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Line Material Tracking

Material Tracking is at the core of any Manufacturing Execution System (MES). A

typical plant will have many different types of Materials and a variety of Resources
that may be linked to form a processing line.

As Materials change their characteristics during the course of the manufacturing
process, capturing the real-time state of Materials, and having a clear understanding
of what is happening, and how, to Materials as they progress from one Resource to
the next, is essential for production floor operations.

Knowing how to manage and process Materials in a Line Resource (Resource with
Processing Type defined as Line) is at the core of Line Material Tracking and is a
critical part of an effective process in the discrete manufacturing sector.

This document will guide you through the setup of a Line and the Material Tracking
whilst on it.

Overview

In the context of this tutorial, a Line consists of a set of linked Resources (example:
equipment connected through a conveyor belt). Material Tracking throughout a Line
differs from the regular Material Tracking, so over the next sections it is explained
how to model a production process with a Resource that has its Processing Type
defined as Line (Line Resource), and how to track a Material through it.

The image below shows a Surface Mount Technology (SMT) Line and its individual
Resources, a practical example of a Line Resource:
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Concepts

The table below describes the main concepts related to Line Material Tracking:

Concept

Main Flow

Line Step

Line Flow

Sub-Step

Service

Sub-
Resource

Line
Resource

Description

The Main Flow defines the Flow for the Main Material.

The Line Step represents the complete Line Resource set of operations.
The Main Material is simply tracked in and tracked out through the Main
Step.

A Flow which contains the In Line Steps.

A Step of the Line Flow. Sub-Materials are tracked through the different
Sub-Steps.

A Service is a certain process capability that is required by a Material for
a certain context, and that is provided by Resources. When a Resource
provides the Service that is required by the Material, the Material can
be dispatched and processed at that Resource.

A physical Resource that is used to process Material at a Sub-Step.

Avirtual Resource which represents the complete line. The Processing
Type of this Resource must be Line.

Table: Line Material Tracking main concepts

To link the concepts presented above, the object model is shown in the figure below:

Resource
*
'
'
I
I

+

Step -—

Line Sub.

>—----

*
i

Main Flow E— Line Step —e Line Flow — Sub-Step

Sub-Material

Setting up a Line
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To track a Material through a Line, you need to create not only the Line Resource, but
also the Sub-Resources, as well as all the Sub-Steps of the Line Flow. The next sub-
sections will cover the Line production process configuration steps in more detail.

Create a Line Flow

The Line Flow describes the sequence of Sub-Steps matching the individual
operations performed throughout the Sub-Resources of the Line Resource. The Line
Flow is intended for Sub-Materials. To create a Line Flow, the Steps of Processing
Type defined as Process (Sub-Steps) must already be created.

The Line Flow must have the Flow Type defined as Line, as shown in the image below:

% Create Flow

© CHANGESET —@) GENERALDATA

General Data

& Name. ‘ SMT Line Fow

Create a Main Flow

The Main Flow describes the sequence of high-level Steps intended for the Main
Material which also includes the Line Step. To create a Main Flow, the Processing
Type of the Steps must be defined as Process and the Line Flows must already be

created.

The Main Flow must have the Flow Type defined as Sequential, Alternate or Non-

Sequential Block.

The production Step for the Line Resource must be marked as a Line Step and one or
more Line Flows must be added to the Line Step, as shown in the image below:
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To track a Material throughout the Sub-Steps, the Line Step must have the Sub-Material
Track State Depth setto 1.

In the Line Step, the Line Flow Context must be defined. This context will determine
which Line Flow will be used when tracking in a Material in the Line Step, since there
may be more than one Line Flow for the same Line Step. The Line Flow Context

configuration is shown in the table below:

Property

Line
Validation
Mode

Line
Assembly
Mode

Description

Defines the point in time when the Line configuration will be validated.
The following options are available:

- AtEverySubTrackin: each one of the Material Line Flow Resources will
be validated at every track-in on a Sub-Resource.

- AtFirstSubTrackln: each one of the Material Line Flow Resources will
be validated at the first track-in on a Sub-Resource.

- AtTrackin: each one of the Material Line Flow Resources will be
validated at the track-in on the Line Resource.

- None: no validation is performed.

