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Design-To-Production involves taking a product design and creating its
production system. Fundamental questions include:

(MBOM Structure) Given an EBOM, how should the MBOM (manufacturing bill of
materials) be structured?

(Production Feasibility) For each part and assembly in the MBOM, is production
technically feasible with respect to materials and processes? Are there constraints on
capability or capacity which preclude in-house production?

.(Ergonomic Feasibility) For each part and assembly in the MBOM, is production
ergonomically feasible? If so, do ergonomic considerations create constraints on
production?

(Sourcing) How should each part and assembly in the MBOM be sourced (in-house or
out-sourced) to maximize the program’s value?

.(Process Requirements) For parts and assemblies in the MBOM produced in-house,
what new process technologies are required?

.(Facility Configuration) For parts and assemblies in the MBOM produced in-house, how
should production facilities be configured?

.(Process Plans) For parts and assemblies in the MBOM produced in-house, what are
the process plans and individual operation work instructions?



What Makes Design-To-Production Difficult?

.Requires integration across many knowledge domains.
.For any substantial product, the scale of knowledge is formidable.

.Strong dependence on tacit knowledge.

.Transient nature of some knowledge, due to economic and technological changes.



Premise: Design-To-Production Requires Reference Models

A reference model is an attempt to formalize the semantics of a domain.

.The intent is to make design-to-production decision-making better, faster, cheaper, and
more reliable. To do this, a goal is to formally capture design-to-production knowledge,
an investment which enables seamless access to analysis models.

.What design-to-production knowledge must be captured?
.Product

.Process

.Resource

.Facility (make) and Supply Chain (buy)



Notes

.Whenever possible, to create a reference model we begin from an existing standard:

.OASIS PP&S: http://docs.oasis-open.org/pps/v1.0/pps-core-elements-1.0.pdf

.OAGIS for defining enterprise-wide business functions such as ERP, e-commerce, CRM, and
finance: http://www.oagi.org/oagi/downloads/ResourceDownloads/2009 OAGIS STEP Final.pdf

.SCOR: http://en.wikipedia.org/wiki/Supply-Chain Operations Reference

.Our chosen language for creating formal reference models is SysML:
http://www.omg.org/spec/SysML/



http://docs.oasis-open.org/pps/v1.0/pps-core-elements-1.0.pdf
http://www.oagi.org/oagi/downloads/ResourceDownloads/2009_OAGIS_STEP_Final.pdf
http://en.wikipedia.org/wiki/Supply-Chain_Operations_Reference
http://www.omg.org/spec/SysML/

PRODUCT

Item
T
parent part |0..* w
Part canBeCharacterizedBy |[Feature
child part |serial number : String [0..1] 0.~
. |3ku: SKU
0. weight : kg
dimensions

.The semantic Item comes from the OASIS PP&S standard. Part is customary in
manufacturing, yet implies something physical and subordinate to a whole.

.Needed are links to a part’s Process Plan and Bill Of Materials.



Item

PRODUCT T

parent part |0__*

Part canBeCharacterizedBy |Feature
child part |serial number : String [0..1] 0.~
- |3ku: SKU
0. weight : kg
dimensions

—
#*

hasPhysicalRealization

) parent |0..*
hasBOMrepresentation |1
BOM Part .
references child
candidateSuppliers : Enterprize [0.7] [0 __*
currentSuppliers : Enterprise [0..%] Process Plan
designSpecification
manufacturingTolerances parts
Piies isPlanFor candidateProcessPlan |schedule - Schedule
costEstimateDollars : Real 1. * 1.* references
isExternallySourced : Beolean = true components . Manufacturing Process [1..%]
leadTimeMonths : Real
includesPart (1.7 includesPart (1.7

appearsinMBOM |0_* appearsinEBOM |0_*
MBOM EBOM

.What is a BOM Part? It’s a planning semantic with attributes including supplier
information, lead time, design specification, manufacturing tolerances, estimated cost,
and more.

Why both Part and BOM Part? We prefer not to burden Part with planning attributes
when it already contains a large set of execution attributes.

.Note that EBOM is the extent of design semantics here. 9



takes place at

PROCESS

Workstation

isDependentOf|0.."

Manufacturing Process aggregatfs Manufacturing Process Step L aggrega‘fs Manufacturing Operation |gependson
references 1. references 1. 0.*
inputConsumables plannedBeginning : Scheduled Event [1] implements |1 -
inputParts : Part [1..%]
inputResources : Resource Capabilty Group [1..%]
outputParts : Part [1..7]
plannedBeginning : Scheduled Event [1] i isRealizedBy |0..*
_ values Manufacturing Task
metric_totalCostDollars : Real
metric_totalEnergyKVWH : Real references
metric_totalLaborHours : Real resourcefssignments | Resource Capability Group [1..7]
metric_totalTimeHours : Real resourceRequirements | Resource [1..%]

values

actualBeginning : Timestamp
estimatedDurationHours . Real

.Semantics for process vary in the status quo. UML uses
activity; Simio uses operation composed of activities.

