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Outline

A Issues and Requirements for Cost Modeling
A Standards Driving Cost Models Across the Lifecycle

A Cost Process and Data Governance



Costing Guidance

A Methods and Models for Lifecycle Costing
i NATO TEBAS054 in 2007
I Cost data collection is critical
I Separately calls for use of
I 1SO STEP AP 239 PLCS and OASIS DEX implementatio

I USDoDEarned Value Management (EVM) reports from
contractors

A US Government Accountability Office (GAO) Cost Guide

I Best practices in cost estimating and earned value management
I Standard Work Breakdown Structures



Major Cost Estimating Methods

A Analogy

I Toexistingitem with actual cost

I Subjectivelyevaluate & add/subtract or modify
A Parametric

I Statisticallyinfer Cost Estimating Relationships (CERS) fron
actualcosts

A Engineerindetailed
I Activity basedcostingwith resource constraints

A Actual
I Cost output ofan accounting system



MRL Matrix Cost Stibhreads

MRLWorking Group withinput by CAMI Target Costingroup

* MRL =DoDManufacturing Readiness Levels

Sub -Thread

MRL 3

MRL 4

MRL 5

MRL 6

Production Cost
Knowledge (Cost
modeling)

Atechnology cost
models developed for
new process steps and
materials based on
engineering details.
Adigh-level process
chart cost models with
major production steps
identified .

ACost driver uncertainty
ranges assigned.
Ararget Cost goals and
risks identified

Metailed process chart
cost models driven by
process variables.
Aanufacturing, material
and specialized reqt.
cost drivers identified.
ACost risk assessment
begun.

Metailed end-to-end
cost model for major
system components
includes Materials,
Labor, Equipment,
Tooling/STE, setup,
yield/scrap/rework, WIP,
and capability/capacity
constraints.
AComponent simulations
drive cost models.

ACost model inputs include
design requirements,
material specifications,
tolerances, integrated
master schedule, results of
system/subsystem
simulations and production
relevant demonstrations.
AKCost risk assessment
complete.

Cost Analysis

ASensitivity, Pareto
analysis to find cost
drivers and production
representative scenario
analysis to focus S&T
initiatives and address
scale-up issues.

ACost estimates include
uncertainty.

Aviaterial,
manufacturing, and
specialized reqt. costs
identified for design
concepts.
Aroducibility cost risks
assessed and
manufacturing
technology initiatives
identified to reduce
costs.

ACurrent state analysis of
cost of design choices,
make/buy, capacity,
process capability,
sources, quality, key
characteristics,
yield/rate, and variability.

ACost analysis of mfg future
states, design trades,
supply
chain/yield/rate/SDD/techno
logy insertion plans.
Anllocate cost targets.

KCost reduction and
avoidance contract
incentives identified.




Producibility Cost Modeling and
Simulation Needs

NDIA Joint Systems Engineering and Manufacturing Committee
Sub-committee on Modeling and Simulation

functional analysis &

system preliminary

product/process

requirements analysis allocation design (physical) preliminary design
MRL 3t04 4105 5t06 6107
* cost driver identification ¥ cost per function modeling ¥ identification of cost * prediction of cost per
* analysis of technology and analysis dependencies per geometric features and key

Cost Modeling

maturity impact on cost risk
* cost estimates based on
similar to complexity
relationships, analogies,
and assumptions

* prediction of size and
weight envelope constraint
impact on producibility and
cost

* prediction of cost impact of
emerging technology
maturity

* probabilistic analyses to
define cost uncertainty for
cost estimating relationships

* identification of
architecture structure and
interface complexity drivers
* analysis of functional
interaction impact on cost
and risk

* prediction of
manufacturing learning
curve assumption impact on
cost

* prediction of industrial
base maturity (location,
capacity, process maturity,
etc.)

component (density,
complexity, material,
assembly tolerances, etc.)
* analysis of system
integration costs
(interconnects, yield losses,
etc) due to assembly
process

* automated EBOM cost
analysis

characteristic tolerance
ranges

* prediction of alternative
material cost impact

* prediction of
tooling/fixturing costs

* prediction of top down
component assembly
seqguencing costs

* analysis of labor and
overhead rate impact

* prediction of yield impact
on component
manufacturing cost, cycle
time, and capacity
constraints

* automated MBOM cost
analyses




Information Across the Life Cycle

Concept

Requirements

Volume,
Budget,
Schedule

Architecture

Functional
Design

Systems
structure &
interfaces

Function &
State
Behaviors

Packaging,
Test Plans

System
Preliminary
Design

BOM,
Architecture
Layout,
Physical
Interfaces

Assembly
Sequence,
Maintenance
Plan

Product/Process
Preliminary

Design

Solid Model,
Kinematics

Fabrication
Processes,
Factory
Layout,
Ergonomics

Detailed Design

CAD with
GD&T,Tooling
CAE

RFXECxCAM,
Process Plans
DFX Rules,
Tech Manual

Operations &

Manufacturing St

Factory: Spares,
Materials, Upgrades
Quality,
Utilization,
Factory Layou

Maintenance
Records,
MTBF, MTTR

Supply Chain
Network,
Buffers, Lead
Times,

Schedules, _ _
Orders Configuration

Maintained



System Architecture Tools

A Architecture Frameworks
T DoDARNdMOoODAF
I CADM mapping to AP233 for legacy

I Complexity measures like number of interfaces drive
cost models

A Requirements Management
I STEP AP233 for propeftased requirements

A Systems Engineering
I SysMlmapping to AP233



Materials and BOM

A BOM

I Raw Materials
I Components
I Supplier

Parts/Assemblies

T Subassemblies
T Multi-level

w Material Library

¢ Suppliers

¢ Volume pricing
¢ Lead times

¢ Price schedules
¢ Landed costs

[ Description T Specification ] BOM [ Configuration Matrix T ECO T Add Alternate Part T Estimate Cost T Report Configuration T Repor