The Assembly Mode that will be performed for the Top-Most Material in
the Line Step.

The following options are available:

- AutomaticAtTrackln: the assembly will be performed at track-in. For
the Top-Most Material Primary (or Secondary) Quantity matching the
BOM Units, it is automatically consumed for every Step of the Material

AutomaticAtTracklIn, taking the first Resource for every In Line Step.
- AutomaticAtTrackOut: the assembly will be performed at track-out.
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Property Description

For the Top-Most Material Primary (or Secondary) Quantity matching
BOM Units, it is automatically consumed for every Step of the Material
Line Flow having BOM Assembly Type defined as AutomaticAtTrackOut,

taking the first Resource for every In Line Step.

-None: no assembly is performed.

Table: Line Flow Context properties

Create a Line Resource

The Line Resource is a virtual Resource that represents all the Sub-Resources that
make up the Line. To create a Line Resource, the Sub-Resources of the Line must
already be created with the Processing Type defined as Process.

The Line Resource must have the Processing Type defined as Line and the option
Enable Sub-Material Tracking must be setto true.

In the Manage Resource Structure wizard, the Sub-Resources of the Line should be
configured, as shown in the image below:

MEsMT 1 Up) <
Manage Structure + @ 1T ¢ Sub-Resource Details
Parent Resources
0Resources 012 Order: 13
Sub-Resources >
13 Resources Pickand Place 12 Description:
Solder Paste Printer 12 Processing Type: Process
Screen Printer 1.2 -
Loader 1.2 e
Reflow Oven 1.1
A0I11
Pick and Place 1.1
Solder Paste Printer 1.1
Screen Princer 1.1
Loader 1.1
Solder Paste Printer 2.1 o
Comments ~

Configure the Required Services

A Resource provides Services and Materials require Services at a Step, as defined by
the Service Context. To configure the Services, they must already be created in
Critical Manufacturing MES with the Processing Type defined as Process.
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The Sub-Resource must provide the same Service as the one required in the Sub-Step.

0 Info

The Line Resource must provide the same Service as the one required in the Line Step.

The Service is configured through the Manage Services wizard found either through
the Resource or in the Service page, as shown in the image below:

& Manage Services [0}

Msvr1 wp)

Service + @ Service Details

ST Sevce @ * Sevice: | £ SMTServce x=[9]
Description:
ype: 15 Sandard
oty
Enavies: @D
[— ~

Considering the given SMT Line example and the concepts described so far, the
combination of both schemes is shown in the following figure:
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Configure the Bill-of-Materials Context

The Material consumption for the production of a Product (Target Product) in a Step
is defined through the configured Bill-of-Materials (BOM).

Step Units.

The BOM is configured in a Step through the Add BOM Context Record wizard, as

shown in the image and detailed in the table below:
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+ Add BOM Context Record(s) @

22 B0MContext (Active)

Record(s)

Record #1
Step: SMT Step | BOM: SMT | AssemblyType: Explicit

Comments:

Property

Assembly
Type

Track-In
Check Mode

+ @ BOMContext

o — [<)[oome

o [ =

Materia ‘ n =

frermET: ‘ Y7 Production Ord =

«som‘gsw x~‘

Description

How the BOM Materials will be assembled.

The following options are available:

- AutomaticAtTrackln: the Material will automatically be assembled
when a Material is tracked in.

- AutomaticAtTrackOut: the Material will automatically be
assembled when a Material is tracked out.

- Explicit: the Material is manually assembled and its quantity is not
increased.

- ExplicitAdd: the Material is manually assembled and its quantity is
increased.

- ExplicitLongRunning: the Material total quantity is manually
assembled, but you do not have to complete the assemble of all the
components.

- Mixed: allows different Assembly Type consumptions.

Only used for the AutomaticAtTrackOut mode, to check if the
required consumables are attached at the Resource.

