

@EEO

Equipment

@ OPC UA

State Machine

Events

Dynamic Lists
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Thank you
for your attention!

For further information please contact: Goetz Goerisch g.goerisch@vdw.de