BOM & BOM Status:Ops

| Name | Material | Required | Config | Qty per | EUCM | Effective | Make | Unit Cost | Material C05t|

© | [Rings Nozzle| | Rings Nozzle ¥ Yes |v [1 | ea  |[12/13/200] M 1464.59 1464.59

© | [Honeycomb | | Honeycomb Panels Nozzle (v | Yes (v [z | Ea  [12/137200| M 3336.13 6672.26

O | [sheet Metal | | Sheet Metal Throat (| Yes [w [t ] Ea | [12/13/200] M 1990.81 1990.81
Add New

Click add new to add rows to the BOM table then type itern information directly into the table.
Drag in existing matesials and components from the data menu inte the BOM table.
Delete BOM items by right dicking and selecting delete item.

Ll

Create a configuration of the bom by entering the configuration name in the confiquration name field entering a part number then didking the Save

| Description | Parameter | Material Schedule |

Material Schedule - Calibre

Supplier: |D|:|w v|| Add Suppliers |

(yMonthly () Quarterly (&)Yearly

Lead Time Unit:

Year 2002

Volume (ea)

Unit Price {$Iea]‘ Lead Time | Landed Cost (%)

[0.0400000f  [5.00  |[0.00000000 |
[0.0300000f  [5.00  |[0.00000000 |




CAD Product Manufacturing
Information (PMlI)

A Neutral STEP C£ ~ — . o

format

A Cost Drivers
A Geometric

Dimensioning &

Tolerancing
(GD&T)

A User defined
attributes

A Material name
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Lightweight CAD Viewer

Track Ftg. pdf - Adobe Acrobat Pro Extended
l | S e rS File Edit View Document Comments Forms Tools JGE Window  Help
: 3 Creats + @ Combine « &3] Colldborste | Actobak SO ) S

Cost¥ision Cost Estimate

2 Comment +

accessiity
A sian & Certiy

View & Measure 3R =T

Manage Trusted Identies.

eplane Extend Features in Adobe Readsr.

s Track Fieting
open_bod.28 Print Production
Standard Notes: d Redction
Construction geometry (Ref)

Document Processing

Airplane Body Axis system
L Engineering_Definition
= 3D PMD
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major CAD formats
Cost Drivers
A Material Cm—

A Dimensions -
A Annotations

Wb Capture

FDF Optinizer
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Lightweight viewer with annotations
extracted and web service sent to
CostVision



Process Models for MRLS

MRL 3 4 ) 6
Process Process Process Value Stream Manufacturing
Model Chart Details Map Simulation
Information | Tooling Parts list Rework Requirements/specs

Equipment Equipment types Scrap Tolerances
Contents Labor Skills WIP Master schedule

Materials Facility Capacity Facility plans

Times (set-up, cycle) Rates & Yield Learning curve Training resources
Standards Graphical symbols Process capability Process capability Simulation

Neutral format Product-Process requirements & Trade-studies
Needs integration constraints

Capacity constraints

Purpose Scale-up issue Producibility Make vs buy Value stream analysis

analysis assessment Quality strategy Supply chain plan

Cost driver analysis Desigr_1 concept Design validation Technology insertion plan

Fund initiatives to avoid | Selection

costs

Component selection




Manufacturing Process Plans
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OAGIS Shop-Floor Information

ERP
A COMET Program order
. . Management salesOrder
I SCRA, Boeing,
CostVision Y
I BOM/ BillOfMaterial f
A COSt Drlver . Conglgk/lratl n Routing Production Transactions
Information in T3 (WiP)
Inventorylssue
OAGIS I
.Il RFQ, BOM, Routing, |nvent0ry < o Cost
WIP, Resource — @ g Management
Allocation, . B v (8 5
o =
Inventorylssue ! A E
() %2 3 = [= | »
E sl |2 S|S|&
A OAGIS to connect to o % % g g_ @ Process WIPMove
= = ® Process WIPSplit
ERP and MES Q % S . Process WIPMerge
. § % g Process WIPRecover
@ = = Update WIPConfirm
transactional ) ® v v vShow WIPStatus
systems
> Manufacturing Execution
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[_Description | Specification | BoM_| BOM Explore_| BOM Material Cost timat L
i | Cosichart | Pareto Chart i

Estimate
T Compare Configuration Cost

[_Estimation Sheet |
A Pareto Chart Showing Material Cost

A Compare different

manufacturing .
approaches BOM | ——-
I Volume
I Cost JeT—

T Leadtime

A Reports
Income statement

.
. ) Process
i Material usage

.

:

X
Timebased