Table: BOM Context properties

6 Note

configured in the Sub-Steps. If the Material consumption tracking occurs at the Line Step
level, then the BOM should be configured in the Line Step.
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The table below describes how the Line Assembly Mode, as defined in the Line Flow
Context, works together with the Assembly Type, as defined in the BOM Context:

Line Assembly Mode

AutomaticAtTrackin

AutomaticAtTrackin

AutomaticAtTrackOut

AutomaticAtTrackOut

Explicit or ExplicitAdd

Assembly Type

AutomaticAtTracklin

AutomaticAtTrackOut,
Explicit or ExplicitAdd

AutomaticAtTrackOut

AutomaticAtTrackin,
Explicit or ExplicitAdd

AutomaticAtTrackin,
AutomaticAtTrackOut,
Explicit or ExplicitAdd

Table: Line Resource Material consumption

Description

Assembly will be
automatically performed at
the Top-Most Material
track-in, for all the In Line
Steps having
AutomaticAtTrackin
Assembly Type configured
at the BOM Context.

No automatic assembly is
performed at the Top-Most
Material track-in.

Assembly will be
automatically performed at
the Top-Most Material
track-out, for all the In Line
Steps having
AutomaticAtTrackOut
Assembly Type configured
at the BOM Context.

No automatic assembly is
performed at the Top-Most
Material track-out.

No automatic assembly is
performed.
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“ Manage Consumables

‘

M Soider Paste Princer 1.2 (Up)

Consumable Feeds + @ Consumable Feed Details

CONSUMABLE FEED MATERIAL Name: [T Solder Paste Feeder 12

Solder Paste Feeder 12 e Positon: 1
Pos:1 SMT Prod 01 A1/ Qry: 4000 Kg Descriptio

Type: 1 Standard

Material Details
* Name: | Il SMT-MATO1 x =Z| P

Producc: dip SMT Prod 01 [A]

tion: SMT Prod 01

v 4,000 Kg

Comments: ~

Configure the Durables Context

The Durables required in a Step are defined through the configured Bill-of-Durables.

The BOM must have the Scope defined as Durables.

as described in the table below:

Property Description

Product Durable Product.

Step Step in which the Material of the Durable Product is found, if filled.
Position Position where the Durable must be found in the Resource.
Optional Ifsetto true,the Durable must be present in the Resource when

tracking in the Material.

Usage Step Step in which the Durable is required.

Table: Manage BOM Items properties

as shown in the image below:
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=+ Add Durables Context Record(s) @

22 MateriaDurablesContex: (Active)

Record(s) © 4 @ Material Durables Context
Record #1 @
. e ) [Coe |
Product ‘q;, p—— E ‘ o
Product Group: ‘d@: Product = ‘ o
Flow: ‘:: fi E ‘ )
M ‘. = ‘ o

e ‘5=

=[»

=[»

=[»

+sou: [@ swr x=[p

Comments:

Configure the Recipe Context

To process a Material in a Step, and if a Recipe is needed in the Line Flow, this
Recipe must exist and be added in the Recipe Context. At the Resource level, the
property Recipe Management Enabled must be true.

The Recipe is defined through the Add Recipe Context Record(s) wizard, as shown in
the image below:

=+ Add Recipe Context Record(s) @

=2 RecipeContext (Active)

Record(s) T + @  Recpe Context
Record #1 a5
Service: ST Service | Recipe: SMT Recpe Logical Fow Patn
G ‘@, ro = ‘ o
Product Group: ‘d}f pro = ‘ o
Flow ‘:: Fio = ‘ o
Material ‘. = ‘ o
Material Type ‘55 ‘ Z
Production Order ‘\_:_: Orde = ‘ o
Rz ‘m - = ‘ o

s
— E
* Recipe: ‘m SMT Recipe x = ‘ rd

Comments:

Configure the Checklist Context

If a Checklist is required the necessary context information must be defined.
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The Checklist is defined through the Add Checklist Context Record(s) wizard, as
shown in the image below:

=+ Add Checklist Context Record(s) @

22 MaterialCheckistContex: (Active) -
Record(s) O + @ Material Checkiist Context

]

=[»]

Record #1
Step: SMT Step | Op | Checklist: D6 -

=[»

=[»

=[2

* Checkiisc ‘ 06 - Implement and Validate x = ‘ o

Line Context Resolution and Validation

The Line Flow Context resolution is performed when tracking in the Main Material in
the Line Step. At this moment, the Line Flow for the Sub-Materials is selected.

For the Line Step, the Recipe, Durables, BOM, Data Collections, Documents, and

Durables Instances are created for the Main Material.

