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Managing The Extended Supply ChainManaging The Extended Supply Chain
• Strategic Trends Shaping Industry and Government

• Growing Specialization and Focus on Core Competencies;
• Outsourcing in the Search for Lower Costs;• Outsourcing in  the Search for Lower Costs;
• Continuing Movement Towards Globalization and the Capture of 

Market Share in Global and Emerging Markets

• Resulting Enterprise Structure and Challenges
• Manufacturers and Prime Contractors Have Become Integrators,Manufacturers and Prime Contractors Have Become Integrators, 

Assemblers & Business Managers;
• Hundreds of Companies and Organizations Now Work Together 

to Deliver Value to the Customer;to e e a ue to t e Custo e ;
• Critical Need for Integrated Management, Visibility, 

Coordination and Collaboration 2



The Boeing 787: An Example of a Global Supply Chain



The NASA Ares I Enterprise

Lockheed

BoeingBoeing
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Challenges & RisksChallenges & Risks
in Enterprise Supply Chain Managementin Enterprise Supply Chain Managementin Enterprise Supply Chain Managementin Enterprise Supply Chain Management

• Rapidly Changing Customer Requirements and Demands
• Fast Moving Technologies and Competitorsg g p
• Growth of Complex Multi-Tier, Multi-Channel Supply Chains
• Technologies Often Developed by Lower Tier Suppliers
• Management and Verification of Quality and Processes
• Lack of Communication & Visibility in Supply Chains
• Shrinking Supplier Base & Industrial CapacityShrinking Supplier Base & Industrial Capacity
• Long Lead Times for Many Materials and Components
• Long Lifetimes and Obsolescence of Parts
• Increasingly Tight Schedules and Deadlines – Time is Money
• Material and Parts Assurance -- Counterfeits 5



Four Important Trends in AerospaceFour Important Trends in Aerospacep pp p
Supply Chain ManagementSupply Chain Management

• Detailed Mapping of Extended Supply Chains
• Use of Push-Pull Boundaries & Optimization 

f C t Eff ti R ifor Cost Effective Responsiveness
• Modeling and Simulation of Dynamic 

PerformancePerformance
• Track and Trace for Supply Chain Visibility, 

Material and Parts Assurance, andMaterial and Parts Assurance, and 
Configuration Management
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Supply Chain MapsSupply Chain Maps

Identifying Identifying Waste, Bottlenecks & RisksWaste, Bottlenecks & Risksy gy g ,,



Overview of Global Enterprise Supply Chain
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Example Maps of MultiExample Maps of Multi--Tier, Tier, 
MultiMulti--Channel Supply Chains Channel Supply Chains 

for Aerospace Partsfor Aerospace Partsfor Aerospace Partsfor Aerospace Parts



Detailed Supply Chain Map for Blade Assembly (1 of 2)
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Detailed Supply Chain Map for Blade Assembly (2 of 2)
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Shaft Assembly Supply Chain (2 of 2)
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Summary Comments:Summary Comments:

• Identifies Bottlenecks and Constraints

Mapping the Supply ChainMapping the Supply Chain
• Identifies Bottlenecks and Constraints
• Reveals Wastes at the Interfaces
• Serves as Foundation for SupplierServes as Foundation for Supplier 

Conferences and Collaborative Planning
• Enables Creation of Lean Supply Chainspp y
• Highlights Risks and Opportunities for Risk 

Management
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Use of PushUse of Push--Pull Boundaries and Pull Boundaries and 
OptimizatonOptimizaton for Cost Effectivefor Cost EffectiveOptimizatonOptimizaton for Cost Effective for Cost Effective 

ResponsivenessResponsiveness



A Key Supply Chain Strategy:y pp y gy
Establishing a Push-Pull Boundary

The Supply Chain Time Line

CustomersSuppliers
PUSH STRATEGY PULL STRATEGY

Low Uncertainty High UncertaintyLow Uncertainty High Uncertainty

Push-Pull Boundary
16
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Move to New Performance Curve Through Optimization

Readiness
or

Optimization Approach:
Move to a New Curve

Supply
Availability

Current Approach:Current Approach:
Increase $ to Increase Readiness

19$ Investment



Readiness or 
Curve B, Push‐Pull Approach as Implemented 
in the Distribution Portion of the Supply Chain:
Involves Strategically Distributing Safety Stock 

Dollars Invested versus Readiness/Supply Availability

Supply 
Availability

g y g y
(and thus Requiring Some Financial 
Investment) to Increase Readiness

Curve C, Push‐Pull Boundary Approach:
An Optimum Strategy for Increasing Readiness 
With Minimal Cost Investment