It is common to decompose process into lower-level
operations. What's new here are Process Step and Task, plus a
definition of dependencies belonging to operations.

InterOperationDependency

properties

offsetType : OffzefTypes [0..1] = forwardMinimum

t2_t1_offzet : Real [0..1] = 0.0
type : DependencyTypes [1..*] = start-end

wenumeration

wenumerations

DependencyTypes OffsetTypes
start-start forwardMinimum
end-end forwardMaximum
start-end backwardiMinimum
gnd-start backwardMaximum
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window Minimum
window Maximum




RESOURCE

Resource

parts

availabilitySchedule : Schedule
redlizedUsageSchedule . Scheduls

Fi

Public Capital

Manufacturing Facility

Capital Equipment

Machine contains machine

D..*

Tool |contains tool

Kt
equipment

Human

1"3-

people

D..*

L

Operator

Intellectual Capital

owning portfolio

D..*

Fixture |[contains fixiure

D..*

Resource Capability Group

instructions

1__&-

Fay

Machine Program

.A Resource is any asset usable in a state-conversion process.

Instructions For Human

Capital Equipment Portfolio

references
owning facility : Manufacturing Facility

.Capital Equipment Portfolio exists for querying any facility's equipment. Future work
might add semantics for querying other resource types, such as human employees.

-Resource Capability Group identifies common bundles of resourclef.




FACILITY (make)

owning facility

Manufacturing Facility

owning facility

contains equipment

lighting

contains MHS (1_.*

Material Handling System

values
capabilties
capacity
interfaces
performance
owningMHS (1 sharinghMHS |0..1
ownedMC |0_* sharedMC |0.*

Movement Channel

T

air quality

footprint

ambient noize
inputPartTypes : SKU [1..%]
outputPartTypes : SKU [1..7]

is layout for
-

candidate layout

Capital Equipment Pertfolic

1“*

owning facility

contains dept (1..*

Department [~

values
capabilities
capaciy
function
interfaces
performance

owningDept

ownedWks

1 sharingDept |01

0..* sharedWks |0_*

allocatedSpace

1 --*

usefulSpace |1..

*

—x

Contiguous Space

geometry

values

Workstation

residentEquipment | Resource Capability Group [0..%]

—

allocatedSpace (1.7 allocatedSpace |1..7

Facility Layout

A Facility is composed of Departments, each composed of Workstations.

.So far is modeled “nodes” and material movement between them. The original intent
was designing a facility layout, hence a strong overlap with network semantics.
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SUPPLY CHAIN (buy)

Supply Chain

T

owner

ownedFacility

companies |1..* buver 3PLs [1..*
Enterprise 1 Y Transport System
[ i "
supplier|0.
1.7 renter |0._* PP
I
|
0.* sharedFacility |0..* ERERly Contract
Manufacturing Facility
orders [1..*
Supply Order
references
what : Part [1..%]

values
byWhen : Timestamp
unitCostzinDollars : Real [1..7]

A first-person of “my” supply chain view would include semantics like supplier base;

this is a third-person view.

.Future work includes semantics for control. What is captured here suffices for simple
analysis like network optimization, but operational analysis via simulation requires
making control explicit and formal.
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TRANSPORT SYSTEM

Transport System |_
Channel
values
cost per unit distance
cost per unit time
distance mean
distance variance
. size capacity
Point E‘Hdp[}lnﬂ speed capacity
cln : transit time mean
endpmntz transit time variance
" weight capacity
T T endpoint2
Waypeint Peint Of Interest : Route Mobile Resource
endpoint1 is traversing
references e values
aggregates channels . Channel [0..7] |01 capital cost
operational cost
values size
cost per unit distance size capacity
cost per unit time speed capacity
distance mean weight
distance wariance weight capacity
has location ozl
speed capacity
Location trangit time mean is carried by |0..*
trangit time variance
weight capacity

[

Absolute Location Relative Location

values
where : Lat_Lon_AlR

.Biased by intended analysis, the model includes two classes of
nodes and two classes of edges.

.The semantics may be correct, but the syntax is not useful.

is carrying |0..*
Container Group

aggregates (1.7

Container

references
nested container : Container [0..%]
nested flow item : kem [0..%]
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SUMMARY

A reference model is a “single source of truth” of domain knowledge, helping to
address design-to-production questions including:

-MBOM Structure
.Production Feasibility
.Ergonomic Feasibility
Sourcing

.Process Requirements
-Facility Configuration
.Process Plans

-Answering these questions can require sophisticated analysis. Reference models are
essential infrastructure to automate the formulation of analysis models. Automation
requires an investment in making implicit knowledge explicit.
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