At the same time, for the Sub-Steps, the Recipe, Durables, BOM, and Data
Collections are resolved always using the Main Material in the Context resolution.
Any Recipe and BOM of Durables Instances are created at this time and will be

applied for all the Sub-Materials when tracking through the Sub-Steps.

The validation of Durables and Consumable Feeds required throughout the Line
Flow is performed depending on the defined Line Validation Mode.

Using a Line

Before tracking in a Material in a Line Resource, itis necessary to set up the Line.
Depending on the Line configuration, there are validations regarding the Line
Durables, Consumables, and Recipe Parameters definition.

Perform Setup
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The Line set up information can be accessed in the View Setup wizard. This is
available in the Resource View of the Resource, with the Processing Type defined as
Line, by selecting the Material to be tracked in, as shown in the image below:

< SMT1 x v P B (A
a4 ™ s A + v :
2 - W E B F e 2 "/ > 0% N O Ko 5 [
wven | vewse  cwee  vew  mewex | sefm  vev | Dswo  cwws  sm Mem AW O Moo Offmw  feoo  Gose  Sae Mo vews
oosemers i Lot
M s om 18 om
Vi
RESOURCE 4 [ gtk @
PRODUCT: | @ =[») now[zn E_‘p] sm‘.* s_‘pHp

o — 26

Dispatch List (6) / 1 Item Selected m
| Materlalsac Resource o | 5 omm AL arv urs pobucr | Sirow @t PrioRTY sre woRow | %
7t o EK MAT 02 2000 ‘e Belgas[Al  SMTProduction SMTStep 5 Houewd X

O: AT 03 200 e Belgss[Al  SMTProduction SMTStep 5 Houewsd X
M SubResources 2

s MAT04 22000 ke Acenylsalicyic Ac SMT Production  SMIT Step H Haueves X
B Consumable Feed ol a MAT_05 22000 Ke Acetylsalicylic A SMT Production  SMT Step. 5 HQueved X

cenysalicyic Ac SMIT Production o uewed X

&1 ouravies 0|05 VAT 06 22000 K AcenjisaliicAc SMT Production SMTStep 5 Haueved

6 VAT 07 2199 Ke SMTProd.01 [A] SMTProduction SMTStsp 5 Houewed X >
HH Recipe
& Upcoming Maintenance 3
A Aens 0

The View Setup For Material at Resource wizard will display the available information
in each of its tabs:

© View Setup For Material at Resource

DURABLES oM

W VAT_07 (Queued) / 2 SMT Proc-01 [A] (SMTProd-01) / @ SMITStep / 22000 K

<Loading Durable Details
LOADING PRODUCT uRaBle | Product
Loader 1.1 > |1 ounbleay MAT.DURA2 @ Position: 1
Loader 12 > |2 80M: [ Durable (A1
3

Product: dp Durable A [A]

Product Description:

Step.

Optional: X No

Durable

Product: p Durable A

Material: Il MAT_DUR A2

Status: Correct

Taking an example of a Line Resource with the Line Validation Mode defined as At
Track In, all the Line Sub-Resources will be validated, at Track-In, regarding:

® The Durables required through the different Line Sub-Steps that must be
attached to the Sub-Resources Position as defined in the BOM of Durables, as

shown in the image below.

* The Consumables required throughout the Line Sub-Steps that must be attached
to the Sub-Resources Consumable Feeds Position as defined in the BOM.
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B Durable.2 (Effective) =

BOM Information

Name: Durable (O]

DETAILS

8OM ITEMS

Scope: Durables ATTRIBUTES

E Description BOM Diagram.
ATTACHMENTS

Type: m Standard

Universal State: Effective

~ BOM ITEMS

iv

BOM (2)
4= PRODUCT PRODUCT DESCRIPTION STEP POSITION

Durable A 1

Track-In a Material

m ¢

oPTIONAL @ usacesTeR

x Loading

At track in, information on Durables, BOM, and Recipe is displayed for the entire Line

and Line Sub-Resources. For the Line Resource Recipe, the Recipe Parameters can be

filled and edited, as shown in the image below:

3 Dispatch and Track-In Material

@ e ) s @ soM —@ ReCRE

W MAT_07 (Queued)

Resources (2) 1 SMT Recipe [4] / Resource Recipe: SMTRecipel
SuT1
Parameters
LOADING (1) ~
B
| Loader 1.1

Preassure ook @D

Parameter Group Not Defined

Parameter 1: 150

Parameter 2: 1

Comments:

RECIPE  PREVIEW

When tracking in the Main Material in the Line Step, the Flow Path of the Sub-
Materials is defined and the Sub-Materials are moved to the first Sub-Step of the

resolved Line Flow.