Curve C

Curve B

Curve A, Push Approach:
Entails Substantially Increasing Safety Stock 
(and therefore Increase Funding) to Increase 

With Minimal Cost Investment
Curve A

Readiness

$ Investment 20



PushPush--Pull in DistributionPull in DistributionPushPush--Pull in DistributionPull in Distribution



Demand Variability for Typical ProductDemand Variability for Typical Product
Sample Plot of Each SKU by Volume and By Demand Variability
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Inventory Optimization Can Even Determine Specific 
Hub and Spoke Strategies by SKU

Sample Plot of Each SKU by Volume and By Demand Variability
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Inventory Optimization forInventory Optimization for
Performance Based LogisticsPerformance Based LogisticsPerformance Based LogisticsPerformance Based Logistics

Inventory Maintained at Central Hub Inventory Maintained at Central Hub 
Distribution CenterDistribution Center



Base Assumptions for Operations

• Unit is installed on 98 aircraft;
• 41 Flight Hours per Month;

MTBF l 700 H• MTBF equals 700 Hours;
• Customer Specified Base Fill Rate is 85%;
• Repair Time Equals 6 Weeks;

$• New Spare Price Equals Overhaul price, $250,000;
• New Spare Production Cost Equals New Spare Price, $250,000;
• Overhaul Cost is $20,000;
• Shipping Time = 1 Day;
• Carcasses are Readily Available for Repair when Needed;
• Holding Cost = 10%;
• Demand Uncertainty (σ) is Equal to Monthly Demand.

25



Optimum Inventory for Alternative Casesp y

Low Medium High Low Medium High
Table A Table B
MTBF (hours) 800 700 569 MTBF (hours) 800 700 569
Fill Rate (%) 80 85 95 Fill Rate (%) 80 85 95

Higher Demand Value Lower Demand Value

Fill Rate (%) 80 85 95 Fill Rate (%) 80 85 95
Optempo (hours) 25 41 50 Optempo (hours) 25 41 50
Cost (M) 200 225 265 Cost (M) 200 225 265
CONUS Demand σ 2.98 5.69 8.56 CONUS Demand σ 1 3.75 8.56
Demand σ/μ 1 1 1 Demand σ/μ 0.33 0.66 1
RRLT (weeks) 6 10 12 RRLT (weeks) 6 10 12RRLT (weeks) 6 10 12 RRLT (weeks) 6 10 12

Working Capital (M) $1.94 $6.50 $14.86 Working Capital (M) $1.14 $5.37 $14.86
Safety Stock 4.83 14.7 31.41 Safety Stock 0.83 9.7 31.41
Base Inventory 3.04 5.81 8.56 Base Inventory 3.04 5.81 8.56
WIP Repair 1.83 8.38 16.09 WIP Repair 1.83 8.38 16.09p p
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Sensitivity Analysis for Demand Forecast Error (σ)
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FH/month Fill Rate MTBF Repair LT Repair Cost New Spare
Cost

Holding Cost

41 85 700 6 weeks $20K $250K 10%



PushPush--Pull in ManufacturingPull in ManufacturingPushPush--Pull in ManufacturingPull in Manufacturing



Key AssumptionsKey AssumptionsKey AssumptionsKey Assumptions
• There are nine critical items in the blade supply chain 

(Nose Cap, Two Tube Assemblies, Tip Lower, End 
Cap Strip Tie Down Weight Bracket)Cap, Strip, Tie Down, Weight, Bracket)

• All other items are categorized as “Remaining Items”
• The cost of the blade is $175,790

• The OEM pays 50% of that cost for the parts needed to assemble a• The OEM pays 50% of that cost for the parts needed to assemble a 
blade, broken down as follows:
• The Nose Cap and End Cap each comprise 15% of the OEM’s’s cost for 

the entire blade
• The two Tube Assemblies and the Tip Lower each comprise 10% of the p p

OEM’s cost for the entire blade
• The Strip, Tie Down, Weight, and Bracket each comprise 5% of the 

OEM’s cost for the entire blade
• The remaining 20% is the cost of the “remaining items”

• First tier suppliers pay 50% of the OEM’s cost for the parts needed• First tier suppliers pay 50% of the OEM s cost for the parts needed 
to assemble their products
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Committed Service Time: 750 days
0 16.2 0.127 0.127

Nose Cap:

Weights:
0 0 1.27
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0.254
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Committed Service Time: 240 days
0 53.7 0.127 0.127

Nose Cap:

Weights:
197 0 142

Weights:
0

0 20.7 0.127
Tube Ass’y:

28.2

31



Committed Service Time: 30 days
0 53.7 0.127 23.1

Nose Cap:

W i h
197 0 214
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28 20 0.127 25.628.2
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Working Capital Vs. Customer Service TimeWorking Capital Vs. Customer Service Time
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Inventory Analyst ConclusionsInventory Analyst Conclusions
• Increasing safety stock levels in the manufacturing 

supply chain can both reduce lead times and reduce 
the amount of working capital invested to achievethe amount of working capital invested to achieve 
desired service times;

• Increasing safety stock levels even for the one 
component with the greatest lead time produces 
noteworthy results;

• Increasing safety stock levels furthermore reduces• Increasing safety stock levels furthermore reduces 
the risk of shortages and longer lead times in the 
event of an unexpected increase in demand, a 
problem that has existed for aviation spares.
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Use of Dynamic Models toUse of Dynamic Models to
Evaluate Supply Chain StrategiesEvaluate Supply Chain Strategies



Base Base Case Simulation: Case Simulation: Blade InventoriesBlade Inventories
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Alternative Alternative Simulation:Simulation:
Inventories Inventories With Optimum Manufacturing With Optimum Manufacturing Stocking PolicyStocking Policy
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Alternative Alternative Simulation Simulation B: Inventories With Stocking B: Inventories With Stocking 
Policy & OEM PLT ReductionPolicy & OEM PLT Reduction
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Summary & ConclusionsSummary & Conclusions

• Forecasts Are Always Wrong;
• The Longer the Forecast Horizon, the 

Worse the Forecast;
• Holding Inventory of Final Goods is a 

V E i W f D li ithVery Expensive Way of Dealing with 
Uncertainty;

• Push Pull Boundaries Enhance Abilities• Push-Pull Boundaries Enhance Abilities 
to be Adaptive and Responsive and 
Efficiently Mitigate Risks of Forecast y g
Errors
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Track and Trace for
Supply Chain 

Visibility,
Material & Parts
A dAssurance, and
Configuration 
ManagementManagement
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Overview of ApproachOverview of ApproachOverview of ApproachOverview of Approach

• Two Pronged Attack Builds On IUID;Two Pronged Attack Builds On IUID;
• 2D Barcode Data Matrix and/or RFID;
• Track and Trace System with Search Capability;y p y;
• ePedigree for Backup Assurance of Historical 

Path.
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Basic Concept

The basic concept is for every object in the program to be 
uniquely identified and maintained

Widget #110056

Physical Programmatic 
Information
Bill of Materials
Manufacturing work 
centers

Component 
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Production routing
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Dependencies
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Location
Condition

g
Component heritage
Raw materials heritage
Certification BOMs
Manufacturing SPC / SQC 

Sourcing
Certifications
Contractual deliverables 
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Enterprise Operating Model
Master Scenarios

Object BOM

Widget #110056
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Every activity and movement 
relevant to the object generates an 
information document
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System Structure With Nodes at Suppliers

Data Vault

The publish & subscribe information network 
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Supplement Track & Trace With Secure Digital 
ePedigree

Signed manufacturer 
pedigree

(Initiated by manufacturer, 
after the wholesale 
distribution, signed by both 
manufacturer and wholesaler)

Secure Nested XML Pedigree Standard
Established by GS1/EPC Global 45



ePedigree Is Built Up As Part Moves 
Through Supply Chain

46



Sample 
P diPedigree
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Summary Comments on Summary Comments on 
S i li ti d T k & TS i li ti d T k & T

• Unique ID serialization opens the door for

Serialization and Track & TraceSerialization and Track & Trace

• Unique ID serialization opens the door for 
material and parts assurance, supply chain 
visibility, and configuration management;y, g g ;

• Global ePedigree standard offers potential for 
additional security; and

• Data carrier (RFID, 2D matrix barcode, laser 
marking, etc.) depends on part and business 
case analysiscase analysis.
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Overall ConclusionsOverall Conclusions

• Supply Chain Management Strategies Are 
Evolving to Meet the Challenges in GlobalEvolving to Meet the Challenges in Global 
Aerospace Manufacturing;

• There Is No Single Strategy that Will Solve theThere Is No Single Strategy that Will Solve the 
Supply Chain Demands;

• A Robust Solution Will Likely Involve Detailed 
Supply Chain Maps, Close Suppler Relations, 
Push-Pull Boundaries, Track and Trace 
Technologies Optimization and Modeling andTechnologies, Optimization and Modeling and 
Simulation.
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