0 Note

enabled and the Material is in a Line Step.
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If the Line Step has the Sub-Material Track State Depth setto 1, then the Sub-
Materials can be tracked in, as shown in the image below.

The Assembly in the Sub-Steps may be performed when tracking in the Main
Material, depending on the defined Line Assembly Mode:

- Track In Sub-Material

®
© ResOURCE
I Material20250500001 (Queued) / < SMT Proc-01 [A] (SMT Prod-01) / @ Loading / 10 Kg -~
Available Resources Resource Details
1 Neme: Loader 1.1
Description
@ tosceri2 Area: [ Production
Priority: §
Maerialts) Disparched: 0
Materials)In Process: 0
Running Mode.
Senvice: /7 Loading Service
State
Comments ~

(o] o |

The Sub-Materials can be tracked in and tracked out in the Sub-Resources through
the Line Resource or Line Step Views, as shown in the image below:

< suT1 x - o B (a
A 4y s ™ s 5
e B [ W B F e o £ HB-Q > N O X O £ @ i =-
wen e o e | mws  sekm e T vessn osw  on  wem ke O o  wmow sebm  m o we e
@ svT1  om o8 om
RESOURCE 5B @
SWEALLY  PRODUCT: | dp :\AJ Flow: [z 7 :,-‘,o] srfp‘. :_-‘p] ‘p o
% Dispaten Lt
Materials at Resource (2) / 1 ltem Selected m
| Materials at Resource 22 O oom W vaTeRAL o s wRRODUCT  TRFLOW o5 PRORITY e W oFERLOW "
@ LosdPors o O MAT_07 22000 Ke SMT Prod-01 [A] SMT Production ST Step 5 EinProcess X No
vl MAT_06 22000 Ke Aceyisalicyic Ac SMT Production SMT Step 5 ElDispatched X No
T Sub-Resources 2
2 Consumable Feed 0
[E Duravles 0
1 Recipe SMT Recipe.
2 Upcoming Maintenance o
8 Aers o

©® nfo

When configured, a Checklist will be resolved and displayed considering the Material Line
Step Resource and Material Line Step Recipe contexts for Track-In.

Material Information
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After tracking in a Material in a Line Resource, the processing information regarding
the Sub-Steps, Sub-Resources, Durables, BOMs, and Recipes of the Sub-Material
throughout the Line Flow can be viewed in the View Line Setup wizard, as shown in
the images below:

e - - e koA KRS > Nl X B - @ -

o

@ s om 18 om AT
RESOURCE 4 @ — —
STEALL Y PRODUCT. | dp 7 = p] EART = p] ste. ‘.~ =[») ‘p
2= Dispaten Uit s
Materials at Resource (1) / Alltems selected m
5| Materils a Resource 21 — e av s weRoDUCT G2 LoW s pRiORTY sre N oFFROW =
2 tosdpors waT07 2000 e SMTProc01[A] SMTProcuction SMTSiep 5 Hinprocess X No

I Sub-Resources

B Consumabe Feed

[E] Duravles

1 Recipe

£ Upcoming Maintenance

B Hers

The View Line Setup wizard will display the available information in each of its tabs:

® View Line Setup
VAT 07 (nProcess) / 9 SMIT Prod-01 [A] (SMIT Prod-01) / @ SMIT Step / 22000 Kg
< @ swrineriow3m GNGRALDNA  RESOURCES  OURMBLES  BOM RGPS  DNAGOUETON  CHECKUST

@ 1. Loading (Revwork)

Information Flow path
@ 2 Screen Printing
Resource: SMT1 Flow: &% SMT Line Flow 3 [A]
@ 3. Solder Printing m 0]
Service: # Loading Service Scep: @ Loading
Flow Path: £%SMT Line Flow 3 [A] > Loading
FirstStep: v Yes

LsstStep: X No

Bom: ESMT(A]
Unis: kg
Assembly Type: Explicic
Trackn Check Mode: None

Track-Out Losses Mode:

©® Info

This view can be accessed through the Resource View page.

Record Material Losses

To record losses on Sub-Materials, you can select the Sub-Material and open the
Record Material Los/Bonus wizard, or you can select the Top-Most Material and
opening the Record Sub-Material Losses wizard, as shown in the image below:
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¥ Record Sub-Material Losses

I MIAT_07 (InProcess) / i SMT Prod-01 [A] (ST Prod-01) / @ SMT Step / 22000 kg
ZZOPTIONS.

Sub-Materials Sub-Materials Details

i 03 s Materia arerial2
Material20250500001 Finak: 10 Kg Sub-Mate W Ma 120250500001
Quanty: 10Kg
Reason: P Scratched x = ‘ 2|

Lost(Ke) | 0

jantiry (Kg): 10

Final Quaniity: 10 Kg.

° Note

For both wizards, the Loss/Bonus Reasons available for selection are the ones defined in the

current Sub-Material Step.

Losses with Loss Step Considerations

When trying to record losses with a Loss Step, you need to know that for the loss to
be considered for analytical purposes (such as the Resource and Material Cubes, the
Yield, Rate of Quality, and OEE KPIs), then the Material where the losses are being

recorded must have been processed at the Loss Step.

When attempting to set up this scenario for a Line Step, containing a Line Flow, the
following practical considerations are needed:

® The Loss Step must be set according to the hierarchy of the Material where the
Loss is being recorded:

¢ |f the Material is the Top-Most Material, which was processed in the Line
Step itself, then the Loss Step should the part of the Line Step.

e |f the Material is a Sub-Material, which was processed in the Steps of the
Line Flow, then the Loss Step should be one of the Steps of the Line Flow.
Alternatively, it can also be collapsed into the Top-Most Material, and then
the loss can be recorded with the Loss Step being the Line Step - consider
that, in this last case, the loss will not be traceable to the Sub-Material.

e |fa Splitis required between the Line Step and the Step where the Loss is
recorded, then the quantity where the Loss will be recorded must be keptin a
Material which has been processed in the Loss Step. This means that:
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® |fthe Loss is in the Top-Most Material, there are two options:

® The Split occurs when the Original Material (the Material that is being
split) is in the Line Step, in state In Process or Processed, and the Loss is
given in the New Material, that is, the Material created during the split.

® The Loss is given in the Original Material directly.
e |f the Loss is in the Sub-Material, there are two options:
® The Split occurs while the Sub-Material has not yet reached the Loss Step
in the Line Flow - in this case, the Top-Most Material may be split, with
the Sub-Material being transferred to the new Top-Most Material.
® The Loss is given in the Sub-Material while its Top-Most Material is the

Original Material, that is, the Material that was processed in the Line
Step.

Track-Out Material

The Main Material can be tracked out, as shown in the image below, if the Step has
the Sub-Material Track State Depth setto 1, and after all the Sub-Materials are
processed in the last Sub-Step. If the Step has the Sub-Material Track State Depth
setto o, itis possible to track out the Main Material immediately after it has been
tracked in.

The Assembly in the Sub-Steps may be performed when tracking out the Main
Material, depending on the defined Line Assembly Mode.

k2. Track-Out and Move-Next Material

0 e AT —@ NEXTSTEP

W VAT_07 (inProcess) / 2 SMT Proc-01 [A] (SMIT Proc-01) / @ SMTStep / 22000 Kg
Flow Path: SMT Production 3 [A] > Test1
~ @ sMTProduction 3141

® 1. Incoming Goods Inspection

@ 2. SMT Step (Line Ster
> () 1.5MT Line Flow 4 (A1

> @) 2.507ne w1

® 3.Testl

Commnts: ~
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When configured, a Checklist will be resolved and displayed considering the Material Line
Step Resource and Material Line Step Recipe contexts for Track-Out.
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of the Software is the property of the respective content owner and is protected by applicable copyright or other
intellectual property laws and treaties.
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